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1.3 Learning Goals
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« Look at examples of rain gardens
» What to look for when inspecting
» Signs of BMP failure





Notes:

Welcome to Module 2. In this module, we will look at some examples of rain gardens. Specifically, we will discuss what to look for when inspecting rain gardens and signs of BMP failure.
1.4 What to Look For
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« Also known as bio-retention
« Be sure to check:
* Underdrains (if applicable)

« Volume credits may be voided if deep infiltration
credits were applied

» Valves are closed unless maintenance or repairs
are needed

» Plantings and soil mixture
» Crucial that soils are immediately stabilized

« Bottom of garden has a specified soil mixture
with a depth of at least 18" (soil probes are
useful here)

« Overflow structure for leaks





Notes:

Rain Gardens, also known as bio-retention, can have many different specifications so be sure to inspect them in accordance with the plan requirements. 

Many rain gardens are designed and credited for infiltration and will not have an underdrain. If an underdrain is specified, the volume credits on the permit application may be voided if deep infiltration credits were applied. Some designs will incorporate an underdrain with a valve that is specified to remain closed unless the rain garden must be drained in the event that it fails to infiltrate so that the required repairs can be completed. 

Plantings should be installed as per the plan requirements and it is crucial that the BMP soils are immediately stabilized and protected from the impacts of falling rain drops upon completion of installation. Rain gardens most often have a specified soil mixture on the bottom with a depth of at least 18 inches. A soil probe sample can be taken to show what soils exist in the bottom. If the soil mixture doesn’t appear to be per the plan specifications, ask the permittee for proof that the installed soils are per the plan specifications.

As always, be sure to inspect the overflow structure for leaking concerns. Concrete risers are commonly used as a rain garden overflow structure and very frequently are found to be leaking, resulting in a loss of adequate water quality treatment. 
1.5 Example 1: Commercial Parking Lot
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Notes:

This photo shows a small rain garden in a commercial parking lot that is about the size of two parking spots. Runoff from the parking lot enters the rain garden only through the curb cut. The domed overflow riser can be seen within the yellow circle. It can be observed that mulch and other debris is partially covering the domed grate and is in need of maintenance to remove the debris so that it can regain full function as intended. It can also be observed that grit and debris washing off the parking lot is beginning to fill the voids in the river rock placed on the bottom of the rain garden.

The area shown by the blue oval is the approximate area where ponding of collected runoff will occur prior to the runoff exiting the rain garden untreated through the overflow riser.  This ponded runoff will drain down through the underlying soils where associated pollutants can be filtered to remove much of the pollutants carried by the parking lot runoff water.

The green area shows the area that was credited by the designer in the permit application and design documents.  The construction of this rain garden filled in much of the area that was meant to contain ponded runoff water for infiltration and water quality treatment. Standard construction techniques when a curb is poured is to install soil behind it to equalize lateral pressure against the curb so that it doesn’t become pushed away from the asphalt.  This could partially explain why much of the ponding area credited has been filled with soil. 

The lack of ponding volume as constructed versus the credited area in the design and permit application would fall under reduction & loss of BMP treatment.  If necessary, the permittee may need to replace the lost volume credits prior to permit termination.  Inspection personnel should request that permittee proves that the BMP volume is sufficient to satisfy the credits taken in the permit application prior to terminating the NPDES permit.
Example 1: Commercial Parking Lot (Close Up of Overflow Grate)
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This is a close-up photo of the overflow grate and riser within the rain garden shown in the previous slide. Buildup of debris and pollutants can be observed in the rain garden bottom and is starting to clog the overflow grate. Maintenance of the BMP is not occurring at necessary intervals. When the notice of termination is acknowledged, operations and maintenance requirements are often transferred to new owner and the BMPs should be in like new condition.
1.6 Example 2: ERNST Seed Mix – Year 1
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Notes:

ERNST rain garden seed mix is often specified as the permanent vegetation proposed in rain gardens.  It is important to understand that many native specialty seed mixes can have extended grow-in periods. The ERNST Seed company and other seed companies usually provide establishment tips such as expected grow-in periods, seed sowing techniques, necessary soil conditions and the sometimes the necessity to include companion crops, often referred to as nurse crops.

In this case, the ERNST Seed Company recommends using a companion crop.  This rain garden was planted in the spring months with the photo taken in the fall of the same year.  The companion crop used in this rain garden was Spring Oats, an annual grass seed.  The Spring Oats germinate quickly to provide adequate soil cover and stabilization while the remainder of the ERNST rain garden seed mix becomes established over a two to three year period.  The spring oats is an annual grass and will not last through winter so it won’t compete with the perennial rain garden plants in future years or growing periods.

Click on the buttons at the bottom of the screen to see this rain garden one and two years later. When you are finished, click the ‘Next’ button.
Example 2: ERNST Seed Mix – Year 2
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We can see that the Blackeyed Susans have further germinated and matured but not much of the remaining seed mix is evident at this point.  The photo was taken in the fall of the second year after the rain garden was constructed and seeded.  ERNST Seed Company’s Horticulturalist indicated at a previous training event that if you see the Blackeyed Susans maturing you can rest assured that the remainder of the mix will soon follow.  At this stage in seed development a site inspector could terminate the permit since it is apparent that the proposed seed mixture has or will become established and there are no observed bare soils that are not adequately stabilized.
Example 2: ERNST Seed Mix – Year 3
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This is the third year of seed development in the rain garden shown in the previous two slides.  It can be seen that the remainder of the rain garden mixture is beginning to fully mature. The blackeyed susans in this seed mixture is a biennial type, meaning they will grow for two years but must reseed themselves if they persist after the first two year period.  In this photo you can see that there are some blackeyed susans near the right side of the photo, but they’ve moved up the rain garden berm while the rain garden bottom is being established with other types of vegetation in the rain garden seed mixture such as purple cone flowers, Wild Bergamot, Wild Senna and other varieties. It is noted that specialty seed mixes often come with a prescribed maintenance plan such as mowing only twice during the year at specific times to keep woody growth and invasive species at bay while still allowing the rain garden plants to mature and flower each year.
1.7 Example 3: Failing Rain Garden
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Notes:

This is a photo of a failing rain garden. It is considered to be failing since the captured runoff water has not infiltrated into the soils within a period of three days, or 72 hours.  Repairing this rain garden will require removal of the soils within the rain garden bottom as they are likely clogged and compacted.  The installed plantings will need to be removed and reinstalled. A second transplant reduces their chance of survival and they may need to be replaced. It is often a good idea to install the plantings after a newly constructed rain garden has filled with runoff and has shown it will infiltrate the captured runoff within 72 hours or less.  However, it is of the utmost importance to cover the rain garden soils immediately after construction with straw or other mulch materials to protect the soils on the basin bottom from the detrimental impacts of falling rain drops.  The impacts from the rain drops tend to break soil clods into smaller particles where they can infiltrate with runoff water down into the open soil pores, causing eventual clogging of the upper soil layer.
1.8 Example 4: Clogged Soils
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Notes:

This rain garden is still infiltrating based on the lack of standing runoff water but is becoming clogged with eroded soils from the unstable side slopes. The use of storm sewer or rock-lined channels to allow runoff into the rain garden bottom without eroding the newly graded side slopes is highly recommended. In this situation, the designer proposed a grass seed mix to establish the rain garden side slopes but also specified garden mulch on the slopes which prevented adequate germination of the specified seed mix and failed to provide long-term stabilization of the steep slopes. The designer also chose to allow runoff into the rain garden over the newly constructed slopes, claiming that sheet flows from the adjacent parking lot would not be erosive. It is recommended that steep side slopes are adequately stabilized by helping to keep runoff flows from running over the newly constructed slopes. Field experience has shown that allowing runoff to flow over a newly constructed steep slope will most often result in erosive conditions.  Again, the use of a stabilized channel or piping is recommended to allow runoff into the rain garden without erosion of side slopes.
1.9 Example 5: College Campus Retrofit
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Notes:

This rain garden was constructed as part of an existing basin retrofit on a college campus and has approximately five acres of tributary parking lot area.  It receives plenty of heated runoff, even during small rain events.  The main basin berms and outlet structure were not altered during the retrofit but forebay berms and an engineered sandy soil mix with under-drains were used to create two separate bio-retention areas within the basin bottom. The bio-retention areas will provide tremendous thermal mitigation and pollutant removal benefits when considering the high amounts of thermal impact and pollutant-laden runoff coming from the heavy use parking areas. This retrofit used a combination of a rain garden seeding mix as well as tree and shrub plantings. Annual rye grass was used as a companion crop to supplement the rain garden seed mix to provide quick stabilization while the permanent mixture goes through its germination and establishment process. The rye grass can be seen as the green strip on the basin bottom, the permanent vegetation in the rain garden seed mix had yet to establish at the time the photo was taken. The remaining bio-retention areas outside the seeded area were temporarily stabilized with two to three inches of bark mulch with trees and shrub plantings dispersed throughout. The bark mulch consisted of double shredded hardwood bark mulch. Hardwood bark mulch was used because it doesn’t float.  It is important to understand that the bark mulch is a temporary means of soil stabilization while the trees and shrubs mature. Leaf droppings from the trees and shrubs should be left within the bio-retention areas for long term stabilization of the basin bottom as well as to provide a continual carbon source for pollutant removal and breakdown. Additional hardwood bark mulch may need to be placed every two to three years if necessary where soil becomes exposed from mulch breakdown or where it has washed away. As the trees mature and drop more leaves each year, the need for additional mulch will quickly diminish and may not be needed after the initial mulch placement. The need for additional mulch and mowing requirements in the seeded area should be clearly detailed in the operations and maintenance notes for the BMP.

Click on the icon to see another view of this basin.
Example 5: College Campus Retrofit (Inlet View)
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Here it can be seen that concentrated flows from the incoming storm sewer pipe have washed away some of the bark mulch, exposing the underlying soil. The use of river rock or other means of reinforced stabilization should be implemented in concentrated flow areas to help prevent scour issues.
1.10 Example 6: Overflow Piping
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Notes:

This rain garden used an overflow piping system that has pre-fabricated gasketed joints for reliable, long-term watertight seals. Domed grates were used to keep floating debris from entering the overflow piping and causing potential problems with clogging of the pipes. Approximately two feet of engineered soil mix was used in this BMP since the existing onsite soils were high in clay, low in organic content and had slow permeability.
1.11 Example 6 (Part 2): Engineered Soil Mix
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Notes:

This photo shows the engineered soil mix used in the rain garden in the previous slide.  The mix used was comprised of 1/3 sharp sand, 1/3 compost and 1/3 shredded hardwood bark mulch as a bulking agent.  It is important that the sand being used in the soil mix is coarse, sharp sand, never contractor building sand.  Sand meeting the requirements of ASTMC-33 is suggested when adding sand to an engineered soil mix within bio-retention BMPs.  The use of compost should be limited in bio-retention BMPs where underdrains are used to help prevent the release of excess nutrients.  Several studies are being conducted at various universities in order to determine what soil mixes are best for bio-retention type BMPs and targeted pollutants intended for removal from stormwater runoff. Additional guidance is expected in the near future, but the specified soil mixture should have good infiltration rates and contain sufficient organic percentages without too much organics where it can become a source of nutrient leaching.  Clay can be used in rain garden soil mixes but should be limited to a maximum of 5% of the mixture to prevent slow infiltration rates.
1.12 Example 7: Underdrain
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Notes:

This photo shows the daylighted end of an underdrain placed within a bio-retention BMP.  The dark colored runoff water coming from the under-drain is a form of nutrient leaching and is likely the result of too much compost in the engineered soil mixture.  The soil mixture used in this BMP was 30% compost and 70% sand.  It is noted that a slow-release orifice cap with a one inch hole was missing from the four inch underdrain outlet as designed.  Long term observation of this underdrain discharge resulted in the dark colored, nutrient rich discharge becoming much more clear and less nutrient rich within a few months after initial construction as the soluble nutrients within the compost became less concentrated over time and subsequent discharge events.  This may have been helped by the placement of the slow-release orifice cap as it will help to slow the drainage through the engineered soil mixture, allowing for increased settling time within the BMP.  If inspection personnel observe dark colored discharges such as this during a final inspection, the permit should not be terminated and documented in the inspection report as pollutants being discharged.  As with all observed pollution events, it is very important to take photos of the pollution leaving the site or entering the receiving water course.
1.13 Example 8: Cattails
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Notes:

This photo shows a rain garden BMP that is failing to infiltrate within 72 hours as designed.  It was specified to have an ERNST rain garden seed mix as the permanent vegetation but only minimal establishment of the rain garden mix was observed at the rain garden sides where it wasn’t fully immersed in captured runoff water.

Invasive cattails became established within the ponded runoff water in the rain garden. Cattails prefer about nine inches of standing water so their presence is often an indicator of infiltration BMP failure. This NPDES permit cannot be terminated due to the infiltration failure as well as failure to establish the specified vegetation. Although the failing BMP has developed into a wetland bottom basin and still provides some water quality enhancement, it should be documented as pollution or potential for pollution in the inspection report since the water volume captured by the BMP was credited for infiltration. Associated pollutant removal was planned using infiltration but the BMP is now discharging runoff volumes that were not meant to be discharged.   
1.14 Example 9: Residential Application
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Notes:

This residential application of a rain garden has obvious signs of reduction, loss or failure and is not maintained as per the plan requirements. A trench was dug through the retentive berm by the new homeowner to allow captured runoff to drain from the BMP because it was not infiltrating as designed and credited. Cattails, another sign of infiltration failure, have started to establish within the BMP due to the presence of extended periods of stored runoff water. Since captured runoff is not being properly treated for water quality and pollutant removal through infiltration, this should be documented in the inspection report as a potential for pollution.
1.15 Example 10: Unsealed Type M Inlet

[image: image17.jpg]i)
o
o
£
3
S
s
(o4
=
BN
)
®

Unsealed Inlet





Notes:

This type M inlet is serving as the overflow structure within a rain garden BMP. The rain garden was designed to hold and infiltrate nine inches of water before overflowing into the top of the type M inlet riser. The floating debris within the rain garden has accumulated at the leaking joint between the inlet box and inlet top as can be seen within the red box. Leaks in concrete riser joints and pipe penetrations are very common and the use of butyl mastic between the box and inlet top is highly recommended. In the absence of the obvious debris line at the leaking joint, an inspector can kneel down to basin bottom elevation and look for light between the box and top. If you can see light, it is not properly sealed. Another way to inspect for an unsealed joint is find a small, straight stick or piece of straw and try to poke it through the joint to the other side of the wall. These last two methods will not work if the box and top are made with a tongue and grove system but you can still look on the inside of the inlet for signs of wetness or mud staining only on the inlet box but not on the top section, above the level of a potentially leaking joint.
1.16 Look Down Overflow Risers!
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Notes:

An easy way to determine if an overflow riser is leaking is to look down into the riser when the BMP is full of water to look for obvious signs of leakage. In this photo you can see the sediment colored water leaking into the riser at the unsealed joint between the inlet box and top.

It is best to try to schedule inspections immediately after or during a rain event in order to see what is really happening. During a runoff event, it is easier to identify drainage patterns to BMPs and find leaks. Some inspectors keep a rainy day inspection list to remind them of what sites to conduct inspections on during a runoff event.
1.17 Example 11: Poorly Designed Rain Garden
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Notes:

This photo shows a poorly designed rain garden. The overflow grate the center of the rain garden is higher in elevation than the curb resulting in loss of treated runoff volume 

The blue animation shows the anticipated pooling depth and overflow that is not conveyed to the designed overflow location. The retained volume is much less than calculated and credited due to the errors in design elevations of the curbs and overflow structures.

The red arrow shows where runoff flows actually go instead of being directed to the curb cut as was intended. The orange arrow shows the curb cut where the runoff from upslope parking areas were intended to go. This should be documented as a failure to install adequate PCSM BMPs.

The overflow is not directed correctly to the intended basin, resulting in reduction, loss or failure of water quality treatment.
1.18 Example 12: Parking Lot Drainage
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Notes:

Inspection personnel should check drainage patterns when possible to ensure that areas intended to drain to a BMP are actually conveying runoff to the BMP.  In this photo you can see runoff coming down the middle of the drive lane.
The red arrows show the intended path of runoff to the small rain gardens on each side of the photo. The grading of the asphalt parking lot was incorrect, resulting in runoff bypassing the intended BMPs.
1.19 Example 12 (Part 2)
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Notes:

This photo is the area downslope of the photo shown in the previous slide. It shows the runoff that bypassed the rain gardens in the previous slide being conveyed to downslope inlets and an associated underground BMP that was not designed for such a large drainage area. The inspector saw signs of water surcharge at an inlet near the red vehicle during a previous inspection and added this site to the rainy day list when runoff patterns could be observed and documented. After receiving photos of the actual drainage, it was discovered that the asphalt grading was at least six inches too low in some areas, resulting in incorrect drainage areas to the BMPs. The contractor was required to repave much of the parking lot in order to establish the proper drainage to the BMPs in accordance with the plan requirements.
1.20 Example 13: Cleanout Riser
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Notes:

This photo shows a cleanout riser for an underdrain within an infiltration basin. Although it cannot be seen in the photo, there is a valve at the end of the underdrain where it enters the riser structure. During the first inspection of this infiltration basin, the inspection personnel found the valve to be left open instead of closed as specified to allow for deep infiltration and groundwater recharge. The valve was subsequently closed, and the inspection personnel came back after a rain event to determine if the infiltration basin appeared to be functioning properly. Despite cold temperatures that caused ice formation in the water in the underdrain, the infiltration basin appeared to infiltrate for the most part. It had some pockets of standing water where wetland vegetation like cattails were becoming established. The pockets of standing water could be considered a reduction of the BMP function, but inspectors should use judgement if the BMP appears to be functioning for the most part. A licensed professional provided a signed and sealed certification statement on the notice of termination indicating it was built per the plans and is in conformance with the Chapter 102 regulations.

The joint in the riser must be sealed to prevent leakage directly into the storm sewer before the water level in the infiltration basin reaches the lowest discharge orifice.
1.21 Example 14: Frozen Ground
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Notes:

This rain garden was observed during winter conditions to determine if the frozen ground conditions would prohibit infiltration of the captured runoff within the BMP. It is noted that the ground had approximately three to five inches of frost prior to the rainfall event associated with warmer temperature that filled the rain garden with runoff.
Example 14: Frozen Ground (Next Day)
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The same rain garden from the previous slide is photographed the next day after a hard freeze developed over night with single digit temperatures. You can see that the water retained in the rain garden froze on the water surface. A hole was made in the ice surface as can be seen in the red circle. The captured water under the ice had infiltrated and the BMP bottom had no standing water after being full the day before. Contrary to the belief of some, infiltration can and does occur in the winter. In this case study it was deduced that the initial frost in the ground likely prevented infiltration, or slowed the rate of infiltration at first, but the water captured in the rain garden allowed the underlying soils to thaw and the captured runoff then infiltrated within 24 hours, despite the very cold temperatures that caused the surface of the captured runoff to freeze overnight. It is believed that the runoff captured within the BMP insulated the underlying soils from the very cold overnight temperatures, allowing the previously frozen ground to thaw, thus allowing the infiltration to occur through the soils.
1.22 Summary
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» When inspecting rain gardens, check:
+ Underdrains
« Are they open? Are they supposed to be?
« Outlet risers
* Are they properly sealed?
« Are any leaking?
« Plantings
» Do they match the specifications in the plan?
+ Soil mixture
« Is it correct?
« Is it stabilized?





Notes:

This concludes Module 2. To review, inspection personnel should check underdrains, outlet risers, plantings, and the soil mixture.

Next is a knowledge check.
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