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I‐80	RECONSTRUCTION	ALTERNATIVES	ANALYSIS	
MONROE	COUNTY	|	PENNDOT	DISTRICT	5‐0	

	
	

I. INTRODUCTION	AND	PROJECT	DESCRIPTION	
	
This	report	describes	the	alternative	analysis	and	results	of	a	hydrologic	and	hydraulic	study	that	was	
performed	on	 Interstate‐80	(I‐80)	 from	Segment	3034	 in	Stroud	Township	 to	Segment	3074	 in	East	
Stroudsburg	Borough	 to	 the	 east.	 The	 limits	 of	 the	project	 include	 stream	crossings	over	Brodhead,	
McMichael,	 Pocono	 and	 Little	 Pocono	 Creeks	 as	 well	 as	 encroachments	 on	 Pocono	 Creek	 and	
McMichael	Creek	as	they	parallel	I‐80.	The	project	site	is	located	within	the	Boroughs	of	Stroudsburg	
and	 East	 Stroudsburg	 as	 well	 as	 Stroud	 Township	 in	 Monroe	 County,	 Pennsylvania.	 The	 project	 is	
located	on	the	USGS	quadrangle	map	entitled	Stroudsburg,	PA.	with	the		extents	shown	in	Figure	1	and	
Appendix	A.	
	

	
Figure	1:	Project	Location	and	Extents	

	
A	 topographic	 survey	 was	 conducted	 by	 Susquehanna	 Civil,	 Inc.	 All	 elevations	 in	 this	 report	 are	
referenced	to	the	NAVD	1988	datum,	unless	noted	otherwise.	NTM	conducted	a	field	view	on	May	10,	
2013	to	collect	information	relevant	to	the	H&H	study.		
	
The	 existing	 I‐80	 corridor,	 between	 Segment	 3034	 in	 Stroud	 Township	 and	 Segment	 3074	 in	 East	
Stroudsburg,	 consists	 of	 2	 lanes	 in	 each	 direction.	 The	 I‐80	 corridor	 parallels	 Pocono	 Creek	 along	
mile	303	 in	Stroud	Township,	 then	Pocono	Creek	crosses	 I‐80	 through	a	 four	span	bridge	and	 flows	
parallel	 to	 I‐80	 from	miles	 304	 through	 305.	 At	 mile	 305,	 Little	 Pocono	 Creek	 crosses	 under	 I‐80	
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through	a	culvert	which	then	joins	Pocono	Creek	further	downstream.	McMichael	Creek	crosses	I‐80	at	
mile	306	with	a	four	span	bridge	and	parallels	the	corridor	until	its	confluence	with	Brodhead	Creek	at	
mile	307.	 	 Just	before	 the	end	of	 the	project	extents,	 I‐80	crosses	over	Brodhead	Creek	with	a	 three	
span	bridge	at	Segment	3074.		
	

II. HYDROLOGIC	ANALYSIS	
	
The	 limits	 of	 the	 project	 include	 crossings	 over	 four	 streams;	 Brodhead	 Creek,	 McMichael	 Creek,	
Pocono	Creek,	and	Little	Pocono	Creek.	The	hydrologic	analysis	for	each	stream	was	performed	using	
applicable	methods	per	DM‐2	Chapter	10.	The	drainage	area,	as	delineated	with	the	USGS	StreamStats	
website1,	for	each	stream	crossing	along	I‐80	is	shown	in	Table	1.		
	

Table	1:	Drainage	Areas	at	the	I‐80	crossing	

Water	Body	 Drainage	Area	(mi2)	

Brodhead	Creek	 258.1	

McMichael	Creek	 65.3	

Pocono	Creek	 42.1	

Little	Pocono	Creek	 								1.5	

	
All	except	the	Little	Pocono	Creek	crossings	are	located	in	a	detailed	FEMA	floodway.	The	Little	Pocono	
Creek	crossings	are	located	in	an	approximate	FEMA	floodplain.	An	Act	167	stormwater	management	
plan	has	been	approved	by	PADEP	and	includes	all	watersheds	in	this	study.		
	
Act	167	

An	 Act	 167	 (Stormwater	 Management	 Plan)	 for	 the	 Brodhead	 Creek	 watershed	 was	 published	 on	
June	11,	1991,	by	the	Monroe	County	Planning	Commission.	Because	DEP	commissioned	the	Brodhead	
Creek	Act	167	study	separately	from	the	McMichael	Creek	study,	the	peak	flows	on	Brodhead	Creek	do	
not	include	the	flows	from	McMichael	Creek.	However,	an	Act	167	(Stormwater	Management	Plan)	for	
the	McMichael	Creek	watershed	was	published	in	1988,	by	the	Monroe	County	Planning	Commission.	
The	Act	 167	 plan	 for	McMichael	 Creek	 includes	 peak	 flows	 for	 the	 Little	 Pocono	Creek	 and	Pocono	
Creek	watersheds.	The	design	discharges	for	Brodhead,	McMichael	and	Pocono	Creeks	throughout	the	
watershed	 were	 determined	 using	 the	 Penn	 State	 Runoff	 Model	 (PSRM).	 The	 resulting	 flows	 for	
Brodhead	Creek	were	calibrated	using	regression	methods	and	gage	data	available	at	the	time	of	the	
1991	study.	An	update	to	both	Act	167	plans	was	approved	by	PADEP	in	2006;	however,	the	updated	
study	did	not	include	any	new	hydrologic	modeling.	The	Act	167	Plan	peak	flows	of	interest	are	shown	
in	Table	2.	

                                                           
 
1		http://streamstats.usgs.gov/pastreamstats/index.asp		
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FEMA	Flows	

The	 Federal	 Emergency	Management	 Agency	 (FEMA)	 published	 a	 Flood	 Insurance	 Study	 (FIS)	 and	
Flood	Insurance	Rate	Map	(FIRM)	for	Monroe	County	on	May	2,	2013.	All	but	the	Little	Pocono	Creek	
crossings	are	located	in	an	area	studied	by	detailed	methods	with	published	peak	flows	and	base	flood	
(100‐year)	elevations.	The	Brodhead	Creek	hydrology	contained	in	the	FEMA	FIS	was	based	on	a	Log	
Pearson	Type	III	(LP‐III)	statistical	analysis	of	discharge	records	at	the	Minisink	Hills	and	Analomink	
USGS	gaging	stations,	using	regional	analyses	to	develop	the	LP‐III	parameters.	The	McMichael	Creek	
hydrology	contained	 in	 the	FEMA	FIS	was	based	on	 regional	 regression	equations	developed	by	 the	
USACE.	 The	 Pocono	 Creek	 flows	 in	 the	 FEMA	 FIS	 were	 estimated	 using	 the	 results	 of	 the	 Act	 167	
Stormwater	 Management	 Plans	 for	 Brodhead	 and	 McMichael	 Creeks	 and	 compared	 against	 flows	
developed	 using	 the	WRI	 Report	 00‐4189,	 “Techniques	 for	 Estimating	Magnitude	 and	 Frequency	 of	
Peak	 Flows	 in	 Pennsylvania”	 and	 other	 previous	 studies.	 The	 FIS	 peak	 flows	 at	 different	 locations	
along	 the	 I‐80	 project	 are	 shown	 in	Table	 2.	 The	 flows	 in	 bold	 type	 in	Table	 2	 were	 modeled	 in	
HEC‐RAS.	The	FEMA	flows	were	used	in	the	FEMA	HEC‐RAS	and	HEC‐2	models	(Pocono	Creek	was	a	
HEC‐RAS	model)	and	in	the	HEC‐RAS	models	developed	for	this	study.			FEMA	maps	of	the	project	and	
excerpts	of	the	FEMA	FIS	and	hydraulic	backup	data	are	included	in	Appendix	B.	
	

Table	2:	FEMA	&	Act	167	Published	100‐Year	Flood	Discharges	

	 	 Published	Discharges	(cfs)	

Water	Body	 Location	 FEMA	 Act	167	

Brodhead	Creek	 I‐80	crossing	 36,780	 32,196*	

McMichael	Creek	

Upstream	of	Confluence	
with	Brodhead	Creek	

15,340	 N/A	

Downstream	of	Confluence	
with	Pocono	Creek	

15,200	 N/A	

Upstream	of	Confluence	
with	Pocono	Creek	

9,060	 6,777	

At	USGS	Gage	#	01441500	 8,880	 6,777	

Pocono	Creek	
I‐80	crossing	 7,748	 7,887	

Flagler	Run	confluence	 8,000	 8,150	

Little	Pocono	Creek	 I‐80	crossing	 ‐	 446	

	 *Does	not	include	flows	from	McMichael	Creek	
	

III. FEMA	EFFECTIVE	MODELS	
	
According	to	the	FEMA	FIRM	for	Monroe	County,	the	Brodhead,	McMichael,	and	Pocono	Creek	bridges	
are	 located	 in	 a	 FEMA	 Zone	 AE	 flood	 area,	 indicating	 the	 streams	 were	 mapped	 using	 detailed	
hydraulic	methods.	These	crossings	are	located	in	a	detailed	FEMA	floodway.	Per	Federal	regulations,	
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the	allowable	 increase	 in	 the	100‐year	 flood	profile	 is	0.00	 feet.	The	Little	Pocono	Creek	crossing	 is	
located	in	an	approximate	FEMA	study	area;	therefore,	per	Federal	regulations,	the	allowable	increase	
in	the	100‐year	flood	profile	is	1.00	feet.	At	all	locations,	the	FEMA	flows	are	greater	than	or	within	two	
percent	of	the	Act	167	flows;	therefore,	the	100‐year	peak	discharge	published	in	the	FEMA	FIS	was	
used	in	the	existing	condition	model.	
	
FEMA	developed	HEC‐2	 hydraulic	models	 for	Brodhead	Creek	 and	McMichael	 Creek	 to	 produce	 the	
100‐year	flood	elevations	in	the	FIS.	NTM	Engineering	obtained	a	paper	copy	of	the	Brodhead	Creek	
and	an	electronic	copy	of	the	McMichael	Creek	HEC‐2	model	data	from	FEMA.	The	FEMA	FIS	is	based	
on	 the	 NAVD	 1988	 datum	 and	 the	 HEC‐2	 data	 is	 based	 on	 the	 NGVD	 1929	 datum.	 The	 existing	
condition	model,	including	all	survey	data,	is	based	on	the	NAVD	1988	datum,	which	is	0.59	feet	lower	
than	 elevations	 based	 on	 the	 NGVD	 1929	 datum.	 Therefore,	 0.59	 feet	 must	 be	 subtracted	 from	 all	
elevations	contained	 in	 the	FEMA	HEC‐2	models	 to	compare	elevations	using	the	project	datum.	For	
McMichael	Creek,	the	duplicate	effective	model	generated	by	importing	the	HEC‐2	geometry	into	HEC‐
RAS	produced	results	 that	were	within	0.3	 feet	of	FEMA’s	published	Base	Flood	Elevations.	Because	
the	HEC‐2	data	for	Brodhead	Creek	was	not	available	in	electronic	format,	a	duplicate	effective	model	
was	 not	 generated;	 however,	 as	 shown	 in	 Table	 3,	 the	 results	 of	 the	 existing	 hydraulic	 analysis	
correlate	 well	 with	 FEMA’s	 published	 Base	 Flood	 Elevations	 for	 the	 cross	 sections	 included	 in	 the	
hydraulic	model.	.		
	
FEMA	 developed	 a	 HEC‐RAS	 hydraulic	 model	 for	 Pocono	 Creek	 to	 produce	 the	 100‐year	 flood	
elevations	 in	 the	FIS.	NTM	obtained	electronic	copies	of	 the	HEC‐RAS	 input/output	 from	FEMA.	The	
FEMA	FIS	and	HEC‐RAS	data	are	based	on	the	NAVD	1988	datum;	therefore,	a	datum	conversion	was	
not	required.	For	Pocono	Creek,	 the	FEMA	effective	and	the	duplicate	effective	hydraulic	models	are	
the	 same	since	FEMA	used	 the	HEC‐RAS	software	 in	 their	 study.	Therefore,	 the	 results	between	 the	
duplicate	effective	hydraulic	model	and	the	published	base	 flood	elevations	 for	 the	100‐year	are	 the	
same.	
	
Where	 applicable,	 NTM	 compared	 the	 FEMA	 model	 and	 flood	 profiles	 in	 the	 FIS	 to	 the	 existing	
condition	model.	 It	 should	 be	noted	 that	 FEMA	 studies	 have	 a	 very	 different	 objective	 compared	 to	
PennDOT	hydraulic	studies	and	generally	do	not	contain	the	same	level	of	detail	and	accuracy.	
	

IV. EXISTING	CONDITIONS	MODELS	
	
The	hydraulic	analysis	 for	all	crossings	was	performed	using	the	U.S.	Army	Corps	of	Engineers	HEC‐
RAS	River	Analysis	System	program	(Version	4.1.0).	Existing	and	proposed	conditions	were	modeled	
based	on	the	surveyed	cross	sections,	FEMA	HEC‐2	and	HEC‐RAS	models,	proposed	site	modifications,	
and	peak	discharge	calculations.		
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Ineffective	 flow	 areas	 were	 included	 in	 the	 hydraulic	 models	 where	 appropriate.	 For	 the	 parallel	
sections	of	McMichael	Creek	and	Pocono	Creek,	the	cross	section	geometry	was	the	same	as	FEMA	and	
no	levees	or	ineffective	flow	areas	were	added	for	consistency.	However,	for	the	hydraulic	models	that	
use	updated	survey	 information,	 the	current	analysis	assumed	that	modeled	 flows	will	not	 flood	the	
overbanks	unless	the	bank	is	overtopped.	Therefore,	levees	were	used	in	the	immediate	overbanks	to	
contain	 flood	events	 in	 the	 channel.	 	Unlike	 the	FEMA	hydraulic	model,	none	of	 the	modeled	events	
overtop	the	upstream	right	overbank	of	I‐80	over	Pocono	Creek.	
	
It	should	be	noted	that	the	bank	stations	for	the	FEMA	hydraulic	model	may	not	accurately	represent	
the	 channel	 extents;	 however,	 to	 maintain	 consistency	 between	 FEMA	 and	 the	 current	 analysis	 no	
change	was	made	to	the	cross	sections.	
	
Brodhead	Creek:	
Detailed	 survey	 in	 the	 channel	 and	 for	 the	 bridges	 and	 LiDAR	 data	 in	 the	 overbanks	 was	 used	 to	
generate	hydraulic	cross	sections	and	to	determine	bridge	dimensions	for	the	Brodhead	Creek	model.	
The	locations	of	cross	sections	used	for	the	hydraulic	models	are	depicted	on	maps	in	Appendices	D,	
E,	 and	F.	The	model	extends	approximately	500	 feet	upstream	and	downstream	of	 the	existing	 I‐80	
bridge	over	Brodhead	Creek.	Steady	flow	analysis	was	performed	using	a	subcritical	flow	regime	for	all	
profiles.	 For	 the	 downstream	 boundary	 condition,	 a	 known	water	 surface	 elevation	 of	 392.24	 feet,	
which	 was	 obtained	 from	 the	 FEMA	 100‐year	 FIS	 profile	 for	 Brodhead	 Creek.	 Although	 one	 cross	
section	is	located	upstream	of	the	McMichael	Creek	confluence,	a	single	peak	flow	was	calculated	at	the	
I‐80	bridge	and	was	applied	to	the	reach	(i.e.,	no	flow	changes).	
	
The	 existing	 I‐80	 bridge	 over	 Brodhead	 Creek	 was	 coded	 into	 HEC‐RAS	 using	 recent	 survey	 data.	
Abutment	and	pier	 locations,	bridge	 top	of	deck	elevations	and	 low	chord	elevations	were	obtained	
directly	from	the	survey.	The	existing	I‐80	structure	is	a	three	span	steel	two‐girder	floor	beam	bridge.	
The	beams	are	set	on	top	of	concrete	abutments	and	the	bridge	is	oriented	on	a	90	degree	skew	(angle	
between	abutments	 and	 roadway	 centerline).	 The	normal	 clear	dimension	 for	 spans	1,	 2,	 and	3	 are	
118.3,	 160.1,	 and	 118.4	 feet,	 respectively.	 The	 piers	 are	 located	 at	 the	 left	 and	 right	 edges	 of	 the	
channel	and	are	aligned	with	the	stream	flow.	The	concrete	piers	are	3.75	feet	wide	with	semicircular	
noses.	The	out‐to‐out	structure	width	is	66.1	feet	measured	along	the	stream	centerline.	The	minimum	
low	 chord	 elevation	 is	 413.65	 feet,	 which	 is	 located	 at	 the	 upstream	 right	 abutment.	 The	 internal	
bridge	 sections	were	 further	modified	 to	 reflect	 the	 geometry	 directly	 beneath	 the	 bridge.	 For	 low	
flows,	the	Energy	(standard	step),	Yarnell,	and	Momentum	methods	were	selected	and	the	method	that	
calculated	the	highest	energy	used.	The	pier	shape	coefficient	of	0.9	and	a	1.2	coefficient	of	drag	were	
used	to	model	the	semicircular	nose	of	the	pier.	The	Energy	(standard	step)	method	was	also	selected	
as	the	high	flow	computational	method	because	the	low	chord	of	the	bridge	is	not	submerged	during	
flood	events.	
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McMichael	Creek	
Due	 to	 a	 lack	 of	 survey	 data	 in	 the	 reaches	 of	 McMichael	 Creek	 that	 parallel	 I‐80,	 the	 model	 was	
generated	based	on	the	FEMA	HEC‐2	model	for	the	reach.	The	FEMA	HEC‐2	model	was	imported	into	
HEC‐RAS	and	adjusted	by	‐0.59	feet	to	the	NAVD	88	datum.	The	Village	Drive	and	SR	0611	(Seventh	
Street)	 bridges	 were	 not	 surveyed	 and	 will	 not	 be	 modified	 as	 part	 of	 the	 proposed	 project;	
dimensions	 for	 these	 bridges	 were	 obtained	 directly	 from	 the	 FEMA	 HEC‐2	 model.	 The	 I‐80	 and	
SR	0191	 (Fifth	 Street)	 bridges	 will	 be	 replaced	 as	 part	 of	 this	 project.	 The	 existing	 dimensions,	
including	 span,	 pier	 width,	 low	 chord	 elevations,	 and	 skew,	 of	 these	 bridges	 were	measured	 using	
detailed	 survey	 data	 of	 the	 bridges.	 The	 Fifth	 Street	 Dam	 did	 not	 import	 correctly	 from	 the	 FEMA	
HEC‐2	model,	so	it	was	entered	as	an	inline	structure	using	the	geometric	data	from	the	HEC‐2	model.		
	
In	 the	 McMichael	 Creek	 HEC‐RAS	 model,	 the	 following	 modifications	 were	 made	 to	 the	 bridges	
throughout	 the	 model	 to	 make	 the	 HEC‐2	 geometry	 consistent	 with	 current	 HEC‐RAS	 modeling	
procedures:	 	 the	 bridge	 widths	 were	 reduced	 by	 up	 to	 0.1’	 to	 provide	 a	 non‐zero	 distance	 to	 the	
upstream	cross	section;	the	bridge	calculation	methods	were	updated	to	include	Yarnell,	momentum,	
and	energy	methods	for	all	bridges	with	existing	piers;	and	piers	at	the	SR	0611	and	SR	0191	bridges	
that	were	coded	into	the	low	chord	or	ground	data	were	deleted	and	re‐entered	in	the	pier	data	editor.	
Additionally,	 the	 following	 cross	 sections	were	 interpolated	 between	 the	 FEMA	HEC‐2	model	 cross	
sections	for	additional	modeling	accuracy	in	areas	where	the	I‐80	embankment	will	encroach	on	the	
floodplain:	 5360,	 4440,	 4020,	 3850,	 3680,	 and	 3510.	 These	 cross	 sections	were	 supplemented	with	
survey	and	LiDAR	data	in	the	overbanks	as	needed	to	accurately	model	the	ground	elevations	at	the	
cross	section.	 	The	locations	of	cross	sections	used	for	the	hydraulic	models	are	depicted	on	maps	in	
Appendices	D,	E,	and	F.	Steady	flow	analysis	was	performed	using	a	mixed	flow	regime	for	all	profiles.	
Normal	depth	boundary	conditions	were	used	at	 the	upstream	and	downstream	limits	of	 the	model.	
The	downstream	slope	of	0.165	percent	was	obtained	from	the	FEMA	HEC‐2	model	and	the	upstream	
slope	 of	 0.3	 percent	was	 chosen	 based	 on	 the	 slope	 of	 the	 streambed	 at	 the	 upstream	 limit	 of	 the	
model.	Flow	changes	were	used	at	cross	sections	10670,	5680,	5040,	and	4190	 for	consistency	with	
the	FEMA	FIS.		
	
The	 existing	 I‐80	bridge	over	McMichael	Creek	was	 coded	 into	HEC‐RAS	based	on	 the	FEMA	HEC‐2	
model	and	updated	for	consistency	with	recent	survey	data.	Abutment	and	pier	locations,	bridge	top	of	
deck	elevations	and	 low	chord	elevations	were	obtained	directly	 from	the	survey.	A	30	degree	skew	
was	 applied	 to	 the	 internal	 and	 bounding	 bridge	 cross	 sections.	 The	 internal	 bridge	 sections	 were	
further	modified	 to	reflect	 the	geometry	directly	beneath	 the	bridge.	The	existing	 I‐80	structure	 is	a	
four	span	bridge.	The	beams	are	set	on	top	of	concrete	abutments	and	the	bridge	is	oriented	on	a	60	
degree	 skew	 (angle	 between	 abutments	 and	 roadway	 centerline).	 The	 normal	 clear	 dimension	 for	
spans	1,	2,	and	3	are	62.5,	70.6,	72.3,	and	48.2	feet,	respectively.	The	piers	are	aligned	with	the	stream	
flow.	 The	 concrete	 piers	 are	 4.5	 feet	 wide	with	 triangular	 noses.	 The	 out‐to‐out	 structure	 width	 is	
75.63	 feet	measured	 along	 the	 stream	 centerline.	 The	minimum	 low	 chord	 elevation	 is	 413.65	 feet,	
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which	is	located	at	the	downstream	right	pier.	For	low	flows,	the	Energy	(standard	step),	Yarnell,	and	
Momentum	methods	were	selected	and	the	method	that	calculated	the	highest	energy	used.	The	pier	
shape	coefficient	of	1.05	and	a	1.6	coefficient	of	drag	were	used	to	model	the	90‐degree	triangular	nose	
of	the	pier.	The	Pressure/Weir	method	was	also	selected	as	the	high	flow	computational	method.	
	
The	existing	SR	0191	bridge	over	McMichael	Creek	was	coded	into	HEC‐RAS	using	recent	survey	data.	
Abutment	and	pier	 locations,	bridge	 top	of	deck	elevations	and	 low	chord	elevations	were	obtained	
directly	from	the	survey.	The	existing	SR	0191	structure	is	a	two	span	bridge.	The	bridge	is	oriented	on	
a	20	degree	skew	to	the	flow	direction.	The	pier	is	reinforced	concrete	with	triangular	noses.	The	pier	
is	located	on	the	left	side	of	the	channel	and	is	3.9	feet	wide.		The	normal	clear	dimension	for	spans	1	
and	 2	 are	 49.0	 and	 109.9.	 The	 out‐to‐out	 structure	 width	 is	 44.7	 feet	 measured	 along	 the	 stream	
centerline.	The	minimum	 low	 chord	elevation	 is	 402.39	 feet,	which	 is	 located	 at	 the	 upstream	 right	
abutment.	For	low	flows,	the	Energy	(standard	step),	Yarnell,	and	Momentum	methods	were	selected	
and	the	method	that	calculated	the	highest	energy	used.	The	pier	shape	coefficient	of	1.05	and	a	1.6	
coefficient	of	drag	were	used	to	model	the	triangular	nose	of	the	pier.		
	
Pocono	Creek	
Three	 separate	 reaches	 were	 used	 for	 the	 Pocono	 Creek	 hydraulic	 model.	 The	 upstream	 and	
downstream	Pocono	Creek	 reaches	 that	parallel	 I‐80	were	modeled	 separately	 from	 the	 I‐80	bridge	
crossing	since	new	survey	data	was	obtained	at	the	bridge.		The	locations	of	cross	sections	used	for	the	
hydraulic	models	are	depicted	on	maps	in	Appendices	D,	E,	and	F.		
	
The	Pocono	Creek	reaches	that	parallel	I‐80	were	modeled	based	on	the	FEMA	HEC‐RAS	study	without	
any	 modifications.	 FEMA	 cross	 sections	 AA	 through	 AL	 were	 used	 to	model	 the	 parallel	 section	 of	
Pocono	 Creek	 downstream	 of	 the	 I‐80	 crossing.	 Furthermore,	 FEMA	 cross	 sections	 AV	 through	 BP	
were	used	for	the	parallel	section	upstream	of	the	I‐80	crossing.	A	known	water	surface	elevation	was	
used	as	the	downstream	boundary	conditions	for	each	reach.	The	known	water	surface	elevation	was	
obtained	from	the	FEMA	hydraulic	model	for	the	100‐year	event.	Flow	change	locations	were	applied	
to	the	hydraulic	model	to	match	the	FEMA	hydraulic	model	where	applicable.		
	
The	existing	I‐80	bridge	over	Pocono	Creek	was	coded	into	HEC‐RAS	using	recent	detailed	survey	in	
the	 channel	 and	 LiDAR	 data	 in	 the	 overbanks.	 Abutment	 and	 pier	 locations,	 bridge	 top	 of	 deck	
elevations	 and	 low	 chord	 elevations	 were	 obtained	 directly	 from	 the	 survey.	 The	 existing	 I‐80	
structure	 is	 a	 four	 span	 steel	 beam	bridge.	 The	 bridge	 is	 oriented	 on	 a	 35	 degree	 skew	 to	 the	 flow	
direction.	 The	 piers	 are	 reinforced	 concrete	with	 semicircular	 noses.	 The	 left	 and	middle	 piers	 are	
aligned	with	the	flow	direction	and	are	3.0	feet	wide.	The	right	pier	is	3.5	feet	wide;	however,	it	is	not	
aligned	with	the	flow	direction.	The	projected	width	of	the	right	pier	according	to	the	flow	direction	is	
approximately	35.9	feet.	The	normal	clear	dimension	for	spans	1	and	2	are	54.8	and	80.5,	respectively.	
The	normal	clear	span	for	spans	3	and	4	vary	due	to	the	skewed	pier	and	abutment	(not	aligned	with	
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the	flow	direction).	The	out‐to‐out	structure	width	is	79.40	feet	measured	along	the	stream	centerline.	
The	minimum	low	chord	elevation	is	499.95	feet,	which	is	located	at	the	upstream	right	abutment.		
	
The	model	used	a	steady	flow	analysis	in	a	subcritical	flow	regime.	Though	some	of	the	cross	sections	
reach	 a	 Froude	 number	 of	 1.0,	 the	 subcritical	 flow	 regime	 is	 consistent	 with	 FEMA’s	 approach.	 A	
known	water	surface	elevation	was	used	as	the	downstream	boundary	conditions	for	the	FEMA	100‐
year	 event	 from	 the	FEMA	hydraulic	model.	 For	 low	 flows,	 the	Energy	 (standard	 step),	Yarnell,	 and	
Momentum	methods	were	selected	and	the	method	that	calculated	the	highest	energy	used.	The	pier	
shape	coefficient	of	1.05	and	a	1.6	coefficient	of	drag	were	used	to	model	the	semi‐circular	nose	of	the	
pier.	The	Energy	(standard	step)	method	was	also	selected	as	the	high	flow	bridge	modeling	method	
because	the	bridge	 low	chord	does	not	come	 in	contact	with	any	of	 the	 flood	events	and	there	 is	no	
overtopping.	
	
Little	Pocono	Creek:	
The	 Little	 Pocono	 Creek	 hydraulic	 model	 was	 generated	 using	 detailed	 survey	 in	 the	 channel	 and	
LiDAR	 data	 in	 the	 overbanks.	 The	 locations	 of	 cross	 sections	 used	 for	 the	 hydraulic	 models	 are	
depicted	on	maps	in	Appendices	D,	E,	and	F.	Steady	flow	analysis	was	performed	using	a	mixed	flow	
regime.	Normal	depth	boundary	conditions	was	applied	using	an	average	downstream	stream	bottom	
slope	of	0.004	feet	per	feet	and	an	average	upstream	stream	bottom	slope	of	0.006	feet	per	feet.	The	
existing	structure	span,	rise,	invert	and	low	chord	elevations	were	obtained	directly	from	the	survey.		
	
The	existing	I‐80	culvert	over	Little	Pocono	Creek	was	coded	into	HEC‐RAS	using	recent	survey	data.	
The	 normal	 clear	 span	 is	 18.0	 feet	 and	 the	 rise	 is	 8.0	 feet;	 however	 stream	bed	material	 provide	 a	
natural	bottom	cover	with	upstream	and	downstream	inverts	of	449.61	and	448.63	feet,	respectively.	
The	out‐to‐out	structure	width	is	185.0	feet	measured	along	the	stream	centerline.	The	upstream	and	
downstream	low	chord	elevations	are	457.61	and	456.63	feet,	respectively.	
	
Comparison	of	Existing	HEC‐RAS	and	Published	FEMA	BFE’s	
	
A	comparison	was	made	between	the	base	flood	elevations	(BFEs)	published	in	the	FEMA	FIS	with	the	
current	existing	HEC‐RAS	hydraulic	model.		According	to	DM2,	Chapter	10,	Appendix	C,	the	new	model	
water	surface	elevations	must	be	within	6	inches	(0.5	feet)	of	the	FEMA	FIS	model	to	be	considered	an	
acceptable	duplicate	effective	model.		
	
The	100‐year	water	surface	elevations	(WSE)	for	Brodhead	Creek,	McMichael	Creek	and	Pocono	Creek	
for	FEMA	cross	sections	within	the	project	limits	are	compared	in	Tables	3,	4	and	5,	respectively.		The	
water	surface	elevations	in	the	tables	are	rounded	to	the	nearest	one	tenth	foot.	
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Table	3:	FEMA	vs.	Existing	Condition	Model	WSE	Comparison	for	Brodhead	Creek	

FEMA	Regulatory		 Current	HEC‐RAS		 Difference	
(feet)	Cross	Section	 WSE	(feet)	 Cross	Section	 WSE	(feet)	

3.92	(I)	 392.3	 3	 392.4	 +0.1	

4.03	 393.9	 8	 394.1	 +0.2	

	
The	 difference	 in	 100‐year	WSEs	 at	 Sections	 3	 and	 8	 do	 not	 exceed	 0.5	 feet;	 therefore,	 the	 existing	
HEC‐RAS	model	is	considered	consistent	with	the	FEMA	HEC‐2	model.		
	

Table	4:	FEMA	vs.	Existing	Condition	Model	WSE	Comparison	for	McMichael	Creek	

FEMA	Regulatory		 Current	HEC‐RAS		 Difference	
(feet)	Cross	Section	 WSE	(feet)	 Cross	Section	 WSE	(feet)	

J	 424.3	 10670	 424.5	 +0.2	

I	 417.8	 7030	 417.9	 +0.1	

H	 416.2	 6655	 416.1	 ‐0.1	

G	 416.0	 6070	 416.1	 +0.1	

F	 416.0	 5680	 416.0	 0.0	

E	 414.9	 4690	 414.7	 ‐0.2	

D	 414.8	 4190	 414.7	 ‐0.1	

C	 414.0	 3005	 413.5	 ‐0.5	

B	 392.1	 1585	 392.2	 +0.1	

A	 385.9	 495	 385.9	 0.0	

	
The	difference	 in	100‐year	WSEs	equals	or	exceeds	0.5	 feet	only	at	FEMA	cross	section	C.	There	are	
several	factors	that	may	contribute	to	the	differences	in	WSEs	between	the	two	models.	In	particular,	
the	changes	made	to	the	Fifth	Street	dam	may	contribute	to	the	difference	in	water	surface	elevations	
at	cross	section	3005	(C).			
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Table	5:	FEMA	vs.	Existing	Condition	Model	100‐year	WSE	Comparison	for	Pocono	Creek	

FEMA	Regulatory		 Existing	Condition	HEC‐RAS		 Difference	
(feet)	Cross	Section	 WSE	(feet)	 Cross	Section	 WSE	(feet)	

AU	 484.0	 21	 483.2	 ‐0.8	

AT	 482.7	 19	 482.0	 ‐0.7	

AS	 481.0	 17	 481.8	 0.8	

I‐80	Bridge	

AR	 480.3	 14	 478.1	 ‐2.2	

AQ	 480.0	 13	 477.5	 ‐2.5	

AP	 479.9	 12	 478.2	 0.3	

SR	2009	Bridge	

AO	 475.4	 7	 475.9	 0.5	

AN	 472.3	 4	 471.8	 ‐0.5	

AM	 470.9	 1	 470.9	 0.0	

	
The	difference	in	100‐year	WSEs	equals	or	exceeds	0.5	feet	at	several	cross	sections;	there	are	several	
factors	 that	 may	 contribute	 to	 these	 differences	 in	WSEs	 between	 the	 two	 models.	 In	 general,	 the	
FEMA	cross	sections	have	higher	channel	elevations	than	those	in	the	current	survey,	which	result	in	
higher	 water	 surface	 elevations.	 The	 FEMA	 I‐80	 bridge	 opening	 is	 similar	 to	 the	 current	 hydraulic	
study;	 however,	 the	 ground	 elevations	 at	 the	 channel	 are	 approximately	 0.5	 feet	 higher	 than	 the	
surveyed	elevations.	The	clear	spans	and	out‐to‐out	widths	are	similar;	but,	the	right	pier	in	the	FEMA	
model	was	not	skewed.		Since	none	of	the	flows	overtop	the	bridge,	the	superstructure	depth	does	not	
affect	 the	hydraulic	model	at	all.	Figures	depicting	the	geometric	differences	between	the	FEMA	and	
current	HEC‐RAS	cross	sections	can	be	found	in	Appendix	B.	
	
It	should	also	be	noted	that	the	FEMA	model	utilized	a	channel	Manning’s	‘n’	value	of	0.045,	whereas	
for	the	current	study,	the	HEC‐RAS	model	utilized	a	value	of	0.04.	The	roughness	coefficient	used	in	the	
FEMA	model	is	very	conservative	for	this	reach	of	the	Pocono	Creek,	since	the	channel	is	fairly	straight	
without	deep	pools	or	boulders.	The	roughness	coefficient	used	in	the	current	study	provides	a	better	
approximation	to	the	roughness	coefficient	per	the	HEC‐RAS	Hydraulic	Reference	Manual.	
	
Another	discrepancy	between	the	FEMA	model	and	the	current	hydraulic	model	is	the	right	overbank	
area	upstream	of	the	I‐80	bridge.	Instead	of	using	a	levee	to	contain	the	flow	within	the	channel,	FEMA	
used	 ineffective	 flow	 areas	 on	 the	 right	 overbank	 and	 allowed	 flow	 to	 inundate	 the	 developed	
overbank.	Therefore,	the	FEMA	FIRM	shows	a	wide	floodplain	in	the	upstream	right	overbank,	but	the	
current	100‐year	 floodplain	extents	are	contained	within	 the	channel	banks.	 It	 is	appropriate	 to	use	
the	 HEC‐RAS	 levee	 tool	 in	 the	 current	 model	 because	 water	 surface	 elevations	 do	 not	 overtop	 the	
streambank	and	it	provides	a	conservative	water	surface	elevation	and	velocity.	
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A	duplicate	effective	hydraulic	model	was	created	to	verify	 that	 the	discrepancies	shown	in	Table	5	
are	 mainly	 due	 to	 the	 geometric	 differences	 and	 not	 due	 to	 the	 modeling	 approach.	 The	 duplicate	
effective	hydraulic	model	assumed	that	the	existing	right	pier	is	not	skewed,	and	levees	are	not	used	to	
contain	flow	in	the	channel	(similar	to	FEMA’s	approach).	Furthermore,	the	Manning’s	n	values	from	
the	 FEMA	 hydraulic	 model	 were	 used	 in	 the	 duplicate	 effective	 hydraulic	 model	 to	 match	 FEMA’s	
approach.	However,	the	results	show	that	the	discrepancies	 in	water	surface	elevation	are	similar	to	
the	 discrepancies	with	 the	 existing	 condition	model.	 For	 instance,	 at	 cross	 section	 13	 (FEMA	 cross	
section	 AS,	 upstream	 of	 the	 I‐80	 crossing)	 the	 water	 surface	 elevation	 from	 the	 duplicate	 effective	
hydraulic	model	is	482.5	feet.	This	proves	that	the	discrepancies	with	the	FEMA	hydraulic	model	are	
due	to	the	geometric	differences	and	not	the	modeling	approach.	Results	from	the	duplicate	effective	
hydraulic	model	are	provided	in	Appendix	B.		
	
The	 parallel	 sections	 of	 I‐80	 and	 Pocono	 Creek	were	 analyzed	 using	 the	 same	 FEMA	 geometry	 and	
peak	 flows	 from	 the	 FEMA	 HEC‐RAS	 model.	 Therefore,	 the	 water	 surface	 elevations	 between	 the	
existing	condition	model	and	the	FEMA	published	water	surface	elevations	are	the	same.	
	

V. PROPOSED	ALTERNATIVE	A	MODEL	
	
Proposed	I‐80	Corridor	

The	existing	I‐80	corridor	will	be	reconstructed	with	3	lanes	in	each	direction.	The	proposed	extension	
will	be	even	on	the	north	and	south	sides.	Therefore,	the	proposed	roadway	alignment	will	be	similar	
to	the	existing	alignment.	Alternative	A	includes	modifications	to	the	configuration	of	all	interchanges	
within	 the	 project	 limits.	 Each	 interchange	 will	 be	 different	 than	 the	 existing	 with	 some	 proposed	
encroachments	into	the	floodplain.	Furthermore,	all	waterway	crossings	in	the	Alternative	A	scenario	
will	be	reconstructed	with	changes	to	the	hydraulic	opening.	Therefore,	a	detailed	hydraulic	analysis	
was	performed	 for	 all	 encroachments	as	well	 as	waterway	crossings.	The	 replacement	 structure	 for	
the	I‐80	bridge	over	Brodhead	Creek	is	the	same	for	Alternatives	A,	B,	and	D,	therefore,	the	results	of	
the	hydraulic	analysis	of	Brodhead	Creek	will	be	reported	in	the	Alternative	A	section	only.		
	
Proposed	Lateral	Floodplain	Encroachments	

As	 previously	 indicated,	 Alternative	 A	 includes	modifications	 to	 all	 interchanges	 within	 the	 project	
limits.	 These	 changes	 as	 well	 as	 the	 roadway	 widening	 result	 in	 encroachments	 to	 the	 existing	
floodplain	at	several	locations.		
	
Between	mile	markers	302	and	303,	I‐80	parallels	Pocono	Creek	for	3500	feet	before	I‐80	crosses	the	
Creek.	 Alternative	 A	 includes	minor	 changes	 to	 the	 roadway	 embankment	which	 encroach	 into	 the	
existing	 floodplain.	 At	 mile	 marker	 303,	 I‐80	 has	 ramps	 that	 connect	 SR	 0611	 with	 the	 interstate.	
Alternative	A	includes	changes	to	the	existing	303	exit	eastbound.	This	change	will	reduce	the	impact	
of	the	ramp	on	Pocono	Creek.	However,	Alternative	A	also	includes	adding	an	entrance	ramp	near	the	
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mile	marker	303	which	will	connect	SR	0611	to	I‐80	east	bound.	This	new	ramp	encroaches	into	the	
Pocono	Creek	 floodplain	 for	1200	 feet.	Alternative	A	also	 includes	 changes	 to	 the	westbound	ramps	
but	it	does	not	affect	the	hydraulic	model.		
	
Between	the	I‐80	bridge	over	Pocono	Creek	and	mile	marker	304,	I‐80	parallels	Pocono	Creek	for	3000	
feet.	Alternative	A	includes	roadway	encroachments	on	the	Pocono	Creek	floodplain	due	to	the	wider	
roadway.	 Near	 mile	 marker	 304,	 SR	 0209	 connects	 with	 I‐80	 through	 eastbound	 and	 westbound	
ramps.	 These	 ramps	will	 have	 a	 different	 configuration	 than	 the	 existing	 condition.	 The	westbound	
ramp	includes	a	new	ramp	alignment	with	piers	encroaching	in	the	Pocono	Creek	floodplain.	Changes	
to	the	eastbound	ramp	are	also	included	in	Alternative	A	but	do	not	affect	the	hydraulic	model.		
	
The	ramps	located	near	mile	marker	305	will	be	relocated	with	a	new	geometry	for	Alternative	A.	This	
new	interchange	configuration	affects	the	Little	Pocono	Creek	crossing.	Encroachment	 into	the	Little	
Pocono	Creek	is	minor	but	the	new	geometry	affects	the	hydraulic	characteristics	of	the	crossing.	The	
proposed	entrance	ramp	that	connects	SR	2012	with	 I‐80	westbound	will	encroach	 into	 the	existing	
floodplain	 but	 the	 new	 configuration	 will	 reduce	 the	 existing	 encroachment	 due	 to	 the	 ramp	
downstream.	
	
The	existing	ramps	located	near	mile	marker	306	will	be	removed.	However,	they	do	not	affect	any	of	
the	waterways	within	the	project	limits.		
	
Between	 the	McMichael	 Creek	 crossing	 and	 the	 Brodhead	 Creek	 crossing,	 I‐80	 parallels	 McMichael	
Creek	for	5500	feet.	Some	of	the	proposed	roadway	widening	in	Alternative	A	will	encroach	into	the	
McMichael	 Creek	 floodplain.	 Furthermore,	 the	 interchange	 located	 near	 mile	 marker	 307	 will	 be	
improved	 for	Alternative	A.	Only	 the	 changes	 to	 the	westbound	ramps	encroach	 into	 the	McMichael	
Creek	crossing;	 therefore,	 they	were	 included	 in	 the	hydraulic	model.	The	SR	0191	and	 I‐80	bridges	
over	McMichael	Creek	will	be	replaced.	
	
Proposed	Structures	

As	previously	indicated,	Alternative	A	includes	new	replacement	of	the	following	bridges	and	culverts:	
I‐80	 over	 Pocono	 Creek,	 I‐80	 over	McMichael	 Creek,	 SR	0191	 over	McMichael	 Creek,	 and	 I‐80	 over	
Brodhead	Creek.	These	changes	include	new	hydraulic	openings	for	all	bridges	with	slightly	different	
span	configurations.	It	will	also	include	the	construction	of	two	new	culverts	under	ramps	over	Little	
Pocono	Creek.		
	
The	existing	I‐80	bridge	over	Brodhead	Creek	will	be	replaced	with	a	three‐span	bridge.	The	proposed	
bridge	is	oriented	perpendicular	to	flow.	The	piers	will	be	5	feet	wide	and	will	be	shifted	to	the	west	of	
the	existing	piers.	The	normal	clear	span	for	spans	1,	2,	and	3	are	115.5	feet,	145.0	feet	and	100.5	feet,	
respectively.	 The	 out‐to‐out	 structure	 width	 is	 150.4	 feet	 measured	 along	 the	 stream	 centerline.	 A	
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minimum	low	chord	elevation	of	413.95	feet	was	assumed,	which	is	above	the	100‐year	event.		For	low	
flows,	the	Energy	(standard	step),	Yarnell,	and	Momentum	methods	were	selected	and	the	method	that	
calculated	 the	 highest	 energy	 used.	 Pier	 shape	 coefficients	 of	 0.9	 and	 a	 1.2	 coefficient	 of	 drag	were	
used,	assuming	that	the	proposed	piers	will	have	round	noses.		
	
The	 existing	 SR	 191	 bridge	 over	 McMichael	 Creek	 will	 be	 replaced	 with	 a	 single	 span	 bridge.	 The	
proposed	bridge	is	oriented	on	the	same	20	degree	skew	as	the	existing	bridge	and	will	have	a	normal	
clear	span	of	175.3	feet.	The	out‐to‐out	structure	width	is	85.7	feet	and	a	low	chord	of	401.07	feet	was	
assumed.	 The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	 Energy	
method	was	selected.		
	
The	existing	I‐80	bridge	over	McMichael	Creek	will	be	replaced	with	a	two	span	bridge.	The	proposed	
bridge	is	oriented	on	the	same	30	degree	skew	as	the	existing	bridge.	The	pier	will	be	5	feet	wide	and	
will	be	placed	near	the	center	of	the	channel.	The	normal	clear	spans	of	the	bridge	will	be	143.3	feet	
and	130.3	feet.	The	out‐to‐out	width	of	the	bridge	will	be	195	feet	and	a	low	chord	of	427.1	feet	was	
assumed.	 The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	 Energy	
(standard	step),	Yarnell,	 and	Momentum	methods	were	selected	and	 the	method	 that	 calculated	 the	
highest	energy	used.	Pier	shape	coefficients	of	1.6	and	a	1.05	coefficient	of	drag	were	used,	assuming	
that	the	proposed	piers	will	have	triangular	noses.		
	
The	existing	I‐80	bridge	over	Pocono	Creek	will	be	replaced	with	a	two‐span	structure.	The	proposed	
bridge	 is	 oriented	 on	 a	 30	 degree	 skew	 to	 the	 flow	 direction;	 however,	 the	 existing	 skew	 angle		
(35	degrees)	was	applied	to	the	internal	and	bounding	cross	sections	for	consistency	with	the	existing	
hydraulic	model.	Furthermore,	using	the	existing	skew	was	a	conservative	approach	as	the	proposed	
skew	results	in	improved	water	surface	elevations.		The	proposed	pier	will	be	5.0	feet	wide	and	will	be	
located	outside	of	the	100‐year	floodplain	for	Pocono	Creek.	The	normal	clear	dimension	for	span	1	is	
137.3	feet.	The	normal	clear	span	for	span	2	varies	due	to	the	skewed	abutment	(not	aligned	with	the	
flow	direction).	The	out‐to‐out	structure	width	is	197.0	feet	measured	along	the	stream	centerline.	The	
minimum	 low	 chord	 elevation	was	 assumed	 to	 be	 502.2	 feet,	 which	 is	 located	 above	 the	 100‐year	
water	surface	elevation.	For	low	flows,	the	Energy	(standard	step),	Yarnell,	and	Momentum	methods	
were	selected	and	the	method	that	calculated	the	highest	energy	used.	The	same	existing	pier	shape	
coefficients	of	1.05	and	a	1.6	coefficient	of	drag	were	used,	assuming	the	same	characteristics	as	the	
existing	 condition.	The	bridge	 low	chord	does	not	 come	 in	 contact	with	any	of	 the	 flood	events	 and	
there	is	no	overtopping.	
	
The	existing	Little	Pocono	Creek	crossing	includes	structures	over	I‐80,	SR	2009	and	adjacent	ramps.	
The	proposed	condition	for	Alternative	A	includes	modifications	to	all	structures	as	well	as	additions	
of	 new	 structure	due	 to	 the	new	proposed	 ramps.	All	 proposed	 structures	were	 assumed	 to	be	box	
culverts	 with	 depressed	 inlets	 for	 fish	 baffles.	 The	 proposed	 structure	 sizes,	 from	 upstream	 to	
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downstream,	are	shown	in	Table	6.		
	

Table	6:	Alternative	A	Structure	Sizes	over	Little	Pocono	Creek	from	upstream	to	downstream	

Location	 Rise	(ft)	 Span	(ft)	

I‐80	Ramp	 4.5	 18	

I‐80	Ramp	 7	 17	

I‐80	 7	 18	

I‐80	Ramp	 6	 16	

West	Main	St.	 4.5	 16	

	
Proposed	Alternative	A	Results	

Results	of	the	hydraulic	analysis	of	Alternative	A	are	included	in	Appendix	D.		
	
VI. PROPOSED	ALTERNATIVE	D	MODEL	

	
Proposed	I‐80	Corridor	

The	 existing	 I‐80	 corridor	 will	 be	 reconstructed	 with	 3	 lanes	 on	 each	 direction.	 The	 proposed	
extension	will	be	even	on	the	north	and	south	sides.	Therefore,	the	proposed	roadway	alignment	will	
be	 similar	 to	 the	 existing	 alignment.	 Alternative	D	 includes	modifications	 to	 the	 configuration	 of	 all	
interchanges	 within	 the	 project	 limits.	 Each	 interchange	 will	 be	 different	 than	 the	 existing	
configuration	 with	 some	 proposed	 encroachments	 into	 the	 floodplain.	 Furthermore,	 all	 waterway	
crossings	 in	 the	Alternative	D	scenario	will	be	reconstructed	with	changes	 to	 the	hydraulic	opening.	
Therefore,	 a	 detailed	 hydraulic	 analysis	was	 performed	 for	 all	 encroachments	 as	well	 as	waterway	
crossings.		
	
Proposed	Lateral	Floodplain	Encroachments	

As	 previously	 indicated,	 Alternative	 D	 includes	modifications	 to	 all	 interchanges	within	 the	 project	
limits.	 These	 changes	 as	 well	 as	 the	 roadway	 widening	 result	 in	 encroachments	 to	 the	 existing	
floodplain	at	several	locations.		
	
Between	mile	markers	302	and	303,	 I‐80	parallels	Pocono	Creek	 for	3500	 feet	before	 crossing	 I‐80.	
Alternative	 D	 includes	 minor	 changes	 to	 the	 roadway	 embankment.	 At	 mile	 marker	 303,	 I‐80	 has	
ramps	that	connect	SR	0611	with	the	interstate.	Alternative	D	includes	changes	to	the	existing	303	exit	
eastbound	and	westbound	ramps	but	they	do	not	encroach	into	the	100‐year	floodplain.		
	
Between	the	I‐80	bridge	over	Pocono	Creek	and	mile	marker	304,	I‐80	parallels	Pocono	Creek	for	3000	
feet.	Alternative	D	includes	roadway	encroachments	on	the	Pocono	Creek	floodplain	due	to	the	wider	
roadway.	Furthermore,	 the	SR	209	ramps	H	and	 I	will	have	different	configuration	 than	 the	existing	
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condition.	The	ramp	work	includes	a	new	ramp	alignment	with	piers	encroaching	in	the	Pocono	Creek	
floodplain.	 Ramps	H	 and	 I	 are	 included	 in	 the	 hydraulic	model	 for	 Pocono	 Creek	 downstream.	 The	
piers	in	the	overbank	were	modeled	as	5.0	feet	wide	obstructions	in	the	right	overbank.	Furthermore,	
the	 abutments	 and	 fill	 placed	 in	 the	 overbank	 were	 modeled	 by	 modifying	 the	 geometry	 at	 the	
applicable	cross	sections.		
	
The	ramps	located	near	mile	marker	305	will	be	relocated	with	a	new	geometry	for	Alternative	D.	This	
new	interchange	configuration	affects	the	Little	Pocono	Creek	crossing.	Encroachment	 into	the	Little	
Pocono	Creek	is	minor	but	the	new	geometry	affects	the	hydraulic	characteristics	of	the	crossing.	The	
proposed	entrance	ramp	that	connects	SR	2012	with	I‐80	will	encroach	into	the	existing	floodplain.	
	
The	existing	ramps	located	near	mile	marker	306	will	be	removed.	However,	they	do	not	affect	any	of	
the	waterways	within	the	project	limits.		
	
Between	 the	McMichael	 Creek	 crossing	 and	 the	 Brodhead	 Creek	 crossing,	 I‐80	 parallels	 McMichael	
Creek	for	5500	feet.	Some	of	the	proposed	roadway	widening	in	Alternative	D	will	encroach	into	the	
McMichael	 Creek	 floodplain.	 Furthermore,	 the	 interchange	 located	 near	 mile	 marker	 307	 will	 be	
improved	 for	Alternative	D.	Only	 the	 changes	 to	 the	westbound	ramps	encroach	 into	 the	McMichael	
Creek	crossing;	therefore,	they	were	included	in	the	hydraulic	model.	The	eastbound	ramp	changes	do	
not	 affect	 the	 hydraulic	 modeling.	 The	 SR	 0191	 and	 I‐80	 bridges	 over	 McMichael	 Creek	 will	 be	
replaced.	
	
Proposed	Structures	

As	previously	 indicated,	Alternative	D	 includes	 new	proposed	 structures	 for	 all	 hydraulic	 crossings.	
These	 changes	 include	 new	 hydraulic	 openings	 for	 all	 bridges	 with	 slightly	 different	 span	
configurations.		
	
The	 proposed	 I‐80	 bridge	 over	 Brodhead	 Creek	 will	 be	 identical	 to	 the	 bridge	 proposed	 in	
Alternative	A.	There	are	no	other	impacts	to	Brodhead	Creek	from	the	project;	see	Appendix	D	for	the	
results	of	the	hydraulic	analysis	of	Brodhead	Creek.		
	
The	 existing	 SR	 191	 bridge	 over	 McMichael	 Creek	 will	 be	 replaced	 with	 a	 single	 span	 bridge.	 The	
proposed	bridge	is	oriented	on	the	same	20	degree	skew	as	the	existing	bridge	and	will	have	a	normal	
clear	 span	of	 176.2	 feet.	 The	out‐to‐out	 structure	width	 is	 85.7	 feet	 and	 a	 low	 chord	of	 401.07	was	
assumed.	 The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	 Energy	
method	was	selected.		
	
The	existing	I‐80	bridge	over	McMichael	Creek	will	be	replaced	with	a	two	span	bridge.	The	proposed	
bridge	is	oriented	on	the	same	30	degree	skew	as	the	existing	bridge.	The	pier	will	be	5	feet	wide	and	
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will	be	placed	near	the	center	of	the	channel.	The	normal	clear	spans	of	the	bridge	will	be	143.3	feet	
each.	The	out‐to‐out	width	of	the	bridge	will	be	179	feet	and	a	low	chord	of	427.72	feet	was	assumed.	
The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	Energy	 (standard	
step),	 Yarnell,	 and	 Momentum	 methods	 were	 selected	 and	 the	 method	 that	 calculated	 the	 highest	
energy	used.	Pier	shape	coefficients	of	1.6	and	a	1.05	coefficient	of	drag	were	used,	assuming	that	the	
proposed	piers	will	have	triangular	noses.		High	flow	doesn’t	affect	bridge.	
	
The	existing	I‐80	bridge	over	Pocono	Creek	will	be	replaced	with	a	two‐span	structure.	The	proposed	
bridge	 is	 oriented	 on	 a	 30	 degree	 skew	 to	 the	 flow	 direction;	 however,	 the	 existing	 skew	 angle		
(35	degrees)	was	applied	to	the	internal	and	bounding	cross	sections	for	consistency	with	the	existing	
hydraulic	model.	Furthermore,	using	the	existing	skew	was	a	conservative	approach	as	the	proposed	
skew	results	in	improved	water	surface	elevations.		The	proposed	pier	will	be	5.0	feet	wide	and	will	be	
located	outside	of	the	100‐year	floodplain	for	Pocono	Creek.	The	normal	clear	dimension	for	span	1	is	
137.3	feet.	The	normal	clear	span	for	span	2	varies	due	to	the	skewed	abutment	(not	aligned	with	the	
flow	direction).	The	out‐to‐out	structure	width	is	197.0	feet	measured	along	the	stream	centerline.	The	
minimum	low	chord	elevation	is	located	above	the	100‐year	water	surface	elevation.	For	low	flows,	the	
Energy	 (standard	 step),	 Yarnell,	 and	 Momentum	 methods	 were	 selected	 and	 the	 method	 that	
calculated	 the	 highest	 energy	 used.	 The	 same	 existing	 pier	 shape	 coefficients	 of	 1.05	 and	 a	 1.6	
coefficient	of	drag	were	used,	assuming	the	same	characteristics	as	the	existing	condition.	The	bridge	
low	chord	does	not	come	in	contact	with	any	of	the	flood	events	and	there	is	no	overtopping.	
	
The	existing	Little	Pocono	Creek	crossing	includes	structures	over	I‐80,	SR	2009	and	adjacent	ramps.	
The	 proposed	 condition	 for	 Alternative	 D	 includes	 modifications	 to	 all	 structures.	 All	 proposed	
structures	 were	 assumed	 to	 be	 box	 culverts	 with	 depressed	 inlets	 for	 fish	 baffles.	 The	 proposed	
structure	sizes,	from	upstream	to	downstream,	are	shown	in	Table	7.	

	
Table	7:	Alternative	D	Structure	Sizes	over	Little	Pocono	Creek	from	upstream	to	downstream	

Location	 Rise	(ft)	 Span	(ft)	

I‐80	Ramp	 4	 20	

I‐80	 4	 22	

West	Main	St.	 4	 18	

	
Proposed	Alternative	D	Results	

Results	of	the	hydraulic	analysis	of	Alternative	D	are	included	in	Appendix	E.		
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VII. PROPOSED	ALTERNATIVE	B	MODEL	
	
Proposed	I‐80	Corridor	

The	 existing	 I‐80	 corridor	 will	 be	 reconstructed	 with	 3	 lanes	 on	 each	 direction.	 The	 proposed	
extension	will	be	even	on	the	north	and	south	sides.	Therefore,	the	proposed	roadway	alignment	will	
be	 similar	 to	 the	 existing	 alignment.	 Alternative	 B	 includes	modifications	 to	 the	 configuration	 of	 all	
interchanges	 within	 the	 project	 limits.	 Each	 interchange	 will	 be	 different	 than	 the	 existing	
configuration	 with	 some	 proposed	 encroachments	 into	 the	 floodplain.	 Furthermore,	 all	 waterway	
crossings	 in	 the	Alternative	B	scenario	will	be	 reconstructed	with	changes	 to	 the	hydraulic	opening.	
Therefore,	 a	 detailed	 hydraulic	 analysis	was	 performed	 for	 all	 encroachments	 as	well	 as	waterway	
crossings.		
	
Proposed	Lateral	Floodplain	Encroachments	

As	 previously	 indicated,	 Alternative	 B	 includes	modifications	 to	 all	 interchanges	 within	 the	 project	
limits.	 These	 changes	 as	 well	 as	 the	 roadway	 widening	 result	 in	 encroachments	 to	 the	 existing	
floodplain	at	several	locations.		
	
Between	mile	markers	302	and	303,	 I‐80	parallels	Pocono	Creek	 for	3500	 feet	before	 crossing	 I‐80.	
Alternative	 B	 includes	 changes	 to	 the	 roadway	 embankment	 which	 encroach	 into	 the	 existing	
floodplain	and	floodway.	At	mile	marker	303,	I‐80	has	ramps	that	connect	SR	0611	with	the	interstate.	
Alternative	B	includes	changes	to	the	existing	ramps.	This	change	includes	placing	fill	into	the	Pocono	
Creek	 floodplain	 and	 floodway.	 Alternative	 B	 also	 includes	 adding	 an	 entrance	 ramp	 near	 the	mile	
marker	303	which	will	connect	SR	0611	to	I‐80	east	bound.	This	new	ramp	encroaches	into	the	Pocono	
Creek	floodplain	for	800	feet.	Alternative	B	also	includes	changes	to	the	westbound	ramps	but	it	does	
not	affect	the	hydraulic	model.		
	
Between	the	I‐80	bridge	over	Pocono	Creek	and	mile	marker	304,	I‐80	parallels	Pocono	Creek	for	3000	
feet.	Alternative	B	includes	roadway	encroachments	on	the	Pocono	Creek	floodplain	and	floodway	due	
to	 the	 wider	 roadway.	 Near	mile	marker	 304,	 SR	 0209	 connects	 with	 I‐80	 through	 eastbound	 and	
westbound	ramps	(ramps	E,	G	and	H).	These	ramps	will	have	different	configuration	than	the	existing	
condition.	The	ramps	include	a	new	alignment	with	piers	encroaching	in	the	Pocono	Creek	floodplain.	
Changes	 to	 the	 eastbound	 ramp	 are	 also	 included	 in	 Alternative	 B	 but	 do	 not	 affect	 the	 hydraulic	
model.	Ramps	E,	G	and	H	are	included	in	the	hydraulic	model	for	Pocono	Creek	downstream.	The	piers	
in	the	overbank	were	modeled	as	5.0	feet	wide	obstructions	in	the	right	overbank.	Furthermore,	the	
abutments	 and	 fill	 placed	 in	 the	 overbank	were	modeled	 by	modifying	 the	 geometry	 at	 the	 nearest	
cross	section.	
	
The	ramps	located	near	mile	marker	305	will	be	relocated	with	a	new	geometry	for	Alternative	B.	This	
new	interchange	configuration	affects	the	Little	Pocono	Creek	crossing.	The	geometry	of	Alternative	B	
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is	the	same	as	the	geometry	configuration	of	Alternative	D	for	Little	Pocono	Creek,	see	Appendix	E	for	
the	results	of	Alternative	D	over	Little	Pocono	Creek.	
	
The	existing	ramps	located	near	mile	marker	306	will	be	removed.	However,	they	do	not	affect	any	of	
the	waterways	within	the	project	limits.		
	
Between	 the	McMichael	 Creek	 crossing	 and	 the	 Brodhead	 Creek	 crossing,	 I‐80	 parallels	 McMichael	
Creek	for	5500	feet.	Some	of	the	proposed	roadway	widening	in	Alternative	B	will	encroach	into	the	
McMichael	 Creek	 floodplain.	 Furthermore,	 the	 interchange	 located	 near	 mile	 marker	 307	 will	 be	
improved	 for	Alternative	B.	Only	 the	changes	 to	 the	westbound	ramps	encroach	 into	 the	McMichael	
Creek	crossing;	therefore,	they	were	included	in	the	hydraulic	model.	The	eastbound	ramp	changes	do	
not	affect	the	hydraulic	modeling.	The	SR	0191	bridge	over	McMichael	Creek	will	be	replaced.		
	
Proposed	Structures	

As	 previously	 indicated,	 Alternative	 B	 includes	 new	proposed	 structures	 for	 all	 hydraulic	 crossings.	
These	 changes	 include	 new	 hydraulic	 openings	 for	 all	 bridges	 with	 slightly	 different	 span	
configurations.		
	
The	 proposed	 I‐80	 bridge	 over	 Brodhead	 Creek	 will	 be	 identical	 to	 the	 bridge	 proposed	 in	
Alternative	A.	There	are	no	other	impacts	to	Brodhead	Creek	from	the	project;	see	Appendix	D	for	the	
results	of	the	hydraulic	analysis	of	Brodhead	Creek.		
	
The	 existing	 SR	 191	 bridge	 over	 McMichael	 Creek	 will	 be	 replaced	 with	 a	 single	 span	 bridge.	 The	
proposed	bridge	is	oriented	on	the	same	20	degree	skew	as	the	existing	bridge	and	will	have	a	normal	
clear	 span	of	 176.7	 feet.	 The	out‐to‐out	 structure	width	 is	 85.7	 feet	 and	 a	 low	 chord	of	 401.07	was	
assumed.	 The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	 Energy	
method	was	selected.	
	
The	existing	I‐80	bridge	over	McMichael	Creek	will	be	replaced	with	a	two	span	bridge.	The	proposed	
bridge	is	oriented	on	the	same	30	degree	skew	as	the	existing	bridge.	The	pier	will	be	5	feet	wide	and	
will	be	placed	near	the	center	of	the	channel.	The	normal	clear	spans	of	the	bridge	will	be	143.3	feet	
each.	The	out‐to‐out	width	of	the	bridge	will	be	179	feet	and	a	low	chord	of	427.46	feet	was	assumed.	
The	 assumed	 low	 chord	 is	 above	 the	 100‐year	 flood	 elevation.	 For	 low	 flows,	 the	Energy	 (standard	
step),	 Yarnell,	 and	 Momentum	 methods	 were	 selected	 and	 the	 method	 that	 calculated	 the	 highest	
energy	used.	Pier	shape	coefficients	of	1.6	and	a	1.05	coefficient	of	drag	were	used,	assuming	that	the	
proposed	piers	will	have	triangular	noses.		
	
The	existing	I‐80	bridge	over	Pocono	Creek	will	be	replaced	with	a	two‐span	structure.	Furthermore,	
additional	ramps	(ramps	B,	C,	E,	and	F)	on	the	upstream	and	downstream	sides	of	the	proposed	bridge	
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will	 be	provided.	The	 ramps	 and	proposed	 I‐80	bridge	were	 analyzed	 as	 one	 structure	due	 to	 their	
close	 proximity.	 The	 proposed	 bridges	 are	 oriented	 on	 a	 30	 degree	 skew	 to	 the	 flow	 direction;	
however,	the	existing	skew	angle	(35	degrees)	was	applied	to	the	internal	and	bounding	cross	sections	
for	 consistency	 with	 the	 existing	 hydraulic	 model.	 Furthermore,	 using	 the	 existing	 skew	 was	 a	
conservative	 approach	 as	 the	 proposed	 skew	 results	 in	 improved	 water	 surface	 elevations.	 The	
proposed	pier	will	be	5.0	feet	wide	and	will	be	located	outside	of	the	100‐year	floodplain	for	Pocono	
Creek.	 The	minimum	normal	 clear	 span	 is	 131.9	 feet	 for	 span	 1.	 The	 normal	 clear	 span	 for	 span	 2	
varies	due	to	the	skewed	abutment	(not	aligned	with	the	flow	direction).	
	
The	 out‐to‐out	 structure	 width	 (including	 the	 upstream	 and	 downstream	 ramps)	 is	 310.0	 feet	
measured	along	 the	 stream	centerline.	The	minimum	 low	chord	elevation	 is	 located	 above	 the	100‐
year	 water	 surface	 elevation.	 For	 low	 flows,	 the	 Energy	 (standard	 step),	 Yarnell,	 and	 Momentum	
methods	were	selected	and	the	method	that	calculated	the	highest	energy	used.	The	same	existing	pier	
shape	coefficients	of	1.05	and	a	1.6	coefficient	of	drag	were	used,	assuming	the	same	characteristics	as	
the	existing	condition.	The	bridge	low	chord	does	not	come	in	contact	with	any	of	the	flood	events	and	
there	is	no	overtopping.	
	
The	geometry	for	Alternative	B	along	Little	Pocono	Creek	is	the	same	as	Alternative	D.	Therefore,	the	
same	structure	sizes	were	assumed	for	Alternative	B,	see	Appendix	E	for	the	results	of	Alternative	D	
along	Little	Pocono	Creek.	
	
Proposed	Alternative	B	Results	

Results	of	the	hydraulic	analysis	of	Alternative	A	are	included	in	Appendix	F.		
	
VIII. SUMMARY	OF	PROPOSED	ALTERNATIVES	

	
A	 location	 hydraulic	 study	 for	 the	 Brodhead,	 McMichael,	 Pocono	 and	 Little	 Pocono,	 Creeks	 in	 the	
vicinity	of	the	proposed	I‐80	reconstruction	project	was	performed	for	this	Alternatives	Analysis.	The	
FEMA	 regulatory	 100‐year	 event	 is	 used	 to	 evaluate	 risk	 and	 demonstrate	 consistency	 with	 the	
National	 Flood	 Insurance	 Program.	 Zero	 increases	 are	 allowed	 in	 the	 floodway	 which	 pertains	 to	
bridges;	 a	 one	 foot	 increase	 is	 allowed	 for	 encroachments	 in	 the	 flood	 fringe	 area	 (between	 the	
floodway	 and	 the	 outer	 extent	 of	 the	 floodplain).	 	 The	 following	 table	 provides	 a	 summary	 of	 the	
results	for	each	alternative	and	their	impact	in	the	100‐year	floodplain.	Increases	in	bold	text	indicate	
increases	that	would	require	either	engineering	revisions	to	eliminate	the	 increases	or	a	Conditional	
Letter	of	Map	Revision	(CLOMR)	from	FEMA.		
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Table	8:	Proposed	Alternatives	–	Summary	of	Hydraulic	Results	

	

	
The	 Brodhead	 Creek	model	 is	 affected	 only	 by	 the	 proposed	 changes	 to	 the	 I‐80	 bridge.	 Only	 one	
alternative	 is	 proposed	 for	 this	 structure.	 The	 proposed	 bridge	 geometry	 causes	 water	 surface	
elevations	 upstream	 of	 the	 bridge	 to	 increase	 by	 0.1	 feet.	 The	 project	 encroaches	 on	 the	 FEMA	
floodway	of	Brodhead	Creek,	 so	 any	 increase	greater	 than	0.00	 feet	 in	water	 surface	elevations	will	
require	a	CLOMR.		
	
Although	 the	 bridge	 configurations	 and	 slope	 encroachments	 are	 slightly	 different	 along	McMichael	
Creek	 for	 each	alternative,	 the	 impact	of	 each	alternative	on	water	 surface	elevations	on	McMichael	
Creek	 are	 generally	 the	 same.	 Alternative	 A	 presents	 a	 slightly	 greater	 encroachment	 into	 the	
floodplain	 of	 McMichael	 Creek	 between	 the	 I‐80	 and	 SR	 0191	 bridges	 and	 causes	 slightly	 greater	
increases	 to	 the	 upstream	 water	 surface	 elevations.	 All	 three	 alternatives	 encroach	 on	 the	 FEMA	
floodway	of	McMichael	Creek,	so	any	 increase	greater	than	0.00	 feet	 in	water	surface	elevations	will	
require	a	CLOMR.		
	
Along	Pocono	Creek,	there	are	small	increases	at	the	parallel	encroachments	for	Alternative	A,	with	no	
increase	 from	the	replacement	of	 the	 I‐80	bridge.	Alternative	B	causes	significant	 increases	 in	water	
surface	 elevation	 at	 both	 the	 parallel	 encroachments	 and	 the	 proposed	 I‐80	 bridge.	 Alternative	 B	
encroaches	on	 the	FEMA	 floodway	of	Pocono	Creek,	 so	any	 increase	greater	 than	0.00	 feet	 in	water	
surface	elevations	will	require	a	CLOMR.	Alternative	D	shows	minor	increases	at	the	Pocono	(Bridge)	
hydraulic	 model	 due	 to	 a	 downstream	 encroachment	 into	 the	 floodplain;	 however,	 there	 are	 no	
increases	due	 to	 the	Alternative	D	bridge.	The	upstream	or	downstream	(parallel)	hydraulic	models	
show	no	increases	for	Alternative	D.		
		
The	 Little	 Pocono	 Creek	 model	 shows	 increases	 in	 water	 surface	 elevations	 for	 all	 modeled	
alternatives,	however,	the	increases	are	within	the	1.0	feet	allowed	in	Approximate	FEMA	study	areas.	
The	 increases	 in	 water	 surface	 elevation	 are	 largest	 for	 Alternatives	 D	 and	 B	 and	 smaller	 for	
Alternative	A.		 	

Proposed	
Alternative	

Maximum	Increase	in	Water	Surface	Elevation	(feet)	

Brodhead*	 McMichael	
Pocono	
(Parallel)	

Pocono	
(Bridge)	

Little	
Pocono	

A	

+0.1	

+0.2	 +0.1	 0.0	 +0.3	

D	 +0.2	 0.0	 +0.1	 +0.6	

B	 +0.2	 +0.9	 +0.8	 +0.6	
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APPENDIX D

Pocono Creek 
FEMA HEC-RAS vs. Existing Condition Model 

Geometry Comparison
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FEMA XS AM vs. Survey XS 1

FEMA cross section AM is located approximately 760 feet 
downstream of the existing SR 2009 bridge. Surveyed cross 
section 1 is located 770 feet downstream of the existing SR 2009 
bridge. There are significant geometric differences between 
these cross sections, as shown on the topographic survey. The 
FEMA cross section at this location shows a higher channel and 
banks that are slightly different than indicated by the survey.

Elev. 461.04

Elev. 462.61

Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AN vs. Survey XS 4

FEMA cross section AN is located approximately 455 feet 
downstream of the existing SR 2009 bridge. Surveyed cross 
section 4 is located 430 feet downstream of the existing SR 2009 
bridge. There are significant geometric differences between 
these cross sections, as shown on the topographic survey. The 
FEMA cross section at this location shows a higher channel and 
banks that are slightly different than indicated by the survey.

Elev. 461.62

Elev. 464.55

Monroe County FIS Pocono Creek Cross Section Comparison



460

465

470

475

480

485

490

495

500

505

510

‐200 ‐150 ‐100 ‐50 0 50 100 150 200 250 300

El
e
va
ti
o
n
 (
ft
) 
(N
A
V
D
8
8
)

Station (ft)

FEMA XS AO vs. Survey XS 7

FEMA cross section AO is located approximately 140 feet 
downstream of the existing SR 2009 bridge. Surveyed cross 
section 7 is located 140 feet downstream of the existing SR 2009 
bridge. There are no significant geometric differences between 
these cross sections, as shown on the topographic survey. The 
FEMA cross section at this location shows a higher channel and 
banks that are slightly different than indicated by the survey.

Elev. 464.36
Elev. 465.70

Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AP vs. Survey XS 12

FEMA cross section AP is located approximately 45 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
12 is located 65 feet upstream of the existing SR 2009 bridge. 
There are no significant geometric differences between these 
cross sections, as shown on the topographic survey. The FEMA 
cross section at this location shows a higher channel and banks 
that are slightly different than indicated by the survey.

Elev. 467.16
Elev. 468.21

Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AQ vs. Survey XS 13

FEMA cross section AQ is located approximately 120 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
13 is located 95 feet upstream of the existing SR 2009 bridge. 
There are significant geometric differences between these cross 
sections, as shown on the topographic survey. The FEMA cross 
section at this location shows a higher channel and banks that are 
slightly different than indicated by the survey.

Elev. 467.37
Elev. 469.20

Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AR vs. Survey XS 14

FEMA cross section AR is located approximately 160 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
15 is located 130 feet upstream of the existing SR 2009 bridge. 
There are significant geometric differences between these cross 
sections, as shown on the topographic survey. The FEMA cross 
section at this location shows a higher channel and banks that are 
slightly different than indicated by the survey.
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Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AS vs. Survey XS 17

FEMA cross section AS is located approximately 380 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
18 is located 400 feet upstream of the existing SR 2009 bridge. 
There are no significant geometric differences between these 
cross sections, as shown on the topographic survey. The FEMA 
cross section at this location shows a higher channel and banks 
that are slightly different than indicated by the survey.
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Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AT vs. Survey XS 19

FEMA cross section AT is located approximately 640 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
20 is located 615 feet upstream of the existing SR 2009 bridge. 
There are significant geometric differences between these cross 
sections, as shown on the topographic survey. The FEMA cross 
section at this location shows a higher channel and banks that are 
slightly different than indicated by the survey.

Elev. 471.64

Elev. 473.93

Monroe County FIS Pocono Creek Cross Section Comparison
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FEMA XS AU vs. Survey XS 21

FEMA cross section AU is located approximately 830 feet 
upstream of the existing SR 2009 bridge. Surveyed cross section 
22 is located 790 feet upstream of the existing SR 2009 bridge. 
There are significant geometric differences between these cross 
sections, as shown on the topographic survey. The FEMA cross 
section at this location shows a higher channel and banks that are 
slightly different than indicated by the survey.

Elev. 471.64

Elev. 476.35

Monroe County FIS Pocono Creek Cross Section Comparison



Low Chord Elev. 
500.35’

Low Chord 
Elev. 499.95’

Min Ground 
Elev. 468.6’

Min Ground 
Elev. 468.81’

Surveyed Bridge 
Open Area = 4058 sf

FEMA Bridge Open 
Area = 6127 sf

Monroe County FIS I‐80 over Pocono Creek Bridge Comparison

I-80 Existing Survey

I-80 FEMA

The FEMA I-80 bridge opening is similar to the current hydraulic
study; however, the ground elevations at the channel are
approximately 0.5 feet higher than the surveyed elevations. The
clear spans and out-to-out widths are similar; but, the right pier in
the FEMA model was not skewed. Since none of the flows
overtop the bridge, the superstructure depth does not affect the
hydraulic model at all.



APPENDIX C

I-80 over Pocono Creek
Corrected Effective Model



  

HEC-RAS  Plan: Corrected Eff. M   River: Stream   Reach: Reach    Profile: 100-year

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Reach 21      100-year 7748.00 470.96 483.49 481.93 485.19 0.007285 10.59 846.89 298.71 0.68

Reach 20      100-year 7748.00 471.05 482.72 480.84 484.53 0.006671 10.93 814.74 784.22 0.66

Reach 19      100-year 7748.00 471.64 483.07 481.36 483.84 0.003275 7.94 1604.64 1023.32 0.45

Reach 18      100-year 7748.00 471.00 482.72 479.33 483.51 0.002540 7.67 1491.35 1160.73 0.42

Reach 17      100-year 7748.00 469.89 482.51 478.04 483.27 0.002212 7.35 1405.61 1274.55 0.40

Reach 16      100-year 7748.00 468.81 481.90 477.84 483.01 0.003089 8.50 962.98 623.08 0.47

Reach 15.5    Bridge

Reach 15      100-year 7748.00 467.46 478.68 480.90 0.006889 12.02 687.09 87.87 0.68

Reach 14      100-year 7748.00 467.30 478.51 480.69 0.006751 11.93 696.36 89.69 0.68

Reach 13      100-year 7748.00 467.37 477.95 480.44 0.007997 12.73 645.19 83.67 0.74

Reach 12      100-year 7748.00 467.16 478.46 479.99 0.004504 9.98 817.01 98.10 0.56

Reach 11      100-year 7748.00 467.24 478.53 474.88 479.75 0.003539 8.89 907.46 105.77 0.50

Reach 10.5    Bridge

Reach 10      100-year 7748.00 466.30 476.49 473.89 478.03 0.005153 9.96 802.97 116.37 0.59

Reach 9       100-year 7748.00 465.52 476.60 473.05 477.68 0.003397 8.39 954.40 113.13 0.48

Reach 8       100-year 7748.00 464.65 476.45 472.67 477.58 0.003309 8.60 950.74 152.90 0.48

Reach 7       100-year 7748.00 464.36 476.03 472.78 477.40 0.004023 9.54 913.37 127.92 0.53

Reach 6       100-year 7748.00 463.15 473.30 473.30 476.72 0.014490 15.10 579.27 95.60 0.96

Reach 5       100-year 7748.00 461.90 473.07 475.20 0.007497 11.90 751.86 122.47 0.71

Reach 4       100-year 7748.00 461.62 472.22 474.18 0.007202 11.92 901.68 159.59 0.69

Reach 3       100-year 7748.00 461.67 471.84 469.96 473.56 0.006319 11.06 981.69 224.00 0.65

Reach 2       100-year 7748.00 460.87 471.18 469.91 473.15 0.007256 11.81 911.43 190.70 0.70

Reach 1       100-year 7748.00 461.04 470.88 467.90 471.85 0.003627 8.20 1261.68 277.92 0.49
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SHEET 1 of 2
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RAMP H OVER POCONO CREEK AND UNDER RAMP I

TOP OF DECK PG EL 484.249

105"

CL BRG
LOW CHORD EL 466.706

PG EL 475.456

200.0'

5'- 0"

SPAN LENGTHS ARE MEASURED ALONG BASELINE

I-80 RECONSTRUCTION
CREATED BY: DMF 07/13/2014
CHECKED BY: RK 07/16/2014

SHEET 4 of 4AECOM

PROJECT 60248333
PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2D



APPENDIX C

Alternative B



CL BRG

2'- 0" (TYP)

Sta 785+90.31 (RAMP C)

PG EL 515.90

152.0'

5'- 0"

RAMPS C AND E OVER POCONO CREEK AND BRIDGE STREET

TOP OF DECK

 PG EL 515.14

84"

CL BRG

LOW CHORD EL 508.60

PG EL 515.60

127.0'

200.0'

108"

Sta 792+97.97

PG EL 517.79

TOP OF DECK

RAMPS C AND E OVER POCONO CREEK

CL BRG

LOW CHORD EL 508.79

SPAN LENGTHS ARE MEASURED ALONG BASELINE

2'- 0" (TYP)

CL BRG

PG EL 518.66

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014 

SHEET 1 of 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



102"

Sta 221+02.89

PG EL 518.39

TOP OF DECK

 RAMP E UNIT 1  OVER POCONO CREEK

CL BRG

190.0'

2'- 0" (TYP)

PG EL 508.84

CL BRG

LOW CHORD 500.34

190.0'

5'- 0"

 PG EL 516.31

114"

Sta 794+98.31

PG EL 518.66

TOP OF DECK

CL BRG

225.0'

2'- 0" (TYP)

PG EL 507.17

CL BRG

LOW CHORD EL 497.67

225.0'

5'- 0"

 RAMP C OVER POCONO CREEK AND I-80

SPAN LENGTHS ARE MEASURED ALONG BASELINE

 PG EL 515.52

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014 

SHEET 2 of 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



CL BRG

 Sta 229+95.59

PG EL 493.07

155.0'

RAMP E UNIT 2 OVER POCONO CREEK 

TOP OF DECK  PG EL 491.55

5'- 0" (TYP)

93"

185.0'

CL BRG

PG EL 512.64

155.0'185.0'185.0'

 PG EL 492.73  PG EL 497.18  PG EL 504.89

CL BRG

 Sta 238+62.09

PG EL 512.72

170.0'

RAMP E UNIT 3 OVER POCONO CREEK AND RAMP H

TOP OF DECK  PG EL 519.89

102"

5'- 0" (TYP)

205.0'

 PG EL 522.82

CL BRG

LOW CHORD EL 503.14

PG EL 511.64

170.0'205.0'

 PG EL 519.35

SPAN LENGTHS ARE MEASURED ALONG BASELINE

2'- 0"

LOW CHORD EL 483.80

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014 

SHEET 3 of 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



170.0'

96"

Sta 306+80.92

PG EL 543.54

TOP OF DECK

CL BRG

LOW CHORD EL 535.54

PG EL 551.27

5'- 0" (TYP)

RAMP G UNIT 2 OVER I-80, RAMP E, AND POCONO CREEK

170.0'

PG EL 564.29

CL BRG

200.0'

PG EL 558.11

200.0'

PG EL 562.53

200.0'

PG EL 564.51

SPAN LENGTHS ARE MEASURED ALONG BASELINE

170.0'

96"

Sta 316+23.52

PG EL 564.27

TOP OF DECK

CL BRG

PG EL 562.26

5'- 0" (TYP)

RAMP G UNIT 3 OVER POCONO CREEK

170.0'

PG EL 531.37

CL BRG

LOW CHORD EL 523.37

200.0'

PG EL 557.65

200.0'

PG EL 550.62

200.0'

PG EL 541.14

EL 554.53

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014  

SHEET 4 of 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



CL BRG

Sta 325+66.02

PG EL 531.22

99.0'

RAMP G UNIT 4 OVER POCONO CREEK AND RAMP H

TOP OF DECK

 PG EL 525.38

78"

5'- 0" (TYP)

138.0'

CL BRG

LOW CHORD EL 504.89

PG EL 511.39

99.0'

 PG EL 517.23

SPAN LENGTHS ARE MEASURED ALONG BASELINE

2'- 0"

102"

Sta 413+99.17

PG EL 487.10

TOP OF DECK

RAMP H OVER POCONO CREEK

CL BRG

205.0'

2'- 0" (TYP)

5'- 0"

 PG EL 485.08

PG EL 475.99

CL BRG

LOW CHORD EL 467.49

205.0'

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014  

SHEET 5 of 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



CL BRG

 PG EL 409.57

192.0'

SR0191 OVER MCMICHAEL CREEK

102"

2'- 0" (TYP)

CL BRG

LOW CHORD EL 401.07

2'- 0" (TYP)

99"

Sta 1160+04.00

PG EL 443.00

TOP OF DECK

 I-80 OVER MCMICHAEL CREEK

CL BRG

170.0'

SPAN LENGTHS ARE MEASURED ALONG BASELINE

2'- 0" (TYP)

 PG EL 439.07

TOP OF DECK

CL BRG

 LOW CHORD EL 427.46

2'- 0" (TYP)

170.0'

5'- 0"

PG EL 435.71

Sta 4009+34.81

PG EL 419.01

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014   

SHEET 6 OF 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



SPAN LENGTHS ARE MEASURED ALONG BASELINE

102"

Sta 1085+37.01

PG EL 518.04

TOP OF DECK

I-80 OVER POCONO CREEK

CL BRG

LOW CHORD EL

162.0'

2'- 0" (TYP)

5'- 0"

 PG EL 515.98

PG EL 512.97

CL BRG

LOW CHORD EL 504.47

2'- 0" (TYP)

166.0'

120.0' 155.0' 105.0'

90"

Sta 1218+49.37

PG EL 421.37

TOP OF DECK

  I-80 OVER BRODHEAD CREEK

CL BRG

LOW CHORD EL 413.87

PG EL 428.91

CL BRG

PG EL 426.80

PG EL 423.740

2'- 0" (TYP)

5'- 0" (TYP)

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014   

SHEET 7 OF 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



SPAN LENGTHS ARE MEASURED ALONG BASELINE

163.0'

90"

Sta 585+08.24 (RAMP F)

PG EL 508.65

RAMPS B AND F OVER POCONO CREEK AND BRIDGE STREET

CL BRG

LOW CHORD EL 501.15

PG EL 513.86

2'- 0" (TYP)

5'- 0" (TYP)

PG EL 522.63

CL BRG

159.0' 105.0'

PG EL 519.01

I-80 RECONSTRUCTION

CREATED BY: DMF 07/31/2014

CHECKED BY: RK   08/01/2014   

SHEET 8 OF 8

AECOM

PROJECT 60248333

PRELIMINARY STRUCTURE ELEVATIONS

ALTERNATE - 2B



APPENDIX D

Alternative A Results

Monroe County
PennDOT District 5-0

I-80 Alternatives Analysis
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Proposed	Alternative	A	Results	

Water	 surface	 elevations	 at	 the	 hydraulic	 sections	 in	 the	 Brodhead,	 McMichael,	 Pocono,	 and	 Little	
Pocono	Creek	HEC‐RAS	models	are	compared	with	existing	conditions	in	tables	below	for	the	100‐year	
event.		
	
Flood	maps	for	every	study	area	are	also	attached.	The	flood	profiles	include	the	calculated	100‐year	
elevations	as	well	as	the	FEMA	100‐year	floodplain	and	floodway.	The	FEMA	floodplain	may	not	follow	
the	 provided	 contours	 as	 it	was	mapped	 using	 outdated	 data.	 Furthermore,	 note	 that	 the	 proposed	
contours	may	end	abruptly	due	to	the	preliminary	stages	of	the	project.		

	
Table	1:	Brodhead	Creek	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

	

	
The	 bridge	 configuration	 proposed	 in	 Alternative	 A	 causes	 an	 increase	 in	 upstream	 water	 surface	
elevations	of	0.1	feet,	which	propagates	upstream	beyond	the	limits	of	the	model.	Although	there	are	
no	 structures	 in	 the	 100‐year	 floodplain	 upstream	 of	 the	 bridge,	 an	 increase	 of	 0.1	 feet	 within	 the	
floodway	will	 require	 a	 CLOMR.	Additionally,	 increases	 in	water	 surface	 elevations	 upstream	of	 the	
bridge	have	the	potential	to	impact	the	levee	in	the	upstream	right	overbank.		

	

	

 	

Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.A)	Existing	 Alternative	A	

14	 394.9	 395.0	 0.1	

13	 394.9	 395.0	 0.1	

12	 394.7	 394.8	 0.1	

11	 394.6	 394.7	 0.1	

10	 394.5	 394.6	 0.1	

9	 394.3	 394.4	 0.1	

8	 394.1	 394.2	 0.1	

7	 392.6	 392.6	 0.0	

6	 392.6	 392.6	 0.0	

5	 392.6	 392.6	 0.0	

4	 392.6	 392.6	 0.0	

3	 392.4	 392.4	 0.0	

2	 392.4	 392.4	 0.0	

1	 392.2	 392.2	 0.0	
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Table	2:	McMichael	Creek	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

	

	
	
	
	
	
	
	

Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.A)	Existing	 Alternative	A	

10670	 424.5 424.5 0.0	

9535	 424.1 424.1 0.0	

8400	 421.2 421.2 0.0	

8341	 420.8 420.8 0.0	

8320.5	 Village	Drive	Bridge	

8300	 420.5 420.5 0.0	

8250	 417.9 417.9 0.0	

7030	 417.9	 417.9	 0.0	

6655	 416.1	 416.1	 0.0	

6295	 416.8	 416.8	 0.0	

6142.5	 I‐80	Bridge	

6100	 416.5	 N/A	 N/A	

6070	 416.1	 N/A	 N/A	

6015	 416.0	 416.2	 +0.2	

5680	 416.0	 416.1	 +0.1	

5360	 416.0	 416.1	 +0.1	

5040	 415.7	 415.8	 +0.1	

4690	 414.7	 414.9	 +0.2	

4440	 414.5	 414.4	 ‐0.1	

4190	 414.7	 414.7	 0.0	

4020	 414.3	 414.3	 0.0	

3850	 414.1	 414.1	 0.0	

3680	 413.8	 413.8	 0.0	

3510	 413.9	 413.9	 0.0	

3170	 413.7	 413.7	 0.0	

3095	 413.7	 413.7	 0.0	
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Table	3:	McMichael	Creek	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	(continued)	

	

	
Small	increases	in	water	surface	elevations	are	expected	in	the	area	between	the	SR	0611	bridge	and	
the	 I‐80	 bridge	 over	 McMichael	 Creek	 due	 to	 the	 floodplain	 encroachment	 from	 the	 roadway	
embankment.	No	water	surface	elevations	are	expected	upstream	of	the	I‐80	bridge.		

	
	 	

Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.A)	Existing	 Alternative	A	

3075	 SR	0611	Bridge	

3055	 413.5	 413.5	 0.0	

3005	 413.5	 413.5	 0.0	

2385	 408.8	 408.8	 0.0	

2150	 410.3	 410.3	 0.0	

2085	 410.2	 410.2	 0.0	

2082.5	 Fifth	Street	Dam	

2080	 404.8 404.8	 0.0	

2055.1	 N/A	 392.3	 N/A	

2055	 392.4 N/A	 N/A	

2035	 SR	0191	Bridge	

2015.1	 N/A 400.5	 N/A	

2015	 400.6	 N/A	 N/A	

1930	 395.6	 395.6	 0.0	

1585	 392.2	 392.2	 0.0	

940	 387.2	 387.2	 0.0	

495	 385.9	 385.9	 0.0	

0	 385.0	 385.0	 0.0	
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Table	4:	Pocono	Creek	(upstream)	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

Cross	
Section	

Water	Surface	Elevations	
Difference	
(Ex‐Alt.A)	

Existing	 Alternative	A	

BP	 534.7	 534.7	 0.0	

BO	 534.7	 534.7	 0.0	

BN	 533.9	 533.9	 0.0	

BM	 532.7	 532.7	 0.0	

BL	 525.0	 525.0	 0.0	

BK	 522.6	 522.6	 0.0	

BJ	 518.6	 518.6	 0.0	

BI	 518.0	 518.0	 0.0	

BH	 513.9	 513.9	 0.0	

BG	 510.6	 510.6	 0.0	

BF	 507.6	 507.6	 0.0	

BE	 507.1	 507.1	 0.0	

BD	 505.4	 505.4	 0.0	

BC	 501.1	 501.1	 0.0	

BB	 500.2	 500.2	 0.0	

BA	 495.2	 495.2	 0.0	

AZ	 492.7	 492.7	 0.0	

AY	 491.7	 491.8	 +0.1	

AX	 489.5	 489.4	 ‐0.1	

AW	 487.7	 487.7	 0.0	

AV	 485.0	 485.0	 0.0	

	
Minor	 increases	 in	 the	 100‐year	 water	 surface	 elevation.	 Increases	 are	 within	 the	 allowable	 water	
surface	elevation	increase	by	FEMA.	
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Table	5:	Pocono	Creek	(bridge)	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

Cross	
Section	

Water	Surface	Elevations	
Difference	
(Ex‐Alt.A)	

Existing	 Alternative	A	

21	 483.2	 483.1	 ‐0.1	

20	 482.6	 482.5	 ‐0.1	

19	 482.0	 481.9	 ‐0.2	

18	 481.9	 481.7	 ‐0.2	

17	 481.8	 481.6	 ‐0.2	

16	 481.6	 481.4	 ‐0.1	

15	 478.3	 478.3	 0.0	

14	 478.1	 478.1	 0.0	

13	 477.5	 477.5	 0.0	

12	 478.2	 478.2	 0.0	

11	 478.3	 478.3	 0.0	

10	 476.3	 476.3	 0.0	

9	 476.5	 476.5	 0.0	

8	 476.3	 476.3	 0.0	

7	 475.9	 475.9	 0.0	

6	 473.3	 473.3	 0.0	

5	 472.6	 472.6	 0.0	

4	 471.8	 471.8	 0.0	

3	 471.5	 471.5	 0.0	

2	 470.9	 470.9	 0.0	

1	 470.9	 470.9	 0.0	

	
No	increases	in	the	FEMA	100‐year	water	surface	elevation.	
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Table	6:	Pocono	Creek	(downstream)	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
No	increases	in	the	FEMA	100‐year	water	surface	elevation.	

 	

Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.A)	Existing	 Alternative	A	

AL	 470.6	 470.6	 0.0	

AK	 469.8 469.8 0.0	

AJ	 466.5 466.5 0.0	

AI	 463.4 463.4 0.0	

AH	 461.0	 461.0	 0.0	

AG	 457.1	 457.1	 0.0	

AF	 454.4	 454.4	 0.0	

AE	 453.0	 453.0	 0.0	

AD	 452.7	 452.7	 0.0	

AC	 452.0	 452.0	 0.0	

AB	 451.1	 451.1	 0.0	

AA	 448.7	 448.7	 0.0	
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Table	7:	Little	Pocono	Creek	Existing	vs.	Alternative	A	FEMA	100‐year	Flood	Elevations	

Cross	
Section	

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.A)	
Existing Alternative	A	

24	 459.6	 459.6	 0.0	

23	 459.0	 458.9	 ‐0.1	

22	 459.1	 459.1	 0.0	

21	 458.1	 458.1	 0.0	

20	 457.1	 457.5	 +0.3	

19	 456.8	 456.8	 0.0	

18	 456.6	 456.6	 0.0	

17	 456.5	 456.5	 0.0	

16	 455.9	 456.0	 +0.1	

15	 455.4	 455.6	 +0.2	

14	 455.2	 455.5	 +0.3	

13	 455.4	 N/A	 N/A	

12	 455.3	 N/A	 N/A	

11	 454.6	 454.8	 +0.2	

10	 454.1	 454.2	 +0.1	

9	 454.3	 453.5	 ‐0.8	

8	 454.3 N/A	 N/A	

7	 453.6	 453.6	 0.0	

6	 452.3	 452.3	 0.0	

5	 453.0	 452.6	 ‐0.4	

4	 451.5	 451.5	 0.0	

2	 450.1	 450.1	 0.0	

1	 449.0	 449.0	 0.0	

	
Minor	increases	in	the	100‐year	water	surface	elevation.	Increases	are	within	the	allowable	water	surface	
elevation	increase	for	approximate	study	areas.	
	
Structure	sizes	were	assumed	for	the	proposed	Little	Pocono	Creek	configuration.	The	structures	span	and	
out‐to‐out	were	provided	but	the	structure	rise	was	assumed	with	a	minimum	cover	of	2	feet	below	grade.	
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Proposed	Alternative	D	Results	

Water	surface	elevations	at	the	hydraulic	sections	in	the	McMichael,	Pocono,	and	Little	Pocono	Creek	
HEC‐RAS	models	are	compared	with	existing	conditions	in	tables	below	for	the	100‐year	event.			Flood	
maps	 for	 every	 study	 area	 are	 also	 attached.	 The	 flood	 profiles	 include	 the	 calculated	 100‐year	
elevations	as	well	as	the	FEMA	100‐year	floodplain	and	floodway.	The	FEMA	floodplain	may	not	follow	
the	 provided	 contours	 as	 it	was	mapped	 using	 outdated	 data.	 Furthermore,	 note	 that	 the	 proposed	
contours	may	end	abruptly	due	to	the	preliminary	stages	of	the	project.		The	Brodhead	Creek	alternate	
D	bridge	is	the	same	as	the	alternate	A	bridge,	so	please	refer	to	the	alternate	A	analysis	for	results.	

	

Table	1:	McMichael	Creek	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	Elevations	

  HEC‐
RAS	
Cross	
Section	

FEMA	
Cross	
Section	

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.D)	
Existing	 Alternative	

D	

10670	 J	 424.5	 424.5	 0.0	

9535	 	 424.1	 424.1	 0.0	

8400	 	 421.2	 421.2	 0.0	

8341	 	 420.8	 420.8	 0.0	

8320.5	 Village	Drive	Bridge	

8300	 	 420.5	 420.5	 0.0	

8250	 	 417.9	 417.9	 0.0	

7030	 I	 417.9	 417.9	 0.0	

6655	 H	 416.1	 416.1	 0.0	

6295	 	 416.8	 416.8	 0.0	

6142.5	 I‐80	Bridge	

6100	 	 416.5	 N/A	 N/A	

6070	 G	 416.1	 N/A	 N/A	

6015	 	 416.0	 416.2	 +0.2	

5680	 F	 416.0	 416.1	 +0.1	

5360	 	 416.0	 416.1	 +0.1	

5040	 	 415.7	 415.8	 +0.1	

4690	 E	 414.7	 414.8	 +0.1	

4440	 	 414.5	 414.4	 ‐0.1	

4190	 D	 414.7	 414.7	 0.0	

4020	 	 414.3	 414.3	 0.0	
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Table	2:	McMichael	Creek	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	Elevations	

(continued)	

	

	
Small	increases	in	water	surface	elevations	are	expected	in	the	area	between	the	SR	0611	bridge	and	
the	 I‐80	 bridge	 over	 McMichael	 Creek	 due	 to	 the	 floodplain	 encroachment	 from	 the	 roadway	
embankment.	Water	surface	increases	are	not	expected	upstream	of	the	I‐80	bridge.		

	
	
	

HEC‐RAS	
Cross	
Section	

FEMA	
Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.D)	Existing	 Alternative	D	

3850	 	 414.1	 414.1	 0.0	

3680	 	 413.8	 413.8	 0.0	

3510	 	 413.9	 413.9	 0.0	

3170	 	 413.7	 413.7	 0.0	

3095	 	 413.7	 413.7	 0.0	

3075	 SR	0611	Bridge	

3055	 	 413.5	 413.5	 0.0	

3005	 	 413.5	 413.5	 0.0	

2385	 C	 408.8	 408.8	 0.0	

2150	 	 410.3	 410.3	 0.0	

2085	 	 410.2	 410.2	 0.0	

2082.5	 Fifth	Street	Dam	

2080	 	 404.80	 404.8	 0.0	

2055.1	 	 N/A	 392.3	 N/A	

2055	 	 392.40	 N/A	 N/A	

2035	 SR	0191	Bridge	

2015.1	 	 N/A	 400.5	 N/A	

2015	 	 400.60	 N/A	 N/A	

1930	 	 395.60	 395.6	 0.0	

1585	 B	 392.20	 392.2	 0.0	

940	 	 387.20	 387.2	 0.0	

495	 A	 385.90	 385.9	 0.0	

0	 	 385.00	 385.0	 0.0	
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Table	3:	Pocono	Creek	(upstream)	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	Elevations	

Upstream	of	I‐80	Crossing	

	
HEC‐RAS	
Cross	
Section	

FEMA	
Section

Water	Surface	Elevations	
Difference	
(Ex‐Alt.D)	

Existing	 Alternative	D	

20035.91	 BP	 534.7	 534.7	 0.0	
19915.93	 BO	 534.7	 534.7	 0.0	
1973.46	 BN	 533.9	 533.9	 0.0	
19652.12	 BM	 532.7	 532.7	 0.0	
19600.87	 BL	 525.0	 525.0	 0.0	
19530.00	 BK	 522.6	 522.6	 0.0	
19429.39	 BJ	 518.6	 518.6	 0.0	
18256.66	 BI	 518.0	 518.0	 0.0	
19008.15	 BH	 513.9	 513.9	 0.0	
18813.48	 BG	 510.6	 510.6	 0.0	
18593.37	 BF	 507.6	 507.6	 0.0	
19389.58	 BE	 507.1	 507.1	 0.0	
18128.60	 BD	 505.4	 505.4	 0.0	
17852.75	 BC	 501.1	 501.1	 0.0	
17513.34	 BB	 500.2	 500.2	 0.0	
17091.69	 BA	 495.2	 495.2	 0.0	
16791.16	 AZ	 492.7	 492.7	 0.0	
16543.12	 AY	 491.7	 491.7	 0.0	
16233.35	 AX	 489.5	 489.5	 0.0	
15925.92	 AW	 487.7	 487.7	 0.0	
15614.06	 AV	 485.0	 485.0	 0.0	

	
No	increases	in	the	FEMA	100‐year	water	surface	elevation.	
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Table	4:	Pocono	Creek	(bridge)	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	Elevations	

HEC‐
RAS	
Cross	
Section	

FEMA	
Cross	
Section

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.D)	
Existing

Alternative	
D	

21	 AU	 483.2	 483.1	 ‐0.1	

20	 	 482.6	 482.5	 ‐0.1	

19	 AT	 482.0	 481.9	 ‐0.1	

18	 	 481.9	 481.7	 ‐0.2	

17	 AS	 481.8	 481.6	 ‐0.2	

16	 	 481.6	 481.4	 ‐0.2	

I‐80	Bridge	

15	 	 478.3	 478.3	 0.0	

14	 AR	 478.1	 478.1	 0.0	

13	 AQ	 477.5	 477.5	 0.0	

12	 AP	 478.2	 478.2	 0.0	

11	 	 478.3	 478.3	 0.0	

SR	2009	Bridge	

10	 	 476.3	 476.3	 0.0	

9	 	 476.5	 476.5	 0.0	

8	 	 476.3	 476.3	 0.0	

7	 AO	 475.9	 475.9	 0.0	

6	 	 473.3	 473.3	 0.0	

5	 	 472.6	 472.7	 0.1	

4	 AN	 471.8	 471.8	 0.0	

3	 	 471.5	 471.5	 0.0	

2	 	 470.9	 471.0	 0.1	

1	 AM	 470.9	 470.9	 0.0	

	
Minor	increases	in	the	100‐year	water	surface	elevation.		
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Table	5:	Pocono	Creek	(downstream)	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	

Elevations	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 

Minor	increases	in	the	100‐year	water	surface	elevation.	Increases	are	within	the	allowable	water	surface	
elevation	increase	for	encroachment	into	the	floodplain.	
 	

	
HEC‐RAS	
Cross	
Section	

FEMA		
Cross	
Section	

Water	Surface	Elevations	
Difference	
(Ex‐Alt.D)	Existing	 Alternative	D	

13729.02	 AL	 470.6	 470.5	 ‐0.1	

13530.63	 AK	 469.8 469.8 0.0	

13277.34	 AJ	 466.5 466.5 0.0	

12696.80	 AI	 463.4 463.5 +0.1	

12615.64	 AH	 461.0	 461.0	 0.0	

12184.32	 AG	 457.0	 457.0	 0.0	

11877.70	 AF	 454.4	 454.4	 0.0	

11640.95	 AE	 453.0	 453.0	 0.0	

11573.87	 AD	 452.7	 452.7	 0.0	

11473.29	 AC	 452.0	 452.0	 0.0	

11321.97	 AB	 451.1	 451.1	 0.0	

11141.87	 AA	 448.7	 448.7	 0.0	
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Table	6:	Little	Pocono	Creek	Existing	vs.	Alternative	D	FEMA	100‐year	Flow	Flood	Elevations	

Cross	
Section	

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.D)	
Existing Alternative	D	

24	 459.6	 459.6	 0.0	

23	 459.0	 459.0	 0.0	

22	 459.1	 459.1	 0.0	

21	 458.1	 458.1	 0.0	

20	 457.1	 457.1	 0.0	

19	 456.8	 457.1	 +0.3	

18	 456.6	 457.0	 +0.4	

17	 456.5	 457.0	 +0.5	

16	 455.9	 456.7	 +0.8	

CD	Road	Ramp	Culvert	

15	 455.4	 455.8	 +0.4	

14	 455.2	 455.7	 +0.5	

13	 455.4	 455.8	 +0.4	

12	 455.3	 455.7	 +0.4	

I‐80	Culvert	–	Stream	Enclosure		

5	 453.0	 452.7	 ‐0.3	

	Main	Street	Culvert	

4	 451.5	 451.5	 0.0	

Pedestrian	Bridge	

2	 450.1	 450.1	 0.0	

1	 449.0	 449.0	 0.0	

	
Minor	increases	in	the	100‐year	water	surface	elevation.	Increases	are	within	the	allowable	water	surface	
elevation	increase	for	approximate	study	areas.	
	
Structure	sizes	were	assumed	for	the	proposed	Little	Pocono	Creek	configuration.	The	structures	span	and	
out‐to‐out	were	provided	but	the	structure	rise	was	assumed	with	a	minimum	cover	of	2	feet.	All	structure	
sizes	for	alternative	D	are	summarized	in	the	Floodplain	map	attached.	The	structure	under	I‐80	could	not	
be	sized	appropriately	since	 the	ramp	downstream	of	 the	crossing	has	contours	 lower	than	the	assumed	
structure	size.	A	smaller	structure	size	would	generate	backwater	increases	that	would	require	a	CLOMR.	
Therefore,	further	coordination	between	the	structure,	roadway	and	H&H	groups	is	required.		
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Proposed	Alternative	B	Results	

Water	 surface	 elevations	 at	 the	 hydraulic	 sections	 in	 the	 McMichael	 and	 Pocono	 Creek	 HEC‐RAS	
models	are	compared	with	existing	conditions	in	tables	below	for	the	100‐year	event.			Flood	maps	for	
every	 study	 area	 are	 also	 attached.	 The	 flood	 profiles	 include	 the	 calculated	 100‐year	 elevations	 as	
well	as	the	FEMA	100‐year	floodplain	and	floodway.	The	FEMA	floodplain	may	not	follow	the	provided	
contours	as	 it	was	mapped	using	outdated	data.	Furthermore,	note	 that	 the	proposed	contours	may	
end	abruptly	due	to	the	preliminary	stages	of	the	project.	The	Brodhead	Creek	alternative	B	bridge	is	
the	same	as	the	alternative	A	bridge,	so	please	refer	to	the	alternative	A	analysis	for	results.	
	
Table	1:	McMichael	Creek	Existing	vs.	Alternative	B	FEMA	100‐year	Flow	Flood	Elevations	

  HEC‐
RAS	
Cross	
Section	

FEMA	
Cross	
Section	

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.D)	
Existing	 Alternative	

B	

10670	 J	 424.5	 424.5	 0.0	

9535	 	 424.1	 424.1	 0.0	

8400	 	 421.2	 421.2	 0.0	

8341	 	 420.8	 420.8	 0.0	

8320.5	 Village	Drive	Bridge	

8300	 	 420.5	 420.5	 0.0	

8250	 	 417.9	 417.9	 0.0	

7030	 I	 417.9	 418.0	 0.0	

6655	 H	 416.0	 416.1	 0.0	

6295	 	 416.7	 416.8	 0.0	

6185	 	 416.6	 N/A	 N/A	

6142.5	 I‐80	Bridge	

6110	 	 416.5	 N/A	 N/A	

6100	 	 416.5	 N/A	 N/A	

6070	 G	 416.1	 N/A	 N/A	

6015	 	 416.0	 416.2	 +0.2	

5680	 F	 416.0	 416.1	 +0.1	

5360	 	 416.0	 416.1	 +0.1	

5040	 	 415.7	 415.8	 +0.1	

4690	 E	 414.7	 414.9	 +0.1	

4440	 	 415.0	 414.4	 ‐0.1	

4190	 D	 414.7	 414.7	 0.0	
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Table	2:	McMichael	Creek	Existing	vs.	Alternative	B	FEMA	100‐year	Flow	Flood	Elevations	

(continued)	

	

	
Small	increases	in	water	surface	elevations	are	expected	in	the	area	between	the	SR	0611	bridge	and	
the	 I‐80	 bridge	 over	 McMichael	 Creek	 due	 to	 the	 floodplain	 encroachment	 from	 the	 roadway	
embankment.	Water	surface	increases	are	not	expected	upstream	of	the	I‐80	bridge.		
	

	
	
	

HEC‐RAS	
Cross	
Section	

FEMA	
Cross	
Section	

Water	Surface	Elevations	 Difference	
(Ex‐Alt.D)	Existing	 Alternative	B	

4020	 	 414.3	 414.3 0.0	

3850	 	 414.1	 414.1	 0.0	

3680	 	 413.8	 413.8	 0.0	

3510	 	 413.9	 413.9	 0.0	

3170	 	 413.7	 413.7	 0.0	

3095	 	 413.7	 413.7	 0.0	

3075	 SR	0611	Bridge	

3055	 	 413.5	 413.5	 0.0	

3005	 C	 413.5	 413.5	 0.0	

2385	 	 408.8	 408.8	 0.0	

2150	 	 410.3	 410.3	 0.0	

2085	 	 410.2	 410.2	 0.0	

2082.5	 Fifth	Street	Dam	

2080	 	 404.8	 404.8	 0.0	

2055.1	 	 N/A	 392.3	 N/A	

2055	 	 392.4	 N/A	 N/A	

2035	 SR	0191	Bridge	

2015.1	 	 N/A	 400.5	 N/A	

2015	 	 400.6	 N/A	 N/A	

1930	 	 395.6	 395.6	 0.0	

1585	 B	 392.2	 392.2	 0.0	

940	 	 387.2	 387.2	 0.0	

495	 A	 385.9	 385.9	 0.0	

0	 	 385.0	 385.0	 0.0	
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Table	3:	Pocono	Creek	(upstream)	Existing	vs.	Alternative	B	FEMA	100‐year	Flow	Flood	Elevations	

Upstream	of	I‐80	Crossing	

HEC‐RAS	
Cross	
Section	

FEMA	
Section

Water	Surface	Elevations	
Difference	
(Ex‐Alt.D)	

Existing	 Alternative	B	

20035.91	 BP	 534.7	 534.7	 0.0	

19915.93	 BO	 534.7	 534.7	 0.0	

1973.46	 BN	 533.9	 533.9	 0.0	

19652.12	 BM	 532.7	 532.7	 0.0	

19600.87	 BL	 525.0	 525.0	 0.0	

19530.00	 BK	 522.6	 522.6	 0.0	

19429.39	 BJ	 518.6	 519.5	 +0.9	

18256.66	 BI	 518.0	 518.8	 +0.8	

19008.15	 BH	 513.9	 514.7	 +0.8	

18813.48	 BG	 510.6	 510.6	 0.0	

18593.37	 BF	 507.6	 507.6	 0.0	

19389.58	 BE	 507.1	 507.1	 0.0	

18128.60	 BD	 505.4	 505.4	 0.0	

17852.75	 BC	 501.1	 501.1	 0.0	

17513.34	 BB	 500.2	 500.2	 0.0	

17091.69	 BA	 495.2	 495.2	 0.0	

16791.16	 AZ	 492.7	 492.8	 +0.1	

16543.12	 AY	 491.7	 492.1	 +0.4	

16233.35	 AX	 489.5	 489.8	 +0.3	

15925.92	 AW	 487.7	 487.7	 0.0	

15614.06	 AV	 485.0	 485.0	 0.0	

	
Alternative	 B	 encroaches	 into	 the	 floodplain	 and	 floodway	 for	 Pocono	 Creek	 upstream	 of	 the	 I‐80	
crossing.	Since	the	project	encroaches	into	the	FEMA	floodway	any	increases	to	the	100‐year	event	will	
require	 a	 CLOMR.	 The	 results	 show	 increases	 to	 the	 100‐year	 event	 up	 to	 0.9	 feet	 at	 FEMA	 cross	
section	BJ.		
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Table	4:	Pocono	Creek	(bridge)	Existing	vs.	Alternative	B	FEMA	100‐year	Flow	Flood	Elevations	

HEC‐RAS	Cross	
Section	

FEMA	
Cross	
Section

Water	Surface	
Elevations	 Difference	

(Ex‐Alt.D)	
Existing Alternative	B	

21	 AU	 483.2	 483.6	 0.4	

20	 	 482.6	 483.1	 0.5	

19	 AT	 482.0	 482.7	 0.7	

18	 	 481.9	 482.7	 0.8	

I‐80	Bridge	

13	 AQ	 477.5	 477.5	 0.0	

12	 AP	 478.2	 478.2	 0.0	

11	 	 478.3	 478.3	 0.0	

SR	2009	Bridge	

10	 	 476.3	 476.3	 0.0	

9	 	 476.5	 476.5	 0.0	

8	 	 476.3	 476.3	 0.0	

7	 AO	 475.9	 475.9	 0.0	

6	 	 473.3	 473.3	 0.0	

5	 	 472.6	 472.7	 0.1	

4	 AN	 471.8	 471.9	 0.1	

3	 	 471.5	 471.5	 0.0	

2	 	 470.9	 471.0	 0.1	

1	 AM	 470.9	 470.9	 0.0	

	
The	 bridge	 crossing	 on	 Pocono	 Creek	 for	 Alternative	 B	 includes	 bridges	 for	 ramps	 upstream	 and	
downstream	 of	 the	 I‐80	 bridge	 crossing.	 The	 additional	 ramps	 increase	 the	 out‐to‐out	width	 of	 the	
bridge	 significantly	 and	 a	 few	 of	 the	 existing	 cross	 sections	 had	 to	 be	 deleted.	 With	 fewer	 cross	
sections,	 the	energy	 grade	 slope	 is	 extended	 further	upstream.	The	 energy	 grade	 line	 is	 causing	 the	
increase	and	may	not	provide	an	accurate	comparison	between	existing	and	proposed	scenarios.	One	
approach	to	provide	a	better	comparison	is	to	create	an	existing	model	with	the	same	cross	sections	as	
the	Alt	B	model	(eliminating	the	cross	sections	that	fall	within	the	Alternative	B	bridge).	This	way	the	
energy	grade	line	would	be	maintained	and	the	comparison	would	be	apples	to	apples.	However,	the	
existing	 water	 surface	 elevations	 between	 alternatives	 would	 be	 different.	 The	 current	 hydraulic	
model	 shows	 increases	 upstream	 of	 the	 proposed	 bridge.	 The	 maximum	 water	 surface	 elevation	
increase	upstream	is	0.8	feet	at	cross	section	18	and	will	require	a	CLOMR.		
	
Alternative	B	encroaches	into	the	floodplain	and	floodway	for	Pocono	Creek	downstream	of	the	I‐80	
crossing.	 Since	 the	 project	 encroaches	 into	 the	 floodway	 any	 increases	 to	 the	 100‐year	 event	 will	
require	 a	 CLOMR.	The	 results	 show	 increases	 to	 the	 100‐year	 event	 up	 to	 0.1	 feet	 at	 several	 FEMA	
cross	sections	downstream.	 	
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Table	5:	Pocono	Creek	(downstream)	Existing	vs.	Alternative	B	FEMA	100‐year	Flow	Flood	

Elevations	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Alternative	B	encroaches	into	the	floodplain	and	floodway	for	Pocono	Creek	downstream	of	the	I‐80	
crossing.	 Since	 the	 project	 encroaches	 into	 the	 floodway	 any	 increases	 to	 the	 100‐year	 event	 will	
require	 a	 CLOMR.	 The	 results	 show	 increases	 to	 the	 100‐year	 event	 up	 to	 0.2	 feet	 at	 FEMA	 cross	
section	AF.	
	
The	Little	Pocono	Creek	alternative	B	configuration	is	the	same	as	alternative	D,	therefore	all	results	
are	 the	 same	 as	 alternative	 D.	 The	 structure	 under	 I‐80	 could	 not	 be	 sized	 appropriately	 since	 the	
ramp	 downstream	 of	 the	 crossing	 has	 contours	 lower	 than	 the	 assumed	 structure	 size.	 A	 smaller	
structure	 size	would	 generate	 backwater	 increases	 that	would	 require	 a	 CLOMR.	Therefore,	 further	
coordination	between	the	structure,	roadway	and	H&H	groups	is	required.		

	
HEC‐RAS	
Cross	
Section	

FEMA		
Cross	
Section	

Water	Surface	Elevations	
Difference	
(Ex‐Alt.B)	Existing	 Alternative	B	

13729.02	 AL	 470.6	 470.4	 ‐0.2	

13530.63	 AK	 469.8 469.8 0.0	

13277.34	 AJ	 466.5 466.5 0.0	

12696.80	 AI	 463.4 463.4 0.0	

12615.64	 AH	 461.0	 461.0	 0.0	

12184.32	 AG	 457.1	 457.1	 0.0	

11877.70	 AF	 454.4	 454.6	 +0.2	

11640.95	 AE	 453.0	 453.1	 +0.1	

11573.87	 AD	 452.7	 452.7	 0.0	

11473.29	 AC	 452.0	 452.0	 0.0	

11321.97	 AB	 451.1	 451.1	 0.0	

11141.87	 AA	 448.7	 448.7	 0.0	
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