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Background

e Heavy rainfall a common occurrence in the region
o Long history of extreme rainfall in the region

o Happened before, it will happen again

e Two “recent” storm in Focus today
o October 2015
m Combination of tropical and synoptic
o Hurricane Florence September 2018
m Purely tropical
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Extreme Rainfall in the Region

Locations of all SPAS Analyzed Storm Events
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Extreme Rainfall in the Region

Locations of all SPAS Analyzed Storm Events
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How is Extreme Rainfall Information Utilized?

AWA Project Locations
by Regulatory Agency
. State/Province

@® Federal

N
@® Forensic w %E
. Mining s
Revised: 9/8/2021

e PMP/PMF development i
o Spillway evaluations

Model calibration/validation

Mining Operations/TSF

Nuclear Safety

Forensic investigations

Climate Change assessments

Research

Fun.....

Indonesia South America ! Caril')bean Europe
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October 2015 Rainfall

e Concentrated flow of moisture into the
region
o Hurricane Joaquin well offshore
o Sustained moisture inflow from the SE
o Low pressure west front off SC

e Heavy rainfall for several days in same
area

e 20+ inches widespread along the main

2*w 80°wW 78W

H Total Storm (120-hours) Precipitation (inches)
aX I S 10/1/2015 0600 UTC - 10/6/2015 0500
Gaugs- SPAS-NEXRAD #1564
o Most rare at 3 days, >1000-year . o, |
= Hourly Pseudo 5 ry 20 160
o Short warning time and fast rising water = = ——— 2

M o.00-1.00[]401-500[]801-9.00 []12.01-13.00 I 18.01-20.00
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[]201-4.00[]7.01-8.00[]1.01-12.00 [l 16.01- 18.00 [_]24.01- 26.00
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October 2015 Rainfall-Joaquin Track
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October 2015 Rainfall-IR Satellite Loop
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October 2015 Rainfall-IR Image
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October 2015 Extreme Rainfall-Radar Loop
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October 2015 SPAS Analysis

Several days of heavy of rain

Excellent data in and around storm center
Greatest 1 and 2-day rainfall KCAE
Greatest 1, 2, 3, 4 day at KCHS

SPAS 1564 Storm Center Mass Curve: Zone 1
October 1 (0600 UTC) - October 6 (0500 UTC), 2015

Lat: 32.895 Lon: -79.756
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Annual Exceedance Probabilities (AEPs) for 24-hour Maximum Rainfall
SPAS 1564 - Ogtobcr 1-6,2015 - Mount Plcasant, SC

October 2015 AEP (o

e Similar to tropical but
like an AR
e Hybrid event

Annual Excecdance Probabilitics (AEPs) for 72-hour Maximum Rainfall
SPAS 1564 - October 1 - 6, 2015 - Mount Pleasant, SC

] i

‘Georgia

HZ!W
e o 1
o appheneathrssacites.com
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Duration (hours)
areasqgmi 1 2 3 4 5 6 12 18 24 36 48 72
0.4 333 583 7.36 .84 998 | 1077 | 1302 1470 1541 1997 2123 | 2481
1 3.30 5.82 7.35 8.84 997 1058 1302 1457 1525 1986 2107  24.80
10 311 5.69 7.23 8.74 975 1055 1294 1453 1521 1902 2040 = 2464
25 293 5.50 7.04 858 954 1049 1281 1447 1514 1886  19.89  24.37
50 276 5.18 6.88 8.36 931 1027 1257 1437 1503 1859 1972  23.83
100 256 473 6.60 8.01 9.08 986 1235 1410 1486 1805 1941 2343
150 246 4.43 6.27 7.66 8.88 951 | 1217 1386 1465 1751 1936  23.00
200 239 434 571 739 8.68 921 1209 1382 1458 1732 1928 2264
300 228 415 5.44 6.96 8.27 869 1193 1368 1440 1707 1906 2209
400 214 3.94 5.15 6.62 7.44 831 1176 1343 1417 1683 1882 2196
500 211 3.78 483 6.39 7.39 819 1159 1330 1398 1661 1869 2185
1,000 | 187 333 443 5.60 6.63 747 1075 1246 1310 1546  18.04 2098
2,000 | 163 272 383 4589 573 6.46 960 1137 | 1210 1491 1722  20.33
500 | 102 2.06 2.95 3.93 469 534 8.25 958 1054 1366 1565 1866 2017 2072 | 2072 : . .
10,000 | 0.81 1.56 225 2.95 3.56 3.91 6.60 8.31 886 1183 1399 1618 1824 1879 | 18.79 - o “" Annual Exceedance Probability "
20,000 | 0.59 1.09 1.66 217 2.60 2.97 5.42 6.67 7.23 9.85 1124 1370 1554 1647 | 16.47 B iy e Hesoiten L — i [ 1i0-s0 [ w00- 11200 [T 1/500- 11,000
50,000 | 029 053 078 085  1.06 126 233 441 477 620 709 980 1155 1214 | 12.14 st on oo e [ wso- w00 [ w200 wsoo [ < 11,000
100,000 | 0.16 030 0.44 057 0.72 0.85 1.61 226 271 384 5.01 6.63 7.67 8.02 5.02
100,549 | 0.15 0.30 043 057 0.72 0.85 1.60 225 271 3.84 5.01 6.61 7.64 7.99 7.99
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October 2015 Rainfall-Effects of the Storm

36 dam failures
Damage
estimates

exceeded $1.5
Billion
19 fatalities
o 9inRichland
County
o Several from
trapped
vehicles in
flooding
o 1500 water
rescues
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Florence Extreme Rainfall

72-hr Maximum Rainfall
e Slow Moving Storm, well .. ., SPAS1720-Scpiember13-18,2018 - HumicaneFlorence
Forecast : o
e + |
e Unprecedented rainfall
o 40+ inches over 3 days -
e Slow movinginthe same area |+ -
o  Common factor
m E.g. Harvey M -
Rainfall records: Five spots have preliminarily = |-4° - Ty
topped North Carolina's tropical cyclone G
rainfall record: Swansboro (33.90 inches), .
Hofmann Forest (29.48 inches), Sunny Point :
(27.44 inches), Nature Conservancy (27.12 B | e E”“é"“"%=5
inches) and Newport/Morehead City (25.20 = e om0 em (o oo Bsn sen[_Jon o
inches). The previous record was 24.06 inches
from Hurricane Floyd in 1999. Weahed 14

Associates
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Florence Hurricane Track

12Z NAM (MA)
Select Model Run

09/14/18

09/13/18

09/12/18

09/11/18

Select Sector View
250mb

500mb

700mb

850mb

925mb

Surface Products
Precipitation Products
Convective Products
Supplementary Products

Select Forecast by Hour

12Z NAM +3 Hours

12Z GFS (MA)
m .. Select Model Run

College of DuPage NEXLAB 12Z NAM | FOB4 Valid: 00Z TUE SEP ESSECEFSCRT V=

—— Precipitation
Dynamic Tropopause
250mb
500mb
700mb
850mb
925mb

| ‘Surface Products

Precipitation Products

Convective Products
Supplementary Products
Select Forecast by Hour

eft-Click for Forecast Sounding

Right-click for Sounding Settings
12Z GFS +3 Hours
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NAM'NEST

GFS 12Z shows a Iittless rainfall,
“only” 35 inches over the same
general area

Left-Click for Forecast Sounding

Right-click for Sounding Settings




Florence Hurricane Track
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Florence Rainfall

S A Thu 21:18Z 13-Sep-18 ApTTE
) Weather
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Florence Tornadoes

e Hurricanes produce lots of

hazards
o Surge
o Wind
o Rain
o Flood
o  And Tornadoes

HURRICANE FLORENCE
TORNADO REPORTS

Total reports: 44
By state: NC 27 VA 11 SC6 NOAA Storm Prediction Center

Applied="
Weather
Assbciates 18
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Florence Rainfall

Excessive rains resulted in extensive low-land and river flooding

North Carolina and northeastern South Carolina

« Many rivers exceeding records set during Hurricane Matthew in 2016 (which
broke records previously set during Hurricane Floyd in 1999)

« 22 USGS gages in North Carolina/11 in South Carolina measured record setting
peak stages

Florence caused 22 direct deaths

« 17 were due to flooding, 4 due to wind, 1 due to tornado
* 15 in North Carolina

4 in South Carolina

« 3in Virginia. Of the direct deaths,

B
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Florence SPAS Analysis

e Record breaking rainfall
o Slow moving
o Consistent access to moisture

Incremental Precipitation (inches)

SPAS 1720 Storm Center Mass Curve: Zone 1
September 13 (1200 UTC) - September 18 (1100 UTC), 2018

Lat: 34.235 Lon: -77.765

@, ncremental
= Accumulated
5.0
1140
43.95”
. n
Q
<
o
4.0 £
c
S
U
a8
(%
<
3.0 o 80°W 79°W 78°W 77°W
ke - -
£ Total 120-hour Rainfall (inches)
0 2 e 09/13/2018 1200 UTC - 09/18/2018 1100 UTC
auges
3 ge= SPAS-NEXRAD 1720
2.0 < @ Daily
= Hourly
= Hourly Pseudo 0 30 60 120
©  Supplemental i
1l 0 65 130 260
1.0 Precipitation (inches)
[ 000-2.00 []10.01-12.00 []20.01-22.00 [ 30.01 -32.00 [] 40.01 - 42.00
[ 2.01-4.00 []12.01-14.00 []22.01-24.00 [l 32.01-34.00 | 42.01 - 44.00
4.01-6.00 []14.01-16.00 []24.01-26.00 [ 34.01 - 36.00
0.0 | 8. . 0 [[Jeo01-8.00 []16.01-18.00 []26.01 -28.00 [ 36.01 - 38.00
1 2z 4 61 81 101 []8.01-10.00 [] 18.01 - 20.00 [ 28.01 - 30.00 [_] 38.01 - 40.00

2/18/2018

Index Hour
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Florence AEP and DAD

Annual Exceedance Probabilities (AEPs) for 72-hour Maximum Rainfall
SPAS 1720 —vSeptember 13-18,2018 - Hum'cane Flgrence

For

o

dt

+ +

= o ™ o
eSS < Annual Exceedance Probability
Topled Viesher Asame, L

POBox 175 - 110 - 1/50 1/100 - 17200 11500 - 11,000
B & I = m
v sppiedvesther zsocatescom [ ws0- 1100 [ ] vz00- veo0 [ < 11,000

Storm 1720 - September 13 (1200 UTC) - September 18 (1100 UTC), 2018
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

=2,

Area (mi') 73 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
0.4 6.88 | 1004 | 1160 | 12.65 | 13.33 | 1381 | 16.94 | 2086 | 2512 | 2906 | 3742 | 4310 | 43.88 | 4395 | 43.95
1 6.82 994 | 1151 | 1251 | 1347 | 1363 | 1679 | 2074 | 2497 | 2888 | 37.20 | 4281 | 4361 | 4372 | 43.72
10 6.56 9.51 1115 | 1197 | 1224 | 1265 | 1623 | 2042 | 2460 | 2844 | 3666 | 4211 | 4299 | 4314 | 43.14
25 5.85 8.41 1007 | 1080 | 1109 | 1157 | 1584 | 2020 | 24.35 | 2827 | 3645 | 4187 | 4275 | 4292 | 42.92
50 4.90 6.97 8.63 9.23 986 | 1105 | 1531 | 1975 | 23.80 | 2800 | 36.03 | 4169 | 4257 | 4274 | 4274
100 3.97 571 7.15 7.78 916 | 1035 | 1437 | 1862 | 2280 | 27.34 | 3517 | 4100 | 4238 | 4257 | 4257
150 3.50 5.03 6.36 7.33 8.66 985 | 1367 | 1772 | 2212 | 26.88 | 3448 | 4068 | 4196 | 42.16 | 42.16
200 3.20 461 5.86 6.98 8.24 937 | 1314 | 17.03 | 2158 | 2653 | 3400 | 4039 | 4166 | 4185 | 41.85
300 2.82 4.14 5.22 6.44 7.48 853 | 1274 | 1618 | 2079 | 2603 | 3330 | 39.98 | 4125 | 4142 | 4142
400 259 3.86 4.81 6.00 6.99 793 | 1238 | 1583 | 2016 | 2550 | 3276 | 3951 | 4091 | 4110 | 41.10
500 243 3.59 454 5.62 6.58 765 | 1206 | 1560 | 1962 | 2503 | 3235 | 39.12 | 4049 | 4067 | 40.67
1,000 1.99 3.02 3.85 4.83 5.89 6.86 | 1089 | 1452 | 1767 | 2341 | 3042 | 3741 | 3885 | 39.01 | 39.01
2,000 1.62 255 3.43 4.22 5.07 5.88 979 | 1295 | 1582 | 2145 | 27.87 | 3459 | 3627 | 3640 | 36.40
3,500 1.39 228 3.09 3.79 456 5.14 863 | 1153 | 1445 | 1964 | 2555 | 3195 | 3384 | 33.99 | 33.99
5,000 1.26 2.10 2.86 353 421 477 7.91 1064 | 1352 | 1837 | 2387 | 3030 | 3211 | 3228 | 32.28
7,500 1.10 1.86 2.60 3.18 3.84 4.35 7.28 990 | 1253 | 1696 | 2193 | 28.10 | 2084 | 3006 | 30.06
10,000 | o0.98 1.71 2.37 2.94 351 4.02 6.79 936 | 1172 | 1589 | 2056 | 2635 | 2822 | 2846 | 28.46
15000 | o082 1.44 2.05 255 3.08 3.50 6.05 843 | 1057 | 1425 | 1835 | 2362 | 2546 | 2572 | 2572
20000 | 072 1.26 1.79 2.26 2.70 3.11 552 7.72 962 | 1297 | 1659 | 2138 | 2329 | 2354 | 2354
35000 | 050 0.90 1.30 1.68 2.00 2.36 4.29 6.06 756 | 1005 | 1284 | 1693 | 1878 | 19.01 | 19.01
50,000 | 039 0.70 1.00 1.25 1.54 177 329 477 597 825 | 1043 | 1380 | 1564 | 1589 | 15.89
75000 | 026 0.49 0.71 0.91 113 1.29 237 3.41 425 5.99 767 | 1057 | 1225 | 1257 | 1257
96,675 | 0.21 0.38 0.55 0.71 0.88 1.03 1.87 273 3.43 4.89 6.29 875 | 1016 | 1044 | 10.44

Apphieds
Weathe: 21
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Florence Rainfall-Compared to PMP

72-Hour Tropical Storm PMP (10000 mi?) Percent Difference from HMR 51
Pennsylvania Statewide PMP Analysis

e Controls PMP C o PemeiemaFuewide PP Amll
o 1000 to q o T
10000-sgmi

o 24to72-hrs

e Where to move

it?

73W

82°'W 81°w
Percent Difference from HMR 51
I -56% - -50% W-34% - -30% [0 -14% - -10% 1 6% - 10% [l 26% - 30% .
W -49% - -45% I -29% - -25% [1-9% - -5% Il 1% - 15% @ 3 Mile: 47N
W -44% - -40% [ -24% - -20% [1-4% - 0% [ 16% - 20% 1 0 50 100 Datum: North American 1983
B -39% - -35% M -19% - -15% 1% - 5% Wl 21% - 25%
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Coordinate System: NAD 1983 UTM Zone 17N
Projection: Transverse Mercator




What Do We Know, What Should We Do?

Each event produced extreme rainfall with similar mechanisms

Storm Types

Transposition limits?

Resulting in significant loss of live and damages

Storms of these magnitudes have happened before and will happen again
What does this say about our infrastructure readiness?
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THANK YOU

Bill Kappel

President/Chief Meteorologist
billkappel@appliedweatherassociates.com
719-964-3395
www.appliedweatherassociates.com
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