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Dosing & Distribution
Methods
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Following treatment, the treated wastewater is discharged to surface and subsurface land disposal
systems either by a pressurised (controlled) distribution method in doses or by a gravity
(uncontrolled) distribution method. The distribution options available include:

0[_UZS9Q`T[P_0QbUOQ_

i.

Controlled Dose Loading Devices
• Pump.
• Siphon.

ii.

Controlled Dose Loading Methods
• On demand.
• Timer control.

iii.

Uncontrolled Gravity Loading
• Trickle Gravity Flow, on demand.

iv.

Distribution Methods To The Land Disposal System
• Automatic sequencing valve.
• Distribution manifold.
• Distribution box.
• Manual Diversion Valves
• Drop box loading.
• Serial loading (superseded by drop box loading).

v.

Distribution Pipe Work In The Land Disposal System
• Pressure Compensating Dripper Irrigation.
• Low Pressure Pipe Distribution (LPP).
• Low Pressure Effluent Distribution (LPED Nested Dual Pipe System).
• Drain coil.
• Perforated PVC Pipe.

vi.

Distribution Aggregate
• Granular distribution media within the trench.

vii.

Graveless Systems
• Vaulted trench distribution.
• Graveless PVC vault distribution.

The selection of the most appropriate method for discharging wastewater from the treatment system
to the land disposal system can be determined from the following Sections 8.2 to 8.9.
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Discharging a controlled dose volume, by pump or siphon, allows for the wastewater to be
distributed along the entire length of distribution line and hence across the entire infiltrative area with
each dose. This allows for more effective treatment within the land disposal system by utilising the
entire infiltrative surface and not overloading a small area of the infiltrative surface potentially
resulting in creeping failure. In addition, the greater the number of doses and more evenly they are
spread over a 24 hour period, the more the evapotranspiration and renovation of the wastewater by
the receiving soils will be enhanced. In free draining soils, dosed loading can limit the potential for
development of creeping failure commonly associated with gravity trickle loading. Dosing may have
less value in a poorly draining system where waterlogged conditions prevail irrespective of effluent
doses. The advantages of dosed systems outweigh the perceived disadvantages of additional
mechanical devices [Ref 3].

$ <aY\O[Z`^[XXQPX[MPUZS
Pumped dose loading is preferable to siphon dosed loading as the volume and timing of the dose can
be readily controlled to best suit the distribution and land disposal system.

$ ?U\T[Z/[Z`^[XXQP8[MPUZS
Siphon loading is suitable where there is sufficient height difference between the tank outlet and
downslope land disposal system for the siphon to operate. Siphon dose loading provides for a set
volume of pretreated wastewater to be discharged to the land disposal system. However pretreated
wastewater can only be dosed on demand and can still result in overloading of the land disposal
system infiltrative surface. Where sufficient head is available to operate a sequencing valve the
impacts from demand dose loading can be reduced by sequentially loading a series of beds or
trenches.

$ /[Z`^[XXQP2X[[PX[MPUZSNe<aY\[^?U\T[Z
Controlled flood loading comprises dosing by siphon or pump discharge to a distribution box, for
gravity flood flow to all or to selected sections of the land disposal area.
To be effective, the siphon chamber or pump sump should be sized to break the daily design
maximum flow into a minimum of at least 5 to 6 doses per day. The distribution box should be
designed to handle flow volumes delivered with each dose, and ensure effective loading of the whole
or selected sections of land disposal system.
The length of the subsurface distribution lines should be limited to ensure even distribution and to
prevent potential for the dose cycle to overload the front sections of the land disposal system and
under loading of the end sections. Maximum suggested distribution line lengths are 12 to 15m for
effective loading and should provide reasonable distribution where 100mm perforated distribution
lines are used. Hydraulic characteristics for both siphons and pumps will be available from the
manufacturers to assist with equipment selection and system design.
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Methods for operation of a pump dosing device are either on-demand or timer control of which timer
control is the most effective and preferred method.

$ ;Z0QYMZP0[_Q8[MPUZS
On-demand dosing systems are siphon or pump operated by float switch. In both cases wastewater
doses to the land disposal system are concentrated around the time of wastewater production when
the wastewater level has built up in the tank. On-demand dose loading potentially results in saturated
conditions and inferior treatment.

$ @UYQ^/[Z`^[XXQP0[_Q8[MPUZS
Timer dose loading allows the discharge of an equal volume and at preset time intervals over 24
hours. Wastewater produced at peak production times during the day are buffered and discharged
evenly over the day. The advantages are significant in that this allows more effective control of
unsaturated conditions of the infiltrative surface and underlying soil thus reducing the rate of
infiltrative surface clogging and improving in ground treatment [Ref 3].

$ 

A:/;:@>;8810@>5/7818;-05:3

Uncontrolled trickle flow by gravity was the conventional loading method and should now only be
used where there is no alternative. The disadvantage of gravity trickle loading is that wastewater
may not be distributed across the entire application area and in well drained soils can result in
creeping failure.
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Where alternating loading of effluent is proposed into either individual sections of a land disposal
system, or into duplicate systems on a load and rest cycle, then proprietary automatic or hand
operated units are available to switch flow between sectors in accordance with the management plan
for the system.

$! -X`Q^ZM`U[Z[R8[MPUZSMZP>Q_`UZS
The use of distribution boxes or diversion valves in either gravity or pressurised application systems
enables sections of the land disposal system to be rested as required by diverting flow to portions of
the system on an alternating basis. This will temporarily overload the loaded section of the land
disposal area resulting in an elevated daily loading rate, unless the system has been designed with
excess capacity to allow for alternating loading without a daily exceedence of the design application
rate.
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The resting of a section of a subsoil soakage land disposal system (such as trenches and beds) will
only benefit the system’s longterm acceptance rate (LTAR), if the rested section fully drains and dries
out during each rest period. The rest period in a free draining system will enable rejuvenation of the
infiltrative surfaces by aerobic action and drying. On resumption of loading the system will then
operate at higher infiltration rates than before resting. These infiltration rates will then progressively,
but slowly, decrease over the next operational period as clogging slimes build up again on the
infiltrative surfaces.
Resting has no value in non free draining soils that remain waterlogged or only slowly drain during
the rest period. Not only is resting not applicable in such situations, but the type of land disposal
system or/and loading rate should be should be reconsidered. Systems using soakage and
evapotranspiration rather than purely subsurface soakage application systems being more
appropriate in such conditions.
Subsoil soakage systems which are designed to operate without periodic resting and rejuvenation do
so at a LTAR (longterm acceptance rate) associated with continuously flooded conditions. In slowly
draining soils, such systems could benefit from having duplicated land disposal areas (each designed
for 100% of design flows) where resting may take place on 6 month or 12 month cycles.

$! -a`[YM`UO?Q]aQZOUZSBMXbQ_
Where sufficient head from pump or siphon dosing is available, automatic sequencing valves can be
utilised, reducing dependence on the manual operation of hand operated valve units. Sequencing
valves, with two, four, or six outlets, switch automatically at pump start up, or under build up of
siphon discharge flow pressure. This allows each distribution line or sector to be dose loaded
separately and in sequence, with a predetermined dose volume. Division of controlled doses to each
sector allows for better control over dose volumes allowing for smaller doses to a number of sectors
instead of one large sector and therefore the use of smaller pumps as the volume per dose is
reduced.
Head requirements to trigger sequencing valve rotation will need to be confirmed with the
manufacturer/supplier. Depending on the sequencing valve spring pressure a head of 4 to 6m is
likely to be required in addition to the distribution system pump head required. In any case, during
construction and installation a full scale operational trial should be undertaken with clean water to
confirm sequencing performance of the unit. For siphons, an important design requirement is that
the feed line from the siphon outlet to the sequencing valve has a capacity at least equal to the dose
volume. If not, flow may back up the discharge line and interrupt siphon action before the dose cycle
is completed, prompting the siphon to cease dosing operation and trickle continuously.

$!  0U_`^UNa`U[Z9MZUR[XP_
Proprietary distribution manifolds are available for loading controlled distribution systems and also
allow diversion of flow if resting of a sector is required.

$!! 0U_`^UNa`U[Z.[dQ_
A range of layouts for gravity loading (trickle or flood) are possible. For gravity trickle distribution, or
pump dosed distribution various proprietary fittings are available to enable the adjustment of outlet
levels to ensure even distribution to each line.
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The method only works on sloping sites as it operates on the basis of incremental loading via gravity
flow to a series of trenches or beds. It is generally less favoured here due to the preferential loading
of the uppermost trench potentially leading to creeping failure of the system. In all cases pressurised
distribution by pump to ensure even distribution over the maximum area is now considered more
appropriate.
Drop boxes require sloping sites when they operate on the basis of incremental loading of a series of
parallel trenches via gravity flow downslope. The top drop box can be either gravity fed direct from
the pretreatment unit, or pump loaded where the land disposal area is located upslope of the
treatment unit. Controlled dose loading is the preferred method to feed treated wastewater to the
drop box.
Each section of the land disposal system (either trench or bed) at LTAR, is kept flooded at a
predetermined level. In relatively free draining soils with higher LTAR values this means the top
section of the land disposal area can be maintained under continuous load for long periods. Other
sections downhill do not come into operation until overflow takes place from the uphill section. The
system can respond to seasonal variations in subsoil soakage rates and evapotranspiration rates by
automatically increasing the number of downslope sections of the land disposal area brought into
operation during the winter wet periods, and automatically reduces the proportion of the area used
during summer drying conditions. The drop box configuration allows shutdown of any section of the
land disposal area (e.g. trench or bed) for resting, and it is thus practical to rest the upper section
during summer while bypassing flows to the lower portions, which are least frequently in operation.
Reserve area should be provided downslope of the land disposal area to enable extension of the drop
boxes and land disposal area as required, and then resting the original upslope system.

$!# ?Q^UMXX[MPUZS
This method has been superseded by drop box loading.
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The pipework in a surface or subsurface distribution system will generally comprise sealed feed lines
leading from the distribution system to connect to the perforated distribution lines within the land
disposal system area. Careful design and installation of the whole system is critical to ensure that the
design area is uniformly loaded, and no effort should be spared in both design and supervision of
construction to ensure this objective is met.
It is important that sealed feed lines are not constructed through trenches or beds, since this provides
a potential channel for short circuiting of effluent from upslope areas to downslope sections of the
system and lower end of the main distribution pipe trench. All distribution pipes should be end fed
as shown in Figure 8.2.
The performance of a trench or bed land disposal system is controlled by the effectiveness of the
distribution system.

$" <^Q__a^Q/[Y\QZ_M`UZS0^U\1YU``Q^0U_`^UNa`U[Z
Proprietary drip emitter systems are a favoured method for both surface and subsoil irrigation
distribution. These systems are discussed in Section 9.2.
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Perforated rigid PVC pipe is used as an alternative to drain coil, and for many authorities is the
preferred distribution method for gravity trickle/flood loading. Perforations may be either drilled
holes or saw cuts. Figure 8.1 gives details of sizes to meet the 2% surface area criteria.

$" 8[c<^Q__a^Q<U\Q8[MPUZS8<<8<10
In situations where flood loading is neither practical nor suitable (for example Category 1-3 soils) a
perforated pressure line system loaded by pump or siphon is an alternative for spreading effluent
evenly over the full design area. This method is suitable for both free draining and slowly draining
soils. LPP (low pressure pipe) and LPED (low pressure effluent distribution) are essentially the same.
The difference between the two is that an LPED pressure line is inserted (nested) within drain coil
distribution line and a LPP line is not. Where LPED is used for free draining soils it is considered a
distribution method to ensure applied wastewater is distributed onto the entire design basal
application area in which case design is based on the land disposal method and not LPED areal
loading design procedure. Where used in moderate to slowly draining soils LPED is used to
distribute the wastewater within a shallow trench and design loading determined on an areal basis.
Design of the Distribution Lines
The pressure lines should be laid within the distribution aggregate along the full length of the land
disposal system element (such as a trench length). To achieve effective distribution, the discharge
rate from each perforation in the system must be approximately equal, requiring careful balancing of
the head loss and flow rate in each distribution line along with selection of appropriate line diameter,
hole size and spacing. In addition, the bottom of the system must be accurately levelled in order to
avoid low spots, as the dosed flow will tend to overload such spots. Some designers advocate clay
or concrete dams at intervals along the system length in order to counteract any inaccuracies in
construction and installation. In any case a clay or concrete dam is required at the start of each line
to prevent short circuiting via the transport line trench.
Sizing the Dose Volume
The size, number and spacing of discharge orifices in each distribution lateral cannot be designed by
a rule of thumb if the laterals are to be evenly loaded.
Where the land disposal system is on sloping ground with each line laid to a different contour, then in
addition to a control valve from the manifold to each line, a check (nonreturn) valve must be provided
after each control plate to prevent back flow into the main header line and overloading the lower
most trench. However, the system will only load evenly when it is fully pressurised resulting in over
loading of the lowest lateral during pressurising and draining parts of the cycle.
Determining the pressure within each lateral, outlet orifice spacing and outlet orifice diameter is
critical for the correct operation of an LPP or LPED system.
Where it is proposed to dose load the LPP or LPED system by siphon the main transport line from the
siphon should be sized to ensure open channel flow and maintained as straight as possible. This
minimises the potential of an airlock in the transport line and overloading a section of the application
system. The main transport line is also to have sufficient volume to prevent backing up of discharge
water to the siphon. If discharge water backs up to the siphon while discharging it can trip such that
trickle discharge occurs and wastewater is concentrated into the distribution trench at the lowest
point in the irrigation system resulting in overloading and wastewater breakout.
In situations where the system is dose loaded by pump and given the duty rating of the pump to be
used, the elevation of pump relative to distribution lines, the difference in elevation of each line, the
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size and friction factors of the feed lines, manifold, and distribution lines, then the operating pressure
within each distribution line can be determined using standard hydraulic calculation procedures.
The diameter of distribution laterals is based on the requirement that there be no more than 10%
variation in flow between one end and the other. The spacing of squirt holes and the longest lateral
length must be determined before selecting the lateral diameter.
Some designers have adopted 5.0mm, 4.0mm or 3.0mm diameter perforations. It is important that a
squirt height of 1.5m is achieved at each outlet orifice to maximise self scouring. The hydraulic
calculations should be undertaken by design specialists. Commercial computer software
programmes are available for such calculations. Each lateral can either be loaded individually via a
sequencing valve so long as sufficient head is available to trigger rotation or alternatively the entire
lateral network can be loaded with each dose. Where the entire lateral network is dose loaded it is
important that each lateral is loaded equally and discharge not concentrated into the lowest trenches
and can be achieved by placing a flow control plate at the start of each lateral. The control plate
orifice size can only be calculated when the height of each lateral, length and number of outlet
orifices are known and ensures even loading although individual trenches may be of variable length
and elevation. A nonreturn valve at the start of each line ensures the higher elevation laterals do not
drain to the lowest laterals between doses and overload the lower lines.
Once the lines are installed and before they are covered, the system must be fully tested with clean
water so that the effectiveness of the dosing system, orifice outlet spacing and lateral lengths can be
determined. Any variation in distribution can then be field adjusted by altering hole diameter or
spacing, or by adjusting the manifold valves. This is particularly important on sloping sites with
several distribution lines at different elevations.
All distribution lines must be capped or screw plugged with removable end pieces to enable
maintenance in case of line blockage. Any growth which could clog perforations can be dislodged by
scoured using high velocity flow to discharge through the uncapped end, disposing of the spent
cleaning mixture via a temporary soakhole. The use of oxidising agents such as bleach has a
detrimental effect on the soil bacteria and should only be used as a last resort. Checking for blockage
of the perforations can be undertaken by checking the pump pressure at the end of each line. This
should be undertaken regularly during the life of the system particularly in response to problems
involving uneven loading.

$"  8<108[c<^Q__a^Q1RRXaQZ`0U_`^UNa`U[Z
LPED systems were originally developed for use in free draining coarse soils situations (Soil
Categories 1 and 2) where neither gravity trickle, nor flood dose, nor pressure pipe loading provide
even distribution along the length of the application system. In these soils, traditional loading tends
to overload the porous subsoil at the front sections of the system, while pressure pipe distribution
overloads the subsoil in the vicinity of each perforation. This results in progressive reduction of the
soil infiltration capacity and can ultimately lead to system failure.
LPED systems consist of a small diameter perforated pressure line inserted (nested) within a draincoil
distribution line, thus allowing the jetted flow from the perforations to spread via ponding along the
inside length of the draincoil line, and thereby enabling more uniform infiltration loading throughout
the system. Hydraulic design is identical to that for pressure pipe loading.
LPED systems are also used as an alternative distribution technique to LPP (low pressure pipe) land
disposals systems based on shallow trenches in deep topsoil with “areal” loading of the design area.
Design of the distribution system, hole spacing and number of holes is the same as for LPP.
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PVC draincoil is manufactured for land drainage purposes. Its use for effluent distribution via
circumference drainage slots is the exact reverse of its intended use. It does however offer a large
number of perforations per unit of surface area, enabling effective distribution of effluent throughout
its length. Where sediment blocks any slots there are ample additional openings to cope, and it has
been used successfully as an alternative to field tiles since 1976. Proprietary brands of draincoil meet
the 2% area requirement for perforations as previously recommended by NZS 4610:1982. Some
agencies are not satisfied that draincoil is an appropriate distribution method; in such cases use of
perforated PVC rigid pipe would be the preferred distribution method.

$"" <Q^R[^M`QP<B/<U\Q
Perforated PVC rigid pipe is used as an alternative to draincoil. Perforations may be either drilled
holes or saw cuts. Figure 8.1 gives details of sizes to meet the 2% surface area criteria.
Figure 8.1: Perforation Details for Distribution Lines in Rigid PVC
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Figure 8.2: Effluent Distribution
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Graded aggregate (granular media) of durable material is required to support the distribution lines,
and enable spread of the applied treated effluent over the design surface area within the land
disposal system. The size of aggregate was set at 50mm to 70mm by the earlier Standard NZS
4610:1982. The new joint Standard AS/NZS 1547:2000 [Ref 1] recommends 20mm to 40mm size. The
design loading rates recognise that the aggregate itself creates a shadow effect on both bottom area
and sidewalls where individual aggregate elements rest against the soil, and that only exposed
portions of the soil enable direct infiltration.
If the aggregate is sized too small, the biofilm (bacterial slime) generated by soil bacteria interaction
with the organic matter in the effluent can clog at depth into the media. Distribution aggregate must
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be totally free of fines or dust that can coat the base of the design area and reduce the soil infiltration
capacity. It preferably should be washed before placement. The use of quarry rejects as a means of
economising on aggregate installation is in fact false economy, and likely to be a contributing factor
to system early failure, with need for costly system replacement.
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Proprietary polyethylene vault systems, which provide airspace over the horizontal infiltrative
surface, can avoid the need for distribution media. Systems either have slotted sidewalls that shelter
the effluent distribution slots from surrounding soil or have a surrounding aggregate backfill to
protect against potential soil blocking of the openings.
Inspection ports enable access to determine development of clogging mats on the horizontal
infiltration surface, and with careful design, sections can be removed to allow access for raking the
infiltrative surface. Gravity trickle loading into vault systems can lead to progressive failure in free
draining soils, hence controlled loading via LPP or LPED line should be installed within the vault. In
other soils loading by pump or siphon can ensure that incoming flows are routinely distributed fully
over the infiltrative area. The cost of the vaults has limited their use in New Zealand.

$$ <B/BMaX`_
An alternative to vaulted trench distribution is to substitute a large rigid PVC pipe cut in half
lengthwise placed in the trench and covered over with soil. Treated wastewater is distributed along
the trench within the PVC vault by the LPP method.
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Any pump chamber associated with a septic tank, aerated treatment plant, sand filter dosing
chamber, recirculation tank or treated wastewater holding tank, should include 24 hours emergency
storage above the high water level alarm. Emergency storage is required to provide sufficient time to
rectify a problem in the event of any mechanical or electrical failure. Failure to provide sufficient
emergency storage can result in unauthorised overflow of wastewater.
An acceptable substitute to emergency storage in an individual pump chamber is provision of gravity
overflow to another chamber, which contains additional emergency storage capacity.

$% <aY\/TMYNQ^-XM^Y?e_`QY_
All pump chambers should include a high water level alarm, which activates in the event of the water
level rising above the design working volume in the pump chamber. There are a number of float
switches or probe systems available to activate alarms. The alarms may be audible or visual. Audible
alarms have the advantage that they are noticed and acted upon at an early stage whereas visual
alarms can be easily missed resulting in concentrated discharge from the chamber. The disadvantage
of audible alarms is that they must comply with New Zeeland alarm and security standards.
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Land Disposal
- Shallow Irrigation Systems
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The objective of the land disposal system is to provide further treatment of effluent via assimilation
through the soil matrix for eventual plant uptake of soil moisture via transpiration, or for evaporation
or for percolation through the soil matrix for eventual assimilation with groundwater. Land disposal
systems, also known as land application systems, must be designed for a loading rate close to the
estimated LTAR (long term acceptance rate) for the soil conditions. LTAR represents the steady state
infiltration rate over time following full development of the biological clogging mat that builds up on
infiltrative surfaces under continuous use with the application of primary treated effluent. This may
take several weeks or months to develop for a new system. Design loading rates are set below the
estimated LTAR so that when clogging regimes develop on and into the subsoil infiltrative surfaces,
infiltration capacity is maintained, and ponding within the land disposal area will not result in effluent
breakout.
Actual acceptance rates will be affected by the capacity of the subsoil to accept effluent through the
biomat layer generated by microbial growths feeding on the organic matter in the treated effluent.
With shallow soakage systems, effluent organic matter is taken up by aerobic microorganisms within
the well aerated upper soil layers at a faster rate than the anaerobic microorganisms which
predominate under saturated conditions at depth. Hence application of the “KISS” (keep infiltration
systems shallow) principle enables the aerobic upper subsoil and topsoil mantle to be utilised to
provide for assimilation of effluent organic matter, uptake of nutrients into vegetation biomass, and
transpiration thereby minimising effects on groundwater.
In all design situations, the requirements for separation distances to surface and groundwater as set
out in Table 5.2 should be maintained.
Following are the irrigation methods covered in this section below:
•

Pressure Compensating Dripper Irrigation (PCDI).

•

Low Pressure Pipe Subsurface Irrigation (LPP).

•

Low Pressure Effluent Distribution Irrigation System (LPED).

•

LPED Subsurface Trickle Irrigation.

•

LPED Surface Trickle Irrigation.

%
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Such systems are utilised for distribution of secondary quality effluent or better via pressure dosing
into (subsurface drip) or onto (covered surface drip) land disposal areas. Secondary treatment is
usually provided via Aerated Treatment Plants (Figure 7.4) or Intermittent Sand Filter and
Recirculating Sand Filter, Recirculating Textile Filter, Recirculating Trickling Textile Filter and
Recirculating Foam systems (Figures 7.5, 7.6, 7.7 & 7.8). Commercial companies who market specific
types of dripper irrigation lines generally provide guidance on system design, layout and operation.
Figure 9.1 is a schematic diagram of a pressure compensating drip irrigation system.
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Two types of pressurised drip irrigation emitter are available, pressure compensating and
nonpressure compensating comprising small diameter pressure pipe with inline effluent discharge
emitters built into the pipe typically at spacings of 0.6 to 1.0m.
Pressure compensation allows equal wastewater flow from each emitter although the lines do not
need to be level. Dripper irrigation lines are typically installed in parallel lines on the contour and
buried at depths in the order of 50 to 200mm within the topsoil zone. Irrigation lines can be placed on
and pinned to the ground surface within areas densely established in trees and covered over with leaf
fall or mulch or left exposed. Where irrigation lines are on the ground surface in areas where there is
potential for human access, the irrigation area should be fenced. It is recommended that irrigation
lines be buried wherever possible.
The advantages of pressure compensating drip irrigation (PCDI) over trench, bed and mound land
disposal methods are:
•

Subsurface slow rate irrigation allows wastewater to be discharged into a specific soil zone and
the ability to provide slow rate land treatment using the topsoil as a biofilter.

•

That the lines need not be installed level while still maintaining even distribution of wastewater
between individual emitters and over the area of the land disposal system.

•

Allows more flexible use of a site than traditional systems.

•

Distribution within the irrigation area can be targeted to a specific soil horizon.

•

Timer dose loading optimises land treatment within the biologically active topsoil.

•

Wastewater can become a valuable resource for reuse to subirrigate lawns and gardens
minimising potable water requirements.

•

Lines can be placed on the ground surface within densely vegetated (bush covered) areas
without the requirement for trenching and damage to root systems.

•

Lines can be installed where trench or bed land disposal is impractical such as heavily
vegetated areas without the requirement for excavation of trenches.

•

PCDI allows widespread low application distribution minimising wetting of the ground surface
while utilising evapotranspiration assistance of vegetation.

•

Allows ongoing access to lawn areas, which would be out of bounds where bed or mound
systems are installed. Extreme care is required where subirrigation of lawns is proposed
particularly under high traffic areas. The most conservative design areal loading rate is
recommended. The use of PCDI under lawns is discouraged where alternative irrigation areas
are available on the site.

The Auckland Regional Council strongly discourages placement of pressure compensating dripper
irrigation lines on the ground surface in situations where they could be buried. There are increased
risks associated with wastewater irrigation onto the ground surface such as:
•

Increased risk of human contact and therefore health risks.

•

Increased risk of runoff to surface water or stormwater drains.

•

Increased risk of damage to irrigation lines during vegetation maintenance.

•

Increased risk from vandalism if located adjacent to areas of public access.
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The most recent development in pressure compensating dripper irrigation technology is irrigation
line that does not drain following cessation of each dose volume charge. This has the advantages of
preventing draw back of solids into the line via the emitters in response to suction forces developed
when lines drain back to the lowest topographical point and allowing for rapid pressurisation at the
beginning of the dosing cycle. The disadvantage is that a higher head capacity pump is required for
some brands of emitter than for would be necessary for standard pressure compensating dripper
irrigation.
Nonpressure compensating irrigation lines must be installed level along the contour to achieve even
distribution of wastewater from each emitter. Typically pressure compensating dripper irrigation
lines are installed in preference to nonpressure compensating lines as they provide more certainty
with regard to even distribution throughout a land disposal area.

% -^QMXX[MPUZS^M`Q_R[^\^Q__a^QO[Y\QZ_M`UZSP^U\U^^USM`U[Z
The areal loading rate is determined according to soil characteristics and environmental constraints
with lower rates adopted for sites having environmental limitations. Typically the maximum areal
loading rate for Category 4 soils is 5mm/day with lower rates of 2 to 3mm/day being employed for
Category 5, 6 and 7 soils. Higher loading rates (25 to 50mm/day) may be appropriate for Category 1
and 2 soils depending on the environmental constraints (including groundwater depth and any
potential health risks). In the case of Category 1 soils the designer is reminded that PCDI becomes a
distribution method for loading a discharge control trench (Category 1 soils) and must following the
design guidelines for discharge control trenches using basal loading rates.
The determination of an appropriate areal loading rate is also dependent upon the land use of the
proposed land disposal area. Lawn areas can be used for subsurface dripper irrigation enabling
sustainable reuse of treated wastewater, which can provide significant benefits.
However, soil pugging can result from subirrigation of lawns, particularly within high use areas. This
risk can be reduced by using a conservative areal loading rate coupled with a reduction of irrigation
line and emitter spacing (0.3m by 0.3m). The areal loading rate should take into account the
influences of rainfall, site aspect, exposure to sun and wind, as well as the Soil Category and its
infiltrative capacity.
Although not always practical, subsurface pressure compensating dripper land disposal systems are
best installed within gardens, bush areas and low traffic lawn areas.
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Figure 9.1: Schematic Diagram of a Pressure Compensating Drip Irrigation System

Note that there are alternative layouts and, with Figure 9.1 an example of one layout. The flush taps
should be placed in a ‘valve box’ to allow easy location at the time of maintenance or the lines can be
taken to a single discharge point.
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Irrigation lines must be dose loaded by pumping or in some instances by siphon to achieve
pressurisation and the flow rate required for operation of emitters. For dose loading to be effective
and uniform an irrigation line charging and flushing volume must be allowed for as well as the
discharge volume. There are two methods of dose loading:
•

Dose loading on demand.

•

Timer dose loading.

Dose loading on demand results in discharge of wastewater when it is produced and results in
irrigation doses being concentrated into a relatively short time typically following breakfast, lunch
and dinner.
Timer dosed loading offers further advantages over demand dose loading enabling discharge as
numerous small doses over the entire day rather than unequal on demand loading as wastewater is
produced. Timer dose loading optimises land treatment while minimising potential for soil wetting
through controlled volume and load/rest cycles.
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It is very important that all pressure head losses are taken into account when determining the pump
head capacity required. Failure to install a pump capable of achieving the pressure head will result in
premature pump failure and uneven distribution of wastewater through the irrigation network.
Table 9.1 is an example for determining the approximate of head loss pump performance
requirements.
Table 9.1: Head Loss Calculation Example
EXAMPLE OF HEAD LOSS TABLE
Component
Emitter
Lateral
Submain
Main
Filter
Tank Depth
Water meter
Elevation:
Upslope or
Downslope
Total

Head Loss (m)
12.0
0.0
1.0
0.6 [Note 1]
3.0 to 5.0
2.0 or actual depth
[Note 2]
0.5 – 1.5 [Note 3]
metres
+0.0m

Comments
Minimum pressure required.
Head loss insignificant for short run.
Using Netafim Raam 17 as a submain.
Using 25mm LDPE x say 17m.
For a semi blocked (3m) to blocked (5m) filter.

Height difference to uppermost point of irrigation area
Downslope [Note 4].

20.1m + 10% = 22.1m [Note 5]

Note:
1. Depends on distance from treatment plant to irrigation system.
2. Actual depth of pump to be used if more than 2.0m.
3. Depends on type of water meter used.
4. Include antisiphoning measures at pump station when pumping downhill.
5. Calculation based on Irrigation Technology Services “Drip Irrigation Effluent Disposal Fields
Design Manual” for standard pressure compensation irrigation lines. ITS 2001 and Netafim
design guidelines. For the use of alternative pressure compensating irrigation systems the
design/installer is to confirm the manufacturers recommended head loss guideline values.
Where the land disposal application system is located downslope of the pump it is important to
ensure the system does not empty the tank by uncontrolled siphoning. Where the system is uphill of
the pump the difference in elevation between the top of the pump and the highest point of elevation
is to be added to the head loss calculation.
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Dripper irrigation lines must be installed according to the manufacturer’s specifications including
wastewater quality requirements. Manufacturers often require installation of fine filtration (120micron
such as a disc filter) post treatment plant and prior to the irrigation field to minimise solids carry over
and premature line blockage. Filtration following aerated wastewater treatment plants can reduce the
maintenance requirements of irrigation lines but there will be a requirement for regular maintenance
of the filter. Fine filtration is not required for all sand filter wastewater treatment systems as
approved by the irrigation line suppliers. Screen filtration is not an acceptable alternative as pump
pressurisation forces solids through the screen resulting in ineffective filtration unless the screen has
constant flushing to maintain a clean surface.
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The maximum Biochemical Oxygen Demand and Total Suspended Solids content of wastewater
3
recommended by manufacturers’ for discharge to pressure compensating irrigation lines is 20gm/m
3
and 30gm/m (BOD5:SS). Biochemical oxygen demand exceeding the manufacturers guidelines can
lead to premature clogging of the irrigation lines in response to internal bioslime build up.
Lines are generally installed parallel at 0.3, 0.5 to 1m centres, however this can be varied according to
the site conditions. Closer line spacing is appropriate where wastewater is reused to subirrigate
lawns and within slowly draining Category 4, 5 & 6 soils whereas wider spacing is appropriate on
steeper slopes. Installation and loading rate details are summarised in Table 9.2.
The designer must be aware that when the irrigation line spacing is reduced to less than 1.0m the
effective land disposal area must be maintained the same as for a 1.0m line spacing to maintain the
areal loading rate as expressed in litres per square metre per day. In the event that irrigation lines are
placed at more than 1.0m centres the designer must increase the land disposal area by the equivalent
amount to accommodate the linear length of lines that would be required for irrigation lines at 1.0m
centres.
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Dripper irrigation systems require regular 3 to 6 month maintenance including:
•

At least manual flushing of individual lines either to a soakage pit or back into the wastewater
treatment system as flushing liquid can be a threat to surface water.

•

Flushing of the inline fine filter into the soakage pit or wastewater treatment plant.

•

Checking for emitter blockage (excessively dry areas and excessively wet areas).

•

Maintenance frequency is dependent on the wastewater quality discharge from the treatment
plant being higher for aerated wastewater treatment plants without a disc filter than sand and
textile filters.

•

The use of chlorine or other chemical cleaning agents for removal of slimes and algae is
potentially damaging to the soil.

•

Root intrusion can be a problem with some vegetation types and result in clogging of emitters
and laterals. Root intrusion can be controlled by installing PCDI lines impregnated with
herbicide, or installing an in line herbicide dispenser to inhibit roots from entering the emitter.
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In many areas there is insufficient natural soil depth or separation distance between the subsurface
dripper irrigation lines and groundwater. In such case the ground level should be built up with
topsoil or mulch. Topsoil is more appropriate as it provides the best medium for treatment and
assimilation of the irrigated wastewater. Experience with bark indicates it is not well suited as a
wastewater irrigation media, as it tends to hold the water rather than promoting evapotranspiration
and seepage.
In addition to taking soil type, Soil Category and environmental constraints into consideration the
designer must also consider the proposed other uses of the land disposal area. The use of an
appropriate areal loading rate is critical for the optimum longterm performance of a land disposal
system and the viability of the land disposal area for additional uses. Where the land disposal area is
located beneath lawns, the designer should consider the use of the most conservative areal loading
rate. The designer is strongly encouraged to use decreased irrigation line and emitter spacing (0.3m
x 0.3m) to promote improved dispersion and to minimise the potential for pugging of the ground
surface particularly in heavily trafficked lawn areas. In open areas potentially accessed by the public it
is also recommended that signage be erected to advise that the lawn or garden area is used for
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wastewater irrigation and that extreme care is required when digging so as to avoid cutting the lines.
Garden areas provide the most appropriate area for subsurface irrigation, as the vegetation provides
enhanced evapotranspiration and the soil structure is more open promoting improved assimilation.
The homeowner will require care when cultivating soil so as not to break the irrigation lines and
cause concentrated wastewater discharge. It is critical with all shallow land disposal systems and
particularly so with garden subirrigation that human contact is restricted and only undertaken with
suitable safety precautions, such as gloves.
Table 9.2: Drip Irrigation Design Criteria Summary
Line Spacing
Emitter Spacing
Emitter Rates
Design Areal Loading
Rates
Soil Category
1
2
3
4
5
6
7
Depth of Lines

Variable (Typically 0.3m, 0.5m or 1.0 metre).
Variable (Typically 0.3m, 0.6m or 1.0metre).
Typical rates 1.2 l/hr, 1.6 l/hr,2.0 l/hr, 2.3 l/hr, 3.5 l/hr, 4.0 l/hr.

35mm/d to 50mm/day [Note 1]
25mm/d [Note 2]
15mm/day to 20mm/day [Note 2 & 3] [Dependent on environmental
constraints]
5mm/day
3 mm/day to 4 mm/day [Notes 3 and 4]
2 mm/day to 3 mm/day
2 mm/day or less
50mm to 200mm or pinned to ground surface and covered with
mulch or bark.

Notes:
1. Category 1soil requires special design, such as installation of drainage control trenches under
the irrigation lines. In this instance the PCDI becomes a distribution method.
2. PCDI is a distribution method when used in Category 1, 2 & 3 soils.
3. The higher loading rates are only applicable where there is at least 50% reserve area.
4. Loading rates of up to 5mm/day may be appropriate in Category 5 soils where the depth of
topsoil is 250mm or more.
Effective distribution in lawns is best achieved using closely spaced lines and emitters (0.3m x
0.3m) and use very conservative loading rates of less than 3mm.
The land disposal area and/or linear length of irrigation lines are to be adjusted when the line
spacing is varied from 1.0m [Ref 17].
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Irrigation systems involve the ultimate in the “KISS” approach to land application of treated effluent.
Distribution into (and in some cases onto) the soil over a broad design area is undertaken on the
basis of “areal” loading. Irrigation distribution methods include:
•

Pressure compensating drip emitter irrigation surface or subsurface irrigation;

•

LPP (low pressure pipe) subsurface irrigation;

•

LPED (low pressure effluent distribution) subsurface or surface trickle irrigation; and

•

Spray irrigation.
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Irrigation systems are best suited to Category 4 to 5 soils, where clay type soils underlying topsoil
have insufficient soakage capacity to result to provide satisfactory subsurface assimilation rates.
They can be used in Category 6 soils providing there is adequate overlying topsoil depth. They are in
general more economical to construct than ETS beds as used in Category 5 to 6 soils (refer Section
10.3.3.7), but they also maximise the ET assist potential of the natural soil and vegetation within the
larger “areal” design area compared to an ETS system. In the Auckland region pressure
compensating dripper irrigation of secondary treated wastewater is the preferred irrigation method
for Category 5 and 6 soils.
It is essential that a minimum depth of 250mm of topsoil is available for all LPP and LPED systems to
operate effectively. In situations where the topsoil depth is less than 250mm it may be necessary to
import additional topsoil. These systems will not operate effectively where located directly onto or
into Category 5 and 6 soils without adequate topsoil cover for assimilation of the applied wastewater.
Further details on the construction and installation of LPP and LPED systems are provided in Section
9.4. Where LPP and LPED are used in Category 1, 2 or 3 soils it becomes a distribution method and
design should be in accordance with Sections 10.1.2 to 10.1.4.
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The LPP system was developed in the US for use in either high percolation rate soils with high water
tables, or shallow soils over rock, or for poorly permeable soils (such as clays) with a reasonable
topsoil layer. It comprises of a series of shallow and narrow (200 to 300mm deep, 150 to 200mm
wide) media filled trenches laid within the topsoil and shallow subsoil layer and pressure dosed by
small diameter (25 to 30 mm) perforated plastic pipe laterals (Figure 9.2). LPP should only be used on
o
slopes of less than 15 . With trench spacing at around 1500mm the concept is to wet the topsoil
between trenches and maximise ET assist from grass growth on an “areal” basis. Pumped dosing is
essential to ensure uniform spread of effluent into the design area, and during construction, test
dosing with clean water should be undertaken prior to backfilling the pressure distribution lines to
ensure that the system will perform as designed. It is essential that LPP and LPED systems are dose
loaded either by siphon or pump to ensure even distribution along the entire length of each line and
utilisation of the entire infiltration surface.
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The USEPA National Small Flows Clearinghouse (NSFC) fact sheet on LPP systems [Ref 38] outlines
the following advantages and disadvantages of this technique for land disposal:
Advantages:
•

Shallow trench system enhances aerobic bacterial action in the topsoil, and facilitates
evapotranspiration assist;

•

Shallow, narrow trenches reduce site disturbance during construction and thus provide more
protection against soil compaction and loss of permeability;

•

Periodic cycles of dose and rest encourage maintenance of aerobic conditions in the land
disposal area; and

•

Pumped dose loading ensures uniform distribution of applied effluent throughout the design
area.

Disadvantages:
•

Not suitable for many sites due to insufficient topsoil, soil type, slope, and space availability;

•

There is a potential for distribution perforations on the pumped laterals to be blocked by solids
or in some situations roots;
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•

There is limited storage in the trench aggregate because of the much smaller trench size;

•

Effective soakage beyond the immediate locality of pipe work is difficult to predict at design
stage; wastewater is not evenly distributed throughout the entire disposal field design
evapotranspiration area, with areas between LPED lines frequently ineffective, providing;

•

Less even distribution than that provided by properly installed drip irrigation systems or LPED
systems;

•

Regular monitoring and maintenance of the system is required as a lack of maintenance is a
sure precursor to failure; and

•

Will not operate effectively in Category 5 and 6 soils without adequate topsoil cover.
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Recommended “areal” loading rates for design sizing of LPP are as follows:
•
•

Primary treated effluent on flat to moderate slopes
with a minimum of 250mm of good topsoil:

3 mm/day

Or secondary treated effluent on flat to moderate slopes
with a minimum of 250mm of good topsoil:

3 – 5 mm/day

System layout has been based on 1500mm spacing between trench centrelines, with the “areal”
loading rate applied to either the total area enclosing the trench system (that is, total trench length
times 1.5m) or more conservatively 1.0m of the area between trenches. As noted in the
disadvantages section above the effectiveness of the area between LPED lines for ET assist can be
limited by the ability of the applied wastewater to utilise the entire area between lines. On the basis
that the effective soakage area is more likely to be within 1.0m or less of the distribution line/trench it
is recommended that the design areal loading rate is based on a maximum area of 1m per linear
metre of line.
Design of the distribution system is discussed in Section 8.6. The use of automatic sequencing valve
distribution to each lateral offers particular benefits in ensuring uniform distribution to each trench on
a load rest cycle, thus maximising several of the advantages of this system. The dose volume should
be controlled to ensure that the applied effluent in a trench on each loading cycle does not flood the
aggregate to a depth of more than 50 to 75mm. To ensure even distribution of the applied load is
achieved, a full scale clean water pump test should be undertaken during construction and
installation. This should be carried out following the laying the lateral pipework, and before covering
with the final layer of distribution aggregate, filter cloth, and final topsoil.
The need for protection of the LPP land disposal area from rainfall runoff and groundwater intrusion
from upslope catchments should be assessed during both design and installation. Where
appropriate, provision of cutoff trenches and diversion drains should be undertaken.
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LPED as a distribution method for trench land disposal is discussed in detail in Section 8.6 above.
Again LPED lines comprise a perforated dose line installed within agricultural drainage coil. The
system involves low pressure pump dosing of predominantly improved septic tank effluent (large
septic tank with outlet filter). LPED graveless trenches are an alternative distribution technique to LPP.
They work by flooding inverted nested laterals within a draincoil line from widely spaced perforations
in the dose line, avoiding the spot loading effect of LPP, and allow for more effective lineal
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distribution of effluent along the length of the trench during each dosing operation. It has application
for subsurface “areal” loading irrigation in the following circumstances:
•

As an alternative to LPP distribution for all the applications as set out in Section 9.3 above or;

•

For wastewater distribution in a land disposal system within Category 1 & 2 and 3 soils;

While LPED is superior to LPP distribution, its longterm popularity will depend on how competitive
the distribution methodology remains with secondary treatment and associated drip irrigation
technology.
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Automatic sequencing valves enable a single dose per day to be flood loaded and allowed to drain
with 24 hours of in soil treatment prior to the next dose. This is only effective if there is even loading
across the full design surface and sufficient topsoil depth. The design and operational requirements
for LPP trench systems as set out in Section 9.3; apply also to LPED irrigation within the same soil
and site conditions and the same dosing arrangements.
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LPED systems have the following advantages and disadvantages over LPP for land disposal of
wastewater:
Advantages:
•

Reliance on passive in soil treatment (dependent upon sufficient even topsoil depth);

•

Less power and pump dependent than a secondary treatment system;

•

The nested pipe allows for improved distribution over a larger soil surface area than LPP
systems;

•

Shallow trench system enhances aerobic bacterial action in the soil, and facilitates
evapotranspiration assist;

•

Shallow, narrow trenches reduce site disturbance during construction and thus provide more
protection against soil compaction and loss of permeability;

•

Periodic cycles of dose and rest encourage maintenance of aerobic conditions in the land
disposal area;

•

Pumped dose loading ensures uniform distribution of applied effluent throughout the design
pipework area;

•

Pumped system increases flexibility in siting the system on the lot;

•

System can be constructed on sloping sites unsuited to gravity fed systems;

•

Lower materials costs (less distribution aggregate required);

•

The longitudinal distribution of dosed effluent is more effective in achieving low levels of
effluent to soil contact than LPP or conventional gravity trickle distribution methods; and

•

Overall costs comparable (or lower) than alternative systems.

Disadvantages:
•

Not suitable for many sites due to insufficient topsoil depth (unless sufficient topsoil depth is
added), steeper slopes, and area availability for land disposal;
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•

There is a potential for distribution perforations on the pumped laterals to be blocked by solids
or in some situations roots;

•

There is limited storage in the trench aggregate because of the much small trench size;

•

Effective soakage beyond immediate locality of pipe work difficult to predict at design stage;
Wastewater is not evenly distributed throughout the entire disposal field, with areas between
LPED lines frequently ineffective, providing;

•

Less even distribution than that provided by a properly installed drip irrigation system;

•

Regular monitoring and maintenance of the system is required as alack of maintenance,
including checks for even distribution throughout the field can be a sure precursor to failure.
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In sandy and gravel soil conditions (Category 1, 2 & 3), which usually occur on flat land associated
with beach, lakeside and river side localities with a predominance of Category 1 to 3 soils, LPED
facilitates enhanced distribution and can be used for effective loading a discharge control trench, or
conventional trench or bed. The loading rate in such situations is based on the land disposal method
and not LPED loading rates or methods.
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Shallow and narrow LPED trenches are suitable for sites with a good topsoil layer having suitable
texture and structure and at least 250mm deep and overlying Category 5 to 6 soils. LPED comprises a
series of shallow and narrow (200mm deep, 200mm wide) trenches excavated within the topsoil and
shallow subsoil layer with pressure dosed small diameter (25 to 30mm) perforated plastic pressure
pipe laterals nested within a 100mm to 150mm drain coil or slotted pressure pipe (Figure 9.2). The
LPED trench base and leading edge must be laser levelled and excavated level along the contour to
ensure there is no breakout from low points. Trenches are backfilled with topsoil, which should be
mounded over the trench to allow for settlement. Concrete blocks located at each end of the
perforated distribution pipe prevent wastewater flowing from the shallow trench into the main header
trench and at the up stand end of the distribution line. The up stand end of the distribution line is to
include a screw cap to allow flushing of the line for maintenance. A non return valve needs to be
included at the start of each distribution lateral to prevent lines draining back to the main header pipe
and overloading of the lower most trench and an orifice plate sized to ensure equal wastewater
loading to each lateral. Squirt hole spacing, number and diameter are to be determined to ensure
that there is no more than a 10% difference in flow between the first and last squirt hole in each line.
Site requirements are:
•

Minimum topsoil depth 250mm;

•

Maximum ground slope of 15 .

o

LPED systems are not appropriate for sites underlain by Category 5 to 6 soils without adequate
topsoil (minimum of 250mm). In the case of Category 3 & 4 soils the drainage properties should be
sufficient to accept the applied wastewater and therefore additional topsoil is unlikely to be required.
o
Subsurface LPED is more successful on less steep sites (less than 15 ) where there is less risk of
wastewater breakout over low points on the leading edge of the trench. Pressure compensating
o
dripper irrigation is more appropriate for sites having slopes greater than 15 . It is also absolutely
critical that trenches are excavated level along the contour to avoid applied wastewater ponding at
the low end of the trench which will result in wastewater breakout.
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Figure 9.2: Typical Subsurface LPED Land Disposal System
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Recommended “areal” loading rates for design sizing of LPED are as follows:
•

Primary or secondary treated effluent on flat to moderate slopes with a minimum of 250mm of
good topsoil: 3mm to 5mm/day.

•

Effective infiltration area for areal loading is 1m.

The higher rates should only be applied to less steep sites and where there is a good depth of topsoil
with suitable texture and Soil Category.
With trench spacing at around 1500mm the concept is to wet the topsoil between trenches and
maximise ET assist from grass growth on an “areal” basis. It has been general practice to design for
areal loading over the entire 1500mm separation between trenches. This relies on the assumption
that infiltrated wastewater will move laterally through the topsoil over the entire width whist
maximising evapotranspiration from plantings. This may operate well in situations with a good
topsoil and good depth. In situations where topsoil is not of good quality or where it is only 250mm
depth the areal loading rate should only be applied to a maximum distance of 1.0m from the trench.
LPED trenches are an acceptable land disposal method in suitable soil and slope conditions. Pumped
or siphon dosing is essential to ensure uniform spread of effluent along the trench length, and during
construction, test dosing with clean water should be undertaken prior to backfilling over the pressure
distribution lines to ensure that the system will perform as designed.
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This system has application within areas of natural vegetation such as bushed lots on flat and slopes
o
less than 15 (Figure 9.3). Where root systems are close to the surface and it would be imprudent to
cut even shallow trenches, the LPED lines may be laid on the ground surface – the disposal area must
then be fenced or otherwise appropriately controlled to prevent casual access. Once the lines are laid
and carefully pinned and supported in place to ensure they are totally level, then a full clean water
pump test should be undertaken to confirm distribution effectiveness, with the lines being adjusted
as appropriate to ensure this result. Following successful completion of testing, the covering material
(bush litter, bark or compost) can be placed over the lines. This cover material should be held in
place by durable plastic net pinned securely to the ground up and downslope. This is important in
keeping foraging birds or animals from disturbing the cover material. On steeper slopes it also
prevents erosion of the cover material.
Installation and maintenance of level surface located LPED lines within natural vegetation and bush
areas is extremely difficult unless the vegetation is very open. Pressure compensating dripper
irrigation using secondary quality wastewater is far more effective for surface disposal of wastewater
within areas established in bush. PCDI lines do not require levelling.
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Recommended “areal” loading rates for design sizing of LPED are as follows:
•

Primary or secondary treated effluent on slopes less than 15 ;

•

With a minimum of 250mm of good topsoil: 3mm to 5mm/day (The higher rates should only be
applied for sites having good topsoil and low slope angle).

o

Regular and frequent operation and maintenance inspections are necessary during the initial months
of operation to ensure that distribution effectiveness is being maintained. Once the system has
settled down, the routine monitoring and inspection programme can be implemented.
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Figure 9.3: Typical Surface LPED Land Disposal System
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Spray irrigation systems for on-site use are not a permitted activity within any Regional Council rules
in New Zealand, and hence will be subject to specific design and consent procedures. The inclusion
of spray irrigation systems within AS/NZS 1547:2000 [Ref 1] is based on the historical situation
related to the use of ATP and spray irrigation land disposal systems in Australia, where in some
states thousands of these units are in use. Stringent bacterial effluent quality standards now relate to
effluent, which is to be spray irrigated. Drip irrigation is by far the preferred irrigation method in
those site and design circumstances where spray irrigation land disposal might have been
considered.
Where spray irrigation is proposed extreme care is required by the designer when determining the
areal loading rate and to locate the irrigation area so as to ensure runoff to surface water does not
occur. Other considerations are; aerosol formation and drift, separation distance from property
boundaries and public access to the irrigation area including with holding times.
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Land Disposal
- Conventional Systems
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Conventional disposal systems predominantly involve trench disposal and bore soakage systems.
Then over the past twenty years there were variations into beds, and ETS beds, which optimise
evapotranspiration. Other alternatives that have evolved include mound disposal systems and
bottomless sand filters. While ETS beds and mound systems are an advanced option compared to
conventional beds, their popularity is decreasing as they are more expensive in capital costs than
secondary effluent plants discharging to land drip irrigation land disposal systems (as are general
bed and trench systems although to a lesser extent), while still occupying a similar footprint.
In all design situations, the requirements for separation distances to surface and groundwater as set
out in Table 5.2 should be maintained. Following are the disposal methods covered in this section in
the order below:
•

Conventional Trenches;

•

Shallow and Narrow Trench Systems;

•

Discharge Control Trench Systems;

•

Deep Trench Systems;

•

Infiltration Systems;

•

Deep Bores;

•

Conventional Beds;

•

Evapotranspiration Seepage Beds;

•

Mound Land Disposal Systems; and

•

Bottomless Sand Filters.
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Loading Rates for disposal trenches should be set in accordance with conservatively predicted
longterm acceptance rates. Actual acceptance rates will be affected by the capacity of the subsoil to
accept effluent through the biomat layer generated by microbial growths feeding on the organic
matter in the treated effluent. With shallow soakage systems, effluent organic matter is taken up by
aerobic microorganisms within the well aerated upper soil layers at a faster rate than the anaerobic
microorganisms which predominate under saturated conditions at depth. Hence application of the
“KISS” (keep infiltration systems shallow) principle enables the aerobic upper subsoil and topsoil
mantle to be utilised to provide for assimilation of effluent organic matter, uptake of nutrients into
vegetation biomass, and transpiration thereby minimising effects on groundwater.
Venting shallow land disposal areas (as in the ETS systems of Section 10.3.3.7) also helps in
maintaining LTAR values, and is critical in all subsurface distribution systems unless aerobic
conditions are maintained in the lines (as in pressure compensating drip irrigation and shallow LPED
systems) where effluent is pumped. The literature suggests that improving effluent quality to
secondary standards further assists in achieving higher LTAR values than is achieved when disposing
of conventional septic tank effluent. The higher loading rates set out in AS/NZS 1547:2000 for soakage
systems to which secondary effluent is applied are discussed in Section 10.2.1. Increased secondary
loading rates are not covered here in TP58 and are not a permitted activity in the Auckland region.
The increased loading rates provided in AS/NZS 1547:2000 can only be considered through a
discretionary consent application, where conditions can be put in place to ensure the system is
appropriately monitored over time.
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Implementation of on-site wastewater design is not an exact science, and hence the provision of a
broad band of design loading rates against given soil conditions provides opportunity for the
designer to select values appropriate to the specific circumstances related to the site conditions. The
range of loading rates between “least conservative” and “most conservative” in Tables 10.2 and 10.3
represent a band within which many values from overseas design rules fit. They are believed to be
lower than the LTAR conditions that will develop for the given soil categories. Where potential future
wastewater loading or soil conditions or any other site factor introduces a level of uncertainty to the
design process, then the designer should adopt a more conservative Soil Category for design, and
thereby use a lower design loading rate.
“Most conservative” design loading rates should be used when:
•

Soil and site condition investigations indicate that the soil is unable to support adoption of
increased loading rates.

•

Site and soil limitations indicate a conservative approach to design is required.

•

Soil structure is likely to restrict drainage away from the land disposal system.

•

The designer’s experience indicates that for this particular locality a conservative design
approach is warranted.

•

The lower loading rate is warranted as a factor of safety measure for design purposes.

“Least conservative” design loading rates may be adopted when:
•

Site and soil conditions are highly favourable (such as absence of potential surface water
influences, good quality and depth of topsoil, site well exposed to wind and sun, availability of
evapotranspiration assist from nearby plantings).

•

Secondary treated black and greywater or primary treated greywater is to be applied to the
trench system.

•

Shallow trenches of 300mm width and 300mm depth or less are adopted.

•

Timer or sequential dose loading of individual trenches/beds is utilised for soils in Categories 2
to 3.

Loading rate evaluation may result in values between “most conservative” and “least conservative”
being selected. This is the designer’s prerogative, and the design report should set out the rationale
for the adoption of the particular design value. The selected design loading rate may be a value
interpolated between those assigned to adjacent Soil Categories (where favourable conditions exist
the interpolation may be made with the upper category; where constraints require an increased factor
of safety, the interpolation may be made with the lower category).
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Conventional trenches must be carefully excavated and prepared and provide for shallow soakage via
bottom and sidewalls. In the case of shallow trenches only the basal area is considered the effective
disposal area and the effective infiltrative surface area required is based on this area only. Figure
10.1 shows a typical conventional trench cross section.
Design loading rates are set out in Table 10.2. These apply to sizing of the bottom area of the trench.
When effluent ponds within the trench sidewall soakage occurs. Sidewall infiltration is not included in
the design calculation, but provides a factor of safety against sealing of the trench bottom area.
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In rapidly draining soils (Category 1, 2 & 3) trickle loading via gravity flow is not appropriate, as
effluent drains preferentially at the entry point to the trench, eventually leading to creeping failure.
Wherever possible effluent should be pump dosed to provide for even distribution along the trench
via low pressure pipe or LPED for any soil type. Where pumping is not possible and the trenches are
located at a lower elevation than the septic tank it is preferable to dose load by siphon.
Where the bottom width of a trench exceeds the combined effective sidewall depth by more than
30%, the system can be classed as a conventional bed for design purposes (refer Section 10.3.1).
Figure 10.1: Conventional Trench
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In order to implement the “KISS” principle shallow trench systems should be used instead of the
conventional 450mm deep trench system (Figure 10.1). Depths of 200 to 300mm provide greater
opportunity for sidewall contact. This sidewall contact is enhanced by decreased widths (200 to
300mm), thus enabling design loading at “least conservative” higher rates where secondary effluent
is applied (refer Section 10.2). The resulting increase in loading rate above the “most conservative”
values when applied to narrow trenches will compensate to some extent for the overall increase in
trench lengths resulting from the decreased width. However the designer must use extreme care
when determining an appropriate loading rate and should only use the least conservative rates where
a deep topsoil (more than 250mm) is present. Trenches are typically installed at 2.0m centres to
allow sufficient space for construction of replacement trenches in the event of installed trenches
failing.
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General
Rapidly draining Category 1 gravels and coarse sands provide little if any in ground treatment of
infiltrating wastewater resulting in a high risk of groundwater contamination by pathogens and
nutrients. In order to provide additional treatment before the wastewater passes from the trench into
the Category 1 soil a discharge control trench [Ref 1] may be renquired. Essentially a discharge
control trench is an in trench intermittent sand filter designed to provide additional treatment by
reducing BOD5, suspended solids and faecal coliforms. There is however little if any reduction in
nutrients. The use of a discharge control trench is of particular importance where primary treated
wastewater is discharged into Category 1 soils and there are groundwater protection concerns.
Secondary treatment systems, such as AWTS, recirculating sand filters and recirculating textile filters,
have variable faecal coliform reduction potential unless effluent is tertiary disinfected. A discharge
control trench will be required where there are concerns that the secondary treatment effluent quality
will not provide groundwater quality protection from BOD5, TSS and faecal coliforms.
Discharge control trenches are therefore required for primary and secondary treated wastewater
where groundwater quality protection is required from faecal coliforms. Category 1 soils have limited
nutrient reduction capacity and if nutrients are of concern it will be necessary to use additional
nutrient reduction measures in the wastewater treatment process and possibly a different land
disposal method. Figure 10.2 shows a typical discharge control trench.
Figure 10.2: Schematic of a Typical Discharge Control Trench
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Minimum Wastewater Treatment Level
The minimum wastewater treatment level is to comprise a septic tank including an effluent outlet
filter. Secondary treated wastewater is to have a minimum standard of 20:30mg/L (BOD5:SS). Where
nutrients are of concern additional tertiary treatment to reduce nutrient levels prior to discharge into
the ground may be required.
Wastewater Distribution
Wastewater is to be dose loaded to the LPED distribution system located in the top of the discharge
control trench.
Design Loading Rate
Design loading rates for a Discharge Control Trench and Discharge Control Beds are provided in
Tables 10.1, 10.2 and 10.3. The designer must be aware that the design loading rates are for the sand
media backfill and not the rapidly draining gravel and sand. Trenches are designed for basal area
loading. Primary treated wastewater is to be loaded at the most conservative loading rate of
35mm/day and secondary wastewater loaded at up to a maximum of 50mm/day.
Table 10.1: Discharge Control Trench Loading Rates
Wastewater Treatment
Standard

Primary
Secondary

Effluent Quality
BOD5 : SS (mgO/L:mg/L)

>70 - >50
Better than 20:30

Maximum Basal Loading Rate
mm/day
Most
Least
Conservative
Conservative
20
35

35
50

Construction
A discharge control trench has maximum dimensions of 1.0m depth and a width of 500mm. The
depth of the trench will be controlled by site specific environmental constraints such as the depth to
the groundwater table and ensuring a minimum clearance of 1,500mm for wastewater that has only
had primary septic tank treatment and 1,200mm for wastewater that has been secondary treated
(Table 5.2). Construction details are shown in Figure 10.2.
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Narrow deep trenches may be appropriate for use in Category 2 and 3 soils where there is at least
1200mm groundwater clearance from the base of the trench and no environmental constraints exist.
The minimum treated wastewater quality for discharge to a deep trench is secondary. It may be
appropriate to reduce the groundwater separation distance where wastewater is treated to advanced
secondary levels or better (Table 5.2). Deep trenches are narrow (150–300mm) and deep (1000–
1200mm) utilising sidewall soakage only. As the sidewalls are unevenly loaded from top to bottom
during draining, the most conservative design loading rate is to be used. The design infiltrative
surface comprises the total sidewall area of both sides of the trench below the topsoil cover. The
basal area is excluded from the design area calculation. Construction details are provided in Figure
10.3 and a worked design example provided in Technical Sheet 3.
Minimum Wastewater Treatment Level
The minimum level of wastewater treatment for discharge to deep trenches in Category 2 & 3 sands
is secondary quality 20:30mg/L (BOD5:SS).
Wastewater Distribution
Wastewater is to be dose loaded to an LPED distribution system to ensure even loading of the entire
trench length.
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Figure 10.3: Typical Deep Trench
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Tables 10.2 and 10.3 show a range of design wastewater loading rates from most conservative to
least conservative for primary effluent, and a separate set of loading rates for secondary effluent
quality. Primary effluent is defined as outflow from blackwater, greywater or all flows septic tanks.
3
3
Secondary effluent is defined as equal to or better than 20g/m BOD5 and 30g/m TSS.
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AS:NZS:1547 2000 includes an allowance for increased loading rates within Category 2 to 6 soils
where secondary effluent is applied to standard and shallow trenches. Wastewater loading rates
have previously been based on domestic septic tank primary treated effluent.
There are conflicting arguments both for and against using increased loading rates for secondary
treated effluent based on research in the United States. The concept is that secondary effluent is low
in organic content and has a relatively low oxygen demand. This allows the preservation of aerobic
conditions at the infiltrative surface and within the underlying soil. Where anaerobic conditions
develop the anaerobic microorganisms are not able to breakdown the waste materials [Ref 3].
Secondary treated wastewater is highly treated in terms of TSS, BOD and ammonia with reduced
levels of faecal coliforms.
The USEPA [Ref 3 and others Refs 18, 19, 20] recommend caution when considering high secondary
loading rates as the high loading rates may allow deep penetration of pathogens. In addition the
designer is cautioned that well tested organic loading rates for different soils and land disposal
systems have not been developed and are poorly understood. Van Cuyk & Siegrist [Ref 21] caution
the use of higher secondary effluent loading rates in that based on hydraulics the practice may be
sound but purification of contaminants and nutrients is less likely and remains of concern, especially
as the fate of pathogenic bacteria and virus has not been proven.
The ARC considers the concept of increased loading rates to be a retrogressive notion that secondary
treated wastewater is a waste to get rid of in contrast to a valuable resource that may be reused.
There are concerns that proposed high secondary treated wastewater loading rates may appear to be
effective over months having low rainfall and when soils have a greater capacity to accept applied
water whereas there may be wastewater breakout during months with higher rainfall with resultant
runoff from the site to stormwater and surface water.
Soils are heterogeneous and as such soil properties are highly variable both laterally and vertically.
Standard loading rates provide an allowance and degree of conservatism thus providing some
compensation for soil property variability. The wastewater production rate, wastewater production
management, variable nature of site soils and wastewater quality all impact on a wastewater land
disposal system performance. Removal of the factors of safety from the system design (reduced
design wastewater production rate and reduced land disposal area) potentially increases the risk of
system failure by hydraulically overloading the site soils. Designers are also cautioned against the
use of high loading rates for moderately to strongly structured (fractured/cracked soils) in the
Auckland region, as there is a high risk of short circuiting via soil desiccation fractures during
summer months.
During wet months when soils may swell infiltration is reduced increasing the risk of wastewater
surface breakout. There are therefore concerns that the potential environmental risks resulting from
applying high secondary effluent loading rates for the Auckland region’s poorly draining soils
outweigh the perceived advantages. The cumulative environmental effects are potentially the same
as that from poorly performing primary septic tank discharge to soakage trenches particularly if
increased subdivision or multiple dwellings are developed to take advantage of the decreased
disposal area requirements.
Designers are discouraged from applying elevated loading rates for secondary treated effluent. The
application of higher secondary loading rates are not a permitted activity in the Auckland region and
will be evaluated on a case by case basis as part of discharge consent application process.

164

Table 10.2: Recommended Design Loading Rates for Conventional Trenches

Soil
Category
[Note 1]

1
[Note 4]
2
[Note 4]
3
4
5
[Note 8]
6

7

Primary Effluent
mm/day
[Note 2]

Soil Type

Gravel, coarse sand –
rapid draining [Note 4]
Coarse to medium sand –
free draining [Note 7]
Medium fine and loamy sand
– good drainage
Sandy loam, loam, and silt
loam – moderate drainage
Sandy clay/loam, clay loam
and silty clay loam –
moderate to slow drainage
Sandy clay, non swelling clay
and silty clay – slowly
draining
Swelling clay, grey clay, hard
pan – poorly or non draining

NOT PERMITTED
ACTIVITY IN
AUCKLAND
REGION
mm/day
AS/NZ5
[Note 3]

Most
Conservative

Least
Conservative

35
[Note 5]
25
[Note 5]
20

50
[Note 5]
35
[Note 5]
30

30 to 50

15

20

30

5

10

10 to 30

Trenches
not suitable
[Note 9]
Trenches
not suitable
[Note 9]

Trenches
not suitable
[Note 9]
Trenches
not suitable
[Note 9]

8 to 12

50
50

Notes:
1.
The Soil Categories in this design manual differ from those in AS/NZS 1547:2000. Categories 1
to 4 above span Categories 1 to 3 of AS/NZS1547:2000; Categories 5 to 7 above span Categories
4 to 6 of AS/NZS1547:2000 (refer Table 6.1).
2
2.
Design loading rates in mm/day equate to litres/m /day.
3.
This column represents alterative the trench loading rates based on AS/NZS 1547:2000 rates
using soils categories of weakly structured to massive soils correlated to TP58 soil categories.
The ARC does not endorse these, as they are not considered appropriate in the Auckland region.
4.
For Category 1 and 2 soils, LPED OR PCDI methods are required to ensure even loading of the
design area.
5.
Special design considerations are required for Category 1 and 2 soils; referSection 10.1.4
Discharge Control Trenches. The least conservative loading rates only apply to secondary
treated wastewater.
6.
The maximum loading rate for any effluent quality into Category 1 and 2 soils is recommended
at 50 mm/day.
7.
Wind blown sands are likely to exhibit slowly draining characteristics similar to Categories 5 and
6. Caution should be applied in selecting design values for such sands.
8.
Trenches should only be considered in Category 5 soils where more appropriate shallow
disposal options such as drip irrigation or LPED cannot be used.
9.
For Category 6 and 7 soils conventional trench systems are not appropriate. Alternative designs
based on evaptranspiration or drip irrigation are recommended.
Designers are cautioned against applying high secondary wastewater loading rates for mod to
strongly structured (fractured/cracked soils) in the Auckland region as there is a high risk of short
circuiting during summer months. During wet months when soils may swell infiltration is reduced
increasing the risk of wastewater breakout.
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Conventional bed systems are a second best alternative to trenches and applicable where topography
and site area is too restrictive for trench installation. Because beds have limited sidewall area
compared to that provided by trench construction, their design loading rates are reduced since the
low ratio of sidewall to bottom areas reduces their operational factor of safety. They should never be
installed where room exists for trenches, and should only be applied in relatively good draining
Category 1 to 4 soils. Table 10.3 sets out bed loading rates for sizing the bed bottom area and Tables
TS5-1 and TS5-2. Where the bottom width of a trench exceeds the combined effective sidewall depth
by more than 30%, the system can be classed as a conventional bed for design purposes. The design
should be modified for discharge of wastewater into Category 1 soils to a discharge control bed.
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•

It is recommended that beds be maintained at least 1.5m edge to edge.

•

The maximum bed width 1.0m to 4.0m.

•

Multiple distribution lines will be required for beds more than of 1.5m width.

•

Minimum separation width 1.0m.

Refer also to 10.3.4 for design requirements.
BED DESIGN EXAMPLE
1.
2.

Calculate peak daily wastewater production based on maximum occupancy and per capita design
flow.
Determine Soil Category and the appropriate basal loading rate.

EXAMPLE
Bed Basal Area
Peak Daily Flow
Soil Category
Basal Loading Rate

=

Peak Daily Wastewater Production (litres/day)
Basal Loading Rate (mm/day)
= 560litres
= 4
= 10mm/day
Peak Daily Wastewater Production 560litres/day
Basal Loading Rate 10mm/day
2

DESIGN BASAL AREA = 56m
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Table 10.3: Recommended Design Loading Rates for Conventional Beds
Primary Effluent
MM/DAY
Soil

Soil Type
[NOTE 2]

Category
[Note 1]

Most
Conservative

1
[Note 3]

Gravel, coarse sand –
rapid draining

2
[Note 3]

Coarse to medium sand –
free draining [Note 6]

3
[Note 5]
4

Medium fine and loamy
sand – good drainage
Sandy loam, loam, and silt
loam – moderate drainage
Sandy clay/loam, clay loam
and silty clay loam –
moderate to slow drainage
Sandy clay, non swelling
clay and silty clay – slowly
draining
Swelling clay, grey clay,
hard pan – poorly or non
draining

5

6

7

Least
Conservative

NOT PERMITTED
ACTIVITY IN
AUCKLAND
REGION
Secondary
Effluent
mm/day
[Note 2]

30
[Note 4]

40
[Note 4]

50

20
[Note 4]

30
[Note 4]

50

15

20

40

10
Beds not
suitable
[Note 6]
Beds not
suitable
[Note 6]
Beds not
suitable
[Note 6]

15
Beds not
suitable
[Note 6]
Beds not
suitable
[Note 6]
Beds not
suitable
[Note 6]

30
15
Beds not
suitable
[Note 6]
Beds not
suitable
[Note 6]

Notes:
1.
The Soil Categories in this design manual differ from those in AS/NZS 1547:2000. Categories 1
to 4 above span Categories 1 to 3 of AS/NZS1547:2000; Categories 5 to 7 above span
Categories 4 to 6 of AS/NZS1547:2000 (refer Table 6.1).
2
2.
Design loading rates in mm/day equate to litres/m /day.
3.
For Category 1 and 2 soils, LPED methods are required to ensure even loading of the design
area. Where groundwater protection from bacterial contamination is important, then a
bottomless sand filter may be used (refer Section 10.7 above). The maximum loading rate for
any effluent quality into Category 1 and 2 soils is recommended at 40 mm/day.
4.
Special design considerations are required for Category 1 and 2 soils; refer Section 10.1.4
Discharge Control Trenches and Discharge Control Beds. The least conservative loading rates
only apply to secondary treated wastewater.
5.
Wind blown sands are likely to exhibit slowly draining characteristic similar to Categories 5
and 6. Caution should be applied in selecting design values for such sands.
6.
For Category 5, 6 and 7 soils conventional bed systems are not appropriate. Alternative
designs based on evapotranspiration or drip irrigation are recommended.
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Table 10.4: Summary of Land Disposal System and Recommended Loading Rates vs. Soil Category
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The concept of evapotranspiration seepage (ETS) systems was originally introduced into New
Zealand in the 1970’s, in response to research undertaken in Canada by Bernhart [Ref 6 & 22], on the
use of ET asssist in advanced bed systems. They became increasingly popular on sites with poor
soakage as an alternative to trench land disposal throughout the 1980’s. However, more recently,
many of these advantages have been replicated and superseded by pressure compensating dripper
irrigation [Ref 6].
Evapotranspiration seepage (ETS) systems utilise both subsoil soakage and assistance from plant
evapotranspiration (ET) to achieve disposal [Ref 23]. The applied wastewater infiltrates through the
natural soil (via seepage) at a rate determined by the soil type and condition. The sand layer
overlying the distribution media draws liquid via upward capillary action to feed both water and
nutrients to stimulate plant growth and ET. During periods of wet weather when soils adjacent to the
beds become saturated the beds fill with seepage water that can displace effluent and result in
surface breakout.
In the past, conventional beds were designed for basal seepage only. The benefits of maximising
evapotranspiration are now recognised in all bed systems by designing to provide for
evapotranspiration and seepage rather than only soakage in conventional beds. Good planting of
ETS beds and maintenance of vegetation is critical to achieve the hydraulic absorption required,
particularly in Category 5 and 6 soils, where bed disposal methods are otherwise unsuitable.
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Research with ETS found that plantings could boost pan evaporation values some 2 to 3 times that of
bare soil rates. In windy locations the “clothes line” effect accentuates this evapotranspiration
mechanism significantly. The ETS loading rate of 5mm to 12mm incorporates an allowance for
subsoil seepage together with the effects of pan evaporation plus a multiplier to allow for seasonal
transpiration from selected vegetation (Table 10.5).
The ETS bed will fill with applied effluent during winter while sidewall seepage into the topsoil on the
downslope side of the ETS system distributes flow into the space between individual beds. This
expands the area available for ET assist under the lower winter ET rates.
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In the New Zealand situation the detailed Bernhart water balance approach [Ref 22] has been set
aside in favour of simplified design rules. These are based upon experience since 1976 with local
ETS construction and performance. The following items are important components in the design and
installation of ETS (Figure 10.4):
i.

The ETS system enables beds to be used in Category 5 to 6 soils for on-site disposal.

ii.

Reasonable topsoil depths are required on site (a minimum of 150mm) to handle controlled
sidewall seepage under winter conditions.

iii.

Pretreatment should be a minimum of 4500litre septic tank system (for a standard household)
and effluent outlet filter.

iv.

Effluent should be dose loaded (by pump or siphon) to ensure even loading of the design basal
area at all times.

v.

The maximum bed length should be 20m to ensure even distribution over the entire infiltration
surface.
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vi.

The minimum media depth should be 200mm of sand overlying 200mm of gravel or scoria;
(whereas Bernhart recommended a minimum sand depth of450mm [Ref 22]).

vii.

Surface water cutoff drains to be provided to intercept and divert away from the disposal area.

viii.

Groundwater cutoff drains to be installed where a high seasonal groundwater table affects the
disposal area.

ix.

A minimum of two disposal beds or contour trenches to be installed (each half the design area).

x.

Distribution lines to be vented at each end.

xi.

A 100% reserve area for future extensions to be available (to meet the situation where
performance of the initial system does not, due to unforeseen circumstances, match design
expectations).

xii.

Bed to be mounded to shed rainwater and planted with grass.

xiii.

Selected ET plantings (such as those listed in Appendix G) can be utilised on the downslope
edge of beds or trenches to control seepage, or alternatively can be planted on the beds.

It is also recommended that where bed width is 1500mm or more, two parallel distribution pipes
should be used to ensure even loading across the width of each bed.

" 0Q_USZ?UfUZS
Design area to be sized on the basis of soil type and basal area as follows:
Table 10.5: ETS/ASB Design Loading Rates
Soil Category
1
2
3
4
5
6
7

ETS Beds Loading Rate
(mm/day)
[Note 1]
[Notes 1 & 2]
[Notes 1 & 2]
15
8 to 10
5
[Note 1]

Notes:
1. ETS/ASB systems are not normally used in Category 1 to 3 and are never
appropriate in Category 7 soils.
2. Should ETS beds be used in Category 2 or 3 soils, the loading rates for
conventional beds apply (Table 10.3). This is because there will be minimal
additional evapotranspiration in ETS compared to that in conventional beds in
soils with high soakage characteristics.
The “areal” loading rate (being design area plus the natural soil space between adjacent disposal
beds) should be up to 3mm per day for primary effluent and up to 5mm/day for secondary effluent.
The concept of “areal” loading is important in the New Zealand context. This refers to the total load
on the design area plus the natural soil space between adjacent disposal beds or trenches. For ETS
on Category 6 tight clay soils under winter conditions, high effluent watertable in the disposal area
can seep into the downslope topsoil thus increasing the total area available for ET assist, and thereby
compensating for the lower winter ET rates.
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Figure 10.4: Evapotranspiration Bed/Aerobic Soakage Bed
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The standard width for ETS beds is recommended at 1500mm, but 1800mm up to 3000mm maximum
can be utilised provided crowning to shed rainfall is increased accordingly. Contour ETS beds of
450mm to 750mm width can be used on sloping sites (Figure 10.5). However pressure compensating
dripper irrigation is a superior land disposal technique for all sites. It is recommended that beds are
maintained to at least 2.0mcentres edge to edge, although 1.5m centres are also common.
Sand size for ETS beds of 0.5 to 1.0mm is recommended. It is important that sand is not too fine so
as to encourage evapotranspiration. For the Auckland area a sand known as “Mercer No. 3” has
been utilised in successfully operating bed systems.
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Figure 10.5: ETS (EvapoTranspiration Seepage) Contour Beds
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The application of the Wisconsin Mound in the past has been for those soil and site conditions where
conventional disposal trenches are unsuited due to shallow soils overlying a hardpan or rock, or
where water quality protection is required for a high water table in permeable soils. The mound
provides for distribution of effluent onto a layer of sand of at least 600mm depth to ensure
satisfactory renovation before entering the natural soil and then diffusing into the surrounding soil
above the hardpan or water table. The sand fill media provides for additional treatment of the
primary treated wastewater in a similar manner to an intermittent sand filter. Effluent must be dose
loaded via pumping into the mound distribution system to ensure even distribution across the entire
infiltration surface and maximise wastewater renovation potential within the sand media rather than
plug flow through a section of the media and ineffectual treatment. Treatment should be via a
minimum 4,500litre septic tank with an effluent outlet filter or better.
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The Wisconsin Mound on-site land disposal system (Figure 10.6) is utilised on relatively flat slopes of
º
less than 11 , which have 450mm to 600mm of unsaturated undisturbed topsoil and subsoil overlying
a limiting layer or elevated groundwater. The mound is constructed directly onto the natural ground
surface that is ploughed or cultivated prior to mound construction. Wastewater renovation takes
place within the sand fill of the mound, enabling the unit to be placed on rapidly draining or
moderately draining subsoils. They can also be utilised on filled areas.
Location of mounds on steeper slopes increases the risk of wastewater breakout from the downslope
edge requiring design of a toe or toe extension to assist with assimilation of applied wastewater.
Level sites allow wastewater to spread over the infiltration surface under the entire mound area but
can result in wastewater mounding in Category 4 soils. Mounds should always be located on the
upper portion of slopes, not at the slope base.
On sloping or level sites, the mounds should be designed and constructed as long and narrow as
possible and extend along the contour to ensure that toe loading limits are reduced and allow applied
effluent to move away from the toe area within the natural soil without breaking out of the toe. The
effective basal area taken for disposal in the sloped system is increased over that for flat land (Figure
10.7). When determining the mound basal area required the design is to take into account the sand
fill loading rate, the underlying natural soil loading rate and for sloping sites the linear loading rate
along the downslope edge of the toe.
Media Requirements
All aggregate used for construction of the sand fill and distribution bed is to be free of clay and silt.
The sand fill media acts as a sand filter, which renovates primary or secondary treated wastewater.
In the case of primary treated wastewater a media that is too fine could potentially clog resulting in
failure of the mound and wastewater breakout from the sides. The sand fill grain size and infiltration
capacity will determine the bed basal area. Use of local sand will reduce the cost against importation
of sand. The use of highly permeable materials for sand fill is not recommended as their treatment
capacity is less and there is a risk of seepage from the mound edge when located on slowly draining
soils.
Table 10.6: Comparison of Recommended Media Loading Rates (in the Literature)*
Wisconsin Mound Distribution Media and Sand Fill Media Loading Rates
Design Source
Sand Fill
AS/NZS/1547:2000 [Ref 1]
USEPA 1980 & Crites
[Ref 24 & Ref 2]
Converse [pers.com]

Loading Rate*
2
(l/m /d)
0.3 – 1.0mm UC = 4
Medium Sand >25% 0.25 – 2.0mm
<30 – 35% 0.05 – 0.25mm
<5 – 10% 0.002 – 0.05mm
D10 0.3 – 0.5mm UC 1 – 4
(Intermittent Sand Filter Grading)

Distribution Aggregate
AS/NZS/1547:2000 [Ref 1]
20 – 60mm non crushed
USEPA (1980) [Ref 2]
18 – 64mm
Notes:
* Loading Rates recommended by TP58 are presented in Table 10.7.

Max 50
Max 50

30 to 40

50
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There is some variation in the literature regarding suitable grain size distribution for use as sand fill
media in mounds. AS/NZS1547:2000 requires 0.3 to 1.0mm however the relatively fine size increases
the risk of a clogging mat developing at the interface between the distribution aggregate and sand fill
particularly where effluent is only primary treated. Clogging of the infiltrative surface will cause
effluent breakout from the mound edge. The use of sand fill that is very coarse will allow rapid
movement of applied wastewater through to the natural soil infiltration surface and minimise the risk
of clogging but only provides limited wastewater treatment. USEPA (1980) [Ref 24] and Crites [Ref 2]
recommend a maximum sand fill loading rate of 50mm/day for a sand having more than 25% of the
grain size being 0.25 – 2.0mm.
James Converse recommends sand fill grain size grading such as that used for intermittent sand
filters is appropriate and having a D10 of 0.3 to 0.5mm [Ref 25] (refer Table 10.7). Converse also
recommends a conservative sand fill wastewater loading rate to minimise the potential for
development of a clogging layer. In the event that the sand infiltration surface develops a clogging
layer over time, Converse recommends aerating wastewater prior to discharge into the mound [Ref
25].
Recommended media grains size and design sizing is based on the following table:
Table 10.7: Mound Design Sizing Criteria
Parameter

Design Specifications

Distribution Bed Coarse Media
(20 – 60mm diameter)
Sand Media Loading Rate
D10 0.3 – 0.5 UC = 1 – 4 [Notes 2 & 3]

Loading rate based on sand fill media and
not to exceed 50mm/day [Note 1]

Basal Soil Loading Rate
Soil Category 1 – 2
Soil Category 3 – 4
Mound Toe
Maximum Linear Loading Rate

30mm/d for Primary Effluent [Note 4]
50mm/d for Secondary Effluent
35mm/d
12mm/d
Max 50mm/linear metre/day

Notes:
1. Distribution media loading rate is determined by sand fill media sizing, distribution media is
to provide for even distribution of applied wastewater across the sand fill infiltrative surface.
2. D10 refers to the effective grain size that is the 10% size by weight for a wet sieve analysis.
3. UC is uniformity coefficient defined by the D60/D10.
4. The application of primary treated effluent into the gravel distribution bed can result in
clogging by bioslimes/clogging mat of the sand fill infiltration surface if the loading rate is
too high. Finer fill will require lower application rates.
Mounds are appropriate for Category 1 to 4 soils but are not recommended For Category 5 to 7 soils.
For Category 1 to 4 soils secondary treatment and drip irrigation systems may be far better suited to
shallow topsoil and high water table conditions for which mounds would have been previously used.
However it may be necessary to import topsoil to raise ground level and provide the required
groundwater separations.
Design Procedure
The mound must be designed for the sand fill loading rate, basal soil loading rate and where the site
is sloping for the linear loading rate of the toe area. The basal area sizing is calculated on the area
beneath and downslope from the distribution bed. Wastewater is to be dose loaded into the
distribution bed and distributed within the bed by LPED or similar to ensure even loading at a loading
rate not exceeding 30mm/day for primary treated effluent.
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Figure 10.6 and 10.7 show the design layouts for a Wisconsin Mounds on a flat site, and sloping site
respectively. The designer should size the basal area to ensure there sufficient area to absorb all the
applied wastewater before it reaches the edge of the mound or breakout will result. This will require
determining the Soil Category and assigning the basal loading rate. In the case of level sites the
entire basal area [basal length (L) x basal width (W)] is used to calculate the mound basal area in
which case I and J will be equal. In all cases the maximum side slope is 1 in 3 from the base of the
distribution bed. This will set the actual areal footprint of the mound. The design does not include
the area between the distribution bed and edge of the mound (K) in the basal area loading rate
calculation. On sloping sites only the mound area downslope of the distribution bed is used to
calculate the design infiltration area [B x (A + J)]. Where experience shows the basal area loading
rate is inadequate to prevent seepage occurring from time to time, then a toe extension should be
installed. The toe width I is determined by ground slope and the requirement for a maximum mound
face angle of 1:3, (refer Appendix D, TS D-2). The designer should always include a work sheet when
submitting designs for a Wisconsin Mound to enable a simple check of the design for correctness.
The advantages of Wisconsin Mounds are:
•

They increase the separation distance between the disposal system and water table or hard
pan;

•

They provide additional wastewater treatment; and

•

They provide wastewater treatment and slow effluent flow over Category 1 soils.

The disadvantages of Wisconsin Mounds are:
•

They can be expensive to construct;

•

They require a relatively large land area dedicated to wastewater application only although the
entire area is less than that which may be required for PCDI ; and

•

They are only suitable for gently sloping sites of less than 11 .

o

When located upslope from buildings and on slowly draining soils a 10m separation distance is
required.
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Figure 10.6: Wisconsin Mound Details for a Flat Site
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Figure 10.7: Wisconsin Mound Details for a Sloping Site
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Where there is some 900mm clearance to a limiting layer from ground surface the sand fill normally
present in a Wisconsin Mound can be deleted and the distribution media bed laid directly on the
topsoil. All other details are as for the mound design – ploughed topsoil, pressure distribution into
perforated pipe. A minimum of 300mm of soil fill is placed over the distribution media bed, and
tapered some 1500mm beyond the edge of the bed. Grass is planted as ground cover [Ref 26 & Ref
27].
Design sizing is based on length times the width of the media bed (i.e. the effective width) at the
following loading rates:
a.

Category 1 and 2 soils

30mm/day

b.

Category 3 and 4 soils

10mm/day

For Category 5 to 7 soils, the at-grade system is not recommended. For these soils secondary
treatment and drip irrigation systems are far better suited.
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The natural ground surface onto which the mound fill is to be laid should be cultivated carefully to a
depth of 180 to 200mm by plough or tined cultivator (not rotary hoe). Sand fill of 0.3 to 1.0mm size
(uniformity coefficient 4) should be carefully spread over the design surface and built up to full 600 to
700mm depth with manual or light machine compaction. The preferred distribution aggregate
(granular media) size is 20 to 60mm, with the initial layer of 150mm laid before the pressure
distribution laterals are placed. The distribution system should then be pump tested with clean water
to confirm distribution effectiveness, following which the aggregate is completed to the full 225mm
depth before covering with fabric, plus additional sand/loam fill and topsoil cover shaped to divert
rainfall.
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The bottomless sand filter is the same design as an intermittent sand filter but without a basal lining
and collection system for discharge of treated wastewater to a pump chamber and separate land
disposal system. The base of the bottomless sand filter is open to the underlying sand and doubles
as the land disposal system. Bottomless sand filters are only to be used following pretreatment
comprising a septic tank and outlet solids control filter. Wastewater is timer dose loaded onto the
filter via a pipe distribution network to ensure even coverage of the entire distribution area. Flood
loading the sand filter surface is unacceptable, as this method does not achieve even distribution
across the entire bed surface and results in localised overloading, impaired treatment and potentially
failure of the system. Bottomless sand filters are only to be used in Category 1 – 2 gravel and sand
soils.
The bottomless sand filter can be built either above ground within a walled containment unit
comprising timber or earth mounded sides or can be inset into the ground where there is adequate
groundwater clearance measured from the base of the sand filter (refer Table 5.2). The walls shall be
plastic lined to ensure that a vertical flow of applied primary effluent is achieved.
Sizing of the filter horizontal surface area is recommended as follows:
a.

Category 1 soils

50 to 70mm/day (900mm sand filter depth)

b.

Category 2 soils

35 to 50mm/day (min 600mm sand filter depth)

178

These loading rates and treatment sand depth recognise that the natural soil provides a variable
degree of in soil treatment. The choice of a design loading rate should also take the wastewater
source (domestic or public toilets or restaurant) and therefore strength in terms of BOD5 into account.
For Category 1 soils the 900mm of sand filter depth maximises the treatment level prior to draining
rapidly through the natural coarse sand and gravel below the system and directly into the water table
with minimal additional in ground treatment. The 50mm/day loading rate is suitable for these
conditions. For Category 2 soils the shallower 600mm sand filter depth is compensated for by the
lower application rate, which is more suited to the underlying soil conditions. Bottomless sand filter
loading rates are higher than those for discharge control trenches in Category 1 soils as bottomless
sand filters are a specifically engineered treatment and land disposal system, involving timer dose
loading and with specifically graded sand, whereas discharge control trenches are not. Such systems
should only be designed and installed by experienced professionals.
It is recommend that a 50mm thick gravel layer is located at base between the natural sand and sand
filter as a capillary break and a distribution/spread layer.
The designer should also determine the potential for and quantify the amount of groundwater
mounding beneath the bottomless sand filter where the groundwater table is shallow. If
groundwater mounding is problematic it may be necessary to utilize a more widespread distribution
system or an alternative land disposal area.
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Rapid infiltration systems may be practical in rapid to free draining soils (Category 1 and 2 gravels
and coarse to medium sands) provided no environmental constraints exist such as groundwater
which is to be at more than 3m in depth and where the construction/installation enables access to the
infiltrative surfaces for maintenance purposes (Figure 10.8).
In gravels and coarse sands loading rates up to 200mm/day for secondary effluent can be used for
individual household systems. These loading rates are applied to the bottom area of the infiltration
system, and take into account the effect of sidewall soakage. For larger applications (10 persons and
greater) and in Category 2 – 3 medium sands, careful site evaluation should be carried out to confirm
the infiltration capacity of the subsoil and the influence of potential groundwater mounding due to
the proximity of the water table. At least secondary quality wastewater treatment is recommended
where rapid infiltration is proposed. Loading rates should be dropped to between 100 to 200mm/day
for such sands. Covers should be lifted regularly and the horizontal infiltration surface inspected and
raked as required. Frequency of this maintenance procedure will be determined from operating
experience with each individual system. The distribution of flow into the system should be arranged
to avoid scouring of the infiltrative surface (Figure 10.8).
The disadvantages of rapid infiltration systems are:
•

That minimal nutrient reduction is achieved within granular soils;

•

There is potential for high impacts on the receiving groundwater;

•

The fate of wastewater discharge is unknown;

•

There may not be any additional treatment of nutrients or viruses, bacteria or pathogens; and

•

There is a risk of surface water inflow during or following rain.

The use of infiltration systems is not a permitted activity in the Auckland region and will be evaluated
on a case by case basis as part of a discharge consent application process.
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Figure 10.8: Typical Infiltration Pit Systems
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Deep bores are a form of deep infiltration system used on sites where there are restrictive soils near
the surface, such as poorly draining clays, overlying more permeable subsoil layers at depth. They
are typically no deeper than 6m. Deep bores are considered to be a high risk method for land
disposal of wastewater primarily as it is difficult to determine the fate of the wastewater and the high
potential impacts on groundwater or surface waters.
Essentially deep bores are a disposal mechanism only; they do not provide for consideration of
sustainable management of resources as is now required under the Resource Management Act 1991
(refer Section 2). Sustainable management is promoted by keeping treated wastewater within the
shallow soils layer where it can be easily absorbed by plants via transpiration and into the
atmosphere by evaporation. At the deep infiltrative surfaces, there is unlikely to be any significant
further treatment of the wastewater as can be expected to occur with shallow land disposal systems.
The retention within the aerobic soils enables significant biodegradation by soils microorganisms
that is only possible at a much slower rate by the anaerobic bacteria at depth and there is little to no
nutrient reduction
Deep bores may have hydraulic applicability where permeable subsoil layers or fractured rock exists
at depth under poorly draining clayey upper soil layers but are not environmentally sustainable.
However, a specialist soils/geological consultant must be engaged to advise on the design, the likely
environmental constraints, the ultimate destination of effluent, and the need for secondary treatment.
Such wastewater disposal systems are generally inappropriate for sites close to surface water, areas
where there is a permanently or seasonally elevated groundwater table, where soils are highly
permeable, steeply sloping sites and sites close to edges of cliffs and embankments.

# 0QQ\.[^Q_UZ`TQ-aOWXMZP>QSU[Z
Deep bore wastewater disposal has been seriously misused in the past as bores have been applied to
sites with slow and poorly draining soil, which has often resulted in severe system failures, involving
direct contamination of ground or surface water and corresponding health effects. Deep bores are
directly contrary to the modern concept of sustainable on-site land application of wastewater,
predominantly involving the shallow and even distribution of wastewater in the topsoil layers of the
soil in a manner that maximises evapotranspiration. In the case of sites with highly permeable soils
there may be a lower potential for failure due to poor of soakage, however, there is still a significant
risk of unacceptable impacts on ground and surface waters. For all these reasons, they are
considered an inappropriate option for any new system in the Auckland region.
AUCKLAND REGIONAL COUNCIL AREA
In all cases, deep bores may only be considered in the Auckland region in an upgrade of an existing
wastewater system, where no viable alternative exists and also only providing effluent is to be
treated to at least secondary quality. Replacement deep bores will be evaluated on a case by case
basis as part of a discharge consent application process.
Deep bores should only be installed in soil structures at depth that can maintain free draining
characteristics. Recommended minimum environmental clearances are:
•
1200mm from bottom of bore to highest seasonal groundwater level;
•
20m to surface water;
•
In fractured rock there is unlikely to be any additional treatment within the rock and is therefore
considered unsuitable;
•
Fractured soil/clay.
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Figure 10.9: Schematic Diagram of a Deep Bore
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Soil investigation and preinstallation site testing by a specialist are important steps in sizing the
system. The following procedure is recommended.
Step 1: Carry out a soil profile study via 50mm auger holes to identify suitable permeable soil
layers at depth; this study will indicate the potential of the site for deep bore disposal, but
design must be based upon a full scale test procedure.
Step 2: Prepare two full scale 600mm diameter test holes (machine dug) to a depth not usually
exceeding 6m or to within 1500mm of groundwater level.
Step 3: Test load each hole with clean water over a 4 hour period and measure the head loss at 15
minute intervals.
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Step 4: From a plot of soakage rate versus time, take the minimum soakage rate from the curve for
design purposes in terms of the tangent at the 4 hour.
Step 5: From the rate of fall in the fourth hour calculate the volume rate of soakage per hour, halve
the figure obtained, then calculate the number of 600mm diameter deep bores to soak away
the daily design flow volume over an 8 hour period at this rate. This then becomes the
requirement for the installed system.
It can be seen that the design sizing for infiltration of primary effluent (such as septic tank outflow) is
th
based upon a soakage rate per deep bore of one sixth (1/6 ) that indicated by the clean water 4 hour
test result.
The disadvantages of deep bore disposal are:
•

The fate of wastewater discharge is unknown;

•

There may be potential impacts on surface and groundwater;

•

If discharge is into fractured rock there will not be any additional treatment of nutrients or
viruses, bacteria or pathogens;

•

There is a risk of surface water inflow during or following rain; and

•

Discharge is at depth and below the zone of aerobic bacteria activity required for the
breakdown of organic matter.

#  5Z_`MXXM`U[ZMZP;\Q^M`U[Z
The design process, based as it is on the results of a clean water soakage test, recognises that
eventually deep soakage systems taking septic tank effluent will clog, and have to be duplicated. Two
sets of deep bores can be installed from the outset, and operated under weekly or monthly
alternation of load and rest. Providing high quality treatment can also extend the life of the system,
and this then becomes a design consideration, particularly for systems serving larger than household
size populations.
A check should be made where shallow bores (i.e. 2m depth or less) are used in Category 1 soils that
a minimum of 24 hours storage capacity within the voids of the backfill media over the operating
depth is available in the duty set. Groundwater bore installation details are provided in Figure 10.9.
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Environmental Effects From
On-site Wastewater Disposal
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The discharge of contaminants in wastewater into the environment has an adverse effect on receiving
soils, groundwater, and nearby surface water. Even in the case of a conservatively designed, well
installed and well maintained system, it is likely that there will still be a gradual change in the
condition of the receiving soils over the long term. The goal of a conservative approach to on-site
wastewater system design is to achieve a system that will be sustainable in the long term with any
effects remaining negligible. It is critical that potential future effects of an on-site system are
considered at the design stage and are minimised in the long term by good system management.
Adverse effects become increasingly evident where there is an increased density of on-site systems
within a catchment. A number of wastewater land application systems within a catchment,
particularly where the sites are small due to the intensification of residential/commercial
development, can lead to significant cumulative effects in the wider receiving environment. These
effects can manifest as effects on surface and groundwaters. This can occur even if adverse effects
are not apparent on the individual sites. Where potential for cumulative adverse effects exists from
the collective application of nutrients or microbiological loads on a number of sites in close
proximity, conservative designs and appropriate mitigation measures become increasingly
necessary.
An impact assessment is a critical part of the design stage and should address such effects on the
receiving environment. Effects should not only be considered within the nest 10 year period but also
for the maximum foreseeable life of the system and beyond. With improved technology and the
corresponding increased long term success of on-site systems, there are decreasing expectations that
systems only need serve as only a temporary option until an area is reticulated. It is worth noting
that in the United States, 25% of households, and a similar level of households in Australia and New
Zealand, are reliant on some form of on-site system, mostly as a permanent option.
An impact assessment should include the potential removal capacity of site soils, groundwater depth,
impact of groundwater discharge to the eventual receiving waters and sensitivity of that environment
to nutrients and other contaminants. Environmental effects need to be addressed in terms of both
hydraulic and organic loading rates, the adoption of treatment and disposal technologies and the
corresponding effects on the receiving environment. An Assessment of Environmental Effects (an
AEE) should detail all potential effects from the system and mitigation measures included to
minimise any effects.
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All applications to discharge treated wastewater should have regard to the effect on public health and
on environmental effects, The key environmental effects that should be considered are:
•

Impact on Surface Water;

•

Impact on Groundwater;

•

Impact on Soils; and

•

Impact on Amenity Values.
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Regard for effects should include details of mitigation measures to minimise effects potential
environmental effects (and thereby also health effects). These need to be covered in the AEE
provided with a system design in an on-site wastewater discharge application. All on-site wastewater
discharge applications should therefore also describe the mitigation measures included in the design.
These measures may include:
a.

A conservative approach to determining the System Design Discharge Volume (e.g. based on
peak predicted flows for peak occupancy).

b.

A Robust Treatment System Design (e.g. that will achieve consistent high quality effluent
under a range of likely conditions).

c.

A high level of wastewater treatment and Treated Wastewater Discharge Quality.

d.

Mitigation Measures within the Treatment Systems to Protect Against System Failure, (such
as dual pumps, emergency storage, both audible and visible alarms etc.).

e.

Conservative Hydraulic Loading Rates for the treatment and land disposal systems (and where
known, organic loading rates).

f.

Measures to ensure Even Distribution and Even Loading of the land application area.

g.

Protection of the Land application area from Hydraulic Overloading by the provision of surface
storm water diversion drains or/and subsurface groundwater cutoff drains.

h.

A description of Soil Types and Soil Category that will enhance further wastewater rejuvenation
(including topsoil depth and thickness and of other soil horizons).

i.

A description of the land application area Aspect, Slope and Vegetation cover.

j.

Separation Distances of the land disposal area from Surface Water.

k.

Separation Distances of the land disposal area from Groundwater.

l.

Separation distances of the land disposal area from Water Supply Bores.

m.

Determination of the potential Flood Risk and location of the wastewater treatment and land
disposal systems to mitigate and minimise this risk.

n.

Provision of sufficient Reserve Allocation.

o.

Provisions to Discourage Access to the treatment and or land disposal area, such as signage,
fencing or planting.

Measures to protect public health include any further measures that prevent human contact with
treated wastewater, including prevention of contact with the treatment system. Mitigation measures
can also be specified that address the following further effects:
p.

Odour effects.

q.

Noise effects.

Measures to ensure the correct ongoing operation and performance of the wastewater treatment and
land disposal systems should also be mentioned at the application stage and these should include:
r.

A System Management Plan.

s.

A System Maintenance Contract.

t.

Education of System Users of key Do’s and Don’ts for discharges, and the critical system
maintenance and management requirements.
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There is likely to be an increased regard for the application of nutrient salts to soils over time, as onsite wastewater land application systems are increasingly seen as a permanent disposal option. The
importance of nutrient (particularly nitrogen) reduction and disinfection in treatment systems
becomes more significant through the adoption of biological denitrification stages and UV or
chemical disinfection processes within the total treatment process.
Bacterial application can be less of a concern in soils in many situations, providing precautions are in
place to prevent wastewater surfacing on land or seeping into surface water or to rapidly into
groundwater. Precautions include a good level of treatment and even and low hydraulic loading
rates. Bacterial levels can reduce significantly by die-off at depth in the receiving soils, unless there is
a high groundwater table or fissures in hard soils to coarse soils that enable short circuiting of
wastewater and rapid contact with groundwater. Where a significant risk exists of bacteria from
treated wastewater impacting on ground and surface water, further precautions should include
disinfection to reduce bacterial levels.
The effects of the application of nutrients and other contaminants to receiving environments are
discussed throughout this section. Potential inorganic contaminants from on-site wastewater
systems include nitrogen, phosphorus, metals and salts. This section addresses the subsurface
movement and fate of these contaminants and the need for consideration to be given to options for
minimising and assessing the impacts of contaminants on the receiving environment during the
system design stage. It also touches on the need for consideration of the long term usage of and
discharges of chemicals and other wastes into the wastewater system.
The design of on-site wastewater systems should not only be based on the hydraulic and the organic
capacity of the soils, but to ensure a long term performance, should have regard to the potential
chemical loadings on the soils and the nutrient immobilisation and buffering capacity of the receiving
soils. Soil has limited ability to absorb nutrients and therefore cannot be continuously loaded
without eventual leaching of nutrients through the soils in various solute and salt forms as the
receiving soils approach saturation [Ref 28]. The extent of this capacity varies significantly depending
on soil type, contaminant concentration and the wastewater land application rate, in addition to a
large number of other factors.
Options for minimising the impact of contaminants on the receiving environment can include
improved treatment systems, improved land application methodologies as well as comprehensive
maintenance and monitoring programs. Just as importantly, are the needs for reduction of mass
load of contaminants in wastewater and/or for reduction in chemical discharges from domestic
facilities and the corresponding chemical loadings into the receiving soils. (The latter is discussed in
more detail in Section 12.2.2.2 and in Technical Sheets 1-5 and I-6 in Appendix I.)
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Nutrients, in particular nitrate and phosphorus, in wastewater discharged to land disposal systems
have the potential to create adverse environmental effects. The extent of the environmental effects is
often dependent upon the concentration applied, the soil type and the life of the system.
The release of nitrates direct to surface or groundwater can raise concentrations to levels with a
potential to exceed drinking water standards. The Ministry of Health drinking water standard for
3
nitrate in water is 50g/m nitrate [Ref 45], (with “nitrate” meaning “total nitrogen” (being organic and
3
inorganic) in this context). This is equivalent to 10g/m nitrate nitrogen (NO3-N) when only referring
to the nitrate form [Ref 29]. Ammonia, which is highly soluble and easily leached into groundwater,
is toxic to aquatic life. Both nitrates and phosphates in soil or groundwater can reach water bodies
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such as streams, ponds and lakes. These nutrients can stimulate increased plant and algae growth
and when present in natural water are significant factors in eutrophication. The die off of additional
vegetation or algal growth in the water; a result of the increased nutrient load, is then decomposed
by bacteria that absorb oxygen in the water. This in turn has a significant impact on the degradation
of water quality, and alters sensitive aquatic ecosystems.
To reduce cumulative adverse effects, wherever practicable and especially where nutrients may
impact on natural ground or surface waters, nutrients and in particular nitrogen components should
be reduced in wastewater via the treatment process. In addition, the wastewater land distribution
and application system methodologies should be designed to optimise further reduction in the soils
prior to contact with water.

  :5@>;31:>19;B-8
  :U`^[SQZ/eOXQ
Total nitrogen comprises of organic nitrogen, ammonia, nitrite and nitrate. Nitrogen in human
wastes is mainly in the form of organic nitrogen (Org-N) and ammonia nitrogen (NH3-N). (Total
Kjeldahl Nitrogen (TKN), is the sum of the total of organic nitrogen component plus ammonia.) In
anaerobic conditions, organic nitrogen is converted to the ammonium form by anaerobic bacteria.
In the presence of oxygen and specialist bacteria, ammonium nitrogen is nitrified to nitrite (NO2) and
then nitrate (NO3) (nitrification) and this must occur before denitrification can occur. Denitrification is
the conversion of nitrogen oxides (NO3 and NO2) to nitrogen gases (NO, N2O and N2). The nitrogen
gases are then released to the atmosphere [Ref 20]. Denitrification requires the presence of
anaerobic/anoxic conditions (low to nil oxygen availability) and a carbon or sulphur source for
conversion to nitrogen gases. The conversion of organic nitrogen to inorganic nitrogen (ammonium
and nitrate) is termed mineralisation. This conversion can occur in soils in the presence of soil
microorganisms. Plant uptake of inorganic nitrogen (ammonium and nitrate) only provides a removal
mechanism for nitrogen from the immediate environment once the vegetative crop is removed from
the site [Ref 18].
Figure 11.1: Schematic Diagram of the Nitrogen Cycle
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Total nitrogen levels in raw wastewater can be in the order of 30 to 80mg/l. Crites [Ref 2] indicates
that the per capita production of TKN nitrogen (ammonia and organic nitrogen) is in the order of
13g/p/d. A number of United States, Australian and New Zealand sources suggest that total nitrogen
in raw wastewater (equating to TKN) can range from 8 to 13 g/p/d. Gunn [Ref 29] refers to 12 g/p/d as
being a conservative estimate of the total nitrogen per person contribution in the absence of
representative data for New Zealand [Ref 29]. In the New Zealand context, assuming a typical water
3
3
usage of 180 l/p/d, this equates to a TKN concentration of 66g/m (and 72g/m if a contribution of 13
g/p/d is used) [Ref 29]. The designer should be aware that the TKN concentration in wastewater from
facilities with a high proportion of toilet wastewater, can be significantly higher due to the limited
dilution compared to that provided by the greywater contribution in normal domestic wastewater.
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Approximately one third to a half of the total nitrogen in raw wastewater entering a septic tank is in
+
the ammonium ion form (NH4 ), while the rest is in the organic-nitrogen form. It is generally
accepted that all nitrogen entering a septic tank is discharged in the effluent [Ref 29]. While the
organic nitrogen initially settles with the solids in which it is bound, once it is converted to ammonia,
it dissolves and is then discharged with the primary treated wastewater [Ref 29]. Crites [Ref 2] has
shown no difference in nitrogen reduction via primary treatment between that occurring in
conventional septic tanks and that in modern tanks with an effluent outlet filter, with a nominal
reduction in the order of 3.5%. Gunn [Ref 29] refers to other United States researchers that suggest
reductions of up to 33% in a septic tank, but recommends a conservative approach would be to
assume there is no significant reduction via septic tank treatment.
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As raised above, secondary treatment involves biological treatment of primary treated wastewater in
aerobic conditions. The nitrogen in the final secondary effluent is dependent upon the type of
secondary treatment process used and its ability to remove nitrogen. The total nitrogen figure for
standard secondary treated effluent, based on aerated wastewater treatment plants (package plants),
3
is typically in the order of 35 to 40gN/m . In improved secondary and advanced secondary treatment
3
3
processes this can decrease to be in the order of 25gN/m and 15 gN/m respectively [Ref 29].
Reported nitrogen removal capabilities for a range of secondary treatment systems are provided in
Table 11.1.
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Table 11.1: Typical Nitrogen Removal Ranges for well Managed Systems

Process

% Total Nitrogen
(TN) removal

% Total Nitrogen
(TN) removal

Source: USEPA 2002,
TFS9 [Ref 3]

Source: Gunn 2003
[Ref 29]*

Intermittent Sand Filter.

42

Intermittent Sand Filter with Anaerobic
Upflow Filter.

55 - 75

65

Recirculating Sand Filter.

40 - 50

44 - 45

Recirculating Sand Filter, with Anoxic
Zone.

85

Recirculating Sand Filter, with recycle to
Septic Tank or Anaerobic Upflow Filter.
Septic Tank Fixed Film System, with
recycle to Septic Tank or Anaerobic Upflow
Filter (equivalent to TF-AWTS**).

70 - 80

75

65 - 75

70, 75 and 78

Sequencing Batch Reactor.

50 - 80

65

Source Separation and Removal.

60 - 80

Source Separation with treatment applied
to both systems and then recombined.

40 - 60

Foam Media Biological Filter with recycle
to septic tank.
Textile Filter.

77
[Ref 31]
Percent removal data
not available but final
Tot-N reported in the
3
order of 10gN/m
[Ref 30]

Notes:
* Mostly based on material from Crites (1998)[Ref 2] and USEPA (2002) [Ref 3].
** TF-AWTS stands for Trickling Filter – Aerated Wastewater Treatment System and is
covered
inSection 7.3.5.

There have been a number of studies into the performance of various treatment systems and their
ability to remove nitrogen. Investigations into nitrogen removal for secondary treatment processes
should compare levels in primary treated effluent (secondary influent) with levels in secondary
treated effluent, with data presented in terms of levels of actual total nitrogen, ammonia, TKN and
nitrates and in terms of percent removal of total nitrogen. The results will be affected by a number of
factors including in some cases the level reduction, if any, via the primary treatment process. The
actual nitrogen concentrations are also affected by water usage quantities in the raw wastewater. It is
possible that nitrogen data from the United States may show lower nitrogen concentrations than
equivalent New Zealand data due to the higher per capita water usage and therefore greater
wastewater dilution in some United States examples.
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Nitrogen Removal Capacity According to Treatment Level
Approximate total nitrogen concentrations in secondary, improved secondary and advanced
secondary effluents are provided above. However, actual concentrations will be system and situation
specific. When a supplier claims a system’s potential nitrogen removal capabilities, it is appropriate
that robust actual field data are provided, as well as associated comment on actual flow volumes
versus design flows, and the level of maintenance and household precautions in place.
Nitrogen Levels for a Range of Treatment Systems
Converse [Ref 46] provides some interesting statistics of effluent quality from a range of different
types of aeration units in current use in the United States. The purpose of the study was to determine
how well aeration systems were performing in the field, although with no attempt made to determine
whether individual systems were well managed. Nine types of aeration treatment units (ATUs) were
studied, consisting of three suspended growth ATUs, attached growth ATUs, and single pass and
recirculating sand filters. The effluent quality data from a total of 139 systems showed mean total
nitrogen ranging from 34 to 47mgN/L, with mean TKN ranging from 5 to 36mgN/L, mean ammonia
ranging from 3 to 28mgN/l and nitrate from 3 to 32mgN/L. In comparison, septic tank effluent had a
total nitrogen mean of 62mgN/L, ammonia mean of 48mgN/L and nitrate mean of 2mgN/L.
The conclusion on the investigation included concern that some systems designed for denitrification
did not perform any better than other units, based on mean total nitrogen levels, but also that
systems were not necessarily properly maintained, and that this and the respective home owner
activities, would have affected the overall performance data [Ref 46]. (Further data and comments
are provided for other parameters and system types, with the point made of difficulties with direct
comparisons of system types due to differences, and in some cases limitations, in the number of
systems of each type.)
Other Methods
Wetland and peat bed systems, as for vegetated land disposal systems, may also provide variable
quantitative performance in reducing nutrient levels. Such nutrient treatment units are beyond the
scope of TP58 and need to be designed, manufactured, installed and maintained on a case by case
basis by specialist companies, and will need on going monitoring to verify actual nitrogen removal
capacity.
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Contamination by nitrogen of the groundwater below disposal fields has been well documented [Ref
3]. Leaching and potential for effects is dependant on several factors:
•

The type of nitrogen in the wastewater discharged;

•

The concentration of nitrogen in the wastewater discharged;

•

The type of soil in the land disposal area (clay, silt, sand or gravel);

•

What removal mechanisms exist (plant uptake/denitrification); and

•

The fate of the nitrogen (export/dilution).
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The molecular form of the nitrogen is reflective of the treatment stages and its impacts on the
environment. The predominant forms of nitrogen in primary treated effluent are as ammonia and as
organic nitrogen, bound up in proteins. For the most part, nitrogen in the form of ammonia needs to
first be converted to nitrate to be available for removal by denitrification. This requires highly aerobic
conditions, and therefore is preferentially achieved by secondary treatment of the septic tank effluent
before discharge.
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In secondary treated effluent, there should be little residual protein and ammonia, as providing there
is sufficient aeration and other conditions are appropriate, this should predominantly be oxidised to
nitrate (NO3) by the bacteria and oxygen in the aerobic treatment process.
While ammonia from primary treatment can bind in soils, it is easily mobile and can leach to
groundwater when concentrations in the soil exceed the soil’s binding capability. Nitrate is
completely soluble and is in an anionic form so has the same negative charge and therefore highly
mobile [Ref 3]. Mobility through soils is greatest in granular soils (sand and gravel), which have a
high permeability and have little or no organic content.
Importantly however, nitrate has the ability to be degraded further by denitrification to nitrogen gas,
by specialist denitrifying soil bacteria in conditions where there is no dissolved oxygen. This
conversion of nitrogen to gas and the consequent escape of gas from the soils into the atmosphere
is a key mechanism in reducing nitrogen impacts on groundwater. To strip the oxygen from the
nitrate molecule, the denitrifying bacteria require the complete absence of oxygen and the presence
of a carbon source, some form of carbohydrate. Only nitrogen in the form of nitrate is useable by
these denitrifying bacteria.
The degree of nitrogen leaching increases with higher soil carriage water (rainfall and effluent
loading rate). Therefore low effluent loading rates, especially time dosed loading can assist in
mitigation of nitrogen leaching through the creation of alternative wetting and drying cycles [Ref 3],
where the correct soil conditions exist.
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Estimates of total nitrogen removal in soil suggest in the order of up to 20% to 40% removal can be
achieved in fine soils, for high quality secondary and primary treated wastewater respectively (e.g.
clay, loam and silt type soils). The lower percent nitrogen removal for secondary effluent is due to
the lower nitrogen concentration in that wastewater. The proportions of nitrogen removal also
depend significantly on the soil type, with lower proportions in highly permeable soils (e.g. down to
only 15% for primary treated wastewater in very porous soil) [Ref 29].
Methodologies of Nitrogen Removal
Land application does not always result in significant nutrient reduction, but can constitute an
effective part of the overall treatment and effluent management process. The key method of nitrogen
removal from treated wastewater is via its movement through soils. Nitrification and denitrification
occur in aerobic soils because the oxygen promotes nitrification and anoxic microsites within the soil
enable denitrification [Ref 29]. Adequate carbon must be present in the soil layer from organic matter
to assist the denitrification process. Ammonia adsorption also occurs storing NH3-N long enough for
biological conversion.
Processes within the Soil
Saturated soils at depth may assist in creating low oxygen environments (but may lack carbon). In
free draining soils with little organic carbon (sands/gravels), rapid nitrogen leaching with little or no
denitrification to sensitive environments (surface and groundwaters) can occur. This is exacerbated
in situations where soils have rapid drainage characteristics, a low organic content, a high
groundwater level, and where there is also significant horizontal groundwater movement and nearby
sensitive receiving environments. Fine grained soils (silts, clays) containing organic matter are more
effective at providing denitrification than coarse grained soils [Refs 3], although layered soils of fine
over coarse textures also provide very good nitrogen reduction potential [Ref 29].
Conservative approaches from applied septic tank effluent to soil would be to assume up to 25%
removal from fine grained soils, and up to 15% removal from coarse grained soils [Ref 29], which is
based on data in Crites [Ref 2] and a range of 10 to 30% removal in USEPA [Ref 3].
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Enhancing Denitrification Within the Soils
Denitrification within soils can be optimised by placing the land disposal system within the topsoil
horizon, rather than deep within the soil profile and by applying wastewater at conservative loading
rates using shallow dripper irrigation [Refs 3&29]. Denitrification is significantly assisted by a good
depth of topsoil (with a good depth considered to be in the order of 250mm or more), particularly
where the topsoil has a high organic content to allow cycles of wetting and drying [Refs 3, 29], and a
carbon source.
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Uptake by plants is another mechanism of nitrogen removal. Root zone irrigation of secondary
effluents promotes denitrification, as anaerobic pockets can exist in soils and organic matter (a
carbon source) is present. Plants take the nitrogen from the soil and store it in foliage. Plant species
vary in their ability and preference to remove nitrogen as either ammonia or nitrate. Pasture prefers
an estimated 50:50 ratio, while other plants are more specific in preference. Care should be applied
in planting a land disposal area, with consideration necessary of the plant tolerance to nutrient types
and loads. A nonexclusive reference guide to species tolerant of conditions exhibited in wastewater
disposal systems is provided in Appendix G, although the nutrient tolerance of each plant is plant
specific.
Importantly, nitrogen taken up by plants is only removed permanently from the immediate
environment if the plant is harvested and exported outside the sensitive zone/catchment [Ref 29].
Lawn clippings harvested and dumped in a pile nearby where nutrients are concentrated and can
leach back into the soil may be of little assistance in overall nitrogen removal, although spreading it
thinly over another area will increase potential for denitrification, soils adsorption and plant uptake.
Grazing is likely to worsen the impacts already occurring from the irrigated treated effluent, due to
leaching from urine “hotspots”. Grazing of active disposal areas is generally strongly discouraged
for health reasons, in addition to the obvious need for the protection of the soil structure and of the
distribution lines.
The amount of nitrogen in effluent generally exceeds that which plants can use. It is therefore
suggested that the use of water tolerant plant species within the disposal field be incorporated as part
of the overall treatment and effluent management process. Removal from of nitrogen from the soil
via plant uptake is estimated in the literature to be possibly up to 80 to 100kg/ha/yr depending on the
plant species and condition [Ref 29].
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Based on a large number of assumptions very rough estimates can be made of the nitrogen removal
and net nitrogen leaching rate for residential properties dependent on on-site systems. Regard needs
to be had for the following factors:
•

The total nitrogen output per capita (refer Section11.4.2.1);

•

Removal via primary treatment (assume nil, refer Section 11.4.2.2);

•

Removal via secondary treatment providing systems well maintained (refer Section 11.4.2.3);

•

In soil nitrogen removal, assuming a shallow land application system (refer Section 11.4.3.2);
and

•

Further removal from the soil via plant uptake (refer Section 11.4.3.3).

Where lot sizes are determined based on the site’s nitrogen removal and adsorption capacity,
previous Australian studies have indicated that using a conservative approach to establish land area
2
2
required for treated wastewater land application for a standard house per lot, 1000m to 1500m can
be required [Ref 29]. Additional land area is then also required for the dwelling, paved areas and
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reserve area. Other Australian studies suggest a total area per lot of 2000m to 4000m could be
necessary for sustainable nutrient management without significant proportions leaching to
groundwater. In all cases, the total lot areas necessary will vary significantly depending on the
wastewater quality, soil type, topsoil depth and the organic content of the soil.
In the Auckland region, maximum application rates of nitrogen to land for dairy farms is restricted by
the ARC Regional Plan: Farm Dairy Discharges [Ref 32] and in the ARC Proposed Regional Plan: Air
Land and Water (Notified Version October 2001) to a limit of 200kgN/ha/year and 50kgN/ha/day on
low permeability clay soils of low vulnerability due to poor groundwater quality/yield. Limits of
150kgN/ha/year and 30kgN/ha/day apply for areas underlain by Aeolian sands and volcanic basalt
(including the areas in the Auckland region of Awhitu, Kaipara, Pakiri Omaha Flats, Pukekohe, Puni,
Bombay, Waiuku and Mangere). The Dairy Plan outlines that ARC took what it considered to be a
precautionary approach when setting these limits, using nitrogen application rates it considered
posed a minimum risk to groundwater quality and taking note that the risks included a wide range of
factors both environmental and physical which influence nitrogen uptake and mobility.
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The primary mechanism for reducing nitrogen discharges into the receiving environment is reduction
of the organic load from the household or other premises into the treatment process itself. In the
case of households, the total nitrogen load can be reduced by the elimination of garbage grinders
and the reduction in use of nitrogen based cleaning chemicals.
Tools for prudent wastewater system design to avoid cumulative effects on the environment would at
least be the inclusion of improved or advanced secondary treatment. This should then be followed
by land application of the treated wastewater to the shallow topsoils at very low loading rates, ideally
with pressure compensating drip irrigation to surface or shallow subsurface topsoils. Modifying soil
conditions, by adding organic matter such as compost or extra topsoil, and evenly dose loading the
wastewater into the soils, can significantly enhance further removal. To assist with permanent
reduction of nitrogen levels in a land application area, in extreme cases regard can also be had to
harvesting and regular removal of the excess vegetation.
Where emerging receiving environment nutrient concerns exist, nitrogen reduction technology
should be applied to the treatment process. Such technologies include for example intermittent and
recirculating sand filters with recycle steps for nitrogen reduction, sequencing batch reactors and
additions of anoxic upflow chambers. These systems generally provide for specific denitrification
steps, or the delivery of nitrate rich secondary treated effluent back into anaerobic parts of the system
where a carbon source is also present (such as into the primary treatment chamber).
The following is a summary of measures available for reducing nitrogen impacts from existing
individual on-site systems:
a.

Reduction at source by decreasing use of all nitrogen (and phosphorus) based cleaning
chemicals, and avoiding other unnecessary nitrogen loads into the treatment system.

b.

Intensive treatment system design, including comprehensive maintenance and monitoring to
optimise performance and nitrogen removal.

c.

Land application area design and maintenance to achieve shallow and even wastewater
distribution.

d.

Harvesting of vegetation in the land application area and disposal in a controlled manner via a
low and even application onto land elsewhere on the site or off-site disposal.

e.

Optimising separation distances by locating the wastewater system as far away from surface or
groundwater as practicable.
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f.

Intensive planting of any buffer areas between a land application area and natural water.

g.

Soil modification to enhance nitrogen reduction, such as applying a carbon source through the
regular application of organic matter (i.e. compost) to the land application area.
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Total phosphorus (TP) in untreated domestic wastewater is approximately one third in the inorganic
soluble form, namely dissolved reactive phosphorus (DRP), with the rest is in the insoluble organic
form. Most of the insoluble organic phosphorus converts to the soluble inorganic form after the
anaerobic digestion process in a septic tank and following further treatment. DRP is typically in the
order of 75 to 90% of the total phosphorus in an effective secondary treatment system.
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There is minimal reduction in total phosphorus concentrations in standard wastewater treatment
systems. Any removal is via the binding of phosphorus to solids in the wastewater and the
corresponding removal of those solids by separation/settling in the septic tank and secondary
treatment process. This has only a very limited success at reducing total phosphorus levels.
Concentrations in final treated effluent can vary significantly, and predominantly depends on the
levels in the influent.
Phosphorus removal is seldom required for discharge to on-site land application systems in New
Zealand, unless there is a likelihood of discharge or seepage into natural water sources. This is
because soil sorption is considered the most effective method of removal phosphorus removal from
wastewater. In the soil, phosphate ions bind with iron and aluminium minerals in soils with natural
acidic to neutral conditions. These in turn bind with calcium minerals in neutral to alkaline conditions.
The capacity for soil sorption is however finite, and continued concentrated loading may eventually
result in leaching of phosphorus to groundwater. However, it is noted that measurements of
phosphorus in groundwater underlying well managed septic tank systems have generally indicated
that minimal concentrations of insoluble phosphate mineral compounds are introduced to
groundwater [Ref 33].
For on-site land application systems, specific site investigations are required on a case by case basis
to determine the soils phosphorus sorption potential and the corresponding land area requirement. It
is also critical that a precautionary approach is taken to conservatively base the design on the
maximum possible long term life of the system and to also allocate sufficient replacement land as
reserve.
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The potential effects of phosphorus from treated wastewater on groundwater quality depends on the
concentrations in the wastewater, the application rate into the land, the separation distance between
the level in the soil that the wastewater is applied, the sorption in the soil, the groundwater level, and
on the dilution potential within the groundwater body.
For phosphate sensitive areas (such as some parts of New Zealand where phosphorus leaching can
affect eutrophication of aquatic waterbodies/streams/lakes and in some parts of Australia where it is
less easily absorbed by the soils, (as it is by some New Zealand soils), disposal field design sizing is
calculated on the phosphorus binding ability of the soil over the expected life of the system. This
requires a land disposal area many times greater than the size likely to be required for hydraulic
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disposal alone. Peat beds have had limited success at absorbing phosphorus unless iron or
limestone sources are present and so have constructed filters and constructed wetlands [Ref 2].
However, this success is normally finite with the phosphorus only being absorbed by the respective
media and plants until they reach saturation [Ref 34].
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Specialised options for phosphorus removal are available for septic tank systems. However, these
are more commonly applied to municipal wastewater treatment systems, as these are more likely to
discharge into sensitive aquatic waters. These options usually involve the lowering of phosphorus
concentrations through the input of chemical additions.
Aluminium sulphate (alum), lime and, ferric chloride are used commonly in land based municipal
treatment plants, and can also be effective in lowering BOD and suspended solids levels. The
aluminium and ferric ions are effective by binding with the phosphate ion and then the salt, which is
precipitated out of the solution within the treatment process. Alum has the additional benefit of
removing coliform organisms [Ref 33].
The problem with these options is the high concentrations of minerals required: an alum:phosphorus
and ferric:phosphorus ratios in the order of 2 to 3 and 0.5 to 2 respectively are required to be effective
(depending on the phosphorus level in the wastewater and the level required in the final effluent).
For a ratio of 2, 22g alum would be required to precipitate 1g of phosphorus [Ref 33]. While less
ferric chloride is required by weight compared to alum, it is generally more expensive than alum (by
up to 50%). Control of pH is also important for effective removal, and lime or caustic soda can be
also required to improve the effectiveness of ferric chloride [Ref 34], further increasing its cost. For
chemical dosing to achieve effective phosphorus removal at all, dosing at the appropriate location
within the treatment system followed by an effective sludge removal process are both critical.
Advanced separation methodologies can also be considered, however, these are outside the scope of
this manual.
A further option for phosphorus removal is filtering the effluent through steel mill slag (iron) [Ref 34].
The phosphorus adsorption varies depending on contact time, the initial phosphorus concentration
and the chemical make up of the slag. The actual phosphorus saturation level is unproven but is
suggested to be in the order of 1.35mg phosphorus per kilogram of slag [Ref 34]. The process
generates waste slag once it has become saturated with phosphorus and needs to be replaced. This
is under trial at a municipal system in New Zealand with evidently good phosphorus removal results,
but again is most unlikely to be considered relevant for an on-site system within the foreseeable
future.
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Metals in treated wastewater can lead to contamination of shallow groundwater supply sources and
can result in increases in arsenic, copper, iron, lead, mercury and manganese above recommended
limits. Elevated levels of copper and lead and cadmium can be due to corrosion of roofs in houses
dependant upon roof water supply and/or corrosion of old plumbing. Levels of zinc and cadmium
should also be investigated.
Indications of acceptable metal levels in drinking water are available in the “Drinking Water
Standards for New Zealand” [Ref 45]. Acceptable metal levels in fresh and marine water resources
are specified in Australia and New Zealand Environmental and Conservation Council 2001 (ANZECC
Guidelines), titled “Australian Water Quality Guidelines for Fresh and Marine Waters Volume 1, The
Guidelines”. These guidelines provide authoritative guidance for setting water quality targets to
sustain environmental values for water resources in Australia and New Zealand.
The four major reactions that determine the transport and fate of heavy metals in soils are:
•

Adsorption;

•

Ion exchange;

•

Chemical precipitation; and

•
Formation of complexes with organic substances.
Fixation by any of the reactions is dependant upon a number of factors including soil composition,
texture, pH and the oxidation-reduction (redox) potential of the soil and associated ions. Of these,
adsorption is the most important for the fixation of heavy metals and is highly affected by soil
composition. Clays are extremely important in adsorption reactions because of their high cation
exchange capacity and soils high in humus or organic topsoil also provide a good exchange capacity.
The chemistry of each metal iron in the soils is unique and also depends on the presence of
competing ions. The influence of anaerobic conditions and associated ions can increase the mobility
of metals in the subsurface environment. All these factors affect the possibility of heavy metal
contamination of groundwater as a result of the land application of wastewater [Ref 33].
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Salts include common table salt (sodium chloride), which dissociates in water to sodium and chloride
ions and gaseous ammonia, which dissociates in water to form ammonium ions. A salt is a
compound of basic and acidic ions, which when dissociated has a significant impact on the electrical
conductivity of the liquid.
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Chlorides are natural constituents in surface and groundwater and are also found in typical domestic
wastewater and both on-site and municipal treatment systems are ineffective at chloride removal.
Chloride concentrations depend on the natural concentrations in the reticulated water supply.
Chlorides can be useful as tracer or indicators for domestic wastewater pollution, due to their anionic
form (Cl ), which prevents them from binding with other soil minerals, and due to their mobility with
the water phase.
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The accumulation of sodium in the soils from on-site wastewater systems can lead to significant
structural changes of the soil that have the potential to impair the performance of the on-site disposal
system [Ref 35].
The potential impact of sodium is dependent on the soil type. Sodium has little impact on granular
soils as these soils have limited ability for ion exchange to occur. Sodium can have the most impact
on clay soils and particularly clays having a high cation exchange capacity. Significant losses in soil
hydraulic conductivity associated with small increases in sodium in wastewater seepage through
soils can have a significant implication on the effective life of the disposal area.
Sodium affected soils are less suitable for irrigation and plant growth and therefore are also less
efficient in the treatment of wastewater. The ability of soils to accept sodium varies and is
represented by a soils particular cation exchange capacity (CEC). Typically, clay soils have a higher
capacity to accept sodium and sandy soils a lower capacity. The Sodium Absorption Ratio (SAR) of
wastewater provides an indication of the potential of an effluent to result in an increase in sodium in
soil. Typical domestic wastewater has a low SAR and poses a low risk to soil. The level of sodium
saturation of a soil can be determined by calculating the Exchangeable Sodium Percentage (ESP%) as
detailed below.
At levels of Electrical Conductivity (EC) and Sodium Absorption Ratios (SAR) consistent with treated
domestic wastewater, sodium can affect the hydraulic conductivity (ability of water to be absorbed
into the soils and mobilise through the soils in accordance with osmosis pressures) [Ref 32]. There is
conflict in the literature concerning the degree of this effect, but it will ultimately depend on the
sodium content and therefore the concentration of chemicals in the discharge.
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Imbalances in the loading of solutes and salts can also result in failure of the system by biochemical
oxygen demand overload under anaerobic conditions, or in collapse of the soils structure due to
sodicity [Ref 32]. While beneficial reuse of irrigated wastewater and nutrients is the objective of onsite wastewater land application, the chemical ratios of nutrients often fail to meet the balance plants
require. This will affect soils structure and leads to a gradual decrease in its ability to absorb certain
nutrients.
Typically a mixed healthy pasture has a N:P:K:S:Na ratio (nitrogen:phosphorus:potassium:suphur
ratio) in the order of 17:2:14:1:1. Typical wastewater effluent has nitrogen: phosphorus ratio to one
part sodium of 3.5:1, significantly short of the nitrogen level required for plant growth to fully absorb
all the phosphorus. The potassium:sodium ratio in wastewater effluent is in the order of 1:2 rather
than 14:1 in typical pasture, which means that the sodium levels in wastewater are 28 times higher
than that required for the salt balance required in healthy pasture.
Many factors combine to influence the characteristics of the receiving soils in a disposal field and the
long term ability of those soils to effectively absorb nutrients. Critical factors include:
•

Maintenance of soils water and nutrient absorption capacity;

•

Maximisation of plant growth and transpiration rates;

•

Removal by absorption by plant material; and

•

Management of land application soakage rates so that water seepage into groundwater does
not raise levels of water tables and loss of organic nutrients and salts in leachate is maintained.
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The main cations present in wastewater effluent are sodium, calcium and magnesium. The relative
concentrations of each of these cations is necessary for determining the Sodium Absorption Ration
(SAR). The SAR of the wastewater provides an indication of the potential impacts from wastewater
on soil structure and the ability of soil to absorb wastewater. Sodium contained within wastewater
displaces calcium and magnesium cations resulting in deflocculation of clays (produces clods
separated by shrinkage cracks) and in particular high swelling clays such as montmorillonite,
vermiculite and illite. Swelling and dispersion of clay particles blocks the soil pores, breaks down the
soil structure, decreases soil porosity, infiltration and ability to absorb applied wastewater and
increases the potential for surface runoff of wastewater. The risk from sodium is greater with
commercial and industrial wastewater typically containing higher sodium concentrations than
domestic wastewater. The potential risk to a soil from sodium can be assessed by determining the
sodium absorption ratio (SAR). SAR is the balance between the sodium ion, calcium ion and
magnesium ion in the wastewater.
Application of wastewater with a high SAR, (>3) has a potential to increase the soils sodicity over
time but this is also dependent on the soil type. Sodium affected (sodic) soils are less suitable for
irrigation and good plant growth and therefore are less efficient at the treatment of effluent [Ref 36].
The SAR of wastewater is calculated using the following formula where:
SAR =

[Na] mmol
√ ([Ca] + [Mg] mmol)

To convert from mg/l to mmol:

Na mg/L / 22.99 = Na mmol/L
Ca mg/L / 40.08 = Ca mmol/L
Mg mg/L / 24.32 = Mg mmol/L

The actual critical effluent SAR varies between 4 and 18 depending on soil type, although an SAR of
more than 3 has the potential to increase soil sodicity in clay soils [Ref 36]. Soils with little or no clay
can tolerate an SAR up to 20. A high SAR does not indicate the effluent is unsuitable for irrigation to
land but there may be a limitation on the vegetation tolerance and soil management may be required
[Ref 2].
Exchangeable Sodium Percentage (ESP%) provides an indication of the level of sodium saturation of
the soil and is a measure of the level of exchangeable cations that are sodium ions within the soil.
When assessing the impact of wastewater irrigation the effluent SAR should be determined as well as
the ESP% of the soil. As a rule of thumb, ESP of 15% is the critical level at which the soil structure and
therefore permeability can be deleteriously affected assuming water having an electrical conductivity
of 0.3 to 1dSm/m [Ref 36]. To estimate the extent of sodium saturation the following calculation
should be used.
ESP% = 100 x (exchangeable sodium)
(sum of all exchangeable cations)
The exchangeable cations to be summed are calcium, magnesium and potassium.
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If soils are affected by a high ESP% (sodic conditions) then they are less suitable for irrigation and can
prohibit good plant growth. An estimate of a soils ability to accept sodium is given the cation
exchange capacity CEC. Soils with low CEC (<12meq/100gm) can accept a much smaller amount of
sodium than those with a high CEC (>25meq/100gm) [Ref 37]. Sandy soils typically have a CEC of 1–
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10, Silt loam 12–20 and clay and organic soils >20 [Ref 2]. Tables 10.7 and 10.16 in [Ref 2] provide
guideline concentrations.
Soil sodicity becomes relevant where soils have been receiving wastewater for an extended period of
time and the absorption capacity of the soils is reduced. The time period can be dependent on soils
type, wastewater application method, design and age of system, effluent loading rate, and cation
concentration. The cation concentration in a wastewater is typically dependent upon detergent usage
within the facilities. To extend the life of a land disposal system, care should always be taken to
reduce the use of high sodium detergents. Detergents also have an impact of increasing the pH of
the soil, which has an alkaline affect on the soil, which affects cation exchange and plant growth.
High pH, greater than 6.5, may have the impact of decreasing the nutrient availability to plants, but
this effect may be compensated by the effect of nutrients within the effluent. Low pH can be
corrected by the application of lime. Ideal soil pH for plant growth is 5.5 to 8.4 although the pH
susceptibility depends on the crop type.
To reduce the sodium concentration within a soil and improve soil structure for wastewater irrigation,
calcium based soil amendment can be applied to the soil. The calcium cations displace the
accumulated sodium by leaching. The most commonly used soil amendment for this is gypsum.
Snow [Ref 36] recommends that to displace 1.0tonne of sodium, about 3.7tonnes of gypsum are
required. Gypsum is recommended where soil pH is greater than 6. Where soil pH is less than 6, then
lime should be used. Although sodicity of a soil can be corrected, it can be difficult to correct the soil
structure.

$ 01?53:95@53-@5;:91-?A>1?
Environmental effects need to be considered in terms of hydraulic and organic loading rates and the
adoption of treatment and disposal technologies that can produce treated effluent that can assist
achieve low loading rates and consequently avoid related adverse effects. They also need to be
considered in terms of nutrient and bacterial application rates.
There is likely to be an increased regard for the application of nutrients and salts to soils in the future,
as on-site wastewater land application systems are increasingly seen as a permanent disposal option
and public awareness of the need for environmental protection increases. The demand for improved
nutrient (particularly nitrogen) reduction and pathogen reduction by disinfection in treatment systems
is likely to increase, leading to increased adoption of biological denitrification stages and UV or
chemical disinfection processes within the total treatment process.
For new intensive developments/subdivisions, a comprehensive assessment of environmental effects
(AEE) is an essential part of an application to a consent authority. Where the development is in a
sensitive receiving environment and/or there is potential for cumulative effects, specialist
consideration may be necessary to determine the extent of potential effects and mitigation options
for minimising effects. Mitigation options can include polishing of the wastewater by tertiary
treatment to reduce nutrients and/or to disinfection to remove pathogens. Nutrient dynamics and
their impacts are highly specialist fields, and in difficult situations, specialist advice should be sought,
for example from Crown Research Institutes, the New Zealand Land Treatment Collective or similar
specialist consultancies .
In the case of individual on-site system designs, particularly if there is not a significant potential for
direct contact with surface or groundwater, providing a general precautionary approach is adopted,
there are aspects of design that can be easily optimised to achieve sufficient nutrient mitigation
measures without necessarily requiring engineered tertiary treatment. These aspects are listed in
Table 11.2 with references provided to where relevant design criteria are covered in TP58.
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Table 11.2 Methods in Design that Assist Nutrient Mitigation

Design Aspects
Low densities of on-site systems, to reduce potential for
cumulative effects (also addressed in relevant District Plans).
Measures to conserve water and to reduce wastewater discharge
volumes and reuse option.
Measures to reduce organic and chemical loads into the
wastewater system and into the receiving soils.
Secondary & advanced secondary treated effluent.
Early comprehensive site assessment to determine the most
appropriate location for the wastewater land disposal systems.
Surface/subsurface irrigation into the topsoil zone.

Covered Further in TP58
(Chapter Reference)
Chapter 4 and 11,
(Relevant District Plans)
Chapter 6 (Tables 6.2 and 6.3)
Chapter 7.8 and
Appendix J-1
Chapter 7.1 - 7.2 and
Appendix I (1 to 6)
Chapter 7
Chapter 5 and
Appendix E
Chapters 3 and 9

Low hydraulic loading rates.

Chapters 6, 9 and 10

Pressurised timer dose loading for improved even effluent
distribution and other technologies for improved distribution.

Chapters 8, 9 and 10

Allocation of reserve area to provide for the future replacement
of the land disposal system.

Chapter 5 (Table 5.3)

Separation distances of wastewater distribution systems from
surface and ground water.

Chapter 5 (Table 5.2)

Planting of land application system to optimise
evapotranspiration.

Chapter 9 and

System maintenance and on going monitoring to enhance long
term system performance.

Chapter 12 and

Operational controls to enhance long term system performance.

Appendix G

Appendices F and H
Appendix I (1 to 6)

It is also important that systems are designed with consideration of long term effects on the receiving
environment. As indicated in the table above, a conservative design approach is applied throughout
TP58. The aim of TP58 is to provide a package of prudent mitigation measures that can be applied to
differing extents in all on-site system designs to assist minimise potential cumulative effects.
Without sufficient protection measures, environmental effects, particularly nutrient effects, could
become increasingly evident over the performance life of a system.
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> System Installation and Maintenance
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System construction practices are critical to the performance of on-site wastewater disposal systems.
Satisfactory system performance depends on the soils within and around a disposal system
maintaining porous conditions. To achieve, this it is critical that the soils are evenly loaded and not
over loaded. Poor system construction can significantly reduce the soil porosity and eventually this
will cause a system to hydraulically fail.
Good construction practices require that careful consideration be given to the site protection
requirements before and during the construction phase. Careful consideration of the site preparation
needs and the construction equipment selection and use, is also necessary [Ref 3].
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Construction of the on-site wastewater system may only be one of many construction activities that
occur in the development of a site. If an on-site reticulation, treatment and land application system is
not protected against stormwater or groundwater intrusion, the soils in area of the proposed on-site
treatment and land application system can be damaged by other unrelated construction activities.
Therefore the proposed on-site treatment and land application area should be staked before
construction begins to ensure all parties involved in construction of other buildings and infrastructure
on the site are aware of the need to protect that area and to keep heavy machinery and materials
stockpiles off it.
The construction manager along with the system installer need to anticipate the protection necessary
during construction; site access points, traffic areas, stockpile areas and equipment storage need to
be specified on the drawings provided to the contractor.
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Site preparation activities include clearing and surface preparation for filling. Before these activities
commence, the soil moisture should be assessed. In non-granular soils, compaction will occur if the
soil is near its plastic limit. This can be tested by removing a sample of the soil and rolling it in the
palms of the hand. If the soil fails to form a “rope”, the soil is sufficiently dry to proceed. However,
constant care should be taken to avoid soils disturbance as much as possible.
Clearing
Clearing should be limited to moving and raking because disturbance to the surface needs to be
minimised. If trees must be removed they should be cut at the base of the trunk and removed
without heavy machinery. If it is necessary to remove the stumps, they should be ground out.
Grubbing of the site (mechanically removing roots) should be avoided. If areas on the site are to be
filled, the surface should be mouldboard or chisel-ploughed parallel to the contour (usually to a depth
of 150 to 250mm) when the soils is sufficiently dry to ensure maximum vertical permeability. The
organic layer should not be removed, but if it is, it should be replaced. Scarifying the surface with the
teeth of an excavator bucket is not appropriate.
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Excavation
Excavation activities can cause significant reduction in soils porosity and permeability. Compaction
and smearing of the soils infiltrative surface occur from equipment traffic and vibration, scraping
actions of the equipment and placement of the land application system medium on the infiltration
surface. Only lightweight excavators are appropriate. Front end loaders and blades should not be
used because of their scraping action. All efforts should be made to avoid any disturbance to the
exposed infiltration surface, including keeping equipment off the infiltration disposal area.
Before any disposal system medium is installed, any smeared areas should be scarified and the
surface gently raked. If gravel or drainage aggregate is to be used for the medium, the aggregate
should be placed in the trench/bed by using an excavator bucket rather than dumping it directly from
the truck. If damage occurs, it might be possible to restore the area, but only by removing the
compacted layer. It might be necessary to remove as much as 100mm of soils to regain the natural
soil porosity and permeability. Consequences of the removal of this amount of soils over the entire
infiltration surface can be significant. It will reduce the separation distance to the restrictive horizon
and could place the infiltration surface in an unacceptable soil horizon, and therefore may need to be
replaced by ploughing in a layer of organic topsoil.
To avoid potential soil damage during construction, the soil below the proposed infiltration surface
elevation must be below its plastic limit. This should be tested before excavation begins. Also,
excavation should be undertaken only when the infiltration surface can be covered on the same day
to avoid loss of permeability from wind blown silt or raindrop impact. Another solution is to use
lightweight gravel less systems, which reduce the damage and speed up the construction process.
Before completion of installation, the area around the site should be graded and any upslope surface
and/or subsurface water cut-off drainage installed to divert surface run-off or groundwater away from
the disposal area. The backfill over the infiltration surface should be mounded slightly to account for
settling and eliminate depressions over the system that result in the ponding of water. Finally, the
area should be seeded/planted and mulched.
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Each of the following criteria should be considered and undertaken by the system installer during the
installation of a wastewater treatment and land application system:
12.1.3.1 Site Works
•

Systems should be installed so as not to affect any structural elements of buildings.

•

All components shall be in compliance with setbacks from boundaries, buildings, surface water
and groundwater (refer Table 5.2).

12.1.3.2 Installation Instructions
Manufacturers/designers should provide installation instructions, including:
•

Provision concerning excavation for each part of the wastewater system;

•

Preparation of the bottom and sides of any excavation;

•

Method of safe handling and lifting of components;

•

Provision of precautions where tanks could be subject to high groundwater or flotation;

•

Fitting of pipework and attachments e.g. inlets, outlets partitions, outlet filters etc;

•

Backfilling around tanks, including type of backfill material and method;

•

Requirement to fill all tanks with water immediately following installation to prevent flotation;

•

Procedure for commissioning; and
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•

Planting requirements and timeframes.

12.1.3.3 Treatment Systems
Manufacturers/designers should provide installation instructions, including:
•

Specifications for installing all system components as per the approved design plans, including
separation distances;

•

Directives for excavation to be in accordance with safe practice procedures;

•

Requirement that all tanks are water tight and constructed to the standards in AS/NZS 1546.1;

•

Requirement that all joints (pipe to pipe and pipe to tank) are watertight glued and socketed;

•

Requirement that all access lids to tanks include risers with plastered watertight connections
and watertight lids;

•

Requirement that lids are to be fastened to prevent access by children;

•

Provision that there is no vehicle access on to the completed treatment plant, but that access to
the plant is provided and maintained available for future maintenance purposes only;

•

Provision that all stormwater is diverted from the treatment plant;

•

Requirement that all electrical connections are safe and in compliance with current codes
(AS/NZS 3000) and operate correctly; and

•

Provisions for all pump chambers to have 24 hours emergency storage and high level alarms.

12.1.3.4 Land Disposal Area
Manufacturers/designers should provide installation instructions, including:
•

Installation of all system components to be in accordance with the approved design plans,
including separation distances;

•

Avoidance of the use of heavy machinery; minimise damage to the soils by using lightweight
machinery;

•

Provisions to ensure excavation is only be undertaken when soils are sufficiently dry to prevent
smearing and sealing of infiltrative surfaces;

•

Provisions to ensure that no surface water flow can access the land disposal area;

•

Provision that the land application area is fenced or planted around the perimeter to prevent
vehicle access;

•

Planting of the disposal area to maximise evapotranspiration nutrient uptake;

•

Specification that the terminal ends of all irrigation lines are marked and ports are flushed.

2.1.3.5 As-Built Plans by the System Installer
Accurate As-built plans need to at least cover the following:
•

The location and capacities of all treatment system components;

•

The location and capacities of all disposal system components including the primary and
reserve land disposal areas;

•

The critical components of the land disposal system including flush points, separation
distances, air relief valves and non return valves or other critical components;

•

The location of all electrical cables installed as part of the system;

•

The location of all sewer pipes discharging to the treatment plant;

•

The location of all rising mains to land disposal areas;

•

The location of alarm controls and alarm panels, recirculating valves, splitter valves, monitoring
ports, shutoff valves;
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•

Identification of all critical separation distances from buildings, property boundaries and
surface water.

12.1.3.6 Certification by the System Installer
The certification needs to be provided to the owner of the wastewater system and needs to confirm
the following:
•

Certification that all system components have been installed as per the approved design plan;
and

•

Certification that any water conservation devices required as part of the wastewater system
design have been installed, and should include specifications of the actual devices in place.

12.1.3.7 Operation and Maintenance Management Plan
An on-site system management plan is best prepared by the system supplier and installer, prior to
system commissioning and should be regarded as an evolving document with further information on
optimum operation of the system added to it over time as experience improves. Details of the level
of information that should be contained in a management plan are detailed in Section 12.2.8.
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Routine system maintenance is critical for optimising the performance of wastewater treatment and
disposal systems. This will extend their effective life and minimise potential for adverse effects on
the receiving environment. Ignoring system maintenance requirements may not only result in system
problems and ultimately failure, but can also lead to further significant risks including the following:
•

Foul odours, for example from the discharge of hydrogen sulphide gas from anaerobic
wastewater;

•

Anaerobic and clogged soil conditions resulting in effluent breakout;

•

Breakout resulting in overland flow paths towards stormwater drainage channels;

•

Sewage contamination of groundwater and surface water.

In addition to environmental reasons for regular system maintenance, there are also a number of
public health and amenity benefits as following:
•

Decreased levels of pathogens in the treated wastewater;

•

Decreased risk of overflow from treatment plant/surfacing of wastewater in the disposal area;

•

Decreased risk of human contact with treated/partially treated sewage;

•

Decreased risk of adverse health effects;

•

Decreased potential for attraction of pests including flies and rodents;

•

Decreased impact on amenity values, such as odour nuisances and decreased property values.

Appropriate maintenance of on-site wastewater systems not only reduces the risk of environmental
pollution and public health risks, but also reduces potential costs that could be incurred when a
damaged system needs to be repaired or replaced.
Systems owners need to be aware of the importance of maintenance not only for the reasons above,
but also because under Section 17 of the Resource Management Act 1991, “Every person has a duty
to avoid, remedy or mitigate any adverse effects on the environment arising from an activity …
.”.
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In all cases it is important that maintenance is undertaken on a routine basis to avoid problems. In
the unfortunate situation where problems do develop, it becomes critical that appropriate actions are
taken as soon as practicable to remedy the problem, so as to avoid progressive system failure.
The exact maintenance requirements for a particular wastewater system depend on the actual system
components. The following sections provide an overview of some minimum maintenance
requirements for the most common system types. The summary is not meant to be exclusive. There
are a wide variety of specific factors affecting the maintenance requirements of each particularly
system.
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Water Usage
Performance of a wastewater treatment and land application system is greatly affected by the
owner’s water usage management. For example, average washing machine water consumption is
22% of the daily total water allocation used for design purposes. However, daily wastewater
production derived from clothes washing can be significantly higher where all the use is on one or
two days each week. This can result in significant overloading of the treatment and land application
systems on those days, unless there is adequate flow buffering in the system. It is critical that the
homeowner understands the implications of concentrated use of high water consumption appliances
over a short time period and that such use is moderated.
Waste Production and Discharge
The types of chemical uses in the cleaning and laundry processes can also have a significant impact
on the performance of a system. For better longterm performance of a wastewater treatment system
and the minimisation of the long-term effects on the receiving soils and the greater environment, care
is necessary to minimise the total mass load of contaminants in the wastewater generated. This can
be achieved by the; elimination of garbage grinders to reduce the total organic load into the system,
and the removal and disposal of excess oils and fat for disposal to refuse or on a commercial scale,
for collection by to a separate waste removal contractor. Particular care should be taken in the
selection of types and in the volumes of cleaning chemicals used in households discharging into onsite systems. More reference to types of chemicals that should and should not be used is provided in
the ARC Technical Sheets I-5 and I-6 in Appendix I.
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Primary Treatment systems are defined as “The separation of suspended material from wastewater
by settlement and/or floatation in septic tanks, primary settling chambers etc. prior to effluent
discharge to either a secondary treatment process or to a land disposal system”. As primary
treatment systems are usually dependant on natural gravity separation processes and only a limited
degree of technology is involved, the systems are reasonably robust, but do require maintenance.
Key maintenance requirements are:
Regular septic tank pumpouts to prevent sludge and scum build up, which reduce the retention and
treatment capacity for the influent wastewater. The frequency of the pumpouts depends on the size
of the tank, the influent flow volume and wastewater characteristics. Easy checks can be undertaken
by lifting the access lid and poking a stick to the base of the tank and estimating the respective depths
of the scum, liquid and sludge layers by the changes in density at the interface of each layer. All
tanks need to be pumped out once the sludge and scum levels occupy half the tank volume. At least
annual checks are recommended, with up to monthly checks required for systems that have a high
proportion of blackwater in the wastewater flow, such as public toilet facilities and/or food premises.
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Regular checks of the septic tank outlet filter. Outlet filters are defined as “A removable, cleanable
device inserted into the outlet piping of the septic tank designed to trap excessive solids due to tank
upsets that would otherwise be transported to the subsurface wastewater infiltration system or other
downstream treatment components.” If these are not installed, they should be wherever practicable
(refer Section 7.2.6). These should be checked monthly and removed and rinsed (hosed down)
whenever the slime build-up starts to block the filter orifices. The wastewater discharge should be
drained back into the septic tank or into a sewerage gully trap or onto ground in a densely vegetated
area unlikely to be accessed by children or animals and then refitted into the tank.
A summary of key septic tank system maintenance requirements is provided in Appendix I, ARC
Technical Sheet I-1.
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Secondary treatment systems involve a high level of technology in their design and their effective
operation can be dependent upon a number of critical factors.
Aerobic wastewater treatment systems (AWTS) are a mechanical on-site treatment unit that provides
secondary (biological) wastewater treatment by mixing air (oxygen) and aerobic and facultative
microbes with the wastewater, followed by clarification. AWTSs typically use a suspended growth
treatment process (similar to activated sludge extended aeration) or a fixed film treatment process
(similar to trickling filter). Design details and critical maintenance requirements for these systems
are detailed in Section 7.3. In summary, it is important to balance the influent wastewater
concentrations in AWTS systems with the aeration level and in the case of some systems, also with
the sludge recirculation ratio.
In the case of sand filter systems, the surface of the sand filters needs to be checked regularly for
signs of uneven wastewater distribution, which will affect the system performance and the life of the
system. The surface needs to be kept free of weed growth and the splitter valves also need to be
checked. Textile filter sheets need to be checked and the sheets hosed down once the slime build up
on the sheets begins to impact upon their effectiveness. In all cases, the alarm sensors and audible
and visual alarms need to be checked.
Trained professionals who are familiar with the system design best address all of the above matters.
To ensure on going effective system performance, a maintenance contract must be entered into with
an experienced wastewater treatment plant operator specifically trained for the particular system,
preferably the system supplier. Ideally, routine maintenance inspections should be undertaken on a
quarterly basis. Site owners must also follow the supplier’s instructions on the routine elementary
inspections that need to be undertaken and ensure that they contact the supplier whenever anything
untoward is identified. Inspections by experienced contractors should be undertaken in accordance
with the minimum frequency recommended by the system supplier. This is unless routine sampling
shows a treatment system is not consistently achieving the required discharge quality standards
(refer Section 7.5), in which case, more frequent inspections should be undertaken until the system
stabilises.
A summary of key package treatment system maintenance requirements is provided in Appendix I,
ARC Technical Sheet I-3.
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Additional specialised treatment system components such as chlorine or ultraviolet disinfection
systems, wastewater re-use treatment systems, composting systems and other land based treatment
systems etc. all have specific operational and maintenance requirements that are particular to the
type of system concerned. In all cases, maintenance must be undertaken in accordance with the
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supplier’s recommendations, in addition to the critical minimum maintenance requirements specified
with the relevant design information in the respective parts of Sections 7.6 to 7.9.
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Maintenance contracts should also include a requirement for the contractor to undertake an
inspection of the disposal system and undertake any routine maintenance with the distribution lines.
This may include flushing the lines, replacing any blocked or ineffective emitters and making
recommendations to the system owner to arrange any other maintenance requirements. Ultimately
the performance of the wastewater disposal system is the responsibility of the system owner. This
requires that the system owner takes responsibility for regular inspections of the wastewater disposal
field; walkover inspections every two to four weeks are recommended. These inspections should
include:
•

Checks for even wastewater distribution within the disposal field and downslope of the field.
Zones of soil saturation/wet patches or signs of wastewater/sludge on the ground surface
should be investigated immediately and remedial actions taken as soon as practicable;

•

Flushing of irrigation lines to avoid solids or slime build-up in the lines, (if required more
frequently than the routine maintenance contractor inspections);

•

Root intrusion can be a problem and result in clogging of emitters and laterals. Root intrusion
can be controlled by installing PCDI lines impregnated with herbicide or installing an in-line
herbicide dispenser to inhibit roots entering the emitters.

•

Checks for even plant growth across the field. Only highly water absorbent plant species should
be planted in the wastewater disposal areas to enhance evapo-transpiration. Vegetation growth
should be even and where it is not, further plants should be planted and/or the problem of plant
dieoff addressed;

•

Grasses should be regularly mowed to ensure that it is maintained in the active growth phase
and the clippings removed;

•

Access by children should be restricted unless the surface soils are very dry. Wastewater
disposal fields in public land should be clearly signposted and preferably fenced to discourage
access;

•

Access by vehicles and stock should be prohibited as this can disturb the distribution lines and
cause uneven compaction of the soils.

Problems with wastewater disposal systems can be due to uneven distribution, and checks for this
should be undertaken as part of a routine maintenance inspection procedure. However, problems are
just as likely to be from the wastewater flows exceeding the system’s original design capacity and/or
with problems with the treatment system design/performance. These latter matters are addressed
further in this Section 12.2.10 “Remedial Procedures for System Failure”.
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Secondary treatment systems are complex systems due to the number of parts involved and the
degree of technology often involved in their design and their performance can vary significantly in
response to only minor changes in circumstances. Due to their sensitivity and the complexity, it is
critical that they are routinely inspected and maintained by professional wastewater system
operators.
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The frequency that professional maintenance inspections required depends on the following factors:
•

The system type and the quality of the associated components;

•

Specific details in the design and quality of the installation;

•

The plant performance and whether the required discharge quality standards (Section 7.5) are
routinely met;

•

The number of people using the system, fluctuations in occupancy/usage and their water
conservation practices;

•

The load into the system in terms of flow volumes, BOD and oils and grease in the raw
wastewater compared with the levels assumed at the design stage;

•

The system owner/operator’s knowledge of the systems and the level of routine maintenance
inspections/system maintenance they are able to and actually do undertake; and

•

The precautions taken to minimise the BOD and toxic/chemical loads put on the system by the
users of the facilities.

To ensure such critical maintenance is undertaken and systems continue to perform as anticipated at
the time they were designed and as they were approved at the time of installation, and as is critical
for long-term sustainability of the disposal system, all owners of secondary types of treatment
systems must enter into a maintenance contract with an appropriate trained professional
maintenance contractor. Package treatment plants are too prone to failure without routine
maintenance. The maintenance contractor should have a high level of experience with the operation
of on-site wastewater treatment systems, such as the system designer and/or the system supplier.
Maintenance inspections should ideally be undertaken on a 3 monthly basis, and even more
frequently for unstable systems and possible less frequently for systems only used on an infrequent
basis. In the Auckland region, in all cases ARC requires at least two inspections per year at six
monthly intervals by maintenance contractors. This is except for systems only operated for short
consecutive periods each year, such as holiday facilities, which are used for a short period each year.
In these which cases, less frequent i.e. only annual inspections may be appropriate, at the risk of the
system owner.
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A key requirement of all newly designed wastewater treatment and disposal systems is that a
Management Plan is provided by the system designer/installer/supplier prior to the system
commissioning so that the system owner has a clear understanding from day one of the key
maintenance requirements.
Key requirements of items to be included in Management Plans are as follows:
a.

Contact Details of System Designer, Supplier, Installer and recommended Maintenance
Contractor(s), including 24 hour emergency contacts.

b.

Design Discharge Volume: Details of the scope of the key facilities/premises covered the system
is designed to serve, including the peak occupancy/usage on which the design is based and the
corresponding design discharge volume.

c.

The Process Flow Diagram: A diagram showing the process components, hydraulic profile,
electrical controls and alarm circuitry, any timer settings, mechanical controls, flow splitting,
proportioning equipment and finally any special equipment and any configurations that need to
be set manually or electronically.

d.

The Process Description: Details of the physical and biological processes, flow controls, dosing
volumes/cycles and loading rates.
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e.

A copy of the Approved Design Site Plan and/or The ‘As-Built’ Plans (all plans should be dated),
showing the location of key components of the wastewater treatment system, the disposal
system and the location of the allocated reserve area. Details of what should be shown on the
As-Built plans is further covered in Section 12.1.3 (e).

f.

The Wastewater Treatment System Maintenance: Details of the key components, inspection
procedures, key maintenance requirements and maintenance frequencies. The plan should
also specify who is responsible for undertaking the maintenance tasks e.g. the site owner
and/or system supplier and/or system maintenance contractor. Wherever there is any doubt
concerning the long-term maintenance responsibilities of a treatment system, the purchaser
should receive data sheets for the system specifying design start up and long-term operating
parameters. This should include programmable timer ranges, flow meter range and units,
electrical and operating characteristics with specifications for normal system operating
conditions, flow head-loss characteristics at all valves, flow meters, flow splitters distributing
equipment and manifolds.

g.

The Wastewater Disposal System Maintenance: Details of the operation and maintenance
requirements and inspection procedures and frequencies. This should include details of the
regular maintenance requirements of vegetation within the disposal system. The plan should
also specify who is responsible for undertaking the maintenance tasks e.g. the site owner
and/or system maintenance contractor.

h.

Preventative Maintenance Worksheets: Checklists of key operational and maintenance
requirements covered in Part (f) and (g) above.

i.

Monitoring and Reporting Requirements: Frequency and procedures for monitoring and
reporting records, where within the systems monitoring should be undertaken and where
records must be forwarded (i.e. the address of the statutory agency that is to receive flow and
discharge quality records).

j.

A Contingency Plan/Trouble Shooting Guide: The Plan or Guide should provide a guide to
diagnosing problems and potential causes and determining appropriate response actions. A
Plan of actions that must be taken should include contact details, in the event of any
mechanical or biological system emergencies or key system failures or other problems. It
should also specify that a site log is kept to ensure records of all irregular incidents with the
system and response actions are kept, to assist determination of recurring problems/trends.

k.

Educational Material of Routine Precautions: Details of water producing activities, devices
which may affect the successful operation of the system e.g. dishwashers, garbage grinders,
the need for water conservation and the need for caution with the discharge of strong
chemicals/cleaning agents. Where water saving devices are included as a system design
component, these should be clearly specified in the management plan (Further details of key
matters a householder should be aware of are covered in Appendix I – ARC Technical Sheets I-1
to I-4 and cleaning agents that should not be used are covered in ARC Technical Sheets I-5 & I6. The effects of cleaning substances with high nutrient concentrations on the receiving
environment are addressed in Chapter 11).

l.

Copies of relevant Regulatory Documentation: the Building Consent and if available, the
Discharge Consent and/or the Land Use Consent and details of consent conditions that must be
complied with, e.g. criteria of the permitted activity for on-site disposal of domestic wastewater
and/or conditions of the controlled or discretionary discharge consent, including any
monitoring conditions.

Examples of On-Site Wastewater Treatment and Disposal System Maintenance Summary Checklists
are provided in Appendix H.
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Reasons for Requiring Monitoring
Wastewater system monitoring is a most important tool for verifying system performance, for
assessing the validity of the original wastewater system design AEE (assessment of environmental
effects) and as a means of justifying design assumptions.
In addition to regular contracted monitoring services by a professional operator (as covered in
Section 12.2.7), the most important form of monitoring by the system user/owner are the regular
inspections of the wastewater treatment and disposal system for any signs of system malfunction.
These system checks should be undertaken on a routine basis in accordance with the procedures in
the management plan and with regard had for the problem solving guide also included in the plan.
Further formal system monitoring procedures may be required by a condition of consent. The degree
of monitoring required is usually in response to the degree of uncertainty in the design and the level
risk in the event of system failure. It can also be agreed as a mitigation measure through a consent
process as an option for alleviating public concerns with a proposed discharge.
Flow Monitoring
The most common form of wastewater system monitoring is flow monitoring. As covered in Chapter
6, it is recommended that flow meters be installed wherever concern exists about risk of actual flow
volumes exceeding design flow volumes. The meter should then be read at times of peak occupancy
to provide for the home user/owner to control of actual water usage as required. Most owners of
wastewater systems authorised by the ARC consent process (as well as those of systems with
conditional approval as a permitted activity where flow volume uncertainty exists at the design and
building consent stage), are required to monitor wastewater flows on a continuous or intermittent
basis and to report the flow records to the consent authority. This is required where risk of failure is
significant (as it can be on poor or small sites and/or on sites with a significant flow volumes) and/or
where environmental and health effects from system failure are also considered significant.
Discharge Quality Monitoring
The next most common form of system monitoring is discharge quality monitoring to assess system
performance. This is increasingly required as system complexity and potential of malfunction
increase. It is likely to be required to verify ongoing optimum system performance and to verify the
actual discharge quality against the quality standards claimed in the design stage. Again discharge
quality monitoring is more likely to be required in situations where risk of adverse effects in the event
of poor system performance is considered significant.
Monitoring of treated and disinfected wastewater prior to reuse is critical and is likely to be required
in most cases, to verify system performance and to enable precautions to be taken to reduce risks in
the event of actual or potential system failure. The recommended treated wastewater quality
monitoring specifications are detailed in Section 7.8. In the case of chlorine and/or UV disinfection,
regular (daily or weekly) monitoring of the chlorine residual and possibly turbidity by the system
user/owner, is likely to be required. Less frequent (fortnightly, monthly, quarterly or six monthly)
professional analyses for biochemical oxygen demand, suspended solids, faecal coliforms, turbidity
and pH concentrations are also likely to be required. Again the frequency will depend on the degree
of risk, with more regular monitoring required dependant on the magnitude of risk in the event of any
failure and/or as a means of verifying adequate system maintenance.
Monitoring of the Receiving Environment
The third form of monitoring is monitoring of the receiving environment. In particular, monitoring of
surface or groundwater or stormwater channels may be required where risk of impact on water
quality is considered significant, such as in situations where there is inadequate separation distances
and/or where monitoring is considered necessary to provide a means of ensuring design mitigation
measures are maintained.
210

Use of Monitoring Data
In many cases, discharge consent conditions will require response actions in the event of any noncomplying monitoring result, such as where a result exceeds a trigger level or limit in the consent.
Such actions are likely to include mitigation measures and may or may not include reporting to the
consent authority and increased monitoring until results verify resolution of the non-compliance
event.
In all cases, the necessary monitoring and response procedures must be included in the system
management plan, as outlined in items (i) and (l) in Section 12.2.8. It is important that monitoring is
undertaken in a consistent manner in accordance with the specified procedures in a management
plan, particularly if the data is to be analysed for any trends or comparisons over time.
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Figure 12.1 outlines a 5 step procedure for responding to system failure. The key steps involved are
the identification of the first indications of possible failure, the obtaining of background information
that should be known or can be easily obtained before the investigation proceeds, the immediate
matters to be investigated to clarify the problem and the cause, the determination of the cause of the
problem through the investigation of further relevant information and finally identifying the solution
and undertaking the corrective actions.
Further information on solutions for various types of possible on-site wastewater system problems
and options for avoiding and addressing such problems is provided in the following ARC Technical
Sheets provided in Appendix I:
•

Technical Sheet I-1 – How to Avoid Problems with On-site Wastewater Treatment and Disposal
Systems – Key Maintenance Requirements.

•

Technical Sheet I-2 – On-site Wastewater Septic Tanks: Do’s & Don’ts Summary for
Householders.

•

Technical Sheet I-3 – On-site Wastewater Package Treatment Plants: Key Maintenance
Requirements to be undertaken by Maintenance Contractor.

•

Technical Sheet I-4 – On-site Wastewater Treatment and Disposal Systems: Problem Solving
Guide.

•

Technical Sheet I-5 – Household Cleaning Chemicals: Effects on Disposal System Soils.

•

Technical Sheet I-6 – On-Site Wastewater Treatment & Disposal Systems: Substitutes For
Household Cleaning Chemicals And Other Waste.
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TABLE 12.1: STEP PROCEDURE FOR INVESTIGATING AND REMEDIATING ON-SITE
WASTEWATER SYSTEMS’ FAILURE

IDENTIFY
FAILURE

Collect Important
Background
Information

Possible symptoms e.g. foul odours and/or wastewater
breakout, rank-poorly growing vegetation; poor drainage
off-site land or water contamination; and surface water
discolouration/ eutrophication.
•
•
•
•
•
•
•
•
•
•
•
•
•

Investigate
Problems

Complete
Investigation
to Determine
Cause

Identify Solutions
and Initiate
Corrective Actions

•
•

•
•
•
•
•
•
•
•
•
•
•

Site constraints; soil type; groundwater depth;
Design wastewater flow volume capacity;
Treatment system design;
Disposal system design & limitations;
Reticulation pipework layout;
System age;
System use/occupancy numbers; extent/frequency of
occupancy;
Daily flow records/estimates;
Recent changes in circumstances;
System maintenance record.
Problems identified from on-site inspection;
Problems identified from surrounding environment
inspection;
Current disposal area loading rate versus design
loading rate;
Treatment system performance & discharge quality;
Flow records of actual water usage/wastewater
discharge volumes.
System components testing and monitoring;
Potential for stormwater/groundwater infiltration;
Treated wastewater sampling & analysis;
Wastewater breakout/seepage sampling & analysis;
Occupancy records
Soil bore logs within & down slope of disposal area;
Maintenance records;
Changes in wastewater character;
Increases in organic load and/or fat & oil
concentrations;
Condition of receiving soils & vegetation
Condition of down slope soils & water quality.

Get Help
• Engage experienced wastewater design engineer;
• Engage System Supplier/ Maintenance Contractor;
• Arrange one-off / ongoing septic tank pumpouts &
off-site disposal.
Fix System
• Upgrade /Service wastewater treatment system;
• Repair damaged system components;
• Install outlet filter to septic tank if not in place;
• Increase system capacity;
• Extend/replace disposal system;
• Improve condition of plantings & maintenance on
healthy vegetation;
• Commence/Renew Maintenance Contract.
Reduce Flows
• Install flow reduction valves on all water
outlets/faucets;
• Improve water construction;
• Eliminate baths, decrease shower duration;
• Decrease washing machine usage;
• Eliminate stormwater infiltration;
• Install surface/subsurface water cut-off drains;
• Reduce organic waste in discharge and avoid toxic
discharges.
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Absorption

The process by which one substance is taken into and included within
another substance such as the absorption/uptake of water/effluent by soil or
of nutrients by plants.

Activated sludge
process

A biological wastewater treatment process by which biologically active
sludge (concentrated biomass) is agitated and aerated with incoming
wastewater. The activated sludge is subsequently separated from the
treated wastewater (mixed liquor) by sedimentation, and most of it is
returned to the process. The rest is wasted as needed.

Adsorption

The physical or chemical attachment of substances to the surface of soil
particles.

Advanced Secondary
Treatment

Aerobic biological treatment process, including settling and/or filtering of
wastewater. Secondary treated wastewater is expected to be equal to or
3
3
better than 15g/m 5-day biochemical oxygen demand and 15g/m
suspended solids. (This is for the purpose of land disposal. Higher quality,
3
3
such as 10gO/m and 10g/m respectively or better, may be required where
discharge is into water). Systems that can provide advanced secondary
treatment are predominantly sand filters, advanced textile filters and
packed bed reactors. Some high performing, stabilised and closely
monitored aerobic treatment plants (refer AWTS) can also achieve the same
discharge quality.

Aerobic

Having molecular oxygen as part of the environment, or growing or
occurring only in the presence of molecular oxygen (as in “aerobic
organisms”).

Aerated wastewater
treatment
plant/system
(AWTP or AWTS)

A mechanical on-site treatment unit that provides secondary (biological)
wastewater treatment by mixing air (oxygen) and aerobic and facultative
microbes with the wastewater, followed by clarification. AWTSs typically
use a suspended growth treatment process (similar to activated sludge
extended aeration) but can also involve or a fixed film (air vented fixed
media) biological filtration treatment process, similar to trickling filter.
These are also referred to as home aeration plants or household package
plants.

All-waste

The combined blackwater and greywater flow from a dwelling or premise
that is generating domestic waste.

Ammonia (NH3)

Un-oxidised form of nitrogen; toxic to aquatic life at elevated
concentrations.

Anaerobic

Characterised by the absence of molecular oxygen, or growing in the
absence of molecular oxygen (as in “anaerobic bacteria”).

ARC

Auckland Regional Council.
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Biochemical Oxygen
Demand (BOD)

A commonly used gross measurement of the concentration of
biodegradable organic impurities in wastewater. The amount of oxygen,
expressed in milligrams per litre (mg/L), required by bacteria while
stabilizing, digesting, or treating organic matter under aerobic conditions is
determined by the availability of material in the wastewater to be used as
biological food and the amount of oxygen used by the micro-organisms
during oxidation.

Biomat

The layer of biological growth and inorganic residue that develops at the
wastewater-soil interface and extends up to about 25mm into the soil
matrix. The biomat controls the rate at which pre-treated wastewater
moves through the infiltrative surface/zone for coarse to medium textured
soils. This growth may not control fluxes through fine clay soils, which are
more restrictive to wastewater flows than the biomat.

Blackwater

Liquid and solid human body waste and the carriage waters generated
through toilet usage.

Best Practicable
Option (BPO)

The best option for wastewater servicing and/or treatment and/or disposal
that best meets public health, environmental and economic objectives.

Building Consent

A permit issued or authorized by the regulatory authority that allows the
installation of wastewater treatment system in accordance with approved
plans and application codes.

Centralised
Wastewater
Treatment System
(CWTS)

The collection of wastewater from homes and commercial facilities in an
urban area, that consists of collection sewers with a centralised treatment
and disposal/reuse facility, usually remote from its source or the
community.

Chemical Oxygen
Demand (COD)

A measure of oxygen use equivalent to the portion of organic matter that is
susceptible to oxidation by a strong chemical oxidizing agent.

Chlorine residual

The total amount of chlorine remaining in water, sewage, or industrial
wastes at the end of a specified contact period following disinfection.

Clarifiers

Settling tanks that typically remove settleable solids by gravity.

Clay

A textured class of soils consisting of particles less than 0.002mm in
diameter.

Coliform bacteria

A group of bacteria predominantly inhabiting the intestines of humans or
other warm blooded animals, but also occasionally found elsewhere. Used
as an indicator of human faecal contamination.

Colloids

The solids fraction that is described as the finely divided suspended matter
that will not settle by gravity and yet is too large to be considered dissolved
matter.

Decentralised
Wastewater
Treatment System
(DWTS)

The collection, treatment, and disposal/reuse of limited volumes of
wastewater, generally from a cluster(s) of dwellings and/or accommodation
facilities that are usually located relatively close together, with the
wastewater system relatively close to the source (also referred to as
“community”, “neighbourhood” or “cluster” systems).
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Deep Bores

Deep bores are a form of deep infiltration system, typically around 6 metres
deep, used on sites where low permeability surface soils, such as poorly
draining clays, are underlain by more permeable subsoil layers at depth.

Denitrification

The biochemical reduction of nitrate or nitrite to gaseous molecular
nitrogen, or to an oxide of nitrogen.

Design irrigation rate
(DIR)

The loading rate that applies to the irrigation of a land-application area with
effluent of a secondary quality. It is expressed in L/m²/week or mm/week. If
a spray irrigation system is used, the secondary effluent is subject to
continuous disinfection.

Desludging

Removal of the accumulated sludge and scum from the septic tank.

Disinfection

The process of destroying pathogenic and other micro-organisms in
wastewater, typically through application of chlorine compounds,
ultraviolet light, iodine, ozone, and the like.

Disposal method

The type of land disposal system (dripper irrigation, trench, bed, mound)
sized to the daily wastewater flow and wastewater loading rate for dispersal
of treated wastewater into the ground for final treatment.

Disposal field

Shallow, covered, excavation made in unsaturated soil into which
pretreated wastewater is discharge through distribution piping for
application into/onto soil infiltration surfaces through porous media or
manufactured (gravelless) components placed in the excavation. The soil
accepts, further treats, and disperses wastewater as it percolates through
the soil, ultimately discharging to groundwater.

Dissolved Oxygen
(DO)

The oxygen dissolved in water, wastewater or other liquid, usually
expressed in milligrams per litre (mg/L), parts per million (ppm), or percent
of saturation.

Dissolved solids

The fraction of solids dissolved in water.

Distribution Method

The pipe system within the land disposal system to distribute treated
wastewater onto the design infiltration area.

Domestic
Wastewater

Wastewater originating from households or personal activities including
water closets, urinals, kitchens, bathrooms and laundries. Includes such
wastewater flows from facilities serving staff/employees/residents in
institutional, commercial and industrial establishments, but excluding
commercial and industrial wastes, large-scale laundry activities and any
stormwater flows.
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Drainage

An indication of the local soil wetness conditions likely to occur in most
years. Soil wetness is further described as very poorly drained, poorly
drained, imperfectly drained, moderately well, drained, well drained and
rapidly drained.
•

Very poorly drained: water is removed from the soil so slowly that
the water table remains at or near the surface for most of the year.

•

Poorly drained: All horizons remain wet for the periods of several
months.

•

Imperfectly drained: Some horizons are wet for periods of several
weeks.

•

Moderately well drained: Some horizons may remain wet for as long
as one week after water addition.

•

Well drained: Some horizons may remain wet for several days after
water addition.

•

Rapidly drained: No horizon is normally wet for more than several
hours after water addition.

Dry vault

A chamber that receives and treats human and domestic organic waste
using a biological degradation or dehydrating process. The only water
used is for cleaning or assisting the biological degradation process.

Effluent

Sewage, water, or other liquid, partially or completely treated or in its
natural state, flowing out of a wastewater treatment system or out of a
component of a treatment system.

Effluent filter (also
called an Outlet filter
and an Outlet solids
control device)

A removable, cleanable device inserted into the outlet piping of the septic
tank designed to trap excessive solids due to tank upsets that would
otherwise be transported to the subsurface wastewater infiltration system
or other downstream treatment components.

Engineered design

An on-site or cluster system that is designed to meet specific performance
requirements for a particular site as certified by a chartered engineer or
other qualified person experienced in on-site wastewater treatment and
land disposal systems.

Environment

Surroundings, including natural and physical resources, community and
neighbourhood relating to health, aesthetic, social, economic and cultural
conditions.

Environmental
Sensitivity

The relative susceptibility to adverse impacts of a water resource or other
environments that may receive wastewater discharges.

Eutrophic

A term applied to water that has a concentration of nutrients optimal or
nearly so, for plant or animal growth. In general, nitrogen and phosphorus
compounds contribute to eutrophic conditions in coastal and inland fresh
waters, respectively.

Evapotranspiration

The combined loss of water from a given area and during a specified period
of time by evaporation from the soil or water surface and by transpiration
from plants.
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Evapotranspirationseepage bed

A land-application system that embodies the principles of evaporation,
transpiration and absorption. Also known in Australia as an Evapotranspiration absorption trench, bed or area.

Fabric

The combination of arrangements of individual soil particles into definable
aggregates or peds, which are characterised and classified on the basis of
size, shape, and degree of distinctness.

Filter cloth

Any durable, permeable textile material suitable for use with soil, rock or
earth.

Fixed-film
wastewater
treatment system

A biological wastewater treatment process that employs a medium such as
rock, plastic, wood, or other natural or synthetic solid material that will
support biomass on its surface. Fixed film systems include those in which
the medium is held in place and is stationary relative to fluid flow, those in
which the medium is in motion relative to the wastewater (e.g. rotating
biological disk), and dual process systems that include both fixed and
suspended biomass together or in a series.

Greywater

Domestic wastewater drained from sinks, tubs, showers, baths,
dishwashers, clothes washers, and other non-toilet sources. (Greywater
should not contain waste from garbage grinders.)

Holding tank

A tank used for holding wastewater prior to pumping out.

Hydrologic
conductivity

As applied to soils, the ability of the soil to transmit water in liquid form
through pores.

Intermittent Packed
Bed Reactor

A single pass sealed reactor media bed (refer Packed Bed Reactor).

Infiltration

Passage of water into soil.

Laminar flow

Used to describe flat, sheet like ground water flows that migrate laterally
along the upper surface of a confining layer of soil or rock.

Land Disposal
system (Also called
Application System)

The system used to apply effluent from a wastewater treatment unit into or
onto the soils for further in-soil treatment and absorption.

Long term
Acceptance Rate

The maximum rate that a land disposal system can treat primary or
secondary effluent. It allows for loss to the soil by percolation through the
base and sidewalls of the application system and other losses to the
atmosphere by evaporation and evapotranspiration.

Mineralisation

The conversion of an element from an organic form to an inorganic state as
a result of microbial decomposition.

Mottling

Spots or blotches of different colours or shades of colour interspersed with
the dominant soil colour caused in part by exposure to alternating
unsaturated and saturated conditions.

Nitrate (NO3)

The oxidised form of nitrogen, and the form most readily absorbed by
plants.
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Nitrification

The biochemical oxidation of ammonium to nitrate.

On-site wastewater
treatment system
(OWTS)

The collection, treatment, and disposal /reuse of wastewater from an
individual home or commercial facility on the same property as it is
generated.

Organic nitrogen

Nitrogen combined in organic molecules such as proteins and amino acids.

Organic soil

A soil that contains a high percentage of organic matter (more than 15 to
20%) throughout the soil column.

Outlet filter
(Also call Effluent
filter)

A removable, cleanable device inserted into the outlet piping of the septic
tank designed to trap excessive solids due to tank upsets that would
otherwise be transported to the subsurface wastewater infiltration system
or other downstream treatment components.

Package plant

Term commonly used to describe an aerobic treatment unit (refer also
AWTS systems) but can include any custom built secondary or advance
secondary treatment system. Can be a standard built plant that is similar
design for many sites or custom made specifically designed to serve a
particular situation e.g. involving multiple dwellings or accommodation
facilities.

Packed Bed Reactor

A sealed reactor media bed (usually layered sand and gravel) with an under
drain collection. Screened effluent is applied to the top of the reactor media
in small precise timer controlled doses via a piped distribution system to
provide for a thin film flow through the bed reactor.

Particle size

The effective diameter of a particle, usually measured by sedimentation or
sieving.

Particle size
distribution

The amounts of the various soil size fractions in a soil sample, usually
expressed as weight percentage.

Pathogenic

Causing disease, commonly applied to micro-organisms that cause
infections disease.

Ped

An element of soil structure. Peds are lumps of soil that can be separated
from each other by hand. Void spaces between peds control the passage of
water through the soil.

Perched water table

The permanent or temporary water table of a discontinuous saturated zone
in a soil, into which groundwater drains.

Percolation

The flow or trickling of a liquid downward through a contact of filtering
medium.

Permeability

Ability of a porous medium such as soil to transmit fluids or gases.

pH

A term used to describe the hydrogen ion activity of a system.

Plastic soil

A soil capable of being moulded or deformed continuously and
permanently by relatively moderate pressure.
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Platy structure

Laminated or flaky soils aggregate developed predominantly along the
horizontal axes.

Primary treatment
system

The separation of suspended material from wastewater by settlement
and/or floatation in septic tanks, primary settling chambers etc. prior to
effluent discharge to either a secondary treatment process or to a land
disposal system.

Population
equivalent

The ratio of the total quantity of wastewater produced to that defined as
being equivalent to that produced by one person.

Producer statement

A written declaration by a person responsible for an
activity/product/process, settling out the performance requirements, how
these are to be met and the measures required in a assessment of their
effectiveness.

Recycle

The beneficial reuse of tertiary treated wastewater, usually for toilet
flushing purposes only.

Recirculating Packed
Bed Reactor

A multiple pass sealed reactor media bed (refer Packed Bed Reactor). The
recirculating ratio is typically at one to three to one to five.

Regulatory authority
(RA)

The level of government that establishes and enforces codes related to the
permitting, design, placement, installation, operation, maintenance,
monitoring, and performance of on-site wastewater treatment systems.

Reserve area

An area set aside for future use as a land application area to replace or
extend the original land disposal system.

Residuals

The solids generated and retained during the treatment of domestic sewage
in treatment system components, including sludge, scum, and pumping
from grease traps, septic tanks, aerobic treatment units, and other
components of an on-site or cluster system.

Reuse

The beneficial reuse of treated wastewater (usually secondary treated) to
irrigation lawns and gardens, typically by pressure compensating dripper
irrigation.

Sand filter

A packed bed filter of sand or other granular materials used to provide
advanced secondary treatment of settled wastewater or septic tank effluent.
Sand/media filters consist of a lined (e.g. impervious PVC liner on sand
bedding) excavation or structure filled with uniform washed sand that is
placed over an underdrain system. The wastewater is dosed onto the
surface of the sand through a distribution network and allowed to percolate
through the sand to the underdrain system, which collects the filter effluent
for further processing or disposal.

Scum

The floating mass of wastewater solids buoyed up by entrained gas, grease
or other substances which form and accumulating layer on the liquid
surface inside the treatment tank.
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Secondary treatment

Aerobic biological treatment process, including settling and/or filtering of
wastewater. Secondary treated wastewater is expected to be equal to or
3
3
better than 20g/m 5-day biochemical oxygen demand and 30g/m
suspended solids. Systems that can provide secondary treatment include
well designed and operated, stabilised aerated treatment plants (refer
AWTS), usually based on extended aeration activated sludge processes)
and can also include sand filters, advanced textile filters, packed bed
reactors (refer to advanced secondary treatment systems).

Septage

The liquid, solid, and semisolid material that results from wastewater pretreatment in a septic tank, which is removed from the system by pumpout/desludging operations.

Septic tank

A buried, watertight tank designed to receive and partially treat raw
wastewater by allowing solids separation from the liquid phase and the
decomposition of the retained organic matter by anaerobic bacteria,
forming dissolved fatty acids and gases. Settleable solids settle to the
bottom, forming a sludge layer and grease and other light materials float to
the top, forming a scum layer. Tanks are normally vented to enable release
of the gases generated during liquefaction of the solids.

Sequencing batch
reactor

A sequential suspended growth (activated sludge) process in which all
major steps occur in the same tank in sequential order. Sequencing batch
reactors include intermittent-flow batch reactors and continuous-flow
systems.

Setback

The distance that a wastewater system must be situated from any facility
boundary, water body or other limiting factor.

Settleable solids

Matter in wastewater that will not stay in suspension during a designated
settling period.

Sewerage

The network of collection drains that carry domestic wastewater or effluent
away from the properties of origin for off-site treatment.

Silt

A textual class of soil consisting of particles between 0.05 and 0.002
millimetres in diameter.

Site Assessment

An evaluation of site and soil characteristics and the identification of site
constraints. Also includes other environmental, public health legal and
economic factors to be considered prior to the determination of wastewater
treatment and land disposal system options.

Slickenslides

The skin or coating formed on (usually) large units of soil, which will show
striations or grooves resulting from the periodic rubbing together of the soil
units due to shrinkage and swelling in response to moisture change.

Sludge

The semi-liquid solids settled from wastewater.

Soil absorption zone

The volume of soil that is required to filter, isolate and absorb wastewater
micro-organisms, nutrient and particles. For normal soils, the zone path
length required is at least 0.6m to 1.2m. For sandy soils greater volumes of
soil may be required. For sandy soils greater volumes of soil may be
required.

220

Soil horizon

A layer of soil or soil material approximately parallel to the land surface and
different from adjacent layers in physical, chemical, and biological
properties or characteristics such as colour, structure, texture, consistence
and pH.

Soil map

A map showing the distribution of soil types or other soil mapping units in
relation to the prominent physical and cultural features of the earth’s
surface.

Soil morphology

The physical constitution, particularly the structural properties, of a soil
profile as exhibited by the kinds, thickness, and arrangement of the
horizons in the profile and by the texture, structure, consistence, and
porosity of each horizon.

Soil permeability

A calculated value derived from the rate at which a head of liquid is
absorbed into soil, usually measured in m/day as Ksat.

Soil survey

The systematic examination, description, classification, and mapping of
soils in an area.

Soil texture

The relative proportions for the various soil separates (e.g. silt, clay, sand)
in a soil.

Soil water

A general term emphasizing the physical rather than the chemical
properties and behaviour of the soil solution.

Subsoil

In general, that part of the soil below the depth of ploughing.

Subsurface
wastewater
infiltration system
(SWIS)

An underground system for dispersing and further treating pre-treated
wastewater. The SWIS includes the distribution piping/units, any media
installed around or below the distribution components, the biomat at the
wastewater-soil interface, and the unsaturated soil below.

Terrain-soil map unit

An individual mapped area (polygon), which contains a definable slope or
group of soils, which require individual soils evaluation prior to use as a
land disposal area.

Textile Packed Bed
Reactor
(Also known as
Textile Filter)

A sealed reactor media bed (textile) with an under drain collection, in which
engineered textile media replaces the sand and gravel layers used in other
forms of packed bed reactors. The effluent is uniformly dosed through a
surface pressure distribution system using a timer controlled dosing
regime.

Topsoil

The layer of soil moved in agricultural cultivation.

Total Kjeldahl
Nitrogen (TKN)

The sum of the total organic nitrogen component plus ammonia.

Total Nitrogen (TN)

The sum of the organic nitrogen, ammonia, nitrite and nitrate.

Unsaturated flow

Movement of water in a soil that is not filled to capacity with water.
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Wastewater

The contaminated water produced from domestic activities in dwellings,
institutions, or commercial or public facilities, consisting of all waste,
greywater or blackwater. Also defined as foul water in the New Zealand
Building Code.

Water quality-based
performance
requirement

A specific, measurable, and enforceable standard that establishes limits for
pollutant concentrations or mass loads in treated wastewater discharged to
ground water or surface waters.

Water table

The level in saturated soil at which the hydraulic pressure is zero.

Watercourse

A stream that:
1.
Has visible bed and banks, i.e. an eroded channel of any size, but not
a defined non-eroded grassy course or drainage depression.
2.
Is partially fed with water from some source other than or in addition
to surface water run-off.

Wetland

A system that can provide further treatment of effluent and consists of a bed
or rock of other durable media, in which wetland plants are grown.
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iÛÀiÌ>ÊivviVÌÃ]Ê>ÃÊÀiµÕÀi`ÊLÞÊÌ iÊ,iÃÕÀViÊ>>}iiÌÊVÌÊ££°ÊÊ iÌÃÊÀiViÛi`ÊÊ
Ì iÊ`À>vÌÊÛiÀÃÊvÊ/*xnÊ À>vÌÊ/ À`Ê `ÌÊÕ}ÕÃÌÊÓääÎ®ÊVÕ`i`ÊV>ÃÊÌ >ÌÊ/*xnÊÃ Õ`ÊLiÊÀiÊ
VÃÃÌiÌÊÜÌ Ê-É <-Ê£x{Ç\Óäää°ÊÊ"Ì iÀÃÊÃÕ}}iÃÌi`ÊÌ >ÌÊ`iÃ}ÊÃ«iVwÊV>ÌÃÊÃ Õ`ÊLiÊÀiÊ>`Ê
iÃÃÊÃÌÀ}iÌÊÌ >ÊÌ ÃiÊÌ>ÞÊ«À«Ãi`°ÊÊ/ iÀiÊÜiÀiÊvÕÀÌ iÀÊÃÕ}}iÃÌÃÊÌ >ÌÊ, ÊÃ Õ`ÊÕÃÌÊ
ÕÃiÊ>Ê`iÃ}ÊÃÌ>`>À`ÃÊvÀÊ-É <-Ê£x{Ç\Óäää]ÊÃÌi>`ÊvÊÌ ÃiÊvÌiÊÀiÊ`iÌ>i`ÊÃÌ>`>À`ÃÊ
ÀiVi`i`ÊÊ/*xn°
iÛiÀÌ iiÃÃ]Ê, Ê``ÊVÃ`iÀÊÌ >ÌÊÌ iÀiÊÜ>ÃÊ>ÊÛ>`Êii`ÊvÀÊÃiÊ-É <-Ê£x{Ç\ÓäääÊ`iÃ}Ê
ÃÌ>`>À`ÃÊÌÊLiÊ>`«Ìi`ÊÌÊ/*xn°ÊÊ7 iÀiÊ}>«ÃÊÜiÀiÊ`iÌwÊi`ÊÊÌ iÊ`À>vÌÊ/*xn]Ê`ÕiÊVÃ`iÀ>ÌÊ
Ü>ÃÊ}ÛiÊÌÊÌ iÊ>ÌiÀ>ÌÛiÊ>ÌiÀ>ÊÊÌ iÊÃÌ>`>À`Ã]Ê>`ÊÌ ÃÊ>ÌiÀ>Ê >ÃÊLiiÊ>`«Ìi`ÊÊ/*xnÊ
Ü iÀiÛiÀÊ>««À«À>Ìi°ÊÊÜiÛiÀ]ÊÀi}>À`Ê >ÃÊ>ÃÊLiiÊ >`ÊvÀÊÌ iÊ>À}iÊÕLiÀÊvÊ`vviÀiViÃÊÊ
«À>VÌViÊLiÌÜiiÊÕÃÌÀ>>Ê>`Ê iÜÊ<i>>`]Ê>ÃÊVÛiÀi`ÊÊLÌ Ê`VÕiÌÃ°ÊÊ7Ì Ê/*xn]Ê, Ê >ÃÊ
>ÌÌi«Ìi`ÊÌÊV«iÃ>ÌiÊvÀÊÜ >ÌÊÌÊVÃ`iÀi`ÊÜiÀiÊÃ ÀÌV}ÃÊÊÌ iÊ-É <-Ê`iÃ}ÊÃÌ>`>À`Ã]Ê
>`ÊÌÊ >ÃÊ>ÌÌi«Ìi`ÊÌÊiÃÕÀiÊÌ >ÌÊ/*xnÊ«ÀÛ`iÃÊ«ÀÛi`Ê`iÃ}ÊVÀÌiÀ>ÊÌ >ÌÊ>ÀiÊÀiÊÃ«iVwÊVÊÌÊ
Ì iÊ iÜÊ<i>>`ÊÃÌÕ>Ì°ÊÊ/ ÃÊÃÊ`ÃVÕÃÃi`ÊÊÀiÊ`iÌ>ÊLiÜ°I

IÊÊÕ]Ê°]ÊÓää{®Êº"ÃÌiÊ7>ÃÌiÜ>ÌiÀÊÕÌÕÀiÃÊqÊÊ iÜÊ<i>>`Ê*iÀÃ«iVÌÛi»]Ê*ÀVii`}ÃÊvÀÊÌ iÊÀÃÌÊ
ÌiÀ>Ì>Ê viÀiViÊÊ"ÃÌiÊ7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ>`Ê,iVÞV}]ÊQ viÀiViÊ£££ÎÊiLÀÕ>ÀÞÊÓää{R
Ó

Ü}ÊÃÊ>ÊLÀivÊÃÕ>ÀÞÊvÊ, ÊVViÀÃÊÜÌ ÊÌ iÊ>`«ÌÊvÊÃiÊ«À>VÌViÃÊ`iÌ>i`ÊÊ-É
<-Ê£x{Ç\ÓäääÊÊÌ iÊÕV>`ÊÀi}]ÊÜÀÌÌiÊÊÀiÃ«ÃiÊÌÊÌ iÊ>LÛiÊV>ÃÊ>`ÊVViÀÃ\
£°

,iiÛ>ÌÊi}Ã>Ì
,iiÛ>ÌÊ iÜÊ<i>>`Êi}Ã>Ì]ÊÊ«>ÀÌVÕ>À]ÊÌ iÊ,iÃÕÀViÊ>>}iiÌÊVÌÊ££Ê>`ÊÀiÊ
Ã«iVwÊV>ÞÊÊÌ iÊÕV>`ÊÀi}]ÊÌ iÊ, Ê,i}>Ê*VÞÊ-Ì>ÌiiÌ]ÊÀiµÕÀiÊ>ÊivviVÌÃÊL>Ãi`Ê
>««À>V ÊÃÊÌ>iÊÌÊ`iÃ}}Ê>`Ê>ÃÃiÃÃ}ÊÃÌiÊÜ>ÃÌiÜ>ÌiÀÊÃÞÃÌiÃ°ÊÊÀÊÌ ÃÊÀi>Ã]Ê
/*xnÊ >ÃÊÌ>iÊ>Ê«ÀiV>ÕÌ>ÀÞÊ>««À>V ÊÌÊÃ«iVvÞ}Ê>ÞÊ`iÃ}ÊVÀÌiÀ>]ÊÊÀ`iÀÊÌÊiÃÕÀiÊ
Ì >ÌÊÃÞÃÌiÃÊ>ÀiÊÃÕÃÌ>>LiÊ>`Ê«ÌiÌ>ÊvÀÊ>`ÛiÀÃiÊiÛÀiÌ>ÊivviVÌÃÊvÀÊÜ>ÃÌiÜ>ÌiÀÊ
`ÃV >À}iÃÊ>ÀiÊÃi`°
/ iÊÀiÃÕÌÊ >ÃÊLiiÊÌ >ÌÊÌÊÃi]Ê/*xnÊ>ÞÊ>««i>ÀÊ«>ÀÌVÕ>ÀÞÊ«ÀiÃVÀ«ÌÛi°ÊÊ/ iÀiÊÃÊ>ÃÊ
VViÀÊÌ >ÌÊÌ ÃÊÜÊÃÌ«ÊÛ>ÌÊ>`ÊVÀi>ÌÛiÊ`iÃ}Ê>««À>V °ÊÊ/ ÃÊÃÊÌÊÌ iÊÌiÌÊvÊ
/*xnÊLÕÌÊ>ÞÊ`iÃ}Êvi>ÌÕÀiÃÊVÛiÀi`ÊÊ/*xnÊ>ÀiÊ>ÃÊ>Üi`ÊLÞÊ`iv>ÕÌÊÕ`iÀÊÌ iÊiÜÊ
*À«Ãi`ÊÕV>`Ê,i}>Ê,ÕiÃ\ÊÀÊ>`Ê>`Ê7>ÌiÀÊ>ÃÊ«iÀÌÌi`Ê>VÌÛÌiÃ°Ê/ iÊVÀÌiÀ>ÊvÊ
>Ê«iÀÌÌi`Ê>VÌÛÌÞÊÕÃÌÊ«ÀÛ`iÊViÀÌ>ÌÞÊÌ >ÌÊ>ÞÊivviVÌÊvÀÊÌ iÊ>VÌÛÌiÃÊÜÊLiÊÊÀiÊ
Ì >ÊÀ°ÊÊ/ iÀivÀiÊ>ÊÃÞÃÌiÃÊ>Üi`Ê>ÃÊ>Ê«iÀÌÌi`Ê>VÌÛÌÞÊÕÃÌÊLiÊÃÕvwÊViÌÞÊÜiÊ
«ÀÛi]ÊÀLÕÃÌÊ>`ÊÀi>LiÊ>`ÊÌ >ÌÊÌ iÀiÊÃÊÌÌiÊÃV«iÊÜÌ ÊÀiiÛ>ÌÊ`iÃ}ÊVÀÌiÀ>ÊvÀÊ
iÝ«iÀiÌ>Ì°ÊÊÃÌi>`]ÊÌ iÊVÃiÌÊ«ÀViÃÃÊ«ÀÛ`iÃÊ>Ê>ÛiÕiÊvÀÊ>ÃÃiÃÃiÌÊvÊiÜÊ
`iÃ}ÊÌiV }Þ°ÊÊ"ViÊÃÕvwÊViÌÊ«iÀvÀ>ViÊ`>Ì>Ê >ÃÊLiiÊ>VVÕÕ>Ìi`ÊÌÊ«ÀÛiÊÌ iÃiÊ
¼Û>ÌÛi½ÊÃÞÃÌiÃ]ÊÌ iÞÊÜÕ`ÊLiÊVÕ`i`ÊÜ iÀiÊ>««À«À>ÌiÊÊ>ÊÕ«`>ÌiÊvÊ/*xn]Ê>`Ê>ÞÊ
Ì iÊ>ÃÊLiÊ>Üi`Ê>ÃÊ>ÊVÕÃÊ>ÃÊ>Ê«iÀÌÌi`Ê>VÌÛÌÞÊ«ÀÛ`}ÊÌ iÀÊÀiiÛ>ÌÊVÀÌiÀ>ÊÃÊ
iÌ°

Ó°

->>}iÊ/iÃÌ}
-É <-Ê£x{Ç\ÓäääÊ«ÀÌiÃÊÌ iÊÕÃiÊvÊÃ>>}iÊÌiÃÌ}ÊvÀÊ`iÌiÀ}Ê>ÊÃÃÊV>«>VÌÞÊ
ÌÊ>ÃÃ>ÌiÊÌ iÊ>««i`ÊÜ>ÃÌiÜ>ÌiÀ°ÊÜiÛiÀ]ÊÌ ÃÊ«À>VÌViÊÊ >ÃÊLiiÊÃ ÜÊÌÊLiÊ } ÞÊ
Ãi>`}ÊÊ iÜÊ<i>>`ÊÃÃ°ÊÀÊiÝ>«i]ÊÌÊV>Ê`V>ÌiÊ } ÊÃ>>}iÊÀi>`}ÃÊvÀÊV«>VÌÊ
V>ÞÃ]ÊÜ iÀiÊwÊÃÃÕÀiÃÊiÝÃÌÊÊÌ iÊV>ÌÞÊvÊÌ iÊÃ>>}iÊÌiÃÌ°Ê/ ÃÊV>ÊÀiÃÕÌÊÊÃiÛiÀiÞÊÕ`iÀÊ
`iÃ}i`Ê>`Ê`Ã«Ã>ÊÃÞÃÌiÃ°Ê/*xnÊvVÕÃiÃÊÊÌ iÊii`ÊvÀÊ>ÊV«Ài iÃÛiÊÃÌiÊ>ÃÃiÃÃiÌÊ
i>ÀÞÊÊÌ iÊ`iÃ}Ê« >Ãi]ÊÜÌ ÊÃÊV>Ìi}ÀÃ>ÌÊvÀÊ`iÌwÊV>ÌÊvÊÃÃÊÌÞ«iÃ]ÊÌ ÀÕ} ÊÌ iÊ
ÃÊ«ÀwÊiÊ`iÌwÊi`ÊLÞÊÌiÃÌ«ÌÃÊÀÊLÀi iÃÊÜÌ ÊÌ iÊ«À«Ãi`ÊÜ>ÃÌiÜ>ÌiÀÊ`Ã«Ã>Ê>Ài>°ÊÊ
/ ÃÊ«ÀVi`ÕÀiÊ«ÀÛ`iÃÊÀiÊV«Ài iÃÛiÊvÀ>ÌÊ>VÀÃÃÊÌ iÊÃÃÊ«ÀwÊi]ÊÌ >ÊÃ>>}iÊ
ÌiÃÌ}Ê>i°

Î°

*iÀÊ >«Ì>Ê iÃÌVÊÜÊÜ>ViÃ
ÃiÀÛ>ÌÛiÊ`iÃ}ÊyÊÜÃÊ>ÀiÊiÃÃiÌ>ÊvÀÊÃ}ÊÀÃÊvÊÃÞÃÌiÊv>ÕÀiÊÊÌ iÊiÛiÌÊvÊ
>VÌÕ>ÊyÊÜÃÊiÝVii`}Ê`iÃ}ÊÌÃ°Ê/*xnÊ>`Ê-É <-£x{Ç\ÓäääÊ«ÀÛ`iÊÕÊ«iÀÊV>«Ì>Ê
Ü>ÃÌiÜ>ÌiÀÊ`iÃ}ÊyÊÜÊ>Ü>ViÃÊvÀÊ`iÃ}iÀÃ°Ê/ iÊyÊÜÊ>Ü>ViÊÀiVi`i`ÊvÀÊ`iÃ}Ê
«ÕÀ«ÃiÃÊÊ/*xn]Ê/>LiÊÈ°Ó®Ê>ÀiÊÀiÊVÃiÀÛ>ÌÛiÊÌ >ÊÌ ÃiÊÊ-É <-£x{Ç\ÓäääÊ«>}iÊ£{£®°Ê
/*xnÊÌ iÀivÀiÊÀiµÕÀiÃÊ>ÊÀiÊVÃiÀÛ>ÌÛiÊ`iÃ}ÊyÊÜÊ>`ÊÌ iÀivÀiÊ>Ê>À}iÀÊÜ>ÃÌiÜ>ÌiÀÊ
`Ã«Ã>Ê>Ài>°ÊÊÕÀÌ iÀ]ÊÌ iÊ-É <-£x{Ç\ÓäääÊyÊÜÊ>Ü>ViÊÀi`ÕVÌÃÊÜÌ ÊÌ iÊVÕÃÊ
vÊÜ>ÌiÀÊVÃiÀÛ>ÌÊi>ÃÕÀiÃÊ>ÀiÊ}Ài>ÌiÀÊÌ >ÊÌ iÊÀiÊVÃiÀÛ>ÌÛiÊ>`ÊLiiÛi`ÊÀiÊ
Ài>ÃÌV®ÊÜiÀÊÀi`ÕVÌÃÊÀiVi`i`ÊÊ/*xn°ÊÊ

{°

-Ê/Þ«iÃÊ>`Ê iÃ}Ê>`}Ê,>ÌiÃ
-É <-£x{Ç\ÓäääÊ«ÀÌiÃÊÌ iÊÕÃiÊvÊ } iÀÊÜ>ÃÌiÜ>ÌiÀÊ>`}ÊÀ>ÌiÃÊÊÌ iÊÀ`iÀÊvÊÌÜÊÌÊ
Ì ÀiiÊv`®ÊvÀÊÃiV`>ÀÞÊÌÀi>Ìi`ÊÜ>ÃÌiÜ>ÌiÀÊ`ÃV >À}i`ÊÌÊÃ >ÜÊÌÀiV iÃ°ÊÊÌÊ>ÃÊ>ÜÃÊ
iiÛ>Ìi`Ê>`}ÊÀ>ÌiÃÊÌÊÌÀiV iÃÊÜÌ ÊÃÊÌÞ«iÃÊÌÊÜ V Ê/*xnÊ`iÃÊÌÊÀiVi`Ê
Ì iÊÕÃiÊvÊÌÀiV iÃÊ>ÌÊ>°ÊÊÌ Õ} Ê/*xnÊ`iÃÊ«ÀÛ`iÊVÃiÀÛ>ÌÛiÊ}Õ`iiÃÊvÀÊÌ iÀÊÕÃiÊÊ
Ã«iV>ÊV>ÃiÃ°®ÊÊ
/*xnÊ`ÃVÕÀ>}iÃÊÌ iÊÕÃiÊvÊÌÀiV Ê`Ã«Ã>ÊiÌ `Ã°Ê/ iÊiiÛ>Ìi`Ê>`}ÊÀ>ÌiÃÊÜÌ ÊÃiV`>ÀÞÊ
ivyÊÕiÌÊ>ÊÜiÀÊ " Ê>`®ÊVLi`ÊÜÌ Ê-É <-Ê£x{Ç\Óäää]Ê>}ÊÜÌ ÊÌ iÊiÃÃÊVÃiÀÛ>ÌÛiÊ
Ü>ÃÌiÜ>ÌiÀÊyÊÜÊ>Ü>ViÃ]ÊVÀi>ÃiÃÊÌ iÊÀÃÊvÊ>`Ê`Ã«Ã>ÊÃÞÃÌiÊv>ÕÀi°Ê
iÛ>Ìi`Ê>`}ÊÀ>ÌiÃÊ>iÊÊ>Ü>ViÊvÀÊÕV>`ÊÀi}ÊV>ÌVÊV`ÌÃÊ>`ÊVÀi>Ãi`Ê
ÀÃÊvÊÀÕvvÊÌÊÃÕÀv>ViÜ>ÌiÀ°

x°

>`Ê Ã«Ã>ÊiÌ `Ã°
/*xnÊ«ÀÌiÃÊÌ iÊÕÃiÊvÊ«ÀiÃÃÕÀiÊV«iÃ>Ì}Ê`À««iÀÊÀÀ}>ÌÊÜÌ ÊiÛiÊÜ>ÃÌiÜ>ÌiÀÊ
`ÃÌÀLÕÌÊ>VÀÃÃÊÌ iÊwÊÌÀ>ÌÊ>Ài>]ÊÊ«ÀiviÀiViÊÌÊ`iÀÊ>`ÊiÃÃÊ>`Û>Vi`Ê`Ã«Ã>Ê
ÃÞÃÌiÃ°ÊÊÊVÌÀ>ÃÌÊ-É <-Ê£x{Ç\ÓäääÊv>ÛÕÀÃÊÌ iÊÕÃiÊvÊÌÀiV iÃ]Ê>`ÊÜÌ ÊiiÛ>Ìi`Ê>`}Ê
À>ÌiÃ]ÊÊViÀÌ>ÊVÀVÕÃÌ>ViÃ°ÊÊ/ÀiV Ê`Ã«Ã>ÊiÌ `Ã]ÊÜ V Ê>ÀiÊÀiÊÃÕÌ>LiÊÌÊÃ>`ÞÊ>`Ê
Î

Ã>`ÞÊ>ÊÃÃ]ÊÜ V Ê>ÃÊ>ÞÊLiÊÀiÊVÊÊÃiÊ«>ÀÌÃÊvÊÕÃÌÀ>>]Ê >ÛiÊ«ÀÛiÊÌÊ
LiÊÀi>`ÞÊ«ÀiÊÌÊv>ÕÀiÊÊV>ÞÊÌÞ«iÊÃÃ]ÊÌÞ«V>ÊÊÌ iÊÕV>`ÊÀi}°ÊÊ
-É <-£x{Ç\ÓäääÊ>ÃÊÀiÊÃÌÀ}ÞÊ«ÀÌiÃÊÌ iÊÕÃiÊvÊÕ`Ê>`ÊLi`Ê`Ã«Ã>ÊÃÞÃÌiÃÊ
Ì >Ê/*xn°ÊÊ/ iÃiÊ`Ã«Ã>ÊiÌ `ÃÊ>ÀiÊÌÊv>ÛÕÀi`ÊÊÌ iÊÕV>`ÊÀi}Ê`ÕiÊÌÊÌ iÊ«ÀÊ
Ã>>}iÊV >À>VÌiÀÃÌVÃÊvÊÌ iÊÕ`iÀÞ}Ê«Ài`>ÌÞÊV>Þ®ÊÃÊÌÞ«iÃ°ÊÊ/ iÃiÊ«ÀLiÃÊ >ÛiÊ
LiiÊiÝ>ViÀL>Ìi`ÊÜÌ ÊÃ}wÊV>ÌÊÕ`iÀÊ`iÃ}ÊvÊÃÕV Ê`Ã«Ã>ÊÃÞÃÌiÃÊÊÌ iÊ«>ÃÌ°ÊÊ/*xnÊ
Ã«iVwÊiÃÊV`ÌÃÊÜ iÀiÊÌÀiV iÃ]ÊLi`ÃÊ>`Ê >ÌiÀ>ÌÛiÊÃÞÃÌiÃÊÌÊ`À«ÊÀÀ}>ÌÊ>ÞÊÀÊ
>ÞÊÌÊLiÊÃÕÌ>LiÊÊÌ iÊ iÜÊ<i>>`ÊVÌiÝÌ°ÊÊÊ«>ÀÌVÕ>À]Ê/*xnÊ`iÃÊÌÊ>ÜÊÌÀiV iÃÊÊ
>Ìi}ÀÞÊÈÊÀÊÇÊÃÃÊ>`Ê`iÃÊÌÊ>ÜÊLi`ÃÊÊ >Ìi}ÀÞÊÇÊÃÃ°
-É <-Ê£x{Ç\ÓäääÊ>ÜÃÊÌ iÊÕÃiÊvÊ`Û`Õ>ÊÃÌiÊÃ«À>ÞÊÀÀ}>ÌÊvÊÜ>ÃÌiÜ>ÌiÀ°ÊÊ-«À>ÞÊ
ÀÀ}>ÌÊÃÊÌÊ>Üi`ÊÕ`iÀÊ/*xnÊvÀÊ`Û`Õ>ÊÃÌiÊÃÞÃÌiÃ°ÊÊ/ iÊÀi>ÃÃÊ/*xnÊ««ÃiÃÊ
Ã«À>ÞÊÀÀ}>ÌÊVÕ`iÊ ÃÌÀVÊ«ÀÊ iÜiÀÊ>Ìi>ViÊvÊÌ iÊ`ÃviVÌÊÃÞÃÌiÊ>`Ê
ÀÀ}>ÌÊÃÞÃÌi]ÊÌi`ÊiÛ>«ÌÀ>Ã«À>ÌÊvÊÃ«À>Þi`ÊÜ>ÃÌiÜ>ÌiÀÊÊÜÌiÀ]Ê«ÀÊÃ>>}iÊÊ
Ì iÊÕV>`ÊÀi}ÊÀiÃÕÌ}ÊÊivyÊÕiÌÊ«`}]Ê«ÌiÌ>ÊÃÕÀv>ViÊÀÕvvÊÌÊÃÌÀÜ>ÌiÀÊ`À>Ã]Ê
>iÀÃÊ«À`ÕVÌÊ>`Ê`Ã«iÀÃ°ÊÊÀÊÌ iÃiÊÀi>ÃÃ]ÊÃ«À>ÞÊÀÀ}>ÌÊÃÊVÃ`iÀi`ÊiÞÊÌÊ
«ÀÛ`iÊ>Ê}Ài>ÌiÀÊ«ÌiÌ>ÊvÀÊ Õ>ÊVÌ>VÌÊ>`Ê>ÊVÀÀiÃ«`}ÊVÀi>Ãi`Ê i>Ì ÊÀÃ°
È°

-i«>À>ÌÊ ÃÌ>ViÃ
/ iÊÀiÛÃi`Ê/ À`Ê `ÌÊvÊ/*xnÊÜÌ ÊÌÃÊivviVÌÃÊL>Ãi`ÊiÌ Ã]Ê«ÀÛ`iÃÊ}Õ`>ViÊvÀÊÃ}Ê
«ÌiÌ>Ê>`ÛiÀÃiÊiÛÀiÌ>ÊivviVÌÃÊLÞÊVÕ`}ÊÕÊÃi«>À>ÌÊ`ÃÌ>ViÃ]ÊÜ V ÊÃÊ
>V}ÊÊ«ÀiÛÕÃÊ <-£{Èä\£nÓÊÃÌ>`>À`Ã]Êi>ÀiÀÊÛiÀÃÃÊvÊ/*xnÊ>`ÊÊÌ iÊVÕÀÀiÌÊ-É
<-£x{ÇÊÃÌ>`>À`°ÊÊ/ ÃÊ}Õ`>ViÊ>ÃÃÃÌÃÊÌ iÊ`iÃ}iÀÊ`iÌiÀiÊ>Ê>««À«À>ÌiÊÌÀi>ÌiÌÊiÛiÊ
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ää

Èää

ÓääÊ³ÊÈÇ

£]äää

ÈÈä

ÓÓäÊ³ÊÇÎ

£]Óää

nää

ÓÈÇÊ³Ênn

£]xää

£]äää

ÎÎÎÊ³Ê££ä

Ó]äää

£]ÎÎä

{{ÎÊ³Ê£{È

Î]äää

Ó]äää

ÈÈÇÊ³ÊÓÓä

Ìi\Ê
/ iÊ ,-/Ê , Ê *iÀÌÌi`Ê VÌÛÌÞÊ ,ÕiÊ ÀiµÕÀiÃÊ ÃiV`>ÀÞÊ Ü>ÃÌiÜ>ÌiÀÊ ÌÀi>ÌiÌÊ ÜÌ Ê «ÀiÃÃÕÀiÊ
V«iÃ>Ì}Ê`À«ÊÀÀ}>Ì°ÊÊ/ iÊ>ÝÕÊ>`}ÊÀ>ÌiÊ>Üi`ÊÊV>ÞÊÃÃÊÃÊÊÀiÊÌ >ÊÎÉ
`>Þ]ÊÌ iÊ«Ài`>ÌÊÃÊÌÞ«iÊÊÌ iÊÕV>`ÊÀi}®°

Ü}ÊÃÊ>Ê*Ê iVÃÌÊÜ V ÊÃÊ>Êi>ÃÞÊV iVÊ}Õ`iÊvÀÊvÀ>ÌÊÀiµÕÀi`ÊLÞÊV>ÊÌiÀÀÌÀ>Ê
>ÕÌ ÀÌiÃÊÊÌ iÊÕV>`ÊÀi}ÊvÀÊ`iÌiÀ}ÊV«>ViÊÜÌ ÊÌ iÊ*°

{

Checklist For Determining WHICH ARC PERMITTED ACTIVITY is Required
For The On-site Disposal of Domestic Wastewater
£° ÃÊÌ iÊ7>ÃÌiÜ>ÌiÀÊÌÊLiÊ`ÃV >À}i`ÊÃiÞ
iÃÌVÊ7>ÃÌiÜ>ÌiÀÊ>`ÊÜÊÌÊLiÊÌÀi>Ìi`Ê
>`Ê`ÃV >À}i`ÊÛ>Ê> "-ÌiÊ-ÞÃÌi¶



9iÃ
Ó° ÃÊÌ i iÃ}ÊÜÊÛÕiÊvÀÊi>V
`Üi}ÊiµÕ>ÊÌÊÀÊiÃÃÊÌ >ÊÓäääÊÌÀiÃÊ«iÀÊ
`>Þ¶
rÊ7>ÌiÀÊ1Ã>}iÊÜ>ViÊÝÊ>ÝÊ"VVÕ«>VÞ
rÊÚÚÚÚÚÚÚÚÊÝÊÚÚÚÚÚÚÚÚ
rÊÚÚÚÚÚÚÚÚÊÌÀiÃÉ`>ÞÊÉ`®



9iÃ
Î° ÃÊÌ iÊÜ>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊ>`Ê`Ã«Ã>Ê
ÃÞÃÌi >ÜvÕÞÊÊiÝÃÌiViÊ>ÃÊvÊ-i«ÌiLiÀÊ
Óää{¶

¶

ÃÃiÃÃÊÌ iÊ>««V>ÌÊÕ`iÀÊ
- " Ê*Ê,ÕiÊ °Êx°x°Ó£Ê
, Ê*,*\Ê7Ê iVÃÊ
6iÀÃÊÓää{®°

¶

ÃÃiÃÃÊÌ iÊ>««V>ÌÊÕ`iÀÊ
/, Ê*Ê,ÕiÊ °Êx°x°ÓÓÊ
, Ê*,*\Ê7Ê iVÃÊ
6iÀÃÊÓää{®°

¶

ÃÃiÃÃÊÌ iÊ>««V>ÌÊÕ`iÀÊ
"1,/Ê*Ê,ÕiÊ °Êx°x°ÓÎÊ
, Ê*,*\Ê7Ê iVÃÊ
6iÀÃÊÓää{®°

¶

ÃÃiÃÃÊÌ iÊ>««V>ÌÊÕ`iÀÊ
,-/Ê*Ê,ÕiÊ °Êx°x°ÓäÊ
, Ê*,*\Ê7Ê iVÃÊ
6iÀÃÊÓää{®°

9iÃ


{°

iÃÊÌ iÊÃÌiÊ >ÛiÊ> «iÀ>iÌÊ«ÜiÀ
ÃÕ««Þ¶



9iÃ
x° ÃÊÌ i Ài>ÊÌÊÜÊ,>ÌÊvÀÊi>V ÊÃÞÃÌi
iµÕ>ÊÌÊÀÊ}Ài>ÌiÀÊÌ >ÊÎ°ä¶
rÊ/Ì>Ê}ÀÃÃÊÌÊ>Ài>ÊÔ®
}
 ®
iÃ}ÊÜÊ«iÀÊÃÞÃÌi]Ê«iÀÊ`Üi}
rÊÚÚÚÚÚÚÚÚÚÔÊ
ÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÉ`

9iÃ

rÊÚÚÚÚÚÚÚÚÚÚÚ


È° ÃÊÌ i Ài>ÊÌÊÜÊ,>ÌÊvÀÊi>V ÊÃÞÃÌi
iµÕ>ÊÌÊÀÊ}Ài>ÌiÀÊÌ >Ê£°x¶
r /Ì>Ê}ÀÃÃÊÌÊ>Ài>ÊÔ®
}
 ®
iÃ}ÊÜÊ«iÀÊÃÞÃÌi]Ê«iÀÊ`Üi}
rÊÚÚÚÚÚÚÚÚÚÔ
ÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÉ`

8

rÊÚÚÚÚÚÚÚÚÚÚÚ

8

9iÃ

ÃiÌÊ,iµÕÀi`

- , Ê* ,/Ê9Ê
Ê
Ê
Ê
Ê
iÃ}Ê`iÌ>ÃÊ>ÌÌ>V i`
` Ê
««V>ÌÊvÀÊÀiViÛi`
>Ìi

Ê, +1, \
9iÃÊ 
 
 

x

Checklist For Determining Compliance With ARC FIRST PERMITTED ACTIVITY
For On-site Disposal of Domestic Wastewater (Rule No. 5.5.20 in PRP: ALW,
Decision Version 2004 - Sewage Disposal) - NEW SYSTEM & SMALL SITE
£°

iÃÌVÊ"Ê-ÌiÊ7>ÃÌiÜ>ÌiÀÊ Ã«Ã>
iÃÌVÊ7>ÃÌiÜ>ÌiÀ ÃÊÜ>ÃÌiÜ>ÌiÀ
À}>Ì}ÊvÀÊ`Üi}Ã®
}
}
} ®ÊVÕ`}ÊÌiÌÃ]Ê
ÌV iÃ]ÊL>Ì ÀÃÊ>`Ê`iÃÌVÊ>Õ`ÀiÃ°
 "-ÌiÊ-ÞÃÌi ÃÊiÊÌ >ÌÊ«ÀÛ`iÃÊÌ iÊ
ÌÀi>ÌiÌÊ>`Ê`Ã«Ã>ÊvÊÜ>ÃÌiÜ>ÌiÀÊÜÌ 
Ì iÊLÕ`>ÀiÃÊvÊÌ iÊ«À«iÀÌÞÊÌÊÃÊ}iiÀ>Ìi`°
« « Þ
}

£° ÃÊÌ iÊ7>ÃÌiÜ>ÌiÀÊÌÊLi
`ÃV >À}i`ÊÃiÞÊ iÃÌVÊ
7>ÃÌiÜ>ÌiÀÊ>`ÊÜÊÌÊLiÊ
ÌÀi>Ìi`Ê>`Ê`ÃV >À}i`ÊÛ>Ê>Ê
"-ÌiÊ-ÞÃÌi¶



9iÃ
Ó°

iÃ}ÊÜ
iÃ}ÊÜÊÃÊÌ i Ü>ÌiÀÊÕÃ>}iÊ>Ü>Vi
}
vÀÊi>V ÊÌÞ«iÊ>`ÊV>ÃÃÊvÊv>VÌÞÊÕÃiÀÊvÀÊ
/>LiÊÈ°ÓÊLiÜ®ÊÕÌ«i`ÊLÞÊÌ iÊ>ÝÕ
VVÕ«>VÞ
«
Þ Ê>ÞÊ`>ÞÊvÀÊ/>LiÊÈ°£®Ê«iÀÊ
ÃÞÃÌi]Ê«iÀÊ`Üi}°ÊÊ>VVÀ`>ViÊÜÌ ÊÌ i
,-/Ê*Ê,ÕiÊ, Ê*,*\Ê7Ê iVÃ
6iÀÃÊÓää{®°
rÊ7>ÌiÀÊ1Ã>}iÊÜ>ViÊÝÊÊ>ÝÊ"VVÕ«>VÞ
rÊÚÚÚÚÚÚÚÚÊÝÊÚÚÚÚÚÚÚÚ
rÊÚÚÚÚÚÚÚÚÊÌÀiÃÉ`>ÞÊÉ`®

Ó° ÃÊÌ iÊ iÃ}ÊÜ ÛÕi
vÀÊi>V Ê`Üi}ÊiµÕ>ÊÌÊ
ÀÊiÃÃÊÌ >ÊÓäääÌÀiÃÊ«iÀÊ
`>Þ¶

Î° Ài>ÊÌÊÜÊ,>Ì
/ iÊÀi>ÊÌÊÜÊ,>ÌÊ>ÜÃÊvÀÊi>V
ÃÞÃÌiÊ`iÃ}ÊÌ >ÌÊÃÊVÃiÀÛ>ÌÛiÊ>`
ÃiÃÊÌ iÊÀÃÊvÊÃÞÃÌiÊv>ÕÀiÊÕ`iÀ
i>ÛÞÊyÊÜÃÊÊ>VVÀ`>ViÊÜÌ Ê/*xnÊ>`ÊÌ i
,-/Ê*Ê,ÕiÊ, Ê*,*\Ê7Ê iVÃ
6iÀÃÊÓää{®°
rÊ/Ì>Ê}ÀÃÃÊÌÊ>Ài>ÊÔ®
}
 ®
iÃ}ÊÜÊ«iÀÊÃÞÃÌi]Ê«iÀÊ`Üi}
rÊÚÚÚÚÚÚÚÚÚÓÊ
ÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÉ`

Î° ÃÊÌ iÊÀi>ÊÌÊÜÊ,>Ì vÀ
i>V ÊÃÞÃÌiÊiµÕ>ÊÌÊÀÊ
}Ài>ÌiÀÊÌ >Ê£°x¶



9iÃ



9iÃ

rÊÚÚÚÚÚÚÚÚÚÚ

{° -ÞÃÌiÊ iÃ}
/ iÊ-ÌiÊÃÃiÃÃiÌÊ>ÃÊÜiÊ>ÃÊÌ iÊ`iÃ}Êv
Ì iÊ7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ>`Ê Ã«Ã>
«
-ÞÃÌiÃ
Þ
ÕÃÌÊLiÊÊ>VVÀ`>ViÊÜÌ ÊÌ i
ÀiiÛ>ÌÊÃiVÌÃÊvÊ/*xnÊ >«ÊÇ°ÎÊÀÊÇ°{]
>`ÊvÜÊÌ iÊ,-/Ê*Ê,ÕiÊ, Ê*,*\Ê7
 iVÃÊ6iÀÃÊÓää{®°Ê
vÊÞÕÊ>ÀiÊÕÃÕÀi]ÊiÌ iÀÊÌVÊº »ÊÀÊÀiµÕÀi
>««À«À>ÌiÊvÕÀÌ iÀÊÛiÃÌ}>ÌÊÌÊÌV
º9iÃ»°ÊÊ"iÊÀÊÀiÊº »Ê>ÃÜiÀÃÊ`V>Ìi
Ì iÊ`iÃ}ÊÃÊ "/ÊÊ>VVÀ`>ViÊÜÌ Ê/*xn
Ã«iVwÊV>ÌÃ°

{° ÃÊÌ iÊ-ÞÃÌiÊ iÃ} 
>VVÀ`>ViÊÜÌ Ê/*xnÊ>`Ê
ÀiµÕÀiiÌÃÊVÊ®ÊÌÊÛ®Ê
VÌ>i`ÊÜÌ ÊÌ iÊ,-/Ê
*Ê,ÕiÊ, Ê*,*\Ê7Ê
 iVÃÊ6iÀÃÊÓää{®°

9iÃÊ 
>°

>ÛiÊyÊÜÊ>Ü>ViÃÊLiiÊÕÃi`
ÌÊiÃÌ>LÃ ÊÃÞÃÌiÊ`iÃ}ÊyÊÜ]ÊÊ
>VVÀ`>ViÊÜÌ Ê/*xnÊ >«ÊÈÊ/>LiÊÈ°ÓÊ
ÀÊ>VÌÕ>ÊyÊÜÊÀiVÀ`Ã®¶





9iÃ



È

9iÃÊ 
L°


iÃÊÌ iÊÌÀi>ÌiÌÊÃÞÃÌi
`iÃ}ÊVÕ`iÊ>ÊÃi«ÌVÊÌ>Ê>`ÊÕÌiÌÊ
wÊÌiÀÊÕiÃÃÊÌ iÊiµÕÛ>iÌÊiÛiÊvÊ
ÌÀi>ÌiÌÊÃÊ«ÀÛ`i`ÊÜÌ Ê>Ê>iÀLVÊ
ÃÞÃÌi®ÊÊ>VVÀ`>ViÊÜÌ Ê/*xnÊ >«Ê
Ç°ÓÊ>`ÉÀÊÇ°Î®¶



V°

iÃÊÌ iÊ`Ã«Ã>ÊÃÞÃÌi
`iÃ}ÊV«ÀÃiÊvÊ`À«ÊÀÀ}>ÌÊ
>VVÀ`>ViÊÜÌ Ê/*xnÊ >«®¶





`°


ÀiÊ`ÃV >À}iÊµÕ>ÌÞÊÃÌ>`>À`ÃÊÌ
LiÊ>V iÛi`Ê«iÀÊÃÞÃÌi]ÊÊ>VVÀ`>ViÊ
ÜÌ Ê/*xnÊ >«Ç®¶



x° ,iÃiÀÛiÊÀi>
Ê>VVÀ`>ViÊÜÌ ÊÌ iÊ,-/Ê*Ê,ÕiÊ, Ê*,*\
7Ê,ÕiÊ iVÃÊ6iÀÃÊÓää{®ÊÌ iÊ Ã«Ã>Ê
Ài> «iÀÊÃÞÃÌiÊÕÃÌÊLiÊ>ÌÊi>ÃÌÊÎÎ¯ÊvÀÊ`À«Ê
ÀÀ}>Ì°
,iÃiÀÛiÊÀi> ÃÊ>`Ê>Ì>i`Ê>Û>>LiÊ
Ì iÊÃÌiÊÌ >ÌÊVÕ`ÊLiÊÕÃi`ÊÊvÕÌÕÀiÊvÀÊivyÊÕiÌÊ
`Ã«Ã>Ê/>LiÊx°Î®°

x° ÃÊÌ iÊÕÊ,iÃiÀÛiÊÀi>
>V>Ìi`Ê>ÃÊÀiµÕÀi`ÊLÞÊ
/>LiÊx°ÎÊvÊ/*xn¶

È° -i«>À>ÌÊ ÃÌ>ViÃÊ
`iµÕ>Ìi -i«>À>ÌÊ ÃÌ>ViÊ>ÀiÊiÃÃiÌ>ÊvÀÊ
iÃÕÀ}ÊÌ >ÌÊÌ iÀiÊ>ÀiÊÊÃ}wÊV>ÌÊ>`ÛiÀÃiÊ
ivviVÌÃÊÊÌ iÊiÛÀiÌ]ÊÀÊÌÊ Õ>Ê i>Ì °
vÊÞÕÊ>ÀiÊÕÃÕÀi]ÊiÌ iÀÊÌVÊº »ÊÀÊÀiµÕÀiÊ
>««À«À>ÌiÊvÕÀÌ iÀÊÛiÃÌ}>ÌÊÌÊÌVÊº9iÃ»°ÊÊ"iÊ
ÀÊÀiÊº »Ê>ÃÜiÀÃÊ`V>ÌiÊÌ iÊ`iÃ}ÊÃÊ "/
Ê>VVÀ`>ViÊÜÌ Ê/*xnÊÃ«iVwÊV>ÌÃÊ>`ÊÃÊÌÊ
iÛÀiÌ>ÞÊ«ÀÌiVÌÛi°

È°

9iÃ

ÊÌ iÊ-i«>À>ÌÊ ÃÌ>ViÃ
V«ÞÊÜÌ ÊÌ iÊ`iÃ}Ê
Ã«iVwÊV>ÌÃÊ>`ÊÕÊ
`ÃÌ>ViÃÊÃ«iVwÊi`ÊÊ/*xn¶Ê

9iÃ

9iÃÊ 
>°

ÃÊÌ iÊ`Ã«Ã>Ê>Ài>ÊÃÕvwÊViÌ
Ãi«>À>ÌÊ`ÃÌ>ViÊvÀÊ>ÊÃÕÀv>ViÊ
Ü>ÌiÀVÕÀÃi¶





L°

ÃÊÌ iÊ`Ã«Ã>Ê>Ài>ÊÃÕvwÊViÌ
Ãi«>À>ÌÊ`ÃÌ>ViÊvÀÊ>ÊÜ>ÌiÀÊ
ÃÕ««ÞÊLÀi¶





V°


ÃÊÌ iÀiÊÃÕvwÊViÌÊÃi«>À>Ì
`ÃÌ>ViÊLiÌÜiiÊÌ iÊL>ÃiÊvÊ`Ã«Ã>Ê
Li`Ê>`Ê}ÀÕ`ÊÜ>ÌiÀ¶



`°


ÃÊÌ iÀiÊÃÕvwÊViÌÊÃi«>À>Ì
`ÃÌ>ViÊLiÌÜiiÊÌ iÊ`Ã«Ã>ÊÃÞÃÌi
>`Ê>ÞÊiL>iÌÃÉÀiÌ>}ÊÜ>Ã¶





Ç° ÃÊÌ iÀiÊ>Ê«À}À>i`
>Ìi>ViÊVÌÀ>VÌÊvÀÊÌ iÊ
ÃÞÃÌiÊÊ>VVÀ`>ViÊÜÌ Ê
ÃÕ««iÀ½ÃÊÃ«iVwÊV>ÌÃÊÀÊ
Ì iÊÀiµÕÀiiÌÃÊvÊ/*xn]Ê
Ü V iÛiÀÊÃÊÌ iÊÀiÊ
ÃÌÀ}iÌ¶

ÃÕÌ
ÜÌ ÊÌ i
,
Ài}>À`}
vÕÀÌ iÀÊ
>ÃÃiÃÃiÌÊ
 ÛÀi]
« \
ÎÈÈÓäää®



9iÃ

8

- , Ê* ,/Ê9Ê
iÃ}Ê`iÌ>ÃÊ>ÌÌ>V i`
`
««V>ÌÊvÀÊÀiViÛi`
>Ìi

Ê, +1, \
9iÃÊ 
 
 

9 ,-/Ê*Ê,ÕiÊ,

Ê*,*\Ê7Ê iVÃÊ6iÀÃÊÓää{®Ê** -]Ê Ê ÃiÌÊ,iµÕÀi`Ê*ÀÛ`}\
Ê/ iÀiÊ>ÀiÊÊÃ}wÊV>ÌÊ>`ÛiÀÃiÊivviVÌÃÊÊ>ÞÊ}ÀÕ`Ü>ÌiÀ]ÊÃÕÀv>ViÊÜ>ÌiÀ]ÊÃÌÀÜ>ÌiÀ]
i} LÕÀ}Ê`À>]ÊÀÊÌ Ài>ÌÊÌÊ«ÕLVÊ i>Ì °
Ê/ iÊÌÀi>ÌiÌÊ>`Ê>`Ê>««V>ÌÊ`Ã«Ã>ÊÃÞÃÌiÃÊ>ÀiÊ>««ÀÛi`ÊLÞÊÌ iÊÌiÀÀÌÀ>Ê>ÕÌ ÀÌÞ
Õ`iÀÊÌ iÊ Õ`}ÊVÌ°
Ê/ iÊÌÊÃÊÌÊVÌ>i`ÊÀÊ`iÃVÀLi`ÊÊ>ÊÌÌiÊÃÃÕi`ÊÕ`iÀÊÌ iÊ1ÌÊ/ÌiÃÊVÌÊ£ÇÓ]ÊÀÊ>ÊVÀÃÃ
i>ÃiÊvÀÊvÊÌÌi°
Ç

Checklist For Determining Compliance With ARC SECOND PERMITTED ACTIVITY
For On-site Disposal of Domestic Wastewater (Rule No. 5.5.21 in PRP: ALW,
Decision Version 2004 - Sewage Disposal) - EXISITING SYSTEM
£° ÃÊÌ i 7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ>` Ã«Ã>
-ÞÃÌi >ÜvÕÞÊÊiÝÃÌiViÊ>ÃÊvÊ-i«ÌiLiÀÊ
Óää{¶

9iÃ
Ó°

iÃÊÌ i 7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ>`
Ã«Ã>Ê-ÞÃÌi ÀiÃÕÌÊÊ>VÌÕ>ÊÀÊ«ÌiÌ>Ê
VÌ>>ÌÊvÊ}ÀÕ`Ü>ÌiÀÊ>ÌÊ«ÌÊ
vÊiÝÌÀ>VÌ]ÊÃÕÀv>ViÊÜ>ÌiÀ]ÊÃÌÀÜ>ÌiÀ]Ê
i} LÕÀ}Ê`À>]ÊÀÊÌ Ài>ÌÊÌÊ«ÕLVÊ
i>Ì ¶

8
9iÃ

ÃV >À}iÊ*iÀÌÊÀiµÕÀi`ÊÀÊ
iÜÊ>ÃÃiÃÃiÌÊÀiµÕÀi`ÊvÊ>Ê
Õ«}À>`i`ÊÃÞÃÌiÊÕ`iÀÊ`vviÀiÌÊ
*ÊÀÕiÃ°Ê


Î° ÃÊÌ iÀiÊ>ÞÊ«À«Ã>ÊÌÊV >}iÊÌ iÊv>VÌiÃ
>`ÉÀÊ>VÌÛÌiÃÊ>`ÉÀÊVÀi>ÃiÊÌ iÊ`ÃV >À}i
iÊ
ÛÕiÃÊÊÌ iÊ7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌ >`Ê
Ã«Ã>Ê-ÞÃÌi ÊÌ iÊÃÌi¶

89iÃ

" Ê*Ê,ÕiÊ, Ê*,*\Ê7Ê
 iVÃÊ6iÀÃÊÓää{®Ê`iÃÊÌÊ
>««ÞÆÊ iÜÊ>ÃÃiÃÃiÌÊÀiµÕÀi`Ê
vÊ>ÊÕ«}À>`i`Ê7>ÃÌiÜ>ÌiÀÊ
/Ài>ÌiÌÊ>`Ê Ã«Ã>Ê-ÞÃÌiÊ
Õ`iÀÊÌ iÀÊ*ÊÀÕiÃ°



9-

" Ê*Ê,ÕiÊ, Ê*,*\Ê7Ê iVÃÊ6iÀÃÊÓää{®Ê** -]Ê Ê ÃiÌÊ,iµÕÀi`Ê
*ÀÛ`}\
Ê/ iÀiÊ>ÀiÊÊÃ}wÊV>ÌÊ>`ÛiÀÃiÊivviVÌÃÊÊ>ÞÊ}ÀÕ`Ü>ÌiÀ]ÊÃÕÀv>ViÊÜ>ÌiÀ]ÊÃÌÀÜ>ÌiÀ]
i} LÕÀ}Ê`À>]ÊÀÊÌ Ài>ÌÊÌÊ«ÕLVÊ i>Ì °
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Checklist For Determining Compliance With ARC THIRD PERMITTED ACTIVITY
For On-site Disposal of Domestic Wastewater (Rule No. 5.5.22 in PRP: ALW,
Decision Version 2004 - Sewage Disposal) - NO PERMANENT POWER SUPPLY
£°
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>««À«À>ÌiÊvÕÀÌ iÀÊÛiÃÌ}>ÌÊÌÊÌVÊ
º9iÃ»°ÊÊ"iÊÀÊÀiÊº »Ê>ÃÜiÀÃÊ`V>ÌiÊ
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Ê/ iÊÌÀi>ÌiÌÊ>`Ê>`Ê>««V>ÌÊ`Ã«Ã>ÊÃÞÃÌiÃÊ>ÀiÊ>««ÀÛi`ÊLÞÊÌ iÊÌiÀÀÌÀ>Ê>ÕÌ ÀÌÞ
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Checklist For Determining Compliance With ARC FOURTH PERMITTED ACTIVITY
For On-site Disposal of Domestic Wastewater (Rule No. 5.5.23 in PRP: ALW,
Decision Version 2004 - Sewage Disposal) - NEW SYSTEM ON LARGE SITE
£°
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- Soil Assesment and Land Disposal System Designs
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ÃÊvÀ}Ê«ÀViÃÃÊiÛÛiÃÊÛiÀÊÌ ÕÃ>`ÃÊvÊÞi>ÀÃÊvÊ}i}V>ÊÌi]ÊÌÊLi}ÊiÃÌ>Ìi`ÊÌ >ÌÊ
>««ÀÝ>ÌiÞÊiÊ Õ`Ài`ÊÞi>ÀÃÊvÊÜi>Ì iÀ}ÊÃÊÀiµÕÀi`ÊÌÊ>VVÕÕ>ÌiÊÓxÊvÊÃÊvÀÊ>Ê
«>ÀiÌÊ>ÌiÀ>®°

-"Ê/9* Ê
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/ iÊÌÜÊ>ÊÌÞ«iÃÊvÊÃÃÊ>ÀiÊºiÀ>»Ê>`ÊºÀ}>V»°ÊÊiÀ>ÊÃÃ]Ê>ÀiÊ>ÞÊÜi>Ì iÀi`Ê«>ÀiÌÊ
>ÌiÀ>ÊÜÌ Ê>ÊÃ>Ê«À«ÀÌÊvÊ`iV>Þi`Ê«>ÌÊ>`Ê>>Ê>ÌÌiÀ°ÊÊÀÊiÝ>«i]Ê>ÊÃÌÊ>ÊÃÊ
ÃÕÌ>LiÊvÀÊ«>ÌÊ}ÀÜÌ ÊÜÕ`ÊVÃÃÌÊvÊ{x¯ÊiÀ>Ê«>ÀÌViÃ]Êx¯ÊÀ}>VÊ>ÌÌiÀÊÓx¯Ê>ÀÊ>`Ê
Óx¯ÊÜ>ÌiÀÊLÞÊÛÕi®°ÊÊ"À}>VÊÃÃÊ>ÀiÊÌ ÃiÊVÃÃÌ}ÊvÊ>ÞÊ`iV>Þi`Ê«>ÌÊ>ÌiÀ>ÊÃÕV Ê>ÃÊ
VVÕÀÃÊÊÃÜ>«Ã]ÊL}Ã]Ê>ÀÃ >`ÊÀÊ«i>ÌÊ>`Ã°
/ iÊÃÊ«ÀwÊiÊVÃÃÌÃÊvÊÌ iÊ>ÞÊÕVÃ`>Ìi`Ê>ÌiÀ>Ê>ÌÊÌ iÊ>`ÊÃÕÀv>ViÊÜ V ÊÃÊÕÌâi`Ê
vÀÊ}ÀÜ}ÊVÀ«ÃÊ>`ÊÃÕ««ÀÌ}ÊÃÌÀÕVÌÕÀiÃ]Ê>`ÊÜ V Ê>ÃÃ>ÌiÃÊ>`ÊÌÀ>ÃÌÃÊÀ>v>Ê>`Ê
VÃÌÌÕiÌÃÊvÊÜ>ÃÌiÃÊvÀÊ>>Ê>`Ê Õ>Ê>VÌÛÌÞ°ÊÊ/ ÀiiÊÃ}wÊV>ÌÊ>ÞiÀÃÊ>iÊÕ«ÊÌ iÊÃÊ
«ÀwÊi°
/ iÊÊÀâÆÊV«ÀÃiÃÊÌ iÊÕ««iÀÃÌÊ>ÞiÀÊvÊÃÌÊÜi>Ì iÀi`Ê>ÌiÀ>ÊÊÜ V ÊÌ iÊLÕÊvÊÌ iÊ
« ÞÃV>]ÊV iV>Ê>`ÊL}V>Ê>VÌÛÌÞÊÊÌ iÊÃÊÌ>iÃÊ«>Vi°
/ iÊ ÊÀâÆÊÃÊ>ÊÌÀ>ÃÌ>Ê>ÞiÀÊÌÊÜ V ÊÌ iÊÛiÀÞÊwÊiÊ«>ÀÌViÃÊÀiÃÕÌ}ÊvÀÊÜi>Ì iÀ}ÊÜÊ
}À>ÌiÊ>`Ê>VVÕÕ>ÌiÊi°}°ÊV>ÞÃ®°
/ iÊ ÊÀâÆÊÃÊÌ iÊÕÜi>Ì iÀi`Ê>ÞiÀÊÜ V ÊÃÌÊÀiÃiLiÃÊÌ iÊÀ}>Ê«>ÀiÌÊ>ÌiÀ>ÊvÀÊ
Ü V ÊÌ iÊÃÊ >ÃÊLiiÊvÀi`]Ê>`Ê>ÃÊÃÕV ÊÃÊÌ iÊâiÊvÊi>ÃÌÊ>VÌÛÌÞÊÊÌ iÊÃ°
Ê>ÞÊÃÊÃÌÕ>ÌÊÌ iÊ>VÌÕ>ÊÃÊ«ÀwÊiÊ>ÞÊLiÊ>`iÊÕ«ÊvÊ>ÊÀ>}iÊvÊ ÀâÃÊ>ÃÊ>vviVÌi`ÊLÞÊÌ iÊ
ÌiÊ ÃÌÀÞÊvÊÃÊvÀ>ÌÊ>`ÊÌ iÊVL>ÌÊ>`Ê`>ViÊvÊÌ iÊwÊÛiÊÃÊvÀ}Êv>VÌÀÃÊ
ÕÌi`Ê>LÛi°

-"Ê/ 8/1,
/iÝÌÕÀiÊÃÊ`iÌiÀi`ÊLÞÊÌ iÊ«À«ÀÌÃÊvÊÌ iÊÌ ÀiiÊ«ÀV«>ÊiÀ>ÊÃâiÊvÀ>VÌÃÊÊÃÊqÊÌ iÃiÊ
vÀ>VÌÃÊ>ÀiÊV>Þ]ÊÃÌ]Ê>`ÊÃ>`°ÊÊ/ iÊ1Ìi`Ê-Ì>ÌiÃÊ i«>ÀÌiÌÊvÊ}ÀVÕÌÕÀiÊ1- ®ÊV>ÃÃwÊV>ÌÊ
vÊÃâiÊvÀ>VÌÃÊ>ÀiÊÌ iÊÃÌÊVÞÊÕÌÃi`ÊÊÃÌiÊÜ>ÃÌiÜ>ÌiÀÊ«À>VÌVi°ÊÊ/ iÊ1- ÊÌiÝÌÕÀ>Ê
V>ÃÃwÊV>ÌÊ}ÕÀiÊ £®ÊÃÊL>Ãi`ÊÕ«ÊÌ iÊvÜ}Ê«>ÀÌViÊÃâiÊÀ>}iÃ\

Ó

À>VÌÊ*>ÀÌViÊ >iÌiÀÊ
>Þ
iÃÃÊÌ >Êä°ääÓ
-Ì
ä°ääÓÊÌÊä°äx
6iÀÞÊwÊiÊÃ>`
ä°äxÊÌÊä°£ä
iÊÃ>`
ä°£äÊÌÊä°Óx
i`ÕÊÃ>`
ä°ÓxÊÌÊä°xä
>ÀÃiÊÃ>`
ä°xäÊÌÊ£°ää
6iÀÞÊV>ÀÃiÊÃ>`
£°ääÊÌÊÓ°ää
iÊ}À>Ûi
ÊÓ°Êää
Ì iÀÊ>LÀ>ÌÀÞÊÃiÛiÊ>>ÞÃÃÊÀÊ>ÊwÊi`ÊiÌ `ÊL>Ãi`ÊÕ«Êºvii»ÊvÊÌ iÊÃÊV>ÊLiÊÕÃi`ÊÌÊ
`iÌiÀiÊÌiÝÌÕÀi°ÊÊ/ iÊvÜ}ÊiÝ«>>ÌÊvÊÌ iÊºviiÊiÌ `»ÊÃÊÌ>iÊvÀÊ}Õ`iiÃÊ«Ài«>Ài`Ê
LÞÊÌ iÊ1ÛiÀÃÌÞÊvÊiÃÌ>Ê}ÀVÕÌÕÀ>Ê ÝÌiÃÊ-iÀÛVi°
ÀÃÌ]Ê>Ê>À}iÊ>ÀLiÃâi`Ê«ÀÌÊvÊÃÊÃÊÃÌii`Ê>`ÊÌ iÊi>`i`ÊLÞÊ >`ÊÕÌÊÌÊ >ÃÊÌ iÊ
VÃÃÌiVÞÊvÊ«ÕÌÌÞ°ÊÊ/ i]ÊÌ iÊL>ÊvÊÃÊÃÊÃµÕiiâi`ÊLiÌÜiiÊÌ ÕLÊ>`ÊvÀiwÊ}iÀÊÃÊÌ >ÌÊLÞÊ
«ÕÃ }ÊÌ iÊÌ ÕLÊvÀÜ>À`ÊÛiÀÊÌ iÊvÀiwÊ}iÀÊ>ÊÀLLÊvÊÃÊÃÊvÀi`°ÊÊ/ iÊ>ÌÕÀiÊvÊ>ÞÊÀLLÊ
Ì >ÌÊvÀÃÊÀÊ`iÃÊÌÊvÀ®Ê`V>ÌiÃÊÌ iÊÃÊÌiÝÌÕÀ>ÊV>ÃÃ°ÊÊ-ÝÊ}iiÀ>ÊÌiÝÌÕÀ>ÊV>ÃÃiÃÊV>ÊLiÊ
Ài>`ÞÊ`ÃÌ}ÕÃ >LiÊLÞÊÌ ÃÊÌiV µÕiÊq
>Þ\Ê iÌiÝÌÕÀi`ÊÃÊÌ >ÌÊÕÃÕ>ÞÊvÀÃÊ >À`ÊÕ«ÃÊÀÊV`ÃÊÜ iÊ`ÀÞÊ>`ÊÃÊµÕÌiÊ«>ÃÌVÊÜ iÊ
ÜiÌ°ÊÊÌÊV>ÊLiÊÛiÀÞÊÃÌVÞÊÜ iÊÜiÌ°ÊÊ7 iÊÃÌÊÌÊV>ÊLiÊÃµÕiiâi`ÊÌÊ>Ê}ÊyÊiÝLiÊÀLL°ÊÊÊ
V>ÞÊÃÊi>ÛiÃÊ>ÊºÃV»ÊÃÕÀv>ViÊÜ iÊÀÕLLi`ÊÜÌ Ê>Ê}ÊÃÌÀiÊ>`ÊwÊÀÊ«ÀiÃÃÕÀi°ÊÊ >ÞÊ>ÃÊÌi`ÃÊ
ÌÊ `ÊÌ ÕLÊ>`ÊvÀiwÊ}iÀÊÌ}iÌ iÀÊ`ÕiÊÌÊÌÃÊÃÌViÃÃ°
>ÞÊ>\ iÊÌiÝÌÕÀi`ÊÃÊÜ V ÊÕÃÕ>ÞÊLÀi>ÃÊÌÊV`ÃÊÀÊÕ«ÃÊÌ >ÌÊ>ÀiÊ >À`ÊÜ iÊ`ÀÞ°ÊÊ
7 iÊÃÌÊÃÊÃÊÃµÕiiâi`]ÊÌÊÜÊvÀÊ>ÊÌ ÊÀLLÊÜ V ÊÜÊLÀi>ÊÀi>`Þ]ÊL>ÀiÞÊÃÕÃÌ>}Ê
ÌÃÊÜÊÜi} Ì°ÊÊ/ iÊÃÌÊÃÊÃÊ«>ÃÌVÊ>`ÊÜÊvÀÊ>ÊV>ÃÌÊÜ V ÊÜÊLi>ÀÊÀiÊ >`}°ÊÊ7 iÊ
>`Êi>`i`ÊÌÊ`iÃÊÌÊVÀÕLiÊÀi>`Þ]ÊLÕÌÊÌi`ÃÊÌÊLiViÊ>Ê i>ÛÞ]ÊV«>VÌÊ>ÃÃ°
-ÌÊ>\Ê 7 iÊ`ÀÞ]Ê>ÞÊ>««i>ÀÊµÕÌiÊvÀiiÞÊV``Þ]ÊLÕÌÊÕ«ÃÊ>ÀiÊÀi>`ÞÊLÀiÆÊÜ iÊÃµÕiiâi`]Ê
ÌÊviiÃÊÃvÌÊ>`ÊyÊÕÀÞ°ÊÊ7 iÊÜiÌ]ÊÌ iÊÃÊÀi>`ÞÊÀÕÃÊÌ}iÌ iÀ°ÊÊ Ì iÀÊ`ÀÞÊÀÊÃÌ]ÊÌÊÜÊvÀÊ
V>ÃÌÃÊÜ V ÊV>ÊLiÊ >`i`ÊvÀiiÞÊÜÌ ÕÌÊLÀi>}]Ê>`ÊÜ iÊÃÌii`Ê>`ÊÃµÕiiâi`]ÊÌÊÜÊÌÊ
ÀLL]ÊLÕÌÊÜÊ >ÛiÊ>ÊLÀiÊivviVÌ°
>\ >ÃÊ>ÊÀi>ÌÛiÞÊiÛiÊÝÌÕÀiÊvÊÃ>`Ã]ÊÃÌÊ>`ÊV>Þ°ÊÊÊ>ÊviiÃÊÃiÜ >ÌÊ}ÀÌÌÞ]ÊÞiÌÊv>ÀÞÊ
ÃÌ Ê>`Ê } ÞÊ«>ÃÌV°ÊÊ-µÕiiâi`ÊÜ iÊÃÌ]ÊÌÊÜÊvÀÊ>ÊV>ÃÌÊÜ V ÊV>ÊLiÊ >`i`ÊµÕÌiÊ
vÀiiÞÊÜÌ ÕÌÊLÀi>}]Ê>`ÊÌÊÜÊÌÊvÀÊ>ÊÀLL°
->`ÞÊ>\ Ì>ÃÊÕV ÊÃ>`]ÊLÕÌÊ >ÃÊiÕ} ÊÃÌÊ>`ÊV>ÞÊÌÊ>iÊÌÊÃiÜ >ÌÊÃÌVÞ°ÊÊ
`Û`Õ>ÊÃ>`Ê}À>ÃÊV>ÊLiÊÃiiÊÀi>`ÞÊ>`ÊviÌ°ÊÊ-µÕiiâi`ÊÜ iÊ`ÀÞ]ÊÌÊÜÊvÀÊ>ÊV>ÃÌÊÜ V ÊÜÊ
v>Ê>«>ÀÌ°ÊÊ-µÕiiâi`ÊÜ iÊÃÌÊÌÊÜÊvÀÊ>ÊV>ÃÌÊÜ V ÊÜÊLi>ÀÊV>ÀivÕÊ >`}ÊÜÌ ÕÌÊv>}Ê
>«>ÀÌ°
->`Þ\Ê ÃiÊ>`ÊÃ}iÊ}À>i`°ÊÊ/ iÊ`Û`Õ>Ê}À>ÃÊV>ÊLiÊÀi>`ÞÊÃiiÊÀÊviÌ°ÊÊ-µÕiiâi`ÊÊÌ iÊ
>`ÊÜ iÊ`ÀÞ]ÊÌÊÜÊv>Ê>«>ÀÌÊÜ iÊÌ iÊ«ÀiÃÃÕÀiÊÃÊÀii>Ãi`Ê>`ÊÜÊÌÊvÀÊ>ÊÀLL°ÊÊ-µÕiiâi`Ê
Ü iÊÃÌ]ÊÌÊÜÊvÀÊ>ÊV>ÃÌ]ÊLÕÌÊÜÊVÀÕLiÊÜ iÊÌ iÊ«ÀiÃÃÕÀiÊÃÊÀii>Ãi`°
-ÊÌiÝÌÕÀiÊyÊÕiViÃÊÌÃÊ«iÀi>LÌÞ]Ê>iÀ>ÌÊ«ÌiÌ>]Ê>`ÊV>«>VÌÞÊÌÊÃÌÀiÊÜ>ÌiÀÊ>`ÊÕÌÀiÌÊ
Ã>ÌÃ]Ê>ÊvÊÜ V Ê>vviVÌÊÌ iÊÃÃ½Ê>LÌÞÊÌÊ>ÃÃ>ÌiÊ>`ÊÀiÕÛi>ÌiÊÜ>ÃÌiÜ>ÌiÀÊV«iÌÃ°ÊÊ-Ê
ÌiÝÌÕÀiÊÌ ÕÃÊ >ÃÊ>ÊÃ}wÊV>ÌÊyÊÕiViÊÊ`iÌiÀ}Ê`iÃ}Ê>`}ÊÀ>ÌiÃÊvÀÊÃÌiÊÃÞÃÌiÃ°

Î

-"Ê-/,1 /1,
/ iÊ Þ`À}VÊV`ÕVÌÛÌÞÊvÊ>ÊÃÊÃÊÃ}wÊV>ÌÞÊ>vviVÌi`ÊLÞÊÌ iÊÃÌÀÕVÌÕÀiÊvÊ>ÊÃ°ÊÊ ÞÊÃÌÀÕVÌÕÀiÊÃÊ
i>ÌÊÌ iÊ>}}Ài}>ÌÊvÊÃÊ>ÃÃÊÌÊÕ«ÃÊÜÊ>ÃÊº«i`Ã»ÊÜ V ÊV>ÊLiÊÃi«>À>Ìi`ÊvÀÊi>V Ê
Ì iÀÊLÞÊ >`°ÊÊ/ iÊÃÕÀv>ViÃÊvÊº«i`Ã»ÊÜÊLiÊ«>>ÀÊÊ>ÌÕÀiÊ>`ÊÛ`ÊÃ«>ViÃÊLiÌÜiiÊº«i`Ã»Ê
yÊÕiViÊÌ iÊ«>ÃÃ>}iÊvÊÜ>ÌiÀÊÌ ÀÕ} ÊÌ iÊÃ]Ê«>ÀÌVÕ>ÀÞÊÊV>ÞiÞÊÃÃ°ÊÊ ÊÃÊÃÌÀÕVÌÕÀ>Ê
iiiÌÃÊ>ÀiÊº«ÀÃ>ÌV»]ÊºVÕ>À»]ÊºLVÞ»]Êº«>ÌÞ»]Ê>`Êº}À>Õ>À»°ÊÊ-ÌÀÕVÌÕÀiÊ>ÞÊ >ÛiÊ>Ê
ÀiÊÃ}wÊV>ÌÊivviVÌÊÊÜ>ÌiÀÊÛiiÌÊÊÌ iÊÃÊÌ >ÊÌiÝÌÕÀi°ÊÊÀÊiÝ>«iÊº«>ÌÞ»ÊÃÌÀÕVÌÕÀiÃÊ
>ÀiÊÀiÃÃÌ>ÌÊÌÊÛiÀÌV>ÊÜ>ÌiÀÊÛiiÌ]ÊLÕÌÊv>VÌ>ÌiÊ ÀâÌ>ÊÛiiÌ°ÊÊº VÞ»ÊÃÌÀÕVÌÕÀiÊ
ÊV>ÞÊÃÃÊ`ÕÀ}Ê`ÀÞÊÜi>Ì iÀÊÃ À>}iÊV>Ê«ÀÛ`iÊ } ÊÛiÀÌV>ÊÌÀ>ÃÃÃÊÀ>ÌiÃ]ÊLÕÌÊÜ iÊ
ÜiÌÌi`Ê>`ÊÃÜii`]ÊÜÊÀiÃÃÌÊ«>ÃÃ>}iÊvÊÜ>ÌiÀ°ÊÊÀ>Õ>ÀÊÃÃÊÌi`ÊÌÊLiÊÃÌÀÕVÌÕÀiiÃÃÊ>`ÊÜ>ÌiÀÊ
ÛiiÌÊÃÊÃiÞÊ>ÊvÕVÌÊvÊÌiÝÌÕÀi°ÊÊiÀ>ÌÊvÊÃÕLÃÊÃÊ>ÃÊ>vviVÌi`ÊLÞÊÃÌÀÕVÌÕÀiÊ>ÃÊÃÊ
>ÌÕÀ>Ê`À>>}iÊÌ ÀÕ} ÊÌ iÊÃÕLÃ°
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-ÊVÕÀÊ>`ÊVÕÀÊ«>ÌÌiÀÃÊ>ÀiÊ>Ê}`Ê`V>ÌÊvÊÌ iÊ`À>>}iÊV >À>VÌiÀÃÌVÃÊvÊ>ÊÃÊ>`ÊÌ iÊ
Ãi>Ã>ÊÛ>À>ÌÊÊÜ>ÌiÀÊÌ>Li°ÊÊ ÕÀÊÃÊyÊÕiVi`ÊLÞÊÌ iÊ«À>ÀÞÊÃÊ>ÌÕÀi]ÊÌ iÊiÛiÊvÊÀÊ
>`Ê>}>iÃiÊÝ`iÃÊ«ÀiÃiÌ]Ê>`Ê>ÞÊÀ}>VÊVÌiÌ°ÊÊ7iÊ`À>i`ÊÃÃÊ>LÛiÊÌ iÊÜ>ÌiÀÊÌ>LiÊ
>ÀiÊ}iiÀ>ÞÊÕvÀÞÊÀi`]ÊÞiÜ]ÊÀÊLÀÜÊÊVÕÀ°ÊÊ-ÃÊ«iÀ>iÌÞÊÀÊi>ÀÞÊ«iÀ>iÌÞ®Ê
Ã>ÌÕÀ>Ìi`Ê>ÀiÊÕÃÕ>ÞÊ}ÀiÞÊÀÊLÕiÊÊVÕÀ°ÊÊ-ÃÊÃÕLiVÌi`ÊÌÊÃi>Ã>ÊÃ>ÌÕÀ>ÌÊV>ÊLiÊÃ«iVi`Ê
ÜÌ Ê`vviÀiÌÊVÕÀÃ]ÊÜÊ>ÃÊÌÌiÃ°ÊÊÌÌiÃÊ`V>ÌiÊâiÃÊvÊÃ>ÌÕÀ>Ìi`ÊÃÊÕ`iÀÊÜÌiÀÊ
V`ÌÃÊÜ iÊV«iÝÊLV iV>ÊÀi>VÌÃÊi>V ÊÃÕLÃi`ÊÀÊ>`Ê>}>iÃiÊÝ`iÃÊ
vÀÊÌ iÊÃ]ÊÌÕÀ}ÊÌÊ}ÀiÞÊÊ«>ÌV iÃ°ÊÊiViÊÌÌi`ÊÃÊÕ`iÀÊÕÃ>ÌÕÀ>Ìi`ÊV`ÌÃÊ`V>ÌiÃÊ
«iÀ`VÊÃ>ÌÕÀ>Ì°ÊÊÌÊÃ Õ`ÊLiÊÌi`]Ê ÜiÛiÀ]ÊÌ >ÌÊÌÊ>ÊÃÃÊÃ ÜÊÌÌiÃÊÕ`iÀÊÃ>ÌÕÀ>Ì]Ê
>`Ê>`ÃV>«iÊ«ÃÌÊ>`ÊÌ iÀÊÃÊV >À>VÌiÀÃÌVÃÊ>ÞÊLiÊii`i`ÊÌÊ«À«iÀÞÊÌiÀ«ÀiÌÊÌ iÊV>Ê
ÃÌÕ>Ì°
iVi]Ê>Ì Õ} ÊÌ iÊÜ>ÌiÀÊÌ>LiÊ`i«Ì Ê>ÞÊLiÊwÊÝi`ÊLÞÊLÀi iÊÛiÃÌ}>Ì]ÊÌ >ÌÊÀiÃÕÌÊÕÃÌÊÌ iÊ
LiÊÌiÀ«ÀiÌi`ÊÀi>ÌÛiÊÌÊÌ iÊÃi>ÃÊvÊÌ iÊÞi>À]ÊÌ iÊ`i}ÀiiÊvÊÃÊÌÌ}ÊvÀÊÌ iÊÃÊ«ÀwÊi]Ê>`Ê
>`ÃV>«iÊ«ÃÌ°

- 
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/ iÊiÃÌ>ÌÊvÊÃÊV>Ìi}ÀÞÊvÀÊ`iÃ}Ê«ÕÀ«ÃiÃÊ-iVÌÊx°{ÊvÊ/*ÊxnÊEÊ-iVÌÊ{°ÎÊvÊ««i`ÝÊ
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Appendix E
On-site Wastewater Disposal Site Evaluation
Investigation Checklist
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«ÌiÌ>ÊÌ ÀÕ} ÊiÝ«ÃÕÀiÊÌÊÃÕÊ>`ÊÜ`°
ÌÊ>Ài>ÊÌÊ`ÃV >À}iÊÛÕiÊvÀÊÌ>Ê`iÌiÀ>ÌÊvÊÕV>`
,i}>Ê ÕVÊ`ÃV >À}iÊVÃiÌÊÀiµÕÀiiÌÃ°
Ài>Ê>Û>>LiÊvÀÊ«À>ÀÞÊ>`ÊÀiÃiÀÛiÊ>`Ê`Ã«Ã>Ê>Ài>ÃÊiÝVÕ`}
>`Ê>Ài>ÊÌ>iÊÕ«ÊLÞÊÀ} ÌÊvÊÜ>ÞÃ]Ê«iÀi>LiÊ>Ài>Ã]ÊÃiÌL>V
ÀiµÕÀiiÌÃÊvÀÊÃÕÀv>ViÊÜ>ÌiÀÊiÌV°
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ÊÃÌiÊ>ÃÃiÃÃiÌÃÊ>ÀiÊÌÊVÕ`iÊ>Ê`iÌ>i`Ê>ÃÃiÃÃiÌÊvÊÃÃ
Õ`iÀÞ}ÊÌ iÊ«À«Ãi`Ê>`Ê`Ã«Ã>Ê>Ài>°ÊÊ/ iÊ>ÃÃiÃÃiÌÊÃ >
LiÊLÞÊÌiÃÌÊ«ÌÊÀÊÜ iÀiÊÌ ÃÊÃÊ«À>VÌV>ÊLÞÊ >`Ê>Õ}iÀÊLÀi i°Ê
/ iÊÃÕLÃÕÀv>ViÊ>ÃÃiÃÃiÌÊÃÊiÞÊÌÊLiÊÌÊ>Ê`i«Ì ÊvÊ>ÌÊi>ÃÌÊ£°ä
ÌÊÓ°äiÌÀiÃÊ`i«Ì ÊÀÊÌ iÊÕÊÀiVi`i`Ê}ÀÕ`Ü>ÌiÀ
Ãi«>À>ÌÊ`ÃÌ>ViÊLiÌÜiiÊÌ iÊL>ÃiÊvÊÌ iÊ>`Ê`Ã«Ã>ÊÃÞÃÌiÊ>`
>ÞÊ}ÀÕ`Ü>ÌiÀÊÌ>LiÊÃiiÊ/>LiÊx°Ó®°ÊÊÊ`iÌ>i`Ê`iÃVÀ«ÌÊvÊÃÃ
iVÕÌiÀi`]Ê`i«Ì ÊÌÊ}ÀÕ`Ü>ÌiÀÊ>`ÊÀiiÛ>ÌÊÃÊÃÌÀÕVÌÕÀiÊ>`
ÃÊÌiÝÌÕÀ>Êvi>ÌÕÀiÃÊÃ >ÊLiÊÀiVÀ`i`Ê>`ÊÌ iÊ`i«Ì ÊÌÊi>V Ê Àâ
>`ÊÃÊ`iÃVÀ«ÌÊÜÌ ÊÌ iÊÃÊ«ÀwÊiÊÃÕLÌÌi`ÊÜÌ ÊÌ iÊÃÌiÊ
>ÃÃiÃÃiÌÊÀi«ÀÌ°
 Ê-/1Ê-"
iÌiÀiÊvÊÌ iÊÃÃÊ>ÀiÊ>ÌÕÀ>ÊÊ>`Ê`iÌiÀiÊÃÊÃÕÌ>LÌÞÊvÀÊ>`
`Ã«Ã>ÊvÊÜ>ÃÌiÜ>ÌiÀ°
Ê>ÞÊLiÊÕÃÕÌ>LiÊÀÊ«ÀÞÊÃÕÌi`ÊvÀÊ>`Ê`Ã«Ã>ÊvÊÜ>ÃÌiÜ>ÌiÀ]
Ê/ ,
`i«i`}ÊÊÌ iÊV«ÃÌÊ>`ÊiÛiÊvÊV«>VÌÊÊÜ V ÊV>Ãi
Ì iÊ«À«Ãi`Ê>`Ê`Ã«Ã>Ê>Ài>ÊÃ Õ`ÊLiÊÀiV>Ìi`]ÊÌ iÊwÊÊÀiÛi`Ê
ÀÊÌ iÊ>`Ê`Ã«Ã>ÊÃÞÃÌiÊÃ«iVwÊV>ÞÊ`iÃ}i`ÊÌÊ>VV`>ÌiÊÌ iÊ
ÃÊVÃÌÀ>ÌÃ°ÊÊÊÌ iÊV>ÃiÊvÊwÊi`ÊÃ«}ÊÃÌiÃÊÌ iÊ`iÃ}iÀÊÃ Õ`Ê
Ì>iÊÌÊ>VVÕÌÊÌ iÊ«ÌiÌ>ÊvÀÊÃ ÀÌVÀVÕÌ}Ê>}ÊÌ iÊwÊÊÉÊ>ÌÕÀ>Ê
}ÀÕ`ÊÌiÀv>Vi°
-"iÌiÀiÊÃÊÌÞ«i]ÊV>Þ]ÊÃÌ]ÊÃ>`]Ê}À>ÛiÊ>`Ê«ÀÛ`iÊ>Ê`iÌ>i`
`iÃVÀ«ÌÊvÊÌ iÊÃÊÃÌÀÕVÌÕÀiÊ>`ÊÌiÝÌÕÀi°ÊÊ/ iÊ1- *Ê"ÃÌi
7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ-ÞÃÌiÃÊ>Õ>ÊÓääÓÊ-iVÌÃÊ{°{°x]ÊÊx°x°ÇÊ>`
 <-Ê£x{Ç\ÓäääÊ-iVÌÊ{°£ Ê«ÀÛ`iÃÊÃÊ`iÃVÀ«ÌÊ«ÀVi`ÕÀiÃ°
-"Ê / ",9
/ iÊÃÃÊ`iÃVÀ«ÌÊ>LÛiÊ>ÜÃÊ`iÌiÀ>ÌÊvÊÌ iÊÃÊV>Ìi}ÀÞ°
-",/Ê , 1/  ÃÃiÃÃÊ«ÌiÌ>ÊvÀÊÜ>ÃÌiÜ>ÌiÀÊÌÊÃ ÀÌÊVÀVÕÌÊÌ ÀÕ} ÊV>ÞÊÀÊ } ÞÊ
*/«iÀi>LiÊÃÊÌÊÃÕÀv>ViÊÀÊ}ÀÕ`ÊÜ>ÌiÀ°Ê/ iÊÃÊÌÞ«i]Ê«iÀi>LÌÞ
>`ÊiÛiÊvÊÜ>ÃÌiÜ>ÌiÀÊÀiÛ>ÌÊÀiµÕÀi`ÊÜÌ ÊÌ iÊÃÊ>Ã
yÊÕiViÊÌ iÊVi>À>ViÊ`ÃÌ>ViÊÀiµÕÀi`ÊvÀÊÌ iÊ}ÀÕ`Ü>ÌiÀÊÌ>LiÊ
>`ÊÃi«>À>ÌÊvÀÊÃÕÀv>ViÊÜ>ÌiÀ°ÊÊ ÝÌÀiiÊV>ÀiÊÃÊÀiµÕÀi`ÊÊÃÃ
«ÀiÊÌÊÃÕiÀÊ`iÃVV>ÌÊÊÜ V Ê`iÛi«iÌÊvÊÃ À>}iÊVÀ>VÃ
V>Ê«ÀÛ`iÊÃ ÀÌÊVÀVÕÌ}Ê«>Ì ÃÊ`ÀiVÌÞÊÌÊ}ÀÕ`Ü>ÌiÀÊÀÊÃÕÀv>Vi
Ü>ÌiÀ°ÊÊvÊiViÃÃ>ÀÞÊÌ iÊºVi>À>Vi»ÊV>ÊLiÊ>ÀÌwÊV>ÞÊVÀi>Ãi`ÊLÞÊÕÃ}
>ÊºÕ`i`»Ê>`>««V>ÌÊÃÞÃÌiÊ>`ÊÉÊÀÊÌ iÊiÛiÊvÊÜ>ÃÌiÜ>ÌiÀ
ÌÀi>ÌiÌÊV>ÊLiÊVÀi>Ãi`ÊÌÊVÕ`iÊ>ÌÊi>ÃÌÊÃiV`>ÀÞÊÌÀi>ÌiÌÊ«ÀÀ
ÌÊ`ÃÌÀLÕÌÊÌÊÌ iÊÃÞÃÌi°ÊÊÕ`Ê>ÞÊLiÊVÃÌÀÕVÌi`ÊvÀÊVi>
Ì«ÃÊÌÊ«ÀÛ`iÊVi>À>ViÊLiÌÜiiÊÌ iÊL>ÃiÊvÊÌ iÊ`Ã«Ã>ÊÃÞÃÌi
>`ÊÌ iÊÃi>Ã>ÞÊ } iÃÌÊiÛiÊvÊ}ÀÕ`Ü>ÌiÀ°
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,"1
7/ ,
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ÌÊÃÊ«ÀÌ>ÌÊÌÊ`iÌiÀiÊÌ iÊV>«>VÌÞÊvÊÌ iÊÃÌiÊÌÊ>VVi«ÌÊÀiÛ>Ìi`
Ü>ÃÌiÜ>ÌiÀÊ>`Ê>Ê>««À«À>ÌiÊ`Ã«Ã>ÊiÌ `ÊÜ V Ê>ÝÃiÃ
ÃÌiÊÀiÛ>ÌÊvÊivyÊÕiÌÊ>`ÊÃiÃÊ}ÀÕ`Ü>ÌiÀÊ«>VÌÃÆÊ
>ÊºVi>À>Vi»ÊÜÊLiÊÀiµÕÀi`ÊLiÌÜiiÊÌ iÊL>ÃiÊvÊÌ iÊ`Ã«Ã>Ê>Ài>
>`ÊÌ iÊVÀÌV>Ê}ÀÕ`Ü>ÌiÀÊiÛiÊÌÊÃ>ÌÃvÞÊiÊvÊÌÜÊÃÌÕ>ÌÃÊÀiviÀÊ
/>LiÊx°Ó®°
£®°Ê7 iÀiÊÊ«ÕLVÊ i>Ì ÊÀÊiÛÀiÌ>ÊVÃÌÀ>ÌÃÊiÝÃÌÊÌ i
Ì iÊVi>À>ViÊÕÃÌÊLiÊ>`iµÕ>ÌiÊÌÊiÃÕÀiÊÌ >ÌÊ Þ`À>ÕVÊV`ÕVÌÛÌÞ
ÀiµÕÀiiÌÃÊ>ÀiÊiÌÊ>`ÊÊ>`ÛiÀÃiÊ}ÀÕ`Ü>ÌiÀÊÕ`}
VVÕÀÃÆÊ
Ó®°Ê7 iÀiÊÃÕV ÊVÃÌÀ>ÌÃÊ>ÀiÊ«ÀiÃiÌÊi°}°Ê`ÕiÊÌÊÌ iÊÕÃiÊv
}ÀÕ`Ü>ÌiÀÊvÀÊ`Û`Õ>ÊÀÊVÕÌÞÊÜ>ÌiÀÊÃÕ««Þ®ÊÌ iÊÌ i
Vi>À>ViÊÕÃÌÊLiÊÃÕV ÊÌ >ÌÊÜ iÊVLi`ÊÜÌ ÊµÕ>ÌÞÊVÌÀ
«ÀÛ`i`ÊLÞÊÌ iÊ«ÀiÌÀi>ÌiÌÊ>`Ê`Ã«Ã>ÊÃÞÃÌi]ÊÌ iÊvÕÀÌ iÀ
ÀiÛ>ÌÊvÊivyÊÕiÌÊ`ÕÀ}ÊÌÃÊ«iÀV>ÌÊÌ ÀÕ} ÊÌ iÊÕÃ>ÌÕÀ>Ìi`Ê
ÃÊ>ÞiÀÊLiÌÜiiÊÌ iÊ>`Ê`Ã«Ã>Ê>Ài>Ê>`Ê}ÀÕ`Ü>ÌiÀÊÃÕÀv>ViÊÃ
>`iµÕ>ÌiÊÌÊiiÌÊiÛÀiÌ>Ê>`Ê«ÕLVÊ i>Ì ÊVÀÌiÀ>°
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ÀÕ`Ü>ÌiÀÊyÊÜÊ`ÀiVÌÊÕÃÌÊLiÊ`iÌwÊi`ÊÊÌ iÊÀiÊ«iÀi>LiÊ
ÃÃÊÃÕV Ê>ÃÊÃ>`ÊEÊ}À>Ûi®ÊÜ iÊÊVÃiÊ«ÀÝÌÞÊÌÊ>iÃ]ÊÀÛiÀÃÊÀ
Li>V iÃÊ>`ÊÌ iÊV>ÌÊvÊ}ÀÕ`Ü>ÌiÀÊiÝÌÀ>VÌÊLÀiÃÊ`iÌwÊi`°Ê
/ iÊÌÀ>ÛiÊÌiÊvÀÊ>««i`ÊÜ>ÃÌiÜ>ÌiÀÊÌÊÀi>V ÊÌ iÊ}ÀÕ`Ü>ÌiÀÊÌ>Li
>`ÊÌÊÌÀ>ÛiÊÜÌ Ê}ÀÕ`Ü>ÌiÀÊÌÊÌ iÊâiÊvÊiiÀ}iViÊÀÊiÝÌÀ>VÌ
Ã Õ`ÊLiÊ>ÃÃiÃÃi`Ê>`Ê«>Ì }iÊ`iÊvvÊ«Ài`VÌi`ÊÌÊ`iÌiÀiÊvÊ
iÛÀiÌ>Ê>`Ê«ÕLVÊ i>Ì ÊÀiµÕÀiiÌÃÊ>ÀiÊiÌ°
Ê>Ã«iVÌÃÊ`iÌiÀi`ÊvÀÊÌ iÊÃÌiÊ>ÃÃiÃÃiÌ]ÊLÌ Ê«ÃÌÛiÊ>`
i}>ÌÛi]Ê>ÀiÊVLi`ÊÜÌ ÊÌ iÊÃÌiÊ`iÛi«iÌÊ«>ÊÌÊ`iÌiÀiÊÌ i
V>ÌÊ>`Ê>Ài>Ê>Û>>LiÊvÀÊ>`Ê`Ã«Ã>ÊvÊÜ>ÃÌiÜ>ÌiÀ°
ÛÀiÌ>ÊVÃÌÀ>ÌÃÊ>`ÊÃÊÌÞ«iÃÊ>ÀiÊVLi`ÊÌÊ`iÌvÞ
Ì iÊÜ>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊµÕ>ÌÞÊÀiµÕÀi`]ÊÌ iÊÃÌÊ>««À«À>ÌiÊ>`
`Ã«Ã>ÊiÌ `Ê>`ÊÃÊ>`}ÊÀ>ÌiÊ`iÌiÀi`°
ÊÃÌ}ÊÌ iÊ«ÀiÌÀi>ÌiÌÊ>`Ê>`>««V>ÌÊÃÞÃÌi]Ê>VVÕÌ
ÕÃÌÊLiÊÌ>iÊvÊÌ iÊii`ÊvÀÊ>VViÃÃÊvÀÊ«iÀ>ÌÊ>`Ê>Ìi>Vi
«ÕÀ«ÃiÃ°ÊÊ/Ài>ÌiÌÊÕÌÃ]ÊÜ V ÊÀiµÕÀiÊ`iÃÕ`}}ÊÛ>Ê«Õ«ÕÌ]
ÕÃÌÊLiÊV>Ìi`ÊÃÊ>ÃÊÌÊi>LiÊÀi>`ÞÊ>VViÃÃÊvÀÊ>Ìi>Vi°ÊÊ>`
>««V>ÌÊÃÞÃÌiÃÊÕÃÌÊLiÊV>Ìi`Ê>Ü>ÞÊvÀÊ>Ài>ÃÊvÊÛi VÕ>ÀÊÀ
«i`iÃÌÀ>ÊÌÀ>vwÊVÊÃÊÌ iÀÊ«iÀ>ÌÊÃÊÌÊV«ÀÃi`ÊLÞÊ>VÌÛÌiÃÊÊ
Ì iÊ}ÀÕ`ÊÃÕÀv>ViÊÃÕV Ê>ÃÊ } ÊÕÃiÊ>ÜÊ>Ài>Ã°
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Appendix F
Secondary Treatment System Design Criteria
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/ iÊLiVÌÛiÊvÊ>ÞÊÜ>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊÃÞÃÌiÊÃÊÌÊ«ÀÛ`iÊ>ÊivyÊÕiÌÊµÕ>ÌÞÊÌ >ÌÊÃÊV«>ÌLiÊ
ÜÌ ÊÃ>ÌÃv>VÌÀÞÊ}ÊÌiÀÊ«iÀ>ÌÊvÊÌ iÊ>`Ê>««V>ÌÊÃÞÃÌiÊ>`ÊÌÊ>V iÛiÊ>ÊivyÊÕiÌÊ
µÕ>ÌÞÊÌ >ÌÊÃÊÃÕvwÊViÌÊÌÊÃiÊivviVÌÃÊÊÌ iÊÀiViÛ}ÊiÛÀiÌ°Ê-iV`>ÀÞÊÜ>ÃÌiÜ>ÌiÀÊ
ÌÀi>ÌiÌÊÃÞÃÌiÃÊÌÀi>Ì}Ê`iÃÌVÊÜ>ÃÌiÜ>ÌiÀÊ>ÀiÊ`iÃ}i`ÊÌÊ>V iÛiÊÌ ÃÊLÞÊ«ÀÛ`}Ê>Ê«À>ÀÞÊ
ÌÀi>ÌiÌÊÃÌ>}iÊiÌ iÀÊÜÌ ÊÀÊ«ÀÀÊÌÊÌ iÊ«>V>}iÊ«>ÌÊÃÞÃÌi®ÊÌÊÀiÛiÊÃiÌÌi>LiÊÃ`ÃÊ>`Ê
yÊ>Ì>LiÊÊ>`Ê}Ài>Ãi]Ê>`ÊÌ iÊLÞÊ«ÀÛ`}Ê>ÊÃiV`>ÀÞÊÌÀi>ÌiÌÊÃÌ>}i]ÊÊÜ V ÊL`i}À>`>ÌÊ
vÊÀi>}ÊÀ}>VÊVÌ>>ÌÃÊVVÕÀÃÊÊ>iÀLVÊV`ÌÃ°ÊÊ
>ÝÕÊL`i}À>`>ÌÊLÞÊÃiV`>ÀÞÊÌÀi>ÌiÌÊvÊÌ iÊVÌ>>ÌÃÊÊÌ iÊÜ>ÃÌiÜ>ÌiÀÊÀiµÕÀiÃÊ
Ì iÊ«ÀÛÃÊvÊ«ÌÕÊV`ÌÃÊvÀÊL}V>Ê>VÌÛÌÞ°ÊÊ/ ÃÊVÕ`iÃÊÌ iÊ«ÀÛÃÊvÊv>ÛÕÀ>LiÊ
V`ÌÃÊvÀÊL}V>Ê}ÀÜÌ ]Ê>ÊL>>ViÊLiÌÜiiÊÌ iÊºvii`»ÊÀ}>VÊ>`ÊÊÌ iÊyÊÕiÌÊyÊÜ®Ê
>`ÊÌ iÊVÀL>Ê}ÀÜÌ ÊÊÌ iÊÌÀi>ÌiÌÊÃÞÃÌiÊ>`Ê>««À«À>ÌiÊ>iÀ>ÌÊÀ>ÌiÊ«À«ÀÌ>ÌiÊÌÊ
Ì iÊvii`ÊVViÌÀ>ÌÊ>`ÊVÀL}V>Ê««Õ>ÌÃ°ÊÊÞÊÃÕÃ«i`i`ÊL>ÃÃÊ}iiÀ>Ìi`ÊÊÌ iÊ
ÃiV`>ÀÞÊÌÀi>ÌiÌÊ«ÀViÃÃÊÕÃÌÊLiÊÀiÛi`ÊvÀÊÌ iÊwÊ>ÊivyÊÕiÌÊLÞÊÃiÌÌ}ÊÀÊwÊÌÀ>ÌÊ«ÀÀÊ
ÌÊÀÀ}>Ì°ÊÊ/ ÃÊ>ÌÌiÀÊÃÌ>}iÊÃÊ«ÀÌ>ÌÊÌÊÀi`ÕViÊ>ÞÊ«ÌiÌ>ÊvÀÊLV>}iÃÊ>`ÊÃiÊLÕ`ÊÕ«Ê
ÊÌ iÊÀÀ}>ÌÊiÃ]Êi>L}ÊiÛiÊ`ÃÌÀLÕÌÊÌ ÀÕ} ÕÌÊÌ iÊÀÀ}>ÌÊwÊi`Ê>`Ê«ÀÛ}ÊÌ iÊ
ivviVÌÛiÊviÊvÊÌ iÊÀÀ}>ÌÊÃÞÃÌi°ÊÊÊÊ
Ü}Ê>ÀiÊiÞÊ`iÃ}Ê«iÀvÀ>ViÊÀiµÕÀiiÌÃÊvÀÊ7/-Ê>`Ê*>Vi`Ê i`Ê,i>VÌÀÊÃÞÃÌiÃ°ÊÊ
iÃ}ÊVÀÌiÀ>Ê>ÀiÊ«ÀÛ`i`ÊÌÊiÃÕÀiÊÌ >ÌÊÌ iÊ«>ÌÃÊV>Ê>`iµÕ>ÌiÞÊ>V iÛiÊÌ iÊÀiµÕÀi`Ê
«iÀvÀ>ViÊLiVÌÛiÃ°ÊÊÜiÛiÀ]ÊÌÊ>V iÛiÊ>ÊÃ>ÌÃv>VÌÀÞÊiÛiÊvÊ«iÀvÀ>Vi]ÊÌÊÃÊ«ÀÌ>ÌÊ
ÌÊÌiÊÌ >ÌÊÌ iÊ>VÌÕ>Ê«>ÌÊ«iÀvÀ>ViÊÃÊ>ÃÊ`i«i`iÌÊÕ«Ê>««À«À>ÌiÊ«>ÌÊ«iÀ>ÌÊ
>`Ê>>}iiÌÊ«ÀViÃÃiÃÊÊÀiÃ«ÃiÊÌÊÌ iÊyÊÕiÌÊyÊÜÃÊ>`ÊVViÌÀ>ÌÃ]Ê>`ÊÊÀi}Õ>ÀÊ
ÌÀ}Ê>`Ê>Ìi>Vi°ÊÊÊ/ ÃÊii`ÃÊÌÊLiÊÛiÀwÊi`ÊÊ>ÊV>ÃiÊLÞÊV>ÃiÊL>ÃÃÊÊ>VVÀ`>ViÊÜÌ Ê
Ì iÊÃÞÃÌiÊÃÌ>>Ì]ÊÃÌ>ÀÌÕ«ÊÃ«iVÌÊ>`ÊÃ>«}ÊiÌ `}ÞÊ>`ÊÃÌ>>ÌÊViÀÌwÊV>ÌÊ
Ã«iVwÊi`ÊLiÜ°Ê
,iviÀÊÌÊÌ iÊÀiiÛ>ÌÊÃiVÌÃÊÜÌ Ê
>ÀiÊ>ÃÊvÜÃ\
*,,9Ê 

>«ÌiÀÃÊÇÊ>`Ê£ÓÊvÊ/*xnÊvÀÊÀiÊvÀ>Ì°Ê/ iÊiÞÊVÀÌiÀ>Ê
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-/*
*\
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/ iÊvÜ}ÊÃÌÊVÛiÀÃÊ>ÌÛiÊ«>ÌÊÃ«iViÃÊ>ÀiÊVÃ`iÀi`ÊÌÊLiÊÃÕÌ>LiÊvÀÊ«>Ì}ÊÊÃÌÊ
V`ÌÃ]ÊÃÕV Ê>ÃÊÌ ÃiÊ>ÃÃV>Ìi`ÊÜÌ ÊÜ>ÃÌiÜ>ÌiÀÊ`Ã«Ã>ÊwÊi`ÃÊÊÕV>`ÊÃÌÕ>ÌÃ°ÊÊ/ iÞÊ
>ÀiÊ>ÊÌiÀ>ÌÊÀÊv`ÊvÊÃÌÊV`ÌÃÊ>`Ê>Ê>ÀiÊ>ÌÛiÊÌÊÌ iÊÕV>`ÊÀi}°ÊÕV ÊvÊÌ ÃÊ
vÀ>ÌÊ >ÃÊLiiÊ>`>«Ìi`ÊvÀÊiÊvÊÌ iÊ, Ê Ì>VÊ>À`iÃÊ>`ÛÃÀÞÊi>yÊiÌÃÆÊº£{ÊqÊ iÜÊ
<i>>`Ê«>ÌÃÊvÀÊÜiÌÊ«>ViÃ»Ê>`ÊÌ iÊÃÌÊi`Ìi`Ê>`ÊÀiÛiÜi`ÊLÞÊ À°Ê, ÞÃÊ>À`iÀÊ ÃÕÌ}Ê
Ì>ÃÌ]ÊÕV>`Ê7>ÀÊiÀ>ÊÕÃiÕÊÕ}ÕÃÌÊÓää{®°
À>ÃÃiÃ]Ê}ÀÕ`ÊVÛiÀÃ]Ê>`ÊÌ iÀÊ«>ÌÃ
ÃÌi>Ê}À>`ÃÊ ÃÜ>«Ê>ÃÌi>®
>À}iÊVÕ«ÊvÀ}Ê«>ÌÊÜÌ ÊLÀ} ÌÊ}Àii]ÊyÊ>ÝiÊv>}i°ÊÊi>iÊ«>ÌÃÊ«À`ÕViÊÕ«À} ÌÊ
«>ViÃÊvÊÀ>}iÊLiÀÀiÃÊÊÌ iÊViÌÀiÊvÊÌ iÊ«>Ì°Ê/ ÃÊi`iVÊÃ«iViÃÊÜÊÌÊÌiÀ>ÌiÊ
iÕÌÀ« VÊV`ÌÃÊ>`Ê«ÀiviÀÃÊ«i>ÌÊÃÃ°
iV ÕÊÛ>iâi>>`>iÊ®
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`iÃÊLiÃÌÊÊÜiÊ`À>i`]ÊÃ >`ÞÊ>Ài>Ã°
>ÀiÝÊ
/ iÀiÊ>ÀiÊ>ÞÊiLiÀÃÊvÊÌ ÃÊ}iÕÃÊÜ V Ê}ÀÜÊ>ÌÕÀ>ÞÊÊ`>«ÊÌÊÜiÌÊ>Ài>Ã°ÊÊ/ iÞÊ>Ê >ÛiÊ
µÕÌiÊwÊiÊ`À«}Êv>}iÊ>`Ê>ÀiÊÛ}ÀÕÃÊÊÃÌÊV`ÌÃ°ÊÊÃÌÊ«ÀiviÀÊÛiÀÞÊ} ÌÊÃ >`i°ÊÊ
/ iÊvÜ}ÊÃ«iViÃÊ >ÛiÊLiiÊ`iÌwÊi`ÊvÀÊÌ iÀÊÃÕÌ>LÌÞ\
>ÀiÝÊÊ`ÃÃÌ>Ê
`iVÊÃ«iViÃÊÜÌ Ê`ÕÊ}ÀiiÊÌÊÀi``Ã ÊÌÕvÌÃÊvÌiÊä°xÊÌ>Ê>Ì Õ} ÊÌ ÃÊV>ÊÛ>ÀÞ®°ÊÊ
/iÀ>ÌiÃÊ>ÊÀ>}iÊvÊÃÜ>«ÞÊ >LÌ>ÌÃ]ÊLÕÌÊÃÊ>ÃÊÌi`ÊÌÊ}ÀÜÊÊ`ÀiÀÊÃÃÊÕ`iÀÊvÀiÃÌÊVÛiÀ°
>ÀiÝÊyÊ>}iviÀ>Ê
`iVÊÃ«iViÃÊÜÌ Ê`iÃiÊÃ«Ài>`}ÊÀi``Ã LÀÜÊÌÕvvÃÊÌÊä°xÊÌ>°ÊÊ*ÀiviÀÃÊ`>«ÊÃÊ>`Ê
vÕÊÃÕ]ÊLÕÌÊÃÊÌi`ÊÌÊÌ ÀÛiÊÊ>ÊÛ>ÀiÌÞÊvÊ >LÌ>ÌÃÊVÕ`}ÊL}}ÞÊ«>ÃÌÕÀi°
>ÀiÝÊ}i>Ì>
,LÕÃÌÊ>`ÊÛ}ÀÕÃÊi`iVÊÃ«iViÃÊÌ >ÌÊ}ÀÜÃÊÌÊ£°xÊÌ>°Ê/ ÀÛiÃÊÊ>ÊÀ>}iÊvÊÜiÌÊ >LÌ>ÌÃ°Ê
-ÕÌ>LiÊvÀÊ>Ê>À}iÀÊ>Ài>°
>ÀiÝÊiÃÃ>>Ê
,LÕÃÌÊ>`ÊÛ}ÀÕÃÊi`iVÊÃ«iViÃÊÌ >ÌÊ}ÀÜÃÊÌÊ£°xÊÌ>°Ê->ÀÊÌÊ °}i>Ì>
> ÊÌ >ÌÊÌ iÊ
Ã«iViÃÊÃÊÃ«Ài>`}Ê>`ÊÃÕÌ>LiÊvÀÊ>Ê>À}iÀÊÜiÌÊ>Ài>°
>ÀiÝÊÃiVÌ>Ê«ÕÀi]Ê>ÕÀ>®
`iVÊÃ«iViÃÊÌ >ÌÊiÝ LÌÃÊÌ>ÊÃ«Ài>`}ÊÌÕÃÃVÃ°ÊÊ>ÃÊLiiÊÌi`ÊÌÊ}ÀÜÊÌÊÎÊÌ>]Ê
Ü`iÃ«Ài>`ÊÊÃÜ>«ÞÊ>Ài>Ã°Ê1ÃivÕÊÊÌ iÊVÀi>ÌÊvÊLÀ`Ê >LÌ>Ì°
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>ÀiÝÊÛÀ}>Ì>Ê
`iVÊÃ«iViÃÊÌ >ÌÊvÀÃÊ`iÃi]Ê} ÌÊ}ÀiiÊÌÕÃÃVÃÊÕ«ÊÌÊ£ÊÌ>°Ê/ ÀÛiÃÊÊ>ÊÛ>ÀiÌÞÊvÊ
>LÌ>ÌÃÊVÕ`}ÊÃÜ>«Ã]Ê`À>Ê>À}Ã]ÊÃii«>}iÃÊ>`ÊÜiÌÊ«>ÃÌÕÀiÃ°Ê1ÃivÕÊÊÌ iÊVÀi>ÌÊvÊ
LÀ`Ê >LÌ>Ì°
ÀÌ>`iÀ>ÊvÕÛ`>ÊÌiÌi®
À>V }ÊvÀÊÌ iÊL>ÃiÊ>`ÊvÀ}Ê>ÊVÕ«ÊÌÊ{Ê } °ÊÊ}ÊÃÌÀ>«Ã >«i`Êi>ÛiÃÊÜÌ ÊÀi`
À>}iÊVÕÀi`ÊÛiÃ]ÊyÊÜiÀÊ i>`ÃÊVÀi>ÊÞiÜ°ÊÊ iÜÊÃ ÌÃÊiÝ LÌÊ«>iÊÜ>ÝÞÊVÛiÀÊÊÜiÀÊ
«>ÀÌÃÊÕiÊ«>«>ÃÊ}À>ÃÃ®Ê*ÀiviÀÃÊ}`Ê`À>>}iÊ>`ÊÃiÃ >`i°ÊÊ7ÊÃÌÀÕ}}iÊÌÊV«iÌiÊvÊ
`Ài`ÊÕÌÊÊÃÕiÀ°
Þ«iÀÕÃÊÕÃÌÕ>ÌÕÃÊÌiÌiÊÕ«Ì>}>Ì>]Ê}>ÌÊÕLÀi>ÊÃi`}i®
6}ÀÕÃÊi>vÞÊÃi`}iÊ}ÀÜ}ÊÌÊ£ÊÊ«iÊ`>«Ê«>ViÃ°ÊÊ/iÀ>ÌiÃÊiÀÃÊÊÃÌ>`}Ê
Ü>ÌiÀÊÜÌ Ê>ÊÀ>}iÊvÊ >LÌ>ÌÃÊvÀÊÃii«>}iÃÊÌÊÜiÌ>`Ã°
VÃ>ÊÃµÕ>ÀÀÃ>ÊÜ i]ÊÌÀiiÊviÀ®
/ÀiiÊviÀÊÕ«ÊÌÊÇÊÌ>ÊÌ >ÌÊiÝ LÌÃÊÌiÀ>ViÊvÊÜiÌÊ«iÊ}ÀÕ`]Ê>`ÊyÊ`Ã°ÊÕ`ÊÌÊÃ iÌiÀÊ
>`Ê>VVÕÕ>ÌiÊÜÌ ÊÌ iÀÊ>ÌÛiÊ«>ÌÃ°Ê/ iÊL>ÃiÊvÊÌ iÊviÀÊ>ÌÌÀ>VÌÃÊL`ÛiÀÃÌÞ°Ê1ÃivÕÊ
>««V>ÌÊÌÊÃÌÀi>L>Ê>`ÊÃii«>}iÊ >LÌ>ÌÃ°
>ÌÃÌi>ÊÀÕ}ÃÕÊ«>À>Ì>Ü >®
iÀL>ViÕÃÊ«>ÌÊÕ«ÊÌÊä°xÊÌ>ÊÌ >ÌÊÃ«Ài>`ÃÊLÞÊÀ âiÃ°ÊÊ ÀâiÊVÕÀi`Êv>}iÊÜÌ ÊÃiÀÀ>Ìi`Ê
i`}i°ÊÊÀÜÃÊÊÃÌÊÃÌiÃÊÊ} ÌÊÌÊ i>ÛÞÊÃ >`i°ÊÊÌiÀ>ÌÊvÊ`ÀÞÊ >LÌ>ÌÃ°
Þ«i«ÃÊ`VÃ`iÃ
>À}iÊviÀÊÌ >ÌÊ«ÀiviÀÃÊviÀÌiÊÃÌ]ÊLÕÌÊÜi`À>i`Ê}ÀÕ`]Ê}ÀÜÃÊÛ}ÀÕÃÞÊ>`ÊÃ«ÀiÃÊÌÊ
«>Ìi`Ê>Ài>ÃÊÜÌ Ê>LÕ`>Vi°Ê iÃÊ ÜiÛiÀ]Ê`iÊL>VÊ`ÕÀ}ÊÜÌiÀ°
* ÀÕÊÌi>ÝÊ >À>ii]ÊyÊ>Ý®
>ÃÌÊ}ÀÜ}ÊVÕ«vÀ}ÊyÊ>ÝÊÜÌ Ê>À}iÊÃÌvvÊi>ÛiÃ]ÊÌÊÎ°ÊÊÕÊiÝ«ÃÕÀiÊ>`ÊÃÕ°ÊÊÃÌÊÌÊ
ÜiÌÊV`ÌÃ°ÊÊ iÃÊÌÊ >ÛiÊ`ii«ÊÀÊÜ`iÊÀÌÃ°ÊÊ >ÃÞÊ«À«>}>Ìi`ÊvÀÊÃ«ÌÊv>ÃÊÀÊ}ÀÜÊ
vÀÊÃii`°ÊÊÌÌÀ>VÌÃÊLÀ`Ã]ÊiÃ«iV>ÞÊ/Õ°
/ÀiiÃÊ>`ÊÃ ÀÕLÃ
Ã`iÀ>ÌÊii`ÃÊÌÊLiÊ}ÛiÊÌÊÌ iÊivviVÌÃÊvÊÀÌÃÊ>`Ê>««V>ÌÊÊÜ>ÃÌiÜ>ÌiÀÊ`ÃÌÀLÕÌÊ
««iÊiÌÜÀÃ°ÊÊ/ ÃÊ«ÀLiÊV>ÊLiÊÀiÊÃ}wÊV>ÌÊvÀÊ>À}iÊÌÀiiÊÃ«iViÃ°ÊÊ
>À«`iÌÕÃÊÃiÀÀ>ÌÕÃÊ«ÕÌ>«ÕÌ>ÜiÌ>]Ê>ÀLii>v®
Ã
Ü>`ÊvÀiÃÌÊÌÀiiÊÕ«ÊÌÊÇÊÌ>°ÊÊ>À}iÊLÕV iÃÊvÊVÀi>ÊVÕÀi`ÊyÊÜiÀÃÊ>««i>ÀÊÊÃ«À}Ê
vÜi`ÊLÞÊL>VÊLiÀÀiÃ°
«ÀÃ>Ê>Ài>Ì>
-«iViÃÊÌ >ÌÊ}ÀÜÃÊÌÊ{ÊÌ>°ÊÜÊÌiÀ>ViÊÌÊ`ÀÕ} Ì]ÊÜÌ Êi`ÕÊÌÊ } ÊviÀÌÌÞ°
«ÀÃ>ÊÀLÕÃÌ>Ê>À>Õ]ÊÃ }Ê>À>Õ®
- ÀÕLÃÊÀÊÃ>ÊÌÀiiÃÊ}ÀÜ}ÊÌÊÎ³]ÊÜÌ Ê}ÃÃÞÊ}ÀiiÊi>ÛiÃ°ÊÊ>ÃÃiÃÊvÊÀ>}iÀi`ÊvÀÕÌÊÊ
>ÕÌÕÊ>ÀiÊ>ÌÌÀ>VÌÛiÊÌÊLÀ`Ã°ÊÊ>À`ÞÊ«>Ì°
«ÀÃ>ÊÌiÕV>ÕÃ
Ã ÃÜ>«ÊV«ÀÃ>®
`iVÊÃ«iViÃÊÌ >ÌÊ}ÀÜÃÊÌÊÎÊÌ>°Êi>ÛiÃÊ«>iÊ}ÀiiÊÜÌ ÊÃi`iÀÊLÀ>V iÃ°Ê7ÊÌiÀ>ÌiÊ>Ê
À>}iÊvÊÃÜ>«ÞÊÌÊL}}ÞÊ >LÌ>ÌÃÊVÕ`}ÊÃÌ>`}ÊÜ>ÌiÀ°
À`ÞiÊ>ÕÃÌÀ>ÃÊÌÊÕ>]ÊV>LL>}iÊÌÀii®
*>iÊÊ>««i>À>ViÊÜÌ Ê>À}iÊ i>`ÃÊvÊi>ÀÊi>ÛiÃÊ>`Ê«>ViÃÊvÊÃViÌi`ÊyÊÜiÀÃ°ÊÊ-ÕÊÌÊ
ÃiÃ >`i°ÊÊ*ÀiviÀÃÊ`>«ÊÌÊÃÌÊÃ°ÊÊÀÜÃÊiÛiÌÕ>ÞÊÌÊ£Ó³Ê i} Ì°
>VÀÞV>À«ÕÃÊ`>VÀÞ``iÃÊ> >Ìi>]ÊÜ ÌiÊ«i®
/ÀiiÊÌ >ÌÊ}ÀÜÃÊÌÊ{ä°Ê`iÀ>ÌiÞÊ}ÀÜ}ÊÃ«iViÃ]ÊÜ V Ê«ÀiviÀÃÊÜiÌ>`Ê>`ÊL}}ÞÊ
iÛÀiÌÃ°Ê««V>ÌÊvÊÌ ÃÊÃ«iViÃÊÕÃÌÊVÃ`iÀÊÌ iÊ«ÃÃLiÊ«>VÌÊvÊÌÃÊÀÌÊÃÞÃÌiÃÊ
ÊÌ iÊÜ>ÃÌiÜ>ÌiÀÊ`Ã«Ã>ÊwÊi`°
iÃÌ>ÊÀÕ«iÃÌÀiÊ >}i >}i®
ÊvÀiÃÌÊÃ ÀÕLÊÜÌ Ê«>iÊ}ÀiiÊ}ÃÃÞÊv>}i]Ê}ÀÜ}ÊÌÊÓÎ°ÊÊ/ÞÊyÊÜiÀÃÊ}ÛiÊvvÊ
ÃÌÀ}ÊÃViÌÊÊÃ«À}°ÊÊÃÊLiÃÌÊÊÃÕÞÊ«ÃÌÊÜ iÀiÊÌÊÀiÌ>ÃÊ>ÊLÕÃ ÞÊ >LÌ]Ê>`Ê«ÀiviÀÃÊ
Üi`À>i`ÊÃ°
iLiÊÃÌÀVÌ>ÊÀ®
>
- ÀÕLÊÀÊÃ>ÊÌÀiiÊ}ÀÜ}ÊÌÊÓxÊÊ i} Ì°ÊÊ >ÌÕÀ>ÊvÀÃÊ >ÛiÊÜ ÌiÊÌÊLÕÃ ÊyÊÜiÀÃ°Ê*>ÌÊ
ÊvÕÊÃÕ°ÊÊ/iÀ>ÌiÃÊiÝ«ÃÕÀi°ÊÊ Ê>ÞÊVÕÌÛ>ÀÃÊ>`Ê ÞLÀ`ÃÊ>ÀiÊ>Û>>LiÊViÀV>Þ]ÊLÕÌÊ
Ì iÃiÊ>ÀiÊ>ÊÕÃÕÌ>LiÊvÀÊÕÃiÊi>ÀÊiÝÃÌ}Ê>ÌÕÀ>ÊÛi}iÌ>Ì°®
>ÕÀi>ÊÛ>iâi>`>iÊ«Õ>Ìi>®
i
>À}iÊÕ«À} ÌÊÌÀiiÊÌÊÎä®ÊÜÌ Ê>ÌÌÀ>VÌÛiÊLÀ} ÌÊ}ÀiiÊv>}iÊ>`Ê`ÃÌVÌÛiÊÜ ÌÃ ÊL>ÀÊ°Ê>ÃÌÊ
}ÀÜ}Ê>`Ê>LiÊÌÊ >`iÊ>ÊÜ`iÊÛ>ÀiÌÞÊvÊÃÃ°ÊÊÌÊÜÊÌiÀ>ÌiÊ«iÀ`VÊyÊ`}]ÊLÀi>Ì }Ê
ÀÌÃÊ`iÛi«ÊÊÜ>ÌiÀÊ}}i`ÊÃÃ°Ê >ÊLiÊ}ÀÜÊvÀÊÃii`°Ê/iÀ>ÌÊvÊÃiÊÃÕÊ>`ÊvÀÃÌ°Ê ÌÊ
ÌiÀ>ÌÊvÊÜ`°
Î

i«ÌÃ«iÀÕÊÃV«>ÀÕÊ>Õ>®

- ÀÕLÊÀÊÃ>ÊÌÀiiÊ}ÀÜ}ÊÌÊ{³ÊÊ i} Ì°ÊÊ1LµÕÌÕÃÊÃ ÀÕLÊÛ>ÀÞ}ÊÊvÀÊÌ ÀÕ} ÕÌÊ iÜÊ
<i>>`°ÊÊ`i>ÊÌÊ«ÀÛ`iÊÃ iÌiÀÊvÀÊÌ iÀÊ«>ÌÃÊ>ÃÊÌÊÃÊµÕVÊ}ÀÜ}Ê>`Ê >À`Þ°ÊÊ,iµÕÀiÃÊvÕÊ
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Appendix H
On-site Wastewater Systems Management
Summary Checklist
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>Ìi\

*À«iÀÌÞÊ``ÀiÃÃ\
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>Ìi>ViÊ,iµÕÀiiÌÃ

ÀiÊÊÊÊÊÊÊÊÊÊ

ÕÀÞ

"Ì iÀ ÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊÊ

>Þ

7iiÞ

Ì Þ

9i>ÀÞ

>Þ

7iiÞ

Ì Þ

9i>ÀÞ

*Õ«Ã
ÀiÊ Ã«iÃiÀ
16Ê>«Ã
16Ê/ÕLiÊ i>}
7>ÌiÀÊiÛiÊ>À
ÀiÊiÛiÊ>À
ÀiÊ,iÃ`Õ>
ÌiÀÃ
,iVÞViÊ7>ÌiÀÊ >ÀÌÞ
,iVÞViÊ7>ÌiÀÊ"`ÕÀ
,iVÞViÊ7>ÌiÀÊ+Õ>ÌÞ
-«iVwÊVÊ>Ìi>ViÊ,iµÕÀiiÌÃ\

ÌiÀ>ÌÛiÊ7>ÃÌiÜ>ÌiÀÊ/Ài>ÌiÌÊ-ÞÃÌiÃ
«ÃÌÊ>`}\
>Ìi>ViÊ,iµÕÀiiÌÃ

ÕÀÞ

-«iVwÊVÊ>Ìi>ViÊ,iµÕÀiiÌÃ\
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/Ê

Ê -*"-Ê-9-/ -ÊqÊiÞÊ>Ìi>ViÊ,iµÕÀiiÌÃ

iÃÌVÊÜ>ÃÌiÜ>ÌiÀÊÃÊÜ>ÃÌiÜ>ÌiÀÊ}iiÀ>Ìi`ÊÊ`iÃÌVÊ`Üi}Ã]ÊÃÌÌÕÌÃ]ÊViÀV>Ê>`Ê
ÀiÃ`iÌ>Êv>VÌiÃ]ÊÜ V Ê«Ài`>ÌÞÊÀ}>ÌiÃÊvÀÊL>Ì ÀÃ]ÊÌV iÃ]Ê>`Ê>Õ`ÀiÃ°ÊÊ"
ÃÌiÊ`Ã«Ã>Ê>`ÊÃÊÌ iÊ`ÃV >À}iÊvÊÜ>ÃÌiÜ>ÌiÀÊÌÊ>`ÊÜÌ ÊÌ iÊ«À«iÀÌÞÊLÕ`>ÀiÃÊvÊÌÃÊ«>ViÊvÊ
À}°ÊÊ/ iÊÌÀ>`Ì>ÊÃÌiÊÌÀi>ÌiÌÊÃÞÃÌiÊVÃÃÌÃÊvÊ>ÊÃi«ÌVÊÌ>Ê>`Ê>ÊÃÊ>LÃÀ«ÌÊwÊi`°ÊÊ
ÊÃi«ÌVÊÌ>ÊÃÞÃÌiÊVÕ`iÃÊ>ÊÌ>Ã]ÊLi`Ã]Ê`À>Ã]Ê««iÃ]ÊwÊÌÌ}Ã]Ê>««>ViÃÊ>`Ê>`ÊÕÃi`ÊÊÌ iÊ
ÃÌiÊÊViVÌÊÜÌ ÊÌ iÊÃÞÃÌi°ÊÊ/ iÊÃi«ÌVÊÌ>ÊÌ ÀÕ} ÊÜ V ÊivyÊÕiÌÉ`iÃÌVÊÜ>ÃÌiÜ>ÌiÀÊÃÊ
«>ÃÃi`]ÊÃÊÌ iÊ«À>ÀÞÊÃÌ>}iÊÊ>ÞÊÌÀi>ÌiÌÊ«ÀViÃÃ°ÊÊÌÊ>ÜÃÊÃ`\µÕ`ÊÃi«>À>ÌÊ>`ÊÀiÌiÌÊ
vÊÌ iÊÃiÌÌi`ÊÃ`ÃÊ>`ÊyÊ>Ì}ÊÃVÕÊ>`ÊÌ iÊÃiÌÌi`ÊÃ`ÃÊÌ >ÌÊÌ iÊÕ`iÀ}Ê>>iÀLVÊL>VÌiÀ>Ê
`}iÃÌ°
/ÊLiÊivviVÌÛiÊÃi«ÌVÊÃÞÃÌiÃÊÕÃÌÊLiÊ>`iµÕ>ÌiÞÊÃâi`ÊÌÊ>VV`>ÌiÊÌ iÊÜ>ÃÌiÜ>ÌiÀÊyÊÜÃÊ
vÀÊÌ iÊLÕ`}ÃÊLi}ÊÃiÀÛi`Ê>`Ê >ÛiÊLiiÊ«À«iÀÞÊÃÌ>i`Ê>`Ê>Ì>i`°ÊÊÊ/ iÊ}iÀÊÌ iÊ
ÀiÃ`iÌÊÌiÊÜÌ ÊÌ iÊÃi«ÌVÊÌ>ÊÌ iÊLiÌÌiÀÊvÀÊ«ÀÛ`}Ê«ÌÕÊ>`iµÕ>ÌiÊÃi«>À>ÌÊ>`ÊÌÊ
Ài`ÕViÊÀiÃÕÃ«iÃÊvÊÃ`ÃÊÜ iÊÌ iÀiÊ>ÀiÊiÜÊ«Õ}ÊyÊÜÃÊÌÊÌ iÊÌ>°ÊÊ/>ÃÊvÊ{ÊÌÊxÊ`>ÞÃÊ«i>
yÊÜÊÛÕiÊ>ÀiÊ`i>°
>ÞÊVÛiÌ>ÊÃi«ÌVÊÌ>ÊÃÞÃÌiÃÊv>Ê`ÕiÊÌÊ>ÊÛ>ÀiÌÞÊvÊV>ÕÃiÃ°ÊÊÊiÞÊÀi>ÃÊÃÊÌ >ÌÊÌ iÞÊ>ÀiÊ
Õ`iÀÃâi`ÊvÀÊÜ>ÃÌiÜ>ÌiÀÊyÊÜÊÛÕiÃÊvÀÊ`iÀÊv>VÌiÃ]ÊViVÌÊvÊ}>ÀL>}iÊ}À`iÀÃ]Ê>`Ê
>VÊvÊ>Ìi>Vi°ÊÊ>VÊvÊ>Ìi>ViÊV>Êi>`ÊÌÊLÕ`ÊÕ«ÊvÊÃÕ`}iÊ>`ÊÃVÕÊÊÃi«ÌVÊÌ>Ã]Ê
Ü V ÊV>ÊÀiÃÕÌÊÊ>VÊvÊÃi«>À>ÌÊÊÌ iÊÌ>]ÊÃ`ÃÊV>ÀÀÞÛiÀ]ÊVÀi>Ãi`Ê`ÕÀÃÊvÊÀ>ÜÊÃiÜ>}i]Ê
V}}i`Ê>LÃÀ«ÌÊwÊi`Ã°ÊÊ*ÀLiÃÊÜÌ ÊÌ iÊ>`Ê`Ã«Ã>Ê>Ài>ÊV>Ê>ÃÊLiÊ>ÊÀiÃÕÌÊvÊ Þ`À>ÕVÊ
ÛiÀ>`}ÊV>ÕÃi`ÊLÞÊVÀi>Ãi`ÊVVÕ«>VÞÊ>`ÉÀÊ}Ài>ÌiÀÊÜ>ÌiÀÊÕÃi°ÊÊ
>vÕVÌ}ÊÃÌiÊÜ>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊ>`Ê`Ã«Ã>ÊÃÞÃÌiÃÊV>ÊVÌÀLÕÌiÊÌÊiÛÀiÌ>Ê
«ÕÌÊ>`ÊV>ÊLiViÊ«ÌiÌ>Ê i>Ì ÊÀÃÃ°ÊÊ}À}ÊÃÞÃÌiÊ>Ìi>ViÊÀiµÕÀiiÌÃÊÜÊ
i>`ÊÌÊÃ}ÃÊvÊÃÞÃÌiÊv>ÕÀiÃÊÜ V ÊV>ÊÌ iÊi>`ÊÌÊvÕÀÌ iÀÊÃ}wÊV>ÌÊ«ÀLiÃÊÃÕV Ê>ÃÊ i>Ì Ê
ÀÃÃÊvÀÊ«>Ì }iÃ]Ê`ÕÀÃ]ÊVÌ>>ÌÊvÊ}ÀÕ`Ü>ÌiÀÊ>`ÊÃÕÀv>ViÊÜ>ÌiÀ]Ê>ÌÌÀ>VÌÊvÊyÊiÃÊ
>`ÊÀ`iÌÃ]Ê>`Ê`iVÀi>Ãi`Ê«À«iÀÌÞÊÛ>Õi°ÊÊ*À«iÀÊ>Ìi>ViÊvÊÃi«ÌVÊÃÞÃÌiÃÊÌÊÞÊiÃÃiÃÊ
iÛÀiÌ>Ê«ÕÌÊ>`Ê>iÃÌ iÌVÊÛ>ÕiÊvÊ>Ê«À«iÀÌÞ]ÊLÕÌÊ>ÃÊiÃÃiÃÊ«ÌiÌ>ÊVÃÌÃÊÌ >ÌÊVÕ`Ê
LiÊVÕÀÀi`ÊÜ iÊ>Ê`>>}i`ÊÃÞÃÌiÊii`ÃÊÌÊLiÊÀi«>Ài`ÊÀÊÀi«>Vi`°
 /



Ê

Ê
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Ê-i«ÌVÊ/>ÊÜiÀÃÊ>ÀiÊÃÌÀ}ÞÊiVÕÀ>}i`ÊÌ\
z

*1*"1/Ê- */ Ê/ Ê

iVÊÌ iÊÀiÃ«iVÌÛiÊ`i«Ì ÃÊvÊÃÕ`}i]ÊµÕ`ÊÜ>ÃÌiÜ>ÌiÀÊ>`ÊÃVÕÊÊÌ iÊÃi«ÌVÊÌ>Ê>ÌÊi>ÃÌ
ViÊ«iÀÊÞi>À°

*Õ«ÊÕÌÊÌ iÊÌ>ÊViÊÌ iÊVLi`Ê`i«Ì ÊvÊÃÕ`}iÊ>`ÊÃVÕÊVVÕ«iÃÊxä¯ÊvÊÌ iÊ
Ì>Ê`i«Ì °ÊÊÀÊ>ÊÃÌ>`>À`Ê ÕÃi `]ÊÌ ÃÊÃ Õ`ÊLiÊÊÌ iÊÀ`iÀÊvÊViÊiÛiÀÞÊÎÊÌÊxÊ
Þi>ÀÃ°ÊÊ/ ÃÊ>ÞÊLiÊÀiµÕÀi`ÊÀiÊvÀiµÕiÌÞÊÜ iÀiÊ ÕÃiÃÊ>ÀiÊvÕÞÊVVÕ«i`Ê>`ÉÀÊÌ iÀiÊ
ÃÊÊÕÌiÌÊwÊÌiÀÊ>`ÊvÀÊÌ>ÃÊÃiÀÛ}Ê«ÕLVÊÌiÌÃ]Ê>`ÊiÃÃÊvÀiµÕiÌÞ]ÊÕ«ÊÌÊViÊiÛiÀÞÊ
xÊÞi>ÀÃÊÀÊ}iÀ]ÊÜ iÀiÊVVÕ«>VÞÊÃÊÜÊÀÊÌiÀÌÌiÌ]Ê>`ÉÀÊÜ iÀiÊ>ÊivviVÌÛiÊÕÌiÌÊ
wÊÌiÀÊ >ÃÊLiiÊ>Ì>i`®°

z

 -/Ê
Ê / Ê Ê"1/ /Ê/ ,Ê

ÊÌ iÊÕV>`ÊÀi}]ÊÌ iÃiÊ>ÀiÊÀiµÕÀi`ÊÌÊLiÊÃÌ>i`ÊÊ>ÊiÜÊÃi«ÌVÊÌ>ÊÃÞÃÌiÃÊ>`Ê
>ÀiÊ-/," 9ÊÀiVi`i`ÊÌÊLiÊÀiÌÀwÊÌÌi`ÊÌÊ`ÊÃi«ÌVÊÌ>Ã°ÊÊ/ iÞÊ>ÀiÊvÌiÊÌ iÊ
ÃÌÊivviVÌÛiÊ>`ÊV i>«iÃÌÊ«ÌÊvÀÊ«ÀÛ}ÊÌ iÊ«iÀvÀ>ViÊ>`ÊviÊvÊ>ÊÜ>ÃÌiÜ>ÌiÀÊ
ÃÞÃÌi°ÊÊ/ iÞÊiÃÕÀiÊ>ÊÃ`ÃÊvÊÎÊ`>iÌiÀÊÀÊ}Ài>ÌiÀÊ>ÀiÊÀiÌ>i`Ê>`ÊL`i}À>`i`Ê
ÜÌ ÊÌ iÊÃi«ÌVÊÌ>]Ê>`Ê`ÊÌÊ>VViÃÃÊÀÊV}ÊÌ iÊÃ>>}iÊiÃ°ÊÊ-Õ««iÀÊ`iÌ>ÃÊV>ÊLiÊ
LÌ>i`ÊvÀÊÞÕÀÊV>ÊVÕV®°

iVÊÌ iÊL>ÌÊLÕ`ÊÕ«ÊÊÌ iÊwÊÌiÀÊÀi}Õ>ÀÞ]Ê>ÌÊi>ÃÌÊViÊ«iÀÊÌ ]Ê>`ÊVi>ÊÌÊ>Ã
ÀiµÕÀi`ÊÌÊ>Û`ÊiÝViÃÃÛiÊLÕ`ÊÕ«Ê>vviVÌ}ÊwÊÌiÀÊ«iÀvÀ>Vi°

/ÊVi>ÊÌ iÊwÊÌiÀ]ÊÀiÛiÊÌÊvÀÊÌ iÊÃi«ÌVÊÌ>Ê>`Ê ÃiÊ`Ü]Ê`ÃV >À}}ÊÌ iÊÀÃi
Ü>ÌiÀÊL>VÊÌÊÌ iÊÃi«ÌVÊÌ>]ÊÀÊiÃiÜ iÀiÊÌÊ`iÃiÊÛi}iÌ>ÌÊÜ iÀiÊÌÊÜÊÌÊV>ÕÃiÊ
>ÞÊÕÃ>Vi]Ê>`ÊÀiÃÌ>ÌiÊÌ iÊwÊÌiÀÊÌÊÌ iÊÃi«ÌVÊÌ>°
Ó

z
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L`i}À>`>LiÊV iV>Ã]Êi°}°Ê`½ÌÊÕÃiÊ`À>ÊVi>iÀÃÊÀÊ`ÃviVÌ>ÌÃ°

->Ì>ÀÞÊ>«Ã]ÊÌ iÀÊ Þ}iVÊ«À`ÕVÌÃ]Ê`iÌ>ÊyÊÃÃ]ÊÌÌÞÊÌÌiÀ]ÊiÌV°Ê

"Ê>`Êv>ÌÊyÊÕÃ i`ÊÌÊÌ iÊÃÞÃÌi°

iÌiÀ}iÌÃÊÌÝVÊ`iÌiÀ}iÌÃÊ>`ÊÌ iÀÊ ÕÃi `ÊVi>iÀÃÊÃ Õ`ÊLiÊ>Û`i`Ê>ÃÊÌ iÞÊÊÌ i
L>VÌiÀ>ÊÊÌ iÊÃi«ÌVÊÌ>®°

ÊÌÊÕÃiÊÀÊÃiÊÕÃiÊÌ iÊvÊ}>ÀL>}iÊ`Ã«Ã>ÊÕÌÃ°

«ÃÌÊv`ÊÃVÀ>«ÃÊÀÊ«ÕÌÊÌ iÊÊÌ iÊÀÕLLÃ °

z

 - Ê7/ ,Ê1- ÊÉÊ*,"6 Ê7/ ,Ê " - ,6/" Ê

*>ÀÌVÕ>ÀÞÊ«ÀÌ>ÌÊÊÃÌiÃÊÜ iÀiÊ>Ài>Ê>Û>>LiÊvÀÊÜ>ÃÌiÜ>ÌiÀÊ`Ã«Ã>Ê>`ÊÌ i
ÃÞÃÌi½ÃÊV>«>VÌÞÊVÃÌÀ>i`]ÊÜ iÀiÊ>ÞÊÃii«>}iÊÀÊÀÕÊvvÊVÕ`Ê>VViÃÃÊ>ÌÕÀ>ÊÜ>ÌiÀÊ>`Ê
>vviVÌ}ÊÜ>ÌiÀÊµÕ>ÌÞÊÀÊÜ iÀiÊ`Ã«Ã>Ê>Ài>ÃÊ>ÞÊLiÊ>VViÃÃi`ÊLÞÊV `Ài°

ÃÌ>ÊÜ>ÌiÀÊÀi`ÕVÌÊwÊÝÌÕÀiÃÊÊÜ>ÌiÀÊÕÌiÌÃÊ>`ÉÀÊÜÊyÊÕÃ ÊÌiÌÃÊ/ ÃÊÃÊ«>ÀÌVÕ>ÀÞ
«ÀÌ>ÌÊÊÃ>ÊÃÌiÃÊ>`ÉÀÊÜ iÀiÊÌ iÀiÊÃÊ } ÊVVÕ«>VÞÊÊÌ iÊ`Üi}ÊÜ iÀiÊÌ iÊ
ÃÞÃÌiÊ`Ã«Ã>ÊÃÞÃÌiÊV>«>VÌÞÊÃÊÌ Ài>Ìii`®°

ÊÌÊi>ÛiÊÌ>«ÃÊÀÕ}ÊvÀÊ}Ê«iÀ`Ã°

ÃÌ>Ê«ÕÃ ÊLÕÌÌÊÌ>«ÃÊÊ«ÕLVÊv>VÌiÃ°

ÝÊÜ>ÌiÀÊi>Ã°

ÊÌÊViVÌÊÀ>Ê}ÕÌÌiÀÃÊÀÊÃÌÀÜ>ÌiÀÊ`À>ÃÊÌÊÃi«ÌVÊÌ>Ã°

z








Ê 6*"/, -*,/" Ê
Ê - "1, Ê
--Ê/"Ê -*"-Ê, iÃiÞÊ«>ÌÊÌ iÊ`Ã«Ã>Ê>Ài>]Ê>Ì>Ê«>Ì}ÃÊ>`ÊV iVÊÀi}Õ>ÀÞÊvÀÊiÛiÊÜ>ÃÌiÜ>ÌiÀÊ
`ÃÌÀLÕÌÊ>`ÊiÛiÊ«>ÌÊ}ÀÜÌ °Ê
7 iÀiÊÌ iÊ`Ã«Ã>Ê>Ài>ÊÃÊ}À>ÃÃi`]ÊÌÊÃ Õ`ÊLiÊÀi}Õ>ÀÞÊÜi`ÊÌÊ«ÌÃiÊ}ÀÜÌ Ê>`Ê
«ÀiÛiÌÊÌ iÊ}À>ÃÃÊvÀÊLiV}ÊÀ>°ÊÊ
ÊÌÊ«>ÛiÊÌ iÊ`Ã«Ã>Ê>Ài>°
1ÃiÊ«>Ì}]ÊÜÊV >]ÊÃ}>}iÊ>`ÉÀÊ>ÊÃ>ÊviViÊÌÊ`ÃVÕÀ>}iÊ>VViÃÃÊÊ«ÕLVÊ>Ài>Ã°
1ÃiÊÃ}Ã]ÊÜÊviViÃÊ>`Ê«>Ì}ÃÊÌÊ«ÀiÛiÌÊ>ÞÊÛi ViÊÀÊÃÌVÊ>VViÃÃ°

,iVÀ`ÃÊÃ Õ`ÊLiÊi«ÌÊvÊ>Ê>Ìi>ViÊÕ`iÀÌ>iÊÊÌ iÊÜ>ÃÌiÜ>ÌiÀÊÃÞÃÌiÃ]Ê«>ÀÌVÕ>ÀÞÊÜ iÊ
VÌÀ>VÌÀÃÊ>ÀiÊÛÛi`°ÊÊ/ ÃÊVÕ`iÃÊÌ>Ê«Õ«ÊÕÌÃ]ÊÌ>ÊÃ«iVÌÃ]Ê>`Ê>VViÃÃÊ«i}Ã°ÊÊ
ÊÌÊ>``ÊÀÊ>ÌiÀÊ>ÞÊ«>ÀÌÊvÊÞÕÀÊÃÞÃÌiÊÜÌ ÕÌÊ ÕVÊ>««ÀÛ>°

Î

ÕV>`Ê,i}>Ê ÕVÊ/iV V>Ê- iiÌÊÊÓ
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 9Ê "-ÊEÊ " ½/-Ê",Ê/ Ê"1- "

,

ÊÜ>ÃÌiÜ>ÌiÀÊÌiÌÃ]ÊÃ ÜiÀ]ÊÃÃ]Ê>Õ`ÀÞ®Ê«À`ÕVi`ÊÊÌ iÊÃÌiÊÃÊ`ÃV >À}i`ÊÌÊ>ÊÃÌiÊ
Ü>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊ>`Ê>`Ê`Ã«Ã>ÊÃÞÃÌi°ÊÊ/ iÊÜ>ÃÌiÜ>ÌiÀÊÌÀi>ÌiÌÊÃÞÃÌiÊÃÊ>ÊvÀ>}iÊ
L}V>Ê«ÀViÃÃÊ>`ÊÌ iÀivÀiÊÀiµÕÀiÃÊV>ÀiÊLÞÊ>ÊÀiÃ`iÌÃ°ÊÊ
9ÕÊV>Ê i«Ê>Ì>Ê>ÊivviVÌÛiÊÜ>ÃÌiÜ>ÌiÀÊÃÞÃÌiÊÊÞÕÀÊÃÌi]ÊLÞÊiÃÕÀ}ÊÊÌÝVÊV iV>ÃÊ
>ÀiÊ«ÕÌÊ`ÜÊÌ iÊÃÃÊÀÊÌiÌÃÊ>`ÊÕÃiÊÞÊiÛÀiÌ>ÞÊvÀi`ÞÊVi>}Ê«À`ÕVÌÃ°ÊÊ/ÝVÊ
V iV>Ã]Ê`ÀÕ}ÃÊi°}°Ê>ÌLÌVÃ®ÊÊÌ iÊL>VÌiÀ>ÊÊÌ iÊÌÀi>ÌiÌÊÃÞÃÌi°ÊÊ/ iÃiÊÀ}>ÃÃÊ>ÀiÊ
ÀiµÕÀi`ÊÌÊÌÀi>ÌÊÜ>ÃÌiÜ>ÌiÀÊ>`ÊvÊ i>Ì ÞÊ««Õ>ÌÃÊ>ÀiÊÌÊ>Ì>i`]ÊÌ iÊÃÞÃÌiÊÜÊv>Ê
ÀiÃÕÌ}ÊÊ«ÀÞÊÌÀi>Ìi`ÊÜ>ÃÌiÜ>ÌiÀÊ`ÃV >À}}ÊÌÊÌ iÊÃ]Ê`ÕÀÃ]ÊVÀi>Ãi`Ê>Ìi>ViÊ
ÀiµÕÀiiÌÃÊ>`ÊiÛiÌÕ>ÞÊÌ iÊiÝ«iÃiÊvÊÕ«}À>`}ÊÌ iÊÃÞÃÌi°ÊÊ9ÕÊÃ Õ`Ê>ÃÊÃiÊÞÕÀÊ
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