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Fairmont Flood Risk Management Study 

1. Introduction 
 

This report is authorized under Section 22 of the Water Resources Development Act 
(WRDA) of 1974, as amended.  Efforts under this authorization are conducted through 
the Planning Assistance to States (PAS) program. The objective of the PAS program is 
to support states and local communities in their planning for the development, 
utilization, and conservation of water related resources. 
 
This effort originated from a request for assistance on floodplain-related issues from the 
Town of Fairmont, NC to the U.S. Army Corps of Engineers (USACE) – Wilmington 
District in June of 2022. After follow-on coordination and field investigations, Section 22 
of the Water Resources Development Act of 1974, as amended, was identified as an 
appropriate avenue to obtain USACE assistance.  A scope of work was developed by 
the Wilmington District in coordination with the Town. The scope of work and resulting 
study are intended to provide technical analysis and insight which may inform future 
flood risk management strategies pursued by the Town of Fairmont. Under the PAS 
program, the scope of this report is restricted to a conceptual level of design; 
consequently, it does not include detailed design for project construction. The report 
does not include a qualitative or quantitative assessment of environmental conditions 
and impacts related to implementing any of the recommendations within this report. 
Furthermore, this report does not make any decisions or supersede any environmental-
related requirements that may be necessary under any of the recommendations 
contained within this document. The Town of Fairmont, NC shall comply with all 
applicable environmental laws and regulations prior to implementation of any 
recommendations in this report. 
 
This hydrology and hydraulics (H&H) report serves as documentation of the engineering 
evaluation process for the USACE Fairmont, NC Flood Risk Management Study. There 
has been historical documentation of overland flooding within the Town limits along Old 
Field Swamp and Pittman Mill Branch and damage to multiple bridges restricting 
transportation routes. The Town of Fairmont received nearly 1,500 individual assistance 
flood damage claims following Hurricane Matthew in 2016. Problems from flooding 
include impacts to sanitary systems and ponded water that is slow to drain from 
developed areas. The purpose of this H&H analysis was to inventory existing flood risk 
management infrastructure such as culverts and engineered channels, document 
existing physical conditions related to vegetative cover, material integrity, debris, and 
sedimentation and investigate potential stormwater drainage improvements within the 
Town. The USACE, Wilmington District conducted this analysis for the Town under the 
PAS program.   
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2. Basin Description 
The Town of Fairmont is located within a subbasin of the larger Lumber River basin. The 
Town is in Robeson County about 40 miles southwest of Fayetteville, NC.  The “Town of 
Fairmont-Old Field Swamp” United States Geological Survey (USGS) Hydrologic Unit 
Code 12 (HUC12) 030402031203 encompasses the entirety of rainfall-runoff that is 
formed within the Town of Fairmont. The Town of Fairmont-Old Field Swamp HUC12 is 
about 23 square miles and drains north to south. The HUC12 basin has an average 
width of 3 miles and average length of 8 miles. A map of the Town of Fairmont-Old Field 
Swamp HUC12 basin is shown in Figure 1. The city limits of Fairmont, NC cover 
approximately 3 square miles in area and is located near the outlet of the Town of 
Fairmont-Old Field Swamp HUC12. The headwaters of Old Field Swamp begin just 
north of Interstate 95 and flow for about 7 miles until it intersects with Pittman Mill 
Branch. Turkey Branch and multiple unnamed tributaries converge with Old Field 
Swamp upstream of the Town. Old Field Swamp flows to Hog Swamp, which drains to 
the Lumber River. Pittman Mill Branch accepts stormwater drainage to the west of town 
and flows east through the Town and then converges with Old Field Swamp and 
continues for about 1.5 miles until the outlet of the Town of Fairmont-Old Field Swamp 
HUC12 is reached.  

2.1 Climatology 
The climate of Fairmont is classified by the National Weather Service as humid-
subtropical climate zone. The NOAA climate station Lumberton Regional Airport is 
located about 11 miles north of Fairmont. Figure 2 provides a monthly climate summary 
of temperature and precipitation based on a period of record from 1991 to 2020. The 
region has relatively mild winters with a mean temperature of 43.8 °F. The summers are 
hot and humid with a mean temperature of 81 °F. 

The mean annual precipitation is 50.83 inches. The historic flood producing storms are 
related to localized severe summer thunderstorms and with tropical systems in the 
summer and fall months. The historic highest 24-hour rainfall total was 15.01 inches 
during Hurricane Florence on September 16, 2018.  
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Figure 1: Town of Fairmont-Old Field Swamp HUC12 Basin 
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Figure 2: Monthly Climate Summary 

Source: https://www.weather.gov/wrh/Climate?wfo=ilm 

 

2.2 Topography 
The Town of Fairmont-Old Field Swamp HUC12 basin lies within the Coastal plain 
physiographic province. The topography in this region varies from rolling sandhills at its 
western boundary to almost level land as it approaches the Atlantic Ocean, its larger 
portion being gently rolling in character. The stream valleys are relatively wide, with 
large areas subject to overflow. Elevations within the watershed range from 85 ft at the 
confluence with Hog Swamp to 170 ft along the upper boundary of the watershed. 
Figure 3 shows a map of LiDAR elevation data of the watershed. 

https://www.weather.gov/wrh/Climate?wfo=ilm
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Figure 3: QL2 LiDAR Town of Fairmont-Old Field Swamp HUC12 Basin 
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2.3 Geology 
The geology surrounding the Town of Fairmont can be characterized by the presence of 
clay with varying amounts of fine-grained and cross-bended sand, shelly medium-to-
coarse-grained sand, sandy marl, and limestone. Soil codes and spatial coverage from 
the comprehensive 1985 Geologic Map of North Carolina in the vicinity of Fairmont is 
shown in Figure 4. The Kb soil type is Kalmia loamy sands and Typ is Transylvania silty 
loam. There is a mix of hydraulic soil types in the study area. Soils along Pittman Mill 
are predominately Group A (low runoff potential) while soils along Old Field Swamp are 
both Group A and Group C (moderately high runoff potential). A map of the hydrologic 
soils group within the watershed is provided in Figure 5 and was used to define the 
subbasin Curve Numbers (CN) in the rainfall runoff model HEC-HMS. 

 

 
Figure 4: 1985 Geologic Map of North Carolina – Fairmont, NC  
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Figure 5: Hydrologic Soil Groups 

2.4 Land Cover 
The most current (2021) National Land Cover Database (NLCD) for the Town of 
Fairmont-Old Field Swamp HUC12 is shown in Figure 6. Review of the dataset revealed 
a mixture of agricultural land (row crops), forested areas, woody wetlands, residential 
areas, business districts, open spaces and grasslands, and transportation infrastructure. 
Impervious surfaces within the city limits make up roughly 15-percent of the total area. 
Percentages of select land cover type over the Town of Fairmont-Old Field Swamp 
HUC12 are listed in Table 1. 
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Figure 6: 2021 NLCD for Town of Fairmont-Old Field Swamp HUC12 
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Table 1: NLCD 2021 Land Cover Type 

Land Cover Type Percent of Total Basin 
Area 

Open Water 0.3 
Developed, Open Space 7.4 

Developed, Low Intensity 4.9 
Developed, Medium Intensity 1.7 

Developed, High Intensity 0.5 
Barren Land 0.0 

Deciduous Forest 0.4 
Evergreen Forest 10.4 

Mixed Forest 0.2 
Shrub/Scrub 1.9 

Grassland/Herbaceous 0.5 
Pasture/Hay 0.3 

Cultivated Crops 46.3 
Woody Wetlands 23.5 

Emergent Herbaceous Wetlands 1.8 
 

2.5 Streamflow and Channel Characteristics 
There are no active streamflow gages and no available streamflow records within the 
Town of Fairmont-Old Field Swamp watershed. Stream flows used for evaluating the 
drainage system were calculated using hydrologic modeling and synthetic storms from 
statistical precipitation data. 

An estimate of monthly flows was calculated by using the ratio of watershed areas from 
a nearby USGS streamflow station with similar watershed characteristics. The USGS 
station Big Shoe Hill Creek near Laurinburg, NC (02132320) is about 25 miles 
northwest of Fairmont with a period of record of 1987 to 2025. The Big Shoe Hill Creek 
station has a watershed area of 83.3 sq mi and Town of Fairmont-Old Field Swamp has 
an area 23 sq mi for a ratio area of 0.276. Estimated monthly mean, minimum and 
maximum flow for Old Field Swamp at the confluence with Hog Swamp based on the 
ratio of watershed areas is provided in Table 2. 

Table 2: Estimates of Old Field Swamp Monthly Flow 

             
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean 35.3 36.4 34.8 28.2 18.8 17.4 16.6 17.4 24.0 22.1 24.0 29.5 
Minimum 17.9 16.2 15.2 15.1 8.8 4.6 1.9 2.9 4.0 8.6 8.2 9.6 
Maximum 84.1 97.5 90.2 63.1 48.0 47.7 55.4 58.8 157.2 62.5 80.6 106.0 
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In 1968, a channel clearing and snagging, and channel enlargement project was carried 
out along Old Field Swamp, in and downstream of Fairmont, and Pittman Mill Branch. In 
1981, USACE Charleston District reported project deterioration of Old Field Swamp to 
pre-project conditions. Pittman Mill, however, was noted to be in excellent condition due 
to proper maintenance. 

2.6 FEMA Flood Insurance Studies 
The effective FEMA Flood Insurance Rate Maps (FIRM) and Flood Insurance Study 
(FIS) for Robeson County were published January 19, 2005, Study Number 
37155CV000C. The FIRMs and FIS includes Old Field Swamp and Pittman Mill Branch. 
The FIRMS include the Zone AE (detailed analysis) 1% AEP (100-Year) base flood 
elevations for Pittman Mill Branch and portions of Old Field Swamp in a limited detailed 
study with an approximate base flood elevation only. 

Flood hazard information for Robeson County is readily available online via North 
Carolina’s Flood Risk Information System (FRIS), the link is provided below. Information 
available from FRIS includes flood hazard mapping, risk assessments, geospatial data 
along with computer models used in developing the FIRMs. 

NC Flood Risk Information System: https://fris.nc.gov/ 

 

3. Field Survey 
As a sub-consultant to GeoDynamics, Joyner Keeny performed the field survey of the 
Town of Fairmont and surrounding areas from July 22, 2024 through August 30, 2024 as 
part of an effort to capture data for select stormwater drainage structures, bridges, ditch 
and channel dimensions, and document typical conditions. The surveyed data included 
drainage structure location, material type, and dimensions. Tropical Storm Debby, 
occurring the week of August 5, 2024, caused a delay in the acquisition of survey data.  

The products of this survey effort were processed in GIS format. An electronic copy of 
the survey data was made available to the Town of Fairmont in March of 2025. Figure 7 
shows the locations of select drainage structures that were part of the physical survey. 
Figure 8 shows the locations of segments where ground surface elevations were 
surveyed. These cross sections were analyzed for consistency in cross sectional 
channel geometry and longitudinal channel bottom slopes along the ditch and canal 
alignments. 

  

https://fris.nc.gov/
https://fris.nc.gov/
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Figure 7: USACE Surveyed Stormwater Structure Locations 
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Figure 8: USACE Surveyed Cross Section Locations 
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4. Hydrologic Analysis 
A hydrologic computer model of the Old Field Swamp watershed was developed using 
the USACE Hydrologic Engineering Center, Hydrologic Modeling System (HEC-HMS) 
software, version 4.12 Beta 4. The HEC-HMS model was developed to simulate 
precipitation over a watershed, calculate losses such as infiltration and determine the 
resulting runoff from the watershed. The watershed runoff results from the HEC-HMS 
model were used as inflow for the HEC-RAS model that was used to evaluate the 
drainage capacity and flood levels along Pittman Mill Branch and Old Field Swamp. 

4.1 Topographic Data 
State of North Carolina Quality Level 2 (QL2) LiDAR was used to generate a raster 
digital elevation model (DEM) of the study watershed. Raster resolution was 
downscaled to a 3-ft by 3-ft cell spacing to work with the Town of Fairmont-Old Field 
Swamp watershed. The LiDAR elevation dataset was available from the North Carolina 
Spatial Data Download website. https://sdd.nc.gov/ 

The modeling and associated spatial files were developed in the North American Datum 
(NAD 1983), State Plane North Carolina FIPS 3200 (US Feet). Projection was Lambert 
Conformal Conic. All elevations in this report are referenced to the North American 
Vertical Datum of 1988 (NAVD88) unless otherwise noted. 

4.2 Precipitation Data 
The HEC-HMS model of Old Field Swamp was used to develop runoff hydrographs of 
synthetic storms based on statistical precipitation data. The precipitation data was 
based on the NOAA Atlas 14 Point Precipitation Frequency Estimates, the website link 
is below. Synthetic rainfall events were developed to assess the watershed’s response 
for the 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and 0.2% annual exceedance probabilities 
(AEPs), also known as the 2-, 5-, 10-, 25-, 50-, 100-, 200- and 500-year storm events, 
respectively. The selected storm duration was 24 hours. 

Areal Reduction factors applied to the NOAA ATLAS 14-point precipitation values were 
based on a 2021 Nuclear Regulatory Commission report for application of point 
precipitation-frequency estimate to watersheds. This reference was recommended by 
USACE Risk Management Center for basins within the southeast United States if the 
study area lacks specific areal reduction factor studies. The HEC-HMS meteorology 
precipitation method used the Frequency Storm with a 24-hour duration and 5-minute 
intensity. The 24-hour storm rainfall depths are provided in Table 3. 

NOAA Atlas 14 Precipitation: https://hdsc.nws.noaa.gov/pfds/ 

 

 

https://sdd.nc.gov/
https://hdsc.nws.noaa.gov/pfds/
https://hdsc.nws.noaa.gov/pfds/
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Table 3: NOAA Atlas 14 24-Hour Precipitation 

Annual Exceedance Probability 50% 20% 10% 4% 2% 1% 0.5% 0.2% 

Return Period (yrs) 2 5 10 25 50 100 200 500 
Precipitation (in) 3.39 4.63 5.56 6.85 7.90 9.03 10.3 12.3 

 

4.3 HEC-HMS Model Development 
Due to the flat terrain within the watershed, GIS tools within HEC-HMS were not used to 
process the DEM and build the hydrologic model. Instead, the HEC-HMS was created manually 
using ArcGIS Pro-based polygons for subbasin and reach elements and were imported into the 
HEC-HMS model to visually represent the watershed area, using the confluence of Old Field 
Swamp with Hog Swamp as the watershed outlet. Subbasin and reach characteristics were also 
calculated manually. A total of 40 subbasins were delineated within the 22.83 square mile 
watershed area and were used to determine flow rates upstream of culverts and bridges and at 
tributaries entering Pittman Mill Branch and Old Field Swamp. Figure 9 includes a map of the 
watershed and subbasin delineation and Table 4 includes a summary of properties of the 40 
subbasins. 

 
Figure 9: Town of Fairmont - Old Field Swamp Watershed Delineation 
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Table 4: Subbasin Properties 

Subbasin Area (sq mi) Curve Number 
PMB-S09 1.08772 66.116 
PMB-S08 0.181631 55.71 
PMB-S07 0.073616 53.557 
PMB-S06 1.006598 61.367 
PMB-S05 0.071783 49.024 
PMB-S04 0.181968 53.763 
PMB-S03 0.115257 57.161 
PMB-S02 0.601522 56.562 
PMB-S01 0.119105 55.725 

PMBT-S03 0.522761 62.342 
PMBT-S02 0.086562 55.177 
PMBT-S01 0.166015 57.419 
OFS-S17 1.518498 70.741 
OFS-S16 0.457342 72.808 
OFS-S15 0.660671 71.243 
OFS-S14 0.942448 69.306 
OFS-S13 0.825836 68.001 
OFS-S12 0.932583 65.675 
OFS-S11 0.670468 68.107 
OFS-S10 0.38598 54.129 
OFS-S09 0.649356 62.636 
OFS-S08 0.999044 56.587 
OFS-S07 1.055355 60.722 
OFS-S06 0.060903 56.845 
OFS-S05 0.96896 53.051 
OFS-S04 0.215015 61.894 
OFS-S03 0.384111 57.77 
OFS-S02 0.84004 59.433 
OFS-S01 0.469175 62.155 

OFST1-S04 0.914783 69.072 
OFST1-S03 0.820645 67.931 
OFST1-S02 0.738309 62.631 
OFST1-S01 0.092189 58.182 
OFST2-S03 1.078165 70.14 
OFST2-S02 0.686136 67.926 
OFST2-S01 0.471167 55.277 
OFST3-S01 0.774788 67.05 

TB-S03 0.173983 56.372 
TB-S02 0.541156 59.761 
TB-S01 0.289019 55.245 
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4.4 Watershed Modeling Parameters 
For the HEC-HMS model the Soil Conservation Service (SCS) Curve Number 
methodology contained within Natural Resources Conservation Service (NRCS) 
Technical Report (TR)-55 was used to estimate for losses from a precipitation event 
occurring over the watershed (USDA, 1986). The SCS Loss Method based on the 
Curve Number parameter was selected because of its widespread use in rural and 
agricultural watersheds similar to the Old Field Swamp watershed. A Curve Number grid 
over the watershed was calculated using 2021 NLCD dataset and the NRCS hydrologic 
soil group. The percent of imperious area for each subbasin is accounted for in the 
Curve Number and Initial Abstraction losses were set to zero. Because of the short 
duration of the 24-hour storm and the lack of calibration data, baseflow was not included 
as a subbasin parameter. A map of the curve number classification within the watershed 
is included in Figure 10. 

After the precipitation losses have been accounted for, the excess precipitation is 
transformed into surface runoff calculated at the downstream outlet for each subbasin. 
The HEC-HMS model used Clark Unit Hydrograph transformation method. The time of 
concentration (Tc) calculation was based on the Papadakis and Kazan method for small 
rural watersheds, see Figure 11 (Papadakis and Kazan, 1987). The Tc was calculated 
using the subbasin geometric parameters calculated in HEC-HMS and is summarized in 
Table 5. The storage coefficient (R) for each subbasin was calculated using the equation 
presented in the HEC-HMS user’s manual and is also summarized in Table 5. 
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Figure 10: Town of Fairmont – Old Field Swamp Basin Curve Numbers 

 

 
Figure 11: Time of Concentration in Small Rural Watersheds 
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Table 5: Parameter Transformation 

Subbasin Time Concentration (hr) 
    

Storage Coefficient (hr) 
PMB-S09 4.9389 11.03687 
PMB-S08 2.1296 4.7589 
PMB-S07 1.4197 3.1726 
PMB-S06 4.32848 9.6728 
PMB-S05 1.23526 2.7604 
PMB-S04 1.5045 3.3622 
PMB-S03 1.5587 3.4832 
PMB-S02 4.0876 9.1346 
PMB-S01 1.66478 3.7203 

PMBT-S03 2.4378 5.4478 
PMBT-S02 1.31924 2.9481 
PMBT-S01 2.0206 4.5155 
OFS-S17 6.0314 13.478 
OFS-S16 3.08464 6.8932 
OFS-S15 4.38906 9.8082 
OFS-S14 3.83474 8.56947 
OFS-S13 3.2285 7.2147 
OFS-S12 3.53288 7.8949 
OFS-S11 3.6292 8.1101 
OFS-S10 3.03732 6.7875 
OFS-S09 3.1857 7.119 
OFS-S08 3.9972 8.9324 
OFS-S07 4.1006 9.1637 
OFS-S06 1.2546 2.8037 
OFS-S05 2.7692 6.1883 
OFS-S04 2.56542 5.7329 
OFS-S03 1.9972 4.4632 
OFS-S02 3.1641 7.0708 
OFS-S01 2.91148 6.5063 

OFST1-S04 4.2952 9.5985 
OFST1-S03 3.1679 7.0793 
OFST1-S02 3.5796 7.9993 
OFST1-S01 1.4901 3.33 
OFST2-S03 7.08188 15.826 
OFST2-S02 3.4386 7.6842 
OFST2-S01 3.416 7.6336 
OFST3-S01 3.9591 8.8474 

TB-S03 2.31218 5.167 
TB-S02 2.08546 4.6604 
TB-S01 2.397 5.3566 
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Junctions within the HEC-HMS model are typically locations of subbasin or tributary 
inflow. The routing reaches between the junctions account for the flood wave timing and 
attenuation flowing downstream. Routing reach flow in the HEC-HMS model used both 
the Modified Puls and the normal depth methods. The Modified Puls method was used 
where reach storage-discharge information from existing HEC-RAS detailed study 
FEMA models was readily available. For model reaches without existing HEC-RAS 
model, the normal depth method was used assuming a trapezoidal channel and channel 
slope estimated from the DEM.  

4.5 Meteorological Model 
The HMS model used a Hypothetical Storm design. Temporal Storm patterns for all 
frequencies were based on the NOAA ATLAS 14 24-hour duration, 2nd Quartile, 50-
percentile curve. This curve was considered an average representation of storm 
patterns in the absence of calibration data within the study areas. A constant Areal 
reduction factor of 0.97 was applied to all storm frequency point depth values prior to 
insertion into the model. All hypothetical storm simulations used a 15-minute 
computational time interval over a 5-day period. 

4.6 HEC-HMS Model Calibration 
Calibration of hydrologic models such as HEC-HMS typically involve entering 
precipitation data from multiple observed storm events and then adjusting the model 
parameters until the resulting model runoff flow rate and timing match the observed flow 
at a USGS streamflow gage. The Town of Fairmont – Old Field Swamp study watershed 
does not contain streamflow gages that could be used for model calibration. 

Instead, a USGS gage located close to the Fairmont study area with similar 
characteristics was used: Big Shoe Heel Creek NR Laurinburg, NC – 02132320. The 
gage captures a drainage area of 83.3 square miles and has a period of record from 
1987 to 2025.  

An HEC-HMS model was created for the Big Shoe Heel Creek gage watershed and 
calibrated to 2016 Hurricane Matthew and 2018 Hurricane Florence. The same 
subbasin parameter methods used in the Fairmont HMS model were used. Upon 
completion of calibrating to these individual events, an averaged calibration factor was 
developed for the Curve Number, Time of Concentration, and Storage Coefficient 
subbasin parameters. The Town of Fairmont-Old Field Swamp HMS model used an 
averaged calibration factor across both events to adjust the calculated watershed 
parameters. 

The USGS publishes regional regression equations for streams in North Carolina 
including the rural coastal plain region that includes the Town of Fairmont-Old Field 
Swamp watershed. The link to the USGS website with information on the regression 
analysis is provided below. The regression equations are used to calculate the peak 
flow for the 50%, 20%, 10%, 4%, 2%, 1%, 0.5% and 0.2% AEP in units of cubic feet per 
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second (cfs). A comparison of the HEC-HMS model results and the USGS regression 
equation results for the 22.83 square mile Town of Fairmont-Old Field Swamp 
watershed are provided in Table 6 below. The larger percent difference in the higher 
frequency storm events (50% AEP) is likely attributed to storage capacity of the swamps 
not being fully accounted for in the multiple watersheds used in the regression analysis. 

USGS Regression Equations: https://streamstats.usgs.gov/nss/ 

 

Table 6: Comparison of HEC-HMS Model Results and USGS Regression Equations 
Annual Exceedance Probability 50% 20% 10% 4% 2% 1% 0.5% 0.2% 

HMS Model (cfs) 309 719 1125 1794 2390 3085 3888 5055 
USGS Regression Equation (cfs) 498 949 1340 1881 2391 2898 3438 4178 

Percent Difference 46.84 27.58 17.44 4.73 0.04 6.25 12.29 19.00 
 

5. Hydraulic Analysis  
 

The hydraulic analysis of Old Field Swamp watershed was performed using the USACE 
Hydrologic Engineering Center River Analysis System (HEC-RAS) software, version 
6.6. The HEC-RAS model was used to route flood flow along stream channels using the 
watershed runoff developed from the HEC-HMS model. The HEC-RAS model was used 
to calculate the peak flood elevations and to evaluate the flow capacity of the stream 
channel and at bridges and culverts. 

5.1 HEC-RAS MODEL DEVELOPMENT 
Two hydraulic models were developed for the study area, one consisting of just Pittman 
Mill Branch and the other consisting of Old Field Swamp, Turkey Branch, and two 
tributaries. Both models were built upon their respective existing FEMA model. FEMA 
used the HEC-RAS models to prepare the Flood Insurance Rate Maps of Robeson 
County. FEMA Old Field Swamp model was a Limited Detail Study and FEMA Pittman 
Mill Branch was a Detailed Study.  A FEMA detailed study requires field surveys of the 
stream channel and of the bridge and culvert geometries and includes results for the 
10%, 2%, 1% and 0.2% AEP floods. A limited detailed study does not require the field 
surveys and is limited to only the 1% AEP flood. 

5.2 HEC-RAS Model Updates 
The entire Pittman Mill Branch reach was included in the USACE survey. In addition, a 
tributary canal to Pittman Mill Branch (“PMBT”) was also surveyed between the 
confluence with Pittman Mill Branch and Iona Street. Only the lower portion of Old Field 
Swamp was included in the USACE survey.  
 

https://streamstats.usgs.gov/nss/
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All natural cross sections captured in the USACE survey have been incorporated into 
the two HEC-RAS models. USACE spot elevation surveys either replaced existing 
FEMA cross section data or new cross sections were created. Overbank terrain for all 
cross sections was obtained using the terrain developed using QL2 LiDAR. 
Occasionally, the bottom of channel elevation in the FEMA model was not consistent 
with the bottom of channel elevation in the USACE survey, therefore certain FEMA 
cross sections were edited to match the USACE survey data. 

Manning’s n values and ineffective flow areas used for replaced and new cross sections 
were based on the FEMA model values. In areas where debris buildup was noted, the 
Manning’s n value was altered to represent current conditions. 

Existing bridges and culverts were modified to match the survey data obtained by 
USACE. Inlet and outlet elevation, culvert diameter, bridge pier dimensions and 
deck/roadway elevation data were either verified or changed. Bridges and culverts 
which did not exist in the FEMA models were added to the existing conditions models 
according to USACE survey.  

Steady flow data was input into the models based on calibrated flows derived from the 
HMS model and downstream boundary conditions were set. HEC-RAS inflows are 
shown in Table 7 and Table 8. The Old Field Swamp model used a normal depth slope 
downstream boundary condition of 0.002 ft/ft. The Pittman Mill Branch model’s 
downstream boundary condition was based upon the water surface elevation at the 
confluence of Pittman Mill and Old Field Swamp.  
 

Table 7: Pittman Mill Branch HEC-RAS Model Inflows 

River Station 0.2% 
AEP 

0.5% 
AEP 

1% 
AEP 

2% 
AEP 

4% 
AEP 

10% 
AEP 

20% 
AEP 

50% 
AEP 

  (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 
Pittman Mill Branch 8183.217 293.5 233.1 190.3 153.2 120.3 82.0 57.0 27.9 
Pittman Mill Branch 6741.497 539.3 425.7 345.7 276.4 215.5 144.9 99.3 46.7 
Pittman Mill Branch 5879 778.8 613.7 497.7 397.3 308.8 206.6 140.7 65.3 
Pittman Mill Branch 3571 811.0 647.5 524.2 418.8 325.7 217.1 147.3 67.7 
Pittman Mill Branch 2131 839.8 671.8 543.7 434.8 337.9 225.0 152.5 69.8 
Pittman Mill Branch 14.048 964.0 768.0 620.2 494.3 382.8 253.6 170.8 77.1 

PMBT             2230 163.1 129.0 104.9 84.0 65.5 44.0 30.1 14.1 
PMBT           1633 190.9 150.5 122.0 97.3 75.5 50.4 34.1 15.7 
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Table 8: Old Field Swamp HEC-RAS Model Inflows 

River Station 
0.2% 
AEP 

0.5% 
AEP 

1%  
AEP 

2%  
AEP 

4%  
AEP 

10% 
AEP 

20% 
AEP 

50% 
AEP 

  (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) 

Old Field Swamp  50963 464.6 375.4 312.3 255.8 205.8 146.2 104.3 56.6 

Old Field Swamp  49119 638.3 515.6 428.7 350.9 282.3 199.4 142.9 76.8 

Old Field Swamp  45810 890.1 717.5 595.2 486 389.8 272.5 194.6 101.7 

Old Field Swamp  41749 1112.9 894.5 739.6 602.2 479.6 331.1 235.1 120.3 

Old Field Swamp  35926 1338.2 1070.7 880.5 713.3 563.4 384.5 268 132.7 

Old Field Swamp  34948 1512.1 1208.8 992.2 802.9 632.2 430.2 298.2 145.9 

Old Field Swamp  30153 2237.6 1777.7 1451 1165.8 909.5 612.6 417.1 194.1 

Old Field Swamp  26254 2387.4 1892.4 1541.1 1234.8 960.1 642.5 434.4 200.7 

Old Field Swamp  21480 2571.3 2029.6 1646.5 1313.4 1015.7 672.8 450.8 205.5 

Old Field Swamp  17647 3442.6 2709.4 2191.5 1740.5 1340.8 878.8 585.5 261.9 

Old Field Swamp  16338 3657.8 2867.5 2311.1 1827.7 1400.7 910.8 602.4 266.2 

Old Field Swamp  12294 3821.1 2984.1 2396.7 1888.2 1440.3 930.1 610.7 266.4 

Old Field Swamp  11022 3864 3016.4 2420.5 1905.4 1452.3 936.3 613.5 267.4 

Old Field Swamp  9317 3929.5 3062.6 2455 1929.7 1467.9 944.1 617.2 268.2 

Old Field Swamp  8659 4827.5 3726.8 2967.7 2312.3 1743.8 1105.1 714 302.8 

Old Field Swamp  4637 4980.8 3836.3 3050.2 2366.5 1780.4 1123.7 721.9 307.4 

Tributary        8193 240.6 193.7 160.3 130.9 104.6 73.5 52.6 27.7 

Tributary        2141 667.9 531.7 436.6 353.7 278 190.8 134.8 68.6 

Tributary 2     11675 208.6 168.2 139.4 114.1 91.4 64.5 46.5 24.8 

Tributary 2     7407 386.7 310.1 256.4 209 165 115.8 83 43.6 

Turkey Branch    6950 48.6 37.6 30 23.5 17.8 11.3 7.3 2.9 

Turkey Branch    3240 216.8 169.6 136.4 107.9 82.8 54.1 35.8 15.6 
 

5.3 HEC-RAS Model Validation and Sensitivity 
 
There were no stream gages or water level observations available for calibration of the 
HEC-RAS model. Sensitivity analyses were performed to understand the accuracy and 
uncertainty of the HEC-RAS models. Two physical parameters, Manning’s n and 
downstream boundary conditions were tested. It was determined that changing these 
physical parameters of the model had minimal effects on the model results, meaning the 
models were stable. Tables 9, 10, and 11 display how the parameters that were altered 
in the sensitivity analyses. Because the most downstream end of the Pittman Mill 
Branch model was near a location of concern, the boundary condition was changed 
from known water surface elevation to a normal depth of 0.002 when the downstream 
end of Pittman Mill was analyzed. 
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Table 9: Pittman Mill & Old Field Swamp – Manning’s N Sensitivity Analysis 

Ex Cond N Value Low N Value High N Value 
0.05 0.045 0.06 

0.055 0.05 0.065 

0.06 0.055 0.07 

0.065 0.06 0.075 
0.10 0.095 0.11 

0.11 0.0105 0.12 
0.125 0.12 0.135 

 
 

Table 10: Pittman Mill – Downstream Boundary Condition Sensitivity Analysis 

Flow (cfs) Ex Cond Known WS    
Elv (ft) 

Sens Analysis Known WS 
Elv (ft) 

964 95.32 93.32 
768 94.52 92.52 

620.2 93.98 91.98 
494.3 93.36 91.36 
382.8 92.82 90.82 
253.6 92.20 90.20 
170.8 91.57 89.57 
77.1 90.52 88.52 

 
 

Table 11: Old Field Swamp – Downstream Boundary Condition Sensitivity Analysis 

Ex Cond Normal Depth Sens Analysis Normal Depth 
0.002 0.005 
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6. Flood Risk Management Recommendations 
As discussed in Section 1 of this report, the scope of this report is restricted to a 
conceptual level of design; consequently, it does not include detailed design for project 
construction. Additionally, the report does not include a qualitative or quantitative 
assessment of environmental conditions and impacts related to implementing any of the 
recommendations within this report. Furthermore, this report does not make any 
decisions or supersede any environmental-related requirements that may be necessary 
under any of the recommendations contained within this document. The Town of 
Fairmont, NC shall comply with all applicable environmental laws and regulations prior 
to implementation of any recommendations in this report. 

The HEC-RAS model was utilized to pinpoint specific causes of flooding and determine 
what type of solutions may be implemented. The Pittman Mill Branch model, and the 
Old Field Swamp model were analyzed separately, starting at the most downstream end 
of the stream. The recommendations documented below were implemented in various 
versions of a proposed conditions model for both Pittman Mill Branch and Old Field 
Swamp and compared to the Existing Conditions model. 

6.1 Maintenance  

6.1.1 Debris Removal 
A few bridges and culverts are badly blocked with debris such as fallen tree branches 
and overgrown vegetation, restricting the channel’s flow and making the flooding issues 
in the Town of Fairmont and surrounding areas worse. Clogged culverts can have a 
bottleneck effect on a channel and cause flooding upstream of the concerned area 
worse.  Blocked or clogged bridges and culverts are listed below with images 
succeeding. Clearing the debris will allow the channel to freely flow through the culverts 
and beneath the bridge, maximizing the area for water flow. The following locations are 
recommended for debris removal. Figures 12-17 document the current conditions. It is 
recommended that the culverts and bridges are continuously monitored and properly 
maintained throughout the year.  

• Pittman Mill Branch Tributary - Double Barrel CMP Culvert at Church St 
• Pittman Mill Branch - Pedestrian Bridge located East of Park Avenue 
• Old Field Swamp – NC 41 
• Old Field Swamp – NC130 
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Figure 12: Pittman Mill Branch Tributary – Church St. Culverts Upstream 

  

Figure 13: Pittman Mill Branch Tributary – Church St. Culverts Downstream 
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Figure 14: Pittman Mill Branch - East of Park Ave Pedestrian Bridge 

The HEC-RAS model indicated that clearing the debris blocking the culvert on Church 
Street would reduce the flood levels of the 25-year event by about 3 feet along Pittman 
Mill Branch Tributary between Church and Iona Street. Figure 15 below shows the water 
surface profile before and after debris clearing in this area.  
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Figure 15: Church St. Debris Clearing Water Surface Profile 

 

Another location where debris removal should be prioritized is at NC Highway 130. 
Surveys revealed a potential guard rail laying across the channel, shown in Figure 16. 
This large structure has potential to create a significant blockage in culverts or bridges 
along Old Field Swamp and should be removed immediately, if not done so already. The 
bridge crossing at NC41 is mildly clogged with debris, see Figure 17. Although mild, 
debris like this will collect additional debris and block the drainage system. It is 
recommended the debris be removed at the NC41 bridge structure along Old Field 
Swamp.  
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Figure 16: Old Field Swamp - NC 130 

 

 
Figure 17: Old Field Swamp – NC41 

6.1.2 Channel Clearing 
Over time, sediment deposits can build up along the banks and bottom of a channel and 
narrow the channel area and restrict the flow of water. This is called shoaling. There are 
a few areas along Pittman Mill Branch where clearing the shoals that have built up will 
help mitigate flooding concerns. The following locations are recommended for channel 
clearing along Pittman Mill Branch. 

• Pittman Mill Branch - Just downstream of Morro Street  
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• Pittman Mill Branch - Just upstream of Walnut Street  
• Old Field Swamp – Leesville Street bridge 

The HEC-RAS model was used to evaluate the benefits of channel clearing along 
Pittman Mill Branch without culvert upgrades. Figure 18 shows the sediment buildup 
which has occurred just downstream of Morro Street. Clearing the sediment resulted the 
velocity of the water changing from 6.17 ft/s to 3.72 ft/s. Although not critical, another 
location recommended for sediment clearing is just upstream of Walnut Street. Existing 
conditions are shown in Figure 19.  

 

 

Figure 18: Pittman Mill Branch - Downstream of Morro Street 

 

Figure 19: Pittman Mill Branch Upstream of Walnut St 
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The bridge across Old Field Swamp at Leesville Street has accumulated sediment 
along the left bank, shown in Figure 20. Clearing the sediment will discourage debris 
from clogging the flow area beneath the bridge and reduce the 25-year event water 
surface elevation upstream the bridge crossing by about 0.5 feet.  

 

 
Figure 20: Old Field Swamp – Bridge at Leesville Street 

6.1.3. Vegetation Management 
In addition to debris removal in and around bridges and culverts, the channel should be 
kept clear of vegetation. This includes both the channel bottom and banks as well as 
vegetation above the channel, such as very low overhanging trees. Establishing a 
routine vegetation management plan will reduce the plant growth in and around the 
channel, reducing the “Manning’s n value” and allowing water to flow more freely. 
Figures 21 and 22 below demonstrate conditions that would be considered detrimental 
to the channel and the flow of water. 
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Figure 21: Pittman Mill Branch – Examples of Channel Vegetation 

 
Figure 22: Pittman Mill Branch – Examples of Overhanging Trees 

 

The Manning’s n value was changed from 0.5 - 0.65 in the existing conditions model to 
0.03 in a proposed conditions model demonstrating the effects of vegetation 
maintenance along the entirety of Pittman Mill Branch. The HEC-RAS model 
demonstrated that the 50-year event water surface elevation decreases by about 1.5 
feet at the upper end of the channel to 0.5 feet at the lower end of the channel when 
compared to the effects of debris clearing alone. Pittman Mill Tributary displays similar 
results, showing up to 1.5 feet in water surface elevation decrease for the 50-year flood 
event. Figures 23 and 24 display the water surface profile comparison between debris 
clearing alone and debris clearing with vegetation management along Pittman Mill 
Branch and Pittman Mill Branch Tributary. 
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Figure 23: Pittman Mill Branch - Vegetation Management Water Surface Profile 

 

Figure 24: Pittman Mill Branch Tributary - Vegetation Management Water Surface Profile 
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6.2 Culvert Sizing 
 
The North Carolina Department of Transportation (NCDOT) Guidelines for Drainage 
Studies and Hydraulic Design defines the design storm frequency for bridges and 
culverts across various types of roads. Table 12 shows that culverts and bridges across 
a major arterial should be designed for a 50-year storm. Culverts and bridges across 
minor arterials, collectors, and local roads should be designed for a 25-year storm. The 
design manual also states that “routes functionally classified as Major Arterials 
(Interstates and primary routes), a minimum freeboard of 1.5 feet is recommended”.  
 

Table 12: NCDOT Culvert Design Frequency 

 
 

6.2.1 Major Arterials  
 
HEC-RAS was used to model the existing conditions at bridges and culverts. Within the 
study area, there are three major arterial stream crossings – one located at Main Street 
along Pittman Mill Branch, one at NC-130 along Old Field Swamp, and the other at NC-
41 along Old Field Swamp. The model indicated that both bridges and culvert allow at 
least 1.5 feet of freeboard for the 50-year storm, indicating they are sized appropriately.  
 

6.2.2 Secondary Roads  
 
There are numerous secondary roads within the study area, a few of which have culvert 
crossings that do not meet NCDOT design standards. NCDOT design standards 
indicate that secondary road crossings should be sized to accommodate a 25-year flood 
event. The 25-year event overtops the 72” single barrel corrugated metal pipe culvert 
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crossing Old Field Swamp at McDonald Road (SR2422) by about 2.25 ft. The HEC-RAS 
model was used to evaluate a culvert replacement at McDonald Road. The preliminary 
design evaluation indicated that a 10 ft by 8 ft (width x height) box culvert would be 
more efficient and meet NCDOT design requirements. This design assumes a concrete 
headwall to stabilize the roadway embankment and prevent failure of the roadway. The 
culvert inverts would be buried 1 ft below grade to meet NCDOT requirements. The 
depth of cover for the new culverts would be about 2 ft. Additional hydraulic analysis is 
required for final design and evaluation of changes to FEMA flood zone elevations. 
 
The HEC-RAS model indicated that the single 6 ft x 3.5 ft corrugated metal pipe arch 
culvert crossing Tributary One on School Road (SR2424) also does not accommodate 
the 25-year flood event. The culvert is overtopped by about 1.15 ft. Preliminary design 
evaluation demonstrated a 10 ft by 5 ft box culvert would be more efficient and meet 
NCDOT design requirements. A 10 ft by 5 ft box culvert provides about 1 ft of freeboard 
for a 25-year storm event. This design assumes a concrete headwall to stabilize the 
roadway embankment and prevent failure of the roadway. The culvert inverts would be 
buried 1 ft below grade to meet NCDOT requirements. The depth of cover for the new 
culverts would be about 2 ft. Additional hydraulic analysis is required for final design and 
evaluation of changes to FEMA flood zone elevations. 
 
The 5 ft by 4 ft box culvert at Iona Street (SR2435) currently meets the NCDOT 25-year 
flood event design standard, however the channel velocities through this section of the 
channel reach as high as 9 ft/s. Velocities this high can cause the channel to erode and 
lead to unwanted sediment in the channel. A 7 ft by 8 ft box culvert would reduce the 
velocities to about 4.5 ft/s. This design assumes a concrete headwall to stabilize the 
roadway embankment and prevent failure of the roadway. The culvert inverts would be 
buried 1 ft below grade to meet NCDOT requirements. The depth of cover for the new 
culverts would be about 2 ft. Additional hydraulic analysis is required for final design and 
evaluation of changes to FEMA flood zone elevations. 
 
The double barrel 8 ft x 7 ft box culvert at Walnut Street (SR2238) currently meets the 
NCDOT 25-year flood event design standard, however the channel velocities through 
this section of the channel reach as high as 7.5 ft/s. Velocities this high can cause the 
channel to erode and lead to unwanted sediment in the channel. Instead of the two 
smaller box culverts, one large 10 ft x 15 ft box culvert would reduce the velocities to 
about 4 ft/s. This design assumes a concrete headwall to stabilize the roadway 
embankment and prevent failure of the roadway. The culvert inverts would be buried 1 ft 
below grade to meet NCDOT requirements. The depth of cover for the new culverts 
would be about 2 ft. Additional hydraulic analysis is required for final design and 
evaluation of changes to FEMA flood zone elevations. 
 
The bridge at Morro Street (SR2318) currently meets the NCDOT 25-year flood event 
design standard. However, since the bridge is the most downstream structure along 
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Pittman Mill Branch it is recommended that the bridge be upgraded to a larger culvert 
that can accommodate a larger flood event. The HEC-RAS model shows that a double 
barrel 7 ft by 8 ft box culvert would decrease the 25-year flood levels between Morro 
Street and Walnut Street by about 0.25 feet. This design assumes a concrete headwall 
to stabilize the roadway embankment and prevent failure of the roadway. The culvert 
inverts would be buried 1 ft below grade to meet NCDOT requirements. The depth of 
cover for the new culverts would be about 2 ft. Additional hydraulic analysis is required 
for final design and evaluation of changes to FEMA flood zone elevations. In addition, it 
is recommended that the two utility pipes which run underneath the bridge, shown in 
Figure 25, be relocated. The pipe obstructs the flow area and creates an area for debris 
to get caught and clog the opening. 
 

 

Figure 25: Morro Street Bridge with Utility Pipes 

6.2.3 Other Bridge Crossings 
 
NCDOT standards recommend any temporary roads or detours be able to 
accommodate a 10-year flood event. The HEC-RAS model indicated the small 
pedestrian crossing just east of Pittman Street is overtopped by about 1.5 feet during a 
10-year flood event. This bridge is currently heavily damaged and is unusable for 
pedestrians. It is strongly recommended the bridge be completely removed because the 
bridge currently acts as a blockage in the drainage system. Additionally, the bridge 
collects large quantities of debris and blocks the river flow in this area as seen in 
Figures 26 and 27. 
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Figure 26: Pittman Mill Branch - East of Pittman St Culvert Upstream 

 

Figure 27: Pittman Mill Branch - East of Pittman St Culvert Downstream 

 

Removal of the pedestrian bridge would have the largest influence on small storms, like 
a 2-year event. The HEC-RAS model indicated that the flood levels for a 2-year storm 
would decrease by about 0.5 feet between upper Pittman Mill branch and the pedestrian 
bridge located east of Pittman Street. These changes can be seen in the water surface 
profile derived from the HEC-RAS model in Figure 28. As the intensity of the rain events 
increase, removal of this bridge will have smaller effects on the severity of flooding 
upstream bridge, but the removal would still provide benefits.  
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Figure 28: Pedestrian Bridge Removal Water Surface Profile 

 

It is recommended that a second timber bridge 200 ft upstream of NC Hwy 130 (BUS) 
along Old Field Swamp should be investigated for removal. The bridge does not appear 
to be currently in use and is in poor condition. The structure includes multiple timber 
piers that tend to collect debris and is a major restriction to flow. The adjacent earthen 
bridge embankments also block significant amount of flow in the channel overbanks 
(floodway). Figure 29 shows the subject timber bridge. The model results indicate that 
removal of this timber bridge lowers the upstream water levels by 6 ft at the timber 
bridge and up to 2 ft upstream of Leesville Street for the 100-Year event, shown in 
Figure 30. Upstream water levels are lowered by approximately 1.0 ft for the 10-Year 
event. Current ownership and usage of the bridge was not identified, bridge removal 
should be investigated. 
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Figure 29: Old Field Swamp - Timber Bridge North of NC-130 (BUS) 
 

 
Figure 30: Timber Bridge Removal Water Surface Profile 
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6.3 Bench Cuts 
 
Residential area flooding at the downstream end of Pittman Mill Branch is a reoccurring 
issue. The HEC-RAS model shows that an event as small as a 10-year event creates 
flooding outside of the streambank. This section of the channel approaches a bank full 
stage between the 5 and 10-year flood events. Larger storms produce flooding which 
inundates a residential area near Stafford Street and Marvin Street. Figure 29 displays 
the flood extents at the downstream end of Pittman Mill during a 100-year event, 
assuming no improvements have been made to the culverts or channel. The channel 
does not provide enough flow capacity, so the water extends into the floodplain.  

 

 

Figure 31: Pittman Mill Branch - Existing Conditions - 100-year Event Inundation 

 
To help mitigate the floodwater inundation at the residential area along the downstream 
end of Pittman Mill Branch, one potential method involves an excavated bench cut to 
increase the flow capacity adjacent to the main channel. Constructing a bench cut 
would require excavation of material from the streambank and floodplain immediately 
adjacent to the main channel. HEC-RAS was used to conduct a concept level design of 
a bench cut and evaluate the effects a streambank excavation would have on the flood 
levels.  
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Guidelines for evaluating bench excavations along Pittman Mill Branch were obtained 
from “Stream Restoration: A Natural Channel Design Handbook” (Doll, et al, 2003). For 
this concept level design many assumptions were made, and additional hydraulic 
analysis will be required. A bank full elevation of 88 ft was assumed, which is near the 1-
year flood event. An example of a bench cut on the right streambank is provided in 
Figure 30. 
 
A bench cut that is 50 feet wide and runs from the confluence of Pittmann Mill and Old 
Field Swamp upstream approximately 770 feet on the left side of the channel would 
provide enough flow area to prevent a 100-year storm from inundating the residential 
area. The bottom elevation of the bench-cut used in the HEC-RAS model is 
approximately 88 ft. Figures 31 and 32 compare the depth and extents of the 100-year 
event floodwaters with a 25-foot-wide bench cut and a 50-foot-wide bench cut.  
 

 
Figure 32: Stream Entrenchment Ratio and Bankfull Bench 

(Source: NC State Extension) 
 
 

Excavated Bench 
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Figure 33: Pittman Mill Branch – 25 ft Bench Cut Inundation 

 

Figure 34: Pittman Mill Branch – 50 ft Bench Cut Inundation 
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6.4 Historical USACE Channelization Project 
 
In 1968, The Army Corps of Engineers – Charleston District designed and constructed a 
flood control project along Pittman Mill Branch and Old Field Swamp. The project 
consisted of widening both Pittman Mill and Old Field Swamp. Pittman Mill was 
designed and constructed to a trapezoidal shaped channel with a bottom width of 16 
feet and side slopes of 2:1 and 1:1 with spoils on each bank. Old Field Swamp was 
designed and constructed to a trapezoidal channel with bottom widths ranging from 50 
feet to 80 feet and side slopes of 2:1. The project was designed for the 10-year flood. 
The maintenance manual for this project can be referenced in Appendix B.  
 
In 1981 the Army Corps of Engineers – Charleston District conducted a reconnaissance 
project on the effectiveness of the earlier constructed project. It noted signs of 
deterioration which involved sloughing, vegetation overgrowth, and beaver dams along 
Old Field Swamp. It noted, however, that Pittman Mill Branch was in excellent condition 
due to appropriate maintenance measures. The objective of the report was to develop 
measures to restore the initial project to design capacity and develop permanent 
maintenance access. The project resulted in an 80-foot-wide channel excavation along 
Old Field Swamp downstream of the confluence with Pittman Mill Branch and a 6-foot-
wide pilot channel in Hog Swamp, just downstream Old Field Swamp. The 
reconnaissance report can be referenced in Appendix C.  
 
Survey data revealed that the Old Field Swamp channel bottom has changed 
significantly since the construction of the original flood control project in 1968. A map of 
the Old Field Swamp cross sections is shown in Figure 33. Figures 34-37 show various 
cross sections along Old Field Swamp compared to the original design of the channel 
project. Figures 34-36 show erosion while Figure 37 shows sediment deposition.  
 
The survey data shows signs of erosion of the lower portion of Old Field Swamp. The 
channel bottom elevations are 3-5 feet below the original channel bottom design. Due to 
the erosion, the channel has additional flood carrying capacity in this section. However, 
sediment is likely a concern in Hog Swamp and may be a cause of some of the flooding 
issues. This study did not include Hog Swamp in its study extents, so additional 
analyses could be beneficial in this area. 
 
Survey data as shown in Figure 37 indicates sediment has accumulated in Old Field 
Swamp just downstream of the confluence with Pittman Mill Branch. The sediment 
reduces the flow area in this section contributing to flooding upstream. The model was 
used to evaluate returning the 2,500 ft section of Old Mill Swamp downstream of the 
confluence with Pittman Mill to the original 1968 project design width and footprint. The 
model results showed a decrease of approximately 1.0 ft in the area of NC Hwy 130 and 
the confluence with Pittman Mill Branch for the both the 10-Year and 100-Year events. 
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Figure 35: Old Field Swamp Cross Section Map 

 

Figure 36: Erosion - Cross Section 1220 
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Figure 37: Erosion - Cross Section 4637 

 

Figure 38: Erosion - Cross Section 6240 
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Figure 39: Sediment Accumulation - Cross Section 8005 

7. Summary and Conclusions 
This report presents the results of the Fairmont, NC Flood Risk Management Study 
prepared by the US Army Corps of Engineers, Wilmington District for the Town of 
Fairmont, NC. The purpose of this hydrology and hydraulics (H&H) analysis was to 
analyze the existing drainage system of the Old Mill Swamp watershed and evaluate 
potential drainage improvements which may inform future flood risk management 
strategies by the Town and Robeson County. The study limits included the main 
channel of Old Field Swamp, three small tributaries and Pittman Mill Branch. 

Phase one of the study included collecting data on the watershed characteristics and a 
topographic survey of bridges, culverts and stream cross sections. The second phase 
included developing the hydrologic computer model HEC-HMS to calculate rainfall 
runoff from the Old Field Swamp watershed and developing the hydraulic model HEC-
RAS to evaluate the flow capacity and peak water levels of the drainage system. The 
third phase included evaluating drainage improvements with the models. 

One of the primary drainage problems for Old Field Swamp and Pittman Mill Branch 
was heavy vegetation, debris and sediment along the channels reducing the drainage 
capacity. An annual maintenance program to remove vegetation, debris and sediment 
along established drainage channels is highly recommended. Focus should also be 
placed on maintaining the flow area at existing bridges and culverts. The H&H analysis 
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indicated that increased maintenance would reduce the 25-Year flood levels by 1.0 to 
3.0 ft along Pittman Mill Branch and 1.0 ft along Old Field Swamp. The time for 
floodwaters to recede would also significantly decrease. 

High priority bridge and culvert upgrades were also identified, see Table 13 for 
recommendation summary. The collapsed pedestrian bridge east of Pittman Steet is a 
significant blockage to drainage and removal is highly recommended. A timber bridge 
upstream of NC Hwy 130 is a significant restriction to drainage. This bridge is in poor 
condition and should be investigated for removal. The existing Old Field Swamp culvert 
pipe at McDonald Road is a significant restriction to drainage and should be replaced 
with a 10 ft x 8 ft box culvert. The culvert at School Road is also a significant restriction 
and replacement with a 10 ft x 8 ft box culvert is recommended. 

The residential areas along the lower reach of Pittman Mill Branch experiences frequent 
flooding because of limited channel capacity. It is recommended that a stream 
restoration project to include bench cuts into the adjacent streambank to increase flow 
capacity be investigated. 

The topographic survey of the Old Field Swamp channel indicates sediment 
accumulation and reduction of flow capacity that is negatively impacting Pittman Mill 
Branch. Removal of sediment along this 2,500 ft section of Old Field Swamp is 
recommended. Drainage along the Hog Swamp channel was not included in this 
analysis but further investigation of sedimentation and impacts of decrease drainage 
capacity is recommended. 

 

Table 13: Summary of Recommendations 

 

 

No Project Location Waterway Proposed Project Priority Notes

1 Maintenance System Wide System Wide Clear Debris and Vegetation Higher
Establish annual maintenance 
program of drainage system

2 Bridge Removal East of Pittman Rd. Pittman Mill Branch No Replacement Higher Remove collapsed pedestrian bridge

3 Bridge Removal North of NC Hwy 130 Old Field Swamp No Replacement Higher
Investigate removal of timber bridge 

in poor condition.

4 Culvert Upgrade McDonald Rd. Old Field Swamp 10 ft x 8 ft RCBC Higher Upgrade existing 72" CMP

5 Culvert Upgrade School Rd.
Old Field Swamp 

Tributary 10 ft x 5 ft RCBC Higher
Upgrade existing 6 ft x 3.5 ft Arch 

CMP

6 Bench Cut East of Morro St. Pittman Mill Branch 770 ft Bench Cut Excavation Higher Stream restoration with bench cut

7 Clear and Snag  Downstream Cottage St Old Field Swamp Estimated 2,500 ft Section Higher
Remove sediment to return project 

channel template to original design.

8 Culvert Upgrade Iona St. Pittman Mill Tributary 7 ft x 8 ft RCBC Lower Upgrade existing 5 ft x 4 ft RCBC

9 Culvert Upgrade Walnut St. Pittman Mill Branch 10 ft 15 ft RCBC Lower Upgrade existing 8 ft x 7 ft RCBC

10 Culvert Upgrade Morro St. Pittman Mill Branch 2 - 7 ft x 8 ft RCBC Lower Replace existing bridge
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WRITTEN DESCRIPTION of WORKFLOW 
 

05July2024  

 Received Notice to Proceed 

08 July 2024 through 13 July 2024 

Commenced of project planning and coordination including researching published control 
monuments within 2000 linear feet of the work area, planning of control layout, preparing 
worksheets and field maps for crews, and arranging travel for staƯ.  A Esri Field Maps application 
was set up to permit the crews to shoot geotagged photographs and to serve as a checklist to 
ensure that the correct photographs and data was acquired. 

15 July 2024 through 18 July 2024 

A Professional Land Surveyor (PLS) was assigned team lead and was sent with with a helper 
mobilized to the Fairmont Flood Study site and walked down to further assess site conditions.  
Control layout plan as modified based on the site conditions and seventeen control points were set 
in the vicinity of the Pittman Mill Branch Tributary cross sections and a portion of the Pittman Mill 
Branch cross sections.  Thirteen control points had four (4) three minuet observations.  Four (4) 
control points had two (2) three-minute observations and will have two observations remaining. 
Crews tied into two nearby NGS monuments. As the project commenced, the PLS notified property 
owners that Joyner Keeny would be surveying on their property as per NC regulations.   

The North Carolina VRS system had unknown issues during a period on 16 July 2024 and 16 July 2024 and 
there was ongoing diƯiculty locking on to signal.   
 

22 July 2024 through 26 July 2024 

One crew consisting of a party chief and helper mobilized to the Fairmont Flood Study site a began shooting 
cross sections, acquiring culvert information and water elevations, and taking the required photos beginning 
at cross section PMBT-001along Iona Street through PMBT-007, then from PMB-001 along Pitman Mill Branch 
to PMB-009 completing 16 small, moderately open cross sections.   
 
PMBT-004 and PMBT-008 were both in tall corn fields.  PMBT-004 was acquired with some diƯiculty, but the 
decision was made to skip PMBT-008 until 2 crews were on site.  There we multiple rain delays throughout the 
week. 
 
There were frequent, daily rain delays during this week.   
 
29 July 2024 through 02 Aug 2024 
 
 
The team lead continued setting control points and performing GPS observations.  An additional 24 rebars (40 
control points total) with caps have been set and redundant observations have been performed on each.  
Data was sent to the oƯice the day prior to leaving the site for processing.  A 5th observation was performed 
for points found to not 95% confidence interval criteria and the largest outlier of the prior observations were 
thrown out, focusing on removing outliers performed during the period  
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A second crew continued shooting cross sections, acquiring culvert information and water elevations, and 
taking the required photos beginning for cross section PMBT-010 through PMB-029 along Pitman Mill Branch 
completing 20 small, moderately open cross sections this week (36 completed total).   It was observed that a 
structure at cross section PMB-007 has been washed out since the date that data on that cross section was 
acquired (photo to follow separately). 
   
There was a work stoppage due to a thunderstorm that began at approximately 3:00 p.m. on Monday, July 
29th.  The streams were significantly swollen throughout the week.  Temperatures ranged from a low of 74 
degrees Fahrenheit on Monday to 92 degrees Fahrenheit on Friday with barometric pressure hovering 
between 29.90 and 29.98 throughout the week. 
 
05 Aug 2024 through 09 Aug 2024 
 
Joyner Keeny crews did not work on the Fairmont NC flood study during the week of 05 Aug 2024 due to 
forecasts for heavy rain and wind conditions due to Tropical Storm Debby.    Field data acquired to date was 
reviewed and processed using Trimble Business Center, check data collector files against physical notes 
paying special attention to rod-heights.   Data was adjusted to the processed GPS control points.  Coverage 
was checked by importing data into AutoDesk.   
 
 
12 Aug 2024 through 16 Aug 2024 
 
Joyner Keeny crews did not work on cross sections for the Fairmont NC flood study during the week of 12 Aug 
2024 due to concerns over elevated water levels due to Tropical Storm Debby.   The team lead was sent on 
Thursday, 15 Aug 2024 to ensure work can be safely resumed the week of 19 Aug 2024.   
 
19 Aug 2024 through 23 Aug 2024 
 
Joyner Keeny crews continued cross section / structure data acquisition on Fairmont NC flood study 
completing cross sections OFS-012 through OFS-025, as well as PMBT-008 which was skipped due to the 
need for additional help while working within the corn field.  A foot bridge at cross section OFS-013 was 
determined to be too hazardous to walk across.  Crews obtain what data they could for this bridge and took 
extra photographs.  Photos for USMART data base entries were shot.   Weather was mild, ranging from 67 
degrees F to 87 degrees F with no rain delays. 
 
26 Aug 2024 through 30 Aug 2024 
 
Joyner Keeny crews continued cross section / structure data acquisition on Fairmont NC flood study 
completing field work on the remaining cross sections and structures.  The remaining U-Smart Photos were 
also taken.  Barring any re-visits, field work is complete.  OƯice components such as data computations, QC-
QC, U-Smart Reporting & GIS setup remain.  
 
Temperatures ranged from the high 60’s in the mornings to the high 80’s and high 90’s in the afternoons with 
no rain delays. 
 
1 Sept 2024 through 4 Sept 2024 
 
Joyner Keeny worked continued work on processing field data an preparing U-Smart entries.  U-Smart entries 
and anticipated were submitted for review and approved on Tuesday, 10 Sept 2024.   Joyner Keeny worked 
oun finishing final data review and began working on deliverables.  



6 
 

GENERAL QA / QC WORKFLOW 

 

The qa/qc process consists of planning field work in the oƯice prior to commencing work.  A 
professional surveyor was chosen to serve as team lead and was assigned to setting and observing 
any control points that were to be used.   The control was processed and reviewed in-oƯice by a 
second PLS.  Cross Sections were acquired using robotic total stations and adjusted to the 
processed GPS control points.  If items were found to be lacking, the crews were sent back to 
acquire missing or insuƯicient data if needed.  Add crews reported to the project manager at the 
beginning of the work, each Wednesday afternoon, in the morning they were scheduled to return to 
the oƯice to ensure to final issued needed to be addressed prior to returning. 

 

OBSERVATIONS AND ATYPICAL CONDITIONS 
 

PMBT-002 

The Box Culvert located at PMBT-002 was found to consist of a standard box culvert with concrete 
wingwall on the upstream end but had a 6.3’ long 72” CMP butted up to the downstream end with 
sandbag type slope stabilization which appeared to be concrete.   

 

 

 

Planning GPS Control Data aquisition Processing, 
QA/QC Mapping/GIS
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PMBT-006 

The pipe culverts located at PMBT-003 were found to have substantial debris and vegetation along 
at the upstream and downstream end.  The slope stabilization appears to be the sandbag style 
stabilization similar to that found at PMBT-002.   
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PMB-004 

The pipe culverts located at PMB-004 is a rock wall that appears to be crumbling with significant 
vegetation in the channel at both ends. Aerial Sanitary Sewer pipes run near the culvert openings at 
both ends. 
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PMB-007 

The earthen cover over culvert at PMB-007 was washed away after a minor storm event after its 
initial cross sections but prior to Tropical Storm Debby.  The crews shot the exposed area, which is 
reflected in the cross section.  Supplemental photos were taken of this area. 
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The bridge at PMB-015 is a minor foot bridge only.  Water surface elevation was observed a the 
upstream face of bridge. 
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PMB-021 

The box culvert at PMB-021 has a concrete floor with a channel cut through the northern culvert 
section.  Adequate data was provided to obtain elevations for both the upper and lower sections of 
the northern culvert floor, with the lower elevation being reported in the stormwater feature class. 
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OFS-013 

The bridge at OFS-013 appeared to be in decay and unstable.  Crews did not walk on this bridge.  
Top chord, bottom chord, and deck elevations were interpolated based on deck and seat elevations 
at the two ends of the bridge.  Piles were located horizontally from the ground. 
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Atmospheric Conditions 
 

The following data reflects the atmospheric conditions for the dates Joyner Keeny performed field 
work for the Fairmont, NC flood study taken from https://www.wunderground.com/ for nearby 
Lumberton, NC.  More specific temperature and pressure readings taken in conjunction with water 
surface elevation data acquisition are noted in field notes.  

 

Day Temp. (°F) Dew Point (°F) Humidity (%) Wind Speed (mph) Pressure (in) Precip. (in) 

Jul 

21 

22 

23 

24 

25 

26 

27 
 

Max Avg Min 

88 81.2 74 

89 76.9 72 

92 81.2 74 

91 78.7 73 

86 77.4 75 

79 76.4 74 

87 77.7 72 
 

Max Avg Min 

75 72.1 70 

76 72.7 70 

76 73.8 72 

78 73.9 71 

76 73.8 73 

75 73.1 72 

73 69.4 64 
 

Max Avg Min 

91 74.2 59 

97 87.4 63 

97 79.8 54 

96 86.0 59 

97 89.0 69 

97 89.9 78 

94 77.7 48 
 

Max Avg Min 

9 5.1 0 

15 7.2 0 

16 6.7 0 

18 9.2 0 

16 7.2 0 

10 4.1 0 

13 7.5 0 
 

Max Avg Min 

29.9 29.9 29.8 

29.9 29.8 29.8 

29.9 29.9 29.8 

30.0 30.0 29.9 

30.0 29.9 29.9 

29.9 29.9 29.8 

29.9 29.9 29.8 
 

Total 

0.00 

1.61 

0.10 

0.65 

0.08 

1.06 

0.11 
 

 

 

Time Temp. (°F) Dew Point (°F) Humidity (%) Wind Speed (mph) Pressure (in) Precip.(in) 

Jul 

28 

29 

30 

31 

1 

2 

3 
 

Max Avg Min 

88 77.6 67 

79 73.0 70 

91 80.9 71 

90 81.1 72 

96 85.3 75 

95 82.6 77 

92 79.5 72 
 

Max Avg Min 

68 63.2 55 

72 69.2 65 

77 73.0 68 

75 72.8 70 

78 75.3 73 

80 75.4 71 

77 73.0 69 
 

Max Avg Min 

97 65.4 36 

97 88.0 64 

93 77.6 61 

97 76.8 57 

96 74.0 49 

94 79.8 58 

97 81.2 62 
 

Max Avg Min 

9 2.7 0 

12 4.0 0 

12 4.2 0 

10 4.9 0 

10 4.0 0 

24 8.5 0 

24 10.9 0 
 

Max Avg Min 

30.0 30.0 29.9 

30.0 29.9 29.9 

29.9 29.9 29.8 

29.9 29.9 29.8 

29.9 29.9 29.9 

29.9 29.8 29.8 

29.9 29.8 29.8 
 

Total 

0.00 

0.00 

0.60 

0.00 

0.00 

0.00 

0.21 
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Time Tempe. (°F) Dew Point (°F) Humidity (%) Wind Speed (mph) Pressure (in) Precip.(in) 

Aug 

18 

19 

20 

21 

22 

23 

24 
 

Max Avg Min 

90 79.0 72 

90 78.2 72 

86 77.6 71 

82 72.8 65 

81 70.5 59 

80 70.2 61 

84 73.2 62 
 

Max Avg Min 

76 71.2 66 

74 71.0 67 

72 67.9 65 

65 58.8 55 

59 55.4 52 

61 57.5 55 

68 63.0 58 
 

Max Avg Min 

94 77.6 59 

97 80.6 46 

96 73.0 55 

90 63.3 44 

87 61.3 36 

90 65.6 45 

90 71.6 56 
 

Max Avg Min 

25 7.8 0 

8 4.4 0 

13 6.4 0 

13 8.4 5 

12 6.6 0 

12 7.1 0 

12 7.2 5 
 

Max Avg Min 

29.8 29.7 29.6 

29.7 29.7 29.6 

29.9 29.8 29.7 

30.0 30.0 29.9 

30.1 30.1 30.0 

30.1 30.1 30.1 

30.1 30.1 30.0 
 

Total 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
 

 

 

Time Temp. (°F) Dew Point (°F) Humidity (%) Wind Speed (mph) Pressure (in) Precip. (in) 

Aug 

25 

26 

27 

28 

29 

30 

31 
 

Max Avg Min 

89 77.4 66 

90 77.2 69 

92 77.3 69 

95 81.9 70 

96 84.5 74 

95 81.1 74 

87 51.7 0 
 

Max Avg Min 

68 65.6 61 

72 68.9 65 

74 70.4 68 

76 72.1 69 

77 73.6 70 

76 73.1 70 

75 46.8 0 
 

Max Avg Min 

93 68.8 48 

96 78.0 45 

100 82.1 45 

97 75.2 44 

97 72.8 43 

97 79.1 49 

97 58.1 0 
 

Max Avg Min 

13 7.5 0 

8 3.7 0 

6 1.4 0 

9 3.0 0 

9 3.9 0 

18 4.9 0 

7 1.9 0 
 

Max Avg Min 

30.1 30.1 30.0 

30.1 30.0 30.0 

30.0 30.0 29.9 

30.0 29.9 29.9 

30.0 30.0 29.9 

30.0 30.0 29.9 

30.0 29.9 29.8 
 

Total 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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Equipment Used 

 

GPS Unit:   

 Trimble R12 with Trimble (S/N: 6239F00263) 

Robotic Total Stations: 

 Trimble S5 (S/N: 37020754) 
 Trimble S9 (S/N: 38320093) 

Data Collectors:  

 Trimble SCS 5  (S/N: JAJ224010047) 
 Trimble SCS 5  (S/N: JAJ222410092) 
 Trimble SCS 5  (S/N: JAJ222410183) 

Boat 

 12’ Plastic Creek Boat 

Tablets 

 (2) Samsung Tab Active 4 with Esri FieldMaps 
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