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WaterWater--Quality and FloodsQuality and Floods
Lessons from Lessons from 
Floods of 1999Floods of 1999



OverviewOverview
Hurricanes in NCHurricanes in NC
RainfallRainfall
FloodingFlooding
Water Quality EffectsWater Quality Effects
�� RiversRivers
�� EstuariesEstuaries

Black River

Kinston



Hurricane Statistics: 1886 Hurricane Statistics: 1886 -- 19991999

��About 6 per year become hurricanesAbout 6 per year become hurricanes
��33 made landfall in NC (3% of total)33 made landfall in NC (3% of total)
��9% passed through, and 18% passed within 9% passed through, and 18% passed within 

300 miles of NC300 miles of NC

1999 Tropical Cyclones1999 Tropical Cyclones

Hurricane Floyd



Hurricane Statistics: 1886 Hurricane Statistics: 1886 -- 19991999

Streamflow measurement Streamflow measurement 
during flooding on Tar Riverduring flooding on Tar River

Streamgage

3 hurricanes have made landfall in 1 year at 3 hurricanes have made landfall in 1 year at 
��NC:  1955 and 1996NC:  1955 and 1996
��FL:  1964FL:  1964
��LA:  1985LA:  1985

Most costly:Most costly:
��Andrew (1992)Andrew (1992)
��Hugo (1989)Hugo (1989)
��Floyd (1999)Floyd (1999)
��Fran (1996)Fran (1996)

Floyd most deadly Floyd most deadly 
since Agnes (1972)since Agnes (1972)



Tropical Cyclones Making Landfall in NCTropical Cyclones Making Landfall in NC





Hurricane DennisHurricane Dennis
Sept. 3Sept. 3--7, 19997, 1999

••WilliamstonWilliamston——7.20   7.20   

••Rocky Mt.Rocky Mt.——7.59       7.59       

••ClaytonClayton——5.35 5.35 

••KinstonKinston——6.936.93

••GreenvilleGreenville——7.03       7.03       

••ClintonClinton——2.962.96

••WhitevilleWhiteville——1.521.52

••Castle HayneCastle Hayne——0.850.85



Hurricanes Floyd and AndrewHurricanes Floyd and Andrew



Hurricane Floyd RainfallHurricane Floyd Rainfall

•• WilliamstonWilliamston——16.28    16.28    
•• Rocky Mt.Rocky Mt.——18.0018.00
•• ClaytonClayton——7.337.33
•• KinstonKinston——13.98 13.98 
•• TrentonTrenton——14.98 14.98 

•• GreenvilleGreenville——12.63 12.63 
•• ElizabethtownElizabethtown——14.2      14.2      
•• ClintonClinton——12.2212.22
•• WhitevilleWhiteville——16.7616.76
•• Castle HayneCastle Hayne——20.3920.39



Hurricane IreneHurricane Irene
October 17October 17--18, 199918, 1999

••WilliamstonWilliamston——5.545.54

••Rocky Mt.Rocky Mt.——5.165.16

••GreenvilleGreenville——4.304.30

••KinstonKinston——4.384.38

••ClintonClinton——4.334.33

••Castle HayneCastle Hayne——3.793.79

••WhitevilleWhiteville——5.975.97

October 17, 1999





Storm StatisticsStorm Statistics
Rain events are described by Rain events are described by 
�� Volume (Inches of rain)Volume (Inches of rain)
�� Duration (Hours of rainfall)Duration (Hours of rainfall)
�� Frequency (Probability of occurrence)Frequency (Probability of occurrence)

A 100A 100--year storm has a 1% chance of year storm has a 1% chance of 
occurring in any given year.occurring in any given year.
A 100A 100--year rain event does not necessarily year rain event does not necessarily 
produce a 100produce a 100--year flood.year flood.



September 15September 15--16, 199916, 1999
Rainfall Recurrence IntervalRainfall Recurrence Interval

Streamflow measurement
on Potecasi Creek



Magnitude of Magnitude of 
FloodingFlooding



September 1999 Flood Recurrence IntervalsSeptember 1999 Flood Recurrence Intervals



Flood Frequency Flood Frequency EstimatesEstimates
Tarboro 100Tarboro 100--year flood estimateyear flood estimate
��18971897--1996:  41,3001996:  41,300
��18971897--1999:  45,5001999:  45,500

Kinston 100Kinston 100--year flood estimateyear flood estimate
��19811981--1996:  28,200  1996:  28,200  
��19811981--1999:  40,5001999:  40,500
��19281928--1980:  40,8001980:  40,800
��19281928--1999:  39,9001999:  39,900
��19281928--1943:  45,6001943:  45,600

Water-quality sampling, 
Tar River



Flood Frequency Flood Frequency EstimatesEstimates
•• Based on streamgaging record, the 100Based on streamgaging record, the 100--year flood year flood 

flow for the Neuse River at Kinston is 40,500 cfsflow for the Neuse River at Kinston is 40,500 cfs

Longer record reduces variance in estimate.Longer record reduces variance in estimate.
��100100--year 90% confidence band at Tarboroyear 90% confidence band at Tarboro: : 39,100 39,100 –– 53,500 53,500 (98 yrs.)(98 yrs.)
��100100--year 90% confidence band at Kinston:   year 90% confidence band at Kinston:   29,300 29,300 –– 68,700 68,700 (19 yrs.)(19 yrs.)

For Kinston, this translates to a For Kinston, this translates to a 
range in stage of more than 5 ftrange in stage of more than 5 ft

Princeville flood hazard map
Princeville



Tar River at TarboroTar River at Tarboro
September September –– October 1999October 1999



Neuse River FlowsNeuse River Flows
September September –– October 1999October 1999

Flood Stage 
at Kinston

and Goldsboro



Large percentage of loadLarge percentage of load
occurs during a few stormsoccurs during a few storms



Floyd WaterFloyd Water--Quality SamplingQuality Sampling
15 sites; 38 individual sample events15 sites; 38 individual sample events
Many sampled in 1996 (Fran)Many sampled in 1996 (Fran)
Tar and Neuse sampled 3 Tar and Neuse sampled 3 –– 4 times4 times
MeasurementsMeasurements
�� Physical (37)Physical (37)
�� Suspended sediment (26)Suspended sediment (26)
�� Nutrients and carbon (30)Nutrients and carbon (30)
�� Bacteria (21)Bacteria (21)
�� Metals (27)Metals (27)
�� VOC’s (4)VOC’s (4)
�� Pesticides (28)Pesticides (28)



3535--Day Nitrogen LoadsDay Nitrogen Loads
• 50% of mean annual N load at Kinston
• 80% of mean annual N load at Tarboro



Loads from Fran (96) and Floyd (99)Loads from Fran (96) and Floyd (99)
��������In Neuse and Cape Fear In Neuse and Cape Fear 

Basins, loads for Floyd Basins, loads for Floyd 
were similar to loads were similar to loads 
from Franfrom Fran

Load much higher Load much higher 
in Tar basin in Tar basin 

during Floyd during Floyd ��������



Phosphorus YieldsPhosphorus Yields——Floyd and FranFloyd and Fran



WaterWater--Quality EffectsQuality Effects
17 pesticides detected

• Metolachlor in all samples; atrazine in 27 of 28
• At least one pesticide detected at all sites
• Most pesticides detected at mouth of Neuse R.
• Few volatile organic compounds detected
• Ammonia > 75th percentile of all previous samples

in Tar
• Dilution effect: NH4 in Tar at 61,000 cfs = 0.051 mg/L

Same mass at typical Sept. flow = 10x max. obs.



•• C. PerfringensC. Perfringens——nonpathogenic; forms nonpathogenic; forms 
environmentally resistant spore. environmentally resistant spore. 

•• Indicator of human waste.Indicator of human waste.
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PrePre--hurricanehurricane

PostPost--Floyd, September 23, 1999Floyd, September 23, 1999

Neuse River

Tar River



Effects on Coastal SystemsEffects on Coastal Systems
•• Inflow to Neuse Estuary was 10 times normal.Inflow to Neuse Estuary was 10 times normal.
•• Inflow to Pamlico River was 20 times normal.Inflow to Pamlico River was 20 times normal.
•• September inflow to Pamlico Sound was equal to September inflow to Pamlico Sound was equal to 

58% of volume;  normally about 6.5%.58% of volume;  normally about 6.5%.
•• Sept. and Oct. inflow to Pamlico Sound was equal Sept. and Oct. inflow to Pamlico Sound was equal 

to 83% of volume; normally about 13%.to 83% of volume; normally about 13%.

Pamlico Sound



Total



Flooding and SalinityFlooding and Salinity

Pamlico River Estuary









Delayed Salinity RecoveryDelayed Salinity Recovery

Pamlico SoundPamlico SoundPamlico SoundPamlico Sound
Station C3Station C3Station C3Station C3



� Salinity

���� Dis. OxygenPamlico Sound
Salinity

and
Dissolved Oxygen



Biological EffectsBiological Effects

•• Fisheries catch in Fisheries catch in 
Pamlico Sound Pamlico Sound 
higher after higher after 
flooding.flooding.

•• 10 10 –– 20 % of 3 20 % of 3 
species had lesions; species had lesions; 
typically <1%typically <1%



WaterWater--Quality Flood PlanQuality Flood Plan
List of sitesList of sites
�� Current project sitesCurrent project sites
�� Discontinued longDiscontinued long--term sites (NASQAN, etc.)term sites (NASQAN, etc.)
�� Other sites of interestOther sites of interest

Lab schedulesLab schedules
BottlesBottles
Filtering and preservation Filtering and preservation 
Special equipmentSpecial equipment
Flows for previous flood samplesFlows for previous flood samples
SafetySafety



Coastal ErosionCoastal Erosion Rodanthe



Coastal ErosionCoastal Erosion


