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Mr. Dwayne Haffield 
City of Worthington 
303 9th St 
Worthington, MN 56187 
 
Dear Mr. Haffield:   
 
In accordance with the City’s request, we have prepared this Master Corridor Study for the North 
Industrial/Commercial Park for the City of Worthington.  This document will serve as an outline for the 
development of the tract of land, north of Interstate 90, which is currently designated as 
Commercial/Industrial Reserve in the City’s Land Use Plan.   
 
This Study outlines several aspects of developing the area including preliminary street, sanitary sewer, 
water main, and storm sewer layouts.  Necessary improvements to Trunk Highway 59 and relocation of 
Okabena Creek/County Ditch 12 were also analyzed.   
 
We would be pleased to review this draft report with you in detail at your convenience.   
 
We also wish to thank you and Brad for your assistance in preparing this report.   
 
If you have any questions, or wish to discuss, please contact me at 605.330.7013 or 877.214.4370.   
 
 
Respectively submitted, 
 
Sincerely, 
 
 
 
 
Michael R. Kuno, PE
Project Manager
 
mrk 
p:\uz\w\wortc\080200\4-rprt\seh report.doc 

 

 



 

 

North Industrial/Commercial Park 
Master Corridor Study

Worthington, MN
 
 
  

SEH No. AWORTC0802.00
 
 

February 4, 2008 
 
 
 
 
 
 
 
 
 
 
 

I hereby certify that this report was prepared by me or under my direct 
supervision, and that I am a duly Licensed Professional Engineer under the laws 
of the State of Minnesota. 
 

 
Michael R. Kuno, PE

Date: 2/4/2008  Lic. No.: 45195 

 

Reviewed by: Steve Robinson  2/8/2008 
   Date 

 
 
 
 
 
 
 
Short Elliott Hendrickson Inc. 
 
 



 

SEH is a registered trademark of Short Elliott Hendrickson Inc. 
TMaster Corridor StudyT AWORTC0802.00 
      Page i 

Table of Contents 
 
Letter of Transmittal 
Certification Page 
Table of Contents 
 

  Page 

1.0 Introduction................................................................................................................1 
2.0 Corridor Layout and Land Use .................................................................................5 
3.0 TH 59 Intersection Improvements ............................................................................9 
4.0 Sanitary Sewer Plan ................................................................................................12 
5.0 Water Distribution Plan ...........................................................................................16 
6.0 Storm Water Plan.....................................................................................................18 
7.0 County Ditch 12 Relocation ....................................................................................21 
8.0 Estimated Project Costs .........................................................................................25 
9.0 Recommendations...................................................................................................27 

 

List of Tables 
Table 1 – Maximum Service Areas Based on PVC at Minimum Grage 
Table 2 – Industrial Park Estimated Costs Summary 
Table 3 – Remainder of Master Plan Area Estimated Costs Summary 
Table 4 – Master Plan Area Estimated Costs Summary 
Table 5 – Estimated Annual Costs to Develop Master Plan Area 
Table 6 -- Sanitary Sewer Structure Schedule (Single Lift Station) 
Table 7 -- Sanitary Sewer Structure Schedule (Dual Lift Stations) 
Table 8 – Storm Sewer Structure Schedule 

 
 



Table of Contents (Continued) 
 

TMaster Corridor StudyT AWORTC0802.00 
      Page ii 

List of Figures 
Figure 1 – Study Areas Corridor Study 
Figure 2 – Corridor Layout/Land Use Master Plan Area 
Figure 3 – Corridor Layout/Land Use Industrial Park Area 
Figure 4 – Highway 59 & Street A Intersection 
Figure 5 – Highway 59 & 27th Street Intersection 
Figure 6 – Highway 59 Layout 
Figure 7 – Sanitary Sewer Maximum Gravity Service Area 
Figure 8 – Sanitary Sewer Master Plan Area (Single Lift Station) 
Figure 9 – Sanitary Sewer Master Plan Area (Dual Lift Stations) 
Figure 10 – Sanitary Sewer Industrial Park Area 
Figure 11 – Water Distribution System Master Plan 
Figure 12 – Water Distribution System Industrial Park 
Figure 13 – Storm Sewer Master Plan 
Figure 14 – Storm Sewer Industrial Park 
Figure 15 – Storm Sewer Culvert Options 

 

List of Appendices 
Appendix A 
 
Table 1 – Street Improvements Cost Estimate 
Table 2 – TH 59 Improvements Cost Estimate 
Table 3 – Sanitary Sewer Cost Estimate 
Table 4 – Water Distribution System Cost Estimate 
Table 5 – Stormwater Cost Estimate 
Table 6 – Industrial Park Cost Estimate 
Table 7 – Project Cost Estimate 



March 6, 2008 

 AWORTC0802.00 
 Page 1 

Master Corridor Study
 
 

       North Industrial/Commercial Park 

 
  Prepared for the City of Worthington, Minnesota      

 
1.0 Introduction   

The Worthington City Council authorized the preparation of this Corridor 

Study for the North Industrial/Commercial Park (NICP).  The purpose of this 

effort is to provide the City of Worthington with a plan that examines the 

area outlined as future Commercial/Industrial Reserve from the Land Use 

Plan in the current City of Worthington Comprehensive Plan.  This study will 

provide the City with guidance for systematically developing the area in a 

practical and rational method.  In addition to providing an outline for the 

improvements, project cost estimates have been determined and provided to 

help the City prepare for the process.     

The NICP area examined in this report is generally located north of Interstate 

90 and west of Trunk Highway 59.  The area includes approximately 750 

acres of currently undeveloped land that lies in a one-half mile strip between 

27th Street and I-90.  The land in this area is mainly used for agricultural 

purposes and there is a small amount of elevation change over the area.  The 
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entire area included in the study is outlined in Figure 1 - “Study Areas 

Corridor Study”.   

The study area is broken into three regions based on the anticipated 

development timeline for the region.  Sanitary service for the study area will 

be extended from two existing mains, located on the east end of the study 

area at the intersection of TH 59 and 27th Street and the intersection of TH 59 

and Bioscience Drive.  The City of Worthington recently agreed to purchase 

approximately 115 acres of undeveloped land located on the east end of the 

study area.  This property is generally located in the section northwest of the 

intersection of I-90 and TH 59 and provides the City with property adjacent 

to 27th Street and TH 59.  This property will be referred to as the Industrial 

Park area for purposes of this study.   

Utility services will continue to be extended from east to west within the 

study area so development should generally follow that pattern.  The next 

logical region for the study includes all of the property located within the 

boundaries of Diagonal Road, 27th Street, TH 59, and I-90.  This area 

includes the three 160-acre sections of land immediately west of TH 59 and 

the half section created by Diagonal Road.  The region is approximately 2 

miles long on the north boundary, 1.5 miles south on the south boundary, and 

a half mile wide for a total area of approximately 560 acres.  This region will 

be referred to as the Master Plan area for purposes of this report and includes 

the Industrial Park area referred to on the paragraph above.     

The third region of land analyzed in this study includes the remainder of the 

area outlined as Commercial/Industrial Reserve in the current Land Use Plan.   
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This area lies west of Diagonal Road and will be the last region of the study 

area to be developed, based on utility extensions.  Development of this 

region may not occur for decades.  Due to the lengthy timeline and the fact 

that many of the variables/conditions outlined in the design for the Industrial 

Park and Master Plan areas may change prior to the development of this land, 

much less detail is included for this region.  This area will be referred to as 

the Long Term Growth area for purposes of this report.   

The City has been working with a local business to develop a site within the 

Industrial Park area.  This business requires a twenty acre site and does not 

require frontage or visibility to TH 59 or I-90.  Based on these 

considerations, and ease of extending utility services to the proposed site, a 

location was proposed along 27th Street, within the property that has already 

been purchased by the City.  The proposed site will be referred to as the 20 

Acre Site for purposes of this report.   

This study provides recommendations on a number of design features related 

to developing the park including:   

1. Corridor Layout and Land Use – The study provides a master streets 

and utilities corridor plan that was developed to maximize the 

development potential and City’s investment in the property with an 

additional focus on providing a degree of flexibility within the 

development.   

2. TH 59 Intersection Layouts - During the development of the study, 

SEH met with City and Mn/DOT representatives to develop 
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conceptual intersection plans for TH 59 at 27th Street and Bioscience 

Drive.   

3. Sanitary Sewer Plan – The study includes a master sanitary sewer 

plan to guide ultimate development of the Master Plan area in the 

most feasible manner.   

4. Water Distribution Plan - The study includes a master water service 

plan that is focused on providing a level of service generally 

regarded as adequate for industrial/commercial service and fire 

suppression.   

5. Storm Water Plan - A conceptual storm water master plan, including 

necessary detention capacity and basin locations, was developed to 

provide systematic regional storm water management for the study 

area.  This plan includes a benefit analysis to determine whether a 

relocation of the Okabena Creek/County Ditch 12 is practical and 

feasible.   

Project cost estimates were developed from the recommended layouts and 

are included in this report to assist the City in planning capital improvements 

in the future.  This plan does not take the place of detailed feasibility studies 

that are typically prepared prior to the design and construction of 

improvement projects.  Due to the global nature of this study, it is general 

and less specific than detailed feasibility studies.  Recommended 

improvements should be verified by a detailed feasibility study to confirm 

existing conditions, sizes, locations, costs, and staging for improvements.   



 

TMaster Corridor StudyT AWORTC0802.00 
      Page 5 

2.0 Corridor Layout and Land Use   
The Master Plan area is surrounded by Diagonal Road on the west, 27th 

Street on the north, TH 59 on the east, and I-90 on the south.  There are on 

and off ramps for I-90 at both Diagonal Road and TH 59.  Paul Street is an  

existing north-south gravel road that connects 27th Street to Rowe Avenue via 

an I-90 underpass located between the Diagonal Road and TH 59 

underpasses.  Paul Street also extends to the east, immediately north of the 

Rowe Avenue underpass, and acts as a service road to serve a number of 

residential properties located between Rowe Street and TH 59.   

The Master Plan Area was analyzed and a number of factors were 

determined in developing the corridor layout for the Master Plan area, 

including:   

1. The long, linear quality of the Master Plan site.   

2. Functionality and traffic flow of proposed routes.   

3. Location and mix of land uses.   

4. Flexibility in final street and land use layouts.   

5. Location of Okabena Creek/County Ditch 12 along the west and east 

ends of the park.   

6.  Preserving the few remaining tree windrows within the area.   
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The proposed corridor layout and land use recommendation for the Master 

Plan area are shown in Figure 2 “Corridor Layout/Land Use Master Plan 

Area”.   The layout recognizes the linear aspect of the site by providing two 

main east-west thoroughfares that provide two points of access at both 

Diagonal Road and TH 59.   

Street A will act as the main arterial for the interior park area sites and 

provide access to all commercial and industrial sites adjacent to I-90.  A new 

intersection will need to be developed at both Diagonal Road and TH 59 to 

provide access for Street A.  27th Street will act as the second arterial for the 

Master Plan site and will provide access to sites located along the north and 

south sides of 27th Street.  The existing intersection of 27th Street and TH 59 

will need to be improved to accommodate the increased traffic anticipated 

from the developed areas.  The existing intersection of 27th Street and 

Diagonal Road will need to be revised to provide a 90 degree intersection 

with Diagonal Road.  A one hundred foot wide right of way corridor is 

recommended for both main arterial thoroughfares.  This will provide enough 

space to develop a three lane street section with 16’ wide through lanes, a 14’ 

wide center opposing left turn lane, right turn lanes at major intersections, 

and sidewalk or trail separated from the street by a boulevard section.    

Streets B, C, D, and E will act as minor arterials for the interior of the park.  

Street B will serve as a secondary east-west street, providing access to sites 

that do not front 27th Street or Street A and directing vehicles to either 27th 

Street or Street A for access to Diagonal Road or TH 59.  Streets C, D, and E 

provide the north-south movements necessary to intersect the east-west 
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streets.  The layout proposes construction of the north-south streets at even 

spacing, located at the property section lines.  A fifth access to the Master 

Plan site will be created by extending Street D south, through the existing I-

90 underpass, and connecting it to Rowe Ave.  This access will provide an 

access point for individuals not wanting to use Diagonal Road or TH 59, as 

well as function as a natural connection to the businesses along Industrial 

Lane and Ryans Road.  An eighty foot right of way is recommended for the 

secondary streets.  This will allow for the same street section as the major 

arterials, minus the right turn lanes and wider boulevard sections.   

The street layouts were developed to provide some degree of flexibility 

within the Master Plan area.  It is recommended that 27th Street remain on the 

section line.  The intersections of Street A at TH 59 and Diagonal Road are 

locked with respect to necessary spacing and geographical features, however 

once the street is constructed beyond Okabena Creek on both sides of the 

park, the alignment can shift slightly to accommodate specific site 

requirements as they may arise.  Continuous alignment variations to 

accommodate businesses are discouraged but if the decision is made to shift 

Street A or Street B one hundred feet north or south of the proposed 

alignment, this should not greatly affect the general intent of the corridor 

layout.  A review of the proposed utility layouts must be conducted prior to 

making any final decisions in regards to street alignment revisions as the 

utility alignments will also need to be revised accordingly.   

The proposed land use plan includes developing commercial businesses at 

the outskirts of the Master Plan area and industrial businesses within the 
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interior of the area.  A third designation, Commercial/Industrial, is also 

included in the land use drawing to provide some degree of flexibility based 

on the opportunities presented to the City.  This layout makes strategic sense 

for both the businesses and the City as it allows commercial properties 

frontage/visibility along TH 59, Diagonal Road, and I-90 at the exit/entrance 

locations while the center of the site retains the feel of an industrial campus.  

The commercial properties and interstate traffic will benefit from the easy 

access at the exit/entrance ramps, providing quick, profitable, stops from 

interstate travelers.  The commercial businesses will also benefit from the 

trip generations provided by employees of the interior industrial campus 

going to and from work.   

This layout also provides the City with a good mix of land use in the 

Industrial Park site that the City already owns.  The City can choose to attract 

additional job growth opportunities within the remaining Industrial and 

Commercial/Industrial area while generating revenue from the sale of the 

higher value commercial areas.  The City will have to resist the urge to use 

designated Commercial property for Industrial uses, should the Industrial 

sites fill quicker than the commercial sites in the Industrial park area.  This is 

to be expected as Commercial businesses may wait for the Industrial base to 

develop before moving north of the Interstate.  Allowing Industrial 

businesses to set up shop within the designated Commercial area to simply 

“fill the gaps” may create a shortage of commercial property and/or create a 

number of land mix problems within the park if additional commercial 

property is needed in the future.   
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One final feature of the proposed corridor layout involves a guiding principle 

of promoting Okabena Creek and the few remaining tree windrows as 

amenities for the site.  These will be the only remnants of the agricultural 

heritage and rural farmsteads that populated this area in the first place as 

there are few other natural features that define this site.  It is recommended 

that the City develop these areas into planned green spaces to provide a 

recreational element to the Master Plan area.     

3.0 TH 59 Intersection Improvements 
TH 59 reduces from a four-lane divided highway immediately north of I-90 

to a two-lane highway as the highway continues north.  Based on Mn/DOT’s 

2006 Traffic Volumes, TH 59 carries approximately 8200 vehicles per day.  

That number drops to 3800 vehicles per day north of 27th Street and 2800 

vehicles per day north of 230th Street.  Based on these volumes, the existing 

layout of TH 59 provides adequate capacity.   

The increase in traffic movements at the intersection of TH 59 and 27th 

Street, along with the creation of a new intersection at TH 59 and Street A, 

will necessitate improvements to TH 59 in this area.  A meeting with a 

Mn/DOT representative was conducted to determine specific requirements in 

regards to necessary improvements.  It was determined that proposed 

improvements will be required at both intersections on an as needed basis.   

 TH 59 and 27th Street – The existing intersection includes single 

Northbound (NB) and Southbound (SB) through lanes with a developed 

right-turn lane for SB traffic.  Mn/DOT feels that this layout will be adequate 

for the increase in traffic movements initially expected by development of 
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the proposed 20 Acre Site and Mn/DOT will not require that any immediate 

improvements be made at the intersection.  Mn/DOT has suggested that both 

Mn/DOT and the City monitor the increasing traffic generation at the 

intersection and work together to determine when additional improvements 

will be needed.  Mn/DOT is currently developing a number of warrants that, 

when triggered, would require the construction of turn lanes but the 

guidelines are still in draft form.  Based on the draft version, some warrants 

that may trigger additional improvements at 27th Street include heavy-

vehicles turning movements, crash history, and total vehicle volume at the 

intersection.  Based on this information, improvements should be staged over 

a number of years to provide additional capacity on an as needed basis.  

Based on current Mn/DOT standards, Mn/DOT has to consider roundabouts 

for intersection control treatments.  Due to the fact that improvements at TH 

59 and 27th Street will be made in the future, it is unknown whether a 

roundabout is the correct intersection control treatment at this time.  

Mn/DOT is suggesting that the City retain space in the southwest and 

northwest corners of the intersection to provide enough land for a potential 

roundabout, should that be needed.  The construction of a roundabout at this 

location would likely require the removal of existing structures east of the 

intersection.  The City should hold additional discussions with Mn/DOT 

prior to approving developments immediately west of this intersection to 

make a final determination on the required intersection control treatment at 

27th Street.  If it is determined that a traditional intersection is adequate, 

staging of the improvements on TH 59 at 27th Street should be made based 

on the actual traffic movements but the following order is suggested:   
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1. Introduction of opposing left-turn lanes for NB and SB TH 59  

2. Develop full right-turn lanes for NB and SB TH 59   

3. Develop additional through lane for both NB and SB TH 59, add 

center raised median in turn lane areas.   

27th Street, west of TH 59, should be improved to a minimum of 36 feet wide 

to provide enough room for an Eastbound (EB) through/right, EB left, and 

Westbound (WB) through lanes.  27th Street, east of TH 59, should be 

improved on an as needed basis.  The ultimate development of this 

intersection is shown in Figure 5 “Hwy 59 and 27th Street Intersection”.    

TH 59 and Street A/Bioscience Drive – Mn/DOT has agreed to allow one 

new public street intersection on TH 59 between I-90 and 27th Street.  We are 

proposing to create this intersection at a point that matches the existing 

alignment stub of Bioscience Drive in the Bioscience Industrial Park.  The 

distance of this intersection from the westbound I-90 ramps should provide 

adequate spacing for vehicles to make the necessary movements on TH 59 to 

get into the Master Plan Area.  The proposed intersection will be created by 

extending Street A, the main east-west thoroughfare for the NICP, to meet 

Bioscience Drive at this location.  Street A will act as the southerly east-west 

thoroughfare and provide access to the properties that are adjacent the 

interstate.   

Mn/DOT has determined that expectations have been set and improvements 

have already been made for a traditional intersection at the proposed location 
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of TH 59 and Street A.  Based on this, they will not push for consideration of 

a roundabout at this location.    

Mn/DOT is requiring that all proposed turn lanes be constructed as part of 

the initial intersection improvements.  This will require the construction of 

opposing left-turn lanes and right-turn lanes for NB and SB TH 59 traffic.  

Bioscience Drive will need to be extended to TH 59, creating the east leg of 

the intersection.  Street A should be constructed with a right-turn and 

through/left-turn lanes for the EB traffic.  A raised median should be 

constructed to separate directional traffic and prevent left-turn access into 

properties immediately west of TH 59.  Raised center medians and a second 

through-lane for NB and SB TH 59 traffic should be added as traffic counts 

on TH 59 warrant.  The fully developed intersection plan is shown in Figure 

4 - “Hwy 59 and Street A Intersection”.  It should be noted that additional 

property needs to be purchased prior to the construction of this intersection 

as the City does not currently own the land immediately adjacent to the 

highway right-of-way (see Figure 15).   

Figure 6 – “Highway 59 Layout” shows the lane layouts for the entire stretch 

of TH 59 from I-90 to where the improvements will tie back into the existing 

two-lane layout, north of 27th Street.  This figure represents the fully 

developed TH 59, with dual NB and SB through lanes and two fully 

developed traditional intersections.   

4.0 Sanitary Sewer Plan  
There are currently two sanitary sewer mains located on the east end of the 

NICP area that are designed to provide service to the NICP area.  There is a 
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10” stub located at the intersection of TH 59 and 27th Street with enough 

capacity to provide service for some distance west along 27th Street.  The 

second main is a 24” stub located at Bioscience Drive, east of TH 59.  This 

main will provide service to the remainder of the NICP area.   

Anticipated wastewater flows are calculated by applying the unit flow rates 

for a land use type to the developable acreages associated with that land use.  

The flow capacities for trunk sewer main facilities are calculated using 

recommended guidelines based on pipe size and slope.  The generally 

accepted design unit flow rate for Industrial/Commercial land use areas is 

2,000 gallons per acre per day.  Based on the proposed unit flow rate and 

recommended pipe guidelines, the following maximum service areas were 

calculated for PVC pipe installed at minimum grade:   

Table 1 - Maximum Service Areas Based on PVC at Minimum Grade  
Pipe Diameter  24.00 21.00 18.00 15.00 12.00 10.00 8.00 
                
Min Slope, S (ft/ft) 0.08% 0.10% 0.12% 0.15% 0.22% 0.28% 0.40% 
Flow, Q (cfs) 6.950 5.443 3.953 2.718 1.815 1.259 0.830 
Flow, Q (gpm) 3120 2443 1774 1220 815 565 373 
Flow, Q (gpd) 4492196 3517779 2554668 1756465 1173217 813947 536563 
                
Design Flow (Gal/Ac/Day) 2000 2000 2000 2000 2000 2000 2000 
Peak Hour Factor 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Peak Flow (Gal/Ac/Day) 6000 6000 6000 6000 6000 6000 6000 
Max Service Area (acres) 749 586 426 293 196 136 89 

 The NICP area, including the Long Term Growth area, represents roughly 

705 acres of developable land.  Figure 7 – “Sanitary Sewer Maximum 

Gravity Service Area” shows the proposed service areas for both existing 

sewer stubs, based on the service areas calculated above.   
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The table above shows that the existing 24” main has enough capacity to 

serve the entire NICP study area.  This area is indicated on Figure 7 in red.  

The areas in dark blue represent unserviceable areas (detention ponds or 

Okabena Creek) and these areas were removed from the service area total.  

Based on the design criteria outlined above, the 24” has roughly 40 acres of 

additional capacity.  This additional capacity could serve an area anywhere 

outside of the proposed 24” Main Capacity area (red) and is represented on 

Figure 7 by the area labeled 24” Main Additional Capacity (green).   

Table 1 indicates that a 10” main has 136 acres of Industrial/Commercial 

capacity.  The proposed service area for the 10” main at TH 59 and 27th 

Street includes property on both sides of 27th Street for approximately one 

half mile and is shown in Figure 7 in brown.  A second sanitary main will 

need to be extended north, along the west side of TH 59, to provide service to 

a second tier of property (shown north of the property adjacent to 27th Street).   

An analysis was performed on the Industrial/Commercial users in the City’s 

existing service area to determine the accuracy of the proposed unit flow rate.  

The Swift Processing Plant was removed from the analysis due to the 

extraordinarily large volume of wastewater produced at their facility.  The 

analysis of all remaining Industrial/Commercial users determined that the 

existing unit flow rate from this land use type averages roughly 1000 gallons 

per acre per day, or roughly one half of the proposed design unit flow.  Based 

on these details, a master service area was determined based on ground 

elevation to show the additional property that could be serviced with any 

excess capacity (shown in light blue).    
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The existing ground generally rises in elevation across the NICP site from 

east to west.  The two exceptions to this occurrence include the Okabena 

Creek area and a second low area that exists within the Master Plan site.  An 

analysis was done to determine whether lift stations were needed at either 

location.  Based on the existing ground elevations and the proposed sanitary 

sewer grades, a lift station will be required to serve the Long Term Growth 

area west of Diagonal Road.  The analysis also determined that a second lift 

station within the Master Plan area was not necessary but if installed, would 

allow the downstream sewer mains to be constructed at shallower elevations, 

potentially providing a cost savings to the City.  Based on this, two sanitary 

sewer layouts were created and studied.   

Figures 8, 9, and 10 show the proposed layouts for the sanitary sewer.  

Generally, the 10” main is shown being extended west along 27th Street for 

approximately one half mile.  This extension will provide service to the 20 

Acre Site currently proposed along 27th Street.  The 24” sanitary main will be 

extended underneath TH 59 from Bioscience Drive, following Street A in a 

westerly direction to MH 104 (intersection of Street A and Street E).  At this 

point, one trunk main will continue running west along Street A.  This will 

serve all properties adjacent to and south of Street A, as well as the area west 

of Diagonal Road.  The second trunk main will extend north of out MH 104 

and continue running along Street E up to 27th Street.  This main will serve 

lots adjacent to Street B and 27th Street, west of Street E.   

Figure 8 - “Sanitary Sewer Master Plan Area (Single Lift Station)” shows the 

sanitary sewer layout with a single lift station located adjacent to Diagonal 
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Road.  This lift station is required to provide service to the area west of 

Diagonal Road and will pump into the 24” system via a forcemain under 

Okabena Creek.  Figure 9 - “Sanitary Sewer Master Plan Area (Dual Lift 

Stations)” shows the same layout with an additional lift station added 

between MH 107E and MH 108.  Comparing the two figures shows that 

construction of this lift station eliminates the need to install the gravity sewer 

at a depth to provide service in the low area and allows the sewer main 

between MH 104 and MH 107 to be constructed at a considerably shallower 

depth.   

Figure 10 - “Sanitary Sewer East Industrial Park Area” shows the sanitary 

sewer layout within the Industrial Park area.  This layout is the same for both 

of the options outlined above as the depth of MH 104 is necessary to provide 

service to the west end of 27th Street.  As figure 10 shows, the extension of 

sanitary service from Bioscience drive must take place prior to any additional 

development within the Industrial Park area.   

5.0 Water Distribution Plan   
There are a number of potential locations along the south and east sides of 

the park including tying into the existing water facilities including:   

1. Along Diagonal Road, south of I-90.   

2. At the intersection of Industrial Lane and Rowe Ave.   

3. The existing main stubbed under I-90, west of TH 59.     



 

TMaster Corridor StudyT AWORTC0802.00 
      Page 17 

4. The 8” main that runs along the west side of TH 59 from I-90 to 27th 

Street.   

The proposed water improvements in this plan have been designed to 

provide a minimum of 3000 gallons per minute of flow, a level of service 

generally considered adequate for Industrial/Commercial service and fire 

protection, throughout the entire NICP system.  An analysis of flow data 

tests, taken at locations in the proximity of the NICP, was performed and a 

system was modeled based on the data provided.  The pipes within the 

proposed system were sized to provide the target flow levels outlined above.  

Based on the system as a whole, larger diameter pipes (12” and 16”) are 

needed along the outer border of the park, with smaller diameter mains (8” 

and 12”) providing loops within the interior of the park.   

The proposed flows shown in Figure 11 – “Water Distribution System 

Master Plan” and Figure 12 – “Water Distribution System Industrial Park” 

are based on the construction of the entire system as a whole.  A distribution 

system that is constructed in a loop provides much greater flows than does a 

single main extended.  Based on this, it is recommended that the City pursue 

construction of water main loops (connections at both ends) when 

proceeding with the improvements.  It is understood that this may not 

always be feasible and that main extensions, without secondary connections, 

may take place during the process.  This may be the case in providing 

service to the 20 Acre Site as looping this main would require a large 

amount of additional water main construction.  Due to these circumstances, 

it is recommended that the further analysis be conducted to determine 
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whether extending the recommended pipe size provides adequate flow.  If 

this is not the case, a larger diameter water main may need to be extended.    

The results of this study were compared to the recommendations provided in 

the recent water study provided by Banner Engineering.  Generally, the 

water mains recommended in this report are one size larger than the mains 

recommended in the Banner report.  While it’s difficult to determine where 

the difference lies, based on the limited amount of data provided for 

modeling in this study, a conservative approach was taken in the modeling 

and associated recommendations for the proposed system.  Further testing 

should be conducted at locations immediately surrounding the park to 

provide a more accurate model.    

6.0 Storm Water Plan   
All of the existing storm water from the NICP area currently runs overland 

into Okabena Creek/County Ditch 12, which runs along both the west and 

east sides of the Master Plan area.  There is a small amount of existing 

impervious surface within the Master Plan area with a majority of the land 

being used for agricultural purposes.   

The storm water plan for the Master Plan area was developed to provide 

systematic regional storm water management for the entire study area.  This 

includes design of regional detention ponds and storm water mains that may 

serve multiple properties.  This design will prevent the need for detention 

facilities on each separate site.   
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The storm sewer system was designed using the rational method to calculate 

hydrology and Manning’s equation to calculate the hydraulics based on the 

Master Plan area being completely developed.  The storm sewer was 

designed for no surcharge conditions in the system during a 10-year design 

event.   

A National Pollutant Discharge Elimination System (NPDES) Storm Water 

Permit is required for all projects that disturb one or more acre(s), or are a 

part of a common plan of development disturbing more than one acre 

collectively.  Where a project’s ultimate development creates one or more 

acres of impervious surface, a permanent storm water treatment system is 

required, which is typically accomplished with a wet sedimentation pond.   

The design criteria for the wet sedimentation pond include a permanent pool 

volume of 1800 cubic feet (66.7 cubic yards) per acre of contributing 

watershed, a water quality volume of ½ inch of runoff from the new 

impervious surfaces created by the project, water quality discharge of no 

more than 5.66 cfs per acre of surface area of the pond, a stabilized 

emergency overflow to accommodate storm events in excess of the basin’s 

hydraulic design, and energy dissipation of basin outlets.  Additionally, 

ponds were designed to provide flow attenuation such that peak discharge 

rates are limited to the existing peak runoff rates of the drainage area for the 

10-year (4.2 inch) and 100-year (6.0 inch), 24-hour rainfall events. 

In addition to the NPDES permit, a Heron Lake Watershed District (HLWD) 

permit is required.  The HLWD has adopted the same rules as the Minnesota 

Pollution Control Agency’s (MPCA) NPDES Construction Storm Water 
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Permit.  Both permits require temporary erosion and sediment control Best 

Management Practices (BMP) during construction in order to minimize 

sediment loss from the site and into downstream water bodies.   

Figure 13 – “Storm Sewer Master Plan” shows the storm sewer design for the 

Master Plan area, including drainage basin areas, structure locations, invert 

depths, pipe sizes, and detention pond locations.  The detention ponds were 

designed based on low points within basin areas and proximity to Okabena 

Creek.  Ponds were also located in low lying, flood prone areas to discourage 

development in these locations.   

Figure 14 – “Storm Sewer Industrial Park” shows the improvements that are 

needed for development within the Industrial Park area.  Basin A3-B will 

transport the storm water runoff from the 27th Street area, including the 

proposed 20 Acre Site.  Additional property will need to be purchased to 

create the detention pond, as designed, for Basin A3-B.  Alternatives could 

be pursued; however they would likely require footage along a major street 

that could be better served with a business.  Figure 14 also shows the 

proposed CR 12 Ditch relocation that will be discussed in more detail in the 

following section.   

This is a planning level design based on ten foot USGS contours.  Further 

detailed investigation will need to be conducted during final construction 

design to provide adequate facilities.   
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7.0 County Ditch 12 Relocation   
County Ditch (CD) 12 runs under TH 59 immediately north of the proposed 

intersection of TH 59 and Street A.  A recent hydraulic study of the ditch has 

determined that the existing box culvert located under TH 59 at this location 

is significantly undersized to handle the flows experienced during large rain 

events.  The study recommended the construction of a 120” concrete culvert 

that would run alongside the existing 10’ box culvert.   

The existing ditch generally runs in a north-south alignment behind the 

businesses located west of Prairie Drive and eventually meanders to a 

southwest to northeast skew in the vicinity of TH 59.  The existing alignment 

will require that the existing concrete box culvert under TH 59 be extended 

for the construction of Street A at the intersection.  The angle of the existing 

ditch, relative to TH 59 and Street A, requires that additional culvert be 

installed to provide the necessary roadway area near the intersection.  Figure 

15 - “Storm Sewer Culvert Options” shows the proposed improvements for 

extending the existing culvert and installing the additional parallel culvert.  

Based on this option, the existing 10’ box culvert under TH 59 would need to 

be extended an additional 190 feet for the construction of Street A.  380 feet 

of 120” concrete pipe culvert would also need to be installed parallel to the 

existing and new box culvert extension.  As shown in Figure 15, the existing 

alignment of CD 12 does not provide adequate area to develop any 

commercial business south of Street A near TH 59.  This area could be used 

as green space however this is potentially very costly real estate for the 

development of green space.   
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This alignment provides 10.2 acres of developable Commercial property 

north of Street A and west of TH 59, labeled Lot A in the Extend Existing 

Culvert drawing in Figure 15.  It also provides 6.5 acres of Commercial 

property south of CD 12 and west of TH 59, labeled Lot B in Figure 15.  

Based on the configuration of the property east of Lot B, this lot is does not 

possess access to Street A or TH 59.  A second crossing of CD12 would be 

required to provide access to Street A.  This crossing would be a costly 

endeavor, requiring a dual set of 10’ box culverts at an additional cost of 

approximately $150,000.  A second option would be negotiating with 

adjacent property owners to purchase enough property to construct an access 

street from one of the existing TH 59 access points.  Even if this street was 

created at an existing access, this option would not be viewed as favorable by 

Mn/DOT as this would create additional turning movements between the 

Street A intersection and the westbound I-90 ramps.  The costs associated 

with providing access to this lot are not included in the cost estimate.    

A second option would be to relocate the ditch channel to create 

perpendicular crossings of Street A and TH 59.  This would require extensive 

earthwork and the removal of the existing box culvert under TH 59 but 

would reduce the total length of new culverts constructed by 250 feet and 

provide access to all of the lots adjacent to TH 59.  Figure 15 shows the 

proposed ditch relocation in the drawing on the left.  The ditch relocation 

would create Lot A, which would require access from 27th Street, across 

property that the City currently owns.  Lot B and Lot C would provide nearly 

12 acres of commercial property with access to either TH 59 or Street A.      
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The City has adopted the Federal Emergency Management Agency’s 

(FEMA) National Flood Insurance Program (NFIP) and is required to adopt 

by ordinance and enforce the floodplain management standards which 

regulate development and alterations in floodplain areas.  The standards set 

forth by FEMA are the minimum requirements and state and local 

requirements may be more stringent.   

FEMA’s NFIP requires a Conditional Letter of Map Revision (CLOMR) to 

comment on whether proposed projects meet floodplain management 

standards.  When any portion of a stream channel is altered or relocated, 

three forms are required for a CLOMR request including:  

1. Overview & Concurrence Form   

2. Riverine Hydrology & Hydraulics Form   

3. Riverine Structures Form   

As part of the forms, and CLOMR requests, the following submissions are 

also required:  

1. A project narrative   

2. Hydrologic/hydraulic computations and digital model files   

3. Floodplain and floodway delineations on a certified topographic map 
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4. Annotated FEMA Flood Insurance Rate Map (FIRM) to show any 

changes   

5. Channel design criteria   

6. Engineering drawings of the channelization/accessory structures   

7. A sediment transport analysis  

Construction of the project cannot begin until the CLOMR is accepted.  

There are also documentation requirements during construction and once the 

construction is complete, an as-built survey must be completed.  The as-built 

condition is then built into the modeling and documentation in order to 

determine that the conditions are consistent with the CLOMR.  A LOMR 

request is then submitted to FEMA to reflect the new conditions.   

This process can be lengthy and often delays construction.  The process 

normally takes 6 months, and in many cases even longer, as a result of the 

multiple reviews and processes.  Some form of this process will be required 

to develop the property along TH 59 or relocate the creek channel..   

A Minnesota Department of Natural Resources Public Waters Work Permit 

(PWWP) is required for any work that is done below the Ordinary High 

Water Level (OHWL) of a Public Water.  The PWWP will be required for 

any relocation of the creek. 
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8.0 Estimated Project Costs  
Preliminary cost estimates for the proposed improvements were developed to 

assist the City in developing financial plans.  Detailed estimates for the 

improvements included in Appendix A.   

The estimated project costs for the Industrial Park improvements include:  

Table 2 - Industrial Park Estimated Costs Summary 

  
Extend Existing  
TH 59 Culvert Relocate CD 12 

Sanitary Sewer System $1,336,000 $1,336,000 
Water Distribution Facilities $1,263,900 $1,263,900 
Storm Sewer System $3,636,400 $3,636,400 
Street Improvements $2,833,600 $2,833,600 
County Ditch 12 $3,056,800 $1,560,400 
TH 59 at Street A 
Intersection $1,109,300 $1,109,300 
TH 59 at 27th Street 
Intersection $1,601,600 $1,601,600 
Total Estimated Project 
Cost $14,837,600 $13,341,200 

 

The estimated project costs for the remainder of the Master Plan Area 

include:  

Table 3 - Remainder of Master Plan Area Estimated Costs 
Summary 

  
Sanitary Sewer 

Single Lift Station 
Sanitary Sewer 

Dual Lift Stations 
Sanitary Sewer System $3,600,600 $3,775,600 
Water Distribution Facilities $5,529,400 $5,529,400 
Storm Sewer System $9,438,600 $9,438,600 
Street Improvements $11,471,600 $11,471,600 
Total Estimated Project 
Cost $30,040,200 $30,215,200 
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The estimated project costs for the entire Master Plan Area include:   

Table 4 - Master Plan Area Estimated Costs Summary 

  
Extend Existing  
TH 59 Culvert Relocate CD 12 

Sanitary Sewer System  
Single Lift Station $4,936,600 $4,936,600 
Water Distribution Facilities $6,793,300 $6,793,300 
Storm Sewer System $13,075,000 $13,075,000 
Street Improvements $14,305,200 $14,305,200 
County Ditch 12 $3,056,800 $1,560,400 
TH 59 at Street A 
Intersection $1,109,300 $1,109,300 
TH 59 at 27th Street 
Intersection $1,601,600 $1,601,600 
Total Estimated Project 
Cost $44,877,800 $43,381,400 

 

Based on the estimated project cost for the Master Plan area, the City would 

anticipate the following annual costs for developing the Master Plan area in 

the following time frames:   

Table 5 - Estimated Annual Costs to Develop Master Plan Area 

2008 Estimated 
Project Cost 

Years to 
Develop 

Master Plan 
Area 

Average 
Annual 
Inflation 

Rate 
Estimated 

Annual Cost 
$43,381,400 25 2.5% $2,354,565
$43,381,400 50 2.5% $1,529,544
$43,381,400 75 2.5% $1,286,414
$43,381,400 100 2.5% $1,184,828
$43,381,400 25 3.5% $2,632,125
$43,381,400 50 3.5% $1,849,510
$43,381,400 75 3.5% $1,642,819
$43,381,400 100 3.5% $1,568,640
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These costs are strictly project related construction costs and do not include 

any considerations for land acquisition or debt interest on the financing.   

9.0 Recommendations   
 
It is recommended that the Master Corridor Study for the North 

Industrial/Commercial Park be used as the basis for future development of 

the Master Plan area.  This report identifies proposed improvements 

necessary to develop the Master Plan area.  The following steps are a list of 

recommendations for the City to pursue to continue the development process 

moving forward:   

1. Construct utility and street improvements along 27th Street for the 
proposed 20 Acre Site.   

2. Purchase land for the CD 12 Relocation and construction of detention 
ponds for sub-regions A3-B and A-5.   

3. Obtain the 20’ strip of land adjacent to TH 59 in the southwest corner of 
the intersection of TH 59 and 27th Street.   

4. Begin necessary environmental assessment work for development of 
Master Plan Area.   

5. Begin necessary floodplain revisions for development along TH 59 and 
ditch relocation.   

6. Purchase remaining land necessary for the construction of the 
intersection of TH 59 and Street A.   

7. Relocate Okabena Creek/County Ditch 12.   

8. Extend utilities from Bioscience Industrial Park.   

9. Construct intersection of TH 59 and Street A.   

10. Construct remaining Industrial Park area improvements.   

11. Construct remaining Master Plan area improvements.   
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TABLE 6 - SANITARY SEWER STRUCTURE SCHEDULE (SINGLE LIFT STATION)
WORTHINGTON NORTH INDUSTRIAL/COMMERCIAL PARK  
WORTHINGTON, MN  
AWORTC0802.00  
3/6/2008

Structure No. Invert 
Elevation (ft)

Upstream 
Structure No.

Distance to 
Upstream 

Structure (ft)
Slope (%)

Elevation at 
Existing 

Grade (ft)

Depth of 
Manhole (ft)

Service Area into 
MH
(AC)

Minimum Pipe 
Diameter 
Based on 
Flows (in)

100 1553 101 1340 1.04 1569 16 705 24
101 1567 102 310 0.97 1581 14
102 1570 103 490 0.61 1584 14
103 1573 104 910 0.15 1587 14 633 24
103 1573 133 870 0.40 1587 14
104 1574 105 1320 0.45 1595 21 483 21
104 1574 112 620 0.15 1595 21
104 1574 134 910 1.14 1595 21
105 1580 106 1320 0.15 1602 22 420 18
105 1580 135 920 1.16 1602 22
106 1582 107 630 0.15 1610 28
106 1582 124 1100 0.79 1610 28
106 1582 136 480 2.04 1610 28
107 1583 108 700 0.15 1618 35 354 18
108 1584 109 600 1.31 1598 14
108 1584 127 1100 0.40 1598 14
108 1584 138 920 0.40 1598 14
109 1592 110 1080 0.28 1610 18 278 15
110 1595 111 1140 0.60 1610 15
110 1595 139 1200 0.40 1610 15
111 1602 140 480 -2.50 1607 5
112 1575 113 1130 0.15 1592 17 127 10
112 1575 121 1100 1.01 1592 17
113 1577 114 1320 0.45 1588 11
114 1583 115 1300 0.23 1596 13 56 8
114 1583 142 530 0.47 1596 13
115 1586 116 1320 0.38 1601 15
116 1591 117 1310 0.25 1607 16 34 8
117 1594 118 1480 0.22 1618 24
117 1594 130 650 0.40 1618 24
118 1597 119 610 0.41 1610 13
118 1597 120 630 0.40 1610 13
119 1600 - - - 1610 10
120 1600 - - - 1610 10
121 1586 122 610 1.08 1598 12
122 1593 123 590 0.51 1607 14
123 1596 - - - 1610 14
124 1591 125 510 2.55 1605 14
124 1591 126 590 0.85 1605 14
125 1604 - - - 1618 14
126 1596 - - - 1610 14
127 1589 128 690 2.50 1600 11
127 1589 129 620 3.11 1600 11
128 1606 - - - 1620 14
129 1608 - - - 1618 10
130 1597 131 440 0.42 1607 10
130 1597 132 580 1.58 1607 10
131 1599 - - - 1610 11
132 1606 - - - 1620 14
133 1576 - - - 1588 12
134 1585 - - - 1595 10
135 1591 - - - 1605 14
136 1592 137 720 0.40 1610 18
137 1595 - - - 1605 10
138 1588 - - - 1598 10
139 1600 - - - 1610 10
140 1590 141 330 3.03 1600 10 237 15
141 1600 - - - 1610 10
142 1586 - - - 1598 13
150 1560 151 700 0.29 1574 14
151 1562 152 580 0.40 1574 12
152 1564 153 1110 0.40 1579 15
153 1569 - - - 1582 13
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TABLE 7 - SANITARY SEWER STRUCTURE SCHEDULE (DUAL LIFT STATIONS)  
WORTHINGTON NORTH INDUSTRIAL/COMMERCIAL PARK  
WORTHINGTON, MN  
AWORTC0802.00  
3/6/2008

Structure No. Invert 
Elevation (ft)

Upstream 
Structure No.

Distance to 
Upstream 

Structure (ft)
Slope (%)

Elevation at 
Existing 

Grade (ft)

Depth of 
Manhole (ft)

Service Area into 
MH
(AC)

Minimum 
Pipe 

Diameter 
Based on 
Flows (in)

100 1553 101 1340 1.04 1569 16 705 24
101 1567 102 310 0.97 1581 14
102 1570 103 490 0.61 1584 14
103 1573 104 910 0.15 1587 14 633 24
103 1573 133 870 0.40 1587 14
104 1574 105 1320 1.08 1595 21 483 21
104 1574 112 620 0.15 1595 21
104 1574 134 910 1.14 1595 21
105 1589 106 1320 0.12 1602 13 420 18
105 1589 135 920 0.40 1602 13
106 1590 107E 630 2.19 1610 20
106 1590 124 1100 0.40 1610 20
106 1590 136 480 0.40 1610 20

107E 1604 108 700 -2.81 1618 14 354 18
107W 1604 - 700 - 1618 14
108 1584 109 600 1.31 1598 14
108 1584 127 1100 0.40 1598 14
108 1584 138 920 0.40 1598 14
108 1584 107W 700 2.81 1598 14
109 1592 110 1080 0.28 1610 18 278 15
110 1595 111 1140 0.60 1610 15
110 1595 139 1200 0.40 1610 15
111 1602 140 480 -2.50 1607 5
112 1575 113 1130 0.15 1592 17 127 10
112 1575 121 1100 1.01 1592 17
113 1577 114 1320 0.45 1588 11
114 1583 115 1300 0.23 1596 13 56 8
114 1583 142 530 0.47 1596 13
115 1586 116 1320 0.38 1601 15
116 1591 117 1310 0.25 1607 16 34 8
117 1594 118 1480 0.22 1618 24
117 1594 130 650 0.40 1618 24
118 1597 119 610 0.41 1610 13
118 1597 120 630 0.40 1610 13
119 1600 - - - 1610 10
120 1600 - - - 1610 10
121 1586 122 610 1.08 1598 12
122 1593 123 590 0.51 1607 14
123 1596 - - - 1610 14
124 1595 125 510 1.84 1605 10
124 1595 126 590 0.41 1605 10
125 1604 - - - 1618 14
126 1597 - - - 1610 13
127 1589 128 690 2.50 1600 11
127 1589 129 620 3.11 1600 11
128 1606 - - - 1620 14
129 1608 - - - 1618 10
130 1597 131 440 0.42 1607 10
130 1597 132 580 1.58 1607 10
131 1599 - - - 1610 11
132 1606 - - - 1620 14
133 1576 - - - 1588 12
134 1585 - - - 1595 10
135 1592 - - - 1605 13
136 1592 137 720 0.40 1610 18
137 1595 - - - 1605 10
138 1588 - - - 1598 10
139 1600 - - - 1610 10
140 1590 141 330 3.03 1600 10 237 15
141 1600 - - - 1610 10
142 1586 - - - 1598 13
150 1560 151 700 0.29 1574 14
151 1562 152 580 0.40 1574 12
152 1564 153 1110 0.40 1579 15
153 1569 - - - 1582 13
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TABLE 8 - STORM SEWER STRUCTURE SCHEDULE
WORTHINGTON NORTH INDUSTRIAL/COMMERCIAL PARK
WORTHINGTON, MN  
AWORTC0802.00  
3/6/2008

Structure Number Invert Elevation Existing Grade Elevation Depth from Invert to 
Existing Grade (ft) Upstream Structure No. Distance to Upstream 

Structure (ft) Slope (%) Pipe Size (in)

FES 100 1592.00 1592 0 100 176 0.2 72
100 1592.35 1610 18 101 400 0.2 72
101 1593.15 1610 17 102 400 0.2 72
102 1593.95 1611 17 103 400 0.2 72
103 1594.75 1612 17 104 400 0.2 72
104 1595.55 1614 18 105 212 0.2 72
105 1595.98 1618 22 106 186 0.2 72
105 1595.98 1618 22 110 294 0.2 60
106 1596.35 1618 22 107 400 0.2 54
107 1597.15 1617 20 108 400 0.2 54
108 1597.95 1611 13 109 400 0.2 54
109 1598.75 1608 9 - - -
110 1596.56 1610 13 111 348 0.2 60
111 1597.26 1608 11 112 400 0.2 60
112 1598.06 1617 19 113 400 0.2 48
113 1598.86 1614 15 114 400 0.2 48
114 1599.66 1604 4 115 400 0.2 48
115 1600.46 1605 5 - - -

FES 200 1593.00 1593 0 200 201 0.5 48
200 1594.01 1607 13 201 400 0.5 48
201 1596.01 1620 24 202 400 0.5 30
202 1598.01 1613 15 203 400 0.5 30
203 1600.01 1607 7 204 375 0.5 30
204 1601.88 1608 6 205 227 0.5 30
205 1603.02 1610 7 - - -

FES 300 1593.00 1593 0 300 366 0.2 48
300 1593.73 1596 2 301 351 0.2 48
301 1594.43 1598 4 302 400 0.2 42
301 1594.43 1598 4 303 202 0.2 42
302 1595.23 1605 10 - - -
303 1594.84 1599 4 304 202 0.2 42
304 1595.24 1608 13 - - -

FES 400 1582.00 1582 0 400 141 0.5 54
400 1582.71 1590 7 401 400 0.5 54
401 1584.71 1595 10 402 400 0.5 54
402 1586.71 1597 10 403 400 0.5 48
403 1588.71 1597 8 404 400 0.5 48
404 1590.71 1598 7 405 400 0.5 42
405 1592.71 1601 8 406 400 0.5 42
406 1594.71 1609 14 - - -

FES 500 1582.00 1582 0 500 285 0.5 54
500 1583.43 1591 8 501 245 0.5 54
501 1584.65 1593 8 502 400 0.5 54
502 1586.65 1595 8 503 400 0.5 54
503 1588.65 1597 8 504 391 0.5 54
504 1590.61 1600 9 505 421 0.5 54
505 1592.71 1600 7 506 400 0.5 48
506 1594.71 1603 8 507 400 0.5 48
507 1596.71 1609 12 508 400 0.5 42
508 1598.71 1607 8 509 400 0.5 42
509 1600.71 1613 12 - - -

FES 600 1593.00 1593 0 600 150 0.5 42
600 1593.75 1608 14 601 274 0.5 24
600 1593.75 1608 14 602 227 0.5 42
601 1595.12 1606 11 - - -
602 1594.89 1611 16 603 372 0.5 42
603 1596.75 1610 13 604 364 0.5 30
603 1596.75 1610 13 605 400 0.5 36
603 1596.75 1610 13 606 400 0.5 36
604 1598.57 1608 9 - - -
605 1598.75 1615 16 - - -
606 1598.75 1608 9 - - -

FES 700 1572.00 1572 0 700 374 0.5 54
700 1573.87 1580 6 701 350 0.5 54
701 1575.62 1583 7 702 398 0.5 54
702 1577.61 1586 8 703 275 0.5 48
703 1578.99 1588 9 704 400 0.5 48
704 1580.99 1592 11 705 400 0.5 48
705 1582.99 1594 11 706 400 0.5 48
706 1584.99 1596 11 707 400 0.5 48
707 1586.99 1599 12 708 400 0.5 48
708 1588.99 1602 13 709 400 0.5 48
709 1590.99 1604 13 - - -

FES 800 1559.00 1579 20 800 339 0.5 60
800 1560.70 1576 15 801 270 0.5 60
801 1562.05 1578 16 802 400 0.5 60
802 1564.05 1582 18 803 400 0.5 60
803 1566.05 1584 18 804 400 0.5 60
804 1568.05 1586 18 805 400 0.5 42
805 1570.05 1588 18 FES 801 189 4.74 42

FES 801 1579.00 1579 0 - - - 42
FES 900 1564.50 1564.5 0 900 133 0.5 36

900 1565.17 1576 11 901 399 0.5 36
901 1567.16 1572 5 - - -
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