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I.                 Introduction, Authorization and Purpose

Banner was requested to perform an inspection and provide a recommendation regarding the 
Elm Lake Dam Primary Spillway owned by the South Dakota Office of School and Public Lands.    
Earlier Inspections and assessments had been done by others with the spillway flowing which 
made it difficult to observe the true condition of the spillway and adjacent structure(s).    Banner 
was also requested to provide a recommendation concerning repairs or replacements.   The 
current dam embankment, outlet works, and concrete spillway structures were constructed in 
1937 by the WPA (Works Progress Administration) and concrete primary spillway structure is 
nearing the end of its design life.     

There are at least two goals for the project:

1) Identify if there is any immediate potential for failure of the spillway structure.
2) Identify what the needed repairs are, or if feasible to do, and/or to provide costs associated 

with removing the current structure(s) and replacing with new, as required.

II.          Project Approach

Banner reviewed the previous reports and inspections performed by State Dam Safety personnel, 
and School and Public Lands personnel, during prior years (2007, 2004, 2001, 1998, 1995, 1992, 
1989, 1987).  In those reports, the spillway dimensions were identified as 150 feet wide, 34 feet 
height to top of dam spillway.   Overall structural height is 42 feet.   The normal storage capacity 
was reported to be 15,200 ac-ft. for a pool level at the spillway elevation, and 28,800 ac-ft. for a 
pool level at the top of dam elevation.   Upon inquiry, neither the SD Dept. of Environment & 
Natural Resources nor the Office of School and Public Lands has a copy of the original construction 
plans.

The dam has previously been classified as a Category 1 High Hazard Dam by State Dam Officials.  

Note:  As part of Banner’s investigation, no geotechnical investigation work was performed for 
this portion of the study.  There also was not any geotechnical investigation work performed for 
any of the previous reports.   

III.             Findings and Alternatives Considered

Banner Representatives conducted an inspection of the Spillway on November 27, 2017.   

Descriptions and photos of the deteriorated areas on and adjacent to the spillway face are 
provided in Appendix A.   From the photos, it is apparent that there is extensive spalling and 
corrosion of reinforcement to several of the reinforced concrete sections and surfaces. Many of 
these sections occur either along the crest or near the toe.    In addition, based on soundings that 
were performed, there are extensive hollow areas under several of the spillway crest panels.  
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Based on observations, there appeared to be hollow areas under several spillway panels near the 
toe as well; this wasn’t able to be confirmed through soundings as the area was inaccessible due 
to the back water.  These hollow spots may be the result of the observed construction joint sealant 
failures near the top of the spillway panels and in the inlet channel allowing water to penetrate 
through the joints and migrate behind the concrete panels.  Without original plans, it is unknown 
what below slab structural barriers are in place to prevent this migration of water or if there are 
any. This migration of water, in turn, may be promoting the slow and gradual erosion of the 
supporting subgrade materials.   

Detailed Discussion:

In addition to looking at the condition of, and damage to, existing concrete structures, Banner 
inspectors looked for and noted any evidence of seepage coming through either the spillway face 
or adjacent structures.   At this time; there wasn’t any noticeable seepage observed through the 
joints in the spillway, nor was there any discharge from the under-slab spillway drains. This 
doesn’t mean there wasn’t any seepage behind the spillway. Based on the voids found under the 
crest and visible under the toe, it’s likely any seepage behind the spillway isn’t able to reach the 
drain pipes and make its way out from behind the slab. Seepage may be remaining hidden behind 
the spillway all the way to the toe, where it would be discharging from below the spillway. 

The current thinking is that imminent failure of the spillway is not likely, but that the ongoing 
gradual deterioration of the concrete spillway will continue to occur at an increased rate around 
the currently spalled areas and at an unknown rate at other areas. However, this gradual 
deterioration also assumes that the soils used for the original construction were of a cohesive 
type, and compacted properly, and are somewhat resistant to faster erosion rates than a non-
compacted, or non-cohesive soil type would be.  As previously noted, no original construction 
plans or soils reports have been found to confirm this.  Therefore, continued undermining of the 
spillway slabs is likely.

As there are still known residences immediately downstream of the dam and the dam is already 
rated as a high hazard dam, no change in dam classification has been proposed at this time.  

IV.            Conclusions and Recommendations

There are basically (3) options that were considered by Banner Engineers:

1) Do Nothing
2) Critical Repairs Only (See cost estimate for this option in Appendix B).
3) Full Removal and Replacement of Damaged Spillway and Energy Dissipation Structural 

Sections (See cost estimate for this option in Appendix B).

DISCUSSION--
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1) The Do Nothing option would suggest that at some point in the foreseeable future the Elm 
Lake Reservoir will become un-usable.  This might become necessary due to the spillway 
structure becoming compromised (spillway panels settling, cropping, shifting, cracking and/or 
moving, etc.) to such a degree that the dam might be ordered by Dam authorities to be 
breached as a first step precaution.  Subsequent mitigations may also include the dam 
embankment, and all supporting structures, needing to be entirely removed at some point in 
the future.    The Cost for an entire dam, spillway and outlet works removal (with full 
restoration to original channel condition prior to the 1937 construction) has not been 
estimated.    It is possible that this cost could be in excess of the other options presented.  

2) A critical repair only option was only discussed due to the likelihood of the cost of a full 
replacement being beyond the budget at this time.  Numerous panels need to be fully 
replaced due to the fact that there is not enough good concrete remaining of the existing 
panel to expect a patch to hold. Replacement panels would still need to be doweled to existing 
concrete, therefore the new panels would still be relying on this connection to 80-year-old 
concrete to be held in place and can’t be expected to last as long as a completely new concrete 
structure. The panels that need to be replaced are mostly located along the crest and at the 
toe. The crest panels have cracks that were previously sealed that have opened up further. 
There is shifting of the panels causing misalignment of the panels. With some of the cracks 
running lengthwise within the panel and the panel shifting the profile of the crest is no longer 
being maintained on several panels. Out of the 8 crest panels, 7 of the panels have some of 
the above noted concerns; the one panel without these concerns at this time would likely see 
the concerns in the near future. Therefore, the recommendation would be to replace all the 
panels along the crest. The bottom sloped panel is completely spalled for approximately the 
center 75 feet of the width of the spillway (about half); welded-wire fabric steel reinforcement 
was visible through the majority of this spalled area.  Portions of this panel were completely 
gone showing voids behind the panel and extending up behind the panels above. The 
horizontal, flat panels at the toe were not able to be observed due to the backwater in the 
river. However, based on previous experience these panels would likely be in a similar (if not 
worse) condition than the bottom sloped panel. To prevent further erosion of underlying 
embankment the bottom sloped panel and horizontal flat panels should be replaced along 
the full width of the spillway. See figure in Appendix B for visual representation of these areas. 
The root of the panel issue is the migration of water seeping along the backside of the 
spillway. The water originates from either entering through the joints in the inlet channel and 
along the spillway or is seepage under the inlet slab. Consequently, to protect the remaining 
panels and replaced panels all joints and cracks in the spillway and inlet channel should be 
routed and sealed as well. Any seepage originating from somewhere other than the panel 
joints, would not be accounted for and would likely continue causing problems on the back 
side; like continued erosion of the subgrade, creating pressure on caulked joints and panel 
repairs.  With the spillway drains in an unknown condition (but likely compromised), water 



Elm Lake Dam – Primary Spillway
INSPECTION REPORT
BAI Project # 21953.01 Page 6

on the backside of the spillway has no other way to get out but to continue down the already 
eroding subgrade. Panel replacement would help prevent further erosion of the subgrade 
only from the spilling water on the top side, reducing the problem not completely fixing it. 
Therefore, this option should be seen only as a temporary fix until a full replacement can be 
performed. The opinion of probable cost for this option is $456,622; a detailed breakdown of 
the costs is shown in Appendix B.

3) The full removal and replacement of the damaged spillway and energy dissipation concrete 
slab sections is recommended at some point in the foreseeable future.  Even with replacing 
panels, patching and joint sealing as recommended in the critical repairs scenario, this would 
only slightly prolong the life of the structure. While the panel replacement indicated above 
would fix some of the surface concrete issues, the underlying soil and gravel filter appear to 
be eroding and could leave the spillway slab in an unstable state in various locations directly 
under the spillway The underlying soil and gravel filter need to be repaired and compacted. 
The only adequate way to perform this is to completely reconstruct the spillway. There 
appeared to be minor spalling along the construction joints between panels. While most of 
these spots will be fixed in the above scenario; the widespread nature of the spalling indicates 
this will likely be a continual problem. Some spall repairs may become detached easily; other 
unrepaired areas will likely show up after joints are sealed. The complete structure is near the 
end of its design life and needs to be replaced. The opinion of probable cost for this option is 
$1,521,403; a detailed breakdown of the costs is shown in Appendix B.

Most important, at a minimum, it is recommended that tri-annual review and inspections 
continue into the foreseeable future, to monitor/record any changes to seepage or spillway 
conditions.    The next latest date for that inspection would be Fall 2020. 

END OF REPORT SECTION
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APPENDIX   A -  Inspection Photos



 

Inlet Channel Photos



Photo No. 1 – Inlet Channel – North of Bridge

Photo No. 2 – Inlet Channel – North of Bridge



Photo No. 3 – Side slope at lake inlet

Photo No. 4 – Inlet at lake



Photo No. 5 – Bottom of inlet channel

Photo No. 6 – Inlet Channel – South of Bridge



Photo No. 7 – Inlet Channel – South of Bridge

Photo No. 8 – Inlet Channel – South of Bridge



Photo No. 9 – Inlet Channel – South of Bridge

Photo No. 10 – Bottom of Inlet Channel



Photo No. 11 – Delaminated Portion of Bottom of Inlet Channel

Photo No. 12 –  Delaminated Portion of Bottom of Inlet Channel



 

Spillway Crest Photos



Photo No. 1 – Crest Panel #1 – West

Photo No. 2 – Crest Panel #1 – Spall



Photo No. 3 – Crest Panel #1 - Cracking

Photo No. 4 – Crest Panel #1 - Offset



Photo No. 5 – Crest Panel #2

Photo No. 6 – Crest Panel #2 - Cracking



Photo No. 7 – Crest Panel #2 - Cracking

Photo No. 8 – Crest Panel #3



Photo No. 9 – Crest Panel #3 - Cracking

Photo No. 10 – Crest Panel #3 – Offset to Panel #2



Photo No. 11 – Crest Panel #3 – Cracking

Photo No. 12 –  Crest Panel #4



Photo No. 13 –  Crest Panel #4 - Cracking

Photo No. 14 –  Crest Panel #5



Photo No. 15 –  Crest Panel #5 – Cracking and Offset

Photo No. 16 –  Crest Panel #5 – Further Cracking of Repaired Crack



Photo No. 17 –  Crest Panel #5 - Cracking

Photo No. 18 –  Crest Panel #6



Photo No. 19 –  Crest Panel #6 – Cracking

Photo No. 20 –  Crest Panel #6 – Cracking



Photo No. 21 –  Crest Panel #6 – Previous patch/spall repair

Photo No. 22 –  Crest Panel #7



Photo No. 23 –  Crest Panel #7 - Cracking

Photo No. 24 –  Crest Panel #7 – Further Cracking of Repaired Crack



Photo No. 25 –  Crest Panel #8

Photo No. 26 –  Crest Panel #8 – Further Cracking of Repaired Crack



 

Spillway Slab/Toe Photos



Photo No. 1 – West Half of Spillway

Photo No. 2 – West Wing Wall



Photo No. 3 – Spall at Toe

Photo No. 4 – Middle Section of Spillway



Photo No. 5 – West Section of Spillway

Photo No. 6 – East Section of Spillway



Photo No. 7 – East Wing Wall

Photo No. 8 – East Section of Spillway



Photo No. 9 – Lower Middle Section of Spillway

Photo No. 10 – Panoramic – Full Spillway Width



Photo No. 11 – Middle Section of Spillway

Photo No. 12 – Lower East Section of Spillway



Photo No. 13 – Spall in East Section of Spillway

Photo No. 14 – Spalled Panels at Toe



Photo No. 15 – Spalled Panels at Toe

Photo No. 16 – Spalled Panels at Toe



 

Spillway Wall Photos



Photo No. 1 – West Wall – Lower Section

Photo No. 2 – West Wall – Middle Section



Photo No. 3 – West Wall – Upper Section

Photo No. 4 – East Wall – Upper Section



Photo No. 5 – East Wall – Upper Middle Section

Photo No. 6 – East Wall – Lower Middle Section



Photo No. 7 – East Wall – Lower Section

Photo No. 8 – East Wall – Lower Section #2
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APPENDIX B-   
Cost Estimates/Figures
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PROJECT BAI NO 21953.01

LOCATION

DATE

1 Div. 1 Mobilization, Bonds & Insurance 1 LS, etc. $33,823.86 $33,823.86

2 Div. 1 Contingencies (3-20% of Construction Costs) 1 LS $38,436.20 $38,436.20

Clean inlet channel of silt 1 LS 5,000.00$       $5,000.00

Clean and Seal Joints/Cracks 3,000 LF 12.00$             $36,000.00

Delamination Repair near crest 20 SY 186.00$           $3,720.00

$0.00

Crest Removal 156 SY 450.00$           $70,200.00

Crest Replacement 91 CY 1,100.00$       $100,100.00

Spall repair on spillway 25 SF 136.00$           $3,400.00

Remove panels at toe 187 SY 450.00$           $84,150.00

Replace panels at toe 63 CY 1,000.00$       $63,000.00

Clean and Seal Joints/Cracks 1,566 LF 12.00$             $18,792.00

$456,622

Elm Lake, Near Frederick, SD

Opinion of Probable Construction Costs =

4/13/2018

ITEM NO.

SPEC 

SECTION
QTY UNIT

Inlet Channel

Spillway

OPINION OF PROBABLE PROJECT COST

UNIT PRICE TOTAL
DESCRIPTION OF WORK AND MATERIALS

Elm Lake Spillway Critical Repairs

1 of 1



PROJECT BAI NO 21953.01

LOCATION

DATE

1 Div. 1 Mobilization, Bonds & Insurance 1 LS, etc. $112,696.50 $112,696.50

2 Div. 1 Contingencies (3-20% of Construction Costs) 1 LS $128,064.20 $128,064.20

Clean inlet channel of silt 1 LS 5,000.00$       $5,000.00

Clean and Seal Joints/Cracks 3,000 LF 12.00$             $36,000.00

Replace inlet panel at crest 75 CY 450.00$           $33,750.00

$0.00

Demolition 1,400 Ton 300.00$           $420,000.00

Crest 91 CY 1,100.00$       $100,100.00

Spillway/Toe Slab 486 CY 1,000.00$       $486,000.00

Walls 114 CY 1,000.00$       $114,000.00

Seal Joints/Cracks 1,566 LF 12.00$             $18,792.00

Excavation 800 CY 20.00$             $16,000.00

Gravel Filter 1,200 Ton 35.00$             $42,000.00

Drain Tile 600 LF 15.00$             $9,000.00

$1,521,403

Inlet Channel

Spillway

OPINION OF PROBABLE PROJECT COST

UNIT PRICE TOTAL
DESCRIPTION OF WORK AND MATERIALS

Elm Lake Spillway Replacement

Elm Lake, Near Frederick, SD

Opinion of Probable Construction Costs =

4/16/2018

ITEM NO.

SPEC 

SECTION
QTY UNIT

1 of 1
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