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Agenda 
 Ø Objective	
Ø Overview	of	the	July	1942	Storm	and	Flood	
Ø Modeling	Approach	and	Calibration	
Ø Review	of	Available	Flood	Information		
Ø Lessons	Learned	regarding	Rainfall	
Ø Questions	
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Location 
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Background 
 Ø World-record	rainfall	for	the	3-	and	4.5-hour	

durations	at	28.5	and	30.8	inches,	respectively.			
Ø July	1942	Smethport	controlling	of	PMP	depths	
particularly	for	shorter	durations	and	small	area	
sizes.	

Ø Reanalysis/verification	needed	to	ensure	depths	
are	as	accurate	as	possible	
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Objective 
 Ø To	validate	precipitation	data	for	the	July	1942	storm,	a	

hydrologic/hydraulic	analysis	will	be	conducted	for	the	
headwater	portion	of	the	Allegheny	River	watershed.	

Ø The	purpose	is	to	essentially	reenact	or	reproduce	the	July	
1942	flood	and	corroborate	the	recorded	rainfall	or	provide	
explicit	evidence	that	would	support	updated	rainfall	
accumulation	depth,	timing,	and/or	spatial	distributions.	

Ø The	ultimate	objective	is	to	identify,	quantify,	and	isolate	
areas	where	the	recorded	rainfall	is	inaccurate	and	resolve	
discrepancies	to	produce	the	most	accurate	precipitation	
information	possible.	
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Overview of the July 1942 Storm and Flood 
 

Port	Allegany	
(location	of	
most	intense	

rainfall)	
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Overview of the July 1942 Storm and Flood 
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Overview of the July 1942 Storm and Flood 
 Ø The	record-setting	rainfall	occurred	at	
Port	Allegany.		A	key	observation	stated:	
•  This	jar	was	set	out	about	7:45	a.	m.	[on	

July	18,	1942];	it	filled	with	rain	for	a	catch	
of	30.8	inches,	and	then	overflowed.	
Considering	the	unmeasured	rainfall	prior	
to	7:45	a.	m.	and	the	unknown	amount	
lost	by	overflow,	it	would	appear	that	the	
rainfall	at	this	point	was	at	least	35	
inches.	



ASDSO	–	Dam	Safety	2018	 9	

Overview of the July 1942 Storm and Flood 
 Ø Greatest	flows	ever	recorded	in	the:	
•  Upper	Allegheny	River	basin	
•  Upper	part	of	Clarion	River	basin	
•  Driftwood	Branch	Sinnemahoning	Creek	
•  First	Fork	Sinnemahoning	Creek	
•  Karr	Valley	Creek	

Ø Flows	diminished	in	the	lower	reaches	of	major	streams	
Ø Peak	discharge	at	Port	Allegany,	PA	was	77,000	cfs,	at	
Eldred,	PA	the	peak	was	55,000	cfs,	and	only	45,300	cfs	
at	Red	House,	NY.		The	drainage	area	at	Red	House	is	
approximately	6	times	greater	than	at	Port	Allegany.	

Ø Hardest	hit	areas	were	Port	Allegany,	Coudersport,	
Smethport,	Eldred,	Portville,	and	Austin	
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Overview of the July 1942 Storm and Flood 
 

July	1942	flood	had	its	
greatest	impact	in	watersheds	
less	than	approx.	500	mi2	
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Overview of the July 1942 Storm & Flood - Port Allegany 
 



ASDSO	–	Dam	Safety	2018	 12	

Overview of the July 1942 Storm & Flood - Coudersport 
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Flood Model Development 
 

Model	Domain	
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Flood Model Development 
 Ø The	flooding	analysis	of	the	1,780	mi2	watershed	was	

accomplished	using	complementary	models	designed	to	
make	optimal	use	of	current	computational	capacity.	

Ø The	entire	study	domain	was	modeled	using	the	USACE’s	
HEC-HMS	software.	

Ø As	part	of	the	calibration	process,	the	Unit	Hydrograph	in	
the	HEC-HMS	model	was	adjusted	to	reconcile	the	
hydrograph	from	the	2D	hydrologic/hydraulic	models	and	
account	for	a	non-linear	watershed	response	in	the	
calibration	events.	
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Flood Modeling Development 
 



ASDSO	–	Dam	Safety	2018	 16	

Flood Model Development 
 Ø  To	supplement	the	HEC-HMS	model	for	the	more	critical	areas,	distributed,	

2-dimensional	(2D)	watershed	models	were	developed	for	three	(3)	sub-
watersheds	within	the	study	domain:	
•  Upper	Allegheny	River	watershed	Port	Allegany,	PA	
•  Oswayo	Creek	watershed	to	its	confluence	with	the	Allegheny	River,	and	
•  Tunungwant	Creek	watershed	to	its	confluence	with	the	Allegheny	River.	

Ø  These	are	the	sub-watersheds,	particularly	the	watershed	to	Port	Allegany,	
where	the	most	extreme	rainfall	measurements	were	recorded.	

Ø  A	distributed	2D	modeling	approach	has	advantages	over	conventional	
lumped	and	semi-distributed	hydrologic	models	(e.g.,	HEC-HMS).	The	
distributed	2D	modeling	approach	is	physically-based,	making	it	flexible	in	
modeling	hydrologic	and	hydraulic	responses	to	rainfall	events	of	various	
magnitudes,	intensities,	spatial	distributions,	and	temporal	distributions.	
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Flood Model Development 
 Ø  Another	important	consideration	in	using	the	2D	approach	is	

reducing	concerns	over	the	use	of	generic	non-linearity	Unit	
Hydrograph	adjustments	in	a	lumped	model,	which	introduces	an	
unknown	level	of	inaccuracy.		

Ø Mesh	sizes	were	kept	relatively	small	(25	ft	to	60	ft,	with	an	average	
distance	between	the	mesh	nodes	of	46	ft)	to	maintain	accuracy,	
particularly	to	limit	the	artificial	retention	of	runoff	in	the	
watershed.	

Ø  RiverFlow-2D	(Hydronia)	was	the	software	chosen	for	the	3	sub-
watersheds.	
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Flood Model Development 
 Ø Downstream	of	Port	Allegany	PA,	2D	hydraulic	

modeling	was	developed	using	the	USACE	HEC-
RAS-2D	(version	5.0.4),	with	the	HEC-HMS	and	
RiverFlow-2D	models	providing	the	inflow	at	the	
boundaries.		

Ø The	HEC-RAS	model	provided	the	ability	to	more	
accurately	account	for	river	and	floodplain	
attenuation,	flood	data	for	comparison	with	high-
water	observations,	and	to	dynamically	link	with	
the	numerous	inflow	locations.		
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Flood Model Development 
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Flood Model Development 
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Flood Model Development 
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Flood Modeling – Calibration 
 Ø The	1972	“Tropical	Storm	Agnes”	flood	was	the	

primary	calibration	storm	due	to	its	significant	
effect	on	the	region	and	reliability	of	precipitation	
and	flood	data.	

Ø Two	warm-season	floods	after	1996	(2004	and	
2014)	were	used	as	verification	storms.	

Ø Post-1996	floods	allowed	the	use	of	the	NEXRAD	
data,	providing	a	more	reliable	and	comprehensive	
understanding	of	the	spatial	and	temporal	
distribution	for	the	calibration	storms.	
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Flood Modeling – Calibration 
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Flood Modeling – Calibration 
 

Date/Time
Peak	

Discharge	
(cfs)

Peak	WSEL	
(ft,	NGVD29)

Date/Time
Peak	

Discharge	
(cfs)

Peak	WSEL	
(ft,	NAVD88)

Peak	WSEL	
(ft,	NGVD29)

Coudersport	(US	Rt	6	Br) 5,790 1653.1 6/23/72	12:00	AM 6,348 1655.0 1655.4
Coudersport	(Mill	Creek) 3,490 2,865

298.3 Roulette	(Fishing	Cr	Rd	Br) 1527.6 1529.2 1529.7
295.1 Burtville	PA	(Kim	Hill	Rd	Br) 1509.7 1510.7 1511.2
289.6 Port	Allegany	(Route	155	Bridge) 1478.9 1478.4 1478.9
288.9 Port	Allegany	(W	Mill	St	Br)2 6/22/72	9:00	PM 22,000 1475.2 6/22/72	9:00	PM 21,083 1476.6 1477.1
288.0 Port	Allegany	(Route	6	Bridge)2 6/22/72	9:00	PM 1472.3 6/22/72	9:00	PM 21,325 1473.1 1473.6

Turtle	Point	(Champlin	Hollow	Road	Bridge)2 1450.0 1448.3 1448.8
Route	446	Bridge2 1448.0 1445.4 1445.9

269.0 Eldred	PA	(at	USGS	gage)1,4 6/23/72	9:00	PM 35,000 1445.5 6/23/72	8:00	AM 35,540 1443.1 1443.6
River	Road	Bridge	(at	Portville	NY)4 1434.0 1434.1 1434.6

Route	16	Bridge	(at	Olean	NY)4 59,000 1426.0 6/23/72	9:30	AM 65,143 1427.1 1427.6
255.5 South	First	Street	Bridge	(Allegany	NY)1 1418.0 1418.7 1419.2

Route	219	Bridge	(Carrollton	NY	just	u/s	of	Tun	Cr)1 1397.5 1395.3 1395.8
233.7 Main	Street	Bridge	(USGS	gage	at	Salamanca	NY)1 6/23/72	1:00	PM 73,000 1381.5 6/23/72	12:45	PM 80,797 1379.2 1379.7

River	
Mile3

Location

June	1972	(Agnes)
Observed Model
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Flood Modeling – Calibration 
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Flood Modeling – Calibration (Key Considerations) 
Ø  Effects	of	dams	and	levees.	

Ø  Understand	and	account	for	baseflow	contribution.	
Ø  Non-linearity	Unit	Hydrograph	adjustments	in	HEC-HMS.	

Ø  Adjusted	n-values	for	the	July	1942	model	for	land	use	changes.	

Ø  Changes	in	bridge	crossings	and	roadway	construction.	
Ø  Differences	in	NED	DEM	for	New	York	and	LiDAR	in	PA.	

Ø  Due	to	fast-rising	nature	of	the	July	1942	flood	hydrograph	at	Port	Allegany,	
HEC-RAS2D	runs	were	done	using	the	“Full	Momentum”	equations	to	
incorporate	the	“unsteady,	advection,	and	viscous	terms”	that	are	
disregarded	for	the	“Diffusion	Wave”	equations.	

Ø  More	weight	placed	on	comparing	modeled	and	observed	stages	rather	
than	flow	since	the	hysteresis	effect	was	probably	not	accounted	for	in	the	
stage-discharge	rating	curve	used	to	convert	the	observed	stage	to	flow.	
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Smethport	
Port	Allegany	

Eldred	

Roulette	

Larabee	

Coudersport	

Portville	(NY)	

Seven	Bridges	

Olean	(NY)	
Salamanca	(NY)	

Liberty	

Burtville	

Turtlepoint	

Carroll	(NY)	

Review of Available Flood Information 
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Review of Available Flood Information 
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Review of Available Flood Information 
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Review of Available Flood Information 
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Review of Available Flood Information 
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July 1942 Rainfall Adjustments and Lessons Learned 

Tunungwant	

Oswayo	

Mill	Lillibridge	Creek	
and	Two	Mile	Run	
at	Port	Allegany	
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  The	original	rainfall	temporal	distribution	in	the	tributary	sub-watersheds	

between	Coudersport	and	Port	Allegany	is	front	loaded,	which	lead	to	a	
very	early	peak	flow.	The	temporal	pattern	revised	to	better	match	nearby	
hourly	gages.	

Ø  Hydrology	does	support	the	record	rainfall	at	Port	Allegany	but	only	if	it	had	
very	localized	spatial	influence.		This	is	based	on	flood	analysis	in	the	
Lillibridge	Creek	and	Two	Mile	Run	watersheds	and	their	unnamed	
tributaries.		See	later	slides.	

Ø  For	the	Mill	Creek	sub-watershed	(just	upstream	of	Coudersport	PA),	
factors	were	applied	to	further	adjust	rainfall	by	reducing	the	2	peak	hourly	
depths	and	redistributing	to	the	other	hours	to	maintain	the	total	volume.	

Ø  The	spatial	extent	of	the	"Bradford	2A"	gage	inn	the	Tunungwant	Creek	
Watershed	was	reduced.		This	gage	is	located	in	the	Bradford	PA	area	were	
rainfall	collection	was	sparse.			
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July 1942 Rainfall Adjustments and Lessons Learned 

Peak	@	7/18/18	10:00	AM	

	

Model	peak	(7/18/42	@	2:00	
AM)	approx	8	hours	early	than	
observed	(10:00	to	11:00	AM)	
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Downstream Results of 1942 Rainfall & Modeling Adjustments 

 

Original	rainfall	and	calibrated	models	
(prior	to	post-calibration	adjustments	
for	1942	conditions)	

With	rainfall	and	model	
adjustments	
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  The	adjusted	temporal	pattern	in	the	Upper	Allegheny	River	watershed	

provides	a	good	overall	hydrologic	fit	but	does	not	contain	the	record	
rainfall	at	Port	Allegany	(30.8	inches	in	4.5	hours).	
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  An	alternative	temporal	pattern	was	developed	(below)	that	does	contain	

the	record	4.5-hour	rainfall.		This	rainfall	was	applied	at	Port	Allegany	(at	
the	storm	center)	and	interpolated	in	SPAS	to	the	surrounding	hourly	gages.		
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  The	RiverFlow2D	model	shows	that	the	alternative	rainfall	pattern,	when	

permitted	to	have	broad	influence	between	hourly	gages,	does	not	produce	
a	good	hydrologic	match.		

Exceeds	observed	by	
approx.	35,000	cfs	
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  Does	that	mean	the	record	rainfall	didn’t	actually	happen?		Localized	

hydrology	does	support	the	record	rainfall	but	shows	that	it	was	very	
localized	and	the	temporal	pattern	outside	the	localized	cell	would	have	
been	more	closely	patterned	after	the	nearby	hourly	gages.	

Ø  Below	is	from	the	Water	Supply	Paper	1134-B	Report,	which	shows	peak	
flow	measurements	in	blue.	

Location	of	record	rainfall	
observation	near	flow	
measurements	at	points	016.20,	
21,	and	22.	
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July 1942 Rainfall Adjustments and Lessons Learned 
Ø  The	input	to	RiverFlow2D	was	gridded	hourly	rainfall.		Therefore,	very	small	

watersheds	with	short	time-of-concentrations,	would	have	required	sub-
hourly	data	to	hydrologically	reproduce	the	peak	flows.		A	simple	Rational	
Equation	was	applied	(with	C	factors	calibrated	to	the	RiverFlow2D	model	
at	6	to	7	mi2	sub-watersheds)	to	obtain	an	estimated	rainfall	intensity	that	
would	have	produced	observed	flows.	

Watershed Point	#
Drainage	
Area	
(mi2)

Peak	
Flow	
(cfs)

Flow	per	
Sq	Mi	

(cfs/mi2)

Peak	
Intensity	
(in/hr)

Lillibridge	Creek 016.14 6.7 16000 2388 10.7
Lillibridge	Creek 6.3 15000 2381 10.7
Port	Allegany 016.16 0.39 1400 3590 16.1
Two	Mile	Run 016.18 7.06 15000 2125 9.5
Two	Mile	Run 016.20 0.032 200 6250 28.0
Two	Mile	Run 016.21 0.053 640 12075 54.0
Two	Mile	Run 016.22 0.087 400 4598 21.0
Sartwell	Creek 016.08 9.86 11000 1116 5.0
Sartwell	Creek 016.10 0.094 310 3298 15.0
Dexter	Run 016.12 0.83 840 1012 4.5
Laninger	Creek 016.05 0.45 850 1889 8.5
Annin	Creek 016.25 11.4 24000 2105 9.4

These	high	rainfall	intensity	
estimates	suggest	that	the	
record	rainfall	observation	was	
plausible	but:	
	
1.  Very	localized;	and	
2.  Occurred	with	intervals	of	

very	short,	but	very	high-
intensity	bursts	over	a	2	to	3	
hour	period	that	
accumulated	to	the	30.8	
inches	in	4.5	hours.	
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Questions 
 

Joe Bellini 
610-772-7312 

Joe.bellini@aterrasolutions.com 
 

Bill Kappel  
719-488-4311 

billkappel@appliedweatherassociates.com 
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Objective 
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SPAS Total Storm Isohyetal 
Original Analysis 
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Overview of the July 1942 Storm and Flood 
 

 


