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1.  Introduction / Executive Summary 

 

1.1 Introduction and Purpose 
 

The Geotechnical Extreme Events Reconnaissance Association (GEER) deployed a team of 

engineers from academia, government, and practicing firms to southeastern North Carolina and 

northeastern South Carolina between September 24 and 28, 2018 following Hurricane Florence. 

The purpose of the GEER Florence team was to ñcollect perishable post-disaster data that can be 

useful in advancing our understanding of extreme eventsò0F

1 and, specifically, the effects of the 

extreme events on the geotechnical features of infrastructure. GEERôs efforts were made possible 

because of support from the National Science Foundation.  This report presents a summary of the 

observations and data from the GEER deployment. 

 

1.2 Reconnaissance Areas Covered, Time Frame of Observations, 
Organization of Report 

 

The GEER Florence teams deployed about one week after the hurricane left the area. The GEER 

Florence group split into two initial teams, a west and an east team, to cover more area and to 

take advantage of the direction from which each groupôs members deployed. The West Team 

met in Charlotte and travelled to the east starting on September 24, 2018. The East Team met in 

Raleigh and travelled to sites south and east of Raleigh starting on September 25, 2018. The two 

teams rendezvoused in Fayetteville and travelled as one group on September 26, 2018. The 

group divided again on September 27 and 28 into three groups of two to four members to cover 

widely scattered sites.   

 

Fig. 1.2-1 shows the various sites visited by the GEER Florence teams. The geographic 

distribution of sites provides some insight into the storm impacts. Specifically, impacts were 

found along the coast, along waterways, and in a cluster on the eastern edge of the Piedmont 

physiographic province north and south of the NC/SC border. This cluster may have been due to 

elevation effects on rainfall, the slow movement of the storm, a higher density of historical dam 

development in the hillier terrain, or increased runoff due to lower-permeability soils. We also 

should note that damages were very widespread and that the sites were selected based on early 

reconnaissance information graciously provided by state dam safety and transportation agencies 

and on news reports. As such, our sampling was not comprehensive or completely representative. 

 

We have organized this report to describe observations and background about the storm (Chapter 

2), the resulting hydrology (Chapter 3), dams (Chapter 4), levees (Chapter 5), transportation 

(Chapter 6), coastal/waterfront (Chapter 7), and other observations (Chapter 8). 

 

                                                 
1 GEER Goals from website, http://geerassociation.org/about-geer/goals. 

http://geerassociation.org/about-geer/goals
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Fig. 1.2-1 ï Observation Areas by GEER Hurricane Florence Team 

 

= Observed dam and levee sites,  

 Red = breached dams and levees 

 Blue = overtopped, not breached  

 Brown = not overtopped or breached (other observations) 

= Observed transportation sites, 

 Red = Bridges 

 Blue = Roadways 

 Brown = Railroads 

  = Coastal observation sites 

 

1.3 Observation Summary 
 

For four days, between Thursday and Sunday, September 13-16, 2018, Hurricane Florence made 

a slow progression from offshore across the eastern part of North and South Carolina 

(Fig. 1.3-1). Like 2017ôs Hurricane Harvey in Texas, the lingering storm dumped massive 

amounts of rain on the Carolinas and caused major floods in the riverways along its track. 

Rainfall totals of up to 34 inches were measured during the storm. Severe flooding occurred 
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along tributaries and the rivers of the major drainage basins of the Neuse, Cape Fear, Northeast 

Cape Fear, Lumber, Little Pee Dee, and Pee Dee Rivers. 

 

 
Fig. 1.3-1 ï Hurricane Florence path (https://www.nhc.noaa.gov) 

 

Of the dams that we visited, flood flows overtopped and breached 20 structures, 14 of which 

were breached by the overtopping. Fortunately, most of these dams were low or significant 

hazard such as Maxwell Mill Pond Dam (Fig. 1.3-2). However, one dam, Boiling Spring Lake 

Dam, south of Wilmington, NC, was classified as high hazard and was the largest overtopped 

dam (30-ft-high, 1584-ft-long) that we observed (Fig. 1.3-3). Four other smaller dams abutting 

Boiling Spring Lake area also failed (see cluster on Fig. 1.2-1). The one levee-protected area that 

we visited, in Lumberton, NC, flooded due to the inadequate closure of a rail and road underpass 

through the I-95 embankment that formed the northwestern flood barrier for the city. 

 

https://www.nhc.noaa.gov/
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Fig. 1.3-2 ï Maxwell Mill Pond Dam breach, Duplin County, NC (September 25, 2018, 

35.0706 N, 77.7880 W) 

 

 
Fig. 1.3-3 ï Boiling Springs Dam breach, Brunswick County, NC (September 26, 2018, 

34.0465 N, 78.0373 W) 

 

The storm affected all types of land transportation infrastructure ï road and railroad bridges, 

culverts, and embankments. We saw many instances of significant scour around bridge supports 

(Fig. 1.3-4), and numerous failures of small bridges and road embankments downstream of 

breached dams (Fig. 1.3-5). Log/debris collections upstream of some bridges at two sites were 

large but did not appear to have overloaded piers. We saw numerous sites where scour, runoff, or 

overtopping eroded embankments or caused slope failures (Fig. 1.3-6). The most significant 

transportation failures were (1) the U.S. Route 421 washout where the Cape Fear River breached 

the isthmus between it and the Northeast Cape Fear River (Fig. 1.3-7) and (2) the washout of the 

embankment and associated railroad derailment in Anson County (Fig. 1.3-8). 
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Fig. 1.3-4 ï Bridge pier scour, Business 95 Bridge, Cross Creek, Fayetteville, NC 

(September 26, 2018, 35.05507° N, 78.86251° W) 

 

 
Fig. 1.3-5 ï Road embankment washout downstream of Maxwell Mill Pond Dam, Duplin 

County, NC (September 25, 2018, 35.0701 N, 77.7876 W) 

 

 
Fig. 1.3-6 ï Rail line embankment washout and repair , Laurinburg, NC (September 27, 

2018, 34.7936 N, 79.4619 W) 
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Fig. 1.3-7 ï US 421 highway washout between the Cape Fear River from west (left) to the 

Northeast Cape Fear River on the east (right), looking northwest across washout 

(September 26, 2018, 34.3307° N, 77.9997° W) 

 

 
Fig. 1.3-8 ï CSX Train Derailment aftermath, Anson County, NC (WSOC-TV, September 

17, 2018, 34.9513 N, 79.9446 W) 

 

One site of geotechnical interest that did not fit into our categories was the Cape Fear river bank 

in Elizabethtown. We observed several long (~500-ft) short (~2-ft) scarps in the area around a 

cemetery at this location indicating movement of a large part of the river bank (Fig. 1.3-9). We 

did not have enough information to assign a likely cause, but investigators could consider 

elevated seepage pressures and rapid-drawdown-induced shear stresses. 

 

N 
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Fig 1.3-9 ï Slope movement, Elizabethtown, NC (September 26, 2018, 34.6297 N, 

78.60211 W) 

 

We also make visits to the hard-hit coastal communities of New Bern, Surf City, Emerald Isle, 

and Wilmington. The storm surge affected all of these areas and caused severe damage to homes 

and business in those communities. The storm surge in New Bern was notably high at slightly 

more than 10 ft (Fig. 1.3-10) and was probably amplified by the converging mouth of the Neuse 

River. 

 

 
Fig. 1.3-10 ï Evidence of storm surge, New Bern, NC (September 25, 2018, 35.1082 N, 

77.0353 W) 

 

Overall, the infrastructure damage from hurricane Florence was significant and, while 

widespread, was clustered near waterways. As we have seen at other disaster sites, residents and 

businesses in areas of river flooding and storm surges suffered dramatic property losses (Fig. 1.3-

11), especially in low-lying areas of Lumberton, New Bern, and Kinston. However, we hope and 



Geotechnical Effects of Hurricane Florence  

GEER Association 8  

expect that the lack of area-wide devastation, such as that in New Orleans following Katrina, will 

allow the area to recover quickly. 

 

 

Fig. 1.3-11 ï Debris from residential clean-up, New Bern, NC (35.1091 N, 77.0355 W) 
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2.  Hurricane Florence  

 

Hurricane Florence was a powerful and long-lived hurricane, which hit the United States in 

September of 2018. It originated on August 30, 2018 in the Atlantic Ocean near Africa and 

moved towards the United States as the sixth named storm, third hurricane, and the first major 

hurricane of the 2018 Atlantic hurricane season. The strength of the hurricane varied from its 

August 30th origin until it hit the North Carolina coast on September 14, 2018. It was 

downgraded to Category 1 on the Saffir-Simpson wind scale when it made landfall near 

Wrightsville Beach early on Friday, September 14, 2018 at around 7:15 am ET. The recorded 

path segments of the hurricane from its origin and near the cost of Carolinas are shown in 

Fig. 2-1.  

 

 
Figure 2-1 - Hurricane Florence path (https://www.nhc.noaa.gov) 

 

The Hurricane Florence produced a huge amount of rainfall that resulted in massive flooding in 

many parts of the Carolinas. This is a typical outcome of a slow-moving hurricane like Florence 

(Florence moved approximately 3 mph after made landfall). A total rainfall of 34 inches rainfall 

was reported in Swansboro, while the National Weather Service office in Newport recorded 25.2 

inches The contour map of the recorded rainfall in the Carolinas is shown in Figure 2-2.  

 

The hurricane produced maximum sustained wind gusts of 106 mph near Cape Lookout and 105 

mph at Fort Macon. The combined effects of wind, flood and other factors resulted in extensive 

damage to buildings, roads, bridges, dams and other infrastructure and more than 50 fatalities in 

the Carolinas. The damage total is expected to be between $17 to $22 billons according to 

Moodyôs Analytics. 

 

https://www.nhc.noaa.gov/
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Figure 2-2 - Preliminary Hurricane Florence rainfall totals (https://www.weather.gov) 

 

The largest storm surges reported on Friday, September 14, 2018, were in New Bern and 

Emerald Isle, North Carolina, where the water levels reached up to 10.1 feet and 7.0 feet above 

ground, respectively, according to the National Hurricane Center. Live storm surge data recorded 

at several other locations can be found at http://surge.srcc.lsu.edu/florence_2018.html. 

 

References 
 

National Weather Service. https://www.weather.gov/wrn/florence 

 

Scism, Leslie and Ailworth, Erin (2018). ñMoodyôs Pegs Florenceôs Economic Cost at 

$38 Billion to $50 Billion.ò The Wall Street Journal. September 21. 

  

https://www.weather.gov/
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3.  Flooding / Hydrology 

 

3.1 Precipitation  
 

The National Weather Service published several preliminary rainfall totals from Hurricane 

Florence for the period of September 13 to 18, 2018.  In particular, Fig. 3.1-1 shows that 

Wilmington and Morehead City received over 30 inches in rainfall. The 20- to 30-inch rainfall 

contour zone extends from the coast to Lumberton, Fayetteville, and New Bern, NC.  These 

rainfall totals greatly exceed to the normal September precipitation for the North Carolina 

coastline of less than 5 inches for Fayetteville and 10 inches for Wilmington (Fig. 3.1-2).  Fig. 

3.1-1 also shows the rainfall for South Carolina, where rainfalls in some instances reached the 20 

to 30 inches contour along the border with North Carolina. This led to flooding near Florence, 

SC, which was observed by the GEER team as it traveled form Myrtle Beach north to visit areas 

of overtopped dams.  Fig. 3.3-3 shows preliminary statistical analyses performed by the National 

Weather Service.  It indicates that the region bounded by Lumberton, Fayetteville, New Bern, 

and Wilmington, NC experienced rainfall totals that surpass the 1-in-1000 year event (i.e., 0.1% 

likelihood to occur each year). The overwhelming volume of precipitation ultimately led to 

severe flooding within interior drainage basins of the major area river systems of the Neuse, 

Cape Fear, Northeast Cape Fear, Lumber, Little Pee Dee, and Pee Dee Rivers. 

 

 
Fig. 3.1-1 - Cumulative rainfall from Hurricane Florence for North Carolina and South 

Carolina (https://twitter.com/NWSEastern/status/1042116250611138562)  
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Fig. 3.1-2 - Average rainfall for North Carolina and South Carolina coastal plains (courtesy 

of NOAA National Weather Service, www.weather.gov) 

 

 
Fig. 3.1-3 - Hurricane Florence Annual Exceedance Probabilities from September 13-18, 

2018 (http://www.nws.noaa.gov/oh/hdsc/aep_storm_analysis/index.html)  
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3.2 River Floods and Hydrographs 
 

The river basins impacted by Hurricane Florence are identified in Fig. 3.2-1 and include, from 

north to south: Neuse (teal balloons), Cape Fear (orange squares), Northeast Cape Fear (red 

triangles), Lumber (yellow circles), Little Pee Dee (blue circles), and Pee Dee (green arrows). 

Figs. 3.2-2 and 3.2-3 provide an overview of the river basins for North Carolina and South 

Carolina, respectively. The Lumber River basin in North Carolina flows south into South 

Carolina and connects to the Little Pee Dee river, which subsequently flows into the Pee Dee 

River in South Carolina. The Pee Dee River originates in the Yadkin-Pee Dee basin in North 

Carolina and hence forms the larger Pee Dee basin along the northeast corridor of South 

Carolina. The following sections discuss each river basin and the associated hydrographs. 

  

 
Fig. 3.2-1 ï Major i mpacted river basins from Hurricane Florence (Google Maps for source 

map) 
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Fig. 3.2-2 - North Carolina river basins (from N.C. Division of Water Resources, 

https://files.nc.gov/ncdeq/Water%20Resources/files/publications/Neuse_RB_WR_Plan_201

00720.pdf) 

 
Fig. 3.2-3 - South Carolina river basins (from S.C. Department of Natural Resources, 

http:/ /www.dnr.sc.gov/water/admin/pubs/pdfs/SCWaterPlan2.pdf) 
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3.3 Neuse River, North Carolina 
 

The Neuse River basin is the third largest river basin in North Carolina and covers 6,235 square 

miles of drainage area entirely located in the state. The basin includes 3,389 freshwater stream 

miles, 17,902 acres of freshwater reservoirs and lakes, 143 saltwater miles, and 370,779 

estuarine/saltwater acres. The headwaters of the Neuse River are northwest of Durham, where 

the Eno and Flat Rivers join at a location now inundated by Falls Lake Reservoir in northern 

Wake County. The river then flows in a southeasterly direction from the Piedmont and into the 

Coastal Plain regions through Goldsboro and Kinston. Contentnea Creek, a major tributary, 

flows into the river below Kinston. The river becomes tidally influenced upstream of New Bern, 

before it finally opens into the estuary leading into the Pamlico Sound. The Neuse River flows 

approximately 200 miles from its source in Orange and Person counties to its mouth at the 

Pamlico Sound.  

 

Fig. 3.3-1 shows the hydrographs for the Neuse River during Hurricane Florence. In 

Fig. 3.3-1(a), the New Bern hydrograph peaks early at approximately 10 ft due to the coastal 

storm surge. Note that hydrograph tables and plots present gage heights that use local datums and 

are not common-datum water elevations. The funneling effect of the Neuse River mouth 

probably amplified the effects of the wind-driven storm surge off of the Pamlico Sound.  Moving 

away from New Bern, the water levels in the Fort Barnwell, Kinston, and Goldsboro gages 

increased starting on September 14, 2018 due to increased river flow. The rises at these river 

gages were similar, with the maximum river level of ~27.5 ft on September 19 at Goldsboro 

(farthest inland) followed by Kinston (~25.5 ft, September 21) and Fort Barnwell (~17.5 ft, 

September 18). Fort Barnwell gage was the lowest water level, but it maintained this stage for 

about a week (September 25), as waters finally drained from the Neuse River basin. The 

Smithfield and Clayton gages in Fig. 3.3-1(b) show similar peaks around September 17, but the 

magnitude of high river stage is limited because these gages are located upriver, closer to 

Raleigh, NC (see Fig. 3.2-1). The latter fluctuations at these inland gages are due to post-

Florence rain events. 

 



Geotechnical Effects of Hurricane Florence  

GEER Association 16  

 

 
Fig. 3.3-1 - Neuse River Hydrographs: (a) Coastal plains gages, and (b) Raleigh area gages 

(data obtained from https://stn.wim.usgs.gov/fev/#FlorenceSep2018)  

 

As a comparison to the river stages in Fig. 3.3-1, Table 3.3-1 summarizes the flood and major 

flood stages along with historic and Hurricane Florence crests.  All of the gages reached flood 

stage and all except for Smithfield and Clayton reached major flood stage.  The historic crests 

along the Neuse River date back to Hurricane Matthew (2016) or Hurricane Floyd (1999).  The 

(a) 

(b) 

https://stn.wim.usgs.gov/fev/#FlorenceSep2018


Geotechnical Effects of Hurricane Florence  

GEER Association 17  

Kinston and Goldsboro gages from Hurricane Florence were the closest to historic crests, within 

2 ft to 2.5 ft.   

 

Table 3.3-1 Summary statistics for Neuse River 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Fort 

Barnwell 13 18 ft 22.75 ft, 9/20/1999 
20.5 ft, 10/15/2016 18 ft, 9/23/2018 

Kinston 14 ft 21 ft 28.3 ft, 10/14/2016 
27.7 ft, 9/23/1999 25.8 ft, 9/21/2018 

Goldsboro 18 ft 24 ft 29.74 ft, 10/12/2016, 
28.85 ft, 9/20/1999 27.6 ft, 9/19/2018 

Smithfield 15 ft 20 ft 29.1 ft, 10/10/2016 
27.4 ft, 9/8/1996 18.9 ft, 9/17/2018 

Clayton 9 ft 16 ft 22.1 ft, 9/19/1945 
21.6 ft, 10/3/1929 10.6 ft, 9/16/2018 

 

3.4 Cape Fear River, North Carolina 
 

The Cape Fear Basin is the largest basin in the North Carolina, draining 9,149 square miles from 

its headwaters in the northern Piedmont to its mouth at Cape Fear, south of Wilmington.  The 

Haw River and the Deep River merge at the border of Lee and Chatham Counties to form the 

Cape Fear River, which flows southeast across the Coastal Plain past the Port of Wilmington to 

the Atlantic Ocean.  The South River and the Northeast Cape Fear River merge with the Cape 

Fear near Wilmington.  The New River in Onslow County is also included in the Cape Fear 

River Major Basin.  The Haw River is impounded by the B. Everett Jordan Dam just above the 

confluence with the Deep River, providing storage for flood control, water supply, and releases 

to maintain downstream water quality.  Most of the basin below the confluence of the Haw and 

Deep Rivers lies in the Coastal Plain.  

 

While many rivers drain into the Cape River basin, the Northeast Cape Fear River is noted here 

because the GEER team traveled through this basin during the scouting of Wilmington.  Three 

gages were found along the Northeast Cape Fear River in Fig. 3.4-1, including the Chinquapin, 

Burgaw, and Castle Hayne, before arriving to the Wilmington gage, which more reflects tidal 

fluctuations from the Atlantic Ocean.  The Chinquapin gage unfortunately does not provide any 

data related to the peak of the flood event, but Table 3.4-1 likely suggests that Hurricane 

Florence is now the historic crest because the prior historic value was ~23.5 ft from Hurricane 

Floyd in September 1999.  Incomplete flood levels are available for Castle Hayne, but it seems 

that the peak flood was ~12 ft from the fall of the hydrograph.  The Burgaw gage peaks at a 
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maximum flood level of ~25.6 ft on September 19, 2018, which is now the historic crest 

(previously ~22.5 ft from Hurricane Floyd) by approximately 3 ft. 

 

 
Fig. 3.4-1 - Hydrographs for Northeast Cape Fear River  

 

Table 3.4-1 - Summary of Northeast Cape Fear River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Chinquapin 13 ft 16 ft 23.51 ft, 9/18/1999 N/A 

Burgaw 10 ft 16 ft 
22.48 ft, 9/19/1999 

17.81 ft, 10/13/2016 
25.57 ft, 9/19/2018 

Wilmington 5.5 ft 
6.7 ft 

(moderate) 
8.17 ft, 10/08/2016 8.28 ft, 9/14/2018 

 

Fig. 3.4-2 shows the hydrographs for the Cape Fear River system, starting from the north near 

Jordan Lake and moving to north Wilmington (Lillington, Fayetteville, W.O. Husk Lock, 

Elizabethtown, and Lock #1 near Kelly, NC).  The Wilmington District, U.S. Army Corps of 

Engineers oversees the locks and dams on the Cape Fear River in North Carolina.   Built between 

1915 and 1935, the three locks and dams historically passed commercial traffic up and down the 

river.  The locks and dams now rarely lock large vessels through but instead help protect water 
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intakes for cities and industries along the river by backing up the water.  Lock and Dam 1 was 

originally constructed in 1915 and modified in 1934 to increase the lift by 3 ft to a total of 11 ft.  

The lock is 40 ft by 200 ft. William O. Huske lock and dam was constructed in 1935. The lock 

chamber is 40 ft by 300 ft with a total lift of 9 ft.  The lower pool is at elevation +23 ft and the 

upper pool is maintained at elevation +32 ft.  Aerial photographs of the lock and dam before 

(Fig. 3.4-3) and during the flooding on September 18, 2018 (Fig. 3.4-4), show that the river 

totally covered the structure. 

  

The most northerly gage on Cape Fear River, at Lillington, shows that water levels were ~2 ft 

before dramatically increasing on September 15 to ~21.3 ft on September 18.  Water levels 

decreased to pre-Hurricane Florence by September 23. The historic crest at Lillington is ~33.2 ft 

from September 1945, which corresponds to the ñHomesteadò Hurricane of 1945.  The 

Fayetteville gage was at a stage of ~10 ft before Hurricane Florence.  On September 15, 

Fayetteville started to increase, eventually reaching a major flood stage of 61.6 ft, which was still 

~7 ft less than the historic crest of 68.9 ft from the Homestead Hurricane in 1945. The gage at 

the William O. Huske Lock shows a similar hydrograph to Fayetteville but it increases to a larger 

flood value because of the elevation of the lock and dam (+32 ft).  While a major flood stage was 

observed at this lock and dam, it was ~5 ft less than the historic crest of 75.5 ft from September 

1945.  At Elizabethtown, the Cape Fear River rose to 42.5 ft, which was less than the major flood 

stage of 47 ft. Nevertheless, this flood stage still represents an extreme event because the historic 

crest observed during the 1945 Homestead Hurricane was 43.2 ft, i.e., less than one foot from the 

historic value.  The Lock #1 gage near Kelly, NC, is closer to Wilmington and sea level, and the 

peak flood stage is slightly delayed from the rest of the gages.  The drainage from upstream 

rivers and creeks resulted in the maximum flood stage of ~30.7 ft, which is not only above the 

major flood stage but also the new historic crest (previously 29.8 ft from 1945).  

 
Fig. 3.4-2 - Hydrographs for Cape Fear River  
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Table 3.4-2 - Summary of Cape Fear River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Lillington 14 ft 27 ft 33.19 ft, 9/19/1945 21.27 ft, 9/18/2018 

Fayetteville 35 ft 58 ft 68.90 ft, 9/21/1945 61.58 ft, 9/19/2018 

Huske 

Lock 
42 ft 65 ft 75.50 ft, 9/22/1945 70.73 ft, 9/20/2018 

Elizabeth-

town 
25 ft 47 ft 43.20 ft, 9/23/1945 42.51 ft, 9/21/2018 

Lock #1 

Kelly 
24 ft 28 ft 29.80 ft, 9/23/1945 30.68 ft, 9/21/2018 

 

 
Fig. 3.4-3 ï Aerial photograph of the William OôHuske Lock and Dam Number 3 before 

Hurricane Florence (Google Earth, March 3, 2018, 34.835 N, 78.823 W) 
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Fig. 3.4-4 ï Aerial photograph of the William OôHuske Lock and Dam Number 3 during 

Hurricane Florence flooding (Google Earth, September 18, 2018, 34.835 N, 78.823 W) 

 

3.5 Lumber River, North Carolina 
 

The Lumber River basin encompasses an area of 3,343 square miles and flows, from upstream to 

downstream, through Lumberton, Laurinburg, Southern Pines, Pinehurst and Whiteville.  There 

are four different watersheds in the Lumber River basin, i.e., Lumber River, Waccamaw River, 

headwaters of the Little Pee Dee, and the coastal watershed of the Shalotte/Lockwoods Folly 

rivers.  The Lumber River begins at the headwaters known as Drowning Creek (Moore and 

Montgomery Counties) and flows through Lumberton, a highly-developed urban area.  The river 

crosses the South Carolina border near Fair Bluff. Just past the border, the Lumber River joins 

the Little Pee Dee River, which flows to the Pee Dee River and drains to Winyah Bay. 

 

Fig. 3.5-1 shows the hydrographs for Maxton, Lumberton, and Boardman, along with Nichols, 

SC.  The gage at Maxton, NC starts at 7 ft before Hurricane Florence and gradually increases to a 

peak flood level of 17.75 ft on September 19.  The Lumberton gage is also at 7 ft before Florence 

but dramatically increases to 22.2 ft in Fig. 3.5-1.  The discrepancy between the peak stage found 

in Fig. 3.5-1 and the one reported in Table 3.5-1 is attributed to another nearby gage just 

upstream of Lumberton that reports 29 ft.  This peak stage is the new historic crest compared to 

the previous record of 28 ft measured during Hurricane Matthew in October 2016.  The 

Boardman gage peak almost overtakes the historic crest (i.e., 14.43 ft in October 2016 and 
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14.36 ft on September 18, 2018 (Hurricane Florence). As the Lumber River flows into the Little 

Pee Dee near Nichols, SC, significant high gage levels of 27.4 ft on September 20 were also 

observed.  

 

 
Fig. 3.5-1 - Hydrographs for Lumber River   

 

Table 3.5-1 - Summary of Cape Fear River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Maxton, 

NC N/A N/A 15.49 ft, 10/11/2016 17.74 ft, 9/19/2018 

Lumberton, 

NC 13 ft 17 ft 28 ft, 10/9/2016 
29 ft, 9/17/2018 

(nearby gage) 

Boardman, 

NC 
N/A N/A 14.43 ft, 10/11/2016 14.36 ft, 9/18/2018 

Nichols, 

SC 
N/A N/A N/A 27.4 ft, 9/20/2018 
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3.6 Pee Dee River, South Carolina 
 

The Pee Dee Basin incorporates 45 watersheds and some 5.5 million acres within the State of 

South Carolina (a portion of the basin resides in North Carolina).  The Pee Dee Basin 

encompasses the Lynches River Basin, the Black River Basin, the Waccamaw River Basin, the 

Great Pee Dee River Basin, and the Pee Dee Coastal Frontage Basin.   The Pee Dee River Basin 

extends across the Piedmont, Sandhills, Upper Coastal Plain, Lower Coastal Plain, and Coastal 

Zone regions.  There are a total of 9,495 stream miles, 17,034 acres of lake waters, and 44,870 

acres of estuarine areas in the basin.  

 

Fig. 3.6-1 shows the hydrographs obtained for Waccamaw River, which primarily flows to the 

coast, from North Carolina to South Carolina. In particular, the Wacaamaw River pass through 

Conway, SC, which experienced severe floods, especially along Highway Route 501 where 

Hesco baskets were stacked to two levels along the highway.  The severity of flooding that 

culminates in Conway is summarized in Table 3.6-1, which indicates that the Waccamaw River 

floods levels exceeded all historic crests by 3 ft to 4 ft.  In general, the maximum flood levels 

were observed during the last week of September (9/24 to 9/27), which corresponds to 

observations from the GEER South team that visited the general area. 

 

Fig. 3.6-2 and Table 3.6-2 summarize the relevant hydrographs for the Little Pee Dee River. 

Limited flood stage data is available along the Little Pee Dee, but new historic crests were 

observed at Galivants Ferry and Bucksport gages.  The West Conway gage was a rapid 

deployment sensor by USGS (9/9/2018) so no flood stage information beyond the measured data 

is available.   

 

Fig. 3.6-3 and Table 3.6-3 summarize the relevant hydrographs for the Pee Dee River. The Pee 

Dee River along with the Little Pee Dee River were important impact areas where our teams 

observed a number of dams near the North and South Carolinas border.  In particular, 

Bennettsville observed a historic crest of 93.3 ft on September 18, which is 3.3 ft higher than the 

last historic crest of 90 ft on April 2003.  It is unclear what event led to the last historic crest.  

Because of the lower levels of reported damage for other areas in South Carolina, the focus of 

GEER in South Carolina was near the North Carolina border and less along the central and 

southern portions of the Pee Dee River basin.  
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Fig. 3.6-1 - Hydrographs for Waccamaw River  

 

Table 3.6-1 - Summary of Waccamaw River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Freeland, 

NC N/A N/A 19.30 ft, 9/21/1999 22.47 ft, 9/20/2018 

Longs, SC N/A N/A 17.94 ft, 9/22/1999 20.22 ft, 9/21/2018 

Above 

Conway 
N/A N/A 15.77 ft, 10/16/2016 19.82 ft, 9/24/2018 

Conway, 

SC 
11 ft 14 ft 17.87 ft, 10/18/2016 21.16 ft, 9/26/2018 

Bucksport, 

SC 
N/A N/A 23.67 ft, 10/18/2016 26.67 ft, 9/27/2018 
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Fig. 3.6-2 - Hydrographs for Little Pee Dee River  

 

Table 3.6-2 - Summary of Little Pee Dee River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Dillon N/A N/A N/A 93.4 ft, 9/18/2018 

Nichols N/A N/A N/A 54.55 ft, 9/20/2018 

Galivants 

Ferry 
9 ft 12 ft 17.10 ft, 10/12/2016 17.21 ft, 9/21/2018 

West 

Conway 
N/A N/A N/A 21.16 ft, 9/26/2018 

Bucksport N/A N/A 22.60 ft, 10/16/2016 25.00 ft, 9/26/2018 
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Fig. 3.6-3 - Hydrographs for Pee Dee River  

 

Table 3.6-3 - Summary of Little Pee Dee River hydrograph statistics 

Gage Flood  
Stage 

Major 

Flood Stage Historic Crests Hurricane  
Florence  

Rockingham, 

NC 
N/A N/A N/A 23.7 ft, 9/20/2018 

Bennettsville, 

SC 
N/A N/A 89.94 ft, 4/12/2003 93.31 ft, 9/18/2018 

Near 

Florence, SC 
N/A N/A N/A 60.85 ft, 9/20/2018 

Pee Dee, SC 19 ft 28 ft 33.30 ft, 9/22/1945 31.83 ft, 9/21/2018 

Bucksport, 

SC 
N/A N/A 22.60 ft, 10/16/2016 25.00 ft, 9/26/2018 
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4.  Dams 

 

4.1 Overview 
 

The GEER Florence teams visited over 23 dams within the area affected by Florence.  Fig. 4.1-1 

shows the location of the dams that we observed, keyed to a listing of the dams in Table 4.1.  We 

have divided our observations by the effects of the high water into three groups - breached dams 

(14 dams, Section 4.2), overtopped but unbreached dams (3 dams, Section 4.3), and other dam-

related incidents and observations (6 dams, Section 4.4). 

 

Fig. 4.1-1 ï Dam sites visited by GEER Florence team (number key tabulation below, 

Google Maps)  

 

Breached Dams (red numbers) 

1. Boiling Springs Lake Dam, Boiling Spring Lakes, NC  

2. Pine Lake Dam, Boiling Spring Lakes, NC  

3. North Lake Dam, Boiling Spring Lakes, NC  

4. Middle Dam, Boiling Spring Lakes, NC 

5. Upper Dam, Boiling Spring Lakes, NC 
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6. Maxwell Mill Pond, Duplin County, NC  

7. Gum Swamp Lake Dam, Cognac, NC  

8. Cypress Creek Golf Link Pond Dam, East Laurinburg, NC  

9. McMeekin Pond Dam, Wallace, SC 

10. McLaurins Millpond Dam, Bennettsville, SC 

11. Davidôs Millpond Dam, Bennettsville, SC 

12. Covington Millpond Dam, Bennettsville, SC 

13. Lake Darpo Dam, Society Hill, SC 

14. Hedrick Tailings Dike #1, Lilesville, NC  

 

Overtopped but Unbreached Dams (blue numbers) 

1. Williams Mill Pond Dam, Wayne County, NC 

2. Fair Lake Dam, Laurinburg, NC 

3. Bullards Mill Pond Dam, Marlboro County, SC 

 

Other Dam-Related Incidents and Observations (dark brown numbers) 

1. Landis Dam & Lake Corriher Dam, Rowan County, NC 

2. Yadkin Narrows Dam, Baden, NC 

3. Zoar Road, McFarlen, NC 

4. Richmond Mill Pond Dam, Laurel Hill, NC 

5. Bryan Lake Dam, Johnston County, NC  

6. Clay Thomas Road Dam, Person County, NC  

 

4.2 Breached Dams 
 

Of the fourteen breached dams that we visited, eight were clustered near the NC-SC border, near 

Laurinburg, NC.  This area is on the eastern side of the Piedmont, the middle of three 

physiographic provinces in NC and SC.  The Coastal Plain physiographic province to the east is 

generally flat and less than 600 feet in elevation.  Circumstances that may have factored into the 

cluster of dam failures could include intensity of rainfall due to elevation effects, a higher density 

of historical dam development in the hillier terrain, and increased runoff due to lower-

permeability soils.   All of the eight dams in this cluster were small and low or significant hazard, 

dam categories for which state regulations allow less stringent spillway design floods (SDFs).  A 

typical dam breach in this area is shown in Fig. 4.2-1. 
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Fig. 4.2-1 - McMeekin Pond Dam, Wallace, SC, looking from downstream corner of the 

breach upstream (September 25, 2018, 34.737 N, 79.799 W) 

 

4.2.1 Boiling Springs Lake Dam / Sanford Dam, Boiling Spring Lakes, Brunswick 
County, NC 

 

The largest and most significant of the dam breaches was that of the Boiling Springs Lake Dam, 

also known as Sanford Dam, located about 16 miles south of Wilmington, NC (Fig. 4.2.1-1, -2).  

Boiling Springs Lake Dam was a 30-ft-high, 1584-ft-long earthfill dam completed in 1964.  The 

dam provided a recreational reservoir to the residential development around its shores, which is 

the central lake in a cluster of lakes formed by four other dams.  These dams also failed and are 

discussed in subsequent sections.  Based on observations of the breach, the dam appeared to be a 

homogeneous sand fill embankment.  A local road traversed the crest of the dam.  The only 

outlet structure noted by the team was a gated concrete structure close to the right abutment.  We 

saw no spillway or emergency spillway. 

 

The NC Department of Environmental Quality (DEQ) classified Boiling Springs Lake Dam as a 

Class C high-hazard risk dam ñwhere failure will likely cause loss of life or serious damage to 

homes, industrial and commercial buildings, important public utilities, primary highways, or 

major railroads.ò  The presence of a rail connection to the Military Ocean Terminal Sunny Point, 
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ñone of the largest military terminals in the worldò1F

2 was the most apparent reason for the high-

hazard classification because the rail line crosses the channel about 150 feet downstream of 

Boiling Springs Dam. 

 

The breach of the dam occurred near the mid-length point of the dam and was about 200 ft wide 

(Fig. 4.2.1-3).  We saw evidence of overtopping in the form of erosion along downstream face at 

multiple locations. We also observed sand deposits on the downstream slope and toe.  Because 

there were no indications of piping on the upstream face, and no sinkholes, voids or settlements, 

we expect that the sand was breach erosion material left by backwater flows.  We were told by a 

resident that on Saturday, September 15, 2018, around 11:15 p.m., the dam started to overtop and 

that it failed around 11:30 p.m. 

 

We observed five areas of interest around the dam ï (1) the ~200-ft-wide breach section, (2) the 

right side of the dam where overtopping eroded part of the downstream slope around the outlet 

works without breaching the dam, (3) an eroded section of the downstream slope on the 

embankment to the left of the breach, (4) the left abutment contact where local responders 

attempted to create an emergency spillway to divert and reduce overtopping flows, and (5) the 

apparent robust response of the downstream rail structures to the high flows. 

 

The breach bisected the embankment, washing out the entire height of the structure, leaving only 

the crest road guard rail to dangle over the breach (Figs. 4.2.1-4, -5, -6, -7).  Because of the 

obvious evidence of overtopping along the entire dam, it is most likely that the breach resulted 

from simple surface erosion.  Given the high permeability of the embankment sands, seepage 

forces could have also contributed to instability of the downstream slope. 

 

The occurrence of overtopping on each side of the breach was evident because of the severe 

erosion on the downstream slopes.  The paved crest road provided an erosion retardant at the 

locations of severe erosion on the embankment to the right (Fig. 4.2.1-8, -9) and left (Fig. 4.2.1-

10) of the breach. 

 

At the left abutment, we observed that the crest road had been excavated and that small berms 

had been constructed on either side of the excavated road in a failed attempt by municipal 

workers to save the dam by constructing an emergency spillway that would divert the 

overtopping flows (Fig. 4.2.1-11). 

 

The heavy rainfall and the high flows from the dam breach eroded a significant amount of the 

abutments around the downstream railroad (Fig. 4.2.1-12, 13).  The designers of the railroad, 

perhaps with the benefit of Defense Department funding, appear to have anticipated such flows 

by supporting the railroad on large beams spanning support piers that extended a significant 

depth into the abutments. 

                                                 
2 Wikipedia, ñMilitary Ocean Terminal Sunny Point,ò 

https://en.wikipedia.org/wiki/Military_Ocean_Terminal_Sunny_Point. 
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Fig. 4.2.1-1 ï Brunswick County, Boiling Spring Lake Dam Location (Google Maps) 

 

 
Fig. 4.2.1-2 ï Aerial image of Boiling Spring Lakes complex, October 2016 (Google Earth) 

North Lake Dam 

 

Boiling Springs Lake Dam 

 

Pine Lake Dam 

 

Middle Dam 

 

Upper Dam 

 

Rail line to the Military 

Ocean Terminal Sunny Point 
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Fig. 4.2.1-3 ï Post-failure aerial photograph (Google Earth September 19, 2018, 34.046 N, 

78.037 W) 

 

 
Fig. 4.2.1-4 ï Breach, right side of dam, and outlet structure (September 26, 2018, 

34.0462 N, 78.0373 W) 
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Fig. 4.2.1-5 ï Breach from right side (September 26, 2018, 34.0465 N, 78.0373 W) 

 

 
Fig. 4.2.1-6 ï Looking to breach from empty reservoir (September 26, 2018, 34.0469 N, 

78.0395 W) 

 

 
Fig. 4.2.1-7 ï Looking to breach from downstream (September 26, 2018, 34.0473 N, 

78.0373 W) 
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Fig. 4.2.1-8 ï Downstream right slope erosion, looking across to left abutment (September 

26, 2018, 34.0462 N, 78.0371 W) 

 

 
Fig. 4.2.1-9 ï Downstream right slope erosion, facing right abutment (September 26, 2018, 

34.0466 N, 78.0373 W) 
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Fig. 4.2.1-10 ï Downstream left slope erosion, facing left abutment (September 26, 2018, 

34.0476 N, 78.0378 W) 

 

Fig. 4.2.1-11 ï Attempted emergency spillway construction, left abutment (September 26, 

2018, 34.0500 N, 78.0388 W) 

 

 
Fig. 4.2.1-12 ï Rail line to Military Ocean Terminal Sunny Point showing scour due to 

breach flows (September 26, 2018, 34.0465 N, 78.0374 W) 

Severe Scour Previous Channel 
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Fig. 4.2.1-13 ï Scour along rail line to Military Ocean Terminal Sunny Point about 250 ft 

from channel on right abutment, likely due to abutment overtopping (September 26, 2018, 

34.0457 N, 78.0363 W) 

 

4.2.2 Pine Lake Dam, Boiling Spring Lakes, Brunswick County, NC 

 

Boiling Springs Lake Dam impounded the main reservoir of the Boiling Springs Lakes complex 

(Fig. 4.2.1-2), which included four other dams that failed during Florence ï Pine Lake Dam, 

North Lake Dam, Middle Dam, and Upper Dam. 

 

Pine Lake Dam was a 10-ft-high earthfill dam, which, like Boiling Springs Dam, was completed 

in 1964.  It was an unregulated low hazard recreational dam. The only outlet appeared to be a 

low-level pipe.  Pine Lake Dam impounded water at a 5-ft-higher elevation than Boiling Springs 

Lake, and it served as a causeway for East Boiling Spring Road that traversed its crest. 

 

The breach occurred at the location of the low-level pipe (Figs. 4.2.2-1, -2, -3). We observed 

indications of overtopping and toe cutting downstream of dam at multiple locations. NC DEQ 

informed us that the dam failed after the failure of downstream Boiling Springs Dam.  The 

sudden drawdown of Boiling Springs Lake and the added exposure of the downstream slope to 

overtopping erosion without the cover of the downstream lake may have contributed to the dam 

failure. 
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Fig. 4.2.2-1 ï Post-failure aerial photograph (Google Earth, September 19, 2018, 34.034 N, 

78.064 W) 

 
Fig. 4.2.2-2 ï Looking from downstream left abutment to overtopping erosion, breach and 

empty reservoir (September 28, 2018, 34.0334 N, 78.0635 W) 
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Fig. 4.2.2-3 ï Looking from downstream right abutment to partially filled breach and 

empty reservoir (September 28, 2018, 34.0334 N, 78.0635 W) 

 
4.2.3 North Lake Dam, Boiling Spring Lakes, Brunswick County, NC 

 

North Lake Dam in the Boiling Springs Lakes complex (Fig. 4.2.1-2) also failed during Florence.  

North Lake Dam was a 10-ft-high earthfill dam, also completed in 1964, and like Pine Lake Dam 

was an unregulated low hazard recreational dam traversed by the same East Boiling Spring 

Road. We observed remnants of multiple plastic and steel corrugated pipes through the dam.  

The water level of North Lake, upstream of the dam, was normally 5 ft higher than the 

downstream level in Boiling Spring Lake.  As with Pine Lake Dam, the sudden drawdown of 

Boiling Springs Lake and the added exposure of the downstream slope to overtopping erosion 

without the cover of the downstream lake may have contributed to the dam failure. 

 

In addition to the breach near the right abutment (Figs. 4.2.3-1, -2), we observed indications of 

severe overtopping erosion and toe cutting near the left abutment (Figs. 4.2.3-3, 4). We also 

noted the possibility that part of dam toe may have eroded due to drainage pipe discharge.   

 



Geotechnical Effects of Hurricane Florence  

GEER Association 40  

 
Fig. 4.2.3-1 ï Looking from upstream right  abutment to overtopping erosion and empty 

North Lake reservoir (September 28, 2018, 34.0412 N, 78.0528 W)  
 

 
Fig. 4.2.3-2 ï Looking downstream from right abutment to breach and erosion downstream 

(September 28, 2018, 34.0421 N, 78.0530 W) 
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Fig. 4.2.3-3 ï Looking from downstream left abutment to overtopping erosion and empty 

reservoir (September 28, 2018, 34.0430 N, 78.0517 W) 

 

  
Fig. 4.2.3-4 ï Looking from left abutment to overtopping erosion and possible culvert 

discharge erosion (September 28, 2018, 34.0430 N, 78.0517 W) 

 

4.2.4 Middle Dam, Boiling Spring Lakes, Brunswick County, NC 

 

The Middle Dam sits at the southwest end of Boiling Spring Lake and normally impounds water 

at a level 5 ft higher than the main part of the lake.  The dam is not included in the NC Dam 
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Safety Inventory.  From Google Earth aerial and street view imagery, it appears that the dam was 

about 10 ft high and had at least one low-level outlet pipe and a broad-crested concrete spillway 

about 40 ft wide.  Like the other dams in the complex, Middle Dam appeared to be largely a sand 

embankment.  Unlike the other Boiling Spring Lakes dams, Middle Dam did not have a local 

road on its crest.   

 

Fig. 4.2.4-1 shows the Google Earth aerial photograph of the dam breach taken on September 19, 

2018.  Fig. 4.2.4-2 shows the breach from ground level at the time of our visit.  Figs 4.2.4-3 and -

4 show evidence that the dam was overtopped, which, in possible combination with the rapid 

drawdown of Boiling Spring Lake downstream and lack of backwater to mitigate erosion, was a 

likely cause of the breach. 

 

 
Fig. 4.2.4-1 ï Middle Dam aerial image (Google Earth, September 19, 2018, 34.024 N, 

78.066 W) 
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Fig. 4.2.4-2 ï Middle Dam breached embankment close to northwest abutment and the 

concrete culvert structure, looking at left abutment (September 26, 2018, 43.024 N, 

78.066 W) 

 

 
Fig. 4.2.4-3 ï Middle Dam overtopping downstream slope erosion close to right abutment, 

looking at right abutment (September 26, 2018, 43.024 N, 78.066 W) 
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Fig. 4.2.4-4 ï Middle Dam overtopping downstream slope erosion of embankment, looking 

at northwest abutment (September 26, 2018, 43.024 N, 78.066 W) 

 

4.2.5 Upper Dam, Boiling Spring Lakes, Brunswick County, NC 

 

The Upper Dam is located about ¼ mile southwest and upstream of the Middle Dam and 

normally impounds water at a level 3 ft higher than the Middle Dam impoundment.  Unlike the 

Middle Dam, the Upper Dam is included in the NC Dam Safety Inventory and is listed as a high 

hazard dam having a height of 9 ft and a length of 600 ft.  From Google Earth aerial imagery, it 

appears that the dam may have had two drop intake outlets and no spillway.  Like the other dams 

in the complex, Middle Dam appeared to be largely a sand embankment.  An dirt/gravel road 

traversed the dam crest.   

 

Fig. 4.2.5-1 shows the Google Earth aerial photograph of the dam breach taken on September 19, 

2018.  Fig. 4.2.5-2 shows the breach from ground level at the time of our visit.  Fig 4.2.4-3 

shows evidence that the dam was overtopped, which, in possible combination with the rapid 

drawdown of the Middle Dam impoundment downstream and lack of backwater to mitigate 

erosion, was a likely cause of the breach. 
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Fig. 4.2.5-1 ï Upper Dam aerial image (Google Earth, September 19, 2018, 34.022 N, 

78.070 W) 

 

 
Fig. 4.2.5-2 ï Upper Dam breached embankment looking at northwest abutment 

(September 26, 2018, 43.022 N, 78.069 W) 

 














































































































































































































































































































