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1.	EXECUTIVE	SUMMARY	
The	objectives	 of	 the	waterfront	 revitalization	 study	were	 to	 address	waterfront	 park	
development,	 flood	 mitigation,	 water	 quality,	 and	 wetland	 restoration,	 by	 mitigating	
flooding	in	the	areas	that	have	historically	and	are	predicted	to	be	affected	by	flooding.	
Maps	illustrating	the	Study	Area	and	the	core	area	of	the	Village	of	Afton	are	included	in	
this	document	(Figs.	1	&	2).	The	scope	of	work	included:		

1.	An	analysis	of	the	various	past	flood	events		
2.	An	analysis	of	the	various	flood	mitigation	options	that	would	promote	the	

goals	of	the	study	
3.	Cost/benefit	analysis	associated	with	implementing	the	various	mitigation	

options		
	

2.	RECOMMENDATION	
The	study	identified	five	potential	options,	four	of	which	can	be	used	in	collaboration	to	
radically	reduce	flooding	within	the	Village	of	Afton.			
	

1. Status	Quo	–	do	nothing		
2. Watershed	management	/	Best	Management	Practices	(BMPs)	
3. Relocation	of	flood-prone	structures	within	the	village	
4. Hard-path	solutions	
5. Soft-path	solutions	

	
Options	 three	 and	 four	 will	 have	 the	 greatest	 impact	 on	 flooding	 with	 option	 four	
addressing	 the	 regional	 impact	 of	 the	 culvert	 under	 the	 I-88	 connector.	 Option	 two	
would	cause	the	 least	environmental	damage	while	also	 including	the	community	as	a	
part	of	the	solution.		Option	five	would	be	a	positive	addition	to	any	of	the	above-listed	
options.			
	

3.	BACKGROUND	
It	is	commonly	accepted	among	scientists,	government	agencies	and	the	general	public	
that	 global	 climate	 change	 has	 produced	 extreme	 weather	 events	 such	 as	 flooding,	
hurricanes	and	 radical	 temperature	 fluctuations	 (IPCC,	2015).	 The	Village	of	Afton,	NY	
has	 experienced	 recurrent	 flooding	 issues	 due	 to	 their	 close	 proximity	 to	 the	
Susquehanna	River.		This	watershed-scale	problem	is	common	for	many	cities,	rural	and	
urban	 communities	 alike,	 where	 natural	 landscapes	 (i.e.,	 floodplains)	 have	 been	
encroached	upon	and	converted	to	artificial	surfaces	for	human	habitation	(Cech,	2010).	
As	 of	 2017,	 42%	 of	 properties	 within	 the	 Village	 of	 Afton	 are	 considered	 at	 risk	 for	
flooding	with	a	combined	value	of	over	$13.7	million	dollars.		In	a	recent	statement	by	
the	 New	 York	 Energy	 Research	 and	 Development	 Authority	 (NYSERDA),	 climate	
projections	show	that	the	extreme	weather	conditions	of	the	recent	past	may	only	be	
an	 introduction	 to	 the	 climate	 of	 the	 future.	 	 NYSERDA’s	 projections	 show	 increased	
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rainfall	 levels	 for	 the	 region,	 which	 will	 lead	 to	 amplified	 flooding	 along	 the	
Susquehanna	River	(Horton	et	al.,	2014).			
	
The	 Village	 of	 Afton	 lies	 along	 the	 main	 channel	 of	 the	 upper	 portion	 of	 the	
Susquehanna	River	 in	 the	Southern	Tier	of	New	York	 (Figs.	 1	&	 2).	 	 The	Susquehanna	
River	is	the	sixteenth	largest	river	in	the	United	States	and	is	the	largest	river	in	the	US	
that	 flows	 into	 the	 Atlantic	 Ocean.	 The	 Susquehanna	 River	 and	 its	 hundreds	 of	
tributaries	drain	27,510	square	miles,	an	area	nearly	the	size	of	South	Carolina,	spread	
over	parts	of	the	states	of	New	York,	Pennsylvania,	and	Maryland.	The	river	meanders	
444	miles	from	its	origin	at	Otsego	Lake	near	Cooperstown,	N.Y.,	until	it	empties	into	the	
Chesapeake	Bay	at	Havre	de	Grace,	MD.	The	Susquehanna	contributes	roughly	one-half	
of	 the	 freshwater	 flow	to	the	Chesapeake	Bay	 (Fig.	 3).	This	area	has	a	 rich	settlement	
history	with	community	originating	back	to	the	late	1700’s	(Shaker	et	al.,	2012).	In	the	
Northeast	 US,	 many	 forested	 areas	 have	 decreased	 in	 size	 and	 become	 increasingly	
fragmented	due	to	human	development.		
	
According	to	Chris	Duffy,	a	civil	and	environmental	engineering	professor	at	Penn	State,	
in	a	2009	interview	with	The	Sentinel,	the	Susquehanna	is	one	of	the	most	flood-prone	
rivers	 in	 America.	 The	 flooding	 phenomenon	 has	 been	well	 known	 for	 centuries,	 and	
early	 settlers	 referred	 to	 the	 Susquehanna	 River	 as	 "a	 mile	 wide	 and	 a	 foot	
deep."		Although	this	folk-saying	likely	refers	to	the	Susquehanna’s	lower	segments,	the	
sentiment	 reveals	 the	 geological	 forces	 impacting	 the	 River,	 which	 makes	 it	
exceptionally	 likely	to	flood.	 	The	main	stem	of	the	Susquehanna	has	flooded	15	times	
since	 1810,	 and	 even	 the	 Native	 Americans	who	 once	 lived	 in	 the	 area	 spoke	 of	 the	
River's	flood	frequency	(SRBC,	2017).		
	
The	 recorded	 history	 of	 flooding	 on	 the	 Susquehanna	 River	 began	 roughly	 200	 years	
ago.		Residents	of	the	Village	have	experienced	more	than	ten	floods	since	1810.		With	
major	floods	occurring	in:	1810,	1865,	1889,	1894,	1935,	1936,	1946,	1955,	1964,	1972,	
1975,	1996,	2004,	2006,	and	2011	(SRBC,	2017).	In	September	2011,	the	second	largest	
flood	 in	 the	 history	 of	 Afton	 occurred.	 	 This	 stimulated	 a	 change	 for	 the	 Village.	 In	
response,	 Village	 residents	 created	 the	Flood	 Mitigation	 Committee	 chaired	 by	 April	
Leggett.	 This	 process	 led	 to	 a	 search	 for	 scientific	 expertise,	 Afton's	 Flood	Mitigation	
Committee	 contacted	 Dr.	 Richard	 Ross	 Shaker,	 assistant	 professor	 at	 Binghamton	
University,	 State	 University	 of	 New	 York.	Over	 the	 course	 of	 two	 years,	 Dr.	 Shaker	
collected	 remote	 and	 in	 situ	 data	 and	 resources	 from	 varied	 sources	 including:	
geographic	 information	systems	(GIS),	 remote	sensing	(RS),	Village	of	Afton,	Chenango	
County,	New	York	State,	and	Federal	Emergency	Management	Agency	(FEMA).		
	
In	the	course	of	Dr.	Shaker's	research,	he	found	flooding	issues	in	Afton	to	be	influenced	
by	 global,	 regional,	 and	 local	 climate;	 as	 well	 as	 geographical,	 and	 hydrological	
phenomena.			
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3.1	Globally	
Atmospheric	greenhouse	gasses	continue	to	 increase,	resulting	 in	the	warmest	decade	
in	 Earth’s	 recorded	 history	 (Seneviratne	 et	 al.,	 2014).		 These	 increased	 temperatures	
melt	glaciers,	ice	sheets,	and	expand	oceans,	which	exacerbate	sea	level	rise	(Dutton	et	
al.,	 2015).	 Warming	 and	 expanding	tropical	 ocean	 waters	 are	 increasing	 the	 range,	
magnitude	 and	 related	 disasters	 of	 hurricanes	(Webster	 et	 al.,	 2005).	 The	macroscale	
impacts	 of	 climate	 change	 are	 well	 recognized	in	 the	 Southern	 Tier,	 experts	 and	
research	 groups	 have	 warned	 that	 the	 "Susquehanna	River	 basin	 will	 flood	 with	
increasing	 frequency"	 (NYSERDA,	 2013).	 In	 correspondence	 with	 the	 Afton	 Village	
Justice,	Dr.	Shaker	received	a	memo	from	the	Kopernik	Observatory	and	Science	Center	
dated	 19	 July	 2013;	 NYSERDA)	 has	 projected	 that	 by	 2080	 regional	 temperatures	 are	
expected	to	rise	by	4.5.	to	8.5	degrees	Fahrenheit	and	precipitation	increases	by	more	
than	10%	(Horton	et.	al.	2014).	Lastly,	the	Susquehanna	River	basin	runs	mostly	north-
south,	which	is	ideal	for	tropical	storms	and	hurricanes	to	fill	the	basin	as	those	storms	
move	away	from	their	origin,	the	Gulf	of	Mexico.		
	

3.2	Regionally	
The	Village	of	Afton	sits	at	the	upper	sub-watersheds	of	the	Susquehanna	River	basin	in	
New	 York's	 Southern	 Tier	 (Fig.	 4).		 Its	 landscapes	 are	 characterized	 by	small	 but	
relatively	 steep	 mountains	 associated	 with	 the	 Allegheny	 Plateau	 as	 well	 as	 by	 a	
temperate-continental	 climate,	which	 has	 average	 annual	 precipitation	 of	 41.5	 inches	
(USGS).		The	total	drainage	area	for	the	Village	of	Afton	is	1,720	square	miles,	reaching	
past	the	communities	of	West	Winfield,	Richfield	Springs,	and	Cherry	Valley.	As	of	2006	
data,	 the	 Village	 of	 Afton's	 watershed	 was	 dominated	 by	 forest	 land	 cover	 (56%),	
followed	 by	 agricultural	 lands	 (30%),	 and	 then	 urban	 (5%);	 wetlands	 and	 rangeland	
occupy	roughly	4%	each	(Shaker	et	al.,	2012).	When	investigating	the	River's	substrate	
from	the	Village	of	Afton	up	to	the	communities	of	West	Winfield,	Richfield	Springs,	and	
Cherry	Valley,	most	samples	rendered	exposed	bedrock	or	shallow	cobble,	sand,	and	silt	
then	 bedrock.	 With	 minimal	 substrate	 roughness,	 precipitation	 events	 cause	flash	
flooding,	especially	under	previous	saturation.		Locations	across	the	Upper	Susquehanna	
River	have	shown	to	reach	flood	stage	within	a	24-hour	period	with	soils	close	to	their	
saturation	 point.	When	 investigating	 the	 spatial	 distribution	of	 the	 top	 five	 major	
storm/precipitation	 events	 associated	with	 past	 flooding	 for	 Afton,	 peak	 precipitation	
areas	did	not	occur	within	its	upstream	watershed	suggesting	that	past	flooding	events	
could	have	rendered	more	significant	flooding.	Based	on	digital	elevation	model	(DEM)	
and	air	photograph	maps	(Figs.	5	&	6),	created	by	Dr.	Shaker	and	locally	validated,	the	
Village	of	Afton's	watershed	 is	characterized	by	meanders,	cutoffs,	meander	scars,	and	
backswamps.	 These	 backswamps	 and	 local	 wetlands	 are	 due	 to	 the	 Susquehanna's	
meandering	movement	within	the	floodplain,	creation	of	oxbow	lakes	at	cutoff	points,	
and	 transition	 to	wetlands	 through	 geological-time.	Geological	 evidence	 suggests	 that	
the	 flow	of	 the	ancient	Susquehanna	River	predates	 the	 formation	of	 the	Appalachian	
Mountains	over	300	million	years	ago;	 implicating	the	River	to	be	one	of	the	oldest	 in	
the	world	dating	back	to	the	Paleozoic	Era	(543	to	248	million	years	ago)	(Lizlovs,	2009).	
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In	 the	 Village	 of	 Afton	 alone	 there	 is	 evidence	 supporting	 three	 different	 "main	
channels"	the	Susquehanna	River	has	traversed.			
	
Lastly,	regionally	there	has	been	increased	flooding	due	to	the	infill	of	wetlands	and	land	
cover	change	associated	with	the	Interstate	88	(I-88)	corridor	between	Binghamton	and	
Schenectady.	 I-88	was	 assigned	 in	 1968	 and	was	not	 completed	until	 1989.	 Ironically,	
due	 to	 its	 early	 designation,	 most	 of	 I-88’s	 sub-sections	 were	 likely	 not	 required	 to	
complete	 Environmental	 Impact	 Assessments	 (EIAs),	 which	 came	 with	 the	 National	
Environmental	Policy	Act	of	1969	becoming	United	States	environmental	law	on	January	
1,	1970	(NEPA,	1970).		NEPA’s	purpose	is	to:	
	

‘‘To	 declare	 a	 national	 policy	 which	 will	 encourage	 productive	 and	 enjoyable	
harmony	between	man	and	his	[sic.]	environment;	to	promote	efforts	which	will	
prevent	or	eliminate	damage	 to	 the	environment	and	biosphere	and	 stimulate	
the	 health	 and	welfare	 of	man;	 to	 enrich	 the	 understanding	 of	 the	 ecological	
systems	 and	 natural	 resources	 important	 to	 the	 Nation;	 and	 to	 establish	 a	
Council	on	Environmental	Quality.”	(NEPA,	1970)	

	
EIA,	 commonly	 defined	 by	 the	 International	 Association	 for	 Impact	 Assessment	 (IAIA,	
1999),	is	designated	as:	
	

‘‘The	 process	 of	 identifying,	 predicting,	 evaluating,	 and	 mitigating	 the	
biophysical,	social,	and	other	relevant	effects	of	development	proposals	prior	to	
major	decisions	being	taken	and	commitments	made.”		

	

3.3	Locally	
Investigating	 the	 local	 flooding	 issues	 for	 the	 Village	 of	 Afton,	 first	 the	 physical	
hydrological	 features	 were	 recorded.	 The	 average	width	 of	 the	 Susquehanna	 River	
channel	was	recorded	to	be	an	average	of	278	ft.	wide	at	average	stage	height	 (water	
depth)	 of	 4	 ft.	 deep.		 Averages	 were	 calculated	 using	 the	 reach	 of	 the	 Susquehanna	
River,	 centered	 at	 the	 Village	 of	 Afton;	 a	 river	 or	 stream	 reach	 is	 most	 commonly	
calculated	as	the	product	of	35	times	the	width	of	the	stream	(Simonovic,	2012).	In	the	
Village	 of	 Afton's	 case,	 the	 Susquehanna	 River	 reach	 is	 equal	 to	 2,975	 ft.	 Regarding	
discharge,	 the	 nearest	 gauging	 station	 (USGS	 01502632)	 at	 Bainbridge,	 NY.	In	
accordance	with	 the	 US	 Geological	 Survey	 at	 Bainbridge,	 NY,	 flood-related	 stages	 for	
"Action,"	 "Minor,"	 "Moderate,"	 and	 "Major"	 are	 13',	 15',	 20'	 and	 22',	 respectively.	
Albeit,	it	is	important	to	note	that	"Flood	Stage"	is	listed	at	15'	or	at	the	"Minor"	stage	
listing.	The	two	greatest	flood	stages	for	the	Bainbridge	gauging	station	were	recorded	
on	6/29/2006	(27.05	ft)	and	9/8/2011	(22.10	ft),	with	the	record	being	maintained	at	27	
feet.			Regarding	discharge,	the	average	discharge	over	the	last	decade	is	one	thousand	
cubic	feet	per	second	(kcfs).	In	accordance	with	the	US	Geological	Survey	at	Bainbridge,	
NY,	flood-related	stages	for	"Action,"	"Minor,"	"Moderate,"	and	"Major"	are	18,	22,	34	
and	39	kcfs,	respectively.	The	two	greatest	flood	discharges	for	the	Bainbridge	gauging	
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station	 were	 recorded	 on	 6/29/2006	 (58.7	 kcfs)	 and	 9/8/2011	 (48.3	 kcfs),	 with	 the	
record	being	maintained	at	58.7	kcfs.			
	
The	 Village	 of	 Afton’s	 land	 cover	 is	 primarily	 low-density	 developments	 and	 zoned	
residential,	 with	 small	 proportions	 designated	 as	 agricultural	 and	 parks	 (Figs.	 7	 &	 8).	
After	 the	2011	 flood,	 108	homes	 claimed	damages	due	 to	 flooding,	 20	of	 those	were	
restricted	and	four	were	deemed	unsafe.		One	property	was	bought	by	the	Village	and	
shall	remain	forever	green	with	the	 intention	of	creating	a	Riverfront	Park	 in	 its	place.		
According	to	local	survey	results,	close	to	half	of	Village	residents	are	concerned	about	
flooding.	 	Only	about	10%	of	residents	have	flood	 insurance	while	around	1/3rd	of	 the	
Village	is	at	risk	for	flooding.	According	to	the	same	survey	results,	80%	of	respondents	
do	 not	want	 to	move	 the	 portions	 of	 the	Village	 that	 are	 at	 highest	 risk	 for	 flooding,	
however,	 close	 to	 60%	 of	 residents	 do	 not	want	 things	 to	 remain	 the	 same.	 	 32%	 of	
respondents	 said	 they	 would	 be	 willing	 to	 relocate	 if	 their	 home	 is	 in	 the	 natural	
floodplain.	36%	of	respondents	said	they	would	be	willing	to	relocate	for	a	buyout	or	a	
buyout	and	relocation	to	improved	housing	while	31%	of	respondents	said	they	are	not	
willing	to	relocate.	
	
By	 investigating	 the	 alluvial	 deposits,	with	 the	 floodplain	 centered	 north-south	 at	 the	
Village	 of	 Afton	 bridge,	 a	 west-east	 transect	 of	 alluvial	 material	 spans	 an	 astounding	
one-mile	 width.		 From	 the	 alluvial	 deposit	 investigation,	 and	 assessing	 soils	 and	 land	
cover	data,	it	is	apparent	that	the	connector	between	the	Village	and	I-88	also	infilled	a	
portion	of	 the	 floodplain	and	wetlands,	which	previously	absorbed	Susquehanna	River	
overflows.	The	 I-88	connector	 to	the	Village	of	Afton	was	previously	acknowledged	by	
the	 Flood	 Mitigation	 Committee	as	 a	 magnifying	 cause	 for	 local	 upstream	
flooding.		After	field	observations,	GIS	work,	and	consulting	resources	from	independent	
government	agencies	 (FEMA,	NCRS,	USDA),	 it	was	validated	 that	 the	 I-88	connector	 is	
serving	as	an	impoundment	during	flooding	events.	The	I-88	connector	acts	similar	to	a	
levy	or	earthen	dam	with	only	a	 two-foot	diameter	culvert	 to	drain	 the	hydric	soils	of	
the	 wetland	 it	 bisected.	 Corroborating	 the	 uneven	 flooding	 impacts	 of	 the	 I-88	
connector	to	the	Village	of	Afton,	work	from	two	independent	federal	agencies	confirm	
that	 flood	 stage	 (water	 level)	on	 the	upstream	 (north)	 side	of	 the	 connector	 is	higher	
than	the	downstream	(south)	side.	
	
The	 U.S.	 Department	 of	 Agriculture	 (USDA)	 Natural	 Resources	 Conservation	 Service	
(NRCS)	was	contacted	previous	to	Dr.	Shaker's	 involvement	 in	the	flood	assessment	 in	
Afton.	High-water	marks	were	placed	by	 local	residents	during	the	2011	flood.	Next,	a	
NRCS	surveyor/engineer	(L.	Lockrel,	2012;	Appendix	S1)	measured	those	two	locations	
(setting	 the	 culvert	 as	 the	 survey	 baseline)	 using	 standard	 surveying	 equipment.	
According	to	those	measurements,	the	inlet	(north)	high-water	mark	was	set	at	112.3	ft.		
with	 the	 outlet	 (south)	 set	 at	 108.3	 ft.,	 a	 four-foot	 difference	 was	 recorded	 and	
accepted.	This	4-foot	difference	further	supports	the	direct	cause	and	effect	of	how	the	
I-88	 connector	 exacerbates	 the	 flooding	 problem	 for	 the	 Village	 of	 Afton.		 Overlaying	
the	Federal	Emergency	Management	Agency	 (FEMA)	Flood	 Insurance	Rate	Map	(FIRM)	
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flood	zones	from	2006	within	a	GIS,	Dr.	Shaker	calculated	the	high-water	mark	to	be	8.9	
feet	 above	 the	 100-year	 flood	 level.	 Second,	 historic	 and	 current	 FEMA	 FIRM	 maps	
(Appendices	S2	&	S3),	with	the	current	FEMA	zones	updated	after	the	2006	flood.	Both	
the	1992	and	2010	FEMA	maps	independently	acknowledged	at	a	three-foot	minimum	
difference	 in	 flood	stage	elevation	when	comparing	 the	upstream	 (north)	 side	 (972	 ft.	
above	sea-level)	of	the	connector	with	the	downstream	(south)	side	(969	ft.).		
	
GeoEco	 Design	 created	 new	 flood	 inundation	 maps	 (Figs.	 9-13)	 to	 assess	 flood-loss	
property	values	and	visualize	the	specific	property	parcels	at	risk	of	being	flooded	in	the	
Village.	 Based	 on	 the	 2017	 cadastral	 data	 obtained	 from	 Chenango	 County’s	
Department	 of	 Planning	 and	Development	 and	 Tax	Map	 office,	 472	 properties	within	
the	Village	of	Afton	total	$39,451,102	 in	value.	Of	the	Village’s	472	parcels,	139	(42%)	
were	 deemed	 at-risk	 to	 future	 flooding	 and	 totaled	 $13,708,112	worth	 of	 unsafe	 tax	
assets	 (Appendix	 S4).	Geographically,	 four	distinct	Village	 flood	districts	were	 created	
and	designated	as	North,	South,	East,	and	West	for	the	purpose	of	this	study	(Fig.	13).	
The	at-risk	property	values	summed	to	$3.74,	$2.88,	$4.37,	and	$2.71	million	across	the	
four	 designated	 districts	 North,	 South,	 East,	 and	 West,	 respectively.	 The	 district	
northeast	and	upstream	of	the	I-88	connector	(East)	proved	to	be	the	most	monetarily	
at-risk	to	flooding.	Lastly,	while	some	of	the	flooding	is	a	result	of	backflow	due	to	the	
small	 sized	 culvert	 under	 the	 I-88	 connector,	 the	 majority	 of	 future	 flooding	 will	
continue	 to	 increase	 in	 frequency	 and	 intensity	 due	 to	 large-scale	 changes	 in	 global	
climate.		
	

4.	CURRENT	WATER	RESOURCES	AND	RIVER	ACCESS	

4.1	Water	Quality	
The	Federal	Clean	Water	Act	 (1972)	has	a	goal	of	 restoring	and	maintaining	 the	chemical,	
physical,	 and	biological	 integrity	 of	 the	Nation’s	waters.	 The	Act	 also	 defined	pollution	 as	
any	human	activity	that	degrades	a	water	body’s	integrity	(Shaker	et	al.,	2017),	and	required	
all	 states	 to	 assess	 and	 report	 on	 the	 quality	 of	 waters	 within	 their	 borders.	 It	 also	
requires	 states	 to	 identify	 impaired	waters	where	designated	uses	are	not	 supported.	
The	Village	 of	 Afton	 sits	 on	 an	 impaired	 segment	 of	 the	 Susquehanna	 River	 (Fig.	 14).	
Impaired	 is	 a	 designation	 given	 by	 the	New	 York	 State	 Department	 of	 Environmental	
Conservation	(DEC)	and	 identifies	those	waters	that	do	not	support	appropriate	uses	and	
that	may	require	development	of	a	Total	Maximum	Daily	Load	(TMDL;	NYDEC,	2016).	The	
section	of	the	Susquehanna	River	that	runs	through	Afton	is	designated	as	a	Class	B(T)	
due	to	mercury	loading	from	atmospheric	deposition.		This	section	of	the	Susquehanna	
River	 is	 not	 included	 in	 the	2016	 section	303(d)	 list	 because	 the	 assessment	of	 TMDL	
was	deemed	necessary	at	this	location	(NYDEC,	2016).	Fish	consumption	in	this	portion	
of	 the	Susquehanna	River	 is	 impaired	(Fig.	 15)	due	to	mercury	contamination	(USDOH	
2016).	
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Drinking	water	in	the	Village	comes	from	a	groundwater	well	with	water	drawn	from	a	
single	133-foot	deep	drilled	well	and	six	springs	located	off	NYS	Route	41	on	a	protected	
100-acre	 parcel	 of	 land	 owned	 by	 the	 Village.	 The	water	 is	mixed	 and	 treated	 at	 the	
Spring	Water	Treatment	Plant.		After	being	treated	it	is	stored	in	steel	tanks.	As	required	
by	 state	 regulations	 the	 water	 is	 routinely	 tested.	 There	 is	 an	 annual	 drinking	 water	
quality	 report	 that	documents	all	 contaminant	 violations	and	 their	 likely	 sources.	 	 For	
2015	and	2016	(Appendices	S5	&	S6),	there	were	no	drinking	water	violations	recorded	
for	 the	Village.	According	to	a	study	by	the	USGS	(Reddy	et.	al.	2012),	Radon-222	was	
detected	 in	every	well	 sampled	 in	 the	upper	Susquehanna	watershed.	All	of	 the	wells	
tested	ranged	between	22-1140pCi/L	with	the	median	activity	being	600pCi/L.	While	the	
Village	 of	 Afton	 does	 have	 radiological	 testing	 conducted	 (Appendix	 S7),	 it	 does	 not	
appear	that	the	Village	of	Afton	tests	for	radon-222	so	current	levels	are	unknown.	The	
Village	 does	 test	 for	 Radon-228	 and	 Radon-226,	 both	 were	 not	 detected	 in	 the	 last	
report,	however,	we	do	not	know	the	sampling	methodologies	used	for	this	and	based	
on	geologic	conditions	and	local	results	from	the	USGS,	we	feel	further	testing	should	be	
conducted	 to	 ensure	 the	 safety	 of	 drinking	water	within	 the	 Village.	 Radon	 testing	 is	
heavily	 dependent	 on	many	 environmental	 variables.	 Considering	 that	 every	well	 the	
USGS	has	tested	resulted	in	a	positive	Radon	detection,	it	seems	suspect	that	the	well	in	
Afton	would	have	undetectable	levels	of	Radon.		

4.2	Waterfront	Park	Development	
The	 Village	 obtained	 a	 property	 on	 its	 southern	 border	 on	 the	 eastern	 bank	 of	 the	
Susquehanna	River.		This	is	where	Mayor	Sally	Muller	would	like	to	create	a	waterfront	
park	(Fig.	16).		One	design-option	for	this	parcel	would	be	a	demonstration	park	where	
people	 could	 come	 and	 see	 firsthand	 green	 and	 natural	 solutions	 for	 flooding	 and	
stormwater	 management.	 This	 would	 be	 a	 positive	 move	 towards	 remediating	 local	
flooding,	 educating	 the	 public,	 as	 well	 as	 being	 a	 potential	 tourist	 attraction	 in	 the	
Southern	Tier.		To	have	a	greater	impact	on	remediating	flooding,	with	the	creation	of	a	
waterfront	park,	land	acquisition	along	the	entirety	of	the	Susquehanna	River,	especially	
upstream	 from	 the	 Village	 of	 Afton	 is	 important.	 	 The	 potential	 to	 connect	 rural	
communities	as	well	as	alleviate	 flooding	 risks	 in	 the	Southern	Tier	 is	grand.	For	 flood	
risk	 to	 decrease	 for	 all	 upper	 Susquehanna	 River	 communities,	 flood	mitigation	 plans	
similar	 to	 those	 taking	 place	 in	 Sydney	 and	 the	 Village	 of	 Afton	 would	 need	 to	 be	
replicated	and	connected	across	the	watershed.	However,	confined	to	the	local	scope	of	
this	 project,	 land	 acquisition	 for	 nature-based	 solutions	 for	 flood	 mitigation	 is	 an	
important	 way	 to	 offer	 some	 protection	 to	 the	 Village	 of	 Afton	 and	 communities	
downstream.	Besides	local,	county,	and	state	government-owned	properties	within	the	
Village	(Fig.	17),	privately	owned	flood-prone	properties	should	also	be	considered	for	
BMPs	 implementation	and	other	 landscape-based	 flood	mitigation	 strategies.	 (Further	
explanations	and	examples	of	nature-based	solutions	can	be	seen	in	(Appendix	S8).			

  Options	for	nature-based	solutions	include:		
1. Restoring	the	natural	floodplain	
2. Building	a	flood	friendly	culvert	
3. Raingardens	
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4. Floodwater	detention	and	retention	basins	
5. Bioswales	

4.3	Public	Access	to	the	River	and	Water-Related	Activities	
The	 Village	 of	 Afton	 is	 home	 to	 one	 public	 boat	 launch,	 which	 is	 listed	 as	 an	 NY	
Department	of	Environmental	Conservation	(DEC)	Boat	Launch	and	Fishing	Public	Access	
Area.	 This	 area	 has	 not	 been	 well	 utilized	 and	 is	 somewhat	 unknown	 to	 Village	
residents.	The	DEC	lists	this	area	as	having	space	for	12	cars	and	trailers.	This	area	is	in	
need	of	enhancement	as	it	has	been	underutilized	and	not	properly	kept	up.	There	is	a	
large	sandbar	blocking	the	boat	launch	that	may	need	to	be	removed	if	the	boat	launch	
is	to	function	properly.	
	
Fish	 consumption	 from	 the	 Susquehanna	 River	 and	 associated	 tributaries	 is	 severely	
limited	due	to	high	mercury	levels.		Any	size	walleye	and	all	other	fish	are	listed	as	‘do	
not	eat’	by	women	under	50	and	children	under	15	years	old	by	the	NY	Department	of	
Health.		Walleye	greater	than	22"	are	ok	to	eat	up	to	1	meal/month	while	Walleye	less	
than	22"	are	ok	to	eat	up	to	4	meals/month	(NYSDOH).	
	
The	 proposed	 waterfront	 park	 in	 the	 above	 section	 will	 also	 have	 the	 potential	 to	
increase	public	access	to	the	River.	
	

5.	FLOOD	RISK	MITIGATION	OPTIONS,	COSTS,	AND	BENEFITS	
The	following	options	are	presented	to	give	the	Village	the	freedom	to	choose	how	to	
proceed	concerning	flooding	and	the	continued	damage	to	property	within	the	Village.		
Each	option	is	presented	with	social	costs	and	benefits.		Selected	key	organizations	are	
also	listed	to	offer	options	for	collaboration.		

1. Status	Quo	–	do	nothing		
o Cost		

§ Continued	and	worsening	flooding	
§ Damage	to	properties	
§ Potential	loss	of	life	
§ Continued	decrease	in	Village	amenities	and	economic	stability	

	
o Benefit	

§ No	direct	monetary	cost		
	

o Key	collaborative	organizations		
	

	
2. Watershed	Management	/	Best	Management	Practices	-	Increase	and	restore	

wetlands,	 create	 bioretention	 ponds,	 rain	 gardens,	 tree	 plantings,	 rain	
barrels.	
o Cost	



	

	 9	

§ Some	of	these	options	would	require	acquisition	of	land	by	the	
Village	to	increase	wetlands	along	the	Susquehanna	River.			

§ Monetary	cost	would	be	negotiable	by	Village	governance	and	the	
property	owner.			

§ Other	options	here	would	require	property	owner	investment	or	
coordination	with	programs	such	as	‘save	the	rain’	and	other	
community	action	organizations.	

	
o Benefit	

§ Studies	(USEPA,	2018)	have	showen	that	wetlands	can	hold	
anywhere	from	5-60%	of	floodwaters	dispersing	them	slowly	
while	also	filtering	many	pollutants	and	sediments	out	of	the	
water.			

§ Less	flood	damage	and	increased	water	quality.	
§ Increased	biodiversity	leading	to	a	more	sustainable	environment.	
§ Community	and	remaining	property	values	increase	

	
o Key	collaborative	organizations:		

§ Upper	Susquehanna	Coalition	
§ Susquehanna	River	Basin	Commission	
§ Save	the	Rain	
§ Southern	Tier	East	
§ Cornell	Cooperative	Extension	
§ Southern	Tier	Regional	Development		
§ The	Wetland	Trust	
§ NY	DEC	
§ US	EPA	

	
	

3. Relocation	of	flood-prone	properties	within	the	village	
o Cost		

§ Buyout	of	at-risk	properties	
• Investigate	offset	costs	of	“hard-path	solutions”	from	the	

Army	Corps	of	Engineers.	As	with	examples	such	as	
Soldiers	Grove,	WI	(FEMA,	2007),	could	these	funds	be	
transferred	to	the	“soft-path	solution”	of	relocating	the	
flood-prone	properties	of	the	village?	

• FEMA,	HUD,	Village,	property	owners	–	all	have	a	stake	in	
buyout	options	

	
o Benefit	

§ Village	could	require	new	buildings	to	have	specific	energy	
standards	such	as	LEED-certified	buildings,	solar	or	other	green	
technologies	built	into	new	buildings,	etc.	
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§ Radically	reduce	the	risk	of	flooding	
§ Enhance	economic	stability		
§ Create	an	energy	efficient,	resilient	and	sustainable	Village	
§ Potential	to	increase	tourism	

	
o Key	Collaborative	Organizations:	

§ FEMA	
§ HUD	
§ Village	of	Afton	Government	
§ NYSERDA	

	
	

4. Hard-path	solutions	(Gleick,	2003)	–	culvert	enlargement,	convert	culvert	and	
connector	 into	 a	 flood	 control	 structure,	 large-scale	 dam	 and	 lake	 project,	
levees,	dykes,	dredging,	bank	stabilization,	river	channelization	(Chech	2010).	
o Cost	

§ These	options	would	cause	extensive	environmental	damage	and	
would	need	Environmental	assessment.	

§ Culvert	enlargement	would	push	the	flooding	problem	
downstream,	which	would	further	endanger	lives	downstream.	

§ Culvert	and	connector	as	flood	control	and	similar	large-scale	dam	
and	lake	this	would	be	a	large	environmental	undertaking	and	
would	need	an	environmental	impact	statement,	as	well	as	
movement	of	some	Village	homes.	

§ A	levee	or	dyke	could	decrease	public	access	to	the	waterfront	as	
well	as	decrease	the	visual	value	of	the	River.	

§ Dredging	is	not	a	long-term	solution	and	is	not	a	solution	for	flood	
control.	

o Dredging	requires	continued	maintenance.	
o Dredging	can	actually	increase	local	flood	damage.	

§ Bank	stabilization	would	have	monetary	costs,	continued	
maintenance,	chance	of	failure	during	a	large-scale	flooding	event	

§ River	channelization	increases	the	flow	of	the	river,	pushes	the	
flooding	problem	downstream.	Can	increase	damage	during	a	
large-scale	flooding	event.	

§ Estimated	monetary	and	environmental	cost	of	any	of	these	
options	would	be	high	
	

o Benefit	
§ Possible	alleviation	of	flood	risk,	however,	due	to	the	risk	

associated	with	global	climate	change,	the	long-term	benefit	here	
is	more	difficult	to	ascertain.	

§ Creation	of	a	dam	and	lake	for	flood	control	could	also	increase	
tourism	within	the	Village.	
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§ Bank	stabilization	would	help	to	maintain	existing	infrastructure	
and	control	erosion	

	
o Key	collaborative	Organizations	

§ New	York	State	Department	of	Transportation	
§ US	Army	corps	of	Engineers	
§ NY	State	Empire	State	Development	
§ NY	State	Department	of	Health	
§ NY	State	Environmental	Facilities	Corporation	

	
	

5. Soft-path	solutions	(Gleick,	2003)	–	early	warning,	text	messages,	phone	call,	
flood	alert	solutions,	websites,	alarm	systems	such	as	the	Susquehanna	Flood	
Forecast	and	Warning	System	
o Cost	

§ Lowest	monetary	cost.	
§ Does	not	alleviate	most	flood	damage	to	properties	

	
o Benefit	

§ Early	warnings	help	prevent	loss	of	lives		
§ Can	lessen	property	damage	

	
o Key	collaborative	organizations:		

§ Upper	Susquehanna	Coalition	
§ Susquehanna	River	Basin	Commission	
§ Village	of	Afton	Government	

	

6.	FLOOD	RISK	MITIGATION	RECOMMENDATION	
	
The	Village	of	Afton's	long-term	sustainability	is	contingent	on	both	flood	mitigation	and	
economic	 development.	 Therefore,	 GeoEco	 Design	 recommends	 taking	 a	 progressive	
approach	to	stimulating	 the	 local	economy	while	acknowledging	 the	 limitations	 future	
flooding	 will	 bring	 to	 the	 at-risk	 districts	 within	 the	 Village.	 Specifically,	 the	 Village	
should	 capitalize	 on	 its	 small-town	 charm,	 seek	 funds	 to	 rejuvenate	Main	 Street,	 and	
attract	 boutique-style	 shops	 to	 fill	 vacant	spaces.	 The	 Village	 should	 also	 consider	
branding	 a	 bi-monthly/weekly	 farmers	 market,	 which	 would	 pay	 tribute	 to	 its	
surrounding	agricultural	 influences,	attract	 tourists,	 and	meet	 the	nutritional	needs	of	
Village	residents.	Maintaining	a	population	base	is	important	for	the	Village's	long-term	
survival,	thus	attracting	and	retaining	families	is	a	necessity	for	maintaining	such	Village	
amenities	as	a	 functioning	 school	 system	 and	 local	 grocery	 store.	 Green	 energy,	
specifically	 solar	 and	 small-scale	 hydrological	 power	 should	 be	 considered	 as	 other	
avenues	for	generating	income	for	the	Village.		Other	opportunities	exist	for	the	Village	
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to	 connect	 to	 the	 Greater	 Binghamton	 Area	 through	 its	 economic	 revitalization	 and	
renewable	 energy	 initiatives.	 Regarding	 past	 and	 future	 flooding,	 the	 Village	 of	 Afton	
needs	to	consider	all	of	its	options	for	remediating	risk	to	its	citizens.	From	retrofitting	
existing	residential	 structures	 (i.e.,	 lifting	the	house	and	 increasing	 foundation	height),	
to	 seeking	 funds	 to	move	 entire	 flood-prone	 districts	 of	 the	 Village	 to	 non-floodable	
locations	(see	Soldiers	Grove,	WI),	flooding	is	a	major	limitation	to	the	Village's	current	
land	use	and	residential	layout.	Due	to	 the	macroscale	watershed	 impacts	of	 flooding,	
the	 Village	 of	 Afton,	 along	 with	 other	 Upper	 Susquehanna	communities,	 should	 seek	
state	 and	 federal	 funding	 for	wetland	 restoration	 and	best	management	practices	 for	
basin-wide	 remediation	 strategies.	 Indeed,	 the	 Village	 should	 also	 consider	 wetland	
restoration	within	its	geographical	limits.	It	is	important	to	note	that	the	I-88	connector	
has	 proved	 to	 be	 an	 impediment,	 similar	 to	 a	 flood	 control	 levee,	 which	 causes	
increased	 flooding	 upstream	 (north)	 of	 the	 connector.	 The	 Village	 should	 continue	 a	
dialog	 with	 the	 Department	 of	 Transportation	 (DOT)	 to	 come	 up	 with	 a	 suitable	
resolution	 for	 this	 obvious	 inequality	 caused	by	 the	original	 planning	 and	 engineering	
negligence	of	 the	 connector	 in	 relation	 to	past	 and	 future	 Susquehanna	 River	
flooding.		To	end,	 the	Village	of	Afton	has	a	 long-standing	Southern	Tier	presence,	has	
many	 beautiful	and	 historic	 structures,	 and	 now	 has	 an	 opportunity	 to	 reinvent	 itself	
and	serve	as	a	 sustainable	 rural	 community	 for	 the	 region.		GeoEco	Design's	 time	and	
commitment	 to	 this	 project	 serve	 as	 an	 enduring	 example	 of	 the	 value	 the	Village	 of	
Afton	could	play	at	revitalizing	rural	communities	throughout	upstate	New	York.		
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Figure	1.	Study	area	map	of	the	Village	of	Afton.	
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Figure	2.	Map	of	the	Village	of	Afton’s	central	business	district	(CBD).	Businesses	
correspond	to	those	present	during	the	socioeconomic	survey	conducted	for	this	
study.	
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Figure	3.	Map	of	the	Susquehanna	River	watershed	from	it	headwaters	in	New	
York	State	to	its	outlet	in	the	Chesapeake	Bay.		
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Figure	4.	Map	illustrating	the	Village	of	Afton’s	drainage	basin	within	the	
headwaters	of	the	Susquehanna	River.	
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Figure	5.	Digital	elevation	map	(DEM)	for	the	Village	of	Afton.	
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Figure	6.	Orthophoto	map	of	the	Village	of	Afton	overlaid	with	United	States	Fish	
and	Wildlife	designated	wetlands.		
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Figure	7.	Map	illustrating	2011	Land	use/land	cover	for	the	Village	of	Afton.	The	
classification	system	is	used	by	the	U.S.	Geological	Survey,	and	is	modified	from	the	
Anderson	Land	Cover	Classification	System.	For	details	see:	
https://www.mrlc.gov/nlcd11_leg.php	
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Figure	8.	Map	illustrating	1976	zoning	for	the	Village	of	Afton.	
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Figure	9.	Current	FEMA	flood	zones	overlaid	across	the	Village	of	Afton.	
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Figure	10.	FEMA	flood	zones	overlaid	across	the	Village	of	Afton’s	2017	property-
parcel	(cadastral)	data.	
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Figure	11.	Village	of	Afton’s	2017	property-parcels,	with	“NOT	Flood-Safe”	
properties	transparent.	
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Figure	12.	Map	displaying	333	flood-safe,	and	139	“Not	Flood-Safe,”	properties	
from	the	2017	cadastral	data	for	the	Village	of	Afton.	
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Figure	13.	Map	displaying	four	distinct	flood	districts	across	the	Village	of	Afton.	
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Figure	14.	Map	displaying	impaired	waterways	for	the	headwaters	of	the	
Susquehanna	River	in	New	York.	
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Figure	15.	Map	displaying	heavy-metal	water	contaminants	for	the	waterways	of	
the	Susquehanna	River	watershed.	
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Figure	16.	Map	displaying	potential	location	for	Waterfront	Park	within	the	
Village	of	Afton.	
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Figure	17.	Map	displaying	government	own	and	privately	owned	properties	
within	the	Village	of	Afton.	
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Appendix	S1.	Diagram	illustrating	survey	results	of	high-water	marks,	above	and	
below	the	culvert,	from	NRCS	Engineer	(L.	Lockrel,	2012).	
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Appendix	S2.	1992	Federal	Emergency	Management	Agency	(FEMA)	Flood	
Insurance	Rate	Map	(FIRM).		
	
	
	
	
	



	

	 36	

	

	

	
Appendix	S3.	2010	Federal	Emergency	Management	Agency	(FEMA)	Flood	
Insurance	Rate	Map	(FIRM).		
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Appendix	S4.	Table	of	ownership	information	for	the	139	Flood	Not-Safe	
properties	within	the	Village	of	Afton.		

	

Street Address Owner Name Acres Land Assess Total Assess
2106 E Windsor Rd Siewers, John .00 6750.00 52500.00
5 Highland Ave Craver, Philip B .41 6500.00 55500.00
 Seco Realty & Development Corp 4.96 2000.00 2000.00
Main St Village Of Afton .20 1000.00 1000.00
100 Caswell St Zablock, James M 8.70 9000.00 9000.00
208 Lewis Ln Warrens Excavation and Stone 8.85 15000.00 15000.00
84 Caswell St Dascano, Christian J Jr .34 5000.00 51500.00
100 Caswell St Zablocki, James 4.96 5750.00 5750.00
 Village Of Afton 3.92 3500.00 18500.00
4 Little League Rd Howe, Patricia S .36 5000.00 67500.00
150 Caswell St Ricks, Leslie H 6.64 6300.00 6300.00
142 Caswell St Henchy, Todd J .64 750.00 750.00
148 Caswell St Nelson, Jeffery S .00 6000.00 52000.00
 Ricks, Leslie H 2.40 8500.00 69000.00
150 Caswell St Ricks, Leslie H .09 1000.00 1000.00
20 Highland Ave Ramsey, Renee L .52 7600.00 61600.00
 Lashway Michael 1.02 6500.00 43000.00
86 Theresa Blvd T&N River Club, LLC 1.60 16000.00 16000.00
County Office Building State, Of New York 3.73 5000.00 5000.00
501 Marquette Ave Ste 1410 Norfolk Southern Railway Comp 22.70 .00 643772.00
86 Theresa Blvd T&N River Club, LLC 1.80 16000.00 208000.00
11 Mill St McDowell & Walker Inc 1.62 20000.00 110000.00
80 Downing Dr Quesada, Ruben G 10.00 10000.00 80000.00
37 Maple Ave Stone, Doris B 10.00 10000.00 73500.00
9 Maple St Browning, Peter C 3.62 7800.00 78000.00
26 Riverside Dr Siewers, John P .68 7500.00 19300.00
16 Riverside Dr Mies, Robert J 1.00 7500.00 50500.00
10 Riverside Dr Tucker, Patricia U .43 6500.00 44100.00
38 Maple St Williams, Robert E .49 4500.00 4500.00
38 Maple St Williams, Sadie L .61 7000.00 39700.00
 Verona Family Partnership .29 7000.00 110000.00
 Verona, Family Partnership .30 3000.00 3000.00
28 Maple St Decker, Tammy L .21 5500.00 45000.00
24 Maple St Cadden, Margaret D .00 7000.00 44000.00
59 E Main St Cutting, Michael P 2.30 9000.00 95000.00
16 Evelyn Ave Burnett, Alice M 1.60 7500.00 57500.00
7 Evelyn Ave Frisco, Mary Jo .75 7000.00 56000.00
11 Evelyn Ave Joslyn, Mary .35 6000.00 25750.00
15 Evelyn Ave Iaia, Tina M .55 7500.00 23900.00
1260 County Rd 4 Buttner Brian J 1.49 8000.00 16000.00
 Village, Of Afton 5.23 14000.00 14000.00
30 Tyler St Potts, Timothy .36 5000.00 51900.00
14 E Main St Briggs, Floyd .47 6500.00 44500.00
 Village of Afton 3.00 9200.00 44100.00
 Village of Afton 1.58 7000.00 7000.00
540 State Hwy 41 Williams, Lawrence E Sr .12 800.00 800.00
141 Pierce Ln Page, Nikki L 1.08 7000.00 7000.00
9 Dyer Flat Rd Schultz, Alfred .72 6500.00 26400.00
 Fritzsch, Craig R 2.00 4500.00 5000.00
2906 Rt 79 A & G Realty Associates, LLC 21.60 10000.00 10000.00
 Royston, Joan 1.75 2950.00 2950.00
50 Main St Affuso, Grace .43 4000.00 44000.00
 Village of Afton 8.50 15000.00 20000.00
 McDowell & Walker Inc 2.50 25000.00 101000.00
214 Main St Vance, James O .45 11500.00 68000.00
22 Tarpon Ln Cicero, Carol L .40 6500.00 56000.00
 De Luca, Nicholas .13 8000.00 8000.00
2383 State Hwy 41 Sherman, Christopher .00 4000.00 30500.00
2 Merril St Key Housing Dev Funding Corp 3.01 25000.00 1100000.00
30 Caswell St First Baptist Church 1.00 8500.00 125000.00
215 Main St Stafford, William L .36 6500.00 70000.00
215 Main St Stafford, William L .25 5500.00 35000.00
30 Caswell St First Baptist Church of Afton .70 7500.00 44500.00
54 Caswell St Joanne, Decker 1.61 8500.00 55000.00
54 Caswell St Joanne, Decker 17.89 6800.00 6800.00
60 Caswell St Wylubski, David M .40 2500.00 2500.00
 Seco Realty & Development Corp 26.50 42250.00 42250.00
 Afton Village Dump 9.40 4160.00 4200.00
 Seco Realty & Development Corp 2.85 7500.00 7500.00
169 Main St Town of Afton 5.83 6000.00 6000.00
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 Higher Ground Christian Church 5.00 30000.00 545000.00
15 Winding Way Vail Kenneth A 7.66 13000.00 73500.00
 Afton Glenwood Cemetery Assn 1.80 9500.00 9500.00
138 Winding Way Johnson, Gayle E 4.00 5500.00 5500.00
9 Winding Way Brown, William .68 5500.00 46300.00
146 E Main St Hosier, William L 1.01 7500.00 43300.00
146 E Main St Hosier, William L .45 7000.00 7000.00
148 E Main St Nickerson, Janice .49 5500.00 50100.00
 Palmatier, Bret 3.60 4500.00 9550.00
151 E Main St Harris, Gerald W 1.30 5100.00 5100.00
155 E Main St Mullin, Carolyn L 2.80 12000.00 125000.00
155 E Main St Mullin, Carolyn L 1.78 1100.00 1100.00
125 Mountain Rd Bagnall Properties LLC .17 3000.00 3000.00
161 E Main St Mewhorter, Jeffrey 3.78 8000.00 130000.00
29 Riverside Dr Kimble, Martie J .94 7500.00 59000.00
1649 Rita Rd Whipple, Diane 1.93 9400.00 69600.00
491 Algerine St Page, Nikki L 19.00 10000.00 10000.00
  .00 .00 .00
4030 State Hwy 79 Livermore, Russell 4.20 16000.00 87000.00
273 Clifton Pl Apt 4A Patzak, Serge A 1.00 6000.00 51000.00
 Village of Afton 1.00 500.00 500.00
 Vail, Thomas C 40.90 28500.00 97500.00
2383 Route 41 Schuldt, William H .24 1000.00 1000.00
2383 Route 41 Schuldt, William 9.70 8000.00 8000.00
151 E Main St Harris, Gerald W 1.10 7000.00 118000.00
 Vail, Thomas C 40.90 28500.00 97500.00
 Vail, Thomas C 40.90 28500.00 97500.00
26 Riverside Dr Siewers, John P .68 7500.00 19300.00
2106 E Windsor Rd Siewers, John .00 6750.00 52500.00
16 Riverside Dr Mies, Robert J 1.00 7500.00 50500.00
 Fritzsch, Craig R 2.00 4500.00 5000.00
 Fritzsch, Craig R 2.00 4500.00 5000.00
2906 Rt 79 A & G Realty Associates, LLC 21.60 10000.00 10000.00
2906 Rt 79 A & G Realty Associates, LLC 21.60 10000.00 10000.00
 Vail, Thomas C 40.90 28500.00 97500.00
208 Lewis Ln County of Chenango 2.58 6200.00 21200.00
 KT Energy Services, LLC 2.00 12000.00 55800.00
544 Hall Rd Gonzales, Ollie L .51 7600.00 62600.00
501 Marquette Ave Ste 1410 Norfolk Southern Railway Comp 22.70 .00 643772.00
 James, Ryan 1.50 8000.00 105000.00
208 Lewis Ln Warrens Excavation and Stone 8.85 15000.00 15000.00
66 Caswell St Beams, Richard L .65 7500.00 60000.00
82 Caswell St Birch, Elizabeth A .35 6000.00 63500.00
76 Caswell St Cutting, Josephine T .35 6000.00 39000.00
70 Caswell St Cabey Robert E .39 7000.00 35000.00
72 Caswell St Neubauer, Roger E .34 8400.00 18900.00
 Afton Central School District 1.64 2600.00 47600.00
 Village Garage .40 7700.00 67000.00
Academy St Afton Central School 17.80 252000.00 1500000.00
643 Melondy Hill Rd Dougherty, John P .50 3000.00 3000.00
 Dougherty, John P .44 6000.00 61000.00
 Dougherty, John P .71 7000.00 85000.00
2 Harpur Ln Johnson, Jennifer 3.48 9600.00 49400.00
98 Spring St Habberfield, Jeffrey .60 4000.00 27500.00
5756 W 9600 N Pixley, Edward G 4.00 5000.00 5000.00
 Lawrence, Michael J 3.00 16000.00 92300.00
Box 149 Crosby, Beryl .95 3750.00 3750.00
703 Front St Lesko , Charles Jr 2.79 3750.00 3750.00
Academy St Afton Central School 7.50 6000.00 6000.00
84 Caswell St Dascano, Christian J Jr .34 5000.00 51500.00
Main St Village Of Afton .29 1000.00 10000.00
 Tryon, Richard I .54 6500.00 73500.00
98 Caswell St Egdorf, Lori A .22 4500.00 40000.00
30 Caswell St First Baptist Parsonage .53 6500.00 46000.00
46 Caswell St Weeks, Keith .26 6000.00 45000.00
152 Afton Lake Rd Smith, Donald .19 5000.00 22000.00
60 Caswell St Wylubski, David M .49 7000.00 62500.00
64 Caswell St Decker, Thomas V .39 6500.00 45000.00
 Village of Afton .13 2600.00 2600.00
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Appendix	S5.	2015	Village	of	Afton	water	quality	report.		
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Appendix	S6.	2016	Village	of	Afton	water	quality	report.	
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Appendix	S7.	Village	of	Afton	radiological	report.	
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Appendix	S8.	Examples	of	best	management	practices	(BMPs)	for	the	Village	of	
Afton’s	waterfront	flood	management	park.	

	
	
	
	
	

Waterfront	Park	examples	of	natural	solutions	for	flooding	and	
stormwater	management:	
	
Raingarden:	A	raingarden	is	a	shallow	planted	depression	used	to	hold	stormwater	
and	 runoff	 until	 it	 can	 infiltrate	 into	 the	 ground.	 Specific	 water	 loving	 plants	 are	
selected	 to	 be	 planted	 within	 the	 raingarden.	 	 There	 are	 many	 resources	 and	
examples	available	to	assist	with	building	a	raingarden.		Some	raingardens	include	a		
drainpipe	 which	 leads	 to	 a	 retention	 basin,	 pond	 or	 holding	 tank.	 	 Plants	 can	 be	
specifically	chosen	to	filter	pollutants	out	of	the	stormwater	or	runoff.				
	

Picture	credit:	http://raingardenalliance.org/planting/design	
	
Natural	Floodplain:	Restoring	the	Natural	Flood	plain	is	another	option	which	could	
be	 demonstrated	 even	 in	 a	 small	 park.	 	 Much	 of	 the	 natural	 floodplain	 has	 been	
drained	 and	 filled	 or	 otherwise	 lost	 along	 the	 human	 habituated	 sections	 of	 the	
Susquehanna	River.		Floodplains	are	a	natural	part	of	a	healthy	River	and	floods	are	

Page 1 of 5
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a	 natural	 occurrence.	 Restoring	 a	 part	 of	 the	 natural	 floodplain	 would	 include	
protecting	and	restoring	the	native	habitat	along	the	Susquehanna	River.	
	
Floodwater	Detention	and	Retention	Basin:	An	area	 that	has	been	designed	and	
designated	to	hold	rain,	floodwater	and/or	runoff.		A	detention	pond	is	also	known	
as	a	dry	pond	because	the	water	is	only	held	temporarily.	The	water	in	a	detention	
pond	is	eventually	released	or	infiltrated	into	the	ground.			The	water	in	a	retention	
pond	 is	 not	 temporary	 and	 only	 releases	 it’s	 water	 if	 the	 pond	 level	 exceeds	 a	
specific	level.		The	map	below	shows	a	retention	pond	in	Syracuse,	NY.	
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Bioswales:	 	 Bioswales	 are	 landscape	 design	 features	 built	 to	 direct	 and	 filter	 the	
flow	 of	 water	 such	 as	 runoff,	 stormwater,	 and	 floodwaters.	 	 A	 bioswale	 is	 also	
planted	with	vegetation	which	helps	to	filter	and	absorb	water	along	the	way.		The	
picture	 below	 shows	 a	 bioswale	 in	 the	 foreground	 which	 is	 being	 build	 ans	 a	
completed	bioswale	on	the	opposite	side	of	the	road.			
	
	

	
Photo	credit:	Duk	at	English	Wikipedia	-	Transferred	from	en.wikipedia	to	Commons	
by	Liftarn	using	CommonsHelper.,	Public	Domain,	
https://commons.wikimedia.org/w/index.php?curid=11902676	
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Example of a general layout of a stormwater management park. Above the grass shows where 

the wetland could be expanded, large mature trees also are beneficial to uptake excess 

stormwater. A picnic area and playground help attract people to utilize the park. Grass covered 

berms help to guide the excess water back toward the river or into the rain gardens. A drain in 

the rain garden could also drain excess water into a retention or detention basin on the opposite 

side of the road. Parking could be sited along the road with the ditch being used as a bioswale 

which could drain to the same area as the rain garden. A walking trail with interpretive signage 

could also be added as an educational tool to teach about natural river processes as well as 

best management practices for stormwater.  

Demonstration Stormwater Management Park  
Prepared for: Village of Afton, NY 

Prepared by: Stephanie Nick, MPS, Associate Project Manager GeoEco Design 

March 11, 2018 
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•  Increase	in	atmospheric	temperature	has	been	
moderated	by	oceans,	which	soak	up	more	than	80%	of	
warming	

	

•  Small	warming	of	oceans	contributes	significantly	to	
energy	that	drives	storms	

	

•  Water	expands	as	it	warms	–	sea	level	rise	
	

•  Warmer	temperatures	will	cause	more	evaporaHon	
from	oceans	à	increasing	atmospheric	water	vapor	à	
increasing	global	warming	

Warming	Oceans	
A;on,	NY		



•  Global	warming	leads	to	sea-level	rise	two	ways:	
–  Water	added	from	melMng	of	ice	on	land	
–  HeaMng	and	expansion	of	sea	water	

•  MelHng	ArcMc	sea	ice	does	not	raise	sea-level		
(meltwater	occupies	same	volume	that	ice	did)	

•  MelHng	all	Greenland	ice	would	raise	sea	level	by	about	
7	m	

•  MelHng	all	AntarcMc	ice	would	raise	sea	level	by	about	
66	m	
–  Complete	melHng	of	both	ice	sheets	is	not	likely	in	foreseeable	
future	

Sea-Level	Rise	
A;on,	NY		



Image	Source:	
chriscolose.	
wordpress	(above)	
global-greenhouse-	
warming.com	(le;)	

Sea	Ice:	ArcMc		
vs.	AntarcMc	
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•  Hurricane	damage	is	amplified	by:	
–  Heavy	or	prolonged	rain	
–  Surge	height	and	shape	of	coast	
–  High	winds	and	storm	waves	
–  Warm-water	eddies	to	add	energy	
–  Storms	stalled	by	other	weather	systems	

	

•  One-two	punch	could	be	two	or	more	large,	back-to-
back	hurricanes	

•  On	average,	five	hurricanes	develop	in	AtlanHc	Ocean	
every	year,	two	of	them	major	

•  Increases	in	sea-surface	temperatures	suggests	more	
hurricanes	in	next	few	decades	

Climate	Change	&	Hurricane	Damage	
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*Global	Surface	Temperatures	and	Sea	Level	are	rising	

Ocean	&	Climate	
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Sea	surface	temperature	in	the		
tropical	oceans	fuel	hurricanes	

Hurricanes	becoming	more		
intense	as	ocean	warms?	

Ocean	&	Climate	Hazards	
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2012	AtlanMc	Hurricanes		

h`p://maps.csc.noaa.gov/hurricanes/#	
	

NOAA	Historic		
Hurricane	Tracks:	
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•  Seven	of	top	ten	costliest	hurricanes	occurred	in	2004,	
2005,	&	2012		

	

•  Costs	related	to	hurricanes	have	dramaHcally	increased		
–  Rapidly	growing	populaHons	along	coast	
–  More	development	in	unsuitable	locaHons	
–  More	expensive	buildings	

	

•  Number	of	deaths	has	decreased	
–  Improved	ability	to	predict	landfall	locaHons	
–  Coordinated	ability	to	evacuate	populaHons	at	risk	

Storm	Damage	
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Source	

(the	place	
where	a	
river	begins	
-a	river	
system	will	
have	
numerous	
sources,	
such	as	
springs)	

Confluence	

(a	place	
where	two	
rivers	
meet)	

Tributary	stream	(a smaller river 
that flows into a larger river) 

Typical	River	Drainage	Basin	
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Drainage	Basins/Watersheds	
• All	land	on	earth	is	a	watershed.	
• A	watershed	is	o;en	called	a	drainage	basin.	
• It	is	the	land	area	drained	by	a	network	of	channels,	called	
tributaries,	that	increase	in	size	as	the	amount	of	water	and	
materials	they	must	carry	increases.	

SMALL	
LARGE	

MEDIUM	
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Remember..	Water	Flows	Downhill	

A

B

• Water	flows	from	HIGH	elevaHon	to	LOW	elevaHon.	
• Water	combines	along	the	way–	increasing	size,	volume,	etc.	
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Where	does	water	go?	
• Q:	During	a	precipitaHon	
event,	where	does	water	
go	once	it	hits	the	
terrestrial	surface	of	the	
Earth?	
	
• A:	Some	gets	absorbed	
into	the	ground	
(infiltraHon)	some	flows	
along	the	surface	(runoff).			

A;on,	NY		



Areas	of	the	Watershed	

• Three	Main	Areas	
• 1)	AquaHc	(water)	
• 2)	Riparian	
• 3)	Upland	

• AquaHc	areas	include	
standing	water	(e.g.,	
ponds,	lakes,	
wetlands,	bogs,	
streams	and	rivers)	

• Riparian	areas	are	
those	corridors	of	
vegetaHon	next	to	and	
influencing	the	aquaHc	
area.	
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Watershed	Area	
• The	catchment	area	of	a	
watershed	influences	the	
amount	of	water	that	flows	from	
the	river	or	stream	that	drains	it.	

• Generally,	large	watersheds	
receive	more	precipitaMon	than	
small	ones	in	like	climates.	

• 	In	moist	climates,	greater	
precipitaHon	and	runoff	may	
occur	in	smaller	watersheds	
than	in	larger	watersheds	with	
arid	climates.		
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Watershed	Shape	and	Slope	
• Shape	and	slope	of	a	
watershed	and	its	drainage	
pa`ern	influence	surface	
runoff	and	seepage	in	streams	
draining	the	watershed.	

• Steeper	the	slope,	the	
greater	the	possibility	for	
rapid	runoff	and	erosion.	

• Plant	cover	is	more	difficult	
to	establish	and	infiltraHon	of	
surface	water	is	reduced	on	
steep	slopes.	
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OrientaMon	
• OrientaHon	of	a	watershed	in	
relaHon	to	storm	events	impacts	
runoff	and	peak	flows.	

	

• A	rainstorm	moving	up	a	
watershed	releases	water	in	such	a	
way	that	runoff	from	the	lower	
secHon	has	passed	its	peak	before	
runoff	from	the	higher	secHons	has	
arrived.	

• A	storm	starHng	at	the	top	of	a	
watershed	and	moving	down	has	an	
addiHve	effect	on	runoff	
downstream.	
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Hydrologic	Unit	and	Scale	
• Hydrologic	Unit	Code	(HUC)	was	created	by	the	USGS	to	classify	the	
naHon’s	watersheds	and	sub-watersheds.	

Info:	h`p://water.usgs.gov/GIS/huc.html	

GIS	Data:	h`p://datagateway.nrcs.usda.gov/	
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PrecipitaHon	may	infiltrate,	run	off,	evaporate/transpire	

InfiltraHon:	absorpHon	and	downward	
movement	of	precipitaHon	into	the	soil	
and	regolith	

Runoff:	flow	of	water	from	conHnents	to	
oceans	through	stream	flow	and	shallow	
ground-water	flow	

Hydrologic	Cycle	Revisited	
A;on,	NY		



 - Type	of	precipitaHon		
	-	Rainfall	intensity	
	-	Rainfall	amount	
	-	Rainfall	duraHon	
	-	DistribuHon	of	rainfall	over	the	drainage	basin	
	-	DirecHon	of	storm	movement	
	-	PrecipitaHon	that	occurred	earlier	and	resulHng	soil	

moisture	
	-	Meteorological	condiHons	that	affect	evapotranspiraHon	

Meteorological	Factors	ImpacMng	Surface	
Runoff	
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-		Land	use	
-		VegetaHon	
-		Soil	type	
-		Drainage	area	
-		Basin	shape	
-		ElevaHon	
-		Topography,	especially	the	slope	of	

the	land	
-		Drainage	network	pa`erns	
-		Ponds,	lakes,	reservoirs,	sinks,	etc.	

in	the	basin,	which	prevent	or	
delay	runoff	from	conHnuing	
downstream	

	

Physical	CharacterisMcs	ImpacMng	Surface	
Runoff	
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•  UrbanizaHon	--	more	impervious	surfaces	reduce	
infiltraHon	and	accelerate	water	moHon.	

	

•  Removal	of	vegetaHon	and	soil	--	surface	grading,	
arHficial	drainage	networks	increases	volume	of	
runoff	and	shortens	runoff	Hme	to	streams	from	
rainfall	and	snowmelt.	

Human	Factors	ImpacMng	Surface	Runoff	
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www.usda.gov/stream_restoration/chap1.html 

Cross	SecMon	of	a	Channel	
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•  River	Morphology:	
–  Young,	“V”	shaped	valleys	
– Older,	“U”	shaped	valleys	
– Oldest,	meandering	channels	with	oxbow	lakes	
–  Braided	channels	with	lots	of	sediment	

• Channels	are	choked	with	sediments	
• Below	glacial	terrain	
•  In	wetlands	where	there	is	very	low	gradient	(slope)	

Rivers	
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Changes	in	stream	properMes	along	a	watershed.	
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• Water	slowed	by	fricHon	with	channel	
walls	and	bed.	

• Velocity	is	greatest	in	the	middle	and	top	
of	the	stream.	

• The	steeper	the	gradient,	the	faster	the	
flow.	

• Discharge:	volume	of	the	stream,	cubic	
meters/second.	

Q=AV=constant	

Q:	discharge	

A:	cross-secHonal	area	

V:	velocity	

CharacterisMcs	of	Stream	Flow	
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•  Stream	gradient	is	the	
drop	in	elevaHon	over	a	
given	distance.		

	
•  Calculated	by	dividing	
the	elevaHon	drop	by	
distance.	

Stream	Gradient	

Slope	=	Rise/Run	
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•  Discharge	is	the	flow	of	water	
–  Measured	in	units	of	cubic	feet	per	minute,	or	cfs	
–  The	metric	equivalent	is	liters	per	second,	or	Lps	

•  We	find	the	discharge,	Q,	by	taking	the	product	of	
the	velocity,	v,	and	the	area,	A:	
–  Q	=	V	A	
–  Example,	if	the	width	of	the	channel	is	ten	feet,	the	
depth	is	one	foot,	and	the	velocity	is	two	feet	per	
second,	then		
• A	=	10	;	x	1	;	=	10	;2		
• Q		=	2	;/s	x	10	;2	=	20	cfs	

River	Discharge	
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One	cubic	foot	per	second,	or	cfs	(or	one	cubic	meter	per	second,	or	cms)	is	
equivalent	to	one	cubic	foot	(or	meter)	of	water	flowing	past	a	given	point	in	a	
one-second	Mme	interval.	

River	Discharge	
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•  Flooding	is	the	natural	
process	of	overbank	flow.	

•  Most	river	flooding	related	
to:	
–  Amount	of	precipitaHon	
–  DistribuHon	of	precipitaHon	
–  Soil	type	&	infiltraHon	rate	
–  Soil	moisture	
–  Basin	size	and	shape	
–  Slope	
–  Land	cover/Land	use	
–  Runoff		

Flooding	
•  Flooding	is	the	most	

common	of	disastrous	acts	
of	nature	among	all	
catastrophes	leading	to	
economic	losses	and	death	
(Sharma	and	Priya	2001).	

	

•  Caused	by:	
–  Summer	thunderstorms	
–  Tropical	storms	
–  MelHng	snow	
–  Ice	and	debris	jams	in	rivers	
–  Seasonal	changes	(e.g.,	monsoons)	
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•  Floods	can	be	
characterized	in	several	
ways.	
–  Flood	discharge	is	the	
discharge	of	the	stream	
at	the	point	where	water	
overflows	the	channel	
banks.	

–  Stage	is	defined	as	the	
height	of	water	in	the	
river.	

Flood	CharacterizaMon	
•  Flood	stage	is	frequently	

used	to	indicate	that	the	
elevaHon	of	the	water	
surface	has	reached	a	level	
likely	to	cause	damage	to	
personal	property.	
–  Based	on	human	percepHon,	so	

elevaHon	that	is	considered	
flood	stage	depend	on	human	
use	of	the	floodplain	(Beyer	
1974).	
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•  Floodplain	is	the	flat	
surface	adjacent	to	the	
river	channel	that	is	
periodically	inundated	by	
floodwater.	

•  Most	floodplains	have	
deposits	that	are	finer	
grained	than	those	found	
in,	and	immediately	
adjacent	to,	the	channel.	

Floodplain	

Illuvium	is	material	accumulated	
through	illuviaHon	(material	

	transport).	
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Floodplain	Landscape	Features	
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•  Flash	floods	typically	
occur:	
–  In	upper	parts	of	
drainage	basins	

–  Small	drainage	basins	of	
tributaries	to	large	
rivers		

	
•  Generally	produced	by:	

–  	Intense	rainfall	
–  Short	Hme	periods	
–  Small	areas	

Two	Main	Types:	Flash	Floods	(1)		
•  Flash	flooding	most	
common	in:	
–  Arid	and	semiarid	
environments	

–  In	areas	of	steep	
topography	

–  Less	vegetaHon	
–  Following	breaks	of:	

• Dams	
•  Levees	
•  Ice	and	debris	jam	
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•  Flash	floods	o;en	
contribute	to	downstream	
floods.	

•  Downstream	floods	are	
floods:	
–  That	cover		wide	areas	
–  Found	in	low	slope	areas	
–  Usually	produced	by	storms	
of	long	duraHon	that	
saturate	soil	and	produce	
increased	runoff	

Two	Main	Types:	Downstream	Floods	(2)		
•  Downstream	floods	are	

characterized	by	the	
downstream	movement	
of	the	floodwaters	with	a	
large	rise	and	fall	of	
discharge	at	a	parHcular	
locaHon	(ARS	1969).		

Image:	Mississippi	River	Flood	-2011	
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NaMonal	Trend	in	Flood	Damage	
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Rainfall	–	Runoff	Modeling	

Watershed Rainfall Runoff 

Rainfall-Runoff 
Model 

Rainfall Runoff 
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Runoff	Hydrograph	(Recession	Curve)	
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The	hydrograph	of	a	river	can	look	similar	to	this	example	aIer	a	
brief	but	intense	rainfall	event.	
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Hydrograph	Shape	
• Main	TWO	factors	influencing	hydrograph	shape	are:	

• 1)	Drainage	characterisHcs:	basin	area,	basin	shape,	basin	
slope,	soil	type,	land	use,	drainage	density,	and	drainage	
network	topology.	

**Note:	Most	changes	to	land	cover/land	use	tend	to	
increase	runoff.	

• 2)	Rainfall	characterisHcs:	rainfall	intensity,	duraHon,	and	
their	spaHal	and	temporal	distribuHon.	

**Note:	Storms	moving	downstream	tend	to	produce	larger	
peak	flows	than	storms	moving	upstream.	
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Flood	of	July	1935	
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Agnes	Track:	1972	

See	WSKG	documentary:	“Agnes:	The	Flood	‘72”	
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Rainfall	Totals:	
June	20-24	

1972		

See:	h`p://www.erh.noaa.gov/ctp/features/historical/agnes.php	
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Flood	of	June	2006	
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Source:	USGS,		
Report	2009	-	1063	
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Source:	USGS,	Report	2009	-	1063	

How	rare	was	the	2006	flood?	
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Source:	USGS,	Report	2009	-	1063	
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Source:	USGS,		
Report	2009	-	1063	



Source	Date:	2011	
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Record	Rains	&	Floods	in	Northeast	

Source	Date:	2010	
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Hurricane/Tropical	Storm	Irene	(2011)	

Link:	h`p://www.erh.noaa.gov/bgm/WeatherEvents/Flood/
august282011/satellite_regional_ir.shtml	
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Hurricane/Tropical	Storm	Lee	(2011)	

Formed:	1	September	2011	
Dissipated:	5	September	2011	
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Hurricane/Tropical	Storm	Lee	(2011)	
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Great	Binghamton	Flood	(2011)	

*Advanced	Hydrologic	PredicHon	Service	
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Flood	Frequency	

Flood	frequency	–	how	oIen	will	it	happen?	
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Changes	in	flood	
frequency	at	the	Vestal,	
NY	gaging	staHon,	
Susquehanna	River	

1935-1984	

1962-2011	
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Analysis	source:	Peter	Knuepfer,	Ph.D.	
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Cordial ly,

Drew Deskur
tirector: Kope.nik Observatory & Science Center

eptefiber 13th

As yoo know, our region has experienced extreme weatheroverthe past decade The Sreat f loods of2006 and 2011of

,n"'r*r'r"nr""a 0,"", oasin continue to remind u5 ofthe personal hardship and economic cost of extreme weather.

climate projections from the New York State Energv Research and Development.AuJllgltvlryYSEBPlUsit:::t^tl:l]*

Funded by NYSERDA, the city of Binshamton, and NYSEG, our conference is scheduled forl:9g!g!1!9!L]!!1938:-!9-

tOO 
"-.,  

*"t"t",U OOtu"utory a S.i"nt" C"nt"r '  Sponsors inclu' le Kopernik' WSKC ?ublic Media' and Southeh-t ier

xtreme weatherofthe be but a preludetothe cl imate ofthefuture By 2080' regionaltemperalures a'e

expect;d to f ise bY4 5 to 8.5"F andprecipitation by more than 107o 1!9i!:ii9!lg jyg j14)llljl99gig:!
increasina frequencv,

ourfeatured speakersaddressthese iss!eswith a specialunclerstanding ofthe needs of regional offrcials to make our

comrnunities more resilient to the effects of extreme weather and climate change specifiqally:

,MarkWYsocki,DepartmentofearlhandAtmospher|csciences,colnellUniver$itYj,,Extremew€athelandc|imatechange|n
the Northe.st"

. Dave Nicosia Natlonalweather Service and Warning Coordination Meteorologist: "Ihe Southern Tier: Extreme weather aod

climate Change-Perspectlves on the Past, Present, and Foture"

-.ArtDeGaetano.DepartmentofEarthandatmosphericsciences'cornel luni t 'ersi ty:"Proact lveAdaplat ionforExtreme
Weather in the Southern Tier"'

lrik Miller, Executive ,ir€ctor, Southern Tier East ReSiona I Planning and Developnent Board: "Mitigation: Reducing

Greenhouse Gas Emisslsns and Achleving Sustainability'"
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Outline:	

1.   	Climate	Change	&	Hurricanes	

2.   	Watersheds	&	Surface	Hydrology	

3.   	Flooding	in	the	Northeast	

4.   	AIon,	NY:	Flood	Dynamics	

5.   	Risk	PrevenMon	OpMons	
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Created By: Richard R. Shaker, Ph.D.

Binghamton University, State University of New York

Data Sources: NYSDEC, USDA, USGS, ESRI

Projection: NAD 1983 UTM Zone 18N

Drainage Basin: Afton, NY
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Nearest	Gauging	StaMon	

Extreme	records	(June	29,	2006):	Maximum	discharge,	58,700	Cu.	;./sec.	
																																																											Gage	height,	27.05	;.	
																															(Sept.	9,	2011):	Maximum	discharge,	48,300	Cu.	;./sec.	
																																																												Gage	height,	26.2	;.	
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Nearest	Gauging	StaMon	

Top	five	stages:	6/29/2006	(27.05;),	9/8/2011	(26.20;),	3/29/1914	
(23.10;),	3/15/1977	(22.20;),	3/1/1910	(22.10;)	



Flood	Frequency	
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Source:	USGS,	Report	2014-	5058	
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AIon	Aerial	Photography	
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Sources: Esri, DeLorme, NAVTEQ, USGS, Intermap, iPC, NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), TomTom, 2013

Sources: Esri, DeLorme, USGS, NPS
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Created By: Richard R. Shaker, Ph.D.
Binghamton University, State University of New York

Data Sources: NYSDEC, USDA, USGS, ESRI
Projection: NAD 1983 UTM Zone 18N

Street Map & Village Limits: Afton, NY
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Data Sources: NYSDEC, USDA, USGS, ESRI
Projection: NAD 1983 UTM Zone 18N
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I-88	(Assigned	1968	–	Completed	1989)		

Source:	h`p://en.wikipedia.org/wiki/
Interstate_88_(New_York)#cite_note-20	
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NEPA	(1970)	&	EIS	

The	NaHonal	Environmental	Policy	
Act	(NEPA)	requires	federal	
agencies	to	integrate	
environmental	values	into	their	
decision	making	processes	by	
considering	the	environmental	
impacts	of	their	proposed	acHons	
and	reasonable	alternaHves	to	
those	acHons.	

Source:	h`p://en.wikipedia.org/wiki/
NaHonal_Environmental_Policy_Act	

To	meet	NEPA	requirements	federal	
agencies	prepare	a	detailed	
statement	known	as	an	
Environmental	Impact	Statement	
(EIS).	EPA	reviews	and	comments	on	
EISs	prepared	by	other	federal	
agencies,	maintains	a	naHonal	filing	
system	for	all	EISs,	and	assures	that	
its	own	acHons	comply	with	NEPA.	
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•  Risks	associated	with	natural	
hazards	can	be	understood	as	an	
interacHon	of	hazards,	
exposure,	and	vulnerability	
forming	a	‘risk	
triangle’	(Crichton,	1999;	2007).		

•  Risk	associated	with	some	
parHcular	hazard	lies	in	the	
consequences	of	that	hazard,	
and	increases	through	
probability,	severity,	and	
exposure.	

Vulnerability,	Hazards,	&	Exposure	as	
Elements	of	Risk		

For	further	clarity	this	graphical		
RepresentaHon	is	also	expressed	as		

the	following	funcHon:	
	

Risk:		[F]:	{exposure,	hazards,	vulnerability}	

A;on,	NY		



•  Hazard:	is	the	inherent	
danger	associated	with	a	
potenHal	environmental	
problem	(e.g.,	heat,	
landslide,	earthquake).		

•  It	includes	regional	
suscepHbility	as	well	as	
relaHve	hazard	of	specific	
areas	with	the	region.	

Hazard	

San	Francisco	Earthquake	
Magnitude	7.8		
18	April	1906	
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•  Exposure:	is	the	human	
populaHon,	ecological	
resources,	or	property	
exposed	to	the	hazard.	

Exposure	

Marina	Beach,	Chennai,	India	(2004)		

Rikuzentakata,	Japan	(2011)		

New	Orleans	(2005)		
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•  Vulnerability:	is	the	
unprotected	nature	of	the	
exposure.	

•  Vulnerability:	can	be	
reduced	by	engineering	
design	(e.g.,	
floodproofing,	earthquake	
resistant	design,	heaHng	
and	air	condiHoning	
systems	to	temper	
extreme	heat	and	cold.		

Vulnerability	
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•  Risk:	is	the	probable	degree	of	
injury	and	damage	likely	to	
occur	from	exposure	of	
people	and	property	to	the	
hazard	over	a	specific	Hme	
period.	

•  Risk	analysis:	involves	
combining	(or	overlaying	as	
maps)	assessment	of	relaHve	
hazard,	exposure,	and	
vulnerability,	as	well	analyzing	
the	probability	of	occurrence.	

Risk	
A;on,	NY		



•  Hazard	miMgaMon:	is	
the	long-term	reducHon	
of	the	effects	of	natural	
hazard	events.	

•  Mi$ga$on	is	applied	to	
many	aspects	of	
environmental	planning	
and	management.	

		

MiMgaMng	Hazards	
•  Hierarchy	of	Environmental	

Impact	MiMgaMon	Strategies	
–  1.	Avoid	the	impact	(move	away	
altogether).	

–  2.	Lessen	the	impact	by	
modifying	locaMon	on	site	(move	
away	to	lesser	impact	area).	

–  3.	Lessen	the	impact	by	
modifying	design	(apply	
engineering	or	design	features).	

–  4.	Offset	the	impact	(compensate	
for	the	impact	by	monetary	relief,	
reconstrucHon,	re-creaHon).	

A;on,	NY		



•  Structural	Measures	
–  Guide	floodwaters	by	building	levees,	floodwalls,	channel	
enlargement	(flood	protecHon).	

–  Flood	abatement;	lessen	floodwaters	(peak	discharge)	through	
upland	runoff	control	measures,	including	detenHon	(dams,	
reservoirs).	

–  Adjust	site	characterisHcs	by	elevaHng	sites	with	fill	material.	

–  Adjust	building	characterisHcs	by	elevaHng	and	floodproofing	
structures	and	related	infrastructure.		

Flood	Hazard	MiMgaMon	
A;on,	NY		



•  19th	century	humans	have	
responded	to	floods	by	
a`empHng	to	prevent	them	
by	modifying	streams	and	
rivers	(e.g.,	dams,	levees).	

•  Flood-control	projects	lure	
more	people	to	the	floodplain.	
–  We	have	yet	to	build	a	dam	or	
channel	capable	of	controlling	
the	heaviest	runoff;	when	
structure	fails	flooding	is	
extensive	(OEP	1972;	Mount	
1997).	

Minimizing	Flood	Hazards	
•  Physical	Barriers	include:	

–  Earthen	levees	
–  Concrete	flood	walls	
–  Reservoirs	to	store	water	for	
later	release	at	safe	rates	

–  On-site	storm	water	retenHon	
basins	

•  PotenHal	benefits	are	o;en	
lost	because	of	increased	
development	in	upper	
watersheds	and	floodplains.	

A;on,	NY		



•  “Hard-path”	water	
management	(Gleick	2003)-	
including	structures	for	water	
supply,	recreaHon,	irrigaHon,	
power	generaHon,	and	flood	
control-	has	also	increased	
water	scarcity	throughout	the	
world	(Schneider	2010).	

	

“Hard-Path”	SoluMons	
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•  A	culvert	is	a	control	structure	
that	is	normally	constructed	so	
channel	flow	can	pass	under	a	
road.	
–  Can	act	like:	

• Weir,	flume,	pipe,	or	channel	

•  Culverts	o;en	cause	the	flow	
upstream	of	structure	to	rise	
above	normal	stage.	
–  This	phenomenon	is	called	a	
backwater.	

Culvert	
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Reservoirs	&	Spillways	
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•  The	“permanent”	pool	of	water	that	
is	formed	up	to	the	principle	
spillway	is	usually	sized	based	on:	
–  	Sediment	inflow	during	the	life	of	the	
impoundments;	

–  RecreaHonal	needs;	
–  Water	supply	requirements.	

*Note:	Water	is	lost	due	to:	
	--	EvaporaHon	
	--	Seepage	
	--	Pumped	withdrawals	
	--	Storage	lost	from	sediment	inflows	

	

Reservoirs	&	Spillways	
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•  Non-structural	Measures	
–  Provide	emergency	preparedness	measures,	such	as	flood	
warnings.	

–  Provide	relief	through	private	and	federal	disaster	assistance.	
	

–  Provide	informaHon;	maps	of	flood	plans	and	informaHon	
about	flood	risks	and	safe	floodplain	building	pracHces.	

–  Adjust	future	land	use	by	floodplain	planning,	vacant	land	
acquisiHon,	and	regulatory	zoning.	

–  Adjust	exisHng	land	use	by	acquiring	and	relocaHng	buildings.	

–  Provide	affordable	insurance	for	flood	damages.	
	

Flood	Hazard	MiMgaMon	
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•  Typical	“so;-path”	flooding	
reducHon	approaches	include:	
–  	altering	upstream	land	
management	pracHces,	

–  	establishing	zoning	
regulaHons	to	constrain	
floodplain	development,		

–  using	MulH-Criteria	Decision	
Support	Systems	(MCDSS)	for	
flood	management,	
emergency	flood	response,	
and	recovery	from	flooding	
events	(Levy	et	al.	2007).	

“SoI-Path”	SoluMons	

Susquehanna	Flood	Forecast	&	Warning	System	
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Best	Management	PracMces	(BMPs)	
•  Best	Management	
PracMces	(BMP)	are	water	
polluHon	control	
mechanisms.	

	

•  To	reduce	stormwater	
runoff	to	municipal	
sewage	centers;	albeit	
BMPs	may	refer	to	
principal	control	or	
treatment	techniques.	

•  BMPs	first	appeared	in	
CWA	in	1987	for	reducing	
Nonpoint	Source	
Pollutants.	

•  Addendum	to	CWA	in	2001	
for	reducing	stormwater	
runoff	with	BMPs	
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Downspout	Disconnects	
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Rain	gardens/barrels			
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BioretenMon	Basins/Wetlands	
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Rainwater	HarvesMng	
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Porous	Pavement	
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Wetland	RestoraMon	
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Village Locals Reflect
Moving Was Best Flood Protection
Village of Soldiers Grove, WI – In August 2007, the biggest flood in the history of
Soldiers Grove came roaring through the village. The Kickapoo River quickly topped
the levees, and water didn’t recede for about 10 days. Years earlier the center to the
town had been moved.

Residents experienced floods in 1907, 1912, 1917, 1935, 1951, and the “big one” in
1978. From 1969 to 2007, the state had 25 nationally declared flood disasters in 38
years. The flood of record in 2007 inflicted the worst damage in the state just 10 miles
downstream in Gays Mills.

“The Kickapoo can turn into a wild river. I don’t know how we escaped all the floods
without loss of life. We had a lot of good people, fire crews, and emergency
management crews out there working evacuations and rescues,” stated Jerry Moran,
Crawford County Sheriff. “Each time there was very little advance warning. People
woke up at night with three to four inches of water already in their homes.”

Local debate about what to do about the flooding began to swell in the mid-60s when
the U.S. Army Corps of Engineers proposed an upstream dam and a new levee for the
village. The costs to the village exceeded their ability to pay. The unprecedented move
of their downtown, surrounded on three sides by the river, to higher ground began to
make financial sense.

Environmentalists were fighting against the Corps over the dam, and the maintenance
of the levee was going to cost the village nearly all of their annual tax revenues. By
1975, a small Comprehensive Employment and Training Act grant paid for a relocation
coordinator. By 1976 the village took the unprecedented move of passing a resolution
that supported relocation to avoid future flood disasters.

The flood of July 1978 made things happen. On July 7, 1978 a federal disaster
declaration made federal funds available to flood-proof the village. Local planners
convinced state and federal officials moving the town was the best flood-proofing and
eventually received their first federal grant of $900,000 from HUD’s Community
Development Block Grant to get the project moving – acquire flood prone properties,
clear the area, demolish old properties, and rebuild the town uphill.

By 1983 the $6 million relocation project was done. According to Hirsch, in 1979 the
village wanted to “help the US reduce its dependency on foreign oil” so the village
incorporated solar heating in the new buildings, subsequently dubbed Solar Village.

“Since the buildings have solar heating they are insulated a lot better. If I get a good
day of sun, I’ll get three days of heat. It’s clean. I’ve never had to paint because of dirt
from the system,” Young noted.

Locals have witnessed a moderate population growth to over 600 with new businesses
and the expansion of older ones. “If Soldiers Grove stayed in the floodplain, it would
have been a stagnant community; it would have still existed, but stagnant. All the new
businesses would have not happened if we were still over there,” Moran stated.

“The recent August 2007 flood devastation reinforced that we did the right thing. I don’t
ever want to go through another flood like 1978,” added Young.

Crawford County,
Wisconsin

Quick Facts
Year:
1978
Sector:
Public/Private Partnership

Cost:
$6,000,000.00 (Estimated)

Primary Activity/Project:
Flood-proofing

Primary Funding:
Local Sources
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