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Section 1 

Study Background and Approach 

Purpose 
The purpose of this study is to expand upon the I-494 Drainage Feasibility Study, dated June 
2005, and assist the Minnesota Department of Transportation (Mn/DOT) in determining the 
means for stormwater drainage of I-494 from Penn Avenue to the Minnesota River, and 
potentially to the west of Penn Avenue to TH169.  The previous feasibility study considered 
conveyance tunnels, storage tunnels, and/or the reuse of the existing storm sewer system as 
potential solutions to draining I-494.  The intent of this report is to explore in more detail the 
previous preferred Alternatives, as well as other possible solutions born from concerns raised by 
Mn/DOT during their internal review of the previous studies.  

The storm sewer system that serves the corridor has been undersized for many years, and flooding 
has occurred at low points near the interchanges during more recent years, occasionally forcing 
the closure of the highway.  The current system surcharges during storms approximating the five-
year event, well below the Mn/DOT design criteria of, in general, providing protection during the 
50-year event.  

Maintaining the existing trunk sewer system with no improvements to capacity is the “Do 
Nothing” alternative.  The analysis of the current system clearly shows that it is undersized and 
does not satisfy current Mn/DOT drainage criteria.  Maintaining this system as the primary 
drainage conduit for I-494 would likely increase the incidence and severity of flooding along the 
highway and expose the users to an unacceptably high level of risk. 
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Team and Approach 
Stanley Consultants led a team including Wenck Associates (hydrology and hydraulics) in the 
development of this study.  The 2005 report, upon which much of this study is based, was 
developed by Stanley Consultants and Wenck Associates, assisted by Lyman Henn (tunneling) 
and Braun Intertec (geotechnology).  The approach with the 2007 study was multi-phased:  
alternative analysis, municipal and agency involvement, corridor hydrology, hydraulics, and 
water quality, subsurface investigation, exhibits and deliverables.   

During the alternative analysis The six preferred Alernatives from previous studies were 
examined in detail and one additional alternative was added.  During the municipal and agency 
involvement, meetings were held with the affected cities of Richfield and Bloomington as well as 
the appropriate watersheds. .  During the corridor hydrology, hydraulics, and water quality phase, 
system design and regulatory standards were reviewed to develop design criteria for the I-494 
drainage system.  During the subsurface investigation, existing geologic information pertaining to 
the site was reviewed and groundwater sampling was performed at the five piezometers within 
the 494 corridor.  During the (2007) exhibits and deliverables phase, information was developed 
for presentation to various Mn/DOT functional groups and for inclusion in this report. 

This study combines the information developed through the process. 
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Section 2 

Drainage System Design 

Design and Regulatory Standards 
The following summarizes specific standards relevant to the design of the I-494 drainage system. 

Conveyance System 
The Mn/DOT Drainage Manual (Section 8.9) states that, “For ordinary conditions, storm 
drains should be sized on the assumption that they will flow full or practically full under the 
design discharge but will not flow under pressure head.”  The Manual then has a 
(conservative) exception for depressed sections where water can only be removed through the 
storm drain system:  “...in these situations, a 50-year frequency design should be used to 
design the storm drain which drains the sag point.  The main storm drain which drains the 
depressed section should be designed by computing the hydraulic grade line and keeping the 
water surface elevations below the grates and/or established critical elevations.” 

For this study, we did not allow the 50-year hydraulic grade line to reach the grates; we 
maintained the hydraulic grade line at the top of the storm pipes so that all stormwater is 
carried within the pipe without surcharging.  This conservative approach is appropriate until a 
more detailed analysis is undertaken during the final design.  There is too much uncertainty 
regarding transient flows in catch basins and drop shafts to allow water elevations to 
encroach on the grates during preliminary design.  A second criteria used is that the 100-year 
event will be kept below the grates; i.e. there will be no surface flooding.  This is also 
appropriate at this time as it is assumed that TP-40 will be updated prior to final design of this 
project. 
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Outfall Location 
Whether the outfall is along I-494 or along I-35W, it will reach the Minnesota River within 
the Lower Minnesota River Watershed District (LMRWD) and is subject to its’ Stormwater 
Rules. 

For drainage routes following I-494 to the river, the outfall would be in the area of West Pond 
or Almaz Pond or a combination of both   West Pond is located under the I-494 Minnesota 
River bridge.  Almaz Pond is located north of 494 and west of TH 5, near the MAC ponds.  
Current drainage is to established outfalls at Almaz Pond and West Pond.  Almaz Pond 
cannot be enlarged due to planned expansion of the National Cemetery.  An outfall at I-35W 
and the Minnesota River would be on City of Bloomington and United States Fish and 
Wildlife Service (USFWS) lands.   

 

 

Minnesota River at West Pond, Looking Upstream 
Figure 2-1 

 
Rate Control 
The LMRWD requires that post-project peak runoff rates not exceed those from the pre-
project condition.  The proposed conditions peak discharge is controlled by the existing trunk 
system capacity, not the runoff rate, during both the 50- and 100-year storms.  Significant 
surface flooding and surcharging of the system act to store water and limit discharge.  Our 
evaluation showed that the peak discharge from the existing system under proposed 
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conditions (including discharge from Almaz Pond) to the Minnesota River was 433 cfs from 
the 50-year storm, and 467 cfs from the 100-year storm.  Rate control facilities would be 
required to limit the peak discharge from the proposed system.   

However, discussions were held with the LMRWD and their board to discuss whether an 
exception to their runoff rate limitations may be possible.  The Board agreed that the 
detention time required to limit peak discharge is too short to reduce peak flood stages on a 
river the size of the Minnesota.  In addition, by detaining water in the system, it is more likely 
to reach the river at the same time as larger flood flows from the upstream portion of the river 
watershed.  Similar exceptions have been made in the past, but cannot be finalized until the 
project is in the permitting phase.  When the project is developed for construction, Mn/DOT 
will revisit this matter with the LMRWD.  (See Appendix H for discussions with the 
LMRWD and Resolution.) 

Water Quality 
The Minnesota River is classified as a Level II/Level III Water Resource within the LMRWD 
Classifications.  Water quality detention ponds are required as listed in Section 5.13.3 of the 
LMRWD Watershed Management Plan.  The LMRWD objective is to develop an average 
residence time of about 16 days and remove approximately 50 percent of inflow phosphorus.   

The dead volume requirement is equal to runoff from a 2.5-inch, 24-hour storm over the 
entire subwatershed, or over the entire project site for the on-site basins.  For this project, the 
volume of runoff from this event is 52 acre-feet.  The available dead volume at the existing 
water quality pond (Almaz Pond) is 19 acre-feet; therefore, another pond or a system of 
ponds is required to provide an additional 33 acre-feet of dead storage. 

 

Watershed and Drainage System Evaluation Model 
Our team used the XP-SWMM computer model to evaluate the hydraulic performance of 
alternative drainage systems.  XP-SWMM is the commercial version of the USEPA’s Stormwater 
Management Model.  It is a dynamic model which simulates rainfall runoff and performs 
hydraulic routing of discharge through pipe, pond, and channel systems with free-surface and 
pressurized flow.   

The model describes the hydrologic characteristics of the watershed as well as the sizes, grades, 
and capacities of the conveyance system.  The XP-SWMM model is based on the model 
developed for the Tunnel Feasibility Study (TFS, 2002).  The model was further refined for the 
Drainage Feasibility Study (DFS, 2005).  Our team reviewed the model basic inputs at the 
beginning of this study and made improvements to the model to support the revised and updated 
groundwater information. 
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Figure 2-2 
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Contributory Flow 
Much of the stormwater conveyed by the project drainage system is generated away from the I-
494 right-of-way, as shown in the following table. 

Table 2-1  Source of Runoff 

Source of 
Runoff Drainage Area (ac) 

Runoff Volume, 
50-year (ac-ft) 

Runoff Volume, 
100-year (ac-ft) 

Mn/DOT 
R/W 

 240.9 (57%)  82.3 (60%)  93.7 (59%) 

Airport  10.2 (2%)  3.0 (2%)  3.5 (2%) 

Bloomington  36.0 (8%)  13.7  (10%)  15.4 (10%) 

Richfield  83.0 (20%)  27.5 (20%)  31.4 (20%) 

VA  53.0 (13%)  11.5 (8%)  13.7 (9%) 

Totals  423.1 (100%)  138.0 (100%)  157.7 (100%) 

 

 
I-494 and Penn Avenue – Looking West 

Figure 2-3 
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Section 3 

Alternatives Development 

Primary Alternatives 
During the development of the 2005 Drainage Feasibility Study, various alternative drainage 
schemes were developed.  A scoping workshop clarified objectives and identified potential 
solutions.  The alternatives are described below: 

• Reuse the existing trunk sewer (or replace with a similar shallow, cut-and-cover storm 
sewer) and provide supplemental surface pond storage or supplemental underground 
storage to provide rate control and water quality storage.  To reuse the existing storm 
sewer assumes that it will be in a restorable condition at the time I-494 is re-constructed. 

• Construct a conveyance tunnel, or conveyance/detention storage tunnel. 

• Install parallel storm sewers to augment the capacity of the existing drainage system. 

• Increase pumping to adjacent watersheds through increased use of existing pump stations 
combined with the addition of supplemental pump stations to eliminate need for additional 
drainage infrastructure. 

• Route the drainage outside the I-494 corridor, using alternative corridors to the south such 
as along I-35W or TH 77, or by using a direct route under private properties from the 
highway to the River. 

Initial Hydraulic Analyses 
Before additional consideration could be given to the alternatives, initial hydraulic modeling was 
required. 

Task 1 – Verify Existing Model 
Task 1a verified that the XP-SWMM model accurately represents the existing stormwater 
system, and confirmed that it simulated known flooding conditions.  The 50-year simulation 
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demonstrated surcharging in most pipe segments, and surface flooding at several locations.  
The 100-year simulation demonstrated surcharging and flooding to a greater degree.  The 
model indicates relatively small increases in the maximum discharge rate between the 50 and 
100-year simulations, since existing undersized pipes restrict (and therefore control) 
discharge rates.  The model results confirm that the existing system does not have the 
capacity to handle existing or proposed drainage conditions.  System improvements will be 
required to limit surcharging and flooding.   

Task 1b verified that the XP-SWMM model used simplified drainage subwatersheds and that 
a detailed layout of proposed surface collection system was not required.  The base model 
previously established was reviewed for known changes in drainage areas, high points and 
subwatershed divides, and for basic input parameters.  The model does not include detailed 
drainage system modeling (i.e. to catch basin level).  The level of detail in the base model is 
considered adequate to answer the large-scale questions of the drainage feasibility study, 
including storage, conveyance, and water quality. 

Task 2 – Establish Maximum Capacity of Existing System from Downstream 
The existing water quality basin for this system is Almaz Pond, located adjacent to the 
National Cemetery, just upstream along the Minnesota River.  Task 2 determined how much 
of the existing storm sewer system could be reused.  It modeled the in-place system from 
Almaz Pond upstream to establish how much of the corridor—starting in the east—could be 
drained using only the existing trunk sewers and Almaz Pond.  Any remaining area to the 
west would have to be drained in a new system.  Capacity was evaluated incrementally 
upstream from Almaz Pond by adding one subwatershed at a time until the existing pipe 
reached capacity.   

The analysis demonstrated that the existing system could drain the corridor from west of 24th 
Avenue downstream to Almaz Pond.  Surcharging and flooding occurred in the system when 
stormwater was added to the analysis west of 24th Avenue.  

Task 3 – Establish Maximum Capacity of Existing System from Upstream 
Task 3 was an incremental analysis of pipe capacity from the upstream end of the drainage 
system working downstream, to determine if upstream portions of the drainage infrastructure 
could be reutilized under proposed conditions.  The results indicate that the upstream end of 
the system (at Colfax Avenue) is under capacity for the proposed conditions.  Surcharging 
and flooding occur for all trunk sewer segments from Colfax through Portland Avenues at the 
50-year design storm.  Inclusion of the Penn Avenue drainage only increases flooding 
conditions. 

Task 4 – Estimate Required Detention Storage Volume 
Task 4 modeled proposed conditions using the existing sewer to determine the required 
detention storage volume that would allow continued use of the existing system.  In total, 41 
acre-feet of live storage is required for detention storage in order to reuse the existing system.   
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Task 5 – Estimate Required Water Quality Storage Volume 
Task 5 estimated water quality storage volume requirements.  These volumes were estimated 
using the runoff volumes from the 1-year (2.5 inch) design storm.  In total, 52 acre-feet of 
dead volume is required for water quality treatment. 

 
West Pond, Looking Southeast 

Figure 3-1 

 
 

Almaz Pond, Looking North 
Figure 3-2 
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Sedimentation 
Although Mn/DOT does not use sand for snow and ice control along this section of highway, the 
accumulation of sediment still occurs.  This material can find its way to the site on the tires of 
vehicles entering from sandy areas, as wind blown debris from off site, or from open topped loads 
of sand and aggregate that traverse the highway.  Under more frequent rainfall events, this 
material is washed into the stormwater collection system and conveyed downstream.  Over time, 
sediment can accumulate within a storm sewer system, reducing system capacity and 
exacerbating local flooding.  To minimize these adverse consequences, the development of each 
alternative considered the effects of sedimentation. 

A 2005–2006 monitoring study by Mn/DOT (Barr) suggests that the concentration of sediment 
under typical highway conditions (60 percent highway and 40 percent residential) is 
approximately 200 to 400 mg/L of runoff.  For our site, we could expect the following: 

Table 3-1   

TSS Concentration in runoff [mg/L] 300 
Annual Precipitation [in] 30 
Annual Runoff Coefficient [--] 0.4 
Watershed Area [ac] 438 
Annual Runoff Volume [ac-ft] 438 

Annual Load [lb] 
      
357,408  

Annual Load (at 80 pcf) [cu ft] 
         
4,468  

 

By using a consistent street sweeping program, sediment loading of the storm sewer can be 
reduced by more than 50%.  In addition, incorporating well-maintained catch basins and other 
sediment traps with the storm sewer design can further reduce the volume of sediment that is 
transported downstream.   

Under the tunnel alternative (described in later sections), sediment from the I-494 drainage 
system would collect both in Almaz and West Ponds in roughly equal proportions.  The total 
suspended sediment load for the I-494 drainage system is estimated as 400,000 lb/yr, or a volume 
of 5,000 ft3/yr.  (This is based on a typical total suspended solids concentration of 300 mg/L, and 
equivalent to about 900 lb/acre.)  The sediment accumulation in West Pond and in Almaz ponds 
will reach about 2.3 acre-feet (20 percent) each after 20 years of operation. 

See below Table 3-2 for new pond estimated sediment accumulation. 
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Table 3-2   

Storm 
Precipitation 
Depth 

Percent 
Annual 
Precip 
by 
Volume 

Percent 
of 
Storm 
Volume 
that 
Enters 
Pond 

Percent 
of 
Annual 
Precip 
Volume 
Entering 
Pond 

Intervening 
watershed 
by percent 
of total 

Percent 
of Total 
Solids 
Load 

Project 
Corridor 
Total 
Solids 
Load 

 Pond 
Accumulation  

      [lb/yr] 
 cu 
ft/yr  

 cu ft /20 
yr  

Penn 

   100% 3% 3.300% 
         
4,500  

        
149        2,970 

Wentworth 
0 0% 0%       
0.7 48% 0% 0%      
2.5 93% 26% 6%      
5.3 98% 34% 2%      
9 100% 31% 1%      

   8% 23% 1.856% 
         
4,500  

          
84        1,670 

Portland 
0 0% 0%       
0.7 48% 0% 0%      
2.5 93% 44% 10%      
5.3 98% 71% 3%      
9 100% 62% 1%      

   14% 10% 1.439% 
         
4,500  

          
65        1,295 

TH 77 
0 0% 0%       
0.7 48% 0% 0%      
2.5 93% 40% 9%      
5.3 98% 57% 2%      
9 100% 52% 1%      

   13% 29% 3.629% 
         
4,500  

        
163        3,266 

 

 

Per Mn/DOT’s MS4 NPDES General Permit with the MPCA, they are required to inspect 20% of 
their stormwater ponds each year.  At this time, there are roughly 500 ponds in the Metro Area 
under Mn/DOT control.  As such, some 100 ponds each year are inspected.  Of the 100 inspected 
in 2006, about 20 ponds needed repair and /or cleaning.  Cleaning takes place when the delta is 
visible and when ponds are about 50% full of sediment.  As such, 20 of 500 ponds needed 
cleaning, equating to cleaning each pond every 25 years. 
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Section 4 

Alternatives Refinement 

Alternatives Development 
The approach to previous alternatives development was three phased; scoping, refinement, and 
comparison.  During the scoping phase, numerous potential drainage system alternatives were 
identified.  During the refinement phase, analyses were performed to determine if each alternative 
was at least physically viable.  During the comparison phase, each feasible alternative was 
compared based on estimated costs, and social and environmental constraints.  The practicable 
preferred alternatives developed during this process and advanced to this study are described 
below.  The numbering scheme developed during previous studies has been maintained. 

Six preferred drainage alternatives have been identified for analysis and presentation in this study.  
The alternatives were identified through a process of the following elements: 

1. Hydrologic and hydraulic design standards were developed for drainage of the corridor as 
documented in Appendix H (Wenck, 2007a).   

2. Analysis of the existing drainage system capability to drain the future I-494 using the XP-
SWMM hydrologic and hydraulic model developed in the Tunnel Feasibility Study 
(“TFS”; SRF, 2002).  The model was reviewed as documented in Appendix H (Wenck, 
2004). 

3. Development of a long list of prospective drainage alternatives through a workshop 
process. 

4. Initial analysis of the existing system and narrowing the prospective drainage alternatives 
to a short list of five (with several sub-alternatives).   

5. Refinement of the drainage alternatives with use of the XP-SWMM model to evaluate 
and develop effective hydraulic designs for each alternative which meet the hydraulic 
design criteria.   
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6. Six alternatives were compared on the basis of cost and other factors. 

7. Re-evaluation of the six original preferred alternatives with updated input from Mn/DOT, 
municipalities, watersheds and updated groundwater elevations at the prospective 
ponding sites.  The original six alternatives are as follows along with one new alternative, 
2F, which was added to this study. 

Table 4-1  Alternatives Compared in Final Report 

Alternative 1C Conveyance Tunnel with no rate control 

Alternative 2C Existing Sewer with Adjacent Surface Ponding 

Alternative 2D Existing Sewer with Buried Ponding Under Highway 

Alternative 2E Existing Sewer with Modified Adjacent and Under Roadway 
Ponding 

Alternative 2F Existing Sewer with Buried Ponding Under Roadway, Sealed 
System  

Alternative 4A Conveyance Tunnel along I-35W with Internal Rate Control 

Alternative 5A Storage Tunnel with Gravity Outfall 

 

The final alternatives compared in this study, and their development, are described in the 
following sections. 

Alternative 1 – Conveyance Tunnel (See Appendix A) 
Alternative 1C – 10.0 Foot Conveyance Tunnel with Downstream Detention 
Stormwater will be conveyed through a 10-foot diameter tunnel, 27,000 feet in length, from 
Penn Avenue to the east.  Water quality, sediment removal, and detention storage will be 
provided in West Pond.  The tunnel can be constructed to a depth to allow future expansion to 
the west.  This alternative assumes that portions of the existing storm sewer system will be 
available for reuse as a part of a reconfigured system.  To reuse the existing storm sewer 
assumes that it will be in a restorable condition at the time I-494 is reconstructed. 

This requires new ponds at Penn Avenue, Wentworth Avenue, Portland Avenue and TH 77, 
and storm sewer reconstruction from Colfax Avenue to Portland Avenue.  The pond at Penn 
Avenue is designed to store stormwater before pumping it to the Wentworth pond and 
reduces the storage volume needed downstream.  The pond is sized to contain the entire 
runoff volume from the 100-year 24-hour storm for the potential case of pump failure.  Each 
pond incorporates wet detention (dead storage) for water quality treatment.  Almaz Pond 
would continue to be used for rate control and water quality detention. 
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Traditional stormwater detention basins are land intensive and, as property acquisition for the 
ponds was the largest portion of the total cost, we considered the use of alternative storage 
schemes, most notably the use of Modular block retaining walls to eliminate the land required 
for slope grading of the ponds.   

 

 
Alternative 1C – Conveyance Tunnel with Downstream 

Detention 
Figure 4-1 

Alternative 1E – Conveyance System by Cut and Cover 
By requiring gravity drainage of Penn Avenue, the system must be so deep that cut and cover 
trenches would be prohibitively deep and wide.  Two conditions were considered – 
maintenance of the Penn Avenue pump station, and gravity flow from Penn Avenue to the 
outfall.  To eliminate the pump station requires that the storm sewer be lowered 
approximately 14 feet.   

With no pump station, the cuts required to install the storm sewer average over 35 feet, and 
peak at almost 58 feet.  Maintaining 1.5H:1V side slopes, this results in trench widths that 
average over 125 feet, and maximize at nearly 190 feet, resulting in excavation volumes 
exceeding 2,750,000 cubic yards. 

Maintaining the pump station, the cuts required to install new storm sewer average over 22 
feet, and peak at over 34 feet.  Maintaining 1.5H:1V side slopes, this results in trench widths 
that average over 81 feet, and maximize at over 117 feet, resulting in excavation volumes 
exceeding 900,000 cubic yards. 

Due to restrictive widths of the existing right-of-way, and the potential for conflicting utilities 
and bridge components, this alternative was rejected from further study.  Thus, installing new 
storm sewer pipe through excavation is not an option. 

19636 - I-494 Stormwater Alternatives Study 4-3 Stanley Consultants  



Alternative 2 – Reuse Existing Sewer with Adjacent Ponding 
Utilize the existing trunk drainage system, incorporating detention and retention basins along 
the alignment.  The normal water elevation of these basins will approximate the invert of the 
existing storm sewer system and will reflect area groundwater elevations.  The pump station 
at Penn Avenue will be maintained.  These alternatives assume that portions of the existing 
storm sewer system will be available for reuse as a part of a reconfigured system.  To reuse 
the existing storm sewer assumes that it will be in a restorable condition at the time I-494 is 
constructed. 

Alternative 2C – Use Existing Sewer with Adjacent Surface Ponding, Penn Avenue 
Detention (See Appendix B) 
This requires new ponds at Penn Avenue, Wentworth Avenue, Portland Avenue and TH 77, 
and storm sewer reconstruction from Colfax Avenue to Portland Avenue.  The pond at Penn 
Avenue is designed to store stormwater before pumping it to the Wentworth pond and 
reduces the storage volume needed downstream.  The pond is sized to contain the entire 
runoff volume from the 100-year 24-hour storm for the potential case of pump failure.  Each 
pond incorporates wet detention (dead storage) for water quality treatment.  Almaz Pond 
would continue to be used for rate control and water quality detention. 

Traditional stormwater detention basins are land intensive and, as property acquisition for the 
ponds was the largest portion of the total cost, we considered the use of alternative storage 
schemes, most notably the use of Modular block retaining walls to eliminate the land required 
for slope grading of the ponds.   

In Alternative 2C, multiple ponds provide detention storage and water quality redundancy.  It 
can be constructed with local expertise but has less upstream expansion potential than tunnel 
alternatives.  This alternative requires ongoing maintenance to limit sedimentation and 
maintain a pump station.   
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Alternatives 2C – Use Existing Sewer 

 with Adjacent Ponding 
Figure 4-2 

Alternative 2D – Use Existing Sewer with Buried Ponding under Roadway (See 
Appendix C) 
Detention storage will be provided in buried storage cells constructed at four locations along 
the alignment.  Water quality will be provided at West Pond.  Almaz Pond would continue to 
be used for rate control and water quality detention.  Sediment removal would occur at the 
intake level to minimize the volume of material that enters the storage system.  The Penn 
Avenue discharge will be pumped.   

The storage cells will be located at highway low points and will be constructed of multiple 
buried cells.  On the heavy end, these could be configured from multiple 10 foot high by 14 
foot wide pre-cast box culvert sections.  Although the anticipated bounce in the various 
detention storage ponds varies between 1.3 and 6.2 feet, the 10 foot height provided within 
the culvert sections allows ample headroom during maintenance if required.  However, if 
sediment could be effectively captured upstream of the storage cells or conveyed past the 
storage cells, the maintenance headroom requirement could be eliminated and the cell height 
reduced considerably.   

Sediment collection within the system would be accomplished through effective design.  
Catch basin or sediment traps would be incorporated into the proposed stormwater collection 
system.  In addition, the splitter structures (designed to send stormwater to the storage 
facilities at the right time) can be designed such that most low flow events (where the bulk of 
sediment transport occurs) would be maintained within the mainline storm sewer.  As such, 
most sediment that made it past the catch basins would be transported downstream and into 
Almaz or West ponds.  Sumps would be provided between the splitter structures and storage 
cells to collect sediment that accompanied high flow events.   
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At this time, there are numerous manufacturers of buried stormwater detention products.  
These are typically configured as long rows of HDPE arch sections or pre-cast concrete 
shapes, installed in parallel banks and interconnected with a manifold at one or both ends.  
The construction cost of these systems can be significantly less than the cost of the concrete 
box culvert-based storage system. 

Conversations with the FHWA (Dan Ghere, Appendix I) revealed that there are no locations 
in the Midwest where detention storage is provided under Interstate pavement.  However, this 
methodology is becoming increasingly popular and refined in the commercial and municipal 
arenas, as property values continue to rise and areas become more densely developed.  Mr. 
Ghere opinioned that it was just a matter of time before economics and maturing technology 
combine to place these systems under major highways. 

In this alternative, multiple ponds provide detention storage and water quality redundancy.  
This Alternative can be constructed with local expertise, but requires ongoing maintenance to 
limit sedimentation and maintain the pump station.   

 
Alternative 2D, 2E & 2F – Use Existing Sewer with Buried 

Ponding under Highway 
Figure 4-3 

Alternative 2E – Existing Sewer with Modified Adjacent and Under Roadway Ponding 
(See Appendix D) 
This alternative is based upon Alternatives 2C and 2D with the changes primarily in the 
configuration and physical location of the four stormwater ponds.  As above, ponds (storage 
facilities) will be needed at Penn, Wentworth, Portland, and TH77.  The intent of this 
alternative was twofold.  First, the ponds and storage cells were to minimize the amount of 
private property required to provide detention storage.  Second, the use of storage cells within 
the highway right-of-way and directly under the mainline roadway pavement should be 
minimized to reduce construction impacts or disruption to traffic during maintenance 
activities. 
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Sediment removal and detention storage will be provided in a combination of ponds and 
buried storage cells constructed at four general locations along the alignment.  Water quality 
and sediment removal will be provided at each pond, or at West Pond as required.  The Penn 
Avenue discharge will be pumped from the detention pond into the existing storm sewer 
system to the east.   

This requires new ponds at Penn Avenue, Wentworth Avenue, Portland Avenue and TH 77, 
and storm sewer reconstruction from Colfax Avenue to Portland Avenue.  The pond at Penn 
Avenue is designed to store stormwater before pumping it to the Wentworth pond and 
reduces the storage volume needed downstream.  The pond is sized to contain the entire 
runoff volume from the 100-year 24-hour storm for the potential case of pump failure.  Each 
pond incorporates wet detention (dead storage) for water quality treatment.  Almaz Pond 
would continue to be used for rate control and water quality detention. 

Traditional stormwater detention basins are land intensive and, as property acquisition for the 
ponds was the largest portion of the total cost, we considered the use of alternative storage 
schemes, most notably the use of Modular block retaining walls to eliminate the land required 
for slope grading of the ponds.   

In this alternative, multiple ponds provide detention storage and water quality redundancy.  
This can be constructed with local expertise, but requires ongoing maintenance to limit 
sedimentation and maintain the pump station.   

Alternative 2F – Use Existing Sewer with Buried Ponding under Roadway, Sealed 
System (See Appendix E) 
Similar to Alternative 2D, detention storage will be provided in buried storage cells 
constructed at four locations along the alignment.  Water quality will be provided at West 
Pond.  Sediment removal would occur at the intake level to minimize the volume of material 
that enters the storage system.  The Penn Avenue discharge will be pumped.   

This requires new ponds at Penn Avenue, Wentworth Avenue, Portland Avenue and TH 77, 
and storm sewer reconstruction from Colfax Avenue to Portland Avenue.  The pond at Penn 
Avenue is designed to store stormwater before pumping it to the Wentworth pond and 
reduces the storage volume needed downstream.  The pond is sized to contain the entire 
runoff volume from the 100-year 24-hour storm for the potential case of pump failure.  Each 
pond incorporates wet detention (dead storage) for water quality treatment.  Almaz Pond 
would continue to be used for rate control and water quality detention. 

Traditional stormwater detention basins are land intensive and, as property acquisition for the 
ponds was the largest portion of the total cost, we considered the use of alternative storage 
schemes, most notably the use of Modular block retaining walls to eliminate the land required 
for slope grading of the ponds.   

As with Alternative 2D, the storage cells will be located at highway low points and will be 
constructed of multiple buried cells.  The bounce at each pond is restricted by the 
groundwater elevation and by the proposed pavement sag elevation.  With Alternative 2D, 
these restrictions limit the available bounce at Portland and TH 77 to below 2 feet.  With 
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Alternative 2F, the proposed box culvert sections are sealed against groundwater infiltration 
and lowered five feet at Portland and TH 77.  This results in a much greater range of bounce 
and a proportionately smaller footprint for the storage cells.   

Total cell area under this Alternative is reduced from 24.4 acres (Alt. 2D) to 8.4 acres.  This 
66% reduction in required storage area results in a significant cost savings. 

Since this system would be installed below the current local groundwater elevation, there is a 
slight possibility that the groundwater would be lowered should the seal (an HDPE liner) fail.  
To minimize this potential, the seal could be constructed using continuous sheets of HDPE 
placed upon a bedding layer of aggregate.  A layer of cushioning sand would be placed atop 
the liner to protect it from the culvert sections.  The liner would be wrapped over the sides of 
the installation and joined to another continuous sheet placed over the top of the culvert 
sections.  Perforated pipes could be placed within the sand layer and used monitor for any 
infiltration. 

Sediment collection within the system would be accomplished through effective design.  
Catch basin or sediment traps would be incorporated into the proposed stormwater collection 
system.  In addition, the splitter structures (designed to send stormwater to the storage 
facilities at the right time) can be designed such that most low flow events (where the bulk of 
sediment transport occurs) would be maintained within the mainline storm sewer.  As such, 
most sediment that made it past the catch basins would be transported downstream and into 
Almaz or West ponds.  Sumps would be provided between the splitter structures and storage 
cells to collect sediment that accompanied high flow events.   

In this alternative, multiple ponds provide detention storage and water quality redundancy.  
This Alternative can be constructed with local expertise, but requires ongoing maintenance to 
limit sedimentation and maintain the pump station.   
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Alternative 4 – Conveyance Tunnel along I-35W 
Convey stormwater to a tunnel constructed within the I-35W corridor.  A portion of the drainage 
would be through the existing trunk sewer system to the east to Almaz Pond.  The pump station at 
Penn Avenue will be eliminated as a part of this alternative.  Outfall conditions would require 
permission through the U.S. Fish and Wildlife Service (land managed by the City of 
Bloomington), but there is some support from the City to construct this alternative to 
accommodate their future drainage needs.  As well, the City owns various parcels along the 
alignment which could be used for stormwater treatment and detention.  However, the City has 
expressed their need to solve their drainage problems in the near term.  As such, they have 
indicated that work on I-494 would need to be advanced within the next decade for them to lend 
their support to this scheme.  This alternative assumes that portions of the existing storm sewer 
system will be available for reuse as a part of a reconfigured system.  To reuse the existing storm 
sewer assumes that it will be in a restorable condition at the time I-494 is constructed. 

Alternative 4A – Conveyance Tunnel along I-35W with Downstream Detention (See 
Appendix E) 
Stormwater will be conveyed through a 9 foot diameter tunnel between Penn Avenue and 
12th Avenue, and then to the south along the I-35W corridor.  At the downstream end of the 
tunnel, water quality, sediment removal, and detention storage will be provided in a new pond 
adjacent to the Minnesota River.   

 
Alternative 4A – Conveyance Tunnel along I-35W with 

Downstream Detention 
Figure 4-4 

Alternative 5 – Storage Tunnel 
Provide required detention storage in a 12-foot diameter tunnel.  Due to the low velocities 
anticipated in the storage tunnel, sediment collection will be provided upstream of the storage 
facility.  The pump station at Penn Avenue will be eliminated.  The tunnel can be constructed to 
such a depth as to allow for future expansion to the west.  This alternative assumes that portions 
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of the existing storm sewer system will be available for reuse as a part of a reconfigured system.  
To reuse the existing storm sewer assumes that it will be in a restorable condition at the time I-
494 is constructed. 

Alternative 5A – Storage Tunnel with Gravity Outfall (See Appendix F) 
Stormwater will be collected in a large tunnel from Penn Avenue to 12th Avenue.  The tunnel 
will be 12 feet in diameter and 16,000 feet in length.  At the downstream end of the storage 
tunnel, an orifice will control the discharge of storm flows into a new 42-inch diameter 
microtunnel draining to the east.  Water quality storage will be provided in West Pond and 
Almaz Pond.  To reduce the volume of particulates collecting in the tunnel, sediment 
collection will occur upstream of the tunnel in purpose-built catch basins.   

 
Alternative 5A – Storage Tunnel with Gravity Outfall 

Figure 4-5 
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Section 5 

Alternatives Comparison 

Comparison Factors 
We identified quantitative and qualitative factors to compare the alternatives. 

Quantitative Factors 
Quantitative factors are those that can be dollar denominated.  Section 7 shows the results of 
the quantitative analysis.  The upfront costs, including engineering, design, property 
acquisition and construction costs range from $75 Million to $179 Million with Alternative 
2F (reuse of existing sewer with under roadway storage and sealed groundwater) being the 
least expensive.  When adding in the continuing costs, made up of maintenance costs, loss of 
property tax revenues, and necessary reconstruction of some components at Year 40  
(reported as a present value of the 80 year design life of the project) were added, the project 
costs varied from $79 Million (Alternative 2F) to $206 Million (Alternative 2C) 

Cost estimates were prepared for each alternative using unit pricing from recent similar 
projects, Mn/DOT Average Bid Prices, and local pricing conditions.  Construction of 
Alternatives 2A, 2C, and 2E require land for detention storage and water quality ponds.  
Construction of the other alternatives required land for tunnel access shafts at multiple 
locations.  Some alternatives require the reconstruction of West Pond for detention storage 
and water quality purposes. 

Right-of-way costs include acquisition, relocation, and demolition.  Acquisition costs were 
determined by using 200% of the estimated value as published on the Hennepin County tax 
rolls.  200% was adopted as per the recommendation of the Cities.   

Loss of property tax revenue from acquired properties for construction occurs in both the 
Cities of Bloomington and Richfield, depending on the Alternative.  We assumed that 
established businesses would continue to be viable after relocation; there will be no long-term 
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change to sales or employment tax revenues.  Property tax revenues were calculated as a 
present worth of 30 annual payments and a rate of return of five percent. 

As above, the quantitative analysis was based upon an eighty-year design life (the anticipated 
useful life of the tunnel option). Specific quantitative factors are listed below. 

• Pre-Construction factors include the costs of engineering and design, right-of-way, 
relocation and demolition. 

• Construction factors include the actual construction costs, and the cost of construction 
management. 

• Post-Construction costs include operation and maintenance and a reduction of the 
cities’ tax base. 

Qualitative Factors 
For the qualitative analysis, a comparison between alternatives is subjective.  The analysis 
indicated that tunnel alternatives 1C (tunnel with downstream detention), 4A (tunnel along I-
35W with downstream detention), and 5A (storage tunnel with gravity outfall) had 
comparatively mild impacts, while alternatives 2C, 2D, 2E, 2F had relatively significant 
impacts. 

Factors considered during this analysis are listed below. 

• Pre-Construction factors include interagency coordination required during scoping and 
preliminary design, anticipated agency support, and public perception of the project. 

• Construction factors include utility impacts, duration of construction, settlement 
impacts, temporary flooding, water quality, and effects on wetlands. 

• Post-Construction factors include suitability for future westward expansion, 
maintenance, risk of failure or flooding, corridor aesthetics, groundwater quality, 
surface water quality, quantity of discharge, and the design capacity of the proposed 
storm sewer system. 

Consideration was also given to the Draft Environmental Impact Statement for the I-494 
corridor, as written in 1990.  Since then, Mn/DOT has worked to respect the specific right-of-
way limits proposed in that document.  The cost of property acquisition in this area is 
compounded by the loss of property tax revenues for the Cities of Richfield and 
Bloomington.  For the more land intensive solutions (Alternatives 2A, 2B, and 2C), the 
benefit to the cities is markedly less than the cost of their reduced tax base.  Although the 
purchase of property is possible, acquisition of large parcels in this area is politically 
undesirable. 

In addition, as project funding becomes more difficult to secure, it is believed that there is a 
greater likelihood of project success if the project could be constructed independently and in 
advance of the roadway improvement project, or constructed in stages along with advancing 
portion of the roadway reconstruction effort.  As such, the preferred alternative should be one 
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that either minimizes traffic disruptions during construction or where portions of the 
preferred alternative can be constructed independently of others. 

In recent years, operations budgets have resulted in increased efficiencies and the desire to 
develop less maintenance intensive solutions to transportation problems.  While the estimated 
project costs include a cost for maintenance, the ability to budget these maintenance funds for 
the design life of the facility is not assured.  Therefore, the preferred alternative could be one 
that eliminates the need for pump stations, and minimizes future maintenance requirements. 

Stakeholder Input 
During the study process, meetings were convened with major stakeholders, including Mn/DOT 
functional groups, the Cities of Bloomington and Richfield, the Nine Mile Creek Watershed 
District, and the Lower Minnesota River Watershed District.  Their comments and concerns are 
summarized in the detailed appendices. 
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Section 6 

Tunnel 

Tunnel Layout 
A construction shaft will be required at the beginning and end of each tunnel.  Additional 
construction shafts could be placed along the alignment to allow for simultaneous construction of 
multiple tunnel headings.  The Access Shaft should be located at the downstream end of each 
alignment, so that tunneling could proceed in an uphill direction.  The shaft would likely be 
circular, and would have an approximate diameter of 30-40 feet.  For a tunnel project of this size 
and expected construction duration, a staging area encompassing 4 to 5 acres would be required 
around the Access Shaft. 

An Exit Shaft would be located at the upstream end of each tunnel alignment.  Tunneling 
equipment would be removed from the completed tunnel using the Exit Shaft.  In addition, the 
Exit Shaft could be utilized to facilitate ancillary construction activities such as grouting or pipe 
placement.  The Exit Shaft could have a circular or rectangular configuration, and would be 
smaller in size than the Access Shaft.  Approximate  diameters dimensions could be on the order 
of 15-feet.  Since construction activities are not being staged out of the Exit Shaft, only 0.5 acres 
of land is required for staging in this area. 

Additional manhole shafts would be required along the alignment, at a spacing of approximately 
700 to 1,000 feet.    

Subsurface Conditions 
Existing geologic information was reviewed along the I-494 corridor, using borings obtained 
from Mn/DOT records and existing reports as a starting point.  In addition, Braun Intertec 
performed a limited subsurface investigation as part of this study to obtain geologic information 
from areas where little information was currently available.  Using the boring log sources as 
described, geologic information was available at a spacing of approximately 500 feet along the I-
494 corridor.   
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The I-494 corridor lies in an environment in which deposition occurred at widely varying rates as 
a result of fluvial and lacustrine processes related to glaciation and glacial retreat.  Geologic cross 
sections in and around the study area show formations to be widely interbedded which suggest a 
highly changing and widely braided depositional environment.  As a result of the depositional 
environment of the material in the I-494 corridor, it should be noted that changes in material 
should be expected within a relatively short distance horizontally or vertically.   

Soil conditions appear to be predominantly granular Terrace Deposits from ground surface down 
to approximately Elevation 780.  However, below that elevation, wide variability in soil 
conditions was evidenced in the borings reviewed, ranging from great thicknesses of sands to 
significant layers of clays and silts (Glaciolacustrine Deposits).  Terrace deposits along the 
alignment consist primarily of granular materials classified in the Unified System as nonplastic 
poorly-graded sand (SP), poorly graded sand with silt (SP-SM), and silty sand (SM).  This 
material is generally found beneath 2 feet to 17 feet of fill and ranges from 30 feet thick to more 
than 100 feet thick.  The density of these soils ranged from very loose to very dense with the 
majority of the soils being loose to medium dense.  Glaciolacustrine deposits encountered in the 
I-494 corridor consist of fine-grained, cohesive soils classified in the Unified System as silt (ML), 
lean clay (CL), and fat clay (CH).  This material ranges in density from medium stiff to very stiff 
with the majority of the soils being stiff.  

Bedrock was not encountered in any of the borings drilled for this program.  Groundwater was 
encountered in all the borings reviewed along the alignments.  In general terms, the groundwater 
surface reflects a muted expression of surface topography.  During drilling, groundwater depth 
was encountered at depths ranging from approximately 10 to 100 feet below ground surface, 
which corresponds to elevations ranging from El. 710 to El.820.  Along the majority of the 
project corridor, the groundwater level appears to be on the order of 10 to 30 feet below ground 
surface.  However, groundwater levels closer to the Minnesota River on the eastern end of the 
corridor deepen significantly as the flows make their way to the river. 

Anticipated Ground Behavior 
In order to select equipment and establish appropriate construction methods for use on tunneling 
projects, it is necessary for the Contractor to anticipate how the ground will behave in response to 
tunneling.  Ground conditions through which the tunnel will be constructed have been described 
previously.   

Terrace Deposits without binder from clay and silt (SW and SP) are expected to behave as 
running ground when above the water table, and fast raveling to flowing below the water table.  
Terrace Deposits with silt or clay binder (SM and SC) are expected to behave as slow raveling 
ground above the water table and slow to fast raveling or potentially flowing below the water 
table.   

Glaciolacustrine Deposits include cohesive soils typically classified in the Unified Soil 
Classification System as CL or CH, with varying degrees of silt.  With this classification, it is 
expected that it will behave primarily as a cohesive material.  In terms of the Tunnelman’s 
Classification System, the Glaciolacustrine Deposits are expected to behave primarily as firm to 
slow raveling ground, but potentially with a slight squeezing behavior if lower strength soils are 
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encountered.  Important to the behavior of these soils is the presence of silt.  There are lenses and 
stringers of low plasticity cohesive and noncohesive silt within the glaciolacustrine soils.  The 
presence of these silt lenses and stringers will modify the behavior of the glaciolacustrine deposits 
such that raveling and running occurs more easily and is more prevalent than without the silt.  
Additionally, it is possible that the silt lenses and stringers will create small pockets and 
horizontal tabular voids from flowing behavior and subsequent piping.  

There are expected to be variations within each unit including the presence of thin lenses and 
stringers of different materials, and similar materials with variations in properties.  These 
conditions create complications for stability and support of the tunnel excavation.  Relative to 
stability of the excavated tunnel, various combinations will result in different stability conditions 
at different locations around the tunnel, not simply an average of behaviors for the different soil.  
Poorly behaving soils will tend to undercut or move out from more stable soils.  Lenses of poorly 
behaving soils will tend to result in voids or horizontal tabular voids in more stable soils. 

Ground Behavior Relative to Tunnel Excavation 
The soils present along the alignment are expected to be well-suited to excavation with an 
Earth Pressure Balance (EPB) tunnel boring machine (TBM) equipped with a screw auger.  In 
addition, use of a slurry machine could be appropriate, although difficulties should be 
expected with slurry separation where primarily Glaciolacustrine Deposits are present.  
Excavation with an open-faced machine is not recommended, due to the location of the 
groundwater table above the crown of the tunnel.  While dewatering operations could likely 
be performed in the Terrace Deposits, the presence of fine sandy and silty lenses and layers 
would make this more difficult to perform.  Dewatering of the fine-grained Glaciolacustrine 
Deposits would be difficult to perform on a technical basis, and would likely not be 
performed.  The long-term requirements for dewatering would have economic and 
environmental impacts to the project which could be easily remedied by using a closed faced 
tunnel machine. 

It will be necessary for the Contractor to maintain positive pressure on the tunnel face in 
zones where granular soils which exhibit fast raveling to flowing behavior are located within 
the tunnel horizon, so that settlement criteria for the project are not exceeded.  Additionally, it 
will be necessary to install initial support within the tunnel shield.  To control lost ground and 
settlement it will be necessary to backfill the annulus between the initial support and the 
excavated tunnel envelope simultaneous with passage of the tunnel shield.  Finally, it will be 
necessary for the TBM to utilize the initial support as a reaction for maintaining face pressure 
and forward movement. 

Ground Behavior Relative to Shaft Construction 
The soils present at the shafts are expected to be well-suited to excavation using traditional 
shaft excavation techniques such as a loader or clamshell.  Due to the granular nature of the 
soils, the unsupported height of the shaft excavations before lagging needs to be installed is 
anticipated to be no greater than 2 feet.  Dewatering or other methods of ground improvement 
will be required for shaft construction, because the presence of groundwater and variable 
geologic conditions would likely result in flowing or fast raveling conditions.  Soldier piles, 
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sheet piles, and other shoring elements are expected to be able to be constructed using driving 
or vibration techniques.  Obstructions such as boulders or debris are not expected.   

Tunnel Excavation and Support Methods 
Tunneling in soil (soft ground) involves excavating an underground opening by hand or by 
mechanical means, and stabilizing the opening with initial support, within which the final lining 
is built, resulting in a two-pass lining system.  The final lining could be cast-in-place reinforced 
concrete or fabricated pipe made of precast concrete, steel, fiberglass, or other material.  
Tunneling in soft ground could also be performed using a one-pass lining system.  In this case, 
the initial support system consisting of bolted gasketed precast concrete segments would also 
serve as the final lining.  For this project, one-pass methods of construction were considered to be 
most feasible, due to the presence of saturated ground conditions, the length of the project, and 
the diameter of the storm sewer.  

Conditions along the various tunnel alignments permit the use of several tunneling techniques.  
The project was designed to consist of a tunnel requiring only one Access Shaft and one Exit 
Shaft along each alignment.  While soil conditions alone are conducive to microtunneling, this 
technique requires intermediate excavations for jacking and receiving shafts.  It was not 
considered feasible or desirable to permit construction methods that will disrupt traffic with these 
intermediate shafts over the majority of the project.     

Tunnel Excavation  
Ground conditions along the proposed alignments consist of saturated cohesive and non-
cohesive (granular) soils.  Tunneling in non-cohesive soils located below the groundwater 
table requires special tunneling methods to control ground behavior, so that excessive ground 
loss is not experienced during tunnel excavation.  It is important to select tunnel excavation 
and lining methods that are compatible with the saturated, non-cohesive soils.  The primary 
tunnel excavation method used in these ground conditions is a positive face pressure tunnel 
boring machine such as an earth pressure balance (EPBM) or slurry TBM.  Tunneling using 
compressed air to control the ground is a feasible method, but is no longer commonly used 
since the introduction of EPBM and slurry TBM technology.  Of the two positive face 
pressure TBMs, the EPBM is the type most commonly used in the United States today.  

The EPBM works by applying a pressure at the tunnel face that is slightly above the pressure 
induced at the face by in situ soil and groundwater.  The EPBM develops this positive 
pressure in two ways, first by the forward thrust of the machine and secondly by controlling 
the quantity of muck (excavated soil) that is removed from the muck chamber.  The muck 
chamber is a sealed compartment located directly behind the EPBM cutterhead.  If the soil 
entering the muck chamber does not contain enough fine-grained material, the soil can be 
modified by adding bentonite slurry, foam, or other additives at the face and/or in the muck 
chamber to provide some cohesion to the soil.  This cohesion allows a soil plug to form in the 
muck chamber, which is necessary to control face pressure.  Muck is removed from the muck 
chamber via a screw conveyor, which is used to control the rate of muck removal and 
therefore pressure on the face.  Once the muck has moved through the screw conveyor, it is 
transferred to a belt conveyor for transport out of the tunnel.   
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As an alternative to EPBM tunneling, tunnel excavation could be performed using a slurry 
TBM.  This machine is more sophisticated than an EPBM, and allows for regulation of the 
pressure at the face to be more closely monitored.  As a result, projects using slurry TBMs in 
Europe and Japan have been very successful in limiting ground movement and settlement.  If 
a slurry TBM were to be used for this project, ground improvement measures as described in 
the EPBM section of this letter would not be required.  Slurry TBMs have been used 
extensively and successfully in Europe and Asia, but only one project is currently underway 
in North America.  Before selection of this type of machine for this project, Mn/DOT would 
need to decide if they are comfortable pioneering this method in the United States. 

Tunnel Initial Support 
The most common type of tunnel lining system used with an EPBM is a precast concrete 
bolted gasketed segmental system.  A doweled gasketed segmental system is starting to be 
used in the United States; however, its use is not currently widespread.  The system typically 
consists of five concrete segments and a key segment that are erected to form a circular 
compression ring.  The segments are typically 4-foot long, resulting in a tunnel construction 
cycle that occurs in 4-foot increments.   

The tunnel excavation and liner erection cycle is carried out in the following manner.  The 
EPBM excavates approximately 4 ft of tunnel.  The machine develops its forward thrust by 
pushing off the most recently installed segment ring.  Excavation is stopped, and the segment 
ring is erected within the tail shield of the EPBM.  While working within the tail shield, the 
ground surrounding the shield is supported and the workers erecting the segments are 
protected.  Once the ring is completely erected, the excavation cycle is restarted for another 
4-foot “push.” 

The annulus between the excavated ground and the outside face of the segment ring is 
backfill grouted as excavation continues.  The backfill grout can be injected through grout 
ports integral to the EPBM tail shield, or through grout ports cast into the segments during the 
manufacturing process.  Tunnel excavation and segment erection should not be performed 
more than one to two segment rings ahead of backfilling operation.  Once properly installed 
and backfilled, the bolted gasketed segmental concrete lining system should provide a water 
tight tunnel lining.   

Shaft Excavation and Support 
All of the required shafts for the project will be constructed entirely within soil.  Localized 
dewatering will necessary at the shaft excavations, as they are anticipated to be located below the 
groundwater table.  The soils present at the shafts are expected to be well-suited to excavation 
using traditional shaft excavation techniques such as a loader or clamshell.   

Based upon the ground conditions along the project, shaft support methods considered viable for 
this project include Soldier Piles and Lagging, Circular Ring Beams and Lagging, Interlocking 
Steel Sheet Piles, Slurry Walls, and Steel Liner Plates. 
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Section 7 

Estimated Project Costs 

Cost summaries for various alternatives are presented below.  Some of the assumptions used in 
the development of these costs are outlined below. 

• Access shafts to Tunnel Alternatives will occur at no greater than 1000' 
intervals 

• Two shaft holes are required for each tunnel option 

• Two work sites are required for each tunnel option 

• One Portal site is required for each tunnel option 

• All existing storm sewer will need to be lined at the start of the project, and at 
Year 40 

• At Year 40, 50% of all retaining walls will need to be reconstructed 

• At Year 40, a portion of the storage cells will need to be reconstructed with a 
cost equivalent to 25% of the initial construction cost 

• At Year 40, replace force main 

• At Year 40, upgrade 50% of pump station 

• At Year 40, 25% of structural concrete will need to be replaced 

• For midlife reconstruction, assume the SLC equals 0.21% 

• To calculate demolition costs for apartments, the cubic feet of living space per 
residence is assumed to be 1500 square feet times 15 feet of structure height. 

• Acquisition Factor (to reflect the actual cost of land) equals 2.00 

• Four tunnel construction access shafts will be constructed outside of the right-
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of-way (the balance will be constructed within the right-of-way).  The location 
of these shafts is undetermined, but it is assumed that roadway adjacent 
parking lots can be leased, used and repaved at $200,000 each. 
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 Engineering and 
Design 

Property 
Acquisition Construction 

Construction 
Management Maintenance Total 

1C – Tunnel w/ D/S 
Detention 

$16,870,000 $920,000 $140,610,000 $7,030,000 $580,000 $166,010,000 

2C – Existing Sewer 
w/ Modified 
Adjacent Ponding 

$5,590,000 $150,750,000 $46,550,000 $2,330,000 $970,000 $206,190,000 

2D – Existing Sewer 
w/ Buried Ponding 
Under Highway 

$18,200,000 $000 $151,660,000 $7,580,000 $720,000 $178,160,000 

2E – Existing Sewer 
w/ Modified 
Adjacent and Under 
Roadway Ponding 

$9,270,000 $41,470,000 $77,270,000 $3,860,000 $720,000 $132,590,000 

2F – Existing Sewer 
w/ Buried Ponding, 
Sealed or Lowered 
Groundwater 

$8,010,000 $10,000 $66,750,000 $3,340,000 $720,000 $78,830,000 

4A – Tunnel along I-
35W w/ D/S 
Detention 

$18,190,000 $920,000 $151,620,000 $7,580,000 $580,000 $178,890,000 

5A – Storage Tunnel 
w/Gravity Outfall 

$12,050,000 $920,000 $100,390,000 $5,020,000 $1,360,000 $119,740,000 

Table 7-1  Quantitative Comparison (80 Year Life Cycle Cost) – 2007 Dollars 

Source:  Stanley Consultants, Inc.
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Appendix A 

Alternative 1C – Conveyance Tunnel 

Outfall Location 
The tunnel outfall is to a water quality pond to be expanded at the West Pond site, under the I-494 
bridge over the Minnesota River.  The Almaz Pond outfall, located just north of I-494 on the 
Minnesota River, will continue as the outfall for the re-used portion of the existing drainage 
system.  The outfalls are located within the Lower Minnesota River Watershed District 
(LMRWD). 

Conveyance System 
Under Alternative 1C, stormwater would be conveyed through a 10-foot diameter, concrete-lined 
tunnel from Penn Avenue to the east.  The tunnel can be constructed to such a depth as to allow 
for future expansion to the west.1  Water quality detention storage for sediment and phosphorus 
removal would be provided in a reconstructed West Pond at the tunnel outfall to the Minnesota 
River (as well as in the existing Almaz Pond).  The tunnel is 5.1 miles (26,900 feet) long.  The 
slope of the tunnel is 0.12% from Penn Avenue to Wentworth Avenue and increases to 0.20% 
from there to TH 77, where it increases to 0.49 percent to the outfall at West Pond. 

Low points in the I-494 alignment that contribute drainage to the tunnel include Penn, 
Wentworth, Portland, 12th and Cedar (TH 77) Avenues.  In Alternative 1C, the existing trunk 
storm sewer is abandoned from Colfax Avenue South to 12th Avenue South.  Drop shafts are 
located at the Penn Avenue, Wentworth, Portland Avenue and TH 77 low points.  The system 
XP-SWMM model includes a surface collection system between Colfax and Nicollet to bring 
stormwater to the Wentworth low point.  From 12th Avenue to the river, the existing drainage 
system is utilized, with a drop shaft at TH 77 to drop flow from the 12th Avenue and TH 77 low 
points into the tunnel.  The four drop shafts would be vortex-flow type which allow air removal 
                                                      
1 While the tunnel could be extended as far as US 169, there has been no present or future need for such an 
expansion identified. 
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through a central air core in the shaft.  The drop shafts, sized for the 100-year event, were 
dimensioned according to Jain and Kennedy (1983):  

Table A-1   

 Penn Wentworth Portland TH 77 
100-year Discharge to Drop Shaft [cfs] 100 270 400 510 
Vortex Drop Shaft Diameter [ft] 4.0 7.0 7.0 7.0 
Highway Profile Elevation [ft msl] 821 815 810 813 
Tunnel Invert Elevation [ft msl] 791.9 783.3 776.3 765.7 
Drop Shaft Depth from Highway Profile [ft] 29 32 34 47 

 

The West Pond outlet to the Minnesota River was modeled as a 100-ft weir which resulted in a 
1.5-ft bounce during the 100-year event.  The weir was enlarged to minimize unintentional 
storage since the soils on the site are not adequate for the construction of berms.  Detail design 
would address the exact outlet configuration with consideration for the effects of the discharge 
velocity on navigation and channel stability on the Minnesota River.  See Appendix H for 
concerns raised about the outfall by the Lower Minnesota River Watershed District. 

Rate Control 
Rate control is not included in Alternative 1C.  Wenck (2007b; Appendix H) demonstrated that 
inclusion of rate control would not benefit the Minnesota River in terms of peak discharge rate or 
peak flood stage, due to the relative timing of peak discharges from the I-494 corridor and those 
on the Minnesota River.  This information was presented to the LMRWD Board of Managers 
who passed a resolution (Appendix H) that agreed in concept that Alternative 1C could be 
constructed without rate control.  The Board of Managers raised several concerns about the 
outfall to the river which would best be addressed in final design.  The Alternative 1C discharge 
to the Minnesota River is visualized in Figure A-1 below. 
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Individual Outfall, and Combined Hydrographs for Alternative 

1C Discharge to the Minnesota River 
Figure A-1 

 

Water Quality 
In Alternative 1C, the 52 acre-feet of runoff from the 2.5-inch rainfall event would be split 
between the West Pond (approximately 38 acre-feet) and Almaz Pond (about 14 acre-feet).  The 
Almaz Pond volume 19 acre-feet is somewhat oversized and exceeds water quality requirements 
with 54 percent phosphorus removal.  By sizing the West Pond water quality (dead) volume at 34 
acre-feet, its removal rate is 49 percent and the combined removal is 50 percent.  With depth of 
six feet and a 10-ft safety bench, the area of West Pond at normal water level would be 6.2 acres. 

Sediment 
Sediment from the I-494 drainage system would collect in Almaz and West Ponds, roughly in 
proportion to the flow volume.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty–year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  The sediment accumulation in Almaz Pond and in 
West Pond would reach about 0.6 and 1.7 acre-feet, respectively after 20 years of operation; these 
volumes correspond to average depths of sediment of 0.2 feet and 0.3 feet, respectively. 
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Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternative 1C, the entire load conveyed within the tunnel will be transported to West Pond.  
As the existing storm sewer system downstream of TH 77 will be utilized, a portion of the total 
load will be deposited in Almaz Pond (see Sediment section above).   
 
Our assumption is that both Almaz and West Ponds will be cleaned of accumulated sediment 
every ten years.  As with other existing detention basins, cleaning will occur during the winter, 
when water levels are low and access by tracked excavators and dump trucks can be made over 
frozen ground.  Although it is anticipated that all sediment will be conveyed to the ponds, our 
costs estimate also includes regular cleaning of system catch basins. 
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Appendix B 

Alternative 2C – Use Existing Sewer with Adjacent 
Surface Ponding 

Outfall Location 
No new outfalls would be constructed for Alternative 2C.  The existing outfall from Almaz Pond, 
and the Almaz Pond Bypass would direct discharge to the existing outfall structure. 

Conveyance System and Rate Control 
Under Alternative 2C, the existing drainage system is utilized from Portland Avenue all the way 
to Almaz Pond; pipes upstream of Portland are replaced by larger pipe for increased capacity and 
to allow for the reduction in cover caused by the revised roadway profile.  Four new ponds are 
used to detain runoff volumes and limit discharge to the conveyance capacity of the downstream 
system.  In doing so, and by eliminating surcharging and flooding, Alternative 2C will reduce the 
overall discharge rate to the Minnesota River and exceed rate control requirements of the 
LMRWD.  (The existing system surcharges and floods during both the 50- and 100-year events; 
see Wenck, 2004, Appendix H.) 

Sizing ponds and diversion structures for Alternative 2C was subject to constraints of high 
groundwater, a low road profile, and an undersized trunk sewer system.  The ground next to the 
highway is relatively high so that the normal pond elevations are 20 to 30 feet below grade.  The 
pond bottom elevations were set at or above minimum groundwater elevations determined from 
groundwater monitoring data collected as part of this study (Wenck 2004, Appendix H).  Pond 
area and outlet structures were sized so that the trunk system upstream and downstream of the 
pond did not surcharge during the 50-year event.  Preliminary XP-SWMM model results were 
used to estimate the necessary pond volume and elevation constraints were used to estimate the 
pond area.  The ponds and outlets were tested with the assistance of the XP-SWMM model in an 
iterative process.   
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Ponds were not feasible at 24th and 12th Avenues because the groundwater was close to, or 
above the soffit of the trunk sewer pipe.  Ponds were developed at Penn, Wentworth and Portland 
Avenues and at TH 77.  The pond dimensions are summarized in Table B-1 and their designs are 
described below: 

• Penn Avenue Pond and Pump Station.  The Penn Avenue pump capacity is set as 
3.5 cfs (1,600 gpm) to lift the entire 100-year runoff volume in 24-hours.  The pump 
would deliver the flow to the trunk sewer at Colfax Avenue through a 4,000-ft, 15-inch 
force main.  The pump would require a head of about 30 feet and a power of 11 kW.  The 
pond is sized to work in conjunction with the pump to contain excess runoff to the Penn 
Avenue low point.  (The final design might consider sizing the pond to contain the entire 
6.9 ac-ft runoff from the 14.5-acre Penn Avenue drainage area without operation of the 
pump.)   

• Wentworth Avenue Pond.  The Wentworth pond works in series (on-line) with the trunk 
sewer, so that drainage from the entire upstream watershed (116 acres including Penn) 
flows through the pond.  Wentworth was modeled as two equal-sized ponds, one on each 
side I-494.  Inflows to the low point are introduced directly to the ponds to avoid 
surcharging the upstream trunk sewer.  The ponds discharge through 24-inch diameter 
outlet pipes back to the trunk line, downstream of the highway low point.   

• Portland Avenue Pond.  The Portland Avenue pond accepts drainage from 45 acres 
tributary to the Portland Avenue low point.  It works in parallel with the trunk line and 
discharges through a 24-inch outlet pipe, which enters the trunk sewer downstream of the 
low point.  The Portland pond is relatively large in area due to the groundwater elevation 
constraint.  

• TH 77 Pond.  The TH 77 pond accepts drainage from 94 acres tributary to the TH 77 low 
point.  It works in parallel with the trunk line and discharges through a 24-inch outlet pipe, 
which enters the trunk sewer downstream of the low point.   
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Table B-1  Option 2C  Existing Sewer with Adjacent Surface Ponding 

Pond Name/Location Penn Pond 
(Pumped) 

Wentworth 
Pond 

Portland 
Pond 

TH 77 Pond

Pond Dynamics In-Series 
with Trunk 

Line 

In-Series 
with Trunk 

Line 

Flow not 
from Trunk 

Line   

Flow not 
from Trunk 

Line  
Contributing Watersheds Penn Colfax, 

Garfield, 
Pleasant, 

and Nicollet 

Portland TH 77 

Peak 50-year Discharge Upstream of Pond     
Trunk Sewer (cfs) 85 330 104 178 
Intervening Drainage to Low Point (cfs) 0 181 228 206 
Groundwater elevation (ft) 811.2 811.1 809.8 804.2 
Pond Size (Total Area and Volumes)     
Pond Area (ac) 0.8 3.3 4.8 1.7 
Pond Bottom Elevation (ft) 811.2 811.1 809.8 804.2 
Peak Elevation (ft) 814.8 816.8 811.4 810.6 
Bounce (ft) 3.6 5.7 1.6 6.4 
Storage (ac-ft) 2.9 20.4 7.7 15.0 
Total 50-year Storage for all Ponds (ac-ft)    46.0 
Pond Outlet Pipes     
Diameter (in) 15" 24" (2) 24" 24" 
Length (ft) 4,000 200 200 200 
50-year peak discharge (cfs) 3.5(pumped) 104 27 43 
Mainline Pipe Downstream of Pond Outlets     
50-year peak discharge including pond 
discharge (cfs) 

N/A 104 197 289 

Pipe capacity (cfs) N/A 169 177 263 
 

Alternative 2C meets the rate control requirements for the total system discharge rate (note that 
the total system peak flow rate is smaller than the sums of the individual locations due to the 
different times to peak; see Figure B-1): 

Table B-2  Alternative 2C Peak Flow Rates (cfs) 

Location Rainfall Frequency 

 50-yr, 24-hr 100-yr, 24-hr 
Total System 365  414  
Almaz Outlet  220  230  
Almaz Bypass  193  226  

 

The Alternative 2C discharge to the Minnesota River is shown in the combined hydrograph in 
Figure B-1 below.
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Individual Outfall, and Combined Hydrographs for Alternative 

2C Discharge to the Minnesota River 
Figure B-1 

 

Water Quality 
In Alternative 2C, the entire 2.5-inch storm runoff volume, 52 acre-feet, is directed to Almaz 
Pond.  With a dead volume of 19 acre-feet, Almaz Pond is substantially undersized for water 
quality treatment.  Therefore, each of the upstream stormwater detention ponds also includes a 
dead volume equal to the runoff from the 2.5-inch storm, totaling 37 acre-feet.  Including the 19 
ac-ft of Almaz, the total pond volume of Alternative 2C is 56 ac-ft.   

The PondNet (Walker, 1987) water quality model was used to evaluate the overall effectiveness 
of the Alternative 2C ponds (Wenck 2007c, Appendix H).  With each pond sized according to the 
2.5-inch storm runoff, the model predicts annual phosphorus removal of 57 percent; if pond 
volume is reduced by 20 percent to account for sedimentation, the model still predicts removal of 
54 percent.  This is due to the fact that discharge from the upstream ponds is treated a second time 
in Almaz Pond, even though the effectiveness of Almaz Pond is reduced by the short residence 
time.  Since the combined volume is oversized, the Penn Avenue pond can be constructed as a 
dry pond (no dead volume) and the overall system performance would drop just one percent.  See 
Appendix H for details of the analysis. 
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Sediment 
Sediment from the I-494 drainage system would collect in the ponds, roughly in proportion to the 
flow volume entering each one.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty-year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  No special consideration of sediment was included 
since removal from the surface ponds is routine. 

Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternatives 2C, which reuses the existing storm sewer system, catch basins at each storm 
sewer intake location will capture a large portion of the suspended solids.  Further downstream, 
the control structures associated with each of the four ponds will be designed such that the 
majority of low flows will bypass the ponds altogether, carrying suspended solids to Almaz Pond.  
Under larger events, each detention basin in the system will be expected to capture a portion of 
the remaining annual sediment load (see Sediment section above).   
 
Our assumption is that Almaz Pond, and the four ponds at Penn, Wentworth, Portland, and TH 
77, will be cleaned of accumulated sediment every ten years.  As with other existing detention 
basins, cleaning will occur during the winter, when water levels are low and access by tracked 
excavators and dump trucks can be made over frozen ground. 
 
We have further assumed that 20% of the individual catch basins will be cleaned each year.  This 
will be accomplished through the use of purpose built vacuum trucks, accompanied by necessary 
and required support vehicles and traffic control. 
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Appendix C 

Alternative 2D – Use Existing Sewer with Buried 
Ponding under Highway 

Outfall Location 
The outfalls for Alternative 2D are Almaz Pond and the expanded West Pond; both discharge to 
the Minnesota River near I-494.  A flow splitting structure and diversion pipe would be 
constructed at the drop structure near Almaz Pond to direct roughly half the discharge to West 
Pond, in order to satisfy water quality storage requirements. 

Conveyance System and Rate Control 
Under Alternative 2D, the existing drainage system is utilized from Portland Avenue all the way 
to Almaz Pond; pipes upstream of Portland are replaced by larger pipe for increased capacity and 
to allow for the reduction in cover caused by the revised roadway profile..  Four new ponds are 
used to “shave” peaks in discharge and limit discharge to the conveyance capacity of the 
downstream system.  In doing so, and by eliminating surcharging and flooding, Alternative 2D 
will reduce the overall discharge rate to the Minnesota River and exceed rate control requirements 
of the LMRWD.  (The existing system surcharges and floods during both the 50- and 100-year 
events; see Wenck 2004, Appendix H.) 

Sizing ponds and diversion structures for Alternative 2D was subject to constraints of high 
groundwater, a low road profile, and an undersized trunk sewer system.  The pond bottom 
elevations were set at or above minimum groundwater elevations determined from groundwater 
monitoring data collected as part of this study (Wenck 2007d, Appendix H).  The ground next to 
the highway is relatively high so that the normal pond elevations are 20 to 30 feet below grade.  
The 50-year maximum water levels were confined to the soffit elevation of the adjacent trunk 
sewer in order to meet the no-surcharge criterion.  XP-SWMM model results were used to 
estimate the necessary pond.  Storm sewer diversion devices and pond outlet discharge devices 
were sized and then tested with the assistance of the XP-SWMM model in an iterative process.   
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Ponds were not feasible at 24th and 12th Avenues because the groundwater was close to, or above 
the soffit of the trunk sewer pipe.  Ponds were developed at Penn, Wentworth and Portland 
Avenues and at TH 77.  The pond dimensions are summarized in Table C-1 and their designs are 
described below: 

• Penn Avenue Pond and Pump Station.  The Penn Avenue pump capacity is set as 
3.5 cfs (1,600 gpm) to lift the 100-year runoff volume in 24-hours.  The pump would 
deliver the flow to the trunk sewer at Colfax Avenue through a 4,000-ft, 15-inch force 
main.  The pump would require a head of about 30 feet and a power of 11 kW.  The pond 
is sized to work in conjunction with the pump to contain excess runoff to the Penn Avenue 
low point.  (The final design might consider sizing the pond to contain the entire 6.9 ac-ft 
runoff from the 14.5-acre Penn Avenue drainage area without operation of the pump.)  It 
was assumed that the existing pump station can be modified to accommodate the proposed 
lesser flow rates.  Appropriate pump station design would include back up pumps. 

• Wentworth Avenue Pond.  The Wentworth pond works in parallel with the main trunk 
sewer (“offline”) so that excess flows are diverted to the two pond areas, one on each side 
of the trunk sewer.  Inflows to the low point are introduced to the system upstream of the 
pond diversion structure.  An orifice in the trunk line restricts discharge in the downstream 
pipe and forces excess flow over weirs into the ponds.  The ponds discharge through small 
diameter outlet pipes back to the trunk line, downstream of the orifice.  A sump sediment 
trap would be constructed between the diversion weirs and the underground storage cells 
to prevent sediment from entering the storage cells where it would be difficult to remove.  

• Portland Avenue Pond.  The Portland Avenue pond accepts inflows from the upstream 
trunk sewer and the Portland Avenue low point.  It works in parallel with the trunk line 
and is designed with the same conceptual layout as for Wentworth Pond. 

• TH 77 Pond.  The TH 77 pond accepts inflows from the upstream trunk sewer and from 
12th Avenue and TH 77 low points.  It works in parallel with the trunk line and is designed 
with the same conceptual layout as for Wentworth Pond. 
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Table C-1  Option 2D Existing Sewer with Buried Ponding under Highway 

Pond Name/Location Penn Pond 
(Pumped) 

Wentworth 
Pond 

Portland 
Pond 

TH 77 Pond

Pond Dynamics In-Series 
with Trunk 

Line 

In-Series 
with Trunk 

Line 

Flow not 
from Trunk 

Line 

Flow not 
from Trunk 

Line 
Contributing Watersheds Penn Colfax, 

Garfield, 
Pleasant, 

and Nicollet 

Portland 12th Ave. 
and TH77 

Peak 50-year Discharge Upstream of Pond     
Trunk Sewer (cfs) 85 330 94 195 
Intervening Drainage to Low Point (cfs) 0 181 228 206 
Pipe Invert Elevation at Pond Diversion 
Structure (ft) 

811.8 811.5 805.1 799.0 

Groundwater elevation (ft) 811.2 811.1 809.8 804.2 
Mainline Orifice Downstream of Diversion      
Diameter (ft) N/A 3.5 3.0 3.0 
50-yr. peak discharge (cfs) N/A 79 63 72 
Pond Size (Total Area and Volumes)     
Pond Area (ac) 0.8 2 x 1.1 = 2.2 2 x 4.2 = 8.4 2 x 6.5 = 13 
Pond Bottom Elevation (ft) 811.2 811.1 809.8 804.2 
Peak Elevation (ft) 814.8 817.3 811.1 805.9 
Bounce (ft) 3.6 6.2 1.3 1.7 
Storage (ac-ft) 2.9 13.6 10.9 22.1 
Total 50-year Storage for all Ponds (ac-ft)    49.5 
Pond Inlet Weirs (two at each low point)     
Crest Length (ft) N/A 2x18 = 36 2x30 = 60 2x40 = 80 
Crest Elevation (ft) N/A 814.5 809.8 804.2 
50-year peak inflow (cfs) N/A 2x217 = 434 2x120 = 240 2x158 = 316 
Pond Outlet Pipes (two per pond)     
Diameter (RCP) 15” 12" 12" 12" 
Length (ft) 4,000 50 50 50 
50-year peak discharge (cfs) 3.5(pumped) 2x7.7 = 15 2x7.7 = 15 2x8.8 = 18 
Mainline Pipe Downstream of Pond Outlets     
50-year peak discharge including pond 
discharge (cfs) 

N/A 94 95 90 

Pipe capacity (cfs) N/A 169 177 263 
 

The pond storage cells are located under the highway near low points and are constructed of 
multiple 10 feet high by 14 feet wide pre-cast concrete box sections varying from 250 feet long at 
Penn to 1850 feet long at TH 77. 
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Alternative 2D meets the rate control requirements for the total system discharge rate (note that 
the total system peak flow rate is smaller than the sums of the individual locations due to the 
different times to peak; see Figure C-1): 

Table C-2  Alternative 2D Peak Flow Rates (cfs) 

Location Rainfall Frequency 

 50-yr, 24-hr 100-yr, 24-hr 
Total System 295 346 
Almaz Outlet  101 111 
Almaz Bypass  0 0 
West Pond 200 236 

 

The Alternative 2D discharge to the Minnesota River is shown in the combined hydrograph in 
Figure C-1 below. 
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2D Discharge to the Minnesota River 
Figure C-1 

19636 - I-494 Stormwater Alternatives Study C-4 Stanley Consultants  



 

Water Quality 
Alternative 2D is hydraulically similar to 2C in that its conveyance pipes, diversion structures, 
pond areas and elevations are the same.  Its sediment removal is also the same as for Alternative 
2C.  However, the two alternatives differ in that the buried ponding of Alternative 2D is less 
effective in phosphorus removal since there is no sunlight to allow growth and settling of algae, 
an important phosphorus sink in water quality ponds.  Therefore, the ponds of Alternative 2D do 
not include dead storage volume.  

The water quality detention volume of 52 ac-ft is substantially greater than the 19 ac-ft volume of 
Almaz pond so it is necessary to divert some of the discharge to Almaz pond.  The flow would be 
split between Almaz pond and West Pond at a drop structure upstream of Almaz Pond.  The 
diversion pipe would be 1,600 feet long and flow under the I-494 – TH 5 interchange over to the 
West Pond.  The diversion would result in 30 ac-ft of the water quality detention volume being 
directed to West Pond and 22 ac-ft to Almaz pond.  Since Almaz pond is somewhat overloaded, 
the dead storage volume of West Pond is increased to 33 ac-ft to achieve 50 percent removal.  See 
Appendix H for details of the analysis. 

The West Pond outlet to the Minnesota River was modeled as a 100-ft weir which resulted in a 
0.9-ft bounce during the 100-year event.  The weir was enlarged to minimize unintentional 
storage since the soils on the site are not adequate for the construction of berms.  Detail design 
would address the exact outlet configuration with consideration for the effects of the discharge 
velocity on navigation and channel stability on the Minnesota River.  See Appendix H for 
concerns raised about the outfall by the Lower Minnesota River Watershed District. 

Sediment 
Sediment from the I-494 drainage system would collect in the ponds, roughly in proportion to the 
flow volume entering each one.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty–year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  The sediment accumulation in Almaz and West 
ponds would reach about 0.9 and 1.2 acre-feet, respectively after 20 years of operation; these 
volumes correspond to average sediment depths of 0.3 feet and 0.2 feet, respectively. 

Approximately 0.2 ac-ft would accumulate in the underground ponds over the same 20-year 
period.  The relatively small portion is due to the configuration of the pond diversion/inlet 
designs.  Storms less than about 0.7 inches would not activate the underground pond storage, and 
even for larger events only a portion of the total discharge volume would enter the ponds.  Due to 
the distribution of storm event depths, about 10 to 15 percent of the inflow at Wentworth, 
Portland and TH 77 ponds enters the ponds.  A sump sediment trap would be constructed between 
each of the diversion weirs and the underground storage cells to prevent sediment from entering 
the storage cells where it would be difficult to remove.  The volume of each is estimated as the 
weir length times the width of three concrete box sections and a five-foot sump depth.  Sump 
volumes sized this way will be sufficient to store sediment for more than twenty years. 
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Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternatives 2D, which reuses the existing storm sewer system, catch basins at each storm 
sewer intake location will capture a large portion of the suspended solids.  Further downstream, 
the control structures associated with each of the four ponds will be designed such that the 
majority of low flows will bypass the ponds altogether, carrying suspended solids to Almaz Pond.  
Under larger events, each detention basin in the system will be expected to capture a portion of 
the remaining annual sediment load (see Sediment section above).   
 
Our assumption is that Almaz Pond, and the four ponds at Penn, Wentworth, Portland, and TH 
77, will be cleaned of accumulated sediment every ten years.  As with other existing detention 
basins, cleaning of Almaz Pond will occur during the winter, when water levels are low and 
access by tracked excavators and dump trucks can be made over frozen ground. 
 
We have further assumed that 20% of the individual catch basins will be cleaned each year.  Both 
the catch basins and the buried storage facilities will be cleaned of accumulated sediment through 
the use of purpose built vacuum trucks, accompanied by necessary and required support vehicles 
and traffic control. 
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Appendix D 

Alternative 2E – Existing Sewer with Modified 
Adjacent and Under Roadway Ponding 

Outfall Location 
The outfalls for Alternative 2E are Almaz Pond and the expanded West Pond; both discharge to 
the Minnesota River near I-494.  A flow splitting structure and diversion pipe would be 
constructed at the drop structure near Almaz Pond to direct roughly half the discharge to West 
Pond, in order to satisfy water quality storage requirements. 

Conveyance System and Rate Control 
This alternative is based upon Alternatives 2C and 2D with the changes primarily in the 
configuration and physical location of the four stormwater ponds.  As above, ponds (storage 
facilities) will be needed at Penn, Wentworth, Portland, and TH77.  The intent of this alternative 
was twofold.  First, the ponds and storage cells were to minimize the amount of private property 
required to provide detention storage.  Second, the use of storage cells within the highway right-
of-way and directly under the mainline roadway pavement should be minimized to reduce 
construction impacts or disruption to traffic during maintenance activities. 

Under Alternative 2E, the existing drainage system is utilized from Portland Avenue all the way 
to Almaz Pond; pipes upstream of Portland are replaced by larger pipes for increased capacity 
and to allow for the reduction in cover caused by the revised roadway profile..  Four new ponds 
are used to “shave” peaks in discharge and limit discharge to the conveyance capacity of the 
downstream system.  In doing so, and by eliminating surcharging and flooding, Alternative 2E, as 
with Alternative 2D, will reduce the overall discharge rate to the Minnesota River and exceed rate 
control requirements of the LMRWD.  (The existing system surcharges and floods during both 
the 50- and 100-year events; see Wenck 2004, Appendix H.) 
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Sizing ponds and diversion structures for Alternative 2E was subject to constraints of high 
groundwater, a low road profile, and an undersized trunk sewer system.  The pond bottom 
elevations were set at or above minimum groundwater elevations determined from groundwater 
monitoring data collected as part of this study (Wenck 2007d, Appendix H).  The ground next to 
the highway is relatively high so that the normal pond elevations are 20 to 30 feet below grade.  
The 50-year maximum water levels were confined to the soffit elevation of the adjacent trunk 
sewer in order to meet the no-surcharge criterion.  XP-SWMM model results were used to 
estimate the necessary pond.  Storm sewer diversion devices and pond outlet discharge devices 
were sized and then tested with the assistance of the XP-SWMM model in an iterative process.   

Ponds were not feasible at 24th and 12th Avenues because the groundwater was close to, or 
exceeded the soffit of the trunk sewer pipe.  Ponds were developed at Penn, Wentworth and 
Portland Avenues and at TH 77.  The pond dimensions are summarized in Table D-1 and their 
designs are described below: 

• Penn Avenue Pond and Pump Station.  The Penn Avenue pump capacity is set as 
3.5 cfs (1,600 gpm) to lift the 100-year runoff volume in 24-hours.  The pump would 
deliver the flow to the trunk sewer at Colfax Avenue through a 4,000-ft, 15-inch force 
main.  The pump would require a head of about 30 feet and a power of 11 kW.  The pond 
is sized to work in conjunction with the pump to contain excess runoff to the Penn Avenue 
low point.  (The final design might be considered sizing the pond to contain the entire 6.9 
ac-ft runoff from the 14.5-acre Penn Avenue drainage area without operation of the 
pump.)   

• Wentworth Avenue.  The Wentworth pond works in parallel with the main trunk sewer 
(“offline”) so that excess flows are diverted to the two pond areas, one on each side of the 
trunk sewer.  Inflows to the low point are introduced to the system upstream of the pond 
diversion structure.  An orifice in the trunk line restricts discharge in the downstream pipe 
and forces excess flow over weirs into the ponds.  The ponds discharge through small 
diameter outlet pipes back to the trunk line, downstream of the orifice.  A sump sediment 
trap would be constructed between the diversion weirs and the underground storage cells 
to prevent sediment from entering the storage cells where it would be difficult to remove.  

• Portland Avenue.  The Portland Avenue pond accepts inflows from the upstream trunk 
sewer and the Portland Avenue low point.  It works in parallel with the trunk line and is 
designed with the same conceptual layout as for Wentworth Pond. 

• TH 77.  The TH 77 pond accepts inflows from the upstream trunk sewer and from 12th 
Avenue and TH 77 low points.  It works in parallel with the trunk line and is designed 
with the same conceptual layout as for Wentworth Pond. 
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Table D-1  Option 2E Existing Sewer with Buried Ponding under Highway 

Pond Name/Location Penn Pond 
(Pumped) 

Wentworth 
Pond 

Portland 
Pond 

TH 77 Pond

Pond Dynamics In-Series 
with Trunk 

Line 

In-Series 
with Trunk 

Line 

Flow not 
from Trunk 

Line 

Flow not 
from Trunk 

Line 
Contributing Watersheds Penn Colfax, 

Garfield, 
Pleasant, 

and Nicollet 

Portland 12th Ave. 
and TH77 

Peak 50-year Discharge Upstream of Pond     
Trunk Sewer (cfs) 85 330 94 195 
Intervening Drainage to Low Point (cfs) 0 181 228 206 
Pipe Invert Elevation at Pond Diversion 
Structure (ft) 

811.8 811.5 805.1 799.0 

Groundwater elevation (ft) 811.2 811.1 809.8 804.2 
Mainline Orifice Downstream of Diversion      
Diameter (ft) N/A 3.5 3.0 3.0 
50-yr. peak discharge (cfs) N/A 79 63 72 
Pond Size (Total Area and Volumes)     
Pond Area (ac) 0.8 2 x 1.1 = 2.2 2 x 4.2 = 8.4 2 x 6.5 = 13 
Pond Bottom Elevation (ft) 811.2 811.1 809.8 804.2 
Peak Elevation (ft) 814.8 817.3 811.1 805.9 
Bounce (ft) 3.6 6.2 1.3 1.7 
Storage (ac-ft) 2.9 13.6 10.9 22.1 
Total 50-year Storage for all Ponds (ac-ft)    49.5 
Pond Inlet Weirs (two at each low point)     
Crest Length (ft) N/A 2x18 = 36 2x30 = 60 2x40 = 80 
Crest Elevation (ft) N/A 814.5 809.8 804.2 
50-year peak inflow (cfs) N/A 2x217 = 434 2x120 = 240 2x158 = 316 
Pond Outlet Pipes (two per pond)     
Diameter (RCP) 15” 12" 12" 12" 
Length (ft) 4,000 50 50 50 
50-year peak discharge (cfs) 3.5(pumped) 2x7.7 = 15 2x7.7 = 15 2x8.8 = 18 
Mainline Pipe Downstream of Pond Outlets     
50-year peak discharge including pond 
discharge (cfs) 

N/A 94 95 90 

Pipe capacity (cfs) N/A 169 177 263 
 

The pond storage cells are located next to and under the highway near low points and are 
constructed of multiple 10 feet high by 14 feet wide pre-cast concrete box sections.   
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Alternative 2E meets the rate control requirements for the total system discharge rate (note that 
the total system peak flow rate is smaller than the sums of the individual locations due to the 
different times to peak; see Figure D-1): 

Table D-2  Alternative 2E Peak Flow Rates (cfs) 

Location Rainfall Frequency 

 50-yr, 24-hr 100-yr, 24-hr 
Total System 295 346 
Almaz Outlet  101 111 
Almaz Bypass  0 0 
West Pond 200 236 

 

The Alternative 2E discharge to the Minnesota River is shown in the combined hydrograph in 
Figure D-1 below. 
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Water Quality 
Alternative 2E is like Alternative 2D in that the buried ponding of Alternative 2E is less effective 
in phosphorus removal since there is no sunlight to allow growth and settling of algae, an 
important phosphorus sink in water quality ponds.  Therefore, the ponds of Alternative 2E do not 
include dead storage volume.  

 

The water quality detention volume of 52 ac-ft is substantially greater than the 19 ac-ft volume of 
Almaz pond so it is necessary to divert some of the discharge to Almaz pond.  The flow would be 
split between Almaz pond and West Pond at a drop structure upstream of Almaz Pond.  The 
diversion pipe would be 1,600 feet long and flow under the I-494 – TH 5 interchange over to the 
West Pond.  The diversion would result in 30 ac-ft of the water quality detention volume being 
directed to West Pond and 22 ac-ft to Almaz pond.  Since Almaz pond is somewhat overloaded, 
the dead storage volume of West Pond is increased to 33 ac-ft to achieve 50 percent removal; the 
area is 6.3 acres.  See Appendix D for details of the analysis. 

The West Pond outlet to the Minnesota River was modeled as a 100-ft weir which resulted in a 
0.9-ft bounce during the 100-year event.  The weir was enlarged to minimize unintentional 
storage since the soils on the site are not adequate for the construction of berms.  Detail design 
would address the exact outlet configuration with consideration for the effects of the discharge 
velocity on navigation and channel stability on the Minnesota River.  See Appendix C for 
concerns raised about the outfall by the Lower Minnesota River Watershed District. 

Sediment 
Sediment from the I-494 drainage system would collect in the ponds, roughly in proportion to the 
flow volume entering each one.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty–year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  The sediment accumulation in Alamaz and West 
ponds would reach about 0.9 and 1.2 acre-feet, respectively after 20 years of operation; these 
volumes correspond to average sediment depths of 0.3 feet and 0.2 feet, respectively. 

Approximately 0.2 ac-ft would accumulate in the Penn, Wentworth, Portland, and TH77 ponds 
over the same 20-year period.  The relatively small portion is due to the configuration of the pond 
diversion/inlet designs.  Storms less than about 0.7 inches would not activate the pond storage, 
and even for larger events only a portion of the total discharge volume would enter the ponds.  
Due to the distribution of storm event depths, about 10 to 15 percent of the inflow at Wentworth, 
Portland and TH 77 ponds enters the ponds.  A sump sediment trap would be constructed between 
the each of the diversion weirs and the underground storage cells to prevent sediment from 
entering the storage cells where it would be difficult to remove.  The volume of each is estimated 
as the weir length times the width of three concrete box sections and a five-foot sump depth.  
Sump volumes sized this way will be sufficient to store sediment for more than twenty years. 
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Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternatives 2E, which reuses the existing storm sewer system, catch basins at each storm 
sewer intake location will capture a large portion of the suspended solids.  Further downstream, 
the control structures associated with each of the four ponds will be designed such that the 
majority of low flows will bypass the ponds altogether, carrying suspended solids to Almaz Pond.  
Under larger events, each detention basin in the system will be expected to capture a portion of 
the remaining annual sediment load (see Sediment section above).   
 
Our assumption is that Almaz Pond, and the four ponds at Penn, Wentworth, Portland, and TH 
77, will be cleaned of accumulated sediment every ten years.  As with other existing detention 
basins, cleaning of Almaz Pond will occur during the winter, when water levels are low and 
access by tracked excavators and dump trucks can be made over frozen ground. 
 
We have further assumed that 20% of the individual catch basins will be cleaned each year.  Both 
the catch basins and the buried storage facilities will be cleaned of accumulated sediment through 
the use of purpose built vacuum trucks, accompanied by necessary and required support vehicles 
and traffic control. 
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Appendix E 

Alternative 2F – Use Existing Sewer with 
Buried Ponding under Highway – Sealed 

System  

Outfall Location 
The outfalls for Alternative 2F are Almaz Pond and the expanded West Pond; both discharge to 
the Minnesota River near I-494.  A flow splitting structure and diversion pipe would be 
constructed at the drop structure near Almaz Pond to direct roughly half the discharge to West 
Pond, in order to satisfy water quality storage requirements. 

Conveyance System and Rate Control 
Under Alternative 2F, the existing drainage system is utilized from Portland Avenue all the way 
to Almaz Pond; pipes upstream of Portland are replaced by larger pipes for increased capacity 
and to allow for the reduction in cover caused by the revised roadway profile..  Four new ponds 
are used to “shave” peaks in discharge and limit discharge to the conveyance capacity of the 
downstream system.  In doing so, and by eliminating surcharging and flooding, Alternative 2F 
will reduce the overall discharge rate to the Minnesota River and exceed rate control requirements 
of the LMRWD.  (The existing system surcharges and floods during both the 50- and 100-year 
events; see Wenck 2004, Appendix H.) 

Sizing ponds and diversion structures for Alternative 2D (Appendix C) was subject to constraints 
of high groundwater, a low road profile, and an undersized trunk sewer system.  The constraints 
led to large underground pond areas for the Portland and TH 77 ponds.  Alternative 2F was sized 
with these two pond bottom elevations set about five feet below the minimum groundwater 
elevations determined from groundwater monitoring data collected as part of this study (Wenck 
2007d, Appendix H).  This would require that either the groundwater be allowed to be drawn 
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down, or that the underground storage be made watertight to keep the groundwater from 
infiltrating and lowering. 

The ground next to the highway is relatively high so that the normal pond elevations are 20 to 30 
feet below grade.  The 50-year maximum water levels were confined to the soffit elevation of the 
adjacent trunk sewer in order to meet the no-surcharge criterion.  XP-SWMM model results were 
used to size the necessary pond.  Storm sewer diversion devices and pond outlet discharge 
devices were sized and then tested with the assistance of the XP-SWMM model in an iterative 
process.   

Ponds were not feasible at 24th and 12th Avenues because the groundwater was close to, or 
exceeded the soffit of the trunk sewer pipe.  Ponds were developed at Penn, Wentworth and 
Portland Avenues and at TH 77.  The pond dimensions are summarized in Table E-1 and their 
designs are described below: 

• Penn Avenue Pond and Pump Station.  The Penn Avenue pump capacity is set as 
3.5 cfs (1,600 gpm) to lift the 100-year runoff volume in 24-hours.  The pump would 
deliver the flow to the trunk sewer at Colfax Avenue through a 4,000-ft, 15-inch force 
main.  The pump would require a head of about 30 feet and a power of 11 kW.  The pond 
is sized to work in conjunction with the pump to contain excess runoff to the Penn Avenue 
low point.  (The final design might consider sizing the pond to contain the entire 6.9 ac-ft 
runoff from the 14.5-acre Penn Avenue drainage area without operation of the pump.)   

• Wentworth Avenue Pond.  The Wentworth pond works in parallel with the main trunk 
sewer (“offline”) so that excess flows are diverted to the two pond areas, one on each side 
of the trunk sewer.  Inflows to the low point are introduced to the system upstream of the 
pond diversion structure.  An orifice in the trunk line restricts discharge in the downstream 
pipe and forces excess flow over weirs into the ponds.  The ponds discharge through small 
diameter outlet pipes back to the trunk line, downstream of the orifice.  A sump sediment 
trap would be constructed between the diversion weirs and the underground storage cells 
to prevent sediment from entering the storage cells where it would be difficult to remove.  

• Portland Avenue Pond.  The Portland Avenue pond accepts inflows from the upstream 
trunk sewer and the Portland Avenue low point.  It works in parallel with the trunk line.  It 
was set 4.7 feet below the lowest groundwater observation and must be sealed or allowed 
to lower the local groundwater elevation.  By allowing this change, the Portland 
Avenue pond in Alternative 2F is just 29 percent of that for Alternative 2D.    

• TH 77 Pond.  The TH 77 pond accepts inflows from the upstream trunk sewer and from 
12th Avenue and TH 77 low points.  It works in parallel with the trunk line.  It was set 5.2 
feet below the lowest groundwater observation and must be sealed or allowed to lower the 
local groundwater elevation.  By allowing this change, the Portland Avenue pond in 
Alternative 2F is just 23 percent the volume of that for Alternative 2D.    
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Table E-1  Option 2F Existing Sewer with Buried Ponding 
under Highway – Sealed System (or Lowered Groundwater) 

Pond Name/Location  
Penn Pond 
(Pumped) 

Wentworth 
Pond 

Portland 
Pond TH 77 Pond 

Pond Dynamics 

In-Series 
with Trunk 

Line 

In-Series 
with Trunk 

Line 

Flow not 
from Trunk 

Line 

Flow not 
from Trunk 

Line 

Contributing Watersheds 

Penn Colfax, 
Garfield, 
Pleasant, 

and Nicollet 

Portland 12th Ave. 
and TH77 

Peak 50-year Discharge Upstream of Pond 
Trunk Sewer (cfs) 85 330 94 180 
Intervening Drainage to Low Point (cfs) 0 181 228 205 
Pipe Invert Elevation at Pond Diversion 
Structure (ft) 811.8 811.5 805.1 799.0 
Groundwater elevation (ft) 811.2 811.1 809.8 804.2 
Mainline Orifice Downstream of Diversion  
Diameter (ft) N/A 3.5 3 3 
50-yr. peak discharge (cfs) N/A 79 62 71 
Pond Size (Total Area and Volumes) 
Pond Area (ac) 0.8 2x1.1 = 2.2 2x1.2 = 2.4 2x1.5 = 3.0 
Pond Bottom Elevation (ft) 811.2 811.1 805.1 799.0 
Peak Elevation (ft) 814.8 817.3 811.0 805.8 
Bounce (ft) 3.6 6.2 5.9 6.8 
Storage (ac-ft) 2.9 13.6 14.2 20.4 
Total 50-year Storage for all Ponds (ac-ft)   51.1 
Pond Inlet Weirs (two at each low point) 
Crest Length (ft) N/A 2x18 = 36 2x10 = 20 2x15 = 30 
Crest Elevation (ft) N/A 814.5 807.6 803 
50-year peak inflow (cfs) N/A 2x217 = 434 2x123 = 246 2x151 = 302 
Pond Outlet Pipes 
Diameter (in) 15” 12" 12" 12" 
Length (ft) 4,000 50 50 50 
50-year peak discharge (cfs) 3.5(pumped) 2x7.7 = 15.4 2x8.0 = 16.0 2x9.8 = 19.6 
Mainline Pipe Downstream of Pond Outlets 
50-year peak discharge including pond 
discharge (cfs) N/A 94 83 91 
Pipe capacity (cfs) N/A 169 177 263 

 

The pond storage cells are located under the highway near low points and are constructed of 
multiple 10 feet high by 14 feet wide pre-cast concrete box sections varying from 250 feet long at 
Penn to 1850 feet long at TH 77. 
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Alternative 2F meets the rate control requirements for the total system discharge rate (note that 
the total system peak flow rate is smaller than the sums of the individual locations due to the 
different times to peak; see Figure E-1): 

Table E-2  Alternative 2F Peak Flow Rates (cfs) 

Location Rainfall Frequency 

 50-yr, 24-hr 100-yr, 24-hr 
Total System 289 335 
Almaz Outlet  94 103 
Almaz Bypass  0 0 
West Pond 200 239 

 

The Alternative 2F discharge to the Minnesota River is shown in the combined hydrograph in 
Figure E-1 below. 
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2F Discharge to the Minnesota River 
Figure E-1 

19636 - I-494 Stormwater Alternatives Study E-4 Stanley Consultants  



 

Water Quality 
Alternative 2F is the same as 2D with the exception of the Portland and TH 77 ponds which are 
set below the groundwater elevation and substantially smaller in area.  As for Alternative 2D, 
buried ponding of Alternative 2F is less effective in phosphorus removal since there is no sunlight 
to allow growth and settling of algae, an important phosphorus sink in water quality ponds.  
Therefore, the ponds of Alternative 2F do not include dead storage volume.  

The required water quality detention volume of 52 ac-ft is substantially greater than the 19 ac-ft 
volume of Almaz pond so it is necessary to divert some of the discharge to Almaz pond.  The 
flow would be split between Almaz pond and West Pond at a drop structure upstream of Almaz 
Pond.  The diversion pipe would be 1,600 feet long and flow under the I-494–TH 5 interchange 
over to the West Pond.  The diversion would result in 29 ac-ft of the water quality detention 
volume being directed to West Pond and 23 ac-ft to Almaz pond.  Since Almaz pond is somewhat 
overloaded, the dead storage volume of West Pond is increased to 34 ac-ft to achieve 50 percent 
removal.  See Appendix H for details of the analysis. 

The West Pond outlet to the Minnesota River was modeled as a 100-ft weir which resulted in a 
0.9-ft bounce during the 100-year event.  The weir was enlarged to minimize unintentional 
storage since additional detention storage (rate control) was not needed.  Detail design would 
address the exact outlet configuration with consideration for the effects of the discharge velocity 
on navigation and channel stability on the Minnesota River.  See Appendix C for concerns raised 
about the outfall by the Lower Minnesota River Watershed District. 

Sediment 
Sediment from the I-494 drainage system would collect in the ponds, roughly in proportion to the 
flow volume entering each one.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty–year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  The sediment accumulation in Alamaz and West 
ponds would reach about 0.9 and 1.2 acre-feet, respectively after 20 years of operation; these 
volumes correspond to average sediment depths of 0.3 feet and 0.2 feet, respectively. 

Approximately 0.2 ac-ft would accumulate in the underground ponds over the same 20-year 
period.  The relatively small portion is due to the configuration of the pond diversion / inlet 
designs.  Storms less than about 0.7 inches would not activate the pond storage, and even for 
larger events only a portion of the total discharge volume would enter the underground ponds.  
Due to the distribution of storm event depths, about 10 to 15 percent of the inflow at Wentworth, 
Portland, and TH 77 ponds enters the ponds.  A sump sediment trap would be constructed 
between the each of the diversion weirs and the underground storage cells to prevent sediment 
from entering the storage cells where it would be difficult to remove.  The volume of each is 
estimated as the weir length times the width of three concrete box sections and a five-foot sump 
depth.  Sump volumes sized this way will be sufficient to store sediment for more than twenty 
years. 
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Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternatives 2F, which reuses the existing storm sewer system, catch basins at each storm 
sewer intake location will capture a large portion of the suspended solids.  Further downstream, 
the control structures associated with each of the four ponds will be designed such that the 
majority of low flows will bypass the ponds altogether, carrying suspended solids to Almaz Pond.  
Under larger events, each detention basin in the system will be expected to capture a portion of 
the remaining annual sediment load (see Sediment section above).   
 
Our assumption is that Almaz Pond, and the four ponds at Penn, Wentworth, Portland, and TH 
77, will be cleaned of accumulated sediment every ten years.  As with other existing detention 
basins, cleaning of Almaz Pond will occur during the winter, when water levels are low and 
access by tracked excavators and dump trucks can be made over frozen ground. 
 
We have further assumed that 20% of the individual catch basins will be cleaned each year.  Both 
the catch basins and the buried storage facilities will be cleaned of accumulated sediment through 
the use of purpose built vacuum trucks, accompanied by necessary and required support vehicles 
and traffic control. 
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Appendix G 

Alternative 5A – Storage Tunnel with Gravity Outfall 

Outfall Location 
The outfall location for the Alternative 5 storage tunnel is the West Pond and Almaz Pond site, 
where a water quality pond will be expanded at West Pond.  The Almaz Pond outfall, located just 
north of I-494 on the Minnesota River, will continue as the outfall for the re-used portion of the 
existing drainage system.  The outfalls are located within the Lower Minnesota River Watershed 
District (LMRWD). 

Conveyance System 
A storage tunnel presents an alternative to surface and near-surface ponding as described in 
Alternatives 2D and 2F.  Adequate belowground storage of discharges exceeding the existing 
pipe capacity will eliminate surcharging and flooding and will regulate discharge to the 
Minnesota River according to the LMRWD rate control requirements.   

A three-mile, 12-foot-diameter storage tunnel was designed to receive runoff from Penn Avenue 
and overflow from the trunk drainage system from the Wentworth Avenue low point through the 
TH 77 low point.  The existing trunk sewer drains the corridor from TH 77 to the East.  The 
volume of the tunnel is 41 acre-feet.  The storage tunnel discharges through a 3.5-ft diameter 
micro-tunneled gravity outlet to the West Pond.   

An overflow structure was placed at each surface low point to divert excess discharge to the 
tunnel.  The design was balanced to preserve capacity in downstream pipes for downstream 
inflows into the replaced and existing trunk systems.  At each drop structure, an orifice was 
placed in the pipe to limit downstream discharge and develop head to force discharge over side 
weirs (two each with a 15-ft crest length).  Flow over the weirs would discharge to vortex-type 
drop shaft down to the storage tunnel. 
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Rate Control 
By diverting flows in excess of the existing system capacity to the storage tunnel, peak discharge 
rates are kept below the existing peaks (see Wenck 2007a, Appendix H). 

Table G-1  Alternative 5A Peak Flow Rates1 (cfs) 

Location Rainfall Frequency 

 50-yr, 24-hr 100-yr, 24-hr 
Total System 285 339 
Almaz Outlet  189 201 
Almaz Bypass  112 151 
West Pond  42 42 

 

The Alternative 5A discharge to the Minnesota River is shown in the combined hydrograph in 
Figure G-1 below. 

                                                      
1 Note that the total system peak flow rate is smaller than the sums of the individual locations due to the 
different times to peak; see Figure G-1. 
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Individual Outfall, and Combined Hydrographs for Alternative 

5A Discharge to the Minnesota River 
Figure G-1 

 

Water Quality 
In Alternative 5A, the 2.5-inch storm will result in approximately 16 acre-feet of runoff directed 
to the West Pond, and 36 acre-feet to Almaz Pond.  This will overload Almaz (19 acre-feet) and 
reduce its effectiveness to about 42 percent phosphorus removal.  (Due to site constraints, Almaz 
Pond cannot be expanded from its existing size.)  West Pond is sized with an area of 6.1 acres and 
an average depth of 5.4 feet to provide 33 ac-ft of dead storage so that the total is 52 ac-ft as 
required by the LMRWD rules.  The oversizing of the West Pond will provide 57 percent 
phosphorus removal for an overall project average of 47 percent, after accounting for 20 percent 
loss of storage volume due to sedimentation.  With the oversizing at West Pond, further increases 
in size will not provide a net 50 percent removal with reasonably sized ponds.  (Doubling the size 
of West Pond would only reach 48 percent removal.)  If Almaz Pond is kept free of sediment 
accumulation, the modeled system performance would meet the 50 percent threshold.  These 
figures are based on the PondNet pond water quality model (Walker, 1987), which was used to 
develop the MPCA design guidance (MPCA, 1989.)  See Appendix H for details of the analysis. 
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In order to achieve the full 50 percent phosphorus removal, it may be possible to install the partial 
flow diversion from the trunk line upstream of Almaz Pond over to West Pond, as in Alternatives 
2D and 2F.  Alternatively, optimization of the low point diversion structures might be capable of 
balancing the volumes between the two ponds. 

The West Pond outlet to the Minnesota River was modeled as a 100-ft weir which resulted in a 
0.3-ft bounce during the 100-year event.  The weir was enlarged to minimize unintentional 
storage since additional detention storage (rate control) was not needed.  Detail design would 
address the exact outlet configuration with consideration for the effects of the discharge velocity 
on navigation and channel stability on the Minnesota River.  See Appendix H for concerns raised 
about the outfall by the Lower Minnesota River Watershed District. 

Sediment 
Sediment from the I-494 drainage system would collect in Almaz and West Ponds, roughly in 
proportion to the flow volume.  The total suspended sediment load for the I-494 drainage system 
is estimated as 400,000 lb/yr; this represents a total volume of roughly 5,000 ft3/yr, or 2.3 ac-ft 
over a twenty-year period.  (This is based on a typical total suspended solids concentration of 300 
mg/L, and equivalent to about 900 lb/acre.)  The sediment accumulation in Almaz Pond and in 
West Pond would reach about 1.6 and 0.6 acre-feet, respectively after 20 years of operation, 
much less than the 20 percent loss assumed in the PondNet phosphorus removal calculations and 
the LMRWD (NURP) standard.  These volumes correspond to average depths of 0.5 feet and 0.1 
feet, respectively. 

Maintenance 
As per the sedimentation discussion in Section 3, even though Mn/DOT does not use sand for 
snow and ice control along this section of highway, the accumulation of sediment still occurs.  
This material finds its way to the site on the tires of vehicles entering from sandy areas, as wind 
blown debris from off site, or from open topped loads of sand and aggregate that traverse the 
highway.   
 
Regardless of the drainage Alternative selected, the total amount of sediment generated over the 
438 acre site will remain constant.  This is estimated at 4,468 cubic feet of material each year.  
Although a consistent street sweeping program can capture half of this material, our estimates 
assume that all suspended solids are conveyed to the storm sewer system. 
 
For Alternatives 5A, the need to capture sediment upstream of the storage tunnel is paramount, so 
catch basins at each storm sewer intake location are used to capture the bulk of the suspended 
solids.  The balance of the load will be conveyed within the tunnel and transported to West Pond.  
As the existing storm sewer system downstream of TH 77 will be utilized, a portion of the total 
load will be deposited in Almaz Pond (see Sediment section above).   
 
Our assumption is that both Almaz and West Ponds will be cleaned of accumulated sediment 
every ten years.  As with other existing detention basins, cleaning will occur during the winter, 
when water levels are low and access by tracked excavators and dump trucks can be made over 
frozen ground. 
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We have further assumed that 20% of the individual catch basins will be cleaned each year.  This 
will be accomplished through the use of purpose built vacuum trucks, accompanied by necessary 
and required support vehicles and traffic control. 
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• MnDOT 2007.  Meeting Notes from conversation with Beth Neuendorf, Nicole Rosen, 
Scott Pedersen, Andrea Hendrickson, Debra Anderson, Bev Farraher, Hailu Shekur, David 
Hagle, Scott Carlstrom representing MnDOT; John Thene, Wenck Associates, Inc; Alan 
Palmer, P.E. and Jessica Willey representing Stanley Consultants, Inc.  This meeting 
occurred on April 26, 2007 to discuss I-494 Stormwater Alternatives. 
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