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1. Introduction

Mathematical maodels of the Gowanus Bay and Canal watershed and 118 receiving waters
were used to simulate water quality conditions 1 the Gowanus Bay and Canal Ecosystem
Restoration Study,  Watershed models simulated hvdrologie conditions, sewer svsten
hydraulics, and svel-weather discharges 1o reeciving waters. A receiving waler model of
Gowanus Bay and Canal was used to simulate hydrodymamic and water quality conditions
in the study arca. The System-Wide Cutrophication Model (SWEM), developed by the
New York City Departmoent of Environmental Protection (DEP), was used o develop

waler quality boundary conditions i Upper New York Bay.

1.1 Description of Study Area and Vicinity

A comprehensive watershed-based approach 1s being emploved by the Gowanus Bay and
Canal Ecosystem Restoraton Study o wdentify and  mvestigate pollutant sources
origimating mn the watershed and thenr impact on water quality and/or designated uses. In
a natural or non-urban sctting, the watershed would be delincated as the topographic
watershed iributary to the waterbody, although gecounting for man-made diversions or
other factors. In the case of Gowanus Bay and Canal, the watershed (ributary to the
waterbody is mostly the sewershed of combined and separated sewer systems that service
the watershed and discharge to Gowanus Bay and Canal during wet weather. Sinee the
sewershed doces nol reflect the actual topographic watershed of Gowanus Bay and Canal.
the study arca of the Gowanus Bay and Canal Ecosystem Restoration Study encompasses
Gowanus Bay and Canal, the corresponding  sewershed, and  adjacent parks  and
undeveloped properties that draim to Gowanus Bay and Canal via overland runofl. Figure
I-1 tllustrates the Gowanus Bay and Canal Ecosystem Restoration Study arca, including

hoth the watershed and the sewershed.
INSERT FIGURIL 1-1 Gowanus Bay and Canal Lcosystem Restoration Study Arca

The Gowanus Bay and Canal study arca 1s designated as all waters extending from the
northern head-end terminus of Gowanus Canal at Butler Street in Brooklyn., New York
and terminating to the south where Gowanus Bay converges with the Upper New York
Bayv at the Breakwater ternminal i Red ook and 37" Street on the southern shore. The
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study arca includes four turning basins hat arc perpendicular to the canal: the 47 Strcet
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Basin. 0 Street Basin, 77 Street Basin and 117 Street Basin, A fifih turming basm at {°

Street is documented on several maps: however, this basin no longer exisls,

The watershed portion of the study are inctudes e Red Hook, Carroll Gardens. Bocium
THIL Park Stope, Windsor Terrace. and Gowanus neighborhoods of western Brooklvn
within Community Districts 6 and 7. This area is serviced by combined sewer systems of
the Red ook and Owls Head Water Pollution Control Plants (WPCPs). Small portions
of scparately sewered areas serviced by the Red ook and Owls Tead WPCPs are also in
the study area, as well as areas adjucent 1o the waterbody that have private drainage

SySLCIms,

1.2 Desiguated Uses and Water Quality Standards

Gowanus Canal 1s located m and primanly subject 1o reeulation by the State of New
York. Gowanus Canal 15 also within the Interstate Environmental District and is subject
to water quahty regulation by the Interstate Enviconmental Commission. Waterbody uses
must also be consistent with the fishable/swimmable goals of the Clean Water Act. The
following deseribes water quality use designations, water quality standards, and other

considerations pertinen{ to Gowanus Canal use evaluations.

Gowinus Canal 15 designated i the Offcial Compilatton of Codes. Rules  and
Regulations of the State of Now York as a Class SD waterbody.  The best usage of Class
SP waters 1s (ishing. This classification mav be given to those waters thal. because of
natural or man-made conditions, cannot meet the requirements for primary or sccondary
conlact recrcation and fsh propagation. Water guality standards specific to Class SD
waters require that dissolved oxveen concentrations shall not be less than 3.0 mg/L at any
time. Sinee there is no recreational use classification for Gowanus Canal, there are ne

numerical reercational use water quality standards apphed to the waterbody.

Downstream of Gowanus Canal, Gowanus Bay and Upper New York Bay are designated
as Class Twaters, The best usages of Class [ waters are secondary contacl reercation and
fishing. These waters shall he suttable Tor fish propagation and survival, The State of
New York defines secondary contact recrcation as reercational activities where contact
with the water s muumal and where mgestion of the water 1s not probable. Secondary

contact recrcation includes. but 1s not Iimited to. fishmeg and boating.  Numerical water



quality standards for Class [ waters are specificd Tor dissolyed oxyeen, and total and feeal
coltforni. The water quality standards require that dissolved axveen concentrations shall
not be less than 4.0 mg/L at any ume. Total coliform nust have a monthly geometric
wewn of less than 10,000 MPN/TOO ml. from @ mivimum of five examinations, ecal
coliform must have a monthly geometric mean of less than 2,000 MPN/100 mL from a
minmmum of five examinations.  Table 1-1 summarizes dissolved oxygen and colifonm

waler quality standards apphed to Gowanuos Canal and its surroundinge waters.

Table 1-1 New York State Numeric Surface Water Quality Standards (Saline)

Dissolved Coliform
Class Oxygen Total | Feeal
SD 30 mg N/A NA
Monthly veometne mean Monthly geomeinic mean
| =4.0 mg'L
< 10,008 per 1065 ml = 2000 per 100 il

The State of New York has namrative criteria and water quality standarvds to protect
acsthetics inall waters of the State; these standards are applied cqually 1o all water
classifications. The narrative water quality standards address oatables, selileable solids.
odors and other acstheties that primarily aftect acsihetie waterbody uses. They limit the
lollowmyg waler quality parameters: taste-, color-, and odor-producing toxic and other
deletertous substances; twrbidity; suspended, colloidal and scttleable solids: o1l and
Moating  substances; garbage, cinders, ashes, oils sludge and  other refuser and
phosphorous and nitregen. They arc applied 1o water conditions as well as discharges and
are worded with several variations.  In all cases, with the exception of phosphorous and

nitrogen. narrative water quality standards apply @ linit of *no™ or “none.”

1.3 Existing Waterbody Uses

Gowanus Bayv and Canal was fully developed for maritime commerce in the miuddle ol the
19" contury. While it remains an active industrial avea, the waterbody is trapsitioning to
lighter commercial uses. and water-dependent uses have dimnushed from histonie Jevels,
In addition, recreational uses such as private boating, fshing/crabbing, and diving oceur.

Public access to the waterbody 1s lmitted to strect-cnds and boat Taunches.




There are many active industrial and maritime nses 10 Gowanus Bay and Canal. The area
north of the Hamilton Avenue Bridge 15 home to smaller-scale maritime conmerce uses,

mcluding the following properties that generate barge tralfic:

* Bayside Fuel O11 on the west side of the canal. between Sackett and Union Streets;
® [orrara Conerete on the west side of the canal. on Bond Street:
* Bavside T'uel O1l on the west side of the canal, on Snuth Sureet; and,

= Cireco Conerete on the west side of the canal. on Smith Strect.

Reercational boatimg includes both motorboats and hand-powered boats on Gowanus
Canal. A hmited number of te-ups and docks for motorboats are located near Carroll
Street. Inaddition, canocing by the Gowanus Dredgers Canoe Cluh, a local recreation
and advocacy organization, 1s done by launching from over a detertorated bulkhead at the
end of 2nd Street on the western shore of the canal, Recrcational fishing and crabbing

occurs mostly from bridges south of 9th Street.

The Urban Divers, a local environmental advocacy and cducational organization,
conducts public environmental education programs on Gowanus Canal, mcluding private
water qualily testing, Some members of the group also scuba dive in the canal and have

produced underwater video footage.



2.0 Hydrology and Hydraulic Analysis

[Tistorical alterations made o the Gowanus Bay and Canal watershed have altered s
size, imperviousness, and water guality composttion. Prior to urbanization, the orginal
Gowanus Creck watershed was chavacterized by natural arcas that were developad into
the present neighborheods upland of and surrounding Gowanus Bay and Canal. The size
and location of the watershed has been altered by physical changes made to topography
and the construction of sewer systems that overflow to Gowanus Canal during el
weather,  The current watershed, which 1s approximately 1,985 acres, is served by sewer
svstems that have replaced the natural overland pathway of runoff. RunofT is conveyed
much more quickly and dircetly o the waterbody without atienuation by surrounding
wellands that have been completely celiminated. The following section describes the
sclection of a design condition for evaluating alternatives, watershed characteristics such
as land uses wd sewer svsiems, and the hvdrologie mathematical model used to simulate

watershed discharges to Gowanus Bay and Canal.

2.1 Climatology

Gowanus Bay and Canal 15 an estuarie system that s primarily infTuenced by boundary
waters and watershed influences. The watershed for the study arca s urbanized and
served by combined and separated sewers that discharge to the waterbody on a regular
hasts during wet weather, Water quality conditions are highly influenced hy wet weather
events that affect aguoatic hfe, reercational, and acsthetie uses of the waterbody. The DEP
15 curently conducting long-term combined sewer overflow (CSO) control planning for
Gowanus Bay and Canal and has sclected a design condition that represents average
conditions in Gowanus Bay and Canal. This approach is 1 accordance with federal CSO
Control Policy (USEPA 1993a) and as such 1s well suited to evaluate water quality and

ccological conditions i an estuarine waterbody for long-term plannimg.

Mathenmatical modeling analyses arc bemg conducted for the Gowanus Bay and Canal
watershed to characterize point-source discharges to the canal. Watershed maodelimg is
conducted to simulate the sewer system and changes to the svstem assoctated with
engineering altematives. Recaiving water modeling 1s conducted to simulate receiving

waler responses and o evaluate existing conditions and projected conditions expected



with implementation of alternative scenarnos. A crttical componeut for assessing the
attainability of water use goals 15 the selection of a representative condition for which
criteria and standards can be evaluated, Oncce the representative condition is selected. a
serics of simulations ol alternative scenarios can be exceuted. Projected water quahity
conditions can then be compared to water quality standards and eriteria to assess the

attammient and protection of waterbody uses.,

Waler guality conditions 1 Gowanus Canal are primarily influenced by combined sewer
and stormwater discharges during wet weather, There is no smgular recommendation for
sclecting a wet weather design condition in state and federal regulations, policy or
gutdance.  The federal €SO Control Policy docs not specily a design condition for
cvaluating use and standards attainment, However, the Presumption Approach deseribad
in the €SO Control Policy guidance document (EPA. 199%a) reguires perlormance

measures of controls for a "system-wide annual average basis,”

To develop a representative New York City “annual average” design condition for which
to evaluate water quality mpacts and attainment of standards and uses. long term
precipitation records from local rainfall gages were analysed, Using precipitation data
recorded by the National Weather Scervice from 1970 through 2002 at John I Kennedy
(JI'K) International Arport, the following long tenm statistics were evaluated:

* Annual total rainfall deplhy,

w Annual total number of storms;

* Annual average storm volume:

= Annual average storn tensity:

= Annual total duration of storns,

» Annual average storm duration; and,

Amiual average tme between starms,

These statistical analyses were performed both on an annual basis and on a monthly basis
(l.e.. usmyg only January data, using only February data, cte.). The analyvses wdentificd
several calendar yeurs as heing representative of an average precipitation vear. Although
the selection of a design vear 1s somewhat arbitravy, the analysts of JEK rainfall records
mdicated that 1988 was representative of overall long-ter average conditions in terms of’
total depth of ramfadl and storm duration and meludes eritical vainfall conditions during
Tuly (recrcationaly and November (shellfish) periods. The ramfall characteristics {or [988

related to total ramiall depth, average mtensity, number of storms and average duration

11



are shown on Table 2-1. The rable compares the values for 1988 1o the long-termy median
and also shiows the retumn period for both conditions. As shown on Table 2-1. a return
period of 2.0 years would represent median conditions. The table indicates that, Tor hoth
annual ramfall depth and duration, the 1988 conditions have return periods of Just over 2
vears  conditions slightly more severe than median (50 pereentile) conditions. The 1988
pertod has somewhat fewer storms than the median, but the slorms were more intense
(Intensity retur period of 113 years). Because mtensily can significantly impact CSO
discharges and certain waler quality parameters. using 1988 JFK rainfall conservatively

represents & morce severe condwion than the median.

Table 2-1. Comparison of Annual 1988 and Long-Term Statistics
e = ~ WJFK Rainfall Record (1970-2002)
Long-Term Median
Rainfall Statistic _ 1988 Statistics (1970-2002)

Annual Total Ramtall Depth (inches) 40.7 294
Retrn Period (years) 2.0 2.0
Average Storm Intensity (i hr) 0.068 (.057
Leturn Period (yvears) 11.3 24
Annual Average Number of Storms 140 112
Return Perind (vears) 1.1 240
Averuge Storm Duvation (hours) 6.12 0.08
Return Penod (vears) 21 2.0

These results are also presented graphicatly for volume, mtensity and duration on I'roures
2-1 through 2-3. The figures show the temporal varration of cach ramfall parameter ior
the pertod of 1970 through 2002 (33 vears). The figures show cach individual vear (1988
indicated), the average for the pertod of record. the median for the penod of record, and
plus/minus the standard deviation. The figures demonstrate that for both volume and
duration, T988 13 ¢lose to the Tong-term average and median values. The average storm
mtensity for 1988, however. 15 greater than one standard deviation from the mean.
Therclore, the use of 1988 as a design rainfall year will be conservative with regard 10
water quality impacts since CSOs and stormwater discharges are driven primarily by

ramfatl intensity.

[t s also important that the sclected ranfall design vear anclude a ceritical period.

preferably durmg the sammer months, o proteet recreational and aquatic life usces.




Therefore, an analysis ol long term monthly rainn(all statistics was porformed to assess the
variability of 1988 rainfall on a monthly hasis. Rainfall depth, mtensity, storm duration,
and time between storz {averages and stanctard deviations) were caleulated for cach
month. Results mdicated that while 1988 is average wn terms of rainfall depth, July TUSS
was a very wet month. Total storm depth (6.7 inches), total hours of rainfall (71), and
average mtensity for July (0.14 imhr) ave greater than the long term average plus one
standard deviation. The results also indicate that the average tinie between storms for
Tuly 1988 1s below one standard deviation from the long-term mean mdicating more
frequent storm events during July 1988, The results of the monthly analvsis are
summarized in Table 2-2 and Figures 2-4 through 2-7. The figures show the yearly
statisties for four rainfall parameters with the long-term mean and standard deviation for
the month of Tuly. As shown, the Julv 1988 condition for volume, intensity and duration

15 greater than one standard deviation above the mean of the average July condition,
INSERT Figure 2-1  Total Storm Volume Analysis for Long-Term JIFK Annual Record

INSERT Figurc 2-2 Average Stonm Intensity Analysis for Long-Term JTK Annual

Record

INSERT Figure 2-3  Average Storm Duration Analysis {or Long-Term JI'K Amuial
Record

Table 2-2. Comparison of July 1988 and July Long-Term Statistics
JI'K Rainfall Record {1970-2002) )
Long-Term July Median
Rainfall Statistic July 1988 (1970-2002)
Fotal Rainfall Depth (inches) 67 29
Average Storm Duraton (hr) - 7 B 4
Average Intensity {in'hr) .14 {108 )
Average Time Between Storms (Ir) 48.7 s1.0 .

INSERT Tigure 2-4 - Total Storm Yolume Analysis for Long-"Term JIK Juty Record
INSERT I'igure 2-5  Average Storm [Intensity Anatysis for Long-Term JIFK uly Record

INSERT Iigure 2-6 Total Storm Duration Analvsts for Long- Tenm JIK July Record



INSERT Figure 2-7  Average Time Between Storms Analysis for Long-Term JI°'K July

fr

Record

Another method for evaluating the characteristics of 1988 rainfall 15 to compare
calculated  discharge volumes  (CSO - and stormwater) o long-term probability
distributions of caleulated discharge volumes using the nstorteal rainfall record. Using a
cahbrated, rainfall-runoff watershed model known as RAINMAN (HydroQual, 2000)
developed as a simplified version of EPA™s SWNIM model, - DEDP performed an analysis
for four upper East River sewer districts (ITunts Pomnt, Tallman Island, Bowery Bay and
Wards Island). Long-term probability volumes were caleulated for CSO and stormwater
discharges [or three pertodic conditions: 1) annual basis: 23 scasonal bathing scason basis
(May through Scptember): and 3) monthly basis. The results for annuoal statisties and
scasonal statistics, representing the high reercation penod (May to September), are shown
on [igure 2-8. The plotted points on the figures show the long-term probability
distributions for the historical rainfall record while the horizontal line shows the statistic
for 1988 conditions.  The upper two pancls are annual CSO and stormwater volumes
compared to 1988, The lower two panels represent CSO and stormwater volumes {or the
Bathing scason (May through Sceptember). As shown, the 1988 condition 15 generally near

=t : : - : :
the Tong-term 507 pereentile discharges for the specified penods.

INSERT Frgure 2-8  Calculated  Upper  Fast River  Annual and  Scasonal
CSOStermwater Discharges Usmg JFIC Rainfall, 1976-2002

Smilarly, monthly ¢SO and stormwater discharge conditions were evaluated for 1988,
Table 2-3 summarizes the monthly T988 volume discharge pereentiles compared to the
long-term July distributions and the approximate return periods for cach month.  As
shown, the July 1988 condition, which s within the bathing scason, represents a 90"
pereentile condition; a condition which would have a return frequency of 10 years.
Simularly, November 1988 represents a b percentile condition, which would have a
retum frequency of 20 years,  Therefore, althoush the T988 J'K rammfall record s
representative overall, 1t also contns eritical pertods dunng July and November that
make 10 well suited o evaluating alternatives for o waterbody with significant CSO and

stormwater discharges that affect aquatic life, recreational and aesthetic uses.



Table 2-3. JFK 1988 Monthly Statistics Compared to the
Long-Term (1970-2002) Distributions
Discharge Volume Return Period

Month (Jlr_ch_i I__c} {Years)
Japuary Al 2.0
February Hid 5.0
March 25 1.3
April |5 1.2
May i {4
June 143 1.2

July G 14.0 -

Angusi p 41 .7
o Hrmiml_'uur a0 210
Oclober ai 5.0
Nm‘un!'nur g3 200
I.)ccumhcr_ ) L5 1.2

TEIC TO8S8 was also selected as the destgn condition (rom these vears because this vear
was previously modeled for the New YorkeNew Jersey [Tarbor Fstuary by the DEP. TIFK
1988 has been adopted by the Harbor Bistuary Program for evaluating water guality
conditions m the New York/New Jersev Tarbor Fstuary, 11 has also been selected by the
New Jersey Department of nvironmental Protection as its design condition speeified i
permits for long-teem €SO control planning.  Using an average precipitation vear to
develop Jong-term €SO control plans and evaluate compliance with water quality
standards is an approach that has been taken by other major municipalities sueh as

Washmeton, DC and Boston, MA.

2.2 Wuatershed Land Uses
and usc in the immediate vicinity of Gowanus Bay and Canal is generally domimated by
mdustrial uses along its upper reaches. with scattered commerctal. insttuttonal and

vacant land uses seattered along the waterfront i the vieinity of and south of the

the Gowanus Expresaway. Further south and west of the Gowanus Lxpressway, Hess Oil
operates a luel storage facility m the viciity of Bryant and Court Streets. This facility
extends from Clinton Street cast 1o Siith Street and Gowanus Canal. In addition. several
automolive and truck repain factlitics are present along the Gowanuos Canal waterfront,

extendmyg north from the Hess facility.

Located at the intersection of Smith wnd 57 Streets, is 2 six-acre parcel of New York Citv-
owned property. which was designated @ “Public Place™ by the New York Oty Board of
Estimate s 1974, This parce], which was previously occupied by a coal gasification
plant. was declared an Inactive Tazardous Waste Site by the New York State Department

of Bovironmiental Conservation (NYSDECY due 1o the presence of solvents, coal Lar



Pathmark shopping center s the New York City Department of Sanitation (DSNY)
o . . . . . . . |
Brooklyn District ¢ Garage. whicl is located at the intersection of 2nd Avenue and 147

Street.

Several large industrial and mstitutional eperations are located south of the Gowanus

Expressway and Tamilton Avenue along the Gowanuos Canal waterfronl. The New York

City Department of Transportation (DOT) operates an asphalt plant on the south side of

the canal immediately west of Hamilton Avenue, Adjacent o the DO Tacrlity 1s the
DSNY Hamilton Avenue Marine Transter Station also on the south side ol the canal.
South of the DSNY facihty along Hanilton Avenue, are two large commercial uses.
specifically a [Tome Depol and Jetro. a retat] supermiarket catering to the food service
mdustry.  To the cast of 3% Avenue, land uses are mixed residential and industrial.
Waterfront uses 1o the south are donunated by large scale mdustnal and transportation
uses. Many of these uses are waterflront uses including the Noew York City Econoniie

Development Corporation (NYCEDC) South Brooklyn Marine Teornnnal, which extends

~ i h o . . . .
from 29" to 397" Street, and currently includes a 90-acre aulo terminal as various wharl

structures and piers mcluding the Continental Terminals. The Bush Termmal Docks are

located [urther south of the assessment arca, along Upper New York Bay.

Generaliced land uses i the watershed of Gowanus Bay and Canal are presented on
Figure 2-9. The relative distribution of Tand uscs m the waterbody's watershed and
riparian arca 1s summarized i Table 2-40 Tand uscs in the entire walershed are 45
pereent residential, 4 pereent park, and the remaming is a mix ol public facthities and
mstitutions, commerceial, manufacturing and transportation.  In general, niparian arcas arce
dommated by warchousing, commercial and heavy mdustrnial uses along its length,

Farther mland, residential narghborhoods dominate Tand uses.



Table 2-4. Gowanus Canal Land Use Summary by Category

Land [_\'L‘ Category W utL‘rsh?d Area
_— Residential 45.3 %
| Park and Recreation 4.4 04
Mixed Use® 51.3%

A UMixed Use” includes public facilites, institutional, commercial,

manulzeiring, iransportation and vacant land uses,

INSERT Figure 2-9 Gowanus Bay and Canal Watershed Land Uses

2.3 Watershied Discharge Claracteristicy

[reshwater streams draning the watershed once fed Gowanus Creek with o constant
supply of freshwater that cmptied into the tdal marsh and mud Jats of Gowanus Bay.
The urbanization of the watershed and construction of combined and separated sewers
has climmated these freshwater streams such that the watershed of Gowanus Bay and
Canal has no {reshwater sources other than CSOs and stormwater discharges,  Direct
overland runofl from undeveloped arcas mmediately adpacent to the waterhody sl
occurs, but is msignificant in terms of magmtude and impact when comparad to

combined sewer and stormwater discharges.

Gowanus Bay and Canal was the reeciving walerbody for most of the discharges
generated 1 the upland arcas of (s last-growing environment prior to urbanization.
Scewer-systen construction followed urbamization for conveying sewage and street runolt
rom upland ar¢as towards Gowanus Canal. In 1947, the Gowanus puimp station was
constructed at the head end of the present-day canal to eliminate one of the largest raw
sewage discharges into the canal.  Originally. the Gowanus pump station conveyed
santtary and combined sewage mto a mayjor trunk sewer (calted the Bond-Lorraine sewer
after the streets 1t follows) that eventually dischareed 1o Buttermilk Channel i Upper
New York Bav.  After the Red Hook Water Pollution Control Plant (WPCP) was
constructed and began operation v 1987, sewage conveyed by the Bond-borraine sewer

was redirected to a new mtereeptor sewer under Columbra Sueet for treatment at the Red




Mook WPCP. The Red Hook WPCTP currently services all arcas north and west of
Gowanus Bay and Canal. The Owls Tead WPCER was constructed and began operation in

19320t currently services all areas cast of Gowanus Bay and Canal.

The NYSDIC is the permitting authority in New York State lor regulating the discharees
ol pollutants from point sources o the waters of the state. [t admisters the State
Pollution Discharge Elimination Svstem (SPDES) program with regulatory authority for
WPCP. CSO, stormwater, and other discharges. NYSDEDC permits CSOs discharging
to Gowanus Canal through the corresponding Red Took and Owls Head WPCP permits
(SPDES numbers NY0027073 and NYO026166. vespectively).  Starting with its 1988
WPCP SPDES permuts. the DEP was required to conduet a Shoreline Survey every lwo
vears.  This program conducted water- and land-based sorvevs of all New York City
shorelines to identify. characterize, and document all discharges 1o New York Harbor
waters on a by-WPCP-service-arca basis.  DEP uses this program to idently illegal
samtary conneetions to storm sewers and o chimmate et dry-weather diseharges.
CSO0s, stormwater discharges. highway drams. indusirial discharges, ete. were all
wdentified and mapped during the program, meluding those for Gowanus Bay and Canal

m the Red Hook and Owls Head WERCT service areas.

There are ten SPDES-permitted Red Took WPCP CSO discharges to Gowanus Bay and
Canal within the study arca. However, as described  below, recent DIEP ficld
wvestigations revealed that one outfall (RIT-032) 15 actually a stormwater discharge.
There are two other documented stormwalter discharges from the Red ook serviee arca
Sumlarly, there are seven SPDLES-permitted Owls [ead WPCP €SO discharges to the
study arca. As deseribed below, one outfall was reeently identified as a stomiwater
discharge rather than a CSO.  There are two other documented stormwater discharges
rom the Owl's Head service arca. Major sewer system components such as pump
stations and force mains, major trunk sewers, reguiators, CSO outfalls, and associated
dramage arca dehincations are shown on Figure 2-10. Stormwaler dramnage arcas and
discharge points are also shown on Figure 2-10, using the numbering system employved by

the DI Shoreline Survey.

FTIGURTS 2-10 Major Sewer System Components  Red Took and Owls Head Drainage

Arcas



Red Hook WPCP Service Area

The Red ook WPCP 1s permitted and rated for a design dry-weather {Tow of 60 MGD.
e Red ook WPCP recorded a daily average sanitary flow of 27 MGD for calendar
vear 2003, During wel weather, the SPDES permit required the Red ook WPCP to be
phyvsically capable of recarving a mnmum of 120 MGD througlh the WPCP headworks. a
minimuwmn of 120 MGD through primary treatment works, and a minimum of 90 MGD

through sccondary treatment works.

Within the Gowanus Bay and Canal sewershed. the Red ook WPCP service area
incjudes the Gowanus and Nevins Street pump stations. The Nevins Street pump station
has o capacity of 2.2 MGD and recetves under(low {rom several regulators (R-22, -23. -
24, and -25). The Nevins Streel pump station force main conveys combined sewage to o
major trunk sewer of the Gowanus pump station. Pollowing implementation of the 201
[Facthities Plan m 1985, the rated capacity of the Gowanus pump station was 20.2 MGD,
Lp to tus capacity, the Gowanus pump slation conveved combmed sewage to the
Columbia Street Interceptor via a force main Jocated within the Gowanus Canal Flushing
Tunnel. Towever, in the [990s, the force mam expenenced repeated fuilures and the
low was eventually routed back to the Bond-Lorraine sewer. In August and September
2001, the Gowanus pump station upgraded 1o new pumps having a capacity of 28.5
MGD Tlows exceeding this capacity are dischuarged to Gowanus Canal at outfall RI-
(034,

The Bond-Lortame Sewer is a 72-mch brick sewer that recerves force mam flow from the
Gowanus pump station and has other tributary combined sewered arcas west of the canal.
The DEP conducted sewer cleaning and television mspections of the Bond-Lorraime
sewer 11 2001 and 2004 (Gannett Fleming, 2002). The mspections revealed sediment
accumulations and pipe diameter restrictions that limit its conveyance capacity,  The
Bond-Lorrame sewer has three relief points that discharge to Gowanus Canal.

Recent ficld inspections conducted by the DEP of the Gowanus Canal sewershed
deternuned that CSO outfall RE-039 1s currently closed and no longer discharges to the
canal.  Sunilar mspections of RIT-032 mdicated that it 15 not conneeted to a combined
sewer and ot s actually a stormwater discharee.  Additionally, field mnspections of
stormwaler outfall RTI-615 revealed that it docs not receive any flows and has no dry- or

wel-weather discharge. Reguolator locations, dramage aveas, outfall locations, and SPDIES



numbers for the Red ook WPCP service arca are sunumarized in Table 223, Suntlurly,

stormwwater drainage arcas, outfall locations, and SPDES numbers ave summarized in

Table 2-0.

Table 2-5. Red

Hook WPCP CSO Discharges to Gowanus Bay and Canal

Combined Cembined
Repulator or Regulator Sewer Sewer Areu
Reliefr Location Quttall Crutfall Location Qutfall Size {Acres)
PBond Lorrame Lorraime St &
: ; . RI-030 icks St 42" diaimeter g
Reliel Hicks St. RI-0 ITicks St 42" himmeter 86
Bond Lorraing Lorraine 5. & i 5 .
. R _{ ] ._ ‘." .’.‘.‘“l R i ..ﬁ
Relef — H-031] Creamer St diameter 7
R11-23 Srile ot & RIT-0342 Douglass St 32" % 18" 5
Douglass St =
. ; 5 ; Equivatent of o
Gowanus PS5 Paouglass 51, RH-034 Butler St o ol e
g 216" diameter
Bond Lorame pr : _ ) s _ -
: RBond St & 4th St RI-033 Bond S1. 4R dimmeter 88
Relief
Ri-22 e RH-036 President St. 18" diameter 10
President St N
RI-21 :\.cmlh M.l X RH-037 Sucketl S1. 18" diameter 7
Sackett St.
RH-24 HEuneSi RH-034 Deeraw Si. 120" x 5'2.5" 10
Degraw St 2
PG ]..l:-TI‘.'.I.II\l.‘ NA RH-039* Daouglass 51 32U a3y 0
Relief :
Total Combined Sewer Area (Acres) 933
“ Outiall elosed according o Geld inspection _ )
22




l__al_rlc 2—(\_. __I{E(I IIU(_)_IL‘?\'P(']’ Smrmwn_tpil}ischm‘guﬁ to Gowanus Bay and Canal

Stormwater Stormwater Sewer
Qutlalls _ Quttall Location Outlall Size Areas (Acres)
I RiI-N22 : Woath 51 12" diameter 2
RH-614 ~ Celumbia 5t 206" elhipse 96
RIT-015 10" /o Union St Bridee 8" diameter il
Total Stormwater Drainage Area 98

Stormwater outlall according to fielkd mspection

heds Head WPCP Service Area

The Owls Head WPCP s permitied and rated for a design dry weather flow of 120 MGi).
Fhe Owls Tlead WPCP recorded a daily average sanitary [low of 97 MG for calendar
vear 2003, The SPDES pamnt for the Owls [lead WPCT requires that during wet
weather the WPCT be physically capable of receiving a minumum of 240 MGD twough
the WPCP headworks, a minimum of 240 MGD through primary treatment works, and a
mutmum of 180 MGD through sccondary treatment works.  During wet-weathier
conditions, the 3™ Avenue mtereeptor. which conveys flows to a downstream regulator
(OI1-702), becomes surchavged and CSOs are generated at tpping locabions along the

infereeptor,

Recent field inspections conducted by the DEP of the Gowanus Bay and Canal sewershed
identificd that CSO outfall OH-009 1s closcd and no longer discharges o the canal.
Stmilar inspections indicated that OTH-008 is actually a stormwater discharge.  Field
myestigations revealed a reliet on the Third Avenoe sewer al 23 Sireet with an outlall
located at 23" Street on Gowanus Bay,  This outfall did not appear to have a SPDES
number at the tune of the writing of this report, and as such is referred (o heremn as O11-
(SO, Owls Head regulator locations, drainage arcas. outfall lecations, and SPDES
numbers are sunmarised m Table 2-7. Owls head stormwater dramage arcas. outfall

lacations, and SPRES numbers are sunmmmartZed m L able 2-8.
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Table 2-7. Owls Head WPCP CS50 Discharges to Gowanus Bay and Canal

Combine Combined
Regulator. Relief, d Sewer Qutfall Sewer Area
or Tipping Regulator Location Outtall Quitrlall Location Size (Acres)
e it : s : -y
lipping 3 Ave. & Carroll OH-NOS 5's’o Carroll St Br 42" dn. 34
51
e b td th : .
Fipping 30 Ave & 197 St OH-006 19th 51 {North sided 36" dia. N
nil : Ll _th . :

27 Ave P5 3 Ave & 751 OI-007 end of 2nd Ave. TR dia LRE
l'ipping NA Of1-009+* Sth St TR di 0
Tipping NA OH-022* | Gowanus Bay / 32 5t 6 xd’ 0

. d M
Bush TermmalPs 2" Ave, & 28" St OF-023 Gowanus Bay /28" §1 107 dia, 59
s g e e 5T
Tipping W Ave. & 227981 | OHLCSO 23" gt 42" x 24" 0
Oval
Total Combined Sewer Area 738

* Ontlall closed according to Lickd wspecton

Table 2-8. Owls Head WPCP Stormwater Discharges to Gowanus Bay and Canal

Stormwalter Quitfall

Outfall Location

Qutfall Size

Starnwaler Sewer

Area (Acres)

Total Stormwalter Sewer Area

OH-00s* E. 0th S 12" dia 8
OH-a0| nd gr 3 x4 epp 22
Ol-en2 307 south of Gowanus Expressway 18" dia. 1l

40

= Stormwater outfall according to lekd nspection

Ihe DEP Shoreline Survey Program has wdentified several other point-source discharges

1o Gowanus Bav and Canal,

None of these 1s permitted by a reeulatory authority and

none has drv-weather discharges, Theyv were classified by the Shoreline Survey Program

as permitted mdustrial, and general or direet dischar

=

ees that are most hkely storm drams

from privately owned properties with an msignificant discharge compared to €SO and

stornnwater,




The overland runoff dramwage arca immmediately adiacent o Gowanus Bay and Canal
represents non-point source discharges 1o the waterbody,  RunofT from the privately
owned properties  almost entirely represents this discharge  category  and  totals
approximately 170 acres. These arcas are relatively flat and undeveloped arcas with high
levels of perviousness and low slopes dramiyg towards Gowanus Bav and Canal.
Although not specifically mvestigated during this study, non-point source runoll is most

likely mstenificant as compared to C'SO and stormwaler.

The transformation of Gowanus Creek mto Gowanus Canal and the uwrbanization of its
walershed have affected the size and location of the watershed from that depending on
topography to a scwershed,  The otal walershed dratnage arca of Gowanus Bay and
Canal 15 1985 acres and represents about 5 percent of Brookbvn’s entire 43,690-acre
dramage area.  The current watershed of Gowanus Canal s approximately 84 percent
combined sewers, 7 pereent stormsewers, and 9 pereent unsewerad (producing non-point

source runofl). Watershed arcas are sunmmarized by category in Table 2-9.

Table 2-9. Gowanus Bay and Canal Watershed Summary

Drainage Area
Sourece Category (Acres) Percent of Watershed

Point Sources

50 1.671 84

Siormwater 138 [ 7
_T\.E'-n-]‘ninl Sources - 176 (_) i
~Total Watershed 1,985 100 _j

Previous model analyses indicated that CSOs currently constitute the majority of
discharges to the Gowanus Bay and Canal study arca (700 percent, by volume).
Approximately 39 percent. by volume, of the CSO discharges arc at the Gowanus Pump
Station (RI1-034). An addrtional 24 pereent are at outlall OF-007, halfvay downstream
between the head end and Tlamilton Avenue. Discharges occur approximately 30 imes a

year at the Gowanus Pump Station with decreasing [requency at other outfalls.

[
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2.4 Hydrologic (Waterslied) Modeling

Mathematical watershed models are used for simulating rainfall, runoff, sewer system
fTow and hydraulic conditions, and point-source discharges of combined and separated
sewer systems, Hydraulic watershed modeling s particularly useful for characterizing
scewer systems and evaluating engineering alternatives on a performance basis. The
watershed medels are also used for caleulating point source discharges and pollutant
loadings 1 receiving water models. The following gencrally deseribes the tools
cmployed for watershed modeling of the Gowanus Bav aud Canal Feosystem Restoration

Study area,

1wo hydraulic watershed models were employved 1o perform Gowanus Bay and Canal
walershed simulations: one for the Red Hook WPCP service arca and one for the Owls
[Tead WPCP service area. The total combined sewer service arcas simulated for these
WPCPs are approximately 3,000 acres for Red Hook wd 2.000 acres for Owls Head; a
portion of cach 15 i the Gowanus Bay and Canal watershed. The service arcas simulated

with the watershed models are shown on Figure 2-11.

INSERT Figure 2-11 Major Sewer Systemr Components of Red Tlook and Owls Tead

Woatershed Models

I'he hydraulic modehng framework used in this ¢ffort 1s based on the TPA's Storm Water

Management Model (SWMM). This comprehensive mathematical model has both design

and planning capabihitics.  LPA deseribes SWAMM as bemy a dynamie ramfall-runof!

simulation model, primarily but not exclusively for urban arcas, and suttable for single-
cvent or long-term simulations. The model 1s composed of several separate modules, or
blocks, for simulating hydrology. samtary flow. {low routing, storage, and treatment.
These blocks can be run i scquence or independently. Flow routing 1s perfermed for
surface and sub-surface conveyance and groundwater syvstems. SWMM solves the
complete St Venant (dynamie flow) cquations during hydraulic calculations in the sewer

network, which mcludes modeling backwater effects, flow reversal, surcharging, looped

comections, pressure Tow, and udal outlalls. 1t 1s w tme-variable model capable of

calculating flow and hydravhe grade lines within the sewer system network and at

dischavge points.



[here are several software vendors markceling proprictary versions of similar watershed
modehng packages. One such modeling package, called InjoWorks  an urban watershed
maedel developed by Wallingford Software in the United Kingdom  was used for

conducting watershed modeling of the two WPCP service arcas. The soflware package
uses astate-of-the-art graphical user interface with greater flexibility aud enhanced access
to resourcees for constructing a model as comparcd to SWMM. Post-processing tools are

provided for quickly analy/ing model caleulations.

The watershed modcels of the Red Hook and Owls Tlead WPCP services arcas were
constructed using information and data compiled [ront the DEPs as-built designs. WPCP
data. previous and ongoing planning projects, regulator improvement programs. and
miiltration/inflow analysis projects to construct the moedels. The informution required
included nvert and ground clevations of manholes, pipe dimensions. pump station
characteristies. and regulator configurations and dimensions. The models were calibrated
o fTow and hydraulic clevation data collected in ficld myestigations during dry and wet

weather and using recetving water tidal data or predictions.

In cach of the WPCP service arcas, the modets stmulate WEPCT headworks, intereeptors,
branch intereeptors, major trunk sewers, and sewers greater than 60 inches in diameter.
Control structures such as pump stations. diversion chambers. tipping locattons, rehels,
reculators and tide gates are simulated. Separately sewered arcas are also simulated in
separate models to caleulate stormwater discharges 1o recenving waters. All SO and
stormwater outlalls permitted by the State of New York are represented in the models.
I'he models have been calibrated and validated to flow and hydrauhe clevation data
collected during the Inner and Outer Tarbor CSO Factlny Plannimg Projects as well as
more recent data colleeted m the past seversl years for facility plannimg. Teld
verifications were conducted by the DEP during its USA Project and ongoing facihity
planning projects to o confirm and  re-measure system components where  data or

mformation gaps existed.

Watershed models were a critical component in waterbody watershed planning being
conduced by the DEP and the USACT. Conceplial alternative scenarios representing no-
action and other alternatives were simulated for the desien condition (1988 JFK ramnfall),
Lidally influenced discharges were caleulated on a tme-variable basis. — Pollutant
concentrations setected from ficld data and best professional judgment were assigned o

the sanitary and stormwater components of the combined sewer discharges o caleulate

S
~

characteristics such as land uses and best management practices (BMDPs) 1o mfluence
runoff quantity and yuality, and routing patterns.  InfoWorks can be used  for
characterizmg both storm-sewer and combined-sewer systems. The soflware incorporates
full solution modeling of backwater effects and reverse flow. open channels, trunk

sewers, complex pipe comections and complex ancillary stractures.

InfoWorks features exeellent pre- and  post-processing  capabihtics  that  [acilitate
mterfucg i terms of medel mpult, revisions during calibration and validation processes,
and maodel cutput. InfoWorks provides full interactive views of data using geographical
plan views. longitudinal scctions, spreadshect-style grids and tme-varving graphs. A
three-dimensional junction view gives improved visual presentation of manholes. The
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Runoft Yolume Model

A subcatchnient is divided into pervious and nmpervious arcas. For impervious arcas, the
assumptions include an inttial rainfall volmme loss (Lo represent depression storage) and
no ramfall infiliration so that subscquent ramfall translates mto runofl. In pervious arcas,
the initial rainfall Toss is agam assumed but rainfall nfiltration mto the ground is then
caleulated according to a user-sclected algorithm.  For this analysis. the frequently used
Horton equation was emploved. This cmpincal {ormula, derived from imhiltrometer/small
catchment studies. represents the potential mfiltration as @ function of time when the
ramfall rate exceeds the potenual imfiftration rate.  This approach establishes the
antecedent soil moisture conditions for cach ramfall event so that the runoft volumes can

be estimated accordingly,

Runotl Routing Model

[InfoWorks incorporales a non-lincar reservoir routing model.  Subcatchments are
modeled as wdealized rectangular areas with the slope of the subcatchment perpendicular
to the width, Each subcatchment is divided mto pervious and impervious subarcas. Flow
from onc subarca moves directly Lo a node and docs not travel over the other subarca.
Subcatechments are analyzed as spatially lumped. non-lincar reservoirs,  Routing 1s
performed separately for cach of the sub-arcas according to a non-lincar cquation that
accounts [or the subcatehment charactenistics (width, slope. reservolr storage depth, and

roughness).

Hydraulic Routine ¥dodel

A sewer s represented i the model as a Tink of defined fength between two nodes. The
type of boundary condition bhetween the Ik and a node may he either as an outfall or as
head loss. The gradient of a condwit is defined by invert levels at cach end of the link and

does not preclude discontmuitios in node elevations or negative gradients.

A vanely of predetined cross-sectionat shapes mav be selected for both closed pipes and
open channels, Crreular pipes are defined by one dimension (diametery and all others by
the height and width; m the case of open channels the heighit will be to the top of the

chanuel lning, Non-standard cross-sectional shapes may be modeled by defining a non-



dimensional heightsvidth relationship. Many sewers in New York Cilty are of non-

standard cross-sectional shapes such us horseshoce and flat top round botlom (I 'R13).

Two different values of hivdraulic rouglness may be assigned Tor a conduit: one for the
bottem third of the conduit and one for the remainder. A permanent depth ol sediment
that restricts o sewer’s hydraulic capacity can be defined in the invert of the conduil: no

crosion or deposition s considered.

The governing hydraulic model equations arc the Saint-Venant equations, This pair of
cquations. which represent the conservation of mass and  momentum.  contain
conveyance lerm for which the user can scleet cither the Colebrook-White or the
Manning expression. The solution of the Saint-Venant equations is obtained using a four-
pomt ymplicit numerical scheme. As a result, InfoWorks is gencrally more numerically

stable than the EPA SW MM model. which uses an explicit numerical solution procedure.

242 Waterslied Model Application to Study Area

Watershed modeling of the Gowanus Bay and Canal watershed 1s achieved through the
use of InfoWorks watershed models for the Red Flook and Owls Tlead WPCP service
arcas. These two watershed models both employ the InfoWorks modeling framework as
applicd to all pernutted outfalls and major conduits, meluding all conduts with diameters
of 60 mehes or more, as documented 1 City inflow/infiltration maps or as-buwilt drasvings.
Watershed charactenstics, such as arca and percent mmperviousness, were developed
using available graphical information svstem (GIS) sources pertaining to land use and
surface contours, as well as available acrial photographs, as well as mformation avatlable
from previous studies. such as the USA Study as well as previous watershed modeling

studies.

The Red Hook WP service arca is roughly 3,000 acres, serviced by combined sewers.
Overall, the Red Hook watershed model consists of 279 nodes (representing manhaoles,
pump stations, outlalls. and the WPCP) und 34 subcatchments (representing drainage
arcas for cach ol the regulators withm the service arca). The overall, dramage-arca-
weighted average percent mmperviousness {or the Red [look service arca 1s about 60
pereent. Tmpervious and pervions arcas were assigned depression storage values of 0.03

and 0.1 mches, respectively, and surlace roughness values of (.02 and 0.3, respectively.

a0



Smmlarly. the Owls Tlead WPCP service arca is roughly 9,400 acres, also serviced by
combined sewers. The Owls Head watershed model consists of 359 nodes and 138
subcatchiments with an overall pereent imperviousness of about 61 pereent. Impervious
and pervious arcas were asstuned depression storage values ol .004 and 0.04 inches.
respectively, and surface roughness values of 0.014 and 0.2, respectively.  The model
networks for these (wo service arcas are shown together on Iigure 2-11, and Table 2-10

presentts a sumimary of catehment charactenstics by regulator.

The sewer-system components tributary to the Gowinus Bay and Canal watershed arca
arc presented in Figure 2-10. Overall. this drainage arca 1s roughly 2,000 acres, with
about hall” contributed from the Red ook serviee arca and the other half from the Owls
Head serviee arca.  Tables 2-2 through 2-5 list the CSO and stormwater outfalls

discharging o the study area from each service areca

Table 2-10. Combined Draimage Area Charactenstics By Regulator, Red Hook and Owls
Head WPCPs

31



Table 2-10. Combined Drainage Area Characteristics By Regulator,
Red Hook and Owls Head WPCPs

RED HOOK

OWLS HEAD

Drainage Arcas| Impervious Drainage Areas| Tmpervious
Regulator (acre) Pm'[iun_ (%) Regulator {acre) Portion (%)
REL-10 7.24 20 OFH-nR 210.26 53
RH-21 9.27 S0 OH-2 5618 52|
RH-23 511 ) Bush Trmnl PS 55.9 36
RH-9 45.33 53 F =T 156435 65
RH-11 L 53 OH-& 24433 36
““”‘I’I{ﬂ 657.91 56 O11-513 151.32 56

RI-2 409.24 50 Avenue ¥V PS TYs.53 a7
Ril-16 7.43 38 OH-8A 146.06 61
RI1-12 165.49 iR -1 795.71 58
RII-20 [148.29 60 OH-5 842 60
EH-§ 18.56 01 -3 482.54 4
RH.-7 2 .88 ol OH-9C 2268.19 60
RH-17 97.13 (e OM-94 534.03 63

RIT1-5 Hh.o] el OH-98 471 48 n2
RH-13 27.99 65 OH-60" 122477 G2
RI-6 3.02 07 (1.4 140.70 67
RI-18 15,560 67
RI-18A 17.42 67

RIL-13 as.17 70

[LH-22 0.53 0 i

RH-23 7.44 71
RH-194 40.20 H3

RIT-19 1.74 73

RH-26 136 75

RE-14 3.2 79

RI1-24 9.09 84

. RHK 47 86 T
Total 2991 6l Total 0410 61

Mecasured Data to Support Maodel Calibration

Madel calibration 1s achieved through an iterative process wherem actual, measured

system inputs (such as ramfall) are used as model forcing functions i a simulation. the

resulting model output 15 compared against actual, measured svstem oulputs (such as

svstenn {lows), and model parameters (such as subcatchment nperviousness) are then

adiusted and the process repeated until model simulation results match measured system




oulputs (such as water depth or flow), Support of tis nodel calibration process mvalves
measuring field conditions (e.g., sedimentation levels in sewers, tidal clevations, ote.).
forcmg functions (c.g., sanitary flows, rainfall data. cte.). and system outpul (c.g., (low

monitoring i the collection systent, at the WPCP. and where possible, at outfalls).

[deally. measurements of all these various system inputs and outputs are made

sinultancously for a number of different wel-weather events representing a ranue of

conditions. T practice. measurements are typicallv not avatlable for all locations or all
paraimelers for the same e pertod, As deseribed below. a number of data-collection
cllorts were taken to provide measurcments for use in the calibration process.  Where
discrepancies from carlior data-cotlections were found. subsequent measurements and/or

field mspections were conducted to provide resolution.
Waeershed Characteristios

The watershed characterizations performed during the imitial stages of the USA project
were used for developing inputs for the urban watershed model. The regulator drainage
arcas were further divided mto subcatchments based on distribution of Tand  uses.
Individual subcatchments were then assigned to the corresponding manholes m the sewer
systent model. Discrepancies existed between dramage arca characterizations performed
by ThvdroQual and the Tomer Harbor study charvacterization performed by Jazen and
Sawyer. A comprehensive review of dramage arcas o individual regulators was
performed 1o reconcile these diserepancies, and the GIS-based muaps were revised o

reflect the resulting changes,

In addition to the combined sewer arcas mcluded in the Red Mook and Owls Head
ImfoWaorks model networks. two  distimet arcas were identified in the watershed
characterization, The separately sewered drainage areas (¢ .. OI-008) swere modeled
such o way that sanitary flows from these arcas were provided as mput to the combined
sewer model. Storm water fropn these arcas was modeled using InfoWorks. and the Tows
were assigned 1o a storm o water outfall in the vicnity or to a receiving water mode]
scament as appropriate. The arcas adjacent to the receivimg water were modeled m
[nfoWorks as dircet dramage arcas and the Mows were assigned to an appropriate

receiving water model segment.

[
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Freld Inspecrions

During the model setup process, the mflow and 1afiltration drawings, as-built draswings,
shorelime surveys, and field notes fron previous studios revealed several diserepancies in
terms of how certain regulators and outfalls were represented 1 carlier hvdvaulic modcls
{hoth XP-SWMM and InfoWorks)., HydroQual and Hazen & Sawver coordinated a ficld
mspection program in 2003 to vertfy the sewer system detalls and reconeile these
discrepancics. A total of 6 regulators and 13 outfalls discharging o the Gowanus Bay and
Canal study arca were inspected by Savin Engineers. P.CL during dry-weather periods in
Tanuary, Febroary, Mave and June of 2003, Based on these mspections, the Owls Head
outfalls O1-022 and OF-009 and the Red Hook outfall RH-039 were found to be closed,
and the drainage arcas corresponding to OH-008 and RH-032 have been separated so that
these two outfalls were reported as storm outfalls, These changes were made 10 the

models.

In addition (o the above nspections, mformation compiled by D wis used in the

maodels to reflect site-specific conditions.  These conditions include:

I Modification of GPS capacity to reflect changes in capacity during the pertods
chosen for maodel calibration and validation;

2. Inclusion of sediment deposition data compiicd by D&R i the Bond-Lorraine
Sewer that reduces Jts capacily;
3. Throttling at the treatment plants, particularly, the Red Hook plant o reflect

the maximum flows that reached the plant during the cabbravon and
validation periods; and

4. Modification of the force main from GPS to refleet its intermitlent working
condition and the consequent routing of [Tow through Bond-Lorraine Sewer
during the calibration and vahdation periods.

Flow Monitormge at WPCPs and Pump Stations

Flow measurements are tvpically recorded hourly at the WPCPs and at the pump stations,
Analysis of the flow data determined that the data were reasonably reliable and accurate
and. as @ result, flow measurements at these locations were suitable for model cahibration

and validation purposes.

Sanitary and wet-weather {Tow rates during the calibration and validation periods were

developed by reviewing total WPCDP miflow records. Sanitary flow rates and diumal
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patlerns were developed using records during dry days preceding and following wel-
weathoer events, Wel-weather capacity and dynamics woere developed through analysis of
plant records during wel weather.  The real-Uime control (RTC) capability of the
nfoWorks model was used to characterize the dynamic operations in the sewer svslem,
such as throtthing at the plants and operation of tide gates. Table 2,11 lists the wel-
weather events for which the Red ook and Owls Tead models were calibrated, as well

as the corresponding dry- and wet-weather flows developed for each event.

Table 2-11. Red Hook and Owls Head WPCP Watersheds, |
Model Calibration Events
Sanitary/Dry-Weather Maxinnun Wet-Weather
Calibration Events Inflow (MGD) LtTow (MGDY
RED HOOK WpPer
10-27%9 Ry 03
81/95- 1290 30 Ho
2:20/98 -4/27 98 AR 113
102501 - 123101 20 e
33/03-3/12/D3 30 110
1999 {annual averase WPCDP {low) 31 11=
OWLS HEAD WPCT
P0/28/1995 - 1141 7/1995 120 240
112371996 - 12291996 122 244
1271171996 - 12:22/19G06 122 240
[ 1999 (annual average WPCP flow) | 103 = el 20

Fiow Monitoring Within the Coflection Svsten

Depth-of=flow and velocity measurements were recorded at strategie locations during
momtoring periods.  Flow rates were to be caleulated using the depth and velocits
measurements. Depth data often proved (o be maore veliable and accurate than velocity
data, which tended to have difficulues due to fouled or blocked probes. flow reversal duc
to tide or surcharge, inappropriate probe mounting location, and non-uniform velocity
distribution due to boundary layer.  Therefore, assessment ol model calibration at the

collection-systent monitoring locations focused on the depth data.

o
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For Red [took, [Tow wnd water-depth duta compiled in previous studics were used for
mode! calibration. Flow and water depths were monitored at three locations in 1989 il
al cight locations 1995 as part of the Inner Thwrbor Study (Hazen and Sawver.
HydroQual). Data was also monttored (or the Gowanus and Nevins Street pump stations
and at two combined scwer locations as part of the Gowanus pumyp station upgrade during
various periods 1 19980 2001, and 2003 (Dvirka and Bartilucer).  Because modcd
simulations were ot providing satisfactory resalts with respeet to runofl” vencration,
pereent impervious values documented in previous studies were targeted [or calibriation
through additional short-term monitoring at five locations sclected to characterize runofT
from particular land uses (commercial. industrial, and low-density residential) o provide
dala needed to reconcile the percent nmaperviousness values. This additional short-term
monitoring was conducted in April and May of 2003, The hourly mflow data at the Red
Hook and Owls TTead WPCPs compiled by DEP were also used for this hydraulic modcl

calibration. A summary of the monitoring locations and periods 1s presented in Table 2-

12.
Table 2.12 Red Hook Flow Monitoring Locations
Yeter Conduit |-0C31‘i0" Monitaring Period
Cs5-02 T2V Waolcotl St & Conover St 1989, 1995
C5-09 78" Hamilten Ave & Union St 1995, 2003
C5-12 Je1 907 667 Colurnhiy St & Anuty St 1993
5-20 1627 Plymouth St & Gold St 19849, 1995
('8-20a 156" Gold & Nuassan St 2003
(S-20h 48" Bediord Ave & Lexington Ave 2003
(5-20¢ 45" Nostrand Ave & Lexingion Asce 2003
Weir R-09 On Werr Hamilton Ave & Union St 1995
Wer R-20 On Werr Plymuouth St & Gold St [O89. 1993
ROT-RO2 547 Downstream R-01 & R-02 1905
RIG-R1L 06" Petween R-09 & R-10 1995
Novis S 18" Newvins Street PS 20078
Gowanus PS Influent Gowanus PS 1980, 1995, 2001
Ciowanis PS ETTuent Gowanus PS 1998, 2001
Red Nook WPCP Influent Red Hook WPCP 1995-2003
Note: The following monitoring perods were used Lor calibrations:
FO271989; 8/ 101995-1/31996; 2200 1995-4/27/1998; 10723/ 2001-12/31/2001; 3/ 3200251 2/2003
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For Owls Head, only data monitored m 1993 ad 1990 as part of the Inner Harbor Study
were avatlable to support the hydraulic model calibration. Six locations were monitored
m 1993 and 13 locations were monitered m 1996, though data obtained at two locations
1 1990 were not reliable and were omitted (row the oviginal docwmentation and from the
calibration effort. hi addivion to depth and {low data, deposition was also measured.
Table 2-13 summarizes the locations. along with measurements relating to the deposition

of sohds (sedimentation) i the sewers,

Table 2-13. Owls Head Flow Monitoring Locations

Deposition
| Meter H ('n_:uiu'fli" (it} Location
O11-9 8'x8.5 .89 Daownsiream R-01 @Shore Rd/92nd St
OH-R1 1 0.94 Ulpstream R-01 @ Shore RA92nd St
107 cast irom
OH-ROA (was 307 egg) (125 Upstream R-6A @151 Ave 63" St
OH-R7A o 0.6067 Upsirean R-TA o lst Ave'between 45th & 49th 51
OH-R7B 5 eue 045 Upstream R-7B @ Ist Ave/d9™ St in casement
OI-R7C 2.5 cpg 0.21 Upstream R-70 @@ 15t Aver 50" St
MI 7 0 Downstream R-9A @Bath Ave & 17th Ave
M2 14 5758 box 0 Upsirenm R-9A w0/ Ratli Ave & 17th Ave
M2 T 0.30 Upsteeam R-9A @Bath Ave & 171th Ave
pUE L37x0" box 4] Downstreanm R-9C @260th St & 170 Ave (upper wein)
AS ) 14°x7" box 0 | Downstream R-9C ga60th 5t & 171h Ave (lower overllow)
M6 |3 §] Downstsenm R-9C @60th St& 17th Ave (1o R-00)
M7 12 {) Upstream [R-9C Ge6iih St& 17h Ave (upper)
ME 12 0 Upstream R-9C @060th St& 17t Ave {lower]
MY 13 (.58 Upstream R-9C Go0th St & 17th Ave (from R-08)
M0 12.5"x8" box LW RAOG & WPCP @oNear 64th SU& 18t Ave
M11 9°x9" horseshoc BAW R-05 & WPCP (@ Bay Ridge Ave & Shore Rd
MI12 15 0 R-6C TG Chamber oNear 64th 51 & Tst Ave
Mol 13 [.533 | Downstream R-OC Gu6ith St & [5th Ave {to R-16)
Notes:

i Shading refers to unusable data

U nless otherwise stated, sewers are circusar with L_Eml_']ujs shown

Tidal Deta

S
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Tides can significantly affeet the CSO discharge characteristics at outfalls. Most of the
outfalls i New York City have tide gates that prevent water from gettimng mto the sewer
system. Durng wet events, the hydraulic head at the outfal) must be greater than the tide
fevel for an overflow to occur. For Red ook, the tde data observed at Battery were used.
lFor the Bay Ridge area in Owls [ead, tide data at the Battery were corrected with a 20

rinute lag time (per NOAA tde tables) and used in the hydraulic model.
Reanfall Monitoring

Continuous  chmatoiogical data recorded by the National Climatic Data Center s
available at three locations In New York City: Central Park (CPKY, La Guardia Airport
(LGAY and JFK Anport (JUK).  CPK and JTK are adjacent (o the watershed arca
tbutary to Gowanus Canal (CPK is about 0.5 miles north ol the Gowianus Canal and J1I'K
s 4.3 miles southeast of the canal), CPK data was used for Red ook watershed
modehng, and JFK for the Owls Head modeling, Where available, the precipitation data

collected by DEP at the Pacrdegat Pump Station is used 1o supplement the CPKAFK data.

2.4.3  Watershed Model Calibration and Validation

The accuracy and performance of a computer model is hest measured by its ability o
reproduce actual condions 1t 1s attempling 1o simulate. Fivstlv, a calibration and
vertfication process mvolves a sclection of several simulation periods (events) for which
data 1s available or has been collected. 1t s also mmportant to select periods that arc
representative ol the conditions that the model will simulate such as cither typical or
extreme ramfail events, or both. m addition to normal and/or seasonal dry weather
conditions. A calibration process can have scveral seleeted pertods such that model
parameters are sclected and  adjusted 1o reasonably reproduce actual data within
acceplable and justifiable model paramcter ranges. As results ol the calibration process.
several scts of model paramiclers can he generated (o reasonably simulate mdividual
cvents but may need to be combined to simlate various conditions that the model will he
used to analyze. Therefore. vertfication pertods are simulated once a final sct of model
calibrated parameters has heen selected. The accwracy and performance of the model can
then be assessed by 1ts ability to independently simulate vertfication periods without

adjusting model parameters.




As discussed previously, the InfoWorks model consists of three submodels: a runoff
volume submodel, a runoff overland routing submaodel, and a hyvdraulic submodel. The
runofl vaiume submodel caleulates the volume ol runoft entering the colleetion systens.
The overland routing submodel determines the rate of flow entering sewers,  The
hydraudic submodel combines flows from different subcatchments and redistributes the
flow hased on the configuration of hvdraulic structures in the sewer system. The three
submodels were calibrated and verified using precipitation and hvdraalic data discussed

previously,

Imperviousness bas been suggested as a vood single indicator of the extent of

urbanization as far as urban stormwater impacts are concerned.  Therefore, calibration of
the runofl parameters (specifically the percent imperviousness) can be aclhicved by
comparing the computed and monitored runoff volumes.  The runofT overland routing
submadel and the hydraulie submodel are usually calibrated toeether using the monitored

dati at some signilicant Jocations.

I sumimary, the InfoWorks model was cahbrated i three ways: (a) Comparison of
modeled and monitored runoff volumes: (by Water depth calibration at available

locations:; and (¢) Flow calibration at pump stations and plant inflows.

An example calibration result 1s provided as [ollows, A companison of modeled and
monitored water depths at six monitoring locations m the Red ook drainage arca are
shown m Iigure 2-13, The results correspond to an event observed on September 22-23,
1995 with a total rain of .83 inches. There 1s a good agreement between modeled and

monnored depth data and the results are smular for other calibration events.

Figure 2-13 Red Hook Watershed Model Calibration (September 22-23, 1995)

Similar comparison between the montored and modeted mflows o the Red ook
treatment plant 1s shown m Figure 2-14 for the entire month of” September 1995,

Comparisons hetween measured and model-caleulated flows are favorable.

Fioure 2-14 Red ook Watershed Model Calibration (W PCP Inflow)



3.0 Receiving Water Analysis

Gowanus Canal 1s a tdal waterbody located in the wester portion of Brooklvn, New
York and i o wibutary to the Gowanus Bay portion of Upper New York Bay. The
beadwaters of the canal arc Tocated at Butler Street i the Carroll Gardens section. The
canal extends approximately one mile southward to & drawhridee at Hamilton Avenue
and s generally bounded by Third Avenue o the wesl, Smilh Street to the cast, and
Butier Street o the north. Downstream of that it broadens into Gowanus Bay and Upper
New York Bay for anether mile. The canal has a north-south orientation und features
several twming basis perpendicular to the main channel that typicallv extend one block.
The drawbridge at Hamilton Avenue defines two distinet reaches of the canal. The reach
upstrcam of the bridge is narrow, bulkheaded and shallow with water quality greatly
mfluenced by CSO and stormwater discharges. Thie bulkheaded downstream: reach
quickly broadens and deepens into Gowanus Bay. and water quality is heavily influenced
by New York Tarbor conditions.  The following is a present-day description of the

physteal and water guality characteristics of Gowanus Canal as well as its existing uses.

Physical YWaterbody Characteristics

Gowanus Canal s approximately 8.500 feet long, 100 feet wide, with a depth ranging
from 4 1o 10 feet at mean low water (MW, South of Hamilion Avenue, the canal
transitions into Gowanus Bay. i this region. the waterbody s approximately 2,900 feet
long, 100 1o 2,200 feet wide, with depths between [6 and 35 feet MLW.  Beyond

Gowanus Bay is Upper New York Bayv.

As previously mentioned there are four basms onented perpendicular to the canal: the 4
Street Basin, 67 Street Basin, 7" Sweet Basin, and 11" Street Basin. A {iflh basin is
mapped at 17 Street, however it is entitely flled. Each of these basivs are not part of the
maim navigational chammel and experience limited maritime waffie. The basing are
primarily used for wrning vessels i the canal to reverse their divection durmng transit.
The basins are predoninately deep at their mtersection with the main channel of the
cangl. Tlowever, the basins become increasingly shallow moving away from the channel
and several basms have exposaed sediments during low tude. This can be observed in
Froure 3-1A, wlich allustrates Gowanus Bay and Canal depths measured during a
bathvinetrie survey m fuly 2003 A comparison of Gowanus Bay and Canal depth

profiles measured 1n 1989 and 2003 1s presented m [igure 3-113,
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INSER T TIGURE 3-TA Gowanus Bay and Canal Bathymietry in July 2003
INSERT FIGURE 3-11 Gowanus Bay and Canal Depth Profiles

There are five street-level hridees and two elevated bridges crossing Gowanus Canal,
The clevated bridges, the Gowanus Expressway and a subway, ¢ross the canal but do not
restrict vessel traffic. The City of New York operates all five bridges, four ol which are
drawbridges crossing over the canal at Hamilton Avenue, 97 Street, Union Strect. and 3
Street. The one retractable bridge Tocated at Carroll Street s the oldest of only four

bridges of its tvpe 1 the nation.

Tributary to Upper New York Bay. the estuarine Gowanus Canal syslem expericnees a
semi-diurnal tidal evele varying between 5 and 7 feel. There 1s no (reshwater mflow
other than SO and stormwater discharges during wet weather events, The Jack of
freshwater mfTow created a stulling effeet on pollutant discharges that allows heavy
organic material and grit to settle to the bottom of the waterbody. A sediment mound that
s exposed at Jow tides has formed at the head end of the canal due to histoncal CSO
discharges,  Naturaliy, the lack of freshwater low and its narrow configuration makes
Gowanus Canal water quality dependant on tidal flushing with Gowanus Bay and Upper

New York Bay waters.

Regular maimtenance dredging ol the canal by the USACE ended i 19550 The last
dredging projeet conducted by the USACE {or navigatianal purposes was performed in
1971 when portions of Gowanus Bay and Canal were dredged. At that time. 73,708 cubic
yvards of dredged material was removed (rom waters between 28" Street and the 1lamilion
Avenue Bridee, The upper reaches of the Gowanus Canal were once dredged by the DEEP
in 1975, The canal was agam dredged by the DEP m August and September 1998 as part
of the Gowanus Canal Flushing Tunnel reacuvation efforts. This dredging activity was
lmited o a small section of the head end at Butler Street where 1,100 cubie vards of

matertal was removed 1o facilitate construction.

[he Gowanus Canal Flushing Tunnel currently provides artificral cireulation of harbor
water from New York Faurbor 1o the head end of Gowanus Canal. The Burean of Sewers
of the Borough of Brooklvn originally constructed the Gowanus Canal Flushing Tunnel,
which began operation on June 21, 1911, The Gowanus Canal Flushing Tunnel was

designed with a relatively flat slope to canvey water between Upper New York Bay at
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Buttermilk Channcl and Gowanus Canal to improve water quality conditions in the canal,
It was ortemally mtended to operate such that canal water was pumped to Buttermilk
Channel. The 12-fool-chameter tunnel is cireular in shape, brick-lined, and 6.280 feel
long. Starting at the canal, the tnnel pathway begins beneath Butler Street. and passes
bencath tts pumping facility before turning in a westward direction at Butler Street. 1t
then proceeds under Butler Street west under Hovt Street, then south under Hovt Street do
Degraw Street, then west under DeGraw Street o its outlet at Buttermitk Channel. e
Flushing Tunnel route is shown on Figure 2-10. The pumping facility occupies DEP
property immcediately adjacent to the canal and the Gowanus Pump Station and consists
of a motor drive, prepeller. and gate chamber, The propeller js the primary pumping
mechamsm that is similar 1 design 1o that of a ship’s propeller. It was operated until the
mid-1960's, moving about 325 million gallons of harbor water per day i either direetion
between Buttermilk Channel and the canal. The Flushing Tunnct was shut down i the
1960's duc to mechanmical [atlures. DED restored the pumping facility and Flushing
Tunnel as part of the Toner Harbor CSO Facility Plan and the systom was reactivaled on
March 5, 19990 It currently conveys air average 150 MGD of harbor water to Gowanus

Canal.

Current Water Quality Conditions

Water quality conditions i Gowanus Bay and Canal have been extensively characterized
by DEP's field investigations associated with the Gowanus Canal 201 Facilities Plan, the
her Harbor CSO Tacility Plannimg Project. the Harbor Surveyv, and the USA Project.
Additional data was also collected by the USACE.  The DEP's monttoring projects
started 1 1982 and some are sull ongomyg al the time of the writing of this report. Figure
3-2 shows the locations of recciving water monioring sampling stations in Gowanus Bay
and Canal. Observations of low dissolved oxveen, high coliform hacteria. poor water
clarity, floatables. and odors have been well documented by the DEP. These conditions
regulacly persisted durmyg and following wet weather events when U50s and stormwater
discharges occurred. These data programs showed that aquatic hile, acsthetic, and

recreational uses were often impanted.

INSERT FIGURE 3-2 Reeeiving Water Momitonng Locations inh Gowanus Bay and

Canal




I 1982, the Gowanus Canal 201 Facility Plan Water Quality Study established that water
quality was significantly mupaired. This was further reinloreed by the findings of the
ler Harbor CSO Facility Planning Project. which conducted surveys from May through
September 1989 Dry and wet weather surveys of the canal and spectal studies
characterized water quality and sediment conditions and identified causes of mipairments.
Dissolved oxvgen was typically measured as being hypoxic or anoxic (hroughout the
witerbady, cspecially at the head-end termimus (ollowing wet weather discharges. Thgh
coliform bacteria, total suspended solids (1SS), biochemical oxyeen demand (BOD), cle.
were also observed following wet weather events. An example of average dissolved
oxygen and [ecal coliform concentrations typically found in Gowmus Bay and Canal
prior 1o the reactivation of the Gowanus Canal Flushing Tunnel can be seen in Figure 3-3.
Figure 3-3 also shows the NYSDEC SD standard for dissolved oxvgen and the
benchmarks  appiicable to fecal coliforms,  Floatables were casily  recognizable
throughout the waterbody with noticcable adors and poor water clarity. The effects of the

wet weather events persisted for several davs following the events,

INSERT FIGURE 3-3, Gowanus Bay and Canal Conditions Belore the Reactivation of

the Gowanus Canal Flushing Tunnel

Analyses of the dissolved-oxygen depressions observed i Gowanus Canal mdrcate thal
the primary cause of the problem in the upper reaches of the canal 1s CSO dischargein
conjunction with the limited hydraulic flushing of the canal.  Figure 3-4 presents the
components of the dissolved-oxyvegen deficits throughout Gowanus Bay and Canal, as
determmed using the modeling analvses deseribed in later scetions of this report, At the
head of Gowanus Canal where the largest disselved oxygen delicits were caleulated.
C'SOs together contribute up W about 70 percent of the total deficit, with CSO discharges
from the Gowanus Pump Station alone accounting for up o 07 pereent of the total deficit,
Stormwater discharges, background {(Upper New York Bay) dissolved-oxygen deficits,
and residual sedmment oxygen demand account for the remaming 30 percent of the deficit.
Farther from the head. the mfTuence of CSO lessens while the boundary with Upper New

York Bay becomes more donunant, as shown in Figure 3-4,

INSERT FIGURLE 3-4. Dissolved Oxveen Deficit Contrthutors Prior 1o the Reactivation

of the Gowanus Canal Flushmg Tunnel



3.0 Receiving Water Modeling

Mathematical hydrodynamic and water quality models are used for simulating water
quality responses to watershed. atmospheric and boundary inffuences. The model serves
as i valuable tool o evaluate aquatic life and recreational uses, benelits of abating
watershed  nmpacts. and - nmplementing  ccosystem  restorations and — innovative

technologies.

Ihe Gowanus Bay and Canal Reeeiving Water Maodel s a three-dimensional, time-
vartable, coupled hydrodynamic/water-quality model. The following generally describes

the tools cmployed for the recerving water modehing of the Gowanus Bay and Canal

Feosysiem Restoration Study arca.

The maodel domain extends throughout Gowanus Canal and imto Gowanus Bay. The
computational grid employs an orthogonal-curvilinear coordinate or boundary-fitted
system that represents the complex and irregular shorelines, turming basing in the canal.
and marine termunals, The model uses a vertical sigma-coordmate systent that s scaled to
the Tocal water colunm depth and segments the water column mto 10 vertical lavers. The
model has 20 by 34 horizontal grid cells with resolutions from 150 mcters i the
Gowanus Bay to about 30 meters in the Gowanus Canal. The model is Tinked o a time-
variable watershed model that caleulates wet weather pollutant loadimgs. Figure 3-6

presents the segmentation scheme developed for Gowanus Canal.

INSERT: Figure 3-6 Gowanus Bay and Canal Receiving Water Model Segmeitation

The hvdrodynamice model, ECOM-3D (Estuarine and Coastal Ocean Model, three-
dimensions), deseribes the movement of water and calculates the volume and veloeity of
water at any ume and location. The water quabity maodell RCA, usces this volume and
velocity imformation along with additional water quality mput mformation and kimetye
cquations to calculate receiving water concentrations {or dilterent types of pollutants. The
following scctions desceribe the calibration and validaton processes of the hydrodyranzic

and water quahty models.




Investigations concluded that water quality in Gowanus Canal did not support aquatic
itfe. aesthetics or recreational uses at all tmes. and recommended that the existing hut

mactive Gowanus Canal Flushing Tunnel be returmed 1o service.

I response 1o the recommendations of the above nvestigations, the existing Gowanus
Canal Flushimg Tunnel was reactivated 1 March 1999 to improve flushing and water
quality in the canal. The Tlushing Tunnel delivers Upper New York Bav water with
higher dissolved oxygen concentrations and improves the canal’s assimilative capacity for
pollutant discharges, The artificial circulation also provides for a (lushing action that
minimizes sedimentation at the head end. Odors are reduced and water clarity is
mmproved. Data colleeted by the [arbor Survey and DEP’s post reactivation monitoring,
of the canal indicated that waterbody  dissolved oxygen is greatly improved with
concentrations routinely measured above 3.0 me’ 1. Coliform baciceria coneentrations are
also reduced. An exampic ol average dissolved oxyvgen and fecal coliform concentrations
found in Gowanus Bay and Canal after the reactivation of the Gowanus Canal Flushing
Tunnel can be seen in Tigure 3-50 However, the Flushing Tunnel has been shut down on
several occasions for maintenance. Data collected durimg these periods indicate that

waler quality quickly degrades to the former nmpaired condition.

INSERT FIGURE 3-5. Gowanus Bay and Canal Conditions Afler the Reactivation ol the

Gowanus Canal Flushing Tunnel

In summary, CSOs and stormiwater discharges are primary causes of periodic waterbody
use impairments.  Discharges of 1TSS, BOD, scitleable solids, and floatables induce
nuisance conditions i Gowanus Canal and to a lesser extent i Gowanus Bay. These
nuisance conditions include odors and depressed dissotved oxveen i the water column
that reaches anoxic conditions m summertime due to BOD and sedment oxvegen demanid.
which 1s sustamed by CSO settleable solids discharges.  Elevated coliform bacteria
concentrations and noticeable floatables m Gowanus Canal are common occurrences.
Noticeable  odors  are stll caused by sediments exposed  at low tides  and
chemical’biological reactions within the sediment and overlving water during hypoxic or
anoxic conditions that release hydrogen sulfide and methane gas. The sediment mound 1s
a burden on dissolved oxygen in overlying waters and has no habitat value, Water clarity
1s poor especially following wot weather events. Floatables discharged by the CSOs and
stornm sewers are policeable wd represent an acsthetic nusance condition throughout

Gowanus Canal and Bay.
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3.2 Hydrodynamic Model Calibration

FCOM-3D Tormulates the conservation of momentum. salt, heat. and mass in their most
basic forms and predicts the actual variations in cireulation patterns and the salinity and
lemperature structures. In ECOM, differential cquations arc used that account for local
variations of a parameler, changes duc 1o non-lincar advective and turbulent diffusion,
pressure effects due to the three-dimensional differences of density (i.e., salinity and
temperature). and the temporal and spatial changes in the free surface height (tides, wind-

mduced sctup or setdown, ele.).

The Gowanus Canal hydrodynamic model was calibrated against two scts of data
coltected durme the summer of 1989, Onc dataset, collected from the previous madeling
cfforts of Gowanus Bay und Canal (ITarzen & Sawver, 1990). covers monitoring stations
within the Gowanus Bay and Canal. The sceond set of data was part of DEP's annual
Harbor Survey database and 13 mainly for Gowanus Bav.  Flgure 3-7 depicts station

locations for the data set used m the hydrodynamic analysis of Gowanus Bav and Canal.

INSERT: Digure 3-7 Goveanns Bay wind Canal Data Scnpiing Stations Used  for

Hydrodvaanico Analysis

The hvdrodynamic model was calibrated by adjusting bottom (riction and horizontal cddy
diffusion coctficients to reproduce measured tidal elevations, current velocitics, salimties
and temperatures at different locations imside the model domam. The cahbrated value of

IHHORCON, the honzontal eddy diffusion coeflicient, was sct to 0.2 1 the model domain.

The punnmum friction coclficient was set 10 0.0025.

The following sections deseribe the model boundary forcing and the calibration of

temperature, salimty, water elevation, and dye data.

321 Boundary Forcing

The boundary forcing funcuons of the hvdrodynamic model of the Gowanus Canal

consist of”
o wuler surface clevation along open-water boundarres i the Upper Bay;
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o (hree-dunensional ficlds of temperature and salinity along the open houndaries;

o micteorological information consisting of wind specd and direction, shorlwave
solar radiation (1] available), cloud cover. air temiperature. almospheric vapor
pressure and relative hundity to compute surface wind stress and heat flux: and

o {reshnwvater mflows rom combined sewer overfTow. stormwater, and direct surface
runoit,

The detals of these boundary conditions are described in this section,  [he foreing data
used for the calibranon of the medel covering the period from June to September 1989 13
shown in thgure 3-8 This period was chosen for cahibration of the model because
relatively extensive hydrographic survey data were available withim Gowanus Bay and

Canal.

INSERT: Figure 3-8 Bowndaries for Gowanus Bay and Canal Hvdvodvonamio Calibrarion

Water Surfuce Elevations

In order to simulate tdal clevations m the Gowanus Bay and Canzal. hourly sca surface
clevation data were extracted [ronm the results of the System-Wade Eutroplication Model
(SWEM) 1989 simulation. This sca-surface clevation includes the (luctuation of sca level
due to tides and meteorological forcing tn New York Harbor, A uniform value of hourly

data was assigned at the six open boundary gnd cells in Gowanus Bay,

Salinity and Temperature

The Upper New York tHarbor experiences significant variations of” temperature and
salinity throughout the vear. Depending on the volume of the discharge from the Hudson
River, the Flarbor's saiimity can decrease to about 10 parts per thousand (ppt) or mcrcase
o ahout 25 ppt. Hourly temperatire and salinity boundary conditions were also extracted
rom the SWEM 1989 simulation results. This allowed the model to have tme varnable

verlicad lemperature and salinity forcing data at 1ts open boundarics (Iigure 3-8).
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Meateorotogical Dati

Two major boundary forcing parameters applied to the water surfuce are wind stress and
heat flux. Wind stress js computed from wind speed and wind direction.  Teat fux
computation requires the specification of air temperature, relative humidity, barometric
pressure, shortwave solar radiation and cloud cover. Hourly meteorological data were

obtained from NOAA for JIFK Airporl, NY . (Figure 3-9).

INSERT: Digure 3-9 Metcovological  Conditions for Gowanus Bayv and  Canal

Hvdrodyiamice Calibration

Irest Water Inflow

The runoff volumes duc to combined sewer overllows and stormwater runoli’ were
obtamed (rom the InfoWorks watershed models, as deseribed above. Tourly rainlall data
from the National Weather Service gages at Central Park and K Alrport were used as
mode! mput to generate CSO and stormwater volumes, The resulting outflows were
distributed throughout the domain at the locations shown in Figure 3-7. The bottom
pancl of Figuwre 3-9 shows the tolal flow from combimed sewer overfTows during the
calibration period. As mdicated m Iigure 3-9, CSO discharges result in large total Tows
during ram events over the simulation period. Fresh water inflow temperatures were

asstgned to cqual the daily water temperature measured at Battery (Figure 3-9).

3.2.2  Tidal Flevations Calibration

Tidal-stage data at two different Tocations were available Tor model calibration: one near
the mouth of Gowanus Bay and the other at the head of the Gowanus Canal. These
cauging stations are shown m gure 3-7. Tlourly clevation data at these stations are
compared with computed values. Figure 3-10 compares the computed surface clevations
with ficld data over a pertod of five days, July 18 1o 22, 1989, In the figure, symbols
depict observations while selid lines depicl the computed elevatons.  The Tgure
demonstrates good agreement between the model results and the data. The tnmimg and

heights of igh and low waters were well reproduced by the model.
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INSERT: Tigure 3-10 Didal Flevations for Gowanns By and Canal Hdrodvmamic

Calibration

3.2.3 Tempervature and Sulinity Calibration

Four surveys of temperature and salinity data were available from the previous Gowanus
Canal CSO studies (Hazen & Sawver. 1990G): Tune 13-10, Julv -9, August 15-18, and
September 25-29, 1089, Tour sets of temperature and salinity data were collected during
wel-weather condhiions, The Jocations of these samphng stations are shown in Figure 3-
7. Tor cach sampling pertod. model computed temperature and salinity were compared
with data for IS davs (Figure 3-11 through 3-18). Model versus data comparisons of
water temperature for these four sampling periods vielded reasonably good agreement in
temporal and spatial varation of the water temperature. The model also captured the
level of thermal stratification ol the water colunm. Tlowever, the model-caleulated
salinity did not reproduce ebserved data for pertods of no-discharge from OS50 or
stormwater. exceept during the June 12-26 period. An analvsis comparing data {from the
CSO-study  and  Harbor-Survey  datascts revealed  that the salinity  mcasuremaents
conducted during the CSO study were nol accurate. In spite of this, as shown on Figures
3-13 through 3-18, the model did show good agreement with the observed timing and
vertical stratification of salinity during €SO and stormwater discharge periods. As the

salmity data demonstrates, Gowanus Bay and Canal are gencerally a vertically well-mixed

systenmt due o the lack of a continuous source of {reshwater. Though, the transient mmputs
ol [reshwater from CSO and stormwater outfalls at various locations in Gowanus Bay and
Canal generate temporary stratifications in salmity 1 the receiving waters during wet-

wcather periods.

INSERT: Fisure 3-11 Temperatire Calibration, dune 1989
INSERT: Froure 3-12 Temperature Calibration. Julv 1989
INSERT: Figure 3-13 Tomperature Calibiation, Augst 1989
INSERT: Figure 3-14 Tomperatwre Calibration, September 1989
INSERT: Figure 315 Salinin: Calibration, Jie 1989

INSERT. Figuve 3-16 Salininy Calibration, Jndy 1989

INSERT: Figure 3-17 Salinity Calibration. Augrst 1989
INSERT: Figure 3-18 Salininy Calibrarion. Seprember 1989
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3.2.4  Dre Study Calibration

Avdye study was conducted on uly 18, 1989, As part of the study. 2 total mass of 15 ibs
of Rhodamine dye was released at the head of the Canal near the Gowaenus Pumping
Station. Dye concentrations in the Bay and Canal were measured from July 18 through
Ty 210 Figare 3-7 shows the sampling locations for the dyve studics. The hvdrodynamic
model was configured to simulate the dye release study with the same total mass of dve.
The dye was released at all depths at the head of the Canal. Results of the model
simulation of the dye refease are shown in Figures 3-19 and 3-20. The model caplures the
time-of-maximun concentration and the vertical distribution of the dye well. This dve
simulation provided one cracial calibration parameter, the Smagorinsky formulation
constant (ITORCON) that was applied for all subsequent simulations of the hydrodynamic

study.

INSERT: Figure 3-19 Dye Calibration dulv 1989 (1 of 2)
INSERT. Figure 3-20 Dye Calibration Julv 1989 (2 of 2)

3.3 Hydrodynamic Model Validation

After the model was calibrated. the model was tested by simulating another condition for
which observed data were avatlable. The model calculations matched the data for this
“validation™ condition. For this study, the scleeted validation condition was calendar vear
1999, NModel mputs were sct up for this pertod i the same way as they were for the
calibration periods:  boundary conditions for sca-surface clevation, temperature and
salinity: and meteorological foreing data (Figure 3-21 and 1gure 3-22). The 1999 period
cencompassed the reactivation of the Gowanus Canal Flushmg Tunnel. Tlence, madel
imputs incorporate additional flows from the Gowanus Canal Flushing Tunncel for the
pertod subsequent to 1ts reactivation in March of that vear. along with the 1999 CSO and
stormwater discharge fTows generated by the watershed models. The Gowanus Canal
Flushing Tunnel draws harbor water from Buttemulk Channel, near Governors [sland,
and discharges at the head of Gowmnus Canal. Hourly flows for the Gowanus Canal
Flushing Tunnel were caleulated from a pumping rate curve that is a function of tdal
clevations and have an average value of 7.5 m see (171 MGD). Tidal elevations for this

calculatton were sct equal to the 1999 observed tdal elevations at the Battery,  The




caleulated flows used as model nput for the 1999 vaiidation period can be seen on the

hottom panel of Frgure 3-21.

INSER T Figuee 3-21 Gowanns Bay and Canal Thvdrodvicmic Validation Inpnit (1 0f 2)

INSERT: Pignre 3-22 Govanus Bayv and Canal Tivdrodvnamic Validation Iiput (2 of 2)

cmperature and saliity data measured at various locations m Gowanus Bay and Canal
were compared with model computed values (IFigure 3-23 and 3-20, respeetivelv), The
top pancels ol Figure 3-23 and 3-25 depict the assigned values of the Flushing Tunnel flow
temperature and salmity, respectively. The figuies represent 34-hour low-pass Liltered
values of temperatwre and salmity. The model captures the annual temperature trends in
Gowanus Bay and Canal as well as the vertical thermal stratification levels, In the
upstream reach of the Canal, the water columm became well mixed as soon as the
Flushing Tunnel flows entered the system (Frgure 3-23 and 3-24), Salinity also shows the
sanie verticatly mixed pattern (I'gure 3-25 and 3-26). The impact of the mtermittent wet-
weather CSO and stormwater imflows are transient when the Gowanus Canal Flushing

Tunmel 1s operating.

INSERT: Frawre 3-23 Goveenus Bay and Canad Temperanire Validation Results (1 0f 2)
INSERT: Figure 3-24
INSERT: Figure 3-25 Goveanns Bay and Canal Salinity Vabdanion Results (7 of 2)
INSIERT: Figure 3-26

Gosvanns Bay and Canal Temperanee Validation Rexults (2 0f 2)

Gowanies Bav and Canal Salininy Validation Resulis (2 of 2)

3.4 Water Quality Model Calibration

[he water quality model, RCA, simulates ten constituents. including salinity, ammonia
(NI outfall suspended solids, buckground suspended solids, hydrogen sulfide (FI,S).
hirochemical oxygen demand (BOD), dissolved oxyeen (DO). total and fecal coliforms,
and enterococens bacteria, The primary parameters of concern in the water quality model
calibration arc dissolved oxvgen and total coliform bactera. The Gowanus Bay and
Canal water quality model was calibrated against wet weather survey data collected
during four cvents i the sunumer of 1989 0 Table 3-1 presents a list of the calibration

cvents with a summary of rainfall statistics.

]




Table 3-1 Water-Quality Model Calibration Events

Central Park Gage

JI'K Airport Gage

Maximum Rain Maximum Rain
Rainfall Depth Intensity Rainfall Depth Intensity
I Dite (inch) (inch/hr) {inch) {inch/hr)
June [2-Th, 1980 23] .70 1.80 0.58
Tily 6-0, 1949 0.16 0.14 .25 0.20
August [5-25, 1980 092 (.41 0.12 0.12
September 25-28, 1989 0,80 0.20 | 087 0.21

Mol

Calibrations used Ceptral Park gage for Red Hook watershed model and JTK gaee for Owls flead watershed

made]

The following seetions deseribe the effect of tamperature m the maodel kinetics, initial

condttions, boundary condittons, point sources loadings, transport of pollutants, and the

calibration of dissolved oxyeen and total coliform bacteria.

<o

Temperature Edfect

Time-vartable temperature is calewlated 1 the hvdrodynanie model and hinked to the

water quality model.

Temperature is cmploved m the model to caleulate dissolved

oxvgen saturation conceentrations and to adjust model kinetue coctfrcients to real time

temperatures.

summertzcd 1 Table 3-2,

Temperature correction coefficients for the major kinetic reactions are

Table 3-2 Temperature-Correction Coefficients

Temperature Correction
Kinctic Reaction Parameter Cocllicient

Cobform Die-off Kb o 1070
Dissolved Oxvuen Reacration Ka i 1.024
Plhioinsynthesis P i . __Viag
Ruspiration R 10D
Labile Decay Rate in Sediment HKl L Log
Retractory Hu'.';_\.' Rate g Sedument XK2 1130
: H.S Oxidation ) Ks 1.047

BOD Oxidation Kd . N 1.047 -

4
[




Initial Conditions

Initial conditions are the concentrations assigned within cach model cell for all model
systems (constituents) at the start of a model simulation.  These concentrations can he set
cqual to available data at the particular simulation starting time.  Another method of
assighing mitial conditions 15 to run the medel and use e caleulated  seasonal

concentrations as nutial conditions.

Boundary Conditions

Boundary conditions refer te the concentrations found in the waters sitting just outside of
the model domai. These concentrations vary in time and provide mass gradicnts that can
cause polivtant mass to leave or enter the model domam across the interface with the
boundary.  Water quahty conditions outside of the model domain can have sienificant
cffects on the concentrations caleulated within the model. Boundary conditions can be
caleuluted by a sepwrate time-variable mathematical model, which simulates water quality
conditions outside of the waterbody w question, and by using data at the boundary. In the
case of Gowanus Canal model, the boundary location is at the convergenee of Gowanus
Bay with the Upper New York Bay, DEP's System-Wide Lutrophication Model
(SWEM), which simulates water gquality for the entire New York -New Tersey Harbor and
New York Bight region, can be used as a tool to caleulate water qualily conditions in
Upper New York Bay, Hence, SWEM results can be inpulted as boundary conditions for

the Gowanus Bay and Canal model.

Point Source Loadings

As shown i the mtroduction to (his section, point source pollutants have been wdentified
as being the major contributor Lo the water quality impanmaents found i Gowanus Bay
and Canal (NYSDEC, 2002). In the Gowanus Bay and Canal watershed, pomt source
loadings originate rom the combined sewer system, and or from storm sewer discharges.
These discharges are the source of lugh organic-content sohids and coliforms. which
ultimately promote Jow dissolved oxygen conditions, hich colifornm concentrations, and
formation of sediment mounds with high sediment oxveen denand (SOD). InfoWorks.,
the watershed model discussed in previous scctions, was used 1o generate hoth dry-
weather overflows and wet-weather discharges from combined-sewer overflows and

storm water discharges. Muass loads inte the model were caleulated by applymy

A
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stormwater and santtary concentrauons to the caleulated discharge volumes. These
santtary and stormwater concentrations. which were developed and adopted for the New
York City’s Department of Environmental Protection (DEP) Use and - Standurd

Attamment (LSA) project. are shown m Table 3-3.

Table 3-3 Sanitary and Stormwater Pollutant Concentrations

Parameter Sanitary Stormwater
IS8 (mye L) 115.0 60 0
BOD (mgz'L) 120.0 150
DO (ma/Ly ) 10 40
Total Coliform i MPN/1GG ml) LSOE+0T ' D0EHS
 Fecal Coliform (MPN/100ml) | ~ 2.70E+06 0.355+05

Transport of Pollutants

The results of the hydrodvnamice madel provide the water guality model with the water
transport and dispersive mfonuation required o simulate the transport of pollutants. “The
dispersive mformation neludes horizontal. Jateral, and vertical muxing.  As discussed
above. the ECOM-3D hydrodwynamic model was cahibrated to reproduce observed tidal
clevations and linuted observations of salinity and dye profiles. When used in the water-
quality model, the dispersive information provided by ECOM-31) produced pollutant
stratification 1 arcas where the observed data showed less or no stratification. The water
quality caltbration process revealed that extra mmxing was required to reproduce the
observed data. Tor arcas from Hamilton Avenue to Gowanus Bay, the FCOM-31)-
caleulated horizontal and lateral dispersions were scaled up by factors of five and 25,
respectively. and the vertical dispersion was sel to a mmimum ol 3.01-4 111’2'(];14\" for the

entire water body.

340 Dissolved Oxygen Calibration

Dissolved oxveen concentrations in Gowanus Bay and Canal are kinetically reduced by
algal respivation. oxidation of hochenueal oxveen demand (BOD) and sullides, and by

oen demand. Dissolved oxyvgen concentrations are kinctically imercased hy

=

scdiment oxv
atmospherie reacration and algal photosynthesis.  Dissolved oxveen concentrations are

also mflucnced by boundary conditions and poimnt source Toadings.  The {ollowing

L)
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scetions summarize the analvses performed o calibrate the Gowanus Canal model for

dissolved oxygen,
Dissolved Oxygen Reacration

Dissolved oxygen is exchanged at the air-water interfuce. When the water colimn
dissolved oxygen concentration 15 less than the naturally occurring dissolved oxygen
saturation concentration, oxvgen s added to the water columin from the atmosphere, The
dissolved oxygen saturation concentration is calculated for the surface water in the model
as a function of temperature and saliity. Oxveen is ramoved from the water cohumn by

reacration when the water 1s supersaturated with oxveen,

The acration cocllicient s calculated internally i the model as a function of the oxyeen

transter coclficient as follows:

K, K/H
Where: K 1s the volumetric acration coeflicient | T/dayv].
K, 15 the oxygen mter{aeial transter coeflicient [f/day], and

I 1s the depth of the model surface segment laver |11,

The oxygen transfer coelficient was developed as a function of wind speed and surface
conditions, and is spatially assigned in the model. A conservative estimate assuming a
tow wind speed would vield a K of 1.0 {irday. A K, ol 0.2 {t/day was assigned to
scgments from the canal's hicad to Hanulton Avenue.  This reduced value was the resalt
of calibration cffTorts and can be justificd by ficld obscervations of grease slicks on the
water surface in the upstream reaches of the Canal. A K of 0.6 {t/day was assigned 1o
scgments from Flamilton Avenue to 23" Srrect. and a K, of 1.0 /day was assigned o
segments from 23" Sirect 1o the mouth of Gowanus Bay. The rates that are stated above

arce {or 20 "C and are temperature correeted m the made!l as previously deseribed.
Nitrification

Nitrification 1s a biological process o which witrosomonas baeterta oxidize ammonia
nitrogen present i the water colummn. - The mtntving bacterna are sensitive spectes (hal
generally do not exist in highly polluted water bodies such as Gowanus Canal. Ammonia

and nitrate data collected in the canal support the ussertion that the nitrifying bacteria are

‘A
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ol present in Gowanus Bay and Canal. The water quality calibration did not inelude
nitrification - Gowanus Bay and Canul. This did not by anv extent sigmficantly

miluence the caleulation of dissolved oxveen concentrations.
Photosvathesis and Respiraiion

Algac suspended i the water column can add oxveen to the water column during perods
ol simhight (photosynthesis) and can continuously consume oxygen {respiration). Special
studies have been conducted as part of previous field sampling programs 1o evaluate the
rate ol oxvgen production and respivation in similar waterbodics.  These  studics
determined the amount of oxvgen produced at various times in the day at the water
surface. Measurements of chlorophyli-u concentrations were also performed to determine
relationshups between the rate of photosynthesis and chlorophyll-a concentrations,  In
these studies, samples were collected for measurciments of chlorophyll-a concentrations to

cstimate the rates of photosynthesis and respiration.

Assuming  that nulrients are not [inting, the gross production  of  oxyeen by
photosynthesis can be expressed as a function ol a maximun photosynthesis production

rate and an attenuation factor as follows:
Photosynthesis = P ® GEa)

where Pmax gs the maximum production ol oxyeen al optimum or “saturated™ hight
conditions at water surface, and G(l) 1s the hight attenuation factor over depth. The

maximum photosvithesis rate, Py 15 represented as follows:
[)n-u\ - 1"\”;1 & (-]\I\ = P(1-)

where Ay, 15 the ratio of oxveen o chlorophyll-a (mg Oxug chl-a) G 18 the maxinum
phyvtoptankton  growth rate {day N, and Py is the phytoplankton chlorophyll-a
concentration (ugfly. A, and Gy were set in the model to 0.3 mg Os/ug chl-a and
3.0day. respectively (Fhomamn/Muclier).  Chlorophyll-a was spatially sct to constant
values throughout the calibration simulation. Chlorophyll-a concentrations used 1 the
calibration were extracted from data collected i the canal and fromt SWEM-caleulated
results at the boundary. A data-extracted chiorephvii-a concentration of 2,00 ngdl. was

asstgned o scgments between the head of the canad and THamlton Avenue. A 5.0 uw/l.



chlorophyll-a concentration, also extracted from data, was assiened for segments from
11y A s ) il @ . i

Hamilton Avenue to 23" Streel. An average chlorophyll-a concentration of 8.5 ug/l. was

extracted from SWEM results at the segment that represents Gowanus Bav and was

: . il ¢ .
assigned W segments from 23" Street to Gowanus Bay.

The Tight atteniation factor, Gela), reduces the photosynthesis ¢ffect at lower depth. s
a function of the fraction of day that experiences sunlight, the depth of the waler segiment,
light saturation intensity. total available solar radiation at the water surface, and the light
extinetion coefficient. The hydrodynamic mode! provides the depth of water. The light
suturation intensity, which 1s the light intensity at which phytoplankton grow at a
maximu rate. was set to 300 langleysiday.  The fraction of day and the total available
solar radiation asstgned for cach day of the calibration period were retrieved  from

SWEM. which uses LaGuardia Afrport metcorelogical records.

A Tight extinetion cocfficient of 1.34/m was set (or the entire model domain throughout
the calibration simulation. This value was extracted from sunmer 1989 SWIEM results at
the scgment representing Gowanus Bay and Cavnal. This value was later compared to

scecht depth data colleeted in the canal and found to be in exeellent agreement.

Respiration s aleac’s utilization of dissolved oxyeen. The algal respiration rate 1s based
on the simple assumption that the respiration rate 1s proportional to the production of

oxveen at optimum hght conditions (P, ):
Respiration == Py G

where Gods a proportionality  constant {(dimensionless)  converting  the  maxnmnum
photoswnthetic effect to respiration. According to rescarch hiterature, G ois approximately
0.1, and can range from 0.05 to 0,20, A constant value of 0,083 was used i the model

during cabibration.
Sediment Oxveen Devvond and Diagenesis

Particulate solids are discharged by dry weather overflows. CSOs and  stormwater
discharges. These particulate sohids settle o the bottom sediments of Gowanus Bay and
Canal. and promote a series of chenucal reactions that utibze dissolved oxvgen i the

aerobre sediment layer and the waler column.  As oxygen s depleted in the sediment

LA
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laver. anacrobie reactions begin, Sediment reactions produce hwdrogen sulfide, wihich
cither oxidizes m the acrobic laver of the sediment or nugrales up from the sediment into
the water colmmn. The entire process is known as diagenesis. Physical mdicators that
SUCh reaelions are oceurring in receiving waters are strong odors of hyvdrogen sulfide and
sediment mounds at discharge points. Both indicators are apparent in Gowanus Canal.,
Previous SO studies in similar 0ibutaries of New York Harbor have shown that

dragenesis plays an important role in recciving water dissolved oxveen kinctics,

Modehng of total suspended solids (TSS) was separated into outlall and hackground
components o distinguish between the heavier, more-settleable solids discharged from
sewers and the Tighter, less-scttleable solids suspended in receiving waters. A constant
settlmg rate of 50.0 fi/day was used for sewer-outfall solids, while a scttling rate of 1.0
floday was used for background (recciving-water) solids.  Prior to simulating the
calibration period, the settled solids system was brought to equilibrium by “spinning”™ the

model tor several vears,

The conversion of particulate solids to reactive carbon  which acrobically  and
anacrobrcally decays in the sediment was based on information developed in other study
arcas.  The factors that were employed to evaluate the reactive carbon m the sediment
were the meastre of volatile portion n the total suspended solids (VSSTSS), particulate
carbon portion of the volatile solids (POCYVSS), and the reactive carbon portion of the
particulate carbon (RC/POC).  The VSS/TSS, POCYVSS, and RC/POC ralios were
estrmated from previous studies and set 1o 0.64, 0.50, and 0.70, respectively, wineh yields

arcactve curbon w TSS ratio ol 0.22.

In the model, reactive carbon settled to the sedmient was separated mio rapudly decaving
(labile) and slowly decaying (refractory) carbon classes,  Analvses of sediment diagenesis
darmg the calibration effort resuited 1 the use of a ratio of .30 for the labile {o refractory
classes of reactive carbon. Tabile materiats were set 1o decay at a rate of 1.60/day, while

the refractory materials were sct to decay at arate of 0.00L:day.

Onee the mode! caleulates total diagenesis based on the reactive carbon settled to the
scdiment it further fractionates diagenesis between SOD and hvdrogen sulfide 1Tux. It
calculates the SOD and suifide fractions using a SO maodel developed by Di Toro et al
(D1 Toro, 1990). In this modcl, mathematical relatonships calculate the SOD and

hvdrogen sullide flux fractions usmyg an ilerative process that takes mto account the
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I the surface layer of the water column, the model allows for volatilization of TS to the
atmosphere. The volathization rate is caleulated internally in the model as a function of

HL,S transfer cocflicient as follows:
K - K, o/H

where Ky (Liday) is the volatilization rate, K« in (miday) is the transfer cocllicient of
LLS.and T (m) s the depth of the model surface segment layer. A K« value of 2.0

m/day was used for all water segments in the model.
BOD Oxidation

The bochenucal oxygen demand (BOD)Y oxidation rate (Kd) is the rate at which
microorganisms utihze oxyvgen dissolved m the water column during the process of
consuming organic matler, The model kinetics uses ultimate BOD i its caleulations and
a value of 3.0 was chosen Tor the ratio of the ultimate BOD to the five-day BOD (BODS).

The oxidation rate used during the calibration was 0.30/day.
Bowndary Conditions

As previously mentioned. time-vanable boundary conditions i Gowanus Bay can be
provided vie a link to SWEM. Howewer, Gowanus Bay and Canal boundary conditions
for the calibration period were extracted from Inner Harbor CSO Facihity Planning Project
data at station G5 1 Gowanus Bay. Exeept for thmes when data was avarlable, an average
summer value was specificd throughout the centire calibration period. Table 3-2
summarizes sumner average values used {for boundaries conditions for the Gowanus

Canal maode! cahibration.

Table 3-4 Summer-Average Concentrations Used As Boundary Conditions
Parameter Summer Average (Geomelric Menan for Coliforin)
Dissolved Oxvaen (mg'l) L 57
Background Solids (me/L) R 15.0
| BODE (mg O1) L 1.65
Ao (me'lL) . Dh.4b
__Toul Cofifunmeelisioomty | 4000 ;
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chemical reaction velocities responsible for oxyveen uptake in sediments.  Furthermore,

the total SO i the maedel is divided into # carbonaccous fiaction and a NIrOEenous
[raction.  IHence, these chemical reaction velocitics heconte mportanl and sensitive
calibration parameters for the water quality model’s overall dissolved axygen calibration.
The reaction velocity for the carbonaccous SOD (raction, “ke”. was set to 2.0 m-day, and
the nitrogenous SOD reaction velocity, k™ was set to 0,15 miday.  These values are
consistent with aboratory and field measurements reported in D Toro's model

development studies.

Mital sediment oxyzen demand (SOD) for all seements in the model were set 1o 1.50 ¢

Oxmday. This mitial SOD value was based on sediment sampling surveys perlormed
during the summer of 1989 and long-term simulations of SOD in the model. The model
also accounts for SOD resulting from algal settling and scttled solids not origmating from

CSO or stormwater sources by adding an additional 1.0 g O-/m -day to calculated SOD.
Thdrogen Sulfide Oxidation

Highly orgame sediments subjected (o anacrabic conditions i the water column are 2
source of hydrogen sullide (I1,5) to the overlving water.  Somce of tus sullide is
biochemically oxidized in the water column to form sulfurie acid. The remaining sulfide
1s released 1o the atmosphere as hydrogen sulfide gas. The three components of (he
hydrogen sulfide kinetie calculations are mass {Tux from the sediment to the water
column, oxidation m the water column, and volatilization (o the atmosphere at the water

surlace,

H>S mass flux from the sediment 1s a function ol sediment dragenests, The rate at which
158 is diffused into the swater columm is dependent on the dissolved oxygen concentration
m the water colunm, sediment diagenesis, and sediment oxveen demand. The calibration
of the mass flux [rom the sediment was discussed 1 the sedimient oxygeen demand

seciion.

The rate al which the sulfide 15 oxidized in the water colunm s called the sulfide
oxidation rate (Ks). Laboratory analvses conducted i previous studies mdicated that this
rate 18 higher than most other rates and that 1t can exceed [5dav. A K value of 2.0/day
was uscd mothe calibration of the model.  The half-saturation cocllicient for [1,8

oxidation (Kyy4) was set to 1O me/T.



hiitial Conditions

[nitial conditions were determimed by performine a four-month model run usine averase
concentrations extracted from data collected in June 1989 as mitial conditions.  The
results at the end of this wodel run were hen inputted and used as initial conditions for

the calibration simulations.
Point Sowrce Loadings

Point-source loadings for dissolved oxyeen include any drv-weather overflows (DWOs)
and wet weather discharges [rom combined and storm sewers. Point-source discharves
were generated by the nfoWeorks model. Wet weather pollutant Toadings were based on
the mixture of sanitary and stormwater i the overflow discharee and therefore dependent
on the concentrations assigned to these discharges. The assigned coneentrations. as
discussed above and shown i Table 3-30 were applied together with the volumetric
discharges from [nloWaorks o produce the pollutant mass loadings used during the
calibration of Gowanus Canal model. Table 3-3 presents pollutant mass loads discharged

into Gowanus Bay and Canal durig the lour wet-weather calibration cvents.

Table 3-5 Gowanus Bay and Canal Calibration Loads

J4.2

Dissolved Oxygen 1989 Calibration Results

Total Total Dissolved |

Yeolume Colilorm TSS BOD Oxygen

Period (MG) (Ibs) (Ihs) (1bs) {Ibs)

June 12-106. 1989 40 1 EOER 20,407 7.153 1,218
July 6-9, 1989 6 I49E7 2.864 572 LR
Aupust 1325 JORD i T IAER 16,641 3.793 092

September 2528 1989 | 74 _LAEES 40,408 16,533 2221
[ June-September, 1980 362 ._-'“__1"-“_!") 305467 - 116, 180 1 ﬁ._—l‘:"

Temporal comparison of calculated and observed dissolved oxygen concentrations during
the four-month {June - September 1989) calibration pertod, along with reported ramfall,

is shown on Tigure 3-27. Station locations are shown m Figare 3-2. Figures 3-28
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through 3-31 show the predefined calibraton cvents individually. The model reasonably
reproduces incrcased  dissolved  oxveen  concentrations during wet weather events
resulting from higher dissoived oxygen in the wel weather dhscharge us compared to
receiving waler measured concentrations. Following the cvents, dissolved ONVECN 15
depressed due to its uptake during the biochemical breakdown of the discharged
pollutants. Dissolved oxygen concentrations then return to pre-cevent conditions once the
labile component of the discharged carbon is extinguished or is reduced o steady state

levels,

INSERT: Figure 3-27 Dissolved Oxveen Calibration. Sunpier 1989

INSERT: Iigure 3-28 Dissolved Oxygen Calibration, June 1989

INSERT: Fiewre 3-29 Dissolved Oxygen Calibration, July 1959

INSERT: Frguie 3-30 Dissofved Oxygen Calibrarion, August 1989

INSERT: Irguie 3-31 Dissoived Oxxgen Calibration. Sepreniber 1989

These comparisons mdieate that the model generally predicts Gowanus Bay and Canal
dissolved oxygen concentrations during mand  (oliowing  wet-wceather cvents with a
reasonable degree of accuracy.  The model did have difficulty reproducing unusual
surface:botlom inversions obscrved occastonally at data station G3. Though the modcl
does reproduce the movement of oxyeen-laden water in the salt wedge from Upper New
York Bay. the magnitude and cxact location of the mversion 1s not always malched.
[lowewver, the modet does reproduce the JTow dissolved-oxygen levels observed e the

("anal during the critical July and August penods,

Total Colitorm Calibration

Tatal coltform bacteria s discharged to Gowanus Bay and Canal during dey weather
overllows and wet weather discharges from combined and storm sewers. Coliform
bacternie are also present in the waters surrounding Gewanus Bay and Canal and can
mfluence coliform concentrations found m the Bav and Canal. Coliform concentrations
m the nearby waters are duc to CSO and storm water discharges mto the Upper New York
Harbor, meluding the Last River and its tributarics, The following sections summarize
the analyses perlormed to calibrate the Gowanus Bay and Canal model lor total coliforms

hacteriy.
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Total Coliform Die-Oft Rate

The Kinetie portion of the model describes the Toss of bacieria due to first order dic-off
rate. This die-ofTrate ts comprised of three mechanisms: a base mortality rate. death due
to salimity. and death due to solar radiation. The elfect of solar radiation on (he tota!
death rate 15 generally small during and following wet weather events and is not ineluded

mn the model. The overall death rate varies with water temperature.

The base mortality rate used i the model was 0.8 day, and the salinity loss rate used was

0.6 day {for 100% saline water)) The total dic-off rate used in the model is expressed as:
Kb (0.8 « 0.0 % SAT/33.7y # 107

where Kb i the coliform dic-of (U rate (per day), I is temperature (degrees celsius), and

SAL s salimty (ppt).

Dic-ofl” rates caleulated by the model during the calibration averaged 1.27 for all

scgments at ol depths and ranged from 0.72 10 2,10,
Bowsdary Conditions

As previously mentioned, SWEM hourly results for the calibration period of summier
1989 were not available. Tlence, Gowanus Canal boundiary conditions for total coliform,
were extracted from Inner Harbor CSO Tacihty Planning Project data at station G5 1
Gowanus Bay for the cabbration period. Similar te dissolved oxvgen boundary
conditions. & summer geometric mean value was used throughout the entire calibration
pertod exeept for times when data was available. Boundary conditions were set cqual Lo
the data whenever data were avarlable. Sununer total and fecal coliform geometric mean
values used for boundaries conditions during the Gowanus Bay and Canal model

cahbration were 4,000 MPN and 571 MPN| respectivelv.

Dot Sowree Loadings

Point souwree loadings for total coliforms included dry weather overllows (DWOs), and
wel weather discharges [rom combined ind storm sewers.  Overflow discharges were

venerated by the InfoWorks model. Concentrations corresponding to sanitary and stor
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sourees were assigned for each discharge according o the relative proportion of cach for
cach outlall. The assigned concentrations, as discussed 1n previous seetions and shown in
Table 3-3. were applied during the calibration of Gowanus Bay and Canal model. Table
3-5 shown in the previous seelion also presents coliform pollutant loads discharged into

Gowanus Bay and Canal during the four wet-weather calibration events.

4.3 Total Coliforn 1989 Calibration Resulits

Temporal comparisons of calenlated and obscrved total ¢coliform concentrations ior the
summer 1989 cahibration perod are shown on Freure 3-320 Station locations are shown
n Figure 3-2. Figures 3-33 through 3-30 show the comparisons during selected lour
cvents  for calibration. The model reasomably  reproduces  ncercased  coliform
concentrations during wet weather events resulting from coliform foading from the wet
weather discharges. Following the event, coliform concentrations are reduced due to die-

off and wash away of coliforms,

Fhese comparisons indicate that the mode! predicts the Gowanus Bay and Canal elevated
levels of colitorms during and followmg wet-weather events with a reasonable degree of

dCCUTACY,

INSER T Pignre 3-32 Totad Coliform Calibration, Sunimer 1989
INSERT: Figwre 3-33 Totad Coliform Calibration, June 989
INSERT: Figrie 3-34 Torad Coliform Calibranon, July 1989
INSERT: Fligure 3-33 Total Coliform Culibration. August 1989
INSERT: Figwre 3-36 Toral Coliform Calibration, Sepiember 1989

3.5 Wuater Quality Model Validation

In order to assure that the Gowanus Bay and Canal Model accurately simulates the effect
ol the Gowanus Canal Flushing Tunncel, whieh draws water from Upper New York Bay
mto the head of Gowanus Canal, the model was validated by comparimg model results 1o
dissolved oxygen data colleeted alter the reactivation of the Flushing Tunnel in Mareh
1999, Dissolved oxveen was measured 1o track the benefits of reactivating the FFlushing

Tunnel: pathoegens were not measurcd under this monitorme proerant .- The vahdation
o 2t Y Prog

04



simulation was performed for calendar vear 1999, which included periods for which the

Gowanus Canal Flushing Tunnel was not active.

The vahdation simulation was perfonned using the rates and constants developed during
the model calibration. Initiai conditions for disselved oxygen were extracted from DIP's
Harbor Survey dataset tor station G5, The boundary conditions were also extracted from
avatlabie Harbor Survey data colleeted during 1999, Pollutant loadings included €SO
and stormwater discharges as per InfoWorks results and assivned concentrations for
sanilary and storm water used m the calibration process. InfoWorks computed no dry-
weather overfiows during the validation period; this was confirmed by the lack of
cvidence supporting the existence of DWOs in Gowanus Bay and Canal and the fact that.

by 1999, DLEP had alrcady taken corrective measures to climinate DWOs.

[he Gowanus Canal Flushing Tunnel enhances the eirculation and exchange of Gowanus
Bay and Canal waters by continuously forcing water from Buttermilk Channel (Upper
New York Bav) mto the head end of the Canal. This improves water quality in the Canal,
Since Upper New York Bay s the souree of the introduced waler, water quality
conditions in the Upper New York Bay have a significant nmpact on water quality in
Gowanus Canal when the Gowanus Canal Flushing Tunnel 1s 1 operation. Gowanus
Canal Flushing Tunnel Tows and their assocrated pollutant mass loadings were mcluded
mn the validation run. Gowanus Canal Flushing Tunnel (Tows were caleulated from a
tidally tmfTuenced semi-diurnalb function of the existing pumping rates as previously
discussed 1n the hvdrodyvnamic scction. Due to maimtenance procedures, the Gowanus
Canal Flushing Tunnel was shut down various times during 1999 The vahidation
stimulation of 1999 mimics these maintenance cvents by turning the {Tow function on and
off at the appropriate times. In order to gencrate loadings assoctated with the Gowanus
Canal Floshimg Tunncl, monthly dissolved oxyvgen values were extracted {rom water
quabity data collected 1 Buttermiik Channel during the post-Gowanus Canal lushing
Tunne! reactivation monitoring.  Monthly values for months which had no Buotternnlk
Chamnel dissolved oxveen data, were assigned using data from the nearest available
sampling location, Harbor Survey Staton F1. Sontlarty, all other necessary parameters

for load caleulation were also extracted from IHarbor Survey Station [N

Temporal comparson of calculated and observed dissolved oxygen coneentrations during
the validation pertod, catendar vear 1999, 15 shown on Figure 3-37. Station locations are

shownon igure 3-20 As depicted in Pigure 3-37 dissolved oxygen concentrations prior o



the reaction of the Gowanus Canal Flushing Tunnel are mostly influenced by wel-weather
cvents. Dissolved oxyeen can become depressed after CSO and stormwater discharges
and take some thme to recover to normal ambient fevels even in the winter months when
higher ambient dissolved coneentrations can be expected. However, it was apparent (rom
both the data and the consistent model results. that dissolved axyeen concentrations in
1999 became highly dependant on the Gowanus Canal Flushing Tunnel operation. The
model reasonably reproduced the inereased dissolved oxyuen concentrations measured
during the postreactivation sampling surveys,  Sharp depressions i the caleulated
dissolved oxygen concentrations post the Gowanus Canat Flushing Tunnel during 1999
can be hnked to times when the Gowanus Flushing Tunnel was shut down {or
maintenance  activitivs.  Following the maintenance  shutdowns  dissolved  oxveen
concentrations returned to levels consistent with concentrations found in the Upper New
York Harbor. During the summer months higher ambient temperatures can decrease
dissolved oxygen saturavon levels and increase other chemical and hioclremical reaction
rates which further deplete exyvgen from the water column. Companson of dissolved
oxyeen levels mothe Noew York Iarbor and Buttermilk Channel to those found m
Gowanus Bay and Canal during the summer months indicate that the observed lower
dissolved oxygen concentrations are consistent with the boundary conditions at Gowanus
Bay and the Gowanus Canal Flushing Tunnel water quality,  Furthermore, the
reactivation of the Gowanus Canal Ilushing Tunnel seems to have signilicantly
aticnuated dissolved oxvgen depressions assoctated with wet-weather events in Gowanus

Canal and Bay.

INSERT: Fignre 3-37 Dissaolved Ovvgen Validaiion, Calendar Year 1999

3.6 Receiving Water Model Sedimentation Calculations

As mentioned above, the RCA water-quality mocdel 1s capable of tracking total suspendad
solids (1'SS) from both outfall and background sources. The model reports the results as
fluxes i grams solids por meter square-day (g/m’-day). The total annual Tux of solids
from the water columm can be converted to sednnentation rates by utilizmg the following

cquation (DiToro, 2001 ):

@ lss U po(T-0)
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where: @ 1 the sedmentation rate (eny'yr), Jss 1s the solids (Tux from water colunm o the

sediments (gem”™=yvr), s the sediment’s solids density (yem™), and ¢ 15 the sediment

porosity (unitless).

Scedimentation caleulations for Gowanus Bay and Canal used sediment porosity and

sediment solids density values consistent with those commonly found in CSO impacted

locations m New York Harbor, These values are summarized i Table 3-6.

Table 3-6: Sedimentation Constant Parameters

Typical CS€) Sediment

Parameter Depaosit Value Units
Sediment Porosity 08 Unitless
: (grenm)

L Sediment Solids Density

)




4.0 No-Action Alternative

The Gowanus Bay and Canal Lcosystem Restoration Study No-Action alternative takes
Mo account ongoing projects that are currently scheduied for miplementation and that
may hpact the physical conditions and water gquality within the study arca. The New
York ity Department  of - Environmental  Protection’s  (DEP)  Gowanus  Canal
Waterbody/Watershed IMacility Plan is, therefore, meluded in the No-Action Alternative,
Ihe multi-faceted approach of the DEP’s Gowanus Canal Waterbody/Watershed Facility
Plan meorporates several cost-effective engincering solutions with demonstrable positive
Impacts on water quality, including inercased dissolved oxveen concentrations, decrcased
coliform concentrations, and reductions in the deleterious acsthetic consequences of CSO
discharges, such sediment mounds, nuisance odors and Doatables.  The Plan also
maximizes ulilization of the existing collection system infrastructure and treatment of’

combined sewage at the Red Hook WP,

4.1 No-Action Alternative Componeits

fhe components of the No-Action Alternative for Gowanus Bav and Canal are

summarized as follows:

b Gowanus Canal Flushing Tunnel modernization;

[

Gowanus pump station reconstruction:

3 Bond-Lorraine sewer improvements,
4, Rehabthitate/reconstruct QU007 and.
5. Pertodic waterbady floatables skimming

The Gowanus Canal Flushing Tunnel will he modermized, reducing down time and
improving overall operation. The main ¢lements ol the modernization is replacing the
Flushing Tumncel pumpimy system and improving conveyanee in the Flushing Tunnel.

After evaluating several configurations. mstallation of vertical axial {low pumps was
determined to provide the Inghest capacity and the flexibility and redundancy lacking in
the existing systen. Three submiersible, vertical, axaal flow pumps wiall be installed in

parallel within the existing motor pit. which will serve as a wet well. Each pump will
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have adesign capacity of 69.500 gpm (7100 MGD)Y at a head of 16 {eet when operated al
fuil speed (500 rpmy, and will dischavge through @ 34-inch diameter conerete tube
cquipped with 54-inch Tideflex rubber cheek valve 1o prevent backilow.  Variable
requency drives will adjust the speed of the pumps o svichrony according 1o the
available submergence at the pumps, which will be controlled according to the hiydraulic
draw-down in the Flushing Tunne! and the tide level at Buttermilk Channel. Two spare

punips will be stored on site,

The existing restriction formed in the Gowanus Canal Flushing Tunnel by the Columbia
Street interceptor will be partially alleviated by rerouting the force maim to cait the
Flushing Tunnel approximately 100 feet cast of Columbia Street. This will result in an
merease 1 eross-sectional arca of approximately 100 percent. which will significantly
reduce. though will not climinate, the head loss through this restriction. Reducing the
hvdranlic initations i the Flushing Tunnel will facilitate an estimated peak capacity of
approximately 252 MGD durmg high tide m Buttermilk Channel, and an average (low
rate of 215 MG throughout the typical daily tdal evele. Although these flow rates do
not mecet the destgn flow of the cxisting svstem (300 MGD). the peak fTow of the
proposed system will exceed the actual peak [Tow of the existing svstem by approximately
30 pereent. and the average datly Tow of the proposed svstent will exceed the existing
average datly {Tow by approximately 40 percent. Additionally. the modernized svstem

will have butlt-in redundancy and will not require shutdown for maintenance or repairs.

The Gowanus pump station reconstruction will mcelude inercasing the pump station
capacity from 2002 MGD 1o 30 MGD  and  addmyg fleatables screening. The
reconstruction will replace the non-lunctional force main n the Gowanus Canal Flushing
Tunmel and mercase s force main capacity.  [Uwill also optimize [low in the Flushing
Tunnel through the chmination of a constriction where the Columbra Street mterceptor

passes through the Flushing Tunnel.

Bond-Lorraine  sewer improvements will clude cleanmng. repaimng the  structural
constriction. and adjusting a relief weir, The structural constriction between Bond Street
at 4% Street and Smith Street at Fluntington Street will be repaired by cither restoring the
pipe diameter o 72 inches or by constructing @ new sewer. The reliel werr for outfall

RIT-035 will also be rased one oot
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Rehabihitating and possibly reconstructing Owls Tead outfall OH-007 will melude
cleanmy, and rehabilitating the trap hasin upstream of the outfall at a neglivible cost. The
DI will conduct post-implementation monitoring 1o assess the effectivencss of the
alternative, The DEP will alse further evaluate reconstructing the trip basin to provide

mmproved daccess o the chamber after the cleaning 1s performed.

The mmerim containment boom located at Sackett Street i Gowanus Canal will be
removed upon completion of the Gowanus pump station reconstruction.  The DEP will
conduct periodic waterbody floatables skimming in the canal to numimitze all floatables
the canal. The DEP will dispateh its tiibutary skimimer vessels o the canal pertodically
followmg wet weather events, especially those that mduce discharees i exeess of the
floatables screening capacity o the Gowanus Pump Station. Tloatables discharged by

CSOs and stormwater outfalls will be collected by skimmer vessels,

[ocations of the seleeted alternatives for the waterbodvawatershed facility plan are shown
on Figure 4-1. The total cost of the sclected alternatives costs will be i addition to the
DEP's 5111 nullion actual cost of implementing the Gowanus Canal clemenis of the
Inner arbor CSO Factlity Plan.

INSERT: Figure 4-1 Locations of No-Action Alternative Components

4.2 Projected Benefits for the No-Action Alternative

The calibrated mathomatical models deseribed e the previous sections were used o
simulate the coneeptual scenario representing the No-Action Alternative for the design
condition. This design condition, which has been established by DEP for city-wide
planmng purposcs, consists of 1988 conditions including the 1988 IT'K ramfall record and
climatology as well as associated model boundary conditions, together with 2045
projections for santtary (dry-weather) flow and the design wet-weather treatment capacity
at both the Red Hook and Owls [Tead WPCPs. Ihe followimg discusses the projected
water qualhity benefits associated with the No-Action Alternative as determined from the

analyvsis and interpretation of mathematical models results,

fmplementatton of DEP's Gowanus Canal WaterbodysWatershed Facility Plan (No-

Action Alternative) will bave both sewer system perforniance benelits as well as waler
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quality benefits. The various components of the plan will reduce SO discharges,
mprove aesthetic conditions. and  enhance habntat consistent with regulatory and

stakcholder use goals.

e Gowanus Canal Flushmg Tumiel modernization will ¢hminate shut downs and will
mercase the amount of Lpper New York Bay water being conveved from Butternlk
Chamnel to the head end of Gowanus Canal. This will improve circulation and water

quality and acsthetic conditions in the canal.

The Gowanus Pump Station Reconstruction will inerease pump stalion capacity, restore
force mam flow, and add floatables sereening, The upgrade in pump station capacity will
increase the {Tow routed via the foree main to the Columbia Street terceptor and will
reduce the Irequency and volume of CSO discharges from the Pump Station (R11-034) o
the head end of the canal by 43 percent compared to the prior condition. Restoring the
force main allows the puniped flow o bypass the Bond-Lorraie sewer and to direetly
enter the Columbia Street Interceptor, This will relieve hydraulic conditions i the Bond-
Loraine sewer (where the pumped {low 1s othenwise diverted) and will substantially
reduce existing discharges at the RI-033 outfall.  In addinon to this reduction
discharges. floatables screemmng will provide treatment of virtuatly all CSO discharzes o
the canal at RI-034 during an average precipitation year. Overall, this will increase wel
weatlier SO capture. masimize treatmentl. and improve water quabty and aesthetic

conditions in the canal,

Making improvements (o the Bond-Lorraine sewer will restore conveyance capacity in
the sewer, Cleaning and repairing the sewer, combined with adjusting the reliel weir of
RIT-035, will increase wet weather CSO capture, maximize treatment, and miprove water

quality and aesthetic conditions in the canal.

Rehabilitating and possihly reconstrueting Owls Head outfall OH-007 will restore the
foatables- and scttlcable solids-controlling function of the trap basin upstream of the
outtall. Ths will provide a level of floatables and scttleable solids control and improve
water quality and aesthetic conditions m the canal. The DEP will also conduct pertodic
walcrbody floatables skimmimg in Gowanus Canal 1o mmimize floatables o the canal and

tomprove acsthenie conditions 1 the canal.



Ihe henelits of the No-Acuon Alternative (which s comprised of DEP's selected
Gowanus Canal Waterbody Watershed Facility Plan) can be quantificd on a performance
basis. Table 4-1 summarizes the caleulated CSO - discharges in the Gowanus Bay and
Canal Leosvstem Restoration Study arca for the No-Action Alternative. Model results

precict that the Gowanus Pump Station upgrades sigmficantly reduce C°SOs in the

ASSCSSNMICNL arcd.
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Table 4-1 Gowanus Bay and Canal Summary of Projected Discharges tor
I No-Action Alternative "
Discharge i Percent of Number of €S0
I Outfadl Valuine (MG -; Total CSO Diﬂhm‘.ﬁi} Fxents
o= !
I RH-134 ; 3016 68 i 157 I
SR 7584 ; oE i
I oleso 2717 ' i u.
O1-006 [FEN 01 1
RAL03L URE] S 1
I RiH-035 0o 6l
Ri1-D36 I 50 0w i v
I OH-023 6! " .
D03 0160 o <
I Ril-038 094 s 13
REI0AT 0 50 . 12
RH-033 a2l Y §
: Tolal CS0 : 238 81 100 47
I L |
O11-60] L2340 NA NA
0008 : a7 NA N A
i OH-602 727 NIA NOA
RI-032 154 MiA N A
I OH-00 MiA NA N
Ol022 NiA NA N A
I 030 A NA N A
Tutal Starmeanes (ECAE NA NA
I Tatal Discharge 377.99 NIA ' NA
More: .
: i1y Projechion condition reflecls representilive annual prectation cecord (JEK, 988y and sanitary ows projected (o7 year
I 2035 a1 Red Hoak WPCT (13 MG and Owls Hlead WECY 1119 MGD) :
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The mmplementation of  the No-Action Alternative (DEFP’s Gowanus Canal
Waterbody Watershed Facility Plan) 1s expeeted to result in the highest fish and aquatic
fe uses that can be reasonably attwimed.  The No-Action Alternative will assure
compliance with current Class SD dissolved oxveen standards for fish survival within
Gowanus Canal. - Tull numerical achevement of higher levels of uses appears to be
unattainable. The No-Action Alternative will improve conditions above those currently
achieved. With the Flushing Tunnel in service and operating without  disruption.
Gowanus Canal can be considered to support o fish-survival level of water quality and

generally higher levels of uses most of the time.

Iigure 4-2 depicts profiles of the model predicted averaee and mmimum dissolved
oxveen conditions along the centerline of the Gowanus Bay and Canal, and the applicable
NYSDEC standards Tor the two waterbodies.  As shown, the annual average dissolved
oxveen conditions for the No-Action Alternative are above the NYSDEC standards in
both the Bay and Canal.  Tlowever, the standards require that dissolved oxygen
concentrations be “never-less-than™ the limutng standards, and a closer fook at the
minimum dissolved oxygen concentrations profile shows that exeursions ol water quality
stanclards are projected to occur occasionatly 11 some locations of Gowanus Bay. The
following discussions address how frequently water-quality excursions can be expected o
veeur and provide a comparison with water quahity standards 1o anatyzc the potential for

atttunment of higher Ievels of use protection.

INSERT Figwre 4-2 Gowanus Bay and Canal Dissolved Oxygen Projections for No-

Action Alternative

[lgure 4-3 presents a [requency analysis for compliance with water-quality standards
under the No-Action Alternative, Lach ol the three panels represents comphance with a
dilferent dissolved-oxvgen standard; the top paned with Class SD (never less than 3.0
mg/L), the middle panel with Class T (never less than 4.0 mg/1), and the bottom panel
with Class SB/SC (never less than 5.0 mgT). In cach case, the “complianee™ values
represent the pereentage of time that the mimmum-caleulated dissolved oxyeen values
meet or exceed the water-quality standard. At this thme. Gowanus Canal 18 subject o

Class SD standards, whtle Gowanus Bay s subject 1o Class T standards.

Fhe top panel of Frgure 4-3 shows that the apphcable the Class SD dissolved  oxygen

standard (never-less-than 3.0 mg/ 1) wiil be met 100 percent of the time withim both
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Gowanus Canal and Gowanus Bav. The best usage of Class SID waters is [1shing, henee,
compliance with this standard suggests that fish survival and {ishing activities will be

protected for Gowanus Canal as well as Gowanus Bay.

Fhe second panel of Figure 4-3 presents a comparison of model-projected minimum
dissalved oxyeen to the Class [ dissolved oxygen standards (never less than 4.0 me/L).
This comparison shows that the No-Action Altemative is expected 1o achieve Class |
standards in Gowanus Bay with the cxception of the region where Gowanus Bay
converges with Gowanus Canal. where a minimum compliance of 98.8 percent 1s
projected.  In addition, the model results also show the upper reaches of the Canal, from
the head end to approximately Hamilton Avenue, will also mecet Class | dissolved oxygen
standards. Although Gewanus Canal 1s considered ta be Class SD and Class T standards
arc not apphicable, waler guality is expected 1o be correspondingly protecuve of the Class
I uses throughout the Canal Tor at feast 93% of the time. The best usages of Class i
waters are secondary contact reercation and shing. This classification aiso requires that
the waters shall be suitable for fish propagation and survival.  The projected compliance
willl dissolved oxygen standards above the minimum of 98 5% m Gowanus Bayv suggests
that fish propagation and survival will be protected almost all of the time for an average

precipiiation year.

[he third panel of Figure 4-3 presents a comparison ol model-projected mimimum
dissolved oxyvgen o Class SB/SC standards.  Class SB/SC waters provide for uscs
including primary  and  sccondary contact recreation and  fishing, as well as fish
propagation and survival, Projected compliance with Class SB/SC standards 1s limited to
a maximum of approximately 90% at the boundaries (Upper New York Harbor and
Buticrmilk Channel) and for this reason the head of Gowanus Canal and the convergence
of Gowanus Bay with the New York [Harbor are also lunited to this value, It should be
noted that even at the most eritical dissolved oxygen location i the Canal, approximalely
7.000 feer from the head end, comphance with Class SB/SC standard 15 expeeted for
aboul 75 percent of the tune. [ence, protection of aquatic hife consistent with Class
SBSC classihication can also be expected for most of the thme in an average-precipitation

Veur,

INSERT: Figure 4-3 Gowanies Bay and Canad NYSDEC Dissolved Oxvgen Complianee

Projections for No-Acrion Alternarive



Stee there 1s no reercational use classification of Gowanus Canal, there are no nuniericil
recreatronal-use  water-quality standards applicd to the waterbody.  THowever, as
previously mentioned. the Class Tdestgnation 15 imtended Lo protect secondary recrcation
acuvities. and standards protecting this use are applicable te Gowanus Bav. The State ol
New York delines sceondary contact recreation as reercational activities where contact
with the waler 18 minimal and where igestion of the water 1s not probable. Sccondary
contact reercation inchudes, but 1s not limited to, fishing and boating.  Numcrical water
quality standards for Class [ walers for total and fecal coliform require that total colitorm
must have o monthly geometrie mean of less thann 10,000 MPNA100 ml from a mnimum
of five exammations, and fecal coliform must have 1 monthly geometrnie mean of less

than 2,000 MPN/TOO mL from a minimuim of {ive examinations.

Figure 4-4 presents comphiance with various standards of the projected total coliform
comcentrations under the Ne-Action Alternative. The top pancl of Fraure 4-4 presents
complizance with sccondary contact recreation standards; the middle and boltom pancels
present comphiance with primary contact recreation standards (median and upper limit,
respectively).  Although primary contact standards are not applicable to Gowanus Bay
and Canal. Class SB/SC s intended 1o protect primary reereation activitics, The State of
New York defines primary contact recreation as reercational activities where the human
body may come m dircet contact with ambient water to the pomt of complete bady
submergence. Primary contact recreation meluwdes, but 1s not hmited Lo, swimming.,
diving, water skimg. skin diving, and surfing.  Numerical water quality standards for
Class SI3SC waters require that total cohiform must have a monthly median value of less
than 2,460 MPEN/10O mL from a munmumm of {ive exammations, and more than 20
percent of the samples from a muimmum of five exammnations must he less than 5,000
MEN/TO0 mil, and fecal coliform must have a monthly geomcetric mean of less than 200

MPNGO mT. ivam a mmnimum of {1ve examimnations.

As shown m the top panel of Figure 4-4, the model projections suggest that protection of
sccondary contact reercation will be achieved by the No-Action Alternative all of the time
for an average precipitation year i both Gowanus Canal and Gowanus Bay,  This

satishies the standards applicable for Gowanus Canal

The muddle and Tower panels of Frgure 4-4 show that the No-Action Allernative 18
expected o result i 100 percent compliance with primary contact colifornn standards

(both median and upper Tty during an average precipitation vear.



INSERT: Figure 4-4 Gowanus Bay and Canad NYSDEC Towd Coliform Compliaiice of

No-:lction Alrernaiive

The narrative water quality standards address [Toatables, settleable solids, odors and other
acsthetics that pritnarily affect aesthetic waterbady uses. The No-Action Alternative will
not be compiiant with the “ne™ or “nonc™ hmits for some of these parameters. However,
the levels of acsthetie use attained by the No-Action Alternative {that 1s, DEP’s selected
Waterbody/ Watershed  Facrlity Plan) represent a cost-effective plan for achieving the
highest reasonably attaimable acsthetic uses. Reductions n the expected volumes of SO
discharges with the nuplementation of the No-Action Alternative will correspond to
similar reductions i discharged floatables. suspended solids and scattleable solids Lo

Gowanus Bay and Canal.

With respect o floatables. bevond the reduction of CSO discharges, the sereening of
discharges from the Gowanus Pump Station (RE-034, which represents the largest SO
by volume i the assessment area) and improvements to OFH-007 (the sceond largest €SO

by volume) will further significantly reduce floatables discharacs.

With respeel to settleable solids, analyses of the projected sedimentation ol scattleable
solids mdicate that a sigmficant reduction m scdimentation and the accumulation of
sediment at the bottom ol the canal can be expected, particularty for the arcas located near
the head of Gowanus Canal (m the vicinity of the RI1-034 outfall and the outlet of the
Gowanus Canal Flushing Tunncl)) The reduction of sedimentation can be attnbuted to @
combination of factors. The reduction in discharged CSO volumes will also decrcase the
amount of setleable solids discharged into the canal. In addition, the flushing action of
the upgraded Gowanus Canal Flushing Tunnel will increase horizomal velocity profiles
and will therebhy help to reduce settling m the canal itselt. The resuling transport of
solids will result 11 a more even distnbution of scttlcable solids within the Canal and Bay

and will also help to transport solids into the open waters beyond the assessment arca.

The model-projected pattern of” sedimentation under the No-Action Alternative 1s shown
Figure 4-5. The calcolated sedimentation rate for the arces near the head end of the Canal
for the No-Action Alternative is roughly 7 mmisr and as mueh as nearly 9 mm'yr Tor

areas approximately 3,500 feet from the head.

)
—



INSERT: Figure 4-3 Gowanus Bav and Canal No-Action Alternaine Sedimeiniation
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Figure 1-1
Gowanus Bay and Canal Ecosystem Restoration Study Area
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Calculated Upper East River Annual and Seasonal CSO/Stormwater Discharges Using
JFK Rainfall, 1970-2002
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Figure 2
Land Uses in the Gowanus Bay and Canal Watershed
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Major Sewer System Components Within Gowanus Watershed Area
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Major Sewer System Components of Red Hook and Owls Head Watershed Models
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Figure 2-13
Red Hook Watershed Model Calibration (September 22-23, 1995)
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Figure 3-2

Receiving Water Monitoring Locations in Gownaus Bay and Canal
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Figure 3-3
Gowanus Bay and Canal Conditions Before the Reactivation

of Gowanus Canal Flushing Tunnel
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Reactivation of Gowanus Canal Flushing Tunnel
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Gowanus Bay and Canal Conditions After the
Reactivation of Gownaus Canal Flushing Tunnel




\%_\%
/\ :

\\\ X‘/ \

s Gowanus Canal Flushing Tunnel

[ Study Area

B G & o &5 S S .S b D BB D &=

Figure 3-6
Gowanus Bay and Canal Receiving Water Model Segmentation
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Figure 3-7
Gowanus Bay and Canal Data Sampling Stations Used for Hydrodynamic Analysis
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Figure 3-8

Boundaries for Gowanus Bay and Canal Hydrodynamic Calibration
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Meteorological Conditions for Gowanus Bay and Canal Hydrodynamic Calibration
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Figure 3-11
Gowanus Bay and Canal Temperature Calibration
June 12-26, 1989
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Figure 3-12

Gowanus Bay and Canal Temperature Calibration
July 5-19, 1989
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Figure 3-13
Gowanus Bay and Canal Temperature Calibration
August 8-22, 1989




TEMPERATURE (C) TEMPERATURE (C) TEMPERATURE (C) TEMPERATURE (C)

TEMPERATURE (C)

w
2
o

e "7 Distance = 131 ft. Station GW1. ]
L W . S T - - N oy .
1B.oj/\f\/w AT By @@JW' ?x}i ]
12.0]
6.0
00lr., : . X . kA g Liasi . .
30.0
24.0
18.0
12.0
6.0
00lsy ) N P TS W S S S SN i T T L T

30.0

R " Distance = 5484 ft. Station GW3. ]
24.0
18.0 vy
12.0[
6.0
0.0- L 1 1 /| 1 dben b a a2 L o o a L o i ' i A A 1 1
30.0 T T T T T T T T T T Ty T LI L BN T T T T
I Distance = 9956 fi. Stations GW4, G2.
24.0]
e e e e et
18.01
12.0.
6.0
00 ka1 1 1 J L A L a sl i 1 s i 1 . L PR P
300 T . . S ——————————
Distance = 11433 ft. Stations GWS5, G1.
240
18.0] e =
12.0 OBSERVATIONS MODEL
Harbor Inner Layer1 (Surface) |
Py r Survey Harbor Layer4 (Upper-Mid)
: v S  Surface Layer7 {Lower-Mid) 1
] A B Bottom Layer10 (Bottom)
0.0 1 | Loaog 3 a a2 b L a L s 1 POl PP | P Y 1 1 P |

9/15 9/16 9/17 9/18 9119 9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27 9/28 9/29 9/30

September 1989

Figure 3-14

Gowanus Bay and Canal Temperature Calibration

September 15-29, 1989
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Figure 3-15
Gowanus Bay and Canal Salinity Calibration
June 12-26, 1989
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Figure 3-16
Gowanus Bay and Canal Salinity Calibration
July 6-19, 1989
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Figure 3-17
Gowanus Bay and Canal Salinity Calibration
August 8-24, 1989
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Gowanus Bay and Canal Salinity Calibration
September 15-29, 1989
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Figure 3-19
Gowanus Bay and Canal Dye Calibration (1 of 2)
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Figure 3-20

Gowanus Bay and Canal Dye Calibration (2 of 2)
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Figure 3-28
Calculated and Observed DO Concentrations
Gowanus Canal Calibration: June 12-16, 1989
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Figure 3-29
Calculated and Observed DO Concentrations
Gowanus Canal Calibration: July 6-9, 1989
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Figure 3-30
Calculated and Observed DO Concentrations
Gowanus Canal Calibration: August 15-18, 1989
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Figure 3-31

Calculated and Observed DO Concentrations
Gowanus Canal Calibration: September 25-28, 1989
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Figure 3-33
Calculated and Observed Total Coliform Concentrations
Gowanus Canal Calibration: June 12-16, 1989
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Figure 3-34

Calculated and Observed Total Coliform Concentrations

Gowanus Canal Calibration: July 6-9, 1989
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Figure 3-35

Calculated and Observed Total Coliform Concentrations
Gowanus Canal Calibration: August 15-18, 1989
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Figure 3-36

Calculated and Observed Total Coliform Concentrations
Gowanus Canal Calibration: September 25-28, 1989
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Gowanus Bay and Canal NYSDEC Dissolved Oxygen Compliance of No-Action Alternative
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Figure 4-4
Gowanus Bay and Canal NYSDEC Total Coliform Compliance of No-Action Alternative
{Based on Calendar Year)
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