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Hurricanesin NC
Rainfall

Flooding

Water Quality Effects
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Hurricane Statistics: 1886 - 1999
° 990 Atlantic “tropical cyclones”

>About 6 per year become hurricanes
>33 made landfall in NC (3% of total)

>9% passed through, and 18% passed within
300 mlles of NC —r— —
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Hurricane Statistics, 1886 - 1999

* 3 hurricanes have made landfall in 1 year at
>NC: 1955 and 1996
SFL: 1964 ":"5 L
>LA: 1985 ‘

e Most costly: ,r'-_
> Andrew (1992)

>Hugo (1989)ms

> Floyd (1999
> Fran (1996)

* Floyd most dez QHy_"

since Agnes (1972)
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Streamgage
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Tropical Cyclones Making Landfall in NC

m Category 4; wind speed 131 - 155 miles per hour
O Category 3; wind speed 111 - 130 miles per hour

= Category 2; wind speed 96 - 110 miles per hour
m Category 1; wind speed 75 - 95 miles per hour

® Tropical storm; wind speed less than 75 miles per hour




Average Annual Precipitation

MNorth Carolhina
Period: 1941-1990
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Hurricane Dennis

Sept. 3-7, 1999

*Williamston—7.20
*Rocky Mt.—7.59
*Clayton—5.35
*Kinston—6.93
*Greenville—7.03
*Clinton—2.96
*\Whiteville—1.52
*Castle Hayne—0.85




Hurricanes Floyd and Andrew

Hurrmane Andre':f'r"‘"- a0
August 23, 1992 @ 1231 UTC b



Hurricane Floyd Rainfall
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Williamston—16.28 Greenville—12.63
Rocky Mt.—18.00 Elizabethtown—14.2
Clayton—7.33 Clinton—12.22

Kinston—13.98 Whiteville—16.76
Trenton—14.98 Castle Hayne—20.39




Hurricane lrene
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/3; October 17-18, 1999

*Williamston—5.54
*Rocky Mt.—5.16
~Greenville—4.30

""""" A ~—%K inston—4.38
| ~Clinton—4.33
Fewoi - —*CastleHayne—3.79
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September 1999 Precipitation

Departure from 30-Year Average

Precipitation departure in inches
Based on preliminary data
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» Volume (Inchesof rain)
> Duration (Hours of rainfall) pr e
> Frequency (Probability of occurrénce!

* A 100-year storm hasa 1% chance of
occurring in any given year.

* A 100-year rain event does not necessarily. s #%;
produce a 100-year flood. . jh N
i o & ﬁ._ﬁf,‘: %
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September 15-16, 1999
Rainfall Recurrence | nterval

Kinston Rocky Mount

12-hour observed 7.9 10.38
12-hour 100-year 7 --8 7 --8
24-hour observed 12.54 (e
24-hour 100-year 8 -- 9 8--9
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- Magnitude of
Floodlng
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Flood Freguency Estimates

* Tarboro 100-year flood estimate

= 1897-1996:
= 1897-19909:

41,300
45,500

e Kinston 100-year flood estimate

= 1981-1996:
= 1981-1999:
= 1928-1980:
= 1928-1999:
= 1928-1943:

ZUSGS
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Flood Freguency Estimates

 Based on streamgaging record, the 100-year flood
flow for the Neuse River at Kinston 1s 40,500 cfs

* | onger record reducesvariancein estimate.

»>100-year 90% confidence band at Tarboro: 39,100 — 53,500 (98 yrs.)
»>100-year 90% confidence band at Kinston: 29,300 — 68,700 (19 yrs.)

Princeville




September 1999 peak stage, 41.51 feet

Previous maximum stage, 31.77 feet,
August 1940

National Weather Service
Flood Stage, 19 feet

Tar River at Tarboro
September — October 1999
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- avon e Neuse River Flows
 Z Kinston (s16.28) September — October 1999

| Flood Stage
[ at Kinston
and Goldsboro
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L arge per centage of load
occursduring a few storms

—— DAILY MEAN DISCHARGE

— CUMULATIVE SUSPENDED-SEDIMENT LOAD

DAILY MEAN DISCHARGE, IN CUBIC FEET PER SECOND
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Floyd Water-Quality Sampling

* 15 4gites, 38 individual sample events
* Many sampled in 1996 (Fran)
* Tar and Neuse sampled 3 —4 times

* M easurements
> Physical (37)
> Suspended sediment (26
> Nutrients and carbon (
> Bacteria (21)
> Metals (27)
> VOC’s (4)
> Pesticides (28)

ZUSGS




35-Day Nitrogen L oads

- ® 50% of mean annual N load at Kinston
¢ 80% of mean annual N load at Tarborg

— Neuse River near
Ft. Barnwell

Tar River at
Greenville

/ Northeast Cape Fear River
~— Cape Fear River at near Chinquapin

— |

Lock 1

—

N Lumber River at Boardman -~
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L oads from Fran (96) and Floyd (99)

Meuse Hiver at Kinston
[Hurricana Fran)

MNeusa River at Kinston
(Hurricane Floyd)

MNeuse River near
Goldsbhoro
[Hurricane Fran)

— Meuse River near Goldsboro
[Hurricana Floyd)

Meuse River at Smithfield

&1n Neuse and Cape Fear
Basins, loads for Floyd
were similar to loads
from Fran

(Hurricane Floyd)

e

LUMULATIVE NITHOGEN LIAL, TN TUMNS

Meuse River at Smithfield

Cape Fear River
at Lock 1
{Hurricane Fran}

{Hurricana Fran)
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L. oad much higher
In Tar basin
during Floyd =»
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Tar River at Tarboro

{Hurricane Floyd) e ————
| _
— (Cape Fear River at Lock 1
(Hurricane Floyd)

Tar River at Tarboro .
{Hurricane Fran) L
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Phosphorus Yields—Floyd and Fran

UEE | ] [ [ ] | |

B Tar River Neuse River Cape Fear and Lumber River
Basin Basin Basins

L1 Hurricane Floyd |
020 — B Hurricane Fran =

0.15 -

0.10

FRUSFRORUS, IN TUNS PER SUUARE MILE
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TarR.near TarR.at TarR.at TarR.at TarR.at MNeuseR. MNeuseR. NeuseR. NeuseR. Cape Fear R. Northeast Lumber

Tar River Louisburg  Rocky Tarboro  Greenville at near at near atlock1 CapeFear  River
Mount Cmithfield Goldsboro  Kinston Ft. Barmwell nearKelly  River




Water-Quality Effects

® 17 pesticides detected
* Metolachlor in all samples; atrazinein 27 of 28
* At least one pesticide detected at all sites
* Most pesticides detected at mouth of Neuse R.
* Few volatile or ganic compounds detected
* Ammonia > 75" percentile of all previous samples
In Tar
* Dilution effect: NH, in Tar at 61,000 cfs= 0.051 mg/L

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

(T
ZUSGS



COLONIES PER 100 ML
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* C. Pearfringens—nonpathoegenic; forms

~USGS environmentally resistant spore.

e |ndicator of human waste,




Pre-hurricane
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Effects on Coastal Systems

Inflow to Neuse Estuary was 10 times nor mal.
| nflow to Pamlico River was 20 times nor mal.

September inflow to Pamlico Sound was equal to
58% of volume; normally about 6.5%.

cot. anc Oct. inflow to Parnlico Souricl was SeliEl
el 5=% of volume; norrelly apout 13% .
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Pamlico Sound inflow,
as percent of Pamlico Sound volume

50/

40/

20 7

T

@ Percent of Pamlico Sound drainage area
Wl September actual inflow

1 September normal inflow

O October actual inflow

Wl October normal inflow




Flooding and Salinity
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Pamlico River Estuary

10

EXPLANATION
12

— HNear-surface zaliniy

SALINITYIN PARTS PER THOUS AND
==}
|

14 — HNear-bouwom salinity

1 E |||||||||| | ||||||||||||||||||||||||||||

Oectober Movember
4400



September 29, 1999

ON.

Salinity (ppt)

ONDROOO2I 2.
Depth (m)

10 20 30 _ 40 50 _ 60
Distance Downstream from Streets Ferry (km)
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October 11, 1999
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Salinity (ppt)

Depth (m)
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Distance Downstream from Streets Ferry (km)

J N b O O



November 15 and 18, 1999

° Salinity (ppt)
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Pamlico Sound Stations
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Delayed Salinity Recovery
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Pamlico Sound
Station C3
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Pamlico Sound
Salinity
and
Dissolved Oxygen

Depth (m)
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Biological Effects

in Vitro Chlorophyll a { pg L)

—Isheries catch in
Pamlico Sound
) AR nigher after
A o 2 flooding.
* 10—20% of 3
A species had lesions;
typically <1%

0




Water-Quality Flood Plan

List of sites

> Current project sites
> Discontinued long-term sites (NASQAN, etc.)
> Other sites of interest

L ab schedules
Bottles _
Filtering and preser vaie! -
Special equipment "
Flows for previous flood samples

Safety

ZUSGS



Rodanthe

Coastal Erosion

Cape Hatteras
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e Buxton Overwash, September 9, 1999
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September 8, 1999




Coastal Erosion

Cross-Sections Derived From Laser Altimetry Data

7 - Hurricane Dennis Impacts, Outer Banks NC
— —a— Pre-Storm (Sept 98)
—=— Post-Storm (Sept 99)
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