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Presenter
Presentation Notes
This presentation is intended for soil conservation districts and stormwater reviewers who look at small pond designs for compliance with NRCS MD-378 standards.
Some of you may have seen some of this before.



I've done it this way for years. Now you're 
telling me it's wrong?
• Cutoff trench meets the requirements of MD-378: we have shown it 

as 4 feet deep and 4 feet wide at the bottom with 1:1 side slopes.
Q: Why do we need to go deeper? 
A: To extend to impervious foundation soils.

• MD-378: Seepage control is to be included: 
1. if pervious layers are not intercepted by the cutoff; 
2. if seepage from the abutments may create a wet embankment; 
3. if the phreatic line intersects the downstream slope; or 
4. if special conditions require drainage to insure a stable dam
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Design and construction of a dam is a somewhat inexact science, and engineers are continually called upon to exercise their judgement in order to anticipate and provide for site factors which are not precisely known ahead of time. It is important to note that the MD-378 standard “establishes the minimum acceptable quality for the design and construction of ponds” in Maryland, but does not set the “standard of care” that is normally expected of the design engineer. 

There will be times when something more than the minimum will be required, and the designer will need to include additional provisions in order to ensure the safety of the structure. If you raise an issue that the designer is unwilling to address, or you are uncomfortable with the design, then the SCD always has the option to refuse to issue approval and require that the applicant obtain a permit from the Department.

One thing that we often see is that the proposed cutoff trench under the dam embankment is shown as the minimum required by MD-378, without consideration of the foundation soils. Note that the cutoff should extend as deep as needed to reach impervious soils. That is why you need borings at the pond location.  If the cutoff does not extend to impervious stratum, then MD-378 requires additional seepage controls.  Such controls could include trench drains at the toe, a rock toe, blanket drains, chimney drains, etc.

Reference: https://www.constructionrisk.com/2015/09/standard-of-care-for-design-professionals/



Sequence of construction is important

• Q: What is wrong with building the embankment first and then cutting 
a notch to put in the barrel? That’s how we do road culverts, and the 
contractor says they can get the job done faster with better 
compaction. 

• A: MD-378 states that the principal spillway must be installed 
concurrently with fill placement and not excavated into the 
embankment.

• Also: In a trench, steep side slopes create potential for arching of the 
backfill, which reduces soil pressure on, and along, the pipe. If the 
reduced soil pressures are less than the hydrostatic pressures from the 
impoundment then soil can wash away by seepage.
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Read the text on the slide. 

Next slide illustrates the issue.



Here is an example showing void along the pipe 
installed in a trench after backfill washed away

4MC DEP photo
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You can see the equipment impressions on the upper lift of soil, and the near vertical side wall on the left side of the photo.

If the pipe is placed in an excavated trench there is also the potential for differential settlements to create cracks and potential for seepage between the pipe backfill and embankment fill.




5MDE Photo, J Gravette, December 2000
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Here is a pond which failed a month after construction was completed.



6MDE Photo, J Gravette, November 2000
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During the final inspection a month earlier it looked fine.  Here is the upstream side.
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And here it is from the downstream side.  For scale, the outfall pipe is 42-inch CMP and the embankment is about 15 feet high.



8MDE Photo, J Gravette, October 2000
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But, you need to know something about how it was constructed.  The pipe was not installed in accordance with MD-378.  In this case the embankment was constructed and then a notch was cut through it for the spillway installation.



9MDE Photo, J Gravette, December 2000

Presenter
Presentation Notes
The first time that the 15 foot high dam had to impound water the fill along the pipe washed away and the resulting sediment impacted a trout stream in Cecil County.
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MDE Photo, H Van Aller, April 2001
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The pond was not repaired, but a riprap channel and stone weir were constructed instead to replace the failed spillway.
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This SWM pond in AA County failed shortly after construction. It was also con
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Here is a PVC spillway pipe that used an HDPE ‘anti-seep’ collar. Didn’t work.
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Special case where a trench can be used: Replacement of failed spillway pipe
But side slopes should be no steeper than 2H:1V (I am not sure that is the case here since the engineer did not label the ratio)
Also, the trench must extend to include the old pipe! click
And the width of the trench at the bottom is not sufficient to allow compaction along the sides of the cradle
The engineer should clearly label the slide slopes click
MD-378: Filter diaphragm should extend 5 feet past the sides of the excavation



Seepage control

• Anti-seep collars do not prevent seepage failures
• MD-378: Filter and drainage diaphragms are always recommended, 

but are required when the following conditions are encountered:
1. The pond requires design according to TR-60 
2. Embankment soils with high piping potential such as Unified Classes GM, 

SM, and ML
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TR-60 is required (see table 1 of MD-378) when:
Storage-Height product is greater than 3,000
Urban ponds (all SWM ponds) with dam height more than 20 feet at centerline of embankment

Nearly all soils in Maryland should be considered erodible with a high potential for piping, especially in the coastal plain and piedmont physiographic provinces, where the micaceous silty soils are very erodible. Exception would include highly plastic clays and silts (i.e., CH and MH); however these are generally not suitable for use in pond embankments.



FEMA

Presenter
Presentation Notes
Spillways on the dam embankment (sometimes called chute spillways) are not a good idea and will not be approved.

Although I’m sure the artist of this drawing didn’t intend it, this picture shows a potential problem.  There is no flow in the spillway, yet there is water in the downstream channel!



Spillways on the embankment
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When faced with the issue of an older dam with a failing CMP spillway, many owners ask us why they can’t just fill the pipe with concrete and put a concrete spillway over the dam embankment.  Here is one reason why they will not be approved.
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And another one. This one was designed and constructed by a large federal agency which included what it thought was adequate underdrains to control seepage.



19MDE photo
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One at a 30 foot high golf course dam in St. Mary’s County that was installed 40 years ago.



Social security #471
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And one in Woodlawn in Baltimore County.



Brick riser
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Brick risers are not allowed by MD-378…



22MC DEP Photo
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Brick structures are not designed to accommodate the hydrostatic pressures exerted by impounded water and can collapse



Pre-cast riser structures

MDE photo
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Pre cast riser problems

A number of years ago we approved some precast risers for dam spillways. We required that the sections be anchored together so that it would act as a monolithic structure, similar to a cast in place riser. This particular structure also contained insufficient reinforcing steel to prevent the long walls from cracking as the walls deformed from the embankment backfill.
It is also difficult to create joints that remain watertight for the life of the structure. 




Anchor Plates

Movement

MDE photo
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This anchor plate is wrong!  Slot does not prevent joint from opening
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Precast risers less than 10 feet high may be approved if they can be manufactured in one piece so that there are no joints and that the barrel connection can be made watertight. But we’ve seen cases where the engineer specified certain wall/footing thicknesses to ensure sufficient mass for protection against flotation. But to lighten the structure for shipping the precast company decided to make the walls thinner and then use higher strength concrete to compensate.

Gravel should not be used under the riser. Contractors want to place gravel under such structures for ease of adjusting line and grade.  But the foundation under the spillway should be undisturbed, impervious natural ground. Unsuitable soils should be removed and replaced with a lean concrete mudmat.

Also, in this photo the man is standing on a site-made ladder in excavation that is not allowed by OSHA…



Geology/Geotech report

• Engineer: “The owner’s geotech did borings at the development site 
and a few in the pond area, but none along the dam or spillway. They 
sent us a copy of the report but we never looked at it.”

• MD-378: A soils investigation is required on all ponds. As a minimum 
it shall include information along the centerline of the proposed dam, 
in the emergency spillway location, and the planned borrow area. The 
type of equipment used and the extent of the investigation will vary 
from site to site. 

• Engineer should also require borings at proposed riser location
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Trash racks

Trash racks should be designed to hold back large debris that could obstruct the conduit yet allow smaller debris to pass through. 

MD-378:
Spillway structures that have flow over the top shall have a non-clogging trash rack such as a hood-type inlet extending a minimum of 8 inches below the weir openings, which allows passage of water from underneath the trash rack into the riser. All pipe and inlet structures shall have a trash rack. Openings for trash racks shall be no larger than 1/2 of the barrel conduit diameter, but in no case less than 6 inches.
Click to show tr-60 cover
NRCS TR-60: 
The average velocity of flow through a clean trash rack is not to exceed 2.5 feet per second under the full range of stage and discharge. 
If using a low-level reservoir outlet with a trash rack, the trash rack or riser must extend above the anticipated sediment elevation at the riser to provide for full design flow through the outlet during the design life of the dam. The velocity through the net area of the trash rack above the maximum sediment elevation must not exceed 2 feet per second when the water surface in the reservoir is 5 feet above the top of the riser inlet. 
Compute velocity based on the net area of opening through the rack. 
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Basically, a trash rack must prevent clogging of the spillway.
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This is a standard hooded riser which is typical of pond spillways which have been in use for decades.  If=t has a hood which extends out from the riser by several inches and extends below the water surface.  This allows clean water to enter the riser and keeps floating debris from getting into the spillway.



30MDE photo

Presenter
Presentation Notes
This is a poorly designed trash rack because it does not extend below the water surface.  Also, the angle iron effectively raises the riser crest elevation by a couple of inches.
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This is an example of a good trash rack design.
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This trash rack is a good design, but it turns out that it does not work well for the watershed in which is located.
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Here are a couple of trash racks on a riser in western Maryland.  They are better than a flat grate across the openings, but the engineer should check to ensure that they meet the suggestions in NRCS TR-60
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So, as I mentioned earlier, trash racks should be designed to hold back large debris that could obstruct the conduit yet allow smaller debris to pass through. Otherwise the trash racks can become obstructed.

Here is one in Montgomery County. The photo in the upper left shows the openings and trash rack during normal conditions. The one at the right shows small debris trapped by the trash rack, blocking the lower half of the center opening.



Factors of safety
• MD-378: The riser shall be analyzed for flotation assuming all orifices and pipes 

are plugged. The factor of safety against flotation shall be 1.2 or greater.
• COMAR 26.17.04.05: The safety factor shall be that used in good engineering 

practice in dam design. In all important structural features, the safety factor 
used shall be shown in the design assumptions. The Department requires a 
safety factor of at least 1.5 to be included in the structural design of the dam 
or any of its components during steady state seepage conditions, and at least 
1.2 during rapid drawdown of the reservoir pool from the spillway crest. If site 
conditions or the downstream hazard category warrants, the Administration 
may require a safety factor of greater than specified in this section.

• What should we do about this inconsistency?
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So if your pond needs approval from Dam Safety, you will need to demonstrate that the riser has a factor of safety against flotation of at least 1.5



Review issues

• Emergency or principal spillways which discharge along toe of dam
• Or embankment constructed along the edge of a stream, often in the 

100 year floodplain
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No geotextiles in critical features of dams
• Filter fabric not allowed for construction of 

filters/filter diaphragms
• Not allowed for internal drains
• Filters should be designed properly (NRCS 

Chapter 26) so that finer materials do not 
migrate into coarser zones

• Geotextile is acceptable to use under 
riprap, where it is accessible and can be 
replaced in the future if needed
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Why do we care if utilities are installed in 
embankment (especially road dams)
• We do it all the time
• It’s our road and we need to install the sewer/water/gas main there

• Utilities in or near the pond embankment or spillways need to be shown on 
drawings reviewed by SCD for small pond approval

• If failure of the dam will result in interruption of the utility the hazard 
classification of the dam may need to be increased from “low”

• MD-378: Pipes / utilities not parallel to the axis of the dam shall meet all principal 
spillway requirements (i.e. filter diaphragm, embankment soils, etc.). 
Pipes/utilities parallel to the axis of the dam shall be constructed with no granular 
bedding.

• Future work (excavation) would require review of agency which approved the 
pond
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Case History

Google streetview
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Presentation Notes
The approving agency needs to review any proposed utilities that may be located in the dam

This is an SWM dam in Maryland approved by the SCD as a small pond. However, there is a house at the toe of the embankment, and a roadway.  The spillway is tied into an old railroad culvert which runs under the road and under a nearby hiking trail. Shortly after the construction of the embankment was complete, water and sewer pipes were placed in vertical trenches excavated in the embankment along the toe of the dam. You can see the disturbed area in this image that I obtained from Google  maps.  When I questioned the SCD about why they approved the utilities in the embankment it advised that the county SWM and DPW directives required that utilities not be shown on SWM plans submitted for to reduce confusion.



Case History (continued)

MDE photo
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Not only is there a sewer buried in the dam, but an underground pump station was installed in the embankment as well.

Utilities should be located outside of the pond embankment.  In the event that they cannot be relocated, they need to be reviewed and approved as part of the small pond.  In this case, the SCD had no knowledge of them.

Under Maryland law, the installation of these utilities in the embankment constitute a “change” to the dam as approved by the SCD, and an MDE Dam Safety permit is required unless approval is obtained from the SCD.



Outfall Design
• Design requirements for outfalls must 

use full pipe flow 
• A riprap lined ditch or level apron is 

not acceptable
• NRCS Design Guide MD #6: Riprap 

design methods, Section IV (October 
2003)

• Adapted from 1972 “Practical Guidance for 
Estimating and Controlling Erosion at Culvert 
Outlet” US Army Waterways Experiment 
Station, Misc. Paper H-72-5
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MD #6: https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs144p2_025594.pdf

US Army: https://erdc-library.erdc.dren.mil/jspui/handle/11681/10728
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Other things to consider
• What changes need to be made to COMAR regulations?
• What changes should be made to NRCS MD-378?
• Show cross sections on plans as perpendicular to centerline of 

embankment rather than along the spillway pipe
• Measurement of dam height at the pipe without recognizing that the 

lowest point on the crest may be at another location along the 
embankment

• Core should run entire length of embankment to design storm elevation
• ACI 318 vs. ACI 350 (thicker walls, closer rebars to minimize cracking)
• Who is doing construction inspection in your jurisdictions?
• Construction issues are a topic for another workshop
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There is not enough time to cover everything today

So read the list of things to consider and make suggestions via chat or send email to Stew Comstock
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