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Executive Summary

The purpose of this study is to assist the Minnesota Department of Transportation (Mn/DOT) in
determining the best means for stormwater drainage of 1-494 from Penn Avenue to the Minnesota
River (and potentially to the west of Penn Avenue to TH169) by expanding upon the 1-494
Tunnel Feasibility Study (TFS), dated February 2002, and the 1-494 Drainage Feasibility Study
(DES) of June 2005. The TFS, while limited in scope, indicated that a stormwater tunnel was the
best means of addressing the drainage system for future 1-494. The DFS showed that there was a
possibility for reuse of the existing storm sewer, and that this reuse could result in significant
project savings. This study provides additional mnvestigation to answer particular concerns raised
by Mn/DOT after the DFS was submitted.

1-494 is one of the most heavily traveled roadways in Minnesota. Approximately 178,000
vehicles per day currently travel in the corridor (2002), with an expected increase to 225,000
vehicles per day by the year 2022, Any interruption to the highway system is significant to the
traveling public and commerce along the corridor. The storm sewer that serves the corridor does
not meet current Mn/DOT standards as it surcharges at roadway low points in storms
approximating the five-year event.

The increase in impervious surface from the proposed expansion of 1-494, combined with the
inadequacies of the existing drainage system precipitates the need for drainage system
improvements. To meet design criteria, the proposed drainage system must be sized to convey 80
percent greater storm flows than under current conditions and do so without flooding or
surcharging. Maintaining the existing system as the primary drainage conduit for 1-494 would
increase the incidence of flooding along the highway and expose the users to an unacceptably
high level of risk.

The intent of this report is to explore in more detail the previous preferred Alternatives based on
concerns raised by Mn/DOT during their internal review of the previous studies. Stanley
Consultants led a team including Wenck Associates, in the development of this study. The
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approach included in-depth alternative analysis of the six preferred options from the previous two
studies (Alt. 1C, 2C, 2D, 2E, 4A and SA), municipal and agency involvement, corridor
hydrology, hydraulics, water quality, subsurface investigation, and the development of suitable
exhibits for presentation and for this report. During the alternative analysis, one additional
potential drainage alternative was identified, Alt. 2F. Municipal and agency involvement,
meetings were held with the affected stakeholders, including the cities-adjacent to the project,
local watersheds and functional units of the Minnesota Department of Transportation. During the
corridor hydrology, hydraulics, and water quality phase, system design and regulatory standards
were reviewed to develop design criteria for the 1-494 drainage system. Each Alternative was
analyzed to demonstrate the required level of performance and to establish the need and extent of
water quality and detention storage facilities.

This study makes no particular recommendation. Instead, it discusses in detail seven feasible
alternatives to accommodate storm drainage and water quality along the I-494 corridor.
Improvements to this portion of the I-494 corridor are not yet scheduled. Any one of the seven
alternatives could be chosen to be carried forward into the design phase. This study is being
constructed well in advance of any potential project. Design criteria, permit requirements and
existing pipe conditions will influence which alternative is ultimately selected.

Respectfully submitted,

Stanley Consultants, Inc.
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Section 1

Study Background and Approach

Purpose

The purpose of this study is to expand upon the 1-494 Drainage Feasibility Study, dated June
2005, and assist the Minnesota Department of Transportation (Mn/DOT) in determining the
means for stormwater drainage of 1-494 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 1-494. 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 1-494 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 1-494
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 1-494 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 1-494 or along 1-35W, 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 1-494 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 1-494 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 Il/Level 111 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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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 Volume, Runoff Volume,
Runoff Drainage Area (ac) 50-year (ac-ft) 100-year (ac-ft)
Mn/DOT 240.9 (57%) 82.3 (60%) 93.7 (59%)
RIW

Airport 102 (2%) 3.0 (2%) 35  (2%)
Bloomington 36.0 (8%) 13.7 (10%) 15.4 (10%)
Richfield 83.0 (20%) 27.5 (20%) 314 (20%)
VA 53.0 (13%) 115  (8%) 137 (9%)
Totals 423.1 (100%) 138.0 (100%) 157.7 (100%)

[-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:

o 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 1-494 is re-constructed.

e Construct a conveyance tunnel, or conveyance/detention storage tunnel.
o Install parallel storm sewers to augment the capacity of the existing drainage system.

e 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 1-494 corridor, using alternative corridors to the south such
as along 1-35W 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 VVolume

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

Alaz Po, ookinrt
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 [1b] 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 1-494 drainage
system would collect both in Almaz and West Ponds in roughly equal proportions. The total
suspended sediment load for the 1-494 drainage system is estimated as 400,000 Ib/yr, or a volume
of 5,000 ft*/yr. (This is based on a typical total suspended solids concentration of 300 mg/L, and
equivalent to about 900 Ib/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

Percent Percent
of of
Percent Storm  Annual Project
Annual  Volume Precip Intervening Percent Corridor
Storm Precip  that Volume watershed of Total Total
Precipitation by Enters  Entering by percent Solids  Solids Pond
Depth Volume Pond Pond of total Load Load Accumulation
cu cu ft /20
[1b/yr] ft/yr 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
|P0rtland
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.
cleaning, equating to cleaning each pond every 25 years.

As such, 20 of 500 ponds needed
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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 1-494 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 1-35W 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 1-494 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.

1-35W
12TH AVE
TH 77

TH 100
~ PENN AVE

— 1-494 ¥
10" DIA

TUNNEL

LEGEND
DETEMTION STORAGE

ot

sz
W

O SEDIMENT COLLECTION

x WATER QUALITY STORAGE _
e ___l___,-wf” M.T.S.

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.
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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 1-494 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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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.
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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 [-35W

Convey stormwater to a tunnel constructed within the 1-35W 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 1-494 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 1-494 is constructed.

Alternative 4A — Conveyance Tunnel along 1-35W 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.

TH 100
TH 77

PENN AVE
I-35W
12TH AVE

]

10" DIaA 7
XISTIN d
TUNNEL TRONK

LEGEND
DETENTION STORAGE

O SEDIMENT COLLECTION

x  WATER QUALITY STORAGE
R O i N.T.S.

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.

ALMAZ POND -
w ] - 1
> .
8 =| = o| E[EexistinG 9
=~ = ] f TRUNEK
- = I N E
= & o o (o] (o] O -
7 777 FAIIIA T
1-494 o) OL ) o o
' 42" DIA
A
TONNEL PROPOSED i
TRUNK H
WEST POND e
,
./
/ N
LEGEND 7
DETENTION STORAGE e
-
|
O SEDIMENT COLLECTION gcjg'?/
W
X WATER QUALITY STORAGE Prigly

il TSNP - —_ MN.T.5.

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.

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

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

e 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.

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

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

e 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 1-494
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 1-494 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 1-494 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 1-494 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
1-494 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 EI.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.

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

e Two shaft holes are required for each tunnel option

o Two work sites are required for each tunnel option

e One Portal site is required for each tunnel option

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

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

e 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

e At Year 40, replace force main

e At Year 40, upgrade 50% of pump station

e At Year 40, 25% of structural concrete will need to be replaced
o For midlife reconstruction, assume the SLC equals 0.21%

e 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.

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

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

Engineering and

Design

Property
Acquisition

Construction

Construction
Management

Maintenance

Total

1C — Tunnel w/ D/S
Detention

2C — Existing Sewer
w/ Modified
Adjacent Ponding

2D - Existing Sewer
w/ Buried Ponding
Under Highway

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

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

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

5A - Storage Tunnel
w/Gravity Outfall

$16,870,000

$5,590,000

$18,200,000

$9,270,000

$8,010,000

$18,190,000

$12,050,000

$920,000

$150,750,000

$000

$41,470,000

$10,000

$920,000

$920,000

$140,610,000

$46,550,000

$151,660,000

$77,270,000

$66,750,000

$151,620,000

$100,390,000

$7,030,000

$2,330,000

$7,580,000

$3,860,000

$3,340,000

$7,580,000

$5,020,000

$580,000

$970,000

$720,000

$720,000

$720,000

$580,000

$1,360,000

$166,010,000

$206,190,000

$178,160,000

$132,590,000

$78,830,000

$178,890,000

$119,740,000

Source: Stanley Consultants, Inc.
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_._IPROPERTY ACQUISITION GOSTS - e - .
412612007 T T _
= T B Affected
2007 Property Present Value of Affected Affected Building Pavement
AHernative Owner Current Usage Market Value Parcel Area Acqulsition Cost Easement Cost Tax, Net Loss of Tax Base | Tenants, No. Bullding Area Height Removai Area!  Demolition Cost Parcel Cost
iC . Parking Lot § 20000000 225000 3 o els 100000 $ 00210000 -5 163725 0 $ i o $ 11553725
ic Parking Lat $ .- 20000000 Lele g 100,000 & 110000 § _' 1,537.25 4] $ 1] H 8 115537025
1c Parking Lot $ 20000000 -8 ~§ 00010000 % 1537.25° 0 '3 0. [ '$ 11653725 |
[ N Parking Lot % 00t 200,000.00 w8 $ - 10000 S 1537.25 S 0 S I S§ 11553725
1 Paridng Lot § .00 20000000 BN '$ 10000 8 L 1,537.25 $ 0 [} 0. $ 11553725 |
ic arkiry Lot $. 0. 200,000.00 - 5 $ . 10000 § U 153725 $ [+ B I C§ I SaTEs
i Parling Lot .. .. 200,000.00 PR ) 10000 § UL 153725 $ 1 0 T§ 11653725
1C Parking Lot -§ - 200,000.00 R ‘8 0000 5 - 1,537.25 - 05 0 0L $ o 11553725 ]
_ ¢ IR ) § o 12,208 §: 3. 924,298 |
2C TCF Bark . Commercial "8 $.071,303399.90 $ § . 750039970
¢ A G Bogen Company Commercial $ $ 0 2,083,285.63 $ 2§, 1160728563 |
C Astan Direct Oriental Mkl Inc Commercial $ $ 35191637 .3 T§ 206591597 |
2C Carole Boyum Apartment 8§ $0 25440408 $ 05
2C 7727 Pertiand Ave S |Homes RE1 Nursing Home % 3§ 5§ ot o
2C Sinclaite Marketing Commercial $ 5 §o T 200893720 |
2C Lois Berg Commercial -5 $ 5. U8 A T18.45978 |
2C Richheld ents Center Apzariment ~3 50 % 5 957862643 |
2C Richfield Apartments Center Apartment ‘5 $- $ 8 11,616.95008
¢ Richfield Apariments Center Apartment 0§ L 3§ H 2§07 8,975,626.43
2C Olin-Matimwig Commercial s 3§ 13821837 S+ U2,124,755.12 $ “'$ 01162875512 |
C DIVISION IN PROGRESS Commercial $ 10000 § -°:0"1,53725. 5 2§ 23458795
2C Jerry Mathwig Comimercial $ 48,768.10 § | 74988523 | LI 50068523 T
2 Jerry Mgthwig Commercial §° 3733920 1§ -573,905.02 . s §.0..3,09899502
2C Columbla Properties Commercial 3 44232226 '$ 6.79957728 g ‘8§ 3634357728 .
it Columbla Properties Commercial 3§ 24580594 & 3,794.652.23 [i] $ SoA98205223 . |
il Columbia Properties Commerclal §0 16044433° & " 2,466,42261 ] 5. 270742261 |
2 : : w S ‘$ 4,198,495 § $ 150,751,495 |
o 1,537.25
20 153725
[— 2 N1 8
__|E Robert Gearge Industrial $ $ 8462528,
2E VSA Commercial S $ 01,912,582 40 11,367,582.40.
2E Asian Direct Oriental MKt Ing Commercial 5 0§ o 35191537 208691537 T |
2E Carole Boyum Apartment 1 B §7 1 25440438 260040438 |
2E Hormes RE 1 Nursing Home 1521,000.00 B “§0..0335,901.28
2E Sincleire Marketing Commercial 17 741,000.00 ] 8 § 100 854,837.20
2E Lois Berg Commercial - '605,000.00 % §: 285,459 78
2 Richfield Apartments Center Apariment 3,725,000.00 $: H 2263543
2E Jery Matwig Commercial 1,525,00000 ; -8 $: 12 748,68523
2F Jemy Mathwig Commercial 't.‘MD,DOO.DO.i 8 $ 1 573.985.02 .
| 2E 5 $ (8,137,132
2F JE 10000 -5 . o i
2F gl 10000 § 0 gLy
2F R 100.00 - § B )
£ ] 00.00 5 - o XS
2F s 00.00 -3 I $
2F g 00.00 "$- 0 - §
2F $ 00.00 "5 m L0 5
2F § 100.00 % ; 0 s
2F ] < 100.00 - § 2 G 3
L 2F s : g 13,835 Ty
4A Farking Lot $ 3 5 - 155725 N a o o5
4A Farking Lot § % 5 1,537.25 - v§ 0 o [ 8L
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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 1-494
bridge over the Minnesota River. The Almaz Pond outfall, located just north of 1-494 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." 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 1-494 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

! 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 1-494 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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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 1-494 drainage system would collect in Almaz and West Ponds, roughly in
proportion to the flow volume. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft*/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 Ib/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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MAINTENANCE COSTS
1-484 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE 1¢ 2z 20 2E 2F 4A SA
SEDIMENT ACCUMULATION 20 Year 20 Year| 20 Year 20 Year| 20 Year 20 Year| 20 Year
Volume Volume Valume Valume Volume Volume Volume
Required {CF} Required (CF)] Required (CF)} Required (CF)| Required (CF)| Required (CF)  Required ch
PENN 3300 3300 3300 3300
WENTWORTH 28500 21¢0, 21co 2100
PORTLAND 10000 1400 1400 1400
TH 77 28100] - 3800 3800 3800
ALMAZ POND 26100 31300 89600 BIS500 89600 74100 25100
WEST POND 74100 9 0 0 1] 26100 74100
100200 100200 100200 100200 100200 100200 100200
20-year vetuma [ac-ft] 230 230 2.30 230 230 230 2.30
SEDIMENT COLLECTION
Use upsiream caich basins to collect sediment prior 1o entry Into malnline storm sewer *
Number of intakes, EA 175 175 175 175 175 175 525
Additienal helght per intake, FT 4 4 4 4 4 4 4
Assumed helohl of additonal intakes, FT oo 700 700 700 700 760 2100
Al &' diameter, provided storage per unit, CF 13 113 113 113 113 113 13
Total Intake Storage Pravided, CF 19775 19775 19775 19775 19775 19776 59325
Totalinlake Sterage Provided, GY 732 73z 732 732 732 132 2197
Calch basin volume {ac-ft] 0.45 045 0.45 0.45 C.45 .45 1.36
* Assume equivalent distribution over each ponding area
Sediment to be removad from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 1575 1575 1575
PORTLAND 7500 1050 1050 1050
TH77 21825 2850 2850 2850
ALMAZ POND 19575 23475 67200 B7200 G7200 55575 19575
WEST POND 55575 19575 55576
** Assume 26% of sediment is captured In the caleh basins
20-year volume to Ponds 1.73 1.73 1.73 1.73 173 1.73 1.73
20-year voluma te Calch Basins 0.58 0.58 0.58 0.58 0.58 0.58 0.58
20-year votume tofal 230 230 2.30 230 230 230 2.30
Maintenance Assumptions
Catch Basins 20% Intekes cleaned annually
§,262.50 Sediment Gleaned Annually from sumps
6 Intakes per hour per crew
5.83 Crew Hours, say 8 hours
) 2,000.00 Cost per hour per crew, Including traffic contro!
% 2.55 per cuble foot removed
$ 68.98 per cuble vard removed from Catch Basing
$ 186,000.00 say $§ 20,000.00 peryear
Ponds and Sumps Clean 20% of sumps annually
$ 137.86 Cost per yard removed from Sumps
$ 68,98 Cosl per yard removed from Ponds
PENN E 1,264.67 | & 262834 § 252034 § 25204 $ -
WENTWORTH $ 10,155.69 | § 160058 5 160958 § 160958 $ -
PORTLAND 3 3,832.34 15 1,073.05 §  1,07305 5 107305 $ -
TH?? $ 11,152.10 | § 201287 § _ 281257 § 281257 3 -
West Pond Clean every 10 years
68.98 per cubic yard removed from Ponds
ALMAZ POND $ 2,500.60 § 289880 $ 858443 § 868443 § 858443 § 700040 $ 2,500.60
WEST POND (i-35W OUTLET POND) § 7.099.40 % - 3 - - § - $ 250060 $ 7.093.40
SEDIMENT LOCATION ANNUAL COST| ANNUAL COST] ANNUAL COST[ANNUAL COST|ANNUAL COST|ANNUAL GOST] ANNUAL COST
INTAKES/CATCH BASING 3 20,000.00 | & 20,000.00 | § 20,00000 7 § 20,000.00 |§ 20,000C0|S 20,000,061 & 50,000.00
PENN $ - s 1.264.67 | § 25293418 252018 262935(8 - H -
WENTWORTH S - |5 10,1556¢9 | § 160258 | § 1609585 1,60058|$ - $ -
PORTLAND $ - 3 383234 |5 1073.05 1S  1,073.05|§ 107305 § . 3 -
TH77 § - $ 11,152.10 | & 291257 | 5 2912571 % 291257 [ & - k) -
ALMAZ POND $ 2,500.60 | § 2,498.80 | $ 858443 | § B58443|5 658443 (8%  7.00040( 3 2,500.60
QUTLET POND $ 7,059.40 | $ - s - $ - § - $ 260060 § 7,099.40
ANNUAL TOTAL| & 2060000 | $ 49403560 | § 3570898 | § 3670898 § 48708984 20,60000 ( $ £9,600.00
PRESENT VALUE| § _ 580.000.00 [ §  968,00000 | 5 719,000.00 [ $ 719,00000 | § 713,000.00 | § 580.000.00 | § 1,364,000.00

5% Inflaticn Rate
80 Year Econemic Lifespan




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 1-494. 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.

19636 - 1-494 Stormwater Alternatives Study B-2 Stanley Consultants



Table B-1 Option 2C Existing Sewer with Adjacent Surface Ponding

Pond Name/Location Penn Pond | Wentworth Portland TH 77 Pond
(Pumped) Pond Pond
Pond Dynamics In-Series In-Series Flow not Flow not
with Trunk with Trunk | from Trunk | from Trunk

Line Line Line Line

Contributing Watersheds Penn Colfax, Portland TH 77
Garfield,
Pleasant,
and Nicollet

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 N/A 104 197 289
discharge (cfs)
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

Total System
Almaz Outlet
Almaz Bypass

50-yr, 24-hr
365
220
193

100-yr, 24-hr

414
230
226

The Alternative 2C discharge to the Minnesota River is shown in the combined hydrograph in

Figure B-1 below.
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450

400 -

350 A

300 -

250

Flow (cfs)

200 -

150

100 A

50

Time (hr)

Almaz Pond Outlet (100yr)

Alamaz Bypass (100yr) Total Outlets (100yr)

= = = Almaz Pond Outlet (50yr) = = = Alamaz Bypass (50yr) = = Total Outlets (50yr)

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 1-494 drainage system would collect in the ponds, roughly in proportion to the
flow volume entering each one. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft*/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 Ib/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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POND B
LIVE STORAGE: 3.4 AC-FT
DEAD STORAGE: 3.6 AC-FT

(©) STANLEY CONSULTANTS

PROPERTY INFO
OWNER: TWIN CITY FED SAVE & L ASSOC
ADDRESS: 7800 PENN AVE S BLMTG
SIZE: 3.06 ACRE +/- FIG B-9 ALTERNATIVE 2C-01A
ENLARGED PLAN AND PROFILE, SECTIONS

SCALE: 1" = 200’ 1-494 DRAINAGE FEASIBILITY STUDY
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POND D
LIVE STORAGE: 16.3 AC-FT
DEAD STORAGE: 11.3 AC-FT

PROPERTY INFO

OWNER: A G BOGEN COMPANY ET AL
ADDRESS: 7801 NICOLET AVE S BLMTG
SIZE: 5.28 ACRE +/-

- |
| g

45111 - [
L_L'-_::l?ﬁ;'f-_?-_':—--—l— amm J

FIG B-10 ALTERNATIVE 2C-02A
ENLARGED PLAN AND PROFILE, SECTIONS
1-494 DRAINAGE FEASIBILITY STUDY
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POND E
———— —r p— LIVE STORAGE: 11.0 AC-FT

— ___t_r _:J:L_____, B —— . ' 15t e A s L DEAD STORAGE: 46.7 AC-FT

~MSE "WALL

. 2 PROPERTY INFO

— . e s o e s & — - : OWNER: ASIAN DRCT ORIENTAL MKT INC
' 5 = = i & ADDRESS: 7701 PORTLAND AVE RCHF

831 , =, >/ e, e’ LR SIZE: 0.50 ACRE

PROPERTY INFO

OWNER: CAROLE L BOYUM
ADDRESS: 631 77TH ST E RCHF
SIZE: 0.94 ACRE

PROPERTY INFO

OWNER: HOMES RE 1 LLC

ADDRESS: 7727 PORTLAND AVE S RCHF
SIZE: 0.66 ACRE

PROPERTY INFO

OWNER: SINCLAIR MARKETING
ADDRESS: 7733 PORTLAND AVE S RCHF
SIZE: 0.63 ACRE +/

PROPERTY INFO

OWNER: LOIS BERG ET AL
ADDRESS: 616 78TH ST E RCHF
SIZE: 0.60 ACRE +/~

PROPERTY INFO

OWNER: RICHFIELD APTS CENTER LLC
ADDRESS: 620 78TH ST E RCHF

SIZE: 2.08 ACRE

PROPERTY INFO

OWNER: RICHFIELD APTS CENTER LLC
ADDRESS: 701 77TH ST E RCHF

SIZE: 2.85 ACRE

PROPERTY INFO

OWNER: RICHFIELD APTS CENTER LLC
ADDRESS: 710 78TH ST E RCHF

SIZE: 2.68 ACRE

i , FIG B-11 ALTERNATIVE 2C-03A
SCALE: 1" = 200 ENLARGED PLAN AND PROFILE, SECTIONS
1-494 DRAINAGE FEASIBILITY STUDY
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POND G

LIVE STORAGE: 4.5 AC-FT
DEAD STORAGE: 14.4 AC-FT

. PROPERTY INFO
OWNER: OLIN-MATHWIG LLC

ADDRESS: 1550 78TH ST E RCHF
SIZE: 2.99 ACRE +/-

PROPERTY INFO

OWNER: JERRY E MATHWIG
ADDRESS: 1620 78TH ST E RCHF
SIZE: 1.74 ACRE +/-

PROPERTY INFO

OWNER: JERRY E MATHWIG
ADDRESS: 1640 78TH ST E RCHF
SIZE: 2.01 ACRE +/~

4 NOTE: 1600 78TH ST E - DIVISON

IN PROGRESS

FIG B-12

= 200’ ENLARGED PLAN AND PROFILE, SECTIONS
1-494 DRAINAGE FEASIBILITY STUDY

ALTERNATIVE 2C-03B
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SCALE: 1" = 200’
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- —
--.-.-__-.--__——-
e
ans

POND H

LIVE STORAGE: 6.7 AC-FT
DEAD STORAGE: 21.5 AC-FT

PROPERTY INFO

OWNER: COLUMBIR PROPERTIES MPLS LTC
ADDRESS: 1918 AMERICAN BLVD E BLMTG
SIZE: 6.68 ACRE +/-

PROPERTY INFO

OWNER: COLUMBIR PROPERTIES MPLS LTC
ADDRESS: 2008 AMERICAN BLVD E BLMTG
SIZE: 1.47 ACRE

PROPERTY INFO

OWNER: COLUMBIR PROPERTIES MPLS LTC
ADDRESS: 2020 AMERICAN BLVD E BLMTG
SIZE: 3.18 ACRE +/-

FIG B-13 ALTERNATIVE 2C-04A
ENLARGED PLAN AND PROFILE, SECTIONS
1-494 DRAINAGE FEASIBILITY STUDY
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MAINTENANGE COSTS
1494 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE c 2¢ 2D 2E 2F £A 5A
SEDIMENT ACCUMUEATION 20 Year 20 Year 20 Year, 20 Year, 20 Year 20 Year 20 Year
Voluma Volume Volume Volume Volume| Volume| '
Required (CE)| ~ Required {CF)|  Required (CF)] Required (CF)| Reguired (GF)| Required (CF)
PENN 3300 3300 3300 3300
WENTWORTH 28500 2160 2100 2100
PORTLAND 10000 1406 1460 1400
THT?? 28100 3800 3800 3800
ALMAZ POND 25100 31300 89600 89600 89600 74100
WEST POND 74100 1] ¢} 0 0 26100
160200 100200 100200 100200 100200 100200
20-year volume [ac-ft) 230 230 230 230 230 230
SEDIMENT COLLECTION
Use upstream catch basins fo collect sediment prior to entry into manline storm sewer *
Number of Intakes, EA 175 175 175, 175 175 175 525
Additional helght per intake, FT 4 4 4 4 4 4 4
Assumed height of additonal Intakes, FT 700 700 760 700 Toa 700 2100
At 6" grameler, provided storage per unit, CF 113 113 13 113 113 113 13
Tola! Intake Storaga Provided, CF 19775 19775 19776 19775 19775 19775 59325
Total Intake Storage Provided, CY 732 732 732 732 732 732 2187
Catch basin volume [ac-fi) 045 0.45 .45 0.45 D45 045 136
* Assume equivatent distibution over each ponding area
Sediment to be removed from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 10875 1575 1675 1675
PORTLAND 7500 1050 050 1050
THIT 21825 2850 2850 2850
ALMAZ POND 19575 23475 67200 GF200 67200 55575 18575
WEST POND 58575 16576 55575
™ Assume 25% of sedimant Is caplured in the catch basing
20-year volume to Ponds 173 1.73 1.73 R 1.73 1.73 1.73 1.73
2{-year volume lo Catch Basins 0.55 058 0.58 0.58 053 0.58 0.58
20-year volume total 2.30 230 230 2.30 2.30 230 230
Malntenance Assumptions
Catch Basins 20% Intakes cleaned annuaty
6,262.50 Sediment Cleaned Annually from sumps
& Intakes per hour per crew
5.83 Crew Hours, say 8 hours
3 2,000.00 Cost per hour per crew, Including traffic control
$ 2.55 per cublc foot removed
8 68.98 percublc yard remaved from Catch Basing
$ 16,000.00 say $ 20,000.00 peryear
Ponds and Sumps Clean 26% of sumps annually
$ 137.86 Cost per yard removed from Sumps
$ 6898 Cost per yard removed from Ponds
PENN 3 128487 | § 252934 § 25204 § 252234 $ -
WENTWORTH $ 10,15569 |3 160858 § 160958 § 160958 3 -
PORTLAND % 383234 |5 1,07305 § 1,073.05 § 1,073.65 $ -
TH?7 $ 11,162.10 | $ 291257 § 2,992.57 3§ 2,812.57 $ b
West Pend Clean every 10 years
68.98 per cublc yard remaoved from Ponds
. ALMAZPOND § 250060 & 299880 § 858443 5 858443 § 858443 § 700040 § 2,500.60
WEST POND (-35W OUTLET POND) § 7,0004C % - $ - $ - § - § 250080 § 7,099.40
SECIMENT LOGATION ANNUAL COST| ANNUAL COST] ANNUAL COST |ANNUAL COST]ANNUAL COSTIANNUAL COST| ANNUAL COGT
INTAKES/CATCH BASINS ] 20,000.00 [ § 20,00000 | 5 20,000.00 { §  20,00000 [$ 2000000 | § 20,000.00 | § 60,000.00
PENN $ - S 126467 | § 2520341 $ 2520348 25203 |5 - $ -
WENTWORTH $ - $ 10,15569 [ & 160958 |5 160958 |% 160058 )8 - 3 .
PORTLAND 3 - 3 3,832.34 | 3 107305 | $ 107305 (§  1,07305| 8 - 3 -
THTT 5 - $ MA5210 [ § 291267 [§ 2981257 (8% 2M257 |8 . $ -
ALMAZ POND $ 25005607 % 299380 | $ 85844335 858443 | § 858443 § 7.00940 | & 250060
OUTLET POND $ 709940 5 - $ - $ - ] - $ 250060(8% 7.089.40
ANNUAL TOTAL| § 20,600.00 ( $ 4940359 | § 3570899 | $ 3570898 [ § 3670880)§ 2060000 %  69,600.00
PRESENT VALUE| § 580,000.00 | § 968,000.00 | § 719,000.00 { $ 719,000.00 [ $ 71900000 | § 580,000.00 | § 1,364,000.00

5% InRalion Rate
80 Year Economic Lifespan




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 1-494. 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 24™ and 12" 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
12™ 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 | Wentworth Portland TH 77 Pond
(Pumped) Pond Pond
Pond Dynamics In-Series In-Series Flow not Flow not
with Trunk with Trunk | from Trunk | from Trunk
Line Line Line Line
Contributing Watersheds Penn Colfax, Portland 12th Ave.
Garfield, and TH77
Pleasant,
and Nicollet
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 811.8 811.5 805.1 799.0
Structure (ft)
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 2x11=22|2x42=84 | 2x65=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 N/A 94 95 90
discharge (cfs)
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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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 1-494 — 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 1-494 drainage system would collect in the ponds, roughly in proportion to the
flow volume entering each one. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft}/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 Ib/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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MAINTENANCE COSTS
1-494 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE 1C 2C 2n 2E 2F 44 BA
SEDIMENT ACCUMULAYION 20 Year 20 Year 20 Year| 20 Year| 20 Year| 20 Year, 20 Year

Voiume Volume Voluma Volume Volume Volume

Required (CF) Required (CF}| Required (CF) Required (CF)| Required (CF) Required (CF}
PENN 3300 2360 3300 3300
WENTWORTH 26500 2100, 2100 2100
PORTLAND 10000 1400 1400 1400
THIT 29100 3800 3800 3800

ALMAZ POND 26100 31300 89600 89600 89600 74100

WEST PCND 74100 0 o} 0 [ 26100

100200 106200 100200 100200 100200 100200

20-year voiume [2c-] 230 230 230 2.30 230 230

SEDIMENT COLLEGTION
Use upstream catch basins {o colfect sediment prior to entry [ato malnline storm sewer *

Number of Intakes, EA 175 175 175 175 175 525
Additiona! height per intake, FT 4 4 4 4 4 4
Assumed helght of additional Intakes, FT 700 700 700 700 760 2100
At 6 diameter, provided storage per und, CF 113 113, 113 113 113 113
Totat Intake Storage Provided, CF 18775 19775 19775 18775 19775 59325
Total Intake Storage Provided, CY 732 732 732 732 732 2197
Calch basin volume [ac-fi] 0.45 045 0.45 0.45 0.45 136
* Assume equivalent distributon over each ponding area
Sediment to be removed from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 1575 1575 1575
PORTLAND 7500 1050 1050 1050
TH77 21825 2850 2850 2850
ALMAZ POND 19575 23475 67200 B7200 67200 555186 18575|
WEST POND 55575 19575 56575
** Assumea 26% of sediment Is captured in Lhe catch basins
20-year volume to Ponds 1.73 173 173 173 1.73 1.73 1.73
20-year volume to Catch Basins 0.58 0.58 0.68 .58 0.58 0.58 0.58
20-year volume toia) 230 2.30 230 230 230 2.36 230
Malntenance Assumptions
Catch Basins 20% Intskes cleaned annually
6,262.50 Sediment Cleaned Annually from sumps
§ Intakes per hour per crew
5.83 Craw Hours, say 8 hours.
$ 2,000.00 Cost per hour per crew, inciuding traffic control
$ 2.55 per cublc foet removed
$ 68.88 per cublc yard removed from Calch Basins
H 16,000.00 say § 20,000.00 peryear
Ponds and Sumps Clean 20% of sumps annually
137.86 Cost per yard removed from Sumps
§ 68.98 Cost per yard removed from Ponds
PENN $ 1268467 | $ 2,529.34 § 252934 5 2,62034 %
WENTWORTH 5 10,155.69 [ & 160958 § 1.608.58 3 1,808.58 3 .
PORTLAND ] 383234 1§ 1,073.05 $ 107305 $ 1.073.05 3 -
TH77 3 1£,152.10 | § 291257 & 2912867 § 291257 $ -
West Pond Clean every {0 years
s 68.88 per cublc yard removed frem Ponds
ALMAZ POND § 250060 § 269880 § 658443 § 868443 § B,58443 § 7,099.40 3 2,500.60
WEST POND {I-35W OUTLET POND) $ 7.09940 $ . s - $ - $ - $ 250080 § 7.092.40
SEDIMENT LOCATION ANNUAL COST] ANNUAL COST| ANNUAL COST|ANNUAL COST] ANNUAL COST/ANNUAL COST] ANNLJAL COST]
INTAKES/CATCH BASINS 5 20,00000 [ § 20,000.00 1§ 20,00000 [ S 20,00000 [ $  20,000.00 [ 5 2000000 [$  60,600.00
PENN $ - H 126467 |8 2520345 250348 252034 $ - 3 -
WENTWORTH $ - $ 10,155.69 | § 160958 | & 1,60058 | § 160958 | & - $ -
PCRTLAND 5 - 3 383234 |8 107365 [ 8 1,073.05{ % 1073053 . § -
THTT 3 - $ MI52101% 201257 [$8 201257 |§ 281257 5 - $ -
ALMAZ POND $ 250060 | § 299380 |5 853443 | 3 858443 1 8 858443 | § 700040 % 2,500.60
QUTLET POND $ 705540 | § - $ - $ - $ - $ 250060($ 7.099.40
ANNUAL TOTAL| § 29,600.00 | § 49,40359 | §  36,708.98 { § 356,708.08 $ 3670898 | % 29,600.00 3 59,600.00
PRESENT VALLE] § 580,000.00 | § 968,000.00 | § 719,000.00 | $ 719,060.00 $ 719,000.00 | $§ 580,000.00 | § 1,364 000,00

5% Inflation Rate
80 Year Economic Lifespan




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 1-494. 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.)

19636 - 1-494 Stormwater Alternatives Study D-1 Stanley Consultants



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 24™ and 12™ 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:

e 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.)

e 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.

e 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.

e TH 77. The TH 77 pond accepts inflows from the upstream trunk sewer and from 12"
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.

19636 - 1-494 Stormwater Alternatives Study D-2 Stanley Consultants



Table D-1 Option 2E Existing Sewer with Buried Ponding under Highway

Pond Name/Location Penn Pond | Wentworth Portland TH 77 Pond
(Pumped) Pond Pond
Pond Dynamics In-Series In-Series Flow not Flow not
with Trunk with Trunk | from Trunk | from Trunk
Line Line Line Line
Contributing Watersheds Penn Colfax, Portland 12th Ave.
Garfield, and TH77
Pleasant,
and Nicollet
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 811.8 811.5 805.1 799.0
Structure (ft)
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 2x11=22|2x42=84 | 2x65=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 N/A 94 95 90
discharge (cfs)
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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2E Discharge to the Minnesota River
Figure D-1
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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 1-494 — 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 1-494 drainage system would collect in the ponds, roughly in proportion to the
flow volume entering each one. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft*/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 Ib/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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MAINTENANCE COSTS
1-494 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE 1c ¢ 2D 2E 2F 4A BA
SEDIMENT ACCUMULATION 20 Year 20 Year 20 Year 20Year 20 Year 20 Year 20 Year
Volume Volume Volume Votume. Voluma Volume Volume
Required (CF) Required (CFY  Required (CF)| Required (CF)| Required (CF)| Required (CF) Required (CF)
PENN 3300 3300 3300 3300
WENTWORTH 26500 2100, 2100 2100
PORTLAND 10000 1400 1400 1400
THIT 28100 3800 3800 3800,
ALMAZ POND 26100 31300 89600 89600 89500 74100 251G
WEST POND 74100 Q a 0 Q 26100 74100
100200 100200 100200 100200 100200 160200 100200
20-year volume fac-ft] 2.30 2230 230 2230 230 230 230
SEDIMENT COLLECTION
Use upstreamn catch basins to collect sediment prior to entry Info mainline storm sewer *
Number of intakes, EA 175 175, 175, 175 175 EIE] 625
Addrdonal height per Intake, FT 4 4 4 4 4 4 4
Assumed height of additiona! Intakes, FT 700 T00 760 700 700 70 2100
Al B diameter, provided storage per unit, CF 143 113 13 113 113 113 113,
Total Infake Storage Provided, CF 18778 10775 19775 19775 19775 19775 69325
Total Intake Storage Provided, CY 732 732 732 732 732 732 2197
Calch basin volume [ac-fi) 045 045 0.45 0.45 0.45 0.45 138
* Assume equivalent distribution over each ponding area
Sediment te be rermoved from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 1575 1575 1575
PORTLAND 7500 1050 105¢ 1050
TH77 21825 2850 2850 2850
ALMAZ POND 19575 23475 87200 67200 87200 553575 19575
WEST POND 55575 19575 55575
** Assume 25% of sediment Is captured in the catch basing
20-year voluma to Ponds 1.73 1.73 1.73 123 1.73 1.73 1.73
20-year volume to Catch Basins 0.58 0.58 0.58 a.58 0.58 0.68 0.68
20-year volume fotal 230 2.30 230 230 230 230 230
Malntenance Assumpiions
Catch Basins 20% Infzkes cleaned annually
6262.50 Sediment Cleaned Annually from sumps
& Intakes per hour per crew
5.83 Crew Hours, say 8 hours
3 2,000.00 Cost per hour per crew, Including traffic control
H 2.85 percuble foot removed
8 58.98 per cublc yard remeved from Catch Basing
s 6,000.00 say § 20,000.00 peryear
Ponds and Sumps Clean 20% of sumps annuatly
$ 137.96 Cast per yard removed from Sumps
$ 68.98 Cost per yard removed frem Ponds
PENN s 1,264.67 1§ 252034 § 2,62834 § 2,620.34 $ -
WENTWORTH $ 10,165.69 | $ 160968 § 160958 §  1,600.58 $ -
FPORTLAND 5 383234 |5 1,073.05 § 1.073.05 § 1.073.05 3 -
TH77 3 11,152.10 | § 201257 § 201257 $ 261257 $ -
West Pend Clean every 10 years
$ 68,98 per cublc yard remaved from Ponds
ALMAZ POND § 250060 $ 2,008.80 % B,58443 5 858443 § 858443 §  7,00040 § 2,500.60
WEST POND (-35W OUTLET POND) § 700040 3 -8 - 5 - % - % 250060 % 7.099.40
SEDIMENT EQCATION ANNUAL COST| ANNUAL COST] ANNUAL COST[ANNUAL COST ANNUAL COST | ANNUAL COST| ANNUAL COST
INTAKES/CATCH BASINS $ 20,00000 | § 20,000.00 [ $ 20,000.067% 2000000 [ % 2000000 { § 2000000 |5 60,000.0¢
PENN 5 - 1% 128467 (5 252934 |8 252034 |5 252034 [ 4 - $ -
WENTWORTH $ - 13 10,155.69 | $ 1,609.58 | §  1,60858 1%  1,609.58 | 5 - $ -
PORTLAND $ - $ 3,83234 | § 1.073.05 |8 1073.05($ 1073.05(% - $ -
TH77 $ - $ 11,5210 | & 291257 | 3 291257 | § 284257 | § - 3 -
ALMAZ POND $ 2,600.60 | § 299880 | § 85844318  BSB443 (S 85844318 700940 2,500.60
OUTLET POND ] 7.095.40 | § - S - $ - 18 - $ _ 250060(8§ 7,09%.40
ANNUALTOTAL| § 26,600.00 [ § 4940365 | § 3870888 § 3570898 |3 35708.08 $ 29850000 % 69,600 00
PRESENTY VALUE| § 580,000.00 | § 868,000.00 [ § 719.000.00 [ § 719.600.00 | § 718,000.00 | § 580,000.00 | § 1,384,000.00

&% Inflation Rate
80 Year Economic Lifespan




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 1-494. 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 24™ and 12" 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:

e 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.)

o 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.

e 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.

e TH 77 Pond. The TH 77 pond accepts inflows from the upstream trunk sewer and from
12™ 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)

Penn Pond | Wentworth Portland
Pond Name/Location (Pumped) Pond Pond TH 77 Pond
In-Series In-Series Flow not Flow not
with Trunk | with Trunk | from Trunk | from Trunk
Pond Dynamics Line Line Line Line
Penn Colfax, Portland 12th Ave.
Garfield, and TH77
Pleasant,
Contributing Watersheds and Nicollet
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=22 | 2x1.2=24 | 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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Individual Outfall, and Combined Hydrographs for Alternative
2F Discharge to the Minnesota River
Figure E-1
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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 1-494-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 1-494 drainage system would collect in the ponds, roughly in proportion to the
flow volume entering each one. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft*/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 Ib/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.

19636 - 1-494 Stormwater Alternatives Study E-5 Stanley Consultants



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.

19636 - 1-494 Stormwater Alternatives Study E-6 Stanley Consultants
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MAINTENANCE COSTS
1-494 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE ic 2e 20 2E 2F 4A 54
SEDIMENT ACCUMULATION 20 Year 20 Year| 20 Year 20 Year 20 Year 20 Year 20 Year
Vetumes Voluma Volume Volume Volume Volume Volume
Required (CF) Required (CF)| Required (CF)| Redquireg {CF}| Required (CF} Required {CF) Required (CF)
PENN 3300 3300 3300 3300
WENTWORTH 26500 2100 2100 2100
PORTLAND 10000 1400 1400 1400
TH?7 29100 3800 3e00 3800
ALMAZ POND 26100 31300 89500 89500 59600 74100 26100
WEST POND 74100 1] 0 0 [ 26100 74100
100200 100200 100200 100200 100200 100200 100200
20-year volume [ac-fi] 2.30 230 230 2.30 2.30 2.30 2.30
SEDIMENT COLLECTION
Use upsiream cateh basing 1o collect sedimant prior lo entry Inte malnline storm sewer
HNumber of Intakes, EA 175 175, 175 175 175 175 525
Additional helght per intake, FT 4 4 4 4 4 4 4
Assumed helght of additional Inlakes, FT 700 700 700 700 700 700 2100,
Al 6" diameter, provided storage per unit, CF 13 113 113 13 113 113 113
Total Intake Storage Provided, CF 19775 18775 19775 19775 19775 19775 549325
Total Intake Storage Provided, CY 732 732 732 732 732 732 2197
Catch basin voluma Jac-fi] 0.45 0.45 C.45 0.45 0.45 045 1.38
* Assume equivalent distribution over each ponding area
Sediment to be removed from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 575 1575 1575
PORTLAND 7500 1050 1050 1050
TH?? 21825 2856 2850 2850
ALMAZ POND 18575 23475 67200 67200 B7200 55575 19575
WEST POND 55575 19575 55575
** Assume 25% of sediment is caplured In the catch basing
20-year volume lo Ponds 1.73 1.73 1.3 173 173 173 173
20-year volume ta Catch Basing 0.58 0,58 058 .58 0.68 n.68 0.58
20-yaar volume lotal 230 2.30 230 230 230 230 230
Mainterance Assumptions
Catch Basins 20% Intakes cleaned annually
6,262.50 Sediment Cleaneg Annually from sumps
6 Intakes per hour per crow
5.83 Crew Hours, say 8 hours
3 2,000.00 Cost per hour per crew, Including tratfic conlrol
$ 2.55 per cubi¢ Teol removed
$ 68.98 per cublc yard removed from Catch Basing
$ 16.066.00 say § 20,000.00 peryear
Ponds and Sumps Clean 20% of sumps annually
137.06 Cost per yard removed from Sumps
$ 68.98 Cost per yard removed from Ponds
PENN $ 1,26457 [ $ 252834 § 252034 § 252934 3 -
WENTWORTH $ 10,165.69 [ § 1.608.66 § 180958 §  1,509.58 $ -
PORTLAND $ 3,832.34 |§ 1,073.056 §  1,073.05 §  1,073.05 $ -
TH?7 8 11,162.10 | $ 281257 § 291257 § 2,.912.57 g -
West Pond Ciean every 10 years
$ 68.98 per cubic yard removed from Ponds
ALMAZ POND $ 250060 $ 2,00880 3 858443 § 858443 § 858443 §  7.00040 $ 2,500.60
WEST POND (-35W QOUTLET POND) § 7.089.40 § - § - 8 - 3 - 5 250080 § 7.085.40
SEDIMENT LOCATION ANNUAL COST] ANNUAL COST] ANNUAL COST[ANNUAL COST|ANNUAL COST|ARNUAL COST| ANNUAL COST]
INTAXES/ICATCH BASINS B 20,000.00 | § 20,000.00 { § 20,000.00 { § 20,00000 |5 20.000.00 $ 20,00000(§ 60,C00.00
PENN 3 - $ 1264687 183 2529345 2583415 25208418 - % -
WENTWORTH 3 - (8 0,155.62 | § 160958 | § 160958 |8  1,60058 (5 - 3 -
PORTLAND 5 - 5 3632348 107305 § 1,073.05 | § 1,073.05 | 3 - 3 -
TH 77 § - 3 1,46219 [ § 29257 | $ 291257 | 3 281257 | 3 - 1) -
ALMAZ POND ) 2500860 | 5 296880 )35 85844318 858443 | 3 858543 | 5 7099407 % 2,500.60
CUTLET POND 3 7,09040 | % - $ hd § - L - $ 2500668 7.089.40
ANNUAL TOTAL[ $ 2060000 | § 49.4036% [ § 3670808 (5 3570898 |$ 35,708.99 § 2960000 § 69,600,00
PRESENT VALUE| § $80,000,00 | § 968,000.00 | § 719,000.00 [ § 719,000.00 | $ 719,000.00 [ § 580,000.60 | § 1,384,000.00

5% Infiation Rate
8C Year Economic Lifespan
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MAINTENANCE COSTS

1-424 STORMWATER ALTERNATIVES STUDY
ALTERNATIVE 1c 2C 2D 25 2F 44 54
SEDIMENT ACCUMULATION 20 Year 20 Year 20 Year| 20 Yesr| 20 Year 20 Year 20 Year
Volume Volume Volume Volume Volume Velume Volume
Required (CH) Required {CF)| _Required (CF)| Required (CF))_Required (CF)| Required icF)| R quired (CF)
PENN 3300, 3200 3300 3300
WENTWORTH 26500 2100 2160 2100
PORTLAND 10000 1400 1400 1400
THTT 26100 3800 3800 3500
ALMAZ POND 26100 31300 89600 B9G00 89600 74100 28100
WEST POND: 74100 o 0 1] Q 26100 74100
100209 100200 100200 130200 106200 100200 100200
20-year volume [ac-fi] 230 230 230 230 2.30 230 230
SEDIMENT COLLECTION
Use upstream caich basins to collect sediment prior o entry Into malnline storm sewer *
Number of intakes, EA 175 175 175 175 175 175, 625
Additional helght per ntake, FT 4 4 4 4 4 4 4
Assumed helght of additional intakes, FT 700 700 700 700, 700 700 2100
At 6" tlameter, provided storage per unit, CF 113 113 13 113 113 112 143
Total inlzke Storage Provided, CF 19775 19775 19775 19775 19775 19775 59325
Total Intake Storage Provided, CY 732 732 732 732 73z 732 2197
Catch basin volume [ac-ft] 0.45 0.45 045 0.45 0.45 0.46 1.36
* Assume equivalent distibution over each ponding area
Sedimenf to be removed from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 1575 1675 1575
PORTLAND 7500 1050 1050 1050
THYT 21825 2850 2850 2850
ALMAZ POND 19575 23475 67200 B7200 87200 55575 19575
WEST POND 69575 19575 65575
“* Assuma 25% of sediment Is captured In the calch hasing
20-year volume to Ponds 1.73 1.73 173 73 1.73 1.73 1.73
20year voluma te Calch Bagins 0.58 0.58 .58 0.58 0.58 c.58 0.58
20-year volume total 230 2.30 230 23c 230 2.30 2,30
Malntenance Assumptions
Catch Basins 20% Intakes cleaned annuatty
6,262.50 Sediment Cleaned Annually from sumps
6 tntakes per hour per crew
5.83 Crew Hours, say 8 hours
s 2,000.00 Cost per hour per erew, including traffic controt
$ 2.55 per cublc fool removed
3 68.98 per cubic yard removed from Catch Basins
$ 18,000.00 say § 20,000.00 peryear
Ponds and Sumps Clean 20% of sumps annually
137.86 Cost per yard removed from Sumps
$ 68.88 Cost per yard remaved from Pends
PENN 8 126467 | § 2,62934 5 262835 § 2,529.34 B -
WENTWORTH $ 10,155.69 | & 1.600.58 3§ 160058 §  1,609.58 $ -
PORTLAND $ 383234 |8 1,073.05 § 1073.05 % 1,073.05 3 -
THIT $ 19,152,910 | $ 29125F § 299257 § 291257 $ -
West Pond Clean every 10 years
$ 6898 per cubic yard removed from Ponds
ALMAZ POND $ 250660 § 299880 $§ 858443 § 858443 5 858443 5 700040 $ 2,500.50
WEST POND (1-35W OUTLET POND) § 700040 § - - 5] - % - $ 250060 § 7,099.40
SEOIMENT LOCATION ANNUAL COST]| ANNUAL COST] ANNUAL COST[ANNUAL COSTIANNUAL COST]ANNUAL COSTT ANNUAL COST
INTAKES/CATCH BASINS % 20,00000 [ $ 20,000.00 | $  20,600.00 | § 20,000.00 | § 20,000.00 S 20,00000 | S 60,000.00
PENN $ - $ 1,264.67 | § 262834 | & 25284 8§ 252834 | % - 3 .
WENTWORTH $ - (3 16,155.66 | § 1.609.58 | 5 160958 |$ 160963 (% - ] -
PORTLAND 3 - $ 383234 | § 10730518 1073.05|S 107305 (§ B s -
TH7?7 $ - s 11,152.10 | § 201267 | 8§ 201257 | § 291257 |5 - 13 -
ALMAZ POND $ 2,50060 | § 2998801 8 858443 |3 0584438 858443 § 700040 S 2,500.60
OUTLET POND 3 7,099.40 | § - $ - 3 - $ - $ 2500501[% 7.089.40
ANNUAL TOTAL| $ 20,600.00 | 4840356 1§ 3670895 | § 3670898 |S 3570098 % 2080000 (§5  69,600.00
PRESENT VALUE| $ 580,000.00 | & 968,000.00 | § 719,000.00 | § 719,000.00 ) § 719,000.00 | § 580.000.00 | § 1,364,000.00

5% Inflation Rate
80 Year Econemic Lifespan




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 1-494 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 Rates® (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.

! 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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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.

19636 - 1-494 Stormwater Alternatives Study G-3 Stanley Consultants



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 1-494 drainage system would collect in Almaz and West Ponds, roughly in
proportion to the flow volume. The total suspended sediment load for the 1-494 drainage system
is estimated as 400,000 Ib/yr; this represents a total volume of roughly 5,000 ft*/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 Ib/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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MAINTENANCE COSTS
1-494 STORMWATER ALTERNATIVES STUDY

ALTERNATIVE 1 2c 20 2E ZF 4A 8A
SEDIMENT ACCUMULATION 20 Year 20 Year 20 Year 20 Year 20 Year 20 Year 20 Year
Volume Volume,| Volume Volume Voluma Volume Volume
Required {CF) Required (CF)| Required (CF}| Required (CF}| Required (CF) Required {CF) Required (CF)
PENN 3300 3300 3300 3300
WENTWORTH 26500 2100 2100 2100
PORTLAND 100004 1400 1400 1406
TH77 29100 3800 3800 3800
ALMAZ POND 28100 31300 89600 85600 BE600 74100 26100
WEST POND 74100 4] 1] 0 0 26100 74100
100200 100200 100200 100200 100200 100200 100200
20-year valume [ac-ft} 230 230 2.30 230 230 230 230
SEDIMENT COLLECTION
Use upstream catch basins 1o collect sediment prior to entry into malnline storm sewer *
Number of intakes, EA 176 175 175 175 175 175 525
Additional height per intake, FT 4 4 4 4 4 4 4
Assumed height of additional intakes, FT 700 760 700 700 700 700 2100
Af 6' diameter, provided storage per unit, CF 113 113 113 113 113 13 113
Tota! Intake Storags Provided, CF 19775 19775 19775 19775 19775 19775 59325
Tolal Intake Storega Provided, CY 732 732 732 732 132 732 2197
Catch basin volume [ac-ft) 045 045 D45 0.45 045 045 1.36
* Assume equivalent distribution over each ponding area
Sediment o ba removed from sumps **
PENN 2475 2475 2475 2475
WENTWORTH 19875 1676 1575 1575
PORTLAND 7500 1050 1059 1050
THY? 21825 2850 2850 2850
ALMAZ POND 16575 23475 67200 67200 67200 55575 19575
WEST POND 558575 10575 65575
** Assume 25% of sediment Is captured in the catch basins
20-year volume to Ponds 1.73 1.73 1.73 1.73 173 173 1.73
20-year volume to Caich Basins 0.58 0.58 0.58 0.68 0.58 4.58 658
20-year volume lota! 230 230 230 2.30 2.30 230 230
Malnienance Assumgtions
Catch Basins 20% Imtakes cleaned annuafly
6,262 50 Sediment Cleaned Annually from sumps
6 Intakes per hour per crew
5.83 Crew Hours, say 8 hours
1) 2,000.00 Cost per hour per crew, Including traffic control
5 2.55 per cubic foot removed
& 5808 per cublc yard removed from Catch Basing
$ $6,000.00 say § 20,000.00 peryear
Ponds and Sumps Ciean 20% of sumps annualiy
137.86 Cost per yard removed from Sumps
8 68.98 Cost per yard removed from Ponds
PENN $ 1,264.67 | § 252034 § 2,520.34 § 2,529.34 $ -
WENTWORTH 3 10,165.69 | § 160058 § 160958 §  1,609.58 3 -
PORTLAND S 383244 (§ 1,073.05 $ 1073.05 § 1,073.05 s -
THTT $ 11,152.{C { § 299257 § 2,912.57 _§ 2,912.57 k3 -
West Pond Clean every 10 years
68.98 per cuble yard removed from Pands
ALMAZ POND $ 250060 8 2,80880 § 858443 § B58443 5 958443 § 702940 § 2,500.60
WEST POND (1-35W OUTLET POND) § 7.000.40 § - % -5 -8 - % 250060 % 7,099.40
SEDIMENT LOCATION ANNUAL COST] ANNUAL COST| ANNUAL COST|ANNUAL COST]ANNUAL COST [ANNUAL COST] ANNUAL COST
INTAKES/CATCH BASING S 20,000.00 | § 2000000 |8 20,00000 |[$ 2000000 [3 200000018 26000005  60,000.00
PENN s - $ 126487 | § 252034 | § 252034 |8 2520345 - 3 -
WENTWORTH s - $ 10,155.69 | $ 160058 | § 150858 | § 160058 8§ - $ -
PORTLAND 13 - |8 3,832.34 | § 1,073.051 8 107305|8 107305 | & - $ .
THI7 $ - 1% 146210 1§ 299257 |8 2912567 $ 2012575 B 3 -
ALMAZ POND $ 2,60080 | § 2998805 858443 |8 8584435 55844315 7099405 2,500.60
OUTLET POND $ 7,00940 | § - 18 - IS - i$ - 1% =250060:% 7,099.40
ANNUAL TOTAL| & 29,60000 | § 49403.50 | §  36,70898 | § 3570898 5 5670808 S 2950000 (S  69,600.00
PRESENT VALUE| § 580,000.00 | § 968,000.00 { § 719,00000 { $ 719,000,080 | § 719,000,00 | § 580,000.00 | § 1,364,000,00

5% Inflation Rate
80 Year Economic Lifespan
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Memorandum

1800 Pioneer Creek Center, Maple Plain, MN 55359

Wenck

Phone: 763-473-4200 Fax: 763-479-4242

To: Files

From: Chris Mechan, P.E., John R. Thene P.E.
Date: May 27, 2004

Subject:  MnDOT 494 Drainage Corridor Study
XP-SWMM Model Review and Initial Model Results

SUMMARY
This memorandum is prepared to document review and analysis of the 1-494 drainage
system according to the Wenck tasks outlined in the March 10, 2004 meeting minutes.

The base model established in Section 1.2 has been reviewed for known changes in
drainage area, revisions to high points and subwatershed divides, and for basic input
parameters. The model covers a total drainage area of 438 acres in 38 subwatersheds; the
average subwatershed size is 11.5 acres (Table 1). The models do not include detailed
drainage system modeling (i.c. 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.

Our model review and initial XP-SWMM simulations for the 1-494 corridor further

demonstrate that:

o Corridor drainage conditions and connections should be analyzed with the drainage
model as revised herein. The base model was taken from the 2002 Tunnel Feasibility
Study and revised according to known changes in tributary drainage areas.

o The existing drainage system is undersized for proposed roadway conditions.

No model has been provided for the existing roadway.

» The existing system could be utilized to drain the future I-494 corridor from Sta.
748+60 (400 feet cast of TH 77) to the Minnesota River, without additional ponding.
A new system would be required to drain I-494 from Penn Avenue through the TH 77
interchange. If minor surcharging were accepted, the TH 77 drainage can also be
accommodated by the existing system.

* Analysis of the upstream end of the existing drainage system shows that the pipes are
undersized, eliminating an alternative utilizing existing infrastructure upstream of
Portland Avenue.

» The flooded volume (combined for all low points) for the 100-year storm is 41 ac-ft.
Live storage needed to utilize the existing system will likely exceed this value.

¢ The water-quality volume (pond dead volume) requirement is 52 ac-ft.

» Initial model results are summarized in this memo.
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1 MODEL DESCRIPTION AND REVIEW

1.1 Tunnel Feasibility Study Model Inputs Review
Wenck received two XP-SWMM models of the corridor hydrology and hydraulics from
the 2002 Tunnel Feasibility Study (TFS). The models were labeled as:

Model Name Description

Ex2mod.xp Existing drainage system model (for the 2-year event) with the
drainage system extending from the Minnesota River though
Colfax Avenue (roughly 1500 feet East of 35W). Does not
include Penn Avenue intersection drainage.

Optl 50yr.xp TFS (2002) Option 1 model (for the 50-year event). Model is
extended upstream to include the Penn Avenue drainage. Includes
dramage to both the existing trunk storm sewer system and to a
parallel deep tunnel. Will be used as basis for future model runs.

SRF provided additional background information regarding the TFS modeling following

initiation of this study, including:

e Arevised Table 4.1 for the TFS. The table clarified inconsistencies between the XP-
SWMM model input files and the original Table 4.1 provided in the TFS Report.

¢ Base TFS subwatershed maps (Scale 1”” = 100”) including the 38 subwatershed
delineations used in developing the XP-SWMM models and the TFS evaluation of the
tunnel alternatives. These maps clarify the origin of the model inputs, and serve as a
basis for new drainage area base maps.

¢ The TFS base maps show individual subwatershed areas from the model
corresponding to the node names in the model. Other subwatershed input parameters
(time of concentration and curve number) for each subwatershed were also provided
on the drawings.

¢ SRF has clarified that both models provided are based on the proposed highway
geometrics (as of May, 2000). An “existing conditions” model with both the existing
highway geometrics and the existing drainage system was not available.

e The 35W interchange is proposed to drain to the south and is therefore not included in
the model.

e SRF called out two areas (10.9 and 3.3 acres) that should be reviewed to determine
whether they contribute to the [-494 system.

1.2  Review of Model Input Parameters

The 24-hour rainfall amounts are 5.3 and 5.9 inches for the 50- and 100-year return
intervals, respectively. The standard SCS Type-II rainfall hyetographs were used to
distribute the design storm precipitation amounts over the 24-hour storm duration. The
time step used for the simulations is 15 seconds,

For each time step, and each subwatershed, infiltration and runoff depths are determined

by the SCS Curve Number method. The Curve Number for each subwatershed is
selected to characterize the pervious and impervious cover of each subwatershed. The
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Curve Number conirols the infiltration amount, and thus volume of runoff, The runoff
discharge rate is determined by the precipitation intensity, Curve Number, and time of
concentration determined for each subwatershed.

We performed the following checks of the model inputs:

The overall project drainage boundaries were compared with boundaries provided by
in Watershed Management Plans from Richfield and Bloomington. The overall
boundaries are in agreement with the TFS maps.

We determined high point stationing from the current highway profile. These were
compared with the drainage divides on the TFS subwatershed maps. Where there
were differences, the subwatershed areas on the maps and in the model were adjusted
accordingly.

Areas for all 37 subwatersheds were planimetered from the TFS subwatershed maps
as a basic check of the model inputs.

Curve Numbers are generally high, indicating the highly imperviousness of the 1-494
corridor and contributing subwatersheds.

The vertical profile is known to have changed since the TFS was completed; the times
of concentration along the corridor were checked to address changes to the vertical
alignment. Due to the already short times of concentrations (25 of 38 are 15 minutes
or less), small changes in slope, and with MnDOT’s minimum time of concentration
standard of 7 minutes, no changes in time of concentration to the models were
required,

The drainage system drains the corridor itself plus some adjoining residential and
commercial property and roadways. Three other connections drain to the system. They
are as follows:

1. Wood Lake connection from the City of Richfield, which was modeled as a
constant 13 cfs inflow.

2. Park n’ Go stormwater pond outlet.

3. The Veterans Administration (VA) drainage area was assumed in the model to
drain directly to the existing 96-inch trunk sewer line.

Subwatershed characteristics included in the models are summarized in Table 1.
Revisions to subwatershed drainage area — relative to the areas in the original model —
determined through our review are noted. A new base model was developed for the
analysis contained herein. The changes made to the Optl_50yr.xp model are:

Inclusion of the Penn Avenue subwatershed (14.5 acres).

Removal of the 10.9-acre drainage area (from Subwatersheds 9-5 and 10-4), which
drains south to the Bloomington system.

Removal of the 3.3 acre “Airport Medical Clinic” site which drains to the MAC
system. The subwatershed determined form the TFS base maps was only 3.0 acres,
therefore watershed 9-5 was reduced from 13.2 to 10.2 acres.

Increased drainage area from the Veterans Administration site (40 to 53 acres).

KA19636\A ctive'06-Studies\01-BackgroundXP-SWMM Model Review and Initial Results rev.doc




Files
May 27, 2004
Page 4

¢ Removed 12.6 acres which were included in the model twice. This area is the Park-
N-Go lot which is modeled as its own subwatershed and pond.

¢ Increased subwatersheds 9-1, 9-2, 9-3 to cover a gap in coverage between them and
subwatershed 8-5.
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Table 1. Subwatershed Characteristics’

Revised Curve

Time of

Subwatershed Model Node Drainage Drainage Number, Revised Cive Concentration

Sub D {(XP-SWMM Node ID) Street Locatien Area [ac}  Area fac] CN [-] Number, €N [-] Te {min}
0 Penn Penn Ave. 14.5 98 10
1 2-1 Colfax Ave 3.6 98 7
2 2-2 Colfax Ave 4.0 895 15
3 2-3 Colfax Ave 12.2 93 15
4 3-1 Garfield Ave 8.3 98 7
5 3-2 Garfield Ave 3.9 93 13
6 3-3 Garfield Ave 3.0 94 13
7 4-1 Pleasant Ave 124 o8 10
8 4-2 Pleasant Ave 12.0 96 16
9 4-3 Pleasant Ave 1.5 93 12
10 5-1 Nicollet Ave 5.1 82 12
11 5-2 Nicollet Ave 14 87 10
12 5-3 Nicollet Ave  12.5 98 7
13 5-4 Nicollet Ave  18.4 94 22
14 5-5 Nicollet Ave 3.3 84 10
15 6-1 Portland Ave 114 83 15
16 6-2 Porlland Ave 104 82 10
17 6-3 Porfland Ave 22.7 98 7
18 7-1 12th Ave 10.6 82 10
19 7-2 12th Ave 7.2 82 10
20 7-3 12th Ave 15.7 98 7
21 8-1 TH77 55.9 82 386
22 8-2 TH 77 8.5 80 27
23 8-3 TH77 6.8 75 40
24 8-4 TH 77 9.2 82 18
25 B8-5 TH 77 13.4 98 7
26 9-1 24th Ave, 6.7 7.1 87 22
27 9-2 24th Ave. 8.3 8.7 98 7
28 9-3 24th Ave, 6.5 6.8 84 28
29 8-4 24th Ave. 13.2 10.2 84 48
30 9-5 24ih Ave. 10.3 5.7 91 33
31 Pk-n-Go Park N Go 11.2 98 30
32 10-1 int. Drive 13.7 77 33
33 10-2 Int. Drive 129 116 98 7
34 10-3 Int. Drive 16.0 3.4 91 12
35 10-4 int. Drive 19.0 14.0 82 77 10
36 10-5 Int. Drive 4.3 89 15
37 Drop Str 1 VA Drainage  40.0 830 74 45

! Time of concentration and curve numbers were provided in the model. Complete calculations were not

provided with the model or the TFS Report.
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Total Drainage Area 450  437.6
Avg. Area, CN
(weighted), Tc 118 115 89 89 17

2 MODEL SIMULATION RESULTS

The Optl_50yr.xp model provided by MnDOT was edited to incorporate the changes
identified in Section 1.2 and renamed Optl BASE.xp. The model includes both the
existing drainage system (pipes) under 1-494, as well as the Tunnel Option 1 identified in
the TFS. This model includes all of the corrected subwatersheds and can be used to
model any of the scenarios of interest in completing the study. As adjusted, the model
simulations were completed efficiently without computational difficulty.

2.1  Simulations of Existing Drainage System with Proposed Road
Alignment

The tunnel was eliminated from the Optl_BASE.xp model to simulate existing

conditions. Simulations were made for the existing drainage system combined with the

proposed roadway to evaluate existing drainage capacities. (The existing conditions

simulations do not include the Penn Avenue drainage since there is no connecting pipe.)

Table 2 shows the pipe diameters and inverts of the existing system.

Model results are presented for the 50-yr and 100-yr 24-hour storm events in Tables 3
and 4. The project 50-yr storm design criteria is no surcharging of the pipes, i.c. pressure
head is less than the diameter of the pipe. The 100-yr storm requires no surface flooding
at low points in the highway.

The existing conditions simulations (Tables 3 and 4)? demonstrate that there is
inadequate capacity in the existing system to accommodate drainage from the proposed
roadway. The 50-year simulation shows surcharging in most pipe segments, as well as
surface flooding at several locations. The 100-year simulation produces surcharging and
flooding at the same locations as for the 50-year.

The model mdicates relatively small increases in the maximum discharge rate between
the 50- and 100-year simulations. This is due to the surcharging and flooding (and
backwater effects) which restrict discharge rates in the pipes, even though volumes and
precipitation intensity is increased.

Pipe capacity reported in Tables 3 and 4 represents the flowing-full capacity of each pipe given the size, slope, and friction
coefficient, with no surcharging. Maximum flow represents the maximum simulated flow, which includes effects from surcharging
and backwater. Ne inflow indicates 2 manhole or change in pipe where there is not a surface inlet.
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Table 2. XP-SWMM Model Drainage System Characteristics - Proposed Road
Alignment with Existing Drainage System.

Pipe Between Pipe Size Upstream Downstream
{in) Invert Elev. (ft) Invert Elev. (ft)
Colfax — Garfield Ave. 36 827.94 825.332
Garfield - Pleasant Ave. 36 825.12 821.63
Pleasant — Nicollet Ave. 54 820.08 816.18
Nicollet — Portland Ave. 54 816.2 805.12
Portland — Oakiand Ave. 72 805.12 803.15
Oakland - 12" Ave. 84 803.15 801.68
12" Ave. — TH 77 84 801.68 799
TH 77 — 24" Ave. 84 799 794.665
24" Ave. —International Dr. 84 794.665 789.41
International Dr. - 34" Ave. 84 789.41 785.52
34" Ave. - MH 105 96 784.52 783.31
MH 105 — 107 96 783.31% 781.2%
MH 107 - 109 96 781.29 779.26
MH 108 — 111 96 779.26 777.46
MH 111 — Drop Structure 96 777.46 776.32
Drop Structure — Overflow Channel 96 760.9 760
Overflow Channel to Almaz Pond 54 755.38 748
Almaz Pond — Minnesota River Channel 766.98 766
Overflow Channel 54 748 743.27
Park n’ Go Connection 24 804.4 789.41

KAI9636\Active\06-Studies\01-Background XP-SWHMM Model Review and Initial Results rev.doc




Files
May 27, 2004
Page 8

Table 3. XP-SWMM Results - Proposed Road Alignment with Existing Drainage
System for 50-yr 24-hour design storm {5.3%).

Pipe Between Runcff | Cumulative Pipe Max | Maxd/D | Surcharging | Surface
Volume Runoff Capacity | Flow | {(depth/ Flooding
(ac-ft) Volume (cfs) (cfs) | diameter)
{ac-ft)
Colfax —
Garfield Ave. 7.6 7.6 42 58 2.9 S F
Garfield -
Pleasant Ave. 6.1 14 37 55 2.3 S F
Pleasant —
Nicollet Ave. 10.7 24 108 123 2.1 S F
Nicollet —
Portland Ave, 15.3 40 121 142 2.1 S F
Portland -
Qakland Ave. 15.5 55 281 271 1.8 s F
Oakland —
12" Ave. No Inflow 55 177 254 1.6 S
12" Ave. - TH
77 11.3 687 195 269 2.4 S F
TH 77 — 24"
Ave. 27.7 94 263 336 2.4 S F
24" Ave. -
internationat Dr. 13.0 107 302 410 3.0 S F
International Dr.
- 34" Ave. 13.9 121 329 582 3.0 s
34" Ave. — MH
105 No inflow 121 460 544 1.1 S
MH 105 - 107 | No Inflow 121 408 508 1.1 3
MH 107 — 109 | No Inflow 121 412 491 1.0 S
MH 109 — 111 | No inflow 121 388 489 0.9
MH 111 - Drop
Structure No Inflow 121 " 425 4980 0.8
Drop Structure
— Overflow
Channel 11.56 133 291 547 1.4 S
Overflow
Channel to
Almaz Pond No Inflow 133 433 400 3.8 S
Almaz Pond —
Minnesofa
River No Inflow 133 1252 168 0.2
Overflow
Channel No Inflow 133 347 273 0.7
Park n’' Go
Connection 4.7 4.7 31 40 7.0 S F
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Table 4, XP-SWMM Results - Proposed Road Alignment with Existing Drainage
System for 100-yr 24-hour Design Storm (5.9”).

Pipe Between Runoff | Cumulative Pipe Max | Maxd/D | Surcharging | Surface
Volume Runoff Capacity | Flow | (depth/ Fiooding
{ac-ft) Volume {cfs) (cfs) | diameter)
{ac-ft)
Colfax —
Garfield Ave, 8.6 8.6 42 58 3.0 S F
Garfield —
Pleasant Ave. 6.9 16 37 55 2.3 S F
Pleasant — ' |
Nicollet Ave. 12.0 27 108 121 2.1 S F
Nicollet —
Portland Ave. 17.3 45 121 140 2.1 ] F
Portland -
QOakland Ave. 17.6 62 281 264 186 S F
Oakland —
12" Ave. No Inflow 62 177 252 1.5 s
12" Ave. — TH
77 13.0 75 195 273 2.6 S F
TH 77 — 24°
Ave, 32.1 107 263 404 25 S F
24" Ave. -
International Dr. 14.9 122 302 418 3.0 5 F
International Dr.
- 34" Ave. 16.1 138 329 589 3.0 s
34" Ave. - MH
105 No Inflow 138 460 578 1.5 8
MH 105 - 107 No Inflow 138 408 553 1.4 ]
MH 107 — 109 No Inflow 138 412 540 1.2 S
MH 109 — 111 No Inflow 138 388 533 1.1 3
MH 111 — Drop
Structure No inflow 138 425 530 0.9
Drop Structure
- Qverflow
Channel 13.7 162 291 589 1.6 S
Overflow
Channel to
Almaz Pond No Inflow 152 433 400 3.8 S
Almaz Pond -
Minnesota
River No Inflow 152 1252 218 0.3
Overflow
Channel No Inflow 152 347 277 0.7
Park n" Go
Connection 53 5.3 31 31 8.4 S F
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Model results confirm that the existing system in under capacity to handle proposed
drainage conditions. Improvements to the existing system will be required to limit

surcharging and flooding conditions.

Figure 1: Peak Flow for MnDOT 494 Corridor -
Proposed Dralnage Conditions with Existing Infrastructure
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Figure 1 shows a profile of peak flow from upstream to downstream for the proposed
roadway and existing drainage system. In the cases of both the 50- and 100-year
discharges, discharge rates are limited by the capacity of pipes and the fact that surface
flooding occurs at several locaitons. The model keeps track of the flooded volume, but
does not model the storage depth that occurs at flooded locations. Therefore, while the
model is currently not set up to determine flooded depth, it can be used to determine the
excess volume at each flooded location. The model allows the flooded volume to
discharge back to the pipe when capacity is available. Because flooding is not allowed
under the design scenarios, this approach to flooding is adequate. If additional
conveyance were provided to eliminate surcharging and surface flooding, maximum flow
rates would increase over those reported in Tables 3 and 4.
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2.2  Spatial Extent of Existing System Capacity.

A separate analysis was undertaken to determined how much of the corridor — starting in
the East — could be drained using just the existing trunk sewer pipes and Almaz Pond.
(The remaining area would be drained in separate pipe or tunnel, either parallel to the
existing system or draining to the South.) Capacity was evaluated incrementally
upstream from Almaz Pond by adding one subwatershed at a time, moving west until the
existing pipe reached capacity. Surcharging and flooding criteria were only reported
along the corridor drainage system. The Park n* Go connection surcharged and flooded
under all scenarios. Since the flooding does not affect the highway, it was not used as a
design criteria. Table 5 demonstrates the results of the modeling.

Table 5: Upstream Incremental Results from Almaz Pond for MnDOT 1-494
Drainage

U/S Limit 50-yr 100-yr 50-yr 50-yr Peak 100-yr Peak
(Moving from Surcharge® | Flooding | Cumulative Flow at Flow at
Almaz Pond US) Runoff outlet to outlet to
Volume Almaz Pond | Almaz Pond
{ac-f1) {cfs) {cfs)
Brop Structure/VA 11.5 89 106
Drainage
International Dr. 25.4 222 256
International Dr. 30.1 249 288
24" Ave, 43.1 332 380
TH77 S 70.8 476 540
{d/D ~1.1)
12" Ave S F 82.1 531 603

The above results demonstrate that the existing system can be utilized to drain the
corridor from 24™ Avenue low point (and the high point at Sta. 748+60) downstream to
Almaz Pond without expansion of the system. (Model results upstream of 12™ Avenue
are not reported because surcharging and flooding occurred in the system.)

When the TH 77 interchange is added, no flooding occurs, but minor surcharging of the
system occurs, Accepting minor surcharging would extend the usefulness of the existing
system. Alternatively, the portions of the TH 77 drained to the East could be reduced.

These results are of interest in planning the various tunnel alignments which would not
have to serve areas East of, and including, the TH 77 corridor.

A similar analysis was attempted for the upstream end of the system, however, the pipes
upstream of Portland Avenue are undersized.

* The drop structure connection at the VA inlet to system would surcharge due to backwater effects from
the Almaz pond; this was not considered as surcharging for this analysis.
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2.3  Estimate of Live Storage Volume

Proposed drainage conditions were modeled to determine runoff and flooded volumes for
cach segment of the corridor. (Since there is no existing connection of the Penn Avenue
drainage to the existing system, Penn Avenue was evaluated based on hydrologic
properties given in SRF Model Optl_50 yr.xp. Note that the 35W interchange is not in
the model as it drains to Upper Penn Lake. The Penn Avenue drainage therefore would
cross the 35W corridor.)

Flooded volumes for each low point are tabulated in Table 6 as an approximation of the
live storage required to alleviate flooding at each location. Detailed models are required
to locate and size storage facilities.

Table 6: XP-SWMM Runoff Volumes

Collection 50-yr Design Storm 100-yr Design Storm Flooded Volume
Point/Low Point Runoff Cumulative | Runoff | Cumulative 50-yr 100-yr
Volume Volume Volume | Volume (ac-ft) {ac-ft)
{ac-ft) {ac-ft) {ac-ft) {ac-ft)
Penn Ave. 6.1 6.1 6.9 6.9 0.0% 0.0"
Colfax Ave. 7.6 13.7 8.6 15.5 1.0 1.3
Garfield Ave. 6.1 12.8 6.9 22.4 3.7 4.3
Pleasant Ave. 10.7 30.5 12.0 34.3 3.7 4.3
Nicollet Ave. 15.3 45.8 17.3 51.6 2.6 3.3
Portiand Ave. 15.5 61.3 17.6 69.2 1.3 1.9
12" Ave., 11.3 72.6 13.0 82.2 16.5 24.7
TH 77 27.7 100.3 32.1 114.3 0.1 .2
24" Ave. 13.0 113.4 14.9 129.2 0.2 0.2
International Dr. 13.9 127.3 16.1 145.3 0.0 0.0
VA Drainage 11.5 138.8 13.7 169.0 0.0 0.0
W/Park n’ Go
Connection 47 143.5 53 164.3 0.1 0.2
Total 143.5 164.3 29.2 40.6

3 Based on TFS Option 1 model provided by SRF.

Figure 2 provides a representation of runoff volumes from Table 6 versus distance along
the corridor upstream from Almaz Pond. Almaz Pond has 41 ac-ft of live storage below
the overflow elevation of 766.8. In the 100-year simulation, the pond storage increase is
30 ac-ft, increasing the pond elevation from El. 760 to EL 765.1.
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Figure 2; Cummulalive Runoff Volume {ac-#t) for
MnDOT 424 Corridor - Proposed Bralnage Conditions
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2.4  Water Quality Detention Volume Requirements
Requirements for water quality detention (dead volume) were estimated using the runoff
volumes from the 1-year (2.5 inch) design storm. Results for each collection point are

provided in Table 7.

Table 7: Water Quality Runoff Volume Requirements

Collection Point/Low Point

2.5-inch {1-yr} Volume (ac-ft)

Penn Ave. 2.7
Colfax Ave. 3.1
Garfield Ave. 2.6
Pleasant Ave. 4.7
Nicollet Ave. 6.0
Portland Ave. 5.7
12" Ave. 4.1
THY7 8.8

24" Ave, 4.9
International Dr. 4.4
VA Drainage 2.7
Park n' Go Connection 2.1
Total 51,7
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2.5 Almaz Pond Volume

The existing dead storage (water quality) volume of the Almaz Pond, as determined from
as-constructed drawings, is 19 acre-feet at El. 760. (The volume determined from the
area-stage information in the XP-SWMM model was 52 acre-feet. The pond areas have
been corrected in the model.) The pond area and volume are shown below:

Almaz Pond Area Aimaz Pond Volume
770 : —— 770
e gan - g L B 765
& : R o
=z o =z
£, 760 - e £ 760
3 L &= N
2 : 2
e g
& 755 2 755 — -
z LE s Almer Fond ML z — Alrez Fond MWL :
] o .
8 750 W —am— As-Constructed Pans & 750 —a— As-Constructed Plans
745 . . ! (T MR L BREEEI |
a 1 2 3 4 5 u 10 20 6 40 50 50 i
Pond Yeolume fac-ft} Pord Voluma [ac-f) |
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Table 1

1494 Drainage Feasibility Study
Bloomington, Minnesota

Piezometer Location Ground Surface| Top of Riser
Number Penn Av, Elevation Elevation
P-1 826.1 828.17
Date Approx. Depth to Water
Time Water Elevation
916/2004 13:00 16.92 811.25
0712004 12:00 16.94 811.23
11411/2004 12:00 16.95 811.22
1/4/12005 12:30 16.93 811.24
211612005 11:00 16.96 811.21
3/11/2005 10:00 16.91 811.26
9182008 11:20 NR NR
10/6/2006 14:00 NR NR
11/17/2006 15:25 NR - NR
17152007 12:30 NR NR
2/15/2007 14:00 NR NR
Piezometer Location Ground Surface| Top of Riser
Number Nicollet Elevation Elevation
P-2 826.6 829.78
Date Approx. Depih to Waler
Time Weter Elevation
9M16/2004 13:00 17.91 811.87
10/7/2004 12:00 18.01 811.77
1111/2004 12:15 18.15 811.63
114/2005 12:45 18.4 811.38
211612005 11:10 18.55 811.23
3/11/2005 10:10 18.64 811.14
9/18/2006 1135 17.94 811.84
10/6/2008 14:10 17.99 811.79
141712006 15:35 18.19 811.59
11512007 12:40 18.46 811.32
2/15/2007 14:30 18.61 811.17
Piezometer Location Ground Surface] Top of Riser
Number Porland Elevation Elevation
P-3 8253 828.22
Date Approx. Depthto Water
Time Water Elevation
91672004 13.25 17.79 810.43
10/7/2004 1200 17.8 810.42
1171172004 12:30 17.93 810.29
14412005 13:00 18.15 810.07
2/16/2005 11:25 18.35 809.87
31172005 10:25 18.41 809.81
9/18/2006 11:45 17.74 81048
10/6/2006 14:40 17.79 810.43
111 7/2006 15:20 18.00 810.22
1/15/2007 12:45 18.26 809.96
211512007 14:38 18.43 809.79

u/1368/03/ water elevation.xls

Piezometer Locaticn Ground Surface}] Top of Riser
Number TH. 77 Elevation Elevation
P-4 826.9 830.9
Date Aporox. Depth to Water
Time Water Elevation
9/16/2004 13:40 26.03 804.87
10/7/2004 12:00 26.05 804.85
11/11/2004 12:45 26.15 804.75
1/412005 13:15 26.26 B804.64
2/16/2005 11:40 26.43 804 .47
3/11/2005 10:40 26.45 804.45
9/18/2006 12:00 26.14 804.76
10/6/2008 14:30 26.19 804.74
1117/2006 15:55 26.37 804.53
1115/2007 12:50 26.55 804.35
2115/2007 14:43 26.66 804.24
Piezometer Lecation Ground Surface| Top of Riser
Number West Pond Elevation Elevation
P-5 716.0 718.46
Date Approx. Depth to Water
Time Water Elevation
9/16/2004 13:50 15.44 703.02
10/712004 12:00 15.52 702.94
11/11/2004 13:00 15.23 703.23
1/412005 13:30 15.57 702.89
2/16/2005 12:00 1558 702.88
311112005 11:00 1541 703.05
9/18/2006 10:25 15.72 702.74
/62006 13:00 15.94 702.52
114/17/2006 15:05 17.61 700.85
1/15/2007 13:20 16.55 702.91
11512007 15:30 15.42 703.04
Notes:

§-18-08: P-1 has been destroyed, no data collected
10-6-06: Tock photos of P-1
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Storm Drain Design Frequency and Catch Basin Spacing

This Technlcal Memorandum supersedes Technical Memorandum 03-01-B-01 and will expire on
August 8, 2011 unless superseded or placed into the Mn/DOT Dralinage Manual prior to that date.

Implementation

The provisions of this Technical Memorandum have been in effect, and should continue to be
incorporated into the design of trunk highway slorm drain systems.

introduction

Storm drain design frequency and catch basin spacing criterla are used in the design of storm
drain systems. Queslions regarding interpretation of policy provided In the August 2000 edition of
the Mn/DOT Drainage Manusal are intended to be addressed by this Technical Mamorandum.

Purposse

This Technical Memorandum is intended to clarlfy policy relating to design frequency and spacing
of catch basins for storm drain systems contained in the August 2000 editlon of the Mn/DOT

Drainage Manual.

Guldelines

The design frequancy for storm drains and the allowable spread of water onto the roadway
shall be in accordance with the followlng criteria:

TRUNK HIGHWAY MAINLINE
DESIGN FREQUENCY FOR STORM DRAINS

PROJECTED DESIGN FREQUENCY DESIGN ALLOWABLE
2.WAY ADT SPEED SPREAD '
{vehicles/day)
10 Year > B0 km/h {40 mph) P, S or13D
5000 and Greater | 10 Year s 60 km/h {40 mph) P, S or1f2D
50 Year at Sag Point P, S and 12D
B Year > 60 km/h {40 mph) P, 8 or13D
1000104999 | 5 veor <60 km/h (40 mph) | P.S.or1/2D
010 899 3 Year > 60 km/h {40 mph) P,S,or1/3D
3 Year < 60 knv/h {40 mph) P, 8 ori/2D

"P = Parking lane, S = Shoulder of 1.8 m (6 /) or greater, D = Driving lane

2 Sag Polnt refers to a true sag where flooding of 0.6 m {2 ) or more can occur.

- MORE -
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No Spread AHlowed on Driving Lane J Allowable Spread—}
Allowable spread when shoulder width Is

equal to or greater than 1.8 m (6 ft). — /
E-}’ Sz 1am{n) 7" D 'll
A" Shoulder+

Gutter  Parking Lane Driving Laie
Allowable Spread ?
Spread Allowed on Driving Lane “]
Allowable spread when the sum of the ‘
shoulder and the parking lane . Allowable Spread y
is less than 1.8 m (6 ft).
—_— Y
*For Deslgn Speed < 80 km/h (40 mph)
* For Design Speed > 60 km/h (40 mph) 13 D
Ls<1.musu )

G } Shouidcr'
i+

Py

- H2D 7
D ———
Parking

Gutter lane Driving Lane

Trunk Highway Turn Lanes
Design Frequency —Same as for malnline
Allowable Spread - 1/2 jane width

Trunk Highway Ramps and Loops
Design Frequency — Same as for mainline
Allowable Spread — 1/2 roadway width

Interstate Highway Mainline

Design Frequency —10-year for catch basins on grade
50-year al sag point

Allowable Spread - Shoulder

Ramps and loops associated with Interstate Highways should be designed for a 10-year
storm using the above criteria for allowable spread.

Sag points on Interstate Highway mainline shall be designed so that the spread

Is limited to the shoulder for the 50-year storm. Storm drains oulletting from interstate
Highway mainline low points shall be designed for the 50-year storm.
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Frontage Roads
Design Frequency and Allowable Spread — Use criteria as shown in State Aid Manual

5-892.600.

L.ocal Streets
Daslgn Fraquency and Allowable Spread — Use criteria as shown in State Ald Manual

5-802.600 If the road is on State Ald System; otherwise use criteria established by the local
road authority.

Sag Polnis

At sag points it is recommended that curb Intets or combination gratefcurb openings be
ulilized. If a grate alone is used at sag point, consideration should be given to assuming a
portion of the grate to be clogged by debris. A reasonable assumption is to assume that the

grate is half clogged with debris.

For sag points on trunk highways with ADT < 6000 vehicles per day, and for all local roads,
conslideration should be given to designing sag polnts at crifical locations for a higher
fraquency in order to limit water ponding to a depth less than 0.6 m (2 ff) on roads that are

otherwise passable.

Questions
Any questions regarding the contents of this Technical Memorandum shauld be referred to

Andrea Hendrlckson, State Hydraulics Engineer, Bridge Office at (661) 747-2161.

Any questions regarding the publication and distributlon of this Technical Memorandum should be
referred to Sophia Wicklund, Design Standards Unit at 651-288-3190, or Michael Elle, Design
Standards Engineer at 651-206-4859, All active Memoranda and a fist of historical Technical

Memqranda can be viewed at htip://www.dot.state, mn.usftecsup/tmemofindex.himl.

- END -
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TECHNICAL MEMORANDUM

TO: Alan Palmer, P.E., Stanley Consultants
FROM: Chris Meehan, PE and John Thene, PE
DATE: August 29, 2006

SUBJECT: [-494 Existing System Rate Control Calculations

Below is the requested information regarding XPSWMM stormwater models created as part of the
Interstate 494 (I-494) improvement project. This information is requested to assist MnDOT in
determining rate control requirements of the 1-494 outfall to the Minnesota River. Peak flow rates
were determined for three previously-modeled scenarios: the existing system, the tunnel Option 1A
and the tunnel Option 1C. Option 1A is the 9.0-ft tunnel system as designed in the SRF study;
Option 1C is the 10-ft tunnel option as in the Stanley study.

Peak flow rates and associated hydrographs were totaled for each outlet to the Minnesota River for
Lower Minnesota River Watershed District (LMRWD) rate control requirements. Peak flow rates
were determined at three separate points: the existing system bypass to West Pond area prior to
Almaz Pond; the Almaz Pond outlet; and for Options 1A and Option 1C at the tunnel outlet prior to
any ponding.

A table of peak discharge rates is provided below. The results confirm that the construction of the
10-foot tunnel in Option 1C would provide the highest peak rate for each of the three alternatives.
Option 1C represents the peak runoff rate with minimal storage effects. The Option 1C results are in
contrast to the existing system result where water is stored in flooded areas and most of the discharge
is forced through Almaz Pond; the peak discharge from the pond is limited by the capacity of its
outfall and the existing system.

MnDOT should use the Option 1C peak to approach the LMRWD and seek approval to discharge
without additional storage requirements. Inspection of the storm hydrographs indicates that even
with the storage afforded by the flooding (limiting the peak runoff to 467 cfs) the majority of the
runoff will reach the Minnesota River between hours 12:00 and 17:00. With no restriction in flow
(Option 1C) the majority of the volume will reach the river between hours 12:00 and 16:00. For the
Minnesota River, detaining this volume of water for such a short time, it is unlikely to result in a
tangible benefit in terms of river stages. Detaining the water may tend to add to peak river discharges

from upstream.
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Attached ave peak hydrographs for each of the altenatives demonstrating the hydrographs for each
outlet point and also a compiled total hydrograph for each scenario. Peak discharge rates are

summarized below:

$0-Yr Event

Existing System
Option 1A
Option 1C

100-Yr Event

Existing System
Option 1A
Option 1C

Merged Almaz Pond Almaz Bypass Tunnel L-310
Hydrograph L-249 L-310 Peak Flows (cfs)
Peak (cfs) Peak Flow {cfs) Peak Flow (cfs)
433 287 197 N/A
753 209 131 492
984 233 101 706
Merged Almaz Pond Almaz Bypass Tunnel
Hydrograph L-249 L-310 L-310
Peak (cfs) Peak Flow (cfs) Peak Flow {cfs})  Peak Flows (cf8)
467 293 224 N/A
818 224 186 518
1138 248 150 802
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TELEPHONE CALL REPORT

Stanley Consultants wc

Date: September 6, 2006 Time: 1300 Project No.; 19636.01.00
To: Alan Palmer Representing: Stanley Consuitants,l Inc.
Location: Minneapolis, MN Phone No.: 1.952.797.5387

From: Dan Ghere Representing: FHWA - Hydraulics

Location: Chicago, IL Phone No.:  _1.708.283.3557

Subject: 1-494 Stormwater Alternatives - Buried storage

I had spoken with Dan on 03 August about the 1-494 project, specifically in regards to the use of underground
storage cells to provide detention storage. 1 explained that the current underground storage concept was to bury
farge series of 14W x 10H RCBC's immediately beneath the proposed Interstate highway at each sag. These
storage cells would be sized to detain the flow as necessary so that we could reutilize the existing storm sewer

system,

My question to Dan at that time was if the FHWA had any experience with this sort of installation under the
Interstate Highway System. He responded than that he knew of no such installation, but would ask his colleagues

from across the country while attending an upcoming FHWA conference.

When Dan called on 06 September he reported that although his colleagues were familiar with similar detention
storage systems, their use had been limited to parking lots and other low load conditions, and that there were no
instaflations of this type under major Federally funded highways that he or his peers could recall.

As expected, there were concerns regarding removal of silt deposits. However, Dan agreed that the basic
technology was mature. After all, this would be merely a multiple celled box culvert, similar to tens of thousands
of other installations. The only réal constructed difference was that these would be instalied longitudinally and
would require distribution/collection manifolds at each end. He further agreed that the hydraulics were straight
forward and that the storage system would likely perform as expected,

In addition, Dan suggested that the culverts be specified to resist corrosion, and that any life cycle cost analysis
consider the work required to remove and replace the box culvert sections, or to rehabilitate them as required.
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Stanley Consultants wc MEETING NOTES

No. 001
Date: 06 September 2006

Place: City of Bloomington
Project/Purpose: [-494 Stormwater Alternatives

Attendees: Scott Anderson, City of Bloomington
Charles Honchell, City of Bloomington
Shelly Pederson, City of Bloomington
Beth Neuendorf, Mo/DOT
Julie Whitcher, Mo/DOT
John Thene, Wenck Associates, Inc.
Alan Palmer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc.

Notes By: Jessica Willey

‘Eha_foi!owmg mesting notes set forth our understanding of the discussions and decisions made at this meeting. {f you have any
questions, additions, or comments, please contact the writer immediately. if we do not hear from you, we will assume that our
understandings are the same. We are proceeding based on the contents of these meeling notes.

This purpose of this meeting was to document reactions from the City of Bloomington regarding the 1-494
Stormwater Alternatives.

Stanley handed out a power point presentation along with a set of plans and profiles for the project which included:
introductions, analysis objectives, analysis preliminaries, hydraulic model and drainage alternatives. Stanley went
over most of this presentation with Wenck discussing the hydraulics portion. Highlights included: narrowing the
alternatives down to six, standards used for the hydraulic model, plans showing the existing system (store over 40
ac-fi for the 100-year event) and 10% of the drainage coming from Bloomington.

Tunnel Advantages
The pumps at Penn would not be needed.

Almaz is a state pond that 1-494 can drain into,

Locally, it is much easier fo agree with this option.

Bloomington felt that since Mo/DOT is already spending so much money on this project, it would be worth it to
spend a little more money and not have to deal with all the hassle to get the land, versus going with the cheaper
option of the surface ponds, and having to acquire all the land.

Tunnel Disadvantages :
A tunnel with no ponding until the end of 1-494 by the river would be very expensive,

Based on existing cost figures, it would cost $20 mil more than using the existing system with surface ponds.

The City’s experience with underground storage “pipes™ is limited, but they have seen some sites with both open
$C 5018 1299 Page 1 of 3




and closed bottoms. Maintenance (how effective and cost) is still unknown. Water volume is an issue, as well as
how to get the sludge out and capture the silt or minimize it from getting into the structures. It is difficult fo get
people into the storm detention structures, so the City has not had great luck maintaining them. They are currently
working with CDS in designing befter structures.

1-494 will be built either eastbound or westbound with alignment in the ROW mainly under the southside lanes.
This is no concern for the City. Construction will be a smaller issuc as part of the road will have to be shut down.

Ponds Advantages

At 24" and 1-494 by the airport there is some green space that may be available. Above ponds may not work
because of birds landing, but underground storage may be an option. This area will not be redeveloped.

Richfield has many older sites in need of redevelopment.

The City is in favor of I-494 expansion and having it drained.

Ponds Disadvantages
There would be a maintenance component to upstreain sediment basins.

The economical value of losing Southtown Center (including jobs) must be considered. Homes are easier to lose
than a shopping center with taxes, etc.

Per consultant, 90% of the ponds (except one) were located in Bloomington (when they only have 10% of the
drainage) because there were more single owners there and it was thought it would be easier to get the land.

Per City of Bloomington, the price of land is very expensive by 1-494 so it may not be as cheap as the tunnel.

Per City of Bloomington, the City will continue to build with no set plan. Six alternatives do not matter or stop
anything from being built. If Mn/DOT were to pick one alternative of what to do, the City would help stop people
from building in places that this alternative would go. But unless you know what to protect, you cannot protect it.
No decisions can also be expensive, especially when the City has been building a lot in the area. The alternative
that is chosen may no longer be doable in the future. It may become more of a non-project then.

Other Jtems
Bloomington uses a salt/sand combo on their roads.

For Bloomington, only flooding by Penn is a problem, Water goes directly to Nine Mile Creek (listed for turbidity)
and may be listed as an impaired creek in the future.

Bloomington is subjected to non-degradation standards.

The life of the tunnel versus the life of the existing stormwater piping system was not analyzed, but will be in the
Tuture,

1-35W Option- Could Mn/DOT assist city with 35W and redirect drainage? Penn is a big problem. The pipe does
not have the needed capacity, The City would be okay with a shared solution or share a pond that both Mn/DOT
and the City can use. Bloomington may not have the time fo wait and if the City uses up available space for ponds
now, they may object if Ma/DOT tries to use them later. Mn/DOT has no money to help share the cost now. A
payback may work with the City now. The City Council is pushing for drainage issues now and they do have some
money available within the next few years. Protective buying may be an option. Will I-35W drain south to the
river with a tunnel? Can 1-494 be incorporated into 1-35W? No, since the timeframe for I-35W is not on the 20
year plan for M/DOT it is even further out than I-494. Mi/DOT has nof considered an I-35W shared drainage
option that would carry I-35W and some of Bloomington’s water. Bloomington may build ponds and sell some of

them back to Mn/DOT later.
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Timeline — The report is due by the end of the year and the City can be on the list fo review it. There is no money
now to design. The Stanley report will only include reactions of the various alternatives; Mn/DOT will make the

final decision on an alternative,

The City can tell the Councit that we all met and what we discussed and et them know a report will be coming out

S001L

Distribution:

Beth Neuendorf, MivDOT

Julie Whitcher, Mi/DOT

John Thene, Wenck Associates, Inc.
Alan Palmer, Stanley Consultants, Inc.

Jessica Willey, Stanley Consultants, Inc.
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Stanley Consultants wc MEETING NOTES

No. 002
Date: 07 September 2006
Place: Mw/DOT Waters Edge/ Lower Minnesota River Watershed District
Conference Call

Project/Purpose: 1-494 Stormwater Alternatives

Attendees: Terry Schwalbe, Lower Minnesota River Watershed District
Beth Neuendorf, MnW/DOT
Julie Whitcher, Mn/DOT
John Thene, Wenck Assaciates, Inc.
Alan Palmer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc.

Notes By: Jessica Willey

The fallowlng meeting notes set forth our understanding of the discussions and decisions made at this meeling. If you have any
queslions, additlons, or comments, please contact the writer inmediately. If we do not hear from you, we will assume that our
understandings are the same. We are proceeding based on the contenis of these meeting noles.

This purpose of this meeting was to document reactions from the Lower Minnesota Watershed District regarding the
1-494 Stormwater Alternatives. Primarily, Mn/DOT wanted to know if they could be granted an exemption from the
Watershed’s discharge rate requirements,

Stanley handed out a power point presentation along with a set of plans and profiles for the project which included:
introductions, analysis objectives, analysis preliminaries, hydraulic model and drainage alternatives. Staniey went
over most of this presentation with Wenck discussing the hydraulics portion. Highlights included: narrowing the
alternatives down to six, standards used for the hydraulic model, water quality control and discharge rate, peak rates
match under both options and plans showing the existing system (store over 40 ac-fl for the 100-year event). Stanley
also mentioned that since this project is very near the mouth of the Minnesota River and detention only lengthens the
event by an hour or so, there would be little effect on the river or adjacent properties if our peak flow were allowed

without detention,

Tunnel Advantages
Two years ago they talked about the tunnel providing some rate control which was considered in this alternative.

The water quality standard was met.

Tunnel Disadvantages
Storage concemns may become an issue along with sediment getting into the tunnel and then having to get the sediment

out.

Mn/DOT has maintenance concerns with the tunnel alternative. It is much more difficult to clean out than a pond.

I-35W alternative is more expensive. There is not much reason to go down this corridor since there is nothing in
Mn/DOTs plan to go down to the river. 1-494 will be done before I-35 is even looked at. Bloomington wanted I-
35W ponds and a tunnel, but the timing will not work.
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The rate control standards could not be met. Terry recommended going with the best we could get.

The watershed has a five member Board. One Board member is not on board for this plan. We could look at what
effect there is downstream, if any. The argument is localized storms. MAC has received the okay to discharge to the
river at a higher rate based on the same information at this point. The contacts are Allan Dye or Bridget Rief.

The west pond is on Mi/DOT property. There is some opposition to maintenance from Fish and Wiidlife. In the past
there were conflicts between U.S. Fish and Wildlife and Mn/DOT in this area.

Ponds Advantages
It is much easier to clean out a pond than a tunnel.

Ponds Disadvantages
Using the existing system, we are restricted by the pipe capacity. This leads to flooding at most of the low points

along 1-494 (3-4 points) starting at the 5 year flood.

There was Jots of resistance from the City of Bloomington.

Other ltems
Normal flow rates on the Minnesota River are unknown.

Is a detention pond needed at the very end of the system before the river (is it worth the cost) or can the discharge just
go straight to the river? There would be little effect on the river or adjacent properties if our peak flow were atlowed
without detention since our project is so close to the river.

If needed, the watershed has Fort Snelling River data as well.

The Fish and Wildlife pond is not an option 1o use, but the West pond could be used. The dredge material site would
not interfere with the existing West pond. MAC is repairing the Cable Creek outlet and fixing up their pond soon as

well.

We need to make sure all alternatives are looked into with box culverts and ROW. Economically some alternatives
may not work. It is important to let the Board know as much information as possible. Representatives at the Boards
meetings would also be helpful. Mn/DOT should show “hardship” to get the Board approval.

Anything that can be done to meet water quality needs is a plus. Will the Board get more restrictive in the future?
Will they move more towards volume control? This all depends on the make-up of the Board when the new plan gets
made in 2009-2012, although it is doubtful with the present Board. Mn/DOT may have a problem with volume
control on this project, There is just not enough space. This may want to be addressed to the Board at this time with

ROW cost going up daily.

Regarding rate control, are we affecting anything downstream? This is important to consider. At thig point, there are
just too many variables to determine the total affects, but it is doubtful that there would be much effect on the river or
adjacent properties since the project is so close to the mouth of the Minnesota River and detention only lengthens the
even by an hour or 0. Is there anyway the Board would approve something with some certain conditions and
regulations now? The Board may approve something like this with the help of their lawyer.

Regarding determination of downstream affect, the flow records nearby and state HEC-2 models should be reviewed.
Look at a rate from a certain date and run the model to see the affect. Is stage more important? Combine flowrate

and stage and then run the model again.

We would be better off if the Board accepts a simpler stage model. Otherwise the model may become too complex
since there are a range of possibilities to consider. Do we want to pursue this at this time?
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We would have fo get a permit. This would include two Board meetings (at a minimum) with a presentation at the
first meeting, The second meeting the Board would have time make a decision and ask questions. Then they would
vote for approval. The Board meets once a month on the third Wednesday of every month. Mn/DOT is looking for a
memorandum (Memo of Understanding) with a motion from the Board in writing. We would need as much back up
data as possible with a preferred option (with doing a downstream analysis based on present conditions), We would
still need a permit for construction and something about working together in the future on this project.

Project schedule and cost- John will meet with and discuss a game plan to the Board with Terry and Dan Engerton.
We probably will not make the September Board meeting. John will set up this meeting and let Stanley know about a
scope. Mn/DOT wants this meeting to be kept simple, but with enough detail so a decision can be made. Hopefully

Dan can provide John with some feedback.

Pistribution:

Beth Neuendorf, Mn/DOT

Julie Whitcher, Mo/DOT

John Thene, Wenck Associates, Inc.
Alan Palmer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc.
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Stanley Consultants i MEETING NOTES

No. 003
Date: 07 September 2006

Place: City of Richfield
Project/Purpose: 1-494 Storninwater Alternatives

Attendees: Kristin Ashet, City of Richfield
Mike Eastling, City of Richfield
Julie Whitcher, M/DOT
John Thene, Wenck Associates, Inc,
Alan Paimer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc.

Notes By: Jessica Willey

The following meeting notes set forth our understanding of the discussions and decisions made af this meeting. If you have any
questions, addilions, or comments, please contact the writer immediately. I we do not hear from you, we wil assume that our
understandings are the same, We are proceeding based on the contents of these meeling notes,

This purpose of this meeting was to document reactions from the City of Richfield regarding the 1-494 Stormwater
Alternatives.

Stanley handed out a power point presentation along with a set of plans and profites for the project which included:
introductions, analysis objectives, analysis preliminaries, hydraulic mode! and drainage alternatives, Stanley went
over most of this presentation with Wenck discussing the hydraulics portion. Highlights included: narrowing the
alternatives down to six, explanations why cut and fill was not practical, standards used for the hydraulic model,
plans showing the existing system (store over 40 ac-ft for the 100-year event) and 20% of the drainage coming
from Richfield (cost sharing will need to be determined when the project reaches the Staff Approved Layout stage

of development).

Tunnel Advantages
Tunnels are not cheap, but the cost of the ponds altemative may be higher with having to acquire the Jand.

If any area of buried storage makes sense, this is the area.

All tunnel options would get rid of the pump at Penn Ave. Then the pump could be used at the leisure of the pump
owner and not be programined on a hydrograph schedule.

Tunnel Disadvantapes

Maintenance costs and techniques for buried storage of this magnitude are hard to calculate because of the lack of
existing comparable systems.

1-35W tunnel is probably not an option any longer since Bloomington cannot wait 20 plus years for M/DOT.
Bloomington needs to fix their problems now.

What is maintenance probletn with the tunnel if you can get a truck into it? Mn/DOT will need to get sediment out
with a bobcat or liquidate it. What if there is a gas spill? Then they do not want people down there, The City of
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Richfield suggested the following: looking into using remote control vehicles, technology will perhaps improve
enough that this will not be an issue in the future, better street sweeping could be done to prevent build up of
sediment in the tunnel (if you can get rid of the sediment on the surface it will help prevent problems), and maybe a
stormcepter will work better to treat all of the water.

Ponds Advantages
Using the existing system with ponds is the most economical alternative (by $20 million) based on the eriginal cost

comparison done in 2005.
The ponds provide all the sediment and phosphorus removal that is needed.

Wood Lake is too high to use for I-494 drainage, but maybe water could be pumped fo the lake. The City would
work with Mo/DOT on this idea to take away some of the sags caused by some of the alternatives.

Wenck started at the east end of 1-494 to see what the existing system could cover. It went to about 77" 8t. To
make things easier, perhaps a funnel could be used to Lyndale and then ponds could be used from Lyndale on.

Ponds Disadvantages
The Hennepin County Assessor’s site was used for the cost estimate. Richfield would double the property cost

listed on that site,
The combination of cost and disruption to the City is very high.

A surface solution would create massive political problems. The City took some homes to get 77" St already and
they had some tough issues with residential properties versus commercial properties. Richfield’s land use plan is
already done and if it gets changed now it will be politically very difficult.

The location of the ponds is subject o change and there may be more located in Richfield,

Qther lems
The EIS for 1-494 included 77" and American Blvd, which was included in our model.

1-494 is not that much higher than the groundwater elevation.
The City has an issue with flooding at Smith pond but it is too high to be a concern for this project.

Mun/DOT still needs & larger solution fo deal with the drainage issue for 1-494. They may be able fo find 40 acre-
feet, but not at the right elevation. Smaller micro solutions do little to help the problem.

Nicollet could possibly be raised to help give more space for 1-494. Lyndale will have a new bridge in 2009, so the
City will have to know what the long term drainage solution is before then. The entirc ROW was used at Lyndale
Ave. If the tunnel solution is the chosen alternative, then it will not matter what is on the surface,

The City has a problem with the Wilson pond drainage area. It is about 100 acres on the east side of the city that is
very flat with ponding problems. The City is not sure if there is a large enough pipe to get the water to the [-494
system, but any help Mo/DOT could provide would be good. Mn/DOT suggested some sort of cost share on a
percentage basis with the tunnel option. The City probably would not invest in this option since it wonld be
cheaper for them to just demolition a few homes and put in a pond.

Distribution:

Beth Neuendorf, Mw/DOT
Julie Whitcher, Mn/DOT
John Thene, Wenck Associates, Inc.
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Alan Palmer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc,
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Stanley Consultants c MEETING NOTES

No. 004
Date: 11 September 2006

Place: Nine Mile Creek Watershed District
Project/Purpose: 1-494 Stormwater Alternatives

Attendees: Kevin Bigalke, Nine Mile Creck Watershed District
Bob Obermeyer, Barr Engincering
Beth Neuendorf, Mn/DOT
Julie Whitcher, Mn/DOT
John Thene, Wenck Associates, Inc,
Alan Palmer, Stanley Consultants, Inc,
Jessica Willey, Stanley Consultants, Inc.

Notes By: Jessica Willey

The following meeting noles set forth our understanding of the discusslons and decisions made at this meeting. if you have any
questlons, additions, or comments, please contact the writer immedialely. if we do not hear from you, we will assuma that our
understandings are the same. We are proceading based on the contents of these meeling notes.

This puspose of this meeting was to document reactions from the Nine Mile Creek Watershed District regarding the
1-494 Stormwater Alternatives.

Stanley handed out a power point presentation along with a set of plans and profiles for the project which included:
introductions, analysis objectives, analysis preliminaries, hydraulic model and drainage alternatives. Stanley went
over most of this presentation with Wenck discussing the hydraulics portion. Highlights included: narrowing the
alternatives down to six, standards used for the hydravlic model, discharge ponds, discharge peaks (different with
storage for the various alternatives, but volumes are similar), meetings with Lower Minnesota River Watershed
District to discuss options of discharge without storage, existing system pipes, plans showing the existing system
(store over 40 ac-fi for the 100-year event), and 60% of the drainage coming from Mi/DOT.

Tunnel Advantages
Mw/DOT is an MS4 permit owner, but they are not under the non-degradation standards,

The 1-35W tunnel option was appealing to pickup some of the watershed’s water and solves some of their
problems. Nine Mile Creek is impaired for chloride. Water drains south on I-35W to the river and it could pickup

some of the 1-494 drainage.

Volume reduction is on a municipal boundary basis. If standards did apply we could still take the water down to
the river and freat if at those ponds.

Less land is needed for this alternative,

Volume (rate control) is the only major issue that is a problem. Both water quality and sediment will be improved.

Tunne] Disadvantages
Mn/DOT will not do the I-35W tunnel since the timing is not good with the City of Bloomington (timeframe of
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Mn/DOT is too far out for Bloomington).

There could be issues with I-35W and the ponds in Bloomington below the bluff. The ponds are not meeting
capacity and need maintenance, but they will not be maintained without first providing the necessary above the
bluff treatment. This is per the U.S. Fish and Wildlife Service and these are City of Bloomington ponds. There
could be problems with U.S. Fish and Wildlife if we intend to add ponds below the bluff in the future with the I-

494 project or the 1-35W project,

The biggest issue for the watershed is that we may need to consider incorporating non-degradation standards in the
future since they may eventually apply (they apply to Bloomington right now, but not Richfield). Current
standards should be looked at and considered (any level of standards are good to consider). (These are MPCA
requirements, not the watershed district requirements). Mn/DOT may want to discuss this with MPCA to see what
they say regarding future issues. This will help with getting a more accurate cost estimate (since otherwise may be
way off unless we meet the maximum permit amount). The MPCA test case (with regard to standards) will
probably get stricter in the future, but they will have to see how the test case works. TMDL “may” be an issue with

regard to Lake Pepin.

The large scale storage examples that the watershed is aware of include: Hopkins, the old Bloomington City Hall
and the Airport (basically a septic tank the size of three football fields). The MAC contacts are Gary Worn and
Alan Dye. Some phosphorus removal would still be needed for longer term detention downstream. Jay Michaels
with EOR may be a good contact as well (low impact development and MN Erosion Contro) Association).

Ponds Advantages

Surface storage takes care of water quality issue and the ponds are easier to clean.

The west pond is large enough to handle the water. Mn/DOT will swap land with the Refuge to get the needed
space.

Ponds Disadvantapes
More land is needed beyond the ROW,

Since 1-494 is in a trench, it makes the alternatives more complicated since ponds will have to be 20 feet below
ground to get water, (This does not apply to the ponds near the river, just those along the corridor.)

1-494 will not be widened, but the intersections may be widened if ponds are added. ROW will then be needed
when these intersections are widened, and some of this ROW could possibly be used for ponding.

Other Items
The watershed boundaries for this project are: Penn to Nicollet (southside), east of Nicollet (southside) is part of
the Lower MN watershed, and the northside is WMO property. Nine Mile Creek Watershed review and comment

would stop at Nicollet.

The best storage area for the watershed is right at Penn Ave. where the freeway is located.
Nine Mile Creek is too far from the river to directly discharge into the river.

Rate control is project to project based.

Nine Mile Creek Watershed District is in the process of updating their rules. They plan on spending 2007 updating
them. They may change them on a case by case basis or all at once.

Does Lower MN defer permitiing to the cities? The Lower MN will comment, but they do not have any official
permit that they give out. Projects are submitted to the cities and they give them to the watersheds to review and
comment. They were not sure how it works with MAC.
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For these alternatives, we are not getting any public input at this time. This is because we are not doing an
EIS/AUAR; we are just finishing up the drainage study, We are just gathering input from the major parties and
Mn/DOT will decide on an alternative later (maybe in 5 years) and then the cities can plan accordingly. At that

point regulations may be clearer.

Distribution:

Beth Neunendorf, Mw/DOT

Julie Whitcher, Mo/DOT

John Thene, Wenck Associates, Inc.
Alan Palmer, Stanley Consultants, Inc.

Jessica Willey, Stanley Consulfants, inc.
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TELEPHONE CALL REPORT

Stanley Consultants e

Date: September 26, 2006 Time: 0900 Project No.: 19636.01.00
To: Allen Dye, Airside Project Manager Representing: Metropolitan Airports Commission
i ocation: Minneapolis, Minnesota Phone No.: 1.612.713.7492

From: Alan Palmer Representing: Stanley Consultants, Inc.
Location: Sti. Louis Park, MN Phone No.: 1.952.546.36069

Subject: 1-494 Stormwater Alternatives - Underground Storage

In 2002, the Metropolitan Airports Commission (MAC) constructed an 11,000,000 galion cast in place, buried
facility to collect waste glycol from the airport’s deicing facilities, called to get a better idea as to the size and

scope of their project.

Prior to this facility, waste glycol (glycol mixed with melted ice, snow, and rainwater) was collected in three small
ponds adjacent to the deicing pads. The total volume of these ponds was approximately 1,500,000 gatlons, or 4.6
acre-feet. During the planning for their recent runway additions, the MAC decided to provide waste glycol storage
underground, which would provide better containment and increased storage volumes.

The volume of the new facilities is approximately 11,000,000 gailons, or roughly 34 acre-feet. It is configured
from three celis, each 16 feet in height. Dye recalled that the total length of the facility was roughly twice the total
width. As such, the rough footprint of the facility could be approximately 200 feet by 450 feet, or three cells at 200
feet by 150 feet. The cells were cast in place “bathtubs”, with a column supported roof made of precast “T"
sections. The top of the roof is at ground level. A collection of valves controls the inflow and gates interconnect
each of the three cells; this allows the cells to be used independently.

Waste glycol is transported to the storage facility through gravity sewers (for nearby deicing pads) and by tanker
truck (from remote deicing pads). The waste glycol is then processed through a system of filters and evaporators
and is then reused to deice aircraft again, or to provide Javatory fluid for in-flight facilities.

On an annual basis, maintenance crews are sent into the storage cells and remove any accumulated sand and silt.
The crews usually are equipped with high pressure hoses, which they use to force the debris into a sump area fo
one end of the cell. From here, the particulates are removed by vacoum and landfilled. As glycol is not volatile,
the quality of the atmosphere in the cells is not an issue. However, cleaning crews are outfitted with “sniffers” to
monitor the quality of the air while they are underground.

BC5020 1289 Page 1




P TELEPHONE CALL REPORT

Stanley Consultants wc

Date: October 4, 2006 Time:_10:45 Project No.: 19636.01.60
To: Tim Anderson, Area Engineer Representing: FHWA

i.ocation: St Paul, MN Phone No.: 651.291.6114

From: Alan Palmer Representing: Stanley Consultants, Inc.
Location: St Louis Park, MN Phone No.: 952.?97.5387

Subject: 1-494 Stormwater Alternatives

1 called Tim Anderson to discuss 1-494 Stormwater Alternatives study. 1gave him a brief explanation of the
history of the project, the process for this phase of the work, and the various alternatives that we are considering.
Most of our time was spent discussing the buried storage concept, the key points which are highlighted below.

O

Right-of-way has become an increasingly costly portion of roadway improvements, especially in urban and
commercial settings. With right-of-way as a constraint, more creative methods for dealing with stormwater

must be considered.

Although Tim could not recall any Interstate location where buried storage under the roadway had been
used, he saw it as a natural progression in response to the lack of available and adjacent lands for detention

storage purposes. Tim felt that these systems were inevitable.

The underground storage cells that Stanley is proposing for this project are simply box culvert sections, a
technology that has been tested extensively under the interstate highway system for decades. From a
structural and hydraulic standpoint, the design would be straightforward.

As the first flush of stormwater through the system would be bypassed around the storage cells, the bulk of
any particulate load would also bypass the system, The systein could also be designed to fill from and
drain to a single sump, thereby collecting any remaining particulates within a single, easy to clean, point.

As above, the first flush would also eliminate any potential fuel spills that drained into the storm sewer
system. Fuel spills during dry weather would bypass the storage system and be routed downstream. Fuel
spills during large storm events would be diluted by the storm and conveyed out of the system as the
storage cells discharged. This is not dissimilar from what occurs in traditional storm sewers today.
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o Wenck Assaclates, Inc,
R EC[: IVE D 1800 Pioneer Creék Ctr.
P.O. Box 249
OCT 117 2006 Maple Plaln, MN 55359.0249

STANLEY CONSULTANTS  (763) 4794200
IANNEAPOLIS Fax {763} 479-4242
E-mail: wenckmp@wenck.com

October 12, 2000

Mr, Terry Schwalbe, Administrator

Board of Managers

Lower Minnesota River Watershed District
1600 Bavaria Road

Chaska, MN 55318

Re:  1-494 Drainage Alternatives Analysis

Dear Mr. Schwalbe:
Dear Board of Managers:

Working on behalf of MnDOT, Wenck is teamed with Stanley Consultants, Inc. to study
and compare drainage alternatives for the portion of 1-494 from Penn Avenue to the
Minnesota River crossing. Our study will compare six main alternatives to drain the
corridor, with the future reconstruction of the roadway. (Note that the project currently is
not in MnDOT’s 20-year plan.) Each alternative will be designed to meet relevant niles
in terms of water quality and discharge rate, including those of the Lower Minnesota
River Watershed District.

This letter is to inform you of our hydrologic design activities related to the referenced
study, Specxﬁcaily, we plan to, on behalf of MnDOT, request a resolution of your Board
agreeing in principal that detention storage would not be required to match the existing
peak discharge rates at the project outfalls to the Minnesota River. The project would
meet all other rules, including water quality.

Since the existing drainage system is under-capacity, surface flooding occurs for large
storm events and limits the system discharge. Once flooding is eliminated in the future
project, the peak discharge will increase, However, for both the with- and without-
detention conditions, most of the water volume from the project drains to the river within
approximately five hours, Given the size and timing of flooding on the Minnesota River,
and the relatively small voluine from 1-494, detaining the water is likely to have no
benefit in terms of peak flood stages. That is, in both cases, the peak on the River will
occur much later than the discharge from the 1-494 drainage system. A memo comparing
the hydrographs is attached.

MnDOT, Wenck and Stanley staff have already met with Terry Schwalbe, and I have met
with your Engineer Dan Edgerton to explain the project and discuss the kinds of
additional supporting documentation which may be useful to the Board of Managers in
reaching a conclusion. We will provide you with that information and would like to
request an opportunity to present it to the Board at its December 20, 2006 meeting. As

TM36803 - I49LMRWE Update Leiter.doc-maw




Lower Minnesota Watershed District
October 12, 2006
Page 2

we discussed with Terry, with your agreement, we would then work with him to draft
resolution language, and attend your next meeting in January to answer any questions
before you act on the resolution,

In addition to the attached hydrograph analysis, we plan to prepare and document for you
the following in support of the resolution:
s Relevant data from previous studies.
e Discharge hydrograph analysis (XP-SWMM) of the I-494 corridor as documented
previously.
¢ Analysis of project effects on Minnesota River hydrographs in terms of timing and
rate for the October 4, 2005 large storm event.
Analysis of potential stage effects of the project on stages on the Minnesota River.
o General description of the outfall structure to the Minnesota River and the types of
measures that would be employed to control localized erosion at the site.
¢ Documentation of any hardship conditions (e.g., conveyance reduction due to the
construction of a pond, difficulty in operation of an orifice on an underground
tunnel/storage facility) that would result from rate control requirements.

MnDOT would most certainly appreciate any preliminary comments or concerns you may
have with our approach or objectives, Please contact me with any of your concerns at 763

479 4234,

Sincerely,

ohn R. Thene, P.E,
rincipal Engineer

cc! Beth Neuendorf, P.E., Metro District Water Resources Engineer, MnDOT
Alan J. Palmer, P.E., Principal Transportation Engineer, Stanley Consultants, Inc.

1M36500 - 498 mewd update kiter.doc-maw



DRAFT

LOWER MINNESOTA RIVER WATERSHED DISTRICT

MONTHLY MEETING
Wednesday, January 17, 2007 7:00 PM
MINUTES

L CALL TO ORDER
President Kremer called the regular meeting of the Board of Managers of the Lower Minnesota River

Watershed District to order at 7:00 PM on Wednesday, January 17, 2007, in the City of Chaska Council
Chambers, Chaska, Minnesota.

2. ROLL CALL

Managers Present: Len Kremer, Larry Samstad, Kent Francis, and Ed Schlampp, Ron
‘ Kraemer
Also Present: Terry Schwalbe and Joan Ellis, staff, John Thene, Wenck & Associates

3. APPROVAL OF MEETING AGENDA
Tt was moved and seconded to approve the agenda. VOTE: Ayes 5; Nays 0.

4, CONSENT AGENDA
President Kremer removed the Review and Payment of Bills and the Minutes of December 20,

2006 from the Consent Agenda. It was then moved and seconded to approve the Consent Agenda
including only the December 20, 2006 Treasurer’s Report, VOTE: Ayes: § Nays: 0.

5. APPROVAL OF MINUTES

a. December 20, 2006 Regular Minutes

President Kremer indicated a spelling error on page three, paragraph fout, the word “sold” should be
“solid” in the sentence. Also, he stated there was no timeline stated in the minutes for when the solid
recommendation for one or two potential dredge sites would come back to the board from staff. Mr.
Malkerson said the recommendation is coming before the board this evening. It was moved and
seconded to approve the minutes as amended. VOTE: Ayes 5; Nays 0.

6. OPEN FORUM
No one spoke.

7. PRESENTATIONS
None.

8. PRESENTATIONS FOR BOARD ACTION

a. 1-494 Drainage Alternatives Analysis, John Thene, Wenck & Associates

Mr. Thene presented the Interstate 494 Stormwater Alternatives Analysis to the board. A copy of the
presentation is hereby attached and made a permanent part of the public record. This project is not
currently in MNDot’s 20-year plan. The drainage component of the project has a cost ranging from $50
to $120 million dollars depending on which option is chosen.
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Alternative 1C is the conveyance tunnel with downstream detention
This plan is the one of most interest to our District. It is tunnel that from Penn Avenue to the Minnesota

River. They would need to build a West Pond water quality site as shown on the schematic attached to
meet our rules. This Alternative 1C cost is approximately $120 million. The tunnel wili be placed 100
feet below grade approximately, with a circumnference of 9-10 feet with a length of five miles.

Alternative 2A,2C. use existing trunk sewer with adjacent ponding.
Cost ranges from $50 to $80 million.
Ponding would be open at the surface

Alternative 2D use existing trunk sewer with buried ponding under roadway.
Cost ranges from $50 to $80 million.

Alternatives 5A storage tunnel with gravity outfall and 5B storage tunnel with pumped outfall

This plan is designed to store all the water on-site in the event of a 100-year flood. Costs ranges in the
intermediate area between $50 and $120 million,

All alternatives have water quality detention with upstream ponding variants controlling discharge rate
to existing peak. Phosphorus removal is 50% removal from the entire tributaty of the highway.

The tunnel alternative, without storage, would have a peak of 1,140 cfs for a 100-year event. Detention
would delay discharge of volume by roughly two hours. The expansion causes the increase in cfs rate
and includes one-lane in each direction. Current rate of discharge is 470 cfs.

Existing peak rates are limited by the system and with or without rate control, most of the flow will
reach the river within five hours. Due to the timing of peaks on the river, it is unlikely that detention for
two hours and rate control would affect peak water levels and flows on the river. Presence of a rate
contro! pond near the river could reduce floodplain conveyance.

Proposing to conduct a simple analysis to estimate effect of detention storage, discuss the results with
the engineer and Administrator and then present results next month and determine if a Board resolution
saying that you would not require detention storage for rate control for this particular project ten to
twenty years from now under the existing, current regulations and conditions of the District. The
resolution would not be binding on a future board.

Mr. Maikerson clarified Mr. Thene’s request by saying that the resolution would be conceptual approval
without being binding and when MNDot comes to the District sometime in the future with the expansion
of the highway plan, with the proposed drainage plans it would be hoped that a future District board
would give some weight to the resolution approved by this board. The resolution only applies to 1C
plan, but Mr. Thene will confirm that statement to us. Also, this resolution is necessary for developing

the drainage plan.

President Kremer stated a few reasons for doing a resolution:

1. excessively costly project

2. there would be impacts of construction on the river

3. the timing of the peak of the project coinciding with the timing of the peak of the river
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He asked what the economic impact is of doing the project without providing the detention pond. M.
Thene did not have the number. The board wouid need that number to help make a decision.

2D is considered the least expensive project.

MNDot will choose the right plan after they complete their study.
President Kremer stated that water qualily treatment on this project is very important to the District.

Mr. Thene will return to the board with the following information:

. Reasons for why 2D is considered the least expensive project

. What is the economic impact of doing the project without providing the detention pond

. What is the daily fuels accumulation off the highway and what is the plan to protect the river
. What is your spill response plan to protect the river at the last point before entering the river?
. As high as possible sediment and phosphorus removal than 50% for water quality purposes

. What is MN/Dot’s rules for reducing volume control-runoff frequency relationships on new
development?

7. Permanent reductions in groundwater

8. What is the quantity of water coming into the river and at what cfs?

9. What structures would be used to limit the surge and velocity of water into the river that may affect
the active barge traffic

10. Draft language on a resolution

o B W DD e

Project manager at MN/Dot is Beth Neuendorf.

Manager Samstad brought to Mr. Thene’s attention a study by TKDA on the Smith, 7 And Rice
Lake for the City of Bloomington, The commission number is 9055 and it shows that it takes a large

area out to the MN River.

Also he said the weather bureau has stated that in 18 years, the 100-year event was exceeded 60 times.
He thinks Mr. Thene should use those facts rather than the TP40 which is a poor representation of

frequency.

b. BRAA’s cost quote for a District-wide computerized mapping system
M. Schwalbe explained the cost quote submitted by BRAA to develop a district-wide computerized
GIS mapping system, Cost for the mapping would be $2,600 and cost for four hours of staff training

would be $425 for a total of $3,025.

President Kremer inquired whether our current computer system can use ESRA and also there is the
concern of printer capabilitics. Mr. Schwalbe will research these issues,

It was moved and seconded to approve a not te exceed amount of $1,000 fo complete the mapping
of the gully inventory by the next board meeting to make it available to the cities.
VOTE: Ayes 4; Nays 0. Mr. Samstad was absent for this vote,
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9. DISTRICT ATTORNEY REPORT, Bruce Malkerson

a. Assessment update
Mr. Malkerson explained the research currently being done by BRAA, M, Schwalbe and himself to

come up with conclusions needed. Maps created as a result of the research were shown to the board with
the needed data on the maps.

Mr, Schwalbe is meeting with the cities to determine what developments are planned and how those
developments might benefit from the Nine-foot Channel.

Once all the maps and other materials are completed, then Mr. Schwalbe will meet with each of the
property owners before the next meeting to show them the materials and maps we have and determine
the accuracy of those materials and maps and determine who directly benefits from access to the Nine-
foot Channel among other things. Then we will be able to tell the board how much the special
assessment should be as a whole, how it should be spread between the land owners and why.

In order to determine if the dredge materials are clean and meet county and state health standards for
using in farm fields, etc. we feel it is necessary to have the authority to hire a testing firm to get the
protocol for testing of the dredge materials to determine what they are composed of and what will come
down the river in the next two years into our site. Also, we need to find out from the MPCA and any
other necessary agencies are these materials, in any way, restricted as to where they can be placed when
leaving our site. If they are, then we need to find out where they can be safely placed.

If was moved and seconded fo authorize not to exceed amounts of $1,000 for dredge material
sampling and $1,000 for engineering testing if the MPCA, Barr Engineering, and the private
industry don’t give us the information we need at no cost; and a not to exceed amount of $2,000
for legal advice should it be needed in regards to the dredge material content results,

VOTE: Ayes 5; Nays 0

b. Update on dredge sites

Mz, Malkerson said he and Mr. Schwalbe have been working this past month to determine a
recommendation for the board. Research has been done at the 494 and power line sites. MN/Dot

has concerns at their site that 1) someone may compromise the structure of the bridge when unloading;
2) the bridge piers may get damaged by off-loading and 3) does not want to be liable for materials.

It was a recommendation to the board that the District pursue the power line site.
Mr. Schwalbe was directed to talk to the USACOE and the military to get a letter of support for this site.

It was moved and seconded for Mr. Schwalbe to contact the USACOE and the military to start
negotiations for using the power line site as a dredge material temporary storage site,
VOTE: Ayes 5; Nays 0.

10. Upcoming Meetings/ Tours/ Events
a. There is a Minnesota River Watershed Alliance meeting January 23, 2007 6-9 PM, Hutchinson, MN
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11. TREASURER’S REPORT

a. Review and approval of bills for payment*
Because staff did not place the BRAA bill in the board packet, their check was pulled from the bills for

payment. It was moved and seconded to remove the BRAA bill from payment and approve the
review and approval of the balance of the bills for payment. VOTE: Ayes 5; Nays 0.

b. Approve December 2006 Treasurer’s Report*

The 2006 budget figures were reviewed by the board and staff. Mr. Schwalbe will bring to the next
board meeting a review of monies expended and monies not expended in 2006, Mr. Schwalbe will meet
with HLB Tautges Redpath to review the year end budget figures and make amendments as needed. It
was moved and seconded to approve the December 2006 Treasurer’s Report as presented. VOTE:

Ayes 5; Nays 0.

12. OLD BUSINESS

a, Municipal plan review status

Mr. Schwalbe presented information on his meeting with Scott County in regards to the two townships
within our District and how best to assist them in meeting our 509 Plan. At some point in the future
13, NEW BUSINESS

None.

14. ADMINISTRATOR’S REPORT

a. Update on Seminary Fen/Assumption Creek

Mr. Schwalbe reviewed the map in their packet showing parcel numbers and property owner names
around the Seminary Fen. He indicated there is a meeting on the fen Phase II at the DNR January 24",

b. Update on dredge sites
Discussed under Item 9.

¢. MRB Conference Review
There was lengthy discussion about the conference and the cutcomes.

15. ADJOURN
1t was moved and seconded to adjourn the meeting at 9:05 P.M. VOTE: Ayes 5; Nays 0. !




Wenck Associates, Inc.
1800 Plonesr Creek Cir.

P.O. Box 249

Maple Plain, MN 553590249

Wenck g

E-mail: wenckmp@wenck.com

TECHNICAL MEMORANDUM
TO: Alan Palmer, P.E., Stanley Consultants
Beth Neuendorf, P.E., MnDOT
FROM: John R. Thene, P.E., Wenck Associates, Inc.
DATE: February 1, 2007

SUBJECT: 1-494 Drainge Altematives Study
Standards for H&H Design of I-494, Penn Avenue to Minnesota River

CC: Chris Meehan, P.E., Wenck Associates, Inc,

Introduction
This memorandum is to doctument proposed standards for the preliminary hydrologic and hydraulic

design of the trunk conveyance and storage system on 1-494 from Penn Avenue to the Minnesota
River. The standards are based on:
¢ MnDOT Drainage Manual;
¢ Interpretations by the MnDOT project manager for the earlier phase of this project;
o Lower Minnesota River Watershed District Project Review Requirements and Design
Considerations.

Most of the discussion which follows is based on the standards included in the June 2005 1-494
Drainage Feasibility Study (Stanley, 2005). Requirements suggested by the LMRWD Board of
Managers at their January 17, 2007 meeting are also discussed.

This memo is being provided to MuDOT for review prior to re-analysis / refinement of the H&H
design calculations for the present alternatives investigation, 1t should be used to develop final

design standards used in the alternative designs.

Conveyance System Hydrologic and Hydraulic Design

The Mi/DOT Drainage Manual on (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 states that “The exceptions are
depressed sections and underpasses where ponded water can be removed only 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.”

In the I-494 corridor, the design storm is the 50-year event according to Table 3.2 of the Mn/DOT
Drainage Manual. So, the exception in Section 8.9 allowing the hydraulic grade line (HGL, or
pressure gradient) to be above the crown but below the inlets is (in this case) less conservative.
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Therefore, the standard proposed, and confirmed by Dennis Larson, was that the 50-year event will

be carried within the pipe without surcharging. A second standard confirmed by him is that the 100-

year event will be kept below the grates, i.e., there will be no surface flooding. These standards play

out differently in the alternatives:

e By preventing surcharging in the conveyance tunnel (Altemative 1), this reduces the possibility of
air problems in the tunnel up to the 50-year event. However, the tunnel diameter may be
increased compared to a system where surcharging is allowed. Allowing surcharging in the 100-
year event the tunnel system may be more susceptible to air problems. (These standards apply
similarly to Alternatives 3 and 4, the tunnels along TH-77 and I-35W, respectively.)

¢ In Altemnative 2 the existing sewer is re-used with ponding adjacent to low points. The standards
do not have a substantial effect on the design since the required live storage is at least one guarter
of design event runoff volume. Due to the low vertical clearance between the crown of the pipes
and the roadway, the live storage bounce is limited. Allowing surcharging at the 50-year event
would not be significantly improve the capacity of the system, but increase the likelihood of
surface flooding.

e Alternative 5 is the storage tannel; it is sized based on excess runoff volume and fills during the
100-year event. The conveyance/design frequency standard would not affect on the volume of

the tunnel.

Outfall Location,
The outfall will be to the Minnesota River. Whether the outfall is at West Pond, or at the extension

of 1-35W, the outfall will be within the Lower Minnesota River Watershed District (LMRWD), and
subject to its Design Considerations. At the West Pond site, the outfall would require a permit from
the LMRWD. At the 35W site, the outfall wonld also be subject to the LMRWD Design
Considerations, which would be enforced through permitting by the City of Bloomington.'! Relevant
Minnesota River elevations at West Pond include El. 690 MSL at normal conditions, and EL 715
MSL at the 100-year flood (Source: FEMA. City of Bloomingion Flood Insurance Study Report),

Rate Control
LMRWD Design Considerations require that the peak rate of stormwater runoff from the future

developed watershed or project shall not exceed the peak rate of runoff from the existing watershed
or project. Thus rate control facilities will be required to limit the peak discharge from the proposed

system,

An exemption may be possible by maintaining that the short detention times required to match peaks
is too short to reduce peak flood stages on a river the size of the Minnesota, Also, by detaining water
in the system, it is more likely to reach the river at the same time as flood flows from the upstream
portion of the watershed. Currently Wenck is producing a simple analysis to support a resolution by
the LMRWD Board to waive the requirement of rate control. The exemption would benefit the
conveyance tunnel (Alternative 1C) by eliminating the requirement for downstream retention. The
ponding alternatives (Alternative 2A through 2E) would not be affected since they require storage in
order utilize the existing storm sewer discharge capacity; the discharge will be limited to less than the
existing surcharged (flooded) capacities.

! Personal communication with LMRWD Administrator Terry Schwalbe.
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If an exemption cannot be acquired, the LMRWD will require that post-project peak runoff rates not
exceed peak rates from the pre-project condition. The pre-project peak rates fiom the project would
be limited to the existing peaks from the surcharged system (with surface flooding of low points). As
a model of the existing 1-494 corridor runoff was not available, the base model, with the post-project
condition and the existing trunk sewer system was used to determine the existing peak discharge.

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. The evaluation showed that the peak discharge
from the existing system under proposed conditions (including discharge from Almaz Pond and by-
pass) to the Minnesota River was:

. 433 cfs from the 50-year storm, and
. 467 cfs from the 100-year storm.

Without an exemption for the LMRWD rate contro} requirement, these will be the maximum
discharge rates allowed from the future I-494 corridor. The additional flow during the 100-year event
is due to increased runoff and surcharging in the downstream portions of the system (i.e. International
Drive to the River) which do not flood during either event. The peak discharge rates from the
Alternative 1C tunnel with no detention would be 980 and 1,140 ¢fs for the 50- and 100-year events,

respectively.

Water Quality
The Minnesota River is classified as a Level II/Level 11l Water Resource within the LMRWD

Classifications. This results in a requirement of water quality detention ponds with specific design
requirements as listed in Section 5.13.3 of the LMRWD Watershed Management Plan. The Design
Considerations require that the permanent pool volume below the normal outlet be at least equal to
the runoff from a 2.5 inch, 24-hour storm over the entire subwatershed. This is equivalent to NURP
standards where the aim is to develop an average residence time of about 16 days and remove

approximately 50 percent of inflow phosphorus.

The XP-SWMM model was used to determine the dead volume requirement for a regional water
quality pond. The dead volume requirement by MPCA (1999) for a pond discharging to a Level 11
water resource 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. This is the volume that would be required for a single pond treating runoff from the

entire drainage area.

The available dead volume at the existing water quality pond (Almaz Pond} is 19 acre-feet. In the
case of the [-494 corridor, the 52 acre-feet of required water quality treatment volume cannot all
occur at Almaz Pond therefore, a system of ponds is required.

Conveyance alternatives that overload Almaz Pond will require that other ponds in the system be
oversized to provide equivalent treatment. The MPCA criteria uses 2.0-inches for treatment, plus 0.5
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inch to provide for sediment storage. As such, 80 percent of the dead volume is considered adequate
for the required 50 percent removal of phosphorus.

Analytical Methods
Watershed and Drainage System Evaluation Model
An XP-SWMM computer model was used to evaluate the hydraulic performance of alternative

drainage systems for the I-494 Drainage Feasibility Study. 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. [Its advantage over simpler models is that it can simulate critical
conditions {flooding and surcharging) when downstream pipe capacilies are inadequate. A second
advantage is that the runoff and hydraulic models are completed in a single simulation.

The model inputs describe the hydrologic characteristics of the watershed as well as the sizes, grades
and capacities of conveyance system. The XP-SWMM model is based on the model developed for
the Tunnel Feasibility Study (TFS, 2002). The model was subjected to a review of basic inputs in the
earlier phase of this study. As a result of that review, several changes were made to the model as

summarized below:

Summary of XP-SWMM Model Input Parameters

Model Parameter Value
Drainage Area 438 acres
Subwatersheds 38 Subwatersheds;

Average size: 11.5 acres
Range: 1410 53 acres

SCS Curve Number Average: 89
Range: 7710 98

Subwatershed Time of Concentration  Average: 17 min

Range: 7048
Existing conveyance system See profile below.
Rainfall amounts (24-hour, SCS Type  50-year: 5.3 inches
11 distribution) 100-year: 5.9 inches
Almaz Pond Area: 3.2 acres

Volume: 19 ac-fi at El. 760

Model inputs were calculated according to the MnDOT Drainage Manual,
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Water Quality Pond Sizing
The water quality ponds are sized according to LMRWD (and NURP) standards with the dead

volume equal to runoff from the 2.5-inch, 24-hour storm. However, in some altemnatives, water flows
through both the low point ponds and through the Almaz Pond. In these cases of ponds in series, the
phosphorus removal was estimated using the PondNet model (Walker), which is the basis for the
NURP performance criteria, Pond dead volumes were adjusted according to a total removal of 50

percent.

Lower Minnesota River Watershed District Requests
During the January 17, 2007 Board Meeting, the LMRWD Managers requested that MnDOT

consider some higher standards in its designs. These are noted below with the MnDOT response, as
noted by Beth Neuendorf:

LMRWD Manager Request MnDOT Response

As high as possible sediment and phosphorus MnDOT will follow the Design Considerations
removal; more than 50% phosphorus removal for | which are based on runoff volume from the
water quality purposes. 2.5-inch, 24-hour storm (NURP standard), or its
equivalent of 50 perceni phosphorus removal

What are MnDOT’s rules for reducing volume MnDOT is not presently required to control

control-runoff frequency relationships on new runoff volume.
development?
Permanent reductions in groundwater. The tunnel would be designed to be water tight

and not affect groundwater. Ponds would be
designed with runouts at the water table
elevation.
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What structures would be used to limit the surge
and velocity of water into the river that may
affect the active barge traffic.

Energy dissipation structures will be described in
the report.

One of the managers suggested MnDOT consider
larger design storms; he suggested that the TP40
values have been exceeded much more frequently
than the analysis would suggest.

MnDOT will design according to TP-40, unless
that standard is replaced,
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TECHNICAL MEMORANDUM

TO: Alan Palmer, P.E., Transportation Engineer, Stanley Consultants, Inc.

FROM: John Thene, P.E. and Chris Meehan, P.E.

DATE: February 21, 2007

SUBJECT: MnDOT —1-494 Stormwater Alternatives Study (Penn Avenue to Minnesota River)
Technical support for resolution by Lower Minnesota River Watershed District

Board regarding rate control requirements

COPY: Beth Neuendorf, P.E., Metro District Water Resources Engineer, MnDOT

1 Introduction

Working on behalf of MnDOT, Wenck is teamed with Stanley Consultants, Inc. to study and
compare drainage alternatives for the portion of I-494 from Penn Avenue to the Minnesota River
crossing. Our study is comparing six main alternatives to drain the corridor, with the future
reconstruction of the roadway. (Note that the project currently is not in MnDOT’s 20-year plan.)
Each alternative will be designed to meet relevant rules in terms of water quality and discharge rate,
including those of the Lower Minnesota River Watershed District.

At the January 17,2007 LMRWD Board Meeting, John Thene explained our hydrologic design
activities related to the referenced study. Specifically, on behalf of MnDOT, we are requesting a
resolution of the Board agreeing in principal that detention storage would not be required to match
the existing peak discharge rates at the project outfalls to the Minnesota River. The project would
meet all other District requirements, including water quality.

This memo is to provide technical information supporting that stormwater detention would have little
to no discernable benefit on peak flood stages on the Minnesota River. This is due primarily to
timing of the runoff from the project and from the larger watershed. Detention would delay the peak
discharge to the river by less than one hour compared to the project without detention. Due to the
short time of travel in the I-494 drainage system, the peak from 1-494 will occur sooner than the peak
from the larger river. Therefore, detention would tend to force the peak discharge from the system
closer together in time to that of the river and potentially increase peak flows, as compared to the
same project without detention. This and other supports for the resolution are provided in the

following sections.
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At the January 17, 2007 LMRWD Board Meeting, the Board made several requests of MnDOT, in
addition to the information MnDOT intended to present; these requests (listed below) are addressed
in Section 3 of this memorandum:

Reasons for why 2D is considered the least expensive project

What is the economic impact of doing the project without providing the detention pond

What is the daily fuels accumulation off the highway and what is the plan to protect the river
What is your spill response plan to protect the river at the last point before entering the river?

. As high as possible sediment and phosphorus removal than 50% for water quality purposes

What are MnDOT’s rules for volume control-runoff frequency relationships on new development?
. Permanent reductions in groundwater

. What is the quantity of water coming into the river and at what cfs?

9, What structures would be used to limit the surge and velocity of water into the river that may affect
the active barge traffic

10. Draft language on a resolution

MnDOT’s request is related primarily to the Alternative 1C, which includes a conveyance tunnel
from Penn Avenue to the Minnesota River. The six Alternatives evaluated are described below:

Alternative Description Estimated
Cost (20053%)
1C — 10-ft Conveyance Tunnel from Penn Ave. to Minnesota River outfall $105 M
tunnel under 1-494 at West Pond site under 1-494, Utilizes existing
system and Almaz Pond. Water quality detention
at West Pond

2C — Existing Sewer with Adjacent ponds provide both rate control and water $84 M
Modified Adjacent Ponding  quality detention.

2D — Existing Sewer with Buried ponds provide rate control only; West Pond $60 M
Ponding Buried under provides downstream water quality detention.

Highway

2E — Existing Sewer with Buried ponds provide rate contro! only; West Pond $56 M

Modified Adjacent and Under provides downstream water quality detention.
Roadway Ponding

4A — Tunnel along 1-35W 1-494 tunnel from 12" Ave S to Penn Avenue with $118 M

with downstream water outfall tunnel along I-35W to the Minnesota River.

quality pond. Utilizes existing system and Almaz Pond, Water

' quality detention near river.

SA — 12-ft Storage Tunnel Tunnel is shorter than conveyance tunnel; drains $89M
with Gravity Outfall by gravity by microtunnel to Minnesota River.

Utilizes existing system and Almaz Pond, Rate
control provided by tunnel; water quality detention
at West Pond site.

The cost estimates inciuded not only initial construction costs, but the cost of maintenance, right-of-
way, and the loss of local property tax revenue. The least cost alternative resulted when the existing
storm sewer was reused, and detention storage was provided along the project route (Alternative 2).
Alternatives 2D and 2C were least cost since they require less land acquisition due to the storage
under the roadway and do not require a large tunnel as do Alternatives 1, 4 and 5. MnDOT’s
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decision of preferred alternative will follow completion of the present investigation, which is to be
completed by May 2007.

Alternatives 1C and 2D are depicted schematically below. (The ponds in Alternative 2D are
indicative of the low point intersections which would require ponding for Alternatives 2C, 2D and

2E):

Alternative 1C — Conveyance Tunnel with Dewnstream Detention
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Alternative 2D — Use Existing Sewer with Buried Ponding under Highway

ALTERNATIVE 2D
USE EXISTING TRUNK SEWER WITH BURIED PONDING UNBER ROADWAY,
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2 Hydrologic and Hydraulic Analysis

Since the existing drainage system is under-capacity, surface flooding occurs for large storm events
and limits the system discharge. Analysis of the existing system has shown that it surcharges for
design events as small as the five-year, 24-hour rainfall, Once flooding is eliminated in the future
project, the peak discharge will increase. However, for both the with- and without-detention
conditions of Alternative 1C, most of the water volume from the project drains to the river within
approximately six hours, Given the size and timing of flooding on the Minnesota River, it was
undertaken to evaluate to what extent 1-494 rate control would benefit the Minnesota River.

2.1 System Hydraulic Medel
An XP-SWMM computer model was used to evaluate the hydraulic performance of alternative

drainage systems for the 1-494 Drainage Feasibility Study, 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. Its advantage over simpler models is that it can simulate critical
conditions (flooding and surcharging) when downstream pipe capacities are inadequate. A second
advantage is that the runoff and hydrautic models are completed in a single simulation,

The model inputs describe the hydrologic characteristics of the watershed as well as the sizes, grades
and capacities of conveyance system. The XP-SWMM mode! inputs (calculated according to the
MnDOT Drainage Manual) are as summarized below:

Model Parameter Value
Drainage Area 438 acres
Subwatersheds 38 Subwatersheds;

Average size: 11.5 acres

Range: 1.4 1o 53 acres
SCS Curve Number Average: 89

Range: 77 to 98

Subwatershed Time of Concentration  Average: 17 min
Range: 7to48

Existing conveyance system See profile below,
Rainfall amounts (24-hour, SCS Type  50-year: 5.3 inches

I distribution) 100-year; 5.9 inches
Rainfall amount 10/4/2005: 4,89-inches
Almaz Pond Area: 3.2 acres

Volume: 19 ac-ft at EL. 760
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The existing trunk sewer system is depicted in the profile below:
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1-494 Stationing

Proposed I-494 Profile, Existing Trunk Sewer System Profile
Some of the pertinent results from the XP-SWMM modeling are described below:

2.2 Rate Control / Existing System Discharge Rates
LMRWD Design Considerations require that the peak rate of stormwater runoff from the future

developed watershed or project shall not exceed the peak rate of runoff from the existing watershed
or project. Thus rate control facilities would be required to limit the peak discharge from the

proposed system.

An exemption to the rate control requirement would benefit the conveyance tunnel (Alternative 1C)
by eliminating the requirement for downstream retention. The ponding alternatives (Alternative 2A
through 2E) would not be affected since they require storage in order utilize the existing storm sewer
discharge capacity; the discharge will be limited to less than the existing surcharged (flooded)

capacities.

If an exemption cannot be acquired, the LMRWD will require that post-project peak runoff rates not
exceed peak rates from the pre-project condition. The pre-project peak rates from the project would
be limited to the existing peaks from the surcharged system (with surface flooding of low points). As
a model of the existing 1-494 corridor runoff was not available, the base model, with the post-project
condition and the existing trunk sewer system was used to determine the existing peak discharge.

The proposed conditions peak discharge is controlled by the existing trunk system capacity and
surcharge elevation, 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. The evaluation showed
that the peak discharge from the existing system under proposed conditions (including discharge from
Almaz Pond and by-pass) to the Minnesota River was 433 cfs from the 50-year storm, and 467 cfs

from the 100-year storm.
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Without an exemption for the LMRWD rate control requirement, these will be the maximum
discharge rates allowed from the future 1-494 corridor, The higher peak discharge during the 100-
year event is due to increased runoff and surcharging in the downstream portions of the system (i.e.
International Drive to the River) which do not flood during either event. The peak discharge rates
from the Alternative 1C tunne! with no detention would be 980 and 1,140 cfs for the 50- and 100-
year events, respectively. Model results from the 100-year event and the storm that occurred on
October 4, 2005 are shown below and in the Attachments to this memo:

100-yr Event Merged Almaz Pond MN River Tunnel Total
Outflow Pgak Flow Bypass Peak Flow Runoft
Hydrograph Peak Flow Volume
{cfs) {cls) {cfs) {cts) {ac-ft)
Option 1C 1138 248 150 802 181
Optlon 1C widetention 457 250 144 179 181

2.3 Relevant data from previous studies.

Wenck contacted the NWS and forwarded hydrographs for the project with and without detention
storage. The NWS maintains a FLDWAV model of the Minnesota River that is used for predicting
peak flood stages during flood events. NWS offered to simulate flows on the river for Alternative 1C
with and without detention storage. However, due to the six-hour time step in the FLDWAV model,
and since most of the flow leaves the system in six hours under both scenarios, the model could not
resolve any difference due to storage. The FLDWAYV model is built to model large flood events as
they are occurring to make accurate predictions of peak flood stage. The six hour time step is
appropriate since the hydrographs are substantially longer in time, most often several days or weeks

in length.

2.4 Analysis of detention effects on Minnesota River for the October 4, 2005 Jarge storm

event.
The October 4, 2005 storm event was measured as nearly five inches the MSP Airport. It would have

caused a large discharge from the proposed system. But the storm was small enough in areal extent
that the time to peak on the Minnesota River was not very long. That is, the storm apparently
atfected the lowest portion of the river, not the entire watershed. Rainfall data from the MSP Airport
were used with the XP-SWMM model to predict Alternative 1C discharge to the river both with and
without detention storage. The discharge on the Minnesota River was taken from the USGS gauge

near Fort Snelling,

The Minnesota River hydrograph was adjusted by first subtracting the modeled discharge from the
existing system, then adding the discharge from Alternative 1C with and without detention. The
input rainfall and Minnesota River discharge, and the future conditions results are shown on
hydrographs in the Attachments. The modeled 1-494 runoff volume from October 4, 2005 event was
140 ac-ft. By adding detention to the outfall, the peak discharge occurs about one hour later. Much
of the detained volume is discharged later so that it actually coincides with the peak on the river.
This slight increase of 40 cfs compared fo without detention would cause an approximate 0.03 £t
stage increase with detention, as determined from the DNR HECRAS model, These results are

summarized below:
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Minnesota River Hydrograph Info Peak Flow  Increase in Stage*

For October 4, 2005 storm {cfs) (ft)
Existing 20,058 -
Option 1C 20,050 --
Option 1C widetention 20,081 0.03

* Stage Increase from HEC-RAS Cross Section Raling Curve

For larger storm and runoff events invelving more of the watershed, it is anticipated that the peak
from both with and without detention scenarios would precede the peak from the rest of the
watershed. In either case, detention storage does not present a benefit to the Minnesota River in

terms of lower peak stages.

2.5 [Effect on 180-year flood stages on Minnesota River

Besides the NWS FLDWAV model, MnDNR maintained a HEC-2 model of this portion of the
Lower Minnesota River. The HEC-2 model was recently updated with HECRAS with assistance
from the US Army Corps of Engineers. The 100-year flood event (re-calculated in 2001) is 103,000
ofs, Effects noted below are based on the HECRAS model.

A rigorous analysis of the effect of 1-494 rate control on the Minnesota River flood stages would be a
prohibitively large effort. The HECRAS is a steady state model and cannot be used to evaluate the
effects of rate control on I-494. As noted in Section 2.3, even tools for predicting flood stages are to
coarse to detect the effect of the LMRWD rate conirol rule when applied to the I-494 draina ge.
Therefore, other measures where checked to develop a sense of the rate control effect.

The XP-SWMM analysis of the 1-494 system shows that most of the volume from the 100-year event
will reach the Minnesota River within approximately six hours of the precipitation event, with or
without detention storage. Peak rates, with or without rate control, occur within one hour of the
rainfall; and after about two hours, the project with rate control would cause higher flows. This
means that detention and rate control will hold the water for just a short time, then release more at a
time closer to peak on the river, When rainfall events occur over large portions of the Minnesota
River basin, the main peak on the river is delayed by trave! time. Three such events on the Minnesota
River showed a delay of about six days between the peaks at the USGS gauges at Montevideo and
Savage. Thus, the discharge from I-494 would have no effect on the peak flood stage.
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3 Answers to LMRWD Manager Questions

The questions listed in the minutes of the January 17, 2006 meeling are answered in the following
paragraphs:

Question 1. Reasons for why 2D (2C) is considered the least expensive project,

Answer; See Alternatives table under Introduction. During the study process, we examined the
estimated costs of each of six alternatives. The estimates included not only initial construction costs, but the
cost of maintenance, right-of-way, and the loss of local property tax revenue. The least cost alternative
resulted when the existing storm sewer was reused, and detention storage was provided along the project route
(Alternative 2). Alternatives 2D and 2C were least cost since they require Jess land acquisition than 2C due to
the storage under the roadway and do not require a large tunnel as do Alternatives 1, 4 and 5.

Question2.  What is the economic impact of doing the project without providing the detention pond
Answer: The highest cost of the alternatives considered was for the tunnel schemes. However, the
selection of any alternative will ultimately be based upon both cost and other factors. The tunnel alternative
(Alternative 1) cost estimate includes roughly $1.5M for work at and abont West Pond. This provided for
construction of both dead and live storage for both water quality and stormwater detention purposes, Our
current estimate does not calculate the incremental project cost of eliminating detention storage. However,
this cost would not exceed $1.5M, or approximately 1-2% of the overall project cost,

The impact Is more of practicality since & rate control pond would require embankments (dams) placed above
the existing grade and would block floodplain storage volume as well as reducing conveyance of the flood
plain directly under the 1-494 bridge over the river. Also, MnDOT soil borings and foundation analysis for the
present maintenance work at West Pond indicate that it would be infeasible to construct dikes (or place dredge
spoils) on the site due to the soft soil conditions.

Question 3. What is the daily fuel accumulation of the highway? What is plan to protect the river?
Answer: Small amounts of hydrocarbons from vehicle fuel leaks or exhaust would normally volatilize
to the atmosphere and are not expected to significantly accumulate on the road surface or in stormwater runoff.
Accumulated pollutants from wear on vehicles and brake pads normally include some metals. The design of
each alternative will include water quality detention according to LMRWD Design Considerations (NURP
Standard) which is normally accepted as effective treatment for metals from stormwater.

Question 4. What is your spill response plan to protect river at Inst point before entering the river?
Answer: MnDOT spill response is detailed in the attached MuDOT Policy Position Statement on
Emergency Operations for Hazardous Materials Spills; and the MuDOT Maintenance Bulletin Number 97-1,
Roadway Accident Scene Vehicle Fluid Spill Response Procedure. The intent of these policies and practices is
to contain spill materials and minimnize their transport into waters. Presently the West Pond outlet has a vaive
on the outlet which can be closed in response 1o a spill on the system to contain buoyant, hydrophobic liguids.
West Pond would be enlarged and reconstructed under Alternatives 1C, 2D, 2E and SA in order to provide
water quality detention. The outlet from the pond to the river would include either a skimmer that would help
detain buoyant liquids or & two-staged discharge with a valved low flow outlet which would be closed in the

event of a spiil,

Question 5. As high as possible sediment / phosphorus removal than 50% for water quality purposes
Answer: The Minnesota River is classified as a Level 1/Level IIl Water Resource within the LMRWD
Classifications. This results in a requirement of water quality detention ponds with specific design
requirements as listed in Section 5.13.3 of the LMRWD Watershed Management Plan, The LMRWD Design
Considerations require that the permanent pool volume below the normal outlet be at least equal to the runoff
from a 2.5 inch, 24-hour storm over the entire subwatershed. This is equivalent o NURP standards where the
aim is to develop an average residence time of about 16 days and remove approximately 50 percent of inflow
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phosphorus. (In the NURP design calculations volume is actually larger than required; the calculations
consider that 20 percent of the volume is unavailable due to sediment accumulation, i.e., runoff from the
2.0-inch storm would be sufficient to give 50 percent removal.)

The XP-SWMM model was used to determine the dead volume requirement for a regional water quality pond.
The dead volume requirement by MPCA (1999) for & pond discharging to a Level I water resource 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-
sife basins, For this project, the volume of runoff from this event is 52 acre-feet. This is the volume that
would be required for a single poud treating runoff from the entire drainage area.

The water quality ponds are sized according to LMRWD (and NURP) standards with the dead volume equal to
runoff from the 2.5-inch, 24-hour storm, However, in some alternatives, water flows through both the low
point ponds and through the existing Almaz Pond (19 acre-feet). In these cases of ponds in series, the
phosphorus removal was estimated using the PondNet model (Walker), which is the basis for the NURP
performance criteria. Pond dead volumes were adjusted according to a total removal of 50 percent.

MnDOT will follow the LMRWD Design Considerations which are based on ninoff volume from the 2.5-inch,
24-hour storm (NURP standard), or its equivalent of 50 percent phosphorus removal with 20 percent of dead
volume occupied by sediment.

Question 6.  What are MuDOT’s rules for volume control-runoff frequency on new development?
Answer: MnDOT has been operating under its MS4 permit since 2003 and is not presently required to

control runoff volume,

Regarding magnitude or frequency of the design storm, Manager Samstad suggested MnDOT consider larger
design storms; he suggested that the TP40 values have been exceeded much more frequently than the analysis
would suggest. MnDOT will design according to TP-40, unless that standard is replaced, Increased frequency
of large events should not affect the project performance. It should be noted that the project is being designed
to an unusually high standard for highway drainage systems. Due to the several low points at bridges along
the system which can only drain through the trunk sewer, the standard has been set to 1) No surcharging of
pipe or tunnel conduits at the 50-year rainfall event; and 2) No surface flooding during the 100-year rainfall

event.

Question 7.  Permanent reductions in groundwater

Answer: The tunnel would be designed to be water tight and therefore not affect groundwater levels in
the area. Ponds would be designed with runouts at the water table elevation. The presence of groundwater in
sandy soils along the site necessitates the use of a pressurized cutting head on the tunnel boring machine (earth
pressure balance method). This ensures that the interior of the tunnel remains dry during construction. Once
complete, the tunnel will be watertight with a gasketed, segmental reinforced-concrete lining. As such, it
would have little to no effect on local groundwater levels.

Question 8.  What Is the quantity of water coming into the viver and at what cfs?
Answer; See Section 2 and Attachments.
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Question 9, What structures would be used to limit the surge and velocity of water into the river that

may affect the active barge traffic
Answer: Energy dissipation structures would be incorporated into the outlet from the tunnel to the West

Pond water quality pond (both with and without rate control). The pond would be designed in a two-cell
arrangement with the first smaller cell to allow further energy dissipation before flowing into the second cell,
(The volume of the first cell would be considered ineffective in determining the required water quality storage
volume,) This would improve the settling characteristics of the second cell.

The overflow from the pond to the river would likely be over a weir desigued to cause low exit velocities and
reduce the potential of a surface jet or current crossing the river and affecting barge traffic. Discharge volume
and rate through the Almaz Pond outfatl will decrease as a result of the project.

Question 10.  Draft language on a resolution
Answer: Provided separately.
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4 Summary

A decision to support or allow Alternative 1C to be pilanned without detention for rate control is
supported by the following points:

1. The existing drainage system on I-494 from Penn Avenue to the Minnesota River is

undersized and is prone to flooding at events as smali as the five-year rainfall, This would

result in low-point flooding at several bridge underpasses, which presently restricts peak
discharge rates from the system.

2, Whether the project is constructed with or without rate control, MnDOT will meet the present
water quality requirements of the LMRWD. This would require a water quality pond at West
Pond, which could be constructed without decreasing the Minnesota River flood plain storage

or conveyance on the flood plain.

3. Hydraulic analysis of the 494 system shows that most of the volume from the 100-year event
will reach the Minnesota River within approximately six hours of the precipitation event, with
or without detention storage. Peak rates occur within one hour of the rainfall and after about
two hours, the project with detention would cause higher flows, This means that detention
and rate conirol will tend to hold the water a short time, but release more of at the time of the

peak on the river,

4, Comparison of modeled project discharges from the October 4, 2005 storm show that rate
control on the 1-494 project would not reduce the peak flow on the river, but tend toward
increases. In events producing large floods on the Minnesota River, the time between the

1-494 peak and the river peak will be larger.

5. Construction of a rate control pond at the West Pond site would require dikes placed around
the facility in order to detain the water volume. MnDOT soil borings and foundation analysis

for the present maintenance work at West Pond indicate that it would be infeasible to
construct dikes (or place dredge spoils) on the site due to the soft soil conditions.

6. Furthermore, dikes around the detention pond would have to be built above the surrounding

topography and would block floodplain conveyance directly under the I-494 bridge
constriction,

7. The outlet of the West Pond water quality pond would be designed to minimize the potential

for spilled liquids to enter the Minnesota River from the project.

8. MnDOT has addressed, or will address, in design, the other concerns raised by the LMRWD

Managers.
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5 Attachments:

*

Alternative 1C 100-year Event XP-SWMM Output Hydrographs, without and with detention
Minnesota River Flow (USGS Gauge at Fort Snelling) and Precipitation at MSP Airport for
October 4, 2005 Storm

Alternative 1C October 4, 2005 Event XP-SWMM Output Hydrographs, without and with
detention

Alternative 1C October 4, 2005 Event XP-SWMM Output Hydrographs, without and with
detention, incremental flow difference;

USGS - Fort Snelling Gauge with Alternative 1C (without and with detention) flow
increment added to existing conditions hydrograph

Air Photo Plates 2, 3, and 4 from Floodplain Areas of the Lower Minnesota River, prepared
by the U.S. Army Cotps of Engineers and the U.S. Geological Survey in 2004.

MnDOT Policy Position Statement, June 16, 1989, Multimodal No. 89-1 Emergency
Operations; Hazardous Materials Spilis, Abandonment ‘

MnDOT Maintenance Bulletin Number 97-1, January 31, 1997, Roadway Accident Scene
Vehicle Fluid Spifl Response Procedure

Photograph of existing valve at West Pond outlet.
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Option 1C 100-year Event XP-SWMM Output Hydrographs
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Minnesota River Flow vs. Precipitation at MSP Alrport for 10-4-06 Storm Event
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Option 1C 10-4-05 Event XP-SWMM Output Hydrographs
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Option 1C and Option 1C with Detention - Outlet Hydrographs for 10-4-05 Storm Event
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Len Kremer, President Kent Francls, Secretary
Hennepin County Carver County
Ron Kraemer, Vice President Edward A, Schlampp, Treasurer
Dakota County Hennepin County
Lawrence Samstad, Manager Terry L. Schwalbe, Administrator
Scott County Cell (952) 221-1089

LOWER MINNESOTA RIVER WATERSHED DISTRICT
DRAFT RESOLUTION NO. 2007-01

Interstate Highway 494 — Penn Avenue to Minnesota River

WHEREAS, the Minnesota Department of Transportation (MnDOT) is studying stormwater
drainage alternatives for the portion I-494 from the Penn Avenue low point to the Minnesota
River, and has provided information about the alternatives and their effect on the Minnesota
River to the Board of Managers and has requested a determination that their Alternative 1C be
determined to be eligible for exemption from the District’s rate control requirement as
documented in a technical memorandum (Subject: MnDOT — I-494 Stormwater Alternatives
Study (Penn Avenue to Minnesota River) Technical suppor! for resolution by Lower Minnesota

River Watershed District Board regarding rate control requirements) dated February 2007 and
presented to the Managers at their February 21, 2007 meeting; and

WHEREAS, the existing I-494 drainage system is undersized for present and future conditions;
and

WHEREAS, the I-494 drainage investigation is being undertaken as part of long-term planning
for a future roadway expansion project and MnDOT is not applying for a LMRWD permit at this

time; and

WHEREAS, MnDOT has addressed questions raised by the LMRWD Board of Managers; and

WHEREAS, the information presented to the Board supports a finding that requiring rate
control for Alternative 1C would not have a beneficial effect on Minnesota River flood stages,
and a rate control pond would displace existing floodplain storage volume and reduce river

conveyance; and

WHEREAS, the soils at the West Pond site are poor and incapable of supporting the dike
structures necessary to construct a rate control pond; and

103850 doc 1600 Bavaria Road, Chaska, MN 55318
Terry Schwalbe: 952-227-1037; Joan Ellis: 952-227-1038; Fax: 952-227-1039
E-mail terrys@lowermn.com; joane@lowermn.com




Lower Minnesota River Watershed District

WHEREAS, the request by MnDOT is limited to this [-494 drainage project, and MnDOT will
meet other LMRWD Design Considerations including water quality.

NOW THEREFORE BE IT RESOLVED, the LMRWD Board of Managers conceptually
agree at this point in time with the Minnesota Department of Transportation that the Alternative
1C, as will be further developed in the study, could be permitted in the future without meeting
rate control requirements of the LMRWD Design Considerations; and

BE IT FURTHER RESOLVED, the above determination that the Alternative 1C could be
permitted without meeting rate control requirements of the LMRWD Design Considerations is
made under the current regulatory conditions affecting the LMRWD and MnDOT, that a future
Board may decide not to permit the project, and this resolution would not be binding on a future
Board during the future permitting of the project, nor would it exempt any future regulations or

future LMRWD Rules; and

BE IT FURTHER RESOLVED, the -494 drainage system from Penn Avenue to the
Minnesota should be designed to meet all other LMRWD Design Considerations.

Adopted:

LOWER MINNESOTA RIVER WATERSHED DISTRICT

By:

Len Kremer, President

103850 doc 1600 Bavaria Road, Chaska, MN 55318
Terry Schwalbe: 952-227-1037; Joan Ellis: 952-227-1 038; Fax: 952-227-1039
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Len Kremer, Presidemt Kent Francis, Sectetary
Henuepin County Carver County
Ron Kraemer, Vice President Lawrence Samstad, Manager
Daketa County Hennepin County
Edward A. Schiampp, Treasurer Terry L. Schwalbe, Administrator
Heamepin County Cell (952) 221-1089
February 21, 2007
M. John R. Thene P.E.

Wenck Associate, Inc.

1800 Pioneer Creek Center
P.O. Box 249

Maple Plain, MN 55359-0249

Re: 1-494 Drainage Alternatives Analysis

Dear Mr. Thene

Manager Samstad requests you address the following concerns at the March 21, 2007 Board of
Managers meeting:

a. MNDOT must update the frequency curves for Minnesota before further consideration

by Manager of District, LONG OVERDUE!!! DATA IS AVAILABLE!!! AND HAS

BEEN FOR SOME TIME.

b, Are there any changes in Wright Pond or Smith Pond watersheds (Bloomington)?
Have parts of these watersheds been added to the proposed 1 494 drainage systems?

c. What will the final outlet (channel, sluice, or pipe) capacity be at the outfall before
entering the Minnesota River? If used will pipe be secured properly to avoid surge or
water-hammer conditions?

d. Will there be a ponding area within the LMRWD? If so- size, location, outlet?

e. How does the final outlet affect the current in the Minnesota River and will it be a
hazard to tow boats and private water craft?

Sincerely,

Terry L. Schwalbe

Administrator
1660 Bavaria Road
Chaska, MN 55318

Phone: (952) 227-1037, Fax: (952) 227-1039
E-mail terrys@lowermn.com




Wanck Assoclales, Inc.
1800 Plonear Creek Clr.
P.O. Box 249

Meple Plain, MN 55352-0248

Wenck
Fax {763) 479.4242

E-maf: wenckmp@wenck.com

TECHNICAL MEMORANDUM
TO: Alan Palmer, P.E., Transportation Engineer, Stanley Consultants, Inc.
Beth Neuendorf, P.E., Metro District Water Resources Engineer, MnDOT
FROM: Chris Meehan, PE and John Thene, PE

DATE: March 15, 2007

SUBJECT: MnDOT ~I-494 Stormwater Alternatives Study (Penn Avenue to Minnesota River)
Lower Minnesota River Watershed District - Manager Samstad Questions

This memo is to address concerns raised submitted to Wenck on March 9 from Manager Samstad
following our presentation at the February 21, 2007 LMRWD Board of Managers meeting.

Information to address these and other concerns was provided in a Wenck memorandum and
presentation made at the February 21 board meeting. I would like to emphasize that the level of
hydraulic design is not detailed and that some of the concerns will first be directly addressed in Final

Design.
The concerns raised are quoted and addressed below:

a. MNDOT must update the frequency curves for Minnesota before further consideration by Manager of

District. LONG OVERDUE!{t DATA IS AVAILABLE!!! AND HAS BEEN FOR SOME TIME.

Answer: This concern is in fact well-recognized in the water resources field. It is likely that
TP-40 will be updated or replaced in the years between now and the final design of the 1-494
drainage. As mentioned in the February 21 memo and meeting, MnDOT will design to the
accepted design storms at the time of final design and permitting.

b. Are there any changes in Wright Pond or Smith Pond watersheds (Bloomington)? Have parts of these
watersheds been added to the proposed I 494 drainage systems?

Answer: There are no changes to Wright or Smith Ponds associated with the I-494 drainage
alternatives study. The 1-494 system design is based on the existing drainage areas.

CADoryments mnd Scitlng AIBSALocal Seitings\Temporary Intemet FitesOLKASMemo 10 Answer Mpr Semstad Questions.doc
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¢. What will the final outlet (channel, sluice, or pipe) capacity be at the outfall before entering the Minnesota
River? If used will pipe be secured properly to avoid surge or water-hammer conditions?

Answer: The simulated 100-year peak discharge from the tunnel system would be 800 cfs.
The final arrangement of the outfall would be determined in final design in order to minimize
impacts to barge traffic. It is likely that the West Pond outlet would include a channel
connecting the outlet weir to the river in order to reduce velocities and cross-currents in the
river. (See also Concern ¢ below.) Any outfall pipe to the river would be constructed with
mechanically or otherwise connected segments.

d. Will there be a ponding area within the LMRWD? If so- size, location, outlet?

Answer: Regarding Alternative 1C, the subject of the proposed resolution, the dead volume
of West Pond would be expanded for water quality treatment, The tunnel discharge volumes
to the pond are documnented in the February 21, 2007 memo.

e. How does the final outlet affect the current in the Minnesota River and will it be a hazard to tow boats and
private water craft?

Answer: MnDOT is aware of the potential affects of stormwater outfalls on barge navigation.
This was addressed in the February 21, 2007 memo in the answer to Question 9 (quoted
below) and would be further addressed in final design,

Energy dissipation structures would be incorporated into the outlet from the tunnel to the West Pond
water quality pond (both with and without rate control). The pond would be designed in a two-cell
arrangement with the first smaller cell to allow further energy dissipation before flowing into the
second cell. (The volume of the first cell would be considered ineffective in determining the required
water quality storage volume.) This would improve the settling characteristics of the second cell.

The overflow from the pond to the river would likely be over a weir designed to cause low exit
velocities and reduce the potential of a suiface jet or current crossing the river and affecting barge
traffic. Discharge volume and rate through the Almaz Pond outfall will decrease as a result of the

project.

Ci\Docurnents and Settings\3852\Local Settings\Temporary Internet File\OLKA6Wemo to Answer Mgr Samstad Questions.doc
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— MEMO - Toue bo Ao Calowr
To: LMRWD Board of Managers, Staff VL5161
From: Lawrence Samstad, P.E., Scott County Manager

‘Re: MnDOT 1494 Stormwater Alternatives Study

In reviewing Mr. John Thene's PE replies to my questions forwarded to him by Terry Schwalbe, |
find that the answers are not as olear and definitive as they should be considering that MnDOT wants
the Managers to sign an agreement for only a portion of the above study. The proposed agreement
amounts to a ‘carte blanche® where the final results of the study may not be in the best interests of the
Lower Minnesota River Watershed District. May I take the opportunity to review the responses by
{ettered questions and the responses from Mr. Thene.

A. Technical Paper 40 was derived of sparse Information acquired by the U.S. Weather Bureau in
the 30°s, 40’s and 50°s. Since then, more detailed Information has been acquired by the U.S.
' Weather Bureau in Gonjunction with local information from reliable sources. A portioh of that
information was released in a report “Sixtesn Year Study of Minnesotta Flash Floods —
. January 1988, Since 1988 (almost 20 years later) no revision has hean made to the MnDOT
el chart of flooding frequencies. Bven though T.P, 40 clea:ly states the for any given frequency,
one must have two and one half times that frequency in record to support the results of that
o frequency result (rainfatl amount and rainfall Intensity maximas.) In the 18 years of the study
U3 g~ 59 storing have equaled or exceeded the 100 year event in the State of Minnesota. A good
reason for revising MnDOT"s graph on frequency. A graph which has been used for the last
\)L W" 40 to 50 years by Engineers and Weathermen alike. The point is ~ isn't it about time to come
W out of the *Dark Ages"” of improper ﬁequsncy relationships? Why do we need to wait for the
1-494 study to complicate this “fiction™ further?

B. The question was not whether the Smith or Wright Ponds were changed, but rather were the
watersheds of these pOnds (in whole or in part) made a part of the 1-494 study? If so, how
much? The answer is unclear and seems to be hedging as to whether those fo r wa!ersh ds
will be & part of the 1-494 stady. e yrHEY AL 10 e 451 Plvine: "‘f‘ﬁ

. C.{ Agaln, to use the 100 year frequency peak discharge is to use a discharge that'fs not ¢ upported
el §.9 hches by 250 years of frequency record, What fictitious figure will be used for this calculation?

TP D./The answer doog not deseribe the size, location or outlet of any proposed pond. Considering
Dol ¢hfbnsntc. the Hmited spiCe ip this area according to recent negotiations with MnDOT on dredge
[ p-aef material sites, istR{ this a pertinent question at this point?
Lpe~ &% acrts E. Areas wili bo requitsq fo accommodate an energy dissipator as well as a pond. thre does
this space exist?

Fede
(F oo, fay be built jsbo- b
Based on the equivocation in the answers of Mr, Thene, and based on my knowledge of thie District’s
desires I respectfully request the Board of Managers withhold their slgnatures on the proposed

contract with MaDOT until significant answers are forthcoming without evasion and/or hedging.
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TECHNIBAL MEMORANDUM
TO: Alan Paimcr, P. l:., Teansporfation Engineer, Stanley Consultants, Inc.
Beth Neuendotf, P.E., Metro Disirict Water Resources Engineer, MnDOT
FROM: Chris Meehan, PE and Joha Thene, PE
DATE: February 21, 2007

SUBJECT: MuaDOT —1-494 Stormwaler Alterantives Study (Penn Avenue lo Minnesola River)
Lower Minnesota River Watershed District - Mansger Samstad Questions

* This memo is to address concerns mised submitted 10 Wenck on March 9 from Manager Samaiad

following our presentation af the February 21, 2007 LMRWD Board of Managers meeting. |

Informalion (o nddress these ond other concems was provided in a Wenck memorandum and
presentalion made at the February 21 board meeting. 1 would like to emphasize that the level of
liydiutic design is detailed enough for preliminary design purposes and that refinements will be
made 1o the level of detail during the (inal design stages of the project.

The concems raised are quoled and addressed below:

a. MNDOT musf update the frequency carves for Minnesota before further consideration by Manager of

Distiict. LONG OVERQQNH DATA IS AVAILABLENRH AND UAS BEEN FOR SOME TIME,

Answer: This concern is in fact well-recognized in the water resources feld. Ttis hkcly iha{
TP-40 wilt bo updnted or feplaced In the years belween now and the final design of the 1-494
drainage. As menlioned in the Pebpuary 2§ memo and meeting, MnDOT will design to the
aceepled design stonns at ths time of final design and permitting. .

bs. Are there any changes in Wright Pond or Smith Pond wateisheds (Bloomington)? Ifave parts of these
watumlmtls beew added to the’ pmposed 1 494 dralnage syslems?

Answer: There are.no changes to Wright or Smith Ponds associnted with the 1-494 drpinage
alierlives study The [-494 system design is based on the cxnlmg dninnge arens,

- +
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c o © What will the {inal outlet (chanael, sluice, or pipe) capacity be at the outfall befors emtering the Minnesota
River? IT used will pipe be sesured properly (o avoid surge or wator-haminer conditions?

Auswoy: The simulated 100-year peak discharge frony the funné! system would be 800 cfs.
The final anangenient of tho autfall would be deferiined in final design in erder lo minimize
impacts lo bargo traflic. It is likely that the West Pond outlet would include a channsel
connecting the outlel woir to the river in order 1o reduce velacitics and cross-currents in the
river. (Scc also Concem e below.) Any outfall pipe 1o tho river would be construcied with
mochanically or othorwise connccled sogments.

v o d. Wil (heve be a ponding area within the LMRWD? If so- size, lacalion, outlel?

Answer: Regarding Alterative 1C, the subject of the proposed resolution, the dead volume
of West Pond waould be expanded {or water quality treatment. The tunnel discharge vohimes
to the pond are documeonted in the Febnm‘ry 21, 2007 memoy.

e, How does the final outlet affect the cprrent in the Miunesota River and will itho 4 hazard to tow boats and
private waler erat?

Answer: MnDOT is aware of the potential affects of slormwater outfalls on barge navigation,

~ This was addressed in the Februnry 21,2007 memo in the answer fo Question 9 (quoted

below) and would be fusther addressed in {inal design,

Lneryy dissipution stiuctiros waidd ba incorporated fito the outlet from the funiel lo the West Pond
water qualtly pond (both with and without rate control). The pond woikl be designed in a bvo-cell
arvangement with the first smaller cell to aliow further energy dissipation before flowing inro the
second cell. (The volume of the first eall would be considered ineffective in detcrmining the vequired
water quality storage volunie,) Fhis would improve the settling eharacteristics of the second cell.

The overflow from the pund to the river would likely bo over a wair designed fo cause low exit
veloclties and reduce the potemiul of a surface jet or enevent crossing the river and affecting horge
traffic. Dischurge vohme and rate through the Alnaz Pond outfull will decrease as a result of (i
praject, '

TNRANSIHIL MM (o Antiver My Sapatiad Questions DN 13I8 goc




Wenck Assoclates, Inc.
1800 Pioneer Cregk Center
P.O. Box 249

Maple Plain, MN 553530248

(763} 4794200
Fax (763) 478-4242
E-mail: wenckmp@wenck.com

April 5, 2007

Mr. Terry Schwalbe, Administrator

Board of Managers

Lower Minnesota River Watershed District
1600 Bavaria Road

Chaska, MN 55318

Re:  1-494 Drainage Alternatives Analysis

Dear Mr. Schwalbe:
Dear Board of Managers

Working on behalf of MuDOT, Wenck is teamed Stanley Consultants, Inc. to study and
compare drainage alternatives for the portion of I-494 from Penn Avenue fo the
Minnesota River crossing. Our study will compare five main alternatives to drain the
corridor, with the future reconstruction of the roadway. (Note that the project currently is
not in MnDOT’s 20-year plan.) Each alternative will be designed to meet relevant rules
in terms of water quality and discharge rate, including those of the Lower Minnesota
River Watershed District,

This letter is to inform you of our hydrologic design activities related to the referenced
study. Specifically, we plan to, on behalf of MnDOT, request a resolution of your Board
agreeing in principal that detention storage would not be required to match the existing
peak discharge rates at the project outfalls to the Minnesota River. The project would
meet all other rules, including water quality,

Since the existing drainage system is under-capacity, surface flooding occurs for large
storm events and limits the system discharge. Once flooding is eliminated in the future
project, the peak discharge will increase. However, for both the with- and without-
detention conditions, most of the water volume from the project drains to the river within
approximately five hours. Given the size and timing of flooding on the Minnesota River,
and the relatively small volume from 1-494, detaining the water is likely to have no
benefit in terms of peak flood stages. That is, in both cases, the peak on the River will
occur much later than the discharge from the I-494 drainage system. A memo comparing
the hydrographs is attached.

C\Documents and Setiings 3850 ocal Settings\Temporary Internet File WOLKASMLMRWD Update Leiter (2).doc-maw




Lower Minnesota Watershed District
April 5, 2007
Page 2

MnDOT, Wenck and Stanley staff have already met with Terry Schwalbe, and I have met
with your Engineer Dan Edgerton to explain the project and discuss the kinds of
additional supporting documentation which may be useful to the Managers in reaching
their conclusions. We will provide you with that information and would like to request
an opportunity to present it to the Board at its December 20, 2006 meeting. As we
discussed with Terry, with your agreement, we would then work with him to draft
resolution language, and attend your next meeting in January to answer any questions
before you act on the resolution,

In addition to the attached hydrograph analysis, we plan to prepare and document for you
the following in support of the resolution:
¢ Relevant data from previous studies.
* Discharge hydrograph analysis (XP-SWMM) of the 1-494 corridor as documented
previously.
* Analysis of project effects on Minnesota River hydrographs in terms of timing and
rate for the October 4, 2005 storm.
* Analysis of potential stage effecis of the project on stages on the Minnesota River.
* General description of the outfall structure to the Minnesota River and the types of
measures that would be employed to control localized erosion at the site,
* Documentation of any hardship conditions (e.g., conveyance reduction due to the
construction of a pond, difficulty in operation of an orifice on an underground
tunnel/storage facility) that would result from rate control requirements.

MnDOT would most certainly appreciate any preliminary comments or concerns you may
have with our approach or objectives. Please contact me with any of your concerns at 763
479 4234,

Sincerely,

WENCK ASSOCIATES, INC.

John R. Thene, P.E,
Principal Engineer

cC: Beth Neuendorf, P.E., Metro Area Water Resources Engineer, MnDOT
Alan J. Palmer, P.E,, Principal Transportation Engineer, Stanley Consultants, Inc.
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Len Rremer, Pregident Kent Francts, Secrelary
Heanepin Céunty Carver County
Ion Kracmer, Vice President Edward A, Seblampp, Treasurée
Dikota County,. . THednepin Coynty
Lawrenas Samstad, Manager Teery L, Schvwathe, Adiinisicator
Saatt Cowmty : Coll (952) 2211089

LOWER MINNESOTA RIVER WATERSHED DISTRICT
RESOLUTION NO. 2007-01

Interstate Highway 494 - Penn Avenue to Minnesota River

WHEREAS, the Minnesota Department of Transportation (MnDOT) is studying stormwater
drainage alternatives for the portion 1-494 from the Penn Avenue low point to the Minnesota
River, and has provided information about the alternatives and thejr effect on the Minnesota
River to the Board of Managers and has requested a determination that their Altemative 1€ be
determined to be €ligible for exemption from the District’s rate control requirement as
documented jn a technical memorandum Subject: MnDOT ~ L.494 Stormwater Alternatives
Study (Penn dvenue to Minnesota River) Technical suppor! for resolution by Lower Minnesotn
River Watershod District Board regarding rate conirol réquirements) dated February 2007 and
presenied to the Managers at their February 21, 2007 meeting; and

WHILREAS, the existing I-494 diainage system is undersized for present and future conditions;
and

WHEREAS, the 1-494 drainage investipation is being undertaken as part of long-texm planning
for a future roadway expansion project and MnDOT is not applying for a LMRWD penmit at this
time; and '

WHEREAS, MoDOT has addressed questions raised by the LMRWD Board of Managers; and

WHEREAS, the information presented to the Board supports a finding that requiring rate
- control for Alternative 1C would not have a beneficial effect on Minnesota River flood stages, -
and a rate control pond would displace existing floodplain storage volume and reduce river

conveyance; and

WHEREAS, the soils at the West Pond site ave poor and incapable of supporting the dike
structures necessary 1o construct a rate control pond; and :

103850 doe 1600 Bavaria Rond, Chaska, MN 55318
Terry Schwalbe: 952-227-1037; Joan Ellis: 952-227-1038; Fax: 952-227-1039
E-mail terivs@lowermp.con; jonne@lowermmn.com
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Lower Minnesota River Watershed District

WHEREAS, the request by MnDOT is limited to this 1-494 drainage project, and MaDOT will
meet other LMRWD Design Considerations including water quality.

NOW THEREFORE BE IT RESOLVED, the LMRWD Board of Managers conceptually
agres at ihis point in time with the Minnesola Department of Traasportation that the Alternative
1C; as will be further developed in the study, could be permitted in the future without meeting
rate control tequirements of the LMRWD Design Considerations; and

BE IT FURTHER RESOLVED, the above determization that the Alternative 1C could be
permitted without meeting rate control requiréments of the LMRWD Desjgn Considerations is
made under the current regulatory conditions affecting the LMRWD and MnDOT, a future
Board may decide not to so pexmit Alternalive 1C under these conditions, and this resolution
would not be binding on a fiuture Board during the future pemnitling of the project, nor would it
exempt MnDOT from'the requirements of any fiture regulationis or future LMRWD Rules; and

BE T FURTHER RESOLVED, the [-494 drainage system from Penn Avenue to the
Minnesote shiould be designed to meet all other LMRWD Design Considerations.

Adopted: 95/&/@6 7
GMESOTA RIVER WATERSHED DISTRICT

4’
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103850 dec 1600 Baveria Road, Chaska, MN 55318
Terry Sehwalbe: 952-227-1037; Joan Ellis; 952-227-1038; Fax; 952-227-1039 : : |
Eomail ferrys@lowerim.cons; joane@lowermn, cont : ‘
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MEMO

To: LMRWD Board of Managers, Staff

From: Lawrence Samstad, P.E., Scott County Manag;er

Re: MnDOT - Y494 Stormwater Altematives Study

In reviewing Mr. John Thene’s PE replies to my questions forwarded to him by Terry Schwalbe, |
find that the answers are not as clear and definitive as they should be considering that MuDOT wants
the Managers to sign an agreement for only a portion of the above study. The proposed agreement

amounts to a “carte blanche’ where the final results of the study may not be in the best interests of the

Lower Minnesota River Watershed District. May [ take the opportunity to review the responses by
lettered questions and the responses from M, Thene. :

A. Technical Paper 40 was derived of sparse information acquired by the U.S. Weather Bureau in
the 30°s, 40°s and.50’s. Since then, more detailed information has been acquired by the U.S.

Weather Bureau iri conjunction with local information from reliable sources, A portion of that

information was released in a report “Sixteen Year Study_of Minnesotta Flash Floods —
January 1988”. Since 1988 (almost 20 vears later) no revision has been made to the MpDOT
chart of flooding frequencies. Bven though TP, 40 clearly states the for any given frequency,
one must have two and one half times that frequency in record to support the results of that
frequency result (rainfall amount and rainfail intensity maximas,) In the 18 years of the study
39 storms have equaled or exceeded the 100 year event in the State of Minnesota, A good
reason for revising MnDOT’s graph on frequency. A graph which has been used for the last
40 to 50 years by Engineers and Weathermen alike. The point is — isn’t it about time to come
out of the “Dark Ages” of improper frequency relationships? Why do we need to wait for the
1494 study to complicate this “fiction” further?

B. The question was not whether the Smith or Wright Ponds were changed, but rather were the
watersheds of these ponds (in whole or in part) made s patt of the 1494 study? If s0, how
much? The answet is unclear and seems to be hedging as to whether those former watersheds

- will be 2 part of the 1-494 study.

C. Aguin, o use the 100 year frequency peak discharge is to use a discharge that is not supported
by 250 years of frequency record. What fictitious figure will be used for this calculation?

D. The answer does not describe the size, location or outlet of any proposed pond, Considering
the limited space‘in this area according to recent negotiations with MaDOT on dredge
material sites, isn’¢ this a pertinent question at this point?, .

E. Areas will be required to accommodate an energy dissipator as well as a pond. Where dogs
this space exist? : -

Based on the equivocatiort in the answers of Mr. Thene, and baséd on my knowledge of the District’s
desires I respectfilly request the Board of Managers withhold their signatures on the proposed
contract with MnDOT until significant answers are forthcoming without evasion and/or hedging,
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Approved minutes of March 21, 2087

8. PRESENTATIONS FOR BOARD ACTION
a. Int. 494 to Penn Avenue report and resolution, John Thene, Wenck Associates, Inc,
The resolution is acceptable to staff members Mr, Malkersont and Mr. Schwalbe. Mr.

| Samstad submitted a memorandum dated March 21, 2007 attached hereto and made a

permanent part of the public record responding to Chris Meehan and John Theng’s response
memorandum dates February 21, 2007 to the board.

- President Kremer confirmed that this concept plan is not in MNDot’s 20 year plan and said

when the project goes to preliminary design, then should look at Mr. Samstad’s concerns.

It was moved and seconded to approve the Resolution 2007-01 Interstate 494 to Penn
Avenue attached and is hereby made a permanent part of the public record and when
the MIN/Dot project, now presented in concept, goes to preliminary design that Mx.
Samstad’s concerns addressed in his memorandum dated March 21, 2007 be attached
to the Resolution as an appendix to the Resolation and to be considered by a future

board. VOTE: Ayes 3; Nays 1. Motion passed.

g»ﬁ

I




&\\Ntsot’
| %(b; Mn/DOT POLICY
oF T POSITION STATEMENT

Date: June 16, 1989

Reference: Multimodal No. 89-1
Emergency Operations;
Hazardous Materials

Spills, Abandonment

Positlon Statement:

This policy sets forth procedures to follow should an emergency situation occur resulting from
the release or abandonment of hazardous material on trunk highway right-of-way. In the normal
course of day to day business, Department of Transportation personnel involved in maintenance
of our highways may encounter or be requested to respond to incidents that involve hazardous
materials. Mn/DOT employees are frequently notified about hazardous material spills or
abandoned hazardous cargoes on our highways, and asked to contain the spilled material or pick
up the abandoned cargo. Generally the hazardous material does not pose an immediate health
hazard. A hazardous material may be released however, that does pose an imminent and
substantial danger to the public health, welfare or the environment as well as to Mn/DOT
personnel. Proper emergency response and coordination procedures are therefore required.

Background:

Mn/DOT is required, pursuant to applicable Minnesota law and Bxecutive Orders, to prepare
plans and instructions for the protection of the public and personnel along with procedures for
participation in emergency oporations. Furthermore, coordination with several state agencies is
required during the response to an emergency situation. The appendices attached explain the
responsibilities of the several agencies in administering the state’s response to hazardous waste

emergencies.

LEONARD W. LEVINE, Commissioner

Any questions regarding this position statement should be directed to:
Leo J. Holm, Geotechnical Engineering Section, Room 132 Transportation Building,
Telephone (612) 296-3766. - ‘
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Background Information Pertaining
To State Agency Responsibilities In
Administering Hazardous Waste Emergencies

Date: June 16, 1589
Reference: Multimodal 89-1

APFENDIX A
DEFINITIONS

Hazardous Materials are substances which present health or environmenta! hazards. These substances are dangerous
because of their toxicity, ignitability, reactivity, ot corrosivity. They include, but are not limited to explosives,
flammables, corrosives, poisons, solvents, and radioactive materials.

Wﬂu@gﬂﬁl&mis a group of hazardous materials response technicians, trained and
certified by the Department of Public Sefety, Division of Emergency Services. These technicians respond, when
dispatched by the Division of Emergency Services, to any hazardous materials incident in the State, 24 hours per
day, seven days per week, in accordance with Standard Operating Procedures, The HAZMAT Team has specially
designed equipment and transportation units. State agencies providing personnel to the HAZMAT Team are: the
Pollution Controf Agency, the Department of Public Safety, the Department of Agriculture, and the Department of

Transportation.

§5224.doc “1-




APPENDIX B
STATE AGENCY RESPONSIBILITIES

COORDINATION OF STATE RESPONSE ACTIVITIES

Coordination of Statewide emergency response activities is vested in the Department of Public Safety, Division of
Emergency Services. The Director of the Division of Emergency Services serves as the State hazard mitigation
coordinator, coordinating al} hazard mitigation action requirements through responsible State agencies and with
local units of government. The Division of Emergency Services also coordinates the HAZMAT Team.

STATE AGENCY RESPONSIBILITIES

Although several State agencies are identified in the current Executive Order (No. 85-9), the following are more
directly involved during an emergency situation resulting from the release of a hazardous material on MW/DOT

" right-of-way.

1. TheDepartment of Public Safety, Division of Emergency Services is responsible for receiving notification
of any emergency associated with hazardous materials and then aletting State agencies and coordinating the
response. Telephone numbers have been established for this purpose. In the Minneapolis/St. Paul
Metropolitan area please call (612) 649-5451. If calling from any Out-State location cali, toll-free,

1-800-422-0798.

2. The Department of Public Safety State Patrol Division is responsible for law enforcement and traffic control
on all interstate and State highways during an emergency and will assist in hazard mitigation efforts in the
State as requested by the Division of Emergency Services.

3. The Pollution Controt Agency (PCA) is responsible for development and enforcement of containment,
clean-up, end disposal procedures for hazardous materials, and for coordinating the containment and

clean-up of polluting substances.

4,  The Department of Agriculture will support response activities during emergencies resuliing from release of
pesticides and fertilizers,

5, The Department of Health will support response efforts to hazardous materials incidents and wili determine
mitigation efforts to reduce or eliminate potentiai health hazards.

6.  Local Brergency and Law Enforcement Agencies assist in the response effort. Local Fire Departments
will be responsible for controlling flammable_materials. They will generally coordinate and assist in
response activities with the Department of Public Safety and the HAZMAT Team.

MN/DOT RESPONSIBLILITIES'

Mn/DOT emergency responsibilities relating to hazardous materials incidents on highway rights-of-way as
specified in the Executive Order (No. 85-0) are as follows:

1.  Mn/DOT wiil prepare emergency highway traffic 1egulation plans and procedures for regulating highway
travel.

(Mn/DOT has prepared this information and it has been issucd under Mn/DOT Policy Position Statement;
Highways No, 83-2.)

2. The Maintenance/Construction Communications System will be made available to supplement or l:eplace.
the State Patrol radio network should it fail.
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Mn/DOT is responsible for debris and wreckage removal from all interstate and state trunk highways and -
for other assistance 10 political subdivisions on other roadways as may be required.

4. Mn/DOT will assist in hazard mitigation efforts to reduce or eliminate potential hazards that endanger
motorisis or the citizens of the State.

5. The Program Management Division will disseminate information 1o appropriate agencies concerning the
shipment of chemicals, radiological substances and other materials that are potentially hazardous.

In addition to the above responsibilities, MWDOT is responsible for providing trained personnel to the HAZMAT
Team.

§8224.dog




EMERGENCY RESPONSE PROCEDURES
‘WHEN
HAZARDOUS MATERIALS ARE RELEASED OR ABANDONED
ON TRUNK HIGHWAY RIGHT OF WAY

Date: June 16,1989
Reference; Multimodal No. 89-1-P-1

Issued Under: M/DOT Policy Posltion Statement
Muitimodal No. 89-1

Mn/DOT Policy Guideline
Multimodal No. 89-1-G-1

A. Emergengy Response

Response to any emergency involving hazardous materials must be done in such a manner that Mr/DOT
employces and the general public remain safe. Mn/DOT employees are to assist in an emergency response, if it
can be done safely, under the direction of the Division of Emezgency Services. M/DOT involvement should be
limited to fumnishing and transporting containment materials such as sand, helping reroute traffic, providing
communication and assisting with removal of debris.

1. In a situation where M/DOT is the first agency notified that an accident or spill resulting ina potentially
hazardous situation has occurred, or where Mn/DOT discovers such an occurrence or the presence of
abandoned hazardous cargo, the following procedures should be followed. The Aren Maintenance Engincer
or his designee is responsible for insuring that employees who respond to an accident are instructed in these
procedures and have received training to enable them to respond to an emergency situation in a safe and
expedient manner, (A raining program is beyond the scope of this policy. Training will be developed
following policy implementation.)

a. Immediately contact the Department of Public Safety, Division of Bmergency Services Duty Officer at
(612) 649-5451 or 1-800-422-0798 utilizing available phones or M/DOT radio dispatch if in the field.

Relay as much infoimation as possible about the spil} inctuding: the exact location of the accident,
identity of the spilled material if known, and type of immediate or potential danger (i.e., fire, explosive,
poison, restricted visibility, contamination of air or water),

b. Reroute, if possible, or stop teaffic until the State Patrol or other law enforcement can assume control.

c¢. Avoid exposuee to the hazardous material Take emergency action only as necessary fo prolect human
life. '

Upon arrival of emergency or law enforcement personnel, make sure they are fully informed about the
hazardous situation. :

2. Tn situations where MivDOT is requested by the Division of Emergency Services, the Highway Patrol, or
Jocat emergency agencies to respond to a hazardous materials incident, the Area Maintenance Engineer or
his designee is responsible for implementing the following procedures:

a. Before dispatching MovDOT employees to the scene of a spill or abandoned cargo, the Area
Maintenance Engineer or his representative should obtain information including: the name of the
material, if known, and whether the material is hazardous; what hazards are associated with the
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material; location of the spill or abandoned cargo; the type of assistance needed and whether the
assistance includes containment procedures or removal of debris. '

b. ‘The person receiving notification should inguire whether the Division of Emergency Services has been
contacted. If not, relay all known information to the Duty Officer at the Di vision of Emergency
Services by immediately calling (612) 649-5451 or 1-800-422-0798.

c. Only after the hazardous material has been identified and Bmergency Services has determined that
MwDOT personne} can interact with the material or cargo without threat to their health or safety,
maintenance crews and equipment can be deployed to assist with the response effort. Records shail be
Kept on the material involved, the date of the incident, what safety precautions were taken, how long
employees were exposed to the material, where the material was taken and the name of any person
or agency contacted.

B. Cleanup

If there is a selease of a hazardous material on the roadway and/or right-of-way which gither poses or may pose
an Imminent and substantial danger to public or Mn/DOT gmployee health or the weifare of the environment,
Mi/DOT employees may not be engaged in. cleanup activities. In these situations, 2 contractor experienced in
Cleanup of hazardous materials should be utilized if normat operating procedures cannot be followed. Mn/DOT

Personnel involvement will be limited to assisting with traffic routing during cleanup activity.

Ifﬁmiﬂ@m&w@%&@@@ﬁ%ﬁw&m%@amu_mu&elgﬁmmgm

be Undertaken by Mn/DOT mainienance forces. Cleanup must be performed in & manner which safeguards the
environment and in accordance with Pollution Control Agency regulations. In all cases the Pollution Contro)

Agency must be contacted and must approve the cleanup and disposal methods prior to commencing the cleanup
action.

Mn/ DOT, in accordance with the Executive Order, will remove all non-hazardous debris as necessary to retum
the roadway to a safe operating condition.

C. Res

After the emergency has ended and there is no longer imminent danger, Information should be obtained about
the carrer(s) and their shipment for billing purposes. -

The carrier is responsible for any spilled hazardous material, any abandoned hazardous cargo, and all materials
that become contaminated during cleanup, The carrier is also responsible for returning all contaminated
right-of-way to a suitable condition.

The carrier or the carrier's insurance company must be notified In writing by the Area Maintenance engineer that
they are responsible for the ultimate removal and disposal of all material within 30 days. A copy of the letier
must also be sent to the PCA, If no action is taken by the carrier or the carrier's insurance company within the 30
day period, the PCA Hotline or the Attomey General’s Criminal Division should be contacted to Initiate

criminal prosecution.
D. andone OLIaAm

The Pollution Contro} Agency has instituted a program to identify and handle abandoned barrels in response to
citizen complaints or upon notification by State agencies. The program is directed towards barrels left
abandoned on roadsides or in citizens' yards and in situations where the responsible party cannot be identified.
The program does not apply to situations where property was purchased with barrels left or stored upon it

If barrels are found abandoned on M/DOT right-of-way, the Department of Public Safety, Division of
Emergency Services Duty Officer at (612) 649-5451 or 1-800-422-0798 should be contacted.
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1. The on-cali response person will contact the District Safety Office who will be requested to make an on-site
inspection and note labeled contents if discernible and determine 1esponsible party, if possible.

2. The on-call team member will then contact the Pollution Control Agency to initlate the abandoned barrels
program if appropriate,

3. If an emergency situation exists the on-call team member will direct an appropriate response.

E. CostRecovery

Costs incurred by Mw/DOT for materials, equipment, and personnel involved in containment of hazardous
material from known persons will be charged 1o the carrier or their insurance company, The PCA must be
contacted regarding disposal of hazardous materials from unknown sources or carriers. It is the responsibility of
the Muintenance Engineer to ensure that the costs are adequately recorded and of the Office Managers to ensure

proper billing.
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Minnesota Department of Transportation
Maintenance Bulletin Number 97-1

January 31, 1997
TO: Opcratidns Management Group Safety Professionals
Maintenance Superintendents State Highway Patro]

Maintenance Supervisors “& f\

FROM: Rodney A. Pletan
State Maintenance E

 SUBJECT:  Roadway Accident Scene Vehicle Fluid Spill Response Procedure

INTRODUCTION

On many occasions M/DOT personne] are the first at a highway motor vehicle accident scene.

‘Vehicle fluids such as gasoline and/or diesel fuel are found draining down the curb or shoulder

contaminating the environment. Clean up cost of those spills can be immense.” Worse yet, the

_public maybe trapped in their vehicle with fuel spreading under them. Ignition could prevent -
.. rescue and cause severe bums or fatalities, This procedure provides a means of reducipg these -
“potentially high risk situations. Ttapplies to containment and not clean-up of motor vehicle "

fluids, and it is to be used, in supplement, to Mo/DOT Policy Guideline, Multimodal No, 85-1-
G-1. - : .

. SPILL RESPONSE COVERAGE

These guidelines cover those Mn/DOT employees arriving at a motor vehicle accident scene.
where the motor vehicle’s own liquids such as gasoline, diesel fuel, hydraulic fluid,
transmission fluid, engine oils and radiator fluids have spilled. This procedure does not

cover spillage from cargo loads.

A) When arriving at 2 motor vehicle accident scene, evaluate the situation and notify your
d1spatchcr Request the dispatcher to:




1} Summon the State Patrol or the local Police and other emergency services personnel.

2} If needed, request an ambulance.
3) If needed, request additional traffic control.

4) If a spill of a hazardous substance is found, have the dispatcher call the State Duty Officer
at 649.5451 or 1-800-422-0798. This must be done to ensure that the call is properly

logged.

(a) If possible, provide information on the motor vehiclés involved in the incident and the
phone numbers of the owners.

(b) Provide other details such as product, amount, etc.

B) After complé:ﬁn‘g Section “A” of these guidelines, the following can be addressed:

IF‘Q’
it can be done safely.
the appropriate sorbent or containment materials are available,

spillage does not include cargo load.

- 1) Assess the spill to détermine the identity of motor vehicle fluid and determine safety
precautions needed as instructed at annual “Right -To-Know” training.

2) Determine if the motor vehicle fluid spill tan be cohtaiﬁéafégfcly' and effectively:
(a) Determine a safe distance in relation to ;notor vehicle fluid type and quantity of spill,

(b) If sorbent and containment products are available and can be applied safely, they may
be used to absorb or contain spilled hydrocarbons.

{¢) To stop down grade drainage the sorbent/containment product should be used to dike
the drainage until haz-mat teams arrive to take control. If you have enough
sorbent/containment product, adsorb the puddle to prevent overflow or flooding from
the diked area of containment. ’

Cy Mn/DOT’s costs for containment of motor vehicle fluid spills are to be compiled by the
maintepance area involved and billed ta the vehicle's owner or the owners insurance carrier.




Mn/DOT employees are allowed fo help contain and clean up motor vehicle’s own liquids in
order to open roadways more quickly for public use. Sorbent products, and as a last option sand,
may be used 10 contain liquids such as radiator, transmission and hydraulic fluids as wel] as
engine oil, gasoline and diese] fuels at the scene. After containment, the spilled product may be
removed from the roadway and protected from the elements by Mn/DOT employees. The
coptained fluids are to be placed off the traveled roadway, nearby, for pickup. Mn/DOT
employees involved in such activities must have annual “Right-To-Know” training dealing with
these liquids. Hazardous material contractors called to the site assume complete control and
cleanup responsibilities from Mo/DOT upon arrival. Mo/DOT personnel are then relieved of all
work involving cleanup of the spilled materials. Contact the Office of Environmental Services
for technical information on available sorbent products (612-779-5100).




Memoranaum

1800 Ploneer Creek Cenler, Maple Plain, MN §5359
Phone: 763-479-4200 Fax: 763-479-4242

Wenck

To: Files
From: John R. Thene, P.E.
Date: April 5, 2007

Subject:  1-494 Stormwater Alternatives Study
Water Quality Pond and Sediment Evaluation

Introduction
This memorandum is prepared to document the evaluation of pond performance of

Alternatives 1,2, 4 and 5.

The dead volume of water quality ponds is generally determined as equal to the runoff
from a 2.5-inch storm (MPCA, 1989). The runoff volumes for these calculations were
determined by SCS Curve Number method. In each case, ponds are intended to remove
50 percent of influent phosphorus based on the runoff from a 2.0-inch storm, The
additional volume is to allow for sedimentation in the time between maintenance
excavation. For this reason, the ponds are sized to provide 50 percent removal when 20
percent of their volumes were consumed by sedimentation,

Alternative 1C:
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. Attachment 1 is a PondNet spreadsheet model to
evaluate the combined performance of each of the ponds. The West Pond volume was
increased to the point where total removal was equal to 50 percent as summarized below:

Almaz Pond West Pond
Runoff from 2.5-inch storm fac-fi] 14 38
Dead Volume [ac-f/] 19 34
Effective Volume (afier sedimentation) [ac-fi] 15.2 27.0
Estimated residence time [d] 22 15d
Removal rate {Attachment 1) [--] 53.9% 48.6 %

Total Removal Rate: 50 % = (14*53,9% + 38*48.6%)/(14+38)
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Alternative 2C: :
The Alternative 2C water quality ponding system includes ponds in series and in parallel:

Discharge from Penn pond flows through the Wentworth pond, and discharge from the
Wentworth, Portland, and TH 77 ponds, plus untreated flows, flow through Almaz Pond.
The analysis of phosphoras removal was completed using the PondNet spreadsheet
model. The ponds were sized according to the runoff volume from the 2.5-inch rainfall
event. The PondNet analysis was used to show 50 percent phosphorus removal when the
pond volumes are reduced by 20 percent to account for sediment accumulation in the
ponds. Analysis of the complete system showed an overall removal rate of 54 percent.
Total pond dead storage volume is 56 acre-feet.

Penn Wentworth Portland TH77  Almaz  System

Runoff from 2.5-inch storm [ac-f] 2.8 16.2 6.1 8.9 52.0 52
Dead volume [ac-ff] 3.2 19.1 6.1 8.8 19.0 56
Effective Volume (after

sedimentation) [acft] 2.6 16.3 4.8 7.4 15.2 45
Eslimated residence time [d] 18.7 19.1 6.1 8.9 19.0 56

Removal rate (Attachment1) -]  50% 49% 50% 50% 30% 54%

Alternative 2C; Variant with No Penn Avenue Dead Volume:

A variant to Alternative 2C Variant removes the dead volume at Penn Avenue, creating a
dry pond. The Wentworth Avenue pond was increased in volume according to the
Alternative 2C Penn Avenue pond volume. The system, with 53 acre-feet of dead storage
volume, showed an overall phosphorus removal rate of 53 percent: :

Wentworth Portland TH77  Almaz System

Runoff from 2.5-inch storm fac-ft]  19.1 6.1 8.9 18.0 52
Dead volume fac-ff} 194 6.1 8.9 19.0 53
Effective Volume (after )

sedimentalion) {ac-fi] 15.3 4.9 7.4 15.2 45
Estimated residence time [d] 19.1 6.1 8.9 19.0 56

Removal rate (Attachment 1) [] =~ 50% 50% 50% 30% 53%

Alternative 2D:
 In Alternative 2D, the 52 acre-fect of runoff from the 2.5-inch rainfall event would be

split between the West Pond (30 acre-feet) and the existing Almaz Pond (22 acre-feet).
Therefore, the Almaz Pond volume (19 acre-feet) is undersized and the West Pond water
quality (dead) volume must be raised to 34 acre-feet in order to achieve a system
phosphorus removal of 50 percent; with depth of six feet and a 10-ft safety bench, the
area of the pond at normal water level would be 6.3 acres.

Almaz Pond West Pond

Runoff from 2.5-inch storm [ac-ft] 22 30
Dead Volume [ac-fi] 19 34
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Effective Volume (after sedimentation) fac-fi] 15.2 27.2
Estimated residence time [d] 14.2 18.6
Removal rate (Attachment 1) [--] 48.7 % 514%

‘Total Removal Rate: 50 % = (22*48.7% + 30*51.4%)/(22+30)

Alternative 2F:
In Alternative 2F, the 52 acre-feet of runoff from the 2.5-inch rainfall event wounld be

split between the West Pond (29 acre-feet) and the existing Almaz Pond (23 acre-feet).
Therefore, the Almaz Pond volume (19 acre-feet) is undersized and the West Pond water
quality (dead) volume must be raised to 34 acre-feet in order to achieve a system
phosphorus removal of 50 percent; with depth of six feet and a 10-ft safety bench, the
area of the pond at normal water level would be 6.3 acres.

Almaz Pond West Pond

Runoff from 2.5-inch storm [ac-i] 23 : 29
Dead Volume [ac-ft] 19 34
Effective Volume (afler sedimentation) [ac-fi] 152 27.2
Estimated residence time ) [d] 13.5 ‘ 19.2
Removal rate (Attachment 1) [-] 48.6 % 51.8%

Total Removal Rate: 50 % = (23*48.6% + 29*51.8%)/(23-+29)

Alternative 4A: ‘
In Alternative 4A, the 52 acre-feet of runoff from the 2.5-inch rainfall event would be

split between the proposed I-35W outfall pond (38 acre-feet) and the existing Almaz
Pond (14 acre-feet). The Almaz Pond volume (19 acre-feet) is adequate to meet water
quality requirements for its discharge. Therefore, the I-35W Pond water quality (dead)
volume is 38 acre-fect; with depth of six fest and a 10-t safety bench, the area of the
pond at normal water level would be 7,0 acres.

Almaz Pond I-35W Pond

Runoff from 2.5-inch storm [ac-i] 14 38
Dead Volume fac-fif 19 38
Effective Volume (after sedimentation) [ac-fi] 152 30.2
Estimated residence time [d] 22.3 16.3
Removal rate {Attachment 1) [--] 54 % 50 %

Total Removal Rate: 51 % = (14*54% + 38*50%)/(14+38)

(On the basis of the PondNet water quality model, the Alternative 4A 1-35W Pond
volume could be reduced to 34 ac-ft and still meet the overall phosphorus reduction of 50
percent, since Almaz is oversized. The area of the reduced pond would be 6.3 acres.)
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Alternative 5:
The Alternative 5 conveyance system overloads the water quality volume provided by

Almaz Pond. Almaz Pond cannot be expanded due to site constraints. Therefore the
West Pond water quality volume must be oversized to compensate for the reduced
residence time, and hence phosphorus removal, in Almaz. Attachment 1 is a PondNet
spreadsheet model to evaluate the performance of each of the ponds. The West Pond
volume was increased to 33 ac-ft so that the total volume is equivalent the 52 ac-ft
required in the LMRWD rules. The total removal estimated this way with the PondNet

model was equal to 47 percent as summarized below:

Almaz Pond West Pond
Runoff from 2.5-inch storm fac-ft] 36 . 16
Dead Volume [ac-ff] 19 33
Effective Volume (after sedimentation)  [ac-fi]  15.2 26.5
Estimated residence time [d] 9 34
Removal rate (Attachment 1) [--] 42 % 57 %

Total Removal Rate: (36*42% + 16*57%)/(52) =47 %

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.

References:
Minnesota Pollution Control Agency, 1989. Protecting Water Quality in Urban Areas,

Best Management Practices for Minnesota, St. Paul, Minnesofa,

Walker, William W. Jr., 1987. “Phosphorus Removal by Urban Runoff Detention
Basins”, Lake and Reservoir Management, Volume III, North American Lake

Management Society, pp 314-326.

Attachments
1. PondNet analysis of Alternatives 1C, 2C, 2D, 2F, 4A and 5A..
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Attachment 1
PondNet Documentation
PondNet Analysis
Key Pond Modeling Variables and Equations from PondNet
Sources 1. PondiNet spreadsheet by W. Walker, 1989, Adapted by Wenck Associates, Inc.

2. W. Walker, 1987, Phosphorus removal by urban runoff detention basins, Lake and Reservoir
Management, Vol. lil, pp. 314,

Varlable Units Description Eguation
R, I} Fraction of inflow P retained 1-({1+4*Nr)*0.5-1)(2*Nr)
N, [~} dimensionless reaction rate K2*Pi*Tr
K, [m¥mghyr]  Second order decay rate coefficient  0.056*Qs/Fo/(Qs+13.3*3.28)
Q, 1% Mean surface overilow rale D/ Tr or Inflow Volume divided by Area
Fo -1 Inflow Ortho P : Total P ratio input
P,  [mg/m’orugil] Flow-weighted average inflow TP Input
T, {vr] Hydraulic residence time in years Input

i-494 Drainage Feasibility Study
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Attachment 1

Alternative 1C
PondNet Analysls
Maodel Case Panzer Pond LiTimam Evalualion Period =7 32:240 " {d] [ Whole
Evaluation Period 0.66 [yr] [yr} System
Volume Reduclion due to Sedimentation: 20%
Remaining Volume BD%
Modeled Tofal Phosphorus Removal for Tofal Pond System: 50.0% [--] =}
Pond Size Cell No.
imm»’Name or Description
Palential Area Ap
Pond Surface Area Ap
Pond Avg Deplh before Sedimentation D
- Pond Avg Depth (Afier Sedimentationy D
Pond Volume (Before Sedimentatlon) v |
Pond Voluma {(After Sedimantation)} v |
inficws Runoff from 2.6 inch event Aws
Runoff Coefficlent (VIP) c
Evaluation period precipitalion Pa
Pand inflow from runoff Qr
... Pond inflow from upstream pond Qus
{m=> Pond Infiow from polnt sources Qp
Total pond Inflow Qi
Concentrations : Infiow concentration of nunoff Pr
Infiow concentration from upstream pond Pus
mad Inflow concantration from polnt sources  Pp
iInm:nw Loads Pond lead from runoff Lr Mib) 3528 1336 496
Pond ivad from upsiream pond Lus
Pond load from point sources ip
Totat load to pond Li
Model Input Average pond infiow concenbration Pt
: fnflow Ortho P : Totad P ratio Fo
Hydraulic residence lime Tr
Tr
Mean surfacs overllow rale Qs
. Relative decay rale {~]
Model Calculations Second order decay rale coefficient K2 [m’fmgly;} 0154 0.13g
Dimensionless reaction rals Nr [-] 1.84 2.54
Fraciion of infiow P removed Rp i~ 45% 54%
Outfiow load as parcentof inflowload  1-Rp {~] 51% 46%
Pond Performance Phosphorus ioad remaoval {ib) 1761 720 248
Phosphorus lead removal (=] 48.6% 653.0% &50%
Quitfiow phosphors load fib) 1868.5 61,8 248
Qulflow phosphorus load (=) 51.4% 48.1% 50.0%
Ouifiow phosphorus concentration {ugi} 154 138
494 Dralnage Feasibility Sludy
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Altachment 1

Alternative 2C
PondNet Analysis
Modse! Case :Panzer Pond BT Evalvation Period - ] Whole
Evaluation Period {v1) System
Velume Reduction due lo Sedimentation:
Remaining Volume
Modeled Total Phosphorus Removal for Total Pond Sysiem:
Pond Slze . LellNo. Cell 1 Cellz |
‘&= Name or Dascriplion -1 I
Potential Area (Live Storage Base Asea) Ap
Pond Surface Area Ap
Pend Avg Daplh {Belore Sedimentationy D
Pond Avg Depth {After Sedimentation) D
Pend Volume [Belore Sedimenlation) V
Pond Volume_({After Sedimentation) V4
Modeled Runolf From 2.5-Inch Event
finflows > Walarshed Area Aws
Runoff Coefficient C
Evaiuation pedod precipitailon Pe
Pond inBow frem renoff Qr
... Pond Inflow from upstream pond Qus
“azx: Porkd infiow from point sources Qp
Total pond inflow ]
Concentrations iE%2 Infiow concentration of runoff Pr

.. _Inflow concentration from upstream pond Pus
>ma> [nflow concentration from polnt sources  Pp

Inflow Loads Pond joad from runoff Lr [iv} 26.7 1654.6 58.2 848 1747 498
Pand kad from upstream pond Lus b} - 138 . - 157.4
Pond load from poinl sources Lp [ib] - - - - -
Totel load ko pond L} {ih} 26.7 168.0 68.2 84.9 3261

1Model Input  Average pond inflow concenlration Pi fugh]
+mm> Infiow Ortho P ; Tolat P ratio Fo &)

Hydraulic residence tme Tr fyr}
Tr ld]
. Mean surface overflow rate Qs [RA)
{=e>: Relative decay rate =] -
Madat Calculations Second order decay rala coefficlent K2 [m’lmgfyr] 0.127 0.161 0.145 0.147 0.187
Dimensionless reaction rele Nr -1 1.65 1.80 1.85 108 0.81
Fraction of Inflow P removed Rp | 50% 49% 50% 50% 30%
Cutfiow load as percantof Infiowioad  1-Rp -1 50% 51% 50% 50%; 70%
{Pond Performance Phosphorus load removal b) 132 826 288 423 88.8 266
Phosphorus kead removal 3 50% 49% 50% 50% 30% 54%
Quillewr phosphocus boad [tb] 136 855 294 429 230.4 230
Outflow phosphorus load -] 50% 51% 50% 50% 70% 46%
Culfiew phosphorus concentration [ugn} 151 141 151 150 139
1-494 Drainage Feasibility Study
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Attachment {

Alternative 2C « No Penn WGQ
PondNat Analysis
Model Case Evaluation Period = [d} 'Whola
Evaluation Peried v} System
Volume Reduction dug to Sadimentation;
Remaining Volume
Modeled Tolal Phesphorus Removal for Total Pond System:
Pond Size ... CeliNo. Coll 1 Cell 2
wu> Name or Description
Potential Area {Live Slorago Base Area) Ap
Pond Surface Area Ap
=a> Pond Avg Depth (Before Sedimentation) D
Pond Avg Depih {Afler Sedimentation) D
Pond Vplume {Bafore Sedimentation) V
Pond Voluma (After Sedimentation) v
) . Modeled Runoff From 2.5-Inch Event
Inflows > Watershed Area Aws
Runoff Coeificient c
> Evaluatlon paried precipitation Pe
Pond Inflow from nunoff Qe
... Pondinflow from upstream pond Qus
‘mm> Pond Infiow from point sources Qp
Tolal pond inflow Qi
Concentrations ==’ Inflow concentration of runclf Pr
.. [nfiow concentration from upsiream pond Pus
‘mw>. Inflow concentration from point sources  Pp
Inflow Loads Pand load from runoff Lr ) 181.3 582 849 1747 496
Pond load from upstream pond Lus ) - . - 161.8
Pond load from polnt sources Lp
Total joad io pond Li
{Modet Input . Awverage pond inflow conceniration Pi
‘m=> infiow Ortho P : Total P ratlo Fo
Hydraullc resldence time Tr
Tr
_Mean surface overfiow rata Qs
. Relative decay rate -]
Modet Calcufatlons Second ordar decay rale cosfficlent K2 {m¥mgiyr] 0.161 0.145 0.147 0.187
Dimenslonlass reaction rale Nr - 205 1.05 198 0.62
Fraction of inflow P removed Rp -} 50% 50% 50% 30%
Outilow foad as percent of inflowload 1 - Rp i-l 50% 50% 50% 70%
Pond Performance Phasphorus load removal {ib] 814 286 423 100.8 263
Phosphorus load removal ) - 50% 50% 50% 30% 53%
Cutllow phospharus load L] 89.9 04 426 x328 233
Cutflow phosphorus load I-) 0% 60% 80% 70% 47%
Outflow phosphotus concenlrallon ugh] 149 151 150 141
1-404 Drainage Feasibility Study
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Aftachment 1
Allernative 20

PondiNet Analysis
Mode! Case ;. Panzer Pond Evaluation Pedod 2240 :{d] {d} 'Whole
Evaksalion Parod 0.85 fyr] Iv7) System
Volume Reduction due to Sedimenlation: 20%
Remaining Volume 80%
Modeled Totat Phospheorus Removal for Tolal Fond System: 50.3% [~} vs]
|Pond Size . Cslito,
-ma> Name or Dascription
Potential Area Ap
Pond Surface Area Ap
Pond Avg Depth before Sedimentation D
. Pond Avg Depth (After Sedimentation) D |
Pond Volume {Before Sedimentation)  V i
Pond Volums (After Sedimentation) vV
Inflows Runoff from 2.5 Inch event Aws
Runaff Coeffictent (VIP) [+]
Evalualion period precipitation Pe
Pond inflow from runoff Qr
) Pond Inflow from upsiream pond Qus
imws Pond inflow from point sources Qp
Tolal pond inflow ol
{Concentrations f==> inflow concentralion of runoff Pr
___ Inflow concentralion from upstream pond Pus
s> Inflow concentralion from poinl sources  Po
Inflow Loads Pond loed from runoff Lr
Pond load from upstreamn pond Lus
Pond load from point sources ip
Total load fo pond Li
|modet Input Avarage pord inflow concentration Pl
“mad Inflow Oriho P ; Tolat P ratio Fo
Hydraulic reskfence time Tr
Tr
Mean surfaco overflow rate Qs
Relalive decay rate -]
[Modet Calculations Second order decay rate cosfficlant K2 [mYmg/yr) 0.142 0.156
Dimensionless reaction rale Nr - 217 1.85
Fraction of infow P ramoved Rp i1 51% 40%
Outfiow load as percent of inflowload  1-Rp [-] 46% 51%,
|Pond Performance Phosphorus load removat iib) 147.6 102.3 249
Phasphorus foad remaoval 1) 51.4% 48.7% 50%
Oulficw phosphorus foad [} 130.2 107.6 247
Oulfiow phosphorus load -1 48.6% 51.3% 40.7%
Qutftow phosphorus concanlration {ugiL} 148 154

-494 Droinage Feasibility Study
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Attachment 1

Alternative 2F
PondNet Analysls
Mode] Case . Panzer Poad Evatualion Pariod - {[d] Whols
! Evaluation Pericd {yr) ISystem
_ Voluma Reducton due lo Sedimentation:
4 Remaining Volume
g Modeled Total Phosphorus Removal for Tofal Pond System: [~}
|Pond Size _ CeltNo.
= Name of Description
.Polential Asea Ap
Pond Suiface Area Ap
3. Pond Avg Deplh before Sedimentation D
‘max Pond Avg Deplh (After Sedimentation) D
Pond Volkume {Before Sedimentalion) V
Pond Volume {After Sedimentation) v
[inntows Runoff from 2.6 inch event Aws
> Runoff Cosfficent (V/P) c
“wu> Evakralion peried precipitation Pe
Pord infltow from sunoff Qr
. Pondinfiow from upstrearn pond Qus
‘ma> Pond inflow from polnt sources Op
Tolal pond inflow Qi
Concentrations tmiy. Inflow concentration of runaff Pr
 Inflow concentealion from upslream pond Pus
‘=3 Inflow concentrallen from paint sources  Pp
inflow Loads Pond load from runoff Lr {ib} 218.7 2194 498
Pond load from upstream pond Lus
Pond load from point sources Lp
Totat load to pond L]
Motfal npul Average pond inflow concenlration Pi
" inflow Oriho P ; Tolal P ralio Fo
Hydraulic residence lime Tt
Te
~ Maean surdace overflow rate Cs
; __3 Relative decay rata [-]
|Modei Calcutations Second order decay rate coefficlent K2 {m¥mghy) 0.141 0,161
Dimensionless reaclion rate Nr [} 222 1.78
Fraction of Inflow P removed Rp {1 52% 48%
QOutflow load as percent of inflowload  1-Rp [--} 48% 52%
|Pond Performance Phosphorus load removal {ib) 143.2 105.7 249
Phosphorus joad removal {~ 51.7% 48.2% 50%
Qutftow phosphorus foad k] 1335 1137 247
Outfiow phosphorus load - 48.3% 51.8% 49.8%
Cutfiow phosphorus congentration {uoh) 145 155

|-494 Drainage Feasibitity Study
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Attachment 14
Alternative 4A

i PondNet Analysis
Fludel Case ‘Panzer Pond Evsaluation Period ~--+4240~ [d] [d} Whola
Evalvation Period .68 fyr) [vr} System
Volume Reduction due to Sedimentation: 20%
Remaining Volume B80%
Modeled Tolal Phosphorus Removal for Total Pond System: 51.0% [~ =}
Pond Size . CeliNo,
‘=a3> Name of Deseriplion
Polantial Area Ap
Pond Surfece Area Ap
: Pond Avg Deplh before Sedimentation D
== Pond Avg Depth {Afler Sedimentalion) D
Pond Volume (Before Sedimentation) v
Pond Volums (After Sedimentaion}) V
1Inﬂows ez Runoff from 2.5 inch event Aws
Runoff Cosfficlant (V/iP) C
x> Evaluation period precipitation Pe
Pond inflow from runoff Qr
... Pond Infiow from upsiream pond Qus
‘w=x. Pond Infiow from palnt sources Qp
Total pond inflow Ci
Concentrations == Infiow concentration of runoff Pr
_ Infiow concenlration from upstream pond Pus
iZd3 Infiow concentration from point sources P
hlnﬂow Loads Pond lcad from runofl tr ) 3628 1338 406
Pond load from upslream pond Lus fib} - . -
Pond load from point sources Lp (i) - -
Tola! load io pond LE [ib} 262.8 133.8
Model Input ... Average pond infiow concentration Pi
&2> |nfiow Ortho P ; Tolal P ratio Fo
Hydraulic residence time Tr
H
Mean surface overfiow rale Qs
. Relative dacay rale I~}
Model Calculations Second order decay rale coefficlent K2 [mimghn] 0.148 0.139
Dimanslonlass reaction rale Nr {-) 1.99 254
Fraction of lnflow P remaved Rp i~ 50% 54%
Outlow load as parcent of inflow load  1-Rp [} 50% 46%
Pond Parformance Phosphorus load removal fib} 180.0 720 263
Phosphorus foad removal -} 49.0% 53.9% 51%,
Outiiow phosphorus load [t) 181.6 818 243
Quifiow phosphorus load -} 50.1% 46.1% 49.0%
Qulfiow phosphorus concenlralion Jup] 150 138

1404 Drainage Feasibllity Study
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Attachment 1
Alternative 4A-Minimal Voluma

PondNet Analysis
[odel Case anzel Pond BT Evalugtion Poriod s 240 | T Whole
Evalualion Perlod 0,65 [yr] fyr] System
Volume Reduction due to Sedimentation: 20%
Remalning Volume 80%
Modeled Total Phasphorus Removal for Total Pond System; 50.1% [ L_(-}
[Pond size _CeltNo.
Name or Dascriplion -1
‘Polential Area Ap [ec]
Pond Surface Area Ap [Bc}
-xiPond Avg Depth before Sedimentation D m
_Pond Avg Deplh {(Afler Sedimentalicn) D {1
Pond Volume {Before Sedimenlaticn) V [ac-)
Pond Volume {ARer Sedimentation) V4 [acA]
Inflows Runoff from 2.5 Inch event Aws lag]
Runoff Coafficlent (V/P} c [ac-ftAn]
». Evaluation pediod precipitation Pe fin]
Pond inflow from runoff o {ac-fif
.. Pond inflow from ypslream pond Qus {ac-fi}
‘=mz. Pond infiow from point sources Qp fac-f]
Total pond inflow Ql fac-ft]
Concentrations ‘mmx Inflow concanlration of runoff Pr fugiL]
. Infiow concentration from upstream pond Pus [ugiL}
&=y Inflow concentration from polnt sources  Pp {ugi}
Inflow Loads Pond load from runoff Lr [ib} 3828 1338 498
Pond load from upstream pond Lus )] - .
Pond load from polnt sources Lp [t}
Tolal joad 1o pond Li fib}
JModel Input Avarage pond inflow concantratien Pi fugh.]
srmxInfiow Ortho P : Tolat P ralio Fo [~}
Hydraulic residence Eme Tr ]
. Tr {d}
Mean surface overdiow rate (4] {ttyr}
Relative decay rate -] -1
{Modal Calculations Second order decay rale coefficlant K2 [m’lmgfw] 0153 0.13%
Dimenslonlass reaction rale Nr -] 1.86 2584
Fraction of inflow P remaoved Rp -] 49% 54%
Qutflow joad as percant of infiow load __1-Rp -} 51% 468%
Pond Performance Phosphorus load removal [t5} 176.6 720 248
Phasphorus joad removal [-] 48.7% 63.0% &0%
Outfiow phosphorus load ) 186.1 61.6 248
Oulfiow phosphorus load ’ | 61.3% 46.1% 40.9%
Cutfiow phosphorus concentration [upht} 154 138
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Attachmant 1

Alternative 5A
PondNet Analysls
Wodel Case Panzer Pond ER Evaluation Periad ~~::-:240 " [d} (d] er.e
Evaluation Period 0.86 [yr} {yr} System
Volume Reduction dus fo Sedimentation; 20%
Remalning Volume 80%
Modeled Tolal Phosphorus Removal for Total Pond System: 46.8% [~] h"l
Pond Size Cell No, Cell1 , Cell 5
Name or Dasciiplion -] Waes
Polential Area Ap {ac) !
Pand Surface Area Ap [a¢)
Pond Avg Depth before Sedimentation D ]
Pond Avg Deplh (Afler Sedimantation) D (D)} .34 ] R & i
Pond Volume (Before Sedimentation) Vv |ac-f1) 331 52
Pond Volume {Afler Sedimentation) \'d fac-ft) 28.50 15.22 42
Inflows ». Runoff from 2.6 inch event Aws
c
Pe
Pond inflow from runoff r
. Pond inltow ftom upstream pond Qus
i=#3. Pond Inflow from point sourcas Qp e
Total pond infiow Qi fac-fi] 187.5 4219
Concentrations 3 - infiow concentration of ruacll Pr fuai]
_Inflew concentralion from upslream pond Pus Jugn]
=». Inflow concentration from polnt sources  Pp fugn)
|'nfiow Loads Pond load from nnoff Lr lib] i62.7 3435 498
Pond load from upstream pond Lus b} - -
Pond load from point sources tp {ib) - -
Total load to pond Li {ib) 162.7 3435
iModet Input Average pond Inflow concentration Pl ) 300 300
infiow Ortho P : Tolal P ratio Fo [ D 28,
Hydraulls residenca tima Tr )
Tr [d} 5 R
Mean surface overflow rate Qs [vyr] 48.8 2024
Relative decay rale {~ {-] S :
[Model Calculations Sscond order decay rate coefficient K2 (m’imglyf} 0141 0477
Dimenslonless reaction rate Nr =] a1 1.26
Fraction of Infiow P removed Rp {-] 51% 42%
Outfiow load as percent of infiowload  1-Rp f-} 43% 55%
Pond Parformance Phosphotus load removal [b] 87.2 144.8 232
Phosphorus ioad removal - 57.1% ) 42.2% 47%
Qutfiow phosphorus load fiv} 855 198.7 264
Outflow phasphorus load [-] 42.8% 57.8% 53.2%
Cutflow phosphorus concentration _ [ughl) 129 114
1-464 Drainage Feasibility Study
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Attachment 1
Alternative SA-Malntain Volume

PondNet Analysls
Model Case anzer Pond e Evalualicn Perad - 240 [d] [@ Whate
Evaluation Period 0.66 fyr] Iy} Syslem
Volume Raduction due to Sedimenlation: 0%
Remalning Volume ' 100% L
Modeied Total Phosphorus Removal for Tolal Pond System: 50.5% [~} [}
|Pond Siza X Celi1 -
Narme or Dascription {~]  WestPond -
Potentiai Area Ap fag} -
Pond Surace Area Ap [ac}
Pond Avg Depth before Sedimentalion D [a} !
> Pond Avg Depth {After Sedimentation) D i~
Pond Volume (Before Sedimentation)  V {ac-fi}
Pond Volume (After Sedimantation) V' Jac-f]
Inflows Runoff from 2.5 inch event Avrs {ac]
Runcff Coefficlent (VIP} C
Evaluation period precipitation Pe
Pond inflow from runoff Qr
.. Pond inflow from vpsiream pond CQus
imm» Pond inflow from point sources Qp
Tatal pond inflow Of
Concentrallons g3 Inflow concentralion of runoff Pr
. _infiow concaniration from upstream pond Pus
“ma> Infiow concentration from polnd sources  Pp
inflow Loads Pond joad from runofl Lr
Pond load from upstream pond Llus
Pond load from point sources Lp
Total load to pond Li
{Mode! Input .. Averaga pond inflow concentration Pi
sme>! Infiow Oriho P : Total P ratio Fo
Hydraulie residence time Tr
Tr [d}
Mean surface overilow rafe Qs {firyr}
: Relative decay rala [} -]
Maodel Calcufations Second order decay rate coefficient K2 {m®imgin} 0.111 0477
Dimenslonless reaclion rata Nr -} 388 1.58
Fraction of inflow P removed Rp - 61% 46%
Outlow koad as percent of Inflowload  1-Rp I~ 39% 54%
Pond Performance Phosphorus load removal [io} 024 157.9 260
Phaspharus logd removal -] 60.5% 48.0% 50%
Cutflow phosphonus Ioad it} 603 185.5 246
Oulilow phosphomnus load -1 39.5% 54.0% 49.6%
Qutfiow phosphorus concentration {ug/L) 118 162
1-494 Drainage Feasibliity Study
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Jessica Willey

MEETING NOTES

No. 606

The following meeting notes set forth our understanding of the discussions and decislons madae at this meeting. If you have any
questions, additions, or commanis, please contact the writer immediately. 1f we do not hear from you, we will assume that our

understandings are the sams. We are proceeding based on the contents of these mesting notes.

This purpose of this meeting was to document reactions from the Mn/DOT Functional Groups regarding the 1-494
Stormwater Alternatives Study.

Following introductions, Stanley and Wenck gave a presentation which included the history of the project, analysis
objectives, analysis preliminaries, hydraulic model and drainage alternatives in detail, cost estimate for each
alternative, and general feedback from the Cities of Bloomington and Richfield and the watershed districts of Nine

Mile Creek and Lower Minnesota River,

1. The new open ponds shown on some of the alternatives would be used for both water quality and detention
storage. They would be wel, with normal water elevation controlled by local groundwater,

2, About 6.2 acres is required at West Pond for water quality storage in Alternatives 1C, 2D, 2E, 2F, and 5A.
Even if it was made larger to treat an increase of phosphorus, it would be tough to meet the requirements
for removal without new technology. About 60% maximum could be removed with the current

technology.

3. There may be the potential for an additional storage area by West Pond (south of West Pond). This would
include approximately 18 acres. There is a potential to do a land swap with the Fish and Wildlife Service.
Right-of-Way and environmental people would need to be included in these meetings. A number of the
Alternatives would benefit from an additional freatment and storage site. Further right-of-way may show

up in the future. Mn/DOT should be aware of possibilities in this regard.

8C 5018 1230
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4. The Lower MN Watershed has concerns with the outfall by West Pond, especially with regards to
navigation, so the outfall may need fo be a board weir — say 100-foot - so the discharge is less concentrated

on the river.

5. There is currently a berm along the river. Mitigation was done when it was built. Federal money was used
for the infiltration wetland with trees. 1t could be used for treatment or flood storage.

6. Currently, Mn/DOT does not store stormwater under roadways. For this study, this concept is shown to
leave open the possibility of stormwater storage under the roadway in the future.

7. The chambers would be used during times of high flow. For permitting purposes, it would need to be
determined if these chambers are “ponds™ or “special pollution control devices”. About 20% of the
“ponds” would need to be inspected each year, while the “special pollution contro! devices” may need to
be cleaned out and inspected every year, Actual permitting details would be worked out during the design

process.

8. The backflow preventor pipe in the concrete chambers was modeled as a 12-inch pipe, but could be larger.
To avoid plugging of this pipe, it could be modeled as a weir. This would be easier to manage and a good

back-up.

9. Access to the silt chambers could likely be designed within the roadway shoulders for easier access.

10. Underground storage has been used before, but never under highway pavement. Stanley discussed this
with Dan Ghere at the FHWA. Since there is no room within the right-of-way 1o provide more traditional
detention storage basins and right-of-way becomes increasingly expensive, underground storage must
eventually be seen as a reasonable detention storage solution. It may not start with this roadway, but it will
be used with smaller streets having right-of-way restraints,

L1. For Alternative 2F, lowering the groundwater would be permanent if the system is not sealed. Alternative
2F would lkely need DNR approval to address potential groundwater concems. Mn/DOT is concerned
with “proving” that the Alternative 2F system remains sealed to groundwater, and that continuous
monitoring will be required. Simply dewatering locally and for construction should get DNR approval, but
if it were to change the groundwater further away or for longer time frames, approval could be more

difficult.

12. Mr/DOT questioned the idea of lining the existing storm sewer system 20 years into the future. They felt
that the system would be very old at that point and wondered about what to do with it in the meantime,
Will the system be too old at this point 1o still reuse? All of the alternatives depend on reusing portions of
the existing system. This study assumes the existing system will still be useable by the time I-494 is
reconstructed. Reconstructing versus relining the existing system will need to be considered when this
report is revisited. In this regard, the existing system should be monitored and lined as needed to preserve
the pipe for future use. Maintenance reports that portions of the pipe are up to 1/3 full of silt.

13. Mw/DOT maintenance disliked Alternative 2E the most, They felt this was the altemate that was the worst
of both worlds with the wet or dry ponds (having to maintain and keep nice) and having new underground
storage. They would prefer one or the other. Also, they would like to minimize the number of locations
and frequency that they have to maintain the system and maximize the ease of access.

14, None of the Altemnative 2's eliminate the pump station at Penn Avenue. Each Alternative provides storage
for the design event, such that the roadway would not flood if the storm were accompanied by total pump

failure.

15. The property acquisition costs were developed by using twice the Hennepin County valuation (as

Page 2 of 3
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recommended by the City of Bloomington) and include loss of tax revenue,

16. Costs for repairs of the refaining walls {a simple barrier at the top) were included under the YR40
Maintenance,
17. Alternative 2F was assumed a non-sealed system for the construction costs. For a system sealed against

groundwater infiltration, this may add costs. Staniey will provide these costs in the report. All
maintenance costs will be included. For this estimate, it was assumed the system was similar to

underground box culverts.

18, The internal Mn/DOT cost on the costs of clean-out of the sediment basins could be provided,

Distribution:

‘Beth Neuendorf, Mn/DOT

John Thene, Wenck Associates, Inc,
Alan Paimer, Stanley Consultants, Inc.
Jessica Willey, Stanley Consultants, Inc.
File 19636
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