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Abstract

In accordance with the 1992 Save Our Springs (SOS) ordinance, the City of Austin requires water quality
stormwater control measures (SCMs) to meet stringent pollutant load reduction standards within the
Contributing and Recharge Zones of the Barton Springs Segment of the Edwards Aquifer. The most
common SCM implemented to comply with this ordinance is the retention/irrigation system, which
captures and holds a regulated volume of stormwater runoff before irrigating it to an area of land. A
fundamental design assumption of this system is the complete infiltration of the captured volume into the
soil, preventing any surface discharge to receiving waters. Driven by inspector feedback describing
chronic performance deficiencies with retention/irrigation systems, Austin Watershed Protection
conducted a review of inspection data, maintenance records, and recurring notices of violations. The
performance of retention/irrigation systems was modeled using long-term continuous simulation methods
to assess volume reduction and pollutant removal efficiency. Analysis of the model results, review of
inspection data, and discussion of maintenance observations revealed critical problems resulting primarily
from 1) failure of the mechanical and electrical system components intrinsic to high-pressure spray
irrigation, and 2) inadequate infiltration capacity of irrigation field soils. Irrigation system components
including pumps, controls panels, distribution lines, and spray heads were found to be particularly
vulnerable to failure. The problem of infiltration capacity was found to be a result of overestimated design
infiltration rates, irrigation on slopes, and/or insufficient application area. Recommendations to address
these issues include substantial revisions to the applicable sections of the Environmental Criteria Manual.
Notable recommendations include replacing spray irrigation with an alternative method of applying
captured stormwater to infiltration fields, as well as improvements to the protocol for estimating soil
infiltration rate.
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Introduction

History of Retention/Irrigation and Operating Permits

In 1992, the Save Our Springs (SOS) Ordinance was enacted to mandate non-degradation water quality
controls within the Barton Springs Zone and its contributing zone, specifically in areas under the City of
Austin's planning jurisdiction. The SOS initiative is codified in Article 13 of the Land Development Code
(LDC), §§25-8-511 through 25-8-522. Among its requirements, the ordinance mandates enhanced water
quality controls designed to ensure that:

“... no increases occur in the respective average annual loadings of total suspended solids,
total phosphorus, total nitrogen, chemical oxygen demand, total lead, cadmium, E. coli,
volatile organic compounds, pesticides, and herbicides from the site.” (§25-8-514)

The above-referenced code language is known as the “non-degradation requirement”. To comply with this
stringent directive, new water quality treatment techniques had to be developed and implemented. The
first SOS water quality system was constructed at the ACC Pinnacle site in 1993. This system is a
retention infiltration design, which incorporates a gravity flow system (i.e., no pumps) rather than a
retention/irrigation system, however the requirements are essentially the same: capture the regulated
water quality volume in the basin and apply this volume to a designated area for infiltration into the
subsurface. This also was the first site to be issued an Operating Permit in the Barton Springs Zone.
Pursuant to LDC §25-8-233(A) “in the Barton Springs Zone, the owner or operator of a commercial or
multifamily development is required to obtain an annual Operating Permit for the required water quality
controls.”

In 1994 the first retention/irrigation system was issued an Operating Permit: the Overlook, part of the
Gaines Ranch development. However, only 12 additional sites were issued Operating Permits though the
rest of the 1990’s. This low rate of issuance of Operating Permits was likely due to active litigation
involving the SOS Ordinance. At the time of these early developments, there were no criteria in the
Environmental Criteria Manual (ECM) to guide the design of retention/irrigation systems.

By 2000 more than 20 sites were issued Operating Permits. Just four years later there were over 100,
however roughly half of these Operating Permits were for sites subject to the SOS rules at this time, as
grandfathered sites still required Operating Permits while being exempt from compliance with the non-
degradation standard. In 2004 new criteria for retention/irrigation stormwater controls were added to the
ECM including improvements in the system design such as the addition of backup pumps and improved
criteria for control equipment. Subsequent criteria amendments have continued to correct design
problems that addressed frequent failures. In 2014 the stormwater load analysis tool (SLAT) was created
by City of Austin subject matter experts to provide a standardized spreadsheet tool to aid design engineers
in sizing compliant water quality ponds and infiltration areas. SLAT implements the equations,
calculation steps, and pollutant concentrations which are described in ECM 1.6.9. The prevalence of clay
liner failures over a twenty-year period prompted a switch to a more reliable barrier such as the
geomembrane liner. In March 2021, the ECM was amended (R161-21.03) to prohibit the use of clay
liners for water quality controls in the Edwards Aquifer Recharge Zone.

As of 2025, the Operating Permit program (25-8-233) includes approximately 185 mechanically pumped
retention/irrigation systems and approximately 18 gravity-flow retention infiltration systems for
commercial and multifamily facilities in the Barton Springs Zone. In addition to these permitted systems,
there are roughly 40 retention/irrigation systems maintained by the City of Austin which serve residential
subdivisions and approximately 74 additional privately maintained retention/irrigation systems scattered
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throughout Austin. Property owners are responsible for inspecting retention/irrigation systems a minimum
of six times per year (ECM 1.6.3.C.5.c). All systems within the Operating Permit Program are required
be inspected by City of Austin staff annually pursuant to the Operating Permit requirements.
Retention/irrigation systems that do not have an Operating Permit are inspected every three years by City
of Austin staff. The 40 systems mentioned above that are maintained by the City of Austin are inspected
six times per year either by City staff or by a contractor. Historically, limited staff resources have made
the completion of all required inspections, and timely resolution of noncompliance issues a challenge.

In addition to retention/irrigation systems, there are approximately 20 rainwater harvesting systems at
commercial or City-maintained facilities which incorporate pumping requirements and infiltration areas
that are very similar to retention/irrigation systems (see ECM 1.6.7.D and 1.6.7.A). The current
cumulative number of retention/irrigation ponds is approximately 337 (319 pumped and 18 gravity flow).
As of 2025, an additional ~20 retention/irrigation systems are anticipated to be built; these either have an
approved site plan permit but have not yet initiated construction or have not yet completed the permit
review process.

Non-Compliance of Contemporary Systems

Retention/irrigation systems are designed to capture and infiltrate a regulated volume of water to meet the
non-degradation standard set by the SOS ordinance. However, is has been observed by inspectors and
other City staff that certain aspects of retention/irrigation design criteria make these systems susceptible
to failure. While older systems are more vulnerable, even newer ones built under current criteria are not
immune to mechanical and design flaws. When mechanical equipment fails or infiltration areas don't
perform as expected, the non-degradation standard may not be met.

Under §25-8-233(C), the City can verify a water quality control's operating condition through inspections
by authorized Austin Watershed Protection (AWP) pond inspectors. These inspectors evaluate system
performance, recommend corrective actions, and document non-compliance as part of the Operating
Permit program. A review of inspection records and discussions with senior inspectors reveal the
following common problems with retention/irrigation systems:

e Mechanical failure (e.g. faulty control boards, panel components, bulbs, wiring, pumps, irrigation
system components)

e Inadequate infiltration (e.g. shallow soil depth, small irrigation area, slopes, low permeability)

e  Surface runoff from irrigation areas leaving the site

e Failure of pond liners and leaking of pond basins

The design requirements for retention/irrigation systems have evolved since 1994, leading to variable
compliance requirements based on which regulations were in effect when a system was permitted. It
would be inappropriate to combine and evaluate all available inspection data because improvements to
design criteria over time have resolved many issues. Similarly, it would be inappropriate to review only
the most recent inspection data from newer systems because a sufficient period of time would not be
available to document problems. The three-year period of 2016-2018 was selected as the period of interest
to characterize inspection findings because these systems are old enough to have a robust period of
inspections, while being new enough to have designs following contemporary criteria. Since 2016, the
design and inspection requirements for new systems have remained relatively stable. The following list is
a summary of retention/irrigation system inspections and compliance from the Operating Permit program
between 2016 and 2018.
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o FY16: 164 retention/irrigation controls inspected.

o 59% had at least one non-compliant inspection, and

o 40% remained non-compliant by the end of the fiscal year.
o FY17: 165 retention/irrigation controls inspected.

o 57% had at least one non-compliant inspection, and

o 47% remained non-compliant by the end of the fiscal year.
o FY18: 176 retention/irrigation controls inspected.

o 61% had at least one non-compliant inspection, and

o 40% remained non-compliant by the end of the fiscal year.

This data is concerning because it indicates that in any given year approximately half of all retention re-
irrigation ponds are noncompliant. Even more concerning, over the three-year period from fiscal year
2016 to 2018, less than a fifth (32 controls) of all inspected facilities were consistently compliant,
meaning that their inspection reports never included any non-compliance issues.

This data reveals that only about 20% of the controls are operating correctly on a long-term basis without
apparent failures. It may be concluded that the remaining 80% of controls are not consistently operating
as designed and therefore are not providing the designed water quality treatment level of service. Failures
that result in untreated or incompletely treated stormwater discharging to receiving waters are controls
that are not compliant with SOS ordinance. Runoff may occur due to failures in the high-pressure
sprinkler systems such as broken sprinkler heads/lines or other imbalanced loading to the irrigation field.
Additionally, failures such as blocked heads/lines, clogged pumps, electrical problems in the panel, and/or
recycling of water in the system due to lack of presumed infiltration capacity can lead to the retention
pond holding water for longer than designed. Retention ponds that do not maintain available volume for
incoming storm events are unable to capture and treat the designed water quality volume resulting in
untreated water bypassing the system. Systems that are not operating as designed are delivering a
substandard level of stormwater treatment within the sensitive Barton Springs Zone. There is a need to
change the relevant criteria as the number of systems designed and constructed with current design
criteria continues to increase.

In order to further understand the types and frequency of failures that lead to a system being non-
compliant in newer systems, and to substantiate that the data from FY 16-18 reflects the condition of more
recently constructed systems an additional analysis of retention/irrigation systems inspection data from
October 1, 2018, and December 31, 2021 was completed. Of the total additional 582 inspections
reviewed, only 39% (227 inspections) were fully in compliance, while the remaining 61% (355
inspections) were identified as not compliant for one or more deficiencies. This is generally consistent
with the compliance rates from the FY16 to FY 18 data.

Of the 355 non-compliant inspections, 274 recorded a single failure type, while 81 recorded multiple
simultaneous types of failure. This indicates that most non-compliant inspections (77%) involved a single
failure, but a significant portion (23%) featured multiple concurrent issues. Overall, this dataset reflects a
high frequency of non-compliance, with a variety of failure types. Due to the complexity of these
systems, there are many potential failure points, and the data reflects this. System failure types for non-
compliant inspections conducted between 1 October 2018 and 31 December 2021 are summarized in
Figure 1.
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FAILURE TYPES

HEADS

PANEL

Pump

BASIN LEAK

LINE BREAK

VALVES

VEGETATION

RUNOFF/INFILTRATION

STRUCTURAL

RISER

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%
OCCURRENCE AS % OF NON-COMPLIANT INSPECTIONS

Figure 1. Summary of inspection data October1, 2018 through December 31, 2021. Bars reflect the
percentage of time each failure type is non-compliant for the total number of inspections. The total
of all bars will not add up to 100% because they are not a percentage of all failures.

Failures of mechanical equipment and irrigation equipment occurred most frequently. Since a single
inspection can reveal more than one issue, the percentages shown below represent the frequency of each
failure type rather than parts of a whole. The most common failure types were:

Heads — sprinkler head damage or malfunction (37.5%)

Panel — related electrical or mechanical problems (34.6%)

Pump — failure of mechanical/electrical pump components or clogging (17.5%)

Basin leaks — liner failure or other pathways circumventing the infiltration process (11.5%)
Line breaks — damage to PVC lines (8.5%)

High pressure irrigation system components were the primary location of system failure. Specifically,
broken and clogged sprinkler heads were the most frequent point of failure. Overall, mechanical failures
including issues with pumps, panels, and irrigation components were present in almost two-thirds (~64%)
of all completed inspections. The following sections provide details on the most common reasons for
failure as identified in Figure 1.
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Sprinkler Heads

The types of sprinkler heads typically used for retention/irrigation systems are designed to pass relatively
clean water, free from most particulate matter. However, stormwater runoff contains a myriad of solids of
varying size and texture, including inorganic particulates from soil, sediment, sand, small rocks, and trash,
as well as organic particulates from seeds, vegetation, arthropods, and algae. As a result, sprinkler heads
which irrigate stormwater tend to clog. The resulting backpressure can cause a range of failures, from
heads that blow off completely to cracked heads or heads that stop rotating, any of which could overload
a portion of the irrigation area. The failure of a single sprinkler head can lead to a cascade of problems.
For example, when a head blows off, high-pressure jets of water may erode the soil, and the increased
volume of water can exceed the area’s infiltration capacity, causing runoff that bypasses treatment. When
one head fails by delivering too much water, the other heads receive less pressure than designed, reducing
the system's overall effectiveness by failing to evenly distribute water to other areas of the irrigation field.

Small cracks or malfunctioning heads can cause vegetation to grow faster nearby. Tall vegetation further
impedes irrigation and concentrates water around the spray head, causing it to exceed the area's
infiltration capacity. As a result, water runs off-site, bypassing treatment. Additionally, the land's variable
slope can increase or decrease the hydraulic head in the lines, leading to variable pressure on the heads.
This, in turn, alters the amount and range of water being irrigated. Beyond clogging and regular wear,
sprinkler heads are also vulnerable to damage from routine mowing. This can occur either from mower
blades hitting a head that is stuck in the "up" position or from tires running over them.

In the long run sprinkler systems can impose significant maintenance costs. These costs include not only
spot repairs and replacements of malfunctioning components, but also full system replacements due to
normal wear and tear on the sprinkler heads. In addition to the costs for heads, the pipes themselves
routinely break due to soil movement (shrink/swell particularly with clay soils) and cracking from
mowers or UV exposure. Cracked pipes which have allowed the ingress of soil sediments require
replacement or cleaning for the affected portions of the system, which sometimes extends to the entire
pipe system. Since a standard mowing regime is frequently the cause of sprinkler damage and costly
repairs, alternative maintenance methods such as string trimming are often implemented, however these
also tend to be more expensive.

Inspectors and owners have worked together to implement various creative and engineered retrofits to try
to bring failing systems into compliance by resolving the source of chronic failures. Unfortunately, these
attempts either have not been reliable or have created new problems as bad or worse than the original
problem. For example, elevating sprinkler heads on riser pipes was attempted to address the common
problems of vegetation blocking the spray of sprinkler heads and mowing crews not seeing spray heads.
This strategy improved visibility of the heads and reduced obstruction of low vegetation, however it did
not resolve the clogging/breaking of heads and resulted in additional problems including increased
exposure to UV damage, increased vulnerability from damage by vandalism, and increased incidence of
freeze damage to lines and heads in the winter. Another example of a retrofit that was less successful than
anticipated is increasing the level of filtration by substituting a sand filtration basin, rather than a retention
pond, before stormwater is drawn into the pump. The additional filtration process was successful in
removing much of the solids and reducing clogs in the lines and sprinkler heads. Prolonged inundation in
the pond encourages the growth of algae, which in turn exacerbates the clogging of the sand bed.
Eventually, continued or frequent restriction of flow through the filter can put a severe strain on the pump,
potentially causing the motor to burn out.
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Electrical Panels

Although contemporary electrical panels have significantly improved since retention/irrigation systems
were first implemented, even modern panels are highly stressed by intense summer heat. High
temperatures can cause electrical and mechanical stress, leading to relays failing, wires burning out, and
contacts going bad. Increased or variable loads from malfunctioning downstream components, such as
pumps, heads, or lines, can shorten the life of panel components. Voltage surges also contribute to this
degradation. In addition, small animals and insects like mice, wasps, and ants can cause problems within
and around the panel. While inspection data lacks the detail to quantify the contribution of each of these
issues, senior inspectors anecdotally report that most problems within panels originate from the high-
pressure pump and spray head system. Malfunctions in these systems cause the pumps to run with
variable loads through the panel, which generates additional heat and stress on the electrical components.

Pumps

The typical style of pump used in high-pressure spray systems is a submersible well pump. These high-
pressure pumps are problematic for stormwater irrigation because they are designed for clean/potable
water. Stormwater contains small solid particulates such as bits of trash, plant detritus, algae,
invertebrates, soil, and a myriad of other organic and inorganic debris. This debris can stress the interior
components of submersible well pumps, as can frequent pump cycling that may result from blockages in
the irrigation system and/or filtration bed. In contrast, low pressure pumps called trash pumps, grinder
pumps, or effluent pumps are designed to effectively pass water containing solid particles. Wastewater
lift stations routinely utilize these types of pumps to move sewage effluent containing a significant
fraction of particulates with frequent starts and stops.

Basin Leaks

Impermeable basin liners are required for all water quality ponds Edwards Aquifer Recharge Zone, which
includes portions of the Barton Springs Zone. This requirement is in place to prevent the conveyance of
untreated stormwater runoff into the Edwards Aquifer via subsurface faults, voids, and other relatively
direct pathways. Clay liners were previously the standard practice but have been prohibited in the Barton
Springs Zone since 2021 when criteria were updated to require more reliable geomembrane liners.
Additional recent updates to the Environmental Criteria Manual extended the prohibition of clay liners to
all City ponds due to their vulnerability to failure under drought conditions. Although these criteria
revisions have improved the reliability of contemporary pond liners, legacy issues persist in ponds with
clay liners that were built prior to this prohibition. A pond with a failed liner cannot hold the water quality
volume for irrigation purposes without losing a substantial volume to the subsurface. Failure is not
uncommon, and repair expenses are substantial (typically $100,000 to $1,000,000 or more). Under
current staffing levels, City personnel struggle to keep up with the numerous annual inspections and re-
inspections required to ensure compliance where clay liners are installed. In addition, at the time of
publication of this report, Austin Watershed Protection inspectors have identified fewer than five
experienced contractors with expertise in repairing these complex systems, limiting the rate at which
problematic ponds with failed liners can be repaired or retrofitted.

Runoff/infiltration

The generation and discharge of runoff from the infiltration field is a type of problem which according to
inspection data occurs only a minor percentage of the time. However, for reasons discussed below, this
problem is likely underrepresented in the database. Technically, any amount of runoff from an irrigation
field represents a problem since these systems are intended to infiltrate 100% of the captured water
quality volume. Runoff problems can have a variety of causes including panel, pump, pipe, or sprinkler
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system malfunctions as described above in addition to inadequate soil infiltration capacity or steep slopes.
Over the last several years, numerous runoff-related complaints have been reported by citizens.
According to senior inspectors, these issues are often missed during inspections or attributed to other
causes. After a rain event, inspectors are required to visit multiple sites in a single day. Inspections are
conducted within a limited timeframe, usually prioritizing the verification of equipment functionality
rather than monitoring the entire drawdown period during which fields may become saturated and
generate runoff. In some cases, irrigation areas span several acres, making it impractical to inspect the
entire boundary for offsite runoff. Furthermore, if multiple component failures or chronic issues exist at a
site preventing stormwater application as designed, it may be difficult to discern whether the soil
infiltration capacity is adequate to handle the regulated water quality volume.

The soil infiltration rate is a critical factor in the design of a retention/irrigation system because it directly
influences the required size of the irrigation field. A higher infiltration rate allows for a smaller irrigation
area, while a lower rate necessitates a larger one to effectively dispose of the regulated water quality
volume via infiltration. This relationship is crucial for the overall efficacy of the system, ensuring that the
volume of water can be absorbed into the soil without causing runoff or flooding. However, the estimation
of an accurate soil infiltration rate is achieved inconsistently.

ECM 1.6.7.4 provides guidance on conducting infiltration rate evaluations for the design of
retention/irrigation systems, outlining a multi-tiered process that includes both a desktop study and a field
study. This assessment is crucial because soil infiltration rates vary significantly based on soil depth, type,
and moisture content. A key issue is that the standard ASTM field tests were originally created for the
agricultural industry, not for stormwater controls or infiltration-based systems. This raises questions about
their suitability for irrigation field design.

A typical retention/irrigation system is designed with a rain sensor that activates after rain events
following a short drying window, which may take several hours. After the sensor is dry there is a 12-hour
delay prior to irrigation of the field with captured stormwater. Therefore, irrigation typically occurs less
than 24 hours after a rain event, when soils may still be saturated from prior direct rainfall and have not
recovered their full infiltration capacity. When this happens, site runoff may occur leading to the
discharge of un- or under-treated stormwater from the site. The typical design using SLAT does not
account for the reduced infiltration capacity of soils as a result of direct rainfall. Models which do account
for the effect of soil saturation on infiltration rate are available but are not required by current criteria and
do require more time and expertise to implement.

Current criteria allow infiltration rates to be derived from field tests rather than the rate indicated on the
available National Resource Conservation Service (NRCS) soil maps when the indicated rate is very low
(e.g. 0.00 — 0.02). Site-specific testing and verification is generally preferable to reliance on maps which
may be inaccurate. However, field testing may lead to an unrealistically high infiltration rate if the
methodology is not rigorously executed or the personnel conducting the testing are not skilled or
experienced. Unfortunately, there is no clear standard for performing tests to account for varying
conditions of antecedent soil moisture. Soil that is dry infiltrates water at a slower rate than soil that is
moist, but not saturated. Soil that is saturated may not infiltrate water at all if there is a confining layer
beneath it such as rock or clay. Variability in soil moisture is somewhat accounted for by protocols which
require pre-wetting of soils prior to infiltration testing, but the implementation can vary greatly in the
field. Furthermore, because soil infiltration rate is highly spatially heterogenous, the number of tests
required to adequately characterize the variability in infiltration rate with a given area is high, likely much
higher than the number of tests required by current criteria.
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Objective

The purpose of this investigation was to identify performance and design deficiencies in retention-
irrigation stormwater control systems. A review of inspection report data and senior inspector evaluations
helped frame the problem and provided empirical context. A modeling analysis was applied to an existing
City-maintained retention/irrigation system that, despite following typical design standards and
complying with all modern criteria, has experienced chronic operational challenges and failures. The
results of this investigation may:

e Identify the core issues that lead to repeated failures in these systems

e Provide insights to improve design guidance in the Environmental Criteria Manual

¢ Reduce the frequency and extent of maintenance necessary to keep systems functional and

compliant with regulations

Methods

The methods in this investigation include two modeling frameworks: the Stormwater Load Analysis Tool
(SLAT) and the EPA’s Stormwater Management Model (SWMM). SLAT is a spreadsheet tool developed
by Austin Watershed Protection (AWP) staff to aid development applicants and designers. The tool
implements current criteria and incorporates:
o Adams & Papa analytical probabilistic methodology with local long-term rainfall monitoring data
(Adams and Papa, 2000), and
e AWP-approved pollutant concentrations

The AWP-approved pollutant concentrations are provided in the Environmental Criteria Manual to assist
designers and permit applicants in complying with the non-degradation requirement. The development of
these pollutant concentrations is documented in City of Austin report CM-09-03 (Glick et.al, 2009) for
influent pollutant concentrations, CM-13-02 (Glick et.al, 2013) for SCM effluent pollutant
concentrations, and SR-14-10 (Richter, 2010) for SCM bypass pollutant concentrations. Users of the
SLAT tool enter values corresponding to characteristics of the site proposed for development (i.e. acreage
and impervious cover percentages) and stormwater control measure design parameters. The tool
implements closed-form equations from Adams & Papa (2000) for average hydrologic performance and
pollutant removal to estimate the average annual pollutant loads discharged from a proposed development
and compares the pollutant loading to estimated pre-development conditions.

SWMM is a free and popular open-source model produced by the United States EPA. SWMM uses a
rainfall period of record as its main input, along with other inputs including defined pollutant
concentrations and stormwater system design. SWMM can model hydrologic and pollution removal
performance of a stormwater control system and determine the pollutant loads discharged, volumes of
runoff captured or bypassed, and total volume infiltrated. In this investigation, results from the SLAT tool,
which uses closed-form analytical formulas to determine average annual pollutant loading and volumes,
are compared against results from SWMM, which in contrast to SLAT uses continuous time-step
simulation of hydrologic and hydraulic processes. These two models were utilized to assess the
performance of a retention/irrigation system in south Austin.

Modeling Approach Development — Flow Routing

All retention/irrigation (R/I) systems share typical design characteristics and layouts. The area of the
proposed site to be developed is designed to drain to a retention (or, less commonly, sedimentation/sand
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filtration) basin of a size adequate to meet code requirements®. The total volume of the retention basin is
defined as the water quality volume (WQV). The WQV is isolated from subsequent runoff by a splitter
structure. Overflows (i.e. bypass flows) are conveyed offsite via the site outfall. The WQYV is retained in
the retention basin and then, after a lag period typically of 12 hours, is conveyed to the second treatment
facility- an area of land known as the irrigation field. The WQV is usually pumped to spray heads
distributed across the irrigation field at an overall rate that is intended to not exceed the saturated
hydraulic conductivity of the irrigation field soil. Criteria requires that retention basins shall be emptied
72 hours after the end of a rain event which fills or partially fills the basin. Given the 12-hour lag before
pumping, this results in a typical pumped irrigation duration of 60 hours. When considering the irrigation
duration together with estimated maximum hydraulic loading rate of the soils, designers can calculate the
necessary area of the irrigation field. It is the design intent that all water applied via irrigation completely
infiltrates or evapotranspirates, with no runoff leaving this part of the site. The only runoff assumed to
leave the overall site is the flow which is designed to bypass the retention pond after the water quality
volume has entered the system. This condition of ‘no site runoff from the irrigation field’ is built-in to the
SLAT tool when evaluating whether the non-degradation requirement is met. Therefore, in the SLAT tool,
it is the total pollutant load of the bypass effluent that must not exceed the pre-development load.

An R/I system can be model