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II. CERTIFICATION PAGE 
 
CERTIFICATION 
 
I hereby certify that this report was 
prepared by me or under my direct 
supervision and that I am a duly registered 
professional engineer under the laws of 
the state of Minnesota. 
 
 
 
 
_________________________________ 
Kasey S. Burns, P.E. 
License Number: 60594 
City Water Resources Engineer 
 
Date: July 7, 2026 
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City Engineer Cory Bienfang 507.387.8643 cbienfang@mankatomn.gov 
Construction & Facilities 
Services Director 

Jim Tatge 507.387.8504 jtatge@mankatomn.gov 

Construction Manager Luke Pederson 507.387.8541 lpederson@mankatomn.gov 
 

 



Project Feasibility Report 
2026 Rosewood Pond Outlet Improvements 
City of Mankato 

 

 

 

IV. EXECUTIVE SUMMARY 
The 2026 Rosewood Pond Outlet Improvements Project proposes improvements to existing storm 
sewer outlet infrastructure on South Brook Circle between Alexander Court and South Brook Way. 
 
This report will present preliminary investigations, discoveries, design considerations, and cost 
estimates for use in determining the engineering feasibility of the proposed pond outlet 
improvements. 

 
This report was prepared to determine the feasibility of drainage infrastructure improvements on the 
pond listed above. The location of the proposed improvements is shown in Appendix A. 
 
The existing pond was built between 2000 and 2001 to satisfy stormwater requirements triggered by 
the development of phase 1 of South Brook Circle (City Project #97005) and expanded between 2001 
and 2002 as part of Rosewood Drive phase 1 (City Project #01015) in anticipation of future 
development of the surrounding land. Several minor maintenance and improvement projects have 
been completed in the years that followed to mitigate documented flooding of adjacent residential 
homes and property. Despite efforts, high water levels and flooding risks have persisted and 
increased in frequency the last few years. Recent storm events in June 2024 and July 2025 caused 
significant pond level rises, similar to flooding observed in 2014, demonstrating an increasing 
frequency and severity of rainfall events and the need for mitigation. 
 
Suggested improvements include a revised outlet control structure (OCS) at Rosewood Pond, 
achieved by lowering the primary weir elevation, expanding outlet capacity, and replacing the existing 
overflow with a larger arch pipe. These improvements were determined through a review and 
evaluation of city infrastructure and hydraulic models. Detailed maps of the project areas are provided 
in Appendix B.  
 
The estimated project cost of these necessary improvements is approximately $328,185.00.  
  
From an engineering standpoint, the proposed improvements are necessary, cost effective, and 
feasible. These improvements can best be accomplished by letting competitive bids for the work. It is 
recommended that the council accept this project feasibility report and authorize the city manager to 
advertise for bids.  

 

V. PROJECT INTRODUCTION 
This report recommends a revised outlet control structure (OCS) at Rosewood Pond, including 
lowering the primary weir elevation, expanding outlet capacity, and replacing the existing overflow 
with a larger arch pipe. 

 
The improvements are being proposed for the summer and fall of 2026. The specific objectives of this 
preliminary engineering report are to: 
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• Evaluate the need for this project 
• Determine the necessary improvements 
• Provide information on the estimated costs for the proposed project 
• Determine the project schedule 
• Determine the feasibility of the proposed project 

 
This project, as proposed, is approximately 90 linear feet of roadway and 150 linear feet of pipe. 
Specific items that will be included in the construction are summarized by: 

• Storm sewer infrastructure reconstruction 
• Concrete curb & gutter, bituminous pavement, and aggregate base reconstruction 

 

VI. EXISTING CONDITIONS 
A. STREET 

• South Brook Circle is a residential roadway with concrete curb & gutter and bituminous 
surfacing. The existing roadway is 36-feet wide, measured between curb faces. Records 
indicate this section of the street and underlying utilities were constructed between 2000 and 
2001. 

 

B. STORM SEWER AND POND 
• As built plans from December 2000 and September 2001 and detailed topographic and 

bathymetric survey were collected to build area-elevation curves to quantify pond storage 
volume. This includes the sediment delta forming along the west tributary inflow.  

• The OCS includes a grate/weir wall, OCS drainage structure, and overflow culvert. The OCS 
has an invert of 944.87 ft and internal weir set at elevation 949.5 ft with a 12” orifice at the 
invert, intended to be used for drawdown during maintenance, but now left fully open. The 
structure has a 48” grate on top of an 8’ diameter bottom barrel section at elevation 956.79 ft. 
The 36” RCP overflow culvert is perched with an upstream elevation of 956.19 ft.  

• The design normal water level is 949.5 ft. Surveyed normal water level was 947.0 +/-. The 
design high water level is noted at 956.5 (original plans) with as-built redlines noting 958.0 ft 
as the HWL. The roadway acts as the EOF with an approximate overtopping elevation of 
961.0 based on road centerline survey. Prior to road overtopping, the pond could back up 
through storm sewer into Rosewood Dr, which has a surveyed CB rim elevation of 959.93 ft. 
This does not have a natural outlet and would inundate Rosewood Dr until the pond levels 
recede. 
 

C. WATERMAIN 
• The existing watermain in the proposed project area is 8” polyvinylchloride (PVC) installed 

between 2000 and 2001. The existing 8” PVC is within its expected service life and functions 
as intended.  
 

D. OTHER UTILITIES 
• Other non-municipal-owned utilities may be present in the right-of-way. These include natural 

gas, electric, and telecommunications. The condition of these utilities is unknown, and their 
replacement is beyond the scope of this report. 

 

VII. PROPOSED IMPROVEMENTS 
A. STREET 

The proposed street improvements include removing and replacing the existing bituminous 
pavement, aggregate base, and concrete curb & gutter. The typical bituminous pavement section 
proposed is shown in Appendix B and is consistent with City standards and the inplace roadway. 
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The purpose of the street improvement is to replace the necessary removal of the existing 
roadway for storm sewer improvements. 
 
Appendix B shows the location of the proposed concrete curb & gutter, bituminous pavement, 
and aggregate base. 

 
B. STORM SEWER AND POND 

Finished Floor Elevations (FFEs) for properties adjacent to Rosewood Pond were surveyed in 
2026. From low to high, these include walkout basements including: 957.81 ft, 960.77 ft, 961.62 
ft, 961.65 ft, 962.84 ft, and 964.43 ft. The lowest home is immediately adjacent to the pond outlet, 
and the homeowner has installed a retaining wall to an elevation of 961.8 ft. The second lowest 
home has an unprotected FFE on Sunburst Circle. For the purposes of this report, target high 
water level is 958.77 ft, or 2 ft below the lowest unprotected home FFE.  
 
The following summarizes the revised Rosewood Pond outlet control modeling:  

• The 12” side orifice at the existing OCS invert remains open, despite it’s original purpose 
to be used solely for pond drawdown and maintenance.  

• The existing OCS weir is revised to an elevation of 947.0 ft. 
• The OCS 8’ diameter bottom barrel is extended to the rim, replacing the existing 48” 

diameter upper barrel section. This rim is lowered to elevation 956.0 ft.  
• Inlet and outlet pipes for the existing OCS remain the same.  
• The existing 36” overflow pipe is removed and replaced with a 3.75’ x 6.08’ reinforced 

concrete arch pipe. Inverts are set to 952.5 ft on the upstream side and 946.0 ft on the 
downstream side. This is lowered by approximately 4.3 ft compared to existing conditions.  

 
The proposed storm sewer and pond improvements are shown in Appendix B. Hydraulic results 
are shown in Appendix C. 

 

C. WATERMAIN 
The existing 8” PVC is within its expected service life and functions as intended, however the 
required elevation, size, and grade of the proposed relief culvert to provide adequate flood 
protection is in direct vertical conflict. A segment of the watermain will be reconstructed and 
incorporate a vertical offset to avoid the new relief culvert. The length of the watermain 
replacement will be determined by required vertical and horizontal separation with storm sewer 
and the configuration of bends and fittings. 
 
The proposed watermain improvements are shown in Appendix B. 

 
D. OTHER UTILITIES 

The design of the proposed improvements will be coordinated with the owners of private utilities 
such as natural gas, electric, and telecommunications. A design coordination meeting will be held 
with all private utility companies to identify conflicts with the proposed improvements. Private 
utility companies will be requested to submit proposed designs and construction schedules for 
any relocation. The construction schedule for the proposed improvements will be coordinated with 
the utility relocation schedule to avoid unnecessary delays. 
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VIII. RIGHT-OF-WAY AND EASEMENT 
All improvements will be contained to existing right-of-way and easements. 
 

IX. APPROVALS/PERMITS 
Approvals and permits are required from various agencies for the construction of the project. They 
include: 

• City of Mankato Land Disturbance 
• Contractor may be required to obtain DNR Water Use Permit if discharging greater than 

10,000 gallons/day for construction operations 
 

X. PROJECT COST ESTIMATE AND FINANCING 
 
Estimated projections for the cost of this project are summarized below.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Funding for the proposed improvements is shown in the table below.  
 

FUNDING SOURCE AMOUNT PERCENT 

Special Assessments $0.00 0.0% 

Stormwater Revenue $328,185.00 100.0% 

Sewer Revenue $0.00 0.0% 

Water Revenue $0.00 0.0% 

General Obligation Bonds $0.00 0.0% 

TOTAL FUNDS $328,185.00 100.00% 
 

 
 
 
 
 
 

ITEM COST 

Street and Landscaping $75,754.00 

Stormwater Pollution Prevention $5,259.00 

Storm Drainage Construction $152,416.00 

Sanitary Sewer Construction $0.00 

Watermain Construction $15,186.00 

TOTAL CONSTRUCTION $248,615.00 

  

Construction Contingency $24,870.00 

Administration $27,350.00 

Engineering $27,350.00 

TOTAL PROJECT COST $328,185.00 
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XI. POSSIBLE SCHEDULE 
The following is a possible schedule for the proposed improvements: 
7/13/2026 Resolution receiving report, ordering improvement, preparation of plans 

& specifications, and authorizing advertisement for bids. 

7/14/2026  Advertise for bids. 

8/4/2026   Open bids. 

8/10/2026  Award bids. 

August/September 2026 Begin construction. 

November 2026  Construction substantially complete. 

 
 

XII. CONCLUSION AND RECOMMENDATIONS 
The proposed outlet design lowers 100-year high water levels by 3.15 ft and maintains a vertical 
offset from the lowest unprotected residential structure of 1.76 ft in the 100-year storm. The design 
increases downstream flow rates to accomplish this, with the greatest increases occurring during 
smaller storms and flows. Velocities are decreased due to additional open area at the Rosewood 
Pond outlet, despite an increase in flows. The proposed design does provide protection for the back-
to-back 10-year storm but still leaves some structures at risk during the back-to-back 100-year storm. 
However, if improvements are not made, the risk of flooding and property damage will remain for 
more frequent rainfall events. 
 
While it is understood that the proposed improvements will increase flow rates downstream, City staff 
have identified an alternative project to provide erosion correction, prevention, and protection 
measures within the greater Indian Creek watershed, including the area surrounding Rosewood 
Pond. It is expected that any project(s) for this purpose will be completed by the end of 2028.

 
Based on the findings in this report, the proposed improvements are necessary, cost-effective, and 
feasible. The best way to accomplish this project is by letting competitive bids for the work. Feasibility 
is contingent upon City Council findings with respect to project financing.  
 
 

XIII. APPENDIX 
• Appendix A – Location Map 
• Appendix B – Proposed Improvements Plan Sheets 
• Appendix C – Drainage Report 
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1.5" TYPE SP 12.5 WEARING COURSE
MIXTURE (SPWEB340C) (2360)
BITUMINOUS TACK COAT (2357)
(INCIDENTAL)
2.5" TYPE SP 12.5 NON-WEARING COURSE
MIXTURE (SPWEB340C) (2360) (INCIDENTAL)
8" AGG. BASE, CL 5 (2211) (INCIDENTAL)
10" AGG. BASE, CL 3 (2211) (INCIDENTAL)
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INSET A
BITUMINOUS PATCH SPECIAL
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S-4 MODIFIED CURB & GUTTER
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18.83'VAR.

COARSE FILTER AGGREGATE (INCIDENTAL)

5.5'5'1'

6" TOPSOIL AND SOD

CONCRETE WALK
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2.0%2.0%

S-4 MODIFIED
CURB & GUTTER

12'

18'

6" TOPSOIL & SOD

4'

PROPOSED
CENTERLINE
GRADE

60'

36'
4" CONCRETE WALK (2521)

4" AGGREGATE BASE, CLASS 5 (2211) (INCIDENTAL)

4" CONCRETE WALK
NOT TO SCALE

COMMON EXCAVATION ZONE 8"± (2106) (INCIDENTAL)

8" AGGREGATE SURFACING, CLASS 2 (2118)

SUBGRADE PREPARATION (2112) (INCIDENTAL)

COMMON EXCAVATION ZONE 8"± (2106)
(INCIDENTAL)

SEE NOTE (1)

SEE NOTE (2)

SPECIFIC NOTES:
(1) AGGREGATE BASE SHALL EXTEND 6" BEYOND THE EDGE OF THE NEW WALK
(2) BITUMINOUS PATCH SPECIAL SHALL BE PAID AT THE UNIT PRICE BID PER

SQUARE YARD AND SHALL BE PAYMENT IN FULL FOR ALL BITUMINOUS EASR

VAR.

AGGREGATE SURFACING SECTION

VAR.

INSET B

INSET B
AGGREGATE SURFACING
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DETAILS

6

RECONSTRUCT DRAINAGE STRUCTURE

STRUCTURE 5000

REMOVE AND REPLACE
WEIR WALL
ELEV = 947.00

INVERT=944.50

EX OUTLET PIPE - 48" RCP
FLOW

EX INLET PIPE - 73" SPAN RC ARCH PIPE

FLOWINVERT=945.00

EXISTING
STRUCTURE

EXISTING STRUCTURE DIA.
96"

12" ORIFICE FOR
DEWATERING
INV = 945.00

9"

STRUCTURE DIA.

NOT TO SCALE

96"

RIM ELEVATION = 956.00

951.50 (FIELD VERIFY)
PROPOSED PRECAST STRUCTURE ADDITION

2"

5'

2"

12" CIRCULAR OPENING

#4 REBAR @12" OC
(VERTICAL & HORIZONTAL)

CONCRETE WEIR WALL

A

EX INLET PIPEEX OUTLET PIPE

TWO-PIECE POND
SKIMMER GRATE (MIN 5/8" THICKNESS)

4" OC BOTH WAYS

(4) 1/2" DIA-13 UNC
HEX HEAD STAINLESS
STEEL BOLTS WITH
NUTS AND WASHERS

HINGE ASSEMBLY
MIN OF 2
HINGES REQUIRED

2"x 6" KEYWAY
CAST INTO WALL
BY SUPPLIER

A

12" CIRCULAR
OPENING IN
WEIR WALL

6" CONCRETE WEIR
WALL POURED IN FIELD
BY CONTRACTOR

NOTES:
THE BID ITEM FOR RECONSTRUCT DRAINAGE STRUCTURE SHALL INCLUDE ALL
ITEMS OF WALK SHOWN ON THIS DETAIL, INCLUDING BUT NOT LIMITED TO:

- REMOVAL OF EXISTING 48" BARREL, SKIMMER GRATE AND TOP SLAB(S)
- RE-GROUTING OF STORM SEWER INVERTS AND STRUCTURE BOTTOM
- FIELD VERIFYING DIMENSIONS OF EXISTING STRUCTURE
- REMOVAL AND REPLACEMENT OF WEIR WALL, INCLUDING REINFORCEMENT

AND OTHER MATERIALS AS APPROVED BY THE ENGINEER.
- SKIMMER GRATE AND RELATED MATERIALS AS REQUIRED BY THE

MANUFACTURER.
- PRECAST CONCRETE STRUCTURE ADDITION AND EXTENSION OF EXISTING

STRUCTURE
- PROTECTING EXISTING DOWNSTREAM INVERT FROM SILT, SEDIMENT, &

DEBRIS
- STRUCTURE BARREL(S) SHALL BE GASKETED/SEALED WITH APPROVED

MASTIC
- JOINT BETWEEN EXISTING AND PROPOSED BARREL SECTIONS SHALL BE

ENCASED WITH CAST IN PLACE CONCRETE COLLAR IN ACCORDANCE WITH
DETAIL. CONCRETE SHALL MEET MNDOT SPEC 2461 - MIX 3G52

- ADDITIONAL REPAIRS, MATERIALS, OR WORK SHALL BE APPROVED BY THE
ENGINEER PRIOR TO COMMENCEMENT.

6"

1'

6"

1'

CONCRETE COLLAR

OBSERVED NWL = 947.00
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EXISTING STORM SEWER PIPE

PROPOSED STORM SEWER PIPE

PROPOSED DRAINTILE

CONSTRUCTION LIMITS

EXISTING RIGHT-OF-WAY

EXISTING PERMANENT EASEMENT

RANDOM RIPRAP CL III

STRUCTURE 5000

℄ SOUTH BROOK CIR
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SCALE
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I. EXECUTIVE SUMMARY 

The City of Mankato commissioned this Preliminary Engineering Report to evaluate flooding issues 
within the Rosewood Pond system and develop improvements to reduce high water levels that currently 
impact adjacent residential properties. Recent storm events in June 2024 and July 2025 caused 
significant pond level rises, similar to flooding observed in 2014, demonstrating an increasing frequency 
and severity of rainfall events and the urgent need for mitigation.  

This study completed a detailed hydrologic and hydraulic analysis of Rosewood Pond and its 
contributing watershed, which includes upstream facilities such as University Park Pond, Monk’s Pond, 
and Oak Marsh Ponds. A refined PCSWMM model was developed using updated land cover, soil data, 
and surveyed pond geometry, and calibrated to observed high water levels from recent storm events. 
The contributing watershed includes approximately 761 acres, comprised of 60% agricutlural row crops 
and the remainder urban residential and streets.  

Modeling evaluated existing and proposed conditions under multiple design scenarios, including 2-year, 
10-year, and 100-year 24-hour storms, as well as back-to-back storm events to account for evolving 
climate conditions and system resiliency. A higher level engineering review incorporated extreme 
rainfall scenarios (up to 14.5 inches in 48 hours) to reflect observed regional storm intensities.  

Results indicate that the existing outlet configuration at Rosewood Pond is insufficient to protect nearby 
structures, with modeled 100-year water levels exceeding multiple residential finished floor elevations. 
Similar risks are present at Monk’s Pond due to limited outlet control and overflow capacity.  

To address these issues, we recommend a revised outlet control structure (OCS) at Rosewood Pond, 
including lowering the primary weir elevation, expanding outlet capacity, and replacing the existing 
overflow with a larger arch pipe. These improvements significantly enhance conveyance while 
maintaining pond storage functionality.  

The proposed improvements yield the following key benefits: 

Reduced flood levels: Up to 3.15 feet reduction in Rosewood Pond 100-year high water levels 
and up to 3.9 feet at Monk’s Pond for smaller events.  

Improved residential protection: Provides approximately 1.8 feet of freeboard above the lowest 
unprotected home during the 100-year event.  

Enhanced system resiliency: Improved performance under back-to-back storm events, though 
some risk remains under extreme (back-to-back 100-year) conditions.  

Reduced outlet velocities: Despite increased flows, velocities are generally reduced due to 
expanded outlet geometry.  

These benefits come with tradeoffs. The proposed design increases downstream peak flow rates, 
particularly for smaller storm events, which will require additional stabilization measures within 
downstream ravines. The City has identified and is planning for these improvements.  

In conclusion, the recommended outlet improvements at Rosewood Pond provide a practical and 
effective solution to reduce flood risk to adjacent properties under current and future conditions. 
However, long-term system performance would benefit from additional upstream storage and 
continued investment in downstream channel stabilization to fully manage increased runoff associated 
with larger and more frequent storm events. 

  



 

Prepared by: Bolton & Menk, Inc. INTRODUCTION 
2026 Rosewood Pond Outlet Improvements ǀ 26X.143030.000 Page 2 

II. INTRODUCTION 

 Purpose and Need 

The primary purpose of this study is to conduct a detailed hydrologic and hydraulic analysis 
of Rosewood Pond to recommend and design a new outlet configuration that lowers high 
water levels within the pond, which currently impact adjacent residential properties. 
Secondary goals of the study include evaluating the upstream ponds based on current and 
future conditions within Rosewood Pond’s contributing watershed, including University Park 
Pond, Monk’s Pond, and Oak Marsh Pond (North and South). In particular, Monk’s Pond 
does not have a typical outlet control structure or usable emergency overflow route, 
resulting in impacts to adjacent properties. Finally, the city wishes to develop a citywide 
stormwater model, and this study allows the city to take a first step at developing consistent 
software and methodologies for that future modeling effort. 

The evaluation of these ponds is urgent and necessary to protect private property. In June 
2024 and July 2025, Rosewood Pond rose to notable high-water levels, impacting adjacent 
residential structures (Figure 1). These impactful floods continue to increase in frequency, as 
similar floods were observed in June 2014. Considering the frequency of intense rainfall 
continues to increase in the region, immediate action is needed to mitigate flooding impacts 
at this location.  

  

Figure 1: June 2024 (left) and July 2025 (right) high water levels at Rosewood Pond. 

 
 Prior Studies 

• Hydrology and Hydraulic Report: Upper Indian Creek Storm Water Study, SEH, 
March 14, 2017. This recommended 2 alternative outlet configurations each for 
University Park Pond and Rosewood Pond. However, the report recommended 
further study of downstream impacts if either pond outlet was reconfigured.  

• Erosion Management Plan: Indian Creek Watershed, SEH, September 20, 2018. 
This includes erosion and pollutant loading estimates and preliminary 
recommendations for load reductions within Viking and Indian Creek ravines. Prior 
to these recent studies, the following were also conducted:  

• Detailed Storm Water Study, East Portion of Upper Indian Creek Watershed, Barr 
Engineering, June 1997. This report reports a normal water elevation of 952.0 ft in 
Rosewood Pond and a flood elevation of 958.0 ft. The report also indicates the need 
for additional storage areas within the agricultural portion of the watershed when 
those areas are developed.  



 

Prepared by: Bolton & Menk, Inc. INTRODUCTION 
2026 Rosewood Pond Outlet Improvements ǀ 26X.143030.000 Page 3 

• Rosewood One Preliminary Engineering Report, I & S Engineers & Architects, Inc., 
April 2001. This report notes that the Rosewood Pond outlet was constructed in 
2000. 

• Eastern Portion of the Upper Indian Creek Watershed Drainage Study, I & S 
Engineers & Architects, Inc., April 2002. This hydrologic study reported a reduced 
storage needed in Rosewood Pond (33 acre-feet to 30.1 acre-feet) but a 3.1 acre-
feet deficiency despite the reduced storage needed. The report also noted the 
Copperfield development contains more impervious area than was assumed inprior 
designs and a portion of the development is not routed to Rosewood Pond. These 
items combined would require an additional storage volume of 7.6 acre-feet. The 
study recommended construction of a storm water pond in the Copperfield 
development, conversion of the University Park pond to a wet pond, and 
construction of additional storm water storage in the Stenzel Property (ponds are 
now referred to as Oak Marsh North Pond and Oak Marsh South Pond. The 
recommended improvements would result in the re-routing of storm water from the 
Wilson Creek watershed to the Indian Creek watershed. 

• Eastern Portion of the Upper Indian Creek Watershed Drainage Study - Revised, I & 
S Engineers & Architects, Inc., February 2006. This hydrologic study considered 
total storage requirements for the upper portion of the watershed focusing on 
University Park Pond and the Oak Marsh ponds. This study recommended that the 
Oak Marsh ponds provide a minimum of 6 acre-feet of storage, and that they be 
interconnected to the University Park Pond for additional storage capacity. 

• Copperfield Area Stormwater Master Planning Memorandum, I & S Engineers & 
Architects, Inc., March 2008. T his memorandum recommended a trunk storm 
sewer pipe on Timberwolf Court and Heron Drive to accommodate future 
development. 
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III. ENGINEERING ANALYSIS  

 Existing Conditions 

The existing conditions XPSWMM model previously developed by SEH (SEH, 2017) was used 
as the basis for modeling and updated to explicitly model more specific subbasin, storm 
sewer, and pond characteristics. The model was converted to PCSWMM. 

1. Hydrology 

Subbasins were imported to PCSWMM and utilize SCS Curve Number methodology. 
Time of Concentration was assigned based on prior study (SEH, 2017). Curve Numbers 
were recomputed based on the 2023 National Land Cover Database (NLCD) and NRCS 
SSURGO soils data. Curve Numbers were assigned to each land cover-soil group 
combination, and the area-weighted average was computed for each subbasin.  

There are 761 acres of predominantly agricultural land draining from the southeast. A 
36” drain tile receives flow from a private agricultural ditch at the center of the field 
bounded by Monks Ave, 200th St, and Pohl Rd (PID R43.09.29.300.003). This tile has 
been observed to flow a third to half full nearly constantly. To establish an equilibrium 
normal water level in the pond, this flow was estimated assuming a 0.5% slope on the 
drain tile to establish a baseflow into Rosewood Pond and applied in the modeling as a 
direct inflow. This is estimated to be 4.2 cfs, which based on the Rosewood Pond 
outlet configuration, results in a NWL of 1046.5 to 1047 ft, corroborating surveyed 
conditions in dry weather.  

2. Hydraulics 

The trunk line storm sewer for the Rosewood Pond contributing watershed was 
imported from the XPSWMM model and reviewed. No major issues were found with 
pipe sizes or inverts when comparing to as built plans and the city GIS database. 
Overflows were added to manhole junctions to properly evaluate flood volumes and 
drawdown times during extreme flooding scenarios.  

Pond storage curves and outlet control structure modeling were revised in the 
PCSWMM model. Pipes, orifices, and weir walls were explicitly modeled as part of the 
model as opposed to using a specified rating curve developed with external hydraulic 
software, as done in the XPSWMM model.  

Rosewood Pond 

As built plans from December 2000 and detailed topographic and bathymetric survey 
were collected to build area-elevation curves to quantify pond storage volume. This 
includes the sediment delta forming along the west tributary inflow.  

The OCS includes a grate/weir wall, OCS drainage structure, and overflow culvert. The 
OCS has an invert of 944.87 ft and internal weir set at elevation 949.5 ft with a 12” 
orifice at the invert, intended to be used for drawdown during maintenance, but now 
left fully open. The structure has a 48” grate on top of an 8’ diameter bottom barrel 
section at elevation 956.79 ft. The 36” RCP overflow culvert is perched with an 
upstream elevation of 956.19 ft.  

The design normal water level is 949.5 ft. Surveyed normal water level was 947.0 +/-. 
The design high water level is noted at 956.5 (original plans) with as-built redlines 
noting 958.0 ft as the HWL. The roadway acts as the EOF with an approximate 
overtopping elevation of 961.0 based on road centerline survey. Prior to road 
overtopping, the pond could back up through storm sewer into Rosewood Dr, which 
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has a surveyed CB rim elevation of 959.93 ft. This does not have a natural outlet and 
would inundate Rosewood Dr until the pond levels recede.  

Monk’s Pond 

Monks Pond is a regional stormwater detention facility serving the Copperfield 
Subdivision and adjacent contributing drainage areas. The pond was originally 
constructed in 2002. The design established a maintained normal water level (NWL) at 
Elevation 961.0, with a basin bottom elevation of 957.0. Normal water level is 
controlled by a negatively sloped 42” pipe run with an invert of 961.0 ft along 
Copperfield Drive. Side slopes are generally 4H:1V with a 10H:1V safety bench at the 
normal water level. The pond provides water quality treatment and peak flow 
attenuation for the contributing watershed. The 100-year design water surface 
elevation is elevation 967.0, with emergency overflow provided at approximately 
elevation 967.5 to safely convey extreme events without overtopping adjacent 
infrastructure.  

University Pond 

The original stormwater outfall was established in the 1980s via a reverse-grade 
conveyance system along South Hudson Drive, discharging to Monks Avenue. At that 
time, the facility functioned as a dry detention basin. The City does not have as-built 
records for the original 1980s basin configuration. 

Improvements completed in 2003 deepened the basin and added a secondary outlet 
extending south along Heron Drive. These modifications altered the basin’s 
operational characteristics from a dry detention basin to a wet detention basin. The 
initial basin expansion implemented during this improvement included a normal water 
level (NWL) of Elevation 987.40 and a basin bottom elevation of 983.00.  

Further improvements and expansion were constructed in 2018, including a third 
outlet tied into the existing Heron Drive conveyance system. This work included 
construction of a 24-inch outlet pipe with an invert elevation of 984.0, conveying flow 
to a downstream structure equipped with a weir wall with a crest elevation of 985.0. 
For reasons that are not documented, a 6-inch tile drainage system was also installed 
beneath the basin expansion area. This tile system discharges freely downstream of 
the weir wall at an outlet elevation of 981.14. 

Oak Marsh Pond 

Oak Marsh Construction Plans dated 2006 are available in city archives and the pond 
was constructed in 2007. Oak Marsh Pond North has a normal water level of 992.0 ft 
and a bottom of 988.00 ft. It is controlled by a weir set at 992.0 ft leading to a 24” 
trunk line storm sewer. Oak Marsh Pond South has a bottom elevation of 985.0 ft and 
a normal water level of 989.0 ft. It is controlled by a perched 36” storm sewer outlet 
at 989.0 ft.  

 

  



 

Prepared by: Bolton & Menk, Inc. ENGINEERING ANALYSIS 
2026 Rosewood Pond Outlet Improvements ǀ 26X.143030.000 Page 6 

3. Calibration 

The model was calibrated to the June 2024 and July 2025 storm events due to 
availability of rainfall data and known high water levels based on photos collected at 
Rosewood Pond, which were then correlated to site survey completed in 2026 (Table 
1). Calibration was completed by adjusting curve numbers within the watershed to 
match observed high water levels. 

Table 1: Estimated High Water Levels for Calibration Storms  

 

Time / Date of Photo 
Estimated High Water Level 

ft 
6/21/2024 - 11:46 961.0 
6/21/2024 - 15:38 959.3 
7/23/2025 - 23:51 959.0 

 

Rainfall data for the two storm events were sourced from multiple rain gages. The 
DNR Cooperative Stream Gaging network includes gages with tipping bucket rain 
gages recording at 15-minute intervals, offering high resolution rainfall distributions 
and depths. Gage IDs 32076001 (Le Sueur River nr Rapidan, CR8) and 32072001 
(Maple River nr Rapidan, CR35) rainfall data for each event are shown in Figure 2. The 
Le Sueur River gage is 3.1 miles straight south of Rosewood Pond. The Maple River 
gage is 4.8 miles southwest of Rosewood Pond. Rainfall depths between the two 
gages are in agreement until approximately 6/21/24 at 8:00, where the Le Sueur River 
gage then recorded an additional 0.66 inches of rainfall by 1 pm compared to the 
Maple River gage. The Le Sueur gage was used for calibration due to proximity to the 
target watershed. Between June 20, 2024 and the 6/21 calibration time, the gage 
recorded 5.13 inches of rain, with 4.3 inches falling in 12 hours (~20-year storm).  
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Figure 2: Incremental (top) and cumulative (bottom) rainfall depths for June 2024 storm.  
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4. Design Storm Simulation Parameters 

Drainage conditions were evaluated in PCSWMM v7.7.3920 (SWMM v5.0.013-5.2.4) 
using the 24-hour 2-year, 10-year 100-year, and back-to-back 10-year storms using 
Atlas 14 rainfall depths and an MSE 3 temporal distribution per City of Mankato 
Grading Manual standards. For a higher level of engineering review, back-to-back 100-
year storms were also modeled. Precipitation depths are reported in Table 2. Back-to-
back storms were modeled as two successive standard 24-hour MSE 3 storms over a 
48-hour duration. The model was run for a 7-day simulation to ensure all ponds within 
the system can fully drain and route through the downstream boundary condition. A 
routing time step of 5 seconds using Dynamic Wave methodology was used. 

Table 2: Design Storm Precipitation Depths 
 

Design Storm Duration Precipitation (inches) 
2-year 24-hour 2.88 

10-year 24-hour 4.31 
100-year 24-hour 7.25 

10-year (Back to Back) 48-hour 8.62 
100-year (Back to Back) 48-hour 14.50 

 

 Proposed Conditions 

1. Design Standards 

a) City Grading Manual 

The City of Mankato’s stormwater hydrologic and hydraulic design standards, as 
outlined in the City Grading Manual, emphasize downstream protection, system 
resiliency, and compliance with State of Minnesota stormwater requirements. 
Hydrologic analyses are required to use NOAA Atlas 14 precipitation data and a 
MSE 3 rainfall distribution. The primary design event for stormwater 
conveyance and storage facilities is the 10‑year, 24‑hour storm, with additional 
evaluation of the 2‑year, 24‑hour storm under frozen ground conditions to 
account for reduced infiltration and higher runoff volumes common in early 
spring. 

To ensure resiliency, the City requires evaluation of back‑to‑back 10‑year storm 
events occurring within a 48‑hour period, verifying adequate storage recovery 
and outlet performance between events. Post‑development peak discharge 
rates must be controlled to pre‑development levels for the 2‑, 10‑, and 100‑year 
storm events. 

Water quality treatment must meet Minnesota Pollution Control Agency MIDS 
requirements, specifically the capture and treatment of 1.1 inches of runoff 
volume from impervious surfaces. This volume is intended to be managed 
through infiltration, filtration, or other approved volume‑reduction practices. As 
an alternative, the City may allow the required 1.1‑inch volume to be provided 
below the normal water level (NWL) of a wet pond, functioning as a filtration or 
water quality zone rather than peak detention storage, provided the water 
quality volume drains within a maximum of 72 hours. 

Hydraulic design standards limit culvert outlet velocities to 5 feet per second 
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unless acceptable energy dissipation is provided. Stormwater ponds are 
required to include a clearly defined emergency overflow (EOF) capable of safely 
conveying the 100‑year storm event. The EOF crest must be set at least 0.5 feet 
below the top of berm, and the system must maintain a minimum 2 feet of 
freeboard between the 100‑year water surface elevation and the berm crest or 
building structures. To enhance detention effectiveness and accommodate 
sequential storm events, the City may require the primary outlet capacity to be 
reduced, typically to approximately 20 percent of full capacity, with larger 
events routed through secondary or emergency outlets. 
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2. Higher Level Engineering Review 

Due to the known flood concerns at Rosewood and Monks Ponds, a higher-level 
engineering review was deemed necessary to ensure proper mitigation of flood risk to 
the extent practicable. In particular, increased rainfall intensity has been observed 
locally and is expected to continue to increase based on future climate modeling. This 
is reinforced by the recent city experience dealing with the Rapidan Dam breach on 
the Blue Earth River in 2024, where the region experienced a 50- to 100-year 48-hour 
storm intensity but up to a 200- to 500-year event from June 14 – 23 (Figure 3). 
Recognizing the increasing frequency of these intense storms, this analysis includes 
back-to-back 100-year 24-hour storms totaling 14.5 inches of rain in 48 hours.  

 

 

Figure 3: NOAA/NWS Estimated AEPs for June 2024 Storms 
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3. Proposed Conditions PCSWMM Modeling 

a) Future Buildout Considerations 

Future development in the watershed currently includes buildout of PID 
R01.09.291.000.13. Portions of this development would drain to Monks Pond. 
However, considering ongoing flood concerns, it is assumed that this 
development will have its own rate control and volume BMP requirements to 
manage downstream impacts. This parcel is shown in Figure 4. 

 

Figure 4: Future Lot Buildout 
 

For the purposes of this assessment, the BMP is not explicitly modeled, 
assuming that any changes in this development will match rates to Monks Pond. 

In addition, upstream detention in the agricultural portions of the watershed 
have been recommended in multiple prior studies. There are no current plans to 
install upstream detention and none have been modeled for this analysis.  

b) Monk’s Pond 

During the 2024 storm, water flooded the basement of 101 Wickfield Dr prior to 
inundating Monks Ave. The bottom window well elevation of the west side of 
this home is 968.4 ft. The target 100-year HWL for a future Monk’s pond outlet 
design is 967.4 ft to provide 1 ft of freeboard. This is despite Monk’s Ave 
providing minimal to nonexistent overflow routes. For the purposes of this 
modeling, a preliminary OCS design for Monk’s Pond was completed which 
maintained the desired 100-year HWL, ensuring that the Rosewood Pond OCS 
design properly accounted for known future flows. The final design of this outlet 
is uncertain and thus specific outlet configurations are not discussed in detail for 
this report.   
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c) Rosewood Pond 

Finished Floor Elevations (FFEs) for properties adjacent to Rosewood Pond were 
surveyed in 2026. From low to high, these include walkout basements including: 
957.81 ft, 960.77 ft, 961.62 ft, 961.65 ft, 962.84 ft, and 964.43 ft. The lowest 
home is immediately adjacent to the pond outlet, and the homeowner has 
installed a retaining wall to an elevation of 961.8 ft. The second lowest home 
has an unprotected FFE on Sunburst Circle. For the purposes of this modeling, 
target high water level is 958.77 ft.  

The following summarizes the revised Rosewood Pond outlet control modeling:  

• The 12” side orifice at the existing OCS invert remains open, despite it’s 
original purpose to be used solely for pond drawdown and 
maintenance.  

• The existing OCS weir is revised to an elevation of 947.0 ft. 

• The OCS 8’ diameter bottom barrel is extended to the rim, replacing the 
existing 48” diameter upper barrel section. This rim is lowered to 
elevation 956.0 ft.  

• Inlet and outlet pipes for the existing OCS remain the same.  

• The existing 36” overflow pipe is removed and replaced with a 3.75’ x 
6.08’ reinforced concrete arch pipe. Inverts are set to 952.5 ft on the 
upstream side and 946.0 ft on the downstream side. This is lowered by 
approximately 4.3 ft compared to existing conditions.  
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IV. RESULTS 

The following tables compare existing and proposed results at Monk’s Pond, Rosewood Pond, and the 
Rosewood pond outlet channel to show decreases to pond high water levels and known and planned 
increases in downstream flow rates. These increases in flow will require additional future ravine 
stabilization measures, for which the city currently has funding. Velocities are decreased due to 
additional flow area with the revised secondary outlet of Rosewood Pond.   

Table 3: High Water Level Comparison 

Storm 
High Water Level (ft) - Rosewood High Water Level (ft) - Monks Pond 
Existing Proposed Impact Existing Proposed Impact 

Low FFE 960.77   968.4   
100-year Target 958.77   967.4   

2-year Storm 955.1 953.48 -1.62 968.13 964.23 -3.9 
10-year Storm 958.29 955.52 -2.77 968.3 965.22 -3.08 
100-year Storm 962.16 959.01 -3.15 968.51 967.24 -1.27 
Back to Back 10-year 960.69 956.75 -3.94 968.39 965.56 -2.83 
Back to Back 100-year 963.84 961.38 -2.46 968.52 967.57 -0.95 

 

Table 4: Downstream Peak Flow Rate Comparison 

Storm 
Peak Rate (cfs) - DS of Rosewood Pond 

Existing Proposed Impact 
2-year Storm 138.4 231.7 93.3 
10-year Storm 278.4 407.6 129.2 
100-year Storm 518.9 555.6 36.7 
Back to Back 10-year 340.2 488.3 148.1 
Back to Back 100-year 580.1 631.2 51.1 

 

Table 5: Rosewood Pond Outlet Velocity Comparison 

Storm 
Peak Velocity (fps) - Primary Outlet Peak Velocity (fps) - Secondary Outlet 

Existing Proposed Impact Existing Proposed Impact 
2-year Storm 11.01 10.4 -0.61 0 7.96 7.96 
10-year Storm 16.28 12.26 -4.02 16.65 14.58 -2.07 
100-year Storm 19.53 17.2 -2.33 18.92 19.18 0.26 
Back to Back 10-year 18.35 14.9 -3.45 17.64 16.7 -0.94 
Back to Back 100-year 20.51 18.56 -1.95 20.25 20.69 0.44 
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V. SUMMARY AND RECOMMENDATIONS 

We recommend installing the revised Rosewood Pond OCS configuration as modeled. The proposed 
design lowers 100-year high water levels by 3.15 ft and maintains a vertical offset from the lowest 
unprotected residential structure of 1.76 ft in the 100-year storm. The design increases downstream 
flow rates to accomplish this, with the greatest increases occurring during smaller storms and flows. The 
proposed design does provide protection for the back-to-back 10-year storm, but still leaves some 
structures at risk during the back-to-back 100-year storm. Velocities are decreased due to additional 
open area at the Rosewood Pond outlet, despite an increase in flows. 

Overall, this system would benefit from additional flood storage upstream. This design will result in 
known ravine impacts downstream due to increased flows. The city is in the process of planning, 
designing and implementing stabilization measures that mitigate for increased flow downstream.  



 

 

Appendix A: Hydrologic Data
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Maps from the Web Soil Survey are based on the Web Mercator 
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Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
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Soil Survey Area: Blue Earth County, Minnesota
Survey Area Data: Version 23, Sep 9, 2025

Soil map units are labeled (as space allows) for map scales 
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Date(s) aerial images were photographed: Jul 2, 2023—Aug 8, 
2023

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

18 Comfrey clay loam B/D 9.5 0.3%

84 Brownton silty clay 
loam, 0 to 2 percent 
slopes

C/D 56.3 1.8%

94B Terril loam, 2 to 6 
percent slopes

B 2.1 0.1%

102C Clarion loam, 6 to 10 
percent slopes

B 6.2 0.2%

105B Kamrar clay loam, 2 to 6 
percent slopes

D 55.2 1.7%

105C Kamrar silty clay, 6 to 12 
percent slopes

C 9.0 0.3%

105D Kamrar silty clay, 12 to 
18 percent slopes

C 6.9 0.2%

106C Lester loam, 6 to 10 
percent slopes

C 30.4 1.0%

106D Lester loam, 10 to 16 
percent slopes

C 1.8 0.1%

109 Cordova clay loam, 0 to 
2 percent slopes

C/D 354.4 11.1%

110 Marna silty clay loam, 0 
to 2 percent slopes

C/D 1,197.6 37.4%

114 Glencoe silty clay loam, 
0 to 1 percent slopes

C/D 15.8 0.5%

211 Lura silty clay, 0 to 1 
percent slopes

C/D 137.1 4.3%

219 Rolfe silt loam, 0 to 1 
percent slopes

C/D 31.7 1.0%

230 Guckeen silty clay loam, 
1 to 3 percent slopes

C/D 179.0 5.6%

238B Kilkenny clay loam, 2 to 
6 percent slopes

D 270.0 8.4%

238C Kilkenny clay loam, 6 to 
10 percent slopes, 
moderately eroded

D 67.4 2.1%

238D Kilkenny clay loam, 10 
to 16 percent slopes, 
moderately eroded

C 20.9 0.7%

239 Le Sueur loam, 1 to 3 
percent slopes

C/D 36.3 1.1%

281 Darfur loam B/D 0.5 0.0%

Hydrologic Soil Group—Blue Earth County, Minnesota Rosewood HSG Map

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

286 Shorewood silty clay 
loam, 1 to 6 percent 
slopes

C/D 140.4 4.4%

287 Minnetonka silty clay 
loam

C/D 309.5 9.7%

310 Beauford clay, 0 to 2 
percent slopes

D 17.5 0.5%

316 Baroda silty clay loam C/D 4.6 0.1%

319 Barbert silt loam C/D 0.9 0.0%

414 Hamel loam, 0 to 2 
percent slopes

C/D 18.7 0.6%

525 Muskego soils, 0 to 1 
percent slopes

C/D 31.4 1.0%

539 Klossner muck, lake 
plain, depressional, 0 
to 1 percent slopes

C/D 38.7 1.2%

854 Cordova-Urban land 
complex, 0 to 3 
percent slopes

C/D 50.3 1.6%

921D Omsrud-Storden 
complex, 10 to 16 
percent slopes, 
moderately eroded

B 2.6 0.1%

961 Storden complex, very 
steep

B 22.5 0.7%

961F Storden complex, 24 to 
45 percent slopes

B 19.4 0.6%

997 Marna-Barbert complex C/D 3.9 0.1%

1053 Marsh B/D 22.1 0.7%

L113B Reedslake-Le Sueur 
complex, 1 to 6 
percent slopes

C 27.0 0.8%

W Water 3.5 0.1%

Totals for Area of Interest 3,200.9 100.0%
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—Blue Earth County, Minnesota Rosewood HSG Map
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Web Soil Survey
National Cooperative Soil Survey
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NOAA Atlas 14, Volume 8, Version 2
Location name: Mankato, Minnesota, USA*

Latitude: 44.13°, Longitude: -93.9924°
Elevation: 946 ft**

* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale
Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.378
(0.298‑0.491)

0.450
(0.355‑0.585)

0.572
(0.449‑0.744)

0.676
(0.527‑0.883)

0.824
(0.622‑1.10)

0.942
(0.693‑1.27)

1.06
(0.755‑1.46)

1.19
(0.808‑1.67)

1.36
(0.888‑1.94)

1.50
(0.949‑2.16)

10-min 0.553
(0.436‑0.719)

0.659
(0.519‑0.857)

0.837
(0.657‑1.09)

0.990
(0.772‑1.29)

1.21
(0.910‑1.62)

1.38
(1.02‑1.86)

1.56
(1.10‑2.14)

1.74
(1.18‑2.44)

2.00
(1.30‑2.85)

2.19
(1.39‑3.16)

15-min 0.675
(0.532‑0.876)

0.804
(0.633‑1.04)

1.02
(0.801‑1.33)

1.21
(0.942‑1.58)

1.47
(1.11‑1.97)

1.68
(1.24‑2.28)

1.90
(1.35‑2.61)

2.13
(1.44‑2.98)

2.43
(1.59‑3.47)

2.67
(1.69‑3.85)

30-min 0.912
(0.719‑1.18)

1.09
(0.859‑1.42)

1.39
(1.09‑1.81)

1.65
(1.29‑2.15)

2.02
(1.52‑2.70)

2.31
(1.70‑3.12)

2.61
(1.85‑3.59)

2.93
(1.99‑4.10)

3.36
(2.19‑4.79)

3.69
(2.34‑5.31)

60-min 1.18
(0.929‑1.53)

1.40
(1.10‑1.82)

1.78
(1.40‑2.32)

2.12
(1.65‑2.77)

2.62
(1.98‑3.53)

3.02
(2.23‑4.10)

3.45
(2.45‑4.76)

3.90
(2.66‑5.48)

4.54
(2.96‑6.49)

5.04
(3.19‑7.25)

2-hr 1.44
(1.15‑1.85)

1.71
(1.36‑2.19)

2.17
(1.73‑2.79)

2.59
(2.05‑3.34)

3.22
(2.47‑4.29)

3.74
(2.79‑5.02)

4.29
(3.09‑5.86)

4.88
(3.36‑6.79)

5.72
(3.78‑8.11)

6.39
(4.09‑9.10)

3-hr 1.62
(1.30‑2.06)

1.91
(1.53‑2.42)

2.42
(1.94‑3.08)

2.89
(2.30‑3.69)

3.61
(2.80‑4.80)

4.22
(3.18‑5.64)

4.87
(3.54‑6.62)

5.58
(3.87‑7.73)

6.59
(4.38‑9.30)

7.41
(4.77‑10.5)

6-hr 1.91
(1.56‑2.38)

2.24
(1.82‑2.80)

2.85
(2.31‑3.57)

3.41
(2.75‑4.29)

4.28
(3.37‑5.63)

5.02
(3.84‑6.64)

5.83
(4.28‑7.84)

6.71
(4.71‑9.19)

7.97
(5.36‑11.1)

9.00
(5.85‑12.6)

12-hr 2.17
(1.80‑2.68)

2.56
(2.11‑3.15)

3.26
(2.68‑4.03)

3.91
(3.19‑4.84)

4.90
(3.90‑6.34)

5.74
(4.43‑7.47)

6.65
(4.94‑8.82)

7.64
(5.42‑10.3)

9.05
(6.16‑12.5)

10.2
(6.71‑14.1)

24-hr 2.48
(2.07‑3.00)

2.88
(2.41‑3.50)

3.62
(3.02‑4.40)

4.31
(3.57‑5.26)

5.37
(4.33‑6.85)

6.27
(4.91‑8.06)

7.25
(5.46‑9.50)

8.32
(5.98‑11.1)

9.85
(6.78‑13.5)

11.1
(7.38‑15.2)

2-day 2.87
(2.44‑3.43)

3.25
(2.75‑3.88)

3.96
(3.34‑4.74)

4.64
(3.89‑5.57)

5.71
(4.68‑7.20)

6.64
(5.28‑8.44)

7.67
(5.86‑9.94)

8.81
(6.42‑11.7)

10.5
(7.29‑14.2)

11.8
(7.95‑16.1)

3-day 3.15
(2.69‑3.72)

3.53
(3.01‑4.18)

4.25
(3.61‑5.04)

4.94
(4.17‑5.88)

6.02
(4.97‑7.52)

6.97
(5.57‑8.77)

8.00
(6.15‑10.3)

9.15
(6.70‑12.0)

10.8
(7.58‑14.5)

12.2
(8.24‑16.4)

4-day 3.37
(2.89‑3.95)

3.77
(3.23‑4.43)

4.52
(3.86‑5.32)

5.22
(4.44‑6.18)

6.32
(5.23‑7.82)

7.26
(5.84‑9.07)

8.30
(6.40‑10.6)

9.43
(6.94‑12.3)

11.1
(7.79‑14.8)

12.4
(8.44‑16.7)

7-day 3.90
(3.39‑4.52)

4.37
(3.79‑5.06)

5.20
(4.50‑6.05)

5.96
(5.12‑6.96)

7.10
(5.91‑8.62)

8.05
(6.51‑9.88)

9.06
(7.05‑11.4)

10.2
(7.53‑13.1)

11.7
(8.30‑15.5)

13.0
(8.88‑17.3)

10-day 4.41
(3.86‑5.07)

4.94
(4.31‑5.68)

5.84
(5.09‑6.74)

6.64
(5.75‑7.69)

7.81
(6.54‑9.38)

8.77
(7.13‑10.6)

9.77
(7.64‑12.1)

10.8
(8.07‑13.8)

12.3
(8.77‑16.1)

13.5
(9.30‑17.9)

20-day 6.06
(5.37‑6.84)

6.72
(5.96‑7.61)

7.82
(6.91‑8.87)

8.74
(7.67‑9.96)

10.0
(8.45‑11.7)

11.0
(9.05‑13.1)

12.0
(9.48‑14.6)

13.0
(9.80‑16.3)

14.4
(10.4‑18.5)

15.4
(10.8‑20.2)

30-day 7.48
(6.69‑8.37)

8.29
(7.41‑9.28)

9.59
(8.53‑10.8)

10.6
(9.41‑12.0)

12.1
(10.2‑14.0)

13.1
(10.9‑15.4)

14.2
(11.3‑17.1)

15.2
(11.5‑18.9)

16.6
(12.0‑21.1)

17.5
(12.3‑22.8)

45-day 9.28
(8.37‑10.3)

10.3
(9.29‑11.4)

11.9
(10.7‑13.3)

13.2
(11.8‑14.8)

14.9
(12.7‑17.0)

16.1
(13.4‑18.7)

17.2
(13.8‑20.5)

18.3
(13.9‑22.5)

19.7
(14.3‑24.9)

20.6
(14.6‑26.7)

60-day 10.8
(9.81‑11.9)

12.0
(10.9‑13.3)

14.0
(12.6‑15.4)

15.5
(13.9‑17.2)

17.4
(14.9‑19.7)

18.8
(15.7‑21.7)

20.1
(16.1‑23.7)

21.2
(16.2‑25.9)

22.7
(16.5‑28.4)

23.6
(16.8‑30.4)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency
estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at
upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Appendix C: PCSWMM Workmap 
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