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The fiest step of the feasibdily shudy s to undenstand whal opportunities and challenges the siting of a frail
would face in the project crea. Several existing foctors compicole the proposed sting o frall olong the
Hudson River shomelne in the oreo belween the Spuyien Duyvdl ond Ludiow Metro-Mordh stotions, The
profect crea is nol readily occessible by the general public, due to the presance of the roiiood hght-of-
widy, ACCEss 10 he Droject Ofed woukd nedd 1o Bl Sriabid of port of any polential iral davelopanent,
In oddition, imited spoce i avalable bebween the rolreod rocks and Ihe shoreine to occommodate
constraction of a teal,

n hallen

The following Oppartunilie: and Chollanges Assésiman! analyzes thie project aorea afains! Key saveial
Pt relevant 1o deverpng a tedil in ihe ared, includng el relahed o) ialaly, Jecurty and emangendcy
aocass: trall user cocess; sad-levelrss, stom surge and resllancy: pamitting and envilonmenial ravienws:
clesign standards) and consiruciabiily and mainfainabilty.

1.1 Safety, Security and Emergency Access

Sofety, secunty and providing Gccess 1of emMEegency senices would be of the uimast concem for o frail
siteed in the proposed location along Melro-Morth's busy Hudson Line rail comidor,. The development of o
frallin this area must ansure the salely ond secuity of Metro-Morth's customerns, employees, and raivoad
operations, Momeover, fne tral must stive o provide an enjoyable experence for trall users and make
tham feel sale and secure in thelr semoundings.

In crder to promote safety and security ot this location, the design of a fral would need to include o
cafined and condatent Bulter Inol separabed roil wee Irom ralood oread and laciifies, A deculued
in more detail balow in Sechion 1.5, "Desgn Standords,” the design for o proposed gl in this location
st incorponate: O minirmum sep-ondlion distancs of ab least 15 feal from the ol 1o the ooge of tie of
the closest roilrood frack. This & the minimum selpack distonce Meto-Modh would requice fon o fnol af
this lecalion, in cddiion, fed rairgad infrasinesiune poesant along the Aght-olway would have 1o be
kept sepacate from the nol areos, An eight-loot-high, non-scolable secuity fence would De requined 1o
seporate the trail from active rall areos [See Photo AQT).

Access lo the prodect lcoation s Bmited due fo the raliroad rocks separating the proposed trall site (Slong
fhid Huckson Rived] from fhe lond 1o the eadl. A5 o reiull, exdsting oppofunifies for polential acces by
emergency services would be Imited. Cumrently, the only pubiic cocess lo the poposed ol crea s
via the Riverdale Slafion to the Riverdale Waledron? Promenade Park, Pedesiions cros one sechion
of frock (Track &) fo gel to the pockel park located neor the Riverdale Station, As discussed further in
Sachicn 1.2, “Trall User Access,” the successiul developmant of o brgl in the project area would require
new pedesiian bridgesfoverposses created al set lacations ihal could also serve to provide access for
emegancy sendoas.

The new access poinls investigoted foe ihe project site [See Section 1.2, "Troll User Acces®™) would need
o be wide anough b olldw, ab G minirum, o dmal vahichs, juch as on alkleirain vehicle, 1o goin occeds
fo the frgll [See Fholo ADZ). The solety and secwity of o trail in the proposed crea depends cn the trail
cavalapdd with 1he occess pointi contemplated inSachon 12, o4 these accsdss ponis would pravide an
efficient, secune and sale means 1o get o the inal,

Il warranted by the megnitude ol on emergency sifuation, the fraill could be accesed from the watenide
by micrine vehiclhes, If the pooject ware fo edvonce, coardination would be nacessary with Mealre-Maorth

Lo "-""

Fholo AD] Example of chaln link secwrify fence with

Pholo AQZ Exam of emergency service aoll-ferraln
minl=rmesh kcle i

and the Mew York City Pofice aond Fire Deporiments to develop an access plon lor emengency sifualions,
it & recommeandad thatl a minimum of one emergancy call box be placed at each cocess palnt along
fhe proposed ol and at appeaximatety 1,000 feet of ol between occey pointd,
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1.2 Trail User Access

The averarching guiding principle for identitying locations for froll access is to provide sole and secure
accass points for polenticl trol users that would nol disupt Melre-North's operations and moinfenance
needs, In oddifion, several Bey lochon were considered 1o determing polentiol frod Coedt poinis,
including:

i. Existing infrcstruchuee owver ihe roirocd trocks thal could be revsed or repurposed

2. Land wses present easl of the roil comidos

3. Connectivity to existing or plonned pedestion of bicyche fociites eost of the rail comidor
4. Topography that may osssl in providing the verticol clecronce required to cross the frocks
5 Spoce ovaloble west of the frocks to fociitate a kanding for on oooess point

Bosed on the guidonce obove, saven tnall occess points were idenfiied in the study area [See Figures 1.1
ard 1.2]. The propoded acceis pointd aré ot the folldwing locaticnd!

| mrrﬁnqwn'srnﬂu — {-\

=
.

= -

Fhola A03: Pobendial Spuylen Duyvil Slaticn ' Fhado Ad: Exarmple -nl'pﬂ'.nhlﬁ'm “Sky

connecifon Way™ laoking soulh
= Spanhin Dunedd Salion - This cocess ot Spuytan Dunyd Stalion & eénvisioned o an extention of the

exphing padaiiion bridge hat curantly connacts 1o the cenler plalfoim, Tha new bridge could
axtand as o “Sky Way" |See Photos A0S cnd Al4] across the Matro-North frocks ond confinue wast
aorodd the Aminalk irocks of the Wetliide Connection, landing in the jpoce avalable adjocent o
the river |5e& Photo AQ3). This potenticl cocess polnt would requine property access negotiahions
and agfedments with Both Melro-North Raivoad ard Amiralk.

» Wosl 23140 Sield - Acceis af West 23151 Street (See Phobto ADS) could potentiolly be created by
repurposing the remncnts of the existing derelict bridge thal descended o the niver. A londing
dred would need 1o be creafed in the narrow Sweath of lend that edsts betweean the nocks and
the river, of  struciune over the water would need fo be developed to aoccommodate Tngil
aocess in this crea. in addition, the exisling overpass b privately ovned (Le., nol owned by Melro-
Hoith Balnood) and negotiahions would be required with the proparty owner 1o gron! pemisson
for ifs use as an Gocess pont,

OFPORTUNITIES AND CHALLENGES ASSESSMENT

CR . o = x L T Y -
Phale ADS: Exitling bridge neor Wetl 2311 Sreel Fholo Ald: Looking northeas! of surdving abuimends

of foemer shrlan bvidge near Riverdale Pork /
Wesl 244th Shreal

» Wesh 2a6th Straat - Procdmate to West 246th Streel and Palsades Avanue, O link between the

Ewverdale Pork and o potenticl walerdront frod could be o greal oppartunity to enhance both
recreational spoces. Thene are existing abutments of o formear bridge crossing that could potenticly
b rewsed for on occes point af this lscation, In oddition, there i a small poant formed on the
bank of the fdver that could be ysed os a londing for an overposs [See Photo AN]. This propesed
QS oEss point wiould require negotialions with Mew Yok City 1o uie o portion of Riverdale Park of
an gooess ol 1o the frod. Inoddibon, Bverdale Pork & desgnated “Fomever Wild™ ond crealting
a frall eccai polnl in this lecalion would need 1o ba compliant with all relevan! regulalions o
pELInCang il goven uie of the podk,

Wieal 25410 Shreel - Thers is on exisling vehicular
bridge thal crosses the rocks and serves the
Poverdale Yacht Chib, A jepandbe GO0 ramp
could be developad uting the infrastnecture of
fhe aditfing bridge, o provide cccal o the
trail, An investigoton of propery boundoias
and aocass dghls would Baly be necasony 1o
develop West 254th Streel oi an oocess point
for a ol [See Photo AODT).

Paksode Avenpefiouth of Heboow Home
[Riverindng Heallh) = The tpif of land on ihe
shorelne necr this localicn could be used o
a bridge londing making ths an aliracie
locahon lor an Gocesd poanl, Howeaved, a trail
croasing af this lesation would Be Bmited By the
institutional and resdentiol properios between
the raikoad dght-of-woy and Palsade Avenue. Property aotcess negotiotions would need o be
pursued if this locotion wehe confidensd a3 a Tulure polential acces point [See Phalo ADS).

Pholo AGT: West 254t Shreet Bridge

D415t Shreed = A potential occoss point of West 2615t Street, through the Colage of Mown? Vincent,
would cchleve the duol punpose of froll occess and provide the College with a new recrealicnal
amenity, A bridge over fhe nocks exishs all ths lecation, o does o generous knding anga wast of
fhe bridge [Coliege Point). Negotialions and ogreement with the Colege lor cocess here would

Bronx Greenway Feasibility Study, Volume 2



b necessony o foke cdvontage of the oppordunilies of this lecolion [Fee Photo A,

w |opclowy Streat - Ther nodhemmost occass poinl o the iral could be crealed via Farmbrook Streat
b Lucilione: Streed in Yonken, Ludiow Street spans over the rairoad trocks, sarving boalh vehicles
and pedesifons. The trall in this crea would we the exiling street nehwvork 1o cocess Ludiow
Sireat and poinis nodh of the proposed gl (dee Fholos A0 and A1),

Miost of the proposed aocess points could be Inked fo an axiling streat. walkway of publc spacs with
rinewal imgrevaments, Propoied accest ponts could take advantage of ihe rosed elevabon east of
the tracks to encble the necassary veficd] clearance requirad for a irell 1o cross the ralread fracks. In
ocditicn, QoS poanis o oppontunifies to Crealte plodes of visudl nlerest along o patential tndil, o vl
a3 beocons that invile vsers o the new walerfront asset,

thl'a-ﬂ.ﬂ P‘:H'q-nl'hl I'mi’.-'l:-:ﬂ-i Folisode .hw ! Fholo AlQ: Ludiow Sireel Bridge over Melro-Norfh Fholg ALY Ludiow Sheel Bridge over Melro-Norh
Seulh of Helvew Home (Rivevdale Speing Health) Strew! fracks, beoking eail fracki, keaking wesl

West 254th Street " West 246th Street = West 2315t Streel

Palisade Avenue — Station

Spugten Duyvil

Figure 1.1 Polential Acces Poinls

Bronx Greenway Feasibility Study, Violume 2 QPPORTUNITIES AND CHALLENGES ASSESSMENT 7
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Foliowing the impact from Supersionm Sandy in Oclober 3012, Metro-Nodh Robood, New York Cily and
M York State hove embroced designing resiiency info ol copital constrection projects 1o prepare (e
ity s infrosirucivee to withstand storm and Bdol forces from fulune siorm avents,

The proposed project, iocated within fhe foodplain of ihe Hudson River, & porficulory winerable to
coattal Booding. Contequently, the anea it sensitive to idng soa levels, Thene are vakous projections and
guidance for sea-levelrse, The Mew York State Deporiment of Environmenial Conservalion (NYSDEC]
hias recantly provided CErmAlD Sed-LavakRise Projsclions (or Néw York City Trom th 20208 theeugh 2100,
Bosed upon the Current projechions, the waler level con be expecied 1o e 21-50inches by 2100, [See
Figure 1.3)

Combingd with O rmapsr shoim, Srmilcr 10 Suersioanm
sondy, secdevelise would increcse the potentiol

liteTan Flarezmn Pepgme Bt Sops Leved Tloe = e Torb, Sy el Sl
Ly bl

Jracrgemaen i o st JEC-STEH] ey ot e bowey

impack rom coastol leoding substanfioly. Based et
e

upan the guidance from the NYSDEC, and historcal
daia of the waler val observad duing Superitonm
Sondy, o reqsonoble design bose food elevolion
b Bher area has Been recommended o be an
elevation of 12 leat, [Sea Figure 1.4]

The design ol the shomeling ond wollway must
balonce  ploviding plotection  Nom  coostal
hooding wilh producing odditionol flooding from
rain evanls, Rosing he wolibway and shonalindg
provides  gddiionol  prolection  from  coostol
facding: howaver, since the stormwater runalf fram
the exfsting project ored cumently drgins o fhe
fiver, a raked shoreing would impede stormwater Fgwe 1.3 CEmAID Sea-Lovel-Rise Projechions (NYC)
drainage.

Folential impocts on Mefro-Rorth infeastpchune must oo be considered in the design of the shongling
walicway. The resliency detign of the walliway must account for the possibifty of Sooding o storm surge
events dislodging pofions of the waliway ond inferlenng with Metro-Morth infrastructune ond operations.
I addiion, when detarmingng e Baigh! of the walkway 1o addrass sea-eveliss, s1oim surgs and
fooding, the potential for visual impacts due 1o o waloway obstruching views lor passengers fding along
fhe iconic Hudson Ling should ako be considaned.

Allncugh RYSDEC has provided olficiol guidance for seo-kvalrist projechicns, IRGAe Ong Cumanihy’ fd
reguiations of construction standards in place. The heighl of the woloway would be o design decision
fhat bolonces projact goals, input from stakeholders linchuding Meatro-North Rairead)] and guidonce from
permithing agencies. Bobing the walkway elevation could lower the probabity of looding under unique
ard sevend shorm conditions in the fulune.

Thene ane pros and cons fo constrecting an elevaled walkway along the waler in fhe project orea to
address bwes related fo seo-levelrse, storm surge and fogding, Elevated walkway sechions con eosily
b ratdrd by extanding the ples thal support them. Howdwar, raiting the wolliway ¢levation would requing
longer ADA-compliant fransiion oreas between the portions of elevated wolloway and any walbwoy
sections thal ane al-grade, This would result in g highar percentage of the overal walway length 1o be
constructed with the more expensive alevaled wolway seclions, odding to cost of the profect.

STORN SLEGE MR SEA LEVEL EE
o

[ STORM SURGE WITH SEA-LEVEL-RISE |

HERCAE SAHDT STCRM SURE
sy

IFEMA B0 WEAR FROD)
WA

— — | 100 YEARFLOQD | — — —

e SOA LUDVEL ResD
b1

MEAN HOH WATER
Fi

MEAM LOW WATER
w-uu'

Figure 1.4: Expecled soa-level-riie In the projec! area

Any atempls 10 raise e covation of the ob-grode woallkway sechons to addneys Boecs related 1o ka-
lewel- ise, storm surge and fooding would prove fo be more difficult. in order 10 ralse the elevation of an
abgrade woloway in oneod along The woler, The revelment Sope would necd o be expanded, which
may nol be leosible where the avadable spoce for the walloenay |s imited. The construction costs increase
wilh thie haight of e walway, af additional il will be required. In addmion, The stormwaler Fom Aaing-
Horth laclities cumantly slopas gently lowards the existing shoreding. Elevating the shongling would pravent
runedl from reaching The dver, necessitaling special siormwaler consideralions, such s Tide vohoes o
stommweater pump stalion(s), which would substantially increase the cost of the project.

Undass the walway s proposed 10 be constructed anfinely fram akevaled wallkvedy sections, ralsing the
shoraing would increase the ool of the project and may defract from the trovel expetence and views
along Mefro-Morih's Hudson Line. Seclion 2 of ihis report provides an assessment of the potential frail bypes
[e.g.. elevated, ob-giode] thot Could e implamenied n ihe project ored, af well Of Thair Os30cioled
cosls,

OPPORTUNITIES AND CHALLENGES ASSESSMENT
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1.4 Permitting and Environmental Review

As noted in Volume 1, Exsting Conditions and Freliminary Findings for the project, several types of
envicnmantoly sensithve resources (E5Rs) ore mopped as baing present within fhe project orea. Howewer,
vpon closer examinalion [conducted uhlizing lerature reviews and field investigotions], onty o few of the
resource hypes wene defemined to be present or Boely present within the project area. For the purposs
of this repart, ESRS reled 1o lond and water read thol arg silhaél Mopaéd oF reguiated by Govammen!
agencies due to their volue as habitot forwidile species. E3Rs include: open waterns, wetlonds, esential
fish habbitat (EFH] and woodiand aneas thal support rone ecologicol communiliespecies, As the mulli-use
frol i intended fo serve a5 o wolerron! wolbway and o there i only o namow area of lond clong the
waterfront, Impocts fo these resowce types would be unavoidable. As impachs 10 these resources are
higitty reguiated, multipde Dermats uncder the prsciChion of vanous Cily, slafe and ledandl Ogendies would
be regquired.

The fellowing regulatony progroms and permills would apply to any il cignment under considerstion in
Bt Slurchy Carig,

» United State Army Corps of Engingass [USACE) Section 10 Individual Parmit

= Moy York Slale Department of Envircnmental Consenvalion [NYSDEC) Articks 25 Tidal Walkonds
Permat

= Mew York State Office of Genengl Senvices [NYSOGS] - Londs Now and Formerty Under Woter
= MYS Depariment of State (MYSDOE) - Coastol Comstency Review
« Hew York City Waterlront Revitalizalion Progrom Coastal Consistency Assessment

Th extent of impacts, and thus compliance with e vanious reguiohony progroms, would vwory based on
thes Im-water fll necessony 1o accomplish any trall glignment in the project area [see Sechion 3. Evoluation
of Trcll Route Alternalives).

It & recognized that polential lunding sources lof the project would Eely require the project 1o undergo
enviicnmeantal review potenticlly In cocordance with Natonol Ervieonmental Policy Act [MEPA);
state Environmental (eolty Review BEGIR] and Mew Yok City Environmentiol Guabkly Beview [CECGR)
processes. The appropiate level of environmental review (e, Categoricol Exciusion; Environmenial
Assessment, Environmental Impact Statement] connot Be definitivedy detemmingd of this point, Howaver,
o3 the proposed tral wousd not be oble fo avoid impacts to ESES, it 5 Bkely that either on Environmenial
Assassment or Envircnmental Impact Stotement would be required,

As any project design would Beely not avold inwater fill [see Section 3, Evaleation of Trall Route Altematives)],
under the sate and tederal review proceises, mitigation would be required for the Bling of open walens
fo compensate for the resource impach. Miligation can Be In the form of restaration, enhancemant oF
constnection depending on sevenal facion, The mitigation review, approval, construction and monitodng
processes ane burdenscome, Eme consuming and costly efferds requiring the proper allecation of resources
and funding.

10
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Thete are no nalional standands thot speciicaly addrass the design of mult-use frols prodmale fo octive

roil nes, The lollowing sources of ol design guideings wre reviewed and considensd while devaloping
casign standands o the Feoddblily shudy,

= Mebro-Morth Right-of-Wery Trod Desgn Guideines

= U5 DOT renprort FTAMAIG005F-04: 1 [Fas with Trols = Lossons Leomded)

* Guide for the Developmeant of Bicycle Focllies. 4th Edition. AASHTD (2012

* Cycling for Cities Bikeway Design Guide, NACTO [2011)

= Accommodaling Bicyche and Padestion Trovel A Recommendad Approach, FHINA

= Arnenca’s Robs-with-Tralks, Rols-1o-Trals Conservancy [2013)
A study of exiling condifions was commenced to roview the following primany design slondornds for
opportunties and challenges in the project area:
15" minimwm clear malntenonce zone between rock and separation fence

Theaughout the anlire iail comded, a minimurm 15-fealavide buller 2one shoukd Bo pietensed babeaaon
the edga of the westemmast rairood tie and proposed frail, This buler would mointgin a dislance
bebwaean rol operalions and ircil vsers aond ollow for maintenance vehicles lo acoess the roikood o
petiom necessany work [See Fgure 1.5]. In addifion to mointgining fhe 15-tool buller zone, Ihe ochuol
cesign of the tral would have fo account for The exdsting ond fulure presence of roinoad infrafnic bure in
thid propect o, incheding bul Imiled bod cabde iroughs, conduil frays and equipmant platienms.

8" 1GH FENCE (MON-SCALABLE WESH)
WTH ACCESS GATES FOR MAINTERANIE

15 M. CLERR
WA TERARCE DOHE

FAL LBES

Flgwre 1.5 Minimum Cleor Ione and Sepavaifon Fence

Bronx Greemwvay Feasibility Study, Volume 2

W=g"

TRO=WAY PATH
(¥-0" un)
[y AASHIO GUDELIES
L ———
=0
SHOULDER
(WARES)

Figure L.b: Minkmuwm Trail Widih

Right-of-way separated from frail with a fence
with @ minimum height of eight feet

A secuniby fance with o ménimum helghi of eight leat ks
neaded o monboin sulficient teporation between the
ight-ofwaoy and area of he Iral [$ee Figure 1.5 and
Phate AD1 in Sechon 1.1). Fences would need fo be
non-scalobie bul could include decoralive features al
patiodic pointy akong the trol o create viual interast
o drow Ihe ol usen” altention away from the rails
(See Photos Al2-AL4 for axomplis), Thete decoralive
fence "momeanks’ would be imited lo occois poinks
and overook areas. The teparation lence would hawve
shrategicaly ploced gates to ollow outhorzed ralrood
and emergency pesonngl 1o acces 1o bolh sides of
e feme g,

10" two-way trail s the prefered width

A tendoot wide hoil 5 consdeied prafercble 1o

support hwooway Bicycle and pedasiion raffic. due 1o the polenhiol for o significant volume of usan of
this lacalion [See Figure 18] Howaver, an aighl-fool wide tral would be acceplable in some consiic bad
lpcafions. The hail should be conshucled with o permanent smooth, but sEp-resstant finsh, Prirmany
swlace matesals prefemed would be concrete of asphall due fo durcbdity aond mininngl rmainfencnce
recpirements, Limiled feature locations such of overooks and fral access poinks could be paved with
rcalanials such O unit poneers mode rom notunal shone, concriba of asphall,

Fhole Ald: Decovotive fence example

Trall access poinls

Ag discussed in Sechon 1.2 Trod User Access, there ore severol potential occes points for the trol, Thase
aniny ot s Son pedvides O unikpue ORportundy 1o deain Rotes ond shociwes ol would Be allracingg
and appealing lo the uter while providing sole and effeclive conveyonce o fhe frall, Crealing thase
gotewaysfgalheding spoaces in the lendscope could provide idenfifying moskers for the polentiol cocess
ity along e frod,

OPPORTUNITIES AND CHALLENGES ASSESSMENT
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] nstructability and Maintainabilit

There are ynique challenges loced by constucting @ proposed frailin the project areq, due fo the Emited
spoce availoble between the busy commuter roll comdor ond the Hudson River woledront. additional
chalenges ore presented by the site location, incleding salety and security restrictions and resiiency
concems, which reduce the options availoble for the constrpction means ond materials to develep o
Bl ir TPl rcjecl Ordd, In addition. mony of The cond éind régonding the conttruchion of the frail woald
cls have animpact on the mainfenance of the propesed nal, IF s important to nole that the preiminany
assepsment of constructablity and maintoinablity prepoaded for this feciibiity study wos conducled
withoul The benefit of o detoled engneering shudy,

Construction Methods

Comtruchion of the ol woukd be Imitled by the access 1o the sife, and the matendol and methods Tor
consiiucling the troll should take these resiraints into consgideration, a3 well 03 resilency Concerms,

Fhalda AlS: Example of canthuclion of elevaled
walkway rom bange

Photo AlT: Example of plocement of lrge rip-rap

Pholo A18: Example of concrehe installation by
barge

OPPORTUNITIES AND CHALLENGES ASSESSMENT

The recommended melhed for delvering equipment and motedal fo the dte B rom the Hudson Biver by
borge (See Photos Al S through AL8). Allconstruction matericts for the lroll should be selected based upon
riasliancy of the Irall and potential impac! on Mablio-Nedh's opanations and by the adase of traniportation
and instoliaton from fhe waterronl Sde, In porticular, the yse of asphall for the frail B descouroged due
o the challanges of deliveddng It 1o the project site.

Prefobdcated components, such as precost concrete, showld be uilized wherever possible 1o minimize
on-ate oo, Due o ihe prodmily 1o the rorood acks, an allowanoe lor rolooad prolective senices
should be considered when astimating the fime ond expanse for the project. Minimizing on-site fobaoation
walld abko imif the aeed lof ralreod protective sefvices [e.. logmen] ond expeadile congimucfion,

Moaterials

Recommended materals tor the construction of the fraoll and shorefne protection should Include materioss
hypically uted for waterfront stes, such os concrate and sfone. Qually maine-grode concrete requings
minimal maintenance ond & recommended for the walway sections at the project site. The reguiar
mairtenance lor concnete inchedes patching spalled concrete and sealing of large crocks,

Revetment stone B o notural produect with o mchonaly unlmited iaspan, Provided the stonds ong
progery szed, the ipLop should requre no mainfenanos o Mloim events up lo the desgn storm. In
crder to maximize the strectunal stabliity of the dp-rap, stones should be carefully placed and chinked
with smalier stones 1o lock ihe individual rock logather, f-m'n'k'np a fingle cohesne shuchune, [See Phobos
Ald & ALT)

Mainlenance

Access bo the sle for maintenance would be Emited, Smlor 10 Ihe oocess lor consiruchion. in order 1o
prevent high mointenance costs, the design lor the waliwoy should wilize conshection matericl ond
detalh which OBow reguiiar leng- e maintencnss 1o Be padcammed uiing the Completed froll for ocess,

Slaging and Material Storage

Most matetial storage and construction steging wouwld occur offsite, as there are lew accessible areos
suitclle for this purpose, On-ite storage and slaging would be Emited fo the foalpdnt of the proposed
walloway.

Bronx Greenway Feasibility Study, Volume 2
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Pr Trail

Bozed on the Opportunities and Challenges Assessment presented in Section 1, Irree different multi-use
woltwdgy typas wsre davaloped for the potantiol area of the ol ediccant 1o the shoreline, The thres
rmuiti-use trall ypes developed for the creoc - Tvpe 1 (On Ple), Type 2 (Buil-up Rip-Rop) and Type 3 (Wl
- ore predenied and dscused in detall below, In addition. o frol type o al-grode porfions of the froil
Type 4 = At Grads) not clong the waterfront wos developed and B presented below,

. . 7 W _

The Mulbi-Use Trall Opticn Type 1 = On Plas ["Type 17) = 5ee Figure 2.3 on Page 17 - walkway section
propodses on elevated wolkeoy, engineerad struchee designed o span bebween suppord loundations of
pilngs or pier. To provide resiBency from sloam surge and fooding. elevaled walkways in coastal areas
are hypicolly constrected ot an elevation obove potentiol flocdwaters, The sbshhuchee B designed o
withstand the impach of looding and waves, while the main wolway struciure B suspended above the
cesign Baod elevation.

Elevated wabways, however, become much mone vwinerable fo wove aclion should the waloway be
inundated, When fhe underide of an elevabed walldeay i expoaded Iowad action, it can resull in large
hydredynamic fonces being oppied to the bottom of the stucture. These wove lofrces con dslodne
the pilings which support the structune or separate the waliway from the substructure, couting foilune of
the woloenay. The prodimity o the raircod trocks roles concems thot didodged plings or ofher porlicons
af the wallkwoy could alfect citical and winerable porfions of the rakoad infrostruciure and Aght-af-
wiry. Therelore, o deck elevahon of 13 feet B recommended to enture eeboand (1 fool higher than
anfticipated bose fcod elevation discussed in Section 1.3) for the waliwoy secticns [See Figure 2.1).

TP OF DEGK
v

STOFM REGE WA SEA LEVEL FEE
Wi

AL
ol 1050
HUFRICAME SRHDTT STORM SURGE.

FEMA B0 YEAR FLOD
war

—

0 SLA UVEL RS
Y

LAY HOH WA TLR
iay

AN LOW WATER
-om"

Fgure 2.1: Expected sea-devel-rse with Type 1 trall
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A deck elevation of 13 feet will recsonably eccount for seadevel-me whils minimizing adeene wewing
impachs to iders on the Hedson Line.

Tho Ty | woaliowray sechon & proposed o be comnstrucied from precast concrale sections wpparted by
concrsle coikions, Maintenonce of the Type | walioway would prnoinily consis? of repairing of replacing
sections of the proposed rafngs from excessive wear of vandolim. Any karge crocks i the concrete
should be fifed and sealed, and any spalled concrite should be patehed 1o fredece Tufther damage.

2.2 Multi-Use Trail At-Grade Walkway (Type 2 - Builf-Up Rip Rap)

T MullicUse Trol Opfion Type 2 = Bulllp Rip-Bap ["Type 27] = See Figure 2.4 on Poge 18 - consats of ok
grade walkways behind proposed shoreline protection. If propetty constructed, these waloway sechons
couid easily be designed to withstond domage from coastal Boading. Since the walihaay B fush with the
surrcunding earth, the woler and woves con overtep the waliway without resulling in high hydrashalic o
hycrodynomic upsil forces on the struchure of the walieay.

Ot compication for praviding on of-grode waliway in the project orea & the Erited spoce availabe,
Iin crder bo construct the trail, the shoraline must be properly stobllized to prevent ercdon on the woterdront
side of thewalioway, Forsalely and securily reasons, the propaied ral would have to mainiain o sulficient
buitfar from Meho-Morth cpengtions aond facilities, Due to the lecation of Maelro-borth’s infrastruciure, there
i imited space lor construcling shorefne protection.

The Type 2 wallkway sechion enhonces the exisfing rip-rop shoreline peolection by cdding additionod stone
to the exiting revelment slope. The dope and mmegular thapes of the revelmenl stones disspote enengy,
prowding added protachion from waves and storm surge. In addition, revetmant stone hod a kng Ble-
span and reguings lithe maintanance.

Thir proposed Type 2 wallkway seclion consisls of on al-prade concrile walkwoy behind o np-rop siope,
soinfenance of the Type 2 trail B onticipaled to include weed contral, The concrale wallbways and
revetmant stone would need to be monitored for any movement of setthement, Should fp-rop stones be
delodged in O shoam évent, oddstional Stone may need 1o Be ploced 10 prevent endsion of settlement of
the wallkeway. I seltlemnent of the walcsoy coows, sechons of woloeay may need to be removed ond
reploced, Diigent reposr of observed foiures would prevent addilional damaoge to the revetment and
wialkwedy,

2.3 The Multi-Use Trail At-Grade Walkway (Type 3 — Wall)

With smiler edvanioges os ducussed above for Typee 2, T Mulli-Use Trail Oplion Types 2 = Wol [ Type 37) -
iee Figure 2.5 on Page 19- proposes the construction of o concrete wal ancharedinto the exsling rip-rap
af the foce of the wellbwary, Less wave enaigy would b disspabed by e proposed wall of comparned to
the proposed rip-rap: howiver, the wall still provides shosaling protection rem énddion and vndemining of
the wealioveay [Sea Fguee 2.2). The verioal wall allows the walieway to be lbealed much closer o the mean
high woler level than with o revelment, enabling more Rexbility for the wollbwoy olignment, considendng
the Emited spoce avalcble.

Tha primeary design concem with ol-grods wallteays for coashal redliancy ong wawves Breaking onto the
wallkwoy, For this recson, lexible poverments, ke poves of aspholl, cre less kdeal becouse breaking
wioves Can cowse movement of the surface. leoding to folune.

Concrele is the recommended surfcoe matedol for the at-grode walenoys. The design for the concrele

SECTION 2: PROPOSED TRAIL TYPES
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wialoway con be integroled with the design of the shore prodection for edditional restiency o wave
action. Forexomple, lor Type 3walkwaoy sections, tying the steel reinforcemeant from the concrate wal to
shives rsinforcamant in the conciale wollbaay stobds, the wabardront edge of the wallbway will be protecied
from undermining, In oddifion, lorge concrate sechons have mone mass ond ane siruciuraly supericrs 1o
faxible povemants, providing additional rasittance to diplocameant from dirsct wave action.

The proposed Type 3 wollway section B compeised of o concrete varticol wall over the exsting do-rap
Hope wilh @ concreld walheay behind the propodsed wol., The anficipated mainfenance o ihe Type
3 trodl inciudes weed contnol, seaing of crocks, and patching ol spolled concrate. The proposed raiing
wipdld requine mMaintenance O described oboave,

TR G WD DA UDVEL REE
e

HLFRICANE TR0 ST0R R

FIMA B0 YEAR FROGD
e

TRAL
/- a0

060 SEA LEVEL RISE
i

MEAN MM WATER
i

MEAN LOW WATER
-

Figure 2.2 Expecled seq-leveldse with ol-grode inglls clong the Hudson

2.4 Multi-Use Trail Option (Type 4 - At-Grade)

Thee dulli-Lise Troll Option Type 4 = Al Grade [“Type 4") = 5o Fgure 2.4 on Poge 20 - consists of an af-
grade woliwoy lccated along the ea:l side of the Metno-Hoth racks or ol the end of the potential tngil
as it connects 1o the straal netwodk by Ludiow Station. The lecations of the Type 4 wallkway are described
inomode detal below in Section 3, “Evaluation of Trol Route Allematives,” This type of wallkway would be
constnected of concrate pavemeant. Maost of thls woloway type woulkd be kecaled ab higher alevalions
craran frrm B woler and wareed that Could potentioly interoct with fing othed wallwiay typas and af such
should require less maintenance.

Spoce o construct inis wallway type con be imiled by the number of maolwe rees located along
ther east side of the acks. In order fo construct the nall, malure frees selecied o be preserved could
be ovesded by adiusting fhe trad argund them, This proposed trail type would abio have to maintain o
sulficlent Buller frem Mefro-Morth opanations and faciiities

Maintenonce of the Type 4 gl B anticipated 1o inchede wesd contrdl and replacing/patching of the
pavement Of requirged. Pencdic montaning of the Condition of this waltway Hypa would e redquined 10
mgaintain on optimal froll suriaoe for usears,

Froveding potential costs lor the wallkway gives the end yser/ responsible porty of the frail the bty
o forecast the construction of the paoject. I can oo cliow them o réach out to Tunding souwces far
patenhol grants, The lunding avadobde for the propect Con dichabe windl segmenis may De Conshucted,
Sechion 3, "Evaluation of Trall Boule Alternatives”™ dicusies potential aignments and segments of the trail
in furthes debol,

Proboble contfruchion cosls were developed fof each of the fowr types of woltways anticipabed in thea
stedy areo. The cosls deploted in Fgure 2.7 ore bosed on the combruction of a 20 - fool section of ecch
by o wallkw oy 1o deive ingdr foot costs, Thess Ensdr oot Costs weng wied 1o provide 1he aslirmabes
for Troll Algnments 1 and 2 and Their various oplions, os described in mome detod bekow in Section 3,
“Evauation of Trall Route Altemafivas.”

Fholo AlY: Exomple of New York City Greenway rall of Riverside Favi
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FIGURE 2.5: TYPE 3 TRAIL - RETAINING WALL
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TYPE 1 - BUILT O PIER [20 FT SECTHON] TVPE 3 - RETAIMNG WaALL [20 FT 3ECTIOHN)
CONCRETE FILES (307 DHA] UIT 1 L25.000.00 %25,000.,00 CLEAN FILL CUBIC YARDS 15 120,00 %1,800.00
COMNCRETE CUBC YARDS |8 L2 00000 £04,000.00 CONCRETE WalLL CUBIC TARDS 4 £0.500.00 £6.000.00
4" BALING LIMEAR FOOT £ 30000 1200000 & DENREGRADED AGGREGATE SOUARE YaRDE |3 £20.00 R 00000
SUBTOTAL | $53.000.00 CONCRETE WaLEWAY SQUARE YARDE |27 S150.00 L4.000.00
0% CONTINGERCY | $5.300.00 4 RALING LINEAR FOOT 0 30000 5.000.00
TOTAL FOR 20 FT SECTION | 358.300.00 CHAIN-LINK FENCE LNEAR FOOT |20 | %8000 1.600.00
TOTAL PER LF | $2.%20.00 SUBTOTAL | $17.580.00
I 0% COMTRIGENCY | §1.578.00
R TOTAL FOR 20 FT SECTION | 521,978.00
o TOTAL FER LF | 50.100.00
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CLEAM FILL CUBC YARDS 12 | 512000 5084000
RIP.RAP TORE 27 |S13000 3 500,00 TYFE 4 - AT GRADE (30 FT SECTROM)
4" CENSE-GRADED AGGREGATE SAUARE YARDS F i B L5000 4" DEGEGRADED AGGREGATE SQUARE ¥ARDS % | 52000 SEE0OD
CONCRETE WALEWAY SGMARE YARDS 2F 1515000 44 00000 CONCRETE WALEWAY SQAUARE YARDS 27 |5130.00 £4,000.00
CHAMR-UNE FENCE LINEAR FOOT 20 8000 4160000 CHAIR-URE FENCE LINEAR FOOT 80,00 £3,200.00
SUBTOTAL | $11.030.00 SUBTOTAL | &7, 78000
0% COMMNGENCY | 50,1 03.00 10 COMTINGEMCY | 77800
TOTAL FOR 20 FT SECTION | 512, 243,00 TOTAL FOR 20 FT SECTION | 58.558,00
TOTAL PER LF | $520000 TOTAL PER LF | S430.00
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FIGURE 2.7: TRAIL TYPE CONSTRUCTION COSTS
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In Section 3, Evaluation of Tral Route Altematives, hwo overcll potential Trodl ABgnments (Troll Algnment
I ond Trod Allgnment 2] are presented. These Tral Algnments are comprised of o serles of segments
developed ving the four Iroill types decused ond shown in Section 2, Proposed Trol Types [Le. Type
1- On Piers, Type 2 - Buill-up Rip Rop, Type 3 - Reldining Wal, Type 4 - At Grode). The selection of the Trail
Algniments & bated on the prajed! andd Imdalions and condilions identibed along e approxmaliy
I-mile project creo from Spuyten Duydl Station to Ludicw Stolion,

The proposed routes for Trail Aignanent | and Troll Algnment 2 are depicted in Maps 1.1-1.3 and Mops
2.1-2.3, There afé rouhe segments within each alignment developed o oddress roule oplions lor The
unigue cholienges and Emdations lound in e project area. The uilimate end uwenireiponsible porty wind
would develop, ownand openate the walkbway would have the option of selecting trall sagments. under
eithed ingil aignment alfemalive, which besh meet sl project Goos,

EBoch Tral Algament & described in deboil below ond comesponds bo e Mops ol 1he end of Ihis Seclion.
Order of moagnitude construction cost astimates are provided for each Trell Alignment and Bs route
altemalives.

1 Trail Alternctiv

Trail Alignment 1

Under Trod Algnment 1, the enfirety of the proposed fral would be constructed usng the Mult-Use Troil
Option Type | = On Piers (Type 1) elevated waloway [See Figure 2.3 for an example of the Type | walioway).
This alignment altemative is the more expensive alignment of the two trall aignments considered in this
rapoet, as it is om plers lor much of ifs entire lengih and a good porlion of the walioway s bull in the waber.
Horargwir, ditpibe ity higher oosl, there ore many advonioges 1o Trol Aigament 1 ol maolkoe if o feosible
opfion for the prosect ore. Maps 1.1-1.3 show Trol Alignnnent 1,

Cne of the pimory chollenges faced in delemining o lfeasible route for o multi-use gl in the project
areo i the imiled spoce aovailoble along the shorelng, due 10 he lbooton of the aikood Iocks and
ity cnfical oncillary infrasiuchue ond equipment neor the bonk of the Hedson River, Further, in order 1o
enture acoeds lor maintenance, public salety, and secwity therse would need 1o be & minimum selback
diutonce bom he roirosd ningdbuciuee Tof Gny ol consirecied in the proecl oed (fee Sechion 1.5
Dasign Standeords).

Givan the limited space avalable in the project arég, the cdvanlage of Trol Alignment | B that the
elevated ol would be locabed in The water and bé independent of the shoneling. As o nésull, the design
ol this albgnment wouwd not have o mainicin o minimum setbock distance of addreis changeas in tha
shorafing londscape. Moreover, Trall Alignment 1 would be instclled al on alevalion above expected
levels of sea-develrise ond storm surge predictions, improving the resiiency characteristics of the wallkcway
and profecting the adjecent raifoad from polential domage.

Thera & one location in the project arga where an elevabed waliway In ihe water B nol considenad
fegsible - the shoreling oreg west of the Bverdole Yochl Club, The Riverdole Yocht Club would Frely
object o the plocement of a walioway in this arec o it would impede its waler oocess. O Cole pUWpose
of the woohi Clul,

Furthes compicaling the detign of O ol in ihis IDoation i the indulfcient poce ovolobie 10 conshsct
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a wolliway in the oreo eost of the Rverdale Yocht Chub and west of the roivood frocks. The setbock
datance from ihe rairccd trocks required by Melro-Norlh's design standords [see Sechion 1.5 Design
Standords) preciude devaloping a trall in the Bnited angd availabile eost of the Riverdale Yacht Club, Ta
conitruch a walkvagy i this locahion, he ol woubd have 1o be pomiolly o fully Ieabod within The easlom
edge of the Rivardole Yoach! Club property. This would reguire on easemant or ofher acoess agresmenl
wilh e yacht chubs 1o ude Their property (or thit section of The nod,

A potential opton 1o oddress Ihe Contirding poded By the Rverdsle Yooht Club would Be 10 leole
the frail eost of the roikood frocks, on the western boundaory of Riverdale Pork. The proposed froll could
cross The rocks by repunposing on exisling boidge obulment (See Mop 1.1) aond conlines north along
the western edge of the pork, cpprovimalely 3.500 feel 1o Riverdole Staticn. The trall porfion along the
washem side of Riverdale Park would uie the Multi-Use Trall Option Type 4 = Al-Grade (Type £) wollbway
[See Figure 2.4 in 3ection 2 for on exomple of the Type 4 woliway),

T dermondinate the vorious optiond for Trail Alignment 1, the project aned has been divided nto several
segments. The fist segment of Troll Allgnment 1 ks shown on Map 1.1 o Segment 1A, connecling the
propoted ol aooeds poit al Spuylen Duydl Shalion 1o on ored approimatiohy around West 24410 Sireat,
Al this poind, Trall ARgnmient 1 has The option lo-onoss east, over the roiirood tracks, to avold The Riverdole
Yachl Chals, showem of Segment 1800 Maps 1.1 & L2 Segment 10 shows the rouhe Trsil Alignment 1 weeuld
foke if it wene to use portions of the east side of the Riverdale Yocht Club's property, see Maps 1.1 & 1.2,

Horth of the yooht club consiraind, the next segment of Trol Alignmnent 1 is Segment 1D, extending from
apoeoximabely West 254h Streat 1o West 26151 Streel (03 showan in Map 1.2). The ral could fenmindle ot
West 213t Sreel, loking odvantage of the overpos present at i iscation, ond avoid the pinch poni
created by the Wesichester Counly Waste Woter Trealment Plant in the project ered (o3 shown on Maps
1.2 & 130 | i ol weend 1O Contmug north 1O Ledow S1a%ion, the findd segment ywould B begment IE
routed cround the western edge of the freaiment planl, ond refurning users to the local sireet network
via Femnbrook and Ludiow Sirsets, in the Llediow tection of Yonkens [See Mops 1.2 & 1.3).

Trail Alignment 2

For Trad Alignmeant 2, fhe ool would be primarily constructed by o combination of kMulti-Use Teal Oplions
Type 2 - Buil-Up Rip-Rop [Type 2] ond Type 3 - Wol [Type 3) weloway, In the oreos whene Type 2 ond
Type 3 waliways would not be lecsible, the Type | wokwaoy would be uied, Relative 1o Trall ABgranent 1,
this alignment allermative would be the lesser expeniive of the Ingil oplions considerad in this shedy, Sea
Figures 2.4 & 2.5 in Seclion 2 for an exaomple of the Type 2 ond Type 3 woloways.

The Type 2 wablway & proposed for Trall Alignment 2 where sulficient lond orea & ovailable, The
advaniage of the Type 2 waloway b it & the least expensive and has the laongest llespan of ol waloway
e considered lor the project arca, The deadvantage of the Type 2 waleway i if requires the mast fond
aeea for the instaliaton of the enhonced rprop Sope.

Where spoce availoble & Fmited fo it the froil on the shorefne, the Type 3 wollway b proposed. This
wiolioway sechion B olio e expentive compared to the Type | wollway, bul mone expensive than the
Type 2 waloway. Unlike the Type 2 waloway, the Type 3 waloway can be buil verfically from the edge of
e wober, necessiboling bess spoce [compared 1o Type 2).

Trail Aligrement 2 connd! be consrucied solely by o combination of the Tyge 2 and Type 3 wollbways,
There ore oreas where The Type | wallkwoy mast be wed, dee o insullicient spoce avaoiloble aond 1o
transition 1o acoess points for the frail that cross over the fracks. The Spuyten Duyvil station aocess point
it o good exomple of this frandiion orea [See Maps 1.1 & 2.1). The troil must cross bva sets of ocks 1o
get lo the shoreling. This con only be accomplshed by construcling bridges cver both the Mabro-North

B e e
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and Amirck bracks in this orea, The height of the bridges would nol allow another type of irol fo be
consfrpcted except Typel.

To demonsirale ihe vordous oplions for Trall AEgnment 2, the proect orea hos been divided info segmenis,
The St segmmeent of Trall ABgrnment 2 B shown on Mop 2.1 of Segmenl 24 and connecls the proposed tngil
access point af Spuyten Duywil 1o 0 point jus! south of West 231358 Street. As Troll Alignment 2 i3 construcied
primicily using the Type 2 ond Type 3 walkwoy oplions on the londside of the shoreling, the alignment i
complcoted by the exisling overhead power feeders thal run approsimalely rom Metre-MNoelh's fraction
power Subsialion A-12 1o the orea just south of the Riverdale Yooh! Club. One oplion, shown a3 degment
2B on Map 2.1, would be 1o stay weast of the overhead power feederns by using a combinalion of Type 1
ard Type 3 walkways. Ancther option 10 oddress the consinslion crected by the ovedead power uliiltics
in this area, is to relocale the ullifies vnderground, crealing addilional space for the comnslruchion of the
woliowray. in This oplion, shown os Segment 28, on Mop 2.1, the reliance on the more expensive Typea |
wallkway to gel around the overheod power feeders would be reduced, ond o sgnificant podion of the
trol could be constructed ysing the Type 2 wallowary,

Trol Alignment 2 shares the some consiricion issue of the Riverdale Yocht Club kocation, os discussed
above for Trall Alignment 1. Thus, smilor o Trail Alignment 1, o polantial option lor Trail Alignment 2 s lo
cross the rairgad rocks and follow e weibem edge of Riverdale Pork o avoid the constrainl posed by :
the Riverdale Yochl Club, This i shown as Segment 2C on Maps 2.1 & 2.2, the less feasible option of uging £y
a potion of the yacht elub's property vnder Trad Alignmeent 2 is thewn an Maps 2.1 & 2.2 os Segment 20, =

The cambination of tral types wied in Segment 20 i dependent on il the Irall roule can foke advoeniage
of the ophion to bury Ihe power leeder coble, I the gverheod power Teeders reman, the ol would
folow Segment 20, i the power cable were buded, the tral would follow Segment 20, [See Maps 2.1 &
2.2). The trall portion alang the waslém sde of Riverdole Pork would vee The Mulli-Use Trail Option Type
4 = Al-Grade [Type 4) walkway [See Figure 2.4 lor an example of the Type 4 wallbwoy],

After the yocht club corstraint, the next segment of Tral Alignment 2 & Segment 2E, extending from
approximately West 2548h Streel 1o Wesl 28131 Street [os shown in Maps 2.2 £ 2.3), The frall could fermminale
al Wesl 2613 Sireel, taking cdvantoage of the overpois poedent of this lecabon, aveiding the pinch poinl
created by the Westchaster County Waste Waler Treatmant Plant in the project area [as shiown on Map
2.3). If the tecil were to conlinue norh (o Ludiow, the fingl porfion would be Segment 2F, rouled ctound
fhe weslenn edge of fhe reatment plant, and reétuming usern to the lscal sreet network vio Fembrook
and Ludiow Streals, in the Ludiow section of Yonkers (See Map 2.3).

e e e
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Bosedonthe Opportunites and Cholienges Assessment of the project area, four ingll typetwere developed
for the waltway from Spuylen Duyvil fo Ludicw. These lour irgll bypas aré discussed In detoll in Section 2,
“Propoed Troil Types” ond are shown in Figures 2.3-2.6 and the estimates of each of the fowr wallway
types are presented in Figure 2.7 of Seclhion 2, These estmates tor the fow wokwaoy types were yied to
estimate e Conitiusion ot of Tral Aigament | and Trad Algnmdent 2 and he vanous iegment ophons,
a3 described in more detol below ond shown in Figures 3.1-3.3,

The construction cost estimales shownin Figures 3.1-3.3 include the consfruction cost tor the cocoss points
and bridges Ihal would be requined for the rall. However, il 15 mpodant 1o note that the constuesfion
cotls presented below and in Figures 3.1-3.3 do ot include “soll cosl.” Examples of “soft cotls™ incisde
(out not lmited to) the costs ewocioted with design, property acquigsition, permitting. ralircad suppord,
and projectfooniroct managemant, Typically, "ol coslt™ con répratent an additional 2530 parcent
fo the constrection cost for o peolect of this mognitude, depending on the compladly of the project.
Furthermcee, this study peesents order of moagnitude constructicn cost éstimoabes that ané Bosed on shudy

concepts only and not any level of engineering design.

Estimaled Construction Costs of Trail Alignment 1

Aj discussed in Seclon 1.1, “Trail Allemalives,” Trall Aignment | has several oplions and foe Bhis reason is
diviged into fve segments (Jegments LA, 18, 1C, 10, 1E), Bach segment hos o comesponding constec ion
cost astimate. The iegmented approach alows the uitimate end wierfresponiible porty of the tod 1o
delemming the route, by segment, thal §f best their goal ond objectives kor a polential wollbway in ihe
project ared. The selected route con then be estimaled by odding vp the astimaled constuction cost
ter goch segment of Trol Alignmant 1,

For example, if Trol Algnment | i rouled rom the Souyten Duyd Stakion 1o Wesl 245th Street [Segment
1A), ovolds the consticlion point in the project crea created by the Riverdale Yocht Club by crossing
the radrood frocks 1o use o podion of Riverdole Pok (Segment 18] aond proceeds o West 25140 Sireet
iFegment 10, the construclion cost of Trail Alignment 1 would be opproxmately $48M (obsent solt cosis).
I Trcil Algrement 1 were 1o stay west of The acks and vie g portion of the property of the Biverdcle
Yacht Chul [(Segment 1C) imtead of crossing the tracks (.e. not following Segment 18], the consisction
cost of Trail ABgnment 1 would increase to opproamaicly 5776, Under cither of these two oplions for
Togd Algnment 1, conlinuing pasl Wes! 26181 Sheel bo Ludiow Streel in Yonker: (Segment 1E) would cdd
approdmately 5170 to the comstruction cost of the project.

The waning construction cost of the options for the segments of Trod Algnment 1 ofe shown Flgure 3.0,
The “solt osts™ mentionéd previowsly would add cpproadmalely 2530 percent 10 the contrection Costs
shicrwm in Figure 3.1,

Estimaled Construction Costs of Trall Alignment 2

At discussed in Section 3.0, "Trail Allemotives,” Trad Alignment I hos several oplions ond is divided
into severcl segments [Segments 24, 28, 28, 2C, 20, 20, 2E, 2F]. Each segment has o comesponding
construction cost esfimale. This segmented approach allows the ulfimale end usenresponsible porty of
the trail to determine the route, by segmendt, thot it best ther gools and objectives lor a potential wallcway
in the profect areo, The selecied roule con then be estimated by odding up the estimoated constuction
cos! lor each segment of Trail Aignment 2,

For example, it the ral would spon from the Spuylen Duyvil Stalion fo jus! south of Wast 23181 Street

Bronx Greenway Feasibility Study, Violume 2

[Begment 2A), run west of the overheod power leedens [Segment 28], ovoid the considichion point in
the project crec created by the Riverdole Yocht Club by crossing the rotkood fracks to use a portion of
Riverdale Park [Segment 2C) and proceed o West 26158 Straet [Segment 2E), the construction cost of Trall
Abgnmont would be approximately $60M (obsent soft costs). Continuing post West 26138 Streal ho Ludiow
Streed En Yonkers (Segment 2F) would odd appecaimaotely 5140 to The construction cost of the project.

The wanying construction cost of the oplions for fhe tegments Trall Alignmeént 2 aré shown in Bgunes 3.-3.3.
The tabled show the Conslruchon coit diffefence by segment 1o Ihe ophion b9 9oy wes! of the overhead
power leeders or bury the power cable. The "soft cosks™ mentioned previowsly would odd opprodmabely
2530 percent o the construchion cosks shown in Figures 3.2-3.3,

B e
SECTION 3: EVALUATION OF TRAIL ROUTE ALTERNATIVES 27



"'\-. .': ] --l'l':-- - ap
(] = T e
'k b 2 g I i
: i
¥ - il by
s 7 : - R e (‘
T L v > =
e to 2313t shreet g J s el (" o
w |- = g : S P Ik sl o, | Ao
L : r:-ﬁ H{:j N T e
[ | - -, F _'- A 'I-\. o
i B, W | '*__ _i;%a- _. _1- -r. f
SEGMENT 1A
LLGERD
W—TYPE | - ON PIERS
— TYPE 2 - BULT-UP B RAP
TYPL 3 - RETAINING WALL
- '-'-'~-: | EP'E i - v C s TYPE 4 - AT GRADE
2§ : e, . T v e e | m m EXETING ROAD/BRIDGE
: . 1) e 4 “:’, | e "~ | woGE
gy 189, Ty L1 _
5 } M } - e -
e
R to Riverdale Fark
a  and 244th street
]
[ ]

SEGMENT 1A

SEGMENT 1B SEGMENT 1C

m Metro-North Railroad el

| ALIGNMENT 1

Bronx Greanway Feasibility Study, Vialume 2

MATRIXNEW GRLD Swa/Balsley

SECTION 3 : EVALUATION OF TRAIL ROUTE ALTERNATIVES



fo 254th shreel

-

L T

Tl .

4
i

SEGMENT 1D o L - RIVERDALE | SEGMENT 1C SEGMENT 1B
— YACHT CLUB
E— TYPE 1. ON PIERS
e TYFE 2 - BUILT-LF RIF-RAF
TAPE 3 - RETAINING WALl
m— TTPE 4. AT GRAGE

HEE EENNG ROAD/BRICE
LG E

0y
<

.I_-".:,a:_“ "T' : . l“ : l

SEGMENT 1D

[ : COLLEGE POINT

SEGMERNT 1E

@ Metro-North Railroad | MATRIXNEWORLD Swa/Balsley S LT TR ALIGNMENT 1

Bronx Greemaay Feasibility Study, Volume 2 SECTION 3: EVALUATION OF TRAIL ROUTE ALTERNATIVES 29




m Metro-North Railroad | MATRIXNEW

30

g

SECTION 3 : EVALUATION OF TRAIL ROUTE ALTERNATIVES

ORLD

WESTCHESTER
COUNTY WASTE WATER
TREATMENT PLANT

Swa /Balsley

SEGMENT 1E

TYPE 1 - OM PIlRS
TYFE 2 = BUILT-UP RIP-RAP

TYPE 3 - RETAIMNING WALL
TYPE 4 - AT GRADE
EXIET MG ROADERIGGE

BEIDGE

Bronx Greenway Feasibiity Study, Volume 2



e I ™ 3 L I
'y - W ¥ = “al L
¥ A i ; o
| Ll s . s . '

:_ . -‘. 1,_-:7' 3 g ; -Zl..-th"-.ﬂ__,- S ; /
\ - : P - . ] e 8§, s B SPUYTEN DUYVIL
o 10 2315t shreel ; = e "“*u-,,;,f o e e STATION
: b .,"% e lf
""‘:'-E' = IR
= - - l x =
SEGMEMNT 24 /

ITFE I « ON PIERES

TYPE 2 = BUILE-UP RIF<RAF
TTFE 3 - RETAINIMNG Wall
TTFL 4 - AT GRADL
EXIENNG ROAD/BRIDGE

BRIGGE

fo Riverdale Poark
SEGMENT 2C SEGMENT 2D and 244th sireet

L L ; I
l SEGMENT 28 |TII:II| wiesl of leeder lowers

SEGMENT 2C SEGMENT 2D, to Riverdale Park
l and 244th sheet

SECGMENT 284

@ Metro-North Railroad | MATRIXNEWORLD | swa/Balsley | </ [SEESEIENES EENNEENEE | Al IGNMENT 2 | 2.1

b emvring Pregr

Bronx Greenway Feasibility Study, Volume 2 SECTION 3: EVALUATION OF TRAIL ROUTE ALTERNATIVES

k3




nfm_.
i - B
o F% |
- i LN & ]! -

.!.II - ? - -- _

SEGMENT 2E

P S

= P:':;ﬂ I

--' . -

v i i I | -
I e : . . —
SEGMENT 2E

.|_1'|'.'|l:- -i-l*.-

CLTTELS lll+~

MATRIXNEWOQRLD

nprecneg Frogm

SECTION 3 : EVALUATION OF TRAIL ROUTE ALTERNATIVES

to 254th shreat

=

to 254th shreat

et

&,

o,

L

|

RIVERDALE

-

RIVERDALE
YACHT CLUB

YACHT CLUB

Swa/Balsley

L Lj
| |
1
II-'- - oo L] e d E__ NN __ B __ BN | e | —_— . . ., S i
i T
' SEGMENT 2D SEGMENT 2C
LEGESR
I TYFE Y - OM PIERT
e IYFE 2 - BUILT-LP BIF-RAF
TYFE 3 - RETAINING WALL
I TYPE 4 - AT GRADE
Ay _ T mw EETNG ROAD/BHIDGE
TE‘ B o 2o e — aainat

iy - - ]

SEGMENT 2Dy SEGMENT 2C

2| ALIGNMENT 2

Bronx Greenway Feasibility Study, Viclume 2



4,
™
»
N

to Palisodes Ave.

e LN T
e

et

™ T [

.1".\? i ¥ ;

¥ ‘) ey :_

- ..'.' - 'f
- E, .
L e
Y w
L ]

i
"_,4-":-{'3.-"";
|
l".. .-;:I"_

] -

»
. =
: to 2610 51 st
|
AEGERE
I TYFE 1 - ON FIERS
m— TTFE 2 - BUIT-UP BiP-RAF
TYFE 3 « RETAIMNING WALL

—r-

i =
——

[ SEGMENT 2E

SEGMENT 2F

WESTCHESTER

- ' - C'U'UHW WMTEWATEI - '. .;‘. -. I =" L.l .: 5. -.-I-1..1-.-.- 1 . | : : - 1
.\‘ :--:.-:- -_;: . .._- :_ - i' -_-.=!.I:: ‘ . . ..II [ L] i .
e e it gl : SEGMENT 2F
i - = & @ = T TH e e ]
P s : 1.:;- . ; o -r..,...- .-":'\-..I. :
</ [ | . B ALIGNMENT 2 | 2.
i3

SECTION 3: EVALUATION OF TRAIL ROUTE ALTERNATIVES

r

MATRIXNEWORLD

birg

Bronx Greemway Feasibility Study, Volume 2



FIGURE 3.1: ESTIMATED PROBABLE COST OF CONSTRUCTION FOR ALIGNMENT 1

SEGMENT 1E

SEGMENT 1D

SEGMENT 1C

SEGMENT 18

SEGMENT 1A

SEGMENT 1A SEGMENT 10
TYPE | WalK'WAY O FIERS LIHEAR FOOT &IED 2252000 £17.807 60000 TYFE | WALENAY O PIERS LINEAR FOOT 3580 SR5FA000 10395 20000
ACCESS POINTS LUMP SUM i $12.000.000.00 $12000.00000] | ACCESS PONTS LUMAP S [ $4.000,000.00 $4.000.000.00
BRIDGES LLIAAP SLINA I £2,500,000.00 £2 500,000.00 BRIDGES LIMAP 5L 1 &2 000,000.00 £2.000,000.00
SUBIOTAL|  $32.107.60000 SUBTOTAL|  $18.395.20000
30% CONTINGENCY $9.632.280,00 3% CONTINGENCY $5.518.560.00
TOTAL SEGMEMNT 1A S0, 735 880000 TOTAL SEGMENT 1D S23.913,760.00
SEGMENT 18 SEGMENT 1E
TYPE 4 WALEWAY Al GRADE ILIHI:.HE FOOT ] 3555 IHEA}.EI: 1,55 50000 TYPE 1 WALEWAY O PIERS LIMEAR FOOT 4,400 L3 0 12888 00000
SUBTOITAL L1524, 50000 TYFE £ WALEWAY AT (GRADE LIMEAR FOOT SO0 £430.00 E-Eﬁ-ﬂﬂ:l'm
30% CONTINGENCY $457.950.00 SUBTOTAL| 1293400000
TOTAL SEGMENT 18|  51.984.450.00 % CONTINGENCY $3.680.200.00
SEGMENT 1C TOTAL SEGMENT 1E $I&.Ell.mﬂ.m
TYPE | WALEWAY ON FIERS |uMEAR FOOT  [3400  |52920.00 £10.512.000,00
SUBTOTAL|  $10.512,000.00
30% CONTINGENCY $3.153.600.00
TOTALSEGMENT 1C | $12.645.600.00

Mahg: Engingers aslimate of probobie Condirucfon Codl B bosed on a feasibdity shudy and not baied on any desgn work and
ackichad oy ond ol poban ol tolf codt, nceding raiveod tuppat Coi. ERginas"s obinien of Drobobls Cominactian Cadt
& e on fd Daks of Engingsd s copariencs ond qualfications and repeasent Enginger’s bodl irdgmeent i on axpadenced
ond quaified profossionol engineor gononclly fomBor with the comiucBon indumly, Howovwer, nod Engineor has no coninol
o Bhelr COdts of labo, maleriol, Goulpmen!, oF oM tondiod BumiEhid by olhrs, oF Ovl The Condrisclors mainod: of
w#ﬂ'ﬁ'l"i'iﬂ BraDod, of QDN CoimpoEEnG Dadkding ond mariopl Sondtion, brpneor Sonndd ond dioed nat pUuoronicD Ehol
Eronodcs, Bids, of actual Constiuction Cod! will rod vy,

M
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SEGMENT 2F

SEGMENT 2E

SEGMENT 2D

SEGMEMNT 28

SECGMENT 24

SEGMENT 24 SEGMENT 20
TYPE | WALKWAY ON PIERS UNEAR FOOT  [1.750 $2.920,00 $5.110,000.00 TYPE | WALEWAY ON PIERS unEAR FOOT  [1.7%0 $2.920.00 £5.110,000,00
TYPE 3 WALKWAY RETAINING WALL | UNEAR FOOT 1150 51.000.00 31.265.000.00 TYPE 2 WALEWAY BUILT-UP BIP-RAF | LIKEAR FOOT ¥ $420.00 $325.500000
ACCERS POINTS LUIMAR SLA 1 £6.000,000.00 S6.000,000.00 TPE 3 WALEWAY RETAIMING WALL | UNEAR FOOT 1,325 L0.000000 21,457 500000
3RDGES LUMP SUA 1 £2.500.000.00 §2.500.000.00 SUBTOTAL £5.110,000.00
SUBTOTAL 1487500000 IR COMNNMGENCY SLS3000.00
A CONTNRGENCY 5 862 50000 TOTAL SEGMENT 20 54,543 000000

TOTAL SEGMENT 24 S19.337.500.00 SEGMENT 2E
SEGMENT 28 TYPE | WALEWAY 0N PIERS LIMEAR FOHOT 1,750 L2 92000 28 533.000.00
TYPE | WALKWAY ON PIERS UNEAR FOOT  [1.400 £2.920,00 §4,088.000.00 TYPE 2 WALEWAY BUILT-UP RiP-RAP | UNEAR FOOT |25 £430.00 £133.300.00
TYPE 2 WALKWAY BURLT-UP RIF-RAP | LMEAR FOOT 13 L6000 380.600.00 TYPE 3 WALEWAY RETAIMIMNG WALL | UREAR FOOT 320 H0.000000 352000000
TYFE 3 WALKWAY RETAINMNG WALL | UMEAR FOOT 1,400 21000000 51, Fa0.000.00 ACCESS POINTS LUNAPF SUM 1 £4.000.000.00 24,000,000.00
ACICESS POINTS LUK S 1 £8.000,000.00 $4.000.000.00 BRIDGES LUMP SUR I £2.5000000.00 52500000000
SUBTOTAL 0020000 SUBTOTAL $17.318.300.,00
AR COMTNGENSY 3, 57E. 580000 JO8 COMNMGENCY S50 R5 4000
TOTAL SEGMENT 28 315507, 180,00 TOTAL SEGMENT ZE 527 513, 790000

SEGMENT 20 SEGMENT ZF
TYPE 4 WALKWAY AT GRADE lumeagroor  |3s50 [s43000 41,524.500.00 TYPE | WALEWAY OM PIERS UMEAR FOOT | 3.700 $2.920.00 £10.504,000.00
SUBTOTAL 5152650000 | TYPE 2 WALKWAY BUILT-UP Be-RaP | UNEAR FOOT | 700 $420.00 2434 (00,00
A% CONINNGENDY £457 950,00 TTPE & WaLKW AT AT GRADE LIMEAR FOOT 20 £430.00 RE5 00000
TOTAL SEGMENTZC |  51,784.450.00 SUBTOTAL|  §11.324.00000
IR CONTINGENCY 53397 200000
TOTAL SEGMENT 2F 514,721 300,00

Hode: Enginder’s ¢ifimate of probobis Condfruc Hon Cast b Bated on o feoibiity shady and nol Do sed o0 afry Geiagn work and
oncihudat &ny ond ol pafonhic! ol otl, Rchoding rairedd wppar ol ERgineos s opiman of proban'a Cortinaghon Colt
i mode on he Dok of Ergingd"s eopatonc e ond qualicatons ond rprasent Engines"s bed! fudpment o on cpdenced
ond guoifed peoleional sngneer Goronoly lombior with tho consiuction indutiny, Howowr, Snco Engingar has no condngl
aved ing colls of lobar, maledals, equipmant, of oling Londoes hendnhed by oliheds, of ovdr By Contrachars malihod: of
dolomining peooh Of 9000 CompDiEve Dadging ong monkel conditiarg. Engingdr conmgl ond doot nal gueranigo fhat
proponalk, bids, o octual Construchion Codl will rald vory.

FIGURE 3.2: ESTIMATED PROBABLE COST OF CONSTRUCTION FOR ALIGNMENT 2
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SEGMENT 2Dy

SEGMEMNT 28,

SEGMENT 28, SEGMENT 2D,
TYPE | WALKWAY O FIERS LINEAR FOKOT &70 $2.920.00 $1.954.400.00 TYPE | WALEWAY OM PIERS LINEAR FOOT 1,435 5252000 £4.190,200.00
TYPE 3 WALEWAY BURLT-UF RiP-RAP | LINEAR FOOT 24480 $520,00 51.525.200.00 TYPE 7 WALEWAY BULTUP RIP-RAF | LINEAR FOOT 1.43% 520,00 £1.007.500.00
ACCESS POINTS LUMSP SUM I £4.000,000.00 5000000000 TrPE 3 WALEWAY RETARING WALL | LINEAR FOOT 540 L1, 10000 $554,000,00
SUBTOTAL £9.£81.800.00 SUBTOTAL 24190, 200,00
S CONTINGENCY S2.844 48000 05 CONTINGERNCY 125706000
TOTAL SEGMENT 28, 512.326,060.00 TOTAL SEGMENT 30, 25,447 260,00

Mahg: Engingers aslimate of probobie Condirucfon Codl B bosed on a feasibdity shudy and not baied on any desgn work and
ackichad oy ond ol poban ol tolf codt, nceding raiveod tuppat Coi. ERginas"s obinien of Drobobls Cominactian Cadt
& e on fd Daks of Engingsd s copariencs ond qualfications and repeasent Enginger’s bodl irdgmeent i on axpadenced
ond quaified profossionol engineor gononclly fomBor with the comiucBon indumly, Howovwer, nod Engineor has no coninol
o Bhelr COdts of labo, maleriol, Goulpmen!, oF oM tondiod BumiEhid by olhrs, oF Ovl The Condrisclors mainod: of
w#ﬂ'ﬁ'l"ﬂ"ﬂ BraDod, of QDN CoimpoEEnG Dadkding ond mariopl Sondtion, brpneor Sonndd ond dioed nat pUuoronicD Ehol
Eronodcs, Bids, of actual Constiuction Cod! will rod vy,

FIGURE 3.3: ESTIMATED PROBABLE COST OF CONSTRUCTION FOR ALIGNMENT 2
- - - - - - - -
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The Bronx Greemeay Feasiiity Study investigotes the potentiol lor constructing o mulli-use recreational
fral olong the Hudson River, west of the railrooad fracks, in the Bronx and Yonkers, New York. In conjunclion
wilh doto presented in Voleme 1 of the Feosibity Study [Exsling Conditions nveniory and Presmingry
Findings), Voleme 2 presents the results of the Opporfunilies and Cholenges Asesment for polentially
consructing o fral in 1he project anga, of well 0% wummaizes the Evcluolion of Feasible Tral Route
Alternatives,

The results of the Bronx Greenway Feosbaity Study show that developing o fral in the project ared would
be feasbie: however, the design ond conshiuchion of o potential wallway would havie 1o OVEercome
the senow Incakional and engineeing challenges pretenied by the project area, The Feasbiity Shudy
idenfifes pressing salely, secwily ond coces concerns rolied by looaling a teail next fo busy rall Brees Dot
are wital bo 1 region’s mobiity, The rad design would hove 1o sulficiently oddress Eha e ot wihile alio
acoounting for thie Emited areoc ovailoble clong the shoreline, the presence of several pinch points, and
rmultiple property owners.,

This Fesosibility Shudy con be wed o3 o guidonce toal for fulwe planning elforts o devwelop o potential
irail in the project area, The study idenfifies frgll aignment aifernatives ond options thot the vilimate
rsponsble porty lor developing the walkway con select o best meet ther project goal. Mo engineating
design work was underfaken o port of this Feasibiity Study and the ulimate responsible party seeking
fo advance the project to whseguent phosas, would have to undertake the engineening design alforts
necessitated by o propect of this scalke,

To oid in delermining he potential funding that may be required o comiruct o project in this localion,
estimates of proboble construction cosis for the feasicle gl cignments have been identiBed as port of
this study, Whatewer the indl Sligament Chosen for the pooject e, the Cost for the project hos Been
determined 1o be substantiol ond funding sources would nead to be identified and pursued, The cost
astimaltes presenied in the Foosbilty Stedy represent the potenticl construcBon costs only, Additional Costs
for progerly ogreements, design ond consieclion support services of oiher polential proect “soll cosls™
are not laciored in fhe estimoaled construclion cosis. in addition, the constrection cosfs are projeched
wilhoul the benedit of ony engineering design work performed for the project,

The ullimoate responsible parly for the froll would need to ostume the obligoion ossocialed wilh the
aperation and maintenance of the irgll, including ensuring il salety, sacurty ond aooess concems arg
addressed, Any aeffort to develop o trall in this localion would require coordination and cpprovals from
Amirgk, Melro-North Ralrood, locol community stokeholders ond property owners glong the potenticl
il cormidor.
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