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as aguide for consulting engineers, geologists, and soil scientists on Site salection, system design, and
planning and permitting requirements. It is being sent to you because you might be interested or because
you have requested a copy. The document is dso available on DEP web ste as indicated on the Cover
Page of thisManud. At thistime, dl Appendices to the manua listed are only available in hard copy from
the Department.

The manua may be revised from time to time as the need arises. If you have suggestions for improvement
to this manud or dedire that future revisons be sent to you, please return this letter to us with the following
completed information.

NAME
STREET OR ROUTE

CITY STATE Z1P CODE

This manua could be improved by

___Yes, send mefuture revisions.

Send to: Retild B. Patdl, P.E, Chief

Department of Environmenta Protection
Bureau of Water Qudity Protection
Divison of Wastewater Management
P.O. Box 8774

Harrisburg, Pennsylvania 17105-8774

362-2000-009 / 10/15/97 | Page 3



PREFACE

This document is intended to provide general guidance on the existing methods and types of land
application systems and their relative effectiveness and limitations. It is not to be construed as an
endorsement of any particular system. The information presented in this document will need to be
supplemented with additional detailed research once a land treatment method has been selected. The
Department will evaluate each land application proposal relative to its adherence to all applicable
guidelines, policies, regulations, and laws. The manual replaces in entirety the Department’s Manual for
Land Application of Treated Sewage and Industrial Wastewater (DER#1588-9/93). '

Questions or comments may be directed to the following:

DEP - Bureau of Water Quality Protection

P.O. Box 8774

Harrisburg, PA 17105-8774

(717) 787-8184 (Division of Wastewater Management)

HEADQUARTERS

Southeast Region

2 E. Main St.

Norristown, PA 19401-4915
Telephone: 484-250-5900

Northeast Region

2 Public Square

Wilkes-Barre, PA 18701-1915
Telephone: 570-826-2511

South-central Region

909 Elmerton Ave.
Harrisburg, PA 17110-8200
Telephone: 717-705-4700

North-central Region

208 W. Third St., Suite 101
Williamsport, PA 17701-6448
Telephone: 570-327-3636

Southwest Region

400 Waterfront Drive
Pittsburgh, PA 15222-4745
Telephone: 412-442-4000

COUNTIES SUPERVISED

Bucks, Chester, Delaware,
Montgomery, and Philadelphia

Carbon, Lackawanna, Lehigh,
Luzerne, Monroe, Northampton,
Pike, Schuylkill, Susquehanna,
Wayne, and Wyoming

Adams, Bedford, Berks, Blair,
Cumberland, Dauphin, Franklin,
Fulton, Huntingdon, Juniata,
Lancaster, Lebanon, Mifflin,
Perry, and York

Bradford, Cameron, Clearfield,
Centre, Clinton, Columbia,
Lycoming, Montour,
Northumberland, Potter, Snyder,
Sullivan, Tioga, and Union

Allegheny, Beaver, Cambria,
Fayette, Greene, Somerset,
Washington, and Westmoreland
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Northwest Region Armstrong, Butler, Clarion,

230 Chestnut St. Crawford, EIk, Erie, Forest,

Meadyville, PA 16335-3481 Indiana, Jefferson, Lawrence,

Telephone: 814-332-6945 McKean, Mercer, Venango, and
Warren
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INTRODUCTION

The 1972 Clean Water Act stated that the god of the Act was to diminate the discharge of pollutants to
the waters of the United States by 1985. Effortsto addressthe goad have taken various forms, but clearly
land application of wastewater under proper circumstances of design and operation will diminate the
discharge of pollutants directly to our streams and lakes and can dso eliminate discharge of pollutants to
groundwater. As public demands and environmenta impacts require literal enforcement of pollutant
discharge dimination due to excessive costs of water supply treatment, demands for water recreation and
increasing evidence of the significant destruction of various aguatic species, land gpplication techniques
require increased understanding.

Theimportance of providing acceptable methods of land trestment has intengfied because of 1) the
increasingly stringent requirements associated with the discharge of wastewater to surface water bodies and
2) the need for wastewater trestment where streams are not readily accessible. Methods of land treatment,
known as land gpplication, include dow rate infiltration, rgpid infiltration, on-lot digposa systems, overland
flow and constructed wetlands.

The primary purpose of this manua is to provide guidance to consulting engineers, geologists, and soil
scientists on evaluating land application systems.  Factors are presented which must be considered when
determining whether land gpplication is afeasble and environmentaly sound trestment dterndive. This
manua aso contains information on the generd design, indtdlation, and maintenance of land application
systems. In addition, it describes state and federa requirements and procedures regarding permit
gpplications for ingtdlation of wastewater trestment systems, which are based in whole or in part on the use
of land gpplication.
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LEGISLATIVE AND REGULATORY AUTHORITY

Land application is an acceptable method of trestment, recycling, and reuse of sewage and indudtria
wastewater in Pennsylvania. The Department’ s authority to regulate land gpplication of wastesis contained
in the Pennsylvania Clean Streams Law and the Pennsylvania Sewage Fecilities Act (Act 537). Planning
and permitting criteria differ dightly between the land gpplication of sewage and indudtrid wastes. Although
wastewaters may be treated by seasond land application, any surface discharges of wastewaters are
regulated through the Nationd Pollutant Discharge Elimination System (NPDES) permit process.

1.1. SEWAGE

Act 537 requires that an gpplicant complete sawage facility planning modules before gpplying for a
Clean Streams Law, Part 11 Water Quaity Management permit (heregfter referred to asa“Part 1
permit”) for land application of sewage. Planning module gpprovd is a prerequisite to the submission
of aPart Il permit gpplication. These planning modules can be obtained from the appropriate DEP
regiond office with an “ Application for Sawage Facilities Planning Module’ mailer (See Appendixes A
and B). These mailers are available from loca municipa governments, consulting firms, or DEP
regiond offices. Information indicated on the mailers determine which planning modules will be
digtributed. Completed modules must be submitted to the gppropriate municipa government authority,
county planning commission, and DEP regiond office. Some projects may require an update to the
Act 537 Sewage Facilities Plan. Thiswill depend upon an analysis of each project.

1.2 INDUSTRIAL WASTEWATER

A Part Il permit is required for land application of indusiria wastewater as defined in 25 PA Code
Chapter 97. The documents that are needed to support an gpplication for industrial wastewater land
gpplication can be obtained from the appropriate DEP regiond office. Land application of landfill
leachate requires a Part |1 Permit for construction and operation of the preliminary treatment facilities.
A Bureau of Land Recycling and Waste Management permit is required for landfill leechate storage
and equdization facilities. Refer to the DEP Technicd Guidance for NPDES Permitting of Landfill
Leachate Discharges.

1.3. SEASONAL LAND APPLICATION

Seasond discharges to surface waters are permissible when the conditions preclude land gpplication.
However, operators of sewage or industrial wastewater land gpplication systems must obtain an
NPDES (“Part 1) discharge permit in addition to the requirements stated previoudy. The documents
needed for NPDES permit gpplication can be obtained from the appropriate DEP regiond office.

1.4. HAZARDOUSWASTE

Land application of wastes or wastewater that are defined as hazardous under 25 PA Code Chapters
260 - 270 is not covered by thismanual. As stated in Section 264.271(a), “Hazardous waste shall be
placed in or on aland treatment facility only if the waste condtituents are amenable to land trestment,
the waste can be degraded, transformed, or immobilized within the trestment zone and the waste may
not cause adverse environmenta or human health problems’ (See 25 PA Code Chapter 264,

362-2000-009 / 10/15/97 | Page 12



Subchapter M on Land Treatment). Any questions concerning land gpplication of hazardous waste
should be directed to the DEP Bureau of Land Recycling and Waste Management.

1.5. SPECIAL PROTECTION WATERSHEDS

Land gpplication in watersheds that have been designated as “ specid protection” in 25 PA Code
Chapter 93 will need to comply with al gppropriate standards. The Department’s Special Protection
Waters Implementation Handbook (DEP # 391-0300-002) should be consulted for such proposals.

1.6. AGRICULTURAL WASTES

Land gpplication of agricultura wastes for agricultural use does not require aPart || permit. The DEP
Manure Management Manua's describe procedures for proper design, operation, and management of
these activities. Additiond sources of assistance include county agricultural extension agents and the
local offices of the United States Department of Agriculture Soil Conservation Service.

Land gpplication of most agriculturd wastes for non-agricultural use will require aPart 1l permit. These
stes follow the same procedures as proposas for land gpplication of industrid waste. Questions
regarding the classfication of a Ste or waste should be directed to the gppropriate DEP regiona office.
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LAND APPLICATION SITE EVALUATION

The generd intent of any land gpplication system isto provide additiond treatment of pretrested
wastewaters by passage through the soil mantle. Pretreatment requirements and related performance
criteria can only be determined on a Site-by-site basis. Such requirements aso may be affected by surface
water quality standards where seasonal discharge to surface waters is proposed in place of “winter”
storage.

Land application is an dternative for the treetment of both sawage and industrial wastewater effluents. The
most important factors in evauating and designing a Site for land gpplication include soil, geology,
hydrogeology, hydrology, climate, vegetation, qudity of wastewater to be gpplied, rate of gpplication, and
conditions under which application may occur. An accurate evauation of these factorsis criticd to the
assessment of any land gpplication proposd.

2.1. PRELIMINARY CONSIDERATIONS

2.1.1. Soil Characteristics

Land gpplication of wastewater should typicaly be consdered only for undisturbed soils.
However, some land gpplication trestment options may require physica modifications to the ol
profile (i.e. overland flow systems).

Soil isanaturd filter that provides effluent renovation using physicd, chemicd, and biologicd
processes. Physica characterigtics influence the permesbility of the soil. The permesbility must be
within arange that will provide adequate resdence time for renovation and prevent rgpid
downward movement, but not so dow as to cause saturated conditions which result in excessve
groundwater mounding. Chemica characterigtics affect cation/anion atenuation, buffering, and
vird deectivation. Biologicd consderations include the plant and “anima” communities residing
within the profile that impact on such processes as nutrient and metal uptake, pathogen
deectivation, and denitrification.

2.1.2. Geologic and Hydrogeologic Characteristics
The gpplicant should evauate a a minimum the following geologic and hydrogeologic factors:

Location of rock outcrops and sinkholes
Depth to the water table

Depth to bedrock

Direction of groundwaeter flow

Location of groundwater discharge points

bk owbdpE

The location of rock outcrops and sinkholes, along with the depth to the water table and bedrock,
are important factors for determining if the effluent has adequate residence time for renovation in
the unsaturated zone. Depth to groundwater isacritical component in the groundwater mounding
andyss, which is discussed in Section 2.3.3.
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The gpplicant dso must determine the groundwater flow direction to ensure that the dispersion
plume does not adversaly impact exigting or potentia downgradient water uses. This information,
aong with groundwater discharge paints, is necessary to establish properly placed monitoring Sites.

2.1.3. Hydrologic Characterigtics

Hydrologic factors that should be considered include dope, topography, soil eroson
characteristics, presence or absence of floodplains and springs, and stream flow patterns.

2.1.4. Climatic Characteristics

Although dimate is the least Ste-specific consideration of aland gpplication proposd, it may
ultimately be the mgor operationa concern. Climatic characterigtics may require the most costly
additionsto a Site, such as storage and surface/subsurface drainage structures. Climatic
congderations include the duration and volume of storage needed due to cold, wet, or windy
westher, dternate system management procedures during precipitation events, and any other
concerns that may arise.

2.1.5. Vegetation Characteristics

The sdection of cover vegetation isimportant in most land gpplication systems. The vegetation
must be able to survive extremely wet conditions, reduce eroson potentias, tolerate the various
chemicd parameters in the effluent, assure the desired level of nitrogen uptake, and provide
additiond trestment capacity if possble. Some land gpplication systems require specific types of
vegetation that will generate certain surface flow patterns. Management of the vegetative cover dso
should be considered (i.e. harvesting, usability, re-establishment).

2.2. SOILS

2.2.1. Land Surfaceand Soil Characterization

The gpplicant must characterize al soil series and phases present on the Ste. Theinitid stages of
this evduation must include soil test probes. These test probes should be of sufficient number and
location to either:

1. Confirm the Soil Conservation Service mapping or
2. Recharacterize the soilsif the mapping is inconsstent with the field determination.

2.2.2. Topography

The gpplicant must determine the average and maximum dopes within a proposed ste to prevent
potentid difficulties during congtruction. United States Geologicd Survey (USGS) 7-1/2 minute
topographic quadrangle maps may be used for the initid characterization. However, these dopes
must be field verified and presented on alarge scale map.
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2.2.3. Soil Profile Description

All soil test probes must be described to a depth of at least seven feet or backhoe refusa. The
recorded description of soil profiles should contain information regarding the soil’s morphologica
featuresincluding, but not limited to:

1. Soil Depth - Depth to bedrock or unconsolidated coarse fragments with no fine earth materias.

2. Soil Drainage - Depth within the soil profile to amottled or gleyed color pattern due to the
seasona high water table, or depth to seepage or standing water within the profile.

3. Horizonation - Each separate horizon within the soil profile should be further described with
respect to its:

Color

Texture

Congstence - workability or plagticity

Structure

Abundance of coarse fragments

Abundance of roots

Any other non-typicd, but potentialy sgnificant festure within the horizon

@ ~p 0o

A gteplan, which isrequired as part of the gpprova process, must show al soil test probe
locations.

2.2.4. Initial Soils Suitability Deter mination

Physcd characteristics determined from the soil test probes will provide agood initid evauation of
adte' sgenerd suitability for land application. If soils prove to be shalow, or somewhat poorly to
poorly drained, the Site may be described as unsuitable for most of the land application dternatives.
At this point, there would be very little reason to conduct additiona soil evauations. However, if
theinitid evauation of soil test probes reved s adequate soil characterigtics, amore in-depth
evauation of other chemica and physical soil characterigtics will be required.

2.2.5. Physical Characteristics

Physica characterigtics are important in determining a potentia hydraulic acceptance rate for the
dgte. The gpplicant must evauate the texture, consstence, structure, and porosity/dengity data from
theinitid soil descriptions to determine which, if any, soil horizons within the profile will limit the
downward passage of effluent. The permesatility of the limiting horizon a this depth must be
evaduated in thefidd. Thiswill require additional excavation of test probes to determine the precise
depth of the limiting horizon. On occasion, it may be determined that the most hydraulicdly limiting
dratais the groundwater surface. In this case, the transmissivity of the aquifer must be evauated.

2.2.6. Chemical/Biological Characteristics

Chemicd and biological characterigtics of the soil are important factors controlling the level of
effluent treatment. However, some effluents may contain one or more chemica parametersthat are
sgnificantly elevated in concentretion relive to the other parameters. The effect of this potentia
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chemica imbaance will need to be evauated with respect to the selected pretreatment options, the
chemicd affinities of the proposed vegetation (discussed in Section 2.6), the totdl land area
available, and the ahility of the soil to renovate or remove the parameters of concern. The ol
chemica characteridtics that are important in making these judgments include:

Soil pH/buffering capacity

Cation Exchange Capacity (CEC)

Sodium Absorption Ratio (SAR)/exchangeable sodium percentage
Presence or absence of organic matter, and the soil carbon to nitrogen ratio
Base saturation

Background meta concentrations in the soil

Using these factors, the gpplicant can assess whether a proposed land treatment system will
function properly.

For example, if an acidic industrid waste is applied to the land at arate that exceeds the soil’s
buffering capacity, the soil pH may decrease Sgnificantly. Thismay cause the CEC to shift and any
metals being stored in the soil to be released into the plant/soil system. The concentrations of
metds could be toxic to the vegetation, causing “die-off.” The resulting lack of nutrient and water
uptake would cause the system to be ineffective in treating the effluent.

2.2.7. Interréationships/Conclusion

Theinput of a soil scientist to the design of aland gpplication system is critica because of 1) the
complex interrdationships of the various soil characterigtics, 2) the land limiting condtituent anaysis,
and 3) the different pretreatment options. A precise evaluation of these subjects and other
pertinent Ste-specific information will yield a conservative design that will provide for along-term
functioning land gpplication sysem.

2.3. GEOLOGY AND HYDROGEOLOGY

The gpplicant must evauate the geology and hydrogeology of the proposed land gpplication areas to
determine or complete the following:

Limiting geologic conditions

Mogt redtrictive horizons

Groundwater mounding

Digperson plume andyss

2.3.1. Limiting Geologic Conditions

Limiting geologic conditions are those that will prevent the effluent from maintaining enough
resdence timein the soil for renovation. For the proposed land treatment area, the applicant must
evauate the following potentiad problems:

1. Rock Outcrops - These are indicators of potentialy shalow soil conditions that may result in
untreated or partiadly treated effluent reaching and contaminating groundwater. Bedrock does
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not renovate effluent since fractures provide direct conduits to the groundwater. Also, soils may
not be thick enough to provide complete renovation. The soil/rock interface can provide a
zone of increased permeability dlowing partidly trested effluent to reach groundwater.

2. Sinkholes and Solution Channels - These features are important components of groundwater
flow systemsin carbonate regions. Sinkholes and solution channels provide direct conduits to
the groundwater for untreated or partialy trested effluent. In areas of carbonate geology, the
gpplicant must evauate the potentia for snkhole activation or solution channd formation
resulting from the operation of the proposed system. Thisis especidly critical for proposas
that will concentrate effluent in alocdized area such aslarge volume community on-lot sewage
disposa systems. At no time will land gpplication be alowed over asinkhole or closed
depression.

3. Depthto Water Table - A high groundwater table may indicate that the unsaturated soil zoneis
too thin to adequatdly treat the effluent. Because land application systemsin generd, and
community on-lot systemsin particular, tend to cause aloca rise in the groundwater table, an
initidly high water table becomes especidly criticdl. If the unsaturated soil thicknessis not
dready too thin for effluent renovation, system operation may render the unsaturated soil
thicknessinadequate a some later date. Seasona fluctuations in the water table should be
evauated to assure an adequate trestment system design.

2.3.2. Most Restrictive Horizon

The gpplicant must determine the most redtrictive (least permeable) horizon between the land
surface and the regiona groundwater table. All horizons above the water table must tranamit the
effluent & least asfast asit receives the effluent. This prevents the possihility of effluent becoming
confined in the unsaturated zone resulting in incomplete renovation or groundwater mounding. A
generd cross-section identifying the different horizons under the proposed land treatment area must
be provided at the planning tage. This information may be generated from borehole logs, split-
spoon sampling, and soil probes.

Land gpplication systems should be sized based on ether the shalow or surface permesability test
results, or generaly four to ten percent of the vertical hydraulic conductivity rate, whichever is most
restrictive (based on EPA Process Design Manual for Land Treatment of Municipal
Wastewater, heresfter referred to as EPA Design Manual 625). However, the following
conditions may warrant deviation from using four to ten percent of the vertica hydraulic
conductivity:

1. Desgn flow of the sysem- Generdly, as the design flow increases, the percentage of the
vertica hydraulic conductivity to use as 9zing criteriaaso increases. And as design flows
increase, the more likely it will be that the system will achieve average flow rather than pesk
flow. Thisisdue to the Satistica probability associated with the number of users above or
below the average a any given time. For example, the probability of four units on a system
achieving pesk flow at any onetimeis greater than the probability of a system with 40 units
smultaneoudy achieving pesk flow. Asaresult, the renovative capacity of the most restrictive
horizon is not likely to be threastened. Thisis especidly true of systems designed to 25 PA
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Code Chapter 73 standards (i.e. flows derived as defined in Chapter 73.17(a)(b)). Insuch
cases, flows over 10,000 galons per day can increase system Sizing based on arate of up to
20 percent of the vertica hydraulic conductivity. Systems over 50,000 gallons per day may
warrant using up to 30 percent of the vertical hydraulic conductivity. Flows derived from
sources other than Chapter 73 will need to be considered differently since the safety factors
built into Chapter 73 may not be included.

2. Depth to most redtrictive horizon - The ultimate design factor cannot be determined by system
flow done. The depth to the most redtrictive horizon isimportant when determining the
percentage of vertica hydraulic conductivity to be used for system design. For example, on-lot
system effluent is considered adequately renovated (except nitrate-nitrogen: see Section 2.3.4)
after percolating through four feet of unsaturated soil. In theory, aredtrictive horizon at or
greater than four feet below the bottom of the system could alow 100 percent of the vertica
hydraulic conductivity as 9zing criteria. In redity, thiswould likely cause the effluent to mound
above the redtrictive horizon because the vertical hydraulic conductivity was determined under
saturated conditions rather than unsaturated conditions that would be present under a properly
operating absorption field. A saturated medium will tranamit effluent fagter than an unsaturated
medium. A design with too high of a percentage of the vertical hydraulic conductivity may result
in incomplete renovation, effluent mounding into the absorption bed itsdf, or a breskout to the
land surface. For this reason, the following increases in the percentage of vertica hydraulic
conductivity are recommended for Szing consderations.

Depth to Increase in Percentage
Redtrictive Horizon of Hydraulic Conductivity
4-10ft 0%
10-15ft +5%

15-20 ft +10%
20-25 ft +15%
25-30 ft +20%

>30 ft +25%

These potentia increases should be consdered as only one factor in the overdl determination of
sysem Szing. Site-gpecific conditions may require deviation from these numbers.

The god of any evauation deding with the most retrictive horizon should be to take full advantage
of the hydraulic capacity of the soil without compromising the soil’ s renovetive capacity or the
proper operation of the system. If doubt exigts, the system may be enlarged or further
pretrestment provided to overcome site-pecific limitations. A maximum of 55 percent of the
hydraulic conductivity may be alowed in Szing criteria under the preceding guidance. Thiswill not
be possible or desrable for each Ste. Further, since Sizing is based on the most restrictive factor,
the shdlow permesbility tests may be more redtrictive and therefore become the basis for system
design without any congderation of the vertica hydraulic conductivity.
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2.3.3. Groundwater Mounding

A groundwater mound is amound-shaped elevation in awater table or other potentiometric
surface that isformed by the downward percolation of water through the soil mantle. Itis
commonly associated with land application systems because of recharge from the wastewater. The
extent of the mound must be determined to ensure that it does not result in insufficient vertica
isolation between the system and the water table. Groundwater mounding could result in
inadequately treated effluent reaching the groundwater or breaking out onto the surface.

Aquifer characteristics that need to be evauated in the groundwater mounding andysisinclude
depth to water table, aquifer transmissvity, and aguifer specific yidd. The mounding andyss
should be completed for arecharge period of at least ten years.

The aquifer characterigtics should be determined by methods that stress the entire aquifer such as
long term (at least eight hours) pumping tests. Methods that give localized results (eg. dug tests)
with little penetration of the aquifer can be used to confirm the results of pumping tests and reduce
the number of pumping teststo asfew asone. Localized test methods used as a sole source of
aquifer datawill require a grester number of data points and an accurate determination of aquifer
thickness.

The gpplicant aso should address the interference of groundwater mounds from any multiple
absorption fieds and the issue of land surface elevations versus the water table gradient. These
problems are most acute where the absorption field is large or the topography isvariable. The
gpplicant will need to address these issues in the hydrogeol ogic report submitted to support the
system design. Thisis best accomplished using a Site plan that provides topography, current
groundwaeter eevations, and predicted groundwater eevations after full mound development. The
groundwater mound must not rise to within four feet of the bottom of the absorption field to ensure
adequate effluent renovation and proper system operation.

2.3.4. Dispersion Plume Analysis

The gpplicant must conduct a disperson plume analysis for any parameters that are not adequately
removed by the soil for industrid waste or sewage effluent land application systems. For example,
because the nitrate-nitrogen of domestic sawage is not removed by the sail, the gpplicant must
edimate its concentration at the property line. Also, the gpplicant must estimate the extent and
shape of the digperson plume, including the mixing and buffer zones. This must be estimated for
norma precipitation and drought years.

The following information is needed to complete the disperson plume andyss

Direction of groundwater flow

Location of potential groundwater divides

Site-specific background groundwater quaity for parameters of concern

Areaof project Site

Locations of exigting or potential water supplies on the project site, surrounding properties, and
within the projected disperson plume

s owdE

362-2000-009 / 10/15/97 / Page 20



6. Infiltrating recharge, which should reflect precipitation losses to surface runoff,
evapotranspiration, and groundwater withdrawal

During the prdiminary analys's, only the project Ste area should be used to estimate recharge.
Vertica mixing within the aquifer cannot be congdered in the initid dispersion plume andyssfor
parametersthat float. Condtituents of industrid waste may need to be modeled differently
depending upon waste characteristics and interaction within the aguifer.

To obtain gpprova for aland application system, gpplicants must be able to demondtrate that the
contaminant plume will not exit the Site or adversaly impact existing or potentia water supplies.
Where a hydrogeologic study has shown that a contaminant plume will exit the Ste or adversely
impact exigting or potential groundwater supplies, the applicant must provide for mitigation.
Proposds may include the following components for mitigation but are not limited to them.

1. Provide additiona trestment to lower concentrations of the parameters of concern to
acceptable levels

2. Gain contral of the offste groundwater by precluding its use as awater supply

24. HYDROLOGY

Whereas land trestment consders groundwater as the find receiving water, degraded groundwater
from an improperly operated land trestment system may discharge to and thus adversely impact upon a
surface water body. Lake studies linking eutrophication to an excessvely dense use of on-lot septic
sysemsilludtrate the need to consider the interaction between groundwater and surface water.

Because of the potentid impacts of wastewater upon surface water bodies, the applicant should
describe and ddlineste, on alarge scale plan, dl surface water bodies that may be affected. Surface
water bodies defined by the Clean Streams Law include, but are not limited to, perennid and
intermittent free-flowing water bodies, lakes, ponds, impoundments, wetlands, springs, seeps, drainage
swales, surface relief channds, and other natural conveyances. Floodplains and floodways that are
associated with any of these waterbodies aso require delineation on the plan.

2.4.1. Perennia Streams

A perennid stream generdly has some surface water flow throughout the year. Perennia streams
are defined in 25 PA Code Chapter 87, asfollows:

Perennid Stream - A body of water flowing in a channd or bed composed primarily of substrates
associated with flowing waters and is capable, in the absence of pollution or other man-made
stream disturbances, of supporting a benthic macroinvertebrate community which is composed of
two or more recogni zable taxonomic groups of organisms which are large enough to be seen by the
unaided eye and can be retained by a United States Standard No. 30 sieve (28 meshes per inch,
0.595 mm openings) and live & least part of their life cycles within or upon avalable subgtratesin a
body of water or water trangport system.
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2.4.2. |Intermittent Streams

An intermittent stream may lack surface water flow during some portion of the year. It isdefinedin
25 PA Code Chapter 87, asfollows:

|ntermittent Stream - A body of water flowing in a channd or bed composed primarily of
substrates associated with flowing water, which during periods of the year, is below the local water
table and obtains its flow from both surface runoff and groundwater discharges.

2.4.3. Lakesand Impoundments

Because of their long retention time of effluent products, lakes and impoundments may be
adversdly affected by aland gpplication system. Extensive eutrophication or other problems may
occur in alake or impoundment when a properly designed land application system isimproperly
gted. Alternatively, the congtruction of an impoundment may impair the effectiveness of a properly
designed and operationd treatment system by artificidly raisng the groundwater table.

2.4.4. Floodplainsand Floodways

Hoodplains and floodways border dl surface water bodies. Due to alack of treatment during
periods of floods, land treatment in afloodway is not permitted. Suitable documentation and
design condderations may permit land trestment within the genera floodplain outside of the 100-
year floodplain. 25 PA Code Chapter 105 defines flood, floodplain, and floodway, as follows:

Flood - A generd but temporary condition of partid or complete inundation of normaly dry land
areas from the overflow of streams, rivers, or other waters of this Commonwedth.

Floodplain - The lands adjoining ariver or stream that have been or may be expected to be
inundated by flood watersin a 100-year frequency flood.

FHoodway - The channd of the watercourse and those portions of the adjoining floodplains which
are reasonably required to carry and discharge the 100-year frequency flood. Unless otherwise
gpecified, the boundary of the floodway is as indicated on the maps and flood insurance studies
provided by FEMA. In an areawhere no FEMA maps or studies have defined the boundary of
the 100-year frequency floodway, it is assumed (absent evidence to the contrary) that the floodway
extends from the stream to 50 feet from the top of the bank of the stream.

2.45. Wetlands

Wetlands interrelate with many of the hydrologic systems discussed in the preceding sections, and
aso require delineation on alarge scale plan. 25 PA Code Chapter 105 defines wetlands as
follows

Wetlands - Those areas that are inundated or saturated by surface or groundwater at a frequency
and duration sufficient to support, and that under normal circumstances do support, a prevaence of
vegetation typicaly adapted for life in saturated soil conditions, including swamps, marshes, bogs,
and amilar areas. The term includes but is not limited to wetland areas listed in the State Water
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Plan, the United States Forest Service Wetlands Inventory of Pennsylvania, the Pennsylvania
Coagtd Zone Management Plan, and any wetland area designated by ariver basin commission.

2.4.6. Springsand Seeps

Springs often provide information as groundwater discharge points and potentia monitoring
locations. Establishing locations of springs and seeps may require intensive fidd work. USGS
topographic maps are not sufficient to locate dl springs.

2.5. CLIMATE

The applicant must evauate the effects of temperature, precipitation, and wind on the land gpplication
system. These factors may result in the cessation of land gpplication, and subsequent utilization of
effluent sorage facilities.

25.1. Temperature

Temperature is an important factor in evauating land trestment efficiencies and capacities. Low
temperatures are the most critical and must be addressed if the proposed operation will occur
during cold wegther. Short-term periods of cold weather may cause problems in the physica
operation of the distribution system. Pipes may become blocked with ice and damaged if the
digtribution piping is not properly designed to promote drainage after each application. Spray
irrigation facilities may have problems when the soray nozzles become affected by ice build-up.
More serious problems occur when the land application is proposed during long-term periods of
cold westher. Frozen or ice covered ground can cause a“die-off” of vegetation, resulting in direct
runoff of wagtes. This condition requires the cessation of effluent gpplication and subsequent
storage of the treated effluent.

2.5.2. Wet Weather Consider ations

Compared to cold westher occurrences, wet weether istypically a short-term event. It does,
however, have mgor implications for land gpplication systlems. Pre-gpplication design options will
need to address the day-to-day management and operations of the land application system. Some
design factors that should be evaluated based on wet wegther conditionsinclude:

1. Hydraulic Budget - A hydraulic budget accounting for applied wastewater, precipitation,
evapotrangpiration, and runoff must be addressed on no less than amonthly basis. In generd,
effluent should not be gpplied on along-term basisif it will cause sgnificant groundweter
mounding and interfere with proper system function. Applied wastewater plus average
infiltrating precipitation should not exceed the actud evapotranspiration rate of the Ste plusthe
hydraulic conductivity of the most restrictive horizon (See Section 2.3.2). This relationship will
typicaly be of grestest concern before and after the height of the growing season.

2. Hydraulic Acceptance Rate - Hydraulic acceptance rate is that rate at which effluent can be
gpplied to a soil without promoting runoff. Under field capacity moisture conditions, a soil will
be able to accept effluent at a certain rate. However, the same soil will exhibit a sgnificantly
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reduced rate of acceptance under increased moisture conditions or saturation. The leve of
precipitation that will “trigger” runoff of the effluent or precipitation must be determined. When
this“trigger” isreached, it will require a cessation of the land gpplication and require storage of
the effluent until hydraulic conditions are acceptable. The method and schedule for gpplying the
stored effluent during appropriate weather conditions aso must be addressed.

. Periods of Excess Soil Moigture - After Sgnificant precipitation or during snowmet events, the
topsoil and upper portions of subsoil may remain saturated or excessvely wet for long periods
of time. This may interfere with proper function of the land gpplication sysem. Therefore, the
gpplicant must quantify the duration and intengity of a precipitation event that would cause
interference with proper treatment. Further, an adequate “waiting period” following these
precipitation events must be proposed to alow time for the soil to drain sufficiently, before the
next gpplication of effluent. The gpplicant must consder at a minimum the relationship between
the precipitation event and site characterigtics including the naturd soil moisture holding
capacity, high water table conditions, and the vegetation.

. Farm Management and Operation - A schedule of typica crop rotations and anticipated farm
operations must be provided with the proposal (See Section 2.6.3 for further discussion). This
schedule may need to be dtered if there are wet soil conditions because significant soil damage
(i.e. compaction) can occur under some farming operations. Therefore, the applicant should
document provisons that will prevent problems associated with the farming operations. The
following are examples.

a. Additiona storage may be required due to variaions in farming practices (i.e. crop
rotation, harvesting).

b. Additiona available land area should be permitted as a portion of the land gpplication Ste,
for potentiad emergency use.

c. Harvesting or management of vegetation should be conducted when facilities are shut down
and no effluent is being produced.

. Storage - Provisions must be made for adequate storage of effluent during periods of adverse
s0il moisture conditions as discussed in the preceding sections. Factorsto be evauated in
determining storage needs include soil type, historica weether data, and effluent volume.

2.5.3. Wind Conditions

Wind can dso cause problems with the operation of aland application system. Wind problems are
typicaly short in duration, consisting mainly of “wind drift” of effluent avay from the ste. These
concerns can generdly be overcome by specific design options. All land application proposds
must document the direction of the prevailing wind in the area. The proposa aso should address
the following concerns and options to minimize potentid wind problems:

1. Wind Break - Natura or man-made obstruction to wind should be placed upwind with respect

to the prevailing wind direction to reduce the wind vel ocity across the proposed Ste.
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2. Application Method - Smdl diameter and/or low trgectory sprinkler heads, “trickle” flow
gpplicators, sheet flow applicators, etc. should be incorporated into the land gpplication design
to keep the effluent closer to the ground surface and away from areas typicdly impacted by the
wind.

3. Buffer Zone - Buffer zones need to be consdered in any surface land application Ste. Inno
case will abuffer zone of less than 50 feet be considered for property boundaries, roadways,
parking lots, and rock outcrops. Longer “downwind” laterd distances to various features such
as streams and lakes, wells, occupied dwellings, and sinkholes must be considered based on
the wind drift. Effluent may be applied only to areas that have been permitted. The potentia
over-application of downwind portions of a site should aso be addressed.

If the Ste-specific design modifications or other methods cannot be used to overcome wind drift
limitations, wind velocity and direction criteria should be proposed that will cause cessation of land
gpplication with subsequent effluent storage. For instance, spraying would have to cease when the
effect of the wind drift would cause effluent to be carried off the permitted Site or within the buffer
zone.

2.5.4. Storage Requirements

The gpplicant mugt cdculate the minimum storage requirement for al land application systems that
distribute wastewater effluent onto the ground surface. Loca climatic records, aswell as nationaly
available climatic data, such as the Nationd Oceanic and Atmaospheric Administration’s Use of
Climatic Data in Estimating Storage Days for Soil Treatment Systems should be evaluated to
determine minimum storage time. Several computer programs are available that provide a measure
of intengty and duration of cold periods. The most commonly used is EPA-3, as discussed in the
EPA Design Manual 625. To receive a copy, contact the Director, Nationa Climatic Center,
Federa Building, Asheville, NC 28801. EPA-3 possesses certain default information that helps to
determine storage requirements. This default information considers the climatic characteristics of
Pennsylvania. The Department supports the default vaues used by the program in determining a
gte's gorage requirements. More conservative vaues are welcome.

The default values are a mean daily temperature of 32°F with aminimum low of 26°F and a
minimum high of 40°F. The maximum amount of snow on which effluent may be goplied is one
inch. Effluent may not be applied if more than 0.5 inches of rain fals during the previous 24-hour
period.

The storage requirement will vary for seasona and year-round operations. Seasona operations
that will not generate waste materids or effluents during the cold season must cdculate the minimum
storage volume to alow for wet weather and maintenance time. 'Y ear-round operations will require
storage based on cold, wetness, and wind. The length of this storage period may vary widdy
across the state from alow of 60 days in the southeast to a high of 120 daysin the northwest.
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2.6. VEGETATION

There are many factors to condder in the selection of appropriate vegetative coversfor aland
goplication Ste. The primary consderation is how the vegetation will work with the land treatment
system. Another consderation is the final use of the vegetation. Every effort should be made to grow
aviable economic crop. Otherwise, it may require disposa onceit is harvested. Before choosing the
gppropriate vegetative cover, the goplicant must determine the assmilative capacity of the vegetation,
and must consder management, economic, and other Ste issues, as discussed in the following sections.
A good reference is EPA Design Manual 625 or an agronomic textbook.

2.6.1. Assmilative Capacity

The vegetation selected must be able to assmilate the specific type of effluent being applied to the
land surface. Typica sawage effluent varies from industrid wagte effluent, which in itsdlf iswidely
variable depending on the process and pretreatment methods involved. The applicant must
address the following conditions or characteristicsin order to select the vegetative cover most
cgpable of asamilating the effluent.

26.1.1. Hydraulic Load

When aggnificant hydraulic load isto be placed on the land trestment system, the vegetation
must be able to tolerate the wetness and till provide assmilative cagpacity to remove the
chemical parameters of concern. Under certain conditions, vegetation should be sdlected that
will uptake and transpire significant quantities of water, thereby lessening the hydraulic loading
to the groundwater and decreasing the potentia for groundwater mounding.

2.6.1.2. Anions

Anions, particularly NOs, are generdly not afforded sgnificant renovation by the soil profile.
Therefore, the mgor assmilative'renovative pathway for anionsis vegetative uptake. The
fraction of dl anionic species not removed by vegetation moves largely unchanged into the
groundwater where dilution takes place. A crop that can remove significant quantities of anions
(mostly NOs) from the soil water/effluent will lessen the impact of those parameters on
groundwater. Thisis an especidly important consderation if background groundwater quality
concentrations are elevated.

2.6.1.3. CationgMetals

Cationic species include heavy metals and phosphorous. Cations are typically complexed and
tightly held within the soil system. However, certain events or circumstances that may occur
within the land application system cause them to become mobile. Some plants have a naturd
affinity for uptake and storage or transport of certain metas, due to their inherent
characterigtics. Certain vegetation will show the effects of toxicity to certain meta species a
much lower concentrations than others. Even essentid cations like iron, chromium, potassum
and phosphorous may be toxic if levels significantly exceed those required for growth.
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While uptake of cations can be amgor benefit of a vegetative species, the levels of metd
concentrations and other soil/waste factors must be kept in equilibrium. Typica farm
management operations such as liming and fertilizing may need to be limited as they may
complicate the relationships within the system as time goes by and cationic concentrations build
in the sail.

26.1.4. Oil/Grease Organics

The mgor mechanisms for breakdown of oil/grease organics occur by soil’s microbid
populaions. However, the vegetation will assmilate certain organics and metabolites of
organic compounds. The organics will typicaly be stored within the plant tissues and may
become toxic to the plant itself or render the vegetation unsuitable for some uses after harvest.
This consequence should be evauated as well as the effect of gpplying dily or greasy
wastewater on the vegetation. If the plants transpiration is significantly reduced or hated due
to “clogged” surfaces, the application may be sdf defeating.

2.6.2. Site-Specific Consderations

In generd, the vegetation chosen must provide control againgt eroson and sgnificant runoff, aswell
asfurnish the desired treatment. Steeper dopestypically require a vegetation that can provide
well-developed rooting that will ad in holding the soilsin place. Irrigation must be limited to areas
containing growing vegetation.

A year-round gpplication proposd must consider use of forest vegetation on the winter-time Site.
The well-developed root system and organic blanket associated with forest vegetation deters
sgnificant frost effects. Turf-type, rather than clump-type vegetation, may be required in overland
flow treatment systems. Conventiond tillage and row crops may be used only on very gentle
dopes.

Slopes of up to eight percent can typicaly be considered for most land application systems.
However, with detailed substantiating data and specific design inclusons, proposas for spray
irrigation may be considered on dopes up to 25 percent.

2.6.3. Management and Economic Consider ations

A well-managed land application system will operate at design levels of trestment and will be
aesthetically acceptable. 1t dso can economically benefit the operator by providing return on the
harvested vegetation, by reducing the cost of conventiond treatment, and/or by diminating the need
for stream discharge of effluent. The proposa for aland application system should address the
following management and operational considerations.

2.6.3.1. Crop Egablishment

The type or species of vegetation may require different methods and durations for
establishment. Forage crops may take aslittle as afew weeks to reach a stage of growth when
gpplication could commence. However, tree species may take severd monthsto ayear. A
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cover crop of some “rapid growth” vegetation should be considered to reduce erosiond risks,
if the proposed vegetation will take a sgnificant period of time to reach full establishment.

Also, the season of the year should be consdered since very little vegetation can be established
inlaefdl or winter.

2.6.3.2. Crop Rotation

Panting of perennid species or forest istypicdly a*“one-time’ or long time operation. Use of
annua crops and intense crop rotations will require re-establishment on a much more frequent
basis.

2.6.3.3. Harvesting

Vegetation must be harvested or removed from the Site periodicdly. If this does not occur, dl
the parameters of concern that have been uptaken by the vegetation will Smply return to the
soil, causing an eventua overload of some parameter to the overal system.

Typicdly, forage crops should be harvested severd times per year while in the vegetative
(rather than productive) stage, when they are “taking up” nutrients at optimum rates. Row
crops should be harvested at appropriate times based on applicable farming operations. Land
gpplication to sites where crops have been completely removed is not acceptable until other
vegetaion is established (i.e. harvesting of amdl grains with subsequent planting of annud rye
or winter whest).

2.6.3.4. Usage/Disposition

The ultimate disposition of vegetation must be addressed. Some crops have an inherent value
and may be utilized or sold, whereas some vegetation is planted Smply to provide uptake of
certain parameters. Crops which are intended for human consumption will need to comply
with the requirements of 25 PA Code Chapter 275 and Department Guiddines for the
Agriculturd Utilization of Sewage Sudge (May 1988). In addition, the Pennsylvania
Department of Agriculture requires |aboratory testing for heavy metas for any human
consumption items grown on land where sawage or dudge has been gpplied. The proposa
should indicate whether the crop is intended for human or animal consumption, industria usage,
horticultural usage, fertilization of “other” lands, land-filling, or other uses

2.6.3.5. Natural Range

An obvious congderation in the selection of a plant speciesis whether it will survivein
Pennsylvania s climate or on the specific Ste. A plant species may possess the proper
assmilative capacity, provide required tolerances and positive economic returns upon harves;
however, if the species cannot survive Pennsylvania s climate or Ste-gpecific conditions, these
atributesare dl irrdevant.
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2.7. QUALITY OF WATER TO BE APPLIED

The quality of the pretreated wastewater, prior to gpplication to the land, should be addressed. While
minimum trestment requirements exist for any land gpplication system, pretrestment levels greeter than
the minimum can be proposed to overcome limiting Ste characterigtics or system characteristics less
desrable than those required for the “typicd” system that just meets minimum requirements.

While the minimum typical pretrestment required prior to dow rate infiltration is defined as secondary
(See Section 6.2), actud pretrestment needs are based on the type of application system proposed
and the site-specific objectives of the system. The gpplication of effluent pretreated to advanced levels
can be used to overcome site characteristics that would render a Site unsuitable for use under typica
minimum pretrestment consderations.

2.7.1. Land Limiting Congtituent Analysis

A land limiting congtituent analysis establishes the interrel ationships between 1) the proposed waste
to be applied, 2) the rate a which it may be applied, and 3) the plant/soil/groundwater system. As
effluent is gpplied, the eventud inability of the soil system to treat specific parameters will limit the
goplication rate. Thisisespecidly true for industrid waste effluents, although sewage effluents may
be limited by the hydraulic capacity of the soil or by nitrogen in areas of eevated background
nitrate concentration. 1f the amount of land area available for renovation is limited, advanced
pretreatment may be required for the parameters of concern. Sometimes pretreatment may be
chegper than the acquistion of additiona land for proper renovation. If land availability isnot a
concern, the effluent applied per unit land area can be reduced to achieve an acceptable
concentration of the limiting condtituent.

Anacther component of the land limiting condtituent andlysis is the soil’ sbiologicad communities. The
gpplicant must characterize native vegetation and evauate assmilative capacities. New vegetative
cover may need to be established to ensure uptake or renovation of specific effluent parameters.
Some waste materia may require amendment of the soil’s microbiologica community to renovate
condtituents that are not typically renovated by naturally occurring processes.

2.8. RATE OF APPLICATION

A rate of gpplication must be determined that will not cause inundation or over-gpplication of the Ste
which will promote runoff or inadequate renovation of the wastewater gpplied. Further, if the proposal
includes aclaim of additiond nutrient remova by on-gte vegetation, the rate of gpplication must be
such that rapid movement of this wastewater through the root zone and beyond does not occur. The
chosen rate must insure that the on-Site vegetation can make use of these nutrients (See Sections 2.7.1
and 6.5).

29. METHODSAND CONDITIONS OF APPLICATION

While there may be severa methods of gpplying the effluent to the ground surface, it should become
gpparent based on review of site-pecific characteristics and design considerations that may be
goplicable to the Ste in question.
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The more favorable aternatives are those that will be more reliably managed and easily operated.
Proposdls that include a detailed management and operating plan combining Site, seasona, and weather
related specifics with automated gpplication and storage capabilities should receive primary
congderation.

2.10. LAND OWNERSHIP AND MANAGEMENT

Although not necessary, it is generaly dedirable that the land on which the trestment occurs and storage
facilities are located be in the ownership of the permittee. In these cases, there should be a covenant in
the deed providing for land gpplication in perpetuity. In those Stuations where the treatment areaand
storage cells are on property not owned by the permittee, the permittee must either secure a 20-year
lease renewable for an additiona 20 years or acquire development rights and perpetud rights for the
amount of land required.
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LAND APPLICATION APPROVAL PROCESS

This chapter provides further detail on the procedures that must be followed to obtain al the Department
gpprovas necessary for proposed land gpplication systems, culminating in the final issuance of DEP
permits. As noted in Chapter 1, land application syslems may be permitted for both sewage and industrid
wastewater. Permit application procedures for each are similar, except that for sewage cases, an Act 537
Officid Sewage Plan Revison must be gpproved by the municipdity in which the project islocated, and
then also be approved by the Department. This Act 537 approva must occur before any permit
goplications are submitted.

3.1 SEWAGE PROPOSALS

Sewage land application proposals must include the Act 537 plan gpprova. For smdler, nonmunicipa
projects, this Act 537 plan revison may be accomplished by the completion of planning modules which
may be obtained from the regiond DEP office through the use of an “ Application For Sewage Facilities
Planning Module’ mailer (See Appendix B). For larger municipa land gpplication projects, amore
comprehensive Act 537 update may be required by the Department. A comprehensive plan update
requiresaforma Act 537 study, which looks at the needs of larger service areas and which evauates
other dternatives from both an economic and environmental standpoint. Therefore, before starting the
Act 537 planning step, project sponsors should contact the regiona DEP office to determine
appropriate planning requirements. After the local municipality and Department have gpproved the Act
537 plan revison, permit gpplications may be submitted.

Typicaly, both the sawage treatment plant facilities and the land application system may be permitted
under the Part 1l permit. Part Il permits are distinguished from NPDES (“Part I) permits which
authorize discharges to surface receiving waters. Land application systems that do not propose
seasonal discharge to surface waters only require the Part 11 permit. Projects which propose seasond
land application of treated wastewater with discharge to surface receiving waters during some portions
of the year require both an NPDES and a Part |1 permit.

Procedures for applying for these two types of sawage permits are detailed in the DEP Domestic
Wadtewater Facilities Manud, which is available at the DEP regiona offices. Appendix C includes
pages 6 - 12 of the manual which describes the procedures for obtaining a Part |1 permit. Application
forms and desgn modules are available a the regiond DEP office.

In addition to the information that the DEP Domestic Wastewater Fecilities Manua requiresin Part 11
permit gpplications, the Design Engineer’ s Report for aland gpplication system must contain
considerable detail on the hydrogeology of the proposed Site, the soils present, crop management
procedures, nutrient loading information, and proposed groundwater monitoring systems. This part of
the Design Engineer’ s Report must satisfy the design consderations that are given in subsequent
chapters of this manud.
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3.2. INDUSTRIAL WASTEWATER PROPOSALS

Procedures for gpplying for land application of treated industrid waste are amilar to those applicable
for sawage, except that no Act 537 planning gpprova is necessary. Aswith sewage proposals, dl land
goplication digtribution and trestment systems may be covered under asingle Part Il permit. If a
seasond discharge to surface receiving waters is proposed, then an NPDES permit aso will be
necessary.

Procedures for applying for these two types of industrid waste permits are detailed in the DEP
Industrid Waste Manud, available a the regiond DEP office. Appendix D includes pages 9 - 30 of
the Industrid Waste Manua which describes procedures for obtaining industrial waste permits.

Again, for industrial waste land application proposds, the Part 11 permit gpplication dso must contain
detailed information on site hydrogeology, soils, crop management procedures, nutrient loading
information, and groundwater monitoring. This portion of the design engineer’ s report must satisy the
design condderations which are given in the subsequent chapters of this manua. Figure 1 illudtrates the
planning and permitting procedure for sawage and industrial waste land application proposals.

PROPOSED FIVE-YEAR PERMIT RENEWAL PROCESS

The Bureau of Watershed Conservation is currently drafting a policy and procedure which would
require that the Part |1 permit be renewed every five years. When this new guidanceisfindized, it will
be included as an addendum to this manud.

Figure 1. Planning and permitting procedure flow chart
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EFFLUENT QUALITY/STORAGE/DISTRIBUTION

4.1. PRE-APPLICATION TREATMENT

Prior to land application, al organic wastewaters must undergo pretrestment (See Sections 6.2, 7.2,
8.2, 9.2, and 10.2). Higher degrees of treatment or lower hydraulic loading may be considered for
high strength wastes and/or to overcome Ste limitations. Wastes containing greases and emulsions that
clog soils, plug nozzles, or coat vegetation must not be discharged to the land gpplication fidd. In
addition, wagtes that are non-biodegradable, non-exchangeable with the soil materids, toxic to
vegetative cover, or are persstently toxic in the environment must not be gpplied to the land surface.

Before gpplying any wastewater, the gpplicant should assess the following to determine pretrestment
requirements and to prepare for implementation of the operationd system:

Chemica, physicd, and biologicd properties of the wastewater

Chemica and physicd properties of the soil

Current groundwater quality

Water quality standards for adjacent waterways

Topographica and climatologica features of the area

Long range land use

Cropping plans

Crop nutrient requirements and dementa sengtivities

Public comments to land gpplication proposals (Refer to Planning Modules for New Land
Development)

©CoNogrwWDNRE

4.2. FINAL EFFLUENT QUALITY

The DEP Principles of Ground Water Pollution Prevention and Remediation states that the goal of
groundwater qudity protection is the prevention of groundwater contamination whenever possble. The
Department intends to strive toward this goa because it provides the best protection of this vauable
and vulnerable resource for future generations. The Department recognizes, however, that basic human
activities have impacts on groundwater. In those cases where complete prevention of contaminetion is
not possible due to demographics and the practicdlities of technology and economics, the Department
will consder the use and value of the resource in establishing protection measures. Theses principles
define the framework for establishing program requirements which will provide for careful sewardship
of the resource and advance the highest feasible level of groundwater protection through the use of
control technologies, management practices, and pollution prevention measures at activities which may
impact groundwater quaity.

For the overland flow process, wetlands discharge, or certain rapid infiltration designs for which a
surface discharge is expected, surface water qudity criteriamust be met in the surface water body.
These criteriaare set forth in 25 PA Code Chapter 16: Policy Statement Water Quality Toxics
Management Strategy and 25 PA Code Chapter 93: Water Quality Standards. NPDES permits will
be required for any surface water discharges.
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4.3. STORAGE/EQUALIZATION TANKS

Storage is necessary in many land trestment systems because of the effect of climate on treatment or an
imbal ance between wastewater supply and application. For example, dow rate and overland flow
applications may not be possible during adverse weather conditions. Storage requirements may be
determined using daily, weekly or monthly water balance caculations. Seasond discharge to surface
watersis an dternative to storage. Any surface water discharges require an NPDES permit and must
meet dl applicable Pennsylvania surface water qudity criteria and standards.

Sow rate or overland flow system operation may be adversdly affected if severe cold wegather perasts
for extended periods (i.e. 2 - 4 months). If annua crops are being irrigated, the growing season will
determine storage requirements. If perennids are irrigated, application will normaly be stopped only
by frozen soil conditions. As noted in Section 2.5.4, there are severd computer programs available
that provide ameasure of intensity and duration of cold periods. The most commonly used is EPA-3.
To receive a copy, contact the Director, Nationd Climatic Center, Federd Building, Asheville, NC
28801. These computer programs should be used in assessing cold climate storage needs. Any
impoundment congtructed to retain sewage effluent for future land goplication must comply with the
pond construction details as described in Section 85.5 of the DEP Domestic Wastewater Facilities
Manudl.

For community on-lot and large volume on-lot systems; equdization tanks can be used to equaize the
pesk flows. Thisdesign isbeneficid to facilitieswith regular, predictable, fluctuating flows in that it
resultsin aamdler overdl sysem size,

4.4, DISTRIBUTION

Onceit is determined that the fina effluent qudity will meet dl applicable Pennsylvania surface and
groundwater quality standards and requirements, the wastewater can be distributed and applied to the
land. Sprinkler systems are used for this purpose. A wide variety of sprinkler systems are available.
A partid ligting includes center pivot rigs, whed rolls, solid set, and pop-up nozzles.

The two common methods for land gpplication of wastewater are surface and sprinkler distribution.
Selection of either of these methods depends on the objectives of the project and the limitations
impaosed by physica conditions such as topography, type of soil, crop requirements, and level of pre-
gpplication trestment. Surface distribution requires careful grading of surfaces and extensive systems of
channels for distribution and ditches to collect effluent and surplus water. Sprinkler distribution is
virtudly independent of the shape and contour of the area.

4.4.1. Surface Digtribution Systems

Surface digtribution employs gravity flow from piping systems at open ditches to flood the
goplication areawith severa inches of water. This method of distribution is more suited to soils
with moderate to low intake rates. Graded land is essentia to proper performance of surface
systems. Surface digtribution methods include: 1) ridge and furrow irrigation, 2) surface flooding
irrigation, 3) rapid infiltration basins, and 4) overland flow.

Surface Distribution System Design
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Candsor pipdines are normaly used to convey wastewater to a surface distribution system.
Design standards for these wastewater conveyance systems and for flow control and measurement
techniques are published by the American Society of Agricultura Engineers. Methods of
digtribution to fields include turnouts, siphon pipes, vaved risers, gated surface pipe, and bubbling
orifices.

4.4.2. Sprinkler Digtribution Systems

Sprinklers can be used for dl types of land treatment systems. The most common types of
sorinklers are 1) hand moved, 2) mechanicaly moved, and 3) permanent set. The more sgnificant
design consderations for sprinkler system selection include field conditions (shape, dope,
vegetation, and soil type), climate, operating conditions, and economics.

4.4.2.1. Sprinkler Digtribution System Design

The determination of a sprinkler systlem design involves the optimum rate of gpplication,
sprinkler sdlection, sprinkler spacing and performance characteristics, lateral design, and
miscellaneous requirements. Detailed design requirements for specific systems may be
obtained from equipment suppliers.

The optimum rate of gpplication for a sprinkler system will provide uniform distribution under
prevaling dimatic conditions without exceeding the intake rate of the soil. Overland flow
systems are an exception.

Sprinkler selection is dependent on the type of distribution system, pressure limitations,
gpplication rates, clogging potential, and effect of winds. Sprinklers used for gpplication of
wastewater are usudly of the rotating head type with one or two nozzles. Manufacturers should
be consulted for specific sprinkler specifications.

Sprinkler spacing and performance characterigtics are jointly analyzed to determine the most
uniform distribution pattern at the optimum rate of gpplication. Since the amount of water
applied by a sprinkler decreases with distance from the nozzle and the distribution pattern is
circular, sprinklers and laterds are spaced to provide overlapping of the wetted diameter.
Choice of spacing between sprinklersis closely associated with both the application rate and
the amount of pressure a the nozzle. The primary factor that affects the choice of spacing is
the vegetative cover (i.e. open fied crops or forests). An 80 by 100 foot spacing is preferred
for open fields and a 60 by 80 foot spacing is recommended for wooded areas. These appear
to give the best relationship between good distribution and reasonable cogts. Other spacing
dternaives may be determined empiricaly or by using published guiddines.

Once the preliminary spacing has been determined, the nozzle discharge capacity to supply the
optimum application rate is found by the following equation:

Q = (SLxSMxI)=+=C

Q = flow ratefrom nozzle, galongminute (liter/second)
SL = gsorinkler spacing dong laterd, feet (meters)

SM = gorinkler spacing dong main, feet (meters)
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I
C

= optimum gpplication rate, inches’hour (centimeters’hour)

= congtant = 96.3 (360)

This establishes the basis for final orinkler selection, which isatrid and adjustment procedure
to match given conditions with performance characteristics of available sprinklers.

Lateral design condsts of sdecting sizesto ddiver the totd flow requirement of the laterd with
friction losses limited to a predetermined amount. A generd practiceisto limit dl hydraulic
losesin alaterd to 20 percent of the operating pressure of the sprinklers. Thiswill result in
sprinkler discharge variations of approximately 10 percent along the laterd.

System automation selections should be based on a comparison of labor with the cost of
controls at the desired level of operating flexibility. Common control devicesinclude remote
control valves energized eectronicaly or pneumatically to start or stop flowsin alaterd or
main.
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SITE MONITORING

5.1 PURPOSE
Land application systems must be monitored to ensure that they are not causing groundwater or surface

water pollution. Due to the variety of soils and geology in Pennsylvania, each monitoring system must
be custom designed. Thiswill require the expertise of hydrogeologists, soil scientists, and engineers.

The gpplicant must design and submit a monitoring plan as part of the permit gpplication. The
monitoring plan must characterize the wastewater, estimate the direction of groundwater flow, and
describe the proposed monitoring methods in detail for groundwater, soil moisture, and the wesether.
The DEP Groundwater Monitoring Guidance Manual provides details on monitoring well
congtruction and sampling.

5.2. WASTEWATER CHARACTERIZATION

To develop gppropriate monitoring parameters, the applicant must describe the chemica and physica
characterigtics of the wastewater.

5.2.1. Chemical Characteristics

The chemica parameterstypically associated with sewage are pH, phosphorous, nitrate, nitrite,
ammonia, Kjeldahl nitrogen, chloride, sulfate, and sodium. Frequently, community sewage systems
and municipa sysemswill dso have metals or various organic chemicals. The specific parameters
must be identified and quantified. These parameters must be monitored once the system begins
operation.

Prior to land gpplication, any industrid wastewater effluent must be monitored to ensure sufficient
pretrestment. This includes monitoring for the chemica congtituents designated for trestment along
with any trestment byproducts.

5.2.2. Physical Characteristics
These characterigtics include, but are not limited to:

1. Dengty - Because groundwater travels so dowly through most aquifers, the anticipated find
effluent may float, Snk, or dissociate evenly upon entry to the groundwater system.

2. Chemicd Differentiation - Occasiondly, the chemica congtituents of some plumes can be
expected to dratify within the agquifer. Certain parameterstravel faster than others and should
be listed in atheoretica order of appearance.

3. Adsorption/Absorption - The chemicals contained within the disperson plume can adsorb or
absorb to the soil or rock materid permanently, temporarily, or variably.

5.3. DIRECTION OF GROUNDWATER FLOW

Because of the inherent difficulties in directly measuring trestment effectiveness, the permit application
must describe the groundwater flow direction as accurately as possible. Knowledge of the direction of
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groundwater flow is critical for design of the monitoring network. If the monitoring network does not
adequately cover groundwater flow benegth the Site, additional monitoring points will be required.

Because gravity is the dominant force in the movement of groundwater, the regiond water table often
exigs as a subdued image of topography. However, a detalled water table analysis may provide
information to the contrary. Reliance on topography aone for the design of a groundwater monitoring
system can cause monitoring wells to be improperly located.

The dope direction of the water table or potentiometric surface indicates the theoretica direction of
groundwater movement. Therefore, the depth to groundwater must be determined to correctly map the
hydraulic heed gradients. Thiswill generdly require measurements from borings, piezometers, or wells
to observe the groundwater levels. A minimum of three data pointsis required to describe the
hydraulic gradient of the aquifer benegth the Ste. More data points may be necessary to adequatdly
characterize groundwater flow, depending on the size and complexity of the proposal. Higtorica data
from geological publications are an additiona source of information. Various publications on
groundwater resources can be obtained from the Department of General Services, the State Book
Store, 1825 Stanley Drive, Harrisburg, PA 17103, (717) 787-5109.

Once reliable measurements of the water table or potentiometric surface are obtained, the interaction of
the s0il, geologic, hydrologic, and hydrogeologic characteristics should be assessed to determine
potentid irregularitiesin groundwater flow. Examples of factors with the potentid to influence
groundwater movement include lithology, bedding planes, folds, fracture traces and lineaments, faullts,
fractures, joints, cleavage planes, leaky aquitards, pumping wells, tempora variationsin recharge, and
solution channels. All permit applications must contain sufficient deta to describe the actud
groundwater flow.

Care should be taken to avoid errorsin interpreting the groundwater level data. For example, water
levels above long screens or open hole lengthsin awell reflect a composite water level, which may
differ from the water table. The sameistrue of wells or piezometers that monitor groundwater at
depths bel ow the water table.

5.4. MONITORING METHODS

The gpplicant must submit a plan for monitoring the land application sysem. Common monitoring
methods that may be required include water table monitoring wells, piezometers, lysmeters, facility
monitoring ports, and spring sampling.

5.4.1. Monitoring Wellsand Piezometers

Monitoring wells and piezometers are commonly used to assess groundwater in Pennsylvania.
Water table wells, atype of monitoring well, are typicaly used for land application systems.

Water table wells are designed to contain the water table within the open or screened interval.

Piezometers are small diameter wells, generaly non-pumping, with avery short well screen or
section of dotted pipe at the end that is used to measure the hydraulic head at a certain interva
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below the water table. Figure 2 shows recommended congtruction details for monitoring wells.
Piezometers should be congtructed smilarly.

Figure 2. Typicd overburden (left) and bedrock (right) water table monitoring wells.
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Piezometers and water table wells may be placed in either unconsolidated or bedrock aquifers.
Nests of piezometers with different depths may be used to determine verticd flow gradients from
water level measurements.

A water table contour map can be drawn from measurements of the depth to water taken from
thesewells. Such wells lend themsdlves to monitoring floating parameters or those known to
produce plumes thet travel aong the surface of an aguifer. Examples of chemicals that float or
show marked decreases in concentration with depth are most petroleum products and nitrates.

In most cases, groundwater level data from piezometers that do not intercept the water table and
wellsthat do intercept the water table may be horizontally incompetible due to differences of
hydraulic head with depth. However, they may be compatible in assessing the verticd hydraulic
gradient at the Site.

54.1.1. Desgn Considerations

Monitoring well design will vary based upon the different hydrogeol ogic conditions encountered
across Pennsylvania. Design aso depends upon the chemica parameters to be monitored.

Condtruction: Because congtruction will require patience, intensve data collection, and
monitoring well congtruction experience, the consulting hydrogeologist should understand the
tota project as well asthe gods of the monitoring program. Complete records of the drilling
procedures, strata descriptions, construction procedures, and materials used should be kept on
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file a the land application facility. Monitoring wells and piezometers both require the following
congruction features. 1) alocking well cap, 2) a protective, sted standpipe of larger diameter
than the actua well casing, 3) awell casng, commonly congtructed of standard stedl, stainless
sed, PVC pladtic, or an inert substance such asteflon, as conditions or parameters warrant,
and 4) grouting of the annular space between the casing and the drilled hole.

Ingtdlation of screened wells should include appropriately sized screen dots, sand or grave,
and lengths of screens. The sand or gravel pack should be 1-3 feet above the top of the
screen. A bentonite sedl approximately two feet thick should be placed on top of the
sandpack. The bentonite sedl is followed by cement-bentonite grout and well completion.

Grouting: A pressure grout sed provides monitoring wells with protection from surface water
intruson. A neat (no sand or sone), five percent bentonite clay, portland cement mix should
be pumped into the casing annular space from the bottom up. The bentonite adds a certain
pliability to the portland cement, making it expand and contract better while decreasing the
cement’s permesbility. A cement sed should be placed around the top of the well bore and
shaped 0 that surface water flows away from the casing.

Another method of grouting is to use a pure bentonite clay durry. Bentonite clay is
characterized by an extremey low permesbility. A concrete or portland grout mix should be
used to sedl the top three feet of the annular space.

If pH isaparameter of concern, portland cement should only be used to grout that portion of
the well above the highest level of the water table. The annular space between the bottom
casing and the top of the water table can be grouted with a bentonite clay durry or bentonite
clay pdlets. Bentonite clay pellets should be carefully introduced to the annular space to
prevent bridging of the pellets prior to sttling.

Water Table Monitoring Well: Water table wells should be constructed to penetrate the
saturated zone and allow the water table to intersect the screened or open hole portion of the
well throughout the year. However, it should not be so deep asto dilute the sample with water
derived from deeper aquifers. Water table wells can have awell screen or an open hole,
depending on whether the well is located in an unconsolidated or bedrock aquifer. If thewell is
open hole, the overburden must be cased off.

Wdls must be congtructed so that they provide qudity data points. The wells dso must be
ingdled carefully to prevent them from being a conduit for untreated water to flow into
groundwater.

After congtruction, the wells should be developed until the water is clear. Some development
methods include overpumping, mechanica surging, jetting, and air-lift pumping.

A large quantity of literature is available on drilling techniques, and well congtruction practices
and materials. Some suggested references are the Groundwater and Wells text (Driscall, F.
G., 1986) and the Nationa Ground Water Association (601 Dempsey Road, Westerville, OH
43081. Telephone: (800) 551-7379).
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5.41.2. Location

Only by using the groundwater flow data can effective monitoring well locations be chosen. At
least one monitoring well must be located upgradient of the land gpplication areato establish
basdine groundwater qudity. A minimum of two wells must be located downgradient of the
goplication area. Additiona wells may be required at large Stes or in areas with complex
geology. Wels must be placed in sufficient quantity to characterize the qudity of the disperson
plume from the land application operation. If after time wells do not detect wastewater
condtituents for a given discharge, further exploration may be necessary to assure that the
plumeis not escaping detection, ether horizontaly or verticaly.

Ideally, a monitoring well network would intercept a plume and encounter lower concentrations
of contaminants farther from the land trestment facility. Such a monitoring system would
demongtrate the plume diluting to concentrations approaching background.

54.2. Lysmeters

Lysmeters are used to determine the qudity of the soil moisture in unsaturated soils. They congst
of aceramic cup that is placed in the soil. The pores in the cups become an extension of the soil
pore-space o that the soil-water content in the soil and cup equilibrate at the existing soil-water
pressure. Applying adight vacuum to the interior of the cup causes the soil moisture to flow into
the cup. The qudity of the soil moisture can be determined by bringing the sample to the surface.

5.4.21. Location

The number and location of lysmeters must be proposed to monitor trestment performance
within the fidd. Lysmeters should be placed within the application areato assure that the
Specified land trestment is occurring in addition to providing an observation of the find effluent
entering the groundwater.

5.4.2.2. Congruction

The basic design of the sampling unit includes a ceramic cup that is sedled onto arigid-plagtic
body tube thet is equd in length to the desired sampling depth. Small diameter tubing is
inserted through a cap that seals the top of the body tube, down to the insde base of the cup.
The other end of the tubing is attached to a collection flask during sampling. When avacuum is
goplied to the lysmeter, the air pressure insde the lysimeter becomes less than the ambient
pressure at the cup’ slocation. This draws soil moisture into the lysimeter whereit can be
evacuated during sampling. Good contact must be obtained between the cup and the soil.
Figure 3 illudtrates a nest of lysmeters sampling an on-lot disposa system.

Figure 3. Nest of lysmeters sampling an on-lot system.
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5.4.4. Springs

Springs located around the land application Ste may provide an excdlent supplementa location for
monitoring; however, care must be taken to ensure that the groundwater emanating from the spring
has originated from the Site in question. Precipitation, temperature, and turbidity data must
accompany proposas for use of springs as supplementa monitoring points.

Nearby smal springs originating from the soil or bedrock may help to monitor the local impact of a
ste, and may be required monitoring points. Large springs flowing from carbonate bedrock (i.e.
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5.4.3. Facility Monitoring Port

A monitoring port isavave or spigot from which a sample can be drawn. At least one should be
located and designed to produce a representative sample of the partidly treated effluent just prior
to discharge to the fina soil portion of the land trestment system.
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limestone and dolomite) may drain entire watersheds or even adjacent watersheds. Subsequently,
samples from such springs may not demondgrate the localized impact of the land application Site.

5.5. SAMPLING PLAN

Each ste proposd mugt outline a plan that describes the frequency and method of sampling for each
chemical parameter designated for monitoring.

5.5.1. Monitoring Frequency

The gpplicant must propose a sampling schedule for each monitoring point. The monitoring
schedule should present a sampling frequency for each parameter. Some parameters may require
sampling more often than others depending upon Ste-specific conditions. Most gpplications will
propose sampling with a combination of chemica parameters sampled quarterly and annualy.

5.5.2. Sampling Procedure

All groundwater samples must be representative of the water in the aquifer and not that which has
remained stagnant in the borehole. Therefore, the wells must be sufficiently purged. During the
purging the well, frequently monitor the parameters of temperature, pH, and specific conductance.
These parameters should be measured inHlineif possible. When the measurements have stabilized,
the groundwater that is being removed can be assumed to be formation water. In the absence of
monitoring equipment, 3 to 5 borehole volumes can be used as an approximation of sufficient
purging.

Samples should be collected in such away that no sgnificant changesin composition occur before
the tests are made. Specid procedures are necessary for samples containing organic compounds
and trace metals. Condtituents that may be present in small concentrations could be totaly or
partialy lost if proper sampling and preservation procedures are not followed. The reference
Standard Methods For the Examination of Water and Wastewater (Clescer, L.S.,, A.E.
Greenberg And R.R. Trussdl (eds.), 1989) should be consulted for genera guidelines or more
specific references. A description of the evacuation and sampling method should be included in
the permit application.

5.6. WEATHER MONITORING

Since wegther conditions largely determine when and how much effluent may be applied at a specific
gte, the proposa should contain provisions for monitoring the weather. The operator of the system
should record the weather conditions during each day of aboveground effluent application. The
records should contain alog of temperature, precipitation form and amount, wind direction, and wind
Speed.
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SLOW RATE INFILTRATION

6.1. SYSTEM/SITE OVERVIEW

The dow rate infiltration (SRI) system, often referred to as “spray irrigation,” involves application of
pretreated sawage or industrial waste effluent to the land surface for percolation and renovation within
the soil mantle. Methods of application include spraying, ridge-and-furrow, and surface flooding.

Sopesin therange of 0 - 40 percent may be considered for different types of SRI systems (See Table
1). However, surface runoff of gpplied wastewater is not permitted. Vegetation isacritical
component of any SRI syslem for managing nutrients, hydraulics, dope stability, and eroson potentid.

Table 1: Potential for surface application.
(from EPA Design Manual 625)

Percent Sope Cultivated Agriculture Turf Agriculture Forest Land
0-4 HIGH HIGH HIGH
4-12 LOW MODERATE HIGH
12-20 EXCLUDED LOW MODERATE
> 20 EXCLUDED EXCLUDED LOW
6.2. PRETREATMENT

The minimum pretrestment requirements prior to SRI application is Best Demongtrated Technology
(BDT). For the purpose of this manual, unless deemed inadequate to ensure protection of groundwater
qudity, BDT for SRI will be asfollows:

Secondary treatment for municipal wastewater mugt achieve 1) aminimum 85 percent remova of
carbonaceous biochemica oxygen demand (C-BOD:s) and total suspended solids (TSS) and 2) the
following effluent quality concentration levels based on a 30-day average:

C-BODs 25 milligramg/liter
TSS 30 milligramg/liter

Additiondly, disinfection of the effluent is required to meet afecd coliform level of 200/200 milliliters as
amonthly geometric average, and the pH should be between 6.0 and 9.0.

Adjustments to these minimum treatment standards are alowable under federd (40 CFR 133) and
state (25 PA Code Chapter 95) regulations, and on a case-by-case basis for certain specific treatment
technologies (i.e. wastewater stabilization lagoons and trickling filters). Adjustments are dso dlowable
for municipal systems that have dilute influent sewage or that accept a Sgnificant load of high strength
indudtrial wastewater. The adjustment for industrid wastewater is established in federa regulation (40
CFR 133) which defines the alowable effluent qudity as the mass-baanced average of sewage (at
secondary trestment levels) and indudtrial waste (at best available treatment levels). These adjustments
may be applied to the percent remova requirement, to the minimum concentration requirements for
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effluent quaity, and/or when gpplicable, to redefining the secondary treatment standards for a specific
facility. In generd, treetment meeting these adjusted secondary standards will aso be acceptable for
producing an effluent that can be land gpplied. However, where such adjustments would result in
sgnificantly relaxed effluent limitations, the actud effluent limitations may be controlled by acceptable
Soray fied loading rates, and the full degree of relaxation may not be alowable.

Best available treetment technology for industrid wastewater must meet the minimum technol ogy-based
requirements and effluent limit guideines established in federd regulaions for the rdevant industria
category and subcategory. Alternatively, it is the treetment which, based on best professiond judgment
of the Department, will achieve a degree of trestment of conventiona pollutants (C-BODs, TSS) and
nonconventiona and toxic pollutants. Such a trestment will be representative of a technology that has
been demondtrated to be effective and economicaly achievable as the principa nationa means of
controlling wastewater pollutants for that industry, or for an industry with smilar wastewater
characteristics.

Although the efficiencies achieved through best available treetment will vary from industry-to-industry,
in generd, a least 85 percent remova of conventiond pollutants (C-BODs, TSS) should be achieved,
with toxic substances generally removed to part-per-million levels. Best available treetment of
industrid wastewaters will produce an effluent acceptable for SR, if 1) the concentration of toxic
pollutants is below the human hedlth criteria or maximum contaminant levels for public water supply, or
2) their attenuation or degradation through the soil will result in acceptable concentrationsin the
groundwater.

Bedt available trestment aso should include disinfection of the effluent, where necessary, to meet a
fecd coliform leve of 200/100 milliliters as a monthly geometric mean.

Prior to land gpplication, industria waste effluents must be amenable to fina trestment within the soil.
The pH of the effluent must be maintained between 6.0 and 9.0 unless specid ste or effluent
characterigtics dictate otherwise. These minimum requirements gpply to dl SRI systems. More
gringent effluent limits may be required, depending on the site and waste characterigtics.

6.3. BASIC SYSTEM DESIGN

The system components that are typicd of any SRI system include pretreatment units, a disnfection
unit, and some form of storage facility or lagoon. From the storage facility, the pretrested effluent is
sent to the infiltration Ste whereiit is distributed by one of the following basic methods.

6.3.1. Fixed Sprinkler Systems

Application to large areas of gentle to steep dopes (0 - 25 percent), or to forested or variably
covered gtes are usudly compatible with application by “fixed” sprinklers, which are part of a
buried digtribution network. Typicaly, fixed systems are arranged on severd circuits that provide
very specific design application patterns and rates. The sprinkler circuits generdly distribute
effluent to an area large enough to accept a Sngle-day’ s design flow with a predetermined rest
period between gpplications. Alternative arrangements can be considered to manage other
hydraulic or vegetative aspects of the SRI operations.
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6.3.2. Moveable Sprinkler Systems

Sitesthat are low-flow, small, steep, seasond, or heavily forested may require the use of temporary
or moveable sprinklers and digtribution lines, low-trgjectory/low-pressure sprinklers, small

diameter sprinkler heads, or “drip” emitters. The gpplicant should consider these methods, which
may provide both cost effective and even digtribution of effluent.

6.3.3. Flooding/Inundation Systems

For large areas of rdaively flat, agriculturd land, other methods of surface gpplication include ridge
and furrow, and surface flooding. These techniques alow for periodic inundation of portions of the
system and rely on the soil’ s permeability to provide for the somewhat even didribution of
wadtewater. Although these systems are sSmpler in operation than other SRI systems, they are the
mogt difficult to manage effectively. They dso require moreinitia Ste preparation work (i.e.
grading, leveling, ditching) prior to effluent application.

6.3.3.1. Ridgeand Furrow Irrigation

The ridge and furrow method conggts of ingaling irrigation streams dong smdl channds
(furrows) bordered by raised beds (ridges) upon which crops are grown. Furrows may be
level or graded, straight or contoured. A variation of thisis corrugation irrigation which
consgts of furrows excavated from the surface without creeting raised beds.

For furrow irrigation, the water only partidly covers a given field area and moves both
downward and outward. Intake characteristics are best determined by inflow-outflow
measurementsin the fiddd. Design application rates are then based on these results. Furrow
intake rates are usualy expressed as flow rate per unit length of furrow; application rates are
usudly expressed as flow rate per furrow, or furrow stream size. Factors that are critical for
design of ridge and furrow are furrow stream size, length, dope, and spacing.

Digribution systems most commonly used for ridge and furrow consst of open ditches with
sphon pipes or gated surface piping. Open ditch systems may be supplied by distribution
ditches or canas with turnouts, or by buried pipelines with vaved risers. Gated surface piping
systems generdly consst of duminum pipe with multiple gated outlets, one per furrow. The
pipe is connected to hydrants which are secured to vaved risers from underground piping
systems.

6.3.3.2.  SurfaceFlooding Irrigation

Surface flooding irrigation is amethod in which a sheet flow of water is directed dong border
gtrips, or cultivated strips of land bordered by smal levees. It is suited to close-growing crops
such as grasses that can tolerate periodic inundation. Border strips usudly have dight, if any,
cross dopes and may be level or graded in the direction of flow. They aso may be straight or
contoured. The gpplication rate for border irrigation is dependent on the soil intake rate and
physical features of the dtrip. Water is applied in the same manner asin ridge and furrow
irrigation. However, the stream is normally shut off when it has advanced about 75 percent of
the length of the border.
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The objective isto have sufficient water remaining on the border after shut off to irrigate the
remaining length of border to the proper depth with very little runoff. The widths of border
drips are usualy sdlected for compatibility with farm implements, but they also depend to a
certain extent upon dope which affects uniformity of distribution.

Other design factors for border strip systemsinclude soil intake characteristics, border strip
lengths and dopes, and soil roughness, which is ameasure of resistance to flow caused by soil
and irrigation.

Didribution systems for surface flooding irrigetion are Smilar to ridge and furrow irrigation
digtribution systems. Use of gated gtrips provides more uniform distribution at the head of
border grips and dlows the flexibility of easly changing to ridge and furrow irrigation if crop
changes are desired.

6.4. SITE PREPARATION

Each SRI technology has specific Site preparation requirements. Generdly, the sprinkler distribution
method requires the least amount of land surface modification. However, this method may require a
sgnificant amount of excavation to place the piping below the frost line if the lines are not designed to
be drained during freezing conditions. The various “flooding” methods require alarge amount of
ground surface preparation including grading, leveling, and filling to provide a network of didtribution
ditches for uniform effluent loading. However, the need for deegp excavations for buried piping is
largely reduced.

The use of temporary or movesble piping networks, while requiring little if any initid surface
preparation or excavation, will require a Sgnificant amount of daily maintenance. Thisincludes
management of the entire surface area 0 as not to interfere with placement or proper function of the
sysem.

6.5. APPLICATION RATES

The ultimate gpplication rate can be determined by aland limiting condtituent andysis (See Section
2.7.1), andysis of the soil biologica, chemica, and physical properties (See Section 2.2),
hydrogeologic analysis (See Section 2.3 and 2.4), climatic conditions (See Section 2.5), and proposed
vegetation (See Section 2.6), which is Ste and waste specific. The Department will generaly not
congder gpplication rates greater than two inches'week/acre except in specid circumstances with
supporting documentation. Generd guidelines of maximum alowable application rates where the soils
are to provide additiona necessary treatment for renovation are shown in Table 2.

Table 2: Guiddinesfor maximum allowable application rates

Soil Type Application Rate

Deep, well drained SOIlS........cccvvereierinesee e 2.0 inches'week/acre
Moderately deep, well drained SOilS.........cccoeeevveeiecevececeeee, 1.5 inches'week/acre
Deep, moderately well drained SoilS ..o, 1.0 inches/week/acre
Moderately deep, moderately well drained sdils.........cccvveeee. 0.5 inches/week/acre
Shallow, moderately well drained SOilS .........cccoceeriririreene. Not typically acceptable
Deep, somewhat poorly drained soils ... 0.5 inches/week/acre (growing season only)
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All other soil depth/drainage classes are generaly unacceptable, unless detalled substantiating data has
been provided that documents the feasibility of the system and aternate gpplication rates.

6.6. PROCESS DESIGN

6.6.1. Hydraulic Loading Rates

Hydraulic loading rates for SRI are limiting where dow permesbility soils are present or where
there are not any other limiting parameters. Hydraulic loading rates must be within the measured or
estimated soil capabilities. Loading is based on awater balance that includes precipitation,
infiltration rate, evapotranspiration, soil storage capatiilities, and subsoil permesbility. Although the
tota monthly loading should be digtributed uniformly, the applicant must address planting,
harvesting, drying, and other periods of non-gpplication.

The application rate must be balanced as shown in the following equation:
Lw+Pr=ET+Wp+R

Lw = wagtewater hydraulic loading rate, inches per week (centimeters per week)

Pr = dedgn precipitation, inches per week (centimeters per week)

ET = evagpotranspiration (or crop consumptive use of water), inches per week
(centimeters per week)

Wp = percolating water, inches per week (centimeters per week)

R = netrunoff of precipitation, inches per week (centimeters per week)

The relationships in this equation can be used for weekly, monthly, or annud baance. Design
precipitation is caculated from an analyss (using al available data) of the ten-year frequency of
wetter-than-norma conditions. Evapotranspiration estimates and peek rates that affect maximum
hydraulic loadings can be obtained from extenson specidids, irrigation specidists or land grant
universties. Vauesfor percolating water can be estimated from soil characteristics and verified
with field investigations. Wastewater is assumed to percolate, so net runoff can be assumed to be

negligible.

6.6.2. Nitrogen L oading Rates

Nitrogen management for the SRI processis principaly crop uptake with some denitrification.
Aerobic nitrification involves the breskdown of organic nitrogen to ammonia and ammonium.
Through the action of bacterid agents such as Nitrosomonas, the ammonium ion is broken down
to nitrite-nitrogen. Thisis further broken down through the action of Nitrobacter bacterium to
nitrate-nitrogen. Denitrification involves the biologica reduction of nitrate to nitrite and finaly
nitrogen gas. Such biologica denitrification requires bacteria (Pseudomonas, Micrococcus,
Bacillus, and Acomobacter), anoxic conditions and a source of organic carbon.

The equation to determine the annud nitrogen is.
Ln=U+D+27WpCp
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Ln = wastewater nitrogen loading, pounds/acre.year (kilogram/hectare.year)
U = crop nitrogen uptake, poundsacreyear (kilograms/hectare.year)

D = denitrification, poundsacreyear (kilogramshectareyear)

Wp = percolating water, feet/year (centimeter/year)

Cp = percolate nitrogen concentration, milligramg/liter

Design values for crop nitrogen uptake (U) will depend on actua crop yidds. Locd agriculturd
agents should be contacted for Ste-gpecific information. Denitrification is difficult to determine
under field conditions, but losses generdly range from 15 - 25 percent of the applied nitrogen.
Conditions favorable to denitrification include soils that are fine textured and high in organic matter,
frequent wetting, high temperatures, vegetative cover, high groundwater table, and neutrd to dightly
dkaine pH. Volatilization is known to occur, but is difficult to quantify.

6.6.3. BOD and Suspended Solids Removal

The expected BOD concentration of trested water after 1.5 meters of percolation isless than two
milligramg/liter. Filtration and adsorption are the initid mechanismsin BOD remova, but biologica
oxidation is the ultimate treatment mechanism. Remova of suspended solidsis not aswell
documented as BOD remova, but contributions of one milligramyliter or less can generdly be
expected in the renovated water. Filtration is the mgor remova mechaniam for suspended solids.
Volatile solids are biologicaly oxidized, and the fixed or minera solids become part of the ol
metrix.

6.6.4. Phosphorus Removal

Phosphorusis removed from solution by fixation processes in the soil, such as adsorption and
chemicd precipitation. Removd efficiencies are generdly very high for dow rate sysems and more
dependent on the soil properties than on the concentration of phosphorus applied. Phosphorus
retention can be enhanced by the use of crops such as grass with large phosphorus uptake. Field
determination of levels of free oxides, cacium, duminum, and soil pH will provide information on
the type of chemicd reaction that will occur. Determination of phosphorus sorption capacity of the
soils requires laboratory testing of field samples. Systems with strict phosphorus controls for
recovered water should include monitoring for nutrient soil phosphorus to verify retention in the ol
and system performance.

6.6.5. Removal of Trace Elements and Other Parameters of Concern

The concentrations of trace dements and other parameters of concern vary significantly, depending
on wastewater characteristics. Trace € ements include metals and organic compounds such as
pesticides, and volatile, acid extractable and base neutral organics. Trace element assessments are
necessary to assure that levelswill not be toxic to cover vegetation or impair groundwater quality.
In some cases where gpplied concentrations of trace metas are excessive, it may be necessary to
maintain soil pH a 6.5 or greater. Other condtituents of concern include greases, emulsions, and
sdts. These may clog soils, plug nozzles, coat vegetation, be persistent or non-biodegradable, non-
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exchangeable with soil materids, or be toxic to vegetative cover. Effluent that exhibits these
properties must not be applied to the land surface.

6.6.6. Microorganism Removal

The potentia for public hedth risks from microorganism contamination from land application of
wadtewater varies greetly depending upon site-specific details. The factors include type of
application, pre-application treatment, public access to the Site, population density, adjacent land
use, climate, type of on-gte buffer zones, and type of vegetative cover.

The gpplicant should evaluate these variables to achieve the basic god of minimizing public hedth
risks from land application of wastewater. All wastes containing pathogens must be disinfected
prior to application.
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7. RAPID INFILTRATION

7.1. SYSTEM/SITE OVERVIEW

The use of the Rapid Infiltration (RI) method is limited in Pennsylvania because of the lack of the
necessary conditions for operation. The following conditions should exist for RI trestment to be
successful:

1. Soilsare extremdy permesble

2. Direct discharge to surface water is not possble due to effluent permit limitations

3. Thereisadirect connection from the groundwater to the surface water which provides sufficient
renovation to meet surface water quaity standards

RI systems are designed to handle large quantities of wastewater. The wastewater is gpplied to a
confined basin built over ahighly permegble infiltration surface, which overlies a highly permeable soil
profile (i.e. sands and loamy sands). The gpplied wastewater is expected to percolate through the soil
to some point where it will either be withdrawn to be used, recirculated, or discharged to combined
flows to surface water, or become part of the groundwater.

Because of the nature of RI basin congtruction, the permissible dope rangeis limited to O - 20 percent.
Slopes of lessthan 10 percent are preferred because they require less surface preparation and
excavation to generate aleve basin bottom, leaving adequate soil depthsin place. Rolling or undulating
topography is probably not conducive to RI. Depending on the ultimate disposd or use of the effluent,
RI may be consdered either atreatment or a treatment/discharge system.

RI differs from dow rate infiltration in the following ways

1. Hydraulic applications are greater, SO greater reliance on permesbility measurementsis required
2. Nitrogen remova mechanisms rely less on crop uptake and more on nitrification-denitrification
3. Solids gpplication is greater

4. Systems can be adapted to severe climates

7.2. PRETREATMENT

Widdy varying pretrestment levels may be used based on specific design objectives, ultimate disposa
or use of the effluent, and the parameters of concern within the effluent. A minimum of primary
trestment will usually be required to reduce the possibility of physicd “plugging” of the infiltrative
surface by solids and to control odor within the Rl basin. Pretreatment levels dso may need to be
greater when limited land arealis available or when an effluent quality of advanced secondary or tertiary
treatment levelsisrequired. If nitrogen removd isa primary treetment god, ardaively high BOD:N
ratio must be l€ft in the pretrested wastewater to promote denitrification within the RI system. Rl
systems are capable of renovating wastewater parameters such as TSS, BOD, NH;z, and P.
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7.3. BASIC SYSTEM DESIGN

The system components that are common to any RI system include pretreatment units and infiltration
basins. The basins are contained by relatively impermesable dikes and overlie rapidly permesble native
s0il. The bottom of the basin forms the interface for infiltration of the wasteweter.

The most important component of Rl sysemsisthe basin. The interface must remain rapidly
permesble at dl times and not become smeared or plugged with solids. The soil benegth the basin dso
must be evaluated and shown to sustain argpid permegbility. The underlying strata must be well
enough defined to identify any layers or lenses of more restrictive permeghility, both under and in the
vicinity of the rgpid infiltration basin. The groundwater flow direction should dso be well defined to
determine discharge zones.

Basins are usudly formed by construction of earthen dikes or by excavation. Control of subsurface
flow and recovery of renovated water are essential components of the system design. If dischargeto
groundwater is not a viable option, arecovery system is needed to withdraw and reuse the renovated
water. Methods of recovery include underdrainage systems, pumped withdrawal, and naturd
discharge to surface water.

Where naturd drainage to surface water is planned, the dope and eevation difference between the
basin and surface water are important factorsin determining discharge zones. Also, the groundwater
table must be controlled to prevent mounding, which may ater the direction of groundwaeter flow. The
aquifer should be able to readily tranamit the renovated water away from the infiltration Site toward the
surface water body. Locations of probable discharge points to surface water must be identified and
locations of effluent recovery wells must be plotted if reuse of the effluent/groundwater on-gteis
congdered. All Pennsylvania surface water quality criteriaand standards must be achieved in the
receiving surface waters.

When designing the Sze of basins, the gpplicant should consder the amount of usable land, hydraulic
loading rate, topography, and management flexibility. To operate a system on a continuous basis, a
least two basinswill normally be required, one for flooding and one for drying. Multiple basnswill
provide flexibility in the management of the sysem.

A digribution system for infiltration basinsis often Smilar to that for surface irrigation. The purpose of
this digtribution system isto apply water at arate that will congtantly flood the basin a anearly uniform
depth. Sprinklers are sometimes used. Effluent weirs may be used to regulate the depth of applied
water.

For the system design, the applicant dso must evauate the advantages of bare soil vs. vegetation for
the basin surface. The RI basins need not be vegetated prior to gpplication; however, vegetation will
probably develop depending on the length of resting period between applications.

7.4. SITE PREPARATION

RI sysems require extengve Ste preparation. This may include the clearing of al vegetation from the
basin ste(s), and congtruction of the dikes that will form the basins. The dikes should be made of
impermegble materids that will hold the wastewater while it infiltrates into the basin bottom without
leaking into the Sdes. If the system isintended for winter-time use, the basin bottom must be modified
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into a“ridge and furrow” form so that the inevitable “ice-sheet” will rest on the ridge tops and alow the
effluent to completely percolae into the basin without interference. Similarly, routine maintenance must
be accomplished prior to winter use to remove vegetation that may prevent the “ice-sheet” from
floating to the top of the basin.

1.5. APPLICATION RATES

Rapid infiltration generally supports the grestest gpplication rates on acontinual or yearly bass. These
gpplication rates are usudly determined by the degree of trestment necessary, amount of land area
available, and a percentage of the soil’ s hydraulic conductivity. Application istypicaly performed on a
cycle that maximizes trestment capabilities by alowing aresting period between gpplicationsto
promote reaeration of the subsurface. Typica annual application rates are in the range of 100 feet/year.

7.6. PROCESS DESIGN

7.6.1. Hydraulic Loading Rates

System design for the RI process includes the interrelated factors of hydraulic loading rate per
goplication cycle, goplication and resting cycle, soil infiltration capacity, solids applied in the
wadtewater, and subsoil permegbility. Although site investigations may show thet the infiltration rate
is greater than the soil permegliility, the infiltration rate under design conditions with solids
goplications will usudly decrease and control liquid applications. For find design vaues, soil
infiltration tests should be conducted. The mogt limiting layer in the soil profile should be evauated,
and that permesbility should be used in the design. For any specific RI Site, the design must balance
suspended solids application, land area requirements, and resting requirements. System design for
maximum infiltration rates should consder adequate drying time based on local climate and solids
loadings to retore infiltration rates. For soil surfaces that are maintained bare of vegetation, the
surface should be periodicaly raked, harrowed or disked. The applicant should consider the
effects of nitrogen remova by denitrification, including soil aeration and less opportunity for solids
degradation.

7.6.2. Nitrogen L oading Rates

Ammonia sorption, denitrification, and nitrification in the RI process are generaly of greater importance
than crop uptake and can be exceeded by nitrogen loading rates. Retention of ammonia by cation
exchange capacity can be excellent. Converson of ammoniato nitrate occurs rapidly when short,
frequent applications are used to promote aerobic conditions in the soil. Longer gpplication cycles
redirict soil aeration and favor nitrogen loss by denitrification. Available organic matter in the ol
profile as aresult of gpplied BOD adso increases the amount of denitrification. Nitrification is favored
by short gpplication periods followed by relatively long resting periods. Nitrified effluents can be
produced by rapid infiltration at nitrogen loadings up to 60 pounds/acre/day. Nitrification below 2°C
and below pH 4.5isminimd.
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7.6.3. BOD and Suspended Solids Removal

The remova efficiency of BOD and suspended solids are Site-specific and depend on soil type and
travel distance in the soil. BOD remova is accomplished primarily by aerobic bacteria that require
resting periods to reaerate the soil. The gpplicant must consider variables such asloading rates,
temperature, and resting period which will affect BOD and suspended solids removal.

7.6.4. Phosphorus Removal

The basic mechanisms for phosphorus remova are Smilar to those described for dow rate
infiltration systems in Section 6.6.4. Coarser textured soils used for RI may have less retention
capacity for phosphorus. Soil capabilities should be estimated from Site-specific tests.

7.6.5. Removal of Trace Elementsand Other Parametersof Concern

The basic mechanisms and consderations for removal of trace e ements and other parameters of
concern are Smilar to those described for dow rate infiltration systemsin Section 6.6.5. Additiona
congderations for heavy metadsin Rl sysems are: 1) high rates of gpplication and 2) potentialy low
adsorptive potentia of the coarser soils.

7.6.6. Microorganism Removal

Mechanisms of microorganism remova include straining, sedimentation, percolation, disnfection or
desiccation during pre-application trestment. Radiation, predation, desiccation, and other hogtile
environmentd factors are effective mechanisms of remova during application.
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LARGE VOLUME AND COMMUNITY ON-LOT DISPOSAL SYSTEMS

8.1 SYSTEM/SITE OVERVIEW

Large volume and community on-lot systems are smilar methods for treatment and disposal of sewage.
A large volume on-lot system will handle sawage flows in excess of 10,000 gallons per day. A
community on-lot system serves two or more Equivaent Dwelling Units (EDUs). Each system
depends on soil for part of the sewage renovation.

Both on-lot systems consist of an aerobic or anaerobic treatment tank followed by a ditribution system
placed in aggregate over a soil absorption area. Sewage distribution occurs by a gravity or a pressure
disgtribution system. Pressure distribution equipment is made up of adosing tank followed by a system
of pressurized laterals. The absorption areas can consst of abed or trench configuration, either in-
ground or elevated above the ground surface.

Additiond pretrestment or post-treatment facilities may be required to overcome specific Site
restrictions (such as high concentrations of certain parameters). The addition of any pretreatment or
post-trestment facilities with an on-lot system will require extensive documentation to show that the
proposed system will consistently treat the chemica parameter of concern.

Community on-lot disposal systems are permitted by the sawage enforcement officer for the loca
agency when projected sewage flows are less than 10,000 gallons per day. However, when
pretreatment exceeds the minimum required in 25 PA Code Chapter 73, a Clean Streams Law, Part 11
Water Quality Management permit must be obtained. When the projected sewage flows exceed
10,000 gdlons per day (gpd), the on-lot disposa system is classified as alarge volume on-lot system
and is permitted by DEP under aPart 1l permit. Both classfications of syslems must meet the
requirements of Chapter 73, Standards for Sewage Disposa Facilities, aswell as other Ste-specific
requirements. The applicant should refer to these regulations for amore detailed description of system
requirements.

The following site factors determine where these types of on-lot systems may be used:

1. Soils- The soil profile must be free of any “limiting zone’ to aminimum depth of four feet below the
actud absorption area. Limiting zones are soil horizons or conditions thet limit either movement or
renovation of the effluent. Examples include a seasond high water table, rock with open joints,
fractures or solution channds, insufficient fine soil between masses of loose rock fragments, and
rock formations, stratum, or soil conditions that are so dowly permesable that they limit downward
passage of effluent. The use of an in-ground absorption area at the three feet maximum depth on a
lot with no dope would require seven feet of soil without any limiting zone,

Siteswith limiting zones between 20 and 60 inches may be consdered for devated sand mound
systemsif the Ste dopeislessthan 12 percent. The eevated sand mound system depends upon
both the natura soils (minimum 20 inches) and a*“sandy fill” to makeup the required minimum depth
of four feet of suitable soil between the absorption area and the limiting zone that is needed to
adequately renovate the effluent. Any fill materid added to asite, other than the sand mound itsdlf,
must be pre-gpproved as suitablefill. Also, thefill must bein place four years to restore natural
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permesbility prior to its evauation by standard soil testing procedures. The fill materid and the
origind soil must be free of limiting zones to a combined depth of 20 inches to be further
congdered for placement of an absorption area.

. Hydrogeology - The proposed absorption area must be free of rock outcrops, shalow pinnacles,
snkholes, or closed depressons. Hydrogeologic evauations are a prerequisite for Site approval.
Studies must document that the proposed system will not adversdly impact groundweter, as
described in 25 PA Code Section 71.62.

. Sope - The maximum dlowable dope is 25 percent for an in-ground trench system, 8 percent for
an in-ground seepage bed, and 12 percent for an eevated sand mound. Large absorption areas
are difficult to Site on dopes because of the maximum and minimum absorption area depth
requirements. Excavating or filling aSte to achieve proper dopes will disqudify the site for an on-
lot disposa system. When evduating a Site, the gpplicant must assess the relationship between the
dope and the configuration of the system. The system must meet the maximum and minimum depth
gstandards across the dope and must have sufficient downgradient area available for laterd liquid
disperson.

. Isolation Distances - On-lot systems must meet a number of minimum isolation distances from
features such aslakes, wells, etc. as described in 25 PA Code Section 73.13. Large volume on-lot
disposa systems may be required to increase these isolation distances based upon hydrogeologic
or design factors.

. Hoodplains - On-lot systems are prohibited in areas identified by Federd Flood Insurance
mapping as a floodway. When this mapping is not available, on-lot systems will be prohibited on
s0ils otherwise identified as floodplain soil, or in flood-prone aress.

. Soil Permeability - For an on-lot system, the acceptable range of permeability, as measured by a
standard percolation test, is 3 to 120 minutes per inch. The 25 PA Code Chapter 73 established
the standard procedure for conducting a percolation test. The number of testsrequired is
determined by a grid pattern established by the DEP regiond soils scienti<.

Additiona permegbility (hydraulic conductivity) testing is required when 1) alarge volume system is
proposed, 2) where the total absorption areawill exceed 5,000 square feet, and 3) soils or
geologic evauations reved the presence of dow permesahility conditions below the depth of the
percolation test.

Site suitability will be based on the permesbility of the most restrictive strata under the absorption
aea. The permeability test results may dso require that the system sze be increased over the Sze
determined from the percolation tests.

PRETREATMENT

Pretrestment is required for al community and large volume on-lot disposal systems. The most
common pretreatment methods are septic tanks and aerobic tanks. These tanks are required to meet
gpecific minimum design standards contained in 25 PA Code Chapter 73.
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Additiond treatment may be required to reduce specific components of the wastewater prior to
discharge to the absorption area. Denitrification is a commonly required trestment where groundwater
levels of nitrate-nitrogen are devated. These systems should be designed in accordance with the DEP
Domestic Wastewater Facilities Manual.

8.3. SITE PREPARATION

Site preparation varies with the proposed system configuration. However, the following are some site
preparation and protection factors common to dl on-lot systems:

1. The primary concernisthe possibility of affecting the soil by heavy equipment needed to excavate
or congruct the system. When soil moisture levels are excessive or equipment istoo heavy, soils
may smear or compact, thereby losing their naturd permegbility. Clayey or loamy soils are
especialy susceptible. This can occur in the absorption area and around the fringe of the system.
Since on-lot systems depend upon vertica and laterd movement of liquids through the soil mantle,
any loss of permeability may impact system function. To avoid potentia problems with compaction
or Smearing:

a. Allow only light equipment on the Ste to conduct soil profile examinations and permegbility
tedting.

b. Rope off the proposed absorption areaincluding a 10-foot buffer area and prohibit entry of
any heavy equipmern.

c. Beforedlowing any equipment on the Site to congtruct the system, conduct this soil moisture
test: lightly squeeze the soil in your hand, then bounceit lightly in your hand or tap it with your
finger. If the sample crumbles or breaks up immediately, the site can be worked.

d. Usetrench system designs where practical. Construction equipment should be kept out of the
excavated area during trench congtruction.

e. When large absorption areas are being constructed, use a trackhoe or other equipment that can
operate from a position outsde the bed area. Long and narrow system designs dlow for less
in-bed excavation and materias handling. Construct €levated sand mounds from the upsope
gdeonly.

2. Cut and remove dl vegetation prior to excavation of the syssem. Avoid areas with large trees.

3. For devated sand mounds, cut trees at the ground surface and leave sumps in place. Remove
boulders or surface rocks. With light equipment, chisel plow the surface of the absorption area and
berm. Rototilling is not permitted.

8.4. BASIC SYSTEM DESIGN

8.4.1. Didtribution System Design

Effluent is trangported through either a gravity or pressurized distribution system. Both systems
distribute effluent to a bed or trench filled with an appropriate amount of aggregate over the entire
absorption area. The lines and distribution system must be designed to provide for even
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application of the effluent across the entire absorption area (25 PA Code Section 73.42). Gravity
disgtribution is accomplished by means of a didtribution box or a header.

A pressurized distribution system congsting of adosing tank, pump or siphon, and a distribution
system of manifolds and laterals must be used when any of these conditions occurs (25 PA Code
Section 73.43):

1. The absorption area exceeds 2,500 square feet
2. The percolation rate exceeds 60 minutes per inch
3. Anédevated sand mound is proposed

8.4.2. Absorption Area Design

Three basic asorption systems used in on-lot systems include: 1) in-ground seepage bed and
trench systems, 2) subsurface sand filters, and 3) elevated sand mounds. Each is dependent upon
gpecific Ste conditions.

The in-ground seepage bed and trench systems are used where limiting zones are at a sufficient

depth to dlow the ingtalation of absorption areas 1 - 3 feet below the surface (See Standards at
25 PA Code Sections 73.52 and 73.53).

Subsurface sand filters are used where the limiting zone is greater than 6 feet from the ground
surface and the percolation rate within the upper three feet of the soil profile is greater than 90
minutes per inch. These systems replace unsuitable soils with sand (25 PA Code Section 73.54).

Elevated sand mounds combine a minimum of 20 inches of suitable native soil with a sand mixture
to achieve the four feet of vertica separation above the limiting zone necessary for proper system
function (25 PA Code Section 73.55).

Sand specifications for sand filters and sand mounds are defined in 25 PA Code Section 73.51.

8.4.3. Application Rates

The size of absorption areasis primarily based on anticipated sewage flows and the infiltrative
capacity of the underlying strata The infiltrative capacity istypicaly determined using results of the
percolation tests, or arelatively smal percentage (typicaly 4 - 10 percent) of the saturated vertica
hydraulic conductivity.

Most test methods for hydraulic conductivity are under saturated conditions, while actud flow
under the absorption areas will be in unsaturated strata. This must remain the case since saturated
soils do not renovate effluent as effectively as unsaturated soils. Unsaturated hydraulic conductivity
vaues can be determined using afew detaled test methods, but they typicdly are lessthan or equa
to 10 percent of the saturated value for the same soil.

The gpplicant should base the actua design gpplication rate on the most conservative vaue from
the Site test results. These results include the data from “shalow” percolation tests and the hydraulic
conductivity tests of the most redrictive “degper” subsurface horizon. To cdculate the Sze of the
absorption area, the applicant should include only the bottom aggregate area of the bed or trench.
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Sidewdls, endwalls, and basd sand areas (in € evated sand mounds) are not considered in
determining gppropriate minimum absorption aress.

8.5. PROCESS DESIGN

8.5.1. Hydraulic Loading Rates

Hydraulic loading rates depend upon the capability of the soils and geology to accept the
anticipated hydraulic load while maintaining unsaturated conditions for at least four feet below the
absorption area. For systems limited only by this soil capacity, a percolation test is used to
establish the loading rate. 25 PA Code Section 73.16 provides atable of aggregate requirements
per gdlon of hydraulic load for the range of percolation rates.

Additiona permegbility testing will be required to determine hydraulic loading rates when the
following types of systems or Site conditions are evaluated:

1. Lagevolume on-lot disposd sysems

2. Systemswith an anticipated absorption area of 5,000 square feet or more

3. Siteswith dowly permeable conditions below the depth at which the percolation test was
performed

Sufficient additional permesbility testing must be conducted to:

1. Determine the permeshiility of the identified redtrictive soil, geologic, or hydraulic layer,

2. Determinethe vertica rate and the horizonta rate of flow in or aove the redtrictive layersin
inches per hour

3. Determine the hydraulic loading rate based on hydraulic conductivity rather than percolation

Using the loading cdculations, the gpplicant must document the potentid for groundwater to mound
into the required four foot zone of unsaturated suitable soil under the absorption area. Systems that
use a pressurized distribution method must be designed to discharge the estimated daily hydraulic
load to the absorption areain one or more doses (25 PA Code Sections 71.44 - 71.46).

8.5.2. Nitrogen Loading Rates

On-lot digposal systems convert organic nitrogen to nitratenitrogen. This occurs through the action
of nitrifying bacteriain the aggregate, unsaturated soils, and sand making up the absorption area.
The gpplicant must conduct hydrogeol ogic evauations to consder the potentid impact of nitrate-
nitrogen on exigting or potential downgradient groundwater uses. For the purpose of these
evauations, nitrate-nitrogen is considered to be loaded to the groundwater at 45 parts per million.
Mass baance ca culations of the dispersed and diluted nitrate-nitrogen must document that the
waters of the Commonwedth will be protected. 25 PA Code Section 71.62 (¢) (2) and (3), and
Component 2 of the Sewage Facilities Planning M odule describe why and when these studies are
required, and how they should be conducted. Proposals for additiona treatment of nitrogen to
reduce the impact to groundwater must document consistent, reliable nitrogen reduction.
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8.5.3. BOD and Suspended Solids Removal

The hydraulic loading rate and the soils suitability requirements contained in 25 PA Code Chapter
73 provide adequate minimum design criteria to meet necessary BOD and suspended solids
removd. Desgn modifications to further reduce suspended solids include 1) the addition of septic
solids retainers a the outlet tee of each septic tank or compartment and 2) the use of multi-
chambered septic tanks.

8.5.4. Phosphorous Removal

Phosphorous is effectively removed from the wastewater entering an on-lot disposal system
through soil adsorption. Use of community or large volume on-lot systems sited and designed in
accordance with 25 PA Code Chapters 71 and 73 for treatment and disposa of norma household
waste does not require evauation of phosphorous remova.

8.5.5. Removal of Trace Elementsand Other Parameters of Concern

Evauation of trace dementsis not required if normal household waste is proposed for trestment
and disposd, and if the system is Sited and designed in accordance with 25 PA Code Chapters 71
and 73.

Basic septic or aerobic tanks generaly do not successfully treat modern industrial wastes. Many of
these wastes possess substances such as metds, sdts, and oils and greases in concentrations that
ether destroy the biota of a norma septic system or clog soil pores. Unless treatment occursin the
tank or in the soil, a septic system will only discharge contaminants to the subsurface. Claims of
remova during the trestment stage or in the soils must be documented and proven.

8.5.6. Microorganism Removal

Evauation of microorganism remova is not required for on-lot systems proposing trestment of
norma household waste if the system is sited and designed in accordance with 25 PA Code
Chapters 71 and 73.

8.6. DISPOSAL OF HIGHLY TREATED EFFLUENT USING ABSORPTION
AREAS

Community and large volume on-lot systems commonly depend upon the soil as an integrd part of
effluent treetment. However, when the applicant proposes treatment processes where additiona
attenuation by the soil is not needed, the applicant must document that disposa of the hydraulic load
will not cause nuisances such as runoff or other water related problems on the Ste or adjoining
properties.

One method of digposa isto desgn an absorption area using criteria smilar to the requirements for on-
lot systlems. Such proposed systems are not classified or reviewed as “on-lot” systems, but are
reviewed as disposal systems under the Clean Streams Law permitting process. Although these
systemns do not depend upon the soil for treatment, the designer should consider factors such as soil
permeability (hydraulic conductivity), depth to perched or seasond high water table, hydrology, and
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hydrogeology. These factors will determineif the hydraulic load can be handled by the proposed
system without causing significant groundwater mounding or a surface water breakolt.

The Department will evauate these proposal's based on the supporting documentation for the trestment
technology, and a system’s capability to adequately treat sewage without the use of soils for
renovation. Where such documentation islacking, additiona trestment using soils may be necessary.
Compliance with the standards for on-lot systems must be met.

362-2000-009 / 10/15/97 | Page 62



OVERLAND FLOW

9.1 SYSTEM/SITE OVERVIEW

The overland flow (OLF) method appears Smilar to dow rate infiltration systems, however, the
pretrestment requirements, treatment objectives, and find effluent disposal methods are significantly
different. OLF isconddered to be atype of treatment system, but not a method of disposal.

OLFisaland treetment method that is used mainly on impermesble soils. A thin sheet of wastewater
passes across the land surface where biological and chemical processes occur. The land surface must
be doped s0 that the wastewater will flow at arate sufficient to prevent puddling while dlowing
adequate travel times for trestment. Finished dopes (after surface preparation) intherangeof 1 - 8
percent are preferred, dthough steeper dopes may be considered if data can substantiate the travel
times. The resulting surface drainage must be collected for reuse or be given additiona treatment,
disinfected, and discharged.

The OLF process can provide significant reductionsin BOD, TSS, and nitrogen so that screened,
primary treated wastewater can reach secondary limits. One pass over the OLF site may make
secondary treated effluents comparable to advanced or tertiary treated effluents.

The two mgor restrictionsto OLF are 1) difficulty in maintaining consstent qudity in the renovated
water and 2) high Site preparation costs. Also, since a surface-flow processis very dependent on
wegther conditions, year-round useisonly practicd in mild climates.

9.2. PRETREATMENT

The minimum pretreatment requirements prior to OLF application will be determined by the Ste-
specific objectives of each system and the required effluent discharge limits.

9.3. BASIC SYSTEM DESIGN

The basic system components include the pretreatment unit(s), a distribution network of piping and
gorinklers or emitters, the doped surface, and aflow collection system.

The primary objective of the distribution system isto concentrate the applied water at the upper end of
the dopes to produce runoff. The wastewater then flows over rlatively impermeable and vegetated
doped surfaces. Methods of distribution include sprinkler, gated pipe, and bubbling orifices. Grave is
sometimes needed to disspate energy and ensure uniform water distribution.

Sprinkler gpplication for OLF systems congsts of either permanently set systems or rotating booms.
These sysems are distinguished from those for dow rae infiltration by their layout arrangements (single
row of sprinklers) and application rates designed for runoff. Design procedure typicaly selectsa
hydraulic loading rate based on required treatment performance for BOD in wastewater. \Wastewater
is applied by sprinkling to the upper one-third of terraces that are 100 - 150 feet in length and on
grades up to eight percent. Renovation is achieved mainly by filtration and bacteria decompogtion as
the wastewater moves dowly through the grass cover.
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The most important component of the OLF system is the suitability of the land application Ste. The soil
must exhibit severdly redtricted permegbility at a shalow depth within the soil profile. The uppermost
layer of the soil must be able to support moisture tolerant plant growth with root systems that promote
“turf forming,” rather than “clumpy” characteristics. For optimum trestment, the Ste must exhibit
uniform, gentle dopes over the entire area of goplication to promote sheet flow rather than
concentrated flow in certain areas. Slopes must be steep enough to prevent ponding, yet gentle enough
to prevent erosion and provide sufficient wastewater dilution time. Land preparation costs can be
minimized by adapting a network of dopes and terraces to naturd rolling terrain.

The runoff from the site must be collected and directed to a central location for disinfection, and
discharged. Discharge from an OLF system could be to aleach field, constructed wetland, or surface
water. Any runoff or discharge to surface waters from OLF systems must receive an NPDES (* Part
I”) permit. A Clean Streams Law, Part |1 Water Qudity Management permit is required for these
systems.

9.4. SITE PREPARATION

Of dl the land gpplication methods, OLF systems require the most intensive Site preparation. The
system ingaler should accomplish the following:

Completely clear any wooded Site or ste with highly variable vegetation

Provide uniform dopes to promote sheet flow

Cut/fill non-uniform dopes

Compact soilsto obtain alower permesbility if necessary

Provide a steeper or gentler dope where necessary

Egtablish treatment dopes with uniform vegetation of turf-forming grasses

Provide a collection/conveyance structure at the Site base to collect and carry trested effluent to the
central location

8. Prevent sormwater runoff; possbly congtruct a storage facility

Noak~wbdrE

9.5. APPLICATION RATES

Unlike the land treatment systems which discharge to groundwater, the gpplication rates for OLF
systems are not typicaly congrained by aland limiting condituent anadysis. Thisis becausethe main
objective of OLF is sheet flow with little percolation. The groundwater under the Steisrarely affected
by the OLF systems. The gpplication rate depends on the level of effluent trestment needed and Site-
specific condderations such as vegetation, length of available dope, and “residence’ time on the
treatment dope. Systems on record with gpplication rates in the range of 2.5 to 16.0 inches per week
have operated adequately using the waste/site criteria mentioned previoudy.

9.6. PROCESS DESIGN

9.6.1. Hydraulic Loading Rates

Loading rates and cycles are designed to maintain active microorganism growth on the soil surface.
Loading rates can range from 2.5 to 16 inches per week (based on EPA Design Manual 625)
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10.

depending on climate, required trestment performance, and detention time on the dope. Excdlent
results have been reported using wastewater at about four inches per week on 2 - 4 percent dopes
that are gpproximately 120 feet long.

The resting period should be long enough to alow the soil surface to reaerate, yet short enough to
keep microorganismsin an active state. Optimum cyclesrange from 6 - 8 hours on, and 16 - 18
hours off for 5 - 6 days per week, depending on the time of the year.

9.6.2. Nitrogen Removal

Nitrogen remova in OLF sysemsisexcdlent. Two important mechanisms responsible for these
removas are biologica nitrification/denitrification and crop uptake. The overlying water film and
organic matter, and the underlying saturated soil forms an aerobic/anaerobic double layer necessary
for nitrification followed by denitrification.

9.6.3. BOD and Suspended Solids Removal

Removd of BOD may improve with time. Suspended solids removd is generdly less efficient than
BOD removadl.

9.6.4. Phosphorus Removal

Dueto theminima percolation of wastewater in OLF systems, the potentid for phosphorus
removd isvery limited. Wastewater flowing over land does not have extensive contact with the
components of the soil that normaly fix large amounts of phosphorus. Phosphorus remova
mechanisms include crop uptake and organic surface layers.

9.6.5. Trace Element Removal

Trace eement remova by OLF isrdatively good. Remova rates may exceed 90 percent. It
gppears that mogt of this remova occurs in the surface organic mat.

9.6.6. Microorganism Removal

Mechanisms for removal of bacteria are Smilar to those respongble for remova of metals.
Microorganism removal efficiencies gpproach 90 to 95 percent.
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CONSTRUCTED WETLANDS

10.1. SYSTEM/SITE OVERVIEW

A congtructed wetland is typicdly alined basin containing some type of media (substrate) and wetland
plants. They are aso referred to as root zone systems, hydrobotanica systems, soil filter trenches,
biological-macrophytic systems, marsh beds, vegetated submerged beds, and reed bed treatment
sysems. The configuration, media, and plants used in these systems are varied. Congtructed wetlands
are consdered atype of trestment system, but not a method of disposal.

Congructed wetlands have been shown to effectively treat municipa wastes from smal communities,
mine drainage, and someindudtrial wastes. Additiona applications for constructed wetlands are being
evauated across the nation. The Department is currently developing a set of Constructed Wetlands
Manuas which will address the use of consgtructed wetland systems for specific types of wastewater.

10.2. PRETREATMENT

The minimum pretrestment requirements prior to discharge to a congtructed wetland will be determined
by the Ste-specific objectives of each wetland and the required effluent discharge limits.

10.3. BASIC SYSTEM DESIGN

Congtructed wetlands are usualy designed as severa beds that can be operated and drained
separately, with options for effluent recyding to improve efficiencies. The beds arelined to minimize
infiltration and are surrounded by berms to minimize surface runoff.

In congtructed wetlands systems, wastewater is typically introduced across one end of a bed by way of
a concrete channd with v-notch weirs, The wastewater spills over the weirs and into an inlet zone
which isafull-width trench filled with crushed rock. The digtribution channd and inlet zone uniformly
distribute wastewater across the bed of the wetland. Wastewater flows into the plant roots and media
where it undergoes trestment by a variety of chemica, physica, and biologica processes prior to
collection in an outlet zone. The outlet zone resembles the inlet zone with the addition of a perforated
pipeingalled at the bottom to facilitate collection and discharge of the effluent.

Methods of disposd of the discharge from constructed wetlands could include subsurface absorption
aress, land application, or direct discharge to surface waters. Any runoff or discharge to surface
waters must receive an NPDES (“Part 1) permit. A Clean Streams Law, Part || Water Quality
Management permit is also required for these systems.

Systerm components influencing trestment in a constructed wetland include the media, wetland plants,
and associated microorganisms.

A variety of media can be used in congructed wetlands. In generd, larger fractions of clay and St in
the media result in more sorption and better filtration because of the increased surface areaand smaller
poresizes. These materids, unfortunatdy, have low hydraulic conductivities which necesstate low
hydraulic loadings. Sand and gravel media dlow higher hydraulic loadings, but they are not as effective
asclay and it in sorption and filtration.
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Wetland plants used in constructed wetlands are known as emergent hydrophytes and macrophytes.
They have aerid leaves and flowers and submerged roots and rhizomes. Reeds, bulrushes, and cattails
are commonly used in congtructed wetlands.

Microbes are ubiquitous and the microbial community develops autogenicaly.

10.4. PROCESS DESIGN

10.4.1. Hydraulic Loading Rates

Hydraulic loadings are influenced by severd factors. In sdlecting and designing a hydraulic loading
rate, it is necessary to consider the following:

1. Detention time of gpplied wastewater

2. Rae of water loss from system by planned overflow or dow seepage

3. Sydtem trouble due to washouts by precipitation events or wastewater applications

4. Mediacompaosition (eg., sand and gravel dlow higher hydraulic loadings than clay and Silt)

Hydraulic loading of aroot zone bed can vary considerably from the wastewater design flow due
to variable wastewater production and rainfall. The root zone bed must be able to handle these
flow variaions without sgnificant deterioration in performance and without overland flow.
Magnitude of peak flows should be considered when designing the length and width of the bed.
Flow rate variation can be accommodated by using a safety factor in the design of bed width.

10.4.2. Nitrogen Removal

Nitrogen removd is attributed to the ability of wetland plants to trand ocate nitrogen to their roots.
The combination of oxic and anoxic zones in the medialroot zone stimulates sequentid nitrification-
denitrification. Nitrogen removd by voldilization, loss of particulate nitrogen, and plant nutrient
uptake is believed to be inggnificant. Ammoniaremova efficiencies can range from 70 percent to
90 percent in cases where there is adequate residence time and adeguate oxygen in the water and
media. Tota nitrogen remova efficiencies range from 75 percent to 95 percent. Totd nitrogen
remova decreases Sgnificantly at resdence times of less than five days.

10.4.3. BOD and Suspended Solids Removal

Congructed wetlands are extremely efficient at assmilating BOD and suspended solids. Physicdl
remova occurs through sedimentation; biological decomposition is provided by the microbid
community supported on the media and on the roots and rhizomes of the plants. Remova
efficienciesfor BOD are generdly between 45 percent and 95 percent, with average outflow
concentrations as low as 3 - 5 milligramg/liter. Removal efficiencies increase with longer retention
times (greeter than five days), higher input concentrations, and higher hydraulic loading rates
(greater than three inches/day). At high loadings, factors such as oxygen availability could limit
BOD degradation and mass remova might leve off.
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Avalilable data indicate that suspended solids remova can vary from 70 percent to 98 percent. In
most systems, suspended solids effluent levels have been documented at less than 30
milligramslliter.

10.4.4. Phosphorus Removal

Phosphorus removd efficiencies vary consderably with the range of wetland types. Removas
ranging from 13 percent to 99 percent have been reported. The main phosphorus removal
mechanisms are likely to be adsorption and sediment formation. In general, adsorption of
phosphorus is enhanced by media such as St or clay which have a high surface area and inhibited
by mediawith lower surface area such as gravel. Removd capabiilities are generdly high during the
growing season because the media has a high cation exchange capacity, and wetland plants
account for luxury uptake of phosphorus. If sgnificant phosphorous remova is arequirement, then
very large land areas or dternative trestment methods will probably be required.

10.4.5. Removal of Trace Elements and other Parameters of Concern

Remova and long-term retention vary, depending upon retention times, the nature of the media,
and the makeup of the wastewater. Heavy metds and other trace wastewater congtituents may be
immohilized by microbid action or retained in the media. Organic matter in the mediamay have
high cation exchange capacities. The effect of pH on retention must dso be consdered. In
addition, resolubilization may occur as biomass decays.

10.4.6. Microor ganism Removal

The removd of pathogenic organisms depends on the pathway for water leaving the Ste. Systems
that have no overflow and function by water seepage through a dightly permeable mediawill have
excdlent remova dueto physica entrgoment and die-off. Pathogenic organisms and viruses
retained in root zone beds through sorption and filtration mechanisms may be destroyed by die-off
and predation. Die-off in these systems must be assessed relative to detention time, climate, and
other environmenta variables.

Congtructed wetlands have been shown to be capable of removing bacterid and vird indicators of
pollution at efficiencies of 90 percent to 99 percent at retention timesof 3- 6 days. Viruses may
be more resstant to inactivation than bacteria
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LIST OF APPENDICES“TO THISMANUAL

APPENDIX A
DEP REGIONAL OFFICE LOCATIONS AND PHONE NUMBERS - (Also refer to Page 4 for
counties covered by each DEP field office))

APPENDIX B
APPLICATION FOR SEWAGE FACILITIESPLANNING MODULE MAILER

APPENDIX C

DEP DOMESTIC WASTEWATER FACILITIESMANUAL, PART II: PROCEDURE FOR
OBTAINING A PERMIT TO DISCHARGE TO COMMONWEALTH WATERS AND/OR TO
CONSTRUCT AND OPERATE DOMESTIC WASTEWATER TREATMENT FACILITIES (REFER
TO DEP DOCUMENT # 364-0300-001)

APPENDIX D

INDUSTRIAL WASTE MANUAL, PART II: PROCEDURES FOR OBTAINING INDUSTRIAL
WASTE PERMITS (REFER TO DEP DOCUMENT # 362-0300-001)

(*) All of the appendices are available from the Department in hard copy and can be obtained by
contacting the Department contacts identified on Page 4 of this manual.

362-2000-009 / 10/15/97 / Page 71



