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for the immediate area of the subdivision based on discussions between the applicant and
the Municipality regarding zoning bylaws and Official Community plans.

The average parcel size is determined by using the sizes of those lots, or parcels,
subdivided from the existing piece of land. It does not include contingency or utility areas,
which will initially remain undeveloped, but may be relied on for reinstallation of new
septic systems if the first system(s) fail to perform to expectations.

1.3.1 Low Density Area
All subdivisions/developments are considered low density where:
1. Less than 5 existing or proposed residential units are located on a 4 section; or

2. The average parcel size associated with each existing or potential residential unit is
greater than or equal to 4 hectares (10 acres), with no parcel in the "4 section
smaller than 1 hectare (2.5 acres).

1.3.2 Medium Density Area

If a subdivision development is neither low or high density, it is considered a medium
density area. In general, a medium density subdivision is characterized by between 5 and
39 existing or potential residential units on an equivalent 4 section and/or equivalent
residential densities on smaller parcel sizes.

1.3.3 High Density Area
Subdivisions are considered high density where:

1. Forty or more existing or proposed residential units will be located on a Vs section;
or,

2. The average parcel size associated with each existing or potential residential units
is less than 1 hectare (2.5 acres) and more than 4 (four) residential parcels.

1.4 Definitions

Approving Authorities include those agencies with approval roles for new
subdivisions/developments: Community Planning of the Ministry of Municipal Affairs is
the approving authority for new subdivisions; Municipality is the permitting authority for
any new development within an approved subdivision or on an existing parcel of land.

Conceptual Hydrogeological Model is a semi-quantitative framework of available data that
describes how water enters, and eventually leaves a hydrogeologic system. It is typically an
idealized graphical representation in plan and cross-section (or block) diagrams that
incorporates assumed physical boundaries of the flow system (e.g. appropriate site
boundaries and/or watershed divides), the subsurface hydrostratigraphy, material properties
like hydraulic conductivity, groundwater levels and flow directions, and groundwater
sources (e.g. recharge, surface waters) and sinks (e.g. surface waters, well pumping).
Conceptual model development typically requires a review of literature and data in the
project area and a good hydrogeological foundation. Information on how to develop, and
examples  of,  conceptual  groundwater  models can be  found @ at
http://www.connectedwater.gov.au/framework/conceptual models.html ;

http://va.water.usgs.gov/online pubs/FCT SHT/Fs099-99/fs099 99.pdf ; and
http://www.ccme.ca/assets/pdf/pn 1144 e.pdf.
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Contingency areas are areas that will remain undeveloped in the development/subdivision
as planned. These areas may be relied on for reinstallation of new septic systems if the first
system(s) fail to perform to expectations.

Cumulative impacts are the combined environmental impact that can occur over time
from a series of similar or related actions, type of contamination, or projects. Although
each action may seem to have a small or negligible impact, cumulative impacts can
accumulate over time, and the combined effect can be detrimental.

Cumulative impact assessment is the process of predicting the consequences of cumulative
impacts as defined above.

Hydrogeological sensitive areas are those areas known to be susceptible to contamination
based on existing geology and groundwater conditions. This is difficult to determine prior
to study initiation; however, the determination of whether the area is hydrogeologically
sensitive should be an outcome of a Level 1 or 2 Assessment. In general, this will include
areas with permeable soils, shallow groundwater tables, and/or near surface permeable
fractured rock or sediments.

Regulatory authorities include agencies with authority and/or interest in this issue. They
can include the Ministry of Environment, Ministry of Health, Regional Health Authorities,
the Municipality, Saskatchewan Watershed Authority, and Ministry of Municipal Affairs.

Supply Aquifer is any groundwater aquifer that is potable, and therefore is being, or could
be, used to supply drinking water.
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2 Description of the Subdivision/Development Site
Assessments Process

Based on the proposed subdivision development density and location, either a Level 1 or a
Level 2 Assessment may be required in order for the regulatory authorities to consider the
potential for utilizing OWTS over the long-term in the subdivision development. The
proponent can determine which type(s) of Assessments need to be conducted initially,
based on the proposed subdivision/development density and sensitivity (Table 1). In
essence, the higher the density and sensitivity are, the more likely a Level 2 Assessment
will be required.

This Site Assessments Process will benefit builders, as the assessment(s) will result in
appropriately designed and located OWTS. Adherence to recommendations made in the
Site Assessment(s) should reduce the occurrence of unexpected requirements and limited
choices having to be met in future OWTS construction. Completion of the Site
Assessment(s) and following the associated recommendations will also help to protect
public health and the environment by safeguarding the site and the region in which the
development is proposed.

The intent of this process is for the proponent to demonstrate a sufficient degree of
understanding and evaluation of site conditions such that the potential impact of the
proposed development can be shown and methods of mitigating adverse effects
determined. All calculations and assumptions must be documented in the assessment(s).

The assessment(s) will be used by regulatory authorities so they can adequately comment
on a subdivision application proposing to use OWTS. In some cases, the regulatory
authorities may determine that they have sufficient existing evidence, and not require
additional assessment(s). However, in these cases, the project proponent must still suggest
an onsite treatment methodology and support that selection based on available
information. In other cases, the authorities may require additional work in order to
ascertain an appropriate level of risk.

In cases where holding tanks are proposed, this Site Assessment Process will be required
unless the regulatory authorities and Municipal Affairs explicitly agree that it is not
necessary. For instance, the Site Assessment Process may not be considered necessary if
the land makes an onsite system virtually impossible, or other legislation restricts the type
of system used.

Each proposed lot might also require an individual site investigation as part of the Sewage
Disposal Permit application process to be completed separately at the time of OWTS
construction. The local Regional Health Authority must be contacted for approval to
construct any OWTS.

The objectives of the Level 1 and Level 2 Assessments outlined in subsequent sections of
this guideline are as follows:
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* To provide technical guidance to professionals involved in land development to
assessing the potential for unacceptable groundwater impacts resulting from the use
of individual OWTS, through an assessment process;

* To ensure that proposals are submitted with the required technical support to allow
the regulatory authorities to either support the proposed subdivision/development,
to ask for more detailed site evaluation to reach a decision, or to recommend
against approval.

The regulatory authorities recognize that many aspects of the Site Assessment Process,
including the development of conceptual hydrogeological models, the assumptions
required for predicting the fate of effluent constituents like nitrate-nitrogen, the use of
nitrate-nitrogen as the critical contaminant etc., may not be technically supported in every
case. Regulatory authorities recognize that as research continues, new information,
approaches, and technologies may become available which warrant minor or substantial
revisions to this guideline.

Project proponents or other organizations are encouraged to retain, on their behalf,
professionals with demonstrated expertise in hydrogeology, specifically, those with
expertise in developments that reply on onsite wastewater treatment systems. Their role is
to assist in reviewing studies or reports prepared in accordance with this Guideline.

Proponents or other organizations should have Level 2 Assessments conducted by
scientists or engineers with professional accreditation that is appropriate to hydrogeology.
Further, approved Level 2 Assessment reports should be made publicly available so that a
body of knowledge begins to develop with the consequent continual improvement of the
conceptual hydrogeological model.

This guideline does not apply to the following:
* Municipal or communal sewage disposal systems;

* The assessment or approval of individual OWTS for residences that are not in a
subdivision.

* The assessment of impacts of existing OWTS. Where the use of individual onsite
systems has resulted in unacceptable impairment of water quality, the issue should
be discussed with the Health Region;

2.1 Note regarding Sensitive Areas and Conditions

It is important to note that even though a proponent may meet the requirements for a
particular the type of Assessment in Section 2 of this guideline, the regulatory authorities
reserve the right to require a more detailed level assessment on any site it deems to be
particularly sensitive, or with unusual conditions. The likelihood of this occurring is greater
where:

* The development proposed has a higher density than previous developments in the
area;

* The scale of the proposal is such that any increased degree of assurance is
appropriate, or;

* It is known that pre-existing high levels of groundwater contamination by nitrate-
nitrogen and/or pathogens exist in the region.
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Although the regulatory authorities may support a subdivision application involving OWTS
on a sensitive area or under sensitive conditions, the regulatory authorities do not assume
responsibility for failure of the system(s), for correcting damage to adjacent properties, or
for the construction of new OWTS. This is the responsibility of the proponent and/or owner
of the system.
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3 Data Collection and preliminary site evaluation

If a subdivision development of more than 5 residential lots is proposed, some form of
subdivision—scale assessment will be required. The first required step for any assessment is
data collection — desktop and field data. The basic required desktop data and field
program are listed as follows. Additional data may be required for a Level 2 Assessment.
Analysis and reporting requirements are described later in Sections 4 and 5; they are more
detailed for a Level 2 Assessment. The key requirement is representative data, which may
differ on a site-specific basis, and which must be defensible as such by the
developer/consultant.

3.1 Desktop review

A desktop review of available geological and hydrogeological information should be
conducted prior to conducting the preliminary field program. The review should include
but not necessarily be limited to:

* Topographic maps (ideally at a scale of 1:20,000 or better)

* Soil and aggregate reports

* Geology maps (Note that regional scale maps are available on the Saskatchewan
Watershed Authority website);

* Hydrogeology reports or publications for the region;

* Hydrogeologic or septic suitability reports for adjacent subdivision developments;

* Available water well records (Saskatchewan Watershed Authority);

* Available reports for nearby developments;

* Air photo and/or orthophotos of area.

3.2 Field Program

Based on the results of the review of available information, a field program should be
designed. The purpose of the field program is to conduct a preliminary assessment of the
feasibility of onsite wastewater treatment in the development. The program should include:

* Afield survey of existing monitoring and/or water wells to establish the depth to the
water table, water table gradient, etc.

* Afield inventory of water supply wells within 1.0 km of the proposed development
should be conducted to verify and update the provincial water well database. This
survey should also include all springs and dugouts that access shallow ground
water. The results should also determine the number of down-gradient wells within
1.0 km that could be potentially impacted by the proposed development.

* Test-pitting to identify any restrictive layers, stratigraphy, texture, structure, water
table information, and to determine near surface conditions. The number of test
pits (to a minimum depth of 3 meters) must be sufficient to delineate the local
geological and hydrogeological conditions. A justification for the depth and
number of test pits selected must be included in the final report. Proponents and
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contractors should ensure that all Occupational Health and Safety requirements for
excavations are met.

o Fractured geologic environments require more detailed investigation,
specifically including assessment of channeling to aquifers. See Section 3.3
regarding aquifer isolation.

* Representative grab soil samples from both test pitting and drilling should be
analyzed in the laboratory to determine the grain size distribution for soil
classification and hydraulic conductivity estimation where appropriate. The report
should justify the number of samples as sufficient to determine representative
conditions.

* Dirilling, logging, and the installation of groundwater monitoring wells should be
conducted when there is not sufficient subsurface data (e.g. water well records)
below the depth of test pitting available for the desktop review.

*  Where tractable, a groundwater monitoring well should be fully developed,
sampled for water quality, and monitored for fluctuations in water table elevation.
A number of representative groundwater samples (from either water wells or
monitoring wells) should be collected for analysis of samples for major ions
(specifically including chloride since it can be a conservative tracer of OWTS
effluent), and water quality and redox analyses for constituents like nitrate, total
coliforms, E.Coli, dissolved oxygen, and reduced iron. The consultant/proponent
should be prepared to support the number of samples taken and location of
standpipes as representative.

3.3 Evaluate supply aquifer isolation

Developments will normally be considered as low risk where it can be demonstrated that
sewage effluent is hydrogeologically isolated from existing or potential Supply Aquifer(s)
and will not degrade groundwater quality in more shallow aquifers to an unacceptable
level. In making this assessment, the proponent and/or the consultant must evaluate the
most probable groundwater receiver for sewage effluent: its definition must be defended by
hydrogeological data and information obtained through a test pit and/or test drilling
program. The potential for OWTS isolation from groundwater aquifers must be assessed
on a site-specific basis. In some cases, it may also be necessary to demonstrate isolation
from sensitive surface water environments.

When it is demonstrated that the sewage effluent will not enter water supply aquifers, the
lot density of the proposed development may be dictated by factors such as wastewater
treatment and disposal system replacement (or contingency) areas (if proposed), and by the
minimum setback distances, such as between the OWTS and wells (as defined by
Saskatchewan Onsite Wastewater Disposal Guide).

3.3.1 Report requirements for aquifer isolation

If isolation is ascertained, an abbreviated assessment report may be submitted for
subdivision approval. This report should include Part 1 of the Level 1 Report (Section 4.1)
along with sufficient interpretation of the hydrogeological data reviewed and collected at
the site to defend the conclusion of isolation.
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34

Assess soil conditions and vadose zone depth to determine whether sufficient retention
time would be attained for pathogen removal, and whether there is sufficient ‘safety’ to that
retention time to allow for virus attenuation.

Pathogens are the most critical acute hazard from OWTS. Sufficient steps MUST be taken
to sufficiently reduce the risk of pathogens entering potable water supplies.

Depending on the OWTS technology employed, differing levels of pathogens are removed
within the treatment system, with the remaining being discharged into the soil. Proper
operation of the OWTS depends on these unsaturated soils (i.e., the vadose zone)
removing the remaining pathogens from the effluent prior to it entering the groundwater.

Pathogen removal within the vadose zone is dependent on the pathogens being retained
long enough to be sufficiently subjected to environmental conditions that result in their
inactivation or die-off. Retention time is dependent on how fast the effluent will flow
through the soil. This is governed by the soil’s hydraulic conductivity. Since hydraulic
conductivity can vary by several orders of magnitude between different soils, the required
vadose zone depth to yield a sufficient retention time will be dependant on the hydraulic
conductivity of the soil present at any given site.

Thus, specifying a single vadose zone depth that needs to be met at all sites would result in
being significantly overly cautious for some sites (with slow hydraulic conductivities) and
significantly under-protective for other sites (with fast hydraulic conductivities). Instead, a
more performance-based approach is being employed, to reduce the likelihood of being
unnecessarily cautious or restrictive, but also being sufficiently protective.

Based on currently available scientific knowledge, a reasonable minimum effluent
retention time of 60 days through the vadose zone is likely necessary to achieve at least a
3-log (i.e., 99.9%) removal of the pathogen loadings observed with today’s conventional
OWTS configurations. Given this retention time, the required vadose zone depth can be
determined, based on site-specific hydraulic conductivity field measurements. Table 1
gives some examples of the vadose zone depth (as measured from the bottom of dispersal
trench, etc to the water table) that is necessary to provide sufficient retention time under
various hydraulic conductivities. Actual depths should be based on site-specific soil
measurements.

Table 1. Examples of vadose zone depths needed to provide a 60 day hydraulic retention time.

Soil Type Unsaturated Hydraulic Conductivity M Depth needed (m)
(m/day) (indicative examples) (for 60-day retention time)

Sands - wet @ 0.1 m/day 6.0 m

Sands - damp ® 0.017 m/day 1.0 m

Silts - wet 0.017 m/day 1.0m

Silts - damp 0.004 m/day 025m®

Clays - wet 0.002 m/day 0.13m®

Clays - damp 0.0001 m/day 0.006 m®

1. Assumes absence of macropores, such as fractured soils.

2. In this example, “wet” refers to 90% saturation, and “damp” refers to 60% saturation. Conductivities extrapolated
from Figure 4 of Schaap and Leij 2000. Actual conductivities to be determined on a site-specific basis.

3. Recommended minimum vadose zone depth is 1.0 m (see text below).
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Consideration should also be given to whether this retention time (and hence, vadose zone
depth) provides sufficient safety with regards to pathogen removal. The critical factor here
is how much uncertainty exists regarding the characterization of soil conditions within the
vadose zone. Areas with greater variety in soil conditions should either be assessed more
thoroughly (to reduce the uncertainty) or have more protective assumptions placed on
them (i.e., require deeper vadose zones). Other factors that may need to be considered
include whether fractured soils/bedrock (or other macropores and similar features) are
present which will dramatically reduce effluent retention time within the vadose zone.

It is critical that no systems be approved that cannot be shown to provide adequate
protection of a Supply Aquifer against pathogens. In some cases this may require
incorporating more stringent pathogen treatment components within the OWTS.

122



SH/SWA H01-2009 Final Report 29/09/09

4 Level 1 Assessment Report

The goal of the Level 1 Assessment is to develop a sufficiently robust conceptual model
(i.e. schematic diagram) of the site hydrogeology to evaluate the fate of OWTS effluent in
the subsurface and groundwater system.

The Level 1 Assessment report should include a description of a preliminary conceptual
hydrogeological model and related interpretation, in addition to information about
proposed and existing parcels and OWTS. Conclusions on the fate of OWTS effluent in
the context of the conceptual hydrogeological model, and recommendations on whether
OWTS use is protective of human health and the environment must be included in the
assessment.

The conclusions and recommendations of the Level 1 Assessment should consider the
suitability of each proposed lot, and the overall subdivision, for onsite wastewater
treatment and disposal. Specifically, conclusions and recommendations should describe
any site restrictions, alternative design criteria, treatment potential, impact of treated
effluent, mounding concerns, and other technical issues/topics related to onsite wastewater
treatment and disposal should be made. It is expected that these conclusions be based on
current scientific knowledge and properly referenced in the report.

4.1 Level 1 Report constituents
The Level 1 Assessment report should include the following five parts:
(1) Details about the proposed subdivision/development.

Site drawing(s) and associated report sections should include the following for the
proposed and surrounding areas, including;

* The development/subdivision area, including identification of all parcels, lot
boundaries, the type of development expected;

* The number of existing (or proposed) parcels on surrounding quarter sections (or
other adjacent areas);

* Description of the proposed land use and type of development expected;
* Proposed and existing sewage systems in area;

* Existing and proposed water supply points (including private water wells),
including their depths and the expected formations that they will be screened in;

* Any reserve or contingency areas proposed for development/subdivision;
* Surface drainage characteristics present or planned that may affect the system(s)

* Identification of any cuts, banks, slopes, or other features that might cause stability
concerns created by a proposed on-site system;

* Identification of any vegetation indicative of soil moisture conditions;

* Description of the type of on-site systems and include typical installation design
information;
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An estimation of the anticipated or typical sewage volumes used in assessment
considerations;

Other appropriate and relevant information.

(2) Develop a preliminary conceptual hydrogeological model (e.g. main document, Section
4.1.4) and associated water budget. At a minimum, drawings in this part of the report
should include the following information for the proposed subdivision and surrounding

area:

regional and local hydrogeology and geology information;

springs, dugouts or water wells accessing shallow groundwater to provide water for
domestic purposes;

any surface water bodies, whether perennial or ephemeral, that may be affected by
OWTS;

existing or planned drainage courses;

topographic contour lines;

water table and/or piezometric surface contours for individual hydrogeologic units;
any relevant separation distances;

at least one vertical cross-section that illustrates the preliminary hydrogeological
conceptual model of regional and local groundwater system(s), the identification of
all aquifers being used for well water supplies, and schematic diagrams indicating
where the groundwater plumes of OWTS effluent will travel in the subsurface

Climate conditions (including, for instance, estimates of precipitation,
evapotranspiration, and groundwater recharge).

(3) The following soils information should be in the report:

The predominant soil series or mapping unit of the subdivision area, and any
significant minor soil series shown on soil maps in the area

Summary of soil information (soil logs should be appended to the document)
including

1. Soil profile description (texture, structure, and parent material) of expected
soil series on the site

2. Description of soil moisture conditions, or any indications of soil moisture
conditions;

Description of permeability or drainage classifications/characterizations;

4. ldentification of any soil water or soil structure and/or characteristics that
might affect soil suitability, system design, and location of the system;

5. Indicate the existence of soil moisture conditions that will adversely affect
suitability for onsite systems;

6. Any evidence of a seasonally high water table should be included in the soil
log.
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(4) A preliminary assessment of the fate of OWTS effluent, using nitrate-nitrogen as an
indicator and a comparison of the fate of OWTS effluent with proposed and existing water
supply aquifer(s).

Available information should be used to estimate the potential recharge to the site via
infiltration of precipitation and the subsequent fate of the OWTS effluent in the subsurface
according to the conceptual hydrogeologic model. Recharge rates should be scientifically
determined. They are likely to be based on available literature, meteorological data, and
the nature of the soils beneath the soil treatment system and down gradient areas as
determined during the test pit program. The results can be used in conjunction with the
average daily sewage flow to estimate the potential for dilution of nitrate-nitrogen in
groundwater.  Emphasis should be given to predicting where nitrate and other
contaminants could travel in the long term and their ultimate cumulative impact on
aquifers (particularly those being used for water supply), wetlands, stream and lakes.

If there is significant natural groundwater recharge at the site (i.e. central and northern
Saskatchewan), dilution of OWTS effluent by natural recharge before reaching by the
downgradient property boundary can be considered for this preliminary assessment.

Arguments for other attenuating mechanisms can also be incorporated if adequately
supported by scientific research or field monitoring data. All assumptions used in the
preliminary OWTS effluent and nitrate impact assessment should be stated and
substantiated.

Detailed predictions of the shape of individual contaminant plumes and a description of
specific contaminant concentrations over space and time are not required for a Level 1
Assessment, although they should be approximated in the conceptual model so the
predicted fate of the OWTS effluent in the subsurface is clear. The hydrogeologic unit that
the OWTS effluent ultimately resides in should be shown in the context of the water supply
aquifer(s) and well sites.

(5) Classification of the Subdivision/Development’s suitability for OWTS, and their
recommended locations

Considering the information collected in the Level 1 Assessment, the report should classify
subdivision/development’s suitability for the proposed type of OWTS as:

* Unsuitable except for holding tank
* Severe limitations

*  Moderate limitations

*  Well suited

The report should also illustrate the optimum location and orientation of the proposed
OWTS, considering wastewater treatment and disposal design and water supply issues.

* Determine the proposed number of lots.

*  Where it has been demonstrated that the sewage effluent will not enter ground
water resources, the lot density of the proposed development may be dictated by
factors such as OWTS replacement areas (if proposed) and by the minimum set-
back distances for individual on-site beds (and their contingency areas).
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5 Level 2 Assessment

5.1 Additional Field program requirements

In general, a more detailed analysis and resulting conclusions should be completed in a
Level 2 Assessment. This will typically involve all of the activities included in the Level 1
Assessment, and the drilling, core logging, and installation of groundwater monitoring
wells to obtain an improved understanding of the subsurface, and to support a more robust
site hydrogeology conceptual model. It also involves an increased level of
hydrogeological interpretation.

In addition to the information contained within the Level 1 assessment, proponents
required to submit a Level 2 Assessment should perform a more detailed analysis that
includes (but is not limited to) the following:

The field program should include a door-to-door inventory of:

* water supply, irrigation, or industrial water wells within 1.0 km of the proposed
development (and any high pumping rate wells in a larger area). The survey should
be conducted to determine the condition and details of local wells, including the
method of construction, water level, pump intake and well depths, water use,
general water quality and suitability of the well for future monitoring, if required.
This should also include all springs and dugouts that access shallow ground water.
The results of this survey should also allow estimation of the number of down-
gradient wells within 1.0 km that could be potentially impacted by the proposed
development and the extent to which these wells are used.

* Any municipal/communal wells within 1.5 kms down-gradient should be located.

* Any onsite wastewater systems (excepting holding tanks) within 1.0 km of the
proposed development.

Where warranted, the hydrogeological conceptual model should include

» field estimates of hydraulic conductivity if warranted (i.e. from single well tests,
single well pump tests, and/or pump tests with monitoring wells),

» field-measured vertical and/or horizontal hydraulic gradients.

In addition to the Level 1 Assessment requirements, any storm water management plan
features and a minimum of two geological cross-sections should be included on the site
drawings.

When determining the type of onsite system to be used, the proponent should also
determine characteristics of the proposed water supply that may affect sewage system long-
term performance.

When considering impacts, the proponent should identify the existence of any surface
water body that may be impacted by the OWTS in the subdivision. A preliminary Nitrate
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Impact Assessment is NOT required per se in the Level 2 Assessment, but may come out of
the Cumulative Assessment.
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6 Cumulative Assessment

A hydrogeologic study is required to assess whether the development’s OWTS, in
conjunction with other local and regional nitrate sources, can cause concentrations of
nitrate-nitrogen in groundwater to be such that the environment and/or human health are
adversely affected.

6.1 Cumulative Nitrate Concentration from Regional Sources

A cumulative nitrate assessment is the evaluation of all known and planned sources of
nitrate in a region that could influence surface or groundwater quality. It includes
estimation or modeling of the influence of these sources on the nitrate concentration in
groundwater at the down-gradient boundary of the proposed subdivision. It should be
required only if the probability of intercepting an OWTS effluent plume by a well at the
down-gradient subdivision boundary is greater than a defined percentage, for example
75% or 90%. This percentage should be a policy decision.

The cumulative nitrate assessment includes the following key steps:

1) Construct a conceptual model of all significant regional point and non-point nitrate
sources e.g. within a 1 km radius of the proposed development.

a) Point sources: OWTS; golf courses; feedlots; lagoons; landfills; industrial facilities;
etc.

b) Non-point sources: agricultural sources, including manure and sludge spreading
and fertilizer application; industrial activities; etc.

2) Estimate (model) nitrate contributions (mass loading) from each of the sources, and
their potential influence on the nitrate concentration profiles in the aquifer beneath the
proposed development or down-gradient of that development. Predictive assessment
such as described in Section 6.2.3 may be used as applicable and justifiable.

a) Field verification of nitrate loading estimates and nitrate concentration profiles
(emphasis on proposed development footprint and down-gradient to 1 km of the
proposed development). Monitoring-based assessments such as described in
Sections 6.2.1 and 6.2.2 may be used as applicable and justifiable.

b) Point sources: identify existing or install new sampling wells down-gradient, in the
plume (confirm that plume is sampled by using chloride tracer or other appropriate
plume markers)

c) Non-point sources: make use of existing wells down-gradient of the non-point
areas

3) Use estimated and field verified aquifer nitrate concentrations, along with well capture
zone calculations to predict nitrate concentration in well water in those cases where an
OWTS effluent plume is likely to be intercepted by a well. Apply this concentration to
the risk characterization phase of the subdivision assessment.
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6.2 Monitoring-Based Assessments

The regulatory authorities recognize that groundwater, infiltrating precipitation, and
sewage effluent will not be completely mixed at the property boundary. It is also
recognized that processes such as absorption, denitrification, filtration and biodegradation
may attenuate contaminants as the effluent passes down through the unsaturated zone and
moves into the saturated zone. Since these processes are extremely difficult to quantify
with any accuracy, they are usually only considered as a safety factor. However, if the
consultant can provide documentation to the satisfaction of the regulatory authorities
regarding the presence and extent of these processes onsite, their impact on nitrate
concentrations can be considered. As discussed below, there are a number of ways in
which this can be done.

6.2.1 Monitoring Existing Development

In some situations, there may be nearby developments replying on OWTS in a similar
hydrogeological environment. If this development has been in place for a lengthy period of
time, information on existing groundwater quality could be used to demonstrate the
combined effect of all available attenuation processes to assess the impact of the proposed
development. The onus is on the proponent and/or the consultant to demonstrate
adequately that:

1) the existing and proposed developments are located in similar hydrogeological
environments;

2) sewage effluent (quantity and quality) from the existing and proposed developments are
comparable; and,

3) monitoring produces results which accurately represent water quality conditions
beneath the existing development and ideally identify that treated OWTS effluent is
present in the subsurface (by using tracers like chloride, etc).

The consultant must provide a clear rationale for the number of times the site is sampled,
the period of time over which the sampling has been undertaken (capturing seasonal
variations), and the rationale for the way in which this information is used in the
assessment.

6.2.2 Monitoring Phased Development

In situations where there is no existing development, it may be possible to develop lands
considered in the planning document in phases, beginning with the up-gradient portion.
Information obtained from monitoring effluent discharged from OWTS in the up-gradient
phase, and its impact on groundwater, can then be used to determine the extent to which
the down-gradient portion of the site can be developed. Before recommending the
approval of such a phased development, the regulatory authorities must be satisfied that
adequate planning controls, based on discussions with the Municipality regarding zoning
bylaws and municipal development plans, are in place to regulate development of the
down-gradient portion of the site.

6.2.3 Predictive Assessment

The following considerations and assumptions should be used in assessing the combined
nitrate load of individual OWTS and other point and non-point nitrate sources at the
boundary of residential developments in a predictive sense:
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1)

Contaminant Source: In most cases, total nitrogen (all species) converted to nitrate-
nitrogen is considered as the critical contaminant. For the purposes of predicting the
potential for groundwater impacts, total nitrate loading and an average day flow should
be selected and supported by the proponent.

Contaminant Attenuation: only dilution will typically be accepted by the regulatory
authorities as a quantifiable attenuation mechanism for nitrate unless there is clear
evidence for groundwater denitrification in the hydrogeological unit being evaluated.
The fate of bacteria must also be considered.

Dilution with infiltrating precipitation. Mixing with groundwater flowing through the
site. will normally not be allowed because it is usually not possible to control
upgradient land uses. ‘Flow through’ will not be considered where sensitive
hydrogeological conditions exist. However, where upgradient lands have been fully
developed for a considerable period of time, the quantity and quality of groundwater
flow available to dilute the effluent entering the receiving groundwater may be
considered.

Published groundwater recharge estimates should be used if available for the region. If
not, the amount of available moisture surplus should normally be obtained from
Environment Canada. Where available, reliable, long-term, site-specific information,
obtained for detailed water balance and/or groundwater studies, can be used. Estimates
of the amount of this surplus that infiltrates into the ground must be based on site
specific factors such as soils, topography, surface geology, and impermeable areas
(including roof tops and paved areas).

The volume of sewage effluent, if used as dilution water in mass balance calculations,
should be based on the average day flow.

Mathematical (computer) models may be used to assess the impact potential. Although
the selection of model software will be left to the proponent, the regulatory authorities
must be provided with information on the model’s validation and how its limitations
and assumptions affect the results. All model simulations must include appropriate
sensitivity analyses.

The proponent must use a dilution model that is reasonable and the selection of the model
can be defended to the satisfaction of the regulatory authorities.
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7 Risk decision framework

The framework presented in Figure 1 is a risk-based process optimization and decision tree
for subdivision OWTS assessments. This approach is consistent with current environmental
risk research and practice.

The framework encompasses all phases of the necessary and required desktop and field-
based assessment, defines when Level 1 or Level 2 assessment reports are required, and
points to where and how the data collected and interpreted in the assessments should be
used. A cumulative assessment will be required only when there is a high probability of
OWTS effluent interception by a well. The framework includes risk management
opportunities for performance-based treatment alternatives and risk mitigation options.

We evaluated the steps in Level 1, Level 2 and Cumulative subdivision assessments to
optimize their relative value in estimating residual risk at each phase of the assessment
process. What we have arrived at is not a completely new or different process — rather,
some of the existing process steps have been re-ordered to allow the information they
provide to inform relevant risk-based decisions at more appropriate points in the process.
For example, the question of whether OWTS effluents would be isolated from potable
groundwater sources in, or down-gradient of the subdivision, is a significant risk question:
if the local or regional potable aquifers are very deep or otherwise isolated from effluent
sources, the exposure pathway for pathogens and nitrate is incomplete and very little risk®®
of adverse effects can occur. If the developer can show aquifer isolation early in their
subdivision assessment, they can submit a more concise report for the approval without
having to prepare and submit extensive Level 1 or Level 2 reports.

*® Note that we do not state that no risk would exist. Contamination mechanisms may exist, such as effluents entering a
protected aquifer via improperly abandoned wells, compromised well casing or undetected bedrock fissures.
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Figure 1. Risk-based framework for subdivision OWTS assessment. The recommended revisions
to the interim guidance document (Sections 3 through 6) are encompassed in this framework.

134




SH/SWA H01-2009 Final Report 29/09/09

7.1 Step-by-step narrative of the framework

When a developer proposes a subdivision where a public wastewater treatment network is
economically unfeasible or otherwise unavailable, they will be required to adhere to the
subdivision policy guidance document for on-site wastewater treatment systems. If the
development proposal is less than 5 residential lots in a Y4 section, no subdivision-level
assessment is required. However, it should be noted that all individual OWTS in
Saskatchewan require field-based assessments, including test pits or bore holes for soil
characterization, prior to approval. For all developments proposing 5 or more residential
lots per 4 section (Step 1: Section 1), a desktop data review and a field program that
includes test pits, bore holes and hydrogeological characterization will be required (Step 2:
Section 3.1 — 3.2). The most important aspect at this stage of the subdivision assessment is
planning and collecting data and samples that are representative of that particular Ya
section (and the immediately surrounding land). The requirements to defensibly achieve
representativeness will be site-specific — if the soil, geography and hydrogeology are very
homogeneous across the s section, relatively few randomly sited samples can satisfy the
representativeness requirement. However, if there is significant variability in any of these
parameters, an increasingly larger number of samples will be required. Note at this stage
in the framework that an assessment report is not yet required.

Step 3 in the framework is an inquiry of whether potable aquifers (any aquifers that are
used currently or may be used in the future for drinking water) are isolated from the OWTS
effluent (Section 3.3), either by non-fractured bedrock, impermeable clay seams, significant
coal seams, or other means. Developers will need to support conclusions of isolation (Step
3a: Section 3.3.1) with data collected in Step 2. An effluent isolation report must be
submitted. This report includes field and desktop data from the development site and
adjacent area with sufficient interpretation of that data to support the conclusion that
OWTS effluents from the subdivision will be isolated from current and future potable water
aquifers.

If there is insufficient evidence of isolation, or clear evidence of shallow potable
groundwater beneath the proposed development, Step 4 is the inquiry of whether sufficient
vadose zone retention time will be achieved (Section 3.4). If this cannot be substantiated, a
risk management action takes the process through an OWTS design loop (Step 4a) that
allows the developer to evaluate and propose advanced treatment that can achieve the
necessary effluent parameters (pathogen attenuation).

Once Step 4 has been satisfied, either a Level 1 or Level 2 assessment report is required
(Step 5: Section 4 or 5), with lot density equal to or greater than 40 per 4 section as the
dividing line between Level 1 and Level 2 reports. A required aspect of data interpretation
for either assessment report is a calculation of the probability of intercepting an OWTS
effluent plume, based on subdivision layout and OWTS orientation with respect to
groundwater flow direction and velocity. If this calculation shows greater than 90%
probability of plume interception at the down-gradient boundary of the subdivision (Step
6), a cumulative nitrate assessment (see Section 5.4) is required (Step 6a: Section 6),
following which nitrate concentrations should be predicted for down-gradient wells (Step
7a). If the probability of plume interception is between 10 and 90% (Step 7), the
cumulative assessment will not be required — proceed directly to Step 7a to predict nitrate
concentrations (see Main Document Section 2.4.7).
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The inquiry in Step 7b is whether concentration of nitrate in well water (if a plume is
intercepted by the well) exceeds the drinking water nitrate guideline of 10mg/L of nitrate-
nitrogen®. If the 10 mg/L value is exceeded, a site-specific technology selection process
and risk characterization is required (Step 7c). This characterization should carry the
probability of plume interception from either Step 6 or Step 7 and characteristics of the
receptors (people) residing in and down-gradient of the subdivision. Unless there is
compelling evidence to support a statement that infants or pregnant mothers would not
reside in or visit residences that use shallow groundwater supplies, we must assume that
this susceptible population will be present. This is a clear requirement of policy objective
3, consistency with the precautionary approach.

Therefore, the final evaluation of risk compresses down to the probability of a well
intercepting an OWTS plume. [f this probability is between 10 and 90%, a number of risk
mitigation approaches (Step 7d) are available to reduce the chance of exposure or the
concentration of nitrate to which one is exposed. If the probability is high (> 90%), risk
management requires the developer to assess alternatives for wastewater treatment (Step
7e).

At three stages — following Steps 3a, 7 and 7b — the developer can move on to seek
subdivision approval from the Ministry of Municipal Affairs. Additionally, developers can
seek approval following risk management actions in Steps 7d or 7e, and subsequent
amendments to the subdivision development plan.

# To retain conservatism and adhere to Policy Objectives 1 and 3 in the risk framework, the 90" percentile from the
predicted nitrate nitrogen concentration should be used to address the inquiry in Step 7b.
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Synthetic Organic Compounds Discussion
(from California’s OWTS Environmental Impacts
Report)

(quoted from EDAW 2008, pg’s 2-22 to 2-23)

ORGANIC WASTEWATER COMPOUNDS

Household, industrial, and agricultural pesticides; pharmaceuticals; and endocrine-
disrupting compounds are newly recognized classes of organic compounds that are often
associated with wastewater. These organic wastewater compounds are characterized by
high usage rates, potential health effects, and continuous release into the environment
through human activities (Halling-Sorensen et al. 1998, Daughton and Ternes 1999).
Organic wastewater compounds can enter the environment through a variety of sources
and may not be completely removed in wastewater treatment systems (Richardson and
Bowron 1985, Ternesa et al. 1996, Ternes 1998) resulting in potentially continuous
sources of organic wastewater compounds to surface water and groundwater.

The continual introduction of organic wastewater compounds into the environment may
have undesirable effects on humans and animals (Daughton and Ternes 1999). Much of
the concern has focused on the potential for endocrine disruption (change in normal
processes in the endocrine system) in fish. Field investigations in Europe and the United
States suggest that selected organic wastewater compounds (nonionic-detergent
metabolites, plasticizers, pesticides, and natural or synthetic sterols and hormones) have
caused changes in the endocrine systems of fish (Purdom et al. 1994, Jobling and Sumpter
1993, Folmar et al. 1996, Folmar et al. 2001, Goodbred et al. 1997).

An additional concern is the introduction of antibiotics and other pharmaceuticals into the
environment. Antibiotics and other pharmaceuticals administered to humans and animals
are not always completely metabolized and are excreted in urine or feces as the original
product or as metabolites (Daughton and Ternes 1999). The introduction of antibiotics into
the environment may result in strains of bacteria that become resistant to antibiotic
treatment (Daughton and Ternes 1999).

Toxic organic compounds (TOCs), which are usually found in household products like
solvents and cleaners, are also of concern. The TOCs that have been found to be the most
prevalent in wastewater are 1, 4-dichlorobenzene, methylbenzene (toluene),
dimethylbenzenes (xylenes), 1,1-dichloroethane, 1,1,1-trychloroethane, and
dimethylketone (acetone). No studies are known to have been conducted to determine
toxic organic treatment efficiency in single-family home septic tanks. A study of toxic
organics in domestic wastewater and effluent from a community septic tank found that
removal of low molecular-weight alkalized benzenes (e.g., toluene, xylene) was
noticeable, whereas virtually no removal was noted for higher molecular-weight
compounds (DeWalle et al. 1985). Removal efficiency was observed to be directly related
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to tank detention time, which is directly related to settling efficiency. It should be noted
that significantly high levels of toxic organic compounds can cause tank (and biomat)
microorganisms to die off, which could reduce treatment performance.
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Pathogen Removal Considerations

One of the most critical functions of an OWTS is to prevent contact between human
receptors and pathogens. This contact must not only be prevented at the site itself (by
preventing direct contact with untreated sewage), but also must be prevented at
downgradient locations (by preventing travel of pathogens into surface water or
groundwater supplies that could be ingested later, some distance away from the site).

While most configurations of OWTS achieve a certain level of pathogen attenuation, they
also rely on the mechanisms in the soils to effectively achieve the total necessary pathogen
attenuation.

Two locations in particular are important in this regard: the biomat and the vadose zone.
Biomat

In all OWTS configurations that release a certain amount of organic material to a soil
absorption area, a biomat will form on the bottom and porous sides of the trenches,
infiltration galleries, etc. The biomat is a complex layer of microbial organisms (bacteria,
fungi, etc) that provide several important functions.

If the upstream unit processes in the treatment train (see Section 2.4.2) are not effectively
removing enough organic material (e.g., a septic tank is overdue for a pump-out to remove
the accumulated solids), then too much organic material will flow into the soil absorption
field and excessive biomat growth will occur, to the point where the soil absorption area
will become clogged and cause a hydraulic failure of the system (e.g., effluent will no
longer flow into the field, and will either back-up or pond on the ground surface).
Conversely, if the upstream unit processes are releasing insufficient organic matter (either
through overly aggressive treatment effectiveness or too low a hydraulic loading), the
biomat will “starve” and diminish or completely disappear. (This is the mechanism being
employed when a clogged field is rejuvenated by being rested -- by not using the field for a
certain amount of time, no organic material is supplied and the biomat diminishes.)

A healthy biomat is maintained through a combination of employing the correct
configuration of upstream unit processes that are loaded correctly and are properly
maintained. A health biomat will perform a number of important functions, including:

* Evens out hydraulic loading to the vadose zone: Flow of effluent through the
biomat is slower than through coarser-grains soils. Therefore in coarser grained
soils, the biomat somewhat reduces the hydraulic loading rate to the underlying
vadose zone and makes the loading rate more similar to that found in finer grained
soils. For example, Beal et al. (2006) reported that biomat formation reduced the
range of effluent acceptance rates from six orders of magnitude to one. This is
important for two reasons: (i) it reduces the extreme range of performance
variability that would otherwise be present between systems constructed over
different types of soils, thereby making their performance more similar and easier to
predict; and (ii) it further reduces the chance of surge loading to the vadose zone,
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thereby providing it with a more consistent moisture regime, and hence
maintaining a more consistent unsaturated hydraulic conductivity, which results in
a more consistent vadose zone effluent retention time (Beach et al. 2005).

* Filter out organic matter: Due to its physical characteristics, the biomat will
physically filter out and retain suspended organic matter, along with other materials
such as nutrients (Beal et al. 2008).

* Remove pathogens: Similarly, the biomat will also filter out an important amount
of the pathogens, including viruses. Once entrained in the biomat, the pathogens
can be subjected to predation and other attenuation mechanisms (Stevik et al.
1999; van Cuyk et al. 2001; van Cuyk et al. 2004; van Cuyk and Siegrist 2007).

Vadose Zone Retention Time

With regards to pathogen removal, one of the most important vadose zone soil conditions
is hydraulic retention time. This is governed primarily by the site’s unsaturated hydraulic
conductivity, hydraulic loading rate, and the depth of the vadose zone.

Longer vadose zone retention times provide more opportunity for pathogen removal, either
through redox stress resulting in die-off, predation, or the other pathogen attenuation
mechanisms at work within the vadose zone (Lane and Weaver 1999).

The time is takes the effluent to drain vertically through the soil is directly related to the
depth of soil it needs to travel through. If all other factors are constant then, obviously,
deeper vadose zones provide longer retention times.

Finer-grained soils have lower hydraulic conductivities (i.e., slower “percolation rates”),
which directly result in slower vertical drainage, hence longer retention times. Slower
percolation velocities can also result in better adhesion of the pathogens to the soil
particles (Lane and Weaver 1999).

However, for any soil, unsaturated hydraulic conductivity increases with soil moisture
content, until saturation is reached®® (Schaap and Leij 2000). Therefore it is important to
maintain as low a hydraulic loading rate as practical, to keep the vadose zone moisture
regime as unsaturated as practical.

Table 1. Examples of vadose zone depths needed to provide a 60 day hydraulic retention time.

Soil Type Unsaturated Hydraulic Conductivity ' | Depth needed (m)
(m/day) (indicative examples) (for 60-day retention time)

Sands - wet ° 0.1 m/day 6.0 m

Sands - damp ° 0.017 m/day 1.0 m

Silts - wet 0.017 m/day 1.0m

Silts - damp 0.004 m/day 0.25m°

Clays - wet 0.002 m/day 0.13m°

Clays - damp 0.0001 m/day 0.006 m*®

1. Assumes absence of macropores, such as fractured soils.
2. In this example, “wet” refers to 90% saturation, and “damp” refers to 60% saturation. Conductivities extrapolated from
Figure 4 of Schaap and Leij 2000. Actual conductivities to be determined on a site-specific basis.

%% j.e., For any given soil, its unsaturated hydraulic conductivity is less (i.e., slower flow) than its

saturated hydraulic conductivity.
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3. Recommended minimum vadose zone depth is 1.0 m (see text below).

At certain sites, other factors that effect effluent flow velocities and/or retention time may
also come into play. These may include significant seasonal variation in depth to the
groundwater table (and hence vadose zone depth); presence of fractured till, sand-filled
desiccation cracks or other features that result in macropores; presence of coarse-grained
(e.g., sand) seams and lens; and highly heterogeneous or variable soils. The site
assessment work needs to adequately characterize these situations where they exist, so
they can be properly taken into account during system design, including specifying the
minimum required vadose zone depth for that site, or other mitigating measures, as
appropriate.

Providing definitive statements concerning how much retention time is needed to
sufficiently attenuate pathogens is a challenge, due to a number of factors, including the
wide variety of pathogens; immense variation in how they survive under various
environmental conditions (moisture, temperature, etc); and how the various soil
characteristics (e.g., grain size and attachment sites / cation exchange capacity; organic
matter content; presence of natural predators) also affect their survival (Goss and Richards
2008). The scientific literature contains a wide range of observations about how quickly
pathogens are attenuated in unsaturated soils.

It has been observed that under certain conditions it may take a minimum depth of 0.5 to
0.9 meters of unsaturated soil to effectively remove pathogenic bacteria and viruses
(Bouwer et al. 1974; Hunt et al. 1980; Lance and Gerba 1984; Lane and Weaver 1999;
McConnell et al. 1984; van Cuyk et al. 2004; Wang et al. 1981).

Under saturated conditions, the minimum depth was 2 meters or more (Lance et al. 1976;
Lance and Gerba 1984; Moore and Beehier 1984).

Under the right conditions, viruses and certain bacteria can survive for extended periods of
time (>200 days) in the soil (Cools et al. 2001; Duboise et al. 1974; Edmond 1976; Goss
and Richards 2008; Kibbey et al. 1978). However, if the proper unsaturated flow
conditions are maintained (e.g., low flow velocities, no high-volume water surges), the
pathogens should remain within the soil matrix (i.e., not travel downward with the water),
and thereby be retained long enough for deactivation to occur.

Both of the preceding points underline the importance of keeping the hydraulic loading
rate as low as is practical.

More typically reported attenuation periods in the scientific literature for various pathogens
fall within the range of 5 to 65 days to achieve a one- to four-log (i.e., 90% to 99.99%)
removal (Lance and Weaver 1999; Hijnen et al. 2005).

Given this, a reasonable minimum effluent retention time of 60 days through the vadose
zone is likely necessary to achieve at least a 3-log (i.e., 99.9%) removal of the pathogen
loadings observed with today’s conventional OWTS configurations (e.g., a typical septic
tank + tile field). Ultimately, setting the required retention time is a policy decision, to be
made by the appropriate Agencies -- longer retention times provide higher levels of
protection.

As a further precaution, a minimum vadose zone depth of at least 1.0 meter should be
required, even in soils with low hydraulic conductivities (i.e., long retention times). In
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other words, the required vadose zone depth should be the deeper of (i) a sufficient depth
to yield an average retention time of 60 days; or (ii) 1.0 meter. (Again, this minimum depth
is ultimately a policy decision, to be made by the appropriate Agencies.)

This vadose zone retention time will translate into different depths, depending on a site’s
unsaturated hydraulic conductivity (see Table 1 above for indicative examples).

Design Considerations

From the above, it can be seen that there are a number of design considerations that can
be used to optimize pathogen removal within the overall system. These include:

* Remove as many pathogens as possible in the upstream unit processes, to reduce
the pathogen loading to the vadose zone.”

* Provide conditions conducive to a healthy, but not excessive, biomat.

* Reduce hydraulic loading rates (e.g., through use of low-flow fixtures and/or larger
soil absorption fields), especially at locations with highly conductive soils.

* Select locations that have deeper (and/or less conductive) vadose zones.

References

Beach, D., McCray, )., Lowe, K., Siegrist, R., 2005. Temporal changes in hydraulic
conductivity of sand porous media biofilters during wastewater infiltration due to
biomat formation. J. Hydrol. 311: 230-243.

Beal, C. D., D. W. Rassam, et al. 2008. Influence of hydraulic loading and effluent flux
on surface surcharging in soil absorption systems. Journal of Hydrologic
Engineering 13(8): 681-692

Beal, C.D., E.A. Gardner, G. Kirchhof, N.W. Menzies. 2006. Long-term flow rates and
biomat zone hydrology in soil columns receiving septic tank effluent. Water
Research 40: 2327-2338.

Bouwer, S., S.C. Lance, and M.S. Riggs. 1974. High-rate land treatment Il: water quality
and economic aspects of the Flushing Meadows project. J. Water Pollut. Control
Fed. 46: 844.

Cools, D., Merckx, R., Vlassak, K., Verhaegen, J., 2001. Survival of E. coli and
Enterococcus spp. derived from pig slurry in soils of different texture. Appl. Soil
Ecol. 17: 53-62.

Duboise, S. M., B.E. Moore, C.A. Sorber, and B.P. Sagik. 1979. Viruses in Soil Systems.
CRC Critical Reviews in Microbiology 9:245-285.

Edmond, R. L. 1976. Survival of coliform bacteria in sewage sludge applied to a forest
clearcut and potential movement into groundwater. Appl. Environ. Microbiol.
32:537-546.

31 This can be accomplished through employing more advanced treatment techniques, such as low-maintenance constructed
wetlands, sand filters, or more energy-intensive processes (e.g., biomechanical “package plants”). Care should be taken to
ensure that the unit processes employed do not adversely effect the ability of subsequent unit processes to perform
adequately (e.g., a chemical disinfection unit might impair downstream biologically-based units).

148



SH/SWA H01-2009 Final Report 29/09/09

Goss, M. and C. Richards. 2008. Development of a risk-based index for source water
protection planning, which supports the reduction of pathogens from agricultural
activity entering water resources. Journal of Environmental Management 87: 623—
632.

Kibbey, H. S., C. Hagedorn, and E.L. McCoy. 1978. Use of fecal streptococci as indicators
of pollution in soil. Appl. Environ. Microbiol. 35:711-717.

Hijnen, W.M., A. Brouwer-Hanzens, K. Charles, and G. Medema. 2005. Transport of
MS2 Phage, Escherichia coli, Clostridium perfringens, Cryptosporidium parvum,
and Giardia intestinalis in a Gravel and a Sandy Soil. Environ. Sci. Technology 39:
7860-7868.

Hunt, C. S., C. P. Gerba, S. C. Lance, and R. C. Rice. 1980. Survival of enteroviruses in
rapid-infiltration basins during the land application of wastewater. Annl. Environ.
Microbiol. 40:192-200.

Lance, S. C., C. P. Gerba, and S. L. Melnick. 1976. Virus movement in soil columns
flooded with secondary sewage effluent. Appl. Environ. Microbiol. 32:520-526.

Lance, S. C. and C. P. Gerba. 1984. Virus movement in soil during saturated and
unsaturated flow. Appl. Environ. Microbiol. 47:335-337.

Lane, J. and R. Weaver 1999. Movement and survival of fecal coliforms in soil. Appendix
A to “Synoptic Literature Review of Shallow Groundwater Related to On-Site
Sewage Facilities” by J.S. Jacob, J.C. Yelderman, Jr., L.C. Nordt, L.M. Zygo, K.S.
Kier, J. Lane, and R. Weaver. Report to the On-Site Research Council.

McConnell, L. K., R. C. Sims, and B. B. Barnett. 1984. Reovirus removal and inactivation
by slow-rate sand filtration. Appl. Environ. Microbiol. 48:818-825.

Moore, S. A. and G.R. Beehier. 1984. A study of the pollution potential of land-spread
septage. J. Environ. Health 46:171-175

Schaap,M.G.,and F.J.Leij. 2000. Improved prediction of unsaturated hydraulic conductivity
with the Mualem-van Genuchten Model. Soil Sci. Soc. Am. J. 64:843-851.

Stevik, T.R., G. Ausland, P.D. Jenssen, and R.L. Siegrist. 1999. Removal of E.coli during
intermittent filtration of wastewater effluent as affected by dosing rate and media
type. Water Research 33(9): 2088+2098

Van Cuyk, S., R. L. Siegrist, et al. 2001. Hydraulic and purification behaviors and their
interactions during wastewater treatment in soil infiltration systems. Water
Research 35(4): 953-964

Van Cuyk, S., R. L. Siegrist, et al. 2004. Evaluating microbial purification during soil
treatment of wastewater with multicomponent tracer and surrogate tests. Journal of
Environmental Quality 33(1): 316-329

Van Cuyk, S. and R.L. Siegrist. 2007. Virus removal within a soil infiltration zone as
affected by effluent composition, application rate, and soil type. Water Research
41: 699-709.

Wang, D-S, C.P. Gerba, and S.C. Lance. 1981. Effect of soil permeability on virus removal
through soil columns. Appl. Environ. Microbiol. 42:83-88.

149



