New Jersey Storm List Appendix F

This appendix contains all the storm data used to develop PMP depths in this study. Information is provided
representing the SPAS analyzed data, the information used to locate the storm representative dew
point/SST location, and other pertinent information regarding the In-place storm representative dew point
and rainfall. The adjustments applied to each storm to each grid point to calculate the TAF over the entire
domain are contained in the PMP Tool database.

In this appendix, daily synoptic weather maps are provided for a period starting a few days before the storm
and continuing to a few days after the storm. Daily weather maps covering the period from 1871 through
2002 are from the U.S. Daily Weather Maps Archive, NOAA Climate Database Modernization Program
(CDMP), National Climatic Data Center, Asheville, NC, and the NOAA Central Library Data Imaging Project.
Daily synoptic weather maps from 2002 through 2014 are from the NOAA Weather Prediction Center Daily
Weather Maps web page, https://www.wpc.ncep.noaa.gov/dailywxmap/index.html.

For all storms which had a USACE Storm Studies analysis previously completed, those pertinent data sheet
pages are included. These data came from the USACE Storm Rainfall in the United States, Depth-Area-
Duration Data files (USACE, 1973). In addition, there are several storms which include a hand drawn
transposition limit map complete by the NWS. These maps were recovered from the Hydrometeorological
Design Studies Center office in Silver Spring, MD and are archived on AWA's server. Descriptions of
transposition limits of key storms are contained in several HMRs (e.g., HMR 52 Figure 26 and HMR 53
Table 2 (Ho and Reidel, 1980)).


http://www.ncdc.noaa.gov/oa/climate/cdmp/cdmp.html
http://www.ncdc.noaa.gov/oa/climate/cdmp/cdmp.html
https://www.wpc.ncep.noaa.gov/dailywxmap/index.html

Table F.1 Short storm list used for PMP Development. Total Rainfall is the location with the

largest rainfall accumulation for the total storm duration.

Maximum | StormRep | StormRep n::;::::, e - Storm Storm Storm O

SPAS_ID Storm Name State Latitude Longitude | Year | Month | Day |TotalRainfall|  Analysis Dew N ji i i
) g N Point/SST | Max Factor 8 3 Inflow Vector
(in) Duration Point/SST Date Latitude Longitude
Rounded

SPAS_1339_1 WELLSBORO PA 41.7042 -77.2292 1889 5 30 10.11 24 77.00 81.00 121 15-Jun 34.00 -76.00 SSE @ 535
SPAS_1339_2 WELLSBORO PA 40.9042 -78.5958 1889 5 30 8.99 24 77.00 81.00 121 15-Jun 34.00 -76.00 SSE @ 536
SPAS_1339_3 WELLSBORO PA 403958 -76.9292 1889 5 30 9.19 24 77.00 81.00 1.21 15-Jun 34.00 -76.00 SSE @ 537
SPAS_1566_1 PATERSON NJ 40.9375 -74.1375 1903 10 8 15.96 24 72.50 78.00 1.30 25-Sep 37.50 -72.50 SE@ 250
SPAS_1514_1 VADE MECUM NC 36.3125 -80.2792 1908 8 23 17.97 24 8250 85.00 111 15-Aug 31.00 -78.20 SSE @ 385
SPAS_1255_1 PITTSFIELD MA 42.4625 -73.2540 1948 12 28 12.58 24 70.00 73.50 119 15-Dec 37.00 -65.00 SE@575
SPAS_1680_1 WEST SHOKAN NY 42.0042 -74.3958 1955 10 14 20.27 24 78.00 81.50 1.19 1-Oct 35.00 -71.00 SSE @ 500
SPAS_1533_1 MONTEBELLO VA 37.8125 -79.1625 1985 11 1 2256 24 76.50 79.50 117 17-Oct 35.00 -73.00 ESE @ 395
SPAS_1201_1 HALIFAX VT 42.7699 -72.7500 2005 10 7 15.40 24 80.00 82.50 113 24-Sep 32.00 -67.00 SSE @ 808
SPAS_1047_1 TAMAQUA PA 41.6750 -75.3750 2006 6 26 12.26 24 70.50 76.00 131 10-Jul 40.10 -74.70 SSE@ 115
SPAS_1041_1 NORWALK cr 41.1016 -73.4401 2007 4 15 9.44 24 71.00 73.50 113 1-May 34.00 -72.00 SSE @ 495
SPAS_1350_1 NEW BERN NC 35.1750 -77.2150 2010 9 27 2344 24 81.50 84.00 111 15-Sep 30.00 -73.00 SE@ 435
SPAS_1298_1 HARRISBURG PA 39.9850 -76.4950 2011 9 4 18.32 24 81.50 84.00 111 20-Aug 33.00 -74.00 SSE @ 500
SPAS_1629_1 HECTOR NY 425042 -76.7958 1935 7 6 14.27 24 81.00 83.00 111 15-Jul 35.00 -74.75 SSE @ 529
SPAS_1340_1 BIG MEADOWS VA 38.5458 -78.4042 1942 10 12 19.77 24 78.00 81.50 1.19 1-Oct 34.00 -70.00 ESE @ 835
SPAS_1275_2 MONTGOMERY DAM PA 40.6050 -76.4650 2004 9 18 8.80 12 72.00 77.50 132 1-Sep 40.64 -82.30 W@ 305
SPAS_1547_1 CATSKILL NY 42.1842 -73.8688 1819 7 27 18.23 6 72.50 78.50 113 15-Jul 4075 -72.95 SSE@ 110
SPAS_1489_1 JEWELL MD 38.7290 -76.5710 1897 7 26 15.88 12 71.50 80.50 1.50 10-Aug 38.00 -73.50 E@175
SPAS_1534_1 EWAN NJ 39.6875 -75.1807 1940 9 1 2430 6 76.00 81.50 1.29 15-Aug 3727 -74.47 SSE@ 175
SPAS_1406_1 RAPIDAN VA 38.4150 -78.3350 1995 6 27 2839 6 82.00 84.00 1.09 10-Jul 3350 -77.00 SSE @ 350
SPAS_1818_1 ATLANTIC CITY NJ 39.5050 -74.4350 1997 8 20 14.28 24 78.00 81.50 1.17 6-Aug 37.00 -75.00 SSW @ 176
SPAS1017_1 SPARTA NJ 41.0300 -74.6400 2000 8 11 16.70 12 68.00 77.00 1.50 15-Aug 4117 -73.44 ENE@ 65
SPAS_1040_1 TABERNACLE NJ 39.8812 -74.6895 2004 7 13 15.63 6 74.00 79.50 1.29 30-Jul 3834 -75.34 SSW @ 110
SPAS1049_1 DELAWARE COUNTY  NY 42.0100 -74.9000 2007 6 19 11.69 6 71.00 77.50 139 1-Jul 4143 -74.90 S@40
SPAS 1415 _1 ISLIP NY 40.8050 -73.0650 2014 8 13 14.23 24 76.50 80.00 118 15-Aug 3850 -73.00 S @160
SPAS_1700_1 ELLICOTT CITY MD 39.2650 -76.7550 2018 5 27 14.22 6 73.50 77.00 1.18 10-Jun 38.41 -77.69 sw@78
SPAS_1565_1 PATERSON NJ 40.8875 -74.0958 1882 9 20 17.88 24 80.00 83.00 115 7-Sep 35.00 -69.00 SE@ 490
SPAS_1299_1 ALTA PASS NC 35.8792 -81.8708 1916 7 13 2490 24 81.50 84.00 113 30-Jul 32.00 -75.00 SE@476
SPAS_1517_2 MONCURE NC 35.6042 -79.0708 1929 9 29 11.55 24 80.00 84.50 1.22 15-Sep 31.00 -78.00 SSE @ 325
SPAS_1490_1 EASTON MD 38.8625 -76.0708 1935 9 4 17.00 24 80.50 83.00 112 20-Aug 35.00 -73.00 SSE @ 315
SPAS_1341_1 BUCK cr 415542 -72.6542 1938 9 17 18.06 24 80.00 83.50 117 5-Sep 32.00 -70.00 SSE@ 675
SPAS_1567_1 TUCKERTON NJ 39.6790 -74.2710 1939 8 19 18.07 24 81.00 83.00 1.09 15-Aug 35.50 -72.50 SSE @ 305
SPAS 1243 1 WESTFIELD MA 42.1961 -72.8246 1955 8 17 18.93 24 75.00 77.00 111 15-Aug 40.20 -74.25 SSW @ 155
SPAS_1679_1 SLIDE MOUNTAIN NY 42.0208 -74.3958 1955 8 11 15.20 24 73.00 76.00 117 5-Aug 40.80 -73.20 SE@ 105
SPAS_1491_1 TYRO VA 37.8125 -79.0042 1969 8 19 27.23 12 77.50 79.50 1.10 5-Aug 36.08 -79.95 SW@ 130
SPAS_1276_2 ZERBE PA 405375 -76.6208 1972 6 18 18.79 24 78.00 80.50 112 5-Jul 36.00 -67.00 ESE@ 610
SPAS_1552_1 SOUTHPORT NC 34.0050 -77.9950 1999 9 14 2430 24 78.00 83.00 1.25 1-Sep 35.00 -72.00 NE @ 350
SPAS_1552_2 YORKTOWN VA 37.2750 -76.5550 1999 9 14 19.22 24 78.00 83.00 1.25 1-Sep 35.00 -72.00 SE@ 300
SPAS_1552 3 POMPTON LAKE NJ 40.9950 -74.2850 1999 9 15 14.62 24 78.50 82.50 1.20 1-Sep 3633 -72.00 SE@ 345
SPAS_1552_4 CAIRO NY 42.2950 -74.0050 1999 9 15 11.71 24 78.50 82.50 1.20 1-Sep 36.33 -72.00 SE @ 300
SPAS_1535_2 UPPER SHERANDO VA 37.9125 -79.0292 2003 9 17 20.22 24 80.50 83.00 1.14 3-Sep 36.50 -70.50 E@ 480
SPAS_1551_1 RICHMOND VA 37.7050 -77.3750 2004 8 30 14.38 6 81.00 83.00 1.09 15-Aug 3475 -72.50 SE @ 340
SPAS_1224_1 MAPLECREST NY 423000 -741600 2011 8 27 2291 12 81.50 83.50 1.10 15-Aug 34.00 -72.00 SSE @ 585
SPAS_1669_1 EVERGREEN NC 34.4550 -78.8650 2016 10 6 19.12 24 82.50 84.00 1.07 22-Sep 30.50 -77.00 SSE@ 295
IspAs 1891 1 HURRICANE IDA PA 39.9750 -75.6650 2021 8 31 10.29 6 78.00 80.00 1.09 18-Aug 37.00 -76.70 SSW @ 215




Table of Contents

GENERAL STORMS ...ttt e et e e s s et e e e e s s s e e en e e e e s 6
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1339_1 SPAS ANALYSIS

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1680 (RERUN OF 1006_1)
SPAS ANALYSIS L 53

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1403 SPAS ANALYSIS.59
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1533_1 SPAS ANALYSIS

.............................................................................................................................................. 65
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1742_1 (RERUN SPAS
1025) SPAS-NEXRAD ANALYSIS .. .ottt 71
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1742_2 (RERUN SPAS
1025) SPAS-NEXRAD ANALYSIS .. .ottt 77
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1201_1 SPAS-NEXRAD
AN ALY SIS e e et e e 83
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1047_1 SPAS-NEXRAD
ANALYSIS L 91
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1041_1 SPAS-NEXRAD
AN A LY SIS et e et e e e 97
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1298_1 SPAS-NEXRAD
ANALYSIS L 104
HYBRID STORMS ..ottt e ettt e e e e e e et e e e s e et e e e s e s aannr e eeeeen s 111
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1275_2 SPAS-NEXRAD
ANALYSIS L e 112
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1340_1 SPAS ANALYSIS
............................................................................................................................................ 118
LOCAL STORMS ..o e e e s s er e e e s 128
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1547_1 SPAS ANALYSIS
............................................................................................................................................ 129
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1489_1 SPAS ANALYSIS
............................................................................................................................................ 134
STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1534 1 SPAS ANALYSIS
............................................................................................................................................ 145

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1406_1 SPAS-NEXRAD
AN ALY SIS Lttt e e e e e e e e s e e e e e e aanne 153



STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1818_1 SPAS-NEXRAD
ANALYSIS ettt e e ne e e e e e e e nan 159

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1017_1 SPAS-NEXRAD
ANALY SIS e a e s e 165

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1040_1 SPAS-NEXRAD
ANALYSIS Lo 171

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1049 1 SPAS-NEXRAD
ANALY SIS et a e e e 177

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1415 _1 SPAS-NEXRAD
ANALYSIS Lo 183

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1700_1 SPAS-NEXRAD
ANALYSIS L 189

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1552_2 SPAS-NEXRAD
ANALYSIS L e 280

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1552_3 SPAS-NEXRAD
AN ALY SIS Lttt e e e et e e e e e e e e s e nanne 287

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1552_4 SPAS-NEXRAD
ANALY SIS e a e 294

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1535_2 SPAS-NEXRAD
ANALYSIS e a e 301

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1551_1 SPAS-NEXRAD
AN ALY SIS Lttt e e e e e e e e e reeeaea e 307

STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1224 1 SPAS-NEXRAD
ANALY SIS L a e 312



STORM PRECIPITATION ANALYSIS SYSTEM (SPAS) FOR STORM #1891_1 SPAS-NEXRAD
ANALYSIS ettt e e ne e e e e e e e nan 318



Page 6 of 326

General Storms



Page 7 of 326

Storm Precipitation Analysis System (SPAS) For Storm #1339 1
SPAS Analysis

General Storm Location: Wellsboro, PA region, caused the Johnstown Flood
Storm Dates: May 29 (0600) - June 3 (0500), 1889
Event: Flash Flood Event
DAD Zone 1
Latitude: 41.7042
Longitude: -77.2292
Max. Grid Rainfall Amount: 10.11"
Max. Observed Rainfall Amount: 9.80"
Number of Stations: 176 (33 Daily, 5 Hourly, and 138 Supplemental)
SPAS Version: 9.5
Basemap: Monthly Weather Report Isohyetal Grid
Spatial resolution: 00:00:30 (~ 0.30 mi2)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, and supplemental station. We
have a high degree of confidence in the station based storm total results, the spatial pattern is dependent
on the basemap, and the timing is based on hourly stations. The timing of rainfall accumulation at sub daily
timescales is uncertain because of the lack of hourly data available for the storm. The mass curve

represents our best evaluation based on USACE analyses and bucket survey reports.

Storm Rep. SST Climatological Max. SST

Precip. Water Precip. Water
SPAS Storm ELEV Trans i SST j i
LON LAT ELEV FT SST Precip. Water @ storm PW Lookup Avail. SST Precip. Water @Storm PW Lookup Ayaul. PMF
D = Round Date @ 30,000 ft cley, | Table Column| Moisture Round | @30,000t fley. |Table Column|  Moisture

1339_1 -77.2292 | 41.7042 1,842 1,800 15-Jun 77.00 3.14 0.47 76 2.670 80.91 81.0 377 0.54 84 3.230 1.210
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Storm 1339 Zone 1 - May 29 (0600 UTC) - Jun. 03 (0500 UTC), 1889
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

areasqmi Duration (hours)
1-hr 2-hr 3-hr 4-hr 5-hr 6-hr 12-hr 24-hr 36-hr 48-hr 72-hr 120-hr Total
0.4 1.96 3.81 5.66 6.69 7.72 8.03 9.30 9.42 9.42 9.94 10.09 10.09 10.09
1 1.95 3.79 5.64 6.67 7.70 8.00 9.27 9.39 9.39 9.91 10.06 10.06 10.06
10 1.94 3.76 5.59 6.60 7.64 7.92 9.19 9.31 9.31 9.83 9.97 9.97 9.97
25 1.94 3.74 5.57 6.58 7.61 7.89 9.16 9.27 9.27 9.79 9.93 9.93 9.93
50 1.93 3.73 5.56 6.56 7.59 7.87 9.13 9.25 9.25 9.77 9.91 9.91 9.91
100 1.93 3.72 5.54 6.54 7.57 7.85 9.11 9.23 9.23 9.74 9.88 9.88 9.88
150 1.91 3.71 5.53 6.53 7.56 7.83 9.09 9.21 9.21 9.73 9.87 9.87 9.87
200 1.90 3.70 5.49 6.50 7.49 7.80 9.02 9.15 9.15 9.66 9.82 9.82 9.82
300 1.87 3.63 5.40 6.39 7.38 7.67 8.89 9.00 9.01 9.52 9.67 9.67 9.67
400 1.83 3.57 5.30 6.27 7.24 7.53 8.72 8.84 8.85 9.38 9.53 9.53 9.53
500 1.80 3.51 5.21 6.17 7.12 7.41 8.59 8.70 8.72 9.25 9.39 9.39 9.39
1,000 1.69 3.30 4.90 5.80 6.70 6.97 8.08 8.19 8.22 8.80 8.94 8.94 8.94
2,000 1.54 3.01 4.47 5.29 6.14 6.37 7.42 7.53 7.58 8.28 8.40 8.40 8.40
3,500 1.38 2.68 3.98 4.72 5.47 5.69 6.63 6.74 6.83 7.80 7.89 7.89 7.89
5,000 1.24 2.42 3.60 4.28 4.96 5.16 6.04 6.14 6.25 7.42 7.50 7.50 7.50
7,500 1.08 2.11 3.13 3.73 4.33 4.51 5.29 5.39 5.52 6.84 6.91 6.92 6.92
10,000 0.97 1.89 2.80 3.34 3.88 4.04 4.76 4.85 4.97 6.37 6.45 6.45 6.46
15,000 0.81 1.58 2.34 2.80 3.26 3.39 4.02 4.11 4.30 5.57 5.64 5.64 5.64
20,000 0.71 1.39 2.06 2.47 2.88 3.00 3.57 3.65 3.83 4.96 5.02 5.03 5.04
35,000 0.52 1.02 1.51 1.82 2.12 2.22 2.66 2.73 2.95 3.83 3.89 3.90 3.92
49,524 0.40 0.78 1.15 1.38 1.62 1.69 2.04 2.09 2.30 3.06 3.10 3.11 3.12
SPAS #1339 DAD Curves Zone 1
May 29 - June 3, 1889
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SPAS 1339 Storm Center Mass Curve Zone 1

May 29 (0600UTC) to June 3 (0500UTC), 1889
Lat: 41,7042 Lon: -77.2292
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QEPARTMENT _OF THE ABMY

o ol Assignment

STORM STUDIES ~ PERTINENT DATA SHEET (rev.)
“i m? of w. Storm of 30 May- 1 June 18839

Location Pa,, Md., Va,, N, Va
Study Prepared by:

lHiddle Atlantic Division
) Daltimore District Office

Part I Reviewed by H. M. Sec.
YWeather Bureau, 7/15/41

Part II Approved by Office, Chief
of Engineers for Distribution

SA 1-1

~LEGEND- of Factual Data, 3/29/43
“t mo coverad by Remarks: Center at
sAm inclosed by b Wellsboro, Perna.
! um. 65° - Ref. Pt, 200°S
ginen ot LOCATION _MAP Grid Dog
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map, in 1 3heet , scaie  1:2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dlfl) ...................... -
Form 500i-B (24-hour * O o o 22
Form 5001-D (* * * ol .
Miscl. precip. records, meteorological date, etc. . - - - . -
Form 5002 (Mass rainfall curves)_ _ __ __ __ ______________. 22
PART I
Final isohyetal maps, in ; sheet , scale 12,500,000
Data and computation sheets:
Form S-10 (Data from mass rainfall curves) __________._. 3
Form S-11 (Depth-area data from isohyetal map)___________ 1
Form S$-12 (Maximum depth-duration data)__ . _________ 5
Maximum duration-depth-area curves. .. ... 1
Data relating to periods of maximum rainfell . . ... 1
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. M. Duration of Rainfall in Hours
g A2 | 28 | 24 | S0 | 3C | 48 | 60
10 | 7.4| 8.6| 9.1 9.2| 9.2| 9.7| 9.8| 9.8
100 7.2| 8.3| 8.9| 9.0 9.0| 9.5| 9.6 9.8
200 | 7.1 | 8.2 B.7| 8.8| 8.8| 9.3| 9.4| 9.4
m 700 8.0 8'5 8’6 8-6 9-0 Q.l 9.1
1,000 6.7| 7.7| 8.2| 8.3| 8.3| 8.7| 8.8| 8.8
2,000 | 5.8| 6.5| 7.7| 7.8| 8.0| 8.4| B.6| 8.5
5,000 | 3.9| 4.9| 6.4| 6.8| 7.5| 8.0| 8.1} 8.1
10,000 | 2.8 | 4.0| 5.0| 5.7| 7.0| 7.6| 7.7| 7.7
20,000 | 2.1 | 3.2 4.0| 4.7| 6.3| 6.8| 7.0} 7.0
50,000 1.4 2.4 | 3.1 | 3.6| 4.8| 5.4| 65.6| 5.6
82,000 | 1.0 1.8| 2.4 2.8| 3.7| 4.1 | 4.4] 4.4

Form S5-2
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Storm Precipitation Analysis System (SPAS) For Storm #1339 2
SPAS Analysis

General Storm Location: Wellsboro, PA region, caused the Johnstown Flood
Storm Dates: May 29 (0600) - June 3 (0500), 1889
Event: Flash Flood Event
DAD Zone 1
Latitude: 40.9042
Longitude: -78.5958
Max. Grid Rainfall Amount: 8.99"
Number of Stations: 176 (33 Daily, 5 Hourly, and 138 Supplemental)
SPAS Version: 9.5
Basemap: Monthly Weather Report Isohyetal Grid
Spatial resolution: 00:00:30 (~ 0.30 mi2)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, and supplemental station. We
have a high degree of confidence in the station based storm total results, the spatial pattern is dependent
on the basemap, and the timing is based on hourly stations. The timing of rainfall accumulation at sub daily
timescales is uncertain because of the lack of hourly data available for the storm. The mass curve

represents our best evaluation based on USACE analyses and bucket survey reports.

Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans Precip. Water Precip. Water PW Lookup Avail. SST  |precip. Water Precip. Water PW Lookup Avail.
D e L ELEVALY Round Date = @ 30,000 ft @ES‘:_'“ Table Column [  Moisture 5 Round | @30,000ft @:I::m Table Column [ Moisture B
1339_2 -78.5958 | 40.9042 1,562 1,600 15-Jun 77.00 3.14 0.42 76 2.720 80.91 81.0 3.77 0.48 84 3.290 1.210
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Storm 1339 Zone 2 - May 29 (0600 UTC) - Jun. 03 (0500 UTC), 1889
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

areasqmi Duration (hours)
1-hr 2-hr 3-hr 4-hr 5-hr 6-hr 12-hr 24-hr 36-hr 48-hr 72-hr 120-hr Total
0.4 1.75 3.49 5.22 5.73 6.21 6.70 8.43 8.80 8.84 8.99 8.99 8.99 8.99
1 1.74 3.48 5.20 5.71 6.19 6.68 8.40 8.77 8.81 8.97 8.97 8.97 8.97
10 1.73 3.46 5.14 5.66 6.12 6.62 8.31 8.69 8.72 8.89 8.89 8.89 8.89
25 1.73 3.45 5.12 5.63 6.09 6.60 8.27 8.66 8.69 8.86 8.86 8.86 8.86
50 1.72 3.44 5.10 5.62 6.07 6.58 8.25 8.64 8.66 8.83 8.83 8.83 8.83
100 1.72 3.43 5.09 5.60 6.05 6.56 8.22 8.62 8.64 8.81 8.81 8.81 8.81
150 1.70 3.40 5.08 5.58 6.04 6.53 8.20 8.57 8.61 8.74 8.74 8.74 8.74
200 1.69 3.38 5.07 5.54 6.02 6.48 8.14 8.50 8.53 8.66 8.66 8.66 8.66
300 1.67 3.34 5.00 5.47 5.94 6.40 8.03 8.40 8.42 8.55 8.55 8.55 8.55
400 1.65 3.30 4.94 5.40 5.87 6.33 7.94 8.29 8.32 8.43 8.43 8.43 8.43
500 1.63 3.26 4.87 5.33 5.79 6.24 7.83 8.19 8.21 8.33 8.33 8.33 8.33
1,000 1.53 3.06 4.58 5.01 5.44 5.87 7.37 7.70 7.73 7.86 7.86 7.86 7.86
2,000 1.36 2.72 4.07 4.45 4.84 5.21 6.59 6.89 6.94 7.17 7.17 7.17 7.17
3,500 1.09 2.18 3.27 3.58 3.89 4.19 5.35 5.60 5.67 6.04 6.04 6.04 6.04
5,000 0.88 1.76 2.62 2.88 3.13 3.37 4.34 4.54 4.62 5.00 5.00 5.00 5.00
7,500 0.66 1.33 1.99 2.19 2.38 2.56 3.35 3.50 3.59 3.95 3.96 3.96 3.96
10,000 0.54 1.09 1.62 1.79 1.95 2.10 2.76 2.90 2.97 3.32 3.32 3.32 3.33
12,432 0.47 0.93 1.40 1.54 1.68 1.81 2.39 2.51 2.57 2.90 2.90 2.90 2.91
SPAS #1339 DAD Curves Zone 2
May 29 - June 3, 1889
100,000
——1-hr
——2-hr
10,000 - ——3hr
4-hr
—e—>5-r
- 1,000 - .
£ 12-hr
s 24-h
hd g2 4-N 1
< 100 -
36-hr
g 4. 8- 1
10 1 72-hr
120-hr
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1 } f
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Maximum Average Depth of Precipitation (inches)



Page 21 of 326

SPAS 1339 Storm Center Mass Curve Zone 2
May 29 (0600UTC) to June 3 (0500UTC), 1889

Incremental Precipitation (in)
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2°W 20°W W W
445N 44%N
42°N 42°N
82*w 80°W BW W
Total Storm (120-hr) Precipitation (inches)
May 29 (0600 UTC) - June 3 (0500 UTC), 1889
SPAS 1339 - Wellsboro, PA
Gauges

® Dsiy

B Houry Miles

©  Supplemental . - ° — Kilometers

350

Precipitation (inches)
M 0.00-100[]2.01-3.00[]4.01-500[]6.01-7.00l8.01-9.00

[ 1.01-2.00[ ]3.01-4.00[ ]5.01-6.00 il 7.01-8.00[]9.01-10.00
[]10.01-11.00
7112014




Page 23 of 326

QEPARTMENT _OF THE ABMY

o ol Assignment

STORM STUDIES ~ PERTINENT DATA SHEET (rev.)
“i m? of w. Storm of 30 May- 1 June 18839

Location Pa,, Md., Va,, N, Va
Study Prepared by:

lHiddle Atlantic Division
) Daltimore District Office

Part I Reviewed by H. M. Sec.
YWeather Bureau, 7/15/41

Part II Approved by Office, Chief
of Engineers for Distribution

SA 1-1

~LEGEND- of Factual Data, 3/29/43
“t mo coverad by Remarks: Center at
sAm inclosed by b Wellsboro, Perna.
! um. 65° - Ref. Pt, 200°S
ginen ot LOCATION _MAP Grid Dog
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map, in 1 3heet , scaie  1:2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dlfl) ...................... -
Form 500i-B (24-hour * O o o 22
Form 5001-D (* * * ol .
Miscl. precip. records, meteorological date, etc. . - - - . -
Form 5002 (Mass rainfall curves)_ _ __ __ __ ______________. 22
PART I
Final isohyetal maps, in ; sheet , scale 12,500,000
Data and computation sheets:
Form S-10 (Data from mass rainfall curves) __________._. 3
Form S-11 (Depth-area data from isohyetal map)___________ 1
Form S$-12 (Maximum depth-duration data)__ . _________ 5
Maximum duration-depth-area curves. .. ... 1
Data relating to periods of maximum rainfell . . ... 1
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. M. Duration of Rainfall in Hours
g A2 | 28 | 24 | S0 | 3C | 48 | 60
10 | 7.4| 8.6| 9.1 9.2| 9.2| 9.7| 9.8| 9.8
100 7.2| 8.3| 8.9| 9.0 9.0| 9.5| 9.6 9.8
200 | 7.1 | 8.2 B.7| 8.8| 8.8| 9.3| 9.4| 9.4
m 700 8.0 8'5 8’6 8-6 9-0 Q.l 9.1
1,000 6.7| 7.7| 8.2| 8.3| 8.3| 8.7| 8.8| 8.8
2,000 | 5.8| 6.5| 7.7| 7.8| 8.0| 8.4| B.6| 8.5
5,000 | 3.9| 4.9| 6.4| 6.8| 7.5| 8.0| 8.1} 8.1
10,000 | 2.8 | 4.0| 5.0| 5.7| 7.0| 7.6| 7.7| 7.7
20,000 | 2.1 | 3.2 4.0| 4.7| 6.3| 6.8| 7.0} 7.0
50,000 1.4 2.4 | 3.1 | 3.6| 4.8| 5.4| 65.6| 5.6
82,000 | 1.0 1.8| 2.4 2.8| 3.7| 4.1 | 4.4] 4.4

Form S5-2
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200 miles south SA
Dewpt 65-degrees

SPAS 1339_2 Wellsboro, PA Storm Analysis
May 31, 1889

AW TEZIW TOEW W

Page 29 of 326

60



Page 30 of 326

Storm Precipitation Analysis System (SPAS) For Storm #1339 3
SPAS Analysis

General Storm Location: Wellsboro, PA region, caused the Johnstown Flood
Storm Dates: May 29 (0600) - June 3 (0500), 1889
Event: Flash Flood Event
DAD Zone 3
Latitude: 40.3958
Longitude: -76.9292
Max. Grid Rainfall Amount: 9.19"
Number of Stations: 176 (33 Daily, 5 Hourly, and 138 Supplemental)
SPAS Version: 9.5
Basemap: Monthly Weather Report Isohyetal Grid
Spatial resolution: 00:00:30 (~ 0.30 mi2)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, and supplemental station. We
have a high degree of confidence in the station based storm total results, the spatial pattern is dependent
on the basemap, and the timing is based on hourly stations. The timing of rainfall accumulation at sub daily
timescales is uncertain because of the lack of hourly data available for the storm. The mass curve

represents our best evaluation based on USACE analyses and bucket survey reports.

Storm Rep. SST Climatological Max. SST

Prec preci
sPAsstorm| | e BEV T || ELEV Trans s [Precn water "C:) Z[:‘::” PW Lookup | Avail SST  [precip. water ZZ!‘::E’ PWLookup | Avai
D = Round Date @ 30,000 ft G Table Column|  Moisture Round | @30000ft Ele Table Column|  Moisture

IPMF

Storm Center Location 1339_3 -76.9292 | 40.3958 389 400 15-Jun 77.00 3.14 0.11 76 3.030 80.91 81.0 3.77 0.12 84 3.650 1.205
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Storm 1339 Zone 3 - May 29 (0600 UTC) - Jun. 03 (0500 UTC), 1889
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
areasqmi Duration (hours)
1-hr 2-hr 3-hr 4-hr 5-hr 6-hr 12-hr 24-hr 36-hr 48-hr 72-hr 120-hr Total
0.4 1.37 2.74 4.11 4.52 4.93 5.34 7.19 7.62 8.01 9.18 9.18 9.18 9.18
1 1.37 2.73 4.09 4.50 4.92 5.31 7.16 7.60 7.98 9.15 9.15 9.15 9.15
10 1.35 2.71 4.05 4.46 4.87 5.25 7.09 7.52 7.89 9.08 9.08 9.08 9.08
25 1.34 2.70 4.03 4.44 4.86 5.23 7.06 7.48 7.85 9.05 9.05 9.05 9.05
50 1.33 2.69 4.02 4.43 4.84 5.21 7.04 7.46 7.82 9.03 9.03 9.03 9.03
100 1.32 2.68 4.00 4.42 4.81 5.19 7.02 7.44 7.80 9.00 9.00 9.00 9.00
150 1.32 2.64 3.96 4.36 4.75 5.15 6.94 7.34 7.75 8.99 8.99 8.99 8.99
200 1.31 2.62 3.92 4.32 4.71 5.09 6.87 7.27 7.67 8.98 8.98 8.98 8.98
300 1.29 2.57 3.85 4.24 4.62 5.00 6.75 7.15 7.56 8.97 8.97 8.97 8.97
400 1.27 2.54 3.80 4.18 4.56 4.93 6.65 7.04 7.49 8.96 8.96 8.96 8.96
500 1.25 2.51 3.75 4.13 4.51 4.87 6.56 6.95 7.45 8.96 8.96 8.96 8.96
1,000 1.20 2.39 3.58 3.94 4.29 4.65 6.28 6.63 7.29 8.86 8.86 8.86 8.86
2,000 1.08 2.15 3.22 3.64 3.94 4.26 5.98 6.28 7.04 8.65 8.65 8.65 8.65
3,500 0.94 1.89 2.82 3.35 3.65 3.98 5.64 5.90 6.70 8.37 8.37 8.37 8.37
5,000 0.87 1.73 2.59 3.14 3.47 3.78 5.40 5.64 6.40 8.10 8.10 8.1 8.1
7,500 0.78 1.57 2.34 2.91 3.21 3.52 5.06 5.30 5.96 7.67 7.67 7.67 7.67
10,000 0.72 1.44 2.15 2.70 2.99 3.29 4.78 5.02 5.59 7.26 7.26 7.26 7.26
15,000 0.62 1.24 1.86 2.35 2.62 2.89 4.31 4.56 5.07 6.60 6.60 6.6 6.6
20,000 0.54 1.09 1.63 2.06 2.31 2.58 3.96 4.24 4.70 6.11 6.11 6.11 6.11
35,000 0.41 0.83 1.23 1.57 1.79 2.02 3.16 3.38 3.74 4.88 4.88 4.88 4.88
50,000 0.34 0.68 1.03 1.31 1.49 1.68 2.66 2.83 3.11 4.00 4.00 4 4
SPAS #1339 DAD Curves Zone 3
May 29 - June 3, 1889
100,000
——1-hr
——2-hr
10,000 - ——3-hr
0 = 4-+hr
= —e—5-hr
_ 1,000 - B ohr
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13 g 2 4-h 1
& 100 2
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1 ] B t
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Maximum Average Depth of Precipitation (inches)
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SPAS 1339 Storm Center Mass Curve Zone 3
May 29 (0600UTC) to June 3 (0500UTC), 1889

Incremental Precipitation (in)
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2°W 20°W W W
445N 44%N
42°N 42°N
82*w 80°W BW W
Total Storm (120-hr) Precipitation (inches)
May 29 (0600 UTC) - June 3 (0500 UTC), 1889
SPAS 1339 - Wellsboro, PA
Gauges

® Dsiy

B Houry Miles

©  Supplemental . - ° — Kilometers

350

Precipitation (inches)
M 0.00-100[]2.01-3.00[]4.01-500[]6.01-7.00l8.01-9.00

[ 1.01-2.00[ ]3.01-4.00[ ]5.01-6.00 il 7.01-8.00[]9.01-10.00
[]10.01-11.00
7112014
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QEPARTMENT _OF THE ABMY

o ol Assignment

STORM STUDIES ~ PERTINENT DATA SHEET (rev.)
“i m? of w. Storm of 30 May- 1 June 18839

Location Pa,, Md., Va,, N, Va
Study Prepared by:

lHiddle Atlantic Division
) Daltimore District Office

Part I Reviewed by H. M. Sec.
YWeather Bureau, 7/15/41

Part II Approved by Office, Chief
of Engineers for Distribution

SA 1-1

~LEGEND- of Factual Data, 3/29/43
“t mo coverad by Remarks: Center at
sAm inclosed by b Wellsboro, Perna.
! um. 65° - Ref. Pt, 200°S
ginen ot LOCATION _MAP Grid Dog
DATA AND COMPUTATIONS COMPILED
PART I
Preliminary isohyetal map, in 1 3heet , scaie  1:2,500,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. dlfl) ...................... -
Form 500i-B (24-hour * O o o 22
Form 5001-D (* * * ol .
Miscl. precip. records, meteorological date, etc. . - - - . -
Form 5002 (Mass rainfall curves)_ _ __ __ __ ______________. 22
PART I
Final isohyetal maps, in ; sheet , scale 12,500,000
Data and computation sheets:
Form S-10 (Data from mass rainfall curves) __________._. 3
Form S-11 (Depth-area data from isohyetal map)___________ 1
Form S$-12 (Maximum depth-duration data)__ . _________ 5
Maximum duration-depth-area curves. .. ... 1
Data relating to periods of maximum rainfell . . ... 1
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. M. Duration of Rainfall in Hours
g A2 | 28 | 24 | S0 | 3C | 48 | 60
10 | 7.4| 8.6| 9.1 9.2| 9.2| 9.7| 9.8| 9.8
100 7.2| 8.3| 8.9| 9.0 9.0| 9.5| 9.6 9.8
200 | 7.1 | 8.2 B.7| 8.8| 8.8| 9.3| 9.4| 9.4
m 700 8.0 8'5 8’6 8-6 9-0 Q.l 9.1
1,000 6.7| 7.7| 8.2| 8.3| 8.3| 8.7| 8.8| 8.8
2,000 | 5.8| 6.5| 7.7| 7.8| 8.0| 8.4| B.6| 8.5
5,000 | 3.9| 4.9| 6.4| 6.8| 7.5| 8.0| 8.1} 8.1
10,000 | 2.8 | 4.0| 5.0| 5.7| 7.0| 7.6| 7.7| 7.7
20,000 | 2.1 | 3.2 4.0| 4.7| 6.3| 6.8| 7.0} 7.0
50,000 1.4 2.4 | 3.1 | 3.6| 4.8| 5.4| 65.6| 5.6
82,000 | 1.0 1.8| 2.4 2.8| 3.7| 4.1 | 4.4] 4.4

Form S5-2
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SPAS 1339_3 Wellsboro, PA Storm Analysis
May 31, 1889
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Storm Precipitation Analysis System (SPAS) For Storm #1566 1
SPAS Analysis

General Storm Location: Paterson, NJ

Storm Dates: October 7 (0600) — October 12 (0500), 1903

Event: Synoptic, Remnants of hurricane

DAD Zone 1

Latitude: 40.9375

Longitude: -74.1375

Max. Grid Rainfall Amount: 15.96”

Max. Observed Rainfall Amount: 15.51”

Number of Stations: 356 (2 Hourly, 7 Hourly Pseudo, 262 Daily, 85 Supplemental)

SPAS Version: 10.0

Basemap: Blended basemap based on USACE GL 4-9 and conus_prism_ppt_in_1971 2000_10

Spatial resolution: 00:00:30 (~ 0.30 mi?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 356 hourly stations (USACE GL 4-9, USGS, NCDC and

EDADSV2 storm report mass curves), daily data and supplemental station data. We have a good degree

of confidence for the station based storm total results. The spatial pattern is dependent on the blended

basemap (USACE GL 4-9 and conus_prism_ppt_in_1971 2000_10). Spatially, it looks very similar to the

rainfall analysis from USACE (see below). There is a good degree of confidence with the timing based on

the hourly stations near the storm center. Some daily stations were moved to supplemental due to timing

issues.

Storm Rep. SST

Climatological Max. SST

SPAS Storm
D

LON

LAT

ELEV_FT

ELEV
Round

Trans
Date

SST

Precip. Water
@ 30,000 ft

Precip. Water
@ storm
Elev.

PW Lookup
Table Column

SST
Round

Precip. Water
@30,000 ft

Precip. Water
@ storm
Elev.

PW Lookup
Table Column

IPMF

Storm Center Location 1566_1

-74.1375

40.9375

60

100

25-Sep

72.50

2.54

0.03

67

78.14

78.0

3.29

0.03

78

3.260

1.299




Storm 1566 Zone 1 - October 7 (0600 UTC) - October 12 (0500 UTC), 1903
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MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

areasqmi 1-hr 3-hr 6-hr 12-hr 18-hr 24-hr 36-hr 48-hr 72-hr 96-hr | 120-hr Total
0.4 1.38 297 5.31 8.46 11.88 | 1382 | 1562 | 1566 | 1588 | 1592 | 1592 15.92
1 1.37 296 529 842 1183 | 1376 | 1556 | 1559 | 1581 1586 | 1586 15.86
10 1.35 293 5.23 8.32 1170 | 1363 | 1539 | 1542 | 1564 | 1570 | 1570 15.70
25 1.34 292 521 8.28 1165 | 1357 | 1533 | 1535 | 1557 | 1564 | 1564 15.64
50 1.31 2.86 5.12 8.22 11.61 13.51 1528 | 1530 | 1552 | 1558 | 15.58 15.58
100 1.20 275 49 7.94 11.31 1317 | 1489 | 1492 | 1514 | 1518 | 1518 15.18
150 1.17 264 470 7.68 11.03 | 1290 | 1450 | 1453 | 1475 | 1479 | 1479 14.79
200 1.13 253 451 7.5 1082 | 1267 | 1419 | 1424 | 1447 | 1450 | 1450 14.50
500 1.03 224 401 6.97 999 11.81 1320 | 1328 | 1353 | 1355 | 1355 13.55
1,000 0.96 202 368 6.49 928 1105 | 1236 | 1243 | 1268 | 1269 | 1269 12.69
2,000 0.88 1.80 33 5.9 8.49 10.11 1137 | 1147 | 1169 | 1169 | 1169 11.69
5,000 072 1.53 275 4.84 7.00 8.55 9.91 10.00 | 1022 | 1023 | 1024 10.24
10,000 0.57 1.32 2.32 4.02 574 7.33 8.72 8.82 9.05 9.06 9.07 9.07
20,000 0.43 1.14 1.89 3.25 444 591 7.50 7.62 7.88 7.90 7.9 7.91
50,000 0.33 0.90 1.39 216 296 396 5.49 573 595 597 598 598
100,000 0.23 062 0.95 1.52 1.94 255 3.75 411 433 434 435 435
SPAS #1566 DAD Curves Zone 1
October 7-12, 1903
1,000,000
——1-hr
——23-hr
100,000 e Ghr
12-hr
10,000 ——qRhr
—#— 24-hr
i 1,000 35-hr
E e 43 H1
oL
72-hr
100 ~
s G-I
120-hr
10 4
O Total storm (120-
1 —— i ——— s o—+— hour)
0 4 6 8 10 12 14 16 18 20

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

October 7 (0600 UTC) - October 12 (0500 UTC), 1903

SPAS 1566 Storm Center Mass Curve: Zone 1

Lat- 40.94 Lon: -74 .14
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= Hourly
= Hourly Pseudo ] ~ = womnes
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[ oo0o-100[ |301-400[ ]6.01-7.00[ ]201-1000 [ 12.01-13.00
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STORM STUDIES - PERTINENT DATA SHEET

wo YA O B e | Assignment GL 4-9

Sfudy Prepared by:

Final lsohyetal maps,in 1 sheet , scale 1:1,000,000
Data and computation sheets:

WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY
*

Storm of Oct. 7-11, 1903

me'on n !- - l'Jo - P.'

. B Great Lakes Division,
Buffalo UListrict Office

Part I Reviewed by H.M. Sec. of
Weather Bureau, 6/17/42
Part II Approved by Office, Chief

of Engineers for Distribution
~LEGEND~ of Factual Data, 1/10/44

[~pAree Iml! b Remarks: Centers at
.....:::I. Mmr;.. Petterson, N. J., Salisbury
s4-hch isohyet w NMills, N.Y., Point Pleassnt,
Ps., snd Cortland, N.Y.
DATA _AND COMPUT. ATIONS COMPILED
PART I
Preliminary isohyetal map, in 1 sheet , scale 131,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly precip. ah) ...................... 19
Form 5001-8 (24-hour * ) = 0
Form 5001-D (* * " e ) ...................... 12
Miscl. precip. records, meteorological data, etc.. . ____. -
Form 5002 (Mass rainfall curves). - - e 40
PART I
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Form S~-i0 (Data from mass rainfall curves). ... _______._. 4
Form S-II (Depth~area data from isohyetal map). .. .. 2
Form $-12 (Maximum depth-duration data). - - .o oo 10
Maximum duration-depth-area curves._ __ .. ... ooeo- 1
Data relating to periods of maximum rainfall . . . __ -
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. Mi. Duration of Rainfall in Hours

6 (12 |18 | 2% 36 28] 60| 72 | 96

10| 5.4 | 8.0 Q1.7 [13.7 |14.5 |14.9 |15.0 |15.0 |15.0 [15.5

100 | 5.0 | 7.3 &3.9 12.8 |13.5 |13.8 |14.0 |14.0 |14.4 |)4.5

200 | 4.7 | 7.1 b <4 |13.1 [13.4 [13.5 |13.5 [13.9 |.4.0

500 | 4.1 | 6.8 | 9.6 M1.6 N2.23 2.7 |12.8 |12.8 [13.2 |13.3

1000 | 3.7 | 6.4 | 8.9 [0.9 [11.7 12.0 [12.1 |12.1 |12.4 [12.5

m 3.2 ’.9 801 10.2 mn9 n-l u.; n.’ n.6 no6

5000 | 2.6 | 4.9 | 6.9 | 9.0 | 9.6 | 9.7 | 9.9 | 9.9 [10.2 [10.2
10000 | 2.1 | 4.1 | 5.8 | 7.7 | 8.3 |8.5 | 8.7 |8.7]| 8.9 | 9.C
20000 | 1.7 | 3.2 | 4.5 | 6.1 | 6.7 |7 | 74 | T4 | 7.6 | 17
35000 | 1.3 | 2.4 | 3.5 | 4.6 | 5.3 | 5.8 | 6.1 | 6.1 | 6.3 | 6.4

#omn
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SPAS 1566 Paterson, NJ Analysis
October 7, 1903
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Storm Precipitation Analysis System (SPAS) for Storm #1680
(rerun of 1006 _1)
SPAS Analysis

General Storm Location: West Shokan, NY
Storm Dates: October 14-17, 1955
Event: Frontal System Moving Offshore, Moisture from Hurricane Katie
DAD Zone 1
Latitude: 41.95
Longitude: -74.320
Max. Grid Rainfall Amount: 18.50”
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes
This storm was re-run through SPAS (updating SPAS 1006 to SPAS 1680). This changed the storm
center location elevation and affected the IPMF when compared to previous AWA studies. This changed

the storm center elevation used in the IPMF calculations and resulted in the slight variance (1%). The
storm representative location and value are the same, 78F.

Precip. Water Precip. Water
SPAS Storm LON LAT ELEV ELEV Trans ssT @storm | "W Lookup Avail ssT SST  [recip. Water @Storm | PW Lookvp Avail

Precip. Water VG
D Round Date @30000ft [ 0 " [Table Column| - Moisture Round | @30000ft ey, |T2ble Column | Moisture

Storm Center Location 1680_1 -74.3958 | 42.0042 3,548 3,500 1-Oct 78.00 3.29 0.89 78 2.400 81.50 81.5 3.86 1.00 85 2.860 1.192
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Storm 1680 - October 14 (0600 UTC) - October 18 (0500 UTC), 1955
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

5 Duration (hours)
Area (mi') 7 2 3 4 5 6 12 18 24 36 48 72 96 Total
0.4 2.11 3.34 4.22 4.63 4.75 4.85 8.22 10.25 10.83 16.03 18.48 20.15 20.27 20.27
1 2.10 3.32 4.20 4.61 4.73 4.83 8.18 10.21 10.78 15.93 18.36 20.02 20.13 20.13
10 2.06 3.28 4.15 4.56 4.67 4.78 8.07 10.09 10.65 15.43 17.79 19.41 19.55 19.55
25 2.05 3.13 3.95 4.34 4.45 4.55 7.81 9.77 10.48 14.77 16.99 18.60 18.73 18.73
50 2.00 2.85 3.59 3.95 4.06 4.28 7.32 9.32 10.24 14.10 16.12 17.73 17.86 17.86
100 1.95 2.58 3.26 3.59 3.70 4.10 6.78 8.88 9.87 13.29 15.01 16.58 16.73 16.73
150 191 2.42 3.05 3.37 3.48 4.00 6.46 8.60 9.61 12.77 14.34 15.81 15.95 15.95
200 1.87 2.30 291 3.21 3.35 3.91 6.26 8.39 9.40 12.43 13.91 15.25 15.39 15.39
300 1.81 2.22 2.71 3.02 3.29 3.78 6.04 8.08 9.06 11.86 13.30 14.51 14.64 14.64
400 1.75 2.15 2.57 2.93 3.25 3.74 5.91 7.87 8.82 11.46 12.84 14.01 14.12 14.12
500 1.70 2.08 2.45 2.84 3.21 3.70 5.80 7.69 8.63 11.17 12.46 13.57 13.68 13.68
1,000 1.15 1.57 2.04 2.57 2.99 3.45 5.42 7.08 8.01 10.18 11.29 12.28 12.39 12.39
2,000 0.68 1.27 1.76 2.23 2.65 3.10 4.84 6.40 7.35 9.22 10.16 11.06 11.16 11.16
3,500 0.57 1.05 1.47 1.89 2.31 2.73 4.32 5.72 6.65 8.37 9.30 10.15 10.23 10.23
5,000 0.49 0.89 1.28 1.65 2.05 2.44 3.93 5.16 6.14 7.68 8.52 9.33 9.41 9.41
7,500 0.41 0.74 1.05 1.38 1.70 2.02 3.34 4.39 5.23 6.71 7.55 8.32 8.38 8.38
10,000 0.34 0.64 0.90 1.19 1.46 1.72 2.90 3.82 4.54 5.93 6.74 7.51 7.56 7.56
14,212 0.26 0.50 0.71 0.94 1.15 1.35 2.28 3.03 3.62 4.75 5.44 6.19 6.24 6.24
SPAS #1680 DAD Curves Zone 1
October 14-18, 1955
100,000

—— 1-hour

——2-hour

—=—3-hour

10,000 —+—4-hour

5-hour

6-hour

1,000 ——12-hour

< —=—18-hour

_E, —+—24-hour

g ———36-hour

<

100 & 48-hour

& 72-hour

= 96-hour
o Total storm (96-hour)

10 ]
1 .
20

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)
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SPAS 1680 Storm Center Mass Curve: Zone 1
October 14 (0600 UTC) - October 18 (0500 UTC), 1955
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W T4W =W

42°N

W T4W 73w
Total Storm (96-hours) Precipitation (inches)
October 14-17, 1955

Gf"g:ny SPAS 1680 (re-run of 1006) - West Shokan, NY
:::Pseudo 0 10 2 MMB
o e : = = 80Kilc>metews

Precipitation (inches) [ ]5.01-6.00 []11.01-12.00 [ 17.01 - 18.00

I 051-100 [16.01-7.00 []12.01-13.00[]18.01-19.00
[ 1.01-2.00 [1701-800 [2913.01-14.00[_119.01-2000
[201-300 [18.01-9.00 [WWM14.01-15.00[120.01-21.00
[13.01-400 [19.01-10.00 [N 15.01-16.00

[14.01-5.00 [110.01 - 11.00 [E99 16.01 - 17.00
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 15 Oct 55
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Source * at 41.95N 7432 W

CDC1 Meteorological Data

18 12 06 00 18 12 08 00 13 12 08
1014 10113

Job 1D 148997 Job Start: Mon Oct 20 22:38:18 UTC 2014
Source 1 lat.: 41.950000 lon.: -74.320000 hgts: 0, 1100, 2750 m AGL

Trajectory Direction: Backward ~ Duration: 72 hrs ]
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Oct 2055 - reanalysis
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SPAS 1680 West Shokan, NY Storm Analysis
October 13, 1955

Hysplit ) 170 240 €80
@ Surface ® 850mb © 700mb



Page 59 of 326

Storm Precipitation Analysis System (SPAS) For Storm #1403
SPAS Analysis

General Storm Location: Pinkham Notch, NH, Re-run of SPAS 1203 - added area to west and south to

capture complete storm total isohyetal pattern. New England and adjacent portions of Quebec, Canada
Storm Dates: May 27-June 3, 1984
Event: Synoptic
DAD Zone 1
Latitude: 44.2708
Longitude: -71.3042
Max. Grid Rainfall Amount: 12.98”
Max. Observed Rainfall Amount: 12.64” (Mt. Washington, NH)

Number of Stations: 754 (360 Daily, 80 Hourly, 3 Hourly Estimated, 7 Hourly Estimated Pseudo, 38 Hourly
Pseudo, 262 Supplemental, and 4 Supplemental Estimated)

SPAS Version: 9.5
Base Map Used: Mean (1981-2010) PRISM May Precipitation blended with Canada elevation
Spatial resolution: 30 seconds

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: With the exception of areas in Quebec, we have a great deal of confidence in the
magnitude and spatial distribution of rainfall for this analysis given the relatively high number of gauges.
We couldn’t find any hourly data across Quebec, but we did accumulate a great deal of storm totals from
the Global Historical Climate Network database, so although we have confidence in the magnitudes we
don’t have confidence in the timing across Quebec; for these reasons, we elected to keep Quebec out of
the DAD zone

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans precip. Water | 0P WAter [ ol lookup | Avail. precip. Water /<2 Waer [ oy tookup | Avail.
EV s s
s LON LAt fEEv T Date T e | @storm | FhiowR | T [TiRound [on ol @siom | PHOWP | Wb | ipmE

Elev. Elev.

1403_1 -71.3042 | 44.2708 6,238 6,000 15-Jun 70.00 2.25 1.06 62 1.190 75.58 75.5 2.92 1.29 73 1.630 1.370
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Storm 1403 - May 27 (0600 UTC) - June 4 (0500 UTC), 1984
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (miz) Duration (hours)
1 3 6 12 18 24 36 48 72 96 120 144 168 192 Total
0.4 1.05 280 3.79 481 534 551 7.85 953 10.18 10.34 12.76 12.93 12.93 12.93 12.93
1 1.04 277 3.75 4.79 5.31 5.49 7.75 9.41 10.06 10.26 12.66 12.83 12.83 12.83 12.83
10 0.96 2.57 3.49 4.72 524 5.44 7.28 §.88 9.57 9.84 12.15 12.34 12.34 12.34 12.34
25 0.88 234 3.20 469 522 542 6.96 848 9.27 9.49 11.50 11.68 11.68 11.68 11.68
50 0.86 2.07 3.00 4.67 5.20 5.41 6.68 8.10 9.05 9.26 10.89 11.12 11.13 11.13 11.13
100 0.82 1.71 2.87 4.62 5.18 5.33 6.45 7.71 8.90 9.09 10.37 10.60 10.60 10.60 10.60
200 0.75 154 273 451 514 524 6.22 7.38 8.75 8.94 9.96 10.30 10.31 10.31 10.31
300 0.70 1.49 2.64 4.42 5.10 5.19 6.09 7.20 8.66 8.85 9.79 10.13 10.14 10.15 10.15
400 0.67 1.45 2.57 4.35 5.07 5.16 6.00 7.07 8.60 8.79 9.67 10.00 10.03 10.03 10.03
500 0.65 141 2.50 429 504 513 594 6.98 8.55 8.74 958 9.91 994 994 994
1,000 0.58 1.28 2.24 3.98 4.9 5.00 5.73 6.76 8.41 8.58 9.36 9.64 9.67 9.67 9.67
2,000 0.50 1.12 1.95 3.62 4.57 4.66 5.53 6.90 8.20 8.39 9.15 9.40 9.42 9.42 9.42
5,000 0.40 0.98 1.56 3.01 383 394 521 6.10 7.80 8.04 8.80 9.03 9.04 905 9.05
10,000 0.34 0.86 1.39 2.53 3.17 3.51 4.84 5.69 7.32 7.61 8.41 8.64 8.65 8.66 8.66
20,000 0.27 0.73 1.27 2.09 277 3.22 4.41 5.13 6.65 7.08 7.86 8.12 8.13 8.13 8.13
50,000 0.19 0.53 1.00 1.75 232 267 363 419 571 6.16 6.85 7.07 7.08 7.08 7.08
100,000 0.12 0.33 0.64 1.22 1.65 1.94 2.71 3.09 4.36 4.82 5.27 5.49 5.50 5.50 5.50
SPAS #1403 DAD Curves Zone 1
May 27 - June 4, 1984
1,000,000 TFom
—— 3-hour
100,000 | ——B-hour
—+—12-hour
18-hour
10,000 - 24-hour
—— 36-hour
a
= —=— 4&-hour
£ 1,000 {
E = 72-hour
<L = S8-hour
100 A —— 120-hour
144-hour
168-hour
10 ~
152-hour
o Total storm (182-
hour}
1 I.ljl 1
0 14

Maximum Average Depth of Precipitation (inches)
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SPAS 1403 Storm Center Mass Curve Zone 1

May 27 (0600UTC) to June 4 (0500UTC), 1984
Lat: 44,2708 Lon: -71.3042
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T4W 72°W 70°W 68°W

44°N

42°N

40°N

T4W 2% 70°W 88°W
Total Storm (192-hr) Precipitation (inches)

Gauges 05/27/1984 0600 UTC - 06/04/1984 0500 UTC

* Daly SPAS #1403

= Hourly

= Hourly Est.

= Hourly Est. Pseudo Iiles

= Hourly Pseudo : & 5 kics Kilometers

o Supplemental 0 100 200 400

o Supplemental Estimated
Precipitation (inches)

[oo01-1.00[]301-4.00[]601-7.00 ] 901-10.00 [ ]12.01-13.00
[ 1.01-2.00["] 401 -5.00[]7.01 -8.00 [l] 10.01 - 11.00
[C]201-3.00[]501-600M801-9.00[]1.01-1200

8/18/2014



Source * at 44.28N 71.32W

hPa
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NOAA HYSPLIT MODEL

Backward trajectories ending at 0000 UTC 02 Jun 84
CDC1 Meteorological Data
=0 -

700 700
750
800
850 850
900
950

973 Y= l—l‘.—ll_-—l.*’—lll*

12 12 06 00 18 12 06 00 18 12 068 00

06/01 05/31 05/30
This is not a NOAA product. It was produced by a web user.
Job |1D: 396869 Job Start: Tue May 3 18:04:41 UTC 2011

Source 1 lat.: 44.28 lon.: -71.32 hgts: 0, 1120, 2700 m AGL
Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Jun 2084 - reanalysis
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SPAS 1403 Pinkham Notch, NH Surface Dewpoint Tempertures (F)
May 31 - Jun1, 1984
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Storm Precipitation Analysis System (SPAS) For Storm #1533 1
SPAS Analysis

General Storm Location: Mid Atlantic, Montebello, VA
Storm Dates: October 31 — November 7, 1985
Event: Remnants of Hurricane Juan becoming an extratropical cyclone
DAD Zone 1
Latitude: 37.8125
Longitude: -79.1625
Max. Grid Rainfall Amount: 22.56”
Max. Observed Rainfall Amount: 19.76” at Montebello 3 NE, VA

Number of Stations: 1050 (696 Daily, 183 Hourly, 0 Hourly Estimated, 62 Hourly Pseudo, 109

Supplemental, and 0 Supplemental Estimated)

SPAS Version: 10.0

Base Map Used: PRISM July (1981-2010) precipitation
Spatial resolution: 0.2606

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: With the density of stations available for this storm and with how closely the resulting

SPAS analysis was to the observations, this analysis is deemed quite reliable.

Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans Precip. Water Precip. Water PW Lookup Avail. SST  |precip. Water Precip. Water PW Lookup Avail.
D e L ELEVALY Round Date ST @ 30,000 ft @:‘:’f_m Table Column [  Moisture Sl Round | @30000ft @:I::m Table Column [ Moisture (AT
1533_1 -79.1625 | 37.8125 3,982 4,000 17-Oct 76.50 3.07 0.96 75 2.110 79.51 79.5 3.52 1.05 81 2.470 1.171




Storm 1533 - October 31 (0600 UTC) - November 7 (0500 UTC), 1985
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Duration (hours)

:2,
Area (mi%) 1 3 6 12 18 24 36 48 72 96 120 144 168 Total
0.4 3.02 510 7.32 1011 11.59 12.28 12.95 13.98 16.81 20.72 22.31 22 44 22 44 22.44
1 3.00 5.06 7.27 10.03 11.50 12.19 12.83 13.83 16.64 20.49 22.07 22.20 22.20 22.20
10 293 493 7.10 9.80 11.25 11.97 12.53 13.35 15.57 19.19 2067 20.79 20.79 20.79
25 282 4.76 6.90 9.52 10.97 11.69 12.25 13.07 14.99 18.48 19.89 20.00 20.00 20.00
50 272 4.60 8.70 924 10.67 11.39 11.94 12.74 1453 17.90 1924 19.38 19.38 19.38
100 258 4.45 6.45 8.91 10.28 10.95 11.47 12.35 14.02 17.22 18.44 18.64 18.64 18.64
150 2.47 4.36 6.25 8.63 9.96 10.62 11.13 12.08 13.67 16.72 17.87 18.10 18.10 18.10
200 2.37 4.30 6.07 8.39 9.69 10.34 10.85 11.86 13.37 16.30 17.41 17 66 17 66 17 66
300 222 4.21 5.80 8.00 9.28 9.90 10.48 11.51 12.95 15.57 16.63 16.92 16.92 16.92
400 208 4.14 559 7.7 897 957 10.21 11.23 12.57 15.02 16.07 16.36 16.36 16.36
500 1.95 4.07 5.44 7.49 8.73 9.31 10.00 11.01 12.28 14.63 15.62 15.91 15.91 15.91
1,000 1.80 3.75 5.01 6.81 8.02 855 9.28 10.23 1143 1325 14.09 1434 1434 1434
2,000 1.24 3.16 4.49 6.13 7.23 7.74 8.53 943 10.45 11.94 12.64 12.88 12.88 12.88
5,000 0.89 2.37 3.64 523 6.21 8.70 7.40 8.21 9.07 10.37 10.96 11.17 1117 11.17
10,000 0.71 1.83 2.96 445 534 5.80 6.46 715 7.89 9.09 9.58 9.76 9.76 976
20,000 0.52 1.36 22 3.50 432 4.76 5.49 6.11 6.75 113 8.13 8.30 8.32 8.32
50,000 027 0.75 1.27 221 2388 330 4.05 462 503 576 6.14 6.34 6.36 6.36
100,000 0.16 0.44 0.77 1.32 1.82 219 277 3.20 3.54 417 4.55 4.74 4.76 4.76
118,957 0.14 0.37 0.67 1.16 1.60 1.93 2.43 2.81 3.12 3.71 4.06 4.23 4.25 4.25
SPAS #1533 DAD Curves Zone 1
October 31 - November 7, 1985
1,000,000
—&— 1-hour
—— 3-hour
100,000 4 —+— 6-hour
—+— 12-hour
1&-hour
10,000 - —+—24-hour
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< e B-hOUT
100 4 120-hour
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o Total storm (168-
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Incremental Precipitation (inches)
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SPAS 1533 Storm Center Mass Curve: Zone 1
October 31 (0600 UTC) - November 7 (0500 UTC), 1985
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0600 UTC 04 Nov 85
CDC1 Meteorological Data

at 37.81 N 79.16 W

r [

YN

A ﬂi-h__

11/04 11/03 11/102

Job |D: 185451 Job Start: Mon Sep 21 20:53:25 UTC 2015
Source 1 lat.: 37.812500 lon.: -7F9.162500 hgts: 0, 1090, 2680 m AGL

Traljl?ctcr Direction: Backward  Duration: 72 hrs )
Vertical on Calculation Method:  Model Vertical Velocity
Meteorology: 00002 1 Moy 2085 - reanalysis
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SPAS 1533 Montebello, VA Storm Analysis
November 3, 1985

8w 84w 82*'w 80°W W W 74w ='W

Storim Center - 4 " N
37.81 N, 79.16 W G 4 : »
» < e . P

Hysplit 0 200 0 800
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Storm Precipitation Analysis System (SPAS) for Storm #1742 1
(rerun SPAS 1025)
SPAS-NEXRAD Analysis

General Storm Location: Pinkham Notch-Gorham Inland storm center
44.8, -72.5, 40.5, -68.0
October 19-23, 1996

Storm analysis domain:
Storm dates:

Event:

SPAS version:

Base map used:

Synoptic

10.0 (see Appendix A for a brief description of SPAS)
Default ZR Relationship 250%2

Grid cell resolution (sqmi): 0.35
Radar included: Yes
Number of stations: 219 stations
Reliability of results:

This analysis was based on 219 hourly stations, daily data, supplemental station data and radar data. We have a good
degree of confidence for the radar and station based storm total results. The spatial pattern is fully dependent on the
radar data and basemap. Timing is based on hourly stations and sun-hourly data is based on 5-minute radar data.
Several daily stations were moved to supplemental due to timing issues and to ensure data consistency.

o No. of
*
Gauge Type Description Abbr. stations
Hourly Hourly gauges with complete Qr_nequy complete, incremental hourly H 39
precipitation data
Hourly estimated Hourly gauges with some estimated hourly values, but otherwise reliable HE 0
Hourly pseudo Ho.urly gagges Wlt.h rellaple temporal preC|p|t.at|on data, but the magnitude Hp 24
is questionable in relation to co-located daily or supplemental gauges
Hourly estimated Combination of hourly estimated and hourly pseudo HEP 0
pseudo
Daily Daily gauge with complete data and known observation times D 140
Daily estimated Daily gauges with some or all estimated data DE 0
Supplemental Gauges with unknown or |rr(_eg.ula.r observation times, but reliable s 16
precipitation data
Supplemental Gauges with estimated precipitation values based on other information such
. - . . SE 0
estimated as radar, pre-existing total storm isohyetal maps or public storm reports
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Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans precip, Water | <% WA o lookup | Avail ST |predp. water| "% YO | b lookup | Avail.

D e L Y Round Date ST (@ 300007 @:‘:'_"‘ Table Column |  Moisture ST Round | @300001t @:I::m Table Column [ Moisture (AP
1742_1 -71.3050 | 44.2450 4,276 4,300 5-Oct 75.00 2.85 0.96 72 1.890 79.14 79.0 3.44 1.10 80 2.340 1.238
SPAS 1742 - October 19 (0700 UTC) - October 23 (0500 UTC), 1996
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

2 Duration (hours)
Area (mi®)
1hr 2hr 3hr 4hr 5hr 6hr 12hr 18hr 24hr 36hr 48hr 72hr 95hr
0.4 1.01 1.87 2.80 3.64 4.38 4.97 7.94 9.97 11.56 12.65 13.15 13.28 13.28
1 1.00 1.85 2.77 3.60 4.33 4.92 7.89 9.89 11.45 12.52 13.03 13.16 13.16
10 0.96 1.74 2.61 3.43 4.12 4.75 7.75 9.61 11.00 12.11 12.59 12.73 12.73
25 0.91 1.67 2.50 3.31 3.97 4.61 7.49 9.28 10.62 11.77 12.21 12.35 12.35
50 0.87 1.57 2.36 3.11 3.74 4.38 7.08 8.76 10.04 11.20 11.61 11.76 11.76
100 0.81 1.42 2.13 2.81 3.39 3.97 6.41 7.95 9.19 10.36 10.75 10.93 10.93
150 0.76 1.30 1.96 2.57 3.12 3.66 5.93 7.37 8.56 9.75 10.24 10.48 10.47
200 0.73 1.22 1.82 2.38 2.91 3.42 5.54 6.92 8.11 9.36 9.93 10.20 10.16
300 0.67 1.09 1.62 2.12 2.59 3.05 4.96 6.33 7.50 8.89 9.54 9.83 9.76
400 0.62 1.01 1.49 1.96 2.38 2.80 4.57 5.92 7.15 8.72 9.30 9.57 9.53
500 0.58 0.98 1.40 1.85 2.24 2.64 4.30 5.62 7.05 8.59 9.12 9.37 9.35
1,000 0.46 0.87 1.19 1.60 1.95 2.27 3.78 5.10 6.65 8.09 8.57 8.75 8.75
2,000 0.38 0.73 1.00 1.36 1.67 1.94 3.36 4.67 6.06 7.49 7.95 8.14 8.15
3,500 0.31 0.58 0.84 1.10 1.34 1.58 2.78 4.14 5.34 6.74 7.27 7.47 7.48
5,000 0.26 0.50 0.74 0.96 1.17 1.39 2.55 3.70 4.74 6.15 6.67 6.89 6.90
7,500 0.19 0.37 0.56 0.73 0.89 1.07 1.95 2.85 3.68 4.93 5.53 5.78 5.78
8,652 0.17 0.33 0.49 0.64 0.78 0.94 1.72 2.51 3.25 4.39 4.99 5.23 5.23
SPAS 1742 DAD Curves Zone 1
October 19-23, 1996
1,000,000
——1hr
——2Zhr
100,000
! ——3hr
—t—4hr
10,000 Shr
Ghr
=
E
%; 1,000 ——12hr
z
< —=— 18hr
100 —r—24hr
38hr
—=—48hr
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e T2NT
o Total storm (95
1 P hour)

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

SPAS 1742 Storm Center Mass Curve Zone 1

October 19 (0700UTC) to October 23 (0500UTC), 1996
Lat: 44.245 Lon: -71.305
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72°W 71°W 70°W 69°W

44°N

43°N

42°N

72°W 71°W 70°W 69°W

Total Storm (95-hr) Precipitation (inches)

B 10/19/1996 0700 UTC - 10/23/1996 0500 UTC
Houry SPAS-NEXRAD #1742

]

@  Hourly Pseudo

O Supplemental

© Supplemental Estimated

Gauges

Miles
0 15 30 60

Kilometer|
0 40 80 160

Precipitation (inches)

[l o.00-1.00[]501-6.00 []10.01-11.00 [l 15.01 - 16.00 [_]20.01 - 21.00
[ 1.01-2.00[]6.01-7.00 []11.01-12.00 [ 16.01 - 17.00 [_]21.01 - 22.00
[ 2.01-3.00[]7.01-800 []12.01-13.00 ] 17.01 - 18.00 [ | 22.01 - 23.00
[[]3.01-4.00[J801-9.00 []13.01-14.00 [l 18.01- 19.00

[[J4.01-5.00 []9.01 - 10.00 [[] 14.01 - 15.00 [[7] 19.01 - 20.00

12/31/2019
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 21 Oct 96
CDC1 Meteorological Data

at 4368 N 70.44 W

Source *

::\!i = T

700
750
800
850 850
950
o = -
990 I - e - » - . 1000
06 o0 18 12 0B 0o 18 12
10/21 10/20

Job 1D: 359780 Job Start: Thu Mar 3 22:35:50 UTC 2011
Source 1 lat.: 43.68 lon.: -70.44 hgts: 0, 1265, 2849 m AGL

Trajectory Direction: Backward — Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Oct 2096 - reanalysis




SPAS 1742 Sea Surface Tempertures (F)
October 21, 1996
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Storm Precipitation Analysis System (SPAS) for Storm #1742 _2
(rerun SPAS 1025)
SPAS-NEXRAD Analysis

General Storm Location: Pinkham Notch-Gorham Inland storm center
44.8, -72.5, 40.5, -68.0
October 19-23, 1996

Storm analysis domain:
Storm dates:

Event:

SPAS version:

Base map used:

Synoptic

10.0 (see Appendix A for a brief description of SPAS)
Default ZR Relationship 250%2

0.35

Yes

Grid cell resolution (sqmi):
Radar included:

Number of stations: 219 stations
Reliability of results:

This analysis was based on 219 hourly stations, daily data, supplemental station data and radar data. We have a good
degree of confidence for the radar and station based storm total results. The spatial pattern is fully dependent on the
radar data and basemap. Timing is based on hourly stations and sun-hourly data is based on 5-minute radar data.
Several daily stations were moved to supplemental due to timing issues and to ensure data consistency.

o No. of
*
Gauge Type Description Abbr. stations
Hourly Hourly gauges with complete Qr_negrly complete, incremental hourly H 39
precipitation data
Hourly estimated Hourly gauges with some estimated hourly values, but otherwise reliable HE 0
Hourly pseudo Ho.urly gagges Wlt.h rellaple temporal preC|p|t.at|on data, but the magnitude Hp 24
is questionable in relation to co-located daily or supplemental gauges
Hourly estimated Combination of hourly estimated and hourly pseudo HEP 0
pseudo
Daily Daily gauge with complete data and known observation times D 140
Daily estimated Daily gauges with some or all estimated data DE 0
Supplemental Gauges with unknown or |rr(_eg.ula.r observation times, but reliable s 16
precipitation data
Supplemental Gauges with estimated precipitation values based on other information such
. - . . SE 0
estimated as radar, pre-existing total storm isohyetal maps or public storm reports
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Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans precip, Water | VA€l o Logkuy Avail. SST  |precip. water | " Wt by ooy Avail.

D el Ly (=Y Round Date S @3:,00001 @;:r_m Table Co\ur:n Moisture S Round @37),000« @:I::m Table C.olumpn Moisture (AP
1742_1 -71.3050 | 44.2450 4,276 4,300 5-Oct 75.00 2.85 0.96 72 1.890 79.14 79.0 3.44 1.10 80 2.340 1.238
SPAS 1742 - October 19 (0700 UTC) - October 23 (0500 UTC), 1996
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

2 Duration (hours)
Area (mi)
1hr 2hr 3hr 4hr Shr 6hr 12hr 18hr 24hr 36hr A8hr 72hr 95hr
0.4 219 313 4.69 597 6.72 719 11.88 16.94 20.51 22.55 22.86 22.90 22.90
1 217 3.09 463 589 6.64 71 11.79 16.81 2037 2247 2270 2274 2275
10 2.03 2.83 4.28 5.40 6.08 6.51 11.50 16.47 20.01 2200 22.30 22.35 2236
25 1.88 260 3.80 4.78 539 6.09 11.28 15.80 19.29 2127 21.85 2158 21.58
50 1.69 254 an 457 5.26 5.95 1.1 15.12 18.60 20.52 20.79 20.82 20.82
100 145 245 361 4.44 512 5.78 10.63 14.38 17.80 19.70 19.97 20.00 20.00
150 142 237 355 437 5.02 5.65 10.37 13.89 17.25 19.16 19.42 19.44 19.44
200 1.39 232 3.50 4.30 4.93 5.55 1017 13.62 16.84 18.72 15.938 19.02 19.02
300 1.34 222 ERA| 4.19 4.78 537 9.79 12.59 16.17 18.03 15.28 18.34 18.34
400 1.30 214 332 4.07 464 520 9.39 12.40 15.54 17.40 17.64 17.73 17.69
500 125 207 323 3.96 4.50 5.05 9.03 11.85 14.97 16.87 17.13 17.22 1717
1,000 1.06 1.81 28 345 3.98 445 7.56 10.07 12.96 14.99 15.44 15.55 15.55
2,000 0.86 152 233 289 339 378 617 8.68 10.95 1312 13.87 13.99 13.99
3,500 0.70 1.28 1.93 243 288 i 522 751 9.37 11.68 12.51 12.65 12.65
5,000 0.61 1.14 1.66 2.08 247 277 453 6.67 g.24 10.69 11.67 11.78 11.78
7,500 0.53 0.98 1.34 1.68 2.00 226 3.80 5.63 6.99 9.52 10.46 10.63 10.63
10,000 0.46 0.86 117 145 1.72 1.98 342 4.96 6.23 8.60 9.51 9.68 9.68
15,000 0.35 0.66 0.91 1.14 1.38 1.62 2.86 4.2 5.18 7.23 3.1 8.27 8.27
20,000 0.28 0.52 0.74 0.94 1.14 1.33 241 3.56 442 6.12 6.95 7.2 7.2
35,000 0.17 0.32 0.46 0.59 0.72 0.85 1.52 2.28 2.86 4.06 4,79 5.13 5.14
35,842 0.16 0.32 0.45 0.58 0.71 0.83 1.49 2.23 2.8 3.97 4.7 5.05 5.06
SPAS 1742 DAD Curves Zone 2
October 19-23, 1996
1,000,000
—a—1hr
——2hr
100,000 3nr
—+—4hr
10,000 Shr
. Bhr
oL
£
= 1,000 - st 1 211
@
< —=— 18hr
100 4 ——24hr
38hr
—8— &3hr
10 4
——T2Zhr
o Total sterm (95
1 P hour)
0 25
Maximum Average Depth of Precipitation (inches)
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SPAS 1742 Storm Center Mass Curve Zone 2
October 19 (0700UTC) to October 23 (0500UTC), 1996

Incremental Precipitation (in)
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72°W 71°W 70°W 69°W

44°N

43°N

42°N

72°W 71°W 70°W 69°W

Total Storm (95-hr) Precipitation (inches)

B 10/19/1996 0700 UTC - 10/23/1996 0500 UTC
Houry SPAS-NEXRAD #1742

]

@  Hourly Pseudo

O Supplemental

© Supplemental Estimated

Gauges

Miles
0 15 30 60

Kilometer|
0 40 80 160

Precipitation (inches)

[l o.00-1.00[]501-6.00 []10.01-11.00 [l 15.01 - 16.00 [_]20.01 - 21.00
[ 1.01-2.00[]6.01-7.00 []11.01-12.00 [ 16.01 - 17.00 [_]21.01 - 22.00
[ 2.01-3.00[]7.01-800 []12.01-13.00 ] 17.01 - 18.00 [ | 22.01 - 23.00
[[]3.01-4.00[J801-9.00 []13.01-14.00 [l 18.01- 19.00

[[J4.01-5.00 []9.01 - 10.00 [[] 14.01 - 15.00 [[7] 19.01 - 20.00

12/31/2019
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Backward trajectories ending at 1200 UTC 21 Oct 96

CDC1 Meteorological Data

= F T %
p — i 3
4 o 15':.!-._._ A5

i o
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50 4

Source = at 4351 N 70.36W

hPa

DE 00 18 12 06 00 18 12 06 OO 18

10021 10020 1019
Job 1D 152797 Job Start: Thu Mar 3 18:26:05 UTC 2022

Source 1 lat.: 43.515000 lon.: -70.365000 hgts: 0, 1275, 2859 m AGL

TE}%"“”E Direction: Backward  Duration: 72 hra
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: DDDDZE 1 Oet 2096 - reanalysis
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SPAS 1742_2 Sea Surface Tempertures (F)
Cctober 21, 1996
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Storm Precipitation Analysis System (SPAS) For Storm #1201 1
SPAS-NEXRAD Analysis

General Storm Location: Halifax, VT-New England (Maine, New Hampshire, Vermont, western

Massachusetts, and adjacent portions of Canada)
Storm Dates: October 7-11, 2005 (10/7/2005 0900 UTC — 10/10/2005 0000 UTC)
Event: Synoptic plus tropical storm (Tammy) remnants
DAD Zone 1
Latitude: 42.7699
Longitude: -72.7500
Max. Grid Rainfall Amount: 15.40”

Max. Observed Rainfall Amount: 15.60 inches at Halifax, VT (all but 0.20” of this fell during the
CPP, hence the maximum point rainfall is 15.40”). 12.75 inches was reported at Gunstock Ski
Area, VT — although considered “unofficial,” this was reported in Storm Data so it was accepted

into this analysis.

Number of Stations: 462 (126 Daily, 87 Hourly, 1 Hourly Estimated, 40 Hourly Pseudo, 206 Supplemental,
and 2 Supplemental Estimated)

SPAS Version: 8.5

Base Map Used: Mean (1971-2000) PRISM October Precipitation

Spatial resolution: 36 seconds (0.34 sg-mi)

Radar Included: Yes (KGYX, KBW, KCXX, KENX and Canadian radar WVY**)
Depth-Area-Duration (DAD) analysis: Yes*

Reliability of results: Given the extensive gauge data and decent radar data, we have a great deal of
confidence in the magnitude and spatial distribution of rainfall for this analysis. The only exception to this
is across north-central Vermont where a large radar blockage area exists; fortunately however, relatively
light rainfall occurred across this area. **Also, Canadian radar data is only available every 10-minutes,
instead of 5-minutes in the U.S., so that forced all of the radar data to a 10-minute time step — although not

significant, this too diminished the overall accuracy of this analysis slightly.

Storm Rep. SST Climatological Max. SST

Precip. Water Precip. Water

SPAS Storm ELEV Trans i SST i i
LON LAT ELEV FT SST Precip. Water @ storm PW Lookup Avail. SST Precip. Water @Storm PW Lookup Ayaul.
D = Round Date @ 30,000 ft clev. | Table Column | Moisture Round | @30,000t Fley, |Table Column|  Moisture

IPMF

1201_1 -72.7500 [ 42.7699 1,485 1,500 24-Sep 80.00 3.60 0.43 82 3.170 82.66 82.5 4.03 0.45 87 3.580 1.129
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Storm 1201 - October 7 (0900 UTC) - October 10 (0000 UTC), 2005
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (miz) Duration (hours)
1 3 6 12 18 24 36 48 64 Total
0.4 1.09 264 474 8.48 10.67 12.86 15.32 15.38 15.38 15.38
1 1.09 262 470 8.40 10.56 12.73 15.16 15.23 15.23 15.23
10 1.05 2.53 452 8.06 10.10 12.16 14.50 14.58 14.58 14.58
25 1.02 2.44 4.33 7.72 9.67 11.63 13.83 13.91 13.91 13.91
50 0.98 2.35 413 7.38 9.26 11.12 13.19 13.29 13.29 13.29
100 0.92 2.23 3.93 7.02 8.80 10.53 12.45 12.57 12.57 12.57
200 0.83 2.08 3.69 6.68 8.37 9.94 11.70 11.80 11.80 11.80
300 0.78 1.99 3.55 6.49 8.13 9.62 11.27 11.36 11.37 11.37
400 0.75 1.94 3.46 6.36 7.96 9.41 10.98 11.07 11.07 11.07
500 0.73 1.89 3.40 6.24 7.81 9.26 10.76 10.84 10.84 10.84
1,000 0.67 1.76 3.20 5.86 7.36 8.78 10.07 10.14 10.14 10.14
2,000 0.60 1.61 2.96 5.38 6.69 8.03 9.28 9.34 9.34 9.34
5,000 0.49 1.32 2.49 4.49 5.63 6.88 8.16 8.27 8.29 8.29
10,000 0.38 1.07 2.03 3.67 4.69 5.87 7.21 7.49 7.49 7.49
20,000 0.27 0.75 1.40 2.59 3.48 4.63 6.04 6.36 6.36 6.36
50,000 0.19 0.54 0.98 1.65 2.16 277 3.74 413 428 428
69,105 0.15 0.44 0.82 1.36 1.71 219 2.94 3.40 3.57 3.57
SPAS #1201 DAD Curves Zone 1
October 7-9, 2005
1,000,000
—— 1-hour
—— 3-hour
100,000 -
—=— §-hour
10,000 - 12-hour
. 18-hour
£ 1,000 A 24 hour
@
& —r—38-hour
100 -
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e Gd-hour
10 4
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Incremental Precipitation (inches)
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Total 64-hour Precipitation (inches)
October 7-11, 2005
10/7/2005 0900 UTC - 10/10/2005 0000 UTC
SPAS #1201

Precipitation (inches) —

M o0.00-050[]351-400 l]8.01-900 M USRadar ® Daily é
B o51-1.00 [ 4.01-450 § 9.01-10.00 ™ Canadian Radar ® Hourly L
B 1.01-1.50 [[] 4.51-5.00 ] 10.01-11.00 o Hourly Est. -
[ 1.51-2.00 [] 5.01 - 5.50 [/ 11.01 - 12.00 @ Hourly Pseudo

[ 2.01-2.50 [[] 5.51-6.00 [] 12.01 - 13.00 o Supplemental
[[]2.51-3.00 [l 6.01-7.00 [ | 13.01-14.00 © Supplemental Est.
[[]3.01-3.50 |l 7.01-8.00

1)
z."

ETSTAT 03312011
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 09 Oct 05
CDCH1 Metearc-lugical Data

Source % at 4277 N 7275 W

=N P w0
SR Vs o T
P, el r(-' S -'1_. . .._,
R VAR N - . . ";/
WLt | /"
V57 By
-40
_I?_‘\LI
700
750
800
5
976 ¥ - » ——y = ¥ @ 950
v 1000
T T -
i 12 06 o000 18 12 06 00 18 12 06 00
10/08 10/07 10/06
This is not a NOAA product. It was produced by a web user.
Job |D: 304596 Job Start: Wed Apr 6 20:07:39 UTC 2011
Source 1 lat.: 42.77 lon.: -72.75 hgts: 0, 1170, 2790 m AGL
Tra ectory Direction: Backward uration: 72 hrs
ertical Motion Calculation Method: Model Vertical Velocity
Meteumlugy 00002 01 Oct 2005 - reanalysis




Page 88 of 326

SPAS 1201 Halifax, VT Sea Surface Tempertures (F)
QOctober 6, 2005
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SPAS 1201 Halifax, VT Sea Surface Tempertures (F)
QOctober 7, 2005
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SPAS 1201 Halifax, VT Sea Surface Tempertures (F)
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Storm Precipitation Analysis System (SPAS) For Storm #1047 1
SPAS-NEXRAD Analysis

General Storm Location: Tamaqua, PA
Storm Dates: 6/26/2006 0100Z — 6/28/2006 1000Z
Event: Frontal system-general storm
DAD Zone 1
Latitude: 41.675
Longitude: -75.375
Max. Grid/Radar Rainfall Amount: 12.26” (Grid/Pixel Point)
Max. Observed Rainfall Amount: 11.79” (11.97” grid cell at Aldenville, ALDP1)

Number of Stations: 491 (99-hourly, 21 hourly estimated, 78-daily 293-supplemental) gauging stations
within the defined search domain.

SPAS Version: 4.0

Base Map Used: No

Spatial resolution: 0.36 mi?

Radar Included: Yes (multiple stations were merged)

Depth-Area-Duration (DAD) analysis: Yes: 1, 2, 3, 4, 5, 6, 12, 18, 24, 36, 48, & 57 hours

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans precip. Water | <0 WA [ ol lookup | Avail. precip. Water |"<9P WL oy ookup | avail.
n LON LT | EEvET| Date T o e | @storm | PR | T [TiRound [intoerl @siom | PRS00 | Wb | ipmE

Elev. Elev.

1047_1 -75.3750 [ 41.6750 1,260 1,300 10-Jul 70.50 2.31 0.28 63 2.030 76.10 76.0 2.99 0.33 74 2.660 1.310
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Storm 1047- June 26 (0100 UTC) - June 28 (0900 UTC), 2006
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

A Py Duration (hours)
rea (mi)— 2 3 4 5 6 12 18 24 36 48 57 Total
0.4 249 277 3.06 3.38 3.79 415 5.23 5.49 9.57 10.49 10.98 12.26 12.26
1 245 273 3.03 334 378 410 518 6.45 054 10.45 10.94 12.22 12.22
10 212 242 292 3.19 363 3.95 5.08 5.24 922 10.13 10.79 11.91 11.91
25 1.80 224 276 3.09 354 384 5.04 6.04 833 9.76 10.67 11.66 11.66
50 1.74 2.09 262 299 3.44 373 497 5.86 845 9.41 10.52 11.42 11.42
100 1.50 1.02 2.45 287 in 358 4.86 567 a1 9.07 10.29 11.08 11.08
200 1.40 1.97 225 2 69 312 3.36 4.69 5.46 777 8.74 10.03 10.75 10.75
300 1.27 1.67 211 2 56 299 321 455 532 7.54 8.55 9.86 10.55 10.55
400 1.16 1.59 2.00 245 2.88 3.08 4.44 521 7.32 8.40 972 10.39 10.39
500 1.08 1.51 1.91 236 277 2497 434 512 714 8.27 959 10.25 10.25
1,000 0.83 1.30 165 2.08 240 263 4.01 4.84 6.56 7.79 9.07 9.69 9.69
2,000 0.66 1.12 1.41 1.80 210 232 3.66 451 5.08 7.24 8.36 8.09 8.99
5,000 0.50 0.85 1.18 1.45 1.74 1.91 317 3.97 5.14 6.37 7.34 7.93 7.93
10,000 0.40 0.69 0.99 1.23 1.49 1.64 2.70 3.39 426 5.46 6.38 6.95 6.95
20,000 0.28 0.52 0.77 0.94 1.16 1.31 212 261 3.18 4.10 5.10 5.60 5.60
33,237 0.20 0.37 0.54 0.67 0.81 0.95 1.56 1.02 2.29 2.93 3.75 417 417
SPAS #1047 DAD Curves Zone 1
June 26-28, 2006
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SPAS 1047 Storm Center Mass Curve Zone 1

June 26 (0100UTC) to June 28 (0900UTC), 2006
Lat: 41.675 Lon: -75.375
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 27 Jun 06

CDC1 Meteorological Data
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This is not a NOAA product. It was produced by a web user.

Job |1D0: 347959 Job Start: Tue Nov 27 18:29:37 UTC 2012
Source 1 lat.: 41.67 lon.: -75.37 hgts: 0, 1280, 2900 m AGL

Trajectory Direction: Backward wration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Jun 2006 - reanalysis
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SPAS 1047 Tamaqua, PA Storm Analysis
June 24-26, 2006
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Storm Precipitation Analysis System (SPAS) For Storm #1041 1
SPAS-NEXRAD Analysis

General Storm Location: Central Park, NY
Storm Dates: 4/15/2007 0300Z — 4/16/2007 1700Z
Event: Nor'Easter
DAD Zone_1
Latitude: 41.11 degrees
Longitude: -73.44 degrees
Maximum SPAS Rainfall Amount: 9.44” (Grid/Pixel Point)
Maximum Rain Gauge Amount: 9.30” (Rivervale, NJ)

Number of Stations: 307 (105-hourly, 14-hourly pseudo, 188-daily convert to supplemental) gauging

stations within the defined search domain.
SPAS Version: 4.0

Spatial resolution: 44.179 seconds
Radar Included: Yes

Radar reflectivity data was used from the KDIX and KENX radars. After sectorization optimization, the
scan-scale precipitation grids were summed and blended (from KDIX- and KENX-based radars) into

seamless hourly grids.

Depth-Area-Duration (DAD) analysis: Yes

Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans precip, Water | % VAT o lookup | Avail ST |precp. water| "% YO | b lookup | Avail.
D LON LAT ELEV Round Date ssT @ 30,000 ft @ES:‘)lr.m Table Column| Moisture SsT Round @ 30,000 ft @ESIt:,I:m Table Column| Moisture IPMF
1041_1 -73.4400 | 41.1100 122 100 1-May 71.00 2.36 0.02 64 2.340 74.00 74.0 2.73 0.03 70 2.700 1.154
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Storm 1041 - Central Park '07 Storm - April 15-16, 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area (mi%) 1 2 3 4 5 6 12 18 24 37 Total
04 266 296 3.43 3.79 421 469 6.38 8.10 923 944 944
1 2 66 294 341 3.77 419 4 67 6.36 8.08 9.19 940 940
10 238 268 3.34 3.69 412 4 60 6.29 7.96 8.92 9.14 914
25 2.01 257 3.31 3.63 4.09 452 6.23 7.81 8.64 8.93 8.93
50 1.70 2.43 3.22 355 4.00 437 6.16 7.64 8.51 8.79 8.79
100 1.44 227 3.08 3.43 3.88 423 6.06 7.41 8.36 8.64 8.64
200 1.36 2.1 2.89 3.25 372 4 .06 5.87 7.16 8.13 8.45 8.45
300 1.28 1.98 274 313 359 391 570 7.00 7.94 830 830
400 1.23 1.90 261 3.04 349 379 5.54 6.86 7.78 818 818
500 1.17 1.82 251 2.96 340 368 540 6.74 7.65 8.09 8.09
1,000 0.96 1.59 220 268 3.09 3.31 494 6.32 7.20 7.76 7.76
2,000 0.80 1.36 1.88 234 274 294 448 5.85 6.71 7.38 738
5,000 061 1.05 1.46 1.80 210 2.30 3.85 510 5.87 6.76 6.76
10,000 0.46 0.83 1.14 142 1.68 1.96 3.36 446 526 6.23 6.23
20,000 032 0.62 0.85 1.07 1.31 1.57 283 3.75 454 555 555
32,549 023 0.44 0.63 0.80 1.00 1.20 225 3.03 370 459 459

SPAS #1041 DAD Curves
Central Park '07 Storm - April 15 (0400Z) -16 (1700Z), 2007
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SPAS 1041 Storm Center Mass Curve Zone 1
April 15 (0400UTC) to April 16 (1700UTC), 2007

Lat: 41,1016 Lon: -73.4401
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Central Park '07 Storm
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 16 Apr 07
CDC1 Meteorological Data
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Job ID: 185070 Job Start: Mon Aug 4 20:51:55 UTC 2014
Source 1 lat.: 41.110000 lon.: -73.440000 hgts: 0, 1090, 2680 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Apr 2007 - reanalysis
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SPAS 1041 Norwalk, CT Storm Analysis
April 14, 2007

TETW AW T2EW

TOW &|sw a|wW aarw a@asw asw

4w B2°W B0TW B

— |
BAAPL ==

RS IAG R RO

@@Bﬁ

53
L
UEE GBrnSE

Be f
(]

Hysplit 28

® Surface @ 850mb o 700mb



Page 103 of 326

SPAS 1041 Norwalk, CT Storm Analysis
April 15, 2007
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Storm Precipitation Analysis System (SPAS) For Storm #1298 1
SPAS-NEXRAD Analysis

General Storm Location: Harrisburg, PA, Mid-Atlantic States
Storm Dates: September 4, 2011 — September 9, 2011 (96-hours analyzed)
Event: Front Systems Pulling in Moisture from Remnants of Tropical Storm Lee
DAD Zone 1

Latitude: 39.985

Longitude: -76.495

Max. Grid Rainfall Amount: 18.32”

Number of Stations: 3135 (522 Daily, 1118 Hourly, 7 Hourly Estimated, 179 Hourly Pseudo, 1304
Supplemental, 5 Supplemental Estimated)
SPAS Version: 9.5

Base Map Used: NWS Stage 4 Storm Total Precipitation 4-km grid
Spatial resolution: 36 seconds

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This storm was particularly difficult given large amount of data that required
extensive QC. A great deal of effort was put into QCing the hourly data. When in doubt, the station was
often simply removed. Fortunately, this storm occurred during the CoCoRaHS era, so it coupled with NCDC
data, provided a spatially dense sample size for anchoring the precipitation magnitudes. Good radar data
was also available and helped overcome the limited hourly data, particularly in areas where pseudo hourly
gauges (based on the radar data and SPAS-generated ZRs) were added to the analysis. Allin all, however,
we are confident in the results of this analysis with the exception of areas across southeastern Virginia,
where the analysis struggled with the extremely heavy rain from thunderstorms late in the analysis period
occurred. The number of high hourly estimates (station data only) and the use of the dynamic and/or
Tropical storm ZR relationship to create the estimated gridded precipitation created higher 1-hour
precipitation values than is typically observed in a SPAS analysis. Again, this can be attributed to the
estimated station hourly values, the Tropical storm ZR and residual adjustments, the large storm domain,
the tropical and convective mix of precipitation that occurred during the storm within the large domain. Then,
for DAD calculations, the hourly grids (with numerous high precipitation estimates) are used to calculate
the DAD information.

Storm Rep. SST Climatological Max. SST

ip. Precip.
SPAS Storm LON LAT ELEV FT ELEV Trans ssT  [Precie: Water prz;:‘::er PW Lookup Avail. ST SST  |precip. Water re@ﬂztz\::er PW Lookup Avail.
D - Round Date @ 30,000 ft cley, | Table Column| Moisture Round | @30000ft fley. |Table Column|  Moisture

IPMF

1298_1 -76.4950 [ 39.9850 226 200 20-Aug 81.50 3.86 0.06 85 3.800 83.79 84.0 4.30 0.07 90 4.230 1.113




Storm 1298 - September 5 (0100 UTC) - September 9 (0000 UTC), 2011

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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3 Duration (hours)
Area (mi) 3 6 12 18 24 36 48 72 % Total
0.4 9.44 10.84 10.89 10.89 12.99 14.56 17.37 17.47 17.94 18.31 18.31
1 9.21 10.75 10.80 10.79 12.87 14 44 17.19 17.30 17.80 18.17 18.17
10 7.79 10.30 10.36 10.37 12.23 13.98 16.67 16.79 17.44 17.82 17.82
25 6.60 9.44 9.53 9.60 11.46 13.47 16.09 16.23 16.93 17.43 17.43
50 542 8.38 8.61 8.97 11.00 12.97 15.51 15.70 16.44 17.06 17.06
100 469 7.40 773 8.35 10.43 12.02 14.65 15.02 15.82 16.62 16.62
200 3.91 6.43 6.95 7.71 9.59 10.95 13.37 14.07 15.05 16.09 16.09
300 3.44 5.82 6.51 7.29 9.11 10.39 12.57 13.31 1453 15.73 15.73
400 31 534 6.15 6.96 8.81 10.02 12.01 12.77 14.13 15.46 15.46
500 285 5.00 5.88 6.70 8.59 973 11.59 12.37 13.80 15.25 15.25
1,000 234 3.92 492 563 7.93 8.97 10.35 11.21 12.78 14 .54 14 .54
2,000 1.74 283 3.87 4 97 7.29 828 9.26 10.17 11.82 13.73 13.73
5,000 1.09 21 3.06 421 6.32 7.3 8.39 913 10.61 12.30 12.30
10,000 0.72 1.62 244 3.54 5.47 6.42 7.38 8.13 9.52 11.01 11.01
20,000 0.47 1.15 1.90 282 4.45 525 6.10 6.86 8.25 9.58 958
50,000 0.24 0.64 1.21 1.93 277 3.47 442 520 6.57 7.54 7.54
100,000 0.13 0.37 0.71 1.15 1.65 212 3.06 3.81 507 5.80 5.80
141,829 0.09 0.26 0.50 0.84 1.20 1.61 235 292 402 462 462
SPAS #1298 DAD Curves Zone 1
September 5-8, 2011
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Incremental Precipitation (inches)

SPAS 1298 Storm Center Mass Curve Zone 1
Sep.5(100 UTC) - Sep. 9 (0000 UTC), 2011
Lat: 39.985 Lon:-76.495
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 08 Sep 11
CDC1 Meteorological Data
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Job |D: 18968 Job Start: Wed Sep 18 20:25:13 UTC 2013
Source 1 lat.: 40.170000 lon.: -76.590000 hgts: 0, 1290, 2910 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Sep 2011 - reanalysis
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SPAS 1298 Harrisburg, PA Tropical Storm Lee Storm Analysis
September 5, 2011
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SPAS 1298 Harrisburg, PA Tropical Storm Lee Storm Analysis
September 6, 2011
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Hybrid Storms
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Storm Precipitation Analysis System (SPAS) For Storm #1275 2
SPAS-NEXRAD Analysis

General Storm Location: Montgomery Dam, PA, Pennsylvania, West Virginia, Virginia, Ohio, New York,

Kentucky
Storm Dates: September 17-19, 2004
Event: Hurricane Ivan Extratropical Transition Interacting with a Front
DAD Zone 2
Latitude: 40.605
Longitude: -76.465
Max. Grid Rainfall Amount: 8.80"
Max. Observed Rainfall Amount: 8.80"
Number of Stations: 955 (550 Daily, 183 Hourly, 62 Hourly Pseudo, and 160 Supplemental)
SPAS Version: 9.5
Basemap: PRISM 30-yr Mean (1981-2010) September Precipitation
Spatial resolution: 0.01 (~ 0.40 mi?)
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
NEXRAD Radar. We have a high degree of confidence in the radar/station based storm total results, the
spatial pattern is dependent on the radar data and basemap, and the timing is based on hourly and hourly
pseudo stations.

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans precip. Water |” 2% W | by lookup | Avail. precip. ater " 2% WO | o lookup | Avail
D LON LAT ELEV_FT Round Date Ty @ 30,000 ft @;:r_m Table Column| Moisture Ta TaRound @ 30,000 ft @Eslt::m Table Column| Moisture IPMF
1275_2 -76.4650 | 40.6050 1,602 1,600 1-Sep 72.00 2.47 0.36 66 2.110 77.29 77.5 3.22 0.43 77 2.790 1.322




Storm 1275 - September 17 (0100 UTC) - September 19 (0000 UTC), 2004
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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2 Duration {hours)
Area (mi’) 3 6 12 18 24 36 48 Total
04 242 4.26 6.79 8.29 8.49 8.69 38.79 379 8.79
1 2.40 4.25 6.75 8.24 8.44 8.64 8.75 8.75 8.75
10 2.36 417 6.66 8.12 8.32 8.52 8.62 8.62 8.62
25 2.31 4.14 6.62 8.07 8.27 8.47 8.58 8.58 8.58
50 2.25 4.08 6.48 8.00 8.23 8.44 8.54 8.54 8.54
100 217 3.99 6.22 7.84 8.10 8.30 8.41 8.41 8.41
200 2.03 3.86 5.81 7.53 7.83 8.05 8.17 8.18 8.18
300 1.94 3.76 5.57 7.34 7.66 7.87 7.99 8.00 8.00
400 1.86 3.65 5.39 7.20 7.52 7.73 7.85 7.86 7.86
500 1.80 3.51 5.24 7.07 7.4 7.61 7.74 7.74 7.74
1,000 1.60 3.03 4.74 6.64 7.02 7.25 7.37 7.37 7.37
2,000 1.38 268 419 6.17 6.62 6.86 6.99 7.00 7.00
5,000 1.01 222 3.54 5.51 6.03 6.30 6.46 6.46 6.46
10,000 0.75 1.80 3.05 4.94 5.57 5.88 6.02 6.04 6.04
20,000 0.55 1.39 2.46 4.24 498 532 5.49 5.51 5.51
50,000 0.30 0.81 1.54 2.81 3.65 3.85 4.08 4.09 4.09
84,744 0.19 0.53 1.03 1.92 2.48 2.71 2.90 292 2.92
SPAS #1275 DAD Curves Zone 2
September 17 - September 19, 2004
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1800 UTC 17 Sep 04
CDC1 Meteorological Data
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Job ID: 190380 Job Start: Fri Jan 14 19:04:19 UTC 2022
Source 1 lat.: 40.605000 lon.: -76.465000 hgts: 0, 1240, 2870 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Sep 2004 - reanalysis
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SPAS 1275_2 Storm Analysis
September 14-17, 2004
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Storm Precipitation Analysis System (SPAS) For Storm #1340 1
SPAS Analysis

General Storm Location: Big Meadows, VA (USACE SA 1-28a)
Storm Dates: October 12-17, 1942

Event: This storm had characteristics of both a general storm and was enhanced by remnant tropical

moisture from a system well offshore.
DAD Zone 1

Latitude: 38.5458

Longitude: -78.4042

Max. Grid Rainfall Amount: 19.77"

Max. Observed Rainfall Amount: 18.92"
Number of Stations: 587 (423 Daily, 2 Hourly, 3 Hourly Pseudo, and 159 Supplemental)
SPAS Version: 9.5
Basemap: PRISM October 1942 Precipitation
Spatial resolution: 00:00:30 (~ 0.30 mi?)

Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on digitized hourly data from the USACE SA 1-28a mass
curves, daily data, and supplemental station data. The lack of hourly data and having to digitize the USACE
mass curves resulted in SPAS mass curves which are smoothed and are likely not representative of the
true hourly accumulation. We have a good degree of confidence in the station based storm total results,

the spatial pattern is dependent on the basemap, and the timing is based on hourly stations.

Storm Rep. SST Climatological Max. SST

Precip. Water Precip. Water

ELEV Trans § SST i

SPASStormID |  LON LAT | ELev_FT ssT  [Tredp Water] g gy | PWiookup | Aval. ssT st " S| s || Al
- Round Date @ 30,000 ft ke Table Column| Moisture Round | @30.000f ke Table Column| Moisture

1340_1_GEN | -78.4042 | 38.5458 3,299 3,300 1-Oct 78.00 3.29 0.84 78 2.450 81.50 &l 3.86 0.95 85 2.910 1.188

IPMF
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Storm 1340 - October 12 (0600 UTC) - October 17 (0500 UTC), 1942
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi%) Duration (hours)
1 3 6 12 18 24 36 48 72 96 120 Total
04 1.18 263 525 8.44 11.63 13.37 15.70 17.82 19.71 19.71 19.71 19.71
1 1.18 262 521 8.37 11.54 13.27 15.60 17.71 19.59 19.59 19.59 19.59
10 1.16 2.56 5.03 8.07 11.12 13.01 15.38 17.43 19.28 19.29 19.29 19.29
25 1.14 252 4 .86 7.80 10.73 12.79 15.29 17.32 19.16 19.17 19.17 19.17
50 1.12 2.49 4 67 7.53 10.35 12.60 15.07 17.10 18.89 18.96 18.96 18.96
100 1.08 242 444 7.26 9.97 12.33 14.80 16.79 18.54 18.60 18.60 18.60
200 1.03 232 418 6 96 954 11 96 14 35 1627 17 92 18.05 18.05 18.05
300 0.99 225 4.02 6.74 9.26 11.68 14.01 15.89 17.44 17.65 17.65 17.65
400 0.96 220 3.89 6.58 9.07 11.43 13.73 15.59 17.08 17.31 17.31 17.31
500 093 215 379 640 888 1121 1347 1532 1676 17 01 17.01 17.01
1,000 0.84 1.96 3.46 5.86 8.18 10.36 12.57 14.34 15.65 15.90 15.90 15.90
2,000 073 1.72 3.04 521 7.31 9.27 11.34 13.04 14.22 14.46 14.46 14.46
5,000 0.57 1.38 245 425 5.99 7.63 9.34 10.78 11.78 11.99 12.00 12.00
10,000 0.44 1.08 1.96 3.40 4.79 6.10 7.54 8.75 9.62 9.81 9.83 9.83
20,000 0.33 0.80 1.46 2.56 3.63 4.63 5.77 6.76 7.44 7.60 7.62 7.62
50,000 0.20 047 0.87 1.57 224 2.88 3.69 4.39 4 87 5.03 5.08 5.08
100,000 0.12 0.31 0.53 0.96 1.38 1.77 2.35 295 3.34 3.50 3.58 3.58
138,434 0.09 0.23 0.42 0.76 1.09 1.39 1.86 2.38 2.7 2.82 2.89 2.89
SPAS #1340 DAD Curves Zone 1
October 12-17, 1942
1,000,000
—— 1-hour
——3-hour
100,000 47 —+—6-nour
—+—12-haur
18-hour
10,000 ~
24-hour
—_ == 35-hour
:E. 1,000 - = 43-hour
L]
E —— T2-hour
= 98-hour
100
—&—120-hour
O— Total storm (120-
hour}
10 4
1

0 2 4 6 8 10 12 14 16 18 20 22

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation(inches)

20

0.5

0.0

SPAS 1340 Storm Center Mass Curve: Zone 1

October 12 (0600 UTC) - October 17 (0500 UTC), 1942

Lat: 38.5458 Lon: -78.4042

. ncrementa

— UMD

21

...IIITTTMHH
41

61 81

Index Hour

19.77"

101

20

Accumulated Precipitation (inches)
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81°'w 80°wW 79°W 78w W 78°W W T4W

T°W sW W 78°W

Total Storm (120-hr) Precipitation (inches)
October 12 (0600 UTC) - October 17 (0500 UTC), 1942
SPAS 1340 - Big Meadows, VA

Gauges
e Day
Houry
Hourly Pseudo Miles
Suppiemental 0 375 75 150

" om

o

Kilometers

Precipitation (inches) ” =

I 0.01-1.00[]4.01-5.00[]8.01-9.00 12.01- 1300 [J] 16.01- 17.00
[l 1.01-2.00[]501-6.00[]901-10.00 [l 13.01-1400[] 17.01- 1800
[]201-3.00[]6.01-7.00[] 10.01- 11.00 [l] 14.01- 1500 [] 18.01- 19.00
[CJ301-4.00[]7.01-800[] 11.01-12.00 ] 15.01- 1600 ] 19.01- 2000

718/2014
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SPAS 1340 Big Meadows, VA Storm Analysis
October 13, 1942
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Local Storms
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Storm Precipitation Analysis System (SPAS) For Storm #1547 1
SPAS Analysis

General Storm Location: Catskill, NY
Storm Dates: July 26, 1819
Event: Convective Thunderstorm
DAD Zone 1
Latitude: 42.1842
Longitude: -73.8688
Max. Grid Rainfall Amount: 18.23"
Max. Observed Rainfall Amount: 18.00"
Number of Stations: 1 (0 Daily, 1 Hourly, 0 Hourly Pseudo, and O Supplemental)
SPAS Version: 10.0
Basemap: HMR 1 isohyetal pattern (HMR 1 Figure 25)
Spatial resolution: 0:00:15 second (~ 0.15 mi?)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes
Reliability of results:
This analysis was based on one hourly estimated station from HMR 1 and timing based on HMR 1 and the
American Journal of Science and Arts vol. IV 1822. However, there is no explicit hourly data through the
24-hour period. Therefore, the hourly accumulation beyond the 1-hour duration and the total storm duration
are artificially created and likely unrealistic. We have a good degree of confidence in the storm total results,
the spatial pattern is dependent on the basemap (HMR 1 Isohyetal), the timing is based on data hourly
HMR 1 and the American Journal of Science and Arts vol. IV 1822 description. We only have a high degree

of confidence in the 1-, 3-, and 8-hr point values, the remaining durations are estimates based on the storm
event description in the American Journal of Science and Arts.

Storm Rep. Dew Point Climatological Max. Dew Point

SPAS Storm ELEV Trans Precip. Water Precip. Water
LON LAT ELEV_FT g, |Prece water [T | PWiookue | Avail. 1, T, Round [PrecP- Water [ g C 7| PWiookup [ avail
1D Round Date @30,000 ft cley, | Teble Column|  Moisture @30,000 ft fley, | Teble Column|  Moisture

IPMF

| Storm Center Location 1547_1 -73.8688 | 42.1842 0 0 15-Jul 72.50 2.54 0.00 67 2.535 78.28 78.5 3.37 0.00 79 3.365 1.130

The IPMF for this storm was developed using data from other similar local storms as there was no
information available to derive the actual value. We have used both 72.5 and 73 as the storm
representative value in various studies, but only for comparison purposes to derive the IPMF of 1.13 from
the original analysis, it does not have any actual data basis. The data in the table provided were used
originally to try and derive and inflow vector and storm representative location. Discussions with various
review communities and comparisons with other storms resulted in a capped IPMF of 1.13. The values in
the example table provide an average storm representative value of 72.5 and climatological maximum of
78.5. However, the hard cap of 1.13 is applied based on it being such a unique/extreme event where
applying a lower IPMF made sense (similar to other very extreme short duration events like Tyro, VA;
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Simpson, KY; Smethport, PA; Rapidan, VA and trying to be sure the resulting 1-hour depths did not
significantly exceed world record levels.

Therefore, the IPMF is set to 1.13 (as was done in adjacent studies). This was discussed on detail during

the development of the Pennsylvania statewide PMP study (see Section 7.3). The table below provides
the storms investigated.

SPAS ID Storm Location Inflow Direction Compass Direction Inflow Distance Tdor SST  Temporal Trans Date Storm Rep IPMF
SPAS 1017 Sparta ENE 67.5 65 Td 15-Aug 68 1.47
SPAS 1040 Tabernacle SSW 202.5 110 Td 30-Jul 74 1.26
SPAS 1550 Johnstown SwW 225 85 Td 15-Jul 75 1.17
SPAS 1049 Delaware County S 180 40 Td 1-Jul 71 1.28
SPAS 1546 Little River E 90 120 Td 30-Jun 70.5 1.36



Storm 1547 - July 26 (0600 UTC) - July28 (0500 UTC), 1819

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Arca (miz) Duration (hours)
1 2 3 4 5 6 8 12 18 24 Total
0.4 9.95 11.44 12.91 14.11 15.30 16.49 17.98 17.98 17.98 17.98 17.98
1 975 11.21 12.68 13.85 15.02 16.19 17.66 17.66 17.66 17.66 17.66
10 712 8.19 9.26 10.12 10.97 11.83 12.90 12.90 12.90 12.90 12.90
25 498 573 6.47 7.07 7.67 827 9.01 9.01 9.01 9.01 9.01
33 415 477 540 5.90 6.39 6.89 7.51 7.51 7.51 7.51 7.51
SPAS #1547 DAD Curves Zone 1
July 26-28, 1819

1,000 —=— T-hour

——2Z-hour

—s— 3-hour

100 4 4-hour

S-hour

s G-hour

=
- =—r— &-hour
2

o, —a— 12-hour

—+— 18-hour

24-hour

o Total storm (24-
—_ hour)

10

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)
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SPAS 1547 Storm Center Mass Curve Zone 1

July 26 (0600UTC) to July 28 (0500UTC), 1819
Lat: 42.1842 Lon: -73.8688

e |ncremental
—— Accumulated

18.23

Index Hour

Accumulated Precipitation (in)
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73°55W 7350w

42°15N

42°10N

7355w T3EOW

Total Storm (48-hr) Precipitation (inches)
07/26/1819 0600 UTC - 07/28/1819 0500 UTC

SPAS #1547
N — i e
0 0.75 15 3
Gauges Kilometers
= Hourly Estimated 0 1.75 35 7

Precipitation (inches)
B 196-200[ ]401-6.00[ ]8.01-1000 [12.01-14.00[ ]16.01-18.00
[]2.01-4.00[ ]6.01-800[ ]10.01-12.00 | 14.01-16.00 [ ]18.01-20.00

€/25/2015
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Storm Precipitation Analysis System (SPAS) For Storm #1489 1
SPAS Analysis

General Storm Location: Jewell, MD
Storm Dates: July 25-30, 1897
Event: Local Convective
DAD Zone 1
Latitude: 38.729
Longitude: -76.571
Max. Grid Rainfall Amount: 15.88”
Max. Observed Rainfall Amount: 14.70”
Number of Stations: 312
SPAS Version: 10.0
Base Map Used: Conus_prism_ppt_in_1981 2010 _07
Spatial resolution: 30 seconds
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of Results: This storm is originally USACE NA 1-7a and 1-7b. This analysis was based on
hourly pseudo data, daily data and supplemental station data. We have a good degree of confidence for
the station based storm total results. The spatial pattern is dependent on the basemap and we have a
high degree of confidence with the timing based on the location of the four hourly pseudo stations (see
below). One hourly USACE mass curve captured the largest storm center at Jewell, MD allowing high
confidence in the spatiotemporal isohyetal pattern of this critical location. Many daily stations lacked
timing, so they had to be converted into supplemental stations. Due to the four hourly pseudo stations
being consistent in timing, there isn’t much issue with having to turn so many daily stations into
supplemental stations.

Storm Rep. SST Climatological Max. SST

Pr Wat Pr . Wat:
SPAS Storm ELEV Trans Precip. Water [ o o' | pw Lookup | Avail. SST  |erecip. water| o> ") oW Lookup [ Avail.
LON LAT ELEV SST @ Storm SST @ Storm
D Round Date @30000ft | €™ | Table Column|  Moisture Round | @30000ft [ €5 | Table column|  Moisture

IPMF

1489_1 -76.5710 | 38.7290 163 200 10-Aug 71.50 2.42 0.05 65 2.365 79.00 79.0 3.44 0.06 80 3.380 1.429




Storm 1489 Zone 1 - Jul. 25 (0500 UTC) - Jul. 30 (0400 UTC), 1897
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Duration (hours)
areasqmi 1 2 3 4 5 6 12 18 24 36 48 72 96 120 Total
0.4 3.31 6.38 9.57 11.66 12.56 12.95 14.59 14.92 14.92 15.10 15.85 15.87 15.87 15.86 15.86
1 3.31 6.38 9.55 11.63 | 1253 | 12.92 | 1456 | 14.89 | 1489 | 15.06 | 15.82 | 1584 | 1584 | 15.82 | 15.82
10 3.29 6.32 9.48 11.55 | 1244 | 1284 | 1445 | 1478 | 1478 | 1497 | 1511 16.73 | 1573 | 1572 | 15.72
25 3.28 6.30 9.45 11.52 | 12.41 12.81 14.41 14.73 | 1473 | 1493 | 1567 | 1568 | 1568 | 1568 | 15.68
50 3.27 6.28 9.43 11.49 | 1238 | 12.79 | 1438 | 1470 | 1470 | 1490 | 15.64 | 1565 | 1565 | 15656 | 15.65
100 3.26 6.27 9.41 11.47 | 1235 | 12.76 | 1435 | 14.67 | 1467 | 14.87 | 15.60 | 15.61 15.61 15.61 15.61
150 3.23 6.22 9.32 1135 | 1223 | 1263 | 1421 1453 | 1453 | 1473 | 1544 | 1546 | 1546 | 1546 | 1546
200 3.16 6.09 9.14 1113 | 1199 | 1238 | 1393 | 1424 | 1424 | 1444 | 1514 | 1516 | 1516 | 15.16 | 15.16
300 2.98 5.75 8.62 1050 | 11.31 11.68 | 1314 | 1344 | 1344 | 13.62 | 1429 | 1430 | 1431 14.31 14.31
400 277 5.33 8.00 9.74 10.49 | 1083 | 1219 | 1246 | 1247 | 1264 | 13.26 | 13.27 | 13.28 | 13.28 | 13.28
500 2.55 4.91 7.37 8.97 9.67 9.98 1124 | 1149 | 1149 | 1165 | 1223 | 12.24 | 1225 | 1225 | 12.25
1,000 1.78 3.43 5.15 6.27 6.75 6.97 7.85 8.04 8.05 8.18 8.67 8.69 8.70 8.70 8.70
2,000 1.24 2.37 3.57 4.35 469 4.85 545 5.59 560 571 6.02 6.04 6.05 6.05 6.05
5,000 0.80 1.53 2.31 2.83 3.04 3.14 3.56 3.67 3.68 3.81 4.24 4.27 4.28 4.28 4.28
10,000 0.57 1.10 1.66 2.03 218 2.25 257 2.66 268 2.80 327 3.30 3.32 3.32 3.32
20,000 0.40 0.76 1.15 1.41 1.51 1.56 1.78 1.84 1.87 1.97 2.45 2.51 2.56 2.58 2.56
48,380 0.25 0.47 0.72 0.88 0.95 0.98 1.12 1.15 1.17 1.24 1.50 1.53 1.56 1.56 1.56
SPAS #1489 DAD Curves Zone 1
July 25-30, 1897
—— 1-hour
——Z2-hour
—— 3-hour
10,000 - 4-hour
—+— S-hour
—#—E&-hour
12-hour
ol | 8-hiour
1,000 4 24-hour
g 36-hoUT
- 48-hour
:E, 72-hour
E 96-hour
< 120-hour
100 4

o

Total storm (120-hour)

Maximum Average Depth of Precipitation (inches)

18
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Incremental Precipitation (inches)

SPAS 1489 Storm Center Mass Curve: Zone 1
July 25 (0500 UTC) - July 30 (0400 UTC), 1897

Lat: 38.73 Lon: -76.57

15.88"

R | ncremental
4.0 e A CU MU Eted /
3.0 4
2.0
1.0 4
0.0 I“II

61 81
Index Hour

101

Accumulated Precipitation (inches)
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=W W W W W 74°W =W W W

44°N

41°N 41°N

VN

BN L 28N
o'W 8*W W W B*wW T4W =W °W 7*W
Total Storm (120-hours) Precipitation (inches)
July 25 - 29, 1897

Gauges SPAS 1489 - Jewell, MD

¢ Daily

- Yomty Miles

E HouryPseudo 0 « 80 160

©  Supplemental Kilometers

0 80 160 320

Precipitation (inches)

oo0-100[ J401-500[]8.01-900 [H1201-13.00
[ 1.01-200[ ]5.01-6.00[]9.01-1000 []13.01-14.00
[]2.01-3.00[ ]6.01-7.00 [10.01-11.00 [ ]14.01-15.00
[]3.01-4.00[]7.01-8.00 [l 11.01-12.00 [ ]15.01-16.00

4/2/2015
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STORM STUDIES - PERTINENT DATA SHEET

oF

#II.II

w N

Storm of 26-29 July 1E97

Assignment NA 1-7

Location Northeast U, 8,

Study Prepared by: :
North Atlantic Ddviasion
New Tork District Offlce

Part I Reviewed H. M. Sec. of
YWeather Bureau, 3,/1/50
Part II Approved by Office, Chief
of Engineers for DIstribution

of Factual Data, 12/27/46

Precipitation dats and mass curves:
Form 5001-C (Hourly precip. data)
Form 5001-B (24~hour " LI
Form S001-D (" ™ u
Miscl precip. records, meteorclogical data, etc.
Form 5002 (Mass rainfall curves)_ ________

FART I

-

Final isohyetal maps, in 1

Data and computation sheets:
Form 5-10 (Data from mass rainfall curves)
Form S-11 (Depth-area data from isohyetal
Form S-12 (Maximum depth-duration date)
Maximum duration=-depth-area curves

«==; Arga covsrad by .
b ™\ -
&-E-Inr.h Isahyaf. L Qs ATION MAP é;:‘ﬂll, H:- .Jniii.blth and
}Ibﬂhl - .
TATIONS COMPI
PART I

Preliminary isohyetal map, in 1_ sheet, scale 1:2, 500,000

sheet , scale 1:1,000,000

Data relating to perlods of maximum rainfeli__ _______.___
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

- e

map)

Area in Sq. Mi. Duratlon of Rainfall in Hours

6 112 Lig 12 130 [ 3 [ 48 e [ 72| 96

10 13,0] 14.5| 4.7 L7\ 14.7 | 147 [15.8 | 15.8 | 15.8 | 15.B

100 10.5] 11.7| 11.9] 11.9|11.9 |11.9 (12,2 |12.8 | 12.8 |12.8
200 9.4| 10.5 10,6 10.6(10.4 [10.6 [11.5 [ 11.5 | 11.5 |11.5
500 7.5| 8.3 8.5 a.5| 8.5 | 8.5 9.2| 9.2 9.2 9.2
1,000 5.5 6.0| 6.2 6.2| 6.2 | 6.2 7.0 7.0 7.0 7.0
2,000 37| 42| 45| 4uB] 4.7 | 4.7 5.2 | 5.2 | 5.2 5.2
5,000 23| 3.1 3.3 3.3| 3.4 | 3.7 3.8 3.9 4.0 4.l
10,000 1.5] 2.6 2.8) 2.9 2.9 3.3 | 3.5| 3.6| 3.7| 3.8
20,000 Ll 21| 2.4 2.% 2.6 3.0 3.2 3.5| 3.6 3.6
32,000 6.3 1.7| 1.9 2.0] 2.1 | 2.5 2.8 | 3.3 | 3.4| 3.4

Form S-2
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Storm of

STORM STUDIES - ISOHYETAL MAP
July 26-29, 1897 Assignment _HA 1-7
Study Prepared by _ New York, N. T. Distriet
_ Herth Atlantdic Division

Storm Perled_95_ hours
from__ 12 M July 25
to__ 12 ¥ July 29

AGGUMULATED PAEGIFITATION IN INCHES
o

B,
Petysanin Pragearion
MASS Hﬁ]INFAIi.' CURVES
- _(nofticial)
= ¥ awall, Md, 158"
E : Effm-m,ﬂ_.x,.&.!“
- | |
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|
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SPAS 1489 Jewell, MD Storm Analysis Zone 1
July 24 - 28, 1897
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Storm Precipitation Analysis System (SPAS) For Storm #1534 1
SPAS Analysis

General Storm Location: Ewan, NJ (USACE NA 2-4), re-run SPAS 1023
Storm Dates: August 31 - September 2, 1940
Event: Hurricane
DAD Zone 1
Latitude: 39.6875
Longitude: -75.1807
Max. Grid Rainfall Amount: 24.30"
Max. Observed Rainfall Amount: 24.00"
Number of Stations: 58 (2 Daily, 27 Hourly, 1 Hourly Pseudo, and 28 Supplemental)
SPAS Version: 10.0
Basemap: Blended PRISM September 1940 Ppt with SPAS Ppt
Spatial resolution: 0:00:30 second (~ 0.3 mi?)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes
Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
bucket survey data. Twenty-seven hourly station, from the USACE NA 2-4 report, were digitized and used
in the analysis. Data from SPAS 1023 were used in the analysis, additional data extraction was also

completed. We have a good degree of confidence in the station based storm total results, the spatial pattern
is dependent on the station data and the basemap, the timing is based on hourly and hourly pseudo stations.

Storm Rep. SST Climatological Max. SST

SPAS Storm LON LAT ELEV ELEV Trans SST Precip. Water Pre@?';x::er PW Lookup Avail. SsT SST Precip. Water Pre@q‘;g:er PW Lookup. Avail.
ID Round Date @ 30,000 ft Elev. Table Column | Moisture Round | @ 30,0001t T Table Column| Moisture

IPMF

1534_1 -75.1807 | 39.6875 103 100 15-Aug 76.00 2.99 0.03 74 2.960 80.00 80.0 3.60 0.03 82 3.570 1.206
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Storm 1534- August 31 (0600 UTC) - September 3 (0500 UTC), 1940
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Py Duration (hours)
Area (mi') [ 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 7.35 11.02 14.02 16.85 19.58 21.20 2420 24 20 2420 2420 24 20 2420 2420
1 7.29 10.95 13.90 16.70 10.42 21.02 23.99 23.99 23.99 23.99 2399 23.99 23.99
10 6.80 10.58 13.34 15.91 18.60 20.13 22.62 22 .62 2262 22.62 22 .62 2262 2262
25 6.19 9.69 12.91 15.19 17.33 19.05 20.94 20.94 20.94 20.94 20.94 20.94 20.94
50 5.44 8.89 12.22 14.37 16.32 18.00 19.71 18.71 19.71 19.71 19.71 19.71 19.71
100 451 8.12 11.06 13.11 14.99 16.51 18.11 18.11 18.11 18.11 18.11 18.11 18.11
150 4.05 7.50 10.23 12.17 13.83 15.25 16.78 16.78 16.78 16.78 16.78 16.78 16.78
200 3.87 6.99 9.59 11.37 12.87 14.24 15.71 15.71 15.71 15.71 15.71 15.71 15.71
300 3.54 6.28 8.68 10.19 11.57 12.79 14.18 14.18 14.18 14.18 14.18 14.18 14.18
400 317 5.70 7.97 941 10.76 11.85 13.18 13.18 13.18 13.18 13.18 13.18 13.18
500 2.86 5.25 7.35 8.90 10.11 11.05 12.42 12.43 12.43 12.43 12.43 12.43 12.43
1,000 1.89 3.68 5.36 6.71 7.70 8.47 9.96 9.96 9.96 9.96 9.96 9.96 9.96
2,000 1.31 2.91 3.66 465 5.41 5.94 7.43 743 7.43 7.43 743 7.43 7.43
5,000 0.70 1.30 1.92 249 2.94 3.25 428 428 428 428 428 428 428
SPAS #1534 DAD Curves Zone 1
August 31 - September 3, 1940
100,000

——1-hour

——2Z-hour

—— 3-hour

10,000 - 4-hour

.'-._ B S-hour

\\\ . &l B-hour

1,000 \\\ - g ——12-hour

- \\‘ a —8— 18-hour

,E, e ~_ (=] 0 e Zd4-NOUT

< 100 4 \ e . o 43-hour

\ R o 72-hour

kY = o Total storm (72-hour)
10 4 =
1
|
1 '""""i""l"""i'\""""i""""'i'""'E'i'
0 5 10 15 20 25

Maximum Average Depth of Precipitation (inches)
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SPAS 1534 Storm Center Mass Curve Zone 1

August 31 (0600UTC) to September 3 (0500UTC), 1940
Lat: 39.6875 Lon: -75.1807

_| e |ncremental

—— Accumulated 24.3

Incremental Precipitation (in)

Accumulated Precipitation (in)

Index Hour
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W 74 30W

BEOW

9N BN
75°30W W 74°30W
Total Storm (72-hr) Precipitation (inches)
08/31/1940 0600 UTC - 09/03/1940 0500 UTC
SPAS- #1534
Gauges

¢ Daily

= Hourly Miles

= Hourly Pseudo : : © = Kilometers

© Supplemental 0 15 20 €0

Precipitation (inches)

[oo06-200[ ]601-800 [ ]12.01-14.00 [[18.01-20.00
[]2.01-400[ ]8.01-10.00 14.01-16.00 [ ]20.01-22.00
[T]4.01-6.00 []10.01-12.00 [ 16.01-18.00 [ ]22.01-26.00 —
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SPAS 1023 Ewan, NJ Storm Analysis
August 30, 1940
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Storm Precipitation Analysis System (SPAS) For Storm #1406 1
SPAS-NEXRAD Analysis

General Storm Location: Rapidan, VA - Marion County
Storm Dates: June 26 — 27, 1995
Event: Orographic
DAD Zone 1
Latitude: 38.415
Longitude: -78.335
Max. Grid Rainfall Amount: 28.39” in 41 hours

Max. Observed Rainfall Amount: 27.4” — Storm Center as indicated by Sterling WSR-88D in
Smith et al., 1995 Catastrophic rainfall from an upslope thunderstorm in the central Appalachians:
The Rapidan storm of June 27, 1995

Number of Stations: 295 (220 Daily, 48 Hourly, 18 Hourly Pseudo and 9 Supplemental)

SPAS Version: 10

Basemap: PRISM June 1981-2010; ippt_allsites_1406_sum_in (SPAS-NEXRAD hrly basemap)
Spatial resolution: 00:00:36

Radar Included: Yes

Radar Beam-Blockage shapefile created: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data and supplemental station data
paired with SPAS-NEXRAD. We have a high degree of confidence for the radar and station based storm
total results. The spatial pattern dependent on the basemap and radar data with a high degree of confidence

with the timing based on hourly and hourly pseudo stations.

Storm Rep. SST Climatological Max. SST

SPAS Storm ELEV Trans Precip. Water . SST . Precip. Water )
LON LAT ELEV FT SST R [ e || Y Lookup Ayan. sST PrecpiWater |8 | A WiLookup Avail. PMF
D = Round Date @30,000ft cley. | Table Column|  Moisture Round | @ 30000t tley, | Table Column|  Moisture

1406_1 -78.3350 | 38.4150 1,288 1,300 10-Jul 82.00 BE05) 0.39 86 3.560 83.84 84.0 4.30 0.42 90 3.880 1.090




Storm 1406 Zone 1 - June 26 (0600 UTC) - June 27 (2200 UTC), 1995
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MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasgmi 1 2 3 4 5 6 12 18 24 36 41 Total
0.4 10.4 12.9 13.8 14.7 18.3 251 27 4 28.3 28.3 284 28.4 28 4
1 10.3 12.7 136 14.5 18.1 248 270 279 28.0 28.0 28.0 28.0
10 8.9 1.4 12.3 13.1 16.9 229 249 256 25.7 25.8 258 258
25 8.0 10.5 1.3 12.1 16.0 21.4 232 23.8 240 242 242 24.2
50 7.2 96 10.3 11.0 147 19.6 21.2 21.8 21.9 222 222 222
100 6.1 8.1 8.8 94 12.4 16.6 18.0 18.6 18.8 18.9 18.9 18.9
200 4.8 6.3 6.9 74 9.8 13.2 14.5 15.0 15.2 153 15.3 153
300 4.1 53 58 6.2 8.3 1.3 12.6 13.1 13.2 13.3 13.3 13.3
400 36 4.7 50 54 7.3 10.0 1.3 11.8 11.9 12.0 12.0 12.0
500 3.3 42 45 48 6.5 8.9 10.4 10.9 11.0 11.1 111 11.1
1,000 2.3 29 3.1 3.3 4.4 6.1 7.9 8.4 85 8.6 8.6 8.6
2,000 1.3 1.8 2.0 22 29 3.7 5.8 6.3 6.3 5.4 6.5 6.5
5,000 0.6 0.9 1.1 1.2 1.5 19 3.2 3.8 39 4.1 4.2 4.2
10,000 0.4 0.6 0.6 0.7 0.9 1.2 2.0 25 26 28 29 2.9
10,196 0.4 0.6 0.6 0.7 0.9 1.1 2.0 2.5 26 2.8 2.8 2.8
SPAS #1406 DAD Curves Zone 1
June 26 - 27, 1995
100,000
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WA i,
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- K S HH-—-M__HH - T 12-hour
E 100 4 Nk \\ \ ) -:-:::--..__:.“x 18-hour
\-.\ \\\ \ T ;\'.‘ et 24O UT
NN ~. ~ NG
* . —_ 3611
ol NN\ N\ NI
\\ \ N . e 4 -hOUT
N\
\\ \ \ Stom Total (41-hours)
\
L T T R B e L e e R R TR
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Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

SPAS 1406 Storm Center Mass Curve Zone 1

June 26 (0600UTC) to June 27 (2200UTC), 1995

Lat: 38.415 Lon: -78.335
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W

Total Storm (41-hours) Precipitation (inches)
June 26 - 27, 1995

Gauges SPAS 1406 - Rapidan, VA
e Daily
E Hourly i
E Hourly Pseudo 0 10 20
Kilometers

¢ Supplemental

Precipitation (inches)

I 0.00 - 2.00 [18.01-10.00 [ 16.01-
I 2.01 - 4.00 [710.01 - 12.00 [ 18.01 -
[14.01 - 6.00 [0 12.01 - 14.00 [ 20.01 -
[16.01-8.00 C114.01- 16.00 [ 22.01 -

80

18.00 []24.01- 26.00
20.00[]26.01-28.00
22.00
24.00

11//2014



at 3845N 78.36 W
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1500 UTC 27 Jun 95

CDC1 Meteorological Data
BN B AR . 43.--.......

0627 N&6/26 D625

Job ID: 1893107 Job Start: Sun Mov 9 03:15:47 UTC 2014
Source 1 lat.; 38.45 lon.: -78.36 hgts: 0, 1260, 2300 m AGL

Trajectory Direction: Backward Duration: 72 hrs
“ertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 00002 1 Jun 2095 - reanalysis
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SPAS 1406 Rapidan, VA Storm Analysis DAD 1
June 24, 1995
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Storm Precipitation Analysis System (SPAS) For Storm #1818 1
SPAS-NEXRAD Analysis

General Storm Location: Atlantic City, NJ
Storm Dates: August 20-21, 1997
Event: Convective
DAD Zone 1
Latitude: 39.505
Longitude: -74.435
Max. Grid Rainfall Amount: 14.28”
Max. Observed Rainfall Amount: 13.78”
Number of Stations: 205
SPAS Version: 10
Basemap: PRISM August 1981-2010
Spatial resolution: 00:00:36
Radar Included: Yes
Radar Beam-Blockage shapefile created: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 205 hourly stations, daily data, supplemental station
data, and radar data. We have a good degree of confidence for the station based storm total results. The
spatial pattern is dependent on the radar data, gauge data, and basemap. There is a good degree of
confidence with the timing based on the hourly stations near the storm center. Some daily stations were

moved to supplemental due to timing issues.

Storm Rep. Dew Point Climatological Max. Dew Point

Precip. Water Precip. Water
SPAS Storm ELEV Trans

LON LAT ELEV 7, |Peee Wa!:r G P\:‘/ Lookup | Avail. T T,Round [/ Wa!;r ey P: Lookup | Avail.
D Round Date @30,000 Cley. | |Table Column | Moisture @30,000 Cloy. | |Table Column | Moisture

IPMF

Storm Center Location 1818_1 -74.4350 | 39.5050 1 0 6-Aug 78.00 3.29 0.00 78 3.290 81.54 81.5 3.86 0.00 85 3.860 1.173
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Storm 1818 - August 20 (0900 UTC) - August 21 (1400 UTC), 1997
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?)

1 2 3 4 5 6 12 18 24 30 Total

0.4 4.38 8.33 9.66 10.86 11.45 12.07 13.68 14.24 14.27 14.27 14.27

1 434 824 987 10.76 11.35 11.96 1357 1413 14 16 14 16 14 16

10 425 T.87 9.28 10.43 11.02 11.63 13.29 13.86 13.90 13.90 13.90
100 383 6.80 8.06 922 974 10.36 12.23 13.10 13.20 13.20 13.20
200 349 6.32 7.56 8.63 9.16 9.75 11.61 12.54 12.66 12.67 12.67
300 324 6.00 719 8.18 8.71 9.33 11.15 12.09 12.23 12.24 12.24
400 3.00 k66 685 7.82 834 8.94 10.72 11.68 11.87 11.89 11.89
500 279 h34 6.52 744 7.94 B8.53 10.35 11.36 11.57 11.59 11.59

1000 212 4.07 505 592 6.39 6.99 5.99 10.21 10.45 10.47 1047
2000 1.52 2.96 3.75 4.4%9 4.92 5.50 7.60 8.68 5.88 8.89 5.89

5,000 0.96 1.75 233 2.81 3.20 3.87 5.56 6.65 6.85 6.92 6.92
10,000 0.60 1.08 1.48 1.88 218 247 4.04 4.99 5.29 541 541
20,000 0.36 0.67 0.89 1.12 1.33 1.55 284 387 3.86 4.00 4.00

50,000 0.18 0.34 0.46 0.58 0.75 0.88 1.64 213 232 241 241
38,097 0.16 0.30 0.41 0.52 0.65 0.77 1.47 1.90 2.09 217 2147

SPAS #1818 DAD Curves Zone 1
August 20-21, 1997

1,000,000

—— 1-hour
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= 24-hour

— 30-hour

100 A

o-— Total gtorm (30-
hour}

10
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SPAS 1818 Storm Center Mass Curve Zone 1

August 20 (0900UTC) to August 21 (1400UTC), 1997
Lat: 39.505 Lon: -74.435

Incremental Precipitation (in)
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76°W 75°W

Total 30-hour Precipitation (inches)
August 20 (0900UTC) - August 21 (1400UTC), 1997
SPAS-NEXRAD 1818

Cauges Miles
[ m— ]
@ Daily 0 10 20 40

®  Hourly
E  Hourly Pseudo
© Supplemental

Kilometers

0 25 50

Precipitation (inches)
[ o.00-1.00[]3.01-4.00[]6.01-7.00[]9.01-10.00 [[]12.01-13.00
[ 1.01-2.00[]4.01-500[]7.01-8.00 [ 10.01-11.00[ ] 13.01-14.00

[[]2.01-3.00[]5.01-6.00[]8.01-9.00 [l 11.01-12.00 | 14.01-15.00 08/6/2021




hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 21 Aug 97
CDC1 Meteorological Data

Source » at 3951 N 7443 W

H Y
L]

18 12 06 00 18 12 D6 00 18 12 OB OO
0820 08/19 0818

Job ID: 165925 Job Start: Wed Aug 18 16:41:54 UTC 2021
Source 1 lat.: 39.505000 lon.: -74.435000 hgts: 0, 1410, 3020 m AGL

Tgiﬁ"mﬁ Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: DDDDZ 1 Aug 2097 - reanalysis
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SPAS 1818 Atlantic City, NJ Sea Surface Temperatures (F)
August 19-20, 1997

80°W W W 74w W W 8w W
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Storm Precipitation Analysis System (SPAS) For Storm #1017 1
SPAS-NEXRAD Analysis

General Storm Location: Sparta, NJ
Storm Dates: August 11-12, 2000
Event: Local Thunderstorm
DAD Zone 1
Latitude: 41.03
Longitude: -74.64
Rainfall Amount: 16.70”
Number of Stations: 179
Base Map Used: A mosaic (KDIX, KOKX, KBGM and KDOX) total estimated radar rainfall grid.
Spatial resolution: 30 seconds

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: No

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans precip. Water | 29% W2 b lookup | Avail. precip. Water | o™ Y| o Lookup | Avail.
D Lot By || B | oo Date T @30,000t @:l:fm Table Column|  Mosture Ta | TeRound g 300001 @ESI:'v"‘ Tt pEn| s || PEF
1017_1 -74.6400 | 41.0300 796 800 15-Aug 68.00 2.05 0.16 58 1.890 77.07 77.0 3.14 0.21 76 2.930 1.500
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Storm 1017 - Sparta, NJ, August 11-12, 2000
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours
Area in Sq. Mi. 1 2 3 4 5 6 12 18 24 48 72 96 120 Total
0.4 4.0 6.8 8.0 10.3 121 12.5 14.1 143 15.0 16.8 17.3 18.3 18.4 18.4
1 39 6.7 79 10.1 11.9 12.3 139 14.1 14.8 16.5 17.0 18.1 18.2 18.2
10 3.2 55 6.5 8.4 9.9 10.3 11.8 12.0 12.6 14.2 14.6 15.8 15.9 15.9
25 29 49 58 75 8.8 9.2 105 10.8 1.4 12.9 13.2 14.4 14.5 14.5
50 25 4.2 5.0 6.4 7.5 7.8 9.1 9.2 9.8 11.2 11.6 12.7 12.8 12.8
100 1.8 3.1 3.6 4.7 5.5 5.8 7.0 71 7.6 8.8 9.6 10.5 10.5 10.5
150 1.6 2.4 29 3.7 4.4 47 6.0 6.2 6.5 76 8.4 9.3 93 93
200 15 2.2 27 3.2 3.8 4.0 5.4 5.5 5.9 6.9 .7 8.5 8.6 8.6
300 1.4 2.0 25 27 3.0 3.2 47 48 51 6.1 6.8 75 76 76
400 13 19 23 25 26 29 4.2 43 4.6 5.6 6.2 6.9 7.0 7.0
500 1.2 1.7 2.1 23 2.5 27 3.8 4.0 4.2 5.2 5.8 6.5 6.5 6.5
1000 0.9 13 1.6 1.7 1.9 21 29 3.0 3.2 4.0 4.6 5.2 53 53
2000 0.6 0.9 11 1.2 1.4 15 2.0 22 23 3.1 35 4.0 4.1 41
3500 0.4 0.6 07 0.9 1.0 11 1.4 1.5 1.7 23 26 31 3.1 31
5000 03 04 0.5 07 0.7 0.8 1.1 12 13 19 21 25 25 25

ZONE 1 - Final DAD Curves for SPAS Storm #1017
Sparta, NJ - August 11-12, 2000

—— 1-hour
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Inches
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Mass Curve - Storm Center - Storm #1017
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T430W

Precipitation (inches)

[Joo-o5 [ 1.1-20[J31-40 @ 51-60[]7.1-8.0 [l o.1-100 [ 12.1-140 ] 16.1-170
Wos-10[J21-30[J41-50]61-70 [l s1-9.0 [l 10.1- 120 [[] 14.1- 16.0 [] 1017 DAD Zone
N

Total Storm Precipitation (inches)
SPAS #1017 - "Sparta, New Jesery Storm"
August 11-14, 2000
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L —  —— 1]
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NOAA HYSPLIT MODEL

Backward trajectories ending at 1200 UTC 12 Aug 00

7464 W

at 41.03 N

Source %

CDC1 Meteorological Data

RN, | - RS

L

0&n2

Job 1Dz 195209

Source 1 lat. 41.020000 lon.: -74.640000 hgts: 0, 1270, 2900 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Verical Velocity
Meteorology: 00002 1 Aug 2000 - reanalysis

Job Start: Sat Jan 10 04:02:07 UTC 2015
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SPAS 1017 Sparta, NJ Storm Analysis
August 11, 2000

7AW

| | Storm Center
41.03 N, 74.64 W

Miles
Hysplit 0 * 70 140
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Storm Precipitation Analysis System (SPAS) For Storm #1040 1
SPAS-NEXRAD Analysis

General Storm Location: Tabernacle, NJ
Storm Dates: 7/12/2004 0600Z — 7/13/2004 0800Z
Event: Convective Thunderstorm
DAD Zone 1
Latitude: 39.88
Longitude: -74.69
Rainfall Amount: 15.63” (Grid/Pixel Point)

Number of Stations: 319 (131-hourly, 2-hourly pseudo, 118-daily, and 68-supplemental) gauging stations
within the defined search domain.

SPAS Version: 3.0
Base Map Used: No
Spatial resolution: 0.005944 decimal degrees (21.386139 seconds)

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans Precip. Water Precip. Water PW Lookup Avail. Precip. Water Precip. Water PW Lookup. Avail.
D ot LAT ELEV | ound Date T @30,000t @:I:f'" Table Column|  Moisture Ta [TaRound g 5000 @ESI:'_'“ nie catie| Mhictir e | L
1040_1 -74.6900 | 39.8805 56 100 30-Jul 74.00 2.73 0.03 70 2.700 79.00 79.0 3.44 0.03 80 3.410 1.263




July 12-13, 2004 Storm
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Duration (hours)

Area (mi?) 1 2 3 4 5 6 12 18 24 total
1 59 8.2 10.6 12.1 13.3 13.6 15.1 155 15.5 15.51
10 52 7.5 98 11.3 124 12.8 142 146 147 14.69
25 46 6.5 9.0 10.2 11.3 11.8 13.2 13.5 13.7 13.70
50 4.0 59 8.3 93 10.3 11.0 12.4 12.7 12.8 12.81
100 32 53 74 8.3 92 10.0 114 1.7 11.8 11.84
150 28 47 6.6 75 83 9.1 105 109 11.0 11.02
200 24 42 59 6.8 75 8.3 98 104 10.5 10.48
300 1.9 34 49 59 6.6 72 8.8 9.7 9.8 9.78
400 16 29 43 52 59 6.5 8.1 92 93 9.27
500 1.4 26 39 47 54 59 76 8.7 89 8.87
1,000 09 1.7 25 32 38 42 6.0 74 76 7.56
2,000 06 1.1 1.7 2.1 25 28 46 59 6.1 6.12
3,500 05 0.8 12 15 19 22 37 47 49 4.89
5,000 04 0.7 1.0 1.3 16 19 3.1 39 4.1 410
6,721 0.3 0.5 0.8 1.1 1.3 15 26 32 34 3.38
SPAS #1040 DAD Curves
Tabernacle, NJ July 12 (0600 2) - 13 (0800 Z), 2004 — T-hour
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‘\ * . *
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Incremental Precipitation (in)

SPAS 1040 Storm Center Mass Curve Zone 1

July 12 (0600UTC) to July 13 (0700UTC), 2004
Lat: 39.8812 Lon: -74.6895
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75° 74°30W

Total Rainfall (26-hours)
Tabernacle, New Jersey Storm
SPAS Storm #1040- July 12 (0600 Z) to 13 (0800 Z), 2004

A - Viles
0 5 10 20 30

Legend - s— Kilometers
0 1256 25 50 75

@ Daily ® Supplemental

© Hourly © Supplemental estimated
Precipitation (inches)
Il 0.49-1.00 [J401-500 [0 8.01-900 [ 12.01-13.00
B 1.01-200 ] 5.01-6.00 ] 9.01-10.00 [ 13.01-14.00

[l 2.01-3.00 [ 6.01-7.00 [l 10.01-11.00 [[] 14.01 - 15.00
Coordinate system: GCS North American 1983
[ 3.01-4.00 [ 7.01 - 8.00 [ 11.01 - 12.00 [] 15.01 - 16.00 Scale: 1:1,556,659 AP N




at 3984N 7471 W

Source *

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 13 Jul 04
CDC1 Meteorological Data

Pt s SR 1 [ - I i
K - &Y Wbl ~ T T [
) i | | ™ j" L 2 2

1000

18 12 06 00 18 12 06 00 18 12 06 0O
0712 0711 0710

Job 1D: 15833 Joby Start: Sat Jan 10 20:08:12 UTC 2015
Source 1 lat. 39.840000 lon.: -74.710000 hots: 0, 1375, 3000 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Yelocity
Meteorology: 00002 1 Jul 2004 - reanalysis
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SPAS 1040 Tabernacle, NJ Storm Analysis
July 11-12, 2004
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Storm Precipitation Analysis System (SPAS) For Storm #1049 1
SPAS-NEXRAD Analysis

General Storm Location: Delaware County, NY
Storm Dates: 6/19/2007 1600Z — 6/20/2007 0700Z
Event: Cloudburst Thunderstorm
DAD Zone 1
Latitude: 42.01
Longitude: -74.90
Max. Grid/Radar Rainfall Amount: 11.69” (Grid/Pixel Point)

Max. Observed Rainfall Amount: 11.10” (9.58” grid cell at Bucket Data 6 “Upper Spring Brook”,
this station is located at a large precipitation gradient. Bucket Data 7 “Lower Spring Brook” Max.
Obs 11.00” 10.38 Grid Cell)

Number of Stations: 65 (17-hourly, 1 hourly pseudo, 29-daily, 18-daily supplemental) gauging stations

within the defined search domain.
SPAS Version: 5.0

Base Map Used: No

Spatial resolution: 0.36 mi?

Radar Included: Yes, Weather Decision Technologies (WDT) Level-Il radar reflectivity data based on
Binghamton, NY (KBGM) NEXRAD.

Depth-Area-Duration (DAD) analysis: Yes: 1, 2, 3,4, 5, 6, 12, & 16 hours

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans Precip. Water Precip. Water| o, Lookup Avail. Precip. Water Precip. Water| o, Lookup Avail.
D = BT || BT | o Date Ta @30,000t @:I:I'" Table Column|  Moisture Ta | TeRound g 30001 @Esl:’l'_m Table Column|| Moisture | 1PME
1049_1 -74.9000 | 42.0100 2,157 2,200 1-Jul 71.00 2.36 0.46 64 1.900 77.34 77.5 3.22 0.57 77 2.645 1.392




Storm 1049 - June 19 (1700 UTC) - June 20 (0800 UTC), 2007
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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Area (mi?) Duration (hours)
1 2 3 6 12 16 Total
0.4 3.67 7.19 8.00 10.82 11.69 11.69 11.69
1 3.63 7.10 7.92 10.69 11.49 11.49 11.49
10 3.4 6.57 7.45 9.93 10.46 10.46 10.46
25 315 594 6.89 9.27 974 974 9.74
50 2.84 5.28 5.20 8.65 9.06 9.06 9.06
100 2.52 4.48 5.28 7.63 8.04 8.04 5.04
200 220 3.70 428 6.37 6.74 6.74 6.74
300 1.98 328 373 553 5.88 588 5.88
400 1.81 2.94 3.39 4.95 5.31 5.31 5.31
500 1.67 2.1 3.1 452 4.85 4.85 4.85
1,000 1.17 1.91 222 3.27 3.61 3.61 3.61
2,000 0.74 1.17 1.48 228 263 264 264
5,000 0.43 0.63 0.91 1.35 1.64 1.65 1.65
10,000 0.26 0.39 0.57 0.86 1.09 1.11 1.1
SPAS #1040 DAD Curves Zone 1
June 19 - June 20, 2007
100,000
—+—1-hour
——2-hour
10,000 -
—— 3-hour
G-hour
1,000 4
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T N
:, . —— 16-hour
g 100 \\-\\‘\ Total storm (16-
b ~— hour)
10 | \\ RN -
1 — — \ — |
0 4 6 8 10 12

Maximum Average Depth of Precipitation (inches)
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Precipitation (inches)

SPAS 1049 Storm Center Mass Curve
6 June 19 (1600Z) to 20 (0700Z), 2007 Storm 14
Lat: 42.01 Lon: -74.90
1 Incremental
— Accumulated e L 12
5 4
sranor 2300~ [ T10
44 436"
+—8
3 /
+— 8
2 4
— 4
1 /
+2
0 . ‘ . . . : : : : T I R : : : 0
6/19/07 1600  6/19/07 1800  6/19/07 2000  6/19/07 2200  6/20/07 0000  6/20/07 0200  6/20/07 0400  6/20/07 0600
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75°30WW 750w T4°30WW 740

42°30'N 42°30'N

42°0'N 42°0'N

7530 75°0W 74°30W 74°0W

Total Rainfall (16-hours)
Delaware County, NY 2007 Storm
Storm #1049 June 19 (1600 Z) to 20 (0700 2), 2007
Miles

0 5 10 20
Kilometers
0 126 X 21 75

Gauging Stations

e Dally ¢ Hourly e HourlyPseudo e Supplemental

Precipitation (inches)
Woo3-050 [ |201-300 [ 601-700 10.01-11.00

N
Wosi-100 []301-400 f 7.01-800 [ ]11.01-12.00 A

[ 101-150 [ 401-500 il 8.01-9.00 3

[[J151-200[]501-600 [l 9.01- 1000 Coordinate system: GCS North American 1953
Scale:1:1 290,388 MESR7AME Mays, 2008
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Backward trajectories ending at 2000 UTC 19 Jun 07

CDC1 Meteorological Data

=T = 3
L h i [ . | # s .‘fglh‘(
! i i f
v v - il . ' "
f T - - F H -
it T | -
B W { i q 1 i | . B
1 1 ¥ 1 . T
L i i ' o
1 i L | r
h ] g o P

I T
18 12 06 00 18 12 06 00 18 12 06 OO0
0615 06M18 0617

Job ID: 147438 Job Start: Tue Jul 21 19:36:42 UTC 2015
Source 1 lat.: 42.010000 lon.: -74.900000 hgts: 0, 1200, 2840 m AGL

Tr;_j'n]a{:tn Direction: Backward Duration: 72 hrs
Yertical Motion Calculation Method: Model Verical Yelocity
Metecrclogy: 00002 1 Jun 2007 - reanalysis
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SPAS 1049 Delaware County, NY Storm Analysis
June 18-19, 2007
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Storm Precipitation Analysis System (SPAS) For Storm #1415 1
SPAS-NEXRAD Analysis

General Storm Location: Islip, NY
Storm Dates: August 13, 2014
Event: Convective
DAD Zone 1
Latitude: 40.805
Longitude: -73.065
Max. Grid Rainfall Amount: 14.23"
Max. Observed Rainfall Amount: 13.51"

Number of Stations: 253 (96 Daily, 97 Hourly, 11 Hourly Pseudo, 49 Supplemental, and 0 Supplemental
Estimated)

SPAS Version: 9.5/10.0

Basemap: Default ZR Radar Estimated Rainfall
Spatial resolution: 0.01 (~ 0.40 mi?)

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
NEXRAD Radar. We have a high degree of confidence in the radar/station based storm total results, the
spatial pattern is dependent on the radar data and basemap, and the timing is based on hourly and hourly
pseudo stations.

Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans precip. ater | % V2| b Lookup | Avail. ST precip. water |9 W2 | o tookup | Avail.
D Lo LAT ELEV | pound Date ST o0t @SHrM | Table Column| - Moisture s Round | @30000% [ €™ | rable column|  Moisture AL
1415_1 -73.0650 | 40.8050 80 100 15-Aug 76.50 3.07 0.03 75 3.035 78.50 78.5 3.37 0.03 79 3.335 1.099
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SPAS 1415 - August 13 (0100 UTC) - August 13 (1800 UTC), 2014
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
Area l{miz) 1 2 3 6 12 18 Total
0.4 6.43 11.59 12 46 13.94 1422 14.22 1422
1 6.36 11.46 12.33 13.81 14.09 14.09 14.09
10 5.87 10.79 11.66 13.27 13.60 13.61 13.61
25 5.30 10.00 10.64 12 .64 13.26 13.27 13.27
50 4.56 8.77 9.66 11.96 12.84 12.85 12.85
100 377 6.83 7.88 10.81 11.75 11.78 11.78
150 3.41 5.72 6.87 9.75 10.76 10.83 10.83
200 313 5.05 6.20 9.03 10.08 10.14 10.14
300 278 4 46 5.28 8.03 916 923 9.23
400 255 4.06 4 86 7.37 8.50 8.56 8.56
500 2.39 3.74 4 56 6.69 8.01 8.08 8.08
1,000 1.87 2.91 3.65 5.49 6.72 6.79 6.79
2,000 1.25 211 278 4 24 5.60 569 5.69
5,000 0.66 1.14 1.58 2.85 410 4.24 4.24
10,000 0.40 0.70 1.01 1.87 2.85 3.01 3.M
20,000 022 043 0.62 1.15 1.81 1.9 1.91
20,565 0.21 042 0.60 1.13 1.77 1.87 1.87
SPAS #1415 DAD Curves Zone 1
August 13, 2014
100,000
—+— 1-hour
2-hour
10,000 —— 3-hour
G-hour
12-hour
a 1,000 4 50
'E' o Total storm (18-
g b
=f

100

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)
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SPAS 1415 Storm Center Mass Curve Zone 1
August 13 (0100UTC) to August 13 (1800UTC), 2014

Lat: 40,805 Lon: -73.065

& |ncremental
~—  Accumulated

14.2

10
Index Hour

Accumulated Precipitation (in)
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40°N

T4W W

Total Storm (18-hr) Precipitation (inches)
08/13/2014 0005 UTC - 08/13/2014 1800 UTC

Gauges SPAS-NEXRAD #1415
e Daily
T Hourly Miles
= Hourly Pseudo 0 125 25 50
Kilometers
¢ Supplemental 0 20 50 120

Precipitation (inches)

[ 0.00-1.00[]301-4.00[]6.01-7.00 ] 9.01-10.00 [J]12.01-13.00
[ 1.01 -2.00[] 4.01 -5.00[] 7.01 -8.00 | 10.01 - 11.00 ] 13.01 - 14.00
[[J201-3.00[]5.01-6.00[]801-9.00 [l 11.01-12.00[_]14.01-15.00 s
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 13 Aug 14
GDAS Meteorological Data

D 00 18 12 06 00 18 12 06 00 18 12
0813 08112 D811

Job 1D 122585 Job Start: Mon Sep 28 02:36:13 UTC 2014
Source 1 lat.: 40805000 lon_: -73.065000 hgts: O, 1460, 3080 m AGL

egctnr‘_n.r Direction: Backward  Dwration: 72 hrs
cal Motion Calculation Method: Model Verical Velocity
Meteomology: DOD0Z 5 Aug 2014 - GDAST
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SPAS 1415 Islip, NY Storm Analysis
August 12, 2014

7B*W W T4W 2w W es*w
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Storm Precipitation Analysis System (SPAS) For Storm #1700 1
SPAS-NEXRAD Analysis

General Storm Location: Ellicott City, MD

Storm Dates: May 27-28, 2018

Event: Convective

DAD Zone 1

Number of Stations: 963

Latitude: 39.2650

Longitude: -76.7550

Max. Grid Rainfall Amount: 14.22”

Max. Observed Rainfall Amount: 13.38”

SPAS Version: 10.0

Basemap: Precipitation derived from SPAS Default ZR

Spatial resolution: 0.01 decimal degree (0.37-sqmi)

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes
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Reliability of results: This analysis was based on 963 hourly stations, daily data, supplemental station
data, and radar data. We have a good degree of confidence for the radar adjusted and station based storm
total results. The spatial pattern is dependent on the radar data, gauge data, and basemap. There is a
good degree of confidence with the timing based on the hourly stations near the storm center. Some daily
stations were moved to supplemental due to timing issues.

Storm Rep. Dew Point

Climatological Max. Dew Point

SPAS Storm
ID

LON

LAT

ELEV_FT

ELEV
Round

Trans
Date

Ty

Precip. Water
@ 30,000 ft

Precip. Water
@ Storm
Elev.

PW Lookup

Table Column

Avail.
Moisture

Ty

T4 Round

Precip. Water
@30,000 ft

Precip. Water
@ Storm
Elev.

PW Lookup

Table Column

Avail.
Moisture

IPMF

1700_1

-76.7550

39.2650

404

400

10-Jun

73.50

2.67

0.10

69

2.565

77.10

77.0

3.14

0.11

76

3.030

1.181




Page 190 of 326

Storm 1700 - May 27 (1800 UTC) - May 28 (0500 UTC), 2018
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

5 Duration (hours)

Area (mi')— 2 3 4 5 6 12 Total
0.4 5.31 912 12.10 13.18 13.46 13.46 13.46 13.46
1 5.27 9.03 12.00 13.07 13.35 13.37 13.37 13.37
10 4.61 7.81 10.32 11.30 11.56 11.68 11.68 11.68
25 3.55 6.00 7.87 8.64 8.98 9.16 9.16 9.16
50 2.85 453 6.02 6.52 6.98 710 719 7.19
100 2.31 3.68 4.64 5.06 5.46 5.57 5.66 5.66
150 2.04 317 4.00 4.42 475 4.85 493 493
200 1.86 2.85 3.56 4.01 4.30 4.40 4.48 448
300 1.60 2.39 3.02 3.43 3.67 377 3.85 3.85
400 1.4 210 2.69 3.04 3.26 3.35 3.42 3.42
500 1.27 1.91 2.46 297 297 3.05 3.12 3.12
1,000 0.79 1.24 1.62 1.94 2.09 222 2.35 2.35
2,000 0.47 0.75 1.01 1.25 1.36 1.46 1.54 1.54
3,500 0.29 0.50 0.70 0.87 0.97 1.04 1.10 1.10
3,826 0.27 0.46 0.65 0.81 0.90 0.97 1.04 1.04

SPAS #1700 DAD Curves Zone 1
May 27-28, 2018
100,000
—— 1-hour
——2-hour
10,000 |
—— 3-hour
4-hour
1,000
9‘%‘ 5-hour
k- 100 - E-hour
D 12-hour
— |
. ~ - = -rl;gaarl}mrm 12-
14— —_— T
0 8 10 12 14

Maximum Average Depth of Precipitation (inches)
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SPAS 7110 Storm Center Mass Curve Zone 1

May 27 (1800UTC) to May 28 (0500UTC), 2018
Lat: 39.265 Lon: -76.755

Incremental Precipitation (in)
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77°W 76°W 75°W

40°N 40°N

39°N

39°N

38°N

77°W 76°W 75!’W
Total 12-hour Rainfall (inches)
05/27/2018 1800 UTC - 05/28/2018 0500 UTC
SPAS-Nexrad 1700

Gauges
@ Dail
v Miles
= Hourly 0 125 25 50
© Supplemental Kilometers
0 25 50 100

Precipitation (inches)
[ o000-1.00[ ]201-3.00[ ]401-500[]601-800 [ ]10.01-12.00

[T]1.01-2.00[ ]301-4.00[ ]5.01-6.00 [ 801-10.00[ |>12.00

12/10/2018



hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2300 UTC 27 May 18
CDC1 Meteorological Data

Source # at 39.26N 7B75W

N

19 12 06 0D 18 12 06 00 18 12 06 OO
05127 05126 05/25

Job 1D 191832 Job Start: Fri Dec 7 .23:28:31 UTC 2013
Source 1 lat.; 39260000 lon. -76.750000 hats: 0, 1330, 2840 m AGL

Trajectory Direction: Backward  Duration: 72 hrs _
Yertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 May 2018 - reanalysis
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SPAS 1700 Ellicott City, MD Storm Analysis
May 27, 2018
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Tropical Storms
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Storm Precipitation Analysis System (SPAS) For Storm #1565 1
SPAS Analysis

General Storm Location: Paterson, NJ
Storm Dates: September 20-25, 1882
Event: Tropical storm four
DAD Zone 1

Latitude: 40.8875

Longitude: -74.0958

Max. Grid Rainfall Amount: 17.88”

Max. Observed Rainfall Amount: 17.80”
Number of Stations: 22 (3 Hourly Pseudo, 19 Supplemental)
SPAS Version: 10.0
Basemap: Blended basemap based on USACE NA 1-3 and conus_prism_ppt_in_1971 2000 _09
Spatial resolution: 00:00:30 (~ 0.30 mi?)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on 22 hourly stations (USACE NA 1-4), daily data and
supplemental station data. We have a lower degree of confidence for the station based results, limited
station density surrounding storm center make rainfall spatial pattern and DAD values questionable. The
spatial pattern is dependent on the blended basemap (85% of the USACE NA 1-3 isohyetal pattern and
15% of the conus_prism_ppt_in_1971 2000_09 climatology). Spatially, it looks very similar to the rainfall
analysis from USACE. There is a good degree of confidence with the timing based on the USACE hourly
stations near the storm center. Daily stations were moved to supplemental due to timing issues.

Storm Rep. SST Climatological Max. SST
SPAS Storm ELEV Trans precip, Water |- 2> VAT o lookup | Avail ST [precip. water| "% Y2 | b lookup | Avail.
D el LAl ELEY Round Date s @ 30,000 ft @ES‘:lrm Table Column| Moisture SsT Round @ 30,000 ft @;:’rm Table Column| Moisture IPMF
1565_1 -74.0958 | 40.8875 52 100 7-Sep 80.00 3.60 0.03 82 3.570 83.00 83.0 4.12 0.03 88 4.090 1.146

The storm representative value for this storm was calculated based on other similar storm events, in similar
locations, and with similar synoptic patterns as the same time of the year. This was because there was
insufficient observational data to derive the storm presentative value. This was initially completed as part
of the Ashokan Reservoir PMP study. The following comment is noted from the Ashokan Reservoir PMP
study Appendix F and the table below that is what the comment was referring to and the data used to
develop the back calculated storm representative value and location. The table below provides the similar
storm events utilized to derive the storm representative location and value.

Storm Name Inflow Direction Inflow Direction Inflow Distance Temp Trans Date Storm Rep IPMF
Tuckerton SSE 157 305 SST 15-Aug 81 1.07
Pinkham SE 135 475 SST 5-Sep 75 1.23
Irene SSE 157 585 SST 15-Aug 81.5 1.08
Harrisburg SSE 157 500 SST 20-Aug 81.5 1.09
Zerbe ESE 112 610 SST 5-Jul 78 1.1
Upper Shemmando ESE 112 480 SST 3-Sep 80.5 1.07
West Shokan SSE 157 510 SST 1-Oct 78 1.12
Peekamoose SE 157 785 SST 15-Aug 79 1.21
Average 143 530 15-Aug 79.5 1.12
SPAS 1565 Paterson 40.890 -74.100 35 69 7-Sep 80 1.15
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Storm 1565 Zone 1 - September 30 (0600 UTC) - September 25 (0500 UTC), 1882
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasgmi 1-hr 3-hr G-hr 12-hr 18-hr 24-hr 36-hr 48-hr 72-hr 96-hr | 120-hr | Total
0.4 1.01 2.94 5.54 9.61 1119 | 1128 | 1438 | 1692 | 1748 | 1784 | 17.84 | 17.84
1 1.01 2.94 5.52 9.58 1115 | 1124 | 1433 | 1686 | 17.41 17.78 | 17.78 | 17.78
10 1.00 2.01 547 9.49 11.05 | 1114 | 1420 | 16.71 17.25 | 17.61 17.61 17.61
25 0.99 2.01 545 9.46 11.00 | 1110 | 1414 | 1665 | 1719 | 1754 | 1754 | 1754
50 0.99 2.90 543 9.43 1097 | 11.07 | 1410 | 1660 | 1714 | 1749 | 17.49 | 17.49
100 0.98 2.88 542 9.41 1094 | 11.04 | 1407 | 1655 | 1710 | 1744 | 1744 | 1744
200 0.96 2.81 5.30 9.19 10.71 1080 | 13.76 | 16.20 | 1673 | 17.09 | 17.09 | 17.09
500 0.90 2 61 492 8.53 9.96 1004 | 1282 | 1509 | 1560 | 1595 | 1595 | 1595
1,000 0.80 2.32 4.38 762 8.90 8.99 11.54 | 13.61 1412 | 1446 | 1446 | 14.46
2,000 0.67 1.94 3.68 6.42 7.59 7.67 9.93 11.71 1237 | 1270 | 12.70 | 12.70
5,000 0.53 1.53 288 5.05 6.06 6.11 8.15 9.73 10.38 | 1062 | 10.62 | 10.62
10,000 0.46 1.29 2.46 4.35 517 523 7.05 8.47 9.10 9.32 9.32 9.32
20,000 0.39 1.06 2.03 3.65 4.38 4.42 6.11 7.31 7.81 8.00 8.00 8.00
50,000 0.30 0.78 1.48 275 3.32 3.34 465 558 5.96 6.12 6.12 6.12
100,000 0.22 0.56 1.09 2.02 2.44 2.46 3.45 4.14 4.45 458 458 458
134,576 0.18 0.47 0.90 1.67 2.02 2.04 285 3.43 3.68 3.78 3.78 3.78

Area (mi?)

SPAS #1565 DAD Curves Zone 1
September 20-25, 1882

1,000,000
——1-hr
——3-hr
100,000
——6&-hr
12-hr
10,000 -
—+—1&-hr
—#—24-hr
1,000 - 36hr
ol £3-HT
100 4
T2-hr
e G601
10 120-hr
o Total sterm (120-
hour)
1 t t * t * t * t * t + t + t Eh =

0 2 4 6 8 10 12 14 16 18 20

Maximum Average Depth of Precipitation (inches)
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SPAS 1565 Storm Center Mass Curve Zone 1
September 20 (0600UTC) to September 25 (0500UTC), 1882
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Total Storm (120-hr) Precipitation (inches
09/20/1882 0600 UTC - 09/25/1882 0500 UTC
SPAS #1565
Gauges
¢ Daily
= Hourly Pseudo ﬁ—wmm
¢ Supplemental Kilometers
0 35 170 240

Precipitation (inches)

[ o.00-1.00[ |301-4.00[ ]601-7.00 [[9.01-10.00 [ ]44.01-16.00
[ 1.01-2.00[ |401-500[ |7.01-8.00 [J] 10.01-12.00 [ ]16.01- 18.00
[J201-3.00[ ]|501-6.00 []801-9.00 [l 12.01- 14.00

1/19/2016
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DEPARTMINT OF THE ARMY QORPS OF ENGINCERS

STORM STUDIES - PERTINENT DATA SHEET

Storm of 20-2 3eptember 1832
e AW T B Assignment NA 1-3 -

,,;.17,9' 3L:“ﬂ°;r north‘).uantic States
North Atlantic ?l‘..vision

New York Diotrict Office

Y

Part I Reviewed by H. M. Sec. of
Weather Bureau, 10/31/146
Part I Approved by Office, Chief
of Engineers for Distribution
- of Factual Dats,6/15/L9

‘.'“ Covarad by R Center
g | emarks: at
e T Patersea, H. J.
TATION
PART I
Preliminary isohyetal map, in 1 sheet , scale 1, 1,000,000
Precipitation data and mass curves: (Number of Shests)
Form 5001~C (Houriy precip. dan; ...................... 8
Form 500i-8 (24-hour * L O N g ~ 3
form $001-D(* *» = ¥ Yo SRR SR EeRARReeE e
Miscl. precip. records, meteorological date, etc. . - - _ .. 36
Form 5002 (Mass rainfall curves). — - o e e e e 22
PART II
Final isohyetal maps, In 1 sheet , scale 1: 1,00C,000
Data and computation sheets:
Form S~i0 (Data from mass rainfall curves). ... .. ... 3
Form S-Il (Depth-area deta from Isohyetal map).. .. oo .. 2
Form S-12 (Maximum depth-duretion date). - . ... ... 17
Maximum duration-depth-area curves _ __ ... ... 1
Data relating 10 periods of maximem rainfall. .. oo wona 3
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in Sq. MI. uration of Rainfall Hours
BTH 24 1 30 W e | 72 106 1108
10 §;£5- 9ol -&63 1.4 [11.h ﬂ%B 16.9 [16.9 |17.6 {17.9 [ 17.9
100 | L9 | 8.7 |10.3 {10.6 [10.6 [13.2 15,7 |15.9 | 16,1 { 26,6 | 16.6
200 | L5 | 8.3 | 948 120.1 |10.1 112.6 [ 15,0 {15.2 | 15.5 | 25.9 | 15.9
Sm hal 7.6 605 9.0 9.1 11.6 13-7 114.0 1h.3 11106 11&.6
1,000 | 3.6 | €7 | 7.7 | 7.9 | 841 ]20.6 |12.2 {22.6 | 12,9 |13.2 |13.2
2,000 3.3 S8 | 6,6 6.8 6.9 | 9.2 120.6 [11.0 | 11.3 | 21,7 11,7
S’m 207 h.s 5.0 SAL’ 5-7 7.5 8-6 9.2 9'21 9‘9 909
10,000 2:2 § 37 | be2 | 46| LB | 6.2 | 7. 7.9 B.2]| 8.7 BT
zo.m 108 3-1 3.7 309 h-2 SOIJ 6;1 6.6 6.8 703 703
!‘o’m 113 2.3 2.6 ?09 305 1‘02 h.? 502 5'5 - 509 5'9
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DEPARTMENT OF THE ARMY
STORM STUDIES - ISOHYETAL MAP
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SPAS 1565 Paterson, NJ Analysis
September 18-25, 1882
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Storm Precipitation Analysis System (SPAS) For Storm #1299 1
SPAS Analysis

General Storm Location: North Carolina and South Carolina
Storm Dates: July 13-17, 1916
Event: Alta Pass, NC (SA 2-9) and Kingstree, SC (SA 2-9a)
DAD Zone 1
Latitude: 35.8792
Longitude: -81.8708
Max. Grid Rainfall Amount: 24.90"
Max. Observed Rainfall Amount: 23.73"
Number of Stations: 240 (194 Daily, 1 Hourly, 6 Hourly Pseudo, and 39 Supplemental)
SPAS Version: 9.5
Basemap: PRISM July 1916 Precipitation
Spatial resolution: 00:00:30 (~ 0.30 mi?)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, Hourly pseudo data (derived from storm
study mass curves), daily data, and supplemental station data. We have a high degree of confidence in
the station based storm total results, the spatial pattern is dependent on basemap, and the timing is based
on hourly and hourly pseudo stations.

Storm Rep. Dew Point Climatological Max. Dew Point
SPAS Storm ELEV Trans Precip. Water Precip. Water| Lookup Avail. Precip. Water Precip. Water | Lookup Avail.
D a1l Ly | e Date T @30,000ft @;:ifm Table Column|  Moisture T [TaRound g 5000 @;‘;"Im Table Column|  Moisture (AT
1299_1 -81.8708 | 35.8792 1,968 2,000 15-Jul 74.00 2.73 0.47 70 2.260 78.50 78.5 337 0.54 79 2.825 1.250
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Storm 1299 - July 13 (0600 UTC) - July 18 (0500 UTC), 1916
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
Area (mi%) Duration (hours)
1 3 6 12 18 24 36 48 72 96 120 Total
04 226 433 865 15.14 18.98 2310 24 17 24 57 24 84 24 84 24 84 24.84
1 224 431 861 15.07 18.89 22 97 24.04 24 44 2470 24 71 24 71 24.71
10 219 426 851 14.88 18.65 22 64 23.70 2412 24 37 2438 24 38 24.38
25 214 423 8.47 14.81 18.55 22 51 23.57 24 00 24 24 24 25 24 25 24.25
50 2.09 418 834 14.60 18.29 2225 23.46 23.90 2415 2415 24 15 24.15
100 203 407 8.10 14.16 17.88 2178 2299 23.44 23.72 23.74 23.74 23.74
200 1.94 393 779 13.58 17.27 2111 22 34 22 82 23.09 2311 23 11 23.11
300 1.82 379 752 13.09 16.71 20.49 2173 2223 2250 2254 22 54 22.54
400 1.71 366 724 12.41 16.01 19.66 20.99 2164 21.93 2200 22 .00 22.00
500 1.61 356 7.00 11.67 15.37 1872 20.28 2111 21.39 21.46 2146 21.46
1,000 1.29 3.16 6.14 10.46 1343 16.00 18.12 19.28 19.52 19.64 19.64 19.64
2,000 1.01 2 61 505 9.07 11.47 1357 15.88 17.13 17.37 17.49 17.49 17.49
5,000 068 178 344 6.51 8.74 10.31 12.55 13.93 14.15 14.31 14 .31 14.31
10,000 0.47 1.24 240 4.66 6.34 7.83 9.82 11.01 11.24 11.39 11.39 11.39
20,000 034 078 1.54 297 4.01 5.18 6.63 752 7.76 7.89 7.89 7.89
50,000 0.19 041 079 152 2.04 2.69 3.49 407 431 442 442 4.42
75,378 0.14 0.30 058 1.12 1.51 1.99 258 3.01 3.20 3.31 3.31 3.31
SPAS #1299 DAD Curves Zone 1
July 13 - 18, 1916
1,000,000
—— 1-hour
——3-hour
100,000 : —=— &-hour
: —+— 12-hour
18-hour
10,000 24-hour
—_ == 36-hour
:E 1,000 4 B 48-hour
E = T2-hour
=T :
4 i 98-hoUr
100 4 4
—&— 120-hour
O Total storm (120-
houry
10 ‘
1 S t t i t
0 5 10 15 20
Maximum Average Depth of Precipitation (inches)
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SPAS 1299 Storm Center Mass Curve Zone 1

July 13 (600UTC) to July 18 (500UTC), 1916
Lat: 35.8791 7 Llon:-81.8708333333333

Incremental Precipitation (in)

2.0

0.5

0.0

e |ncremental
—— Accumulated

20

40

60
Index Hour

80

100

120

25

20

Accumulated Precipitation (in)
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84W 83'W 82*'w 81°W 80°W 79°W 78W
38°N , 38°N
37°N 37°N
36°N 36°N
35°N 35°N
34N 345N
33°N 33°N
32°N 32°N
83w 82*'W 81W 80w
Total Storm (120-hr) Precipitation (inches)
July 13-17, 1916 - Alta Pass, NC
Gauges SPAS 1299
¢ Daiy
E Houly
E Houly Pseudo Miles
0 30 60 120
¢ Supplemental Kilometers
0 60 120 240
Precipitation (inches)

oo00-200[]601-8.00 []12.01-14.00 [Jl] 18.01-20.00 [ _]24.01-26.00
[B]201-4.00[]801-10.00 []14.01-16.00 [J§] 20.01-22.00
[C]401-6.00[] 10.01-12.00 [B] 16.01 - 18.00[]22.01-24.00

9/06/2013
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WAR LA ME) AT D W Em.llﬂ'n:ﬂﬂ‘ e s Hnul

STORM STUDIES - PERTINENT DATA SHEET
Storm of July 13 = 17, 1914
Azsignment S A 2 -9
Location N.C. and 35.C.
Study Prepared by:
South Atlantio Idvislon
Charlesaton Metrict Office

Part I Reviewed by H. M. Sec. of
YWeather Buresu, 10/18/%9
Part IL Approved by Dffice, Chief

of Engineera for Diatribution

of Factual Data, &/16/15
Remarka: Toral ST0EM ARFA
Centérs aty Altapass, K.C.

sesey AFEE COVEred by
L...: final isohyetal map.
Ares inclosnd by

& s-incn isanyet. LOCATION MAP apd Eingstres, S.0.

ATA AN UTATIONS COMPILE

PART I -

Preliminary isohyetal map, in 1 sheet , 3cale 1 r 1,000,000

Precipitation data and mass curves: (Number of Sheets)

Form 5001-C (Hourly preclp. data)._ . _ . - oo ocoomono- 10
Form 5001-B (24-hour * I T, e ——— o7
Form 5001-D{» = * T, -
Miscl. precip. records, metearclogical datm, atc. . . -
Form 5002 (Mazs rainfall curves)_ _ ___ _____ __ __________. 26

PART I

Final isohyetal maps, in 1 sheet , scale 1 : 1,000,000

Data and computatieon sheets:
Form 5-10 (Data from mass rainfall curves).. ... ... 3
Form S-11 (Depth-area data from isohyetal map)_ .. - 3
Form S-12 (Maximum depth-duration data)________________ 12
Maximum duration-depth-ares curves__ ______ . ____._._ 1
Data relating to perlods of maximum rainfel. o o 2

MAKIMUM AVERAGE DEPTH OF RAINFALL IN INCHES
Area in 59. Mi. Duration of Rainfall in Hours
§ 122 |29 |2k (30 |36 L8 |& |72 |96

0 Bs0| 12.6| 17.0| 22.2| 22.9| 23.0| 23.2| 23.7 23.7| £3.8| 23.8
100 Te2| 12.0| 15.6| 15.3| &0.8| 21.1| 2.7, 22.1) 22.1| 22.2) ag
% 6.9 | 11.7| 15.0| 18.3( 19.9| 2.3 20.9| 213 21| 21.4
000

;

244

G.| 11.1| 15,9 166 18,3 16.8) 19.5) 19.8) =0.1] 20,1| 20.1

1,000 5.9 0.4| 12.9( 15.0) 16,7 17.3| 18.1| 18.4] 18.65) 18,7| 1B.7
2 Sel g.i 11.6( 13.3| W.9| 15.5| 16.3| 15.6) 156,8| 15,9| 169
3

10,000 Sat| 5.
20,000 2.1 3.8

9.3
;lg Bie 9-1} m-!5 ]-D!E uin n-z 1-1-2
37,000 | 1.3| 2.2| 3

2.9
0| 5.9 6.6 7.2 8.0 8.2 8. 8.8] 8.6
0| 3.8| L.7| 5.6 7.0/ 7.5 78] B.1] 8.1
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GORPS OF ENGINEERS, U S5 ARMY

3]

WAR DEPARTHMENT — -
STORM STUDIES - ISOHYETAL MAP
Storm of

Lol L3-17 (916 Assignment 3A -9

Study Prm:ﬂj by:

Aearieston 5 G istrict
N Heptic visign

© Storm P-rimt
\ from 8 AM July 13 i
to__8 PM July [T %, DRR000
Patyssnm Braparion

MASS RAINFALL CURVES
T i I ;/Eﬁ‘ic..nj

- .

= | J

(7Y u'ﬂ_l"ii'-'

13
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FLOODS AND FLOOD CONTROL

TVA 3414 (WCP-2-46)
Tennessee Valley Authority Hydraulic Data Ddvision

Observed and Maxinum Factors of
Storm Adjustment and Transposition

Storm of ___ July 13-17, 1916 ys Adjusted to __ Storm Date

Area Of Observed Storm Area Of Transposition

[ocation Western North Carclina in _French Broad sbove Asheville
Inflow Directicn _ SE-310 - nflow Direction _SSE
Tnflow Barrier H= 1600 Ft.||Inflow Barrier H'=_2000 e P

Dew Point Station Charlotte, N. C. Dew Point Location From Inflow
Distance to Barrier _ 70 Miles  |[Barrier 50 Miles NMNE of Augusta, Ga.

(1) (2) () (L) (5) _ (6) (1) (8)
We(cbs) |We(max)
T  |pP{cbs) [DP(max) {Inches |Inches D(obs)| D(max)

Hours |Degrees [Degrees |Hw 1600 |H'=2 R Inches| Inches

6 | 7.8 | 169 |2k [ | 120k | 6.0 | 66

12 TheS | 7646 | 1.40

28 | 2 | 76,3 | 1,37 | 181 | 11.100 | 13,0 | 1l.3
2L e | 7641, 1 1635 1 119 20103 ) 25,1 | 26.7. .

30 | 738 | 75,9 | 1,33 | tub7 | | ]1.105 | 16,8 | 18,6
36,1 1346 75.7 1.21 I L1 1,107 | 37.4 | 1943

k2| 736 | 75.7 | 1.31 | 1.h5 | 114107 | 18,1 | 20,0
48 | 7138 | 756 | 1030 | odels | 11,108 ] 18,2 | 20.2

...............

DY, . S50N (NUSNUTIPUNS (SR FOSNISN— ——— UTIURIAES ERSSHSEREIE NEUSRSIRS SRRREIRE SO

721 72,9 | 75.0 | 1425 | 1.39 e [ 2221 | 28,7 ) 20,8

IRy - 1 EPRIRN) SRR : sk
- VRN SNV [N U
S N NSO (S S KR L

Computed by  JEH Checked by  A0K

Ficure 47.—Example of method wsed to adjust and tramspose storms.
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Storm Precipitation Analysis System (SPAS) For Storm #1490 1
SPAS Analysis

General Storm Location: Easton, MD
Storm Dates: September 2 -9, 1935
Event: Hurricane
DAD Zone 1
Latitude: 38.8625
Longitude: -76.0708
Max. Grid Rainfall Amount: 17.00”
Max. Observed Rainfall Amount: 16.70” at Easton, MD
Number of Stations: 441
SPAS Version: 10.0
Basemap: Conus_prism_ppt_in_1981 2010 _09
Spatial resolution: 00:00:30
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This storm is originally USACE SA 1-26. This analysis was based on hourly pseudo
data, daily data and supplemental station data. We have a good degree of confidence for the station based
storm total results. The spatial pattern is dependent on the basemap and we have a high degree of
confidence with the timing based on the location of the five hourly pseudo stations (see below). One hourly
USACE mass curve captured the largest storm center at Easton, MD allowing high confidence in the
spatiotemporal isohyetal pattern of this critical location. Some daily stations lacked timing, so they had to
be converted into supplemental stations. The five hourly pseudo stations were consistent in timing with one
another. There was no hourly data after the 6th, but so timing of the supplemental stations thereafter is
linear in trend. There isn’t much if any precipitation that SPAS has falling on the 7th (no more than 0.5” at
the very most).

Storm Rep. SST Climatological Max. SST

Precip. Water § Precip. Water i
SPAS Storm ELEV Trans SST

LON LAT ELEV SST Precip. Water @ storm PW Lookup Ayawl. SST Precip. Water @ storm PW Lookup Avail. IPMF
D Round Date @ 30,000 ft clev. | Table Column | Moisture Round | @30000ft fley, |Table Column|  Moisture

1490_1 -76.0708 | 38.8625 57 100 20-Aug 80.50 3.68 0.03 83 3.650 82.00 82.0 3.95 0.03 86 3.920 1.074




Page 219 of 326

Storm 1490 Zone 1 - Sep. 2 (0500 UTC) - Sep. 7 (0400 UTC), 1935
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)
areasqmi 1 5 12 18 24 30 36 48 60 72 96 120 Total
0.4 210 5.35 9.33 1153 | 1269 | 1413 | 1514 | 1660 | 1698 | 1698 | 17.00 | 17.00 17.00
1 2.09 6.33 9.31 1149 | 1264 | 1408 | 1514 | 1656 | 1694 | 1695 | 1696 | 16.96 16.96
10 207 6 26 922 1139 | 1252 | 1396 | 1400 | 1642 | 1680 | 1682 | 1684 | 1684 16 84
25 2.06 5.24 9.18 11.35 | 1247 | 1391 1493 | 1637 | 1675 | 16.78 | 16.79 | 16.79 16.79
50 2.06 5.12 9.15 1132 | 1243 | 1387 | 1488 | 1632 | 16.71 16.75 | 1675 | 16.75 16.75
100 1.99 562 9.13 1129 | 1240 | 1383 | 1483 | 1628 | 1667 | 16.71 16.72 | 16.72 16.72
150 1.89 5.30 9.08 11.27 | 1238 | 13.81 14 81 16.26 | 1664 | 1669 | 1660 | 1669 16.69
200 1.79 524 8.97 1117 | 1236 | 1380 | 1479 | 1624 | 1663 | 1668 | 1668 | 16.68 16.68
300 1.63 510 8.76 1095 | 1216 | 1377 | 1475 | 1610 | 1646 | 1649 | 1649 | 16.50 16.50
400 1.51 499 8.59 10.71 1202 | 1368 | 1460 | 1589 | 1625 | 16290 | 1629 | 16.29 16.29
500 1.40 490 8.46 1049 | 1187 | 1361 1449 | 1573 | 16.05 | 16.08 | 16.09 | 16.09 16.09
1,000 127 459 796 9 87 1136 | 1318 | 1403 | 1506 | 1534 | 1539 | 1540 | 1541 1541
2,000 1.16 419 7.32 9.31 1074 | 1229 | 1302 | 1384 | 1413 | 1416 | 1422 | 1426 14.26
5,000 0.97 3.64 6.56 8.49 9.75 11.01 1164 | 1227 | 1264 | 1270 | 12.81 12.89 12.89
10,000 081 308 559 715 841 945 1000 | 1086 | 1135 | 1141 1154 | 1164 11 64
20,000 062 235 430 554 671 750 800 898 955 963 975 985 985
50,000 0.35 1.26 2.39 3.48 4.34 4.82 5.36 6.32 6.84 5.96 7.06 7.18 7.18
57,977 0.31 1.11 2.10 3.09 3.88 4.32 4.86 5.80 §.32 6.45 6.56 6.67 6.67

Area (mi?)

SPAS #1490 DAD Curves Zone 1
September 2-7, 1935

100,000
—&— 1-hour
—— 8-hour
—=— 12-hour
18-hour
10.000 1 —+— Zd-hour
—#— 30-hour
36-hour
=S 48-hour
1,000 —= &0-hour
72-hour
S6-hour
120-hour
100 4 Total storm (120-hour)
10 A >|||<
\
|
1 IS NN S S .
0 2 4 6 8 10 12 14 16 18

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation{inches)

20

SPAS 1490 Storm Center Mass Curve: Zone 1
September 2 (0500 UTC) - September 7 (0400 UTC), 1935

Lat: 38.86 Lon: -76.07

[

o

=
wn
L

. ncremental

— A cumulated

00

21

1

61 81

Index Hour

101

17.00"

Accumulated Precipitationinches)
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80°W o'W W W W W 7AW W T2°W W

28°N

80°W o'W W W W W T4W W T2*W W

Total Storm (144-hours) Precipitation (inches)
September 2 - 7, 1935
SPAS 1490 - Easton, MD

Gauges
e Daily
E Houry e
O HouryPszudo 0 45 0 180
©  Supplemental Kilometers
0 85 190 280

Precipitation (inches)

ooo-100[ J401-500[]801-900 [H12.01-13.00

[ 1.01-200[ ]501-6.00[ ]9.01-1000 [B13.01-14.00

[]2.01-3.00[ ]6.01-7.00[7]10.01-11.00 [[] 14.01-15.00

[]3.01-4.00[]7.01-5.00 [ 11.01-12.00 [ ]15.01-16.00
[]16.01-17.00

4/3/2015
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SPAS 1490 Easton, MD Storm Analysis
September 4, 1935

84w 82*w 80°W W W 74w =W TO*W W e*w 84w e@'w

44N

24N

20°N

Miles
0 270 540 1,080
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Storm Precipitation Analysis System (SPAS) For Storm #1341 1
SPAS Analysis

General Storm Location: Buck, CT
Storm Dates: September 17-23, 1938
Event: New England Hurricane of 1938
DAD Zone 1

Latitude: 41.5542

Longitude: -72.6542

Max. Grid Rainfall Amount: 18.06"

Max. Observed Rainfall Amount: 17.10"
Number of Stations: 602 (416 Daily, 4 Hourly, 1 Hourly Pseudo, and 181 Supplemental)
SPAS Version: 9.5
Basemap: PRISM September 1938 Precipitation Grid
Spatial resolution: 00:00:30 (~ 0.30 mi?)

Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on digitized hourly data from the USACE NA 2-2 mass
curves, daily data, and supplemental station. The lack of hourly data and having to digitize the USACE
mass curves resulted in SPAS mass curves which are smoothed and are likely not representative of the
true hourly accumulation. We have a high degree of confidence in the station based storm total results, the

spatial pattern is dependent on the basemap, and the timing is based on hourly stations.

Storm Rep. SST Climatological Max. SST

Precip. Wat Precip. Wat
sPAsstorm| | g EUEVAET ELEV Trans s [Precin water 'Z";wr:‘er PW Lookup | Avail. SST  [predip. Water 'e@”‘;m:ner PW Lookup | Avail.

N IPMF
D Round Date @ 30,000 ft cley. | Table Column | Moisture Round | @30,000ft fley, | Table Column| Moisture

1341_1 -72.6542 | 41.5542 126 100 5-Sep 80.00 3.60 0.03 82 3.570 83.60 83.5 4.21 0.03 89 4.180 1.171
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Storm 1341 - September 17 (0600 UTC) - September 23 (0500 UTC), 1938
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

A 2 Duration (hours)
rea (mi')[ 3 6 12 18 24 36 48 72 96 120 144 Total
0.4 1.24 3.23 6.45 8.68 10.20 11.03 12.78 14.19 15.84 18.00 18.00 18.00 18.00
1 1.23 3.20 6.40 8.61 10.12 10.94 12.68 14.08 15.72 17.88 17.88 17.88 17.88
10 1.20 3.08 6.13 825 970 10.49 12.16 13.52 1543 17.59 17 59 17.58 17.58
25 1.19 2.96 5.90 7.94 9.34 10.09 11.69 13.11 15.28 17.47 17.47 17.47 17.47
50 1.18 287 573 770 905 978 11.33 12 86 15.07 17.27 1727 17.27 17.27
100 117 2.78 5.54 7.45 8.76 9.48 10.99 12.60 14.86 17.04 17.04 17.04 17.04
200 1.15 2 65 529 712 8.38 916 10.70 12.33 14 61 16.77 16.77 16.77 16.77
300 1.12 2.57 5.12 6.89 8.14 8.98 10.50 12.15 14.37 16.47 16.47 16.47 16.47
400 1.10 251 500 673 797 8.85 10.35 12.01 14.16 16.18 16.18 16.18 16.18
500 1.08 2.47 490 6.61 7.84 8.74 10.24 11.84 13.96 15.92 15.92 15.92 15.92
1,000 0.99 232 457 6.17 743 839 979 11.27 13.26 1498 14 98 14.98 1498
2,000 0.87 2.13 422 5.68 6.98 7.90 9.15 10.58 12.39 13.82 13.86 13.82 13.82
5,000 0.67 1.81 348 470 6.05 6.94 8.14 941 11.16 12.27 12 30 12.30 12.30
10,000 0.52 1.51 2.83 3.86 5.11 6.00 7.34 8.56 10.27 11.17 11.26 11.26 11.26
20,000 045 1.21 222 3.08 408 482 6.52 768 937 994 1012 1012 10.12
50,000 0.34 0.89 1.49 2.28 2.91 3.79 4.99 6.25 7.58 8.00 8.25 8.25 8.25
100,000 022 057 1.01 1.60 213 285 3.79 474 576 6.03 6.29 6.29 6.29
159,120 0.15 0.40 0.70 1.14 1.54 2.08 2.86 3.61 4.39 4.62 4.86 4.86 4.86
SPAS #1341 DAD Curves Zone 1
September 17-23, 1938
1,000,000
—«— 1-hour
—— 3-hour
100,000 - —— B-hour
—+— 12-hour
18-hour
10,000 -
24-hour
_— —— 35-hour
E 1,000 —=— 43 hour
"=
L
& —— T72-hour
= S85-hour
100 4
—— 120-hour
14d-hour
10 A o— Total storm (144-hour))
1 i

Maximum Average Depth of Precipitation (inches)
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SPAS 1341 Storm Center Mass Curve Zone 1
September 17 (0600UTC) to September 23 (0500UTC), 1938

Incremental Precipitation (in)

Lat: 41.554 1666666567 Lon: -72.654 1666666667

= |ncremental
—— Accumulated 18.08
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TOOW 68°W

TEW TrW TEW TaW T4 TIW T2°W T

TS T4 TIIW T2HW T

Total Storm (144-hr) Precipitation (inches)
September 17 (0600 UTC) - September 23 (0500 UTC), 1938
SPAS 1341 - Buck, CT

Gauges
®  Daily
B Houly
= Hourly Pseuds Miles
o 50 100 200
¢ Supplemental Kilometers
o 125 250 500

Precipitation (inches)
Wo40-100[_Ja01-500[]801-000 [I]12.01-1300[_]1601-17.00
[ 1.01-2.00[]501-6.00[]J9.01-10.00 [J13.01-14.00[_]17.01-18.00
[Z]201-3.00[]601-7.00[]10.01-11.00 [l 14.01 - 15.00[_]18.01 - 19.00
[T]=01-4.00]701-800[].01-12.00[0]15.01-16.00

THE2014
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STORM STUDIES - PERTINENT DATA SHEET

r===y Ares covered by
i..-: final isobyetal map.

S

ACA or wER .
e, SO WD we | Assignment W 22

Location New England
Study Prepared by:

Conn. and Barre, Maea.

Preliminary isohyetal map,in 2  sheet , scale 1x 1,000,000

Precipitation data and mass curves:

North Atlantic IMvision
Phlladelphia District Office

CORPS._OF ENQINEEAS

Storm of 17-22 Sept. 1936

Part I Reviewed by H. M. Sec. of
Weather Bureau, 7/17/47
Part II Approved by Office, Chlef

of Engineers for Distribution
of Factual Data, 7/8/48
Remarks: Centers &t Buck,

i d b ;
::I‘nl:nnf;::;ﬂ.r Log !TlDN MAP Dewpt, 68%- Ref. Pt. 100 5W
Grid D=3
DATA __AND UTATIONS MPILED
PART

(Number of Sheets)

Form 5001-C (Hourly preclp. data). _ - - e e e e e e mmem 109
Form 5001-8 (24-hour * L 135
Form 500i-D(* * " R T
Miscl. precip. records, meteorological data, ete. . _____________ 35
Form 5002 {Mass rainfall curves)_ _ _ __ _ _ _ _ _ _ _ _ o _ . ______ 135
BART X
Final ischyetal maps, in 1  sheet , scale 1,000,000
Data and computation sheets:
Form S-10 (Data from mass rainfall curves) _____________ 16
Form S-II {Depth-area data from isohyetal map)_ - ___._ 3
Farm S-12 (Maximum depth-duration data)_ . ___________ 9
Maximum duration-depth-area curves ____.___ __ ___ ______ 1
Data relating to periods of maximum rainfell .- . ___.__ 2
MAXIMUM AVERAGE DEPTH OF RAINFALL IN _INCHES
Area in Sq. M. Duration  of Rainfall in Hours
- 6 1 22| 28 (30 | 36 146 |60 [ 72 | 96 1120
10 6,4 | 8.2 | 9.6 (11.3 12.2 13.2 [1h.3 [15.0 |15.B [16.9 |17.1
100 | 5.0 | 6.8 8.3 _9% 10.L |11.4 [13.0 [1k.0 |25.1 |26.5 |16.8
200 |L.6 | 6.3 (7.8 9.0 9.8 (10,9 |12.4 {13.L |14.8 |26.1 (16 |
500 |41 | 5.6 (7.1 | 6.3 | 9.0 (10.2 |11.6 |12.6 (1.2 [15.L |15.7
1000 3.7 | 5.1 | 6.6 | 7.7 | Bk | 9.6 |11.0 |12.0 |13.B |14.6 |15.0
2000 3.3 | LS | 60 | 7.2 | 7.8 | 9.0 (10.4 11.3 [13.2 [13.B [14.2
5000 2.7 (3.9 |51 | 6.3 | 6,9 | 6,2 | 9.5 |19.3 |12,0 |12.4 |12.8
10000 2.3 3-1 L.b | 5.7 | 6.2 | T.L | B.6 B.ﬁ 10.% (11.3 (11.&
20000 1.9 | 2. 3.8 | L9 | 5.5 | 6 ) 7.5 6 | 9.6 20,0 [10.3
SQ000 1. 2.1 (2.8 | 3.7 | be2 | LB | 5B | 6.6 7T.3) 7.7 | 8.0
67000 | 1.% (1.9 | 2.5 | 3.3 (3.7 | b2 | 51 | 5.9 | &5 | 6.8 | 7.1

Form 5-2
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PARTMENT OF TH;_AHH\' CORP F ENMGINEERS
STORM STUDIES - ISOHYETAL MAP
Storm of __ 17.22 Septenber 1038  Assignment HA 2.2
Study Preparad by: _  Philadelphis, Pa, District
_ _North Atlantie Mvision
Uiddle Dam..... g ‘\,>
A
hA» (]
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SPAS 1341 USACE NA 2-2 Buck, CT Storm Analysis
September 19, 1938
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Storm Precipitation Analysis System (SPAS) For Storm #1567 1
SPAS Analysis

General Storm Location: Tuckerton, NJ
Storm Dates: August 18-20, 1939
Event: Synoptic, Remnants of hurricane
DAD Zone 1

Latitude: 39.679

Longitude: -74.271

Max. Grid Rainfall Amount: 18.07”

Max. Observed Rainfall Amount: 18.00”
Number of Stations: 92 (7 Hourly, 2 Hourly Pseudo, 51 Daily, 32 Supplemental)
SPAS Version: 10.0
Basemap: conus_prism_ppt_in_1971 2000_08
Spatial resolution: 00:00:30 (~ 0.30 mi?)

Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on nine hourly stations (USACE NA 2-3, NCDC and
EDADSV2 storm report mass curves), daily data and supplemental station data. We have a good degree
of confidence for the station based storm total results. The spatial pattern is dependent on the basemap
(conus_prism_ppt_in_1971 2000_08). Spatially, it looks very similar to the rainfall analysis from USACE
(see below). There is a good degree of confidence with the timing based on the hourly stations near the

storm center. Some daily stations were moved to supplemental due to timing issues.

Storm Rep. SST Climatological Max. SST

Precip. Water Precip. Water
SPAS Storm LON LAT ELEV ELEV Trans ss  [Precim water[ T | Pwookup Avail. ssT SST  |precip. Water @ storm | PV Lookup Avail. IPMF
D Round Date @30000ft | " | Table Column|  Moisture Round | @30000 | = " | Table Column| Moisture

1567_1 -74.2710 [ 39.6790 19 0 15-Aug 81.00 3.77 0.00 84 3.770 82.50 82.5 4.03 0.00 87 4.030 1.069
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Storm 1567 Zone 1 - Aug. 18 (0600 UTC) - Aug. 21 (0500 UTC), 1939
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

areasgmi 1 2 3 4 5 6 9 12 15 18 24 36 48 72 Total
0.4 2.15 4.07 5.92 7.90 9.10 9.89 1524 | 17.20 | 17.74 | 18.04 | 18.04 | 18.04 | 18.04 | 18.04 | 18.04
1 2.14 4.06 5.90 7.87 907 985 1518 | 1713 | 1767 | 1797 | 1798 | 1798 | 1798 | 1798 | 1798
10 2.12 4.02 5.84 7.79 8.98 9.75 15.03 | 16.97 | 17.50 | 17.81 17.81 17.81 17.81 17.81 17.81
25 2.1 401 5.81 7.76 895 972 1497 | 1690 | 1744 | 1774 | 1774 | 1774 | 1774 | 1774 | 1774
50 2.10 4.00 5.79 7.74 8.92 9.69 1493 | 1685 | 17.39 | 1769 | 1769 | 1769 | 1769 | 1769 | 17.69
100 2.07 393 572 763 879 9 56 14.71 1662 | 1717 | 1745 | 1745 | 1745 | 1745 | 1745 | 1745
200 1.97 3.74 5.46 7.30 8.42 9.21 14.04 | 1592 | 1650 | 16.74 | 16.75 | 16.75 | 16.75 | 16.75 | 16.75
300 187 357 523 7.02 8.09 897 1339 | 1526 | 1589 | 1609 | 1610 | 16.10 | 1610 | 16.10 | 16.10
400 1.81 3.45 5.09 6.84 7.88 8.84 1289 | 1474 | 1538 | 1557 | 1559 | 1559 | 1559 | 1559 | 15.59
500 1.76 3.38 4.99 6.72 778 8.76 1243 | 1426 | 1490 | 1509 | 1514 | 1514 | 1515 | 1515 | 1515
1,000 1.67 3.16 472 6.31 7.48 8.38 1075 | 12.29 | 1289 | 13.07 | 13.18 | 13.19 | 13.20 | 13.20 | 13.20
2,000 135 260 3.81 513 617 6.92 858 983 1049 | 10.71 10.86 | 1091 1092 | 1092 | 1092
5,000 0.99 1.73 2.53 3.28 3.98 4.57 5.74 6.68 7.29 7.54 7.62 7.65 7.69 7.69 7.69
10,000 075 1.37 1.86 243 2 96 3.45 445 5.09 557 575 580 584 589 589 589
15,000 0.58 1.06 1.44 1.91 2.36 2.76 3.59 4.12 4.48 4.65 4.69 473 478 4.78 478
18,353 0.50 0.91 124 1.65 204 237 310 3.56 389 4.05 408 413 416 418 416

SPAS #1567 DAD Curves Zone 1
August 18-21, 1939

Area (mi?)

100,000
—+—1-hour
——2-hour
——3-hour
4-hour
10,000 1 —+—5-hour
—#—B-hour
S-hour
e | 2-hOUT
g | 5-NOUT
1,000 4 18-hour
24-Hour
3&-hour
48-hour
T2-hour
100 - o Total storm (72-hour)
10
1
0 20

Maximum Average Depth of Precipitation (inches)
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SPAS 1567 Storm Center Mass Curve: Zone 1
August 18 (0600 UTC) - August 21 (0500 UTC), 1939

Incremental Precipitation (inches)

Lat 39.68 Lon: -74 27
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1.0 1

R | o ementsl
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W B*W T4TW W 2°W
: ¢ 42°N
41°N
407N
39°N
38N
37N
W B*W T4EW W 2°'W
Total Storm (72-hours) Precipitation (inches)
Gj“‘-’g: iy August 18-20, 1939
E Hourly SPAS 1567 Tuckerton, NJ (NA 2-3)
I Hourly Pseudo Miles
© Supplemental 0—2{£_80Kilomezess
0 45 20 180

Precipitation (inches)

I000-100[]401-500["]8.01-900 [ 12.01-13.00[]16.01-17.00
I 1.01-200 1501-6.00[_79.01-10.00 MM 13.01-1400[_]17.01-18.00
1201-300_16.01-7.00 ]10.01 -11.00 [N 14.01 - 1500 [_]18.01 - 19.00
[1301-400[]7.01-8.00 11.01 -12.00 [ 15.01 - 16.00

11/17/2015



Page 243 of 326

WAR DEPARTMENT CORPS OF ENGINEERS, U.S. ARMY
STORM STUDIES - PERTINENT DATA SHEET
- sy o g Storm of August 13, 1939

Assignment MNA 2 =3
Location N.J« Pa, Del.
Study Prepared by:

¥orth Atlaatlic Division
87| Phlladelphia District Office

Part I Reviewed by H. M. Sec. of
Weather Bureau, 11/7/0
Part I Approved by Office, Chief
of Engineers for Distribution
of Factual Data, &/a/dlL

Remarks:  centers st
Manahawlin & Taskerton, N.J.

L@!Hmu laeyat, LOCATION _MAP |'

T, TATIONS COMPILE
PART I
Preliminary isohyetal map,in 1 sheet ,scale 1 : 1,000,000
Precipitation data and mass curves: (Number of Shests)
Form S001-C (Hourly preclp. data)___ ____ __ ____________._ 30
Form 5001-8 (24-hour = LI T 8
Form 5001-D (" ™ " L 1
Miscl. precip. records, meteorological data, ete._ ____ _________ g
Form 5002 (Mass rainfall curves)_ ________ ______________ 8
PART I

Final isohyetal maps,in 1 sheet , scale 1 ; 1,000,000

Data and computation sheets:
Form 5-10 (Data from mass rainfall curves)_ _______._____. 2
Form S-1I (Depth-area data from lschyetal map). __________ 1
Farm 5-12 (Maximum depth-duretion data)__ . _____________ 2
Maximum duration-depth-area curves _ __ __ . o _o__. 1
Data relating to perlods of maximum rainfall _____________ 1

MAXIMUM AVERAGE DEPTH OF RAINFALL IN_INCHES
Area in 5q. Mi. Duratien of Rainfall in Hours

3 1 6 {9 1312 |25 |18
W | 6y | 9.7 u..j 17.1 | 17.6 |17.8
6.1 e ]

200 53& 8.6 |12.8 |15.1 [15.6 | 35.7

500 79 u-‘i 134 0 1
1,000 «T | T | 9 11.3 12.0 | 12.2
2,000 | 3.7|5.8| 7.3 | 8.9 | 9.6 | 0.0
5,000 | 2.2 i.e 6.2 6.71 12
10,000 | 1.5 | 2.9 0| L6 50| 5.4

Form $-2
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ACCUNULATED PRECIPITATION N INCHES

Storm of

STORM STUDIES - ISOHYETAL MAP
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nana, District
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SPAS 1567 Tuckerton, NJ Storm Analysis
August 17, 1939

Storm Center
-74 27,3968
b

«
\\ E 4




Storm Precipitation Analysis System (SPAS) For Storm #1679 1

SPAS Analysis

General Storm Location: Slide Mountain, NY

Storm Dates: August 10-15, 1955

Event: Hurricane Connie Remnants

DAD Zone 1

Number of Stations: 292
SPAS Version: 10.0

Basemap: Isohyetal Map

Latitude: 42.0208

Longitude: -74.3958

Max. Grid Rainfall Amount: 15.20”

Max. Observed Rainfall Amount: 15.15”

Spatial resolution: 0.2479

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Page 249 of 326

Reliability of results: This analysis was based on 292 hourly stations, hourly pseudo, daily data and
supplemental station data. We have a good degree of confidence for the station based storm total results.
The spatial pattern is dependent on the isohyetal basemap. Timing is based on the hourly and hourly
pseudo stations. Several daily stations were moved to supplemental due to timing issues and to ensure
data consistency.

Storm Rep. Dew Point

Climatological Max. Dew Point

SPAS Storm
ID

LON

LAT

ELEV

ELEV
Round

Trans
Date

Ty

Precip. Water
@ 30,000 ft

Precip. Water
@ Storm
Elev.

PW Lookup

Table Column

Moisture

Ta

T4 Round

Precip. Water
@ 30,000 ft

Precip. Water
@ Storm
Elev.

PW Lookup

Table Column

Moisture

IPMF

1679_1

-74.3958

42.0208

2,798

2,800

5-Aug

73.00

2.60

0.62

68

1.980

76.00

76.0

2.99

0.68

74

2.310

1.167
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Storm 1679 - August 10 (0600 UTC) - August 16 (0500 UTC), 1955
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (miz) Duration (hours)
1 2 3 4 5 6 12 18 24 48 72 96 120 144 Total
04 225 3.68 5.38 6.29 6.55 6.70 9.82 10.95 11.42 12.90 14.12 15.15 15.15 15.15 15.15
1 2.24 3.64 5.34 6.24 6.49 6.65 9.76 10.89 11.36 12.83 14.04 15.07 15.07 15.07 15.07
10 2.19 3.40 4.99 5.82 6.07 6.49 9.62 10.72 11.21 12.64 13.83 14.85 14.85 14.85 14.85
25 212 3.19 4.67 5.46 569 6.24 9.20 10.28 10.72 12.35 13.33 14.24 14.24 14.24 14.24
50 2.05 3.00 4.39 5.13 5.36 5.73 8.25 9.29 9.72 12.05 12.84 13.40 13.40 13.40 13.40
100 1.97 2.80 4.10 4.80 5.01 5.24 7.20 8.16 8.65 11.60 12.41 12.80 12.80 12.80 12.80
200 1.80 2.59 3.78 4.44 485 482 6.32 7.36 8.06 11.14 11.99 12.23 12.23 12.23 12.23
300 1.68 2.42 3.48 4.1 4.36 4.53 6.05 7.01 7.83 10.85 11.65 11.88 11.88 11.88 11.88
400 1.58 2.23 3.18 3.78 410 4.30 5.77 6.77 7.63 10.64 11.35 11.57 11.58 11.58 11.58
500 1.48 2.06 2.93 3.48 385 416 5.52 6.51 741 10.43 11.10 11.34 11.35 11.35 11.35
1,000 1.18 1.75 2.3 2.81 3.32 3.76 5.05 5.92 6.47 9.67 10.19 10.53 10.54 10.54 10.54
2,000 0.93 1.47 2.05 2.53 3.00 3.38 4.60 5.44 5.90 8.82 9.33 9.76 9.78 9.78 9.78
5,000 0.66 1.13 1.66 2.10 2.53 2.86 3.99 473 5.18 7.69 8.29 8.72 8.75 875 8.75
10,000 0.52 0.90 1.30 1.66 2.04 2.35 3.48 412 4.62 6.66 7.36 7.82 7.85 7.85 7.85
20,000 0.33 0.60 0.91 1.17 1.44 1.69 2.70 3.26 3.70 5.14 6.1 6.48 6.50 6.50 6.50
22,085 0.31 0.55 0.85 1.09 1.35 1.58 2.54 3.1 3.51 4.83 5.81 6.17 6.18 6.18 6.18
SPAS #1679 DAD Curves Zone 1
August 10-15, 1955
100,000
—— 1-hour
——2Z-hour
—=—3-hour
10,000 —+—4-hour
S-hour
8-hour
== 12-hour
1,000
— —=— 18-hour
E e 24&-hour
E —— 48-hour
< 100 ——T2-hour
95-hour
120-hour
1dd-hour
10 + g o Total storm (144-hour)
1 —f—
0 15

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

25 4

2.0 4

05

00

SPAS 1679 Storm Center Mass Curve: Zone 1
August 10 (0600 UTC) - August 16 (0500 UTC), 1955

Lat: 42.0208 Lon: -74.3958

R ncremental

— Accumulated

21

41

61

81 101

Index Hour

15.2"

121 141

Accumulated Precipitation(inches)
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W W T4W

41°N

oW W 74W
Total Storm (144-hours) Precipitation (inches)
August 10-15, 1955

Gjusfw SPAS 1679 (re-run of 1003) - Slide Mountain, NY
H  Houry Miles

E HourlyPseudo 0 125 % 0 :

i ! - = 1mKllnmete-'s

Precipitation (inches) [7]3.01-4.00[717.01-8.00 [ 11.01 - 12.00

mo079-1.00 []401-500[]8.01-9.00 [ 12.01-13.00
[1.01-200 [15.01-6.00 9.01-10.00 [913.01-14.00
[1201-3.00 [16.01-7.00 [ 10.01-11.00[]14.01-15.00

[115.01-16.00




Source % at 42.02N 74.42W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 13 Aug 55

CDC1 Meteorological Data

Y 4 J /N
-40
700 700
750
800
850 - 850
— . 3%
976 L‘h-i——l—-—
= ik L T S 3 x Y 1000
og 00O 18 12 086 00 18 12 06 00 18 12
08/13 0812 08/11
This is not a NOAA product. It was produced by a web user.
Job 1D: 378137 Job Start: Tue Nov 27 23:05:31 UTC 2012
Source 1 lat.; 42.02 lon.: -74.42 hgts: 00, 1190, 2820 m AGL
Trajectory Direction: Backward uration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2055 - reanalysis
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SPAS 1679 Slide Mtn, NY Storm Analysis
(Re-run of SPAS 1003)
August 11-12, 1955

TETW TATW W oW 8w

Storm Center
42.02,-74 40

42N

23BN

TEW AW W oW 8w
Hysplit Miles
& Surface ® 850mb & T00mb o 105 210 420
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Storm Precipitation Analysis System (SPAS) For Storm #1491 1
SPAS Analysis

General Storm Location: Tyro, VA (Tropical Storm Camille)
Storm Dates: August 18-20, 1969
Event: Tropical Storm Camille
DAD Zone 1
Latitude: 37.8125
Longitude: -79.0042
Max. Grid Rainfall Amount: 27.23"
Max. Observed Rainfall Amount: 27.00"
Number of Stations: 512 (363 Daily, 75 Hourly, 33 Hourly Pseudo, and 41 Supplemental)
SPAS Version: 10.0
Basemap: Blended USGS total storm map and PRISM August 1969 Precipitation
Spatial resolution: 0:00:30 second (~ 0.3 mi?)
Radar Included: No
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and
bucket survey data. Hourly station USACE Tyro, VA was digitized from the USACE Storm Studies report.
Bucket survey rainfall timing and magnitude at the storm center (Tyro, VA) were diligently recorded and
utilized in the SPAS storm analysis. We have a good degree of confidence in the station based storm total
results, the spatial pattern is dependent on the station data and the USGS basemap, the timing is based
on hourly and hourly pseudo stations. *** Could not match the 22.0" rainfall amount in 6-hours based on
the USACE Storm Study report (Listed as Station R, "Tyro, VA").

Storm Rep. Dew Point Climatological Max. Dew Point

. Precip. Water . Precip. Water .
SPAS Storm ELEV Trans : X

LON LAT ELEV T, Precip. Water @ Storm PW Lookup Avail T, T, Rl Precip. Water @Storm PW Lookup Avail. IPME
D Round Date @ 30,000 ft Eley,  |Table Column|  Moisture @ 30,000 ft fley, |Teble Column | Moisture

1491 1 -79.0042 | 37.8125 799 800 5-Aug 77.50 3.22 0.22 77 3.000 79.00 79.0 3.44 0.23 80 3.210 1.070
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Storm 1491 - August 19 (0600 UTC) - August 21 (0500 UTC), 1969
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
2 Duration (hours)
Area (mi) = 2 3 4 5 6 12 18 24 36 48 Total
0.4 424 6.74 10.51 13.07 15.22 17.76 2711 27.11 2711 2711 27.11 27.11
1 4.19 6.67 10.39 12.91 15.05 17.57 26.83 26.83 26.83 26.83 26.83 26.83
10 3.87 6.25 942 11.75 13.68 15.94 25.09 25.09 25.09 25.09 25.09 25.09
25 3.62 5.91 8.23 10.27 12.02 14.00 2411 2411 2411 24 11 24 11 24.11
50 3.40 560 7.38 9.18 10.97 13.21 22.93 22.93 22.93 2294 22 .94 22.94
100 3.18 528 6.77 8.44 10.15 11.99 21.05 21.06 21.06 21.07 21.07 21.07
200 292 488 622 7.86 947 1086 18.51 18.52 1852 1852 1852 18.52
300 2.71 465 591 7.41 8.92 10.34 17.04 17.05 17.05 17.05 17.05 17.05
400 255 4.49 565 7.08 8.54 9.93 16.05 16.07 16.07 16.08 16.08 16.08
500 242 433 546 6.79 8.20 9 57 1533 1535 1536 1536 1536 15.36
1,000 2.02 3.82 472 5.89 7.18 8.38 13.13 13.17 13.17 13.18 13.18 13.18
2,000 1.68 3.26 3.81 483 5.88 6.84 10.63 10.69 10.72 10.74 10.74 10.74
5,000 1.34 254 293 365 418 490 734 767 774 778 778 7.78
10,000 1.02 1.98 238 2.86 3.26 3.75 5.44 594 6.03 6.09 6.09 6.09
20,000 0.71 1.38 1.71 2.00 2.29 2.53 3.83 4.47 470 476 477 4.77
50,000 033 063 083 101 120 1.34 206 247 2 60 270 272 2.72
100,000 0.18 0.35 0.45 0.57 0.67 0.77 1.28 1.57 1.65 1.75 1.76 1.76
SPAS #1491 DAD Curves Zone 1
April 19 - April 21, 1969
1,000,000

—&— 1-hour

—— 2-hour

100,000 Hag; = F-hour

4-hour

S-hour

10,000 - &-hour

—r—12-hour

[ —=— 18-hour

‘E’ 1,000 + —— 24-hour

3 —=— 38-hour

100 | 42-hour

o Total storm (48-hour)
10 ~
1 """"l"i""""'ll.'”""'"'i'""""I""""'I"““T--"'
0 5 10 15 20 25

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)
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SPAS 1491 Storm Center Mass Curve Zone 1
August 19 (0600UTC) to August 21 (0500UTC), 1969

Lat: 37.8125 Lon: -79.0042

e |ncremental
—— Accumulated

27.23

20

Index Hour

25

o
(=1

&
Accumulated Precipitation (in)
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s2°w 80°W W o'W

Total Storm (48-hr) Precipitation (inches)
08/19/1969 0600 UTC - 08/21/1969 0500 UTC

SPAS- #1491
Gauges
¢ Daily
= Hourly Miles
0 5 EY 180
= Hourly Pseudo omiien
¢ Supplemental 0 105 210 420

Precipitation (inches)

o0.00-1.00[ ]4.01-500[]8.01-1000 [l16.01-18.00 [ ]24.01-28.00
[ 1.01-200[ ]5.01-6.00 [ ]10.01-12.00 [l 18.01-20.00
[2.01-3.00[]6.01-7.00 [[]12.01-14.00 [[]20.01-22.00

[]3.01-4.00 []7.01-8.00 [ 14.01-16.00 [ ]22.01-24.00 —
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CORPS OF ENGINEERS, U S. ARMY
STORM STUDIES ~ PERTINENT DATA SHEET

ziiig

v on Storm of 19-20 August 1969
.y - Aulqan 2-3%3
‘ Locotion¥. Va., v-., ¥d.,& bel

i“ﬁ A ln:ic Divioton

orfo stric

Port I Reviewed by Hydromet,
Sec. of Weather Bureoul0/22/74

Port I Approved by Otfice, Chief
of Engineers for distribution
of factual dota, _$-48-73

Remorks Ceater near ;Fo, Va.
Dewpoint - B .

South
LOCATION MAP TrId

Praliminory Isohyetol map, in
Precipitation doto ond mass Curves: (Number of Sheets)

Finol isohyetol mops, in__1 shee! scole_ 1:500,000
Dato ond compuiotion sheels:

\J N MPUT MP

PARY I
sheet scole 1:500,000

Form S0Oi-C (Hourly precip. mo) ......................... =
Form g-o :a-m n } .......................... o
Nn .o - L - Y

Miscl. precip. records, meteorological dola, 8¢, - —v v < ccccccuan _15__1!
Form 5002 (Mats roinfoll Curves). - e oom e cacme—e R ——

PART I

Form S-10 (Dota from mass roinfol) curves). - -mooeoeane a2 3

Form S-1) (Depth ~areo data from isohyetol map) ... ——— TI .
Form S-12 (Moximum depth- durgtion 6010).. e oo cemee o
Moximum duration~ depth-0re0 CUrves. ... mveeme 1
Dato relating to periods of maximum rainfoll. . .comm.eecenoome S
MAXIMUM AYERA DEPTH OF RAINFALL IN
Area In Sq.Mies}- ' atlen o ol 'a Woers
| 12 ] 18] 24 30| 38] 48] & 72 1 9 | @0
Max. Statdon P2.0 ]27.0 .0]27.0 [ 27.0 7.0 |27.0
10 B8.7 125.8125.4025.4 [25.4 25.4 [25.4
_ 30 .S 123.2 3.2 R3.2
____M__n.: 7
! .7 19,6 | .6
500 | 9.8 [16.3 3
1,000 -1 113.5 5
2,000 |6.3 [10.7
3 &4 | 7.5
“'"'1'0.% 3.3 | 5.8
15,000 2.8 | 4.

e
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STORM STUDIES - ISOHYETAL
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Source ¥ at 37.82N 79.00W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 20 Aug 69
CDC1 Meteorological Data

oy,
-l

v
\ vl
I'I"\ ?
\
.__.L

L
700 700
750
800

850 H\.—.——N—-—r—d—_'_- ggg
950
973 *———— . =2 e = 4 1000

18 12 06 00 18 12 08 00 18 12 06 00
08/19 08/18 08/17

Job 1D: 150838 Job Start: Tue Mar 31 20:06:59 UTC 2015
Source 1 lat.; 37.820000 lon.: -79.000000 hgts: 0, 1175, 2810 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Aug 2068 - reanalysis




Page 262 of 326

SPAS 1491 Tyro, VA OR Storm Analysis
August 18-20, 1969

8w 84w 82*'w 20°W W W T4W

Hysplit Miles
@ Surface ® 850mb © 700mb 0 178 50 700
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Storm Precipitation Analysis System (SPAS) For Storm #1243 1
SPAS Analysis

General Storm Location: Westfield, MA
Storm Dates: August 15-24, 1955
Event: Tropical, Hurricane Diane
DAD Zone 1

Latitude: 42.12

Longitude: -72.70007

Max. Grid Rainfall Amount: 18.93”
Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Storm Rep. Dew Point Climatological Max. Dew Point
Precip. Water Precip. Water
ELEV Trans Precip. Water PW Lookup Avail Precip. Water PW Lookup Avail
EV N St . . St .
e e | RELEVEEI [N Date Ta @30000f | ©**°™ [Table Column| Moisture Ta | TaRound "o 00005 [ @ 5™ | rabie column| Moisture Ire?

Elev. Elev.

-72.7000 | 42.1200 265 300 15-Aug 75.00 2.85 0.08 72 2.770 76.77 77.0 3.14 0.08 76 3.060 1.105




Storm 1243- Aug 15 (0600 UTC) - Aug 24 (0500 UTC), 1955
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)
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A iZ
rea (mi')— 2 3 6 12 2 36 48 60 216 | Total
0.4 248 3.40 474 7.46 10.89 15.95 18.08 18.16 18.42 18.93 18.93
1 248 3.40 474 7.46 10.89 15.95 18.07 18.16 18.41 18.93 18.93
10 2.37 3.35 467 7.33 10.75 15.70 17.85 17.90 18.18 18.70 18.70
50 1.99 3.27 4 60 7.24 10.66 15.53 17.69 17.72 18.01 18.53 18.53
100 1.78 3.18 451 717 10.62 15.35 17.62 17.64 17.94 18.46 18.46
200 1.72 3.09 437 7.02 10.50 15.05 17.33 17.36 17.66 18.35 18.35
300 1.67 3.05 426 6.89 10.35 1476 17.12 17.15 17.44 18.07 18.07
400 1.63 3.00 416 6.77 10.18 14.50 16.81 16.84 1713 17.80 17.80
500 1.59 2.96 407 6.65 10.03 14.24 16.54 16.58 16.86 17.52 17.52
1000 1.45 277 375 6.23 9.41 13.23 15.45 15.52 15.80 16.55 16.55
2,000 1.29 245 332 564 8.43 11.84 13.93 14.15 14.48 15.34 15.34
5,000 1.04 1.85 258 4.43 6.64 9.43 11.81 12.09 12.39 13.17 13.17
10,000 0.80 1.33 1.96 3.40 5.46 7.70 962 9.99 10.21 10.89 10.89
20,000 0.54 0.91 1.35 239 407 592 7.54 7.84 8.01 864 8.64
50,000 0.23 0.39 0.58 1.10 2.01 3.20 412 433 4.47 494 494
84,856 0.14 0.24 0.36 0.65 1.23 1.93 2.49 262 271 3.09 3.09
SPAS #1243 DAD Curves Zone 1
Aug 15-23, 1955
1,000,000
=t |-hour
—t— 2-hour
100,000 2 hour
S-hour
10,000 12-hour
—_ —— Z4-hour
E 1,000 —— %-hour
g —t—
& 43-hour
100 ——B0-hour
218-hour
10 o Total storm (218-
hour}
1 TS R

Maximum Average Depth of Precipitation (inches)




Incremental Precipitation (in)

2.5

2.0

0.5

0.0

SPAS 1243 Storm Center Mass Curve Zone 1

August 15 (600UTC) to August 24 (500UTC), 1955

Lat: 4220760521 Lon: -72.81674608
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== |ncremental
—— Accumulated

50

18.97

100
Index Hour

150

Accumulated Precipitation (in)
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W

Total Storm Precipitation
Westfield, MA Storm Center
August 15-23, 1955

TP Juae 3,000
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CEPARTHENT OF THE ARNY CORPS OF ENGINEERS

STORM STUDIES - PERTINENT DATA SHEET
: Storm of 17-20 Aug. 1955
o SN W0 e Assignment MA 2-22A
Location Mass. to Maryland
Study Prepared by:

New England Diviaion E |

: 0.¢

Part I Reviewed by H.M. Sgc. of

\ ' Weather Bureau, Dec. 1955
l . Part X Approved by 0ffice, Chief
B , of Engineers for Distribution
Am-‘ iy _ of Factual Data, 1/8/59
g r : Remarks: Center at Westfield
L. s bikglhou ' Mass, o Dewpp 74°, Ref. Pt.
Sz-ineh isshyat. LOCATION MAP ' 105 8.
Orid D=3
IONS COMPILED
PART I
Preliminary isohyetal map, in 1 sheet , scale 111,000,000
Precipitation data and mass curves: (Number of Sheets)
Form 5001-C (Hourly pracip. dah; ...................... 280
Form 5001-8 (24-hour * LI U —— 0
Form 5001°D(* ® * " dccmccccccecccmmmanca=- 91
Miscl. precip. records, meteorological data, etc. o oo ccccccman 0
Form 5002 (Mass rainfall curves). . o ocoe-- o 89
PART X

Final isohyetal maps,in 1  sheet , scals 1:1,000,000

Data and computation sheets:
Form S-10 (Date from mass rainfall Curves). - —c--c—-----
Form S-11 (Depth-ares data from isohyetal map).cucoec—eu-
Form S-12 (Maximum depth=duration datd). - - ccccmcm—aean=
Maximum duration=-depth=ares CUrves. . -cceccmecmcmwan=-
Data relating to periods of maximum rainfallec e wccemeam-

MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES

Area in Sq. Ml Duration of Rainfall in Hours
6 38 | 26 [ 30 | 26 [ 48 ] &
Max. Station |7.9 |11.7 |14.3|218.2 {1954 | 19.5 | 39.8 | 19,8 | 19.8
10 [7.8 |11.1]23.0 16,4 [18.5 18,9 | 19,4 | 19.6 | 19,6

100 7.6 10.5 n.6 ul6 17.6 18.1 18.8 19.0 19.0

200 | 7.4 |20,2 | 124 | 1402127, 17,6 | 18,2 | 18,4 | 18.4

500 [6.8 | 9¢7 | 2048|1344 | 16,3 | 16,8 | 17.2 | 17.3 17

1.000 6.2 9.2 10.2 120“ 150“ 1’09 16.2 16.“ 16.“

2,000 |54 | 840 | 9et 1142 | 14,0 | 1e5 | 29 | 1542 | 152
5,000 4.0 6,31 7491 945 |1107 12,1 | 12,6 | 13.0 | 12,0
1°'°°° 3.1 ’Qo 605 8.0 9.7 10.0 1006- 10.5 10.8
20,000 2.1 | 3.6 | 49| 603 76| 79| 8.3 | 8.5 8.5
35,000 {13 2.5 | 3.6 U4e7| 5.6 | 6.0 64 | 6.5 | 645

oV w &

Form S-2
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STORM STUDIES - ISOHYETAL MAP
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 19 Aug 55
CDC1 Meteorological Data
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Source ¥ at 42.12N 72.70 W

[

700
750
800
850
900
950
1000
06 00 18 12 06 00 18 12 06 00 18 12
08/19 08/18 0817

This is not a NOAA product. It was produced by a web user.

Job |D: 318058 Job Start: Tue Nov 27 20:56:20 UTC 2012

Source 1 lat.: 42.12 lon.:-72.70 hgts: 0, 1230, 2860 m AGL

Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 01 Aug 2055 - reanalysis
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SPAS 1243 Westfield, MA Storm Analysis
August 16-19, 1955

82'w 80'W 78w 78'W T4W 2'W 70'W es'w

e ” s
! Storm Center eages7
SIS 42 12, -72.70 |l

Hysplit Wil
@ Surface ® 850mb © 700mb 0 185 370 740
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Storm Precipitation Analysis System (SPAS) For Storm #1276 _2

SPAS Analysis

General Storm Location: Zerbe, Pennsylvania

Storm Dates: June 18-24, 1972

Event: Hurricane Agnes

DAD Zone 2

Latitude: 40.5375

Longitude: -76.6208

Max. Grid Rainfall Amount: 18.79"

Max. Observed Rainfall Amount: 18.50"

Number of Stations: 1272 (874 Daily, 173 Hourly, 51 Hourly Pseudo, and 174 Supplemental)

SPAS Version: 9.5

Basemap: PRISM 30-yr Mean (1971-2000) June Precipitation

Spatial resolution: 00:00:30 (~ 0.30 mi?)

Radar Included: No

Depth-Area-Duration (DAD) analysis: Yes

Page 272 of 326

Reliability of results: This analysis was based on hourly data, daily data, supplemental station data and

bucket survey data from the USGS report. We have a high degree of confidence in the station based storm

total results, the spatial pattern is dependent on basemap, and the timing is based on hourly and hourly

pseudo stations.

Storm Rep. SST

Climatological Max. SST

SPAS Storm
ID

LON

LAT

ELEV_FT

ELEV
Round

Trans
Date

SST

Precip. Water
@ 30,000 ft

Precip. Water
@ Storm
Elev.

PW Lookup
Table Column

Moisture

SST

SST
Round

Precip. Water

predp. Water |

Elev.

PW Lookup

@ 30,000 ft Table Column

Moisture

IPMF

1276_1 -76.6208

40.5375

1,617

1,600

5-Jul

78.00

3.29

0.43

78

2.860

80.25

80.5

3.68 0.48

83

3.200

1.119
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Storm 1276- June 18 (0700 UTC) - June 25 (0600 UTC), 1972
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

A " Duration (hours)
rea (mi) = 3 6 12 18 2 3 48 72 % 120 144 168 | Total
0.4 2.90 5.62 8.10 10.74 12.96 14.25 16.13 16.89 17.69 17.73 18.31 18.69 18.72 18.72
1 2.88 5.60 8.08 10.67 12.86 14.14 16.01 16.76 17.55 17.58 18.17 18.56 18.58 18.58
10 269 557 7.99 10.51 12.59 13.86 15.70 16.44 17.19 17.21 17.83 18.19 18.22 18.22
25 247 555 790 10.44 12 40 13 64 1541 16.12 16.90 16.95 17.49 17 87 17 88 17.88
50 2.39 5.54 7.88 10.39 12.21 13.46 15.23 15.88 16.65 16.68 17.23 17.61 17.63 17.63
100 221 545 7.77 10.22 11.92 13.25 15.08 15.62 16.26 16.31 16.93 17.24 17.26 17.26
200 204 5.05 7.20 10.02 11.69 12.97 14.93 15.34 15.86 15.92 16.61 16.87 16.89 16.89
300 1.95 472 673 984 1155 12 81 1478 1518 15.64 15.70 16.42 16 .66 16 68 16.68
400 1.89 4.50 6.49 9.67 11.43 12.69 14.61 15.06 15.48 15.53 16.26 16.47 16.48 16.48
500 1.85 434 6.30 9.48 11.31 12.59 14.49 14.96 15.33 15.38 16.07 16.29 16.32 16.32
1,000 1.72 3.88 577 8.81 10.89 12.13 13.93 14.38 14.76 14.82 15.46 15.66 15.72 15.72
2,000 1.59 354 539 8.10 1019 11.44 13.08 13.60 14.00 14.08 1472 14 93 1500 15.00
5,000 1.32 297 4.58 6.86 8.78 10.06 11.66 12.32 12.78 12.90 13.45 13.67 13.76 13.76
10,000 1.02 2.30 3.66 5.98 7.39 8.59 1017 1091 11.48 11.60 12.07 12.27 12.37 12.37
20,000 0.66 156 2.72 4.75 6.11 7.1 5.66 9.45 1008 | 1023 | 1061 10.80 | 1090 | 10.90
50,000 0.32 082 158 299 4.05 4.99 6.52 728 7.97 816 8.47 8.64 8.75 8.75
77,770 0.22 0.57 1.12 2.10 2.95 3.73 4.94 5.58 6.30 6.46 6.76 6.97 7.05 7.05
SPAS #1276 DAD Curves Zone 2
June 18 - June 25, 1972
1,000,000
—a— 1-hour
—— 3-hour
100,000 - —=— B-hour
—+— 12-hour
10,000 - 18-hour
24-hour
E‘E 1,000 FEnour
E —= 48 -hour
=t e T 2-hOUT
100
—GG-hour
—=—120-hour
10 4 144-hour
168-hour
1 t o Total storm (168-
0 10 15 20 four)
Maximum Average Depth of Precipitation (inches)
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SPAS 1276 Storm Center Mass Curve Zone 2
June 18 (600UTC) to June 25 (500UTC), 1972

Incremental Precipitation (in)

2.0

0.5

0.0

Lat: 40.5375 Lon: -76.6208333333333

—| e |ncremental
—— Accumulated

Index Hour

18.79

150

Accumulated Precipitation (in)



Page 275 of 326

82'W 81°W 80°W 79'W 78°W T7T°W 76°W 75°W T4'W

45°N

agN 44N
4N 43N
42N 42°N
41°N 415N
40N 40°N
39N 39°N
b 38°N

37°N

37°N

80°W 79°'W 78W 7w 76°W

Total Storm (168-hr) Precipitation (inches)
June 18-24, 1972

SPAS 1276

Gauges

®  Daily

B Houly

E  Houly Pseudo Miles

0 40 30 160
¢ Supplementsl Kilometers
0 100 200 400

Precipitation (inches)

os58-100[]401-500[]801-900 [M12.01-13.00_]>16.00
[l 1.01-2.00[] 5.01-6.00[]9.01-10.00 [J]13.01-14.00
[Z]201-3.00[] 6.01-7.00 ] 10.01 - 11.00 [] 14.01 - 15.00
[C]301-4.00[]7.01-8.00 [l 11.01-12.00[]15.01-16.00

5152013



Source » at 40.54N 76.62 W

hPa
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 21 Jun 72
CDC1 Meteorological Data

06/21 06/20 06/19

Job ID: 186156 Job Start: Fri Jan 14 15:17:45 UTC 2022
Source 1 lat.: 40.537500 lon.: -76.620800 hgts: 0, 1160, 2790 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Jun 2072 - reanalysis
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SPAS 1276_2 Zerbe, PA Storm Analysis
June 18, 1972

Hysplit
® Surface ® 850mb © T00mb
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SPAS 1276_2 Zerbe, PA Storm Analysis
June 19, 1972

Hysplit
® Surface ® 850mb © T00mb
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Storm Precipitation Analysis System (SPAS) For Storm #1552 2
SPAS-NEXRAD Analysis

General Storm Location: Eastern Seaboard
Storm Dates: September 13, 1999 — September 17, 1999
Event: Hurricane Floyd
DAD Zone 2
Latitude: 37.2750
Longitude: -76.5550
Max. Grid Rainfall Amount: 19.22”
Max. Observed Rainfall Amount: 18.13” at Yorktown, VA

Number of Stations: 974 (430 Daily, 97 Hourly, 46 Hourly Pseudo, 1 Hourly Estimated Pseudo, 397

Supplemental, and 3 Supplemental Estimated)

SPAS Version: 10.0

Base Map Used: Continental United States 2-year 24-hour basemap (conus_0002y24h)
Spatial resolution: 0.3736

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: 397 supplemental stations were added to ensure the data matches what can actually
occur and that the data more closely resemble reports from this storm. Many of these stations were
incorporated from previous analyses of Hurricane Floyd (SPAS storms 1002 and 1012) along with other
storm data reports. Due to the orientation and integrity of the station data, three additional stations were
incorporated. Lack of hourly stations in east central North Carolina forced the creation of a radar estimated
hourly pseudo station to assist in timing and intensity. With the density of stations available for this storm
and with how closely the resulting SPAS analysis was to the storm data report, this analysis is deemed

quite reliable.

Storm Rep. SST Climatological Max. SST

Precip. Wat Precip. Wats
SPAS Storm LON LAT ELEV ELEV Trans ssT  [Precie: Water r:}";m;er PW Lookup Avail. SST SST  |precip. Water re@c‘zmr:\er PW Lookup Avail.
ID Round Date @ 30,000 ft Elev. Table Column|  Moisture Round | @30,000ft - Table Column| Moisture

IPMF

1552_2 -76.5550 [ 37.2750 0 0 1-Sep 78.00 3.29 0.00 78 3.290 82.00 82.0 3.95 0.00 86 3.950 1.201
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Storm 1552 - September 14 (0500 UTC) - September 17 (0400 UTC), 1999
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Py Duration (hours)
Area (mi") — 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 267 3.90 473 576 6.54 718 | 1319 | 1576 | 1813 | 1864 | 1918 | 1921 | 19.21
1 265 3.87 470 | 573 6.50 714 | 1312 | 1567 | 1803 | 1853 | 1907 | 1910 | 19.10
10 2 61 3.80 462 563 6.39 703 | 1293 | 1546 | 1777 | 1825 | 1880 | 1882 | 1882
25 260 378 454 556 6.23 593 | 1283 | 1537 | 1767 | 1814 | 1869 | 1871 | 1871
50 254 3.73 4.47 554 6.16 681 | 1256 | 1503 | 1744 | 1799 | 1848 | 1851 | 1851
100 244 3.66 4.42 544 6.03 667 | 1227 | 1468 | 1700 | 1768 | 1815 | 1817 | 1817
150 235 3.59 436 536 5.95 655 | 1205 | 1443 | 1683 | 1747 | 1792 | 1794 | 17.94
200 296 353 430 | 529 5.86 546 | 1190 | 1426 | 1660 | 1722 | 1767 | 1769 | 1769
300 211 3.41 420 | 518 574 630 | 1161 | 1399 | 1622 | 1686 | 1728 | 1734 | 17.34
400 2.00 3.30 410 | 507 5.62 519 | 1130 | 1377 | 1589 | 1654 | 1694 | 17.00 | 17.00
500 1.91 3.21 4.02 497 5.51 508 | 1119 | 1359 | 1563 | 1629 | 1666 | 1674 | 16.74
1,000 165 2.90 363 452 5.16 576 | 1052 | 1280 | 1489 | 1538 | 1566 | 1580 | 15.80
2,000 1.41 256 3.92 395 472 5.36 953 | 1189 | 1355 | 1424 | 1456 | 1479 | 1479
5,000 110 203 267 322 3.01 452 776 | 1000 | 1143 | 1231 | 1260 | 1281 | 1281
10,000 | 085 157 213 259 3.20 3.69 6.31 8.20 929 | 1010 | 1033 | 1051 | 1051
20,000 | 055 1.06 147 177 217 250 431 573 6.56 7.24 7.45 7.58 7.58
23,888 | 048 0.92 127 152 188 216 372 498 5.68 6.97 6.49 6.60 6.60

SPAS #1552 DAD Curves Zone 2
September 14-17, 1999

100,000

—— T-hour
——2Z-hour
—s=— 3-hour
10,000 - ——4-hour

S-hour

&-hour
—#—12-hour
1,000 7 =8 1 &-hour

—t— Z4-hour

——— 38-hour

Area (mi?)

100 —i— 43-hour
T2-hour

o Total storm (72-
hour}

10 4

Maximum Average Depth of Precipitation (inches)
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SPAS 1552 Storm Center Mass Curve Zone 2

September 14 (0500UTC) to September 17 (0400UTC), 1999
Lat: 37.275 Lon: -76.555

Incremental Precipitation (in)

- 20
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7300w 2700w 7100w

43°0'0°N 43°00N
200N P
£°00°N 41°00°N
40T00N S
S BOON
38°0'0°N: R
ITOOUN i
36°0'0°N 3B°00N
IEO0UN BTON
00N 340N
N 200w ‘ 81" o'ow 000w 79°00W T8O0W 0w 78'00W 7500w Taoow 7300w 72°00W 71'00W
A 375 75 150
Total 72-hour Precipitation (Inches) — w— il

September 14, 1999 0500 UTC - September 17, 1999 0500 UTC
SPAS #1552 - Hurricane Floyd

Precipitation (inches)

[ 0.00-1.00 [] 9.01-1000 [ 18.01-19.00
[ 1.01-2.00 [] 10.01-11.00 [l 19.01-20.00
[ 2.01-3.00 [] 11.01-12.00 [l 20.01-21.00
[ 3.01-4.00 [] 12.01-13.00 [[] 21.01-22.00
[[] 4.01-5.00 [] 13.01-14.00 [] 22.01-23.00
[]5.01-6.00 [] 14.01-15.00 [ ] 23.01-24.00
[] 6.01-7.00 [T] 15.01-16.00 [_] 24.01-25.00
[]7.01-8.00 [ 16.01-17.00

[[]801-9.00 ] 17.01-18.00

(]
a
a
a
®
(]

Stations

Daily

Hourly

Hourly Estimated Pseudo
Hourly Pseudo
Supplemental
Supplemental Estimated

WJIM 09/14/2015



hPa

Page 284 of 326

NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 16 Sep 99
CDC1 Meteorological Data

Source * at 37.28N 7656 W

09M3 0514 0913

Job 10 183518 Job Start: Mon Nov 9 21:37:24 UTC 2015
Source 1 lat.: 37 275000 lon.: -76.555000 hgts: 0, 1430, 3050 m AGL

Trajectory Direction: Backward Dwration: 72 hrs
Vertical Motion Calculation Method: Model Yertical Velocity
Meteorology: 00002 1 Sep 2099 - reanalysis
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SPAS 1552 Yorktown, VA Sea Surface Temperatures (F)
September 14, 1999
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SPAS 1552 Yorktown, VA Sea Surface Temperatures (F)
September 15, 1999
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Storm Precipitation Analysis System (SPAS) For Storm #1552 3

General Storm Location: Eastern Seaboard-Pompton Lake, NJ center

Storm Dates: September 13, 1999 — September 17, 1999

Event: Hurricane Floyd

DAD Zone 3

Latitude: 40.9950

Longitude: -74.2850

Max. Grid Rainfall Amount: 14.62”

Max. Observed Rainfall Amount: 14.45” at Pompton Lake, NJ

SPAS-NEXRAD Analysis

Number of Stations: 974 (430 Daily, 97 Hourly, 46 Hourly Pseudo, 1 Hourly Estimated Pseudo, 397

Supplemental, and 3 Supplemental Estimated)

SPAS Version: 10.0

Base Map Used: Continental United States 2-year 24-hour basemap (conus_0002y24h)

Spatial resolution: 0.3736

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: 397 supplemental stations were added to ensure the data matches what can actually

occur and that the data more closely resemble reports from this storm. Many of these stations were

incorporated from previous analyses of Hurricane Floyd (SPAS storms 1002 and 1012) along with other

storm data reports. Due to the orientation and integrity of the station data, three additional stations were

incorporated. Lack of hourly stations in east central North Carolina forced the creation of a radar estimated

hourly pseudo station to assist in timing and intensity. With the density of stations available for this storm

and with how closely the resulting SPAS analysis was to the storm data report, this analysis is deemed

quite reliable.
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Storm 1552 - September 14 (0500 UTC) - September 17 (0400 UTC), 1999
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

A Py Duration (hours)
rea (mi)— 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 2.59 3.96 477 5.79 6.42 7.37 13.04 13.64 13.83 14.60 14.61 14.61 14 .61
1 257 3.03 473 575 6.37 7.30 12.96 13.54 13.74 14.51 14.52 14.53 14.53
10 248 3.80 4.59 5.67 6.17 7.04 12.64 13.27 13.53 14.28 14.30 14.35 14.35
25 229 3.54 4.40 537 6.03 6.58 12.20 13.04 13.45 14.14 1417 14.28 14.28
50 2.08 3.26 413 5.10 5.91 6.29 11.74 12.69 13.08 13.76 13.82 14.23 14.23
100 1.88 2.96 3.84 483 5.69 6.12 11.05 12.12 12.48 13.21 13.59 14.12 14.12
200 1.67 2.67 3.59 452 5.40 5.91 10.29 11.52 11.90 12.74 13.14 13.76 13.76
300 1.54 2.51 347 436 523 579 9.87 11.17 11.59 12.49 12.77 13.43 13.43
400 1.44 2.40 3.38 425 5.1 5.71 9.64 10.96 11.38 12.31 12.59 13.17 13.17
500 1.41 2.35 3.29 417 5.02 5.65 955 10.81 11.22 12.19 12.46 12.97 12.97
1,000 1.30 2.23 3.1 3.93 475 543 924 10.37 10.79 11.82 12.03 12.38 12.38
2,000 1.15 2.05 2.90 368 4 47 519 8.83 9.90 10.33 11.38 11.56 11.78 11.78
5,000 0.96 1.79 2.53 3.29 3.99 4.69 8.00 9.14 9.57 10.48 10.62 10.75 10.75
10,000 0.81 1.57 2.24 288 3.52 410 71 830 8.75 9.56 9.69 9.78 9.78
20,000 0.63 1.23 1.80 2.3 2.86 3.35 5.84 7.04 7.45 8.19 8.32 8.40 8.40
37,520 0.40 0.78 1.17 1.51 1.88 222 413 508 553 6.24 6.35 6.53 6.53
SPAS #1552 DAD Curves Zone 3
September 14-17, 1999
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SPAS 1552 Storm Center Mass Curve Zone 3

September 14 (0500UTC) to September 17 (0400UTC), 1999
Lat: 40.995 Lon: -74.285
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September 14, 1999 0500 UTC - September 17, 1999 0500 UTC
SPAS #1552 - Hurricane Floyd

Precipitation (inches)

[ 0.00-1.00 [] 9.01-1000 [ 18.01-19.00
[ 1.01-2.00 [] 10.01-11.00 [l 19.01-20.00
[ 2.01-3.00 [] 11.01-12.00 [l 20.01-21.00
[ 3.01-4.00 [] 12.01-13.00 [[] 21.01-22.00
[[] 4.01-5.00 [] 13.01-14.00 [] 22.01-23.00
[]5.01-6.00 [] 14.01-15.00 [ ] 23.01-24.00
[] 6.01-7.00 [T] 15.01-16.00 [_] 24.01-25.00
[]7.01-8.00 [ 16.01-17.00

[[]801-9.00 ] 17.01-18.00
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 16 Sep 99
CDC1 Meteorological Data

2% 0 (T e LV 4

7429 W

Source * at 4099 N

-
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T
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0916 09Ma 0914

Job ID: 185954 Job Start: Mon Nov 9 21:56:50 UTC 2015
Source 1 lat.: 40995000 lon.: -74 255000 hgts: 0, 1280, 2890 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Sep 2099 - reanalysis
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SPAS 1552 Pompton Lake, NJ Sea Surface Temperatures (F)
September 14, 1999
3 o =

#

Storm Center ’.‘ &
40.99 N, 74.29 W —..;--’-

Hysplit 0 05 410 220
@ Surface ® B850mb e T0Omb



Page 293 of 326

SPAS 1552 Pompton Lake, NJ Sea Surface Temperatures (F)
September 15, 1999
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Storm Precipitation Analysis System (SPAS) For Storm #1552 4

General Storm Location: Eastern Seaboard-Cairo, NY center

Storm Dates: September 13, 1999 — September 17, 1999

Event: Hurricane Floyd

DAD Zone 4

Latitude: 42.2950

Longitude: -74.0050

Max. Grid Rainfall Amount: 11.71”

Max. Observed Rainfall Amount: 11.74” Cairo, NY

SPAS-NEXRAD Analysis

Number of Stations: 974 (430 Daily, 97 Hourly, 46 Hourly Pseudo, 1 Hourly Estimated Pseudo, 397

Supplemental, and 3 Supplemental Estimated)

SPAS Version: 10.0

Base Map Used: Continental United States 2-year 24-hour basemap (conus_0002y24h)

Spatial resolution: 0.3736

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: 397 supplemental stations were added to ensure the data matches what can actually

occur and that the data more closely resemble reports from this storm. Many of these stations were

incorporated from previous analyses of Hurricane Floyd (SPAS storms 1002 and 1012) along with other

storm data reports. Due to the orientation and integrity of the station data, three additional stations were

incorporated. Lack of hourly stations in east central North Carolina forced the creation of a radar estimated

hourly pseudo station to assist in timing and intensity. With the density of stations available for this storm

and with how closely the resulting SPAS analysis was to the storm data report, this analysis is deemed

quite reliable.
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Storm 1552 - September 14 (0500 UTC) - September 17 (0400 UTC), 1999
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

A Py Duration (hours)
rea (mi)— 2 3 4 5 6 12 18 24 36 48 72 Total
0.4 1.48 246 3.40 421 522 6.28 9.47 10.74 11.51 11.97 12.03 12.18 12.18
1 1.46 245 3.37 418 517 6.23 9.39 10.67 11.43 11.00 11.06 12.11 12.11
10 1.42 240 3.27 411 5.05 6.04 9.18 10.47 11.22 11.69 11.78 11.93 11.93
25 1.38 2.38 3.21 402 4.05 593 9.05 10.30 10.05 11.43 11.54 11.70 11.70
50 1.35 233 3.13 3.93 4.86 582 8.91 10.11 10.66 11.24 11.34 11.50 11.50
100 1.30 222 2.99 384 471 5.66 8.77 9.88 10.36 10.90 11.07 11.20 11.20
150 1.26 214 2.90 3.74 463 553 8.62 973 10.15 10.68 10.88 11.00 11.00
200 1.22 2.08 2.83 365 4.54 544 8.47 957 9.98 10.49 10.70 10.81 10.81
300 1.16 1.98 2.71 3.50 4.39 527 8.18 925 9.63 10.14 10.34 10.46 10.46
400 111 1.01 282 3.39 4.27 512 7.93 897 9.35 9.87 10.07 10.19 10.19
500 1.08 1.86 2.55 3.29 416 497 7.72 8.75 9.1 9.67 9.84 9.96 9.96
1,000 0.96 1.60 2.35 297 370 4.40 7.00 801 842 8.95 911 922 922
2,000 0.77 1.46 211 2 66 3.28 3.90 6.23 7.15 7.49 7.99 8.18 8.28 8.28
5,000 0.61 1.19 1.70 217 262 310 5.04 581 6.16 6.66 6.86 6.08 6.98
7,500 0.53 1.05 1.50 1.92 2.3 274 4.46 515 5.54 6.10 6.27 6.39 6.39
10,000 0.45 0.90 1.28 1.64 1.97 2.34 3.85 450 4.98 5.59 579 5.02 592
SPAS #1552 DAD Curves Zone 4
September 14-17, 1999
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SPAS 1552 Storm Center Mass Curve Zone 4

September 14 (5UTC) to September 17 (1500UTC), 1999
Lat: 42.295 Lon: -74.005
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September 14, 1999 0500 UTC - September 17, 1999 0500 UTC
SPAS #1552 - Hurricane Floyd

Precipitation (inches)

[ 0.00-1.00 [] 9.01-1000 [ 18.01-19.00
[ 1.01-2.00 [] 10.01-11.00 [l 19.01-20.00
[ 2.01-3.00 [] 11.01-12.00 [l 20.01-21.00
[ 3.01-4.00 [] 12.01-13.00 [[] 21.01-22.00
[[] 4.01-5.00 [] 13.01-14.00 [] 22.01-23.00
[]5.01-6.00 [] 14.01-15.00 [ ] 23.01-24.00
[] 6.01-7.00 [T] 15.01-16.00 [_] 24.01-25.00
[]7.01-8.00 [ 16.01-17.00

[[]801-9.00 ] 17.01-18.00

(]
a
a
a
®
(]

Stations

Daily

Hourly

Hourly Estimated Pseudo
Hourly Pseudo
Supplemental
Supplemental Estimated

WJIM 09/14/2015



hPa

NOAA HYSPLIT MODEL

Page 298 of 326

Backward trajectories ending at 1200 UTC 16 Sep 99

CDC1 Meteorological Data
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Job 102 185954 Job Start: Mon Nowv 9 21:56:50 UTC 2015

Source 1 lat.: 40.995000 lon.: -74.285000 hgts: 0, 1250, 2890 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
YVertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Sep 2099 - reanalysis
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SPAS 1552 Cairo, NY Sea Surface Temperatures (F)
September 14, 1999
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SPAS 1552 Cairo, NY Sea Surface Temperatures (F)
September 15, 1999
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Storm Precipitation Analysis System (SPAS) For Storm #1535 2
SPAS-NEXRAD Analysis

General Storm Location: Upper Sherando, VA-Mid-Atlantic States — Hurricane Isabel
Storm Dates: September 17 — September 20, 2003
Event: Hurricane Isabel
DAD Zone 2
Latitude: 37.9125
Longitude: -79.0292
Max. Grid Rainfall Amount: 20.22”
Max. Observed Rainfall Amount: 20.20” at Upper Sherando, VA
Number of Stations: 1085 (681 Daily, 157 Hourly, 51 Hourly Pseudo, and 196 Supplemental)
SPAS Version: 10.0
Basemap: Mean annual maximum 48-hour precipitation associated with MLCs
Spatial resolution: 0.2606
Radar Included: Yes
Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: One Hundred ninety-six supplemental stations were added to ensure the data
matches what can actually occur and that the data more closely resemble reports from this storm. Due to
the orientation and integrity of the station and radar data, these stations were retained to depict the storm
precipitation pattern and intensity. A radar beam blockage mask was applied for regions of the storm
domain where radar coverage was not available along with blocked radar beams from the Appalachian
Mountains. With the density of stations available for this storm and with how closely the resulting SPAS
analysis was to the storm data report, this analysis is deemed quite reliable.

Storm Rep. SST Climatological Max. SST

ip. Precip.
SPAS Storm LON LAT ELEV FT ELEV Trans ssT  [Precie: Water prz;:‘::er PW Lookup Avail. ST SST  |precip. Water re@ﬂztz\::er PW Lookup Avail.
D - Round Date @ 30,000 ft cley, | Table Column| Moisture Round | @30000ft fley. |Table Column|  Moisture

IPMF

1535_2 -79.0290 | 37.9125 2,294 2,300 3-Sep 80.50 3.68 0.67 83 3.010 83.23 83.0 4.12 0.70 88 3.420 1.136
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Storm 1535- September 18 (0000 UTC) - September 19 (2300 UTC), 2003
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

3 Duration (hours)

Area (mi') [ 2 3 4 5 6 12 24 36 48 Total
0.4 3.24 6.45 8.71 10.33 11.94 13.55 19.13 20.14 20.16 20.16 20.16
1 3.21 6.41 8.66 10.26 11.87 13.47 19.00 20.01 20.02 20.02 20.02
10 3.13 6.23 8.44 10.02 11.56 13.11 18.48 19.48 19.49 19.49 19.49
25 294 584 7.94 9.42 10.87 12.33 17.39 18.33 18.34 18.34 18.34
50 265 525 7.18 852 9.82 11.15 15.74 16.60 16.61 16.59 16.59
100 226 443 6.15 7.33 8.45 9.59 13.54 14.30 14.31 14.31 14.31
200 1.85 3.70 511 6.09 7.02 798 11.33 12.01 12.04 12.04 12.04
300 165 3.29 455 542 6.26 712 10.17 10.82 10.86 10.86 10.86
400 1.52 3.03 419 499 577 6.54 9.40 10.06 10.11 10.11 10.11
500 1.42 284 3.93 469 5.42 6.13 8.84 9.51 9.56 9.57 9.57

1,000 1.17 232 3.25 3.89 450 5.06 7.36 7.98 8.05 8.06 8.06
2,000 0.96 1.89 269 3.25 3.76 421 6.30 6.85 6.91 6.91 6.91
5,000 0.70 1.37 2.00 244 2.81 324 511 562 568 568 568
10,000 0.52 0.99 1.44 1.87 219 255 4.00 452 460 460 460
20,000 0.34 0.63 0.95 1.21 1.45 1.73 299 3.59 3.66 3.67 3.67
50,000 0.19 0.35 0.53 0.67 0.84 0.97 1.62 204 212 214 214
71,969 0.13 0.25 0.37 0.49 0.61 073 1.27 1.58 1.64 1.66 1.66
SPAS #1535 DAD Curves Zone 2
September 18 - 19, 2003
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SPAS 1535 Storm Center Mass Curve: Zone 2
September 18 (0000 UTC) - September 19 (2300 UTC), 2003

Lat: 37.9125 Lon: -79.0292
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 19 Sep 03
CDC1 Meteorological Data

0918 oanv D916

Job 1D: 152602 Job Start: Wed Aug 19 18:58:10 UTC 2015
Source 1 lat.: 37.912500 lon.: -79.025200 hgts: 0, 1050, 2660 m AGL

Trall[tia-ctc- Direction: Backward  Duration: 72 hrs )
WVertical on Calculation Method:  Model Vertical Velocity
Meteorology: 00002 1 Sep 2003 - reanalysis
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SPAS 1535 Upper Sherando, VA Sea Surface Temperatures (F)
September 18, 2003
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Storm Precipitation Analysis System (SPAS) For Storm #1551 1
SPAS-NEXRAD Analysis

General Storm Location: Virginia, North Carolina, Maryland
Storm Dates: August 30-31, 2004
Event: Convective/Remnants of Hurricane Gaston
DAD Zone 1
Latitude: 37.705
Longitude: -77.375
Max. Grid Rainfall Amount: 14.38”
Max. Observed Rainfall Amount: 12.60” at Richmond, VA

Number of Stations: 199 (108 Daily, 46 Hourly, 14 Hourly Pseudo, 1 Hourly Estimated Pseudo and 30
Supplemental)

SPAS Version: 10.0

Basemap: us_ppt_in_map_1961 1990 usda_northamerica
Spatial resolution: 00:00:36

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: This analysis was based on several hourly data, daily data, supplemental station
data and one hourly estimated pseudo station. We have a good degree of confidence for the station
based storm total results. The spatial pattern is dependent on the basemap
(us_ppt_in_map_1961 1990 _usda_northamerica). The radar data was also excellent with very little beam
blockage. There is a high degree of confidence with the timing based on the several hourly and hourly
pseudo stations. Some daily stations were moved to supplemental due to timing issues or removed due
to erroneous storm precipitation observations. A couple hourly stations were changed to hourly pseudo
stations due to values being too low (affecting the integrity of the spatial pattern) when compared to

nearby hourly stations.

Storm Rep. SST Climatological Max. SST

Precip. Wat Precip. Wats
SPAS Storm o T IR ELEV Trans ssT  [Prech Water 'Z"ZW:‘H PW lookup | Avail. T SST  |precip. Water 'e@”:m:“e' PW Lookup | Avail.
ID Round Date @ 30,000 ft Elov. Table Column| Moisture Round | @30,000ft Elev. Table Column | Moisture

IPMF

1551_1 -77.3750 [ 37.7050 182 200 15-Aug 81.00 877 0.06 84 3.710 82.50 82.5 4.03 0.06 87 3.970 1.070




Storm 1551 - August 30 (1400 UTC) - August 31 (0700 UTC), 2004
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Page 308 of 326

3 Duration (hours)
Area (mi) = 2 3 4 5 6 12 18 Total
0.4 556 8.98 1077 11.99 13.12 13.65 14 .36 14 37 14.37
1 551 8.91 10.68 11.90 13.00 13.53 14 26 14 .26 14.26
10 534 875 10.49 11.68 12 .64 13.17 14.00 14 .00 14.00
25 516 8.49 10.21 11.35 12.25 12.79 13.67 13.69 13.69
50 4 89 8.09 975 10.81 11.70 12.23 13.25 13.27 13.27
100 4 49 7.44 8.96 993 1077 11.37 12 65 12 .67 12.67
150 423 7.01 8.43 9.32 10.17 10.84 12.16 1217 12.17
200 4.01 6.71 8.05 8.90 9.72 10.43 11.75 M.77 11.77
300 3.65 6.14 7.38 8.21 9.01 9.89 11.10 11.12 11.12
400 3.36 5.68 6.83 7.67 8.49 9.36 10.61 10.63 10.63
500 3.09 5.28 6.36 7.20 8.10 8.96 10.22 10.25 10.25
1,000 222 3.66 4 69 549 6.52 7.31 8.94 8.99 8.99
2,000 1.50 258 3.24 3.91 4 86 561 7.52 7.59 7.59
5,000 0.91 1.59 1.99 258 3.05 3.59 525 547 5.47
10,000 0.55 0.97 1.28 1.73 2.06 2.36 3.65 398 3.98
20,000 0.31 0.59 0.78 0.96 1.18 1.38 233 274 2.74
35,657 0.18 0.34 0.46 0.58 0.71 0.87 1.53 1.81 1.81
SPAS #1551 DAD Curves Zone 1
August 30-31, 2004
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Incremental Precipitation (in)

SPAS 1551 Storm Center Mass Curve Zone 1

August 30 (1400UTC) to August 31 (0700UTC), 2004
Lat: 37.705 Lon: -77.375
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SPAS 1551 Richmond, VA Storm Analysis
August 29-30, 2004
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Storm Precipitation Analysis System (SPAS) For Storm #1224 1
SPAS-NEXRAD Analysis

General Storm Location: Maplecrest, NY-Northern New Jersey, southeastern New York, extreme eastern

Pennsylvania, western Connecticut, western Massachusetts and southwestern Vermont.
Storm Dates: Aug. 27, 2011 12Z - Aug. 29, 2011 05Z (42-hours)
Event: Hurricane Irene
DAD Zone 1 — Catskills and portions of south-western NY
Latitude: 42.30
Longitude: -74.16
Max. Grid Rainfall Amount: 22.91”

Max. Grid Rainfall Amount: 10.96”
* Note: The DAD zone 3 storm center is situated on the eastern boundary of the DAD zone and should be considered

carefully given entire storm around the center was NOT analyzed.

Number of Stations: 797 (1 Daily**, 228 Hourly, 0 Hourly Estimated, 0 Hourly Estimated Pseudo, 71 Hourly
Pseudo, 493 Supplemental, and 4 Supplemental Estimated) * Note: The DAD zone ** Note: Given the recentness

of this storm event, daily data from our internal/NCDC-based database was not available.
SPAS Version: 9.0

Basemap: PRISM Mean (1971-2000) August precipitation

Spatial resolution: 36 seconds (~0.36 mi?)

Radar Included: Yes

Depth-Area-Duration (DAD) analysis: Yes

Reliability of results: Given the largely unblocked, clean and QC’d radar data coupled with extensive

gauge data, we have a high degree of confidence in the results of this analysis.

Storm Rep. SST Climatological Max. SST

Precip. Wat Precip. W
sPAsstorm| | g | eV Trans s [Preco water 'e@"'zmr:‘er PW Lookup | Avail. & SST  [precip. Water 'e@”sz:e' PW Lookup | Avail.
ID - Round Date @ 30,000 ft Elev. Table Column|  Moisture Round | @30000ft Elev. Table Column|  Moisture

IPMF

1224 1 -74.1600  42.3000 2,264 2,300 15-Aug 81.50 3.86 0.68 85 3.180 83.32 83.5 4.21 0.71 89 3.500 1.101
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Storm 1224 - August 27 (1200 UTC) - August 29 (0500 UTC), 2011

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Area (mi Duration (hours)
(mi°) 1 2 3 6 12 18 24 36 42 Total
0.4 2.92 5.44 7.84 14.11 21.24 22.14 22.79 22.89 22.89 22.89
1 2.89 539 7.74 13.96 21.05 21.96 22 63 2272 2272 2272
10 275 5.09 7.28 13.16 2014 21.06 21.76 21.84 21.84 21.84
25 2.59 4.71 6.72 12.25 18.89 19.79 20.46 20.57 20.57 20.57
50 239 427 6.04 11.03 17.26 18.15 18.88 19.05 19.05 19.05
100 212 3.75 526 9.43 15.27 16.14 16.90 17.07 17.07 17.07
150 1.93 343 478 861 1418 15.03 15.76 15.93 1593 1593
200 1.79 321 4.47 8.08 13.46 14.29 15.00 1517 1517 1517
300 1.61 29 403 7.34 12.46 13.25 13.94 1410 14.10 14.10
400 1.48 2.69 3.73 6.83 11.80 12.56 13.20 13.36 13.36 13.36
500 1.38 2.52 3.591 6.47 11.19 11.98 12.66 12.82 12.82 12.82
1,000 1.1 2.06 288 5.30 9.37 1017 10.68 10.86 10.86 10.86
2,000 0.88 1.67 235 431 7.66 8.42 8.83 9.01 9.01 9m
5,000 0.63 1.21 1.71 318 570 6.47 6.77 6.95 6.95 6.95
10,000 0.46 0.89 1.29 247 4 46 517 540 557 557 557
11,085 0.44 0.85 1.23 2.36 426 493 514 529 530 5.30
SPAS #1224 DAD Curves Zone 1
August 27-28, 2011
100,000
—a— 1-hour
——2-hour
10,000 A —— 3-hour
S-hour
12-hour
1,000 - 18-hour
% ——24-hour
E —=— 36-hour
<t 100 -
42-hour
o Total storm (42-
hour}
10 A
1
0

Maximum Average Depth of Precipitation (inches)
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Incremental Precipitation (inches)

SPAS 1224 Storm Center Mass Curve: Zone 1
August 27 (1200 UTC) to August 29 (0500 UTC), 2011
Lat: 42 290 Lon:-74.130
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 28 Aug 11
CDC1 Meteorological Data

—— % —— T Va3
f LN foe, o K Y
=N D L)

Source v at 4231 N 7417 W

-50
700 700
750
800
850 850
900
951 950
1000
og 00 18 12 08 0O 18 12 o086 00 18 12
08/28 08/27 08/26
This is not a MOAA product. |t was produced by a web user.
Job |D: 346006 Job Start: Tue Sep 25 20:29:31 UTC 2012
Sowrce 1 lat.: 42,31 lon.: -74.17 hgts: 0, 970, 2600 m AGL
Trajectory Direction: Backward uration: 72 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Aug 2011 - reanalysis
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SPAS 1224 Maplecrest, NY Hurricane Irene Storm Analysis
August 27, 2011
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Storm Precipitation Analysis System (SPAS) For Storm #1891 1

Storm analysis domain:

Storm dates:

SPAS-NEXRAD Analysis
45.0,-83.0,36.0,-69.0
August 30 — September 3, 2021

Event: Hurricane Ida

SPAS version: 10.0 (See Appendix A for a brief description of SPAS)
Base map used: 90/10 weighted Radar vs. Basemap

Grid cell resolution (sgmi): 0.3618

Radar included: Yes

Number of stations:

3316 stations

. No. of
*
Gauge Type Description Abbr. stations
Hourly Hourly gauges with complete Qr_negrly complete, incremental hourly H 311
precipitation data
Hourly estimated Hourly gauges with some estimated hourly values, but otherwise reliable HE 0
Hourly pseudo Ho.urly gagges W't.h rellaple temporal pre0|p|t.at|on data, but the magnitude HP 12
is questionable in relation to co-located daily or supplemental gauges
Hourly estimated Combination of hourly estimated and hourly pseudo HEP 3
pseudo
Daily Daily gauge with complete data and known observation times D 2708
Daily estimated Daily gauges with some or all estimated data DE 0
Supplemental Gauges with unknown or |rr(_eg.ula.r observation times, but reliable s 281
precipitation data
Supplemental Gauges with estimated precipitation values based on other information such SE 1
estimated as radar, pre-existing total storm isohyetal maps or public storm reports

Reliability of results:
This analysis was based on 3316 hourly stations, daily data and supplemental station data. We have a good
degree of confidence for the station based storm total results. The spatial pattern is fully dependent on the
radar grids, basemap and gauge stations. Timing is based on hourly and hourly pseudo stations. Several daily
stations were moved to supplemental due to timing issues and to ensure data consistency.

Domain and Data:
SPAS storm number: 1891
Lat/Lon box: 45.0,-83.0,36.0,-69.0
Begin date: 8/30/2021 for hourly stations, 8/31/2021 for daily
End date: 9/3/2021
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Number of hours (for hourly data): 120
Number of days (for daily data): 5

RADAR:
Begin date: 8/31/2021 1000 UTC - 9/2/2012 1300 UTC
Number of Radar hours: 52

Results:
The results of this analysis are provided among several deliverables in separate files. Appendix B contains

a list of deliverables associated with this analysis.

Miscellaneous notes:

Radar grids provided good coverage for this analysis. However, there were a few small areas with noticeably high
values that were obviously an artifact, so a beam blockage mask was created to correct those. Several stations showing
up as outliers with significantly lower precip were removed across the whole domain. With the large amount of data,
doing this did not have much impact on the overall total storm. A couple of hourly estimated pseudo stations were
created through radar estimated values in places where hourly maximum intensities were in question. Doing so helped
the maximum intensities be closer to actual observed intensities whether that be through the station data or articles

found online.
Storm Rep. Dew Point Climatological Max. Dew Point
ELEV Trans Precip. Water Predp. Water) Lookup Avail. Precip. Water Predp. Water) Lookup Avail.
L ey Round Date Ta @ 30,000 ft @Es‘tetr_m Table Column|  Moisture Ta TaRound I g 30,000 @;;3r_m Table Column | Moisture IRIP
39.9750 258 300 18-Aug 78.00 3.29 0.08 78 3.210 80.00 80.0 3.60 0.09 82 3.510 1.093
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Storm 1891 - August 31 (1000 UTC) - September 2 (1300 UTC), 2021

MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

2 Duration (hours)
Area (mi®),
1 2 3 4 5 6 12 24 36 48 52 Total
0.4 4.08 6.08 7.52 8.16 8.46 8.97 9.76 10.27 10.28 10.28 10.28 10.28
1 4.04 6.04 7.46 5.08 5.40 5.90 9.69 10.20 10.20 10.21 10.21 10.21
10 3.83 592 7.19 7.79 8.23 8.72 9.44 9.98 10.02 10.02 10.02 10.02
25 3.70 575 6.94 7.53 5.06 5.56 9.21 9.74 9.78 9.79 9.79 9.79
50 3.59 547 6.74 7.34 7.9 5.42 9.03 9.55 9.60 9.62 9.62 9.62
100 341 5.37 6.52 77 1.75 8.27 8.85 9.34 9.38 9.40 9.40 9.40
150 3.29 523 6.40 7.06 7.63 5.16 8.74 9.22 9.26 9.28 9.28 9.28
200 3.22 511 6.27 6.98 7.56 8.08 .66 9.13 9.18 9.19 9.19 9.19
300 3.06 4.90 6.08 6.84 742 7.94 8.53 8.98 9.03 9.05 9.06 9.06
400 2.89 473 593 6.72 7.30 7.82 843 8.87 8.92 8.94 8.94 8.94
500 274 4.59 5.78 6.62 7.21 1.73 8.34 8.76 8.83 .54 8.85 8.85
1,000 232 403 524 6.17 6.79 7.28 8.00 8.41 847 5.48 8.48 8.48
2,000 1.90 3.33 4.49 543 6.12 6.61 7.51 7.96 §.02 8.03 8.03 8.03
3,500 1.56 2.81 3.87 472 5 594 6.98 7.50 7.58 7.60 7.60 7.60
5,000 1.36 247 3.46 427 490 542 6.56 7.19 7.29 7.30 7.32 7.32
7,500 1.13 212 298 3.73 430 478 6.07 6.83 6.95 6.98 6.99 6.99
10,000 1.00 1.86 2.65 3.3 3.87 433 568 6.57 6.69 6.73 6.74 6.74
15,000 0.54 1.53 2.16 2.73 3.24 3.61 5.16 6.22 6.35 6.39 6.40 6.40
20,000 0.74 1.33 1.87 235 282 3.22 478 594 6.12 6.16 6.17 617
35,000 0.47 0.97 1.37 177 215 249 3.95 5.30 5.52 5.56 5.58 5.58
50,000 0.36 0.76 1.09 143 177 207 3.35 474 5.00 5.06 5.08 5.08
75,000 027 0.53 0.76 0.99 1.24 147 263 3.94 426 4.35 438 438
100,000 0.20 0.41 0.59 0.77 0.98 1.13 2.08 3.34 3.70 3.81 3.84 3.84
189,402 012 0.23 0.33 0.43 0.54 0.64 1.15 2.0 234 243 245 245
SPAS #1891 DAD Curves Zone 1
August 31 - September 2, 2021
1,000,000
—+—1-hour
——2-hour
5 —— 3-hour
100,000 4% e ahour
S-hour
&-hour
10,000 - —p—12-hour
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:_E_ 1,000 —&—42-hour
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SPAS 1891 Storm Center Mass Curve Zone 1

August 31 (1000UTC) to September 2 (1300UTC), 2021
Lat: 39.975 Lon: -75.665
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NOAA HYSPLIT MODEL

Backward trajectories ending at 1800 UTC 01 Sep 21

CDC1 Meteorological Data
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Job ID: 151706 Job Start: Tue Apr 4 20:15:59 UTC 2023

Source 1 lat.: 39.975000 lon.: -75.665000 hgts: 0, 1290, 2910 m AGL

Trajectory Direction: Backward  Duration: 72 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Aug 2021 - reanalysis
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SPAS 1891 Downington, PA Dew Point Temperatures (F)
September 1, 2021
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