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1. Introduction
This report will document the interior flood control analysis for Phase 2 of the El Zagal Area Flood Risk
Management Project, which was identified as a required in-town levee to pass a flood elevation of RS
35’ with the Fargo Moorhead Diversion in place [1]. A map of the study area is shown in Figure 1.

2. Design Data
2.1 Modeling Procedure and History
During the Feasibility Study for the Project, an InfoSWMM model of the existing City of Fargo storm
sewer facilities for this area was developed by Houston Engineering, Inc. The details of this modeling
effort were included in a September 22, 2011 report entitled SWMM Stormwater Modeling, FargoMoorhead Metro Flood Risk Management Project, Feasibility Study, Phase 2 [2]. InfoSWMM is a rainfallrunoff model for single or long-term events and is completely integrated within ArcGIS. The model is
used to estimate runoff quantity and quality from urban areas for existing or proposed facilities.
Latter sections of this report provide additional details on the model development and routing
procedures.

2.2 Surfaces and Topographic Survey
Aerial Light Detection and Ranging (LiDAR) data and ground surveys performed by Merrick and Company
in May 2011 were used for the existing topographic data. The coordinate system and projection of the
existing condition data is NAD83 (1986), Fargo Ground Coordinate System (U.S. Survey Feet). The
elevation datum for the existing condition data is the North American Vertical Datum of 1988 (NAVD
1988, U.S. Survey Feet).
Houston-Moore Group (HMG) collected survey data before Phase 1 of the project during the winter and
spring of 2014 and updated the design surface for the levee extents, as well as identified utilities,
landscaping, streets, driveways, and other visible items Additional survey data was collected in the
vicinity of Phase 2 of the project in the Spring of 2015. The City of Fargo provided an original base map
drawing, which was updated using HMG’s topographic survey data.

2.3 Existing Storm Sewer Facilities
Data used to construct the original InfoSWMM models came from a number of sources. The horizontal
layout of the stormwater facilities came primarily from the city of Fargo’s GIS database [2]. Information
from HMG’s survey was used to verify elevations and locations of stormwater facilities near the Phase 2
project.

2.4 Interior Flood Control Methodology
The interior flood control analysis followed the criteria contained in EM-1110-2-1413 – Hydrologic
Analysis of Interior Areas [3]. This document provides guidance for the hydrologic analysis of interior
areas. For this study, the watershed upstream of any stormwater that passes through the line of
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protection was analyzed. The analysis follows the methodology currently being utilized on the other intown levees identified in Appendix B of the Supplemental Environmental Assessment for the Fargo
Moorhead Metro Flood Risk Management Project [1].

Figure 1 - Model Area
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3. Existing Conditions
3.1 Description of Watershed and Drainage Patterns
The proposed levee alignment for Phase 2 has a contributing drainage area of approximately 37 acres
that must pass stormwater through the line of protection.
The contributing area lies generally between 1st Street North and Elm Street from 12th Avenue North to
14th Avenue North. The residential area adjacent to Elm Circle, east of Elm Street, also contributes. The
existing trunk storm sewer outlet is a 30” RCP where Elm Street meets the Red River just south of 14th
Avenue North. This RCP is beneath the footprint of the proposed Elm Street temporary floodwall
closure. At the floodwall location, the storm sewer will be re-routed behind to the levee and join a one
acre drainage area adjacent to the toe of the Phase 2 footprint that will be blocked by the proposed
levee. New storm sewer will be placed adjacent to the levee toe. A new gatewell with one flap gate and
one sluice gate will be constructed to ensure proper closure during flood events. The trunk storm sewer
system and detailed study area are shown in Figure 2. The Phase 2 project features map is shown in
Figure 3.
During flood conditions on the Red River, the flap gate within the new gatewell will be closed by exterior
head pressure. The contributing area’s storm sewer is interconnected to the Mickelson Field area to the
south; therefore, during blocked gravity conditions, the storm sewer will back feed to the Mickelson
Field pump station. This interconnection occurs at a manhole located at the intersection of 12th Ave N
and Oak St N, with an invert elevation of 893.64’. This was accounted for in the Mickelson Field Area
Flood Risk Management Design Report [4] that was completed by Houston Engineering, Inc. Since the
contributing area to the levee can back feed to the Mickelson Field pump station, no additional pumping
is proposed for the El Zagal area.
During rainfall events greater than a 25-yr, 24-hr event, there are surface connections by street flooding
to the Drain 3 contributing area to the west of the study area and to the Mickelson Field area to the
south. This detail was added to the existing InfoSWMM model by Houston Engineering, Inc. during their
study of the Mickelson Field Area for the city of Fargo [4]. The entire updated model area, which also
includes Drain 10 as shown in Figure 1 was run to account for water that may be flowing into or away
from the study area.
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Figure 2- Detailed Study Area
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Figure 3 - Project Features
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3.2 Elevation-Damage
The lowest elevation in the study area is a new storm sewer inlet adjacent to the Phase 2 levee. This rim
elevation at this point is 894.0’. The invert of the proposed gatewell is 886.13’, or approximately RS 26’.
The remainder of the study area is flat with no large depression or storage areas. The lowest point
where street flooding would occur is at approximately 897’ or RS 37.5’.
By analyzing this information, it was determined that the operation of the new gatewell will vary by the
season. The closure stage during the spring runoff months of March and April will be at RS 26’, which is
approximately when water will back into the gatewell through the 30” RCP gravity outlet. This will
ensure that the gates are properly sealed before ice and other debris associated with a spring event can
affect closure. During the other months of the year when ice is not a concern, the City will rely on the
flap gate to prevent back flow into the storm sewer. Although the system could gravity drain to the Red
River up to approximately RS 34.5’ before any inlets would surcharge, this analysis assumed that the
system is impacted at RS 28’ during the summer months to be conservative. An elevation map of the
area is shown in Figure 4.

3.3 Ponding Areas
As mentioned in the above section, the flat topography in the study area doesn’t include any large
depressions or storage areas except for when the interconnected storm sewer back flows to the
Mickelson Field area, which is in a different subwatershed. Some runoff may be stored in the streets
with no damage to structures. Street and surface ponding volumes are accounted for in the model.

3.4 Rainfall Data
According to EM-1110-2-1413 [3], the rainfall data used to analyze the storm sewer facilities include
both synthetic and historic storms. Synthetic events were used to analyze gravity outfall conditions,
while historic data was used to analyze rainfall events that occurred during blocked gravity conditions.
3.4.1 Synthetic Rainfall
Synthetic rainfall depths were obtained from NOAA Atlas 14 [5]. This document represents the latest
point precipitation frequency estimates for the study area. Table 1 shows the point rainfall totals at the
project location for events ranging from 5-minute to 24-hour durations, and recurrence intervals ranging
from 2-yr to 100-yr.
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Figure 4 - Existing Elevations
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Table 1 - Synthetic Rainfall Depths

NOAA Atlas 14, Volume 8, Version 2 - Point Precipitation (inches)
Duration
5-min
10-min
15-min
30-min
60-min
2-hr
3-hr
6-hr
12-hr
24-hr

2
0.395
0.578
0.705
0.992
1.26
1.53
1.67
1.91
2.16
2.45

Average Recurrence Interval (years)
5
10
25
50
0.501
0.590
0.717
0.817
0.733
0.864
1.05
1.20
0.894
1.05
1.28
1.46
1.27
1.50
1.83
2.08
1.63
1.94
2.40
2.78
1.98
2.39
2.98
3.47
2.18
2.64
3.33
3.91
2.49
3.03
3.86
4.57
2.80
3.39
4.31
5.10
3.14
3.78
4.76
5.59

100
0.919
1.35
1.64
2.34
3.16
3.98
4.53
5.35
5.96
6.50

3.4.2 Historic Rainfall
Historic rainfall data was obtained from the NOAA’s National Climatic Data Center for the rainfall gage at
Hector International Airport, where daily rainfall data has been recorded since 1891. This data was
correlated with stream gaging records from the USGS Gage 05054000, Red River of the North at Fargo,
ND. Stream gage data for this location is available from June 1901 until the present. This produces 111
years of combined streamflow and rainfall records from 1902 through 2012.

3.5 Runoff Hydrographs and Storm Routing
The InfoSWMM model produces runoff hydrographs and includes dynamic wave routing capabilities.
Dynamic wave routing is important to the analysis because it allows tailwater impacts to be properly
analyzed, which may result in flow reversal, surcharging, looped connections, pressure flow, and
interconnected ponds. The software can simultaneously simulate storm sewer networks and city streets
as interconnected conveyance paths. All storm sewer with a diameter of 24” or larger in the study area
were included in the original SWMM models. As referenced earlier, Houston Engineering, Inc. added
additional detail the Drain 3/10 and Mickelson Field areas adjacent to the El Zagal area. Additional
detail was added to the provided model to improve the accuracy of the model in critical areas for this
evaluation.
During the original modeling effort by Houston Engineering, subcatchments were delineated using a
digital elevation model (DEM) produced from LiDAR data along with the geographic layout of the
existing storm sewer system. Several additional delineations were performed for this study to add detail
to critical areas. In the final model, the primary study area has been divided into 4 subcatchments with
an average area of 9.25 acres.
According to the original model documentation, the time of concentration (T c ) for each subcatchment
was developed based on a relationship between the size of a subcatchment and the time of
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concentration from a sample set of sub-basins. The T c for each sample sub-basin was computed using
the common procedures outlined in the NRCS’s Technical Release 55, Urban Hydrology for Small
Watershed [6] (TR-55). A minimum t c of 10 minutes was used for all subcatchments. This methodology
was followed for any model updates in the El Zagal study area.
For synthetic storm distribution, the NRCS has four rainfall distribution patterns, Type I, Type IA, Type II,
and Type III, which are specific to different regions of the continental United States. For the Fargo
Moorhead area, the Type II distribution has typically been deemed appropriate. However, with Atlas 14
data available, a nested rainfall distribution can be developed directly from the point rainfall information
[7]. The advantage of using a nested distribution is that each interval shown in Table 1 is placed
symmetrically around the center of the distribution. This way, each time duration is modeled in a single
model run and the critical duration is included, eliminating the need to model different durations for
each recurrence interval. A nested distribution can be developed for each recurrence interval. For this
study, nested rainfall distributions were developed from the Atlas 14 data for the 2-, 5-, 10-, 25-, 50-,
and 100-yr recurrence intervals, and are shown in Figure 5. A comparison between the SCS Type II
rainfall distribution (24-hour duration) and the nested rainfall distribution for the 100-yr rainfall event is
shown in Figure 6, which shows that the nested distribution is steeper in the middle of the event. This
represents a more intense and more conservative distribution for modeling.

Figure 5 - Atlas 14 Nested Distribution
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Figure 6 - SCS Type II vs Atlas 14 Nested Distribution

For the runoff analysis, the methods found within TR55 [6] were used to produce runoff hydrographs for
each subcatchment. Curve numbers (CN) were calculated during the original model development based
upon varying land use encountered in each subcatchment. The original analysis used a CN of 80 for
pervious areas and 98 for impervious areas. The average CN for the direct contributing area is
approximately 87.8. TR-55 recommends a CN of 87 for residential districts with a ¼ acre average lot size
within Hydrologic Soil Group D, which is what a large majority of the direct contributing area is
comprised of. Therefore, an average CN of 87.8 is reasonable. These calculated CNs are based on
antecedent soil moisture condition II (AMC II, average moisture condition) and were used to calculate
runoff hydrographs for synthetic events and historic events occurring outside of the months of March
and April. For historic events occurring during March and April, the CNs were adjusted to AMC III to
simulate wet moisture conditions, which are typical during a spring flood.

4. Existing Storm Sewer Facilities Analysis
4.1 Gravity Outfall Analysis
As referenced earlier, the existing 30” RCP outlet discharges into the Red River adjacent to Elm Street
and just south of 14th Avenue North. This outlet will be re-routed behind the levee and will pass through
a new gatewell structure.
For the 100-yr Atlas 14 event of 6.5” of rainfall, isolated flooding occurred immediately adjacent to the
low inlet on the protected side of the levee. No structures or additional infrastructure was impacted.
There is no street flooding in the study area due to the interconnected storm sewer and the adequacy of
the existing infrastructure. These elevations were not impacted by the “with project” conditions. Peak
water surface elevations at the lowest rim adjacent to the levee toe are shown in Table 2.
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Table 2 - Gravity Outfall Analysis – Synthetic Rainfall Events

Synthetic Event
2-yr, 24-hr Atlas 14
5-yr, 24-hr Atlas 14
10-yr, 24-hr Atlas 14
25-yr, 24-hr Atlas 14
50-yr, 24-hr Atlas 14
100-yr, 24-hr Atlas 14
1% Frequency Interior Elevation

PEAK WSEL (NAVD 1988)
Phase 2 Levee Toe Inlet
892.18
892.30
892.91
893.88
894.59
895.37
895.37

4.2 Blocked Gravity Coincident 1-Percent Flood Analysis
It is important to analyze and develop the residual floodplain to determine if any additional pumping
capacity is required in the protected area. The approximate blocked gravity 1% coincident flood
elevation is determined by creating a flood elevation – frequency plot based on Weibull plotting
positions of the historic coincident events in the data set as follows:
P = m/(N+1)
P = plotting position
m = ranking of individual events in the data set, 1 being the highest
N = number of events in the dataset
Confirmed records for rainfall and river stage were both available for the period from 1902-2012, or 111
years.
As described earlier, the gravity outfall gates are assumed to be closed at RS 26’ during the months of
March and April. Based on a review of historic stream flow and rainfall data, there have been 68
instances where the Red River of the North has exceeded RS 26’ with rainfall occurring during 31 of the
68. During the rest of the year, this analysis assumes that the system will be impacted at RS 28’. There
have been 28 instances when the Red River has exceeded RS 28’. Outside of the months of March or
April, coincident rainfall has fallen 9 times while the River is above RS 28’.
Available rainfall data was compared with river stage data and the five most intense coincident rainfall
events for each condition were analyzed. Details of the modeled coincident event dates and depths are
shown in Table 3.
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Table 3 - Historic Event Coincident Rainfall

Top 5 Blocked Gravity Events Based on Rainfall Intensity
Gate Closure at RS 26' (March-April)
April 623 - April 24, 1979 (0.41")
March 26 - March 27, 1995 (1.42")
April 22 - April 23, 2001 (0.31")
March 24 - March 25, 2009 (1.09")
April 10, 2011 (0.73")

Gate Closure at RS 28' (May-February)
July 7, 1975 (0.42")
June 13, 2007 (1.86")
June 21 - June 22, 2009 (0.39")
May 4, 2011 (0.05")
Five rainfall events = trace amount

The blocked gravity analyses for the events above were modeled. Again, no additional pumping capacity
is proposed to be added
Table 4 shows the results of the 9 historic storm events and the corresponding 1% coincident flood
elevation at the lowest rim (894.0 ft), with the Weibull plots shown in Figure 7. At this location, it was
determined that the 1% coincident flood elevation is 894.8’. Isolated flooding occurred immediately
adjacent to the low inlet on the protected side of the levee. No structures or additional infrastructure
was impacted. The city of Fargo could choose to initiate temporary pumping at the new gatewell
location to add additional factor of safety.

Table 4 - Blocked Gravity Historic Event Model Results

Historic Event
RS 26' April 23 - April 24, 1979
RS 26' March 26 - March 27, 1995
RS 26' April 22 - April 23, 2001
RS 26' March 24 - March 25, 2009
RS 26' April 10, 2011
RS 28' July 7, 1975
RS 28' June 13, 2007
RS 28' June 21 - June 22, 2009
RS 28' May 4, 2011
1% Frequency Interior Elevation

PEAK WSEL (NAVD 1988)
Manhole with Lowest Rim Elevation
894.23
894.52
894.23
894.64
894.83
891.71
891.84
891.67
890.65
894.80

The Residual Flood Hazard Area based on the interior flood control analysis has been developed using
the higher results of the 100-yr rainfall under gravity outfall conditions and historic coincident rainfall
under blocked outfall conditions. A map showing the Residual Flood Hazard Area is shown in Figure 8.
The structure nearest the Residual Flood Hazard Area is to be removed as part of the Phase 2
construction.
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El Zagal Area - 1% Chance Flood Elevation - Blocked Gravity
RS 26 (March-April) / RS 28 (May - February)
500 yr

100 yr

50 yr

25 yr

15 yr

10 yr
7 yr

5 yr
4 yr

3 yr

2 yr

1.5 yr

1.2 yr

1.1 yr

895.00

894.50

1 % Blocked Gravity Elevation = 894.8

894.00

Elevation (NAVD 1988)

893.50

893.00

892.50

892.00

891.50

891.00

890.50

890.00
99.99

99.999.8 99.5 99 98

95

90

80

70 60 50 40 30

20

10

5

Percentage Exceedance Probability, %

Figure 7 - 1% Blocked Gravity Elevation at the Project Location
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Figure 8 - 1% Residual Floodplain
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4.3 Existing Storm Sewer Conclusions
As shown in the sections above, the existing 30” RCP outlet for the Phase 2 study area is adequate. No
surcharge from the storm sewer system occurs during the 100-yr gravity analysis except for immediately
adjacent to the lowest inlet in the study area, as shown in Figure 8. If major upgrades are made by the
City to the upstream stormwater infrastructure, this analysis should be completed again to verify that
damage isn’t caused by the storm sewer outlet capacity beneath the levee and improvements should be
made accordingly.
No upgrades to the existing storm water facilities due to the levee projects are required at this time. As
referenced, new storm sewer will be constructed near the levee toe and a new gatewell will be
constructed. The city of Fargo should ensure that the storm sewer system interconnection between the
El Zagal area and the Mickelson Field area near the intersection of 12th Ave N and Oak St N shall remain
in place. If the systems are isolated, the analysis for the El Zagal area must be updated since the storage
and pumping availability in the Mickelson Field area will be lost.
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