Caswell F. Holloway

Commissioner
cholloway@dep.nyc.gov

59-17 Junction Boulevard
Flushing, NY 11373

(718) 595-6565 tel
{718} 595-3525 fax

January 21. 2010

Mr. William Adriance

Chief Permit Administrator

Division of Environmental Permits

New York State Department of Environmental Conservation
625 Broadway, 4th Floor

Albany, New York 12233-1750

Dear Mr. Adriance:

Enclosed are four copies of New York City’s application for a Public Water
Supply Permit. The Permit is being sought to continue the City’s watershed
Land Acquisition Program, currently operated under Water Supply Permit
#0-9999-00051/00001. The Permit Application sets forth the critical role that
DEP’s Land Acquisition Program plays in ensuring the continued high
quality of the City’s drinking water supply.

Attachment A to this letter provides an annotated list of application
components. The list derives from DEC’s web site
(hitp:/www dee.ny gov permits'0377. html) and was discussed by DEC and
DEP during a pre-application meeting on December 17, 2009.

Attachment B to this letter contains information requested in the instructions
for the Supplemental W-1 Form.

If you have any questions on his matter please do not hesitate to contact me.

Sincerely, z’

cc:  Roger Sokol, NYS Department of Fealth
31

Phil Sweeney, US Favironmental Protection Agency

Dennis Lucas, Coalition of Watershed Towns



Attachment A

Permit Application Exhibits

The following components are included in the application unless as referenced pursuant to and in
agreement with a discussion between NYC DEP and NYS DEC on December 17, 2009.

Exhibit
1

2

3a&b

Sa&b

9a& b

10

11

Other Components:

Description
Project Authorization

General Map
USGS Topographic Maps, or equivalent

Detailed profiles of the proposed facilities: Not applicable; confirmed
by DEC.

Detailed contract plans and specifications: Per DEC’s request, this
consists of DEP’s standard purchase contracts for acquisition of fee simple
(5a) and conservation easements (5b).

Engineer’s Report

Maps showing the lands to be acquired: Per DEC’s request, this section
provides a narrative discussion regarding the Land Acquisition Program
and refers to maps submitted in Exhibits 2, 3a, and 3b; it includes DEP’s
Long-Term 2012 — 2022 Land Acquisition Plan.

Cost Estimate

Water Quality Analyses: 2008 Watershed Water Quality Annual Report
(9a) and 2008 Drinking Water Supply and Quality Report (9b)

Proposed Treatment Methods

Project Justification: includes the following items:
Public necessity

Consideration of other supplies

Work is proper and safe

Sufficient supply

Supply is protected

Just and equitable to residents

Fair and equitable compensation
Conservation program.

IS

For e ac

Description
SEQR Compliance: to be submitted under separate cover.

SHPA Compliance

Water Conservation Program Form: per agreement with DEC, this
component consists of DEP’s 2006 Water Conservation Program Report,
not the Water Conservation Program Form.



Attachment B

Other Permit Application Information

1) Name and location of a suitable place in which to hold a public hearing should one
prove necessary

The City will determine the number and specific location of one or more sites to hold
public hearings in consultation with NYS DEC as the permit review process unfolds.

2) Applicant’s Attorney

Robin Levine

General Counsel, NYC DEP

59-17 Junction Boulevard, 19" Floor
Flushing, NY 11373

(718) 595-6586

3) Applicant’s Engineer

Paul V. Rush, P.E.

Deputy Commissioner, NYC DEP Bureau of Water Supply
P.O. Box 358

Grahamsville, NY 12740

(845) 985-2275

4) Other Consultants

The applicant has retained the services of Appleseed. Inc. as its consultant for the
environmental review connected with this application. Their contact information is as

follows:

Appleseed, Inc.

Hugh O’Neill, President
80 Broad Street, 13" Floor
New York, NY 10004
(212) 964-9711



Lo

New York State

Department of Environmental Conservation {DEC)
Office of General Services (OGS)

Department of State (DOS)

Type or print clearly in ink. Incomplete or inaccurate information
may delay processing and a final decision on your application.
Individual Agencies may request that you submit additional
information to complete your application.

PERMITS REQUESTED Check all Permits/Determinations
requested from all the listed Agencies.

Separate authorizations or determinations of no permit
required must be received from each Agency in accordance
with their jurisdiction prior to initiation of work.

The applicant is responsible for obtaining any other federal, state
or local permits or other approvals.

APPLICANT / OWNER / CONTACT INFORMATION AND
SIGNATURES  Signatures of the Applicant, Owner and Agent,
where applicable, are required.

Applications by a Corporation must be signed by a member of the
board of directors or a “high managerial agent” of the corporation
as that term is defined in the § 20.20 of the Penal Law; a
Partnership by a general partner; a Sole Proprietorship by the
proprietor; a Limited Liability Company by member or manager in
accordance with the LLC's articles of organization as filed with the
Secretary of State.

Applications by a State Agency must be signed by a person duly
designated by the commissioner or other agency head.
Applications by Municipalities (counties, cities, towns and villages)
and Public Corporations must be signed by the chief executive
officer, the head of a subordinate agency or department, or a
person duly designated by the chief executive officer.

Construction or work contractors may serve as a contact/agent on
behalf of the applicant, but cannot be identified as the applicant or
prospective permittee should a permit be issued.

PROJECT / FACILITY LOCATION INFORMATION  Location
Coordinates are expressed in New York Transverse Mercator
(NYTM) units (l.e., UTM Zone 18 expanded to encompass the entire
state) based on the North American Datum 1983, or Latitude and
Longitude. If you are able to supply accurate coordinates, please
do so. Coordinates may be obtained from DEC’s online
Environmental Resource Ma er
(www.dec.ny.gov/animals/38801.html), using the Identify| § [tool.

PROJECT DESCRIPTION AND PURPOSE Provide a complete
narrative description of the proposed work and its purpose. Attach
additional page(s) if necessary.

REQUIRED APPLICATION ATTACHMENTS
trach and submit the following to each involved Agency:

1} LOCATION MAP A US Geclogical Survey (USGS) Quadrangle
Man, or equivalent identifying the project location. The map
should include wetlands, seasonally wet streams and ditches.
An acceptable location map may be obtained from DEC’s online
Environmental Resource Mapper (www. dec.ny. gov/animals,
38801 htmi), using the Printer g tool.

PROJECT PLANS A sketch plan view and cross-section drawn
to scale with dimensions given, or engineering drawings
showing location and extent of work. Note from which direction
the photographs required in (3) are taken.

)
St

JOINT APPLICATION FORM ~ INSTRUCTIONS

For Permits/Determinations to undertake activities affecting streams,
waterways, waterbodies, wetlands, coastal areas and sources of water supply.

US Army Corps of
Engineers (USACE)
New York District
Buffalo District

3) PHOTOGRAPHS At least 3 color photographs, taken from
multiple directions, that clearly depict the site of the proposed
actlvity, including any existing structures on the site, and the
area surrounding that site. Indicate the time and date when
taken.

OTHER REQUIREMENTS
For NY State Agencies - State Environmental Quality Review Act
regulations (SEQR), 6 NYCRR Part 617
(www.dec.ny. gov/regs/4490. htmi) -
a) If the project Is an Unlisted Action, submit a completed
Part 1 of a Short Environmental Assessment Form. *
b) If the project is a Type 1 Action, submit a completed Part
1 of a Full Environmental Assessment Form. *

For NYS DEC Only - Complete the Permission to Inspect
Property Supplement * to provide consent for DEC inspection.
Failure to grant consent can be grounds for, and may result in,
permit denial.

For USACE/NYS DOS - If the project requires a federal permit
and lies within or affects the Coastal Zone (see the DOS Coastal
Area Maps at www.nyswaterfronts,com/maps_regions.asp), submit
a completed Federal Consistency Assessment Form (available at
www . nyswaterfronts.com/consistency_federal.asp) to NYS DOS
with a copy to USACE.

For USACE Section 404 Clean Water Act permits and specific
Nationwide permits - a 401 Water Quality Certification must be
obtained from NYS DEC.

For Adirondack Park - If the project is within the Adirondack
Park, to determine permitting applicability contact -
NYS Adirondack Park Agency, 1133 NYS Rte 86, PO Box 99,
Ray Brook, NY 12977 (518) 891-4050 www.apa.state.ny.us

SPECIAL SUPPLEMENTS AND REQUIREMENTS
FOR SPECIFIC PERMIT APPLICATIONS

Applications for . . . must be accompanied by . . .
¢ Dams and Impoundment

Structures . ........... Supplement D-1 *
¢ Docks and Moorings .. ... Supplement D-2 *
e Water Supply . ......... Supplement W-1 *
e Long Island Well .. ... .. Regional specific supplement *

¢ Wild, Scenic and Recrea-
tional River Systems
¢ Aquatic Vegetation, Aquatic
Insect, and Fish Control . . Category specific form
available at NYS DEC offices and at www.dec.ny.gov/
chemical/8530 html. Submit applications to the NYS DEC
regional office, Attn: Bureau of Pesticides.

Supplement WSR-1 *

¢ USACE Section 404 Clean Water Act, and DEC Freshwater
Wetlands and Tidal Wetlands . . . Applications to disturb a
wetiand or waterway by placing fill or performing mech-
anized land clearing, ditching, channelization, dredging, or
excavation activities should provide a discussion of prac-
ticable alternatives considered to avoid, minimize and/or
mitigate the proposed proiect impacts. Particular justification
sheuld be given as to why the alternatives are not suitable,

* Forms are available at NYS DEC offices and at
www dec.ny.gov/permits/6222 himi

JOINT APPLICATION FORM INSTRUCTIONS 05/08
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SUBMISSION OF APPLICATION FORMS AND ATTACHMENTS

Separately mail the completed application to each involved Agency based on project location and permit(s) requested.
For DEC - Mail 3 copies of Pages 1 and 2 of the Application Form and 3 copies of all required attachments.
For Other Agencies - Mail 1 copy of Pages 1 and 2 of the Application Form and 1 copy of all required attachments.

AGENCY CONTACT INFORMATION

JOINT APPLICATION FORM INSTRUCTIONS - PAGE 2 OF 2

NYS Department of En

Location of Regional Offices

£ Regional @ Regional
Office Sub-Office

NYS DEC REGION 1

Regional Permit Administrator
SUNY @ Stony Brook

50 Circle Road

Stony Brook, NY 11790-3409
(631) 444-0365

email: rldep@gw.dec state.ny.us

NYS DEC REGION 2

Regional Permit Administrator

1 Hunter's Point Plaza

47-40 21st Street

Long Island City, NY 11101-5407
(718) 482-4997

email: r2dep@gw.dec.state.ny.us

vironmental Conservation

www dec.ny.qov

- Adirondack
Park

p

NYS DEC REGION 3

Reglonal Permit Administrator

21 South Putt Corners Road

New Paltz, NY 12561-1620

(845) 256-3054

email: r3dep@gw.dec.state.ny.us

NYS DEC REGION 4

Regional Permit Administrator
1130 North Westcott Road
Schenectady, NY 12306-2014
(518) 357-2069

email: rddep@qgw.dec.state.ny.us

NYS DEC REGION 4 Sub-Office
Regional Permit Administrator
65561 State Hwy 10

Stamford, NY 12167-9503

(607) 652-7741

email: rddep@gw.dec. state.ny.us

NYS DEC REGION 5

Regional Permit Administrator

PO Box 296

1115 Route 86

Ray Brook, NY 12977-0296

{518) 857-1234

email: rSdep@gw.dec.state.ny.us

NYS DEC REGION 5 Sub-Office
Reglonal Permit Administrator

PO Box 220

232 Golf Course Rd

Warrensbhurg, NY 12885-0220
(518) 623-1281

email: rS5dep@qgw.dec.state.ny.us

NYS DEC REGION 6

Regional Permit Administrator
317 Washington Street
Watertown, NY 13601-3787
(315) 785-2245

email: rédep@gw.dec.state.ny.us

NYS DEC REGION 6 Sub-Office
Regional Permit Administrator
207 Genesee Street

Utica, NY 13501-2885

(315) 793-2555

email: rédep@gw.dec.state.ny.us

NYS DEC REGION 7

Regional Permit Administrator
615 Erie Blvd West

Syracuse, NY 13204-2400

(315) 426-7438

email: r7dep@gw . dec.state.ny.us

NYS DEC REGION 7 Sub-Office
Regional Permit Administrator
1285 Fisher Avenue

Cortland, NY 13045-1090

(607) 753-3095

email: r7dep@qgw dec.state.ny.us

NYS DEC REGION 8

Regional Permit Administrator
6274 E. Avon - Lima Road

Avon, NY 14414-3519

(585) 226-5400

email: r8dep@gw.dec.state.ny.us

NYS DEC REGION 9

Regional Permit Administrator
270 Michigan Avenue

Buffalo, NY 14203-2915

(716) 851-7165

email: r9dep@gw.dec.state.ny.us

NYS DEC REGION 9 Sub-Office
Regional Permit Administrator
182 East Union, Suite 3

Allegany, NY 14706-1328

(716) 372-0645

email: r9dep@gw.dec.state. ny.us

US Army Corps of Engineers

For DEC Regions 1, 2 and 3

US Army Corps of Engineers NY District

ATTN: Regulatory Branch

26 Federal Plaza, Room 1937

New York, NY 10278-0090

emaif: CENAN.PublicNotice@usace . army.mil
For DEC Regions 1, 2, For the other counties
Westchaster County and of DEC Region 3 -
Raockiand County - {317} 790-8411

{9173 790-8511

WWW,Usace army.mil

For DEC Regions 4, 5

Department of the Army

ATTN: CENAN-OP-R

NY District, Corps of Engineers
1 Buffington Street

Building 10, 3™ Floor

Waterviiet, NY 12189-4000

{518} 266-6350 - Permits team
{518) 266-6360 - Compliance Team
email: cenan.rfo@usace.army.mil

For DEC Regions 6, 7, 8, 9

US Army Corps of Engineers
Buffalo District

ATTN: Regulatory Branch

1776 Miagara Street

Buffalo, NY 14207-3199

(716) 879-4330

email: LRB.Reguiatory@usace. army.mil

NYS Department of State
Division of Coastal Resources
Consistency Review Unit

Cne Commerce Plaza

99 Washington Ave, Suite 1010
Albany, NY 12231-00001

(518) 474-6000

www. nyswaterfronts com

Statewlide

NYS Office of General Services

Real Estate Development - Land Management
Corning Tower, 26" Floor

Empire State Plaza

Athany, NY 12242-0001

(518) 474-2195

wWww.ogs. state.ny.us

Statewide

JOINT APPLICATION FORM INSTRUCTIONS 05/08
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JOINT APPLICATION FORM
For Permits/Determinations to undertake activities affecting streams, waterways
waterbodies, wetlands, coastal areas and sources of water supply.

Separate Permits/Determinations must be obtained from each involved agency
prior to proceeding with work. Please read all instructions.

New York
State

US Army Corps of
Engineers (USACE)

1. Check All That Apply:

NYS Department of Environ-
mental Conservation

D Stream Disturbance

[:] Excavation and Fill in Navigable

Waters
D Docks, Moorings or Platforms

D Dams and Impoundment

Structures
[[] 401 water Quality Certification

[:[ Freshwater Wetlands

[:] Tidal Wetlands

[ ] Coastal Erosion Management

D Wild, Scenic and Recreational
Rivers

Water Supply

[:] Long Island Well
[:] Aquatic Vegetation Control

Aguatic Insect Control

Fish Control
US Army Corps of Engineers
ESection 404 Clean Water Act

Section 10 Rivers and Harbors

Act
D Nationwide Permit(s) - Identify

2. Name of Applicant (use full name)
City of New York

Applicant must be (check all that appiy):

Qwner Operator [:] Lessee

Street Address

Taxpayer 1D (If applicant is NOT an individual):

Dept. of Environmental Protection, $n . .

59-17 Junction Boulevard 13-6400434

Post Cffice City State Zip Code  Telephone (daytime) Email

Flushing NY 11373 718-595-6586 RobinL@dep.nyc.gov

3. Name of Facility or Property Owner, if different than Applicant

Street Address

Post Office City State Zip Code

Telephone (daytime)

Email

4. Contact/Agent Name
pavid Warne, Assistant Commissioner

Company Name
NYCDEP, Bureau of Water Supply

Street Address
465 Columbus Avenue

Post Office City

Valhalla NY

10595

State Zip Code Telephone (daytime)
914-~742-2099

Email
dwarne@dep.nyc.gov

5. Project / Facility Name
New York City Watershed

Property Tax Map Section / Block / Lot Number

See Exhibits 2, 3a and 3b

Project Location - Provide directions and distances to roads, bridges and bodies of waters:

Number(s):
Preconstruction Notification -

Ov /O

NYS Office of General Services
(State Owned Lands Under Water)

Street Address, if applicable

State
NY

Post Office City

Zip Code Telephone, if applicable

Email

Town / Village / City County

D Utility Easement (pipelines,
conduits, cables, etc.)

D Docks, Moorings or Platforms

Name of USGS Quadrangle Map Stream/Water Body Name

NYS Department of State

Coastal Consistency Location Coordinates: Enter NYTMs in kilometers, OR Latitude/Longitude in degrees, minutes, seconds

NYTM-E MNYTM- N Latitude Longitude

Concurrence

6. If applicant is not the owner, both must sign the application. I hereby affirm that information provided on this form and all attachments submitted
herewith is true to the best of my knowledge and belief. False statements made herein are punishabie as a Class A misdemeanor pursuant to
Section 210.45 of the Penal Law. Further, the applicant accepts full responsibility for alt damage, direct or indirect, of whatever nature, and by
whomever suffered, arising out of the project described herein and agrees to indemnify and save harmiess the State from suits, actions, damages
and costs of every name and description resulting from said project. In addition, Federal Law, 18 U.S.C., Section 1001 provides for a fine of not
more than $10,000 or imprisonment for not more than 5 years, or both where an applicant knowingly and willingly falsifies, conceals, or covers
up a material fact; or knowingly makes or uses a false, fictitious or fraudulent statement.

Sighatire of Apg (/f’ e {5{%%‘&{@{% Narme Date

Seoran’d v e Coseosfri b, Ha it sa~y gf“"‘ﬁ"’f@
ETgRature of Owiter” Printed Name i Date
Printed Name Title Date

Signature of Agent

For Agency Use Only  DEC Application Number: USACE Number:

JOINT APPLICATION FORM 05/08 Application Form Page 1 of 2




JOINT APPLICATION FORM - PAGE 2 OF 2
Submit this completed page as part of your Application.

7. Project Description and Purpose: Provide a complete narrative description of the proposed work and its purpose. Attach additional page(s)
if necessary. Include: description of current site conditions and how the site will be modified by the proposed project; structures and fill materials
to be installed; type and quantity of materials to be used {i.e., cubic yds or square ft of fill material below ordinary high water, or of structures
below mean high water); area of excavation or dredging, volumes of material to be removed and location of dredged material disposal or use; work
methods and type of equipment to be used; pollution control methods and mitigation activities proposed to compensate for resource impacts; and

where applicable, the phasing of activities,

See Exhibits 7 & 13

Proposed Use: D Private Public D Commercial  |Will Project Occupy Federal, State or Municipal Land? m Yes =] nNo
If yes, please specify.

Has Work Begun on Project? Yes [_]No 1f Yes, explain.

Proposed project is a continuation of the acquisition program authorized under WSP #0-9999-00051/00001

Proposed Start Date: January 21, 2012 Estimated Completion Date: January 20, 2022

8. List Previous Permit / Application Numbers (if any) and Dates:
Public Water Supply Permit #0-9999-00051/00001

9. Will this project require additional Federal, State, or Local Permits D Yes E No If Yes, please list:
including zoning changes?

10. Based on the permits and determinations requested and project location, check all the boxes corresponding to each of the Agencies and Offices
to which you are filing an application. For Agency addresses and areas covered, refer to the Agency Contact Information on the Application

Instructions - Page 2.

D NYS Department of Environmental Conservation

REGION 1 Stony Brook | |REGION 5 Ray Brook DREGION 7 Syracuse

REGION 2 Long Island City - REGION 5 Warrensburg Sub-Office REGION 7 Cortland Sub-Office
REGION 3 New Paitz i REGION 6 Watertown REGION 8 Avon
REGION 4 Schenectady DREGiON 6 Utica Sub-Office REGION 9 Buffalo

REG!ON 4 Stamford Sub~Office REGION 9 Allegany Sub-Office

D US Army Corps of Engineers [] NYS Department D NYS Office of General
[[Jnv oistrict, nvc - [N oistrict, waterviiet [ ] Buffalo District of State Services

For Agency Use Only DETERMINATION OF NO PERMIT REQUIRED

Agency Project Number
has determined that No Permit is required from this Agency for the project described in

(Agency Name) this application.

Title

Agency Representative: Name (printed)

Date

Signature

JOINT APPLICATION FORM 05/08 Application Form Page 2 of 2




New York State
Department of Environmental Conservation

el
N 4
PERMISSION TO INSPECT PROPERTY

By signing this permission form for submission with an application for a permit(s) to the
Department of Environmental Conservation ("DEC"), the signer consents to inspection by DEC
staff of the project site or facility for which a permit is sought and, to the extent necessary, areas
adjacent to the project site or facility. This consent allows DEC staff to enter upon and pass
through such property in order to inspect the project site or facility, without prior notice, between
the hours of 7:00 a.m. and 7:00 p.m., Monday through Friday. 1f DEC staff should wish to conduct
an inspection at any other times, DEC staff will so notify the applicant and will obtain a separate
consent for such an inspection.

Inspections may take place as part of the application review prior to a decision to grant or
deny the permit(s) sought. By signing this consent form, the signer agrees that this consent
remains in effect as long as the application is pending, and is effective regardless of whether the
signer, applicant or an agent is present at the time of the inspection. In the event that the project site
or facility is posted with any form of "posted" or "keep out" notices, or fenced in with an unlocked
gate, this permission authorizes DEC staff to disregard such notices or unlocked gates at the time

of inspection.

The signer further agrees that during an inspection, DEC staff may, among other things,
take measurements, may analyze physical characteristics of the site including, but not limited to,
soils and vegetation (taking samples for analysis), and may make drawings and take photographs.

Failure to grant consent for an inspection is grounds for, and may result in, denial of the
permit(s) sought by the application.

Permission is granted for inspection of property located at the following address(es):
A

“% A, i e . }( ” £ %“} ;e et T O [ < - «Q

ty . S Y L3t v 8 s b G - 3 S A’ Ui

T i»{_jﬂ Lo i)gfﬁ«{ £ P ¢ »X\\ ‘*{,b;v Ao T N
H

=

By signing this form, I affirm under penalty of perjury that I am authorized to give consent
to entry by DEC staff as described above. [ understand that false statements made herein are
_ punishable as a Class A misdemeanor pursuant 10 Section 210.45 of the Penal Law.*

% :

e AN e ¥
v 5‘; LY Id i £ . i + 7 S ] . Y e PN 5
I i & & 7 H
Print Name and Title - Signature Date

*The signer of this form must be an individual or authorized representative of a legal entity that
«  owns fee title and is in possession of the property identified above;
»  maintains possessory interest in the property through a lease, rental agreement or other legally binding agreement; or
+ iz provided permission to act on behalf of an individual or legal entity possessing fee title or other possessory interest in
the property for the purpose of consenting fo inspection of such property,

Permission to Inspect Property Application Supplement 12/08



95-19.4 (JULY 2000}

©

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION FOR DEPARTMENT USE ONLY
ALBANY, NEW YORK, 12233-0001
APPLICATION NUMBER

WATER SUPPLY APPLICATION
Supplement W-1 for Public Water Supply Permit

READ THE INSTRUCTIONS ON PAGE 2 BEFORE COMPLETING THIS FORM

WSA NUMBER

PLEASE TYPE OR PRINT CLEARLY IN INK

1

PROJECT DESCRIPTION (INCLUDE LOCATION - for multipie well heads, identify and attach additional coordinates) COORDINATES

Land Acquisition in the watershed of the New York City water supply system - See Exhibits 7 and 11 NYTM-E
NYTM-N
2. PROJECT PURPOSE
Protection of the New York City water supply - See Exhibit 11
3 THIS PROJECT INVOLVES: (Check all that apply and, for each (lem checked. provide a brief description or identification)

Acquisition of land and conservation easements in the watershed of the New York City water supply system

ACQUISITION of exisling facilitics
D INSTALLATION of new facillies
D CHANGES in capacities of existing facilities

D ABANDONMENT of existing facilitias . e A= AR S

—
This project will invalve the laking of up to 0 l gallons of water D(por minute) D{ per day) from

4.
(Name of source)
Figure given represents D increase in laking, D lotal taking.
5 If certain exhibits are omilted or reduced in scope becouse of referonce lo documents submiltad wilh prior applications, list the exhibits so affected. idenlify the
prior application (by Water Supply Application Number and name of applicant) and specify the documanl(s) to be referenced.
EXHIBIT WSA NO. APPLICANT S NAME REFERENCED DOCUMENT(S)
Naot applicable

6. PROJECT AUTHORIZATION
This application must be accompanied by proof of adequate autherization for the proposed project. List below all exhibits documenting such authonzation, such as
resolutions. certificates of incorporation, contracts, referendum resulls, etc. (See Public Water Supply Program, Applicant’s Guide for further detalls))
See Exhibit 1
7. PROJECT JUSTIFICATION
By Ihe acl of signing thia application, the appiicant cortifies that each of the following slatutory conditions (s or wiil be satisfied, AND that a proper justification for
each i given in the specified exhibils attached o this application:
11 for tems 7a through 7h
A The proposed project 1s juslified by the public necessity See Exhibit(s)
B The proposed project lakes praper cansideration of other sources of supply rhal Are of may hecomo
avaiiable. Soe Exhibi(s)
G Al work and construclion connected with the proposed project will be proper and safe See Exhibit(s)
D. The supply will be adequate Sea Exhibit(s)
E There will bo proper prolection of the supply and watershed or propar treatmant of any additional
supply See Exhibil(s)
F  The proposed praject & just and equitable lo ail affecled municipaiities and thew inhabitants and n
particular with regard 10 thair present and fulure needs for sources of water supply San Exhibi(s)
G. Them is provision for fair and equitable delerminations of and payments of any direct and indirect
legal damages to parsons or proporty that wib result fram the acquisition of any lands in connechion
with the proposed project or from the axecution of the proposed project Sen Exhibit{s)
H  The applicant has developed and mplemented a waler conservation program in accordance with
local waler resource neads and conditions See Exhibil(s)
8 SEQR STATUS

A draft environmental analysis is being submitted under separate cover to DEC on January 21, 2010

SIG ﬂﬂtr__ ‘//ﬁ:ﬁf%__ Rt -~ /d
UF‘— > FA— .8 /9 ;




INSTRUCTIONS

1. Before completing this form, review carefully the Public Water Supply Program Applicants’ Guide. If more
room is needed to complete any item, an additional sheet may be used.

2. Four (4) copies of this form (WATER SUPPLY APPLICATION: Supplement W-1 for Public Water Supply
Permit) and four (4) copies of Form 95-19-3 (JOINT APPLICATION FOR PERMIT) must be completed, signed,
and submitted with all Water Supply Applications.

3. Applications must be in the name of the owner (or, in the case of acquisitions, the prospective owner) of
the water supply system involved; except that applications from town or county water districts (or equivalents)
should show the name of the district as the applicant. (See the detailed instructions for completing
Supplement W-1 in the Applicants’ Guide.)

4. For applications submitted by counties, cities, towns, and villages, forms must be signed by the Chief
Executive Officer thereof or by a specifically authorized deputy.

5. All Water Supply Applications must include a completed Water Conservation Program Form demonstrating
that the applicant has developed and implemented a water conservation program in accordance with local
water resource needs and conditions.

6. Locate and describe all facilities and service areas on appropriate maps and plans. If your application
involves groundwater wellhead(s) and/or surface water intake(s), record the coordinates in item No.1 of this
form. Include coordinates for as many wellheads or intakes as will exist. Location coordinates are expressed
in New York Transverse Mercator units, or NYTMs (UTM Zone 18 expanded to encompass the entire state).
These are based on the North American Datum 1983. If you are unable to supply accurate coordinates, attach
a separate location map with this application. Choose a scale for this location map that allows you to
accurately define the wellhead or intake position, and permits you to identify the overall project area within

the county or township.

7. All facts and opinions expressed in the application must be documented in appropriate legal, engineering,
or other papers attached as exhibits.

8. In a separate transmittal letter, the following information must be provided:

a) Name and location of a suitable place in which to hold a public hearing should one prove necessary.
b) Names, titles, mailing addresses, and phone numbers of other concerned officials, including at least:

1. Applicant’s attorney;

2. Applicant’s engineer;

3. Other consultants (planners, geologists, etc.) serving the applicant;

4. For non-municipal projects, the Chief Executive Officer of the municipality in which the
project is located; and

5. For projects taking a supply of water from another water system, an appropriate contact
official for that system.

) A list of all maps and exhibits accompanying the application

9. Copies of the required water conservation program (See No. 5), maps (See No. 6), exhibits (See No. 7),
and transmittal letter (See No. 8) shall be submitted as follows:

a) Municipal applicants -~ 3 copies
b) Non-municipal applicants -- 4 copies
¢) EXCEPTION: Municipality applying to acquire existing non-municipal system -- 4 copies.



Exhibit 1
Project Authorization:

Cities in New York State have statutory authority to purchase and hold real property, both within
and outside their city limits, pursuant to Section 20.2 of the New York State General City Law. More
specifically, in a series of laws starting in 1834, the New York State Legislature has granted
NYCDEP (and its predecessor entities) authority to acquire real property for water supply purposes,
including for ““preserving... the supply of pure and wholesome water for the use of the city, or for
the purpose of preventing the contamination or pollution of the same.” This authority is currently
codified at Title 5, Section 354 of the New York City Administrative Code (“‘Ad. Code™). It derives
from Chapter 256, § 12 of the Laws of 1834 (relating to acquisition of land for creation of the
Croton system), Chapter 56, § 2 of the Laws of 1871 and Chapter 445, § 1 of the Laws of 1877
(relating to acquisition of land for expansion of the Croton system), and Chapter 466, Section 484 of
the Laws of 1901 (granting the commissioner of water supply, gas and electricity power to acquire
land for water supply throughout the state), among other legislative acts.

In order to acquire an interest in real property, the Commissioner of DEP must prepare a map of the
real estate to be acquired and submit it to the Mayor’s office for review, modification, or approval.
“Interested persons” must be given the opportunity to comment or voice concerns about the
proposed acquisitions at a hearing (Ad. Code 8 5-356). Notice of the hearing is published in the
City Record and in two newspapers in the counties of the proposed acquisition. 1d. After approval
and filing of the maps, DEP may acquire the property. Id.

Exhibit 1 Page 1 of 1 Public Water Supply Permit Application
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Exhibit 3a:
East-of-Hudson District Map
with Lands Acquired

Legend:
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il

NYC-owned Land and CE's Acquired by LAP through 1/19/2010 *
NYC-owned Land Not Acquired by LAP

State, County, or Other Protected Open Space
Catskill Aqueduct

Delaware Aqueduct

New Croton Aqueduct
. County Boundaries X

r - Town Boundaries

Cities

Town Centers

Incorporated Villages

—— Minor Roads

Major Roads

=== Highways

m Reservoir Drainage Basin Boundaries
— Streams

Reservoirs, Lakes, and Water bodies

* Includes Fee Simple and Easement lands under contract or acquired.

NOTE: GIS data are approximate according to their scale
and resolution. They may be subject to error and are not a
substitute for on-site inspection or survey.

udson

S,
z
\

\
\

=
\ X2
2

[
(e
\ &
—r

WAPPINGER

&3

DUTCH

FISHKILL

PHILIPSTOWN

PUTNAM

\

CORTLANDT

Croton-on-Hudson

Ossining

OSSINING

&3

(2]

E'S S

PAWLING

COUNTY

=]

EAST FISHKILL

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
KENT N,
N @c?
NG En
N
N -
NN 00/
N
N Lake Carmel
N
N
N
N Boyd Corners @
N o
N Reservoir
N
N
AN
N
N
N
N
AN
N
‘@ N
N
N
N
N
N
N
N
N
N
N
N
AN
A\
\
\
\ Carmel
\
\
\ West Branch
\ Reservoir
\ Lake
\ Glenida
|\
\
\
\ 03
\
\
\
\
\
\
\
N Lake
N\ ilead
\ CARMETL
N
PUTNAM VALLEY \
N
03 \
\
N
\
N
N
Mahopac \\
N
\\
COUNTY iahopac fals \
\
West Mahopac \
\
\ Croton
\ Falls
\ Reservoir
\
\\\
\\\
\\\
\\\
\ (2]
\
\
Croton Falls
‘z Lake Lincoln ]
Shenorock Somers
.: Lﬂake Burdy
Yorktown Lok
Reservoir
Yorktown Heights
I\
\
\\N
\ (3]
§ 684,
N
N
\\N
\\N
A\
YORRKRTOWN Muscoot
N\ Reservoir J
\\N
\ \
\\N
\\N
\\N
: (2]
N
\ Katonah
\
AN
\ ‘@
[/
\
\
\
\
{
\
\ ‘@
‘@ \ Bedford
\
\
New Croton \
Reservoir i . Bedford Hills
\
\/ (2]
)I
A\
[ N\ J
[/ N\
/] N\
/I \\N
[ (17
N
[/ S
w \\
S |/ \
S, \
(<3
S [ \
=y J
S WESTCHESTER COUNTY
< / ¢
7 .' = '
:' , MOUNT KISCO @ /
C% Y ,, Mount Kisco J
< |/ , 4
/4
[ f /
I}
d [
I}
) 5 [
/ / !I!I /
I} / /
134] ' | /
[/ /[ /
I ) /
I} ¢
I \ NEW CASTLE /
[/ \ /]
[/ \ /]
[/ \ [
:: [/ \ ‘@ /
[/ \ l/
I \ @ / @
[/ \ [/
[ \ [/
[/ \ /
/ \ / 684
J I /
[ \ [/
[/ N [/
/ \\ /
[ \ y
I — //
! \ [
/ ‘\ /
[/ \ [/
[/ )\

Sleepy Hollow

Tarrytown

448

/ MOUNT PLEASANT

/
\ i
N\ [
\\\ [/
\ [
N\ U
\ , NY
S i
N [
\\ /!
N [
N
N /
y /
/ /
/ /
/ /
/ /
/ /
y /
I J
I i
4 /
4 i
I, /
// ,’J
% =
// ””
%

Projection: UTM
Zone: 18N
Datum: NADS83
Units: Meters

Kensico
Reservoir

Harrison DATA SOURCE: NYCDEP 1/2010
) ) Rye Brook
White Plains

Produced by BWS WPP GIS (TES) 1/15/2010

Reservoir

NORTH SALEM

2]

Pawling

Patterson Village

2]

PATTERSON

Putnam Lake

Bog
Brook
Reservoir

2]

Middle

Branch

SOUTHEAST

Brewster
East
Branch
Reservoir
Diverting : w
Reservoir
684,

Titicus
Reservoir

(3]

LEWISBORO

Cross River
Reservoir

BEDFORD

POUND RIDGE

2]

“"ALNNOD A1314¥1VH14

10




CONTRACT FOR SALE OF REAL PROPERTY

THIS CONTRACT, made this day of , 2010, is between

, (address) (“Seller”), and the City of New York, a municipal corporation organized and

existing under the laws of the State of New York, acting by and through its Commissioner of the
Department of Environmental Protection, having its principal offices at 59-17 Junction Boulevard,
Flushing, NY 11373-5108 (the “City”).

THE PARTIES HEREBY AGREE AS FOLLOWS:

1. Premises. The Seller agrees to convey and the City agrees to purchase the “Premises”, which is all
that certain plot, piece and/or parcel of land, situate, lying and being within the County of __, in the
Town of __, indicated on the _ County Tax Map as Section __, Block(s) _, Lot(s) _, consisting of +/-
___acres based on the aforementioned Tax Map, being more particularly bounded and described in a
deed recorded on __at the _ County Clerk’s Office, in Liber __ of Deeds at page __, a copy of which
is annexed hereto and made a part hereof as Schedule “A”, excepting a portion approximately +/-
__acres in size surrounding the existing structure(s) as depicted in the map attached as Schedule “B”.
The Premises are to be conveyed together with all improvements on the Premises except those listed
on Schedule “C” attached hereto, all right, title and interest of Seller of, in and to the beds of any
creeks, streams, rivers, ponds, lakes, waterways, marshes, or bays running through or lying adjacent to
the Premises, and any and all rights of ingress and egress over and across any private drives, lands,

waterways, or roads leading from any highway, road or street to the Premises.

2. Price and Payment Obligations

A. Purchase Price. The purchase price for the Premises is [$x,xxx.xx] per acre. Based on the
City’s initial assumption of +/- [yy.yy] acres, the “Preliminary Purchase Price” is [$zz,zzz.zz]. Prior
to Closing the Preliminary Purchase Price shall be adjusted (the “Adjusted Purchase Price”) to reflect
the actual acreage of the Premises as determined by a boundary survey to be provided by an

independent licensed professional land surveyor hired by the City.

B. Payment. Within 60 days of the date of this Contract, the City shall pay Seller [$vv,vvv.vv]
(the “Down Payment”), representing ten percent (10%) of the Preliminary Purchase Price. At Closing,
the City shall pay Seller the Adjusted Purchase Price less the Down Payment and less any reduction

pursuant to Paragraph 3A(c)2.

Per Acre Subdivision with Pay $5K Mod 5/12/08 1



C. Other Costs

(a) The cost of preparing and executing the deed shall be borne by Seller. The cost of
recording the deed shall be borne by the City.

(b) Seller is required to pay any applicable income tax, gains and/or recording tax
which may become due by reason of the delivery of the deed. Seller shall either pay any such tax prior
to Closing or shall provide to the City payment for such tax in the form of a certified or official bank
check payable to the order of the appropriate State, City or County officer, together with any required
tax returns, forms, and/or affidavits duly executed and sworn to.

(c) All costs incurred in connection with any subdivision process, including the
preparation, approval and filing of the preliminary and final subdivision plats and survey, shall be
borne by Seller, except that the City agrees to pay for up to $5,000 in reasonable costs incurred by the
Seller to a surveyor licensed by the State of New York relating to the subdivision to create the
Premises, provided that the subdivision is agreed to by the parties to this contract in accordance with
Paragraph 5(c) herein and provided the Seller has timely complied in good faith with all terms and

conditions of this contract.

3. Physical Condition of Premises

A. Hazardous Materials

(a) Contract Rescission. In the event petroleum, hazardous, radioactive and/or toxic
substances, each such term as defined by Federal, State and/or local law and regulations (*“Hazardous
Materials”) are found on the Premises at any time prior to or at Closing, the City may rescind this
Contract by notice of such to Seller, in which case Seller must within 30 days’ receipt of such notice
refund the Down Payment to the City.

(b) Removal:

(1) As an alternative to rescission, the City may demand that Seller
remove the Hazardous Materials from the Premises no later than 90 days prior to the

Closing Date, which would include mitigating any damage to the Premises resulting

from such Materials (the removal and mitigation together referred to hereafter as

“Removal”). Seller must then promptly, at his/her/its sole expense, comply with the

demand in accordance with Federal, State, and/or local law and regulations, and must

provide to the City proper documentation of such compliance.

Per Acre Subdivision with Pay $5K Mod 5/12/08 9



(2) The City may permit Seller to complete any Removal after Closing,
in which case it may require that Seller post an appropriate performance bond or sum in

escrow to guarantee that such Removal is completed.

(c) Seller’s Option. In the event the City elects to require Removal and the cost of such
Removal exceeds 20% of the Adjusted Purchase Price, Seller may elect to not comply with the City’s
Removal demand. In order to make this election, Seller must provide notice to the City within 30 days
of receipt of the City’s Removal demand, such notice to include written determination by a licensed
hazardous material remediation firm that the cost of Removal would exceed 20% of the Adjusted

Purchase Price. Upon receipt of such notice from Seller, the City may at its option either:

(1) Rescind this Contract by notice of such to Seller, in which case Seller
must refund the Down Payment to the City within 30 days’ of Seller’s receipt of such

rescission notice; or

(2) Purchase the Premises at Closing with a 20% reduction in the

Adjusted Purchase Price.

(d) All notices or demands sent under this Paragraph 3A shall be in writing and sent by

certified or registered mail, return receipt requested, to the addresses listed in Paragraph 14(g).

(e) Nothing in this Paragraph 3A shall relieve any obligation of Seller with respect to
the Premises that arises, either before or after Closing, under Federal, State, and/or local laws and

regulations.

B. Non-Hazardous Materials. Seller shall remove all refuse not covered by Paragraph 3A,

including but not limited to abandoned cars, appliances, tires, and construction waste, at Seller’s

expense at least 90 days prior to the Closing Date.

C. Modification to Premises. Seller shall not cut or remove from the Premises any trees or

vegetation, except:
(a) To remove dangerous conditions;

(b) To maintain existing rights-of-way, interior roads or trails in use, or utilities on the

Premises, in each case as of the date of this Contract;
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(c) On lands where agricultural activities are already being conducted, Seller may
continue to conduct farming, including preparing soil for planting, nutrient management, harvesting
crops, and maintaining livestock. Any tilling that takes place after the date of this Contract shall
provide for a 50-foot wide vegetated buffer of undisturbed land adjacent to any streams or
watercourses. For row crops, including but not limited to corn and/or soybeans, the Seller shall plant a
cover crop no later than November 1% of the applicable growing season. The contract term may be

extended up to 90 days in order to allow Seller to complete the harvest and install the cover crop; or

(d) In compliance with any management plans approved by the New York State
Department of Environmental Conservation pursuant to Paragraph 480-A of the New York State Real

Property Tax Law.

D. Improvements and Fixtures. All improvements and fixtures on the Premises, including but

not limited to those listed in Schedule C, shall be removed by Seller in a manner approved by the City
in writing at least 90 days prior to the Closing Date, except that the City agrees that the following need
not be removed: [N/A].

4. Liens, Encumbrances, Taxes and Violations

A. Liens and Encumbrances. Except as provided in Paragraph 4D, Seller must satisfy, remove

and/or release any and all mortgages, liens, encumbrances, encroachments, claims, title defects,
boundary line discrepancies or judgments of any kind or nature whatsoever on or against the Premises

at least 90 days prior to the Closing Date.

B. Property Taxes. Except as provided in Paragraph 4D, Seller must pay all taxes with interest

and penalties thereon which if unpaid would be liens against the Premises at least fourteen (14) days

prior to the Closing Date.

(a) A tax that is levied on the Premises prior to the Closing Date, even if there is the
option to pay any portion of the tax over time on an installment basis, is deemed for purposes of this
Contract to be due and payable in its entirety on the date of levy and as such must be paid in its

entirety at least fourteen (14) days prior to the Closing Date.

(b) Apportionment of taxes:
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(1) Any taxes, water and/or sewer charges, and any other municipal or
utility charges assessed on the Premises, shall be apportioned as of midnight of the day

before the Closing Date on the basis of the fiscal period for which assessed.

(2) If Closing occurs before a new tax rate is fixed, the apportionment
of taxes shall be based upon the tax rate for the immediately preceding fiscal period

applied to the latest assessed valuation.

(3) Any errors or omissions in computing apportionments at Closing

shall be corrected within a reasonable time following Closing.

C. Violations. Except as provided in Paragraph 4D, Seller must remove any outstanding
notices of violations of law or municipal ordinances affecting the Premises at least 90 days prior to the

Closing Date.

D. Subject to the City’s approval, requested no less than 90 days prior to the Closing Date,
Seller may use any portion of the balance of the Adjusted Purchase Price to satisfy any liens, remove
encumbrances or cure violations on the Premises, other than real property tax liens, which must be

paid and satisfied prior to the Closing Date.

5. Conditions to Closing. The City’s obligation to purchase the Premises is subject to and
conditioned upon fulfillment, before the Closing Date unless otherwise indicated, of the following
conditions:

(@) All necessary governmental approvals, including approval by the Mayor of the City
of New York in accordance with the New York City Administrative Code, to acquire the Premises.

(b) Delivery at Closing by Seller to the City of a Bargain and Sale Deed with covenant
against grantor’s acts, (i) in a form approved by the City at least two (2) weeks prior to the Closing
Date and (ii) duly executed and acknowledged by Seller so as to convey the Premises to the City in fee
simple, free and clear of all liens, encumbrances and violations, except as expressly permitted in this
Contract.

(c) Submission of a preliminary subdivision plat for the City’s review and approval
before submission of such plat for any other governmental approvals, and delivery to the City of a
survey and subdivision plat, prepared by a licensed, professional land surveyor and fully approved and

signed by any and all necessary governmental entities so as to create from the Premises a legal and
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fully approved lot as approximately depicted in Schedule B, within six (6) months of the date of this
Contract.

(d) The accuracy as of Closing of the Seller’s representations and warranties made in
Paragraph 7 (Seller’s Representations).

(e) Satisfaction of Seller’s obligations under Paragraph 3 (Physical Condition of
Premises).

(F) Satisfaction of Seller’s obligations under Paragraph 4 (Liens, Encumbrances, Taxes
and Violations).

(g) If Seller is not an individual, delivery to the City of any necessary approvals, in
forms approved by the City at least two (2) weeks prior to the Closing Date, authorizing the sale of the
Premises and delivery of the deed.

(h) Timely delivery by Seller of all other receipts, papers, documents and affidavits

which the City may reasonably demand from Seller in order to effect conveyance of the Premises.

6. Closing
A. The Closing shall take place within eighteen months from the date of this Contract, except
that it may be beyond the eighteen-month period:
(@) In the event Seller has not satisfied his/her/its obligations under this Contract and
the City elects to grant Seller an additional period of time in which to comply;
(b) If due to Seller’s delay in satisfying the terms of the Contract, the City itself requires
additional time to prepare for Closing; or
(c) An act of God or act of war impedes the City’s ability to Close.
B. The City shall set the date and time of Closing (the “Closing Date”) in accordance with the
above upon reasonable notice to Seller.

C. The Closing shall take place at offices of the City in Kingston.

7. Seller’s Representations. Seller hereby acknowledges, represents, warrants and agrees that:

(a) Seller is the sole owner of the Premises and has the full right, title and authority to
convey the Premises and the improvements thereon.

(b) Seller will not sell, alter, improve, encumber or otherwise dispose of the Premises or
part thereof without the express written prior approval of the City.

(c) All improvements and fixtures attached or appurtenant to or used in connection with

the operation of the Premises are owned by the Seller, free from all liens and encumbrances.
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(d) The Premises abut or have a legal and enforceable right of access to a public road.

(e) If Seller is not an individual, Seller is duly formed and is validly existing under the
laws of the state in which it is organized and has all the requisite authority to enter into and perform all
acts required under this Contract. Further, this Contract has been duly authorized, executed and
delivered by Seller, and constitutes a valid, legal and binding agreement of Seller and is enforceable

against it in accordance with its terms.

8. Permitted Exceptions. The Premises are to be conveyed subject to:

(a) Zoning regulations of the municipality in which the Premises are located which are
not violated by existing structures or present uses; and

(b) Legally enforceable easements, covenants, restrictions of record, or other states of
fact an accurate survey may show, provided same do not interfere with the intended use of the

Premises and/or render title unmarketable.

9. Right of Entry. The City and its agents shall have the right to enter all areas of the Premises prior
to Closing, from time to time during regular business hours, to conduct inspections, testing, surveys,

and/or appraisals and/or to obtain such other information as the City shall deem necessary.

10. Possession of Premises. Upon delivery of the deed by Seller in accordance with the terms of this

Contract, the Premises shall be vacant and the City shall take immediate possession.

11. The City’s Failure to Purchase. In the event the City fails to purchase the Premises in breach of
this Contract, the sole remedy of Seller shall be to retain the Down Payment as liquidated damages, it
being agreed that Seller’s damages might be impossible to ascertain and the Down Payment constitutes
a fair and reasonable amount of damages under the circumstances and is not a penalty, whereupon this

Contract shall be considered canceled.

12. Seller’s Failure to Convey. If Seller fails to convey title to the Premises in accordance with the
terms and provisions of this Contract, the City hereby reserves its right to either: (a) rescind the
Contract, whereupon the sole liability of Seller shall be to refund the Down Payment; or (b) seek any
other available legal remedy at law or in equity including, but not limited to, specific performance,

and/or monetary damages.

13. Broker. The City hereby represents to Seller that it has not dealt with any real estate broker in
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connection with its purchase of the Premises other than N/A , (“Broker”) and Seller shall pay

Broker any commission earned pursuant to a separate agreement between Seller and Broker.

14. Miscellaneous

(a) This Contract cannot be altered or amended except by a written instrument signed
by both parties to this Contract;

(b) A waiver of any breach of this Contract must be set forth in writing signed by the
party who has the right to enforce the breach. Any waiver of any breach shall not operate or be
construed as a waiver of any subsequent breach.

(c) This Contract, including all Schedules hereto, constitutes the entire agreement
between Seller and the City;

(d) This Contract may not be assigned by Seller without the prior consent of the City.

(e) This Contract or a memorandum thereof may be recorded at the discretion of the
City. In the event that the parties mutually agree to terminate this Contract, the parties shall sign a
Termination of Contract Agreement and a Memorandum of Termination of Contract Agreement.
Either party may record such Memorandum of Termination of Contract Agreement.

(F) This Contract shall apply to, inure to the benefit of, and bind the parties, and their
respective heirs, executors, administrators, successors and assigns.

(g) Except as provided in Paragraph 3A(d), all notices sent pursuant to this Contract

shall be delivered personally or sent by facsimile or regular U.S. mail to the following addresses:

If to Seller:
John XXX XXX XXX
XJohn XXXXX XXX
XHXHXXXX XXX
If to the City:
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Director of Land Acquisition
New York City Department of Environmental Protection
71 Smith Avenue, Kingston, N.Y. 12401
Fax: (845) 338-1260

(h) The headings in this Contract are for convenience only and shall not be used to
interpret or construe its provisions.

(i) This Contract shall be governed by the laws of the State of New York.

(1) The parties agree to cooperate with each other in providing additional documentation
or in taking whatever steps reasonably necessary to fulfill the objectives of this Contract.

(k) The following provisions shall survive Closing or, if Closing does not occur for any
reason, the termination of this Contract: 2C(b), 3A(b)(2), 3A(e), 14(c), 14(e), 14(f) 14(j), and this
14(Kk).

Per Acre Subdivision with Pay $5K Mod 5/12/08 9



IN WITNESS WHEREOF, the parties have caused this Contract to be executed the day and year first

written above.

Dated:
Seller’s Name
Daytime Phone Number
The City of New York
Dated: by:

Robin M. Levine
General Counsel, NYCDEP

Approved as to form - Standard Type of Class:

Assistant Corporation Counsel
Dated:
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ACKNOWLEDGMENTS:

STATE OF NEW YORK )
) Ss.
COUNTY OF QUEENS )

On the day of in the year 2010, before me, the undersigned, a Notary
Public in and for the said State, personally appeared Robin M. Levine, personally known to me or
proved to me on the basis of satisfactory evidence to be General Counsel for Department of
Environmental Protection, of the CITY OF NEW YORK, a municipal corporation of the State of
New York, the individual whose name is subscribed to the within instrument and acknowledged to me
that she executed the same in her capacity, and that by her signature on the instrument, the individual,
or the person upon behalf of whom the individual acted, executed the instrument.

NOTARY PUBLIC

STATE OF )
) SS.:
COUNTY OF )
On the day of in the year 2010, before me, the undersigned, a Notary
Public in and for the said State, personally appeared , personally known

to me or proved to me on the basis of satisfactory evidence to be the individual whose name is
subscribed to the within instrument and acknowledged to me that she/he executed the same in her/his
capacity, and that by her/his signature on the instrument, the individual, or the person upon behalf of
whom the individual acted, executed the instrument.

NOTARY PUBLIC

Per Acre Subdivision with Pay $5K Mod 5/12/08 11



[Seller] to NYC
Schedule A
Deed
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[Seller] to NYC
Schedule B
Map
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[Seller] to NYC

Schedule C
List of Improvements to be Removed

Any Undisclosed Improvements
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CONTRACT FOR SALE OF CONSERVATION EASEMENT
NEW YORK CITY DEPARTMENT OF ENVIRONMENTAL PROTECTION

THIS CONTRACT, made this day of , 20, is between
, (address) (“Seller”), and (Escrow Agent), and the City of New York, a municipal

corporation organized and existing under the laws of the State of New York, acting by and through its
Commissioner of the Department of Environmental Protection, having its principal offices at 59-17
Junction Boulevard, Flushing, NY 11373-5108 (the “City”).

THE PARTIES HEREBY AGREE AS FOLLOWS:

1. Property. Seller hereby warrants and represents that Seller is the owner of a certain plot, pieces(s)
and/or parcel(s) of land, situate, lying and being within the County of __, in the Town of __, indicated
on the _ County Tax Map as Section __, Block(s) _, Lot(s) _, consisting of +/-__ acres, based on the
aforementioned Tax Map, being more particularly bounded and described in a deed recorded on __ at
the _ County Clerk’s Office, in Liber __ of Deeds at page __, a copy of which is annexed hereto and
made a part hereof as Schedule “A”, and as shown on the map annexed hereto and made a part hereof

as Schedule “B” (collectively the “Property™).

2. Conservation Easement
A. Seller agrees to convey and the City agrees to purchase a Conservation Easement
(“Conservation Easement”) under the terms and conditions attached hereto as Schedule “C”, in and on

the Property , subject to the terms and conditions set forth in this Contract.

B. At Closing the Conservation Easement shall include a baseline report (the *“Baseline
Documentation”) that shall describe and/or depict the condition of the Property as of the date the
Baseline Documentation is executed. The Baseline Documentation may include photographs of or
maps depicting the location and condition of watercourses or wetlands, the size and location of
structures and the extent of Impervious Surfaces, if applicable, Building Envelope(s) as defined in the
Conservation Easement attached hereto, the location of significant roads, parking areas and driveways,
and the extent of open fields. Both parties shall sign the Baseline Documentation indicating their
agreement with the descriptions and depictions contained therein at least two (2) weeks prior to

Closing. Seller shall not unreasonably withhold its agreement to the Baseline Documentation.
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3. Price and Payment Obligations

A. Purchase Price. The purchase price for the Conservation Easement is [$x,XXX.xX] per acre.
Based on the City’s initial assumption of +/- [yy.yy] acres, the “Preliminary Purchase Price” is
[$zz,2zz.zz]. Prior to Closing the Preliminary Purchase Price shall be adjusted (the “Adjusted
Purchase Price”) to reflect the actual acreage of the Property as determined by a boundary survey to be

provided by an independent licensed professional land surveyor hired by the City.

B. Payment.
(a) Within 60 days of the date of this Contract, the City shall pay the Seller (through his/her

attorney the “Escrow Agent”) [$vv,vvv.w] (the “Down Payment”), representing ten percent (10%) of
the Preliminary Purchase Price.

(b) At Closing, the City shall pay Seller the Purchase Price less the Down Payment and less any
reduction pursuant to Paragraph 4A(3)(b).

(c) The Escrow Agent shall deposit the Down Payment in a FDIC insured interest bearing

account for the benefit of the parties at (bank account), until

Closing, or termination of this Contract, and shall disburse the Down Payment in accordance with the

terms of this paragraph:

1) Interest shall be paid to the party entitled to the Down Payment at the same time
the Down Payment is disbursed and the party receiving the interest shall pay any
income taxes thereon, if applicable.

(2 The Social Security or Federal Identification numbers of the parties shall be
furnished to the Escrow Agent upon request.

3) At Closing, the Down Payment shall be paid by the Escrow Agent to Seller. If
for any reason Closing does not occur and either party gives Notice (as defined in
paragraph 14(G)) to the Escrow Agent demanding the disbursement of the Down
Payment, the Escrow Agent shall give prompt Notice to the other party of such demand.
If the Escrow Agent does not receive Notice of objection from such other party to the
proposed disbursement within 10 business days after the giving of such Notice, the
Escrow Agent is hereby authorized and directed to make such disbursement. If the
Escrow Agent does receive such Notice of objection within such 10 day period or if for
any other reason the Escrow Agent in good faith shall elect not to make such
disbursement, the Escrow Agent shall continue to hold such amount until otherwise
directed by Notice from the parties to this Contract, or a final, non-appealable
judgment, order, or court decree.
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4) The Escrow Agent shall have the right at any time to deposit the Down Payment
and the interest thereon with the clerk of a court in the county in which the Property is
located and shall give Notice of such deposit to Seller and the City.

(5) Upon such deposit or other disbursement in accordance with the terms of this
paragraph, the Escrow Agent shall be relieved and discharged of all further obligations
and responsibilities hereunder.

(6) The Escrow Agent is acting solely as a stakeholder at the request of the parties
and for their convenience and the Escrow Agent shall not be liable to either party for
any act or omission on its part unless taken or suffered in bad faith or in willful
disregard of this Contract or involving gross negligence on the part of the Escrow
Agent.

@) Seller and the City jointly and severally agree to defend, indemnify and hold the
Escrow Agent harmless from and against all costs, claims and expenses (including
reasonable attorneys’ fees) incurred in connection with the performance of the Escrow
Agent’s duties hereunder, except with respect to actions or omissions taken or suffered
by the Escrow Agent in bad faith or in willful disregard of this Contract or involving
gross negligence on the part of the Escrow Agent.

(8) Escrow Agent may act or refrain from acting in respect of any matter referred to
herein in full reliance upon and with the advice of counsel which may be selected by it
(including any member of its firm) and shall be fully protected in so acting or refraining
from action upon the advice of such counsel.

9) Escrow Agent acknowledges its agreement to receive the Down Payment and its
agreement to the provisions of this paragraph by signing in the place indicated on the

signature page of this Contract.
(10)  The Escrow Agent or any member of its firm shall be permitted to act as counsel

for Seller in any dispute as to the disbursement of the Down Payment or any other dispute between the
parties whether or not the Escrow Agent is in possession of the Down Payment and continues to act as

the Escrow Agent.

C. Tax Allocation and Apportionment

(1) Title 4-A of Article 5 of the Real Property Tax Law determines the allocation of
taxes on the Property between the Seller (as owner of the fee) and the City (as holder of the
Conservation Easement). Accordingly, the City shall pay a percentage of the taxes on the Property,
this percentage to be calculated by use of a fraction of the numerator of which is the appraised value of
the Conservation Easement ($__ , based on $ _ per acre, assuming __ acres) and the

denominator of which is the appraised value of the Property without the Conservation Easement ($
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__,based on $  per acre, assuming ___ acres). This percentage shall be finally determined at
Closing based on the actual acreage of the Property, as indicated by the survey referenced in Paragraph
3A herein. Seller and the City are both subject to the jurisdiction of the appropriate assessing entity, to
which the City shall certify the allocation factor determined based upon the City’s independent
appraisal. The parties agree that the local assessing entity is charged with the responsibility of
assessing and entering on the assessment roll that portion which is taxable to Seller as owner of the
Property and that portion which is taxable to the City for the Conservation Easement.

(2) Any taxes previously paid by Seller and owed by the City to Seller for the remainder
of the fiscal year in which the Conservation Easement is conveyed shall be paid by the City to Seller at

Closing in accordance with Paragraph 5B(2) herein.

D. Other Costs

(1) The cost of preparing and recording the Conservation Easement, including the
Baseline Documentation, shall be borne by the City.

(2) Seller is required to pay any applicable income tax, gains and/or recording tax
which may become due by reason of the delivery of the Conservation Easement. Seller shall either
pay any such tax prior to Closing or shall provide to the City payment for such tax in the form of a
certified or official bank check payable to the order of the appropriate State, City or County officer,
together with any required tax returns, forms, and/or affidavits duly executed and sworn to.

(3) All costs incurred in connection with any subdivision process, including the
preparation, approval and filing of a preliminary and final subdivision plats and survey, shall be borne

by Seller.

4. Physical Condition of Property

A. Hazardous Materials

(1) Contract Rescission. In the event petroleum, hazardous, radioactive and/or toxic
substances, each such term as defined by Federal, State and/or local law and regulations (“Hazardous
Materials”) are found on the Property, and present a threat to the Property, at any time prior to or at
Closing, the City may rescind this Contract by notice of such to Seller, in which case Seller must
within 30 days’ receipt of such notice refund the Down Payment to the City.

(2) Removal:

(@) As an alternative to rescission, the City may demand that Seller remove the

Hazardous Materials from the Property no later than 90 days prior to the Closing
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Date, which would include mitigating any damage to the Property resulting from
such Materials (the removal and mitigation together referred to hereafter as
“Removal”). Seller must then promptly, at his/her/its sole expense, comply with
the demand in accordance with Federal, State, and/or local law and regulations,
and must provide to the City proper documentation of such compliance.

(b) The City may permit Seller to complete any Removal after Closing, in which
case it may require that Seller post an appropriate performance bond or sum in

escrow to guarantee that such Removal is completed.

(3) Seller’s Option. In the event the City elects to require Removal and the cost of such
Removal exceeds 20% of the Purchase Price, Seller may elect to not comply with the City’s Removal
demand. In order to make this election, Seller must provide notice to the City within 30 days of receipt
of the City’s Removal demand, such notice to include written determination by a licensed hazardous
material remediation firm that the cost of Removal would exceed 20% of the Purchase Price. Upon
receipt of such notice from Seller, the City may at its option either:

(a) Rescind this Contract by notice of such to Seller, in which case Seller must
refund the Down Payment to the City within 30 days’ of Seller’s receipt of
such rescission notice; or

(b) Purchase the Conservation Easement at Closing with a 20% reduction in the

Adjusted Purchase Price.

(4) All notices or demands sent under this Paragraph 4A shall be in writing and sent by

certified or registered mail, return receipt requested, to the addresses listed in Paragraph 14(g) herein.

(5) Nothing in this Paragraph 4A shall relieve any obligation of Seller with respect to
the Property that arises, either before or after Closing, under Federal, State, and/or local laws and

regulations.

(6) This Paragraph shall not prohibit the storage of petroleum products in accordance
with Federal, State and/or local law or regulations in conjunction with residential or other uses of the
Property that are permitted under the terms and conditions of the Conservation Easement attached

hereto.

B. Non-Hazardous Materials. Seller shall remove all refuse from the Property, not covered by
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Paragraph 4A, including but not limited to abandoned cars, appliances, tires, abandoned or collapsed
structures, and construction waste, at Seller’s expense at least 90 days prior to the Closing Date. Seller
is not obligated to remove refuse located within the Building Envelope[s]. The Building Envelope[s]

is [are] delineated in Schedule “B” attached hereto.

C. Physical Modification to Property. Seller may physically modify the Property only as specified

below:

(1) Inany way that is permissible under the terms and conditions of the Conservation
Easement attached hereto as Schedule C, subject to the same terms and conditions applicable to that

activity in the Conservation Easement.

2 In any way that is in compliance with a management plan approved by the New York
State Department of Environmental Conservation pursuant to Paragraph 480-A of the New York State

Real Property Tax Law, upon prior notification to the City.

5. Liens, Encumbrances, Taxes and Violations

A. Liens and Encumbrances.

(1) Except as provided in (B) below and in Paragraph 5D, Seller must satisfy, remove
and/or release any and all mortgages, liens, encumbrances, encroachments, claims, title defects,
boundary line discrepancies or judgments of any kind or nature whatsoever on or against the Property

at least 90 days prior to the Closing Date.

(2) Subject to the approval of the City, the Property may have a mortgage, lien or other
encumbrance at Closing provided the holder of such encumbrance enters into a written agreement with
Seller (a “Subordination Agreement”) to subordinate the encumbrance to the Conservation Easement.
Each such Subordination Agreement shall be submitted to the City at least 180 days prior to Closing
for approval by the City and the title company hired by the City to insure title to the Conservation
Easement. An executed, acknowledged and recordable version of the approved Subordination
Agreement shall then be delivered for recording at Closing. All costs associated with drafting,

executing and recording any Subordination Agreement are to be borne by Seller.
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B. Property Taxes. Except as provided in Paragraph 5D, Seller must pay at least fourteen (14)

days prior to the Closing Date all taxes with interest and penalties thereon which if unpaid would be

liens against the Property.

(1) A tax that is levied on the Property prior to the Closing Date, even if there is the
option to pay any portion of the tax over time on an installment basis, is deemed for purposes of this
Contract to be due and payable in its entirety on the date of levy and as such must be paid in its

entirety at least fourteen (14) days prior to the Closing Date.

(2) Apportionment of taxes:
(a) Any real property taxes assessed on the Property, shall be apportioned as of
midnight of the day before the Closing Date on the basis of the fiscal period for
which it is assessed.
(b) If Closing occurs before a new tax rate is fixed, the apportionment of taxes
shall be based upon the tax rate for the immediately preceding fiscal period
applied to the latest assessed valuation.
(c) Any errors or omissions in computing apportionments at Closing shall be

corrected within a reasonable time following Closing.

C. Violations. Except as provided in Paragraph 5D, Seller must remove any outstanding
notices of violations of law or municipal ordinances affecting the Property at least 90 days prior to the

Closing Date.

D. Subject to the City’s approval, requested no less than 90 days prior to the Closing Date,
Seller may, upon notification of the Closing Date, request to use any portion of the balance in the
Adjusted Purchase Price to satisfy any liens, remove encumbrances, cure violations, satisfy
outstanding tax assessments or arrears on the Property, other than real property tax liens, which must

be paid and satisfied at least fourteen (14) days prior to the Closing Date.

6. Conditions to Closing. The City’s obligation to purchase the Conservation Easement is subject to
and conditioned upon fulfillment, before the Closing Date unless otherwise indicated, of the following
conditions:

A. All necessary governmental approvals, including approval by the Mayor of the City of

New York in accordance with the New York City Administrative Code, to acquire the Conservation

Contract on Entire Property with Escrow 3/21/07 7



Easement.

B. Delivery by Seller to the City at Closing of the Conservation Easement in the form attached

hereto as Schedule “C”.

C. Delivery by Seller of the Baseline Documentation Certification agreed to between the

parties, duly executed and acknowledged by Seller, at least eight (8) weeks prior to the Closing Date.

D. If the parties agree to a subdivision of the Property prior to Closing, submission of a
preliminary subdivision plat for the City’s review and approval before submission of such plat for any
other governmental approvals, and delivery to the City of a survey and subdivision plat, prepared by a
licensed, professional land surveyor and fully approved and signed by any and all necessary

governmental entities within six (6) months of the date of this Contract.

E. The accuracy as of Closing of the Seller’s representations and warranties made in Paragraph

8 (Seller’s Representations).

F. Satisfaction of Seller’s obligations under Paragraph 4 (Physical Condition of Property).

G. Satisfaction of Seller’s obligations under Paragraph 5 (Liens, Encumbrances, Taxes and

Violations).

H. If Seller is not an individual, delivery to the City of any necessary approvals, in forms
approved by the City at least two (2) weeks prior to the Closing Date, authorizing the sale of the

Conservation Easement and delivery of the deed.

I. Timely delivery by Seller of all other receipts, papers, documents and affidavits which the

City may reasonably demand from Seller in order to effect conveyance of the Conservation Easement.

7. Closing
A. The Closing shall take place within eighteen months from the date of this Contract, except
that it may be postponed to a date beyond the eighteen-month period:

(1) In the event Seller has not satisfied his/her/its obligations under this Contract and
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the City elects to grant Seller an additional period of time in which to comply;

(2) If due to Seller’s delay in satisfying the terms of the Contract, the City itself requires
additional time to prepare for Closing; or

(3) If an act of God, an act of war, any natural disasters or any acts or events beyond the

control of the City impedes the City’s ability to Close.

B. The City shall set the date and time of Closing (the “Closing Date”) in accordance with the
above upon reasonable notice to Seller.

C. The Closing shall take place at offices of the City in Kingston.

8. Seller’s Representations. Seller hereby acknowledges, represents, warrants and agrees that:
A. Seller is the sole owner of the Property and has the full right, title and authority to convey

the Conservation Easement on the Property.

B. Prior to Closing Seller will not sell, alter, improve, encumber or otherwise dispose of the
Property or part thereof without the express written prior approval of the City except as permitted in

Paragraph 4C.

C. The Property abuts or has a legal and enforceable right of access to a public road.

D. If Seller is not an individual, Seller is duly formed and is validly existing under the laws of
the state in which it is organized and has all the requisite authority to enter into and perform all acts
required under this Contract. Further, this Contract has been duly authorized, executed and delivered
by Seller, and constitutes a valid, legal and binding agreement of Seller and is enforceable against it in

accordance with its terms.

9. Permitted Exceptions. The Conservation Easement is to be conveyed subject to legally
enforceable easements, covenants, restrictions of record, or other states of fact an accurate survey may
show, provided same do not interfere with the intended use of the Property and/or render title

unmarketable.

10. Right of Entry. The City and its agents shall have the right to enter all areas of the Property
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prior to Closing, from time to time during regular business hours, to conduct inspections, testing,

surveys, and/or appraisals and/or to obtain such other information as the City shall deem necessary.

11. The City’s Failure to Purchase. In the event the City fails to purchase the Conservation
Easement in breach of this Contract, the sole remedy of Seller shall be to retain the Down Payment as
liquidated damages, it being agreed that Seller’s damages might be impossible to ascertain and the
Down Payment constitutes a fair and reasonable amount of damages under the circumstances and is

not a penalty, whereupon this Contract shall be considered canceled.

12. Seller’s Failure to Convey. If Seller fails to convey the Conservation Easement in accordance
with the terms and provisions of this Contract, the City hereby reserves its right to either: (a) rescind
the Contract, whereupon the sole liability of Seller shall be to refund the Down Payment; or (b) seek
any other available legal remedy at law or in equity including, but not limited to, specific performance

and/or monetary damages.

13. Broker. The City hereby represents to Seller that it has not dealt with any real estate broker in
connection with its purchase of the Conservation Easement other than , (“Broker”) and Seller

shall pay Broker any commission earned pursuant to a separate agreement between Seller and Broker.

14. Miscellaneous

A. This Contract, including the Conservation Easement attached hereto cannot be altered or
amended except by a written instrument signed by both parties to this Contract;

B. A waiver of any breach of this Contract must be set forth in writing signed by the party who
has the right to enforce the breach. Any waiver of any breach shall not operate or be construed as a

waiver of any subsequent breach.

C. This Contract, including all Schedules hereto, constitutes the entire agreement between
Seller and the City;

D. This Contract may not be assigned by Seller without the prior consent of the City;

E. This Contract or a memorandum thereof may be recorded at the discretion of the City. In the
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event that the parties mutually agree to terminate this Contract, the parties shall sign a Termination of
Contract Agreement and a Memorandum of Termination of Contract Agreement. Either party may

record such Memorandum of Termination of Contract Agreement.

F. This Contract shall apply to, inure to the benefit of, and bind the parties, and their respective

heirs, executors, administrators, successors and assigns.

G. Except as provided in Paragraph 4A(4), all notices sent pursuant to this Contract shall be

delivered personally or sent by facsimile or regular U.S. mail to the following addresses:

If to Seller:
) 9.9.9.90.9.9.9.0.4
) 9.9.90.90.90.9.9.0.¢
XAXXX XXX XX
If to the City:

Director of Land Acquisition
New York City Department of Environmental Protection
71 Smith Avenue, Kingston, N.Y. 12401
Fax: (845) 338-1260
H. The headings in this Contract are for convenience only and shall not be used to interpret or

construe its provisions.

I. This Contract shall be governed by the laws of the State of New York and to the extent it

does not contradict, the Administrative Code of the City of New York.

J. The parties agree to cooperate with each other in providing additional documentation or in

taking whatever steps reasonably necessary to fulfill the objectives of this Contract.
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K. The following provisions shall survive Closing or, if Closing does not occur for any reason,
the termination of this Contract: 3C(2), 4A(2)(b), 4A(5), 14E, 14J, and this 14K.

IN WITNESS WHEREOF, the parties have caused this Contract to be executed the day and year first

written above.

Dated:
Seller’s Name
Daytime Phone Number
Dated:
Escrow Agent’s Name
Daytime Phone Number
The City of New York
Dated: by:

Robin M. Levine
General Counsel, NYCDEP

Approved as to form:

Acting Corporation Counsel

Dated:
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ACKNOWLEDGMENTS:

STATE OF NEW YORK )
) Ss.
COUNTY OF QUEENS )

On the day of in the year 20, before me, the undersigned, a Notary
Public in and for the said State, personally appeared Robin M. Levine personally known to me or
proved to me on the basis of satisfactory evidence to be General Counsel of the Department of
Environmental Protection, of the CITY OF NEW YORK, a municipal corporation of the State of
New York, the individual whose name is subscribed to the within instrument and acknowledged to me
that she executed the same in her capacity, and that by her signature on the instrument, the individual,
or the person upon behalf of whom the individual acted, executed the instrument.

NOTARY PUBLIC

STATE OF )
) SS.:
COUNTY OF )
On the day of in the year 20, before me, the undersigned, a Notary
Public in and for the said State, personally appeared , personally known

to me or proved to me on the basis of satisfactory evidence to be the individual whose name is
subscribed to the within instrument and acknowledged to me that she/he executed the same in her/his
capacity, and that by her/his signature on the instrument, the individual, or the person upon behalf of
whom the individual acted, executed the instrument.

NOTARY PUBLIC

STATE OF )
) SS.:
COUNTY OF )
Onthe  dayof in the year 20___, before me, the undersigned, a Notary
Public in and for the said State, personally appeared ESCROW AGENT

personally known to me or proved to me on the basis of satisfactory evidence to be the |nd|V|duaI
whose name is subscribed to the within instrument and acknowledged to me that she/he executed the
same in her/his capacity, and that by her/his signature on the instrument, the individual, or the person
upon behalf of whom the individual acted, executed the instrument.

NOTARY PUBLIC
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Schedule A (Deed)
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Schedule (B) (Map)
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Schedule C (Conservation Easement)
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Exhibit 6: Engineer’s Report

New York City's water supply system is one of the most extensive municipal water systems in the world.
The New York City Department of Environmental Protection manages the City’s water supply, providing
over 1.1 billion gallons of water each day to meet the daily needs of more than eight million City
residents, another one million users in four upstate counties bordering on the water supply system, and
countless visitors via a complex network of nineteen reservoirs, three controlled lakes, 7000 miles of

water pipes, tunnels, and aqueducts.
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Figure 1: NYC water supply systems, reservoirs, and aqueducts
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Description of the Systems and Aqueducts:

The NYC surface water supply system stores nearly 580 billion gallons of water and is divided into three
separate sub-systems

The Croton system is the oldest and smallest of the water supply systems. It was completed as a system
prior to World War | and began service in 1842. The system holds approximately 95 billion gallons of
water in 12 reservoirs and 3 controlled lakes and is located in Westchester and Putnam Counties. Croton
System supplies an estimated 10% of the daily water consumption.
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Croton Aqueduct:
Croton water is delivered into the City via the New Croton aqueduct nearly 400 feet below grade. The

aqueduct is divided into two sections:

Northern Section stretches 24 miles from New Croton reservoir to Jerome Park reservoir in the Bronx.
The transmission capacity of the northern section tunnel is 290 MGD.

The tunnel is horseshoe shaped and brick lined and constructed in rock. It measures 13.5 feet high by 13.6
feet wide with a constant slope of approximately 0.7 feet per mile.
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Southern Section from Jerome Park Reservoir gatehouse to Shaft 33 is approximately 9 miles long and
12.25 feet in diameter. It’s a pressurized brick lined tunnel. The transmission capacity of the southern
section tunnel is 250 MGD.

The Catskill system, built decades after the Croton system is significantly larger than the Croton. In the
early years of the 20th century, the city and New York State designated thousands of acres of land in the
eastern Catskill Mountains to build two reservoirs that more than doubled the City's water supply
capacity. Construction of the Catskill water supply was accomplished in two stages:

Ashokan Reservoir, located in Ulster County, about 14 miles west from the City of Kingston, was
formed by impounding the Esopus Creek. In an effort to control the turbidity of the water stored in the
Ashokan Reservoir, the reservoir basin is divided into two sections known as the west basin and the east
basin. The City has the ability to draw water from either basin to maximize the water quality during
Catskill turbidity events. The two basins hold nearly 128 Billion gallons of water.

Schoharie Reservoir, a 20 billion gallon reservoir was formed by impounding the Schoharie creek. The
18.1 mile Shandaken tunnel was built to deliver the Schoharie Reservoir’s waters into the channel of the
Esopus creek, which leads into the Ashokan Reservoir. Schoharie Reservoir is 120 miles away from New
York City and is the furthest reservoir in the New York City water supply system.

In total, the Catskill reservoirs hold approximately 148 Billion Gallons of water and on average supplies
40% of the daily water consumption.

Catskill Aqueduct:

Catskill system water is delivered into the City via the Catskill aqueduct built in 1915. Catskill water
flows via the aqueduct into Kensico Reservoir and then into Hillview Reservoir just north of the City line.
From there, City tunnel number 1 and number 2 deliver the water to the distribution system.

The aqueduct is built in four distinct types of construction that were adopted to meet the varying
physiographic features of the path it travels.

Type 1, Cut-and-cover: Most of the aqueduct is 17 foot high by 17.5 foot wide, non-pressurized,
horseshoe-shaped, concrete conduit, with an approximate slope of 1.1 feet per mile. The size increases to
17.5 by 18 feet between Kensico and Hillview Reservoir.

Type 2, Grade Tunnel: 24 tunnels approximately 14 miles in length, horseshoe shaped, Un-reinforced
concrete conduits, 17 feet high by 13.33 feet wide, with a steeper than 1.1 feet per mile slope.

Type 3, Pressure Tunnel: 7 tunnels approximately 17 miles long with diameters varying from 14 to 16.58
feet used to cross small valleys or where sound rock was encountered. Circular, lined with un-reinforced
concrete, designed to withstand internal hydrostatic pressures. A 14 foot diameter, 3022-foot long tunnel
goes under the Hudson River and is approx. 1100 feet below sea level (the lowest level of any tunnel in
the City water supply system).

Type 4, Steel Pipe Siphons: Used to cross small valleys or where the rock was not suitable for a pressure
tunnel. 14 “Inverted” siphons, consisting of three steel pipes, encased in concrete and lined with cement
mortar, from 9 to 11 feet in diameter, covering 6 miles of terrain.

The Catskill aqueduct is divided into two sections. Ashokan to Kensico section is 75 miles long with
transmission capacity of 590 MGD. Kensico to Hillview section is 17 miles long with transmission
capacity of up to 800 MGD.
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The Delaware system, The city expanded its water supply system after World War 11, tapping the east
and west branches of the Delaware River, as well as other tributaries of the Delaware and Hudson rivers
to create the newest and largest of its three systems, the Delaware system. The system includes four
reservoirs, Cannonsville, Pepacton, Neversink, and Rondout and was completed in 1967. The system
holds approximately 320 billion gallons of water, which provides around 50 % of the city's daily water

supply.

Cannonsville Reservoir was formed by impounding the West Branch of the Delaware River. It is the
westernmost of New York City's reservoirs. Placed in service in 1964, it is the most recently constructed
New York City-owned reservoir. With a drainage area of 455 square miles, Cannonsville has the largest
watershed of all of the NYC reservoirs. The reservoir's capacity is approximately 98 billion gallons. The
water diversions from Cannonsville Reservoir flow through the West Delaware Tunnel in Tompkins, NY
in to the Rondout Reservaoir.

Pepacton Reservoir was formed by impounding the East Branch of the Delaware River. New York City
purchased the land in 1942. The Downsville Dam, located at Downsville, NY, was finished in 1954, and
the reservoir was filled by 1955. The reservoir is a narrow, winding reservoir that is 15 miles long and
about 0.7 miles across at its widest point. The reservoir contains approximately 148 billion gallons of
water at full capacity, and is over 160 feet (43.2 m) deep at maximum. This makes it New York City's
biggest reservoir by volume. The water diversions from Pepacton Reservoir flow through the East
Delaware Tunnel into the Rondout Reservoir.

Neversink Reservoir was formed by impounding the Neversink River, the longest tributary of the
Delaware River. Neversink Reservoir has the highest quality of water among the Delaware Basin
reservoirs. The reservoir is at the highest elevation (Spillway elevation is 1440 feet above the sea level) in
the Delaware system. Neversink Reservoir holds approximately 35 Billion Gallons of water and has a
watershed area of 93 square miles. The reservoir is 5 miles long and over 175 feet deep.

Rondout Reservoir was formed by impounding the Rondout creek. Although geographically in the
Hudson River basin, Rondout is operationally part of the City's Delaware water system. Rondout
Reservoir is the collection point for the city's Delaware system. Built in 1954, it was the first out of four
Delaware reservoirs to be built. The reservoir is 6.5 miles long and holds a total of 50 Billion gallons.

An important set of operation restrictions on the Delaware System is the Supreme Court Decree of 1954,
as supplemented by the Good Faith Agreement of the 1982. The decree and the agreement specify limits
on the City diversions from the Delaware River Basin, and prescribe certain releases from the City’s
Delaware Reservoirs to prevent salt intrusion and for other purposes in the lower Delaware River. These
releases are related to flow measurements at Montague, NY and Trenton, NJ. In addition, agreements
made between the City and the NYS DEC made in 1980 provides that the City shall supply augmented
conservation releases during normal hydrologic conditions from its Delaware Basin reservoirs, and
conservation releases from Rondout and Croton System.

The Delaware system reservoirs are significant factors in the local economy of upstate New York, as
thousands of visitors, especially trout fishermen, travel to the area for recreation every year.
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Delaware Aqueduct:

Water from the three Delaware Basin reservoirs is transferred to the Rondout reservoir by gravity from
the West Delaware tunnel, 44 miles long, The East Delaware tunnel, 25 miles long, and the Neversink
tunnel, 6 miles long. The water then enters the 85-mile Delaware Aqueduct at Rondout reservoir.

The Aqueduct is a circular concrete lined pressurized bedrock tunnel with a 13.5 to 19.5 feet finished
diameter. The aqueduct passes under the Hudson River at the depth of approximately 600 feet below sea
level. The Delaware Aqueduct then continues through the West Branch Reservoir to the Kensico
Reservoir in Westchester and Putnam counties north of the city. The Delaware aqueduct continues further
south through the Hillview Reservoir in Yonkers.

The aqueduct is divided into three sections:

Rondout to West Branch reservoir section is 44.2 miles long and can carry up to 890 MGD.

West Branch to Kensico reservoir section is 27.2 miles long and can carry up to 1045 MGD.

Kensico to Hillview reservoir section is 13.6 miles long and can carry up to 1450 MGD.

Gatehouses and valve chambers, some underground, contain the gates, valves, meters, etc. for controlling
and measuring the flow of water into and out of the aqueduct.

Other Reservoirs:

Kensico Reservoir is a terminal reservoir located in Valhalla, NY. Kensico reservoir is part of the
Catskill/Delaware water systems operation. It was put into service in 1915. Kensico reservoir was formed
by impounding the Bronx River, but receives most of its water from Delaware and Catskill aqueducts.
Along with the West Branch Reservoir, it is one of only two reservoirs within the Catskill/Delaware
Watersheds that is not in the Catskill Mountains region.

Kensico reservoir holds approximately 30 Billion gallons of water and has a watershed area of 13.3
square miles.

Hillview Reservoir is a 900 million gallon storage reservoir in southeastern Yonkers, NY. The reservoir
itself does not impound a river, and is held up by four walls. Hillview reservoir completed in 1915 was
designed to receive water from the Catskill Aqueduct, through Kensico Reservoir. Water from the
reservoir is sent to distribution system through New York City Water Tunnels No. 1 and No. 2. New
York City Water Tunnel No. 3, which is still under construction, is planned to take water from the
Kensico Reservoir, and immediately send it into the Hillview Reservoir, and then into the rest of New
York City.

Jerome Park Reservoir is an 800 million gallon storage reservoir in north Bronx. The reservoir itself
does not impound a river, and is held up by four walls. It was built in 1906 to receive the waters of the
New Croton Aqueduct.

In the 1990s, residents fought to stop the City from converting the site to a water treatment plant. It was
thought that the noise, chemicals, and unsightly construction would decrease the quality of life for area
residents. The treatment plant is being built in another part of the Bronx, minutes away in the middle of
Van Cortlandt Park.

A major advantage of the New York City water supply system is that of the nearly 1.1 billion gallons a
day of water supplied to the City, 95% of the total is delivered by gravity. The other 5% requires pumping
to maintain pressure. This percentage is sometimes increased in times of drought when the reservoirs are
at lower than normal levels.
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The furthest water supply reservoir is 120 miles away from central Manhattan. Long travel time for the
water from the source to the City, results in most of the contaminations and microbes dying naturally and
in superior water quality which meets all health related State and federal drinking water standards. With
the exception of color, an aesthetic condition in the Croton and Groundwater Systems, that may exceed
the standard on a seasonal basis.

All City water is treated with chlorine to meet disinfection standards, with fluoride (one part per million)
to help prevent tooth decay, and with orthophosphate to create a protective film on pipes and reduce the
release of metals, such as copper and lead, from household plumbing. Sodium hydroxide is added to
Catskill/Delaware water to raise the PH and reduce corrosivity. For more information about the water
quality please refer to annual Water Quality reports.
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Figure 3: Flow diagram for Delaware and Catskill systems
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New York City Water Supply Distribution System

Water from the New York City reservoirs supplies all of the New York City. In addition, upstate
municipal corporations and water districts in the counties (except Dutchess County) in which the City has
water supply facilities have certain legal entitlements to provide connections to the system and to take
water, at a price set by the New York State DEC in quantities no greater than their populations times the
City’s per capita use. As such, the City system supplies nearly 85% of the water used in Westchester
County and 5 to 10% of the water used in Orange, Putnam, and Ulster Counties. There are also upstate
communities that do not regularly use water from the City system but are connected to it for emergency
use.

New York City Water Tunnels:

New York City Water Tunnel No. 1 was completed in 1917. It runs from the Hillview Reservoir under
the central Bronx, Harlem River, West Side, Midtown and Lower East Side of Manhattan, and under the
East River to Brooklyn where it connects to Tunnel 2. It is expected to undergo extensive repairs upon
completion of Tunnel No. 3 in 2012.

New York City Water Tunnel No. 2 was completed in 1935. It runs from Hillview Reservoir under the
central Bronx, East River, and western Queens to Brooklyn where it connects to Tunnel 1 and the
Richmond Tunnel to Staten Island.

New York City Water Tunnel No. 3 is the largest capital construction project in New York City's
history. It is intended to provide the city with a critical third connection to its Upstate New York water
supply system. The tunnel will eventually be more than 60 miles (97 km) long. Construction on the tunnel
began in 1970 and the next phase of the tunnel is expected to be completed in 2012 with final completion
date of 2020 or beyond.

In addition to the complex network of aqueducts, tunnels and approximately 7,000 miles of water pipes,
New York City has almost 140,000 catch basins, 114,000 hydrants, 90,000 valves, 14 gatehouses, 68
groundwater wells, a 100 million gallon underground storage tank and 7,000 miles each of sanitary
sewers. The responsibility of maintaining these vast networks falls under the Department of
Environmental Protection’s Bureau of Water and Sewer Operations.

City-sponsored conservation measures have cut average daily water consumption by almost 20% since the
late 1980s. Steps to improve water use efficiency include metering 660,000 residential properties;
installing low-flow plumbing fixtures in hundreds of thousands of houses and apartments; replacing most
of the City’s 114,000 fire hydrants with tamper-proof models; and providing free water use audits to
homeowners, apartment managers and business operators.
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Current Projects:

Catskill/Delaware UV Facility

In preparation for the new EPA Long Term 2 Enhanced Surface Water Treatment Rule, LT2ESWTR,
which was first proposed in August 2003, New York City designed an ultraviolet (UV) light disinfection
plant for the Catskill/Delaware System. In January 2008 facility construction started. The facility is
expected to begin operation in 2012. The Catskill/Delaware facility will consist of fifty-six 40-million
gallon per day UV Disinfection Units and is designed to disinfect a maximum of 2.4 billion gallons of
water per day. The plant will provide an additional barrier of microbiological protection by inactivating
potentially harmful organisms such as Cryptosporidium and Giardia. This treatment will supplement
DEP’s existing microbial disinfection programs.

Croton Filtration Plant

The 400-square-mile Croton watershed is more densely populated and has more development than the
City’s 1,600-square-mile Catskill/Delaware watershed, leading the water quality to be lower than
Catskill/Delaware water. The City’s goal is to ensure that Croton system water is at all times protected
against microbiological contamination, is aesthetically pleasing, and meets all drinking water quality
standards. The City, therefore is constructing a filtration plant for Croton system water, pursuant to the
terms of a November 1998 federal court Consent Decree, entered into with the United States and the State
of New York. The facility is expected to reduce color levels in the Croton system water, reduce the risk of
microbiological contamination, reduce disinfection by-product levels and ensure compliance with stricter
water quality standards.

Restoration of the original elevation at New Croton Reservoir

The New Croton Reservoir was originally designed to store more water under normal conditions than it
currently impounds. Due to damages sustained from a series of storms in 1955, flashboards were removed
and portions of the fixed spillway weir crest were lowered resulting in a six foot drop in the elevation of
the normal pool, and decreasing water storage capacity of the reservoir. In connection with significant
modifications to the spillway that are required to meet current NYC DEC guidelines for dam safety,
NYCDEP intends to restore the fixed spillway crest four feet and return the water level to an elevation
closer to what was maintained prior to 1955, thereby restoring a portion of the storage capacity of the
Reservoir. The resulting increased capacity is an important part of efforts to lessen the impact of future
droughts on availability of potable water to New York City and the other municipalities the Croton
System serves. It should be noted that New York City DEP is not seeking to acquire land in connection
with restoring the capacity of the New Croton Reservoir.
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Exhibit 7: “Maps showing all land to be acquired in connection with the project”

See Exhibits 3a and 3b for maps of the watershed showing protected lands as of January, 2010. These maps
provide an overall view of the success of the Land Acquisition Program since 1997. It is not possible to
provide maps of expected or future land acquisitions, given that the City will acquire properties only from
willing sellers and location of these properties cannot be forecast. However, based on program requirements,
history, and existing plans, it is possible to describe in general the types of properties to be solicited and the
geographic regions of focus for future work.

Program Requirements

The City acquires land subject to requirements set forth in the 1997 Watershed Memorandum of Agreement
(“MOA”), the 1997 and 2007 Filtration Avoidance Determinations (“FAD”), and of course the existing
(1997) Water Supply Permit (WSP). These documents establish the types of property interests that the City
can acquire under the Program, conditions relating to the acquisition process, and requirements for the City
once it acquires property, including maintaining property for watershed protection and payment of taxes. As
discussed in detail further below, these documents also establish limits on the locations, types and size of
properties that can be acquired.

History
Since 1997, the City and WAC have together secured over 100,000 acres of real property interests in the

Catskill — Delaware System. This acreage is distributed as shown in Exhibits 3a and 3b. Considering land
protected permanently by the City and by other entities such as New York State, a number of basins exhibit
relatively high levels of overall permanent protected status, as shown in the chart and map below:

Protected Lands as a Percentage of Basin Land Area
By Basin, Catskill-Delaware Watershed

70%—

60% O Other Protected

mLAP

O Pre-MOA,
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Percent Protected Lands by Sub-Basin
West-of-Hudson District

Sub-Basin Percent Protected

l:l 0% to 9.9%
l:l 10% to 19.9%

D Basin Boundary

The percentage of lands under permanent protection is thus quite high in high priority basins such as Kensico
(1A/B), West Branch Boyd’s (1A/B), Rondout (1A/B), and Ashokan (1A/B and 2). In addition, the entire
Neversink basin and certain sub-basins in Schoharie, Pepacton and Cannonsville are protected at levels well
over 40%.

Long-Term Plan for Acquisitions under the 2012 Water Supply Permit

As required pursuant to the 2007 Filtration Avoidance Determination, in September 2009, the City prepared
the Long-Term Land Acquisition Plan: 2012-2012 (“Long-Term Plan”), a copy of which is attached to this
Exhibit. The Long-Term Plan identifies five key goals for the LAP over the term of the 2012 Water Supply
Permit:

Continue the proven real estate methods that have guided the program since 1997,

e Increase the percentage of protected lands in the Cat-Del System as a whole, with a particular
emphasis on non-terminal reservoir basins with less than 30 percent protected lands, specific sub-
basins with a low percentage of protected lands, and reservoir basins that are expected to provide a
large contribution to future water supply;

e Continue to refine parcel selection procedures to maximize the water quality benefit of acquisitions;
Build on our existing programs to promote City lands as a working landscape in partnership with local
communities; and

o Develop strategies to promote the wise use of acquisition resources over the long-term.
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The Long-Term Plan identifies regional Areas of Focus based primarily on the current level of protection in a
sub-basin or basin as a mechanism for focusing the City’s solicitation efforts and
resources on acquisition in those areas where the LAP can maximize water quality benefit.

Since the added protective benefits of acquiring all but the largest properties in these basins is marginal, and
the costs can be high (particularly east-of-Hudson), the City does not expect to continue the same intensity of
solicitation in the basins and sub-basins where the proportion of permanently protected land is already high,
nor to acquire many properties in these areas with the exception of those that are compelling.

In addition, farms are concentrated substantially in Cannonsville, with some in Pepacton and Schoharie but
few elsewhere; thus WAC will be continuing to focus its resources in these three basins. For these and other
reasons outlined in the Long-Term Plan, the City expects to focus its solicitation efforts in areas of Schoharie,
Pepacton and Cannonsville that are currently at relatively low levels of protection. The lion’s share of
acreage in future acquisitions by both DEP and WAC can thus be expected in these areas.

Limits on Acquisitions and Potential Modifications

The City has been involved in negotiations with key watershed stakeholders over concerns raised by the
watershed communities in connection with the expansion of the LAP under the 2007 FAD. These
negotiations have focused on modifications to existing limitations on the City’s solicitations and acquisitions
under the MOA and the 1997 Water Supply Permit, and may lead to revisions of the City’s solicitation plans
and acquisition conditions. While we cannot at this time foresee exactly what these revisions will ultimately
look like, they will likely include the following revisions that would influence the pattern of acquisitions:

1. Hamlet designation. Under the MOA (see Section 68 and Attachment R), a list of specific tax parcels
totaling 6,852 acres were designated west-of-Hudson, which towns and incorporated villages could
then elect to prohibit the City from acquiring in fee simple. Conservation easements could be acquired
regardless, by either DEP or WAC. The MOA stipulated windows of opportunity for towns and
villages to revise their decisions in regard to this process in 1997, 2001, and 2006. As part of
negotiations in 2008-9 with FAD regulators and stakeholders on the shape of the Land Acquisition
Program (LAP) for the period of the 2012-2022 WSP, to address local economic development
concerns, the parties have agreed to new hamlet expansion (LAP exclusion zones) opportunities. Of
the 32 towns west-of-Hudson, 15 elected not to revise their existing hamlet designations and 17
requested to add designated parcels to such ‘“hamlets’. The proposed additional parcels are de
minimus in some towns and moderate in most others. If agreed to, these 17 towns (in addition to all
other towns and villages with existing designated hamlets) would be given new opportunities every
five years — immediately following issuance of the 2012 Water Supply Permit — to elect whether or not
to exclude DEP and WAC from acquiring any real property interests, whether fee simple or
conservation easements, in the designated hamlet areas as revised. Throughout the negotiations, the
City has made clear that it will agree to expanded hamlet areas only if it determines that the
expansions proposed by a town will not impair the City’s ability to run a robust Land Acquisition
Program, consistent with the requirements and goals established under the MOA and the FAD.
Moreover, we have agreed that any modifications to the hamlets require the consent of the FAD
regulators.

2. Natural features criteria. The Coalition of Watershed Towns has requested to revise solicitation
guidelines such that only properties containing the following numeric thresholds for the natural
features criteria would be solicited or acquired under the new WSP:

Water features: properties must contain a minimum of 10% surface area, as determined by DEP’s
geographic information system, that is covered with watercourses, water bodies, wetlands, reservoirs,
or 300-foot buffers to any of those features. Properties that contain less than 10% of water features in
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surface area must have a minimum of 60% surface area covered by slopes that are 15% or steeper.
The Coalition has proposed that properties that do not meet one or both of these thresholds cannot be
acquired by the City.

The City has tentatively agreed to adopt thresholds for natural features criteria, although it has
proposed somewhat lower thresholds, and has also proposed that the thresholds should not apply if
land abutting a property under consideration is already owned by the City or the State. As with the
proposal to expand hamlet areas, the City has made clear that it will agree to natural features
thresholds only if it determines that they will not impair the City’s ability to run a robust Land
Acquisition Program, consistent with the requirements and goals established under the MOA and the
FAD. Moreover, we recognize that any modifications to the natural features criteria require the
consent of the FAD regulators.

3. Riparian Buffer Conservation Easement Program. NYS has proposed that the City fund a program
through which one or more local land trusts might acquire conservation easements on riparian buffers.
The City has agreed in principle to such a program, and expects to meet with stakeholders during 2010
to establish the goals and parameters of such a program. If such program is to be implemented, it is
expected to begin as a pilot program, probably in Greene County, and involve acquisitions of
relatively small (under 20-acre) easements, and might require a modification to the minimum size
thresholds or other criteria established under the MOA and the 1997 Water Supply Permit.
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Exhibit 8: Cost Estimate

The MOA, 1997 FAD, and 1997 WSP required or authorized the City to commit up to
$300 million toward the acquisition of real property interests in the Catskill / Delaware

systems. These funds have been fully spent (in the case of DEP acquisitions) or

committed (in the case of the WAC Farm Easement Program). The 2007 FAD required
the City to commit an additional $241 million to the program, bringing the City’s total
commitment for land acquisition to $541 million.

As of the submission date for this Water Supply Permit application, roughly $173 million
of the $541 million remains uncommitted. The overall breakdown of program costs to

this point, and estimated costs through the term of the current FAD, are as follows:

Actual (Past) and Estimated (Future) Land Acquisition Program Costs, 1997 - 2017

Timeframe WAC
(Calendar Signed Soft WAC Forest Riparian
Years) Contracts Costs Farm CEs* CEs* CEs* Totals
1997 to 2009 $295.0 $26.2 $47.0 N.A. N.A. $368.2
2010 to 2017 $126.8 $12.0 $23.0 $6.0 $5.0 $172.8
Totals $421.8 $38.2 $70.0 $6.0 $5.0 $541.0
% of Total: 78% 7% 13% 1% 1% 100%

*The costs allocated for WAC farm and forest CEs, and for riparian CEs, include the soft
costs associated with those programs.
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DZP

New York City Department of
Environmental Protection Dear Water Customer:

New York City’s water supply system delivers more than 1 billion gallons of fresh, clean water
daily to 9 million customers throughout the five boroughs and upstate. Consisting of 19
reservoirs, 3 controlled lakes, and more than 6,000 miles of pipes, aqueducts, and tunnels
Flushing, NY 11373 - our system is a green machine that runs almost entirely by gravity and, for the most part,
doesn't require filtration.

59-17 Junction Boulevard

Though our City and our Department face economic challenges that are very much influencing
the way we do business, under Mayor Bloomberg’s leadership DEP is presiding over one

of the most important periods of revitalization for New York City’s water and wastewater
infrastructure since the creation of the Delaware Water Supply system in the 1950s and the
post-1970s transformation of our Wastewater Treatment System. City Water Tunnel No. 3, the
Croton Water Filtration Plant, the Catskill/Delaware Ultraviolet Light Disinfection Facility,

land acquisition and infrastructure support for the Filtration Avoidance Determination (FAD),
sweeping changes to the Newtown Creek Wastewater Treatment Plant, and preparation to fix
the Delaware Aqueduct are just a few of the agency’s significant ongoing projects.

Steven W. Lawitts
Acting Commissioner

These projects are ambitious and forward thinking. They are in the best tradition of the
engineers who, more than 150 years ago, began building one of the greatest water supply
systems in the world, and will ensure that — consistent with the Mayor’s PlaNYC vision - this
system can support an additional population of 1 million people by 2030 and remain viable for
generations to come.

In addition to safeguarding and modernizing our infrastructure, DEP has made tremendous
headway in revamping its Bureau of Customer Services. This year, DEP initiated the
implementation of a citywide automated meter reading (AMR) network. AMR leverages
the City’s wireless network capabilities, and will provide our 833,000 customers with more
accurate billing information. It will also eliminate estimated bills and the need for door-to-
door meter reading.

Soon, DEP will launch NYC Water, a campaign to promote our delicious tap water, which is
among the highest-quality and best-tasting in the world. With no carbohydrates, sugar, or
calories, NYC Water is not only good for your health; it’s healthier for your wallet. Drinking
two liters of NYC Water each day costs just 50¢ a year, while drinking two liters of bottled
water a day can cost more than $1,400 a year.

In addition to being economically prudent, it is also environmentally responsible to drink
tap water. Forty-seven million gallons of fossil fuels are used to produce all the plastic
bottles Americans use each year, which results in one billion pounds of CO, added to the
atmosphere. By drinking NYC Water, instead of bottled water, you can help protect our
environment and minimize the likely impacts of climate change on our water supply system.

With your help, we can continue to promote NYC Water so that all of our customers, in
addition to the millions of people who commute to or visit the City each year, know to reach
for the tap instead of a bottled drink the next time they’re thirsty.

Sincerely,

Steven W. Lawitts




NEW YORK CITY
2008 DRINKING WATER
SUPPLY AND QUALITY REPORT

The New York City Department of Environmental Protection (DEP) is pleased to
present its 2008 Annual Water Quality Report. This report was prepared in accordance
with Part 5-1.72 of the New York State Sanitary Code (10NYCRR), and the National
Primary Drinking Water Regulations, 40 CFR Part 141 Subpart O, of the United
States Environmental Protection Agency (EPA), which require all drinking water
suppliers to provide the public with an annual statement describing the water supply

and the quality of its water:

New York City’s Water Supply

The New York City surface (reservoir) water supply system provides approximately 1.0
billion gallons of safe drinking water daily to over 8 million residents of New York City,
and to one million people living in Westchester, Putnam, Ulster, and Orange counties,
as well as the millions of tourists and commuters who visit the City throughout the
year. In addition to our surface water supplies, fewer than 100,000 people in
southeastern Queens may receive groundwater or a blend of groundwater and surface
water. In all, the City system supplies nearly half the population of New York State with
high quality water.

Source of New York City’s Drinking Water

New York City’s surface water is supplied from a network of 19 reservoirs and three
controlled lakes in a 1,972 square-mile watershed that extends 125 miles north and west
of New York City. Due to the City’s ongoing efforts to maintain the appropriate volume
and high quality of water in the distribution system, there is some rotation in the water
sources used by DEP. In 2008, 98.3% of our water came from the Catskill/Delaware
System (Public Water System Identification Number — PWSID NY7003493), located in
Delaware, Greene, Schoharie, Sullivan, and Ulster counties, west of the Hudson River.
The Croton System (PWSID NY7003666), the City’s original upstate supply, provided,
on average, 1.6% of the daily supply to the City from 12 reservoir basins in Putnam,
Westchester, and Dutchess counties. New York City’s Groundwater System (PWSID
NY7011735) in southeastern Queens was off-line for the entire 2008 calendar year.

Regulation of Drinking Water

The sources of drinking water worldwide (both tap water and bottled water) include
rivers, lakes, streams, ponds, reservoirs, springs, and wells. As water travels over the
surface of the land or through the ground, it dissolves naturally-occurring minerals and,
in some cases, radioactive material and can pick up substances resulting from the
presence of animals or from human activities. Contaminants that may be present in
source water include: microbial contaminants, inorganic contaminants, pesticides and
herbicides, organic chemical contaminants, and radioactive contaminants.

In order to ensure that tap water is safe to drink, the New York State Department of
Health (NYSDOH) and EPA prescribe regulations that limit the amount of certain
contaminants in water provided by public water systems. The State Health
Department’s and the federal Food and Drug Administration’s (FDA) regulations
establish limits for contaminants in bottled water which must provide the same
protection for public health.

Drinking water, including bottled water, may reasonably be expected to contain at
least small amounts of some contaminants. The presence of contaminants does not
necessarily indicate that water poses a health risk. More information about
contaminants and potential health effects can be obtained by calling the EPA’s Safe
Drinking Water Hotline at (800) 426-4791.
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Ensuring a Safe, Reliable
and Sufficient Water Supply

Source Water Assessment Program

The Safe Drinking Water Act (SDWA) Amendments of 1996 required states to
develop and implement Source Water Assessment Programs (SWAP) to: identify the
areas that supply public tap water; inventory contaminants, and assess water system
susceptibility to contamination; and inform the public of the results. The SDWA gave
states a great deal of flexibility on how to implement SWAP. These assessments were
to be created using available information, and to help estimate the potential for
source water contamination. Elevated susceptibility ratings do not mean that source
water contamination has or will occur in the water supply, but instead indicate the
need for water suppliers to implement additional precautionary measures.

Starting in 1993, and culminating in 1997 with the historic watershed agreement

and Filtration Avoidance Determination (FAD), New York City began implementation
of a series of programs to reduce the susceptibility of the surface water supply to
contamination from a variety of sources. These programs, which are still ongoing,
operate under the close scrutiny of both the NYSDOH and the EPA. Due to these
efforts, further detailed below, the SWAP methodologies applied to the rest of the
state were not applied to the New York City water supply by NYSDOH.

Watershed Protection Programs

10-Year Filtration Avoidance Determination from EPA

2008 marked the first full year of DEP’s implementation of the latest 10-year FAD,
covering 2007 to 2017, issued by EPA in July of 2007. The FAD is based on the Long-
term Watershed Protection Program DEP submitted in December, 2006, and
describes enhancements to existing watershed protection programs as well as the
development of several new efforts.

Land Acquisition

New York City buys real property interests from willing sellers only, with the goal of
further protecting and buffering its 19 reservoirs and controlled lakes in the Catskill/
Delaware and Croton watersheds. Surrounding these reservoirs are 1.2 million acres
of land, of which the City owned 45,000 acres in 1997. Since the Land Acquisition
Program began in 1997, the City and its partner, the Watershed Agricultural Council
(WAC), have secured over 92,000 acres in fee simple or conservation easements. In
all, the City now owns more than 137,000 acres, land which is now protected from
development and managed pro-actively to protect water quality. DEP solicits parcels
for acquisition based on the presence of critical natural, topographical features, such
as streams and wetlands and/or proximity to reservoirs, as well as potential for
development. During 2008, DEP continued to solicit - and re-solicit - owners of such
sensitive watershed properties.

Land Management

With the City’s acquisition of land over the past 11 years, it has become one of the
largest single landowners in the watershed region. These properties must be
managed to ensure that water quality is protected. To achieve this critical objective,
DEP has developed and implemented land management programs that identify
specific beneficial uses and projects for the City’s water supply lands that include
opening properties for recreational use.

Since 1997, DEP has increased the acreage of land open for recreation every year,
and 51,538 acres are now available for fishing, hiking, hunting, trapping, cross-country
skiing and other passive activities. New in 2008 were Public Access Areas, where
recreation users can enter City lands without a DEP Access Permit or Hunt tag. An
additional 4,337 recreation Access Permits were issued in 2008, for a total of more
than 114,085 valid permits.
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Partnership Programs

Many of the City’s watershed protection programs west of the Hudson River are
administered by the Catskill Watershed Corporation (CWC), a non-profit corporation
formed for this purpose. Together, the CWC and DEP have repaired, replaced or managed
more than 2,800 failing septic systems and authorized the construction of approximately
70 stormwater control measures to address existing stormwater runoff.

The Community Wastewater Management Program (CWMP), funded by the City and
administered by CWC, enables the planning, design and construction of community
septic systems or septic maintenance districts in hamlets west-of-Hudson. CWMP
projects have been completed in the hamlets of Bovina and DelLancey and are underway
in Hamden, Bloomville, Boiceville, and Ashland.

DEP also works with communities to address the issue of septic systems that are failing or
likely to fail. Through its New Infrastructure Program, DEP is financing the construction of
new wastewater treatment plants in areas with problem septic systems. Roxbury, Andes,
Windham, Hunter, Fleischmanns, and Prattsville have completed construction of
wastewater treatment facilities. DEP’s sewer extension program connects new sewer lines
to City-owned treatment plants west-of-Hudson. The projects in Grahamsville,
Tannersville, Margaretville, Grand Gorge, and Pine Hill are either in design or under
construction.

Wastewater Treatment Plant (WTP) Upgrades

More than 100 non-City-owned WTPs in the upstate watershed are being upgraded to
provide state-of-the-art treatment of pathogens and substantially reduce nutrients in their
waste streams. Under this City-funded effort, plants generating 98% of the west-of-
Hudson WTP flow have been upgraded. In the Croton Watershed, plants producing 81% of
the flow have been fully upgraded; facilities accounting for another 9% of the flow are in
the construction phase; while another 22 plants (generating 10% of the flow) are now in
the design phase.

Stream Management Program

Stream Management Program (SMP) is a partnership program founded to encourage the
long-term stewardship of streams and floodplains in the west-of-Hudson watershed. The
SMP and its partners work to address the challenges associated with living in the Catskill
Mountains that can affect water quality: damage to property and infrastructure, such as
homes, roads, bridges and culverts; excessive stream-bank erosion; flooding hazards; and
ecological and habitat degradation. Over the past several years the City has contracted
with four county Soil and Water Conservation Districts and the Cornell Cooperative
Extension of Ulster County to develop stream management plans that report the
condition of stream corridors and provide a comprehensive set of recommendations for
their protection, conservation, and enhancement.

Plans have been completed for the Esopus Creek, the Schoharie Creek and all of its major
tributaries, and the main streams of the East and West Branches of the Delaware River.
Over the past several years, the SMP and its partners have also demonstrated stream
restoration techniques throughout the west-of-Hudson watershed, completing 53 projects
and restoring natural channel stability to many miles of watershed streams. In 2008, DEP
and its contractual partners began implementing the variety of recommendations made
within these plans. The SMP along with our partners has established watershed councils
for each major reservoir basin, with participating communities providing a leadership role
in implementing the plans’ recommendations.

New York City has committed $34 million to the Stream Management Program through
the 2007 FAD, which is in addition to the $21 million funded under the 2002 FAD.

Watershed Agricultural Program and Forestry Program

The Watershed Agricultural Program and the Watershed Forestry Program combined
function as collaborators between DEP and the local not-for-profit Watershed Agricultural
Council (WAC) that supports and maintains well-managed family farms and working
forests as beneficial land uses for water quality protection. In 2008, DEP and WAC
completed negotiations on a 46-month contract that enables WAC to continue
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administering and implementing the Watershed Agricultural and Forestry Programs
through 2012. This new contract took effect January 1, 2009. It includes both actual and
proposed federal matching fund commitments from the USDA Forest Service, Farm
Service Agency, and Natural Resource Conservation Service, primarily through direct
WAC grants, but also through the City/federal cost-sharing Conservation Reserve
Enhancement Program (CREP) and the 2008 federal Food, Conservation and Energy Act.

Since 1992, the Watershed Agricultural Program has developed pollution prevention
plans for more than 390 small and large farms in both the Catskill/Delaware and Croton
watersheds, in addition to implementing thousands of best management practices
(BMPs) that reduce agricultural pollution and protect water quality. In the Catskill/
Delaware watersheds, approximately 96% of large commercial farms participate in the
program.

Since 1997, the Watershed Forestry Program has developed more than 740 forest
management plans covering 132,500 watershed acres, of which an estimated 103,800
acres are forested. It has also implemented 150 timber harvest road BMP projects and
remediated 59 forest roads having erosion problems. Each year, the program also
conducts dozens of forestry education and training programs for thousands of
watershed landowners, foresters, loggers, teachers, students, forest industry
professionals, local officials, and other upstate/downstate audiences.

Improved Reliability

Catskill/Delaware UV Facility

EPA published new regulations in the Federal Register on January 5, 2006, including the
Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR), to improve control of
microbial pathogens. In preparation for the new rule, which was first proposed in August
2003, New York City designed an ultraviolet (UV) light disinfection plant for the
Catskill/Delaware System. Construction of the facility began in 2008 and is expected to
begin operation in 2012. The plant is located at the New York City-owned Eastview site,
a 153-acre property situated in the towns of Mount Pleasant and Greenburgh in
Westchester County, New York. The Catskill/Delaware facility will consist of fifty-six
40-million-gallon-per-day UV Disinfection Units and is designed to disinfect a maximum
of 2.4 billion gallons of water per day. The plant will provide an additional barrier of
microbiological protection by inactivating potentially harmful organisms, such as
Cryptosporidium and Giardia. This treatment will supplement DEP’s existing microbial
disinfection programs.

Croton Water Filtration Plant

The City’s goals are to ensure that water from all three of its water supply systems is at
all times protected against microbiological contamination, is aesthetically pleasing, and
meets all drinking water quality standards. With respect to the Croton System, the City
is proceeding with the construction of a filtration plant for Croton System water,
pursuant to the terms of a November 1998 federal court Consent Decree entered into
with the United States and the State of New York. The filtration plant is expected to
reduce color levels, the risk of microbiological contamination, and disinfection
byproduct (DBP) levels in the Croton System water. The filtration plant will also ensure
compliance with stricter water quality standards. In September 2004 the City issued a
notice to proceed with the first phase of construction of the Croton Water Filtration
Plant at the Mosholu Golf Course site. In August 2006 and August 2007 the second and
third phases went forward. Construction work at the site continues to make progress:
excavation of the two Treated Water Tunnels has been completed; placement of
concrete for lining the Raw Water Tunnel is underway; and, concrete placement,
installation of mechanical piping and electrical work at the site continue to advance. In
addition, work off-site at the Treated Water Shafts at Jerome Park Reservoir continues.
The Croton Water Filtration Plant is expected to be operational by 2012.

As part of an agreement between the City and the Parks Department, more than $200
million generated from water and sewer revenues are being spent on improvements to
more than 70 Bronx Parks and recreational facilities. DEP also operates a community
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outreach office adjacent to the Mosholu site. The office, located at 3660 Jerome Avenue,
Bronx, New York is open Monday through Friday from 9 AM to 5 PM. For more
information, the telephone number of the center is (718) 231-8470.

The City remains committed to maintaining a comprehensive watershed protection
program for the Croton System. Until DEP begins to filter Croton water, we are required
to make the following statement: Inadequately treated water may contain disease-causing
organisms. These organisms include bacteria, viruses, and parasites, which can cause symptoms such
as nausea, cramps, diarrbea, and associated headaches.

City Water Tunnel No. 3

Construction of City Water Tunnel No. 3, one of the largest capital projects in New York
City’s history, began in 1970. City Water Tunnel No. 3 will enhance and improve the City’s
water delivery system, and allow for the inspection and repair of City Water Tunnels No. 1
and No. 2 for the first time since they were put into service, in 1917 and 1936, respectively.
The 13-mile Stage 1 section went into service in August 1998. It runs from Hillview
Reservoir in Yonkers, through the Bronx, down Manhattan across Central Park, and into
Astoria, Queens. Stage 2 of City Water Tunnel No. 3 consists of the Brooklyn/Queens leg
and the Manhattan leg. The Brooklyn/Queens leg is a 5.5-mile section in Brooklyn that
connects to a 5-mile section in Queens. These sections were completed in May of 2001.
It is anticipated that the Brooklyn/Queens section, which will deliver water to Staten
Island, Brooklyn and Queens, will be activated by 2013. Tunneling on the Manhattan
portion of Stage 2 began in 2003 and was completed in 2008. Almost 9 miles were
excavated and lined with concrete. In addition, ten new supply shafts have been
constructed on the Manhattan leg that will integrate the new tunnel section with the
existing distribution system. Work on the distribution chambers, which are underground
facilities atop the shafts, continues and should be completed in 2013 at which time the
Manhattan leg is expected to begin water delivery. Facility planning for Stage 3 of the
tunnel is ongoing, with a final facility plan and conceptual design expected by 2011. Stage
3, referred to as the Kensico-City Tunnel (KCT) involves construction of a 16-mile section
that extends from the Kensico Reservoir to a valve chamber in the Bronx. When
completed, the KCT will be able to deliver water directly from Kensico Reservoir to City
Water Tunnel No. 3. In total, City Water Tunnel No. 3 will span 6o miles. Construction is
expected to be completed by 202s.

Hillview Reservoir

Due to violations of the Total Coliform Rule (TCR) in the distribution system in 1993 and
1994 that were attributed to conditions at Hillview Reservoir, DEP entered into a 1996
Administrative Order (AO) with NYSDOH, which was amended in 1997 and again in 1999,
requiring DEP to complete four activities: 1) remove sediment from the Hillview
Reservoir sediments; 2) undertake a biofilm research study of the distribution system; 3)
investigate the integrity of the Hillview Reservoir dividing wall; and 4) install a cover
over the Hillview Reservoir. DEP completed all of the action items stipulated in the AO
except for item 4, the covering of the Hillview Reservoir. However, DEP instituted an
improvements program comprised of facility and operational modifications designed to
prevent a recurrence of the TCR violations. The improvements include: increasing the
chlorine residual in the basins of Hillview Reservoir, developing and updating Standard
Operating Procedures, and initiating an avian (bird) deterrent program. Significant
capital projects were also completed, including improvements to chemical addition
facilities and site security. Other capital projects are planned which exceed the
requirements of the AO. Because DEP did not meet the AO milestone for commencing
construction of a cover (April 30, 2002), nor for completing construction of a cover
(December 31, 2005), NYSDOH and DEP negotiated to amend the terms of the AO, and
reached an agreement to modify the AO and extend the covering milestone. The final
AO was signed in February 2008. It requires DEP to complete the cover over the East
Basin by June 2014, and the cover over the West Basin, by October 2016.

Groundwater System Enbancements
In the late 1990s, after purchasing the wells in southeastern Queens and assuming
responsibility for the delivery of drinking water from those wells to the adjacent
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communities, DEP embarked upon a broad program to integrate New York City’s surface
water supply with the groundwater supplied by the aquifer system below southeastern
Queens. As part of the Brooklyn-Queens Aquifer Feasibility Study, DEP continues to
investigate the use of the deep aquifers for water storage and to develop plans for a
treatment plant at Station 6 in Jamaica.

Station 6 Groundwater Treatment Plant

DEP continues to develop plans for a new groundwater treatment plant to replace DEP’s
existing facility located at Station 6 in Jamaica, Queens. This proposed state-of-the-art
facility, whose final design is expected to be completed in 2012 and construction
projected for 2014, will produce high quality drinking water and control groundwater
flooding. Once built, Station 6 will provide between 10 and 12 million gallons per day of
drinking water. As part of the Station 6 project, DEP has implemented a comprehensive
community outreach program. This program includes small group meetings, large
public forums, distribution of informational materials, and a Citizens Advisory
Committee. More information about the Groundwater System can be found at www.
nyc.gov/dep/groundwater.

Agquifer Storage and Recovery

In addition to improving the quality of groundwater from Queens’ aquifers through
treatment, DEP is investigating the possibility of improving the groundwater supply by
using the deep aquifers (Magothy and Lloyd) to provide additional storage for surface
water. Working with regional agencies, DEP is developing an Aquifer Storage and
Recovery (ASR) project. Currently, the Lloyd Aquifer’s resources are depleting, mainly
due to rate of consumption by Long Island communities that is greater than the
aquifer’s natural rate of recharge. ASR would help to replenish the Lloyd Aquifer by
injecting surplus water from New York City’s upstate surface water reservoirs into the
aquifer. This water would be stored in both deep aquifers and, when necessary, the City
could extract a portion of this potable water to supplement its drinking water supply.

This process will benefit both the City and communities on Long Island. New York City
will benefit from a new in-City drinking water supply -- created without many of the
attendant construction costs and community disturbances involved in traditional capital
projects. Most importantly, the City would also gain a temporary alternate water supply
in case of an emergency, such as a drought or the need to shut down one of the City’s
three aqueducts. The injection process will have an added benefit in that it will recharge
the aquifer. This recharging process would help to guard the aquifer against saltwater
intrusion, protecting Long Island beach communities’ underground drinking water from
salinization, which is a long-term threat to their supply.

The West Side Corporation Site

The West Side Corporation (WSC), located at 107-10 180th Street in Jamaica, was a dry
cleaning storage and distribution center that handled large amounts of the chemical
tetrachloroethylene (also known as “PERC” or PCE) between 1969 and 1982. When the
business closed, it left behind spills and storage tank leaks that resulted in the seepage
of hazardous chemicals, including PERC, through the soil and into the groundwater.
Today, DEP and the DEC are working together to clean up both the soil and the
groundwater contamination caused by the spills.

Water Conservation

The average single family household in New York City uses approximately 100,000
gallons of water each year, at a cost of $2.02 per 100 cubic feet of water (748 gallons), or
about $270 each year (based on the FY2008 water rate). Since virtually all City
residences are connected to the public sewer system and, therefore, receive wastewater
collection and treatment services as well, the combined annual water and sewer charge
for the typical NYC household using 100,000 gallons per year is $699 consisting of $270
for water service and $429 for wastewater services. New York City is fortunate to have
reasonably priced drinking water; however, everyone should do their part to conserve
this precious resource. All New Yorkers are encouraged to observe good water
conservation habits, and are required to obey the City’s year-round water use
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restrictions, which include a prohibition on watering sidewalks and lawns between
November 1and March 31, and between 11 AM to 7 PM from April 1to October 31. It is
illegal to open fire hydrants at any time. You can help save water by ordering a Home or
Apartment Water Saving Kit by calling the City’s helpline, 311. If you are an apartment
building owner/manager or a homeowner, you can also obtain a free leak survey by
calling DEP’s Leak survey contractor at (718) 326-9426 for information. You can also go to
www.nyc.gov/dep, click on “more services” in the Customer Services Box, and fill-in these
order forms to send to the person listed.

Water Treatment

All surface water and groundwater entering New York City’s distribution system is treated
with chlorine, fluoride, food grade phosphoric acid and, in some cases, sodium hydroxide.
New York City uses chlorine to meet the New York State Sanitary Code and federal Safe
Drinking Water Act (SDWA) disinfection requirements. Fluoride, added since 1966, at a
concentration of one part per million, in accordance with the New York City Health Code,
helps prevent tooth decay. Phosphoric acid is added to create a protective film on pipes
that reduces the release of metals such as lead from household plumbing. Sodium
hydroxide is added to Catskill/Delaware water to raise the pH and reduce corrosivity.

In the Groundwater System, DEP has the ability to apply a sequestering agent at several
wells to prevent the precipitation of naturally occurring minerals, mostly iron and
manganese, in the distribution mains and customers’ household piping. Air stripper
facilities can be operated at several wells to remove volatile organic chemicals. For the
entire 2008 calendar year there were no wells in operation.

Fluoride

DEP is one of the many drinking water systems in New York State that provides drinking
water with a controlled, low level of fluoride for consumer dental health protection.
According to the United States Centers for Disease Control and Prevention (CDC), fluoride
is very effective in preventing cavities when present in drinking water at an optimal range
of 0.8 to 1.2 mg/L. The New York City Health Code requires a fluoride concentration of
approximately 1.0 mg/L, with an acceptable range of 0.9 to 11 mg/L. To ensure that the
fluoride supplement in your water provides optimal dental protection, NYSDOH requires
that we monitor fluoride levels on a daily basis. During 2008, none of the monitoring
results showed fluoride at levels that approach the 2.2 mg/L MCL for fluoride.

During 2008, fluoride was not continuously supplied in the Catskill/Delaware System due
to upgrades and repair work on the fluoride feed system. Fluoridation facilities for the
Catskill System were off-line over 7% of the time, with the longest period of fluoridation
interruption being approximately two days, from 2/22/08 through 2/24/08. Fluoridation
facilities for the Delaware System were off-line over 9% of the time, with the longest
period of fluoridation interruption being five days, from 6/14/08 through 6/19/08.
NYSDOH Bureau of Dental Health has indicated that a brief interruption of fluoridation
to the Catskill/Delaware System is not expected to have a significant impact on dental
health. Interruption of fluoridation in 2008 did not require public notification.

Operational Changes

As part of a multi-year program to inspect and rehabilitate the New Croton Aqueduct, the
Croton System was removed from service on October 12, 2007. On October 15, 2008, the
Croton System was activated and began supplying water into distribution through
December 12, 2008 when the Mosholu Pump Station was shut down. Croton water was
not fed into distribution for the remainder of the year.

For the Groundwater System, there were no wells in operation for the entire 2008
calendar year. Operational information for the Groundwater System can be found at
www.nyc.gov/dep/groundwater. The map on the inside front cover represents the
Catskill/Delaware, Croton, and Groundwater service areas. This map depicts the Croton
and Groundwater service areas when in operation.




Drinking Water Quality

DEP’s water quality monitoring program -- far more extensive than required by law --
demonstrates that the quality of New York City’s drinking water remains high and
meets all health-related State and federal drinking water standards.

Drinking Water Monitoring

DEP monitors the water in the distribution system, the upstate reservoirs and feeder
streams, and the wells that are the sources for the City’s supply. Certain water quality
parameters are monitored continuously as the water enters the distribution system,
and water quality is regularly tested at sampling points throughout the entire City. DEP
conducts analyses for a broad spectrum of microbiological, chemical, and physical
measures of quality. In 2008, DEP collected more than 29,800 samples from the City’s
distribution system and performed more than 381,300 analyses.

DEP conducts most of its distribution water quality monitoring at approximately

1,000 fixed sampling stations throughout the City. These stations, visible in many
neighborhoods, allow DEP to collect water samples throughout the distribution system
in an efficient and sanitary manner. The approximate boundaries of the service areas for
all three City Systems are displayed in the map on the inside of the front cover.

Test Results

The results of the tests conducted in 2008 on distribution water samples under DEP’s
Distribution System Monitoring Program are summarized in the tables in this Report.
These tables reflect the compliance monitoring results for all regulated and
nonregulated parameters. The tables present both the federal and State standard for
each parameter (if applicable), the number of samples collected, the range of values
detected, the average of the values detected, and the possible sources of the
parameters. The monitoring frequency of each parameter varies and is parameter
specific. Data are presented separately for the Catskill/Delaware and Croton Systems.
(There are no data presented for the Groundwater System since it was not in service in
2008.) Whether a particular user received water from the Catskill/Delaware or Croton
supplies, or a mixture of the two, depends on location, system operations, and
consumer demand. Those parameters monitored, but not detected in any sample, are
presented in a separate box. The State requires monitoring for some parameters less
than once per year because the concentrations of these parameters do not change
frequently. Accordingly, some of these data, though representative, are more than one
year old. For specific information about water quality in your area, New York City
residents should call the City of New York’s 24-hour helpline at 31.

Sampling

DEP is required to monitor drinking water for various parameters on a regular basis.
Results of regular monitoring are an indicator of whether or not drinking water meets
health standards. DEP collects samples at a frequency prescribed by the State. In 2008,
DEP met all State and federal sampling requirements.

Color

The Croton System experiences seasonal water quality problems associated with
elevated color levels, resulting from naturally occurring minerals and organic matter
present in the water. In the Croton System, there was one violation of the color MCL

in October 2008 at the Croton System entry point Site 37 on 10/30/2008. In November
2008, there were a total of seven color MCL violations at the Croton System entry
points: three color MCL violations at entry point Site 15SC21 (11/2/2008, 11/18/2008,

and 11/27/2008), three color MCL violations at Site 37 (11/2/08, 11/6/08, 11/9/08), and
one color MCL violation at Site 12900 (11/18/2008). In December 2008, there was one
color MCL violation at the Croton System entry point Site 1SC21 on 12/9/2008, and one
color MCL violation at the Croton System entry point Site 37 on 12/11/2008. In each
case, the average of two consecutive samples from the same site exceeded the MCL

of 15 apparent units. Color has no health effects unless detected in very high
concentrations. In some instances, color may be objectionable to some people at as low
as 5 apparent units. The presence of elevated color levels is aesthetically objectionable
and suggests that the water may need additional treatment.




Turbidity

For the month of November 2008, the Croton System’s monthly average daily entry
point turbidity was 1.52 NTU, which violated the MCL of 1 NTU.

On 10/30/2008 there was a Croton System entry point turbidity reading of 1.66 NTU at
Site 1SC21. If the daily entry point analysis exceeds 1 NTU, a repeat sample must be taken
within one hour. DEP failed to collect a repeat sample on 10/30/2008 and was issued a
Tier 3 monitoring violation by NYSDOH.

On 11/1/2008, there was a Croton System entry point turbidity reading of 1.94 NTU at
Site 37. DEP failed to collect the repeat sample on 11/1/2008 and was issued a Tier 3
monitoring violation by NYSDOH.

Turbidity has no bealth effect. However; turbidity can interfere with disinfection and provide a
medium for microbial growth. Turbidity may indicate the presence of disease-causing organisms.
These organisms include bacteria, viruses, and parasites that can cause symptoms such as nausea,
cramps, diarrbea, and associated beadaches. Please pay special attention to the additional statement
in this document regarding Cryptosporidium.

Lead in Drinking Water

New York City water is virtually lead-free when it is delivered from the City’s upstate
reservoir system, but water can absorb lead from solder, fixtures, and pipes found in the
plumbing of some buildings or homes. Under the federal Lead and Copper Rule (LCR),
mandated at-the-tap lead monitoring is conducted at selected households located
throughout the City. Based on the results of this monitoring, in 2008, the goth percentile
did not exceed 15 pg/L, the established standard or Action Level (AL) for lead. The at-the-
tap monitoring results are also presented in a separate table in the Report.

In 2004, NYSDOH issued a NOV asserting violations of the LCR. This NOV was in
relation to DEP’s reporting of past data collected under the LCR, specifically a failure

to report all results, a failure to utilize all results to determine the goth percentile
concentrations, and a failure to collect samples during the period of June 1to September
30, 2004. In 2005, under the NOV, DEP re-instituted a lead public education program,
returned to semi-annual at-the-tap monitoring in the distribution system, began
monitoring the surface and groundwater systems separately for lead, and established a
program to replace City-owned lead service lines (LSLs). In 2007, because the at-the-tap
lead results in 2005 and 2006 met the Action Level for lead of 15 pg/L, NYSDOH gave
DEP permission to monitor at-the-tap lead and copper levels annually. To fulfill the
requirement to replace LSLs, DEP worked with other City agencies through an inter-
Agency Task Force, and 55 LSLs were replaced in 2005, 1 was replaced in 2006, and 16
were replaced in 2008. As a result of these efforts, in 2008, NYSDOH agreed that DEP
had satisfied the requirements of the NOV in order to reassume its compliance with
the LCR. The NOV was formally closed on October 6, 2008.

The data reported by DEP under the LCR reflect that since the program began in 1992,
the goth percentile values for lead levels at-the-tap, at locations sampled for Rule
compliance, have decreased from levels as high as 55 pg/L to approximately 11 ug/L in
the surface water systems.

DEP offers a Free Residential Lead Testing Program which allows all New York City
residents to have their tap water tested at no cost. The Free Residential Testing Program
is the largest of its kind in the Nation: Over 75,000 sample collection kits have been
distributed since the start of the program in 1992.

Infants and young children are typically more vulnerable to lead in drinking water than
the general population. It is possible that lead levels at your home may be higher than at
other homes in the community as a result of materials used in your home’s plumbing. If
you are concerned about elevated lead levels in your home’s water, you may wish to have
your water tested, and also flush your tap for 30 seconds to 2 minutes before using tap
water. Additional information is available from the EPA’s Safe Drinking Water Hotline
(800) 426-4791. To request a free kit to test for lead in your drinking water, call the City
of New York’s 24-hour helpline at 311 or (212) NEW-YORK.
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Monitoring for Cryptosporidium and Giardia

In 1992, the City started a comprehensive program to monitor its source waters and
watersheds for the presence of Cryptosporidium and Giardia. Since then, samples have
been collected weekly from the effluents of the Kensico and New Croton Reservoirs,
before water is first chlorinated in the Catskill/Delaware and Croton Systems,
respectively. Since 1992, DEP has modified its laboratory protocols twice to improve
the Department’s ability to detect both Cryptosporidium oocysts and Giardia cysts.
These test methods, however, are limited in that they do not allow DEP to determine
if organisms identified are alive or capable of causing disease.

From January 1to December 31, 2008, a total of 104 routine samples were collected
and analyzed for Cryptosporidium oocysts and Giardia cysts at the Kensico Reservoir
effluents, and 52 routine samples were collected at the New Croton Reservoir effluent.
Samples were analyzed using Method 1623 HV (US EPA). Of the 104 routine Kensico
Reservoir effluent samples, 11 were positive for Cryptosporidium (o to 2 oocysts 50L™),
and 85 were positive for Giardia (o to 8 cysts 50L™). No enhanced samples were
collected at the Kensico effluents in 2008. Of the 52 routine New Croton Reservoir
effluent samples, seven were positive for Cryptosporidium (o to 3 oocysts soL™), and
26 were positive for Giardia (o to 4 cysts soL™). Four enhanced samples were collected
from the New Croton Reservoir effluent in 2008 in response to a laboratory issue and
not a water quality issue. Nevertheless, data from the enhanced samples resulted in
no detection of Cryptosporidium oocysts and only one detection of a Giardia cyst.
DEP’s Cryptosporidium and Giardia data from 1992 to the present, along with weekly
updates, can be viewed on our web site at: www.nyc.gov/html/dep/html/drinking
water/pathogen.shtml. As stated above, detecting the presence of Cryptosporidium
oocysts and Giardia cysts does not indicate whether these organisms are alive or
potentially infectious.

While there is no evidence of the illnesses cryptosporidiosis or giardiasis related to
the New York City water supply, federal and New York State law requires all water
suppliers to notify their customers about the potential risks of Cryptosporidium and
Giardia. Cryptosporidiosis and giardiasis are intestinal illnesses caused by microscopic
pathogens, which can be waterborne. Symptoms of infection include nausea, diarrhea,
and abdominal cramps. Most healthy individuals can overcome both of these illnesses
within a few weeks. DEP’s Waterborne Disease Risk Assessment Program conducts
active surveillance for cryptosporidiosis and giardiasis to track the incidence of
iliness and determine all possible causes, including tap water consumption. No
cryptosporidiosis or giardiasis outbreaks have been attributed to tap water
consumption in New York City.

According to the EPA and the CDC, it is unclear how most cases of cryptosporidiosis
or giardiasis in the United States are contracted. The relative importance of various
risk factors is unknown. Risk factors include eating contaminated food, swallowing
contaminated recreational water while swimming or camping, contact with animals,
contact with human waste, certain sexual practices, and drinking contaminated water.
Individuals who think they may have cryptosporidiosis or giardiasis should contact
their health care provider.

Some people may be more vulnerable to disease-causing microorganisms or
pathogens in drinking water than the general population. Immuno-compromised
persons, such as persons with cancer undergoing chemotherapy, persons who have
undergone organ transplants, people with HIV/AIDS or other immune system
disorders, some elderly, and infants, can be particularly at risk from infections. These
people should seek advice from their health care providers about their drinking water.

EPA/CDC guidelines on appropriate means to lessen the risk of infection by
Cryptosporidium, Giardia and other microbial contaminants are available from the
EPA’s Safe Drinking Water Hotline at (800) 426-4791.

11




Burmddo AfemieN | 700°0 $00°0 - AN <1 +00°0 8100 - AN L€ < (7/8w) durz
JUAWUOIIAUD 2 Ut Juasaxd AJfermeu 1onew drueSi0) 090°0 990°0 - ++0°0 4 1200 8€0°0 - Z0°0 91¢ - (j.u) AoudqI0SqY $57 AN
jjountjiog 'z - 433 0¥ - 1334 «n S (NN Fo3em 901008 - ( Kprqan,
jounijiog | g°f - 81 - - - @l (0N syurod Anua - Aiprqany,
younipog | 7Z TET-€L0 [ 81 761 -840 <886 s (N.LN) w1sds uonnqrusip - Apiqamy,
JUDUIUOIIAUD A Ul Judsald Afernieu 1onew oruesi0) YA €-6'1 a +'1 -¢€1 91¢ - (uoqued r1/3ur) uoqae]) oruesIQ) [eI0T,
19)1BUI DIUESIO {10 Y UT SULLINOOO AJ[BINIBU SI[ES PUE S[EIIAT 781 +07 - €€1 41 IS +0T - 8¢ 91¢ 00§ (1/8u) SpIjoS PIAOSSI(] [e10],
Is 09 - +b 0zs S 8L-9¢ 18601 - (10) 21maeaduray,
Burmdo0 A[emeN I'6 86-TL a 0§ +9-9% 91¢ 05T (1/8w) aeg[ng
s31s0dap [eIneu Jo UOTSOIF 89 8L-Sh €1 07 Ot - LT LT€ - (1/8t) wnpuong
(041 06¢ -+t 0z¢ 8 TIZ- €L €8601 - (wo/gr) soueIONpUO]) dYAdg
21SEA [PUWIIUE SIOUDIJOS Jo1EM [es PLoT ‘FULLMI0 A[ermieN 87 -1z <1 6 L1-1 L1€ & TaN (1/8u) wmipog
sys0dap [eImeu Jo UoTSOIF TS 9-8¢ a [Sr4 -9 91¢ - (7/8u) [aprxo wodIys] edI[IS
sysodap [emaeu jo uorsory e PT-vl €1 90 T1-50 LT€ - (T/8w) wntsseyoq
[0TIUOD UOISOII0 10§ DATIPPE 1MEAN | 95°] €€°% - 000 61¢ 0T 8T L0 6L601 - (1/8w) -oypu( ‘@reydsoyq
'L LL-89 43 L 8-¢9 $€601 0 §8-69 @©mun pd) pd
wu_mOQD—U ﬁmhﬂumﬁ mO .
UOIS010 98emas ‘syue) ondos w1y Surydea[ SN I9ZI[NIdJ WO JJouny aN aN a aN 1000 - AN oLe I I (uaBontu J/5up) BLniN
susodop [eImaeu jo i . . . . .

UOISOId 98emas »W&Emu Uwung E—O.Hm mzdﬂowvﬁ fosn .HUN«:uhU.« ﬁ—O.@ MMOEDM 910 o-1ro a 1o 1€0-210 91t 01 o1 AQUMC.:ME ‘H\MEV AN
Burnooo AjjemieN 68 €91 - 87 vl 81 122-8 L1€ 00¢ (1/81) asaueduey
susodap [ermieu jo uorsoxyy A I's-++ €1 1 L€-T1 11§ - (/Sur) winisouSeyyr
s1sodop [ernieu jo uorso1d swsAs Surquinyd pjoyasnoy jo uosorIo)) aN aN ST 30 8- (AN (Y43 0 w ST (1/8t) pearp
Burnooo AjjemyeN 011 0LT-0L ST oy 08Z-07 LT€ v 00¢ (1/8t) woxy
susodap [emeu o oSO 8t ¢S-T¢ €1 ' L'T-60 L1€ - @(fOOED[SN]uo[Es/sured) ssoupaef]
sysodap [emyeu jo uorsory €8 96 - $< €1 6T Lb-91 L€ - (£00ED 1/8w) ssouprepy

huN:ﬁ.HU.« EO.@ .«.«OEE wﬂuuuu . . . . .
uons saowoad yorym sanIppe 11eMm (s11sodop [eInIBU JO UOISOIT] 88°0 oUT-AN 041 ! 8€'1- AN g 0% © T (1/8w) prionyy
971~ 8T'1- 03 L]~ 4l 1+'Z- 8L1- 0 78°Z- 1€ «n0 (xopur 1o123ue ) Aatsor10D)

saaneaIasald poom woly Surydes] . . . i K . K .
tsysodop [eaneu Jo uoisold fswalsds Surquinyd pjoyasnoy Jo uoisoL1o)) 600°0 810°0 - 100°0 vl 800°0 960°0 - £00°0 see el w €T (1/8u) 1oddogy
101eM UT $OTUBSI0 pue 9$aUBSURW ‘UOIL JO 90UISIIJ €1 0Z-L 81 9 a-+ 8601 © S1 (3uaaedde - syrun 10]00) syurod Anus - 10[0))
I91eM UT SOTUESIO PUE ‘OSIUBSURW ‘UOII JO 2DUISIIJ a bL-9 [A 9 alr-+ 5886 - (vuaredde - syrun 10[00) WANsAs wONNLNSIP - 10[0])
UOLORJUISIP 10} 9ARIPPE 19IEA 18°0 LET-600 61¢ Lo 8¢'T-000 8L601 ot (1/8w) 931y ‘[enpisay SULIO[YD)
3[es peo {FuLLINO0 AfemieN 9¢ €9- L€ ar o1 87-8 91¢ 0§ (7/8uw) spofyDy
susodop [ermeu jo uosoxy | 8°[7 TST-tI €1 9°g 6T1-8F szg - (7/8wr) ume)
susodap [emgeu jo vorsory | 1€0°0 8€0°0 - 970°0 €1 L10°0 §20°0 - T10°0 LT€ 4 4 (1/8w) wintreg
susodop [emeu jo vorsory | ] 87- ¢ €1 17 1676 L€ 007 - 0§ (1/8t) wnurumpy
sysodop [ereu Jo UOISOIY | 6§ 09 - €8¢ a 671 LEE-€6 343 - (t00ED 1/8w) Arureyy
SYILIWVHVC TVIIWIHD ANV TVIISAHd TVNOILNIANOD
Y3ILVM ONDINIYA NI SIDYNOS | IDVHIAV IONVY SITdWVS# | IDVIIAV IONVY SITdWVS # oW DW S¥ILIWVEVd

vdasn HOAQSAN
W3LSAS NOLOWD W3LSAS I¥VMV13IA/TIISLYD
SAJOULDAD PITIATI(]

8007 S¥nsay Sunsay,

ArenQ) 193ep SUp[ULI( £1D) JI0K MIN



£l

swxss Surquingd pjoyasnoy jo uoisoLI0D) 9 8 0809 - AN €6 1 11 ¥'Th6 - AN $8l St (1/81) peary
swasds Surquingd pjoyasnoy jo uorsorio) z 00Z°0 9657 - 600°0 €6 0 ¥61°0 £95°0 - 800°0 $81 €1 (1/8w) 12ddory
YILVM SNDINIYA NI SIDINOS TV OSNIQ33dX3 SANTVA IONVY SITdWVS # AV SNIA3I1d SAINTVA I9NVY SITdWVS # v SYILIWVIVd
SITdWVS # I11LN3IDYId 06 -X3 SITdWVS # 311LN3DYAd ;06 vdisn HOAQ SAN
B3JY 3DIAISS J9}EMPUNOID B2y 9DIAIDS JDJBA\ DIBLINS
8007 ¥38W3D3A OL AYVNNVI :SdVL ¥ILVM TVILNIAISIY LV ONITdWVS 31N ¥3ddOD ANV avil
JUIWUOIIAUD ) UT 3udsald AJfernieN - 4 St SLE - AN 9/t - LL (Twy/N D) 3unoy) 2e[g d1ydonoIalaf]
915eM [E99] [EWITUE PUE UPWINE] %00 - 0 - 95001 0 o0 (TWO01/N0A0) 477 "
(puour/aantsod sajdures jo o)
JUAWIUOIIAUD Y Ul Judsald AJfernieN %50 - +1 - 96001 0 %S BLIDIORY WLIOJI[OD) [BI0],
YILVM ONDINIYA NI S3I24N0S AAILISOd % AOVIIAV JAILISOd IONVY SITdWVS # 9T1OW W SYILIWVIVd
HLNOW LS3IHODIH SITdWVS # vdasn HOAQSAN
NOILNGIYLSIA IAIMALID
SYILIWVYEVC TVIGOADIW
UORRULIOYD 13eM SunjuLip o 3onpordig 133 -4l 0z$ 9 0L-07 9¢ 9% 99-71 L1T n 08 (1/8t) soueawoeyL, [e1Q],
uoneuLo[yd 193em Sup{uLp jo 1onpordig 6¢ It - +1 07 9¢ $9-1¢ €€ 6v 9-1L1 €07 09 (1/31) (SVVH) § proe don23e0[ef|
:pa129313p s1onpouidAg uonayuisiq
YILVM DNDINIIA NI SID3N0S vvd IONVY SITdWVS # vy IONVY SITdWVS # vy IONVY SITdWVS # 91OW W SYILIWVEVd
vdisn HOAQSAN
V3IUV IDIAYIS Y3LVMANNOYD VAUV IDIAYIS NOLOUD VAUV IDIAYIS FFVMVYTIA-TTIISLYD

Juowdmba :o@ou(::o syred \Cw pue

Qﬂu_o (ex§ _uumj Cma .?:.—CU—N _uﬁﬂ m?Uiﬁ@LU Umﬂm.mhc hmuzmwﬁ:ua ﬁmuﬁmm—a
,mvﬁmﬁ:w\w .muﬁmma .wo EOﬁuDTOHQ uﬁu Em @uwﬂ mw —vzw .\m:w.:ﬁwﬁ m.:ﬂuoo DZ QZ ©~ QZ N~ - QZ hhh Ow A\H\Mlv 0:9504
:pa32313p s|edrway) d1uediQ payadsun
m@fOuuﬁ —auiﬂor_o EO.@ vmumﬁuﬂo HO NﬁO - QZ m QZ QZ N~ Ow A\H\Mlv 050_?mﬁﬂ&O—u%anO?ﬁéNuE
:pa32313p s|ediway) d1uesiQo payiads
UOnEULIO[Yd 193em Supfunp jo Jonpordig | 497 81¢ - 61T 4! 61 122-08 687 - (1/8t) uaBope druesiQ [eioL,
UORRULIOYD 193eM SupjuLip jo 3npordig L¢ St-0¢ z $T 9¢-¢1 91 0s (1/31) (S3[H) s9u03ay pareussore
UORRULIOYD 193eM SupjuLip jo 3npordig S 8¢-¢¢ z 87 6¢-81 91 0s (1/31) (SNVH) S9[H31u039080[e |
UOnRULIOYd 193em SupjuLip jo pnporddg | (AN a 4! aN 9¢'T - AN LLL 0$ (1/81) surgroworoy)
UOREULIOYD 393em SupfuLIp jo 3onpordig $0 S0-40 z $0 L0-€0 91 0$ (7/8t) urordosopy)
UOREULIOYD 393em SupfuLIp jo 3onpordig §9 TL-8'S z 'S €6- L1 91 0$ (1/8t) are1pAy qeroD
EOU&ECO?—U Jajem .m:ﬂﬂfmv .*O uUETOh&m N m -1 O~ 1 N - DZ O.VN Ow A\H\.wlv M&ON OEDUNOHO?MUOF_O.HM
:payr939p sydnpouadAg uonayuisiq
SINVNIWVLNOD JINVOYO
YILVM ONDINIEA NI SIDUNOS | IDVHUIAV ID9NVY SITdWVS # IOVIIAV IONVY SITdWVS # 91DW W SYILIWVIVd

vdasn HOQSAN
W3LSAS NOLO¥D W3ILSAS J¥VMV1IA/TTINSLYD




1414

*SI9IP WNIPOS PaIdLNsaT A[arerapour
"PAIIN330 90U9PIVXD 10 UONE[OIA B SIILIIPUT oNJeA PIpPJOq pue mumﬁ&.wﬁ—ﬂ.mﬁm uo a1doad 4q Sunyurip 10y pasn 2q 30U p[NOYs WNIPOS JO /S ()/ 7 UL} 2I0UI FUIUTRIUOD 12IBAN  “SIDIP WINIPOS
parornsar A[p1oass uo a[doad Aq Sunjurrp 10j pasn aq 10U P[NOYS WNIPOS JO /W ()7 ULy 210w FurureIuod epy  (6)

“w2ISAS UONNALOSIP A UT A19ymAUE PIsn de

mU&mQ juauwrad wOumMA_wN ou 32urs EUum%m uvuﬁaﬁﬁﬂo.aw Uﬂu ur M:whOu_ﬁOE wOuwvﬂmN ho‘« JoATEM B —umﬂwmw m.mﬂ HOUJSAN Ahﬁv .0—.——N> Cm:.uwe Oﬁ—u st :Q ‘—O.w ageroae w—.-.HL AwV

“PaLINDO S UOE[OIA Y\ UE USYL 2707 i /8 90§ Pa99Xd 30U PINOYS IO JO UONELNUIIUOD [£10) o) Yuasaxd axe osoueduewr pue uoarjy (1)

1oj aantsod st sopdures 0 21 §o 20 pur erVEq ULOH02 10§ 2anrs0d og d1e oydures aeadas it pue dydures ey (91) “I91eM PIey A[9IRIOPOUI ST ¢ PUE ¢ UDIMIDQ ‘191EM 3OS PaIapIsuod st uoffes 1od sureid ¢ o1 dn jo ssoupaef]  (9)
-a8e1aae uruuni A[1011enb 159ySy oy pue synsax urjdures [enprarpur jo aguer oy

axe pauasaxd ere(] -oSeiaae [enuue Suruuni A[1o3enb pare[no[ed oy axe SWILL T, PUe SYVH 10§ STOIW Vddsn (S1) "SI[UIPUI SA[SOLIOD $NLIPUT 092 UET $53] JO XSPUT WIPSIETY ()

*9]qe3 Surmof[oy oy 99s ‘urrojruowr dei-oy3-ie 10, “qIND I9OHS O3 It SUOKEIS

“1/8tl 91 J0 uoRINIP ¥ Py OOT/S/11 U0 0$96€ M1 Wiy paroa[jod djduies s Au0. (p1) Surpdures wroxy pa102[[0d 219m [l Iy ur pauasad eiep oy T, “del oy 3e painseaur (PO UL 10U) [9437] UODDY ()

“wasAs yoea 10y 3nsax Surjdures [enprarpur 1soySIy o) 218 PAIUDS

_ . A . . ¢ . o AT S
2ad wae(] autod £nu 1210 30108 U3 3¢ SINOY L1949 LT3 SBUIPEaI [ENPIATPUL UO St APIGIM 10} TOW SIYL (1) “PALIMDI0 SeY UONE[OIA THA UB USY) “TDHTAT O3 SPIIIX SINSIT 0M] 9} JO 2FRIAL O} JT "SY99M 7 UIYIIM UONEIO]

.muEMO& \A.zﬁw ﬁcmuﬂﬁ:.zm:u uojor) uﬂu 10 ures Oﬂ—u E-O.H.« —Uvuuw:OU Uﬂ isnur Uﬁn::Nw —uﬁOUDw e hNHMVH\/M Uﬂu mﬁuvuuxu Uﬁﬁmsﬁm NMH HEO_uNﬁOTw AUE.«O UONeUTULISI_(J AmV

afeIvAe A[puow 3syBiy o st parussaid anfea ay 1, “waisg uolox) oy 03 saydde juo Aupiqim 10} TOW L (Z1) 'saderoae [enuue Suruuna Ajxo11enb 4 o1 Jo 159y8ry oy pue synsax Surjdures

[enprarpur jo oSuer o a1e pajuasaxd ere(] -oSeroAt [enuUE FUIUUNI PAIR[NO[ED AU ST PUE A UL SB IOUULUI DUILS
O3 UI 9[qB3DIOJUD ST T(TYIN 2Y. L, "SI09J° [3[eay asIaape JO \mu;—ﬂawmcﬁ Uﬁﬁﬂuﬁuuumﬂz Ue Jnoym dey S Iouwnsuod a3
1€ POPa2IXd 9 10U ABUI 1B} JUDUNEIT) 19IEM 0] PIPPE JULIIJUISIP JO [9A9] E ST YIIYM “T(TIN Stuesaxdoraner  (7)

'$931S UONNALISIP woJj o8e1oae Aqpuowr 1saySIy o pue synsax gurpdures jenprarpur jo aguel
o) axe paruasaxd ele(] “I9qUINU S[OYM IS2IBIU Y 01 JJO papunol aferdae Apuour oy st Arprqrm 10y THIA SIY T, (11)

.QOM&U@MQMMM—U jo mmwgwxrﬁ-oumu 93 Iopury ued —UQN \AMJN:T .h@u@ﬂ—ﬁhﬁ& s 10 e 398 10U st . AIEDUODOC n A v
191EM JO J0IBIIPUI POOS € SI 31 ISNLI PAIOIUOW ST AIPIGIN], “I9IEM S JO SSOUIPNOPP JO dINSLAW € ST AUpIquny, (0]) P 193 TOW T HOASAN YIOW AIepu0a§ VS !

sajouzoog

UIRIN[JLI, ‘qIBDUSQOIY , ‘QUIZB[AYINGIA], (DRI, ‘T -S4 7 ‘Quaidq ‘(uoSAeq) mnxodold ‘OuUarueusy ‘ULIIDULIDJ ‘UT[RIRoUI

-1pudJ ‘uonpereg enbere To[yoruON-sULD IO[YORUON]-SID ‘QuajerpydeN] ‘OIeur[oTy ‘qIedonpayy ‘uonpelely ‘uoioydosy ‘ouaidd [pa-¢¢z¢1]ouapuy (g 1owosr) apixods o[yoradaf] ‘Ouaion| ‘Quatpuelon]] ‘D I JH ‘OPAYsp[e ULIpUy] ‘O1ej[ns
uegnsOpuy ‘I[ ugj[nsopuy ‘T uegnsopuy w3eepyd[4100-N-1( ‘uan[oIonui(-9° ‘Duanjojoniui-g ‘refepydidypau eopou ‘Neepydfpatd (dAQQ) soato[yai( ‘doxdiofypi( ‘proe d10zuaqoIoyar(-¢ e ‘Nefepydiing-u-iq
‘Quadexpue[y‘e]zuaqr(y ‘vourzerq ‘1. dd ‘qaadd ‘qag.dd ‘(@epeiSep poerp 3 ouow [£103) VIO ‘-7 ‘@uashiyD) ‘(ueqsingy) sojrrddioyD) ‘(oarIg ‘[TUOdBI(T) [TUO[EYIOIOYD) ‘GIUOIO[YD) DIB[IZUDOIO[Y) ‘DuepIo[y)-3 duep
-1o[yD-e ‘gerepydidzuaqAing qewolrg ‘OHI-P ‘OHI-q ‘OHJ-t ‘Quojdiad[ry‘Slozusg ‘Guaypueronf[yjozusg ‘Quaypueionf[q]ozuag ‘QUadBIIUE[e]0ZUdg ‘UOZEIUIG DQUILIYIUY ‘UJIONJDY TI0[y20320Y ‘Qua[dipydeundy ‘ouapydeussy

:pa12919p 10U sjedjway) diuediQ paydadsun

ApLIO[YD [AurA “(Urxor(]) (D L-8°L € T ‘(XPATIS) d.L-§ b 7 @uaydexor, ‘ourzeung “opydedoig ‘[sqDd] siduaydiq pareuriofyodjo ‘wreroprg ‘ousydoroyorausd ‘(aephA) [Aurex() ‘urznqruapy “Io[yde[oIdN ‘(AG.LIN) Pype-14
-nq-A1en191-APaYA “IO[YOAXOIATA ‘[AWORSTY ‘Quepur ‘UeInjoqredAXoIpAF-¢ ‘Quazuaqolo[yoexat] ‘oprxoda toyoerdaf “oqyoridaty ‘@resoydA[n) {(gH) oprwioqrp SuS[AYIy ‘uLipuy ‘reyropuy Qenbr(y ‘qesour( ‘ererpyd(jAxaydpe-z)iq
‘aedipe([Axoydype- 7)1 ‘urppar(q ‘equuedi( ‘@uedordoloqyd-¢-owoiqi(l-z‘] ‘-4z @uepio[yD ‘(uepean,) ueinjoqie)) ‘[Areqie)) ‘dopyoeing ‘ouaidd(e)ozuag ‘Durzeny ‘ULIPIY ‘OPIXOJNS (ILdIP[Y ‘DUOJ[NS (IBdIP[Y ‘(IWIT ) GIEIPTY IO[YoR[y

:pa12333p J0U SjuBUIWEUO) d1ueSiO paydads

auaphy-d ‘Duapdy-o0 ‘Duady-ur ‘QuazudqApawILI] -¢¢¢‘] ‘QuazudqAypowLy -4 7] ‘Ouedordoro[yauiy ¢z ‘OuepawoIony

-OIO[UOLI], ‘QUATI0IO[YDLI], ‘QUBYIDOIO[YILIT -7 ‘] OUBYIDOIO[YILIT -] T*] ‘OUIZUDOIO[YILIT - 7] “OUIZUDOIO[YILIT -¢“ 7] “OUIN[OT, “OUDAI20IO[YIBII], ‘QUBYIV0IO[YOLN] -7 7 [T OUBYIP0IO[YILNI -7 11 ‘Qua1hag ‘Quazuaqiddorg-u
‘oprio[yo aus[Aypapy ‘@uanjorjddoadosy-d ‘Duszuaqddodosy ‘Duarpeinqorofyoexaf] ‘Quazuaqiyy ‘@uadordorofydr(r-¢ 1-suen ‘ouadordorofydr(y-¢ [-so ‘@uadordorofyprl-1¢1 ‘@uedordoropyor-z‘z ‘@uedordotofyor(r-¢¢1 ‘uedordoioryory
=71 “OUBAI0IOYDI(]- 7 -SULL “QUIAID0IO[YII([-7 [-SID ‘DUIIS0IO[YII([-*] “OUBIOIO[YII(J-7‘T “QUBIOIONYDI(-]‘] QUBIIWOIONFIPOIO[YDI(] “DUIZUIOIO[YII([-H*] “QUDZUIOIOTYDII(-§‘] “QUIZUIOIO[YII([-7‘] “QUBIIWOWOII(]
‘uodee(] OUAN[OI0IO[Y)-1 “OUIN[0IOIO[Y)-7 ‘DUBYIAWOIO[Y)) ‘QUBYIL0IO[Y)) ‘QUIZUI]OIO[Y)) ‘OPLIO[YIRNI], UOIR]) ‘DUIZUI[AING-112) QUIZUQ[AING-09S QUIZU([AING-U ‘DURIIOUWOWOIE ‘QUEYIUWOIO[YIOWOI] ‘DUIZUIOUIOIY ‘DUIZUI

:pa12313p 10U sjueujweluo) diuesiQ [eddulld

SINVNIWVLNOD DINVOYO @3iLd3LiaNn

87 wnipey ‘e19g SSOIL) .aaaz SSOI5) ,Eizma L ..5>=m .E:Eu_um h_u&omz &.EU.EE ,E:Eﬂq nmu:uw{ uEENO 1 ﬁES&U “EEEO.EU ;:EEEU “EE:\Cum ¢ S03SaqSY OruasIy &:OENUE

SYILIWVHVA TVIIWIHDI ANV TVIISAHd TYNOILNIANOD @31d3L3iaNn

SA210MDAVJ PIIIIIIPU)
(ponutio)) @) SINSIAY SUNSIAT,
ArenQ) 193ep SUp[ULI( £1D) JI0K MIN



SI

430 A Aq sydes3ojoyd :
d30 IO HOAMIN BU3 1 SUCEISOIOHC SO IV HORES1oY "Wa1sAs 191eM InoA Je pa1dalap sanjea saddod pue pesj ay Jo %06

ueys Ja3ealsd Jo 03 |enba si 9j13uadad (;LO6 BY] dNjBA Y} MO|3q JO 0} [enba S| 18y}
uoIING3SIp e Jo 1uad4ad 3y3 S9IedIPUI 1BY] OOL JO 3|EIS B UO dN|eA B SI 9]13uddiad
Vv 9|11udd.ad ;o6 ay3 Juasaidas saddod pue ped| uoy papiodau sanjea ay|

2Ny UL 1406

"191EM
3upjuLIp U] JUBUIWEIUOD B JO [9A3] Y} 9ONPaJ 0} papuaiul ssad0.d palinbai v

{(I.L) anbruqiay 1uomgvas],

pue syled Jo Juawpedaq A1 YI0A MAN Y3 4O AS31N0D SuleIuNoy |eyuaWweulo o sydeidojoyd

UAP|004g ‘(399435 119328S 1B) dNUIAY Y3¥ 607 :uol3ed0T

*[12UN0D) 211D 9dO|S Y4ed 3Y3 ‘il |edn}nD Jo Juswedag

DAN ‘SHY 33 Joj JUSWMOPUT [BUOIIBN ‘Z3|BZUOL) BIBS UBWIOM|IDUNOD) ‘92440 SIUdpIsald y3nolog
uApjooag ‘uew iy ueo[ UBLIOMA|GUISSSY ‘UOIIBPUNOS 9AI|D UOSUYO[ PaIUIAA (wo.) oddns
[BUOIIIPPE UM SN UOIIEPUNOS TyIY1B1S dy3 wodj Jueld e yum a|qissod apew sem 303(oud ay)
13| 1wixry Aa444099)

‘950y 2 eSSauJ] ‘olalleyy ueyleuyof ‘esos y[ oluawdid] ‘Yws auez ‘01adn7 eueA|l ‘euelddep

ur_m_>>h_ .Oaao_umu BUIISIIYD ‘OlIOUD)| 0D119pa4 ‘49X |eA\ [oNWES ‘[anwes Cosawum $SISIMY YINoA ‘uoljeulwejuod _m_ﬁ_o\_U_E _O._HCOU 0l mHCNHUO.._.C_m_—U

JO 9sN 3Y3 JO SIYauaq 3y} 199424 30U Op SHTAYW "YHeay 01 s pardadxa
10 UMOUD| OU SI 343y} YdIYM MO|2q JUBIDJUISIP J93eM SUjULIp B JO [9AJ] By

(D TAYIN) 190D [0 1UPPULsI( [PRPISTY WHUBXVIA

‘sjueulweluod

UO01323]04 [EIUBWIUOIIAUT JO Judwiedad DAN :Siaunied Ayunwiwod
ounug [e3sA1D 131Uy JUBISISSY ‘UBWNYIS 3|0DIN :1SILY peaT
(8007) 123[01d [BINYY AHUNWWIOD []SMSPUNOID) 3

«JAN 40 3417 3y} SI I33eM,, MV 19A0D

[BIGOJDIW JO [0J3UOD 104 AIBSSDI3U S| JUBIIDJUISIP B JO UOIPPE JBY} SIUIPIAD
8uIduIAuoD SI 2J3Y] “Ja1emM SUDjULIP Ul POMO]|B JUBIIRJUISIP B JO [9A3] 35ay31Y Y]

{(TAYND) 10097 1uwp2fussi( [onpisay wnurxvp

‘A3ojouydal 1uswWieal) d|qe|ieAe 1599 3yl uisn ‘9|qIsea} Se SHTIW Yl 01 3SO|d Se
195 4B STDW “Ja1em SupjulIp Ul PIMOJ|e S| 18yl JUBUIWEIUOD B JO [9A3] 159y31y ay|
(IO 12297 1uvuLevino’) wnuixvsl

1331] Jad saundodid =1/10d

Ja12wiuad Jad soywoldiw = wd/oywr

(4931 Jad sweud ,ot) 4231 4od swesdoidiw =7/3d
J912Wiuad Jad suswasosdiw = wd/sr

syun Aupiging oudwoleydsN = NLN

w7 pateusdisag ON = 1AN

juasald jou s) Ja3aweled sajedipul sisAjeue qe1=aN
3|qed1|ddy 10N = VN

"A}24eS JO UIB1RW B 10} MOJ|B SDTDW "Y3|BaY 03 ¥SI pa3dadxa
1O UMOUY| OU SI 3133 UY21Ym MO|3q J93em SujulIp Ul JUBUILWEIUOD B JO [9A3] 3Y|

:(DTHIN) 1Y05) 12027 IUPUIULDINUO!) ULNUUIXVIA]

‘|oA37 UOIDY By} paadxa sajdwes ay} JO %OL Uey) diow
}1 SINJD0 92UPIIIXD UY "MO||04 ISNW LDISAS JD3EM B Jey} Sjuawalinbai Jayio

(4931] 4od swead cot) a3 Jad swesdijjiw = 1/3w
Jayiw Jad syun 3ujwioy Auojod = qw/ndd

SUONEBIARIQQY

10 JuaWieal} s1988143 ‘papasadxa I YdIYM uUBUIWeIUOD B JO UOIRIIUSIUOD dY|

:(TV) 122977 uotpy

suonIuyd (I



Frequently Asked Questions

Is New York City’s water “hard”?

Hardness is a measure of dissolved calcium and magnesium in the water. The less calcium
and magnesium in the water (“soft” water), the easier it is to create lather and suds.
Depending upon location, the hardness can be 1.0 grain/gallon (CaCO3) for the Catskill/
Delaware System, and 5 grains/gallon for the Croton System. New York City’s water is
predominantly “soft.”

At times, my drinking water looks “milky” when first taken from a faucet, but then
clears up. Why?

Air becomes trapped in the water as it makes its long trip from the upstate reservoirs to the
City. As a result, bubbles of air can sometimes cause water to appear cloudy or milky. This
condition is not a public health concern. The cloudiness is temporary and clears quickly after
the water is drawn from the tap and the excess air is released.

At times I can detect chlorine odors in tap water. What can I do about it?

Chlorine odors may be more noticeable when the weather is warmer. Chlorine is a
disinfectant and is added to the water to kill germs. The following are ways you can remove
the chlorine and its odor from your drinking water:

- Fill a pitcher and let it stand in the refrigerator overnight. (This is the best way.)

 Fill a glass or jar with water and let it stand in sunlight for 30 minutes.

« Pour water from one container to another about 10 times.

» Heat the water to about 100 degrees Fahrenheit.

» Once you remove the chlorine, be sure to refrigerate the water to limit bacterial regrowth.

Does my drinking water contain fluoride?

Yes, all New York City tap water contains fluoride. In accordance with Article 141.08 of the
New York City Health Code, DEP, as the New York City water supplier, adds a fluoride
compound that provides our water supply with a concentration of approximately 1.0 part per
million (ppm) fluoride. Fluoridation began in 1966.

The faucet aerators in my bhome are clogging with pieces of a small, whitish
material. What is causing this to occur?

This problem may be accompanied by a significant drop in water pressure at the affected
faucet in addition to a decrease in your hot water supply. The culprit is the hot water heater’s
“dip-tube.” This is a long internal tube that delivers cold water to the bottom of the hot water
heater tank. The tube, which is composed of polypropylene, may disintegrate. The problem
affects approximately 16 million water heaters manufactured between 1993 and 1996.

Sometimes my water is a rusty brown colov. What causes this?

Brown water is commonly associated with plumbing corrosion problems inside buildings and
from rusting hot water heaters. If you have an ongoing problem with brown water, it is
probably due to rusty pipes. It is recommended that you run your cold water for 2-3 minutes,
if it has not been used for an extended period of time. This will flush the line. You can avoid
wasting water by catching your “flush” water in a container and using it to water plants or for
other purposes. Brown water can also result from street construction or water main work
being done in the area. Any disturbance to the main, including the opening of a fire hydrant,
can cause pipe sediment to shift, resulting in brown water. The settling time will vary,
depending on the size of the water main.

Should 1 buy bottled water?

You do not need to buy bottled water for health reasons in New York City, since our water
meets all federal and State health-based drinking water standards. Also, bottled water costs
up to 1,000 times more per year than the City’s drinking water. When purchasing bottled
water, consumers should look for the NYSHD CERT#. Consumers can access additional
information on New York State certified bottled water facilities within the entire United
States that can be sold within New York State at www.health.state.ny.us/environmental/
water/drinking/bulk_bottle/bottled.htm. As an alternative to purchasing bottled water, use a
reusable bottle and fill it with New York City tap water.
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Automated Meter Reading (AMR)

Improving customer service to its 833,000 account holders remains a top priority for DEP. This important work continues
with the launch of Automated Meter Reading (AMR). AMR technology will end the use of estimated water bills, giving
homeowners and small businesses more accurate and timely records of usage - increasing their ability to identify how they
can conserve water and reduce water bills.

What is AMR?

The installation of a citywide automated meter reading (AMR) network is an important next step in the New York City
Department of Environmental Protection’s comprehensive transformation of its Bureau of Customer Services. AMR
systems consist of small, low-power radio transmitters connected to individual water meters that send readings to a
network of rooftop receivers throughout the city. DEP’s system will leverage DolTT’s New York City Wireless Network
(NYCWIN).

How does AMR work?

DEP will attach a small device to your meter that automatically transmits readings to electronic data receivers throughout the
city. These receivers will provide DEP with all relevant billing information and eliminate the need for meter readers to visit
your property.

How does AMR benefit me?

» AMR eliminates, with rare exceptions, the need to estimate your bill.
» AMR tracks consumption and can alert you to costly leaks.

« AMR eliminates the need for a meter reader to visit your premises.

» AMR ensures that you receive a more accurate bill each month.

How will AMR affect my bill?

AMR will eliminate estimated bills and increase billing accuracy. AMR can also help alert you to household leaks so you are
able to fix them before they become costly problems. You will continue to receive your water and sewer bills in the mail in
accordance with your normal billing schedule, though DEP is also finalizing a new, customer-friendly bill that will explain
consumption data in a clear, easy to read format. We anticipate that you will begin receiving these bills in 2009.

When will an AMR transmitter be installed on my meter?

DEP contractors are performing transmitter installation door-to-door beginning in the winter of 2009. Installing
transmitters on all 833,000 meters in New York City will take approximately three years. Installations will occur first in
Brooklyn and Queens, then in the Bronx and Manhattan, and then in Staten Island. You will receive notification from DEP
when AMR installation contractors are in your neighborhood. In addition, you may call 311 at any time to schedule a
transmitter installation — performed by DEP contractors - for your property.

Will DEP need access to my bome?

DEP may need to enter your home, depending on where your current meter is installed; and we may need to shut off your
water. In addition, a very small number of old meters may need to be replaced before an AMR transmitter can be properly
installed. DEP will pay for these replacements.

How long will the installation take?
Installation of the transmitter will take around 30 minutes.

I/Vhat are the benefits of AMR to DEP?
AMR increases customer satisfaction by ensuring that bills are based on actual usage.

» AMR allows DEP to more closely monitor citywide consumption and more effectively manage the city’s water supply
systems.

* AMR is a less expensive way to read meters. It is efficient, accurate and can reduce costs.

Does AMR equipment meet industry and Federal standards?

Yes. AMR technology is designed to function at very low power levels and is in widespread use throughout the utility
industry. We will use AMR equipment that has been tested and is compliant with American National Standards Institute
(ANSI) and Federal Communication Commission (FCC) standards. Similar systems are already used by many other major
cities, including Dallas, Detroit and Washington, D.C.

Will AMR interfere with TV, personal computers, or other electronic equipment?
AMR equipment operates on a low-power frequency band reserved specifically for this purpose. It is highly unlikely to
interfere with the operation of any other electronic equipment.

Where can I find more information about DEP’s AMR system?
More information is available on DEP’s website at nyc.gov/dep. Additional information is also available by calling 311.
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Please share this information with all the other people who drink NYC water, especially those who may
not have received this notice directly (for example, people in apartments, nursing homes, schools, and
businesses). You can do this by posting this notice in a public place or distributing copies by hand or mail.

Contact Us

For a copy of this report, to report unusual water
characteristics, or to request a free kit to test for lead
in your drinking water, call 311, or from outside NYC,
call (212) New-York. TTY services are available by calling
(212) 504-4115.

For more information on Cryptosporidium and Giardia,
please contact the Bureau of Communicable Diseases
of the New York City Department of Health and Mental
Hygiene (DOHMH) at (212) 788-9830 or call 311.

To contact DOHMH about other water supply health-
related questions, call 311, or call NYSDOH Bureau of
Water Supply Protection at (518) 402-7650.

To report any pollution, crime or terrorism activity
occurring both in-City and in the watershed, call (888)
H20-SHED (426-7433).

To view this 2008 Statement, announcements of public
hearings, or other information, visit DEP’s Web site at:

( www.nyc.gov/dep )

Este reporte contiene informacién muy importante sobre el
agua que usted toma. Haga que se la traduzcan o hable con
alguien que la entienda.

Ce rapport contient des informations importantes sur votre
eau potable. Traduisez-le ou parlez en avec quelqu’un qui le
comprend bien.

Questo documento contiene informazioni importanti sulla
vostra acqua potabile. Traducete il documento, or parlatene
con qualcuno che lo pué comprendere.

Rapo sa a gen enfomasyon ki enpotan anpil sou dlo w’ap bwe
a. Fé tradwi-l pou ou, oswa pale ak yon moun ki konprann sa
ki ekri ladan-I.

Ten raport zawiera bardzo istotna informacje o twojej wodzie pitne;j.
Przettumacz go albo porozmawiaj z kim§ kto go rozumie.

B arom marepuasie conepKuTCsl BaKHasi HHPOPMaLUs OTHOCHTEJIBHO Barleii
NUTHEBOI Boabl.  [lepeBequTe ero njiy NoroBopyuTe ¢ KeM-HUOYAb U3 TE€X, KTO
MOHUMAET €ro CofAep KaHue.
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1. Introduction

1. Introduction

1.1 What isthe purpose and scope of thisreport?

This report provides summary information about the water-
sheds, streams, and reservoirs that are the sources of the City’s
drinking water. It is an annual report that provides the public, regu-
lators, and other stakeholders with a general overview of the City’s
water resources, their condition during 2008, and compliance with
regulatory standards or guidelines during this period. It is comple-
mentary to another report titled “New York City 2008 Drinking
Water Supply and Quality Report”, a report that is distributed to
consumers annually to provide information about the quality of the
City’s tap water. The purpose of this watershed report is to provide
information on the water quality status of the City’s drinking water
sources upstream of the distribution system, and how watershed
management protects those sources. The report also describes the
efforts of the New York City Department of Environmental Protec-

Figure 1.1 DEP website.

tion (DEP) to evaluate the effectiveness of watershed protection and remediation programs, and to

develop and use predictive models for management of the water supply. More detailed reports on

some of the topics described herein can be found in other DEP publications accessible through the

DEP website at http://www.nyc.gov/dep/ (Figure 1.1).

1.2 What constitutesthe New York City water supply system?

1

The New York City water supply system (Figure
1.2) supplies drinking water to almost half the popula-
tion of the State of New York, which includes over eight
million people in New York City and one million people
in upstate counties, plus millions of commuters and
tourists. New York City’s Catskill-Delaware System is
one of the largest unfiltered surface water supplies in
the world. (The Croton System, which can supply on
average 10% of the City’s demand, is expected to be fil-
tered by 2012.) The water is supplied from a network
of 19 reservoirs and three controlled lakes that contain a
total storage capacity of approximately 2 billion cubic
meters (580 billion gallons). The total watershed area
for the system is approximately 5,100 square kilometers
Figure 1.2 New York City water supply | (1,972 square miles), extending over 200 kilometers

watershed. (125 miles) north and west of New York City.




1.3 What arethe objectives of water quality monitoring and how arethe
sampling programs or ganized?

Primary Objectives and Design of the M onitoring Program
In order to ensure high quality drinking water, DEP conducts extensive water quality mon-

itoring that encompasses all areas of the watershed, including sites at aqueducts (keypoints),
streams, and reservoirs. The watershed monitoring program meets the sampling needs for regula-
tory compliance requirements and also forms the basis for the DEP’s ongoing assessment of
watershed conditions, changes in water quality, and ultimately for developing any modifications
to the policies, strategies, and management of the watershed protection programs.

The overall goals of DEP are documented in the Watershed Water Quality Monitoring
Plan (WWQMP) (DEP 2008a), which establishes an objective-based water quality monitoring
network. This provides scientifically defensible information regarding the understanding, protec-
tion, and management of the New York City water supply. The objectives of this monitoring plan
have been defined by the requirements of those who ultimately require the information, including
DEP program administrators, regulators, and other external agencies. As such, monitoring
requirements were derived from legally binding mandates, stakeholder agreements, operations,
and watershed management information needs. The plan covers four major areas that require
ongoing attention: Compliance, Filtration Avoidance Determination (FAD) Program Evaluation,
Modeling Support, and Surveillance Monitoring, with many specific objectives within these
major areas. These objectives are described below.

Monitoring design must consider several elements, including choice of sites, analytes,
analytical methodology and detection limits, and sampling frequency. Statistical features of the
water quality database were used to guide the sampling design. For example, analyses of past
data revealed that some sites were not significantly different from others, indicating that they
could be adequately represented by similar sites. Sampling frequencies were based approximately
on the rates of processes governing variability in water quality data. This statistical screening of
differences between sites and collection times was used to streamline the monitoring site plans
and to determine appropriate collection frequencies.

Compliance Sampling
The objectives of this sampling are focused on meeting the regulatory compliance moni-

toring requirements for the New York City watershed. This includes the requirements of the Sur-
face Water Treatment Rule (SWTR) and its subsequent extensions, as well as the New York City
Watershed Rules and Regulations (WR&R) (DEP 2002a), the Croton Consent Decree (CCD),
Administrative Orders, and State Pollution Discharge Elimination System (SPDES) permits. The
sampling sites, analytes, and frequencies are defined in each objective according to each specific
rule or regulation and are driven by the need of the water supply as a public utility to comply with
all regulations. These include regulations issued by the United States Environmental Protection
Agency (USEPA), New York State Department of Health (NYSDOH), and DEP.
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Filtration Avoidance and Water shed Protection Program Evaluation
New York City’s water supply is one of the few large water supplies in the country that

qualifies for Filtration Avoidance, based on both objective water quality criteria and subjective
watershed protection requirements. USEPA has specified many requirements in the 2007 FAD
that must be met to protect public health. These objectives form the basis for the City’s ongoing
assessment of watershed conditions, changes in water quality, and ultimately any modifications to
the strategies, management, and policies of the long-term watershed protection program (DEP
2006a). As watershed protection programs develop and analytical techniques for key parameters
change, it is necessary to reassess the monitoring program to ensure that it continues to support
DEP’s watershed management program. The periodic reassessment of the City’s monitoring pro-
gram is achieved by critical review and revision of the monitoring plan approximately every five
years. The City also conducts a periodic assessment of the effectiveness of the watershed protec-
tion program. DEP’s water quality monitoring data are essential to evaluate watershed programs.
Program effects on water quality are reported in the Watershed Protection Summary and Assess-
ment reports, also produced approximately every five years.

The 2007 FAD also requires that DEP’s watershed-wide monitoring program meets the
needs of the Long-Term Watershed Protection Program (DEP 2006b). The goals of this program
are to:

* Provide an up-to-date, objective-based monitoring plan for the routine watershed water qual-
ity monitoring programs, including aqueducts, streams, reservoirs, and pathogens.

» Provide routine water quality results for aqueduct, stream, reservoir, and pathogen programs
to assess compliance, provide comparisons with established benchmarks, and describe ongo-
ing research activities.

* Provide mid-term results from routine watershed (e.g., stream and WWTP) pathogen monitor-
ing.

» Use water quality data to evaluate the source and fate of pollutants, and the effectiveness of
watershed protection efforts at controlling pollutants.

» Provide a comprehensive evaluation of watershed water quality status and trends to support
assessment of the effectiveness of watershed protection programs.

These goals are met by targeting specific watershed protection programs and examining
overall status and trends of water quality. Water quality represents the cumulative effects of land
use and DEP’s watershed protection and remediation programs. The ultimate goal of the water-
shed protection programs is to maintain the status of the City’s water supply, as one of the few
large unfiltered systems in the nation, far into the future.

Water Quality Modeling Data Requirements
Modeling data are used to meet the long-term goals for water supply policy and protection

and to provide guidance for short-term operational strategies when unusual water quality events
occur. The modeling goals of FAD projects include: implementation of watershed and reservoir
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model improvements based on ongoing data analyses and research results; ongoing testing of
DEP’s watershed and reservoir models; updating of data necessary for models, including land use,
watershed program implementation data, and time series of meteorological data, stream flow and
water chemistry; development of data analysis tools supporting modeling projects; and applications
of DEP models to support watershed management, reservoir operations, climate change analysis
and long-term planning, as identified in DEP’s Climate Change Task Force Action Plan (DEP
2008Db).

There are three types of data needed to generate models: stream, reservoir and aqueduct,
and meteorological. Stream monitoring includes flow monitoring and targeted water quality sam-
pling to support watershed and reservoir model development, testing, and applications. Reservoir
monitoring provides flow and reservoir operations data to support reservoir water balance calcula-
tions. The water balance and reservoir water quality data are necessary model inputs, and are
required to continue to test, apply, and further develop DEP’s one and two dimensional modeling
tools. The meteorological data collection effort provides critical input necessary to meet both
watershed and reservoir modeling goals.

Water Supply Surveillance
The surveillance monitoring plan contains several objectives that provide information to

guide the operation of the water supply system, other objectives to help track the status and trends
of constituents and biota in the system, and specific objectives that include aqueduct monitoring for
management and operational decisions. The aqueduct network of sampling points consists of key
locations along the aqueducts, developed to track the overall quality of water as it flows through the
system. Data from these key aqueduct locations are supplemented by reservoir water quality data.
Another surveillance objective relates to developing a baseline understanding of potential contami-
nants that include trace metals, volatile organic compounds, and pesticides, while another summa-
rizes how DEP monitors for the presence of zebra mussels in the system, a surveillance activity
meant to trigger actions to protect the infrastructure from becoming clogged by these mussels. The
remaining objectives pertain to recent water quality status and long-term trends for reservoirs,
streams, and benthic macroinvertebrates in the Croton System. It is important to track the water
quality of the reservoirs to be aware of developing problems and to pursue appropriate actions.
Together, these objectives allow DEP to maintain an awareness of water quality for the purpose of
managing the supply to provide the highest quality drinking water possible.

1.4 What types of monitoring networks are used to provide cover age of such a
lar ge water shed?

DEP’s watershed monitoring networks cover the entire watershed and include meteorologi-
cal stations, snow surveys, stream sites, reservoir sites, aqueducts, and wastewater treatment plants.
Each network provides data that are used to characterize “state variables” (quantities), as well as
their transformation rates, which are important components of the water supply’s hydrology and
water quality. Hydrological flow is the essential underlying element of water quality phenomena
and water quality models are based on the hydrodynamics of the system. The interplay of water
flow rates and physical, chemical, and biological rates determine water quality outcomes. These
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outcomes can only be estimated through water quality modeling. Therefore, it is essential to
know the basic hydrology of the watershed in order to anticipate water quality changes for proac-
tive management of the water supply.

Meteorological stations are located throughout the watershed. There are 20 sites west of
the Hudson River and five sites east of the Hudson. This network was designed to provide the
best data characterization of the conditions throughout the watershed in order to allow extrapola-
tion and estimation of total precipitation entering the system. Orographic effects (such as greater
precipitation at higher elevation on the windward side of mountains) were considered during site
selection, so different site elevations were selected to represent the full range of conditions, i.e.,
from the mountain peaks in the Catskills to the lower elevations of the Croton System. Sites were
also located on the reservoirs in order to characterize the temperature, wind, and solar radiation
(including photosynthetically active radiation) needed for model input.

During the winter, snow surveys are periodically conducted to estimate how much water is
stored on the watershed as snow and ice. These estimates are important in anticipating spring run-
off and the impacts of rain-on-snow events, which may result in unusually large influxes of water
to the reservoirs. Snow survey results also are used to determine reservoir release rates in accor-
dance with the Flexible Flow Management Plan for DEP’s Delaware System reservoirs. Snow is
an important part of the hydrological cycle and has an impact on stream and reservoir water tem-
peratures throughout the spring.

Stream sampling sites are presented in Figures 1.3, 1.4, and 1.5. They were established as
water quality monitoring sites in order to meet several objectives including: assessing the status
and trends of stream water quality, monitoring and pinpointing various potential sources of pollu-
tion, evaluating the effectiveness of watershed programs, and providing calibration and verifica-
tion data fro water quality models. They also allow quantification of pollutants entering the
system so that appropriate measures can be taken to minimize impairment of the drinking water.
A typical stream site being sampled for pathogens is shown in Figure 1.6. Water quality of the
streams and tributaries provides essential input for reservoir models that guide the management of
the NYC reservoirs. A companion network to DEP’s water quality stream sites is the network of
US Geological Survey (USGS) stream gages. Most of the gage sites are operated and maintained
by the USGS on behalf of DEP and provide important flow data. These data are available on the
internet and are used widely by a variety of stakeholders. They are used by DEP to track the cur-
rent condition of the system’s stream flows, guide operational decisions, including meeting man-
dated flow targets, and also during droughts and floods. Stream flow data are particularly
important to modeling, as they can provide key inputs to reservoir models that are used to evalu-
ate the consequences of different operating strategies. They also provide data to calibrate and ver-
ify watershed models, which can estimate loads of water and nutrients to the reservoirs.
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Reservoir sampling is shown in Figure 1.7
and reservoir sites for the west of the Hudson
River and the east of the Hudson River reservoirs
are shown in Figures 1.8 and 1.9, respectively.
Sites were selected to provide coverage of water
quality and physical conditions throughout each
reservoir, and are typically sampled at multiple
depths,. Limnological surveys are important in
serving many objectives. They provide informa-
tion on the current status of basic physical, chem-
ical, and biological conditions that determine
water quality in the system, allow tracking of
trends, provide data for models, and guide current
operational decisions.

Figure 1.7 Limnology survey in progress.

Pepacton
(EDP)

Cannonsville
(WDC)

East Delaware

West Delaware Tunnel

Tunnel

N

Kilometers

0 10 20 A 30 40 50 Neversink

Neversink =y .
Tunnel —~ Catskill
Aqued>cl

Reservoir Monitoring Sites
West of Hudson

Schoharie

(SS)

Shandaken
Tunnel

Ashokan
(E4)

Rondout
(RR)

Delaware Aqueduct

Figure 1.8 Limnological sampling sites for reservoirs west of the Hudson River.




Reservoir Monitoring Sites
East of Hudson

Dela\ware
Aqueduct

P

Boyd Corners
(CBC)

Bog
Brook
(CBB)

Diverting a‘
CD,
() e East

Middle
Branch

Kirk
Lake / Branch
Catskill (CKL) (CEB)

Aqueduct

Titicus

Muscoot

M

Cross River, 1 r
(CCR) ;
.J ¥

¥

New Croton
(CNC)

New Croton
Aqueduct

0 10 20
e
Kilometers

Figure 1.9 Limnological sampling sites for reservoirs east of the Hudson River.

10




1. Introduction

Aqueduct “keypoint” monitoring is conducted as a means of keeping a “finger on the
pulse” of the water supply with respect to the major water flowing through the system and into
distribution. Monitoring at these sites is conducted through the use of continuous monitoring
equipment, and taking daily or weekly grab samples. These sites have some of the highest fre-
quencies of sampling, the purpose of which is to maintain a high degree of reliability in the qual-
ity of water entering the distribution system. In addition to sites used for operational decisions,
aqueduct monitoring includes compliance sites for the Surface Water Treatment Rule (SWTR)
and are of utmost importance for operation of the system to maintain the status of Filtration
Avoidance.

Finally, DEP monitors wastewater treatment plants (WWTPs) located throughout the
watershed. These treatment plants are potential sites of impairment. However, this risk has been
enormously reduced in recent years because nearly all the discharge from treatment plants in the
watershed is now microfiltered (or the equivalent) with tertiary treatment (nutrient removal). (For
details on the WWTP upgrade program, see Chapter 5.) Plant upgrades have nearly eliminated
the impacts that these plants formerly had in terms of nutrient and microbiological inputs. In the
WWQMP, WWTP monitoring relies primarily on compliance monitoring to meet SPDES per-
mits. Although DEP only owns six of the treatment plants and conducts monitoring according to
their SPDES permits, additional monitoring of all plants is conducted to ensure that no problems
arise.

1.5 How do the different monitoring efforts complement each other?

The WWQMP should be seen as superimposed networks that build on each other, and pro-
vide multidimensional information and multiple lines of evidence to support operational and pol-
icy decisions. Water quality management often requires a network design that can address water
quality issues that demand distinct spatial and temporal monitoring efforts. These efforts may, for
example, require a combination of long-term fixed-frequency surveys, supplemented by intensive
short-term strategies. The design of water quality monitoring networks can be significantly
enhanced by the coordination and integration of such monitoring strategies. The integration of
water quality monitoring networks is essential for deriving the best value from the water quality
data collected. The use of data gathered by the water quality monitoring network is routinely used
to support water supply operations. In addition, the importance of the monitoring networks and
full value of the data materializes when scientists provide analysis and interpretation for scientific
reports and publications.

The monitoring plan has been designed to meet the broad range of DEP’s many regulatory
and informational requirements. These requirements include: compliance with all federal, state,
and local regulations to ensure safety of the water supply for public health; watershed protection
and improvement to meet the terms of the 2007 FAD; the need for current and future predictions



of watershed conditions and reservoir water quality to ensure that operational decisions and poli-
cies are fully supported over the long term; and ongoing surveillance of the water supply to ensure
continued delivery of the best water quality to consumers.

1.6 Why did DEP operate the Croton Falls Pump Sation in 2008 and what
effect did the operation of the pump station have on Kensico Reservoir
water quality?

The NYC Water Supply System is an interconnected system of cascading reservoirs and
connecting aqueducts. This system design provides DEP the flexibility to route and deliver water
from many different sources. In October 2008, scheduled system maintenance required that the
Delaware Aqueduct be temporally shut down. While the Delaware System was offline, DEP
needed to rely more heavily on the Catskill and Croton Systems to meet the City’s water demand.
One system configuration option to deliver more water from the Croton System is the operation of
the Croton Falls Pump Station (CFPS). Located at Croton Falls Reservoir, this station provides
DEP with the ability to pump water from Croton Falls Reservoir into the Delaware Aqueduct
(downstream of the shutdown), where it is delivered to Kensico Reservoir. Terms of operation of
the CFPS are explicitly described in the 2007 FAD. The DEP must justify the need for operation
and receive approval from NYSDOH prior to operation. In 2008, DEP received approval for and
operated the CFPS to help supplement the supply while Delaware System repairs were being per-
formed.

In response to this change in the delivery configuration of the water supply, DEP also
modified its water quality monitoring program to closely track the quality of Croton Falls water
and the effects, if any, of this alternate supply on Kensico Reservoir. Elements of this enhanced
monitoring program included collecting daily samples of the water entering the CFPS and of the
water exiting the Delaware Aqueduct into Kensico Reservoir. Also, the quality of Croton Falls
Reservoir was closely monitored with weekly reservoir surveys. In addition to this water quality
monitoring, DEP also increased surveillance of potential contaminant sources by conducting
weekly reservoir waterfowl surveys and increasing inspections of watershed wastewater treatment
plants. As a condition of the approval to operate, the DEP provided regulators with a weekly
update on the status of the enhanced water quality monitoring program.

The operation of the CFPS was successful. The Station operated as designed to help aug-
ment the supply. The quality of water delivered from Croton Falls Reservoir was closely moni-
tored and the quality of water within Kensico Reservoir remained high throughout the entire
operation. Accordingly, the quality of water leaving Kensico Reservoir also remained high and
appeared unaffected throughout this period.
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1.7 What enhancements were made to DEP’s monitoring capabilitiesin 20087

A new, state-of-the-art laboratory was opened in Kingston, NY, in February 2008. The
new laboratory replaced the Ben Nesin Laboratory that was located in Shokan, NY, and allowed
for the consolidation of several laboratory processes with the transfer of some staff and analyses
from DEP’s Grahamsville Laboratory in Grahamsville, NY. The Kingston Laboratory performs
water quality analyses for the WOH watersheds (Catskill and Delaware) as well as pathogen and
metals analyses for both EOH and WOH watersheds. Altogether, the modern laboratory provides
19,000 square feet for performing water quality analyses and maintenance of equipment.

The laboratory consists of several individual laboratories with unique analytical functions.
Three separate Field Laboratories are available so that field staff can perform the calibration of
field instruments, the programming of automated sampling equipment, and the repair and mainte-
nance of field equipment, including sample pumps and flow measuring devices. The Sample
Receiving and Preparation Laboratory is where samples are officially received by the laboratory,
and other tasks including instrumentation calibration, turbidity analysis, and sample distillation
occur in this laboratory. The facility also includes a Microbiology Laboratory for the perfor-
mance of phytoplankton and bacterial analysis and a Metals Laboratory for the analysis of metals,
such as lead and mercury. The Wet Chemistry Laboratory performs the widest variety of analyses
including solids, biochemical oxygen demand, alkalinity, chloride, sulfate, total organic carbon,
nitrogen, phosphorus, ammonia and silica. These laboratories are certified by New York State’s
Environmental Laboratory Approval Program. The Pathogen Laboratory, certified by the USEPA,
performs Giardia and Cryptosporidium analysis. The Wildlife Studies Laboratory is dedicated to
performing dissections on wildlife specimens inhabiting the watershed environment for bacteria,
pathogens, and nutrient analysis. Wildlife specimens are preserved and stored for a species refer-
ence collection and endangered species management work. The facility is also equipped with
Organics and Research Chemistry Laboratories which currently allow for chlorophyll analysis,
instrument repair, and instrument validation. These two laboratories will also allow DEP to
expand analytical capabilities in the watershed in the future, as needed. Finally, the facility con-
tains a small Quality Assurance/Quality Control Laboratory which is currently being utilized to
house a Laboratory Information Management System (LIMS) pilot program. The implementation
of the LIMS will result in more efficient data processing and record keeping for laboratory and
field analyses.

The laboratory also features several analytical support rooms including walk-in coolers,
clean rooms, a balance room, a wash room (complete with autoclaves and glassware washers) and
sample receiving garage bays. New safety features include laboratory assessment and security
systems, modern laboratory air flow and ventilation systems, and computerized environment
monitoring.
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The laboratory is located on the first floor of a two-story, 98,500-square-foot facility that
currently houses 190 DEP employees. Also located on the first floor, which is dedicated entirely
to the Water Quality Directorate, are field, administrative, compliance, and management staff
(approximately 67 people) in 11,000 square feet of office space.

The second floor of the building provides office space for several Bureau of Water Supply
programs as well as a GIS laboratory, numerous training rooms (including dedicated rooms for
environmental health and safety training), a cafeteria, and conference rooms.

The Kingston headquarters provides an efficient, modern, and safe environment to con-
duct the work of DEP. It also has the space and capabilities to allow for growth, and should serve
DEP well into the future.

1.8 How isthe Bureau of Water Supply organized to provide stewar dship for
such avast and important resource?

The objective for the Bureau was the delivery of high quality water, rigorous compliance
with all regulations, and commitment to the long-term sustainability of the system, which are all
considered core elements of operating the water supply.

The Bureau currently consists of five major Directorates, as follows: Compliance, Water
Quality, Operations, Watershed Protection and Planning, and Management Services and Budget.
The Directorate’s senior managers each has a Compliance Advisor. This enables them to keep
track of progress on all compliance matters. The primary functions of the five Directorates are
described below.

Compliance
Compliance is responsible for ensuring that the Bureau operates within a safe work envi-

ronment by meeting all regulations and standards. DEP and BWS have developed extensive, high
quality, Environmental Health & Safety (EH&S) programs that include regular training of staff
and on-going tracking systems to ensure maintenance of these programs. The Compliance Direc-
torate consists of five divisions. They are overseen by a Director of Compliance who is assisted
by an Administrator and Special Technical Assistant. The divisions are Health and Safety Com-
pliance, Environmental Engineering, Environmental Compliance, Compliance Training, and
Compliance Audit.

Water Quality
The Water Quality Directorate consists of four divisions; two are devoted to the upstate

watershed and two are devoted to the downstate distribution system. The functions of the two
operational divisions, (i.e., Watershed Water Quality Operations and Distribution Water Quality
Operations) include responsibility for sampling, analysis, quality assurance, compliance data
management and reporting, and environmental health and safety. The functions of the two science
and research divisions, (i.e., Watershed Water Quality Science and Research, and Distribution
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Water Quality Science and Research) include responsibility for planning, assessment and scien-
tific research. Watershed Water Quality Science and Research is also responsible for FAD report-
ing, while Distribution Science and Research is responsible for drinking water compliance
reporting. Project Management and Budget provides assistance to the Director and Divisions with
budget, personnel, and other administrative matters. See Section 1.9 for more detail on the two
upstate watershed water quality divisions.

Operations
The Operations Directorate is designed to provide oversight to all engineering operations.

It is divided into two geographical areas: Eastern and Western Operations. Eastern Operations
consists of northern and southern regions (the Highlands Region and the Kensico Region, respec-
tively). Western Operations consists of three geographic regions, i.e., the Downsville Region, the
Grahamsville Region, and the Shokan Region. Each of the five regions is led by a Regional Man-
ager who has broad, overall responsibility for all operations in the region’s geographic area,
including operations and maintenance, land management, hazardous material (HazMat) response,
and overall compliance sustainability. Regional Managers provide the management and leader-
ship required to ensure that BWS can handle its wide range of responsibilities in an integrated
manner within each region. Additionally, Eastern and Western Operations have an Engineering
and Technical group to support their division’s operation. Those hazardous material and land
management functions that are not suitable for geographic dispersion continue to reside at the
“central BWS” level. Land stewards and HazMat personnel work within the integrated regional
structures, and provide policy and programmatic support and guidance to the Regional Managers.

Additionally, the Water Systems Operations group, Strategic Services, Community Sup-
plies, and all reservoir operations operate under the direction of' one manager. This group is
responsible for the long-term and day-to-day decision making regarding operations of the water
supply system.

The Wastewater Operations Division is responsible for operation of the Bureau’s seven
wastewater treatment plants. This division includes a dedicated Compliance and Procurement
group, as well as an Engineering and Technical group for support of the division. Finally, a Tech-
nical Advisor to the Director coordinates all HazMat training and certifications, ensures quality
control of HazMat responses, ensures that required supplies are available, and handles communi-
cations with outside agencies relating to HazMat responses.

Water shed Protection and Planning
Under the direction of an Assistant Commissioner, this group consolidates the majority of

the Bureau’s water quality protection and planning initiatives into one unit. There are three major
divisions within Watershed Protection and Planning (WPP). Watershed Lands and Community
Planning (WLCP) is responsible for implementing key watershed protection programs, many of
which are specified in the FADs issued periodically by USEPA. These include land acquisition,
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stream management, farm and forestry programs, and partnership programs. In addition, WLCP
directs land management policy and planning for all City-owned land in the watershed, in close
coordination with the regional managers within Operations. Further, the Natural Resources unit
has been integrated into WLCP and continues to perform its current functions. Regulatory Review
and Engineering is a second division within WPP. It includes virtually all of DEP’s watershed reg-
ulatory oversight functions, Infrastructure Design and Construction, and the Wastewater Treat-
ment Plant Upgrade Program. The third division, Planning, is responsible for all planning
functions within the Bureau, including capital planning, long-term planning, emergency response
planning, and coordination with the Bureau of Engineering Design and Construction. This Direc-
torate is also supported by a Compliance Advisor, a Special Assistant to the Director, and a Water-
shed Outreach specialist.

Management Services and Budget
Management Services and Budget (MS&B) serves the Bureau by providing administrative

assistance for all aspects of procurement and personnel that are required to keep the Bureau func-
tioning. The Director is assisted by an Administrative Assistant and oversees four units—Analy-
sis and Support, Personnel, Expense, and Capital Budget.

Office of Information and Technology
The Office of Information and Technology (OIT) is part of the larger Department’s organi-

zation. This group is directed by an Assistant Commissioner for Information and Technology. The
staft support BWS, while unifying and developing consistent computing systems, and strengthen-
ing technological support and sophistication.

The BWS Directorates described above work together to operate and protect the water
supply for the City of New York.

1.9 What aretheroles of the upstate water shed water quality divisonswithin
the Water Quality Director ate?

The condition of the water supply is monitored by the Directorate of Water Quality. This
Directorate has a staff of over 200, who are responsible for monitoring and maintaining high
water quality for the entire (upstate and downstate) water supply. As mentioned above, it is the
work of the two watershed (upstate) divisions that is described in this report.

The role of the watershed divisions is to (1) design scientific studies, (2) collect environ-
mental samples for routine and special investigations, (3) analyze the samples in DEP’s laborato-
ries and enter the results into a permanent database, (4) provide regulatory reports, (5) statistically
analyze and interpret the results, (6) document findings, and (7) provide recommendations for
operating the water system. Extensive monitoring of a large geographic network of sites to support
reservoir operations and watershed management decisions are the top priority of the Directorate. The
high quality of water and reliability of the supply demonstrate the success of the BWS watershed
programs and operations. This report provides insight into how the Water Quality Directorate of

16



1. Introduction

BWS monitors the water supply, and documents the final result of the combined programs and
operations to demonstrate program effectiveness and compliance with all drinking water regula-
tions.

The Watershed Water Quality Operations (WWQO) Division includes sections for WOH
Water Quality Operations, EOH Water Quality Operations, Watershed Water Quality Compliance,
and Wildlife Studies. These sections conduct all sampling and laboratory analysis work at four
laboratory locations (Kingston, Grahamsville, Brewster, and Kensico) located throughout the
watershed. The sections are comprised of field managers, laboratory managers, chemists, micro-
biologists, laboratory support and sample collection personnel, technical specialists, and adminis-
trative staff. The four water quality laboratories are certified by the NYSDOH Environmental
Laboratory Approval Program (ELAP) for approximately 60 analytes in the non-potable water
and potable water categories. These analytes include physical, chemical, microbiological, trace
metals, and organic compounds. The NYC DEP Pathogen Laboratory has been granted
“Approved” status by the US EPA for the analysis of Cryptosporidiumunder the SDWA using
Method 1623. Watershed Water Quality Operations conducts monitoring of wastewater treat-
ment, streams, reservoirs potable water sites and key aqueduct sites. Working with Bureau Opera-
tions to provide water quality information and input for Water Supply Operations is one of
WWQQO’s top priorities.

The Watershed Water Quality Science and Research (WWQSR) Division is responsible
for planning scientific studies, reviewing and revising monitoring plans, analyzing data, writing
reports, and providing recommendations for watershed protection programs. The division consists
of four sections—Program Evaluation and Planning, Pathogen Planning and Assessment, Water
Quality Modeling, and Reporting and Publications. WWQSR interacts with WWQO by providing
monitoring plans and sampling recommendations, which are carried out by the field and labora-
tory personnel of WWQO and entered into the DEP water quality database. These results are then
analyzed and presented in reports, like this one, to make water quality information accessible to
managers, regulators, and the public.
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2. Water Quantity

2. Water Quantity

2.1 What isNYC’s source of drinking water ?

New York City’s water supply
is provided by a system consisting of
19 reservoirs and three controlled lakes
with a total storage capacity of approxi-
mately 2 billion cubic meters (580 bil-
lion gallons). The total watershed area
for the system drains approximately
5,100 square kilometers (1,972 square
miles) (Figure 2.1).

The system is dependent on pre
cipitation (rainfall and snowmelt) and
subsequent runoff to supply the reser-
voirs in each of three watershed sys-
tems, Catskill, Delaware, and Croton.
The first two are located West of Hud-
son (WOH), while the Croton System
is located East of Hudson (EOH). As
the water drains from the watershed, it
is carried via streams and rivers to the
reservoirs. The water is then moved
via a series of aqueducts to terminal
reservoirs before the water is piped to
the distribution system. In addition to
supplying the reservoirs with water,

Figure 2.1 New York City water supply watershed.

precipitation and surface water runoff also directly affect the nature of the reservoirs. The hydro-

logic inputs to and outputs from the reservoirs control the nutrient and turbidity loads and hydrau-

lic residence time, which in turn directly influence the reservoirs’ water quality and productivity.

2.2 How much precipitation fell in the water shed in 2008?

The average precipitation for each watershed was determined from a network of precipita-

tion gages located in or near the watershed that collect readings daily. The total monthly precipi-

tation is the sum of the daily average precipitation values calculated for each reservoir watershed.
The 2008 monthly precipitation total for each watershed is plotted along with the historical

monthly average in Figure 2.2.
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2. Water Quantity

The total monthly precipitation figures show that in general precipitation was below nor-
mal for January, but well above normal for February and March due to a series of winter storms.
(As a result of these storms DEP used model simulations to support turbidity management and
avoid alum treatment (see Section 6.4).) In fact, the National Climatic Data Center’s (NCDC)
2008 Annual Climate Review U.S. Summary (http://www.ncdc.noaa.gov/oa/climate/research/
2008/ann/us-summary.html) reports that New York State had its wettest winter (December-Febru-
ary) on record (1895-2008). From April through June precipitation was below normal, except for

the Croton watershed in June which was slightly above average. Precipitation was above normal
in July for all watersheds (see Section 2.5 to see how July precipitation impacted reservoir stor-
age), and below normal in August. September and October precipitation was fairly typical,
although the Croton watershed in September was slightly above average. Precipitation in all
watersheds was below normal in November for all watersheds and above normal in December.
The total precipitation in the watershed for 2008 was 1,198 mm (47.2 inches), which is 53 mm
(2.1 inches) above normal. Overall, 2008 was New York State’s seventh wettest year on record
(1895-2008) according to the NCDC 2008 Annual Climate Review U.S. Summary.

2.3 What improvements were made to DEP’s meteorological data network in
2008, and how werethe data used?

Weather is one of the major factors affecting both water quality and quantity. As such,
weather data is one of the critical components of an integrated data collection system. Timely and
accurate weather forecasts are essential, especially with regard to rainfall. The worst episodes of
stream bank erosion and associated nutrient, sediment, and pollutant transport occur during high
streamflow events caused by heavy rain. Monitoring these events is critical to responding, mak-
ing operational decisions, understanding, and ultimately reducing, the amounts of sediment, tur-
bidity, nutrients, and other pollutants entering the reservoirs.

Recognizing that, in addition to the precipitation data that have been historically collected,
meteorological data are valuable in meeting DEP’s mission of providing high-quality drinking
water through environmental monitoring and research, DEP maintained and upgraded the net-
work of 25 Remote Automated Weather Stations (RAWS) covering both the EOH and WOH
watersheds. Each station measures air temperature, relative humidity, rainfall, snow depth, solar
radiation, wind speed, and wind direction. A reading is taken every minute, and values are sum-
marized hourly (summed or averaged). All but one of the stations now utilize radio telemetry to
transmit data in near real-time. In addition to being used by DEP, these data are shared with the
National Weather Service to help it make more accurate and timely severe weather warnings for
watershed communities. The data are also important as input for DEP’s water quality models
(Chapter 6).
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In 2008, DEP continued to upgrade its rain gages and telemetry system. The RAWS net-
work originally used tipping bucket rain gages, which only measure liquid precipitation. These
are being replaced with a weighing bucket gage (the Ott Pluvio) which can also measure frozen
precipitation such as snow and freezing rain. The Pluvios are also more accurate than tipping
buckets, and they are equipped with wind shields to help reduce catch error. Installation of these
began in 2007 and will be completed between 2010 and 2012. The telemetry upgrade was com-
pleted in 2008 (with the exception of one remote base station site, which was still awaiting instal-
lation of high-speed networking capability, expected to occur in early 2009). This upgrade
utilizes multiple base stations located at DEP facilities (wastewater treatment plants, valve cham-
bers, etc.) spread throughout both the East and West of Hudson watersheds. Each RAWS trans-
mits data to the nearest base station, where it is put onto the DEP computer network and routed to
the master dataset at Grahamsville, as well as to a separate backup location. This upgrade has
improved the reliability of data reception, increased data security, and brought EOH stations into
the near-real-time data program.

DEP continued to develop the automated snow water monitoring system it started building
in 2007. Based on experience with the original sensors from the Army Corps of Engineers, DEP
developed a modified design which is smaller, lighter, less expensive, and easier to install than the
original. A prototype was built by a contractor and installed by DEP staff in January 2008. Pre-
liminary data were very encouraging. DEP will purchase several more “SnoScale” devices for
expanded testing in the future with the ultimate goal of eventually developing a watershed-wide,
continuous automated snow water monitoring program that would greatly reduce the use of man-
ual snow surveys while providing much more timely and useful data.

2.4 How much runoff occurred in 20087

Runoff is defined as the part of the precipitation and snowmelt that appears in uncon-
trolled surface streams and rivers, i.e., “natural” flow. The runoff from the watershed can be
affected by meteorological factors such as type of precipitation (rain, snow, sleet, etc.), rainfall
intensity, rainfall amount, rainfall duration, distribution of rainfall over the drainage basin, direc-
tion of storm movement, and antecedent precipitation and resulting soil moisture. The physical
characteristics of the watersheds also affect runoff. These include land use; vegetation; soil type;
drainage area; basin shape; elevation; slope; topography; direction of orientation; drainage net-
work patterns; and ponds, lakes, reservoirs, sinks, etc., in the basin which prevent or alter runoff
from continuing downstream. The annual runoff coefficient is a useful statistic to compare the
runoff between watersheds. It is calculated by dividing the annual flow volume by the drainage
basin area. The total annual runoff is the depth to which the drainage area would be covered if all
the runoff for the year were uniformly distributed over the basin. This statistic allows compari-
sons to be made of the hydrologic conditions in watersheds of varying sizes.

22
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Figure 2.3 Historical annual runoff (cm) as box-
plots for the WOH and EOH water-
sheds, with the values for 2008 dis-
played as a dot.

Selected USGS stations (Figure 2.8)
were used to characterize annual runoff in
the different NYC watersheds (Figure 2.3).
The annual runoft in 2008 from the WOH
watersheds was generally above the 75th
percentile of the annual runoff from each
watershed’s historical record (i.e., more
than 75 percent of the annual runoff values
were below the values observed in 2008).
In the EOH watersheds, the 2008 annual
runoff was generally above the water-
sheds’ historical medians (50th percentile).
The differences between EOH and WOH
may be partly explained by differences in
precipitation patterns, but are also due to
differences in the periods of record. The
EOH stations have a 13-year period of
record, except for the Wappinger Creek
site (80-year period of record), which, like
the WOH watersheds, showed a 2008
annual runoff above the 75™ percentile. On
the other hand, the period of record for the
WOH stations ranges from 45 years at the
Esopus Creek at Allaben station to 102
years at the Schoharie Creek at Prattsville

gage.

2.5 What wasthe storage history
of thereservoir system in 2008?

DEP has established typical or “nor-
mal” system-wide usable storage levels for
each calendar day. These levels are based

on historical storage values, which are a function of system demand, conservation releases, and
reservoir inflows. Ongoing daily monitoring of these factors allows DEP to compare the present
system-wide storage against what is considered typical for any given day of the year. In 2008 the
actual system-wide storage values remained close to the typical or “normal” storage values (Fig-
ure 2.4). In order to meet system demand and required releases during the summer drawdown
period, DEP aims to have the system-wide usable storage at 100% (547.53 billion gallons (bg)) on
June 1 of each year. In 2008 the June 1 system-wide usable storage was at 95.34 % of capacity, or
522.02 bg. A late July storm brought the storage values back to normal levels.
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3. Water Quality

3. Water Quality

3.1 How did DEP ensurethedelivery of the highest quality water from upstate
reservoirsin 2008?

DEP continued to perform extensive water quality monitoring at multiple sampling sites
from aqueducts, reservoir intakes, and tunnel outlets within the Catskill, Delaware, and Croton
Systems. In 2008, over 69,292 physical, chemical, and microbiological analyses were performed
on 6,659 samples that were collected from 53 different key aqueduct locations. DEP’s Early
Warning Remote Monitoring Group also continued to operate and maintain continuous monitoring
instrumentation at critical locations to provide real-time water quality data to support operational
decision making.

Scientists in the Watershed Water Quality Operations Division work cooperatively with the
Bureau’s Operations Directorate to determine the best operational strategy for delivering the high-
est quality water to NYC consumers. DEP continued to implement numerous operational and
treatment techniques to effectively manage the Catskill, Delaware, and Croton Systems. Opera-
tional and treatment strategies employed in 2008 included:

* Selective Diversion

DEP optimized the quality of water being
sent into distribution by maximizing the flow
from reservoirs with the best water quality and
minimizing the flow from reservoirs with inferior
water quality. In the fall of 2008, DEP diverted
acceptable quality water from the West Basin of
Ashokan Reservoir to keep Kensico Reservoir
full and to create a void in the West Basin (Figure Figure 3.1 Water being diverted into the

3.1). Catskill Aqueduct from the West
Basin of Ashokan Reservoir.

When turbidity levels in the Ashokan
West Basin began to increase in October due
to rain events, DEP responded by isolating the
West Basin and diverting water from the East
Basin where turbidity levels were lower.
These basin operations allowed DEP to con-
tinue to deliver a sufficient quantity of good
quality water to Kensico Reservoir and to

Figure 3.2 Water(‘tfeing divelitled into the Catskill | absorb the impacts of storms in the isolated
Aqueduct from the East Basin of . .
Ashokan Reservoir with increasing West Basin (Figure 3.2).
turbidity levels in the West Basin.
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» Selective Withdrawal

DEP continued to monitor water quality at different intake elevations within the reservoirs
and used the data obtained to determine the optimal level of withdrawal. While operating the
Croton System during the fall, DEP monitoring results indicated that turbidity and manganese
levels were increasing at lower elevations in New Croton Reservoir in late October. By changing
the level of withdrawal from the bottom to the surface, DEP was able to optimize water quality
and continue to operate the Croton System into the month of December.

»  Other Strategies

DEP continued to look for strategies to protect water quality near the intakes at Kensico
Reservoir. In August, Eastern Operations staff installed a 15-inch wave stabilization boom (Fig-
ure 3.3) that starts at the southeast corner of the Catskill Upper Effluent Chamber (Figure 3.4) and
extends 600 feet south along the western shoreline of Kensico Reservoir (Figure 3.5). The bottom
half of the boom consists of a weighted curtain while the top half floats above the water surface.
The boom has served to decrease surface water activity as well as the resuspension of shoreline
sediments. This has assisted DEP in minimizing the effects of wind-induced turbidity in the
Catskill Influent cove and the diversion to Hillview Reservoir.

Figure 3.3 Wave stabilization Figure 3.4 Wave stabilization Figure 3.5 Wave stabilization

boom installation. boom connection to the boom extending along the
Catskill Upper Effluent western shoreline of Ken-
Chamber. sico Reservoir.

3.2 How did the 2008 water quality of NY C’s source water s compare with
SWTR standardsfor fecal coliformsand turbidity?

The Surface Water Treatment Rule (SWTR) (40 CFR141.71(a)(1)) requires that water at a
point just prior to disinfection not exceed the thresholds for fecal coliform bacteria and turbidity.
To ensure compliance with this requirement, DEP monitors water quality for each of the water
supply systems at “keypoints” (entry points from the reservoirs to the aqueducts) just prior to dis-
infection (the Croton System at CROGH, the Catskill System at CATLEFF, and the Delaware
System at DEL18). Figures 3.6 and 3.7 depict fecal coliform and turbidity data, respectively, for
1992-2008. Each graph includes a horizontal line marking the SWTR limit.
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Treatment Rule limit, 1992-2008.
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3. Water Quality

As indicated in Figure 3.6, the fecal coliform counts at all three keypoints consistently met
the SWTR standard that no more than 10% of daily samples may contain > 20 CFU 100mL™!. The
2008 calculated percentages for effluent waters at CROGH, CATLEFF, and DEL18 were far
below this limit. Median fecal coliform counts (CFU 100mL'1) in raw water samples taken at
these sites were the same, at 1 CFU IOOmL'l, while maxima were 7, 45, and 74, respectively.

The SWTR limit for turbidity is 5 NTU. As indicated in Figure 3.7, all three effluent
waters, measured at 4-hour intervals, were consistently well below this limit in 2008. For
CROGH, CATLEFF, and DEL18, median turbidity values (NTU) were 1.2, 1.0, and 1.0, respec-
tively, while maximum values were 2.1, 4.0, and 2.2, respectively. (Note: The plot shows one high
value at CROGH in 2006 that was caused by an operational adjustment, as discussed in the Water-
shed Water Quality Annual Report for 2006 (DEP 2007a).)

3.3 What wasthe water quality in the major inflow streams of NYC’sreser-
voirsin 2008?

The stream sites discussed in this section are listed in Table 3.1 and shown pictorially in
Figure 3.8. The stream sites were chosen because they are the farthest sites downstream on each
of the six main channels leading into the six Catskill/Delaware reservoirs and into five of the Cro-
ton reservoirs. This means they are the main stream sites immediately upstream from the reser-
voirs and therefore represent the bulk of the water entering the reservoirs from their respective
watersheds (except for New Croton, where the major inflow is from the Muscoot Reservoir
release). The Kisco River and Hunter Brook are tributaries to New Croton Reservoir and repre-
sent water quality conditions in the New Croton watershed.

Table 3.1: Site codes and site descriptions of the stream sample locations discussed in Section

3.3.
Site Code Site Description
S51 Schoharie Creek at Prattsville, above Schoharie Reservoir
El6l Esopus Creek at Boiceville bridge, above Ashokan Reservoir
WDBN West Br. Delaware River at Beerston, above Cannonsville Reservoir
PMSB East Br. Delaware River below Margaretville WWTP, above Pepacton Reservoir
NCG Neversink River near Claryville, above Neversink Reservoir
RDOA Rondout Creek at Lowes Corners, above Rondout Reservoir
WESTBRY7 West Branch Croton River, above Boyd Corners Reservoir
EASTBR East Branch Croton River, above East Branch Reservoir
MUSCOOT10  Muscoot River, above Amawalk Reservoir
CROSS2 Cross River, above Cross River Reservoir
KISCO3 Kisco River, input to New Croton Reservoir
HUNTERI1 Hunter Brook, input to New Croton Reservoir
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Figure 3.8 Locations of sampling sites discussed in Section 3.3 and USGS

stations used to calculate the runoff values presented in Section
2.4.

Water quality in these streams was assessed by examining those analytes considered to be
the most important for the City water supply. For streams, these are turbidity (values may not
exceed the SWTR limit), total phosphorus (nutrient/eutrophication issues), and fecal coliform
bacteria (values may not exceed SWTR limits).

The results presented in Figure 3.9 are based on grab samples generally collected twice a
month (but generally once a month for turbidity and total phosphorus for the East of Hudson
(EOH) sites). The figures compare the 2008 median values against historical median annual val-
ues for the previous 10 years (1998-2007). However, one of the EOH sites, KISCO3, has a
shorter sampling history (1999—present).
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Figure 3.9 Boxplot of annual medians (1998-2007) for a)
turbidity, b) total ({)hosphorus, and c) fecal coli-

forms for selecte

stream (reservoir inflow)

sites, with the value for 2008 displayed as a dot.

The turbidity levels for 2008 were generally near “normal” values (Figure 3.9a) with the
2008 median turbidity values in the inflows to Ashokan and Schoharie Reservoirs being some-
what less than the historical median for the previous 10 years. East of Hudson, the 2008 median

turbidity values in the Kisco River was also less than the historical median for the previous 10

years.
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Total Phosphorus
In the Catskill and Delaware Systems, the 2008 median total phosphorus (TP) levels (Fig-

ure 3.9b) were for the most part near typical historical values. As with turbidity, the annual total
phosphorus median for 2008 for the inflows to Ashokan and Schoharie were somewhat less than
the historical median for the previous 10 years. Also, the TP value in Cannonsville in 2008
remained below the historical median, perhaps reflecting the influence of improvements in agri-
cultural practices and wastewater treatment plant (WWTP) upgrades. The 2008 TP medians in
the Croton System were all less than historical values.

Fecal Coliform Bacteria
The 2008 median fecal coliform bacteria levels (Figure 3.9¢) in the Catskill, Delaware,

and Croton Systems were generally near the typical historical levels. Only MUSCOOT10, the
inflow to Amawalk Reservoir, showed an elevated median value of fecal coliform in 2008. A
fecal coliform benchmark of 200 CFU 100mL"! is shown as a solid line in F igure 3.9c. This
benchmark relates to the New York State Department of Environmental Conservation (DEC)
water standard (expressed as a monthly geometric mean of five samples, the standard being <200
CFU IOOmL'l) for fecal coliform (6 NYCRR §703.4b). The 2008 median values for all streams
shown here lie below this value.

3.4 How doesdrawdown affect water quality?

Numerous studies of NYC watersheds and other watersheds throughout the nation have
been conducted on the impact of water level fluctuations on reservoirs. These fluctuations may be
due to natural events, such as drought, or human-induced by variations in the withdrawal. Water
level drawdown has been used as a reservoir management technique to control certain aquatic
plants, manage fish populations, and carry out repairs or improvements to reservoir structures
(Cooke et al. 1986). The fluctuations in water level may impact biological, chemical, and physi-
cal processes within the reservoir due to effects of drawdown on the reservoir’s thermal structure,
light environment, and sediment exposure (Furey et al. 2004). The magnitude of impacts from a
seasonal drawdown is dependent on factors including reservoir-specific hydrology and morphom-
etry, as well as interannual climatic conditions (Nowlin et al. 2004).

Studies within the NYC watershed have demonstrated the impacts that drawdown can
have on a reservoir. In 1995 a major drawdown occurred at Cannonsville Reservoir. Data from
that year and long-term data were examined by Effler and Bader (1998). During the drawdown,
sediment resuspension was at least in part responsible for introducing particles into the water col-
umn. These (non-phytoplankton) particles are referred to as tripton. As a result of the resuspen-
sion, the TP levels increased and the Secchi depth decreased. There was also a decrease in the
duration of stratification. The resuspension of sediments led to the development of a benthic
nepheloid layer (a bottom layer of turbid water) that eventually extended 10 meters above the bot-
tom of the reservoir at one point. The increased tripton in the upper waters led to an increase in
turbidity (Effler et al. 1998). Effler and Matthews (2004) showed that higher levels of inorganic
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3. Water Quality

tripton were generally observed in the years of greater drawdown. Tripton has an impact on the
optical properties of a reservoir, and contributes to turbidity levels. Sediment resuspension can
also enhance phytoplankton growth by release of phosphorus from decaying plankton to the pro-
ductive (euphotic) layers of the reservoir and by desorption from suspended sediment. Resuspen-
sion of sediments can also have a negative effect on phytoplankton growth if shading interferes
with light penetration. In Cannonsville Reservoir, resuspension is likely promoted by the draw-
down of the water surface (Effler et al. 1998).

To further study the impact of drawdown on water quality, case studies of specific periods
of drawdown, such as those in 2008 for Ashokan and West Branch, were examined (DEP 2009).
Model simulations show that measured turbidity levels in the West Basin of Ashokan were
affected by sediment resuspension during drawdown. Similar effects would be expected to occur
in the East Basin and this could impact use of Ashokan water. Close monitoring of West Branch
turbidity during a 2008 Delaware Aqueduct shutdown also indicated increased turbidity during
drawdown. In this case, increases in turbidity were relatively small, but these could impact Ken-
sico Reservoir, which is subject to the most stringent regulatory criteria.

A basic tenet of limnology is that water quality is influenced by reservoir or lake mor-
phometry and watershed hydrology. The combination of these factors determines both nutrient
loading and water residence times. Together, nutrient loading and water residence times deter-
mine biological productivity. Operation of the reservoir system imparts different elevation histo-
ries and water residence times to headwater versus terminal reservoirs and this was used to
characterize reservoirs. An analysis of 20 years of data on reservoirs was conducted to demon-
strate how water quality has responded to drawdown in the past (DEP 2009). Time series plots,
scatter plots, and correlations were used to identify the strongest relationships between water
quality and reservoir elevation. An interesting feature of these data was that in many cases, the
relationship between drawdown and water quality parameters became stronger once water levels
fell below a critical elevation.

3.5 What factors contributed to the turbidity patternsobserved in the reser-
voirsin 2008?

Turbidity in reservoirs is caused by organic (e.g., plankton) and inorganic (e.g., clay, silt)
particulates suspended in the water column. Turbidity may be generated within the reservoir
itself (e.g., plankton, sediment resuspension) or it may be derived from the watershed by erosional
processes (storm runoff in particular).

In 2008, turbidity in the Catskill System was lower than normal (Figure 3.10). Precipita-
tion was high in February and March, which required the Shandaken Tunnel to be shut down;
much of the turbid water from Schoharie was spilled to the Mohawk River. Turbid water entering
Ashokan Reservoir via Esopus Creek was released to the waste channel from the West Basin,
minimizing its impacts to Ashokan, especially the East Basin. Although July was wetter than nor-
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mal, elevated turbidity was only observed at Schoharie Reservoir during this month. The opera-
tional changes and the relative absence of any additional runoff events during the year are the
likely factors explaining such low turbidities in the Catskill System.
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Figure 3.10 Annual median turbidity in NYC water supply reservoirs (2008 vs.
1998-2007). The dashed line at 5 NTU represents the SWTR criterion that
considers 2 consecutive days > 5 NTU a violation in source water reservoirs.

Note: In general, data were obtained from multiple sites, multiple depths, at routine sampling frequencies (1
or 2x per month) from April through December. Medians were not calculated in 2008 for Croton Falls Res-
ervoir due to insufficient data.

Unlike the Catskill reservoirs, most Delaware reservoirs were very close to their long-term
median turbidity levels in 2008. Runoff events in February and March caused above average tur-
bidities that lasted from April to June in Cannonsville. In Pepacton Reservoir the turbidity levels
fell after the month of April. Pepacton also experienced elevated turbidity from late July to early
August caused by locally heavy rain. Turbidity in Neversink, unlike the other Delaware reser-
voirs, was at its lowest level in the last 11 years. Despite 13.1 inches of rain that fell in February
and March, Neversink showed little effect from the runoff since turbidity levels were near the
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median in April and below the median from May to November. Rondout, which receives most of
its water from Cannonsville, Pepacton, and Neversink, was just below the long-term median tur-
bidity for the year.

West Branch Reservoir, a blend between Rondout and Boyd Corners water, had slightly
lower turbidity than its long-term median. Kensico Reservoir had lower than normal turbidity in
2008, reflecting the low turbidities of its primary inputs—Rondout, West Branch, and Ashokan
Reservoirs.

Most of the Croton System reservoirs were close to or less than their long-term median
turbidity levels. A relative absence of large rain events in 2008 is the likely cause. Although pre-
cipitation was high in February and March, the effect of this early runoff produced only low to
median spring turbidity levels in all reservoirs except Boyd Corners. Low amounts of precipita-
tion in April, May, and August also contributed to the low annual medians in all the other Croton
reservoirs. Turbidity samples were only collected in August and late October for Lakes Gilead,
Gleneida, and Kirk (results not shown in Figure 3.10). Turbidity levels were near the median for
Gilead and Gleneida (1.4 and 1.6 NTU, respectively) and about 30% lower than normal for Kirk
(3.3 NTU).

3.6 How werethetotal phosphorusconcentrationsin thereservoirsaffected by
precipitation and runoff in 20087

Precipitation and runoff are important mechanisms by which phosphorus is transported
from local watersheds into streams and reservoirs. Primary sources of phosphorus include human
and animal waste, fertilizer runoff, and internal recycling from reservoir sediments.

In 2008, median TP levels in all Catskill and Delaware System reservoirs were at or near
their lowest concentrations since 1997 (Figure 3.11). Monthly TP concentrations were especially
low in April, May, and June. An early snowmelt from February to early March, along with oper-
ational increases in reservoir releases and spills in headwater reservoirs, were largely responsible
for the low spring TP concentrations. Infrequent large storms (i.e., total rainfall greater than 1
inch) during the remaining months helped ensure a low TP year. Additional factors were apparent
at Cannonsville Reservoir where monthly TP concentrations were lower in all months except
June. Efforts to reduce TP loads (e.g., continued construction of agricultural BMPs and WWTP
upgrades) and a continuing decline in dairy farming are likely factors contributing to these low TP
values.
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Figure 3.11 Annual median total phosphorus in NYC
water supply reservoirs (2008 vs.
1998-2007). The horizontal dashed line at 15
ug L represents the NYC TMDL guidance
value for source waters (in the NYC water
supply system, New Croton and Kensico Res-
ervoirs, but see note below). The horizontal
solid line at 20pug L represents the DEC
ambient water quality guidance value appro-
priate for reservoirs other than source waters.

Note: In general, data were obtained from multiple sites, multiple
depths, at routine sampling frequencies (1 or 2x per month) from
April through December. Medians were not calculated in 2008 for
Croton Falls Reservoir due to insufficient data.

The terminal reservoirs are Kensico, New Croton, Rondout, Ashokan
East, Ashokan West, and West Branch.

West Branch Reservoir is a blend
of Rondout water from the
Delaware System and of Boyd Cor-
ners water from the Croton Sys-
tem. TP concentrations in these
inputs were both below the median
and resulted in below median TP in
West Branch in 2008.

Kensico Reservoir, which
receives water from Rondout, West
Branch, and Ashokan, had a low TP
median in 2008, largely due to the
low TP concentrations of its inputs.

As shown in Figure 3.11, TP
concentrations in the Croton System
reservoirs are normally much higher
than in the Catskill and Delaware
Systems. The Croton watershed is
more urbanized; there are 60
WWTPs, numerous septic systems,
and abundant paved surfaces scat-
tered throughout the watershed. The
2008 TP concentrations are low rel-
ative to past concentrations for all
Croton reservoirs and Kirk Lake
(Figure 3.11 and Table 3.2). Lake
Gleneida was slightly elevated com-
pared to the 10-year historical
median but the lake was only sam-
pled in August and September in
2008.

Table 3.2: Total phosphorus summary statistics for NYC controlled lakes (ug L'l).

Lake Median Total Phosphorus Median Total Phosphorus
(10-year) (2008)

Gilead 20 20

Gleneida 18 21

Kirk 29 26
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Data for Croton Falls were very limited in 2008 due to continuing dam rehabilitation work
that necessitated the drawdown of this impoundment. Although accurate representative medians
could not be calculated for 2008, the distribution of past annual medians is provided in Figure
3.11.

Several factors may be responsible for the nearly system-wide low TP concentrations.
Reduced concentrations in April and May were probably a result of the early “flushing” of TP
from the watersheds by unusually heavy rainfall in February and March. Reduced summer draw-
down due to above average rainfall in July and September was another factor. At more typical
drawdown levels, resuspension of exposed sediments can be an important source of TP to the res-
ervoirs.

3.7 Which basins were phosphor us-restricted in 20087

Phosphorus-restricted basin status is presented in Table 3.3 and was derived from two con-
secutive assessments (2003—2007 and 2004—-2008) using the methodology stated in Appendix C.
Table C.1 in Appendix C lists the annual growing season geometric mean phosphorus concentra-
tion for NYC reservoirs. Reservoir basins that exceed the guidance value for both assessments are
classified as restricted. Figure 3.12 graphically depicts the phosphorus restriction status of the
NYC reservoirs and the 2008 geometric mean phosphorus concentration.

Table 3.3: Phosphorus-restricted reservoir basins for 2008.

03—-07 Assessment 04-08 Assessment Phosphorus
Reservoir Basin (mean + S.E.) (mean + S.E.) Restricted
(gL (gL Status

Delaware System
Cannonsville 18.2 18.0 Non-Restricted
Pepacton 9.9 9.8 Non-Restricted
Neversink 6.5 6.4 Non-Restricted
Rondout 8.2 8.1 Non-Restricted
Catskill System

Schoharie 16.1 16.3 Non-Restricted
Ashokan-West 15.7 15.8 Non-Restricted
Ashokan-East 9.8 9.9 Non-Restricted
Croton System

Amawalk 243 24.2 Restricted
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Table 3.3: (Continued) Phosphorus-restricted reservoir basins for 2008.

03-07 Assessment 04-08 Assessment Phosphorus

Reservoir Basin (mean + S.E.) (mean + S.E.) Restricted
(ngL™h (ngL™h Status

Bog Brook 22.9 235 Restricted
Boyd Corners 15.9 15.8 Non-Restricted
Cross River 19.1 18.9 Non-Restricted
Croton Falls 19.9 18.7 Restricted*
Diverting Insufficient data Insufficient data Restricted
East Branch 33.7 33.1 Restricted
Middle Branch 279 28.8 Restricted
Muscoot 27.9 27.2 Restricted
Titicus 27.0 25.8 Restricted
West Branch 12.2 12.1 Non-Restricted
Lake Gleneida Insufficient data Insufficient data Restricted
Lake Gilead 31.1 32.2 Restricted
Kensico 8.6 8.5 Non-Restricted
New Croton 20.0 19.5 Restricted

* Croton Falls Reservoir was only sampled in the main basin in 2008. Since this basin receives water primarily from
West Branch Reservoir, the 2008 geometric mean and the subsequent five-year analysis were biased low. For this

reason, Croton Falls Reservoir remains restricted.
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Figure 3.12 Phosphorus-restricted basin assessments, with the current year (2008) geo-
metric mean phosphorus concentration displayed for comparison. The hori-
zontal solid line at 20ug L™ represents the DEC ambient water quality
guidance value appropriate for reservoirs other than source waters.

Some notes and highlights regarding phosphorus-restricted basin status in 2008 are listed
below:

* The Delaware System reservoirs remained non-restricted with respect to TP. Figure 3.12
shows that the 2008 geometric mean was lower than the mean for the two five-year assess-
ments for all four reservoirs.

» The Catskill System reservoirs were also non-restricted since the two five-year assessment

periods were well below 20 ug L. The 2008 geometric mean was lower in all reservoirs
compared to the two assessments.

* The Croton System reservoirs had some differences from previous assessments. In general,
the geometric means of the TP concentrations for 2008 were lower than in previous years
(Appendix C). The three controlled lakes were only sampled twice for TP during 2008 so
their geometric mean couldn’t be included in Figure 3.12. Lakes Gilead and Kirk had sufti-
cient data in previous years to calculate the five-year assessments and their status remained
restricted. Since insufficient data were available to change the status of Lake Gleneida, it also
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remained restricted. Boyd Corners, Cross River, and West Branch Reservoirs remained non-

restricted. Croton Falls Reservoir dropped below 20 pg L! for the 20042008 assessment.
Upon closer examination, it was found that the 2008 mean concentration was unusually low
because only the main basin, which has the best water quality, was sampled. Since the other
sites were not sampled, an assessment could not be made, because any assessment that failed
to include all the sites would not have been truly representative of the reservoir. The basin
remains restricted until additional data confirm a decrease in 2009.

» Kensico Reservoir TP levels continue to be well below 20 pg L! for each of the last two
assessments, and the basin remains unrestricted. New Croton Reservoir continues to show a
decreasing geometric mean TP since 2004 (Table C.1 in Appendix C). As a result, the last

five-year assessment dropped below 20 ug L', If this trend continues, New Croton could be
removed from TP-restricted status next year.

3.8 Areeutrophication patternsin NY C reservoirs compar able to those of
other northern temperate water bodies?

Eutrophication is defined as a process where water bodies receive excess nutrients that
stimulate excessive algal growth. The Organization for Economic Co-operation and Development
(OECD) funded an international program on eutrophication of lakes in the late 1970s and early
1980s. Research on inland temperate lakes during the OECD program showed that chlorophyll a
(chl a) (an indicator of algal biomass) is positively correlated with TP (Janus and Vollenweider
1981).

DEP conducted a comparison of NYC reservoirs and the OECD lakes using growing sea-
son (May through October) photic zone samples to determine whether the same relationship
applied in the City’s reservoirs. The long-term (1998-2007) mean and the annual mean for 2008
were compared to the regression line developed by the OECD program (Figure 3.13). Upper and
lower 95% confidence intervals are also shown in the figure. The shift in the NYC regression line
compared to the OECD line is likely due to methodology differences. The high performance lig-
uid chromatography (HPLC) used by DEP is a more exact method for determination of chl a as
compared with the methods used to develop the OECD relationships in 1981 (fluorometric or
spectrophotometric analysis).
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Figure 3.13 Mean chlorophyll a vs. total phosphorus concentra-
tion in NYC reservoirs compared to OECD Eutro-
phication Program lakes. For NYC reservoirs,
samples were collected in the photic zone during the
growing season (May—October) over a 10-year
period (1998-2007) and in 2008.

Note: Chl aresults were obtained through the use of a spectrophotometer or
fluorometer from 1997-2000, and by HPLC thereafter. TP results were
obtained by the Valderamma method (1980) from 1997-1999, and by APHA
(1992, 1998) thereafter.

In general, NYC reservoirs achieved a greater algal response (as indicated by chl a) for
each unit of nutrient concentration increase (as measured by TP) than the OECD water bodies.
Reservoirs of the Catskill and Delaware systems mostly had lower nutrient levels as exemplified
by Neversink Reservoir and Ashokan’s East Basin in the plot. Reservoirs of the Croton System
tended to have higher nutrient concentrations and higher chl a. Muscoot Reservoir is a notable
example of this—its annual growing season mean TP and chl a were above the 95% confidence
interval compared to the OECD water bodies. The long-term data for Schoharie Reservoir are
shown below the OECD line, indicating the relationship between chl a and TP in this reservoir is
different from the other NYC reservoirs. Apparently the low clarity of Schoharie inhibits algal
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response despite its moderate phosphorus concentration. This effect was not as apparent in the
2008 data for Schoharie, and indeed several reservoirs had lower TP and chl a in 2008 as com-
pared to the long-term data.

NYC reservoirs generally conform to the expectations set by the OECD that Secchi
transparency (Zgp) is inversely related to chl a concentration (Janus and Vollenweider 1981) (Fig-
ure 3.14). The long-term regression line for NYC reservoirs is clustered about the OECD line,
while the 2008 data show a lower slope than either the long-term or OECD regression lines. Most
reservoirs had lower TP values in 2008, which could explain the lower chl a values in this plot.

100 Lo Lo
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Lower confidence interval
Upper confidence interval
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10 CEast )

Secchi depth (m)

<— Muscoot
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Schoharie
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Figure 3.14 Mean chlorophyll a vs. Secchi transparency (Zgp) in sam-
ples collected in the photic zone during the growing season
(May—October) in NYC reservoirs over a 10-year period
(1998-2007) and for 2008.

Note: Chl aresults were obtained through the use of a spectrophotometer or fluorom-
eter from 1998-2000, and by HPLC thereafter. Zgp, results were obtained on the
shady side of the boat using the naked eye in 1998, and by use of a viewer box on the
sunny side of the boat 1999-2007, producing slightly higher results (Smith and
Hoover 1999, Smith 2001).
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The West of Hudson reservoirs have lower chl a levels and deeper Secchi transparency
as compared to East of Hudson impoundments. Neversink, Muscoot, and Ashokan’s East Basin
are noted on the plot as examples. Schoharie Reservoir stands out because of its relatively low
transparency and low chl a concentrations compared to other NYC reservoirs and OECD water
bodies. The departure of Schoharie from the “standard” Secchi-chl a relationship was due to the
elevated concentration of suspended material that periodically occurs in those reservoirs. The
higher turbidity blocks the transmission of light, resulting in lower transparency and lower pri-
mary production. Interestingly, the 2008 chl a mean was lower than the long-term value, but the
Secchi values remained similar for the two periods.

The combination of three plots (chl a vs. TP, chl a vs. Zgp,, and Trophic State Index (TSI)
(Section 3.9) can be used to provide valuable information about the reservoirs. For example, algal
growth is driven by TP for most reservoirs and, in general, algae are the principal cause of light
attenuation. The high TSI values indicate that reservoirs like Middle Branch and Muscoot are
clearly eutrophic. Typically, blue-green algae are likely to dominate in these impoundments. The
plots also show that the primary cause of light attenuation in Schoharie and Ashokan’s West Basin
is the presence of non-algal particulates, and the terminal receiving water reservoirs (closer to the
distribution system) tend to be at a lower trophic state than outlying reservoirs. With the excep-
tions of Cannonsville and Schoharie, Catskill and Delaware reservoirs have deeper Secchi trans-
parency, lower phosphorus concentrations, and lower chl a than the Croton System reservoirs.

3.9 What wasthetrophic status of each of the City’s 19 reservoirsand why is
thisimportant?

The trophic state index (TSI) is commonly used to describe the productivity of lakes and
reservoirs. Three trophic state categories—oligotrophic, mesotrophic, and eutrophic— are used to
separate and describe water quality conditions. Oligotrophic waters are low in nutrients, low in
algal growth, and tend to have high water clarity. Eutrophic waters, on the other hand, are high in
nutrients, high in algal growth, and low in water clarity. Mesotrophic waters are intermediate.
The indices developed by Carlson (1977, 1979) use commonly measured variables (i.e., chl a, TP,
and Secchi transparency) to delineate the trophic state of a body of water. TSI based on chl a con-
centration is calculated as:

TSI = 9.81 x (In (CHLA)) + 30.6

where CHLA is the concentration of chlorophyll a in pg L.

The Carlson Trophic State Index ranges from approximately 0 to 100 (there are no upper
or lower bounds), and is scaled so that values under 40 indicate oligotrophy, values between 40
and 50 indicate mesotrophy, and values greater than 50 indicate eutrophy. Trophic indices are
generally calculated from data collected in the photic zone of the reservoir during the growing
season (the DEP definition of “growing season” is May through October) when the relationship
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between the variables is most highly correlated. DEP water supply managers prefer reservoirs of a
lower trophic state, because such reservoirs reduce the need for chemical treatments and produce
better water quality at the tap; eutrophic waters, by contrast, may be aesthetically unpleasant from
a taste and odor perspective.

Historical (1998-2007) annual median TSI based on chl a concentration is presented in
boxplots for all reservoirs in Figure 3.15. The 2008 annual median TSI appears in the figure as a
circle containing an “x”. This analysis usually shows a split between West of Hudson reservoirs,
which usually fall into the mesotrophic category, and East of Hudson reservoirs, which are typi-
cally classified as eutrophic. The exceptions to these generalities are Cannonsville, which is usu-
ally considered eutrophic; West Branch, which is considered mesotrophic due to incoming water
from Rondout Reservoir; and Kensico, which is considered mesotrophic due to inputs from Rond-
out (usually via West Branch) and from the East Basin of Ashokan.

honare In 2008, TSI was low in both the
\shokan-West | ® [ [ I Catskill and Delaware Systems. In fact,
Aégﬁiiﬂj,ﬁf; ? Hj:'ﬁ T TSI calculations for the three Catskill
Pepacton =@ o reservoirs placed them all in the olig-
Rondout | ® [ }— o otrophic range for the first time in the
I?I?/)«;ZtCBOanTs L@:Hm same year (Figure 3.15). It is likely that
wede Bransh phytoplankton populations were lim-
E:Sig;;sz:: N ited by a scarcity of nutrients from
Diverting o T H April to June, presumably due to the
s @ED early flushing of phosphorus through
Cross River [©] ] . the systems in February to March, fol-
New Croton o lowed by an absence of runoff events
ensico — 40%@)?—;0' BT — in April and May. High turbidity levels
Oligotrophic Mesotrophic .+ Eutophic in June and July at Schoharie and in
Trophic State Index (Chlorophyll) August at Ashokan-West reduced light
availability to algae and is an addi-
Figure 3.15 Annual median Trophic State Index tional factor explaining low plankton
(TSI) in NYC water supply reservoirs . i
(2008 vs. 1998-2007). counts in these reservoirs.
Note: In general, data were obtained from epilimnetic depths at )
multiple sites and at routine sampling frequencies (1 or 2x per For headwater Delaware reservoirs,
gé(r)l{[l::t)i(f;(_)m May through October. TSI is based on chl a con- lesser quantities of nutrients were
available in the summer of 2008.

These reservoirs experienced less drawdown than usual so nutrient inputs from resuspension were
probably reduced in 2008. Rondout, the terminal reservoir of the Delaware System, had its lowest
TSI in the last 11 years.
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TSI in West Branch, a blend of Rondout and Boyd Corners reservoirs, was equivalent to
its historical median level, approximately halfway between the TSI levels of its inputs. In 2008,
Kensico received most of its water from Rondout and Ashokan-East and, to a lesser extent, West
Branch. Although Kensico’s TSI was slightly lower than its historical median it was about 5 TSI
units higher than its primary inputs, perhaps an indication of local primary production.

TSI patterns were not consistent for the Croton System reservoirs but most were close to
their historical medians or significantly lower (Figure 3.15). Sampling was insufficient to calcu-
late representative medians at Croton Falls and the controlled lakes Kirk, Gilead, and Gleneida.
The reservoirs that showed lower TSI in 2008 were associated with reduced phosphorus concen-
trations attributable to the very mild drawdown of these reservoirs in 2008.

TSI was higher than usual at three Croton System reservoirs: Boyd Corners, New Croton,
and Muscoot. Productivity in Boyd Corners was up because of blooms in July and August, appar-
ently brought on by rain events. New Croton had higher TSI in 2008 because its main input,
Muscoot, had a high TSI. Reasons for Muscoot’s productivity increase are not clear. Four of the
five major inputs to Muscoot (Amawalk, Diverting, Titicus, and Cross River) were all lower in
TSI than their respective long-term medians, with the highest TSI of 55 recorded at Diverting.
Normally the receiving water in a cascading system will show less productivity than its inputs due
to die off of algae and settling of algae and TP. This was not the case for Muscoot where, in 2008,
a TSI of 61 was observed, much higher than any of these four inputs and the highest at Muscoot in
the last 11 years. Potentially, elevated flow inputs from Croton Falls may be a factor. In recent
years releases from Croton Falls to Muscoot have greatly increased to facilitate dam and pump
repairs. These increased releases tend to keep water levels lower in Croton Falls, which, in gen-
eral, tends to increase productivity. Unfortunately, the low water levels have also prevented sam-
ples from being collected at Croton Falls, so this possible source of productivity can not be
verified. The morphometry of Muscoot may also be partly responsible. Most of the reservoir is
shallow so the water is warm and the likelihood of nutrient resuspension due to storm events is
increased. Finally, the dendritic morphometry of Muscoot’s shoreline creates many backwater
areas with abundant macrophyte growth, which greatly restrict flow. All of these factors tend to
promote algal growth.

3.10 What werethetotal and fecal coliform levelsin NYC’sreservoirs?

Total coliform and fecal coliform bacteria are regulated at raw water intakes by the SWTR
at levels of 100 CFU 100 mL™! and 20 CFU 100 mL™!, respectively. Both are important as indica-
tors of potential pathogen contamination. Fecal coliform bacteria are more specific in that their
source is the gut of warm-blooded animals; total coliforms include both fecal coliforms and other
coliforms that typically originate in water, soil, and sediments.
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Figure 3.16 Annual median total coliform in NYC
water supply reservoirs (2008 vs.
1998-2007).

Note: In general, data were obtained from multiple sites and
depths, and at routine sampling frequencies (1 or 2x per
month), from April through December. Medians were not cal-
culated in 2008 for Croton Falls Reservoir due to insufficient
data.

Figure 3.16 shows that the long-term
(1998-2007) annual median levels of
total coliform usually exceed 100 CFU
100mL! in Diverting and Muscoot
Reservoirs. This situation does not
occur in any of the other Croton System
reservoirs. Muscoot is much shallower
than the other Croton System reservoirs
and is susceptible to wind driven resus-
pension events, which may distribute
bacteria and detritus into the water col-
umn. The shallow depths are also con-
ducive to warm temperatures, which
allow many types of coliforms to sur-
vive. Diverting is deeper, but has a
small volume, and rapid flow through
this reservoir may influence total coli-
form levels. Although the broad Y-axis
scale of Figure 3.16 makes it difficult to
discern changes, the 2008 data showed
that some Croton reservoirs had large
increases compared to their long-term
medians. These include: Amawalk at
182%, Boyd Corners at 231%, Muscoot
at 34%, and Titicus at 47%. For all Cro-
ton reservoirs, the highest coliform

counts occurred during summer months and were very often associated with rainfall. Decreases
were also apparent, most notably at Diverting and Cross River. Their median total coliform
counts were down 39% and 20%, respectively. Reasons for the decrease are not clear, but may be

related to the 2008 dam construction, which resulted in very low water levels and consequently
fewer samples being collected. The remaining Croton reservoirs were very close to their long-
term annual medians. In 2008, insufficient data exist from Croton Falls to accurately estimate the

median.

Results for the controlled lakes—Gilead, Gleneida and Kirk—are provided in Table 3.4
below. The higher total coliforms observed at Kirk as compared to the other two lakes were prob-
ably due to sediment resuspension events common in shallow water bodies like Kirk, where mean

depth is 2 meters.
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Table 3.4: Coliform summary statistics for NYC controlled lakes (CFU lOOmL'l).

Lake Median Total Median Total Median Fecal Median Fecal
Coliform Coliform (2008) Coliform Coliform (2008)
(1998-2007) (1998-2007)

Gilead 25 25 <1 <1

Gleneida 10 10 <1 <1

Kirk 86 40 <1 <1

In 2008, the Catskill reservoirs continued to have annual median total coliform levels that
were above their long-term medians. Extensive periods of elevated coliform counts occurred in
all Catskill basins during the 2005-2007 period and elevated coliform levels were usually
observed during summer and fall. Research has shown that total coliforms commonly adhere to
soil particles. Some of the bacteria have previously been determined to be of terrestrial origin.
The Catskill System is underlain with glacial lacustrine clays that are easily mobilized during
large storm events. Coliforms were probably transported to the reservoirs during runoff events by
adsorption to the easily erodible clay particles common in the Catskill watersheds.
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Figure 3.17 Annual median fecal coliform in NYC water
supply reservoirs (2008 vs. 1998-2007).
The dashed line represents the SDWA stan-
dard for source waters.

Note: In general, data were obtained from multiple sites and depths,
and at routine sampling frequencies (1 or 2x per month), from April
through December. Medians were not calculated in 2008 for Cro-
ton Falls Reservoir due to insufficient data.

In contrast, all the Delaware
reservoirs had medians near their
long-term levels. Because stream
banks and beds are much less sus-
ceptible to erosion in the
Delaware watersheds, an equal
volume of runoff there tends to
produce much lower total coli-
form counts than in the Catskill
System.

Figure 3.17 compares the long-
term (1998-2007) annual fecal
coliform medians with the current
(2008) annual median. Not
enough data were collected in
2008 to estimate an accurate
median for Croton Falls Reser-
voir. Fecal counts in the Croton
reservoirs and controlled lakes
were at or below the long-term
median, and all were well below
20 CFU 100mL"! (the SWTR
limit for source waters). Reasons
for the low counts are not clear
although there was a scarcity of
runoff events from September
through November.

Fecal counts in the Catskill and Delaware Systems (including Kensico and West
Branch) were very close to or lower than their historical long-term levels in 2008. West Branch
did experience a brief spike in December coinciding with drawdown and elevated bird counts.

3.11 Which basins were coliform-restricted in 2008?

Coliform bacteria are used by water suppliers as indicators of pathogen contamination. To
protect its water supply, New York City has promulgated regulations (the “Watershed Rules &
Regulations”) that restrict potential sources of coliforms in threatened water bodies. These regu-
lations require the City to perform an annual review of its reservoir basins to decide which, if any,

should be given “coliform-restricted” determinations.
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Coliform-restricted determinations are governed by two sections of the regulations, Sec-
tion 18-48(a)(1) and Section 18-48(b)(1). Section 18-48(a)(1) applies to all reservoirs and Lakes
Gilead and Gleneida (“non-terminal basins”) and specifies that coliform-restricted assessments of
these basins be based on compliance with NY'S ambient water quality standard limits on total
coliform bacteria (6 NYCRR Parts 701 and 703). Section 18-48(b)(1) applies to “terminal
basins,” those that serve, or potentially serve, as source water reservoirs (Kensico, West Branch,
New Croton, Ashokan, and Rondout). The coliform-restricted assessments of these basins is
based on compliance with federally-imposed limits on fecal coliforms collected from waters
within 500 feet of the reservoir’s aqueduct effluent chamber.

Terminal basin assessments. In 2008, assessments were made for all five terminal basins,
and none received a restricted assessment (Table 3.5). Currently, coliform-restriction assessments
are made using data from a minimum of five samples each week over two consecutive six-month
periods. The threshold for fecal coliform is 20 CFU 100mL-. If 10% or more of the effluent sam-
ples measured have values > 20 CFU 100mL-!, and the source of the coliforms is determined to be
anthropogenic (man-made), the associated basin is deemed a coliform-restricted basin. If fewer
than 10% of the effluent keypoint samples measure > 20 CFU 100mL-!, the associated basin is
deemed “non-restricted”.

Table 3.5: Coliform-restricted basin status as per Section 18-48 (b) (1) for terminal reservoirs in

2008.
Reservoir Basin Effluent Keypoint 2008 Assessment
Kensico CATLEFF and DEL18 Non-restricted
New Croton CROGH Non-restricted*
Ashokan EARCM Non-restricted
Rondout RDRRCM Non-restricted
West Branch CWBI1.5 Non-restricted

* The site CROGH was only sampled from June through October due to shutdown of the Croton Aqueduct. There-
fore, site CROIT (at the intake near the dam—sampled daily) was used for this assessment.

Non-terminal basin assessments. Section 18-48(a)(1) requires that non-terminal basins be
assessed according to 6NYCRR Part 703 for total coliform. These New York State regulations
are specific to the class of the reservoir. A minimum of five samples must be collected per month
on each basin. Both the median value and >20% of the total coliform counts for a given month
need to exceed the values ascribed to the reservoir class to exceed the standard. Table 3.6 pro-
vides a summary of the coliform-restricted calculation results for the non-terminal reservoirs. A
detailed listing of these calculations is provided in Appendix D.
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Table 3.6: Coliform-restricted calculations for total coliform counts on non-terminal reservoirs
(2008). 6NYCRR Part 703 requires a minimum of five samples per month. Both the
median value and >20% of the total coliform counts for a given month need to exceed
the stated values for a reservoir to exceed the standard.

Standard Number of months that
monthly median/>20% exceeded the standard/
Reservoir Class (CFU IOOmL'l) Number of months of data
Amawalk A 2400/5000 0/8
Bog Brook AA 50/240 0/8
Boyd Corners  AA 50/240 3/8
Croton Falls A/AA 50/240 1/4
Cross River A/AA 50/240 1/8
Diverting AA 50/240 2/3
East Branch AA 50/240 1/8
Lake Gilead A 2400/5000 0/8
Lake Gleneida AA 50/240 0/8
Kirk Lake B 2400/5000 0/7
Muscoot A 2400/5000 0/8
Middle Branch A 2400/5000 0/8
Titicus AA 50/240 2/8
Pepacton A/AA 50/240 0/8
Neversink A 50/240 0/8
Schoharie A 50/240 7/8
Cannonsville A/AA 50/240 1/8

Note: The reservoir class is defined in 6NYCRR Parts 815, 862, 864, and 879. For those reservoirs that have dual
designations, the higher standard was applied.

There were nine reservoirs that never exceeded the Part 703 standard for total coliform in
2008. These include Amawalk, Bog Brook, Lake Gilead, Lake Gleneida, Kirk Lake, Middle
Branch, Muscoot, Pepacton, and Neversink. Schoharie Reservoir, however, exceeded the stan-
dard for seven out of eight months. The remaining reservoirs exceeded the standard for one to
three months of the sampling season.

Total coliform originate from a variety of natural and anthropogenic sources. Therefore, it
is not possible to utilize total coliform counts alone to perform non-terminal basin assessments.
The NYC Watershed Rules and Regulations state that the source of the total coliforms must be
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proven to be anthropogenic to receive coliform-restricted status. Since other microbial tests for
identification of potential sources were not performed on these samples, these results are only pre-
sented as an initial assessment of total coliform for the non-terminal basins in 2008.

3.12 How did reservoir water conductivity in 2008 compareto previous year s?

Specific conductivity is a measure of the ability of water to conduct an electrical current. It
varies as a function of the amount and type of ions that the water contains. The ions which typi-
cally contribute most to reservoir conductivity include: calcium (Ca™?), magnesium (Mg+2),
sodium (Na“), potassium (KH), bicarbonate (HCO3'1), sulfate (SO4'2), and chloride (Cl'l). Dis-
solved forms of iron, manganese, and sulfide may also make significant contributions to the
water’s conductivity given the right conditions (e.g., anoxia). Background conductivity of water
bodies is a function of the watershed’s bedrock, surficial deposits, and topography. For example,
watersheds underlain with highly soluble limestone deposits will produce waters of high conduc-
tivity compared with watersheds comprised of relatively insoluble granite. If the topography of a
watershed is steep, deposits tend to be thin and water is able to pass through quickly, thus reduc-
ing the ability of the water to dissolve substances. This type of terrain will also produce waters of

low conductivity. Such is the case with NYC’s water supply reservoirs.
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Cannonsville
Pepacton
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Amawalk
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System have higher baseline con-
ductivities than those of the
Catskill and Delaware Systems. In | Figure 3.18 Annual median specific conductivity in

. . NYC water supply reservoirs (2008 vs.
part this is due to the flatter terrain 1998-2007).

of the Croton watershed, as well as Note: In general, data were obtained from multiple sites and depths,

to the occurrence of soluble alka- and at routine sampling frequencies (1 or 2x per month), from April
. . through December. Medians were not calculated in 2008 for Croton
line deposits (e.g., marble and/or Falls Reservoir due to insufficient data.

limestone) within the watershed.
Urbanization pressure is also higher in the Croton System, which contributes to its higher conduc-
tivity. One reason for this is that the higher percentage of paved surfaces within more urbanized
areas facilitates transport of runoff to waterways and also yields higher salt concentrations due to
roadway de-icing operations.

With the exception of West Branch, conductivity in all Catskill and Delaware System
reservoirs (including Kensico) were all very close to their historical median levels. Conductivity
in West Branch, however, increased 33% compared to its historical median. West Branch is typi-
cally a blend of Rondout and the more conductive Boyd Corners Reservoir. However, in 2008,
the Delaware Aqueduct was occasionally shut down and West Branch was often in “float” mode.
This led to a greater contribution from Boyd Corners, causing an increase in conductivity. Similar
situations occurred in 2002 and 2003 as indicated by the two outliers associated with the West
Branch boxplot in Figure 3.18.
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Conductivity median values in the Croton System were higher for most reservoirs in 2008
as compared to the past 10 years (Figure 3.18). Sufficient data were not available to report on Cro-
ton Falls and the controlled lakes. Bog Brook, East Branch, Diverting, Titicus, and Muscoot were
close to their long-term maxima, while Amawalk exceeded its previous maximum of 443 uS cm’!
by 27 uS cm™'. The increase in conductivity corresponds to an increase in chloride concentra-
tions. Major sources of chloride include salt for de-icing roads, salt from water softener dis-
charge, and even deposition from coastal storms. Additional investigation of weather patterns,
de-icing operations, and other factors are necessary before these Croton System conductivity
trends can be explained.

3.13 How did water quality in terminal reservoirs compare with regulatory
standardsin 20087?

The NYC reservoirs and water supply system are subject to the federal SWTR standards,
NYS ambient water quality standards, and DEP’s own target values. In this section these stan-
dards are compared with 2008 sampling data encompassing a variety of physical, biological, and
chemical analytes for the terminal reservoirs (reservoirs that serve, or potentially serve, as source
waters—Kensico, New Croton, Ashokan, Rondout and West Branch). Note that these standards
are not necessarily applicable to the individual samples and medians described herein. Placing the
data in the context of these standards assists in understanding the robustness of the water system
and water quality issues.

Table 3.7 shows the 2008 median reservoir sampling values along with the standard for
each of the physical, chemical, and biological analytes. Appendix A gives additional statistical
information for the four reservoirs investigated here and on other reservoirs in the system. During
the review of the summary statistics, the full data set was also reviewed to determine the extent to
which the standards were exceeded (data not shown).

Table 3.7: Reservoir-wide median values for a variety of physical, biological, and chemical
analytes for the five terminal reservoirs in 2008.

ANALYTES Standards  Kensico New Ashokan  Ashokan  Rondout West
Croton East Basin West Basin Branch
PHYSICAL
Temperature (C) 11.4 10.9 10.5 9.5 10.4 13.8
pH (units) 6.5-8.5! 7 7.5 7.1 6.7 7 7.2
Alkalinity (mg/1) 10.6 60 9.9 10.1 6.5 17.9
Conductivity 67 353 56 55 53 95
Hardness (mg/1)> 19 88 16 18.1 14 22.1
Color (Pt-Co units) -15 10 20 9 12 12 15
Turbidity (NTU) 5)3 1.1 2 1.6 3.6 0.9 1.4
Secchi Disk Depth (m) 4.8 2.6 4.2 3.1 5.3 3.6
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Table 3.7: (Continued) Reservoir-wide median values for a variety of physical, biological, and
chemical analytes for the five terminal reservoirs in 2008.

ANALYTES Standards Kensico New Ashokan  Ashokan  Rondout West
Croton East Basin West Basin Branch
BIOLOGICAL
Chlorophyll a (ug/l) 74 4.3 12 1.9 2.18 2.3 4.45
Total Phytoplankton (SAU) 2000 4 260 540 170 180 155 440
CHEMICAL
Dissolved Organic Carbon (mg/1) 1.5 2.9 1.5 1.3 1.5 2.0
Total Phosphorus (ng/1) 154 6 14 8 8 7 9
Total Nitrogen (mg/1) 0.29 0.48 0.29 0.30 0.34 0.26
Nitrate+Nitrite-N (mg/1) 101 0.19 0.21 0.18 0.222 0.26 0.131
Total Ammonia-N (mg/1) 21 <0.01 0.04 0.02 <0.02 <0.02 <0.010
Iron (mg/1) 03! 0.02 0.07 0.03 0.05 0.02 0.06
Manganese (mg/1) -0.05 na na na na na na
Lead (pg/) 50! <1 <1 <1 <1 <1 <1
Copper (ug/l) 200 ! <3 <3 <3 <3 <3 <3
Calcium (mg/1) 54 23 5 55 4.1 5.8
Sodium (mg/1) 5.4 33 3.8 3.79 3.6 8.80
Chloride (mg/1) 250 | 9 67 6.7 6.6 6.9 19.0

Note: See Appendix A for water quality standards footnotes.

New Croton Reservoir water quality was noticeably different from the other terminal res-
ervoirs. The median pH in New Croton was higher, as is often the case owing to its underlying
geology and greater primary production. The latter can at times cause the pH to rise above the
water quality standard of 8.5, especially in the upper waters during summer blooms. The median
pH readings in WOH reservoirs were circumneutral. As a result of low alkalinity, however, read-
ings can drop below the standard of 6.5, which they occasionally did in 2008. Alkalinity provides
a buffer for acidic precipitation. Another factor contributing to lower pH values at depths below
the thermocline is the acidifying effect of respiration.

Color readings in New Croton were approximately double that of the other terminal reser-
voirs and virtually all samples collected in 2008 exceeded the color standard of 15 units. Back-
ground color in New Croton is high, due in part to a relatively high percentage of wetlands
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compared to the WOH watersheds. The highest color readings were observed in bottom samples
during summer, when iron and manganese were released from sediments and further discolored
the water.

Median turbidity levels in all terminal reservoirs were well below the standard of 5.0
NTU. Relatively few turbidity values surpassed the standard in 2008. In New Croton, turbidity
greater than 5 NTU mostly occurred in summer when hypolimnetic waters released metals from
the sediments. Turbidity readings in Ashokan surpassed the standard in the spring and during rain
events in October. Only one excursion was observed at Kensico in 2008 and it was associated
with a minor October turbidity event originating in Ashokan. Rondout had no samples above 5.0
NTU.

The Croton System typically has greater nutrient inputs than the WOH reservoirs, which
results in higher phytoplankton counts and chlorophyll a levels. Although the median phytoplank-
ton count did not exceed the WQ guidance value in 2008, New Croton Reservoir had several
events in the spring and summer where samples exceeded a total phytoplankton count above the
2000 SAU standard. Chlorophyll a for New Croton was usually above 7 g L' all year, although
it was a relatively low productivity year as reflected in the trophic status plot (Figure 3.15). Rond-
out and Ashokan Reservoirs did not exceed 5.2 pg L!of chlorophyll a while Kensico exceeded 7
ug L' in April and just surpassed this criterion in October and November. These three reservoirs
did not exceed 2000 SAU for phytoplankton in 2008. West Branch Reservoir infrequently
exceeded 2000 SAU, primarily in the Site 4 basin which is influenced more from local streams
rather than from Rondout.

Median total phosphorus was lower than the water quality guidance value of 15 pg L! for
each source water reservoir in 2008. There were no observations that surpassed this value in
Rondout for 2008. Kensico exceeded the standard in 4 samples that were mostly associated with
one local runoff event in late November. The East Basin of Ashokan exceeded the guidance value
in 3 bottom samples, probably the result of anoxic sediments during late summer. None of the
samples in the West Basin exceeded the TP guidance value. West Branch Reservoir infrequently
exceeded the guidance criteria, again, primarily in the Site 4 basin. Nitrate was uniformly low in
all reservoirs with no samples approaching the standard of 10 mg L. Ammonia was very low for
WOH terminal reservoirs and no excursions above the standard were evident. Although concen-
trations did not exceed the 2 mg L! health standard at New Croton, there were occasions when
ammonia exceeded 1 mg L! in anoxic bottom samples.

No excursions for lead or copper were observed at any of the terminal reservoirs in 2008.
Most samples were below the instrument detection limit.

Chloride levels in New Croton were approximately 10 times those observed in the WOH
reservoirs. However, the highest, 69 mg L'l, was still much lower than the standard of
250 mg L. mocline is the acidifying effect of respiration.
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3.14 Has DEP monitoring of water shed streamsrevealed any changesto the
macroinver tebrate community?

DEP has been performing water quality assessments of watershed streams based on resi-
dent benthic macroinvertebrate assemblages since 1994, using protocols developed by the DEC’s
Stream Biomonitoring Unit (DEC 2002). Streams are sampled in areas of riffle habitat, using the
traveling kick method; collected organisms are preserved in the field and later identified, and a
series of metrics generated from the tallies of macroinvertebrates found to be present. The metric
scores are converted to a common scale and averaged, to produce a single water quality assess-
ment score of 0-10 for each site, corresponding to non (7.5-10), slightly (5-7.5), moderately (2.5-
5), or severely (0-2.5) impaired. A change (or lack of change) to the macroinvertebrate commu-
nity, as reflected in the water quality assessment score, can provide important information to DEP
managers. This is because sites are often selected to evaluate impacts from land use changes or
BMPs, or to assess conditions in major reservoir tributaries.

Through the close of the 2008 sampling season, DEP had established 162 sampling sites in
streams throughout the water supply watershed, with the greatest number in the Catskill System,
followed by Croton and Delaware. Many of these sites have been sampled for only a few years,
because sampling began at later dates at some sites than at others, and because only routine sites
are sampled annually. To investigate changes to the macroinvertebrate community, only sites with
a 5-year-or-better record that were sampled in 2008 were examined, to reduce the chances that
short-term variation, or aberrant samples, might cloud the analysis. (For sites with a five-year-or-
better record not sampled in 2008, see DEP 2007a.) Twenty-seven (27) sites met the 5-year crite-
rion, 11 in the Croton System, 9 in Catskill, and 7 in Delaware (Fig. 3.19). Of these, all but three
were routine sites (generally, major tributaries to receiving reservoirs).
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Figure 3.19 Stream biomonitoring sites with a 5-year-or-better record.

The data are plotted in Figures 3.20 and 3.21 for the East of Hudson and West of Hudson
watersheds, respectively. With the exception of sites on Hallocks Mill Brook, located above and
below the recently-upgraded Yorktown Heights wastewater treatment plant (see Section 3.15 for
details), long-term changes to the macroinvertebrate community were not observed. At Site 109
on the East Branch of the Croton River, the upward trend in scores characterized by two non-
impaired assessments in the previous three years (2005 and 2007) did not continue. The 2008
score, however, while resulting in a slightly impaired assessment, was nevertheless the third high-
est score ever recorded at the site. The return of the tolerant caddisfly Cheumatopsyche sp. to the
high levels observed from 1995-2004 was largely responsible for the lower score and assessment
in 2008. The reason for these fluctuations in Cheumatopsyche numbers is not known.
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Water Quality Assessment Scores

6 ] L

Figure 3.20 Water Quality Assessment Scores based on stream biomonitoring data
for East of Hudson streams with a 5-year-or-better record.

*The Horse Pound Brook site was moved from Site 103 to Site 146 in 2004. The Stone Hill River site
was moved from Site 120 to Site 142 in 2003. In both cases, data for the combined sites are plotted as
a single graph.
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Water Quality Assessment Scores
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Figure 3.21 Water Quality Assessment Scores based on stream biomonitoring data for West
of Hudson streams with a 5-year-or-better record.
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At the Beaver Kill (a tributary to Esopus Creek in the Ashokan Reservoir watershed), the
sharp decline in scores observed in recent years was reversed in 2008, after the mayfly Acentrella
turbida returned to historical levels of abundance (43% of the total assemblage in 2006, 5.5% in
2008). The increase in Acentrella in 2006 depressed the taxa richness metric that year and proba-
bly the mayfly/stonefly/caddisfly richness metric as well. Spikes in Acentrella have occurred in
Catskill streams before, often (but not always) during periods of high flows. Following such
events, numbers of this mayfly usually retreat to previous levels, as they did in 2008, with con-
comitant increases in the two richness metrics.

3.15 What can sampling a stream’s macr oinver tebrate community tell us
about the effectiveness of wastewater treatment plant upgrades?

Stream water quality plays a large role in the composition of benthic macroinvertebrate
communities: unpolluted streams generally harbor more sensitive organisms and a more diverse
assemblage than streams whose water quality is poor. Since upgrades to wastewater treatment
plants often result in improved water quality to the receiving stream, the effectiveness of these
enhancements can often be measured by sampling the stream’s macroinvertebrate community and
noting any changes that might indicate improved community composition. Chief among these
would be an increase in the water quality assessment score, derived from applying protocols used
by the NYS Stream Biomonitoring Unit (DEC 2002). Other critical measures include an increase
in the number of sensitive organisms, like mayflies, caddisflies, and stoneflies, and in the number
of total taxa.

In 2008, DEP gathered data providing strong evidence that wastewater treatment plant
improvements at the Yorktown Heights wastewater treatment plant in Westchester County, NY,
resulted in an improved biotic community in the receiving stream, Hallocks Mill Brook. For many
years, the plant’s discharge was characterized by high levels of ammonia, a substance which has
been shown to cause mortality in a wide range of benthic invertebrates. From 1994-2007, for
example, the annual concentration of ammonia, based on DEP’s monitoring of the plant’s dis-
charge, averaged 21.7 mg L. Although the average recorded in Hallocks Mill Brook at DEP’s
downstream monitoring site during the same period was lower (4.4 mg L1, it was still far higher
than the NYS ambient water quality standard, which ranges from 0.007-0.050 mg L™!, depending
on pH and temperature. Concentrations of ammonia in the stream have generally been highest in
summer/fall and lowest in winter, with a maximum during the 13-year period of 23.7 mg L!in
October 1998 and a minimum of 0.09 mg L! in December 1996.

DEP began sampling Hallocks Mill Brook in 1994 to assess the impacts to the macroin-
vertebrate community of discharges from the treatment plant. Initially (1994, 1995, 1998), sam-
pling was conducted at the DEP water quality monitoring sites above and below the plant
(HMILL7 and HMILLA, respectively; biomonitoring Sites 104 and 105). In 1999 and 2000, three
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sites downstream of Site 105 were added (Sites 125, 126, and 127) in order to complete a longitu-
dinal transect of the stream (Fig. 3.22). In the last three years (2006-2008), samples have been
collected at Sites 104, 105, and 125.

Figure 3.22 Location of Yorktown Heights wastewater treatment plant and
biomonitoring sampling sites on Hallocks Mill Brook.
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entirely of midges and worms, two of
the most tolerant macroinvertebrate groups. Only two mayfly individuals were ever collected, one
from Site 105 in 1994 and one from Site 126 in 1999. The only other sensitive organism recorded,
a glossossomatid caddisfly, was found at Site 105 in 1998.

In September 2007, new equipment was installed to reduce the levels of ammonia in the
plant’s discharge. The result was dramatic. Between October 1 and November 1, 2007, effluent
concentrations dropped from 17 mg L™ to 5.6 mg L™!, eventually reaching 1 mg L™ by April 1 of
the following year. In Hallocks Mill Brook, ammonia levels at the biomonitoring site below the
treatment plant’s outflow (Site 105) showed similar declines—from 8.65 mg L ! in October 2007
to 0.165 mg L! the following month. By August of the following year, ammonia levels were
down to 0.112 mg L L. At the farthest site downstream (Site 125), data are available for only one
pre- and post-reduction month, but the results are similar: 4.056 mg L!in August 2007 versus
0.012mg L™ in August 2008.
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Figure 3.24 An ephemerellid mayfly, collected from
Hallocks Mill Brook in May 2009.

The impact of these changes on the
benthic macroinvertebrate community
is clearly demonstrated by the
biomonitoring samples collected in
August 2008, particularly at the site
farthest downstream, Site 125. The
water quality assessment score at that
location rose from 3.74 the previous
year to 6.52, placing it in the slightly
impaired category (the second high-
est) for the first time (Fig. 3.20). All
four metrics used to calculate the
score also improved substantially
(Fig. 3.25). Perhaps most remarkable,
almost 10% of the sample consisted
of ephemerellid mayflies (Fig. 3.24).

These organisms, uncommon in any East of Hudson stream, are extremely sensitive to pollution,

with a tolerance value of 1 on a scale of 0-10, 0 being the most sensitive. Another 20% of the
sample consisted of baetid mayflies. Baetids are more tolerant than ephemerellids, but are never-
theless sensitive organisms. Together, mayflies made up about one-third of the sample, even
though none had ever been recorded at the site before (Fig. 3.25). Mayflies, along with caddisflies
and stoneflies, are generally considered the best macroinvertebrate indicators of clean water.
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Figure 3.25 Metric scores and percent mayflies recorded at Site
125 on Hallocks Mill Brook, 1998-2008. Total taxa is
the total number of taxa present; EPT taxa is the total
number of mayflies, stoneflies, and caddisflies; Percent
Model Affinity is a measure of the community’s simi-
larity to a model non-impacted community as defined
by tlz,e NYS Stream Biomonitoring Unit; the Hilsen-

hoff Biotic Index is a measure of organic pollution,

with low values indicative of clean water conditions.
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DEP went back to the site in May 2009 to determine if these organisms were actually liv-
ing in Hallocks Mill Brook or had accidentally been washed upstream from the nearby Muscoot
River, to which Hallocks Mill is a tributary. Ten late instar ephemerellids were found, indicating
they had been living, and growing, in the stream since the previous August, when only early
instars had been collected. The continuous presence of these larvae over a period of nine months is
strong evidence of the improvement to water quality that has occurred in the stream as a result of
modifications to the wastewater treatment plant.

Site 105, the site closest to the plant’s discharge, assessed as moderately impaired in 2008
but nevertheless had a record high score of 4.38. No sensitive organisms, however, were found.
DEP will return to this site and to Site 125 in 2009 to see if the improved community at the latter
site persists and to determine whether sensitive insects like mayflies colonize farther upstream in
the wake of the stream’s improved water quality.

3.16 What are disinfection by-products, and did organic concentrationsin
source water sallow DEP to meet compliance standardsin thedistribution
system in 20087

Disinfection by-products (DBPs) form when naturally occurring acids from decomposing
vegetative matter (such as tree leaves, algae, and macrophytes) reacts with chlorine during chlori-
nation of drinking water. The quantity of DBPs in drinking water varies from day to day depend-
ing on the temperature, the quantity of organic material in the water, the quantity of chlorine
added, and a variety of other factors. Drinking water is disinfected by public water suppliers to kill
bacteria and viruses that could cause disease. Chlorine is the most commonly used disinfectant in
New York State. For this reason, disinfection of drinking water by chlorination is beneficial to
public health.

DEP monitors two important groups of DBPs: trihalomethanes (TTHM) and haloacetic
acids (HAA). TTHM are a group of chemicals that includes chloroform, bromoform, bromo-
dichloromethane, and chlorodibromomethane, of which chloroform is the main constituent. HAA
are a group of chemicals that includes mono-, di- and trichloroacetic acids and mono- and dibro-
moacetic acids. USEPA has set limits on these groups of DBPs under the Stage 1 Disinfectant/Dis-
infection By-Products Rule. The Maximum Contaminant Level (MCL) for TTHM is 80 pg L!
and the MCL for the five haloacetic acids covered the rule (HAAS) is 60 pg L. According to the
Stage 1 Rule, monitoring is required to be conducted quarterly from designated sites in the
distribution system which represent the service areas and not necessarily the source water for each
system. The MCL is calculated as a running annual average based on quarterly samplings over a
12-month period. The 2008 annual running quarterly averages are presented in Table 3.8 and show
system compliance for TTHM and HAAS in both the Catskill/Delaware and Croton Distribution
Areas of New York City.
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Table 3.8: Results for the Stage 1 annual running quarterly average calculation of distribution
system DBP concentrations (ug L'l) for 2008.

Catskill/Delaware Croton
2008 Quarter TTHM HAA5S TTHM HAA5S
Ist 37 38 46 41
2nd 39 38 49 42
3rd 38 37 46 40
4th 37 38 49 45
MCL 80 60 80 60
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4. Pathogens

4.1 How many samplesdid DEP collect for Cryptosporidium, Giardia and
human enteric virusesin 2008, and what wer e the occur rences and con-
centrationsin the “sourcewaters’ ?

DEP conducts compliance and

Upstate Reservoir WWTP's
surveillance monitoring for protozoan Releasesand (7%)  StormEvents
. . Effluents (8%) Hillview
pathogens and human enteric viruses (15%) (a1%)

(HEV) throughout the 1,972-square-
mile NYC watershed. DEP staff col-
lected and analyzed a total of 781 rou-
tine samples for protozoan analysis
during 2008, which does not include 78
additional samples related to special
projects. DEP collected 317 HEV sam- Streams Kensico and

New Croton
0,
(@7%) Keypoints

ples in 2008. Source water samples (2%)

(Kensico and New Croton keypoints)
Figure 4.1 DEP sample type distribution for 2008

comprised qle greatest p OI'thl’l' of the (includes routine and enhanced monitor-
2008 sampling effort, accounting for ing samples).

31.5% of the samples, followed by
stream samples, which were 27.4% of the sample load. Upstate reservoir effluents, wastewater
treatment plants (WWTPs), storm events, and Hillview Reservoir sampling made up the remain-

ing 41.1% of samples (Figure 4.1).

Under routine reservoir operation, the two influents and the two effluents of Kensico Res-
ervoir and the one effluent of New Croton Reservoir are considered the source water sampling
sites for the NYC water supply. Filtration avoidance compliance requires weekly sampling at
these five sites for Cryptosporidium, Giardia, and HEVs. The effluent results are posted weekly
on DEP’s website (DEP 2006¢), monthly in the Croton Consent Decree and USEPA reports, and
semi-annually in the Filtration Avoidance Determination reports (DEP 2006d,e ).

Catskill Aqueduct
The Cryptosporidium oocyst concentration and detection frequency at CATALUM

(Catskill influent to Kensico Reservoir) were low, with a mean of 0.13 oocysts 50L™! and 7 posi-
tive detections out of 52 samples (13.5%) (Table 4.1). The Cryptosporidium results at CATLEFF
(Catskill effluent of Kensico Reservoir) were also very low, although slightly greater than at CAT-
ALUM, with a mean of 0.23 oocysts 50L"! and 10 positive detections out of 52 samples (19.2%).
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The Giardia cyst concentration at CATALUM had a mean of 0.71 cysts 50L"' with 20 pos-
itive detections out of the 52 samples (38.5%) (Table 4.1). Mean Giardia concentrations at
CATLEFF were higher than those at CATALUM, with a mean of 2.01 cysts 50L"! and 46 positive
detections (88.5%).

Table 4.1: Summary of Giardia, Cryptosporidium, and HEV compliance monitoring data at the five

DEP keypoints for 2008 (includes enhanced monitoring samples).

Keypoint Location # of #of Mean*** Max
samples positive
samples
Catskill Influent 52 7 0.13 1.00
Catskill Effluent 52 10 0.23 2.00
Cryptosporidium oocysts 50L-'  Delaware Influent* 52 6 0.15 1.98
Delaware Effluent 52 1 0.02 1.00
New Croton Effluent®* 56 8 0.21 3.00
Catskill Influent 52 20 0.71 5.00
Catskill Effluent 52 46 2.01 7.00
Giardia cysts 50L! Delaware Influent * 52 26 1.02 5.00
Delaware Effluent 52 39 1.69 8.00
New Croton Effluent ** 56 26 0.73 4.00
Catskill Influent 52 11 0.42 7.06
Catskill Effluent 52 3 0.19 5.75
Human Enteric Viruses 100L!  Delaware Influent* 52 14 0.50 5.76
Delaware Effluent 52 7 0.16 2.13
New Croton Effluent ** 52 6 0.21 4.46

*Includes alternate sites sampled to best represent DEL17 during “off-line” status.

**Includes alternate sites sampled to best represent CROGH during “off-line” status.
*#*Zero value is substituted for non-detect values when calculating mean.

Concentration and detection frequency of HEVs at CATALUM were low in 2008 with a
mean concentration of 0.42 MPN 100L"! and 11 positive detections out of 52 samples (21.2%)
(Table 4.1). Similar to previous years, HEV results were somewhat lower at CATLEFF than at
CATALUM during 2008, with 0.19 MPN 100L"! and 3 positive detections (5.8%) continuing to
suggest that the reservoir acts as a sink for viruses.

Delaware Aqueduct
The Cryptosporidium oocyst concentration and detection frequency at DEL17 (Delaware

influent to Kensico Reservoir) were low, with a mean of 0.15 oocysts 50L"! and 6 positive detec-
tions out of 52 samples (11.5%) (Table 4.1). Cryptosporidium concentrations at DEL18

68



4. Pathogens

(Delaware effluent of Kensico Reservoir) were very low, with a mean of 0.02 oocysts 50L"! and
only 1 positive detection out of 52 samples (1.9%). The mean concentration and detection fre-
quency at DEL18 remain unchanged from 2007 levels.

The Giardia cyst concentration at DEL17 had a mean of 1.02 cysts 50L™! with 26 positive
detections out of the 52 samples (50.0%) (Table 4.1). Mean Giardia concentration and detection
frequency at DEL 18 were higher than those at DEL17, with a mean concentration of 1.69 cysts
50L"! and 39 positive detections out of 52 samples (75.0%).

HEV concentration and detection frequency at DEL17 were 0.50 MPN 100L"! and 14 pos-
itive detections out of 52 samples (26.9%) (Table 4.1). Much like the Catskill Aqueduct and sim-
ilar to results from previous years, HEV results were somewhat lower at DEL18 than at DEL17
during 2008, with a mean concentration of 0.16 MPN 100L"! and 7 positive detections out of 52
samples (13.5%).

New Croton Aqueduct
Protozoan sample results at CROGH (New Croton Reservoir effluent) for 2008 had a

mean Cryptosporidium concentration of 0.21 oocysts S0L"! and 8 positive detections out of 56
samples (14.3%) (Table 4.1). CROGH had a mean Giardia concentration of 0.73 cysts S0L and
26 positive detections out of 52 samples (50.0%).

Results for HEV sampling at CROGH were low, with a mean of 0.20 MPN 100L"! and 6
positive detections out of 52 samples (11.5%).

As in prior years, a seasonal variation could be detected for Giardia at all influent and
effluent sites in 2008, with winter and spring having higher concentrations and more frequent
occurrences than summer and fall (Figure 4.2). Some seasonality can be seen for Cryptosporid-
ium at Kensico Reservoir’s Delaware influent and Catskill effluent, as well as at the New Croton
Reservoir effluent. In general, Giardia occurrences were much more frequent and at higher con-
centrations than Cryptosporidium at the source water sites.
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Figure 4.2 Routine weekly source water keypoint monitoring results for 2008.
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4.2 How did protozoan concentrations comparewith regulatory levelsin 20087

The Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR) (USEPA 2006)
requires that utilities conduct monthly source water monitoring for Cryptosporidium over a two-
year period, though a more frequent sampling schedule may be used. The LT2 requires all unfil-
tered public water supplies to “provide at least 2-log (i.e., 99 percent) inactivation of Cryptosporid-
ium.” If the average source water concentration exceeds 0.01 oocysts per liter based on the LT2
monitoring, “the unfiltered system must provide at least 3-log (i.e., 99.9 percent) inactivation of
Cryptosporidium.” The average concentration is determined by calculating the mean monthly
results for two years, and then calculating the mean of those monthly means. For perspective,
results have been calculated here using data from the most recent two-year period (January 1, 2007
to December 31, 2008), including all routine and non-routine samples (Table 4.2).

Table 4.2: Number and type of samples used to calculate the average Cryptosporidium
concentration under the LT2ZESWTR from January 1, 2007 to December 31, 2008.

Aqueduct # of routine # of non-routine Total N
samples samples
Croton 105 4 109
Catskill 105 4 109
Delaware 105 2 107
The average number of Cryptospo-
0.015 ridium oocysts at each of the three
s ez Croton source waters was below the
— == Catskill
7 Delaware LT2ESWTR threshold level of 0.01
g 0010 frmm————— e — — — ] oocysts per liter, achieving the 99% (2-
£ LT2ESWTR Treatment Threshold log reduction) classification level. ‘
5 Unfiltered systems that do not meet this
8. 0.005 1 requirement are required to provide at
o
‘% 00020 00031 least 3-log inactivation of Cryptospo-
o ridium. The averages, as shown in Fig-
0.000 ure 4.3, are as follows: 0.0029 oocysts
Figure 43 The 20072008 LTJESWTR calculated | | 2 the Groton effluen, 0.0031
igure 4. e — 3S calculate -1 .
means for Cryptosporidium at DEP’s three | 00CYsts L™ at the Catskill effluent, and
source waters—Croton, Catskill, and 0.0005 oocysts L™ at the Delaware
Delaware.
effluent.
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Compared to the previous two-year period
0.015 (2006-2007), the 2007-2008 Croton and

S S;?;Z’}. Catskill means were greater, although still

E==m Dedlaware

lower than the first three two-year calculation
e B N periods using Method 1623 (Figure 4.4).
Conversely, the Delaware Aqueduct
LT2ESWTR means have been decreasing
steadily since the 2002-2003 period. The cur-
rent Delaware LT2ZESWTR mean is about
30% of the previous period’s mean value.

0.005 4

Cryptosporidium oocysts L -1

0.000

S &
@ & ‘ o i

P MR @0& In addition to calculating the LT2ZESWTR
Figure 4.4 The 2002-2008 LT2ESWTR calcu- | Means in a given two-year period, a more in-
lated means for Cryptosporidium depth investigation of the possibility of opera-
since the start of Method 1623 at

DEP’s three source waters—Cro-
ton, Catskill, and Delaware. mean was performed for the Delaware Sys-

tem. For the current two-year period, there
were two significant shutdown periods (2/19/2008-3/04/2008 and 10/25/2008-11/25/2008),
which may have affected the source water going through the Delaware Aqueduct. Upon compar-
ing the Cryptosporidium results during the same periods in previous years, there were no differ-
ences (all results during these time periods were non-detects), suggesting that the shutdown did
not significantly affect Cryptosporidium means for the current two-year period. Other possible
reasons for the decline in Cryptosporidium over the last several years in the Delaware System
may include improvements in upper watershed land use or upgrades of WWTPs, suggesting a
positive effect of the Watershed Management Plan. As for the slight increase of Cryptosporidium
in the Croton and Catskill Aqueducts, no notable operational changes were made that would pro-

tional changes explaining a greater or lesser

vide an explanation. The current two-year mean remains well below the means observed from
2002-2005 (Figure 4.4). These slight increases or decreases may ultimately be due to natural
variability of oocyst load and weather patterns within the watershed in the studied timeframe.

4.3 How do 2008 source water concentrations compareto historical data?

DEP’s source water monitoring is conducted at five sites in the EOH System, four of
which represent the Catskill and Delaware influents and effluents of Kensico Reservoir, with New
Croton Reservoir’s effluent being the fifth site. Water quality can vary at the source water sites
depending on several factors in their respective watersheds, such as stormwater runoff, environ-
mental impacts from land use, and the effects of other ecological processes, such as algal blooms.
Each source water site has been sampled weekly, using EPA’s Method 1623HV since October
2001. This has given DEP a large dataset with several years of samples for the detection of sea-
sonal patterns and long-term changes in protozoan concentrations with respect to public health
concerns and risk assessment.
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Cryptosporidium Giardia
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Figure 4.5 Source water keypoint weekly sampling results from October
2001-December 2008. For Cryptosporidium, the red triangles
represent 2008 and the blue “x’’s represent 2001-2007 data (left).
For Giardia, the blue circles represent the 2008 data, while the
red “x”’s represent the 2001-2007 data (right).
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Pathogen sample data collected in 2008 indicate that concentrations of Giardia and
Cryptosporidium remained relatively low for most of the source water sites. When compared to
data collected from 2001 to 2007 at the same sites, the Delaware Aqueduct influent and effluent
and the Catskill influent at Kensico Reservoir exhibited lower or similar mean concentrations for
both Giardia and Cryptosporidiumin 2008, with a marked drop in the occurrence of Cryptospo-
ridium at the Delaware effluent (Figure 4.5). Sampling in 2008 at New Croton Reservoir’s efflu-
ent showed only slight differences in the occurrence rates and mean concentrations for either
protozoan when compared to 1623HV data from all previous years. The Catskill Aqueduct efflu-
ent data showed only very slight increases in the mean concentrations for both pathogens com-
pared to the previous years of 1623HV data and only a slight increase in Giardia occurrence.

A seasonal pattern is evident for Giardia at all source water sites in 2008; however, this
seasonal pattern is much less clear, or absent, for Cryptosporidium, due to a heavy predominance
of non-detects and detects at low concentrations. To more clearly illustrate the presence or
absence of this seasonal trend at the different source water sites, a locally weighted scatterplot
smooth (LOWESS) curve was plotted through the data points (Figures 4.6 and 4.7). A sugges-
tion of seasonality occurs with Cryptosporidium data; however, the events are sporadic and are
not statistically significant due to the high number of non-detects. LOWESS curves for Giardia
sampling show increasing concentrations of cysts generally in the fall and winter months and
decreasing concentrations in the spring and summer months. There is some disturbance to this
seasonal pattern caused by a change of methods in 2005-2006, during which time a different
USEPA-approved stain was used for laboratory analysis.
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Cryptosporidium (USEPA Method 1623)
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Figure 4.6 Weekly routine source water keypoint results for Cryptosporidium
(LOWESS smoothed - 0.1) from October 15, 2001 to December 31,
2008. The area between the blue dotted lines indicates the period
during which the DEP laboratory temporarily switched to a differ-
ent USEPA-approved stain (Method Change).
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Giardia (USEPA Method 1623)
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Figure 4.7 Weekly routine source water keypoint results for Giardia (LOWESS
smoothed - 0.1) from October 15, 2001 to December 31, 2008. The area
between the blue dotted lines indicates the period during which the DEP
laboratory temporarily switched to a different USEPA- approved stain

(Method Change). Note the absence of a seasonal peak during that
period.
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4.4 What concentrations of Cryptosporidium and Giardia were found in the
various NY C water shedsin 2008?

The NYC Watershed covers 1972 square miles and includes several sub-watersheds,
which empty into 19 reservoirs and three controlled lakes. As part of the objectives outlined in
the Integrated Monitoring Report (IMR) (DEP 2003a), DEP has monitored the major tributaries
and reservoir releases of the various reservoirs to assess and compare the relative pathogen con-
centrations at each of the watersheds. The various IMR objectives have included both fixed-fre-
quency and event-based pathogen monitoring.

Fixed-frequency Sampling

The monthly fixed-frequency monitoring results indicate very low concentrations of
Cryptosporidiumin the WOH Watershed in 2008 (Figure 4.8). Sites CDG1 and PMSB, which are
part of the Cannonsville and Pepacton Reservoir watersheds, respectively, had relatively higher
means compared to the other sites, with mean oocyst concentrations of 3.6 and 7.5 50L°!, respec-
tively (Figure 4.8). Aside from these two sites, results were similar to 2007 data. The aforemen-
tioned sites are among those that have been identified for further monitoring in the new Watershed
Water Quality Monitoring Plan (which succeeds the IMR) (DEP 2008a); hence DEP will continue
to monitor these sites.

() NYC WOH Basin
@ Water

Mean Cryptosporidium oocysts « 50L-1

Figure 4.8 Fixed-frequency Cryptosporidium monitoring results in the WOH water-
shed in 2008 (n = sample size).
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The 2008 WOH watershed Giardia concentrations were consistently higher at WDBN,
CDG1, PROXG, and S5i, and resulted in mean values of 70.5, 73.4, 52.0, and 32.0 cysts SOL'l,
respectively. These sites are located in the Cannonsville, Pepacton, and Schoharie Reservoir
watersheds, respectively, and the results are similar to the 2007 findings. Accordingly, these sites
have been identified as locations for future monitoring in the new Watershed Water Quality Mon-
itoring Plan (WWQMP) (DEP 2008a), and will continue to be sampled. The Giardia concentra-
tions at the remaining sites range from very low to moderate and are similar to the 2007 results.

[1>50-100
[>100-250

X > 25.0-50.0

W > 500

() NYC WOH Basin
@ Water

Mean Giardia cysts ¢ 50L-1

Figure 4.9 Fixed-frequency Giardia monitoring results in the WOH
watershed in 2008 (n = sample size).

Only 11 of the 12 scheduled monthly samples were obtained at sites CDG1 and CR2/
WDTO due to samples freezing while being transported to the laboratory in February. Since the
original samples were taken at the end of the month, no resampling was able to be performed
before March. In addition to their monthly samples, sites SRR2CM and RDRRCM had one and
two enhanced samples, respectively. The SRR2CM resample was in response to the 12/04/08
sample, which had 79 Giardia. The resample, performed on 12/30/08, had 58 Giardia. Further
investigation revealed that operational flow had increased just prior to the time the original sam-
ple (79 cysts) was taken, and that surface runoff had been very high around the time of the resam-
ple (58 cysts). Results from subsequent sampling returned close to mean levels at this site. It is
likely that flow management and precipitation were associated with these elevated results.

Regarding site RDRRCM, in August 2008 the Bureau of Water Supply (BWS) reconfig-
ured the sample collection piping at the Rondout Effluent Chamber keypoint site by extending the
piping from the lower valve chamber up to the basement level. This modification was made to
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address sampler safety concerns. This change did not affect the location of water withdrawal; it
only affected the location of the sample collection point. BWS did not consider this a sample site
change; however, to confirm that the new piping had no effect on results, a side-by-side compari-
son was performed at the upper and lower locations. The results of these paired samples are
shown in Table 4.3. Sampling officially began at the new tap location in October of 2008. It
should be noted that the new sample collection point is only used for pathogen sampling at this
time; all other keypoint sampling is being performed at the original location in the lower valve
chamber.

Table 4.3: Side-by-side Cryptosporidiumand Giardia results obtained to verify the equivalence of
the existing sample site and the proposed sample site at RDRRCM. RDRR =
proposed sample site. MS = Matrix Spike Sample.

Date Site Cryptospordium Giardia cysts 50L™!
0ocysts 50L°!

8/27/08 RDRRCM 0 0

8/27/08 RDRR 0 0

9/29/08 RDRRCM 1 0

9/29/08 RDRR 0 0

9/29/08 RDRR-MS 57% 59%

Sample site SSHG was only sampled twice in 2008. This site was sampled as part of a
storm water monitoring project, and these data were part of the baseline sampling component.

Sample sites in the Croton watershed were sampled monthly. Mean Cryptosporidium con-
centrations were found to be very low, except for the Willow Farm (WF) site , which is located in
the East Branch watershed (Figure 4.10). This site had a moderate mean Cryptosporidium con-
centration of 8 oocysts 50L!. Two especially high sample results were obtained on 6/10/08 and
11/21/08 (29 and 54 oocysts 50L71, respectively). The WF site is sampled pursuant to the Croton
Consent Decree and will continue to be monitored in the future.

Mean Giardia concentrations were found to be very low to low, except for sites HH7 and
EBCR3, which had mean Giardia concentrations of 40.5 and 31.3 cysts 50L"!, respectively (Fig-
ure 4.11). These are both located in the East Branch watershed. One especially high Giardia
result (exceeding the 95th percentile) was obtained at both HH7 and EBCR3 in 2008 (188 and
193 cysts 50L°1, respectively).

Enhanced sampling occurred at HH7, WF, and CROFALLSR this year. The extra sample
at HH7 was a resample following the 188 Giardia cysts found on 8/12/08. The resample was col-
lected on 8/29/08 and yielded 20 cysts. Site WF was resampled twice in 2008. The first was on
6/17/08, following 29 Cryptosporidium oocysts discovered on 6/10/08. Protozoan results for this
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resample were 8 oocysts and 31 cysts. The second WF resample in 2008 was on 12/3/08 after 54
oocysts and 28 cysts were recovered on 11/21/08. Results of this resample were 4 oocysts and 21
cysts. Contrary to HH7and WF, enhanced sampling at CROFALLSR this year was not a result of
following up on elevated counts of cysts or oocysts. Seven enhanced samples were taken from
CROFALLSR as a result of an operational change which resulted in the utilization of the release
hydraulic pump at CROFALLSR. The enhanced sampling results were all very low: only one
Cryptosporidium oocyst was found on 11/03/08 and one Giardia cyst on 10/27/08 and 12/08/08.
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Figure 4.10 Fixed-frequency Cryptosporidiummonitoring results in the Croton
watershed in 2008 (n = sample size).
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The Kensico watershed stream sites are sampled bi-monthly, except for site MB-1, which
is sampled monthly due to its proximity to the Catskill Aqueduct. Mean Cryptosporidium con-
centrations were found to be very low at all sites. These results are similar to those obtained in

2007 (Figure 4.12).
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Figure 4.12 Fixed-frequency Cryptosporidium monitoring
results in the Kensico watershed in 2008 (n = sam-
ple size).

Mean Giardia concentrations were found to be very low to moderate, except for site E11,
which had a mean Giardia concentration of 112.2 cysts 50L ! (Figure 4.13). While the 2008 mean
was much higher, E11 also had the highest mean Giardia concentration in 2007. For the other
sites, the 2008 mean Giardia concentrations were similar to, or lower than, the 2007 results.

82



4. Pathogens

Legend
H oo

[>00-50
[>50-100
[1>10.0-250

X > 25.0-500

I >500

) NYC Kensico Basin
@ Water

Mean Giardia cysts ¢ 50L-1

Figure 4.13 Fixed-frequency Giardia monitoring results in the
Kensico watershed in 2008 (n = sample size).

The high mean at site E11 can be attributed to one extremely high count of
590 cysts 50L"! found in a sample taken on 6/03/08. The E11 sample site is a BMP effluent
located in the southeast portion of the Kensico watershed between [-684 and Westchester County
Airport. Enhanced samples were subsequently obtained at the BMP influent and effluent sites
(E11, E11 N1, and E11 S1) as well as from the sediment of the BMP inlet and main basin (Table
4.4). The enhanced sample results were low at all locations, and did not suggest any chronic envi-
ronmental contamination.

Table 4.4: Enhanced monitoring results at E11 in response to an elevated result.

. Sample Volume Cryptosporidium Giardia
Sample Date Site p L) )g o?éys ts) (Hoysts )
11-Jun-08 Ell 50 0 26
E11N1 50 1 4
E11S1 50 0 3
26-Jun-08 El11%* n/a 0 0
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Table 4.4: (Continued) Enhanced monitoring results at E11 in response to an elevated result.

. Sample Volume  Cryptosporidium Giardia
Sample Date Site p L) )g o?éys ts) (#cysts )
E11 MAIN* n/a 0 0
E1IN INLET* n/a 0 0
El1l 30 1 0
E11N1 50 0 7
E11S1 50 0 6

* Sediment samples.

According to the WWQMP, all Kensico streams will be sampled monthly (rather than bi-
monthly) to be consistent with sampling at MB-1, which is already sampled monthly. These
results will be included in future reports.

Event-based sampling

As per the 2003 IMR objective outlining event-based monitoring strategies for reservoirs,
DEP performed storm event sampling at three WOH sites (SSHG, S4, and S51) and 5 EOH sites
(E10, MB-1, N5-1, N5-1 Main, and N5-1 Trib) in 2008. The WOH sites are located along Scho-
harie Creek, which empties into Schoharie Reservoir, and the EOH sites are located on tributaries
to Kensico Reservoir. The EOH sites represent two pre-BMP stream sites (N5-1 Main and N5-1
Trib) and two post-BMP stream sites (N5-1 and MB-1), in addition to a site on an unmodified
stream system (E10).

In general, Cryptosporidium concentrations were very low to low, except at N5-1 (Table
4.5). This mean concentration is much higher than the fixed-frequency sampling results and is
consistent with previous results, which found that event-based monitoring pathogen concentra-
tions were consistently higher than baseline results.

Mean Giardia concentrations were low to moderate except for N5-1, which was high
(Table 4.5). N5-1 is the BMP outlet, which is fed by N5-1 Main and N5-1 Trib. Previous results
suggest that the current in-line BMP design does not always attenuate protozoan pathogen con-
centrations and this N5-1 result is consistent with this finding.

As suggested in previous findings, event-based (00)cyst concentrations at the WOH sites
along Schoharie Creek, which begin at the headwaters (SSHG), showed notably higher mean con-
centrations at the mid-tributary site, S4 (Table 4.5); however, this result is based on a sample size
of only 2. Previous sampling results indicate that (0o)cyst concentrations tend to increase with
increased distance downstream.
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Table 4.5: Event-based Cryptosporidium and Giardia monitoring mean results per 50L.

Watershed Site N Cryptospori dl_lilm Giardia cysts 50L™!
oocysts SOL
Kensico (EOH) E10 13 0.7 10.8
Kensico (EOH) MB-1 11 0.8 17.2
Kensico (EOH) N5-1 12 11.7 37.8
Kensico (EOH) NS-IMAIN 13 0.0 12.5
Kensico (EOH) NS5-1TRIB 11 4.8 18.5
Schoharie (WOH)  SS5I 2 0.0 2.8
Schoharie (WOH) S4 2 2.0 20.4
Schoharie (WOH) SSHG 2 0.0 0.0

4.5 What levels of protozoa and HEVswere found in WWTP effluents?

DEP began monitoring pathogens and HEVs at 10 WOH WWTPs in July 2002 as part of
the IMR. Since then sampling at each plant’s final effluent has been conducted a minimum of four
times annually. As in 2007, the WWTPs sampled in 2008 were Hunter Highlands, Delhi, Pine
Hill, Hobart, Margaretville, Grahamsville, Grand Gorge, Tannersville, Stamford, and Walton
(Figure 4.14). In addition, the East of Hudson Brewster Sewage Treatment Plan (BSTP) was
sampled monthly for Cryptosporidium and Giardia and bimonthly for HEVs to satisfy the
requirements of the Croton Consent Decree (CCD).

West of Hudson
A total of 42 Cryptosporidium and Giardia samples were taken at the 10 WOH WWTP

sites. Of these, 40 were routine samples and two were enhanced follow-up samples based on rou-
tine sample results. Of the 42 samples taken, none (0.0%) were positive for Cryptosporidium and
11 (26.2%) were positive for Giardia. A total of two enhanced samples were taken, one at Hunter
Highlands on 2/25/08 and one at Walton on 12/22/08. Over the years of sampling WWTPs, there
has been evidence that positive results at some of the sites could be attributed to wildlife at uncov-
ered chlorine contact tanks or grates. Consequently, sites of this design with a history of positive
detects do not automatically warrant a resample for concentrations that are within the low to mid
range of historical data. For example, Grahamsville has been documented as having issues with
Cryptosporidiumor Giardia detection. It is hypothesized that the source is from an open chlorine
contact tank prior to the sample point, which is susceptible to use by wildlife, and wildlife have
been observed at this location. Since the results were within the range of historical data, no fol-
low-up enhanced sampling was conducted at this site. However, at the Walton WWTP, no wild-
life exposure was initially suspected, hence an additional sample was taken when one Giardia
cyst was detected in a 50L sample. However, in retrospect, this resample would not have been
collected at this concentration because it has now been determined that wildlife may have access
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to this site. The other resample, which occurred at the Hunter Highlands WWTP, was in response to
a Giardia result that was on the higher end of the spectrum of historical results, and taken despite
the suspected exposure to wildlife (Figure 4.14). In both enhanced follow-up samples, no Giardia
or Cryptosporidiumwere detected. As part of the monitoring under the WWQMP, sampling will be
conducted prior to the point of potential wildlife exposure at the Grahamsville WWTP, which has
had the greatest issue with protozoan pathogen detection.
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Figure 4.14 2008 Cryptosporidium and Giardia sample results for Catskill and Delaware
System WOH WWTPs.

A total of 40 HEV samples were taken at the 10 WWTPs, which satisfies the minimum set at
each site. In addition, two resamples were taken, one at DTP on 6/24/08 and one at SGE, also on 6/
24/08. The DTP resample was taken because the chlorine residual exceeded the 0.09 mg L! upper
limit set by the DEP Field Standard Operating Procedure for the ICR HEV sampling method. The
SGE resample was attributed to an issue with shipping, which caused the sample to arrive at the
contract analytical lab beyond the 4-day hold time.

None of the samples taken for any of the WWTPs were positive for HEVs, which is consis-
tent with the 2007 data. HEV will continue to be monitored at the WWTPs selected as part of the
new 2009 WWQMP.
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East of Hudson
In addition to the WOH WWTP sites, DEP monitors the EOH Brewster Sewage Treat-

ment Plant monthly for Cryptosporidiumand Giardia and bimonthly for HEVSs as required by the
CCD. In total, 12 Cryptosporidium and Giardia and 7 HEV samples were taken (Table 4.6).
Only one sample was positive for Giardia. One virus resample was collected on 01/22/08
because a scheduled QC sample was not collected on the 1/08/08 sample run.

Table 4.6: Monitoring results for Cryptosporidium, Giardia, and HEV results at Brewster Sewage
Treatment Plant in 2008.

Cryptosporidium

Date oocysts SO Giardiacysts S0L"!  HEVs MPN 100L"!
08-Jan-08 0 0 0
22-Jan-08 nsr nsr 0
12-Feb-08 0 0 nsr
11-Mar-08 0 0 0
08-Apr-08 0 1 nsr
13-May-08 0 0 0
17-Jun-08 0 0 nsr
08-Jul-08 0 0 0
12-Aug-08 0 0 nsr
09-Sep-08 0 0 ok
14-Oct-08 0 0 0
10-Nov-08 -110 -110 -110
21-Nov-08 0 0 0
10-Dec-08 0 0 nsr

nsr = no sample required.
-110 = field error, sample frozen.
** = sample was inadvertently omitted from the schedule.

Since 2008 was the fifth and final year under the 2003 IMR, certain sample sites have
changed according to the long term WWTP monitoring objectives set forth in the 2009 WWQMP.
In addition, the issue of potential wildlife exposure causing pathogen contamination after mem-
brane filtration has been addressed with the relocation of certain sample sites to after membrane
filtration, but prior to the end of the treatment train, to reduce the potential wildlife issue. These
data will be covered in the next annual report.
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4.6 What concentrations of Cryptosporidium and Giardia were found at the
effluents of various NY C reservoirsin 20087

DEP’s pathogen monitoring program provides for sampling at upstate reservoirs and
streams in the NYC watershed to help identify the sources of potential protozoan contamination
and to assist with estimation of the variability of concentrations between watersheds. Sampling at
the upstate reservoir outlets also helps to evaluate the effect of each reservoir and its role in reduc-
tion of pathogen concentrations as water flows to terminal reservoirs.

In 2008, Cryptosporidium levels remained very low in the WOH watersheds, with all
WOH reservoir outlets showing mean concentrations below 0.2 oocysts 50 L' (Figure 4.15).
EOH reservoir Cryptosporidium levels remained low, with Boyd Corners and Croton Falls mean
concentrations also below 0.2 oocysts 50 L'!. Three of the five EOH reservoirs sampled (Cross
River, Muscoot, and Titicus) had slightly higher mean concentrations; however, all averaged
under 0.7 oocysts 50 L-!. The mean Cryptosporidium concentration at Titicus Reservoir rose in
2008, from zero in 2007 (n=12), to six in 2008 (n=12). In the fall of 2008, nine additional sam-
ples were taken at the release of Croton Falls Reservoir when water was being pumped from this
reservoir into the Delaware Aqueduct to supplement the system during a shutdown of the Rond-
out-West Branch Tunnel. Two of these nine samples froze during transport and both were re-sam-
pled within two days.

88



4. Pathogens

Cryptosporidium oocysts-SOL'1

Cryptosporidium oocysts-SOL'1

West of Hudson
4 n=112

East of Hudson
4 n =67

Figure 4.15 2008 summary of Cryptosporidium distribu-

tion among WOH and EOH watersheds (---
Mean, __Median, e outliers).

Giardia concentrations at WOH reservoirs remained low during 2008, with most sites
averaging below 1.3 cysts 50 L', with the exception of Schoharie Reservoir (Figure 4.16). Scho-
harie had a mean Giardia concentration of 15.1 cysts 50 L', mainly driven by two high results on
December 4 and 30 of 79 and 58 cysts 50 L, respectively. Mean Giardia concentrations for 2008
at reservoir effluents in the EOH watershed remained below 2.7 cysts 50 L', with the exception of
Muscoot Reservoir, which averaged 5 cysts 50 L-!. Mean Giardia concentrations were higher
than those of Cryptosporidium at most locations, sometimes by as much as two orders of magni-
tude (e.g., SRR2CM, 15.08 and 0.15 (o0o)cysts 50 L-!, respectively). Both Giardia and Cryp-
tosporidium concentrations were slightly higher in the EOH watershed in 2008 than they were

West of Hudson (Figure 4.17).
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4.7 What isthe status of DEP’s Hillview Reservoir protozoan monitoring
project?

The LT2ESWTR contains a mandate requiring systems with an uncovered finished water
storage facility to either 1) cover the uncovered finished water storage facility, or 2) treat the dis-
charge to achieve inactivation and/or removal of at least 4-log removal for viruses, 3-log removal
for Giardia lamblia, and 2-log removal for Cryptosporidium.

Hillview Reservoir (Figure 4.18), part of NYC’s water supply located in Yonkers, New
York, fits the description of an uncovered finished water storage facility under the LT2, and as a
result, NYC was required to respond to the rule’s mandate to cover the reservoir or treat the dis-
charge. To that end, DEP initiated a study in September of 2006. The sampling scheme included
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sites along both the Catskill and Delaware Aqueducts, which flow through and bypass Hillview
Reservoir, respectively. Sample collection was carried out in two sampling periods: September
12, 2006—September 29, 2007 and March 4—August 28, 2008.

Figure 4.18 Aerial view of Hillview Reservoir.

The primary objective of this study was to collect and analyze samples along both the
Catskill and Delaware Aqueducts, prior to and following Hillview Reservoir, to see if there was a
significant difference in the occurrence of Giardia spp. or Cryptosporidium spp. at these loca-
tions. The focus of this work was to assess whether there are outside sources of pathogens enter-
ing the uncovered reservoir after the inlet, yet prior to the outlet to determine if the data supported
the LT2ZESWTR requirement. Sampling was performed at four keypoints surrounding Hillview
Reservoir, as follows:

Site 1 - Uptake No. 1, the Catskill Uptake at Hillview Reservoir.

Site 2 — Uptake No. 2, the Delaware Uptake at Hillview Reservoir.

Site 3 - Downtake No. 1, the Catskill Downtake at Hillview Reservoir.
Site 58 — Downtake No. 2, the Delaware Downtake at Hillview Reservoir.
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The first sampling period demonstrated that the Delaware Aqueduct system showed no
increase in protozoa from Site 2 to Site 58, which was not unexpected considering that this aque-
duct routinely bypasses the reservoir basin. For the Catskill Aqueduct sites, additional matrix
spike and duplicate sampling was necessary to provide a clearer picture of all factors possibly
influencing the results in order to properly test whether a higher occurrence of protozoa was exit-
ing Hillview Reservoir. Traditional parametric and nonparametric analyses indicated a possible
significant increase depending on the test used (sign test p=0.048; sign-ranked test p=0.051).
However, the dataset was highly censored (many zeroes) with several tied data pairs; therefore,
traditional paired parametric testing was inappropriate due to the inability to correct for normality.
Moreover, traditional paired nonparametric statistics could not provide a fair assessment of the
outcome because a high percentage of the data (i.e., 82% tied data pairs for Cryptosporidium at
Site 1 and Site 3) was excluded from the analysis, which could lead to an over-inflation of the
Type I error and false positive results (Fong et al. 2003).

Therefore, the effort during the second sampling period was focused on Catskill Site 1 and
Site 3 only, with increased matrix spike samples and the addition of sample duplicates. This sam-
pling scheme was designed to help clarify whether the possible difference (if any) was attributed
to recovery differences or inherent variability. In addition, DEP contracted a statistician to deter-
mine whether a more appropriate analysis was available to deal with censored datasets with many
tied pairs. A nonparametric test proposed by Fong et al. (2003) (modified sign test), which incor-
porated tied data pairs in the analysis, resulted in no statistically measurable difference in the
occurrence of Cryptosporidium or Giardia (oo)cysts from the influent (Site 1) to the effluent (Site
3) of Hillview Reservoir (Table 4.7).

Table 4.7: Results from the comparison of Catskill Site 1 and Site 3.

sign test, ties Dol o0 ed  modified sign

statistical proportion test, ties test, corrected
Parameter . . excluded .
question of ties (p-value) excluded for ties
b (p-value) (p-value)
Cryptosporidium Site 3 > Site 1? 80/98 0.048 0.051 0.5
Giardia Site 3 > Site 1? 54/98 0.913 0.975 0.5

Note: Statistical significance p<0.05.

Additionally, enhanced MS recovery data, duplicate data, and supporting water quality do
not provide support for, or against, significantly greater protozoan concentrations at Hillview Res-
ervoir effluents than at the influents.

In summary, the data do not support the idea that Hillview Reservoir is a significant source
of protozoa (DEP 2008c).
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5. Watershed Management

5. Water shed M anagement

5.1 What water shed management programsare required for filtration avoid-
ance and how do they protect the water supply?

Several of DEP’s watershed management programs are described in the 2007 Filtration
Avoidance Determination (USEPA 2007) and summarized below.

Water fowl M anagement
The Waterfowl Management Program includes three activities: avian population monitor-

ing, avian harassment activities (motorboats, air boats, and pyrotechnics) and avian deterrence
(depredation of nests and eggs, bird exclusion wires, and netting at critical intake chambers.) The
objective of the program is to minimize the fecal coliform loading to the reservoirs that result
from roosting birds during the migratory season.

Land Acquisition

The Land Acquisition Program seeks to prevent future degradation of water quality by
acquiring sensitive lands to ensure that undeveloped, environmentally-sensitive watershed lands
remain protected and that the watershed continues to be a source of high quality drinking water to
the City and upstate counties.

Land Management
The responsibilities of the Land Management Program include property management, nat-

ural resources management, implementing/administering the recreational use program, monitor-
ing water supply lands, monitoring and enforcing conservation easements, maintaining a
watershed land information system (GIS), and developing a forest management plan.

Watershed Agricultural Program
The overall objective of the Watershed Agricultural Program is to prevent pollution and

improve water quality by reducing pollutants leaving farms through the implementation of best
management practices (BMPs).

Water shed Forestry Program
The Watershed Forestry Program is a voluntary partnership between New York City and

the forestry community that supports and maintains well-managed forests as a beneficial land use
in the watershed. The primary objective of the program is to maintain unfragmented forested land
and promote the use of management practices to prevent nonpoint source pollution during timber
harvests. The program provides resources for logger training, forest management planning, imple-
mentation of management practices, research, demonstration projects, and educational opportuni-
ties.
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Stream M anagement
The objective of the Stream Management Program is to protect and restore stream stability

through the development and implementation of stream management plans and demonstration
projects, and the enhancement of long-term stream stewardship through increased community
participation resulting from partnerships, education, and training. Stabilizing stream reaches pro-
vides multiple environmental benefits including overall water quality improvement and turbidity
reduction through decreased streambank erosion.

Riparian Buffer Protection
The Riparian Buffer Protection Program represents a new initiative under the 2007 FAD,

committing the City to continue its riparian buffer protection efforts through existing programs
(e.g., Land Acquisition, Watershed Agricultural, Stream Management, and Forestry programs) as
well as initiating selected program enhancements. The enhancements focus on improving riparian
buffer protections along privately-owned stream reaches. For example, within the context of the
Stream Management Program, DEP is strengthening its landowner agreements by acquiring
enhanced management agreements for the protection of riparian buffers for all current and future
stream restoration projects. In addition, riparian landowners have access to technical assistance
targeted to their needs. Specifically, enhanced education and training focus on proper streamside
management, including development and design assistance with plans for riparian plantings.

Wetlands Protection
The Wetlands Protection Program includes research and mapping programs, such as the

National Wetlands Inventory (NWI), wetland status and trends, and wetland monitoring and func-
tional assessment. All of these support protection programs such as wetland permit review, land
acquisition, and watershed agricultural programs. Wetlands play a major role in watershed protec-
tion because of their ability to maintain good surface water quality in watercourses and reservoirs
and to improve degraded water. Wetlands also moderate peak runoff, recharge groundwater, and
maintain baseflow in watershed streams.

East of Hudson Non-Point Source Pollution Control Program
DEP has developed a comprehensive nonpoint source program for the West Branch, Boyd

Corners, Croton Falls, and Cross River Reservoir basins located east of the Hudson. Program ele-
ments in these basins include an agricultural program, forestry program, new septic and stormwa-
ter initiatives, and cooperative planning efforts by the City and Westchester and Putnam Counties.
These efforts provide for integrated watershed management to protect and improve water quality
in the West Branch, Boyd Corners, Croton Falls, and Cross River Reservoir basins. In addition,
DEP addresses many concerns in the East of Hudson watersheds through the aggressive imple-
mentation of the Watershed Rules and Regulations and continued increased involvement in proj-
ect reviews, as well as through a grant program to assist stormwater districts or municipalities
reduce stormwater pollutant loading to the Croton Falls and Cross River basins.
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Kensico Water Quality Control
Because Kensico Reservoir provides the last impoundment of Catskill/Delaware water

prior to entering the City’s distribution system, protection of this reservoir is critically important
to maintaining filtration avoidance for the City. Since the early 1990s, DEP has prioritized water-
shed protection in the Kensico watershed. FADs (USEPA 1997, 2002) built a foundation of
expanded watershed protection and pollution prevention initiatives for the Kensico watershed.
Under the 2007 FAD, DEP is instituting new watershed protection and remediation programs
designed to ensure the continued success of past efforts while providing for new source water pro-
tection initiatives that are specifically targeted toward stormwater and wastewater pollution
sources.

Catskill Turbidity Control
The Catskill Turbidity Control Program includes analysis and implementation of engi-

neering, structural, and operational alternatives to address elevated turbidity in the Catskill Water-
shed.

5.2 How can water shed management improve water quality?

The close relationship between activities in a
drainage basin and the quality of its water resources
forms the underlying premise for all watershed manage-
ment programs. As discussed above, DEP has a compre-
hensive watershed protection program that focuses on
implementing both protective (antidegradation) and
remedial (specific actions taken to reduce pollution gen-
eration from identified sources) initiatives. Protective
programs, such as the Land Acquisition Program, protect
against potential future degradation of water quality from Figure 5.1 Remediation of an

land use changes. Remedial programs, such as the Waste- eroded watercourse in the
East of Hudson water-
water Treatment Plant (WWTP) Upgrade Program and shed.

the Streambank Stabilization Program, are directed at

existing sources of impairment (Figure 5.1). A brief summary of the watershed protection pro-
gram is provided in the section below. More information on the management programs and water
quality analysis can be found in the 2006 Watershed Protection Program: Summary and Assess-
ment report (DEP 2006f). Information on research programs in the watershed can be found in the
2006 Research Objectives Report (DEP 2007b).

5.3 What are DEP’s water shed management effortsin the Catskill/Delaware
Systems?

« Watershed Agricultural Program. Since 1992, the Watershed Agricultural Program has devel-
oped pollution prevention plans (also known as Whole Farm Plans), on more than 390 small
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and large farms in the Catskill, Delaware, and Croton watersheds. To date, more than 94.4%
of the 307 large farms in the Catskill/Delaware watersheds have Whole Farm Plans. Of these,
97% have commenced implementation and 86.9% have substantially completed implementa-
tion. The Conservation Reserve Enhancement Program (CREP) has protected more than 185
stream miles with riparian forest buffers.

Land Acquisition. Between 1997 and the end of 2008, the City secured more than 91,000 acres
in the Catskill/Delaware systems (including fee simple and conservation easements acquired
or under contract by DEP, and farm easements acquired by the Watershed Agricultural Coun-
cil). This brings the total land area (excluding reservoirs) throughout the Catskill/Delaware
systems under City ownership for purposes of protecting drinking water to over 126,000
acres, which is more than triple the land area held before the program began.

Wastewater Treatment Plant (WWTP) Upgrades. The five City-owned WWTPs in the
Catskill/Delaware Systems were upgraded in the late 1990s. Of the total flow from all non-
City-owned Catskill/Delaware plants, 97.8% emanates from plants that have so far been
upgraded.

New Infrastructure Program (NIP). Five new WWTPs and one collection system/force main
project have been completed in communities with failing or likely-to-fail septic systems. In
2008, the addition of the Hubbell’s Corners collection system to the Roxbury collection sys-
tem/force main NIP project transitioned from the study phase to the design phase. Construc-
tion on the Hubbell’s Corners collection system is to commence in 2009. A wastewater
treatment facility for the Hamlet of Phoenicia in the Town of Shandaken was still under con-
sideration by the Town in 2008.

Partnership Programs. Partnering with DEP, the Catskill Watershed Corporation administers
a number of watershed protection and partnership programs, including the Septic Program,
the Community Wastewater Management Program, and the Stormwater Retrofit Program
(Figure 5.2). The Septic Program funded the remediation of 258 failing septic systems in
2008. (Since 1997, more than 2,864 failing septic systems have been repaired or replaced.)
Through the Community Wastewater Management Program, one community (DeLancey) has
established a septic maintenance district, while another (Bovina) has completed a community
septic system. In addition, 2008 saw construction proceed on two additional community septic
systems (Hamden and DeLancey), and two other communities (Boiceville and Ashland) con-
tinued work on design plans for WWTPs. Over 60 stormwater retrofit projects have been
funded through 2008 by the Catskill Watershed Corporation, resulting in the construction and
implementation of stormwater BMPs throughout the WOH Watershed. In addition, 30 facili-
ties that store road deicing materials have been upgraded.
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5.4 How has DEP tracked water quality improvementsin the Catskill/
Delawar e Systems?

Water quality has been and continues to be excellent in the Catskill and Delaware Sys-
tems. From1993-2008, many improvements in water quality have been observed. The most dra-
matic change has been the reduction in phosphorus in the Catskill/Delaware watersheds due to
WWTP upgrades. As an example, Figure 5.3 shows phosphorus loads and flows from WWTPs in
the Cannonsville watershed. The reduction in total phosphorus loads between 1994 and 1999 can
be attributed to the intervention and assistance of DEP at the Village of Walton’s WWTP and at
Walton’s largest commercial contributor, Kraft. The substantial additional reductions in phospho-
rus loads realized after 1999 can be attributed to final upgrades of five plants and the diversion of
another. As a result, Cannonsville Reservoir was taken off the phosphorus-restricted basin list in
2002.

Figure 5.3 Wastewater Treatment Plant TP loads and flow in the Cannonsville watershed,
1999-2008.

5.5 What arethe water shed management effortsin the Croton System to
improve water quality?

The watershed management programs are designed somewhat differently in the Croton
System from those in the Catskill and Delaware Systems. Instead of explicitly funding certain
management programs (e.g., the Stormwater Retrofit Program), DEP provided funds to Putnam
and Westchester Counties to develop a watershed plan (“Croton Plan) and to support water qual-
ity investment projects in the Croton watershed. In addition to funding watershed management
activities undertaken by the counties and municipalities, DEP has implemented an East of Hud-
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son Nonpoint Source Pollution Control Program to address specific watershed concerns (e.g.,
stormwater retrofits). Other DEP management programs (e.g., the Wastewater Treatment Plant
Upgrade Program, the Watershed Agricultural Program) operate similarly in all systems.

Croton Plan and Water Quality Investment Program
In the Croton System, DEP provided funds to Putnam and Westchester Counties to

develop a watershed plan to protect water quality and guide the decision-making process for
Water Quality Investment Program (WQIP) funds. Many municipalities have begun implement-
ing actions proposed in the Draft Croton Plans, including zoning modifications, regulatory
updates, stormwater retrofits, and wastewater control programs. The counties have continued the
distribution of the WQIP funds, which were provided by the City for use on watershed improve-
ment projects. The sum of used and remaining WQIP funds exceeds $100 million. A few notable
projects for 2008 are described below.

»  Putnam County Septic Repair Program (SRP). Putnam County continued to fund and imple-
ment the Septic Repair Program in high priority areas and has repaired over 100 systems to
date. Since the program’s start, the county has allocated over $4.6 million to rehabilitate sys-
tems in close proximity to water bodies.

« \Westchester County Local Grant Program. Twelve Westchester County municipalities contin-
ued the use of $312,500 in grant funding for projects, including sanitary sewer extensions,
stormwater improvements, and enhanced storage of highway de-icing materials.

» Westchester County Septic Program. Westchester County continues to track septic repairs and
pump-outs as well as train and license septic contractors.

« Putnam and Westchester: Peach Lake Project. The counties have jointly allocated a total of
$12.5 million toward a project that will provide for the wastewater collection and treatment of
sewage around Peach Lake.

Wastewater Treatment Plant Upgrade Program
The Croton watershed has a large number of wastewater treatment plants, with the bulk of

them serving schools, developments, or commercial properties. Of the 70 non-City-owned
WWTPs located EOH, 60 are in the Croton System (totaling 4.99 million gallons per day) and 10
are in the West Branch, Croton Falls, or Cross River watersheds (totaling 1.36 million gallons per
day). Sixty-two of the 70 (88.6%) non-City-owned WWTPs located EOH have flows of less than
100,000 gallons per day. Twenty-nine of the 70 WWTPs (80.6% of the permitted flow) have com-
pleted their upgrades as of December 2008 and are either ready to start up or have already done
so. An additional 38 WWTPs either have commenced construction of the upgrades or are in the
design phase. Upgrade plans for three remaining EOH WWTPs (1.5% of the permitted flow) are
on hold pending decisions on diversion to existing plants or out of the Croton watershed.
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Thirty-three of the 70 non-City-owned WWTPs located EOH are located within the 60-
day travel time (57.4% of the permitted flow) and 13 of these (48% of the permitted flow) have
completed their upgrades. The flow from the 13 WWTPs equates to 83.7% of the permitted flow
within the 60-day travel time. The three WWTPs that are on hold are within the 60-day travel
time.

East of Hudson Water shed Agricultural Program
The farms in the EOH District tend to be smaller and more focused on equestrian-related

activities than WOH farms, and the EOH Watershed Agricultural Program has been specially tai-
lored to address these issues. At the end of 2007, 38 farms in the Croton System had approved
Whole Farm Plans. Thirty-three of these farms have commenced implementation of BMPs, and a
total of 277 BMPs have been installed.

Nonpoint Source Management Program
The EOH Nonpoint Source Pollution Control Program is a comprehensive effort to

address nonpoint pollutant sources in the four EOH Catskill/Delaware watersheds (West Branch,
Croton Falls, Cross River, Boyd Corners). The program supplements DEP’s existing regulatory
efforts and nonpoint source management initiatives. Data on the watershed and its infrastructure
are generated and that information is used to evaluate, eliminate, and remediate existing nonpoint
pollutant sources, maintain system infrastructure, and evaluate DEP’s programs. Some recent
highlights include:

» Stormwater remediation projects continue to be identified and implemented. Small remedia-
tion projects are completed annually. The designs and permitting necessary for the larger
remediation projects are currently underway.

* Completed the development of a Stormwater Prioritization Assessment, including the estab-
lishment of criteria to be used to locate potential future stormwater retrofits in the EOH FAD
basins.

* Design, permitting, and survey work were completed for upcoming roadway and drainage
improvement projects that will reduce erosion potential and turbidity from unpaved roads.
The retrofit project will improve the functionality of the existing stormwater conveyance sys-
tem along the roadways.

5.6 What arethewater quality impacts from water birds (Canada geese, gulls,
cor mor ants, and other waterfowl) and how isthe problem mitigated?

Following several years of waterbird population monitoring, DEP’s scientific staff, con-
sisting of wildlife biologists and microbiologists, identified birds as a significant source of fecal
coliform at several NYC reservoirs (e.g., Kensico Reservoir, Figure 5.4). In response, DEP devel-
oped and implemented a Waterfowl Management Plan (WMP) using standard bird management
techniques (approved by the United States Department of Agriculture, Wildlife Services (USDA)
and the New York State Department of Environmental Conservation (DEC)) to reduce or elimi-
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nate the waterbird populations inhabiting the reservoir system (DEP 2002b). DEP has also
acquired depredation permits from the United States Fish and Wildlife Service (USFWS) and
DEC to implement some management techniques.

Keypoint Samples: Fecal Coliform Bacteria
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Figure 5.4 Keypoint fecal coliforms at Kensico Reservoir effluents before and after
initiation of waterbird management.

Migratory populations of waterbirds utilize NYC reservoirs as temporary staging areas
and wintering grounds and therefore significantly contribute to increases in fecal coliform load-
ings during the autumn and winter, primarily from direct fecal deposition in the reservoirs. These
migrant waterbirds generally roost nocturnally and occasionally forage and loaf diurnally on the
reservoirs; however, it has been determined that most of the feeding activity occurs away from the
reservoir. Fecal samples collected and analyzed for fecal coliform bacteria concentrations from
both Canada geese (Branta canadensis) and Ring-billed Gulls (Larus delawarensis) revealed that
fecal coliform concentrations are relatively high per gram of feces (Alderisio and DeLuca 1999).
Water samples collected near waterbird roosting locations show that fecal coliforms have
increased along with waterbird populations at several NYC reservoirs for several years (DEP
2002b, 2003b, 2004, 2005, 2006g, 2007¢, and 2008d). Thus, DEP has determined that waterbirds
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contributed the most important fecal coliform bacteria load seasonally to Kensico Reservoir and
to other terminal reservoirs (West Branch, Rondout, Ashokan) and potential source reservoirs to
distribution (Croton Falls and Cross River).

Bird deterrence measures, which include
waterbird reproductive management, shoreline
fencing, bird netting, overhead deterrent
wires, and meadow management, continued to
reduce local breeding opportunities around
water intake structures, and eliminate fecun-
dity.

Monitoring the effects that bird dispersal
measures have on each reservoir can be
achieved through continued routine population
surveys and by expanding research that identi-

Figure 5.5 Canada geese nesting on the roof of | fies sources of bacteria. Survey results pro-
?16?)?6121;%Ofi[gézrbf%lég}glggggi?eSt vide inferences about the potential effect of

the birds’ fecal matter through the spatial and

temporal aspects of the birds, and also makes
it possible to evaluate the effectiveness of the dispersal measures. DEP will continue implemen-
tation of the WMP indefinitely to help ensure the best possible water quality water.

5.7 How has DEP tracked the status and trends of wetlandsin the West of
Hudson Water sheds?

The DEP contracted the USFWS to conduct a status and trends analysis for wetlands and
ponds in the West of Hudson Watershed for two time periods, from the mid-1980s to the mid-
1990s, and from the mid-1990s to 2004. The USFWS superimposed 2004, and then mid-1980s
National Wetlands Inventory (NWI) data, on mid-1990s aerial photography to identify gains,
losses, and cover type changes in vegetated wetlands and ponds over the two time periods (Tiner
2008). Changes in non-vegetated wetlands were annotated separately from vegetated wetlands
because their functions differ in many respects. The rate of vegetated wetland loss declined over
the two time periods. Pond construction was extensive and accounted for the majority of vege-
tated wetland losses in both time periods, though the rate of pond construction declined from the
1990s to 2004. From the mid-1980s to the mid-1990s, there was a net loss of approximately 87
acres of vegetated wetlands in the West of Hudson watershed. This represents less than 1% of the
West of Hudson wetland base acreage. In addition, there was a net increase of 527 acres of non-
vegetated wetlands (ponds). Approximately 94% of the total loss of vegetated wetlands was due
to pond construction. From the mid-1990s to 2004, a loss of 15.25 acres of vegetated wetlands
was recorded along with a gain of 18.75 acres, resulting in a net gain of 3.5 acres of vegetated
wetlands. Much of the gain in vegetated wetlands was due to re-vegetation of ponds. Non-vege-
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tated wetlands (ponds) showed a net increase of approximately 109 acres. Eleven percent of the
new ponds were constructed in wetlands, mostly in palustrine emergent systems, accounting for
90% of the loss of vegetated wetlands.

The decreased rate of vegetated wetland loss, coupled with significant, though declining,
rates of pond construction, are consistent with findings from prior studies in the Croton watershed
(Tiner et al. 1999, Tiner et al. 2005) and from national studies (Dahl 2006). The replacement of
vegetated wetlands with ponds represents a shift in wetland function, as ponds do not provide the
same range of functions as vegetated wetlands. While this analysis was completed through
remote sensing, and, therefore, likely underestimates loss of small wetlands, forested wetlands,
and temporarily or seasonally saturated wetlands, it does allow for a cumulative assessment of
local, state, and federal wetland protection programs. It also enables wetland managers to target
specific geographic regions or activities, such as pond construction, that are impacting vegetated
wetlands.

5.8 What isthe status of the Forest Science Program’s Continuous For est
Inventory and how isit contributing to development of DEP’s Forest
Management Plan?

The Forest Science Program collects data on forest ecosystems located on water supply
lands. For over 10 years, efforts have focused on establishing a system of permanent forest inven-
tory plots throughout the watershed that will help DEP’s forest managers understand the dynam-
ics of watershed forests—tree growth, recruitment of young seedlings into the forest stand, and
mortality of older or more susceptible species or stands of trees. In 2008, Continuous Forest
Inventory (CFI) plots were established and measured in the Pepacton Reservoir watershed. Only
the Cannonsville Reservoir watershed remains to be surveyed for baseline data.

Methods used in data collection have served as the testing ground for the U. S. Forest Ser-
vice inventory of watershed lands that begins in 2009. The forest scientist is able to help trouble-
shoot and answer questions related to the Northeast Decision model (NED) software being used
in that inventory. In addition, data from the CFI plots has been used to compare tree diameter and
height relationships built into the software against locally-collected information. CFI plot data
will contribute to development of modeling/forecasting tools, ground-truthing of forest stand
types mapped from aerial photos, and tracking progress and results of applied management activ-
ities over time. This and other analyses will help DEP and the Forest Service as they develop the
Forest Management Plan.
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5.9 How did trout spawning affect stream reclassification in the East of Hud-
son Water sheds?

Streams in New York State are classified and regulated by DEC based on existing or antic-
ipated best use standards. The purpose of the stream reclassification program is to enhance the
protection of water supply source tributaries by determining best use standards for trout and trout
spawning. These standards strengthen compliance criteria for dissolved oxygen, ammonia,
ammonium, temperature, and volume permitted under any currently regulated action, and further
increase the number of protected streams in the watershed.

Reclassification surveys concentrate on sections of streams with suitable trout habitat,
including riftles, pools, and undercut banks. Streams are electrofished and all stunned fish are col-
lected and held for processing (identification, length, and weight). The fish are released when all
data are collected. The presence of trout less than 100 mm in length (young-of-the-year fish) is
used to indicate the occurrence of trout spawning. Physical and chemical stream data (tempera-
ture, depth, width, dissolved oxygen, pH, conductivity, stream gradient, and estimated discharge)
are then collected to assess stream conditions suitable for trout spawning. Bottom substrate and
land characteristics are also described. Collection reports and reclassification petitions are com-
piled and submitted to DEC on an annual basis. DEC updates the stream classification based on
these petitions.

In 2008 streams in the EOH watersheds were surveyed for the presence of trout or trout
spawning. No trout and no evidence of trout spawning were found in 2008. Therefore, no peti-
tions to stream upgrades will be submitted to DEC.

5.10 How do environmental project reviews help protect water quality and
how many wer e conducted in 20087

DEP staff review a wide variety of projects to assess their potential impacts on water qual-
ity and watershed natural resources. Under the New York State Environmental Quality Review
Act (SEQRA), DEP is often an involved agency because of its regulatory authority over certain
actions. By participating in the SEQRA process, DEP can ensure that water quality concerns are
addressed early on in the project planning process. In 2008, DEP staff reviewed a total of 109
SEQRA actions, including Notices of Intent to Act as Lead Agency; Determinations of Action
Types; Environmental Assessment Forms; Scoping Documents; Draft, Final, and Supplemental
Environmental Impact Statements; and Findings to Approve or Deny.

In addition to projects in the SEQRA process, DEP staff review other projects upon
request. Review of these projects helps ensure that they are designed and executed in such a man-
ner as to minimize impacts to water quality. DEP provides its expertise in reviewing and identify-
ing on-site impacts to wetlands, vegetation, fisheries, and wildlife, and makes recommendations
on avoiding or mitigating proposed impacts. These reviews also provide guidance on interpreting
regulations as they apply to wetlands as well as threatened and endangered species. Approxi-
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mately 96 of these projects were reviewed and commented on by DEP in 2008. Many of these
projects were large, multi-year efforts with ongoing reviews, while others were smaller scale proj-
ects scattered throughout the NYC Watershed.

DEP also coordinates review of federal, state, and local wetland permit applications in the
watershed for the Bureau of Water Supply. In 2008, approximately 31 wetland permit applications
were reviewed and commented on.

5.11 What wasthe statusof WWTP TP loadsin the water shed in 2008?

Figure 5.6 displays the sum of the annual total phosphorus (TP) loads from all surface-dis-
charging WWTPs by system from 1999-2008. The far right bar displays the calculated wasteload
allocation (WLA) for all these WWTPs, which is the TP load allowed by the State Pollutant Dis-
charge Elimination System (SPDES) permits—in other words, the maximum permitted effluent
flow multiplied by the maximum permitted TP concentration. Overall, the TP loads from
WWTPs remain far below the WLA. The fact that loads in the Delaware and Catskill Systems
remain so far below their respective WLAs reflects the effect of the WWTP upgrade program,
which is largely complete WOH. More recently, upgrades of WWTPs in the Croton System are
reducing TP loads to levels well below the EOH WLA.

WWTP TP Loads 1999-2008
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Figure 5.6 Wastewater Treatment Plant TP loads, 1999-2008.
The wasteload allocation for the entire watershed is
shown in the right-hand bar for comparison.
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Upgrades to WWTPs include phosphorus removal and microfiltration to enhance compli-
ance with the Watershed Rules and Regulations. All NYC-owned WWTPs in the watershed have
been upgraded, including the Brewster WWTP, which was transferred to the Village of Brewster
in 2007 after its upgrade was completed. Several non-NYC-owned WWTPs have already been
upgraded, while a number of others are being connected to new plants in the New Infrastructure
Program (NIP).

The New Infrastructure Program is another major wastewater management program
funded by DEP. The NIP builds new WWTPs in communities previously relying on individual
septic systems. Since many of the older septic systems in village centers such as Andes, Roxbury,
Windham, Hunter, Fleischmanns, and Prattsville could not be rehabilitated to comply with current
codes, this program seeks to reduce potential nonpoint source pollution by collecting and treating
wastewater with compliant systems. As new NIPs are completed and sewer districts expand to
their full capacities, TP loads are expected to approach the WLAs for the respective systems.

5.12 What does DEP do to protect the water supply from Zebra mussels?

Zebra mussels were first introduced to North America in the mid-1980s, and first identi-
fied on this continent in 1988. It is believed that they were transported by ships from Europe in
their freshwater ballast, which was discharged into freshwater ports of the Great Lakes. Since
their arrival in the United States, zebra mussels have been reproducing rapidly and migrating to
other bodies of water at a much faster rate than any of our nation’s scientists had predicted. They
have been found as far west as California, as far south as Louisiana, as far east as New York State,
and north well into Canada. They have been found in all of the Great Lakes and many major rivers
in the Midwest and the South. In New York State, in addition to Lakes Erie and Ontario, zebra
mussels have migrated throughout the Erie Canal, and are found in the Mohawk River, the St.
Lawrence River, the Susquehanna River, and the Hudson River, as well as several lakes.

DEP is concerned about infestation of New York City’s reservoirs by this mollusk,
because they can reproduce quickly and are capable of clogging pipes. This would seriously
impair DEP’s operations, preventing an adequate flow of water from the reservoirs to the City and
those upstate communities dependent on the New York City water supply. In addition, they create
taste and odor problems in the water. To protect the system from zebra mussels, DEP does the fol-
lowing:

* Monitoring. As suppliers of water to over nine million people, it is DEP’s responsibility to
monitor New York City’s water supply for zebra mussels, since early identification of a zebra
mussel problem will make it possible to gain control of the situation quickly, preserve the
excellent water quality of the system, and save money in the long run. DEP has been monitor-
ing NYC’s reservoirs for zebra mussels since the early 1990s, via contract with a series of lab-
oratories that have professional experience in identifying zebra mussels. The objective of the
contract is to monitor all 19 of New York City’s reservoirs for the presence of zebra mussel
larvae (veligers) and settlement on a monthly basis in April, May, June, October, and Novem-
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ber, and on a twice-monthly basis during the warm months of July, August, and September.
Sampling includes pump/plankton net sampling to monitor for veligers, and substrate sam-
pling as well as “bridal veil” (a potential mesh-like settling substrate) sampling to monitor for
juveniles and adults. The contract laboratory analyzes these samples and provides a monthly
report to the project manager as to whether or not zebra mussels have been detected.

Seam cleaning boats and equip-
ment. DEP requires that all boats
allowed on the NYC reservoirs
for any reason be inspected and
thoroughly steam cleaned prior to
being allowed on the reservoir
(Figure 5.7). Any organisms or
grasses found anywhere on the
boat are removed prior to the boat
being steam cleaned. The steam
cleaning kills all zebra mussels,
juveniles, and veligers that may
be found anywhere on the boat,
thus preventing their introduction

into the NYC reservoir system. _ ‘
The steam cleaning requirement Figure 5.7 Steam cleaning a boat to prevent transport
of zebra mussels.

applies to all boats that will be
used on the reservoirs, whether
they be rowboats used by the general public, or motor boats used by DEP. Additionally, all
contractor boats, barges, dredges, equipment (e.g., anchors, chains, lines), and trailer parts
must be thoroughly steam cleaned inside and out. All water must be drained from boats,
barges, their components (including outdrive units, all bilge water (if applicable), and raw
engine cooling systems), and equipment at an offsite location, away from any NYC reservoirs
or streams that flow into NYC reservoirs or lakes, prior to arrival for DEP inspection.

Public Education. DEP provides educational pamphlets to fishermen on NYC’s reservoirs and
to bait and tackle shops in NYC’s watersheds on preventing the introduction and spread of
zebra mussels to bodies of water that do not have them. Fishermen can inadvertently introduce
zebra mussels to a body of water through their bait buckets that may have zebra mussels in
them (depending upon where the bait was obtained), or by failing to clean equipment that’s
been used in bodies of water infested with zebra mussels before using it in bodies of water not
infested with zebra mussels. The brochures help educate fishermen as to how they can prevent
the spread of zebra mussels. In addition, signs are put up throughout the watershed providing
information as to how to prevent the spread of zebra mussels.

5.13 What “ Special I nvestigations” were conducted in 2008?

The term “Special Investigation” (SI) refers to limited non-routine collection of environ-

mental data, including photographs and/or analysis of samples, in response to a specific concern
or event. In 2008, 5 SIs were conducted. Reports are prepared to document each incident and

DEP’s response and remedial actions as appropriate. All investigations in 2008 were conducted
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East of Hudson. Actual or possible sewage-related problems were the most common incident
investigated. Other incidents included an oil spill and an organic sheen. None of the investigations
conducted in 2008 identified a pollution problem that was considered an immediate threat to con-
sumers of the water supply. Below is a list of reservoir watersheds in which investigations
occurred in 2008, with the date and reason for each investigation.

M uscoot Reservoir
» February 29, a diesel fuel spill adjacent to the Titicus River.

East Branch Reservoir
* August 19, Cryptosporidium detection in the Peach Lake watershed.

* February 27, runoff from a horse farm in Pawling, NY.

Cross River Reservoir
* April 25, septic system failure, Cross River, NY.

West Branch Reservoir
» February 2, a surface sheen near Delaware Shaft #9.
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6. Model Development and Application

6. Model Development and Application

6.1 Why are modelsimportant and how arethey used by DEP?

DEP uses computer simulation models to aid in short-term water system operational deci-
sions and long-term planning and assessment of the water supply system and watershed manage-
ment programs.

The DEP modeling system (Figure 6.1) consists of a series of linked models that simulate
the transport of water and contaminants within the watersheds and reservoirs that comprise the
upstate water supply Catskill and Delaware Systems. Watershed models, including a DEP
adapted version of the Generalized Watershed Loading Function (GWLF-VSA) model (Schnei-
derman et al. 2007), simulate generation and transport of water, sediment, and nutrients from the
land surface to the reservoirs. Reservoir models (including the UFI-1D and the CEQUAL-W2
models) simulate the hydrothermal structure and hydrodynamics of the reservoirs, as well as the
transport and concentrations of nutrient and sediment within the reservoirs. The water supply sys-
tem model (OASIS) simulates the operation of the multiple reservoirs that comprise the water
supply system. The modeling system is used to explore alternative future scenarios and examine
how the water supply system and its components may behave in response to changes in land use,
population, climate, watershed/reservoir management, and system operations.

MODELING FOR WATER SUPPLY

Changing Modeling Water .
= Policies
Conditions System Supply —_—
Issues
Land U_se/ Watershed Water Quantity Watershed
Population Model Management /
(GWLF-VSA) Regulations
Watershed ‘ | ‘ Eutrophication, ‘ Resenvoir
Management Reservoir Models THMs Management
(UFI-1D,

_ CEQUAL-W2) Long Term
Climate | TUrbIdIty Planning
Reservoir System Model Short Term

Management (OASIS) Decisions

Figure 6.1 Schematic of DEP’s Linked Water Supply and Water Quality
Modeling System.
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Two major model applications conducted during 2008 are discussed in this report. The
modeling system was used to begin the first phase of a project to examine the effects of climate
change on the water supply (Section 6.3), including climate change effects on turbidity in Schoha-
rie Reservoir, eutrophication in Cannonsville Reservoir, and WOH water quantity. Simulations
using the Kensico Reservoir CEQUAL-W2 model were used to recommend aqueduct flow levels
so that alum treatment would not be required for a medium-sized storm event during the spring of
2008 (Section 6.4).

During previous years, the models have been used to identify major sources of turbidity
and to examine alternative operational rules for use in Schoharie and Ashokan Reservoirs to miti-
gate the need to use alum to treat elevated turbidity, as part of the CAT211 project (Gannett Flem-
ing and Hazen and Sawyer 2007). Additionally, the effects of changing land use and watershed
management on nutrient loading and eutrophication in Delaware System reservoirs (Cannonsville
and Pepacton) have been analyzed using linked watershed and reservoir models (DEP 2006f).

6.2 What can modelstell us about the effects of 2008's weather on nutrient
loads and flow pathwaysto reservoirs?

Watershed modeling provides insight into the flow paths that water and nutrients take in
the watershed. Total streamflow is comprised of direct runoff and baseflow. Direct runoff is
water that moves rapidly on or near the land surface during and after storm events, as opposed to
much slower-moving baseflow that sustains streamflow between storm events. Direct runoff has
a high potential for transporting phosphorus (P) as it interacts with P sources on the land surface.
Frequent and intense storm events may produce above-average nutrient loads to reservoirs due to
increased direct runoff. Long-term watershed model simulations that include the current year are
used to place annual results for 2008 in a historical context.

Figure 6.2 depicts the annual streamflow, direct runoff, and nonpoint source (NPS) dis-
solved nutrient loads simulated by the GWLF-VSA model for 2008 in relation to long-term simu-
lated annual statistics. These boxplots show that 2008 was wetter than normal with higher than
normal modeled streamflow and direct runoff, especially for the Pepacton and Cannonsville
watersheds. Consistent with these higher than normal flows, modeled 2008 NPS dissolved nutri-
ent loads were also larger than normal for each of the WOH reservoir watersheds. The relation-
ship between 2008 and long-term annual total dissolved nitrogen (TDN) loads follows a similar
pattern as annual streamflow, and the relationship between the 2008 and long-term annual total
dissolved phosphorus (TDP) loads closely follows direct runoff.
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Figure 6.2 Annual streamflow, direct runoff, and nonpoint source dissolved nutri-
ent loads simulated by the GWLF model for 2008 in relation to long-
term simulated annual statistics. Boxplots show long-term statistics.
Blue dots show 2008 results.

Reservoir Watershed

6.3 How is DEP using its modeling capabilities to investigate the effects of cli-
mate change on water supply quantity and quality?

DEP is using a suite of simula-
tion models to investigate the effects of
climate change on water supply quan-
tity and quality. Preliminary investiga-
tions focus on estimating future climate
projections; looking 65 years and 100
years forward in the Catskill Mountain
WOH watersheds; and using DEP’s
modeling system (Figure 6.3) to esti-
mate the effects of future climate pro-
jections on the hydrology of the WOH
watersheds, water quantity in the WOH
reservoirs, turbidity in Schoharie Res-

!

Model
(OASIS)

Water System

GCM/Delta Change
Predictions
Reservoir
Watershed Models Adjusted
Model | (PROTECH [* Historical
(GWLF-VSA) CEQUAL-W2) Operations

Figure 6.3 DEP’s modeling system of water quality
and supply system models used for prelim-
inary climate change investigations.
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ervoir, and eutrophication in Cannonsville Reservoir. The GWLF-VSA watershed model simu-
lates the effects of future changes in meteorology on streamflow, turbidity, and nutrient inputs to
the upstate water supply reservoirs; the OASIS model simulates the operation of the system of
reservoirs and the storages and fluxes of water in the system as affected by changing reservoir
inputs; and the CEQUAL-W2 and PROTECH reservoir models simulate the effects of changing
reservoir inputs on turbidity and eutrophication, respectively, assuming conservatively-adjusted
historical reservoir operations.

Future Climate Projections
Preliminary projections of future air temperature and precipitation looking 65 and 100

years forward were developed from three Global Climate Models (GCMs) (Goddard Institute for
Space Studies (GISS), National Center for Atmospheric Research (NCAR), and the European
Centre Hamburg Model (ECHAM)) and 3 greenhouse gas emission scenarios (A1B, A2, and B1).
For each combination of GCM and emission scenario, monthly delta change factors (Figure 6.4)
were derived by comparing GCM output for control (1980-2000) versus future prediction periods
(20452065 and 2080-2100). The boxplots in Figure 6.4 display the changes in average daily air
temperature and precipitation by month predicted using the various combinations of GCMs and
emission scenarios. Precipitation change factors represent the ratio (unitless) of future to control
average daily precipitation by month, while air temperature change factors represent the differ-
ence (°C) between future and control. Note that the format of the boxplots in section 6.3 as
described in the captions differs from that described in the Appendix key.

65 years Forward 100 years Forward
Precipitation 'fﬁaéée&.l%léﬁgﬁé Ifﬁaggéégmgggg
Change Factor 3 o
Croultiplicative) o4 b
Air Temnperature ..: “
Change Factor | ? a
(Deg C, additive) | HDHEQ& HE 2
Figure 6.4 Monthly delta change factors for precipitation (unitless) and air tem-
perature (°C). The midway line in the boxes shows the median value
for the climate scenarios, the extent of the boxes shows the range of
the middle six scenarios, and the whiskers show the range of all sce-
narios.
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6. Model Development and Application

Analysis of monthly delta changes indicates that while these GCM/emission scenarios
vary somewhat in their predictions (the ranges depicted in the boxplots), there is a clear and sig-
nificant predicted increase in air temperature, and a somewhat less certain predicted increase in
precipitation, particularly in winter. It must be pointed out that the delta change methodology
used is a first cut procedure that does not account for possible changes in the frequency and sever-
ity of storms, for which more sophisticated methods are under development.

Hydrology of WOH Water sheds
The GWLF-VSA watershed model for each WOH reservoir watershed was run for a base-

line scenario representing current conditions, eight climate change scenarios looking 65 years
ahead, and eight scenarios looking 100 years ahead. The baseline scenario uses historical inputs
of precipitation and temperature from 1966 through 2004. The climate change scenarios were
developed by applying the appropriate delta change factors—additively for air temperature and
multiplicatively for precipitation—to the historical daily precipitation and temperature data to
derive inputs for the watershed model.

The watershed model simulates the water balance of the watershed and the timing of
streamflow, reflecting the effects of the projected changes in precipitation and air temperature due
to climate change. Figure 6.5 depicts the mean daily water balance by month for the historical
baseline data (solid line) and eight climate scenarios (boxes) as projected by the GWLF-VSA
watershed model. Projected increases in air temperature (a) and precipitation (b) are accompanied
by increased evapotranspiration (c); decreasing snowfall (d) and a much reduced snowpack (e);
and a change in the timing of streamflow (f), with higher flows in the late fall and early winter,
and a transfer of the traditional high snowmelt related flows of March and April to earlier in the
year.
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Figure 6.5 Water balance components for WOH watersheds for baseline (solid line) and
eight scenarios (boxes), simulated by GWLF-VSA model. The midway line in
the boxes shows the median value for the climate scenarios, the extent of the
boxes shows the range of the middle six scenarios, and the whiskers show the
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6. Model Development and Application

Water Quantity in WOH Reservoirs

The potential impact of climate change on water quantity in the WOH reservoir system
was investigated by running the OASIS Water System Model driven by streamflow inputs to res-
ervoirs as simulated by the watershed model for baseline and climate change scenarios. The
OASIS model simulates water supply system operations, and provides assessments of supply sta-
tus and system operating policies.

The model results for total WOH reservoir storage, releases, and spills (Figure 6.6) illus-
trate the effects of the changes in input streamflow. In general, the reservoirs are fuller during the
late fall and early winter due to the increased input streamflow during this period. Reservoir stor-
age during the growing season remains largely unchanged. Similarly, the reservoir releases and
spills increase during the same late fall and early winter period, as the reservoirs are fuller and
streamflow increases. Spills and releases during the late winter and early spring show a wide
variation under varying scenarios.

fi5 years Forward 100 vears Forward
.1 1] [ ]
Feservoir Storage 201 0 1
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Figure 6.6 Monthly mean WOH reservoir storages (BG), releases, and spills (BG/day)
for baseline and eight scenarios for the 65-year future and 100-year future
scenarios. The midway line in the boxes shows the median value for the cli-
mate scenarios, the extent of the boxes shows the range of the middle six sce-
narios, and the whiskers show the range of all scenarios.

Turbidity in Schoharie Reservoir

The CEQUAL-W2 model was used for preliminary investigation of climate change effects
on turbidity in Schoharie Reservoir. CEQUAL-W?2 simulates turbidity transport within the reser-
voir and has been used extensively to simulate turbidity levels and to guide long-term planning.
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Watershed model flow results and turbidity loads based on a turbidity rating curve were input into
the CEQUAL-W?2 reservoir model developed for Schoharie Reservoir. To simulate operations of
the reservoir, a model preprocessor was developed. This preprocessor used Shandaken Tunnel
flows from the historical record and reduced these flows when withdrawal exceeded available res-
ervoir storage so that withdrawal levels were consistent with scenario reservoir inflows. The
baseline scenario is based on an historical simulation of flows and loads for 1948 through 2004.

The mean monthly turbidity load for the baseline and climate change scenarios is shown
in Figure 6.7a. Similar to the streamflow pattern (Figure 6.5f), turbidity loads increase in the late
fall and early winter. Turbidity loads are especially increased in the fall, due to relatively large
and variable increases in streamflow. Figure 6.7b shows the effects of the increased load on
Shandaken Tunnel turbidity, with increases in late fall and early winter, and decreases in the late
winter and early spring. These results are directly related to the changes in streamflow timing due
to the changes in snowpack development and melting.
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Figure 6.7 Monthly mean input turbidity load (NTU * MG/day) to Schoharie Reservoir
(a), and monthly mean turbid}i]ty in the Shandaken Tunnel (NTU) (b), for
baseline and eight scenarios. The midway line in the boxes shows the
median value for the climate scenarios, the extent of the boxes shows the
range of the middle six scenarios, and the whiskers show the range of all sce-
narios.

Eutrophication in Cannonsville Reservoir
Climate change effects on eutrophication in Cannonsville Reservoir were investigated

using the PROTECH model. Future climate scenario watershed model flow and nutrient loads
were input into the PROTECH reservoir model. In addition, the climate change scenario air tem-
peratures were used to affect changes in thermal stratification and input stream temperatures. As
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6. Model Development and Application

with the Schoharie simulations above, the operations of the reservoir were simulated with a model
preprocessor to estimate scenario aqueduct flows. The historical record was generally used for
aqueduct flows, which were reduced when withdrawal exceeded available reservoir storage, to
ensure that these flows were consistent with scenario reservoir inflows.

Mean monthly inputs of dissolved phosphorus are shown in Figure 6.8a. These inputs fol-
low the patterns in streamflow with increased loads in the fall and early winter and decreased
loads in the early spring. In addition to the changes in loads, the effects of temperature changes
on the thermal stratification of the reservoir are shown to be important in affecting phytoplankton
development. The lake temperature is increased to greatest in the fall (Figure 6.8b). This increase

in temperature also coincides with a longer and more intense period of thermal stratification in the
reservoir (Figure 6.9).
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Figure 6.8 Monthly mean dissolved phosphorus (P) input (kg/day) (a), reservoir water
temperature (°C) (b), and chlorophyll a (mg/1) (c) in Cannonsville Reservoir
for baseline and 8 scenarios. The midway hne in the boxes shows the median
value for the climate scenarios, the extent of the boxes shows the range of the
middle six scenarios, and the whiskers show the range of all scenarios.
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Figure 6.9 Example of time series of PROTECH model thermal profile for Cannonsville
Reservoir for the baseline scenario (a) and the ECHAM A2 85 year future
scenario (b). The thermal stratification starts earlier in the spring, ends later
in the fall, and is more intense for the future climate scenario, as compared
with the baseline scenario.

The changes in phosphorus loading and thermal stratification pattern have discernible
effects on phytoplankton development (Figure 6.8¢). In the baseline scenario, there are two dis-
tinct peaks in phytoplankton levels, one in the spring and one in the fall, typical of northern mid-
latitude lakes. For the climate change scenarios, each of these peaks increases. In particular the
fall bloom increases more intensely due to a combination of the stronger thermal stratification and
the increased nutrient loads.

Summary
DEP’s watershed, reservoir, and system models have been combined to perform a prelimi-

nary investigation of the effects of potential climate change on water quantity and quality in the
NYC water supply. Initial results of this analysis suggest that increased air temperatures may
result in less snow, more winter rain, and smaller snowpack accumulation. This may, in turn, lead
to increased late fall and winter streamflows and decreased spring snowmelt. Both turbidity and
nutrient loads will increase in winter due to increased flows. Additionally, reservoir thermal strat-
ification is expected to last longer and be more intense under future conditions. The combination
of increased nutrient loads and stronger thermal stratification may lead to increases in phyto-
plankton production, especially in the fall. Increases in turbidity loads during winter and fall will
potentially lead to greater reservoir turbidity levels.

The results presented here are preliminary for a number of reasons: (1) climate change
projections using delta change method do not account for possible changes in storm frequency,
intensity, and spatial variability; (2) the reservoir operations adjustments need to be integrated
with the OASIS system model results; (3) feedback between reservoir operations and water qual-
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ity needs to be incorporated (as illustrated in the Schoharie turbidity results); (4) further model
testing and sensitivity analyses are needed to understand model predictions, especially at extreme
present climate and future climate conditions. These limitations will be addressed in future work.

6.4 How did DEP use model smulationsin 2008 to support turbidity manage-
ment and avoid alum treatment?

DEP has a suite of models that can be used to predict the transport of turbidity and levels
of turbidity throughout the Catskill system of reservoirs, including Kensico Reservoir (Fig 6.10).
Kensico Reservoir is of great importance for the water supply since it is the location where water
from the WOH Catskill and Delaware Systems mix prior to final transport to the drinking water
distribution system. Water leaving Kensico Reservoir must, as specified by the Surface Water
Treatment Rule, remain below the turbidity limit of 5 NTU. Naturally occurring, episodic inputs
of turbid water (e.g., Fig 6.11) do increase turbidity levels in Ashokan Reservoir and the Catskill
System water withdrawn from it, and this water could in turn affect turbidity levels in Kensico

Reservoir.

i, -
gt e m‘ i
' ™ D"'P
\'T
A\ "“ﬂ! ATAL va(“‘
N
———— Y A
>\_f [ 20 40
R —
Kilometars
L’
‘ﬂ
: i
.; —\,/‘—j/; shokan
A Reservoir
Al
BT N Rondout
’\/\“-- Reservoir

Catskill Aqueduét Input | Delaware Aqueduct

N
Catskill Aqueduct

Delaware Aqueduct Input

Catskill f-;,wM

RS -
.

4 ] o |
[ .'lc'i:_nrmt:* Lffluent§

Kensico
Reservoir

Kensico

Reservoir

Ji

Figure 6.10 New York City water supply reservoirs. Water from the two Catskill
System reservoirs enters the Catskill Aqueduct from Ashokan Reser-
voir, while water from the four Delaware System reservoirs enters the
Delaware Aqueduct from Rondout Reservoir. Inserts show details of
inflows and outflows in Ashokan and Kensico Reservoirs.
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The data shown in Figure 6.11 document the only occasion during 2008 when increases in
Catskill System turbidity potentially threatened Kensico Reservoir water quality. This series of
storms, beginning in February 2008 and culminating in two closely spaced storm events from
March 5-12, 2008, increased Ashokan Reservoir turbidity levels and the turbidity of water enter-
ing the Catskill Aqueduct. Peak turbidity levels measured in Esopus Creek, just upstream of the
confluence with Ashokan Reservoir, exceeded 250 NTU, which led to an increase in Ashokan
Reservoir turbidity to between 6 and 8 NTU at the Catskill Aqueduct effluent (Figure 6.11). To
safeguard Kensico Reservoir water quality, Catskill Aqueduct flow was reduced during this event,
while the withdrawal of low turbidity Delaware System water was increased. Model simulations
were used to help define safe levels of Catskill Aqueduct flow as turbidity changed over the
course of the event.
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Figure 6.11 Conditions leading up to and following the March 2008 tur-
bidity event. The top panel shows the discharge and turbidity
measured in Esopus Creek near its confluence with Ashokan
Reservoir. The bottom panel shows the turbidity levels mea-
sured in the Catskill and Delaware Aqueduct withdrawals
from Ashokan and Rondout Reservoirs. The arrows show the
correspondence between the storm event turbidity inputs to
Ashokan Reservoir and the change of turbidity in the Catskill
Aqueduct effluent withdrawn from the East Basin of Ashokan
Reservoir.
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Table 6.1: Steady state inputs used for Kensico modeling forecasts during the March 2008
turbidity event. This is a subset of a larger number of combinations of aqueduct flow
and turbidity used to provide multiple forecasts during the event.

Kensico Aqueduct flows Kensico input turbidity
Cat In Del In Cat Out Del Out Cat In Del In
MGD MGD MGD MGD NTU NTU
600 500 400 700 15 1.5
300 800 400 700 15 1.5

An example of a model-based forecast of the turbidity levels in the water withdrawn from
Kensico Reservoir is shown in Figure 6.12. This forecast was made on March 7 as the turbidity
event unfolded. For these simulations the model was initially run using measured aqueduct inputs
of water and turbidity to Kensico Reservoir and measured outputs of water from the reservoir.
Comparison of the simulated output turbidity levels with those measured by DEP leading up to
the event suggested that the model was capable of predicting the pre-event turbidity levels within
the margin of error related to uncertainty in particle sinking. Following this initial “spin up”
period, future inputs to the reservoir were based on the need to satisfy a demand of 1100 MGD
and to maintain a mass balance of water within Kensico Reservoir. Two forecasts are illustrated
here. In the first, the total demand was apportioned between the Catskill and Delaware Systems in
an approximately equal manner, which would be typical of normal operating conditions, and in
the second the Catskill Aqueduct flow was reduced by half, while increasing the Delaware flow.
Delaware reservoir turbidity levels were assumed to be at 1.5 NTU, as was measured at the time
of the event (Figure 6.11). Catskill System turbidity levels were assumed to vary between 6-20
NTU, based on the trend in Ashokan Reservoir withdrawal turbidity (Figure 6.11). For the fore-
cast described here, a turbidity level of 15 NTU was chosen, which at the time of the simulations
was a reasonable estimate of a maximum “worst case” turbidity. The forecast input levels are
given in Table 6.1. These were held constant for one month into the future following the model
spin up period. During the actual event multiple simulations were run using a range of input tur-
bidity levels.

The results suggested that at a normal flow of 600 MGD Catskill Aqueduct turbidity
inputs would likely lead to Kensico effluent turbidity levels exceeding the 5 NTU regulatory
limit. Reducing the Catskill Aqueduct flow to 300 MGD, while increasing the Delaware Aque-
duct flow by the same amount, almost completely eliminated the possibility of turbidity levels
exceeding S NTU.

The example forecast shown in Figure 6.12 illustrates how model simulations were used
to define acceptable aqueduct flow rates to Kensico Reservoir during periods of elevated Catskill
System turbidity. Based on this and related simulations it was suggested that under current operat-
ing conditions Catskill input turbidity levels up to, but not exceeding, 10 NTU could be tolerated.
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Further reductions in Catskill Aqueduct flow to at least 300 MGD would be required if turbidity
exceeded 10-15 NTU, in order to maintain a reasonable margin of safety in approaching the 5
NTU regulatory limit. Actual Catskill Aqueduct turbidity levels remained below 10 NTU, but on
a number of occasions peaked close to this value (Figure 6.11). Given that DEP had the capabil-
ity to reduce the Catskill flows and that Catskill turbidity levels were approaching a level that
could lead to increases in Kensico effluent turbidity, a decision was made to reduce Catskill
Aqueduct flows by approximately 50 percent on March 11, 2008.
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Figure 6.12 Simulated Kensico Reservoir effluent turbidity levels assuming a constant 15 NTU turbid-
ity in the Catskill Aqueduct input to the reservoir. In the top portion of the figure the pre-
dicted turbidity at the Catskill (A) and Delaware (B) effluents are shown assuming a Catskill
Aqueduct flow of 600 MGD. In the bottom portion of the figure the predicted turbidity in
the Catskill (C) and Delaware (D) effluents are shown when the Catskill Aqueduct flow was
reduced to 300 MGD and the Delaware Aqueduct flow was increased to 800 MGD. The
three lines show a range in simulated turbidity that results from reasonable variations in the
settling rate of the turbidity-causing particles. The points are measured turbidity during the
period prior to the forecasts.

The March-April 2008 event described above was a moderate event that led to elevated
turbidity levels in Catskill System water. Turbidity increases were not extreme enough to require
alum treatment. Rather, it was possible to mitigate the effects of elevated Catskill turbidity, by
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cutting back on the Catskill System flow entering Kensico Reservoir. The use of models to opti-
mize reservoir operations helped DEP choose aqueduct flow rates while at the same time account-
ing for reservoir system turbidity levels.

6.5 How does DEP obtain and make use of future climate smulation data?

For long-term planning, DEP requires future climate simulations as inputs to an inte-
grated suite of models (Section 6.1) to examine the potential effects of climate change on the
quantity and quality of water in the NYC water supply.

Since the future climate is unknown and uncertain, future climate scenarios are simulated,
and scientists around the world use a number of possible scenarios to cover the uncertainty. A
number of methods are available to obtain future climate simulations. DEP uses Global Climate
Model (GCMs) simulations for possible emission scenarios (called SRES A1B, SRES B1, and
SRES A2). GCMs are complex mathematical models, which simulate the behavior of the global
climate system, its components, and their interactions. The components include the atmosphere,
the hydrosphere (liquid water), the cryosphere (ice and snow), the lithosphere (rock and soil), and
the biosphere (plants and animals, including humans). Nonlinear interactions between compo-
nents occur through physical, chemical, and biological processes. The GCM simulations are at
global scale (40,000 kmz), so DEP processes them to get local future climate conditions at the
watershed scale (2000 km?) using various downscaling techniques. The methodologies used by
DEP are widely used by policy makers, scientists, and other experts for assessing the causes of
climate change and its potential impacts.

/| | | I\

e
GCMs, model the worlds climate & are a source Used to obtain future dimate Makes use of future dimate change
of future climate scenarios at global scale scenarios at watershed scale

scenarios for impact assessments /

Figure 6.13 Overview of processing future climate simulation data to produce data sets
that can be used with DEP’s watershed and reservoir models.
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7. Further Research

7. Further Research

7.1 What research isDEP currently or prospectively engaged in that will
extend itswater quality monitoring capabilities?

In 2008, DEP completed studies intended to enhance understanding of pathogens during
storm events and in transport at Hillview Reservoir. At the same time, DEP continued its develop-
ment of models that elucidate and quantify the effects of climate, watershed management, and res-
ervoir operations on the quality and reliability of the NYC water supply system. These projects
are described more fully below.

Pathogens
Sorm Water Monitoring

In 2008, DEP completed a multi-year project funded by DEP and a United States Army
Corps of Engineers Water Resources Development Act (WRDA) grant. The project began in
August 2005 and continued through May 2008, and included sites in the NYC watershed both east
and west of the Hudson River.

Results from the project have provided more detailed information concerning pathogens
and storm events in the watershed. DEP was able to develop automated systems to continuously
monitor storm water flows and collect samples for pathogen analysis at multiple sites around the
reservoir system, with enough flexibility to assess pathogen concentrations during different
phases of the storm. DEP was also able to identify optimal pathogen sample collection time
throughout the storm within the stream storm hydrograph; identify pathogen occurrence, concen-
tration, and load during storm events from site to site; and compare pathogen concentrations and
loads during storm events to available base flow conditions. Additionally, DEP studied the rela-
tionship between pathogen concentration and storm event size, as well as the effect of stream size
and water resource protection projects—such as storm water retention basins—on pathogen
occurrence, transport, and loading. These studies provide insight into how and when monitoring
and protection of the water supply should be performed.

West of Hudson. The West of Hudson data indicate that storm events have greater patho-

gen concentration, loading, and weighted loading rate compared to base flow data at all sites for
the two sub-basins studied, Esopus Creek in the Ashokan Reservoir watershed and Schoharie
Creek in the Schoharie Reservoir watershed. Similarly, Giardia was consistently greater than
Cryptosporidium for concentration (approximately 1 order of magnitude), loading (approximately
2-3 orders of magnitude), and weighted loading index (approximately 1-2 orders of magnitude).
This consistency may be useful if it is found to apply to the entire NYC Watershed, since it
could lead to the development of a rough estimate of Giardia and Cryptosporidiumratios during
storm events.

127



In addition to comparing the sub-basins, the pathogen data were used to help identify
whether protozoan pathogens originated from point or non-point sources. Esopus Creek—the pri-
mary tributary of Ashokan Reservoir—did not reveal any evidence of protozoan pathogen point
sources, except for SRR2CM, which represents the outflow of Schoharie Reservoir via the
Shandaken Tunnel. On the other hand, the Schoharie Creek sub-basin data suggest both a point
and non-point origin, based on the abundance of protozoan pathogens and land use. The data
indicate a relatively significant increase in both Cryptosporidium and Giardia between an
upstream site (SSHG) and a midstream site (S4), while both the baseline and storm event data
suggest that the abundance of Cryptosporidium and Giardia in the Schoharie Creek sub-basin is
greater than in the Esopus Creek sub-basin. A comparison of land use between the sub-basins
indicates that the Schoharie Creek sub-basin has significantly more livestock farming, population
centers, and WWTPs than the Esopus Creek sub-basin, and that these land uses occur more fre-
quently close to Schoharie Creek. A more detailed look at the land use between SSHG and S4
indicates that two population centers (Tannersville and Hunter) and nine WWTPs occur in close
proximity to Schoharie Creek. The next step to determine the specific sources of the protozoa
would be to conduct a more exhaustive land use analysis, with ground truthing and sampling at
the WWTPs that are not currently monitored, for both base flow and storm events.

East of Hudson. As with data from the West, East of Hudson data indicate that storm
events have greater pathogen concentration, loading, and weighted loading rate compared to base
flow data at all sites for the eight sub-watersheds studied.

The project also provided valuable data relating to appropriate sampling intervals for
monitoring storms East of Hudson. For the larger streams in the Kensico watershed, 30 minute
sample intervals using two autosamplers (24 samples for each autosampler) seem to capture most
small to moderate storms adequately. Larger storms (2 inches or greater) at these sites require
additional autosampler runs, or longer sampling intervals. In general, smaller streams require a
10-30 minute sample interval depending on the size of the storm, the rainfall intensity, and
consistency. DEP missed several peak flows at small streams because the interval was too long.

Differences between the timing of protozoan transport in unmodified streams and BMP-
modified streams became quite apparent during DEP’s analysis. Unmodified streams exhibited
the “first flush phenomenon” characteristic of basins with residential development and impervi-
ous surfaces. The highest concentrations of pathogens at unmodified streams were found in the
rising limb, followed by the peak of flow. Estimates of pathogen loading were greatest in the
peak of flow at unmodified streams, which can be attributed to the extremely elevated flow during
this portion of the storm and its ability to mobilize particles and microbes from the landscape into
the streams. BMP data suggest an attenuation of protozoa in the BMPs, with a delayed discharge
of the elevated protozoa later in the storm.
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7. Further Research

In sum, the project achieved most of its goals, providing informative results and generat-
ing new questions regarding the mobilization of pathogens during storm events. A complete
report discussing details of the project will be forthcoming under separate cover.

Hillview Reservoir

Hillview Reservoir, part of New York City’s water supply located in Yonkers, New York,
fits the description of an uncovered finished water storage facility according to the Long Term
Enhanced Surface Water Treatment Rule 2 (LT2). Under this rule, NYC was required to cover the
reservoir or treat its discharge in a manner the rule prescribes. In September 2006, DEP initiated a
study to see if a significant difference in protozoa existed at the reservoir’s effluent compared to
its influent, to determine if remedial actions of this kind were warranted. The sampling scheme
included sites along both the Catskill and Delaware Aqueducts, which flow through and bypass
Hillview Reservoir, respectively. Sample collection was carried out in two sampling periods:
September 12, 2006—September 29, 2007, and March 4—August 28, 2008. No significant differ-
ence (p=0.5) was detected between protozoa at the inflows and outflows of Hillview, indicating
the open reservoir does not contain significant sources of these pathogens. This suggests that cov-
ering Hillview Reservoir will not significantly improve the quality of drinking water with respect
to levels of protozoa (DEP 2008c).

Modeling
Two major planned advancements in DEP’s modeling capability—the linkage of water-

shed and reservoir models to a system-wide model (OASIS) and the development of more spa-
tially-distributed and process-based watershed models—have been undertaken to support long-
term planning for climate change and watershed management that maximizes water quality in the
NYC Water Supply.

A system-wide modeling approach investigates how each reservoir fits into the larger
water supply system. This type of analysis would investigate the probability of exceeding (or
staying below) regulatory and guidance pollutant limits at key system locations (e.g., Kensico
effluents, Shandaken Tunnel portal, Rondout effluent) under various realistic scenarios of flow
and loading conditions. By simulating the entire system, the effects on system operations due to
improved water quality in one reservoir can be analyzed.

Spatially-distributed watershed models explicitly simulate loadings from sub-basins and
route water and pollutants from their sources to each reservoir. The effects of BMP-induced pol-
lutant load reductions on reservoir water quality may differ depending on where in the watershed
the pollutant sources are being treated. These analyses would support prioritization of sub-basins
(and possibly stream reaches) for watershed management.
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These advances in modeling are being developed as a result of several projects to upgrade
DEP’s modeling capability and evaluate the effects of climate change on the water supply. Cur-
rent FAD funding over the next four years will provide the resources to develop the data, models,
and tools that could subsequently be used as the basis for future model applications.

7.2 What work issupported through contracts?

DEP accomplishes several goals through contracts, as listed in Table 7.1. The primary
types of contracts are: (1) Operation and Maintenance, (2) Monitoring, and (3) Research and
Development. The Operations and Maintenance contracts are typically renewed each year
because they are devoted to supporting the ongoing activities of the laboratory and field opera-
tions. The Monitoring contracts are devoted to handling some of the laboratory analyses that must
be done to keep up-to-date on the status of the water supply. Research and Development contracts
typically answer questions that allow DEP to implement effective watershed management and
plan for the future.

Table 7.1: DEP contracts related to water quality monitoring and research.

Contract Description Contract Term

Operation and Maintenance
Operation and Maintenance of DEP’s Hydrological Monitoring

Network (Stream Flow) 10/1/06-9/30/09
Operation and Maintenance of DEP’s Hydrological Monitoring

Network (Water Quality) 10/1/06-9/30/10
Waterfowl Management at Kensico Reservoir 8/1/07-3/31/10
SAS Software Contract 6/24/03-6/30/09
Monitoring
Monitoring of NYC Reservoirs for Viruses 7/29/08-7/28/11
Monitoring of NYC Reservoirs for Zebra Mussels 8/1/08—-6/30/10
Monitoring of NYC Residences for Lead and Copper 1/1/07-12/31/09
Organic Analysis Laboratory Contract 7/1/08-6/30/11
Bulk Chemical Analysis 8/1/05-7/31/08

Analysis of Stormwater at Beerston, Cannonsville Watershed 11/1/07-10/30109
Research and Development
Design of Controls for Zebra Mussels in NYC’s Water Supply

System 1/5/94-6/30/10
Development of Turbidity Models for Schoharie Reservoir and

Esopus Creek 8/26/03—-12/31/10
Croton System Model Development and Protech 11/15/05-6/30/10
Robotic Water Quality Monitoring Network 1/1/09-12/31/11
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Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Kensico New Croton East Ashokan Basin Rondout

Analyte WwQS N Range Median N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 427 2.6-21.9 11.4 309 3.8-24.8 10.9 92 3.8-23.7 10.5 179 29-223 10.4
pH (units) 65-851 362 63-75 7.0 256 6.9-89 7.5 92 59-82 7.1 149 6.0-8.5 7.0
Alkalinity (mg/L) 20 8.7-13.3 10.6 29 51.7-170.6 59.9 9 9.2-12.1 9.9 9 53-99 6.5
Conductivity 401 50 - 88 67 309 328 -377 353 86 50 - 64 56 179 44 - 61 53
Hardness (mg/L) 2 20 16.12 - 20.5 19.0 18 82.5-93.8 87.9 8 159-18.2 16.3 9 12.1-16.9 143
Color (Pt-Co units) (15) 371 5-15 10 316 8-45 20 89 5-15 9 180 7-16 12
Turbidity (NTU) (5)3 427 02-25 1.1 316 0.7-4.7 2.0 91 0.8-6.6 1.6 180 04-1.7 0.9
Secchi Disk Depth (m) 117 23-6.1 4.8 102 1.6-3.7 2.6 25 2.1-58 4.2 51 3.7-69 53
BIOLOGICAL
Chlorophyll a (ug/L) 74 61 <0.40 -9.30 4.30 48 4.70 - 16.60 11.75 20 0.96 - 3.78 1.88 24 0.22-5.13 2.28
Total Phytoplankton (SAU) 20004 159 30- 1300 260 161 2 -2600 540 59 5-870 170 106 <5-650 155
CHEMICAL
Dissolved Organic Carbon (mg/L) 193 1.1-1.9 1.5 160 2.1-4.0 2.9 57 1.3-1.8 1.5 80 1.3-1.9 1.5
Total Phosphorus (pg/L) 154 195 3-10 6 161 1.5-33 14 65 <5-13 8 100 <5-9 7
Total Nitrogen (mg/L) 177 0.15-0.44 0.29 162 0.22-0.80 0.48 48 0.11-0.40 0.29 80 0.25-0.47 0.34
Nitrate+Nitrite-N (mg/L) 101 170 0.042-0.336  0.190 162 <0.010-0.520 0.213 42 <0.050-0.276  0.181 29  0.120-0.411  0.257
Total Ammonia-N (mg/L) 21 136 <0.010-0.035 <0.010 138 <0.010-0.447 0.038 57 <0.02 - 0.05 0.02 70 <0.02-0.03  <0.02
Iron (mg/L) 03! 6 0.02-0.04 0.02 62 0.02-0.14 0.07 8 0.02 - 0.06 0.03 8 0.02 -0.04 0.02
Manganese (mg/L) (0.05) na na 69 na na na na 8 na na
Lead (ug/L) 50! <1-<1 <1 4 <1-<1 <1 <1-<I <1 8 <1-<1 <1
Copper (ng/l) 200! 6 <3-<3 <3 4 <3-18 <3 8 <3-27 <3 8 <3-<3 <3
Calcium (mg/L) 20 4.7-5.8 54 18 20.8 - 24.6 22.8 8 48-52 5.0 9 35-49 4.1
Sodium (mg/L) 20 4.06 - 5.95 5.41 25 28.9-353 32.90 8 3.59-4.09 3.75 9 342-4.17 3.64
Chloride (mg/L) 250! 20 7.3-10.9 9.0 27 60.5 - 69 66.9 27 63-7.1 6.7 25 6.4-8.1 6.9
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Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Amawalk Bog Brook Boyd Corners Croton Falls
Analyte WwQS N Range Median N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 49 5.6-25.0 12.1 50 6.5-25.1 13.0 44 6.9-26.0 17.5 34 73-242 14.8
pH (units) 65-851 49 7.0-9.1 7.7 47 7.0-8.7 7.5 44 6.8-8.1 7.4 28 7.0-8.5 7.4
Alkalinity (mg/L) 9 63.2-79.8 69.3 9 64.3-78 70.6 5 23.9-37.1 34.5 3 44.7-53.6 45.8
Conductivity 49 451 - 488 470 50 308 - 329 316 44 193 - 224 209 34 251 - 409 300
Hardness (mg/L) > 9 98.9-110.0 106.2 7 92.3-95.7 94.1 5 404 -51.2 48.3 3 65.3-77.6 66.0
Color (Pt-Co units) (15) 49 12-35 20 48 10-35 18 39 15-30 25 24 15-50 21
Turbidity (NTU) 5)3 49 1.0-42 22 48 09-53 2.0 40 0.7-3.1 1.7 24 1.5-18.0 2.5
Secchi Disk Depth (m) 18 20-39 2.9 15 2.1-44 33 17 26-43 3.6 8 2.7-3.6 2.9
BIOLOGICAL
Chlorophyll a (ug/L) 74 18 3.10 - 22.10 9.10 14 1.40 - 34.90 5.35 18 <0.40 - 14.10 6.90 3 9.20 - 13.60 10.70
Total Phytoplankton (SAU) 2000 4 12 63 - 2200 310 10 250 - 3000 710 13 30-3300 400 8 490 - 1500 1100
CHEMICAL
Dissolved Organic Carbon (mg/L) 47 2.7-4.1 33 45 2.8-4.2 33 40 22-44 3.9 13 2.1-29 2.6
Total Phosphorus (pg/L) 154 49 9-44 17 48 6-100 19 40 6-15 12 18 5-38 15
Total Nitrogen (mg/L) 49 0.24 - 0.87 0.47 41 0.18 - 0.57 0.27 37 0.15-0.67 0.24 13 0.26 - 1.04 0.29
Nitrate+Nitrite-N (mg/L) 101! 49  <0.010-0.395 0.112 42  <0.010-0.105 0.005 38 <0.010-0.133  0.005 13 <0.010-0.210 0.095
Total Ammonia-N (mg/L) 21 42 <0.010-0.417 0.022 45 <0.010-0.292 <0.010 38 <0.010-0.033 <0.010 13 <0.010-0.843 0.027
Iron (mg/L) 03! 3 0.05-0.10 0.09 3 0.06 - 0.96 0.06 4 0.07 - 0.49 0.10 0 na
Manganese (mg/L) (0.05) 3 na na 3 na na 4 na na 0 na na
Lead (pg/L) 50! 3 <l-1 <1 3 <1-<I1 <1 4 <1-<1 <1 0 na
Copper (ng/l) 200! 3 <3-<3 <3 3 <3-10 <3 4 <3-<3 <3 0 na
Calcium (mg/L) 9 243-27.9 26.4 7 23.2-239 234 5 10.1 - 12.6 12.0 3 16.5-19.8 16.8
Sodium (mg/L) 9 44.8 - 49.8 49.00 7 23.6-25.5 24.50 5 20.6-22.5 22.10 3 28.7-36.3 29.00
Chloride (mg/L) 250! 6 93.9-98.8 96.3 8 49 -52.5 51.7 5 38-413 40.4 3 54.8 - 66.9 54.9




6ET

Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Cross River Diverting East Branch Lake Gilead
Analyte WQS N Range Median N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 54 4.5-25.7 8.9 31 79-214 15.8 55 7.0-24.9 15.8 35 5.0-24.5 5.4
pH (units) 65-851 54 6.7-9.0 7.4 29 73-84 7.6 52 7.1-8.7 7.4 20 6.8-89 7.1
Alkalinity (mg/L) 9 38.7 - 46 423 4 69.4 -102.9 78.0 9 67.8-92.4 85.8 3 40.2 -45.8 41.5
Conductivity 54 219 - 247 225 31 313 -391 358 55 292 - 345 322 20 196 - 221 209
Hardness (mg/L) 2 9 57.7-65.5 61.0 3 99.4 - 124.0 102.3 6 89.6 - 110.0 102.6 3 55.5-58.9 56.9
Color (Pt-Co units) (15) 51 10 - 30 20 21 20 - 40 25 55 15-50 25 6 10-25 10
Turbidity (NTU) 5)3 51 08-74 1.8 21 1.7-5.8 3.0 55 0.8-4.1 1.9 6 1.0-1.9 1.4
Secchi Disk Depth (m) 16 2.6-5.1 3.6 15 14-32 2.6 16 1.9-4.1 2.3 7 26-53 4.4
BIOLOGICAL
Chlorophyll a (ug/L) 74 14 2.10-16.40 7.10 11 4.20 - 35.30 10.58 17 1.50-21.20 10.70 2 3.00 - 5.80 4.40
Total Phytoplankton (SAU) 2000 4 9 33-1700 780 6 100 - 3300 1700 10 25-2700 675 2 9-30 20
CHEMICAL
Dissolved Organic Carbon (mg/L) 51 2.5-35 2.9 17 2.7-4.17 33 52 3.0-6.1 3.9 6 2.6-3.7 3.0
Total Phosphorus (pg/L) 154 48 9-27 13 26 11-35 21 55 7-35 19 6 11-171 20
Total Nitrogen (mg/L) 51 0.11-0.57 0.31 14 0.28 - 0.90 0.42 49 0.18 - 0.64 0.32 6 0.23-0.74 0.33
Nitrate+Nitrite-N (mg/L) 101! 45 <0.010-0.327  0.025 18 <0.010-0.251 0.184 49 <0.010-0.181 0.024 6 <0.010-0.042 0.012
Total Ammonia-N (mg/L) 21 45  <0.010-0.173 0.018 16 <0.010-0.616 0.021 52 <0.010-0.159 0.014 6 <0.010-0.452 <0.010
Iron (mg/L) 03! 3 0.05-0.25 0.06 2 0.24 - 0.27 0.25 3 0.05-0.17 0.05 3 0.02-0.22 0.04
Manganese (mg/L) (0.05) 3 na na 2 na na 3 na na 3 na na
Lead (pg/L) 50! 3 <1-<1 <1 2 <1-<1 <1 3 <1-<1 <1 3 <1-2 <1
Copper (ng/l) 200! 3 <3-<3 <3 2 <3-<3 <3 3 <3-6 <3 3 <3-<3 <3
Calcium (mg/L) 15.5-17.8 16.6 3 254-322 259 6 22.4-27.4 25.5 3 13.8-15.1 14.2
Sodium (mg/L) 16.6 - 18.1 17.80 3 29.1-31.5 30.00 6 21.3-22.7 21.55 5 15.7-17.0 16.30
Chloride (mg/L) 250! 12 36.2-37.6 36.8 4 54 -64.4 59.3 9 432-4738 473 3 34.1-34.7 342
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Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Lake Gleneida Kirk Lake Muscoot Middle Branch
Analyte WwQsS N Range Median N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 35 5.0-24.6 5.7 24 10.5-27.4 21.0 58 83-232 15.0 45 6.7-24.6 10.6
pH (units) 65-851 20 7.0-8.8 7.4 15 7.1-8.8 7.6 58 7.0-9.0 7.6 45 7.0-9.0 7.4
Alkalinity (mg/L) 3 64.8 -79.2 66.5 3 46.8-51.2 51.1 6 63-93.3 68.7 9 47.2-65.9 55.7
Conductivity 20 378 - 431 403 15 322 -349 342 58 311-476 365 45 438 - 482 452
Hardness (mg/L) 2 3 92.4-95.6 92.4 0 na 5 89.3-109.4 95.2 8 75.6-872 794
Color (Pt-Co units) (15) 6 10 - 70 15 20-30 25 56 20-90 25 38 15-50 22
Turbidity (NTU) 5)3 6 0.7-10.0 1.6 2.1-47 4.5 56 1.1-10.0 2.8 38 1.6-11.0 2.6
Secchi Disk Depth (m) 7 45-5.0 4.8 18 1.8-3.6 2.9 32 1.5-34 2.5 15 1.8-6.4 3.0
BIOLOGICAL
Chlorophyll a (ug/L) 74 1 2.60 - 2.60 2.60 2 10.10-18.80  14.45 29 1.10-39.10 16.40 13 <0.40-21.00 9.00
Total Phytoplankton (SAU) 2000 4 2 50 -200 125 2 120 - 1800 960 21 25 - 4400 1200 7 23 -2700 900
CHEMICAL
Dissolved Organic Carbon (mg/L) 6 2.3-3.0 2.8 5 43-45 4.4 56 1.5-49 3.7 38 24-42 3.1
Total Phosphorus (pg/L) 154 6 8-268 21 5 17-35 26 56 13-60 23 38 12 -221 20
Total Nitrogen (mg/L) 6 0.24 - 0.95 0.26 5 0.27 - 0.56 0.31 49 0.25-1.35 0.48 34 0.22-1.39 0.45
Nitrate+Nitrite-N (mg/L) 10! 3 <0.010 - <0.010  0.005 5 <0.010-0.045 0.005 56 <0.010 - 0.552 0.203 36 <0.010-0.382 0.065
Total Ammonia-N (mg/L) 21 6 <0.010-0.769 <0.010 5 <0.010-0.183 <0.010 56 <0.010-0.99 0.019 33  <0.010-0.831 0.047
Iron (mg/L) 03! 3 0.02 - 0.86 0.04 3 0.05-0.11 0.09 4 0.10-2.35 0.16 4 0.06 - 1.22 0.12
Manganese (mg/L) (0.05) 3 na na 3 na na 4 na na 4 na na
Lead (pg/L) 50! 3 <1-2 2 3 <1-2 <1 4 <l-<1 <l 4 <l-<1 <1
Copper (ng/l) 200! 3 <3-<3 <3 3 <3-8 4 4 <3-<3 <3 4 <3-<3 <3
Calcium (mg/L) 3 22.9-24.1 229 0 na 5 22.7-27.4 242 8 19.3-22 20.4
Sodium (mg/L) 6 40.2-42.8 40.90 1 323-323 32.30 5 27.4-38.1 32.10 8 50.3 - 54.7 52.45
Chloride (mg/L) 250! 3 79.3-81.6 79.4 3 64.7 - 65.4 64.7 6 58.2-81.1 71.1 8 96-103.3 99.8
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Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Titicus West Branch West Ashokan Basin Pepacton
Analyte WwQsS N Range Median N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 49 48-255 10.9 147 3.6-23.6 13.8 143 4.0-228 9.5 203 27-233 7.3
pH (units) 65-851 49 7.0-8.6 7.7 133 6.4-8.1 7.2 143 59-75 6.7 157 6.6-9.2 7.1
Alkalinity (mg/L) 9 58.5-68.3 64.3 14 9.4 -50.5 17.9 12 6.6-13.9 10.1 21 9.2-13.5 10.5
Conductivity 49 261 - 298 275 139 59-165 95 105 42 -170 55 190 54 - 67 58
Hardness (mg/L) 2 9 76.1 - 89.8 82.6 5 19.2 -30.2 22.1 9 12.7 -20.0 18.1 19 16.3-20.3 18.2
Color (Pt-Co units) (15) 46 10-35 20 147 8-30 15 141 6-18 12 197 6-17 12
Turbidity (NTU) 5)3 46 0.8-49 1.9 147 0.7-3.5 1.4 144 1.3-93 3.6 197 0.4-9.0 1.6
Secchi Disk Depth (m) 17 2.0-4.6 2.7 60 0.2-5.0 3.6 39 1.4-45 3.1 66 0.6-5.1 3.9
BIOLOGICAL
Chlorophyll a (ug/L) 74 17 1.40 - 18.70 8.40 28  <0.40-16.60 4.45 28 1.04 -4.71 2.18 43 0.03 - 8.03 433
Total Phytoplankton (SAU) 2000 4 7 75 - 1600 640 76 21-2500 440 75 <5-610 180 61 <5-880 230
CHEMICAL
Dissolved Organic Carbon (mg/L) 45 2.5-4.6 3.1 62 1.5-3.3 2.0 85 1.0-2.1 1.3 145 1.2-2.0 1.4
Total Phosphorus (pg/L) 154 42 11-48 17 74 5-19 9 105 <5-14 8 192 <5-22 8
Total Nitrogen (mg/L) 45 0.20 - 0.70 0.34 75 0.15-0.39 0.26 75 0.15-0.39 0.30 130 0.14 - 0.59 0.47
Nitrate+Nitrite-N (mg/L) 101! 40 <0.010-0.353  0.020 76  <0.010-0.264 0.131 59 <0.050 - 0.301 0.222 64  <0.050-0.480 0.381
Total Ammonia-N (mg/L) 21 36 <0.010-0.431 0.023 76  <0.010-0.101 <0.010 85 <0.02-0.03 <0.02 142 <0.02-0.04 <0.02
Iron (mg/L) 03! 3 0.05-0.42 0.08 5 0.03 - 0.96 0.06 8 0.02-0.50 0.05 8 0.02-0.04 0.03
Manganese (mg/L) (0.05) 3 na na 5 na na na na 8 na na
Lead (pg/L) 50! 3 <1-<1 <1 5 <1-<1 <1 <l-1 <1 8 <1-<1 <1
Copper (ng/l) 200! 3 <3-<3 <3 5 <3-<3 <3 8 <3-14 <3 8 <3-3 <3
Calcium (mg/L) 9 19.4 -23.1 21.0 5 51-79 5.8 3.8-6.2 5.5 19 4.8-6.1 53
Sodium (mg/L) 9 17.9-19.9 18.70 5 7.85-10.5 8.80 3.32-441 3.79 19 3.62-3.90 3.74
Chloride (mg/L) 250! 9 39-41 39.8 14 9.6 -343 19.0 36 59-17.6 6.6 40 6.2-7 6.8
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Appendix Table A.1. Reservoir-wide summary statistics for a variety of physical, biological, and chemical analytes, 2008.

Neversink Schoharie Cannonsville
Analyte WQS N Range Median N Range Median N Range Median
PHYSICAL
Temperature (°C) 136 33-224 8.1 119 42-22.1 9.7 183 3.7-232 11.8
pH (units) 65-851 136 56-73 6.3 119 63-7.7 6.9 166 6.5-9.1 7.0
Alkalinity (mg/L) 9 1.7-6.5 3.0 9 9.7-18.8 12.9 18 10.9-20.4 15.8
Conductivity 136 25-31 29 108 58-92 73 183 73 -103 83
Hardness (mg/L) 2 9 73-82 8.0 6 16.4-19.8 18.6 18 20.0 - 26.6 24.7
Color (Pt-Co units) (15) 136 7-18 12 91 5-24 16 165 8-23 14
Turbidity (NTU) 5)3 136 03-1.6 0.8 120 1.2-11.0 43 165 0.8-11.0 24
Secchi Disk Depth (m) 39 44-938 5.8 41 1.1-4.0 22 59 1.7-53 29
BIOLOGICAL
Chlorophyll a (ug/L) 74 32 0.47 - 6.00 2.65 35 0.16 - 5.67 1.63 48 1.44-13.27 5.07
Total Phytoplankton (SAU) 2000 4 62 <§-220 41 52 <5-1100 56 76 5-4400 295
CHEMICAL
Dissolved Organic Carbon (mg/L) 97 14-2.1 1.6 73 14-2.8 1.7 147 1.3-22 1.6
Total Phosphorus (pg/L) 154 135 <5-8 5 104 6-19 10 163 5-19 14
Total Nitrogen (mg/L) 97 0.10-0.35 0.28 73 0.14-0.45 0.32 120 0.20-0.79 0.54
Nitrate+Nitrite-N (mg/L) 10! 46  <0.050-0.250 0.180 37 <0.050-0.350 0.180 60  <0.050-0.721  0.402
Total Ammonia-N (mg/L) 21 96 <0.02 - 0.08 <0.02 64 <0.02 - 0.04 0.02 132 <0.02 - 0.05 0.02
Iron (mg/L) 03! 7 0.04-0.10 0.06 4 0.11-0.33 0.15 8 0.04-0.11 0.07
Manganese (mg/L) (0.05) na na 4 na na na na
Lead (ug/L) 50! <1-1 <1 4 <l-<1 <1 <l-<l1 <1
Copper (ng/l) 200! 7 <3-<3 <3 4 <3-<3 <3 8 <3-5 <3
Calcium (mg/L) 21-23 2.3 6 51-6.0 5.8 18 56-7.6 7.1
Sodium (mg/L) 1.69-1.85 1.80 6 4.57-532 5.04 18 5.94-7.56 6.40
Chloride (mg/L) 250! 21 3.1-3.7 3.5 28 6.8-11.1 9.6 32 103 - 12.7 11.1
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Notesfor Appendix A:
Footnotes:
1 = Numeric water quality standards, from 6NYCRR Part 703.
2 = Hardness calculated as follows:
Hardness=2.497[Ca™?] + 4.118[Mg™]
3 = Narrative water quality standards.
4 = DEP target values are listed for chlorophyll a, total phosphorus, and total
phytoplankton. The total phosphorus target value of 15 pg L applies to source water
reservoirs only and has been adopted by NYSDEC in the TMDL Program.

The turbidity, color, and manganese standards in parentheses are applicable only to
keypoint and treated water, respectively, but are supplied to provide context for the reservoir data.

Abbreviations:
N = number of samples
na = not available
Range = minimum to 95%-ile (to avoid the occasional outlier in the dataset)
< =non detect; number to right of < is the detection limit
SAU = standard areal units

Data Analysis Consider ations:
Reservoirs are sampled at least monthly from April to November, except for the controlled

lakes Gleneida, Kirk, and Gilead, which are only sampled 3 times per year. Some reservoirs (e.g., Cro-
ton Falls and Diverting) were sampled less than monthly because of limited access due to dam rehabil-
itation work. The 2008 data were provisional at the time this report was written.

For most parameters, the data for each reservoir represent a statistical summary of all sam-
ples taken at the sites and depths listed in Section 3.3, Reservoir Status, of the Integrated Monitor-
ing Report (DEP 2003a).

Chlorophyll a results are from surface samples collected at a 3-meter depth from April
—November. Note that this differs from the trophic status boxplots presented in Chapter 3, which
only consider photic samples collected during the growing season (May—October).

Values less than the detection limit have been converted to half the detection limit for all
calculations. Analytical detection limits vary by analyte and laboratory.

Analytical M ethods:
In general all analytical methods are taken from Standard Methods. Details are available

on request.
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Appendix B

Appendix B Key to Boxplots

® < Qutlier (defined as a point >UQ+1.5xIQD
or <LQ-1.5xIQD, where IQD=UQ-LQ).

T The lines extending from the top and bottom
of each box mark the minimum and maximum values
within the data set that fall within an acceptable range.
\ Values outside this range are called outliers (see above).

\ Upper quartile (UQ)

Median

Lower quartile (LQ)
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Appendix C

Appendix C - Phosphorus-Restricted Basin Assessment
M ethodology

A phosphorus-restricted basin is defined in the New York City Watershed Regulations as
“the drainage basin of a reservoir or controlled lake in which the phosphorus load to the reservoir
or controlled lake results in the phosphorus water quality values established by the New York
State Department of Environmental Conservation and set forth in its Technical and Operational
Guidance Series (TOGS) 1.1.1, Ambient Water Quality and Guidance Values (October 22, 1993)
being exceeded as determined by the Department pursuant to its annual review conducted under
Section 18-48c of Subchapter D.” (DEP 2002a). The designation of a reservoir basin as phospho-
rus restricted has two primary effects:1) new or expanded wastewater treatment plants with sur-
face discharges are prohibited in the reservoir basin, and 2) stormwater pollution prevention plans
required by the Watershed Regulations must include an analysis of phosphorus runoff, before and
after the land disturbance activity, and must be designed to treat the 2-year, 24-hour storm. A sum-
mary of the methodology used in the phosphorus-restricted analysis will be given here; the com-
plete description can be found in A Methodology for Determining Phosphorus Restricted Basins
(DEP 1997).

The list of phosphorus-restricted basins is updated annually. The data utilized in the analy-
sis is from the routine limnological monitoring of the reservoirs. All reservoir samples taken dur-
ing the growing season, which is defined as May 1 through October 31, are used. Any recorded
concentrations below the analytical limit of detection are set equal to half the detection limit. The
detection limit for DEP measurements of total phosphorus is assessed each year by the DEP labo-
ratories, and typically ranges between 2—5 ng Ll Phosphorus concentration data for the reser-
voirs approaches a lognormal distribution; therefore, the geometric mean is used to characterize
the annual phosphorus concentrations. Appendix Table C.1 provides the annual geometric mean
for the past six years.

The five most recent annual geometric means are averaged arithmetically, and this average
constitutes one assessment. The “running average” method weights each year equally, thus reduc-
ing the effects of unusual hydrology or phosphorus loading for any given year, while maintaining
an accurate assessment of the current conditions in the reservoir. If any reservoir has less than
three surveys during a growing season, then that annual average may or may not be representative
of the reservoir, and the data for the under-sampled year is removed from the analysis. In addition,
each five-year assessment must incorporate at least three years of data.

To provide some statistical assurance that the five-year arithmetic mean is representative
of a basin’s phosphorus status, given the interannual variability, the five-year mean plus the stan-
dard error of the five-year mean is compared to the NYS guidance value of 20 pg L', A basin is
unrestricted if the five-year mean plus standard error is below the guidance value of 20 ug L,
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and phosphorus restricted if it is equal to or greater than 20 pg L', unless DEP, using its best pro-
fessional judgment, determines that the phosphorus-restricted designation is due to an unusual
and unpredictable event unlikely to occur in the future. A reservoir basin designation, as phospho-

rus restricted or unrestricted, may change through time based on the outcome of this annual

assessment. However, a basin must have two consecutive assessments (i.e., two years in a row)

that result in the new designation in order to officially change the designation.

Appendix Table C.1: Geometric mean total phosphorus data utilized in the phosphorus-

restricted assessments. All reservoir samples taken during the growing season (May 1
through October 31) are used. Any recorded concentrations below the analytical limit
of detection are set equal to half the detection limit.

Reservoir Basin 2003 2004 2005 2006 2007 2008
wgLt  pgL' gL pgLt pgLt pgL!

Delaware District
Cannonsville Reservoir 154 15.1 19.6 20.5 14.0 13.4
Pepacton Reservoir 9.1 9.2 8.7 10.8 9.7 8.2
Neversink Reservoir 5.2 5.0 7.3 7.3 4.7 4.7
Rondout Reservoir 6.8 8.6 7.8 8.6 7.1 6.1
Catskill District
Schoharie Reservoir 7.5 133 20.6 17.4 9.7 9.5
Ashokan-West Reservoir 6.1 93 26.0 11.2 8.1 7.2
Ashokan-East Reservoir 7.0 10 11.0 9.9 7.3 7.5
Croton District
Amawalk Reservoir 19.6 26.5 24.0 24.5 20.2 17.9
Bog Brook Reservoir 16.9 26.8 18.6 18.7 24.0 21.5
Boyd Corners Reservoir 12.4 13.8 * 17.4 15.6 11.6
Cross River Reservoir 17.9 20.2 18.7 18.6 17.8 13.8
Croton Falls Reservoir 20.4 18.1 * 19.2 * 14.4%*
Diverting Reservoir 28.8 28.3 * * * 22.8
East Branch Reservoir 26.5 44.2 28.3 28.4 23.0 21.6
Middle Branch Reservoir 23.7 * 31.5 24.2 25.0 27.9
Muscoot Reservoir 29.5 26.0 26.8 27.9 25.7 27.6
Titicus Reservoir 273 25.4 24.6 29.6 21.6 17.5
West Branch Reservoir 10.2 11.5 14.8 10.3 9.6 94
Lake Gleneida 22.8 * * 24.2 * *
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Appendix C

Appendix Table C.1: (Continued) Geometric mean total phosphorus data utilized in the
phosphorus- restricted assessments. All reservoir samples taken during the growing
season (May 1 through October 31) are used. Any recorded concentrations below the
analytical limit of detection are set equal to half the detection limit.

Reservoir Basin 2003 2004 2005 2006 2007 2008
ugLt  pgL' gLt opgLt opgLt pgL!
Lake Gilead 28.5 21.8 * 30.5 33.6 *
Kirk Lake 30.8 * * 29.7 28.6 *
Sour ce Water
Kensico Reservoir 7.6 8.8 9.7 7.6 7.0 6.4
New Croton Reservoir 19.5 22.4 18.2 18.1 17.7 15.5

* Indicates less than three successful surveys during the growing season (May—October).
**The Croton Falls mean was biased due to sampling the main basin only (for details, see Section 3.7).
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Appendix D

Appendix D. Monthly coliform-restricted calculations for
total coliform counts on non-terminal reservoirs (2008)
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Appendix D

Appendix Table D.1: Monthly coliform-restricted calculations for total coliform counts on non-
terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of five samples per
month. Both the median value and >20 % of the total coliform counts for a given
month need to exceed the stated value for a reservoir to exceed the standard.

Standard
Reservoir Class gfﬁi(ehiré{c Collection Totell\l/[ Eccl)lleilrflorm Percentage
>20% of Date (CFU100mLl) = Standard
samples)
CA A 2400/5000 Apr-08 5 20 0
CA May-08 5 45 0
CA Jun-08 5 20 0
CA Jul-08 5 >1600 0
CA Aug-08 5 100 0
CA Sep-08 5 <100 0
CA Oct-08 5 40 0
CA Nov-08 5 60 0
CBB AA 50/240 Apr-08 5 <5 0
CBB May-08 5 10 0
CBB Jun-08 6 25 0
CBB Jul-08 5 10 0
CBB Aug-08 5 120 0
CBB Sep-08 6 100 0
CBB Oct-08 5 20 0
CBB Nov-08 6 40 0
CBC AA Apr-08 6 15 0
CBC May-08 5 20 0
CBC Jun-08 5 440 80
CBC Jul-08 7 <20 0
CBC Aug-08 7 1000 100
CBC Sep-08 7 <500 100
CBC Oct-08 7 200 14
CCF A/AA 50/240 Jul-08 900 100
CCF Aug-08 <100 0
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Appendix Table D.1: (Continued) Monthly coliform-restricted calculations for total coliform
counts on non-terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of
five samples per month. Both the median value and >20 % of the total coliform counts
for a given month need to exceed the stated value for a reservoir to exceed the

standard.
Standard
(Median/ . Median
Reservoir Class Value not Collection Total Coliform Percentage
>20% of Date (CFU100mLl) = Standard
samples)
CCF Sep-08 6 50 0
CCF Oct-08 18 50 0
CCF Nov-08 3 Insufficient Data -
CCR A/AA 50/240 Apr-08 6 10 0
CCR May-08 5 <5 0
CCR Jun-08 6 20 0
CCR Jul-08 6 85 17
CCR Aug-08 5 20 0
CCR Sep-08 6 410 67
CCR Oct-08 6 90 17
CCR Nov-08 6 60 0
CD AA 50/240 Apr-08 5 20 0
CD May-08 3 Insufficient Data -
CD Jun-08 5 TNTC ?
CD Jul-08 5 250 60
CD Aug-08 5 400 60
CD Sep-08 4 Insufficient Data -
CEB AA 50/240 Apr-08 5 20 0
CEB May-08 6 50 0
CEB Jun-08 6 120 0
CEB Jul-08 6 20 0
CEB Aug-08 5 60 0
CEB Sep-08 6 215 50
CEB Oct-08 6 30 0
CEB Nov-08 6 65 0
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Appendix Table D.1: (Continued) Monthly coliform-restricted calculations for total coliform
counts on non-terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of
five samples per month. Both the median value and >20 % of the total coliform counts
for a given month need to exceed the stated value for a reservoir to exceed the

standard.
Standard
(Median/ . Median
Reservoir Class Value not Collection n Total Coliform Percentage

> 20% of Date (CFU100mL-1) ~~ Standard

samples)
CGD A 2400/5000 Apr-08 5 <5 0
CGD May-08 5 5 0
CGD Jun-08 5 35 0
CGD Jul-08 5 200 0
CGD Aug-08 5 <50 0
CGD Sep-08 5 10 0
CGD Oct-08 5 90 0
CGD Nov-08 5 10 0
CGL AA 50/240 Apr-08 5 <5 0
CGL May-08 5 5 0
CGL Jun-08 5 5 0
CGL Jul-08 5 <100 0
CGL Aug-08 5 <20 0
CGL Sep-08 5 20 0
CGL Oct-08 5 20 0
CGL Nov-08 5 5 0
CKL B 2400/5000 Apr-08 5 5 0
CKL May-08 5 10 0
CKL Jun-08 5 30 0
CKL Jul-08 5 100 0
CKL Aug-08 5 100 0
CKL Sep-08 5 60 0
CKL Oct-08 5 200 0

CM A 2400/5000 Apr-08 7 45 0
CM May-08 7 160 0
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Appendix Table D.1: (Continued) Monthly coliform-restricted calculations for total coliform
counts on non-terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of
five samples per month. Both the median value and >20 % of the total coliform counts
for a given month need to exceed the stated value for a reservoir to exceed the

standard.
Standard
Reservoir Class gflzl/lhelilflrcl){[ Collection n Tot;\]/l ecc(l)lﬁlflom Percentage
> 20% of Date (CFU100mL") > Standard
samples)
M Jun-08 7 300 0
M Jul-08 7 200 0
M Aug-08 7 2300 29
M Sep-08 7 580 0
M Oct-08 7 620 0
M Nov-08 7 200 0
CMB A 2400/5000 Apr-08 5 5 0
CMB May-08 5 20 0
CMB Jun-08 5 30 0
CMB Jul-08 5 20 0
CMB Aug-08 7 70 0
CMB Sep-08 5 40 0
CMB Oct-08 5 40 0
CMB Nov-08 5 40 0
CT AA 50/240 Apr-08 5 0
CT May-08 5 0
CT Jun-08 5 50 0
CT Jul-08 5 200 40
CT Aug-08 5 200 40
CT Sep-08 5 50 0
CT Oct-08 5 20 0
CT Nov-08 5 40 0
EDP A/AA 50/240 Apr-08 34 2 0
EDP May-08 34 3 3
EDP Jun-08 28
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Appendix Table D.1: (Continued) Monthly coliform-restricted calculations for total coliform
counts on non-terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of
five samples per month. Both the median value and >20 % of the total coliform counts
for a given month need to exceed the stated value for a reservoir to exceed the

standard.
Standard
(Median/ . Median
Reservoir Class Value not Collection Total Coliform Percentage
>20% of Date (CFU100mL1) = Standard
samples)
EDP Jul-08 32 12 13
EDP Aug-08 16 40 0
EDP Sep-08 16 15 0
EDP Oct-08 15 12 0
EDP Nov-08 16 6 0
NN AA 50/240 Apr-08 26 2.5 4
NN May-08 25 7 0
NN Jun-08 24 2 0
NN Jul-08 12 4 0
NN Aug-08 12 <10 0
NN Sep-08 11 16 0
NN Oct-08 11 12 0
NN Nov-08 12 15 0
SS AA 50/240 Apr-08 20 170 25
SS May-08 18 90 17
SS Jun-08 18 950 78
SS Jul-08 9 >8000 92
SS Aug-08 9 >16000 100
SS Sep-08 9 >29000 100
SS Oct-08 9 2000 100
SS Nov-08 9 1900 100
WDC A/AA 50/240 Apr-08 30 2 0
WDC May-08 30 11 3
WDC Jun-08 30 100 17
WDC Jul-08 15 200 41
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Appendix Table D.1: (Continued) Monthly coliform-restricted calculations for total coliform
counts on non-terminal reservoirs (2008). 6NYCRR Part 703 requires a minimum of
five samples per month. Both the median value and >20 % of the total coliform counts
for a given month need to exceed the stated value for a reservoir to exceed the

standard.
Standard
(Median/ . Median
Reservoir Class Value not Collection n Total Coliform Percentage
>20%o0f D3 (CFUI0OmL-)y > Standard
samples)
WDC Aug-08 15 80 10
WDC Sep-08 15 100 6
WDC Oct-08 15 <10 0
WDC Nov-08 15 35 0

Note: (1) The reservoir class is defined by 6NYCRR Parts 815, 862, 864, and 879. For those reservoirs that have dual
designations, the higher standard was applied. (2) Diverting Reservoir had five samples in June that were Too
Numerous To Count (TNTC). The median could not be estimated for these samples.
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Exhibit 10: Proposed Treatment Methods

All surface water and groundwater entering New York City’s distribution system is treated with chlorine,
fluoride, food grade phosphoric acid and, in some cases, sodium hydroxide; additionally, the City has the
capability to treat with alum and chlorine at selected watershed locations, when needed.

Due to their high quality, waters from the Croton and Catskill/Delaware systems have historically only
been treated with chlorine disinfection, beginning in 1910 for the Croton System and at the startup of the
Catskill and Delaware systems. New York City continues to use chlorine to meet the New York State
Sanitary Code and federal Safe Drinking Water Act disinfection requirements.

Chlorination currently takes place at multiple locations in the Croton and Catskill/Delaware systems.
Croton water is chlorinated at the Croton Lake Gate House to achieve a level of disinfection sufficient to
satisfy the Surface Water Treatment Rule (SWTR) in the New Croton aqueduct. Additional chlorine is
added at the Jerome Park Reservoir to help maintain a residual within the distribution system. Similarly,
the Catskill/Delaware system water is chlorinated twice prior to the distribution of water into the City.
Chlorine is initially added to both the Catskill and Delaware aqueducts as the water leaves Kensico
Reservoir. Chlorine levels from this initial application are used to achieve compliance with the SWTR.
Additional chlorine is added to the City’s three water tunnels at Hillview Reservoir and at several points
in the City to help maintain residual levels in the distribution system. NYC also has the ability to treat
water quality issues in the Catskill and Delaware system at watershed reservoirs above Kensico
Reservoir. Chlorine in the form of sodium hypochlorite can be added to water leaving Rondout and West
Branch Reservoirs. Two water treatment facilities located in the influent chambers of West Branch
(Delaware Shaft 9) and Kensico Reservoirs (Delaware Shaft 17) can provide dechlorination with sodium
bisulfite, thus avoiding the release of chlorinated water into either the West Branch or Kensico
Reservoirs.

DEP is one of the many drinking water systems in New York State that provides drinking water with a
controlled, low level of fluoride for consumer dental health protection. In 1966, the City began adding
fluoride at the Kensico (Catskill and Delaware) and Dunwoodie (Croton) Facilities. The New York City
Health Code requires a fluoride concentration of 1.0 mg/L, with an acceptable range of 0.9 to 1.1 mg/L.
To ensure that the fluoride supplement in the water provides optimal dental protection, NYSDOH
requires that NYCDEP monitor fluoride levels on a daily basis.

Two water treatment facilities can also apply aluminum sulfate (alum) to increase settling of particulates
in Catskill and Delaware water entering Kensico Reservoir during periods of high turbidity. Alum has
been used occasionally on the Catskill system, where it is added to the Catskill Aqueduct at the
Pleasantville Alum Plant prior to the water entering the Kensico Reservoir. Alum can also be added to
the Delaware system between West Branch and Kensico Reservoirs at Delaware Shaft 17 in an
emergency. However, this facility has not been used since the 1970s. Sodium hydroxide addition may
also take place when alum is being used at these locations to help improve the effectiveness of alum
treatment.

Sodium hydroxide may also be added to Croton, Catskill, and Delaware water to raise the pH and reduce
corrosivity. Sodium hydroxide additions take place at Hillview (and occasionally at Dunwoodie) to assist
in corrosion control and to neutralize acidity arising from fluoride addition.

Food grade phosphoric acid is added for corrosion control to create a protective film on pipes that reduces

the release of metals such as lead from household plumbing. Phosphoric acid is applied at the Hillview
downtake chambers (Catskill and Delaware) and the Jerome Park Reservoir Gate House No. 5 (Croton).
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Comprised of 69 wells, the NYCDEP’s Groundwater System provides drinking water to fewer than
100,000 people in New York City. Residents within the system receive groundwater or a mix of ground
and surface waters depending on demand and supply availability. All groundwater entering New York
City’s distribution system is treated with chlorine, fluoride, food grade phosphoric acid, and, in some
cases, sodium hydroxide. Additionally, a sequestering phosphate is applied at several wells to prevent the
precipitation of naturally occurring minerals, mostly iron and manganese, in the distribution mains and
customers’ household piping. Air stripper facilities and granular activated carbon units can be operated at
several wells if needed, to remove volatile and semivolatile organic compounds.

Figure 1 indicates the current principal chemical feed locations, with the new Cat/Del UV Facility and
Croton Water Filtration Plant (red) for the Croton, Catskill and Delaware systems.
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New York City Distribution System

Figure 1. This diagram of the New York Water Supply System indicates the locations and current
treatment capabilities of system treatment facilities. Also indicated are the locations of the Croton Water
Filtration Plant and the Catskill-Delaware UV plant (in red), which are currently under construction.
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Catskill/Delaware UV Facility

EPA published new regulations in the Federal Register on January 5, 2006, including the Long Term 2
Enhanced Surface Water Treatment Rule (LT2ESWTR), to improve control of microbial pathogens. In
preparation for the new rule, which was first proposed in August 2003, New York City designed an
ultraviolet (UV) light disinfection plant for the Catskill/Delaware System. Construction of the facility
began in 2008 and operation is expected to begin in 2012.

Capable of supplying 90 to 100 percent of New York City’s drinking water, the Catskill-Delaware Water
System operates under a Filtration Avoidance Determination (FAD) granted by the USEPA, allowing
operation of the system without filtration, but with implementation of several actions that further protect
water quality. One of the FAD requirements entails design and construction of an Ultraviolet Light (UV)
Disinfection Facility for the Catskill/Delaware Water System, to provide 3-log inactivation of
Cryptosporidium. The NYCDEP is now constructing the 2,020-million gallon per day UV Facility at the
New York City-owned Eastview site, a 153-acre property situated in the Westchester County Towns of
Mount Pleasant and Greenburgh. The UV Facility construction effort consists of several components,
including a main UV building with 56 UV disinfection chambers (each of which will treat 40 mgd); water
conveyance systems (e.g., valve and metering chambers); rehabilitation of and modifications to existing
Shaft 19; and a new Catskill Connection Chamber. The Facility will also include emergency power and
an uninterrupted power supply (UPS). The plant will provide an additional barrier of microbiological
protection by inactivating potentially harmful organisms, such as Cryptosporidium and Giardia. This
treatment will supplement DEP’s existing microbial disinfection programs.

Croton Water Filtration Plant

The City’s goals are to ensure that water from all three of its water supply systems is at all times protected
against microbiological contamination, is aesthetically pleasing, and meets all drinking water quality
standards. With respect to the Croton System, the City is proceeding with the construction of a filtration
plant for Croton System water, pursuant to the terms of a November 1998 federal court Consent Decree
(United States vs. State of New York). The filtration plant is expected to reduce color levels, the risk of
microbiological contamination, and disinfection byproduct (DBP) levels in the Croton System water. The
filtration plant will also ensure compliance with stricter water quality standards. In September 2004 the
City issued a notice to proceed with the first phase of construction of the Croton Water Filtration Plant at
the Mosholu Golf Course site in the Bronx. In August 2006 and August 2007 the second and third phases
went forward. Construction work at the site continues to make progress: excavation of the two Treated
Water Tunnels has been completed; placement of concrete for lining the Raw Water Tunnel is underway;
and, concrete placement, installation of mechanical piping and electrical work at the site continue to
advance. In addition, work off-site at the Treated Water Shafts at Jerome Park Reservoir continues. The
Croton Water Filtration Plant is expected to be operational by 2012.

The Croton Water Filtration Plant will treat up to 290 MGD using 48 dissolved air flotation stacked over
filter media tanks and 20 20-MGD low pressure/high output UV units. New Croton and Jerome Park
Reservoirs will be raw water sources for the plant. The finished water’s chemical treatment levels will
match the levels in the Catskill/Delaware water. Treated water from the plant will be capable of being
feed into both the low pressure and high pressure service areas of the distribution system.
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Exhibit 11

Project Justification:

A

The City’s Land Acquisition Program (LAP) is justified by public necessity.

New York City currently operates its Catskill/Delaware Water Supply System pursuant to
a filtration avoidance determination (FAD) issued by the U.S. Environmental Protection
Agency (EPA), in consultation with the New York State Department of Health, in July
2007. As stated in the 2007 FAD, ““Land acquisition is one of the most effective, and
therefore, important mechanisms to permanently protect the City’s Catskill/Delaware
watershed.” 2007 FAD at page 42. As described in the FAD, the LAP ““seeks to prevent
future degradation of water quality by acquiring sensitive lands and by managing the
uses on those lands. The overarching goal of the LAP is to ensure that undeveloped,
environmentally-sensitive watershed lands remain protected and that the watershed
continues to be a source of high-quality drinking water to the City and upstate counties.”
Id. As a program fundamental to the continued high quality of the City’s drinking water,
and as a critical component of the City’s continued filtration avoidance, the Land
Acquisition Program is justified by public necessity.

The City is currently operating the LAP pursuant to a water supply permit issued by
NYSDEC in 1997. In accordance with the MOA and the terms of the 1997 Water Supply
Permit, the initial 10-year 1997 Water Supply Permit was extended to cover an
additional period, through January 20, 2012. Under the 2007 FAD, the City is
committed to continue the LAP through 2017, and to plan for further implementation
through 2022. Accordingly, the FAD requires the City to apply for a new water supply
permit, anticipated to take effect on January 21, 2012, no later than January 21, 2010.
This application satisfies this condition of the FAD.

As noted in the FAD, the LAP is described in detail in the 1997 New York City Watershed
Memorandum of Agreement (MOA), a comprehensive agreement among the City, the
State, EPA, the watershed communities, and a number of environmental and land
preservation organizations. The MOA established a framework for both ensuring long-
term protection of the City’s water supply and its sources, as well as supporting the
economic vitality of the watershed communities. The City seeks in the 2012 Water Supply
Permit to maintain elements of the LAP established under the MOA, which have proven
effective in maintaining the balance struck in the MOA. These include:

e Real property interests acquired under the LAP will be maintained in a natural
state for watershed protection purposes (1997 WSP { 21);*

e The LAP operates on a willing buyer/willing seller basis (1997 WSP { 5);

e The City pays fair market value for real property interests, as described in the
MOA and Special Condition 13 of the 1997 Water Supply Permit;

e The City does not acquire property containing habitable dwellings in the West of
Hudson Watershed (1997 WSP 1 7- 8);

1 This and subsequent references are to the special conditions set forth in the 1997 Water Supply Permit.



e Specified Towns and Villages have the option to establish certain areas as off
limits to the City’s acquisition program (1997 WSP { 10);?

e The City will acquire real property interests in Priority Areas 2, 3 and 4 of the
Catskill / Delaware System (1997 WSP § 6) only if they contain established
natural features criteria as listed in paragraph 63 of the MOA and Special
Condition 9 of the 1997 Water Supply Permit;?

e The LAP provides an opportunity to local governments to be consulted
concerning each acquisition (1997 WSP { 11-12);*

e The City allows certain recreational uses on lands held for watershed protection
(WSP 11 15-16);

e The City pays real property taxes as assessed on land acquired in fee and on
watershed conservation easements (WSP { 18-20); and

e The Permit shall be valid through its term so long as the City continues to
maintain valid and enforceable contracts for the Watershed Protection and
Partnership programs which the City is required to fund pursuant to the 2007
FAD and successor Filtration Avoidance Determinations.”

Exhibit 7 describes modifications to the LAP that the City proposes in connection with
ongoing discussions involving NYSDEC along with other State and federal agencies, as
well as representatives of the watershed communities and environmental advocacy and
land protection organizations. Exhibit 7 also includes the City’s Long-Term Land
Acquisition Plan, which addresses the schedule issues described in Special Condition 14
of the 1997 WSP.

Except as specified in Exhibit 7 or as specifically noted above, the City expects that the
2012 Water Supply Permit will include the terms and conditions of the 1997 Water
Supply Permit.

2 Exhibit 7 proposes modifications to the areas that towns may determine to be off limits for acquisition.
3 Exhibit 7 proposes a clarification to the applicability of the natural features criteria as set forth in the MOA. In
addition, in [YEAR], the City sought and obtained authorization to acquire certain properties not meeting the
natural features criteria pursuant to a program administered under the Hazard Mitigation Grant Program of the
Federal Disaster Assistance Act. The City would expect this authorization to continue under the 2012 Water Supply
Permit.
4 As the LAP is already in operation, the City does not expect to provide the notifications to local officials
described in  11(a) or to make the presentations described in § 11(b) and (c).
5 The City expects that the programs subject to this requirement, memorialized in Special Conditions 25 and 27 of
the 1997 Water Supply Permit, will be:

0 Septic Remediation and Replacement Program
Septic Maintenance Program
Community Wastewater Management Program
Stormwater Retrofit Program
Watershed Agricultural Program

0 Stream Management Program
The City does not envision the need for permit terms relating to the possibility of the Watershed Regulations
becoming unenforceable, as currently memorialized in Special Condition 26 of the 1997 Water Supply Permit.

O o0O0OO0
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B. The proposed project takes proper consideration of other sources of supply that are or
may become available.

NYSDEC has agreed that this component of the standard elements of the project
justification for a water supply permit is not relevant to, and therefore not required to be
included in, this application.

C. All work and construction connected with the proposed project will be proper and safe.

For the most part, the LAP does not involve “work or construction.” In rare instances,
the City removes structures from property that it acquires in fee under the LAP. All
demolition and site restoration work done by DEP is proper and safe, and performed in
full conformance with applicable environmental, health and safety laws (as discussed
further in “Other Components: SHPA Compliance™).

D. The supply will be adequate.

As the City does not seek new water source development in this application, NYSDEC has
agreed that this element of the standard elements of a project justification for a water
supply permit is not relevant to, and therefore not required to be included in, this
application.

E. There will be proper protection of the supply and watershed or proper treatment of any
additional supply.

As discussed above, the purpose of the LAP is to protect the City’s water supply and
watershed. In addition, DEP maintains an active land management program to ensure
that lands it holds in fee and easement for watershed protection are in fact preserved for
that purpose:

e Since its first acquisitions in 1997, the City has continued to expand the number
and percent of properties that are opened for various forms of public recreation,
and has also expanded the types of uses. Decisions as to what types of
recreational uses will be allowed on a given property are made with water
quality and public safety considerations as paramount criteria. Uses that may
involve body contact with water have not been allowed. Hunting has been
encouraged in order to (1) reduce levels of deer browse that have decimated
sapling growth and thus forest health, (2) reduce diseases that can be transmitted
by certain game animals, and (3) provide for regional recreational and economic
benefits.

e All conservation easements are monitored regularly by DEP staff.
e A comprehensive watershed-wide forest management plan is being developed
and will be implemented in order to maximize long-term health of forest

ecosystems and provide guidance for future forestry projects.

In addition to the watershed protection purposes of the LAP and stewardship programs
themselves, DEP has developed and continues to implement a robust, multi-faceted
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Watershed Protection Program, which is memorialized in the FAD. The elements
include, among many others and in addition to land acquisition and stewardship:

e Administration and enforcement of the Rules and Regulations for the Protection
from Contamination, Degradation and Pollution of the New York City Water
Supply and its Sources, 15 RCNY Chapter 18; 10 NYCRR Part 128 (““Watershed
Regulations™);

e The Wastewater Treatment Plant Upgrade Program, to fund and oversee
upgrades to all existing wastewater treatment plants in the watershed to meet the
stringent requirements of the Watershed Regulations, including tertiary
treatment;

e A suite of programs to repair existing septic systems or to build or extend sewage
treatment infrastructure to cover areas with concentrations of substandard septic
systems;

e A set of programs to address pollution from stormwater, including funding for
best management practices for agriculture in the watershed; and

e Extensive water quality monitoring and other research programs.

F. The proposed project is just and equitable to all affected municipalities and their
inhabitants and in particular with regard to their present and future needs for sources of
water supply.

The LAP focuses on acquiring and maintaining lands for watershed protection rather
than on creating new (or expanding existing) sources of water supply. It will not result in
additional consumption, impoundment, or use of upstate water resources. Accordingly,
the LAP does not affect any community’s access to surface or groundwater, in fact
provides added protection for such local sources and uses, and therefore is just and
equitable to all affected municipalities and their inhabitants with regard to their present
and future needs for sources of water supply.

In addition, pursuant to the Water Supply Act of 1905, municipalities in Ulster, Greene,
Delaware, Schoharie, Sullivan, Orange, Westchester, and Putnam Counties may take and
receive water from the City’s system (L. 1905, ch. 724, § 40; see also Ad. Code § 24-360).
New York City presently supplies water from its system to approximately one million
residents of these upstate counties. The LAP will not affect the supply of New York City
water provided to these communities, and can only serve to protect its quality.

Finally, to the extent that a community may identify property held by the City as essential
for infrastructure for its own water supply system, the community has the opportunity to
raise that concern during the local consultation process before the City closes on any
parcel under the LAP,® or at the public hearing held by the City for each acquisition (see
Ad. Code § 358).

6 1997 Water Supply Permit, Special Condition 12.
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G. There is provision for fair and equitable determinations of and payments of any direct and
indirect legal damages to persons or property that will result from the acquisition of any
lands in connection with the proposed project or from the execution of the proposed
project.

Fundamentally, because the LAP operates as a willing buyer/willing seller process, LAP
cannot cause legal damages since no person is required to sell land to the City.
Moreover, DEP pays fair market value (FMV) for all property acquired under the LAP.
The process for determining FMV for the LAP is established in MOA paragraph 61 and
Special Condition 13 of the 1997 Water Supply Permit, and explicitly includes an
opportunity for the seller to obtain an independent appraisal in the event that he or she
disagrees with the City’s appraisal. The City’s appraiser will review the seller’s
appraisal and the City may revise its offer based on information provided by the City’s
appraiser after review of the seller’s submission. In any event, however, no seller is
obliged to accept the City’s offer; because the LAP does not involve condemnation, the
LAP does not have the potential to cause unfair or inequitable determinations of
payments.

Moreover, consistent with the MOA and with the New York State Real Property Tax Law,
DEP-owned land and easements are fully taxable. Therefore, the LAP does not result in
any loss to local governments of real property tax revenues.

H. The applicant has developed and implemented a water conservation program in
accordance with local water resource needs and conditions (see “Other Components”,
Item 3).
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Other Components: SHPA Compliance

The LAP would not generally result in any construction activity that would disturb historic or
archeological resources in the watershed. The LAP has the potential to result in a benefit to
historic and archaeological resources on acquired sites by ensuring that these sites would not be
disturbed. In some cases, lands under consideration for acquisition may contain historic
structures. As part of the Community Review Process mandated by the MOA, local Town or
Village governments would advise the City whether they wish any structures on property to be
removed. Should acquired property be determined to require demolition or alteration of any
structure, it would be determined if the structure is subject to State and local regulations
regarding historic resources. If the structure is of historical significance, the City would adhere
to all applicable historic preservation laws and rules and regulations.

Therefore, the LAP is not expected to result in the potential for significant adverse impacts on
historic or archaeological resources.
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Introduction and Summary

This report is a detailed description of past and current water conservation efforts by the New
York City Department of Environmental Protection (“DEP”). The report will update program
progress during the past year, including both accomplishments and shortfalls, and describe
activities that are being planned or considered for the future. The report will be updated annually
and issued to the New York State Department of Environmental Conservation (“DEC”) and the
public on June 1 of each year.

DEP’s policy and experience is that saving water is usually the most cost-effective and
environmentally benign method of insuring an ample supply of water for the region and that
conservation methods are to be used whenever they are cost effective and do not conflict with
other important goals.

The city’s water conservation programs address the many sources of water use and waste and
have been developed in cooperation and collaboration with regulators, NGO’s and the citizens
and businesses of the city over a period of more than 20 years.

With the city’s population expected to rise to 9.1 million by 2030, from 8.3 million in 2005, water
efficiency will continue to have an important role to play, not just to help assure supply but also to
assist in meeting goals to reduce combined sewer overflows, maintain wastewater quality and
meet nitrogen removal goals.

DEP’s program has addressed improved water efficiency in the distribution system and at the end
use:

» Each year DEP surveys approximately 4,000 miles (or 59% in FY06) of the distribution
piping for leaks, repairing leaks which prevented the continued loss of 5.5 MGD in FY06.
The entire city is on a three-year survey schedule while the drainage areas for the Wards
Island, Newtown Creek and North River Wastewater Treatment Plants are on a nine-
month schedule. This area of concentrated attention covers all of Manhattan, half of the
Bronx and about one-quarter of Brooklyn. This leak detection survey program is in
addition to repairs of leaks from customer complaints. Leaks discovered through
complaint repairs totaled 39.36 MGD for FY06. The leak detection program has brought
the distribution system leak rate to about 10-15% of what it was in the 1980’s.

e Each year DEP replaces an average of 55-60 miles of old water mains, equal to 2-3% of
the old cast iron mains in the system.

» DEP has substantially completed the largest water meter installation program in North
America and is moving during the 2007-2010 period toward radio-based Automatic Meter
Reading (“AMR?”) providing at least daily readings and eventually, monthly billing.

* The water/sewer system was financially internalized in the mid-1980’s virtually ending
cross subsidies with the city’s general revenue budget and placing the cost of operating
and maintaining the system on users.



DEP completed the world’s largest toilet replacement program during 1994-1997 resulting
in 70-90 MGD of savings through the replacement of 1.3 million toilets. The New York
City Housing Authority further contributed approximately 100,000 replacements through
their own effort. DEP intends to implement upgraded fixture replacement incentives
during the period of 2008-2010 including toilets, urinals and some clothes washers. Other
end-use programs are under consideration.

DEP has upgraded its demand analysis and study capabilities with a new demand study in
2004-2005, addition of full-time staff dedicated to this function and beginning the
integration of water use data into city-wide GIS functions.

Since 1990 the group of water conservation programs implemented by DEP has resulted in
a decrease in in-city water consumption and wastewater flow of approximately 23%, at a
time when the city’s population increased by approximately 7.9%. The three wastewater
treatment plants that were exceeding dry weather flow limits in the 1980’s are all
operating well under their allowed flow rates. Per capita use has declined from more than

200 gcpd around 1990 to 138 gcpd today.

Abbreviations and Acronyms Found in This Report

AMR

CIP
CSO
CY
DEC
DEP
DRBC
FY
GCPD
HCF
HPD
LF
MGD
NYCHA
RWS

Automatic Meter Reading (sometimes referred to as “AMI” for “Advanced
Metering Infrastructure”)

Capital Improvement Plan

Combined Sewer Overflow

Calendar Year

New York State Department of Environmental Conservation

New York City Department of Environmental Protection

Delaware River Basin Commission

Fiscal Year (July 1 — June 30)

Gallons per Capita Per Day

Hundred Cubic Feet

New York City Department of Housing Preservation and Development
Linear feet

Millions of Gallons Per Day

New York City Housing Authority

Residential Water Survey



Contact People for Issues in this Report

Water Demand Projections, System Auditing, Related Issues
Esther Siskind, Assistant Commissioner, Bureau of Environmental Policy and Assessment
(“BEPA) ESiskind@dep.nyc.gov (718) 595-3168

Distribution System Metering
Odd Larsen, Bureau of Water and Sewer Operations OLarsen@dep.nyc.gov (718) 595-5751

Upstate System and Customer Metering
Paul Aggarwal, Bureau of Water Supply, PAggarwal@dep.nyc.gov (914) 741-5151

New York City Water Metering
Customer-Oriented Water Conservation Programs
Warren Liebold, Bureau of Customer Services, wliebold@dep.nyc.gov (718) 595-4657

Educational Programs
Kim Estes-Fradis, Bureau of Communication
KEstes-Fradis@dep.nyc.gov (718) 595-3506

Upstate Customer Metering
Paul Aggarwal, Bureau of Water Supply
PAggarwal@dep.nyc.gov (914) 741-5151

The Water and Wastewater Systems

Water System Overview and Current Issues

DEP supplies water and sewer service to the Boroughs of the Bronx, Brooklyn, Manhattan,
Queens, Staten Island, an area of over 300 square miles, and serves over eight million people. The
City is also required by State law to sell water in counties where its water supply facilities are
located and where it currently provides water to an additional approximately one million people.
The Water System provides an average of approximately 1107 MGD of water (2005). Water
consumption has decreased since 1990 when an average of approximately 1,500 MGD was
provided by the Water System. The amount of water that can be safely drawn from a watershed
during the worst period in the drought of record is the "Dependable Yield." DEP has determined
that the System could have furnished an average of 1,290 MGD during the drought of record in
the mid-1960s. Including groundwater wells in Queens, dependable yield now might total 1,323
MGD although the groundwater wells only currently produce about 15 MGD. During periods of
normal rainfall, watersheds supply more than the Dependable Yield. The Sewer System collects
and treats an average of approximately 1227 MGD of wastewater (2005). Sewer service is
provided to virtually the entire City, except for significant parts of the Borough of Staten Island,
the Borough of Queens communities of Breezy Point and Douglaston, and the Borough of
Brooklyn community of Seagate. Sewer service is also provided to certain upstate communities in
System watershed areas.



History

Early Manhattan settlers obtained water for domestic purposes from shallow privately owned
wells. In 1677 the first public well was dug in front of the old fort at Bowling Green. In 1776,
when the population reached approximately 22,000, a reservoir was constructed on the east side
of Broadway between Pearl and White Streets. Water pumped from wells sunk near the Collect
Pond, east of the reservoir, and from the pond itself, was distributed through hollow logs laid in
the principal streets. In 1800 the Manhattan Company (now JPMorgan Chase) sank a well at
Reade and Centre Streets, pumped water into a reservoir on Chambers Street and distributed it
through wooden mains to a portion of the community. In 1830 a tank for fire protection was
constructed by the City at 13th Street and Broadway and was filled from a well. The water was
distributed through two 12-inch cast iron pipes. As the population of the City increased, the well
water became polluted and supply was insufficient. The supply was supplemented by cisterns and
water drawn from a few springs in upper Manhattan.

After exploring alternatives for increasing supply, the City decided to impound water from the
Croton River, in what is now Westchester County, and to build an aqueduct to carry water from
the Old Croton Reservoir to the City. This aqueduct, known today as the Old Croton Aqueduct,
had a capacity of about 90 MGD and was placed in service in 1842. The distribution reservoirs
were located in Manhattan at 42nd Street (discontinued in 1890) and in Central Park south of 86th
Street (discontinued in 1925). New reservoirs were constructed to increase supply: Boyds Corner
in 1873 and Middle Branch in 1878. In 1883 a commission was formed to build a second
aqueduct from the Croton watershed as well as additional storage reservoirs. This aqueduct,
known as the New Croton Aqueduct, was under construction from 1885 to 1893 and was placed
in service in 1890, while still under construction.

Since 1842, there have been no significant interruptions of service.

In 1905 the Board of Water Supply was created by the State Legislature. Pursuant to the 1905
Act, the City was empowered to develop areas of the Catskill Mountains, located in the Hudson
River Basin, and portions of the Delaware River Basin located to the west of the Catskill
Mountains for water supply purposes. In return for these development rights, the 1905 Act
requires the City to furnish, upon request, supplies of fresh water to municipalities and water
districts in eight northern counties in which City water supply facilities and watersheds are
located. The City's obligations under the 1905 Act in this respect have now passed to the Board.
The 1905 Act also governs the rates that may be levied for such water. An eligible municipality or
district may draw water based on a formula computed by multiplying the local population with
the daily per capita consumption in the City. The City is currently engaged in a long-term project
to update and modernize various water supply agreements governing the furnishing of water to
such municipalities and water districts.

After careful study, the City decided to develop the Catskill region as an additional water source.
The Board of Water Supply proceeded to plan and construct facilities to impound the waters of
the Esopus Creek, one of the four watersheds in the Catskills, and to deliver the water throughout
the City. This project, to develop what is known as the Catskill System, included the Ashokan
Reservoir and the Catskill Aqueduct and was completed in 1915. It was subsequently turned over
to the City's Department of Water Supply, Gas and Electricity for operation and maintenance. The



remaining development of the Catskill System, involving the construction of the Schoharie
Reservoir and Shandaken Tunnel, was completed in 1928.

In 1927 the Board of Water Supply submitted a plan to the Board of Estimate and Apportionment
for the development of the upper portion of the Roundout watershed and tributaries of the
Delaware River within the State of New York. This project was approved in 1928. Work was
subsequently delayed by an action brought by the State of New Jersey in the Supreme Court of
the United States to enjoin the City and State of New York from using the waters of any Delaware
River tributary. In May 1931 the Supreme Court of the United States upheld the right of the City
to augment its water supply from the headwaters of the Delaware River. Construction of the
Delaware System was begun in March 1937. The Delaware System was placed in service in
stages: The Delaware Aqueduct was completed in 1944, Neversink Reservoir in 1950, Rondout
Reservoir in 1951, Pepacton Reservoir in 1954 and Cannonsville Reservoir in 1967.

Water for the System is derived from three upstate reservoir systems (the Croton, Catskill and
Delaware Systems) and a system of wells in Queens that were acquired as part of the City's
acquisition of the Jamaica Water Supply Company ("Jamaica Water"). The three upstate water
collection systems include 18 reservoirs and three controlled lakes with a total storage capacity of
approximately 550 billion gallons. They were designed and built with various interconnections to
increase flexibility by permitting exchange of water from one system to another. This feature
mitigates localized droughts and takes advantage of excess water in any of the three watersheds.

The Water System is currently furnishing water to users in portions of four of the eight eligible
northern counties. The Water System provides approximately 85% of the water used in
Westchester County and approximately 7.5% of the water used in Putnam, Orange and Ulster
Counties.

Approximately 95% of the total water supply is delivered to buildings by gravity. Only about 5%
of the water is regularly pumped by DEP to maintain the desired pressure. As a result, operating
costs are relatively insensitive to fluctuations in the cost of power. When drought conditions exist,
additional pumping is required.






Water Collection and Distribution

The three main reservoir systems are the Croton, Catskill and Delaware Systems.

The following tables set forth the capacities and original in-service dates of the System's
collecting and balancing reservoirs and distribution facilities based on the City records.

COLLECTING RESERVOIRS

AVAILABLE ORIGINAL
CAPACITY(1) IN-SERVICE
NAME (BILLION GALLONS) DATE

CROTON
[N T A O 0] (o] o TR 19.0 1905
Croton Falls MaiN .......c.cooveeeiiieiieceee e 14.2 1911
CrOSS RIVET ...ttt 10.3 1908
WESE BIraNCh ...t 10.1 1895
THEICUS vttt st e et e st e e san s 7.2 1893
AMAWALK ... s 6.7 1897
EaSt BranCh ......cc.ooouiiieiiecee et 5.2 1891
IMIUSCOOL ...ttt s 49 1905
BOG BIrOOK ......coiiiiecieisieieee e 4.4 1892
Middle BrancCh .........cccooeevieiiice et 4.0 1878
BOYAS COMEN ..o 1.7 1873
Croton Falls DIVErting........cooeeirreeiseeeee e 0.9 1911

TOAL . 88.6
CATSKILL
ASNOKAN ...t s 122.9 1915
SCNONAIE ...t 17.6 1926

TOAL e 140.5
DELAWARE
PEPACTON ... 140.2 1955
CaANNONSVIIIE ..o 95.7 1964
RONAOUL ...t 49.6 1950
INEVEISINK ..ttt st 34.9 1954

TOAL . 320.4

Total Available Capacity.......c.ccoovrrierinnrieienseene 547.5

(1) Capacity above minimum operating level.



BALANCING RESERVOIRS AND DISTRIBUTION FACILITIES

SERVICE
NAME

BALANCING RESERVOIRS

KEBNSICO ...ttt
HIHIVIBW ...

Total Balancing ReServoirs.............ccccceevveeeenen.

DISTRIBUTION FACILITIES

Central Park.........ccoveeiiiiieeeeeeeeeee e
JErome Park......cooce e
Silver Lake (tanks).......cocoeeerrreiennneieesesseees

Total Distribution Facilities ...........c.coevenne.e.

Total Storage Capacity ........ccccceeervrecrenininennnn.

STORAGE
ORIGINAL
CAPACITY

(BILLION GALLONS)

IN-

1915
1915

1862
1905
1970

DATE

The following table sets forth the Dependable Yield and storage capacity for each of the water supply systems.

WATER SYSTEM DEPENDABLE YIELD AND CAPACITY

DEPENDABLE
YIELD

SYSTEM (MGD)
Croton v,
CatsKill .....ooovviieeiieieeece e
Delaware .......ccccoeveeieeeeieciecesne
Queens Wells........ccocoeveevciniicnnnnn,
Total .o 1,323

(1) Capacity above minimum operating level.

Delaware system is limited to 520 MGD during drought

STORAGE
CAPACITY(1)
(BILLION GALLONS)

86.6
140.5
320.4

2.6

550.1

Queens wells could be expanded to 61.8 MGD five-year average under WSA 9424, but have been operating at only

15 MGD.

The Croton System normally provides approximately 10% of the City's daily water supply and
can provide substantially more of the daily water supply during drought conditions. The Croton
System consists of 12 reservoirs and three controlled lakes on the Croton River, its three branches
and three other tributaries. The water in the Croton System flows from upstream reservoirs
through natural streams to downstream reservoirs, terminating at the New Croton Reservoir. The
watershed which supplies the Croton System has an area of 375 square miles. It lies almost
entirely within the State, approximately 45 miles north of lower Manhattan, with a small portion

in the State of Connecticut.



The Catskill System watersheds occupy sparsely populated areas in the central and eastern
portions of the Catskill Mountains and normally provide approximately 40% of the City's daily
water supply. Water in the Catskill System comes from the Esopus and Schoharie Creek
watersheds, located approximately 100 miles north of lower Manhattan and 35 miles west of the
Hudson River. The Catskill System is comprised of the Schoharie Reservoir (formed by the
Gilboa Dam across Schoharie Creek) and Ashokan Reservoir (formed by the Olivebridge Dam
across Esopus Creek) and the Catskill Aqueduct.

The Delaware System, located approximately 125 miles north of lower Manhattan, normally
provides approximately 50% of the City's daily water supply. Three Delaware System reservoirs
collect water from a sparsely populated region on the branches of the Delaware River:
Cannonsville Reservoir (formed by the Cannonsville dam on the West Branch of the Delaware
River); Pepacton Reservoir (formed by the Downsville Dam across the East Branch of the
Delaware River); and Neversink Reservoir (formed by the Neversink Dam across the Neversink
River, a tributary to the Delaware River).

In addition, wells in Queens can supplement the City's daily water supply. The wells could be
used to provide more of the daily supply during drought conditions. Unlike the rest of the City's
water supply, which is a surface and gravity-supplied system originating in a network of upstate
reservoirs, well water is pumped from extensive underground aquifers. The acquisition of wells in
Queens from Jamaica Water in 1996 represented the first new water supply source for the City
since the 1960s when the Delaware surface water system initially came on line. DEP is currently
planning improvements to the ground water system which will augment the supply of water from
underground aquifers.

Current demand/flow projections show that if conservation programs, including metering, toilet
replacement, hydrant locking, leak detection, and public information, remain effective there will
be no predicted need for the City to find additional long-term water supply sources to meet
normal demand.

The System's water supply is transported through an extensive system of tunnels and aqueducts.
Croton System water is delivered from the New Croton Reservoir by the New Croton Aqueduct to
the Jerome Park Reservoir in the Bronx. From Jerome Park Reservoir and from direct connections
to the New Croton Aqueduct, trunk mains carry water to the service area. The Catskill and
Delaware Aqueducts convey water from Ashokan Reservoir and Rondout Reservoir to Kensico
Reservoir and then to Hillview Reservoir in Yonkers. Both Kensico and Hillview Reservoirs
serve as balancing reservoirs. Water from the Catskill and Delaware Systems is mixed in the
Kensico Reservoir, and is conveyed to Hillview Reservoir where water enters Tunnels 1, 2 and 3.
Trunk mains carry water from tunnel shafts and from the distribution facilities (Jerome Park and
Hillview Reservoirs and Silver Lake Tanks) to the service area.

Rondout-West Branch Tunnel. DEP regularly assesses the condition and integrity of the System's
tunnels and aqueducts to determine the extent and effect of water loss. In particular, since the
early 1990s, DEP has monitored the condition of the Rondout-West Branch Tunnel, which
comprises a portion of the Delaware Aqueduct. The Rondout-West Branch Tunnel carries water
45 miles from the Delaware System under the Hudson River and into West Branch Reservoir. It
has a capacity of 900 MGD and normally contributes 50% of the City's water supply. It has the
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highest pressures and the highest velocities in the Water System. In addition, a portion of the
tunnel crosses a fractured rock formation, which is potentially subject to greater stress than the
deep rock tunnels located in the City. As a result of DEP's flow tests, visual observations and
other analyses, it has been determined that approximately 15 MGD to 36 MGD of water is being
lost from the tunnel and is surfacing in the form of springs or seeps in the area. DEP has initiated
the engineering work to determine the nature and extent of repairs which may be necessary to
remedy the water loss. DEP has also determined that the situation in the tunnel and amount of
water loss is stable. In the opinion of the professional engineering firm retained by DEP in
conjunction with that investigation, there is very little immediate risk of failure of the tunnel. DEP
intends to make the necessary repairs. The costs to perform such repairs could be substantial
depending on the nature of the required repair. To perform the repair work, the tunnel will
probably have to be shut down and de-watered. During any such period, it will be necessary for
the City to increase reliance on its other water supplies, and to implement more stringent
measures to encourage conservation and decrease demand. In general, the Delaware System
continues to demonstrate a high degree of reliability after 55 years of continuous service.
Nevertheless, DEP considers it prudent to conduct regular tunnel and aqueduct inspections and
surveys to detect any problems that might arise so that corrective actions can be taken if needed.

DEP has begun to evaluate additional strategies and projects for improving dependability of water
supplies, which could entail the development of additional or interim supplies and demand
reduction measures to meet demands during periods of extended facility outages due to planned
or unplanned inspection, repair or rehabilitation. DEP has retained a consultant to develop a long
term dependability plan. DEP intends to evaluate various alternative projects which, when
combined, could allow for any portion of the Water System to be taken out of service for a period
of up to one year. Elements of that plan may include: interconnections with other neighboring
jurisdictions; increased use of groundwater supplies; increased storage at existing reservoirs;
withdrawals and treatment from other surface waters; hydraulic improvements to existing
aqueducts; and additional tunnels.

Tunnel 1. From Hillview Reservoir, water from the Catskill and Delaware Systems is delivered
into the City by a circular, cement-lined, pressurized, bedrock tunnel that narrows in diameter
from 15 to 11 feet. Tunnel 1 is 18 miles in length and extends south from Hillview Reservoir
through the West Bronx to Manhattan and Brooklyn. Tunnel 1 is 200 to 750 feet underground and
thus avoids interference with streets, buildings, subways, sewers, pipes and other underground
infrastructure. These depths are necessary to ensure substantial rock covering necessary to
withstand the bursting pressure of the water inside and to ensure water tightness. Tunnel 1 has a
capacity of approximately 1,000 MGD. Shafts placed along the tunnel connect with surface mains
which deliver water to the distribution system.

Tunnel 2. The second tunnel also delivers Catskill and Delaware System water from Hillview
Reservoir. It is a circular, cement-lined, pressurized, bedrock tunnel, 200 to 800 feet below the
street surface and 15 to 17 feet in diameter. Tunnel 2 extends south from Hillview Reservoir, east
of Tunnel 1, through the Bronx, under the East River at Rikers Island, through Queens and
Brooklyn, and connects with Tunnel 1 in Brooklyn. Tunnel 2 has a capacity of more than 1,000
MGD and is 20 miles in length. Shafts placed along the tunnel connect with surface mains which
deliver water to the distribution system.
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Richmond Tunnel. Connecting to Tunnel 2 in Brooklyn is the ten-foot diameter, five-mile long
Richmond Tunnel, which was completed in 1970 and carries water 900 feet beneath Upper New
York Bay to Staten Island. The Richmond Tunnel, the Richmond Distribution Chamber, the
Richmond Aqueduct and the underground Silver Lake Tanks were designed to improve the water
supply facilities of Staten Island. The underground storage tanks (among the world's largest) have
a combined capacity of 100 million gallons and replaced the Silver Lake Reservoir (now Silver
Lake).

Tunnel 3. A new water tunnel, Tunnel 3, connecting the reservoir system to the City is presently
under construction to increase pressure/flow to meet a growing demand in the eastern and
southern areas of the City, permit inspection and rehabilitation of Tunnels 1 and 2, and provide
water delivery alternatives to the City in the event of disruption in Tunnel 1 or 2. Tunnel 3 is
being built in four stages. Stage | commenced operation in July 1998. It follows a 13-mile route
which extends south from Hillview Reservoir in Yonkers under Central Park Reservoir in
Manhattan, and east under the East River and Roosevelt Island to Long Island City in Queens.
Stage Il has two distinct legs. They are currently under construction and expected to be
completed in 2012. They will extend from the end of Stage | to supply Queens, Brooklyn and the
Richmond Tunnel and from the valve chamber at Central Park into lower Manhattan. Upon
completion, and with the installation of additional surface mains, Stage Il will enable the system
to maintain full service even if Tunnel 1 is shut down. The Stage 1l project is now referred to as
the Kensico-City Tunnel (the "Kensico Tunnel™). Stage 1V is intended to deliver additional water
to the eastern parts of the Bronx and Queens. It would extend southeast from the northern
terminus of Stage I in the Bronx to Queens and then southwest to interconnect with the Queens
portion of Stage Il. Stage IV is currently being re-evaluated.

Kensico-City Tunnel. The Kensico-City Tunnel will extend from the Kensico Reservoir to the
Van Cortlandt Valve Chamber , south of Hillview Reservoir. $1.7 billion is included for the
project in the CIP.

The water distribution system consists of a grid network of over 6,200 miles of pipe, as well as
valves, fire hydrants, distribution facilities, gatehouses, pump stations, and maintenance and
repair yards. Approximately 32% of the pipe in the System was laid before 1930, 37% between
1930 and 1969, and the remainder thereafter. The CIP provides for the programmatic replacement
of water mains in accordance with certain established criteria. These criteria were reviewed and
confirmed by the U.S. Army Corps of Engineers in its independent study of the City's distribution
system completed in November 1988.

Various facilities provide storage to meet the hourly fluctuations in demand for water throughout
the City, as well as any sudden increase in draft that might arise from fire or other emergencies.
With the exception of some communities in the outlying areas of the City which may experience
low pressure service during peak hours in summer months, the water distribution system provides
generally excellent service.

12



DEP has received several approvals for Water Supply Applications in the past, including:

WSA No. 1, City of New York (Original Catskill project: Ashokan Reservoir)
Decision of May 14, 1906
Modifying Decision of September 26, 1927

WSA No. 166, City of New York--10th Application (Schoharie Reservoir approved)
Memorandum of October 13, 1914
Decision of October 21, 1914 [NOTE: Superseded by WSA No. 214]

WSA No. 214, City of New York--11th Application (Schoharie Reservoir modified)
Memorandum of June 6, 1916
Decision of June 6, 1916

WSA No. 466, City of New York--14th Application (Rondout & Pepacton Reservoirs)
Memorandum of May 25, 1929
Decision of May 25, 1929
Modifying Decision of January 26, 1943 (Emergency use of Rondout Reservoir)
Extension of Time for Construction, March 4, 1947
Modification to end obligation to maintain Dunraven Causeway Bridge, October
4,2002

WSA No. 611, City of New York--16th Application (Lower Rondout Creek)
Memorandum of September 18, 1931
Decision of September 18, 1931 [NOTE: Approval rescinded on June 5, 1951]

WSA No. 1342, City of New York--23rd Application (Neversink Reservoir)
Memorandum and Decision of February 20, 1939

WSA No. 2005, City of New York--30th Application (Cannonsville Reservoir)
Decision of November 14, 1950

The Wastewater (Sewer) System

The Sewer System is comprised of the sewage collection system and the water pollution control
facilities.

History

Systematic collection of sewage and building of sewers began in the City as early as 1696. Major
portions of the Sewer System in lower and central Manhattan were begun in the early 1830s and
completed by 1870. The oldest sewer now in service was built in 1851. The oldest components of
the Sewer System, located in Manhattan and Brooklyn, are constructed mostly of brick, clay and
cement. The other Boroughs have newer sewers made primarily of vitreous clay and concrete.
Historically, waste collection and disposal was a matter of local jurisdiction. Upon consolidation
of the City in 1898, Presidents of the five Boroughs were given responsibility for sewage
collection and disposal in their respective Boroughs. A Commissioner of Borough Works was
established in each Borough for planning, constructing and administering its sewer system. This
local responsibility for sewage collection existed until the mid-1960s.

Although water pollution control did not become a major issue until recent years, it has been a
concern of local conservationists and public officials for over a century. The first water pollution
control facility in the City was opened in 1886, when a small plant was constructed on Coney
Island to protect the bathing beaches. In 1904, a Sanitary Commission was established and
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charged with developing a master plan for water pollution control in the City. Although the
Sanitary Commission completed its task in 1910, water pollution control plant construction did
not receive serious attention until 1929, when the City established a department to construct water
pollution control facilities under the jurisdiction of the Department of Sanitation. In the 1930s this
function was transferred to the Department of Public Works. In 1931, a plant construction
program was begun to construct a system of water pollution control plants and associated
facilities to control and treat all sewage produced within the City. The first of these plants, Coney
Island, opened in 1935. Three larger plants, Wards Island, Tallmans Island and Bowery Bay, were
placed in operation before the end of the 1930s. During the 1940s two additional plants, Jamaica
and 26th Ward, were opened. The post-war years witnessed an intensified construction effort and,
by 1967, 12 major treatment plants were in operation treating about 1,000 MGD at an average
removal efficiency of about 65%. At that time most other urban areas were providing only about
35% removal efficiency.

The City Charter of 1963 consolidated the Borough sewer organizations into a City-wide
department under the Department of Public Works. In 1968, various municipal services were
consolidated into a single agency known as the Environmental Protection Administration, which
included responsibility for sanitation and water and air quality resources. Within the
Environmental Protection Administration, the Department of Water Resources had jurisdiction
over the Bureaus of Water Supply and Water Pollution Control. These Bureaus were responsible
for water supply and sewage collection and treatment. In 1977, water supply, sewage collection
and treatment, and air quality monitoring responsibilities were combined into DEP.

Sewage Collection and Treatment

The Sewer System's plants currently treat approximately 1,225 MGD of wastewater. The Sewer
System is divided into 14 drainage areas corresponding to the 14 water pollution control plants
and includes over 6,600 miles of sewer pipes of varying size which are classified as one of three
types: sanitary, storm or combined. Sanitary sewers accommodate household and industrial waste.
Storm sewers carry rainwater and surface water runoff. Combined sewers carry both types of
waste. Approximately 70% of the City's sewers are of the combined type. In addition to the
sewage pipes, the Sewer System includes catch basins and seepage basins to prevent flooding and
sewer backups.

The Sewer System is comprised of a number of sewer facilities built to varying standards.
Different materials and methods of construction were used resulting in different life cycles.
Approximately 4,000 miles or two-thirds of the City's sewer pipe is made of vitreous clay.
Significant mileage of sewer pipe is composed of other building materials including cement,
reinforced concrete, iron and brick. Some pipe in the collection system was installed before 1870,
and approximately 15% of all sewer pipe in the collection system is over 100 years old.

The facilities related to the treatment of sewage include water pollution control plants, a
combined sewer overflow treatment plant, wastewater pump stations, laboratories, sludge
dewatering facilities and inner-harbor vessels which transport sludge between facilities. Sludge is
a by-product of the sewage treatment process. Sludge that is treated through the sewage treatment
process (or "biosolids™) is acceptable for land-based beneficial use either directly or after
additional provisions such as composting, lime stabilization or thermal pelletization.
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Issues of both water supply volume and consequent sewage treatment volume are raised from
time to time in connection with the System. Measures to increase the supply of water available to
the System and to increase the CSO sewage treatment capacity of the various water pollution
control plants in the System are either being constructed under the CIP or are under continuing
review for feasibility and cost effectiveness. However, the immediate approach to both the issues
of supply and treatment capacity is conservation, through voluntary changes in user behavior,
through education and the effect of actual use charges based on metered water usage, leak
detection and repair and increased use of newly designed low-flow water use fixtures such as
toilets.
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System Demand

In 2005, the City consumed an average of 1,108 million gallons of water per day (MGD). As
recently as 1990, the City consumed an average of 1,500 MGD. Past City efforts to encourage
conservation have been extremely successful in saving water even as the population increased.
Between 1990 and 2003, water use decreased by 23.2 percent while population increased by 7.9
percent.

DEP’s historical and current water demand for in-city consumers through the year 2045 are
shown in Figure 1 and Table 1. These projections are used in DEP’s infrastructure and other
planning efforts.

DEP also supplies water to several upstate communities in Orange, Putnam, Ulster, and
Westchester Counties. A summary of historic upstate water consumption from 1994 to 2005 is
provided in Table 2. Projections for upstate water consumption are not available at this time, but
it is anticipated that Westchester County will continue it’s current population and water demand
growth trend whereas growth in other supplied counties will remain minimal.

Per capita water consumption in 2005 was approximately 138 gallons per capita per day (gcpd), a
decrease from 208 gcpd in 1988.

Table 1 2006 DEP Interim In-City Water Demand

. Historic Interim Water : : .
Historic Interlm Water Demand Historic Interim Wa}steyvater
Year . Population L Wastewater DWF Projections
Population Projection Demand Projections Flow (MGD) (MGD)
(MGD) (MGD)
1979 7,070,525 15124
1980 7,000,717 1,505.9
1981 7,033,086 1,309.3
1982 7,065,455 1,382.4
1983 7,097,824 1,423.8
1984 7,130,194 1,465.0
1985 7,162,563 1,325.8
1986 7,194,932 1,350.7
1987 7,227,301 1,446.5
1988 7,259,670 1,483.9
1989 7,292,039 1,401.7 1676
1990 7,324,408 1,423.8 1575
1991 7,392,803 1,469.3 1582
1992 7,461,198 1,368.6 1537
1993 7,529,593 1,368.5 1515
1994 7,597,988 1,357.7 1530
1995 7,666,383 1,325.7 1439
1996 7,734,778 1,297.9 1431
1997 7,803,173 1,205.5 1374
1998 7,871,568 1,219.5 1332
1999 7,939,963 1,237.2 1269
2000 8,008,278 8,008,278 1,240.4 1259
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Table 1 2006 DEP Interim In-City Water Demand

2001 8,058,000 1,184.0 1250

2002 8,107,000 1,135.6 1175

2003 8,156,000 1,093.7 1206

2004 8,205,000 1,099.5 1178

2005 8,254,000 1,107.6 1227

2006 8,304,000 1121 1238
2007 8,354,000 1123 1240
2008 8,405,000 1122 1239
2009 8,455,000 1121 1238
2010 8,507,000 1120 1238
2011 8,536,000 1128 1245
2012 8,565,000 1135 1251
2013 8,594,000 1141 1256
2014 8,624,000 1148 1261
2015 8,654,000 1154 1267
2016 8,684,000 1160 1272
2017 8,713,000 1166 1278
2018 8,743,000 1173 1283
2019 8,774,000 1179 1288
2020 8,804,000 1185 1294
2021 8,834,000 1191 1299
2022 8,865,000 1196 1303
2023 8,895,000 1201 1307
2024 8,926,000 1206 1311
2025 8,956,000 1210 1315
2026 8,987,000 1215 1320
2027 9,018,000 1221 1324
2028 9,049,000 1226 1329
2029 9,080,000 1232 1334
2030 9,112,000 1237 1339
2031 9,131,000 1242 1343
2032 9,152,000 1247 1347
2033 9,174,000 1250 1350
2034 9,196,000 1254 1353
2035 9,218,000 1258 1356
2036 9,240,000 1261 1359
2037 9,263,000 1265 1362
2038 9,285,000 1268 1365
2039 9,307,000 1272 1368
2040 9,329,000 1275 1371
2041 9,352,000 1278 1374
2042 9,374,000 1281 1377
2043 9,397,000 1284 1379
2044 9,419,000 1288 1382
2045 9,446,000 1291 1385
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Table 2 Upstate Water Demand on DEP System

Year Historic Water Demand (MGD)
1994 119.1
1995 123.0
1996 120.2
1997 123.1
1998 124.6
1999 128.4
2000 124.9
2001 128.3
2002 121.0
2003 115.8
2004 117.5
2005 123.7

2040 2050
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Table 3: Largest Upstate Customers
(Over 2 MGD)

Customer 2003 MGD
Yonkers 28.46
United Water New Rochelle 18.79
Mt. Vernon 8.95
Westchester  Joint  Water 8.08
Works #1
White Plains 7.83
Greenburgh 6.81
Yorktown 3.17
Ossining 2.85
Scarsdale 2.82
New Windsor/Stewart Airport 2.58
Portchester/Rye 2.53
Tarrytown 2.30
Cortland 2.21
Remaining 36 Customers 17.81

Water Use by Category and System Audit

Based on 2002 metering data, water usage by category is presented by borough and city as a
whole in Table 4.

Table 4 2003 Percent Daily Water Consumption by Borough
Non-

Residential Residential
Manhattan 68% 32%
Bronx 92% 8%
Brooklyn 81% 19%
Queens 82% 18%
Staten Island 89% 11%
NYC Total 80% 20%
Does not include UAW and other non-
metered usage.

Statistically significant data for some non-residential customer classes is still not available due to
unacceptably large numbers of estimated meter readings from these customers. Inadequate data
for these non-residential customer classes prevents DEP from completing and further refining its
water demand model and any system auditing analysis. The effort to resolve this problem will
continue through the next year. DEP has also recently completed an updated analysis of
distribution system losses. That analysis and a system water balance table, will appear in the June
2007 edition of this report. The table will list consumption between residential and non-
residential, metered and unmetered, losses and UAW with a format similar to Table 4a:
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Table 4a : General Water Balance 2003
Category Daily Average Consumption
(MGD) and (Notes)
Known Water Use in Buildings and Other End Uses
Residential Metered 461 (1)
Residential Unmetered 355 (1)
Non-Residential Metered 184
Non-Residential Unmetered 20 (2)
Subtotal Residential 817
Subtotal Non-Residential 204
Total Known Water Use in Buildings and Other End 1021
Uses
Distribution System Leakage xX (3)
Unaccounted-For Water Exclusive of Distribution XX (4)
Leakage
Total Daily Average Water Entering City: 2003 1094 (5)
Notes:
1. “Residential Metered” includes properties metered and billed on a metered basis. “Residential

Unmetered” includes properties metered but billed on flat-rate, and extrapolated consumption
of unmetered residential properties. From meter data used in interim draft demand study.

“Non-residential Unmetered” is extrapolated from the unit consumption of metered properties
in the respective building class. From interim draft demand study.

“Distribution System Leakage” is calculated from measured leak rates from distribution leak
detection surveys and repairs and leak rates and numbers from report leaks (main breaks,
service line breaks). The June 2007 Report will include a detailed analysis.

Total Average Daily Water Entering City — Total Known End Uses — Distribution System
Leakage

Average Daily Flow Into the City as Measured by Hillview and Shaft Meters.
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Water Rate Structure

Water/wastewater rates are set annually by the New York City Water Board after a series of
public hearings. The public rate setting process begins in April with the publication of “Public
Information Regarding Water and Sewer Rates” available at
http://nyc.gov/html/dep/html/wboard.html#bluebook .

93%+ of customers are billed on metered rates. One rate applies to almost all customers and that
rate is currently (July 1, 2006 — June 30, 2007) $4.69/HCF of which $1.81 is the water charge and
$2.88 is the wastewater charge. The water and wastewater charges are allocated based on the
difference in system costs between water and wastewater.

Approximately 7% of customers are billed on unmetered rates, often referred to as “frontage.”
This is a system of charges associated with building size and the number of water-using fixtures.
This system of unmetered rates will end on July 1, 2009 when customers will either move to
metered billing or a conservation-conditioned flat rate for high-density, generally low-income
apartment buildings, the Multifamily Conservation Program
(http://nyc.gov/html/dep/html/meter.html#mcp ).

The Water Board has commissioned analyses on alternative rate structures over the years,
including rates theoretically designed to encourage greater efficiency of use. The Board has yet to
be convinced that under current operating conditions there are any alternative rates which will
provide a cost-effective rate-based tool. However, future movement to automatic meter reading
and to monthly billing, as well as eventually replacing the current billing system with a more
modern system, may result in a reassessment of this view.

Master Meters

DEP uses three venturi tubes to obtain flows entering City Tunnel No.’s 1, 2, and 3 from Hillview
Reservoir. These venturi tubes are connected to meters using differential pressure (DP) cells to
provide master flow readings for the three City Tunnels. All three meters have monthly charts to
record the flow as well as digital counters to provide cumulative flow readings.

Currently there are 40 shafts in service on the three City Tunnels which bring water to the surface
and distribute it to consumers. Except for two shafts, they have venturi tubes and DP cells to
measure the flow. Where meters are missing or temporarily out of service, the flows are
estimated by DEP engineers. In addition, Radcom datalogging connections allow DEP engineers
to monitor the flows remotely. The individual shaft flows for each tunnel are also compared to
the master meters at Hillview Reservoir. If abnormalities are found, field investigations are
quickly started so that repairs or adjustments can be made. By carefully monitoring the tunnel
flows, DEP is able to expeditiously correct many conditions which could contribute to water main
breaks or flow reversals resulting in discolored water and water quality complaints.

When the Croton System is in service, most of the flow leaving the Jerome Park Reservoir is
measured by venturi meters at various locations in the Bronx and Manhattan. The largest flow
component from the Jerome Park Reservoir is measured at a location in northern Manhattan. The
flow to the East Bronx is measured at an East Bronx location. Pumped water from the Jerome
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Park Reservoir is measured at the Jerome Avenue Pumping Station in the Bronx and the 40"
Street Pumping Station in Manhattan. In addition, flow to the South Bronx is measured at the
south end of the Jerome Park Reservoir. Currently, the flow meters at the Mosholu Pumping
Station and Inwood area of Manhattan are out of service. In the future, when the Croton Water
Treatment Plant is completed and placed in service (2011), all Croton water will be measured by
new magnetic flowmeters.

Customer Meters
Metering of Remaining Unmetered Properties

Approximately 97% of accounts are physically metered. The unmetered properties fall into a few
categories:

1.3% Refused to meter, being billed 100% surcharge over flat-rate charges
0.7% Pending meter installation, often with technical problems
1% Properties with deteriorated water service pipes, exempt properties (houses of

worship), vacant properties

The number of properties surcharged for failing to meter has dropped from 35,000 in 2000 to
approximately 11,000 in 2006.

DEP will bid a new meter installation contract set in early 2007.

Properties with deteriorated service pipes, usually either lead or galvanized metal, pose a unique
problem. If the service line is sufficiently deteriorated that it is leaking, DEP can order it repair
under “leak and waste” rules and the meter installation can then be performed. If the service line
is not leaking, but both the meter installation contractor and DEP agree that the pipe is likely to
fail if an installation is performed, DEP’s options are limited. To hurry the eventual replacement
of these service lines, which would also serve the interest of reducing customer exposure to lead
from some of those service lines, DEP is proposing changes to the city’s water use rules (Rules of
the City of New York, Title 15, Chapter 20) to prohibit repair, as opposed to replacement, of lead
or galvanized meter service lines and to require the installation of a water meter by any licensed
plumber who applies for a permit to repair or replace a service line for an unmetered property.

Vacant properties will be metered when the property is redeveloped.
Houses of worship were made exempt from water/sewer charges in the 1980’s due to a law
passed by the State Legislature. The (approximately) 1,400 unmetered exempt properties were not

originally included in the Universal Metering Program but DEP will conduct a campaign to meter
them in 2007-2008.

Meter Reading
Meters installed during DEP’s Universal Metering Program, since 1987, have had “absolute
encoder” registers and remote meter reading receptacles, usually installed on the front or side wall

of the building. These allowed the great majority of meters to be read without having to gain
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physical access to the buildings. They have proven to be somewhat imperfect since they can be
broken intentionally or accidentally and actual read rates have not exceeded 85-87% citywide.
Meters are read quarterly and billing occurs on a quarterly schedule, except for several thousand
accounts either connected into a telephone-based (“inbound”) AMR system or read by the
building owners/managers with reads faxed to DEP. These “Read Your Own Meter” customers
are read and billed monthly. The telephone AMR system shows actual read rates of 93-94%, with
estimated reads coming from meters that have malfunctioned or had their telephone connections
interrupted.

DEP has been testing radio-based AMR alternatives over the last two years and at this writing
plans to issue an RFP for a city-wide fixed network AMR system to be installed over a three-year
period. Such a system will not only allow an eventual move to monthly billing, but will provide
a rich source of water use data since a fixed network system can read meters daily or even more
often. This data will improve DEP’s ability to understand customer water use, calculate
unaccounted-for water in a more detailed manner and track savings from conservation programs.
It will also provide early leak detection warnings that can be transmitted to customers.

DEP cooperated with a Con Edison pilot of Itron’s mobile AMR system in 2005-2006 involving
approximately 300 properties in Brooklyn. DEP has been placing “hard to read” and “Read Your
Own Meter” accounts throughout Brooklyn, Queens and Manhattan onto a mobile system
manufactured by Transparent Technologies which currently totals about 200 accounts but is
expected to grow to several hundred or more during 2006-2007.

Current plans are to develop a citywide “fixed network” system leveraging a citywide wireless
system being installed by the New York City Department of Information and Telecommunication
Technology (DOITT) during 2007-2008. DOITT’s project will identify and develop rooftop
locations for AMR receivers along with its own equipment, and the DOITT system will be used to
transmit the meter readings back to DEP. Pilot installations of several manufacturers equipment
and an RFP are scheduled for early 2007.

Meter Repair/Replacement Program

Water meters register at a slower rate as they age. The exact age when replacement makes sense
may depend on the physical age of the meter, the amount of water that has flowed through the
meter over the years (the “mileage”), water quality, the type of meter and perhaps the
manufacturer. An additional consideration is the cost to access a building to perform the work.
For ” —1" meters in DEP’s system, it appears that replacement is clearly cost effective by 18-22
years of age.

Since the earliest meters installed during the Universal Metering Program will be reaching 20
years old beginning in 2007-2008, the replacement of at least 100,000 meters will be included in
the citywide AMR project currently scheduled to begin before the end of 2007. In addition to
this, DEP inspectors routinely replace 30,000+ small meters each year and will be scaling up to
approximately 50,000 by 2008. DEP Information Systems staff are preparing a report listing
meters installed in 1995 or before with their total registration to help prioritize small meter
systematic replacement over the next several years.
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DEP began a program of consciously replacing larger (2” or larger) old meters in the system in
2004. That program continues today. During the original Universal Metering Program, 48,000
smaller old meters were replaced as part of that effort.

Inaccuracy and under registration among larger water meters is an even more important issue than
for smaller meters since far more water flows through them and under registration has a greater
impact.

DEP has been performing field meter accuracy tests for many years and in 1999 we compiled data
on larger turbine and compound meters to determine typical accuracy levels of older meters. The
results are presented in Table 5.

Table 5: Older Turbine and Compound Meter Accuracy
Meter Size/Type/Age Mean Accuracy Sample Size
3" Turbine 1-5 years old 65% 5
3 xe" Comp., 1-5 years old 84% 11
3 x e" Comp., 6-10 years old 77% 16
3 x:" Comp., 6-10 years old 87% 2
3 x:" Comp.,11-15 years old 78% 3
3 x:" Comp., 16+ years old 70% 2
4 x e" Comp. 1-5 years old 83% 11
4 x e" Comp., 6-10 years old 98% 4
4 x e" Comp., 11-15 years old 97% 2
4 x e" Comp., 16+ years old 84% 2
4 x " Comp. 1-5 years old 90% 21
4 x " Comp. 6-10 years old 89% 41
4 x " Comp. 11-15 years old 49% 7
4 x " Comp. 16+ years old 74% 12
4 x 1" Comp. 1-5 years old 95% 6
4 x 1" Comp. 6-10 years old 84% 21
4 x 1" Comp. 11-15 years old 86% 18
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Table 5: Older Turbine and Compound Meter Accuracy
4 x 1" Comp. 16+ years old 75% 12
4" Turbine, 1-5 years old 91% 14
4" Turbine, 6-10 years old 96% 14
4" Turbine, 11-15 years old 7% 18
4" Turbine, 16+ years old 90% 23
6 x 1" Comp. 1-5 years old 92% 11
6 x 1" Comp. 6-10 years old 94% 21
6 x 1" Comp. 11-15 years old 81% 5
6 x 1" Comp. 16+ years old 96% 2
6" Turbine, 1-5 years old 97% 11
6" Turbine, 6-10 years old 87% 15
6" Turbine, 11-14 years old 51% 14
6" Turbine, 16+ years old 78% 15
8" Turbine, 1-5 years old 100% 2
8" Turbine, 6-10 years old 83% 3
8" Turbine, 16+ years old 58% 2

In 2004 DEP began two contracts aimed specifically at replacing the largest and oldest meters in
the system. Those two contracts replaced 1,100 meters out of the 5,000 over 2” turbine and
compound meters. Several hundred more have been replaced under other replacement contracts.

This work is continuing through current and future meter replacement contracts. DEP is also
conducting an analysis of the billable consumption “before” and “after” the large meters were
replaced, to estimate revenue gains.

In addition to these directed meter replacements, DEP also repairs and replaces 30,000 — 50,000
meters each year with smaller meter replacements (2 and smaller) and repairs being performed
by DEP Inspectors and larger meter replacements being performed by licensed plumber
Contractors.
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Distribution Leak Detection, Pipe Repair and Replacement

The appendix includes tables which list the quantities of distribution pipe by size and material.
The following table summarizes that information. Cast iron piping is generally the oldest and
ductile iron and polyethylene-lined cast iron the newest.

Table 6: Water Main Quantities by Material Type (Linear Feet)

Material Type Quantity Percentage

Cast iron 12,701,124 35.45%
Ductile iron 9.765,553 27.26%
Concrete lined cast iron 12,102,978 33.78%
Concrete 178,781 0.50%
Steel 1,056,729 2.95%
Polyethylene Lined 5,154 <0.1%
Unknown 15,043 <0.1%
TOTAL 35,825,362 (6,785 miles)

Table 7: Water Main Quantities by Age

Vintage Quantity Percentage
Pre-1900 3,524,871 10%
1901-1920 3,734,078 11%
1921-1940 9,085,758 26%
1941-1960 5,831,591 16%
1961-1980 5,145,377 14%
1981-2000 6,783,039 19%
2001-2005 1,546,109 4%

DEP replaced slightly under 59 miles of distribution pipe annually, on average, between 1996 and
2005 and plans to replace slightly more than and average of 56 miles annually from 1996 through
2015.

Distribution system leaks are detected and repaired both in response to customer complaints, and
through a systematic survey of the distribution system. All parts of the distribution system are
surveyed at least once every three years and the system located in the drainage areas for the
Newtown Creek, North River and Wards Island wastewater plants is surveyed at least once every
nine months.

Table 8: Distribution Leak Repair Statistics: FY06

Survey Work
Length of Piping Surveyed 21,524,265 LF (4,076 miles)
Number of Leaks Repaired 115
Water Savings 5.46 MGD
Source of Leak 39% Service Line, 34% Valve, 11% Hydrant,
10% Joint Leak, Main 6%
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Table 8: Distribution Leak Repair Statistics: FY06

Complaint Work

Number of Leaks Repaired

249

Water Savings

39.36 MGD

Source of Leak

43% Service Line, 33% Main Break, 12%
Valve, 12% Joint Leak, <1% Hydrant Leak

Table 9: Expansion and Results of Distribution Leak Detection

Time Period Linear Feet Surveyed Leaks Found/Repaired
(000,000 LF) (GPD per 1,000 LF)
Initial Citywide Cycle 40.13
(1984-1990) (Over six years) 2,334
FY1988 5.5 4,600
FY1996 23 550
FY2006 215 253.6
Miles of Pipe Replaced or Planned
120 -
100 —— |
80— §
60+ | Y i | | E——"
40m 11 — — —
201 nimwinE -
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Fixture Replacement and Customer Centered Programs

75% of residential water use occurs in the bathroom for toilet flushing, showers and use of the
bathroom lavatory. Improving the efficiency of use in the bathroom was a clear goal for DEP and
any water utility with water conservation goals.

Residential Water Survey Program (RWS): Understanding the Housing Stock

DEP began offering free water saving Kkits to homeowners in 1991 as well as free walk-through
surveys of private homes to identify leaks and install low-flow showerheads, faucet aerators, and
toilet displacement bags. By 1993 this program expanded to include multiple dwellings.
Currently, small commercial occupancies are also included.

The RWS effort was directed at actual installation of water-saving items, as tens of thousands of
water-saving showerheads and faucet aerators were installed, but also at collecting data on water
use (and leaks) in New York residences. This information served both to educate property owners
and to inform DEP about where leak problems lie.

Table 10: Leaks Measured During NYC Residential Water Surveys (2001-2003)

Leak Location Number of Leaks Leak Rate (gpd)
Shower 1949 70
Toilet Overflow 1837 574
Toilet Flapper 1414 533
Bathroom Faucet 1411 46
Kitchen Faucet 1225 44
Flushometer Valve 651 389
Toilet Ballcock 320 523
Toilet Shutoff Valve 32 440

Percentage of Dwelling Units with Leaks: 24.6%

Toilet Rebate Program (1994-1997)

DEP conducted the largest toilet replacement program in history between 1994 and 1997 during
which time more than 1.3 million toilets were replaced. A 20-year net present value comparison
of the toilet rebate program and equivalent expansions of the supply and wastewater systems
found that the conservation program would provide a net savings of $196 million from deferring
construction of new supply and wastewater treatment capacity by ten years. The cost of
conserved water was estimated at $4.54 million per MGD, as compared to approximately $10
million per MGD for new supply and wastewater treatment sources.
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Total savings from the program have been estimated at about 80 MGD and an impact evaluation
of the program (FN) found a 29% reduction in use among participating apartment buildings.

Plans for Future Programs

The eventual need to temporarily close the Delaware Aqueduct to allow repair of the leak has led
DEP to study a wide variety of possible demand reduction and supply diversification projects to
prevent supply shortfalls during the period of the Delaware Aqueduct outage. New incentive
programs to replace additional existing toilets, existing urinals and to provide an incentive to
install higher-efficiency toilets and urinals in new construction are amongst the most cost-
effective options studied. DEP plans to begin offering a voucher-based toilet replacement
program to high-density apartment buildings by the end of 2007 or beginning of 2008 and expand
the program citywide by 2009. Incentives aimed at clothes washers in apartment building laundry
rooms and laundromats are also being planned.

Table 11: Currently Planned Fixture/Appliance Incentive Programs (Estimated) 2008-2011

Project Estimated Estimated Cost | $SM/MGD
Description Savings ($000,000)
(MGD)
Toilet Replacements (Phase |, 2008) 10 26 2.60
Toilet Replacements (Phase 11 2009-2010) 30 99 3.30
Clothes Washers 10 35 3.50
Cost-Sharing ICI Program 4.5 16 3.60
School-Public Building Replacements 5.5 16 2.88
Subtotal 60 MGD 157 2.62

Phase | of the toilet replacement program is fully funded and DEP is developing the specifications
for an Administrative Project Management Contractor in Fall 2006. Funds for Phase 11 and the
Clothes Washer effort should be added to the capital budget in January 2007. A program to
replace old fixture in public schools and other public buildings is currently under discussion, as is
a performance-based program to co-fund water-saving projects in non-residential properties. By
comparison to the under-$3 million per MGD cost of the efficiency programs, the lowest capital
cost for supply projects is approximately $10 million per MGD.

Public Buildings (NYCHA)

As part of the wastewater consent decrees, the New York City Housing Authority replaced
103,432 toilets in buildings located in the Newtown Creek, North River and Wards Island
drainage areas during the 1990’s through 2004. This is almost 99% of the fixtures in NYCHA
buildings within the drainage area. NYCHA’s periodic bathroom renovation projects throughout
their system continue to add to their savings through the present day.
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Public Buildings (Non-NYCHA)

DEP is in the early planning stages of a project for fixture replacements in city schools and other
public buildings. DEP contracted with a water/energy engineering firm to perform detailed non-
residential water audits of both private and public commercial-industrial buildings. Several New
York City schools and hospitals were surveyed and data collected on the potential cost and
savings of fixture replacements in these buildings. With cooperation from the Department of
Education and School Construction Authority, DEP hopes to identify buildings which do not have
water-saving fixtures and are not scheduled for capital upgrade projects in the next several years.
These buildings would then be the subject of a fixture replacement program.

Building Manager Education

Since 1991 DEP and HPD have co-sponsored water conservation seminars design primarily for
apartment building managers and maintenance staff, but open to the public. Over 5,000 people
associated with more than 800,000 dwelling units have attended these seminars over time. The
seminars compose part of a Building Education curriculum organized by HPD as well as stand-
alone seminars offered biweekly.

Outdoor Water Use Reduction

Although DEP maintains restrictions and limits on outdoor water use, even outside of a drought
emergency, outdoor water use has not been a high priority for program development since
outdoor use is relatively minor. In 2005 and 2006 use during the warmest months was only 10-
16% higher than average daily use during mid-winter and some of that additional use was due to
the operation of evaporative cooling towers for central air conditioning systems. Average daily
use in April and May, before the air conditioning season, was no higher than average daily use in
January and February.

Watering Restrictions and Enforcement

DEP maintains and occasionally updates Chapter 20 and Chapter 21 of the Rules of the City of
New York (“RCNY?”). Chapter 20 includes general water use rules including connections to the
system, meters, backflow protection and rules governing outdoor water use. Chapter 21 contains
rules in effect during a drought emergency.

Chapter 21 was updated and revised in 2006 and Chapter 20 is current being updated with a new
version of the Rules expected late in early 2007. The new version of Chapter 21, as well as the
existing and proposed versions of Chapter 20 are included in the Appendix.

The water use rules included in Chapter 20 are generally similar to those maintained by many
water utilities. They include:

a) Prohibition against most outdoor water use between the hours of 11 a.m. and 7 p.m. and
between November 1 and March 31.

b) Requirement that hoses have nozzles. The proposed updated rule limits the flow rate of
such nozzles to 5 gpm are required automatic shutoff handles.
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¢) Car washes using city water (as opposed to those using ground water) are required to
recycle 80% of their water.

d) Public fountains and similar uses must use recirculated water.

e) Hydrant use requires a permit. The proposed changes place the onus on the applicant to
demonstrate they could not use metered water in lieu of a hydrant.

The drought emergency rules describe a drought emergency as having three possible stages of
increasing seriousness: Stages 1-3. Major issues of the drought rules include:

a) Lawn watering is prohibited beyond Stage 1 and watering of golf course fairways is
prohibited even in Stage 1. Home lawn watering is limited to every other day.

b) Sidewalk and vehicle washing is prohibited except for health and safety reasons or Code
compliance

¢) Request by the DEP Commissioner to the New York City Water Board to enact a “drought
emergency rate increase”

d) Esthetic and recreational uses are banned.
e) Requirements for extensive “save water” signage

Hydrant Use Controls

DEP has installed locking devices on more than 30,000 hydrants citywide and also joins with the
Fire Department in distributing spray caps each season. This policy has reduced peak use on all
but the most severe heat waves.

Water Reuse

On July 1, 2004 the New York City Water Board created the Comprehensive Water Reuse
Program (“CWRP”) rate which provides for a discounted water/sewer rate for mixed use or
residential buildings that recycle water using a “blackwater” recycling system. One year later the
qualifications for the rate were expanded to buildings which recycle blackwater or combinations
of greywater and stormwater or greywater and district steam condensate. Only one building has
applied for this rate, to date.

DEP is also examining the feasibility of reusing stormwater released by MTA sump pumps and
reclaimed water near selected wastewater treatments plants.
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Educational Campaign Program to Encourage Water Conservation Behavior

In order to help educate the public and raise awareness about water conservation, the DEP has
developed, through its Bureau of Communications and Intergovernmental Affairs, a public
education and outreach program. This program has been running for many years and has several
integrated components that address a wide range of topics through a multiple media approach, as
outlined below.

= Publications

=  Promotional Items

= School Programs

= Public Event-based Programs
= Web Site

The following sections provide descriptive information regarding DEP programs conducted
during 2005, programs planned for 2006, and new initiatives that will be investigated for
implementation in 2006 and 2007.

Publications

A list of flyers, brochures, posters, and publications is provided in Table 12. These items were
displayed or distributed throughout the public education program, and most are readily available
on the DEP web site. Examples of the publications are shown in the following pages.

Table 12. Literature / Publications

New York City's Wastewater Treatment System (Report)

2004 New York Harbor Water Quality Report (Report on CD)
New York City's Water Supply System (Postcard for Conference)
Grease Disposal Tips (Leaflet)

Biosolids Beneficial Use Program (Leaflet)

Floatables Reduction Program (Leaflet)

Staten Island Bluebelt (Leaflet)

Clean Streets = Clean Beaches (Poster/Leaflet)

The DEP in The News (Newsletter)

Bureau of Wastewater Treatment: Bureau Summary (Report)
New York City 2004 Drinking Water Supply and Quality Report (Report)
Fire Hydrants (Poster)

Dos & Don’ts of Water Conservation (Leaflet)
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Promotional Items

The DEP distributed approximately 267,450 promotional items at various tabling events. Table 13
summarizes the advertising efforts of this program for 2005 and provides a list of additional
promotional items as well. Examples of the promotional items are depicted in the following
pages and include Save Water Sponges, magnets, book marks, buttons, and bumper stickers.

Table 13. Public Outreach Program

Promotional Item Distribution, 2005

Category Total Number
Beach Bags 10,250
Frishees 8,500
Litter Bags 10,000
Metro Card Holders 35,000
Save Water Sponges 25,000
Twixit Clips 19,700

Save Water — Don’t Drip

New York Dry (Bumper 25,000
Sticker)

Dos & Don’ts of Water

. 130,000

Conservation (Bookmark)

Dos & Don’ts of Water

. 4,000
Conservation (Magnet)

267,450
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School Programs

DEP's Bureau of Communications and Intergovernmental Affairs will continue to develop and
implement school-based education programs to help make young people and adults aware of the
importance of conserving water. DEP will provide classroom lessons, staff development
workshops for teachers and administrators, printed material describing harbor water issues, and
assistance for curriculum development and student research projects.

DEP’s ongoing partnerships with education and environmental organizations, such as the New
York City Soil and Water Conservation District, the Bronx River Alliance, Council on the
Environment of New York City, the American Littoral Society, the New York-New Jersey Harbor
Estuary Program and the South Street Seaport Museum enable DEP to reach a diverse audience.

DEP's environmental education resources for New York City's public and private schools
emphasize critical and creative thinking, decision-making skills, communication and collaborative
learning across disciplines. All programs are inquiry-based and are aligned with New York City
Performance Standards in Science, Math, Social Studies and Applied Learning and with the New
York City Department of Education's new Science Scope and Sequence.
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Table 14 presents a summary of event locations per borough.

Table 14. Number of Education Events
Per Borough, 2005

Location Number of Events
Bronx 6
Brooklyn 16
Manhattan 52
Queens 20
Staten Island 0
City-wide 45
Total 139
Average Events Per Month 12

Public Event-based Programs

In 2005, the DEP attended 227 public outreach events, averaging approximately 19 events per
month. Events included table top displays and outreach at 78 fairs, festivals, and concerts, most
of which were community based. Other events included displays and outreach at 67 greenmarkets
and farmers markets and 5 “Clean Streets = Clean Beaches” events, with the remainder including
a combination of community group outreach, such as presentations and table top displays at
churches, professional associations, and the Boy Scouts, as well as events conducted at City parks
and museums. Table 15 includes a summary of events per borough, respectively.

Table 15. Number of Public Outreach Events
Per Borough, 2005

Location Number of Events
Bronx 22
Brooklyn 52
Manhattan 82
Queens 39
Staten Island 20
City-wide 12
Total 227
Average Events per Month 19
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DEP Website www.nyc.qov/dep

The DEP Web Site constitutes one of the most accessible and far reaching portions of the DEP
public education program. The site has numerous pages and links that connect viewers to all
manner of topics with which the DEP is associated, including such far ranging issues as large
construction projects (e.g., the creation of the new water supply tunnel), billing and customer
service information, press releases, water quality data, departmental organizational information,
and environmental education and data. With specific regard to institutional, regulatory, and
public education programs addressing water conservation, the web site provides a clearinghouse
for the DEP public education program including event and training schedules, contacts and links
for more information, downloadable promotional materials and publications (e.g., posters, flyers,
reports), and press releases.

Likewise, regulatory assistance may be found through the web site “help center” which provides
links to appropriate forms, rules, and contacts to assist businesses, residents, and institutions in
complying with water and sewer use regulations and to encourage the web audience to adopt
environmentally sound water and sewer use habits. The major target audiences for the web site
are outlined below and in Table 16, and the site’s organization by topic is provided in Table 17.

The DEP web site has been organized into four categories to target four distinct major audiences
to help the department to provide conveniently accessible information to its constituency, as
follows in Table 16. In addition to the four major categories, the web site also contains links on
its homepage to “About DEP” and “Contact Us” pages, which span all four target audiences.
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Table 16. DEP Web-Site Organization by Target Audience

Link - Category Target Audience General Resources Provided

Information, including regulatory compliance, water conservation, and
Help Center ) ) o ) ) o
Consumers and Businesses pollution prevention information, to help those with a billing and/or regulatory

(Customer Service) ) o
relationship with the DEP.

Press releases, project descriptions, and publications designed to inform the

DEP News General Public general public, as well as to assist other organizations in reporting on DEP
issues.
) Schools, Professionals, Wide ranging information, including reports, data, and class programs,
Environmental ) o _ _ _
Eq ) Community Organizations, designed to educate the larger New York community about environmental
ucation
General Public issues and to promote environmentally responsible behavior.
Kids Schools, Children, Parents Environmental education materials and activities designed for children.

The DEP website addresses water conservation in institutional, regulatory, and public education
programs throughout its content and across all of the target audiences. Institutional programs are
covered through several avenues. Consumers and businesses can find water conservation and
pollution prevention information through the Help Center (Customer Service) pages. The news
media, as well as the general public, can obtain information from DEP press releases, project
reports, and event descriptions. Automatic e-mail press release updates are also available. The
technical community also has access to water quality and DEP performance data, including the
annual Harbor Water Quality Reports and City-wide Accountability data.

Regulatory information is also provided in multiple places accessible through the DEP website.
The most direct links are provided through the Help Center pages, which allow businesses easy
and organized access to regulatory requirements, pollution prevention information, and water
conservation information.

Finally, the public education component of the website enhances the myriad of DEP public
education programs by providing easy internet access to event schedules, educational materials
for teachers and students, downloadable promotional information such as flyers and posters,
reading lists, project descriptions, and the host of information associated with the DEP Public
Education Programs.

The full DEP website organization has been provided in Table 7. Those categories containing
information specific to institutional, regulatory, and public education programs have been
highlighted and sub-categories illustrating the breadth of the relevant environmental information
and the multiple pathways through which information is promoted within the website have also
been included. Over fifteen links that provide cross-referenced environmental and pollution
prevention information exist within the first two levels of the web site providing access to
numerous resources relevant to institutional, regulatory, and public education programs to
promote water conservation.
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Several critical links with the DEP’s partners leverage the outreach power of the DEP website,
most notably, the links with NYC.gov, the official New York City web site, which exposes the

DEP to a much larger, City-wide audience.

Table 17. DEP Web-Site Organization by Topic

Institutional Regulatory Public
Components Components Education
Related to Related to Components
Water Water Related to Water
Category Sub-category Conservation Conservation Conservation Information / Materials
About Drinking Water N
DEP Supply
Watersheds X
Reservoir Levels X
Commissioner’s N
Statement
City-wide ) )
. Catch Basin maintenance
Accountability
data
Program
Floatables Reduction
Program, Grease
Discharges, Food Waste
Wastewater ) )
Disposers, Grease Disposal
Treatment . . ) -
Tips, Biosolids Beneficial
Use Program, Harbor Water
Quality Survey
Air, Noise,
Hazmat
Job Opportunities
DEP’s Bureaus X
Grease Disposal Tips,
Protect Your Water Meter
Help Consumer N and Pipes from Freezing,
Center Resources Annual Water Supply
Statement, How Can | Save
Water?
Meter and Billing N
Forms
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Table 17. DEP Web-Site Organization by Topic

Institutional Regulatory Public
Components Components Education
Related to Related to Components
Water Water Related to Water
Category Sub-category Conservation Conservation Conservation Information / Materials
Water Board
Rates X
How Can | Save
Water X
Environmental
Control Board X
Smart Business (guide to
environmental regulations
and permitting
requirements), Pollution
Business Prevention, Preventing
Resources X Grease Discharges,
Additional Resources,
Environmental Economic
Development Assistance
Unit
Environmental
Compliance X
Numerous links to water
Drought saving tip.s, water
Information X conservation rules, and
drought characterization
and water supply status
Doing Business
with DEP X
Education Large variety of educational
Education X
Materials materials and contacts
Over 10 websites and over
Suggested 30 books listed for Adult
X Reading; Over 10 websites
Reading List
an over 40 books listed for
Child Reading.
The City’s Water N

Supply
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Table 17. DEP Web-Site Organization by Topic

Institutional Regulatory Public
Components Components Education
Related to Related to Components
Water Water Related to Water
Category Sub-category Conservation Conservation Conservation Information / Materials
Series of activities, quizzes,
Water Saver’'s )
X and readings related to
Workbook )
water conservation.
Fun Activities and Wow, | Didn’'t Know That —
) Lessons For an instructive quiz related to
Kids ) X )
Children of All water conservation and
Ages pollution prevention.
DEP’s online newspaper
DEP containing recent articles
DEP News X X X
News and reports about DEP
projects and issues.
List based search of
) newsworthy topics and
Interactive
X press releases.
Features
Links to recent and archived
Press Releases X
DEP press releases.
_ ) Links to recent and archived
Public Notices X X _ )
public notices.
Contact number for water
Contact Where to Contact _ = )
X quality condition reporting
Us the DEP .
by the public.
) ) Automatic e-mail updates
Sign Up for Email ) )
X concerning environmental
Updates )
news items.
Email the

Commissioner
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Future Actions

This section, Future Actions, describes public education programs that DEP seeks to support in
2006 and 2007 to address water conservation. These future actions are based on the continuation
and enhancement of the variety of successful, ongoing programs that the DEP has implemented as
well a DEP endorsement of City-wide programs sponsored by other government agencies.
Through these actions, DEP can further its commitment to implementing effective public
education programs aimed at water conservation.

School Programs: DEP will continue to provide support for City-wide environmental
education resources targeting students and teachers (131 programs were supported in 2005).
Support would continue to include the provision of speakers, teacher workshops,
presentations, and promotional literature and items for school groups related to floatable
reduction, water quality, water conservation, and other environmental topics. Similar support
targeted to students and teachers would also be provided for conferences, environmental
centers, museum educational programs, and community organizations, as necessary. In
addition to the many programs reported last year, 2005, DEP also reached out to all the
elementary and middle schools (public, private and parochial) in the New York City area,
mailing 3,500 copies of the guidelines for its annual Water Conservation Art and Poetry
Contest. For the last twenty years, DEP has been encouraging fifth and sixth grade students to
creatively express their understanding of the New York City’s water resources and the
importance of wastewater treatment.

In 2006, DEP’s Art and Poetry Contest included specific topics related to water conservation,
such as:

= How we use water everyday at home and in school and how it can be conserved.
= The value of water in our lives.

= The purpose of fire hydrants and their proper use.

= People share the earth’s water supply with other living things.

= No matter where we live, we can help keep water clean.

= The unique properties of water make it special to all of us.

= The importance of the Croton, Catskill and Delaware watersheds.

= How our water is protected to be sure it is safe to drink.
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Almost 300 students were honored in the presence of their families and teachers for their
outstanding expressions and understanding of the environment.

The contest has been conducted with the support of the New York City Department of
Education, New York Archdiocese, The Board of Jewish Education, Greek Orthodox
Archdiocese, Lutheran Schools, and Independent Schools.

Publications: The wide array of DEP environmental education related literature and
publications will continue to be produced and updated, as necessary, for distribution at school
events, public events, and on the DEP website. Specific documents that received updates in
2006 include the New York Harbor Water Quality Report, the Drinking Water Supply and
Quality Report, How to Read Your Water Meter, and High Efficiency Clothes Washers.
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= Promotional Items: DEP will continue to provide promotional items such as magnets,
bumper stickers, bookmarks, rulers, stickers, book covers, sponges, and beach toys with
environmental education related messages. These items will be distributed at school and
public events to reinforce water conservation messages.

= DEP Website: DEP will continue to improve and enhance its website. Both existing and
future content will enable the public to learn more about the activities and status of the
projects and initiatives aimed at conserving water. The site will provide education and
outreach material, customer service updates and notices, press releases, public meeting
announcements and other public information.
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Drought and Emergency Procedures

From time to time the Water System experiences drought conditions caused by significantly
below-normal precipitation in the watershed areas. The most recent drought was in 2002.

The Water System relies upon a surface water supply, and is sensitive to major fluctuations in
precipitation. Throughout even the worst droughts, the Water System has continued to supply
sufficient amounts of water to the City. To ensure adequate water supply during drought
conditions, DEP, in conjunction with other City, State and interstate agencies, maintains a
Drought Management Plan. The Drought Management Plan defines various drought phases that
trigger specific management and operational action. Three defined phases are: "Drought Watch,"
"Drought Warning," and "Drought Emergency.” A Drought Emergency is further subdivided in
four stages based on the projected severity of the drought and provides increasingly stringent and
restrictive measures.

A Drought Watch is declared when there is less than a 50% probability, based on the existing
record since 1927, that either the Catskill or Delaware reservoir system will be filled by the
following June 1. This phase initiates the pumping of water from the Croton System. In addition,
during this phase a public awareness program begins and users, including upstate communities
taking water from the System, are requested to initiate conservation measures. New York State
Department of Health ("NYSDOH"), NYSDEC, and the Delaware River Basin Commission (the
"DRBC") are advised of the Water System's status, and discussions are held with City agencies
concerning their prospective participation in the event of a declaration of a Drought Warning.

A Drought Warning is declared when there is less than a 33% probability that either the Catskill
or Delaware reservoir system will fill by June 1. All previous efforts are continued or expanded
and additional programs are initiated, including the coordination of specific water saving
measures by other City agencies.

A Drought Emergency is declared when it becomes necessary to reduce consumption by imposing
even more stringent measures. In addition to the imposition of restrictions, DEP may enhance
existing System management and public awareness programs, expand its inspection force and
perform additional leak and waste surveys in public and private buildings. DEP may also require
communities outside of the City that are served by the System to adopt similar conservation
measures. The Drought Management Plan can be downloaded from DEP’s website:
http://nyc.gov/html/dep/html/drought.html. This URL is also home to copies of general water use
restrictions and Drought Emergency Rules.

DEP maintains, and regularly updates, regulations describing water use restrictions during a
Drought Emergency. These rules are contained in Rules of the City of New York (RCNY)
Chapter 21 and are promulgated and amended through a public rulemaking process. The rules are
divided into three Drought Emergency Stages: I, Il and 111 with restrictions increasing in number
and severity with each Stage.
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Appendix |

DEP Piping by Size and Type

Size and Type

1" unknown

1.5" unknown

3" unknown

o

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Unknown

4"
Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Unknown

6"
Cast Iron

Ductile Iron

Concrete Lined Cast Iron
Steel

Unknown

Polyethylene Lined

8"

Cast Iron

Linear

Feet percentage
size by
TOTAL type

166

836

447
23,885 28.94%
896 1.09%
49,242 59.67%
8,506 10.31%
Total 82,529 100.00%
103,588 75.73%
4,934 3.61%
27,513 20.12%
743 0.54%
Total 136,778 100.00%
1,324,833 84.28%
43,648 2.78%
202,484 12.88%
742 0.05%
47 0.00%
188 0.01%
Total 1,571,942 100.00%
6,085,067 36.59%
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DEP Piping by Size and Type

Ductile Iron
Concrete Lined Cast Iron
Steel

Unknown

10"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Steel
Unknown

12"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron
Steel

Polyethylene Lined

14"
Cast Iron
Ductile Iron

Concrete Lined Cast Iron
Steel

Unknown

16"
Cast Iron
Ductile Iron

Concrete Lined Cast Iron
Steel

4,258,245
6,280,148
7,877

278

Total 16,631,615

52,924
5,883
15,776

138

Total 74,721

3,023,687
3,560,994
4,350,494
56,643
369

Total 10,992,187

14,698
74

3,656

1,177

Total 19,605

431,460
15,506

223,977

25.60%

37.76%

0.05%

0.00%

100.00%

70.83%

7.87%

21.11%

0.18%
0.00%

100.00%

27.51%

32.40%

39.58%

0.52%

0.00%

100.00%

74.97%

0.38%

18.65%
0.00%

6.00%

100.00%

63.93%

2.30%

33.18%
0.59%
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DEP Piping by Size and Type

Unknown

18"
Cast Iron

Ductile Iron
Concrete Lined Cast Iron
Steel

Unknown

20"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Steel
Unknown

24"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron
Steel

Polyethylene Lined

30"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron
Concrete

Steel

Polyethylene Lined

3,993

Total 674,936

612

2,843

Total 3,455

720,009
1,683,253
790,653

27,536

Total 3,221,451

132,726
46,223
56,799

3,568
3,828

Total 243,144

144,981
5,285
29,463
175
23,724
769

Total 204,397

0.00%

100.00%

0.00%

17.71%
0.00%
0.00%

82.29%

100.00%

22.35%

52.25%

24.54%

0.85%
0.00%

100.00%

54.59%

19.01%

23.36%

1.47%

1.57%

100.00%

70.93%

2.59%

14.41%

0.09%

11.61%

0.38%

100.00%
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DEP Piping by Size and Type

36"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Concrete

Steel

42"

Cast Iron
Ductile Iron

Concrete Lined Cast Iron

Concrete

Steel

48"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Concrete

Steel

54"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

Concrete

Steel

60"

Cast Iron

Ductile Iron

Concrete Lined Cast Iron

215,907
20,956
16,732
31,252

126,611

Total 411,458

345

29
88
750

Total 1,212

411,598
96,969
52,946

133,102

400,663

Total 1,095,278

1,095
1,487

Total 2,582

3,419
20,734

43

52.47%

5.09%

4.07%

7.60%

30.77%

100.00%

28.47%
0.00%

2.39%

7.26%

61.88%

100.00%

37.58%

8.85%

4.83%

12.15%

36.58%

100.00%

0.00%
0.00%
0.00%

42.41%

57.59%

100.00%

1.68%

10.21%

0.02%
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DEP Piping by Size and Type

Concrete 4,637 2.28%
Steel 174,309 85.81%
Total 203,142 100.00%
66"
Cast Iron 2,067 3.77%
Ductile Iron 17 0.03%
Concrete Lined Cast Iron - 0.00%
Concrete - 0.00%
Steel 52,753 96.20%
Total 54,837 100.00%
72"
Cast Iron 9,930 5.28%
Ductile Iron 1,324 0.70%
Concrete Lined Cast Iron 3,023 1.61%
Concrete 335 0.18%
Steel 173,353 92.23%
Total 187,965 100.00%
84"
Cast Iron - 0.00%
Ductile Iron - 0.00%
Concrete Lined Cast Iron - 0.00%
Concrete 7,491 74.37%
Steel 2,582 25.63%
Total 10,073 100.00%
96"
Cast Iron - 0.00%
Ductile Iron - 0.00%
Concrete Lined Cast Iron - 0.00%
Concrete 606 100.00%
Steel - 0.00%
Total 606 100.00%
TOTALS
Cast Iron 12,701,124
Ductile Iron
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DEP Piping by Size and Type

Concrete Lined Cast Iron
Concrete

Steel

Polyethylene Lined

Unknown

Total

9,765,553
12,102,978
178,781
1,056,729
5,154
15,043
35,825,362

35,825,362
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Introduction and Summary

This report is an update of the Water Conservation Program Plan issued by the New York City
Department of Environmental Protection (“DEP”) in December 2006. The original document is
available from DEP in paper and PDF format. That original report contains detailed information
on the history and operation of the water supply and wastewater treatment systems as well as
historic information on water conservation efforts. Please request a copy of that document for a
more complete picture of DEP’s efforts. This report provides information on recent activities.

With the city’s population expected to rise to 9.1 million by 2030, from 8.3 million in 2005, water
efficiency will continue to have an important role to play, not just to help assure supply but also to
assist in meeting goals to reduce combined sewer overflows, maintain wastewater quality and
meet nitrogen removal goals.

Water demand continued a modest downward trend in the last year, as illustrated in the graph
“Historical Water Demand and Population.” DEP continued efficiency-related programs and also
began or completed a number of initiatives that will provide benetfits in the future:

1. Automatic Meter Reading DEP began the installation of a citywide fixed-network
AMR system in November 2008 with the start of installation work for Data Collection
Units (“DCU”) around the city as part of NYC DolTT’s NYCWIN citywide wireless
system. Replacement of most pre-1998 water meters and installation of the AMR
“MTU’s” on all water meters began the first week of March 2009 with substantial
completion planned in three years.

2. Expansion of Water Demand Analysis Capability DEP’s Bureau of Environmental
Planning and Analysis (“BEPA”) has adding staffing and software tools to analyze
water consumption data. Through BEPA the New York City Water Board is
conducting a study of “conservation rates,” storm water rates and possible incentives
for storm water BMP’s.

3. Promulgation of New Water Use Rules DEP’s operational bureaus and legal affairs
staff completed the public revision of RCNY Chapter 20 in 2008. The new rule takes
effect on June 22, 2009. The changes address several water quality and leak
prevention issues in addition to a number of technical and procedural changes.

4. “Green Code Task Force” Mayor Bloomberg, Council Speaker Quinn and the U.S.
Green Building Council sponsored a wide-ranging review of the city’s Building Code
with the goal of revising specific parts of the Code to meet environmental and “green
building” goals. Technical Committees completed their work and issued
recommendations in 2008. Review of the recommendations by the city and an
industry advisory committee is currently underway in 2009.

5. Continuation of Ongoing Education Programs DEP’s Bureau of Community and
Intergovernmental Affairs (“BCIA™) continues to conduct a variety of education
programs on water and water efficiency directed at both students and adults.




Abbreviations and Acronyms Used in This Report

AMR Automatic Meter Reading (sometimes referred to as “AMI” for ““Advanced
Metering Infrastructure’)

BMP Best Management Practices

CIP Capital Improvement Plan

CSO Combined Sewer Overflow

CY Calendar Year

DCU Data Collection Unit (AMR)

DEC New York State Department of Environmental Conservation

DEP New York City Department of Environmental Protection

DoITT New York City Department of Information Technology and Telecommunications

DRBC Delaware River Basin Commission

FY Fiscal Year (July 1 — June 30)

GCPD Gallons per Capita per Day

HCF Hundred Cubic Feet

HPD New York City Department of Housing Preservation and Development

LF Linear feet

MGD Millions of Gallons per Day

MTU Meter Transmitter Unit (AMR)

NYCHA New York City Housing Authority

RCNY Rules of the City of New York

RFEI Request for Expressions of Interest

RFP Request for Proposals

RWS Residential Water Survey

SCA School Construction Authority

WPCP Water Pollution Control Plant (Sewage Treatment Plant)

Contact People for Issues in this Report

New York City Water Metering

Customer-Oriented Water Conservation Programs

Requests for the original Water Conservation Plan

Warren Liebold, Bureau of Customer Services, wlichold@dep.nyc.gov (718) 595-4657

Water Demand Projections, System Auditing, Related Issues
Esther Siskind, Assistant Commissioner, Bureau of Environmental Planning and Analysis (“BEPA™)
ESiskind@dep.nyc.gov (718) 595-3168

Distribution System Metering
Odd Larsen, Bureau of Water and Sewer Operations QLarsen@dep.nyc.gov (718) 595-5751

Upstate System and Customer Metering
Paul Aggarwal, Bureau of Water Supply, PAggarwal@dep.nve.gov (914) 773-4456

Educational Programs
Kim Estes-Fradis, Bureau of Communication
KEstes-Fradis@dep.nyc.gov (718) 595-3506




Historical Water Demand and Population
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Consumption by Neighborhood
FY2008
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Consumption by Land Use
FY2008 Meter Billed Customers
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Program and Activity Updates

Water Metering - Advanced Metering Infrastructure

Installation of the rooftop Data Collection Units (“DCU’s”) began in November 2008 and will be
substantially complete by September 2009. The network provides close to double redundancy so
by May 2009 with 200 out of 337 DCU’s installed we have coverage for Brooklyn and almost all
of Queens, the Bronx and Manhattan.

Large-scale installation of the transmitters (“MTU’s”) on water meters, and the replacement of
approximately 50% of pre-1997 small meters began on March 5 in Brooklyn and Queens and in
mid-March in Manhattan. Work in the Bronx began in early April 2009. Staten Island will begin
on or about July 1. By mid-July 50,000 MTU’s had been installed and the installation rate was
moving upward from 450-500 per day with a goal or reaching 1,200 - 1,500 per day by the end
of summer.

The system is generating a 97% actual read rate with the remaining 3% attributable to installation
errors that will be corrected. Most MTU’s are programmed to read the meter and transmit the
read four times a day. Meters 2" and larger will be read once an hour. Installation of the
AMR/AMI system will not only improve customer service and collections but will increase the
volume of water use data by orders of magnitude. DEP will move from having meters read four
times a year with an 85% actual read rate overall, to four times a day (for most customers) or
hourly (for larger customers) with a 97%+ actual read rate.

Before the end of 2009 DEP plans to make consumption data available for most customers
through its website.

Water Use and Demand Analysis

The Bureau of Environmental Planning and Analysis (“BEPA’’) within the DEP has been tasked
with tracking and understanding current and past water consumption trends, which are largely
based on the consumption data dating from 2001 to the present. This consumption is estimated for
each available borough, block and lot and verified through various analytical methods.

Given that New York City consists of over 850,000 lots, and approximately 97% of New York
City accounts are metered, the generated volume of water consumption data requires extensive
clean-up and verification. To properly manage and organize the data, Microsoft SQL server
software is being used. The statistical analysis portion of the study is performed using SAS®
software which is designed specifically for analysis of large databases. Additionally, geographic
and spatial analyses are performed using ArcGIS software.

This data is used in conjunction with various planning efforts within the agency, such as
emergency preparedness, study of the DEP’s rate structure, projecting water use into the future
based on past trends and available population projections.

The Water Board hired a consultant in 2008 to examine advantages and disadvantages of several
conservation rates, examine practical issues that must be addressed to implement a stormwater



rate and research possible incentives for stormwater management BMP’s. The study has
benchmarked NYC'’s rate structure against other municipalities across the country, researched the
types of stormwater, fixed/variable, and other rate structures implemented elsewhere, and has
identified data needs required to more fully understand the implications of potential
implementation in NYC. The study’s expected release will be toward the end of 2009.

Changes in Water Use Rules

DEP has completed revisions in RCNY Title 15 Chapter 20, “Rules Governing the Supply and
Use of Water.” The proposed revisions were enclosed as an Appendix to last year’s report. A
final public hearing was held on June 16, 2008 and final approval from the city’s Law Department
was received in May 2009 at which time final publication of the rule occurred to announce
promulgation of the new rule as of June 22, 2009 . The proposed changes related to water
conservation and quality include the following:

1. A requirement that any lead or galvanized metal service pipe be completely replaced,
rather than repaired, if it leaks. This is aimed at speeding the replacement of these types
of services both for water quality purposes and to reduce distribution system losses.

2. A requirement that water meters, service pipes and associated vales and fittings be
manufactured of a “no lead” alloy.

3. A requirement, or clarification, that public fountains and sprays must have automatic
shutoffs.

4. A requirement that the water service pipe to a vacant building be disconnected after one

year of vacancy and empowerment of DEP to perform the work and charge the owner if
the owner does not act. This is aimed at reducing leakage from service pipes.

Green Code Task Force

In 2008 Mayor Bloomberg established a task force of architects, engineers and design
professionals in partnership with the New York City Chapter of the U.S. Green Building Council
to develop recommendations for changes in city codes and rules that will improve energy- and
water efficiency as well as sustainable construction practices. The Task Force’s technical
committees submitted recommendations in late 2008 which are now being reviewed by the city
and an industry advisory group prior to the introduction of legislation to the Council.
http://usgbeny.org/advocacy/

The Council previously passed and Mayor Bloomberg signed Local Law 86/2005 which requires
new municipal buildings to be LEED-certified or LEED Silver depending on the size and value of
the project. This requirement effectively commits designers to the use of “high efficiency” toilets
and urinals.

Educational Programs

School Programs

DEP’s BCIA will continue to develop and implement school-based education programs to
help make young people and adults aware of the consequences of littering and the importance of
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conserving water. DEP will provide classroom lessons, staff development workshops for teachers
and administrators, printed material describing water issues, and assistance for curriculum
development and student research projects. DEP continues to work in collaboration with the
DSNY, New York City Department of Parks and Recreation, NYSDEC and the United States
Environmental Protection Agency (EPA) to promote the “Clean Streets = Clean Beaches”
campaign and other environmental education programs. Ongoing partnerships with education and
environmental organizations, such as the New York City Soil and Water Conservation District,
the Bronx River Alliance, Council on the Environment of New York City, the American Littoral
Society, Children for Children, Going Coastal, and the South Street Seaport Museum enable DEP
to reach a diverse audience.

Education and Outreach

DEP’s environmental education resources for New York City's public, private, and
parochial schools emphasize critical and creative thinking, decision-making skills,
communication and collaborative learning across disciplines. All programs are inquiry-based and
are aligned with New York City Performance Standards in Science, Math, Social Studies and
Applied Learning and with the New York City Department of Education’s new Science Scope and
Sequence.

http://www.nyc.gov/html/dep/html/water_and _sewer bills/propmemt.shtml

DEP, in partnership with Trout Unlimited, runs Trout in the Classroom program, a
watershed environmental education initiative for elementary through high school students. The
purpose of Trout in the Classroom is to create partnerships between New York City and upstate
watershed schools as they raise trout from eggs, observe and study them in the classroom, and
release them into New York State approved streams. These activities help students to develop a
conservation and anti-litter awareness that encourages them to develop an understanding of the
shared water resources. Participants in the 2008 Trout in the Classroom teacher conference on
October 14, 2008 are listed in the table below.

2008 Trout in the Classroom Participants
Borough Organization
Brooklyn Public School 29
Manhattan Studio School

Queens Public School 102
Queens Public School 192
Brooklyn Middle School 319
Manhattan The Neighborhood School
Brooklyn Public School 10
Bronx Bronx New School
Brooklyn Green School
Manhattan Greenhouse School
Bronx Urban Assembly School for Wildlite
Conservation
Brooklyn Public School 230
Brooklyn Public School 107
Bronx Intermediate School 98




2008 Trout in the Classroom Participants
Borough Organization
Manhattan Our Lady Queen of Martyr’s School
Bronx Mott Hall School
Manhattan Connelly Middle School

On May, 8 approximately 850 young people and adults participated in the New York City
Department of Environmental Protection’s Twenty-second Annual Water Conservation Art &
Poetry Program award ceremony. This program is an exciting opportunity for New York City’s
fourth, fifth and sixth grade students to creatively express their knowledge, through art and
poetry, of our City’s valuable water resources. The award ceremony, held at Cooper Union,
honored the students in the presence of their teachers, friends and family members. Participants in
the Art and Poetry Program were from the organizations listed in the following table:

DEP Water Conservation Art and Poetry
Program Participants
Borough Organization
Bronx Bronx River Art Center
Bronx CS 92
Bronx Family Life Academy Charter School
Bronx Fieldston Middle School
Bronx Henry Hudson IS 125
Bronx Immaculate Conception School
Bronx Mount Saint Michael Academy
Bronx Our Lady of the Assumption
Bronx PS 18
Bronx PS 30
Bronx PS 37
Bronx PS 75
Bronx PS 91
Bronx St. Clare’s of Assisi
Bronx Visitation School
Brooklyn A. Fantis Parochial School
Brooklyn Fillmore Academy
Brooklyn Hellenic Classical Charter School
Brooklyn IS 187
Brooklyn IS 239
Brooklyn John Hus Moravian
Brooklyn PS |
Brooklyn PS 127
Brooklyn PS 15
Brooklyn PS 151
Brooklyn PS 157
Brooklyn PS 160
Brooklyn PS 164
Brooklyn PS 172
Brooklyn PS 179




DEP Water Conservation Art and Poetry

Program Participants
Borough Organization
Brooklyn PS 200
Brooklyn PS 204
Brooklyn PS 205
Brooklyn PS 207
Brooklyn PS 219
Brooklyn PS 226
Brooklyn PS 255
Brooklyn PS 346
Brooklyn PS7
Brooklyn PS 97
Brooklyn St. Agatha School
Brooklyn St. Anselm
Brooklyn St. Cecilia School
Brooklyn St. Michael
Brooklyn St. Stanislaus Kostka
Manbhattan Institute for Collaborative Education
Manhattan Our Lady Queen of Martyrs
Manhattan PS 187
Manhattan PS 59
Manhattan St. David's School
Manbhattan St. George School
Manhattan The School at Columbia University
Manhattan United Nations International School
Queens Christ Lutheran School
Queens IS 25
Queens MS 158
Queens Our Lady of Sorrows
Queens PS 101
Queens PS 102
Queens PS 118
Queens PS 122
Queens PS 133
Queens PS 15
Queens PS 165
Queens PS 169
Queens PS 205
Queens PS 38
Queens PS 74
Queens PS 78
Queens PS 88
Queens PS 94
Queens St. Andrew Avellino School
(Queens St. Benedict Joseph Labre
Queens St. Joan of Arc
Queens St. Robert Bellarmine
Staten Island 1S 75
Staten Island PS |
Staten Island PS 53
Staten Island PS 57
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DEP Water Conservation Art and Poetry
Program Participants
Borough Organization
Staten Island PS 6
Staten Island St. Ann School
Staten Island St. Charles
Staten Island St. Joseph - St. Thomas

On June 30, fifty educators took part in a day-long bus tour of the New York City
watershed visiting sites such as the Ashokan Reservoir, the Frost Valley Model Forest, a working
sawmill, a restored stream and an environmental education center. The purpose of the tour was
for educators to learn about programs that emphasize the link between well-managed forests and
water quality protection, such as water quality monitoring, stream and riparian buffer
management, watershed regulations, watershed forestry and agriculture and environmental
education and community outreach.

New York City Watershed Bus Tour Participants
Borough Organization
Brooklyn Brooklyn Botanic Garden
Brooklyn Brooklyn Children's Museum
Brooklyn Brooklyn College, Education
Brooklyn Groundswell
Citywide American Littoral Society
Citywide NY Restoration Project
Citywide NYC Dept. of Education
Citywide NYC Inner City Outings
Citywide NYS Dept. Environmental Conservation
Citywide NYU & Visiting Nurse Service of NY
Manhattan Alianza Dominicana
Manhattan Alliance for Progress
Manhattan American Museum of Natural History
Manhattan City Parks Foundation
Manhattan Council on the Environment
Manhattan Green Guerillas
Manhattan Jewish Community Center
Queens Alley Pond Environmental Center
Queens Eastern Queens Alliance
Queens NYC DEP
Queens Queens Botanical Garden
Queens Queens Museum
Queens Trout in the Classroom
Staten Island High Rock Park - Staten Island Greenbelt
Staten Island Staten Island Greenbelt
Staten Island Staten Island Zoo

On July 17 and October 30, the New York City Department of Environmental Protection
hosted professional development workshops for formal and non-formal educators at the Queens
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Museum of Art. Participants learned about creative ways to incorporate the study of water
resources into their curriculum using the New York City watershed model and the panorama of

NYC.

Participants of the DEP Professional Development Workshops

Date Borough Organization
7/17/2008 Brooklyn P.S.31
7/17/2008 Citywide American Littoral Society
7/17/2008 Citywide City College of New York
7/17/2008 Citywide Elementary School Science Association
7/17/2008 Citywide Friends of the Old Croton Aqueduct
7/17/12008 Citywide NYC Department of Education
711712008 Citywide NYS Office of Parks, Reservation, and Historic Preservation
7/17/2008 Citywide Watershed Agricultural Council
7/17/2008 Citywide Wildlife Conservation Society
7/17/2008 Manhattan Alianza Dominicana
7/17/2008 Manhattan American Museum of Natural History
7/17/2008 Manhattan Millennium High School
7/17/2008 Queens LaGuardia and Wagner Archives
7/17/2008 Queens NYC DEP
7/17/2008 Queens Queens Botanical Garden
10/30/2008 Bronx Bronx New School
10/30/2008 Bronx Community School 66
10/30/2008 Brooklyn NY Aquarium
10/30/2008 Brooklyn NYCDOE -Gateway Center for Science
10/30/2008 Citywide MGI/GEAR UP
10/30/2008 Citywide American Museum of Natural History
10/30/2008 Citywide New York City Department of Education
10/30/2008 Manhattan American Museum of Natural History
10/30/2008 Manhattan Booker T Washington MS 54
10/30/2008 Manhattan City College of New York
10/30/2008 Manhattan The Neighborhood School
10/30/2008 Queens PS 133
10/30/2008 Queens Far Rockaway High School

The following three tables list the 2008 schedule of educational events, a listing of

recipients of public education materials and a summary of event locations per borough,
respectively.

Public Outreach - Education Report, 2008:

Events and Materials

Date Borough Organization
1/10/2008 Manhattan Institute of Collaborative Education
171172008 Brooklyn Math and Science Exploratory School
1/12/2008 Manhattan Adelphi University Manhattan Campus
1/12/2008 Staten Island Public School 57
1/15/2008 Queens Public School 36
1/17/2008 Manhattan Public School 116
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Public Outreach - Education Report, 2008:

Events and Materials

Date Borough Organization
1/18/2008 Manbhattan Institute for Collaborative Education
1/18/2008 Brooklyn Mathé& Science Exploratory School
1/22/2008 Bronx Public School 37
1/23/2008 Manhattan Public School 29
172472008 Manhattan Public School 29
1/25/2008 Manbhattan Humanities Prep Academy High School
1/28/2008 Brookiyn Middie School 88
1/31/2008 Manbhattan Institute for Collaborative Education
2/2/2008 Citywide American Museum of Natural History
2/11/2008 Citywide UNICEF
2/13/2008 Manhattan Law & Public Service High School
2/15/2008 Queens Public School 962
2/15/2008 Queens MS 294
2/25/2008 Brooklyn IS 220
2/27/2008 Manbhattan Public School 116
2/28/2008 Queens Public School 88
2/29/2008 Brooklyn MS 447
2/29/2008 Queens MS 294
3/3/2008 Queens Public School 124
3/5/2008 Staten Island Public School 57
3/12/2008 Bronx Community School 66
3/15/2008 Manbhattan NYC Tap Project
3/14/2008 Brooklyn Public School 86
3/19/2008 Bronx Public School 754
3/20/2008 Brooklyn Public School 205
3/22/2008 Citywide American Museum of Natural History
3/25/2008 Queens Public School 133
3/26/2008 Brooklyn PS 116
3/26/2008 Brooklyn Public School 321
3/27/2008 Manhattan Henry Street School for International Studies
3/31/2008 Manhattan Middle School 319
4/2/2008 Brooklyn Public School 10
4/3/2008 Bronx New Explorers High School
4/3/2008 Queens Public School 133
4/4/2008 Queens Public School 102
4/8/2008 Brooklyn The Green School
4/9/2008 Manhattan Neighborhood School
4/1172008 Brooklyn Public School 27
4/12/2008 Citywide Science Council of New York
4/14/2008 Manhattan Children's Aid Society
4/15/2008 Manhattan Institute for Collaborative Education
4/15/2008 Manbhattan Public School 163
4/16/2008 Queens Queens College
4/17/2008 Brooklyn Public School 107
4/17/2008 Manhattan Middle School 319
4/17/2008 Manhattan Children's Aid Society (Mirabal)
4/18/2008 Manhattan Green School
4/22/2008 Manhattan Connelly Middle School
4/23/2008 Queens Sacred Heart School
4/26/2008 Brooklyn Global Youth Service Day
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Public Outreach - Education Report, 2008:
Events and Materials

Date Borough Organization
4/28/2008 Manhattan Public School 116
4/29/2008 Queens Public School 102
4/30/2008 Brooklyn John Dewey High School
4/30/2008 Manhattan Institute for Collaborative Education
5/1/2008 Bronx Public School 37
5/2/2008 Manhattan Public School 187
5/2/2008 Manbhattan Public School 87
5/2/2008 Manhattan Manhattan Comprehensive
5/2/2008 Brooklyn Green School Brooklyn Center
5/5/2008 Brooklyn The Environmental Science Academy IS 220
5/8/2008 Manhattan Water Conservation Art and Poetry Ceremony
5/12/2008 Queens Middle School 74
5/13/2008 Brooklyn Public School 10
5/13/2008 Brooklyn Connelly Middle School
5/14/2008 Queens Public School 124
5/14/2008 Bronx Children's Aid Society
5/14/2008 Queens Wendell Holmes Intermediate School
5/15/2008 Brooklyn Public School 29
5/15/2008 Manhattan Math and Science Exploratory School
5/15/2008 Manhattan PS 163
5/15/2008 Queens Hunter and Public School 78
5/16/2008 Manbhattan Neighborhood School
5/16/2008 Brooklyn Brooklyn New School
5/17/2008 Manhattan American Museum of Natural History
5/20/2008 Manhattan Baruch College Campus High School
5/23/2008 Brooklyn High School for Youth and Community
Development
5/23/2008 Manhattan High School for Law and Public Service
$/23/2008 Brooklyn High School for Youth and Community
Development
5/23/2008 Manbhattan High School for Law and Public Service
5/30/2008 Manhattan St Clare's School
6/5/2008 Brooklyn John Dewey High School
6/6/2008 Queens Middle School 217
6/9/2008 Queens Public School 116
6/12/2008 Bronx Ethical Culture Fieldston School
6/17/2008 Manhattan Colgmbiz} Secondary School for Math, Science and
Engineering
7/1/2008 Manhattan Humanities Preparatory Academy
7/3/2008 Manhattan Alianza Dominicana
7/8/2008 Brookiyn Groundswell
7/14/2008 Brooklyn Groundswell
7/15/2008 Brooklyn Touro College
7/24/2008 Brooklyn Urban Scholars Program, City College
7/28/2008 Manhattan CUNY School of Professional Studies
8/6/2008 Queens Middle School 109
9/6/2008 Staten Island CSI High School for International Studies
10/7/2008 Bronx Middle School / High School 368
10/15/2008 Manhattan Drop Summit Seminar
10/16/2008 Queens Public School 78




Public OQutreach - Education Report, 2008:
Events and Materials

Date Borough [ Organization
10/17/2008 Citywide Green Horizons
1072172008 Queens Green Connections
10/22/2008 Queens LaGuardia Community College
10/29/2008 Brooklyn Public School 9
10/29/2008 Bronx The Exploration Academy High School
10/29/2008 Staten Island St Clare's School
10/30/2008 Queens Queens Museum Teacher Workshop
11/6/2008 Queens Queens Museum
11/6/2008 Queens Newtown High School
11/14/2008 Staten Island | Public School 57
11/15/2008 Queens Public School 78
11/7/2008 Manhattan Youth Noise
11/7/2008 Queens Public School 148

11/10/2208 Manbhattan Nightingale School

11/10/2008 Manhattan Manhattan East School

11/13/2008 Queens Newtown High School

11/21/2008 Manbhaitan Public School 33

111/25/2008 Manhattan Baruch College Campus High School

11/25/2008 Manhattan High School for Law and Public Service

21/1/2008 Manhattan Public School 33

12/3/2008 Staten Island | Public School 57

12/3/2008 Manhattan The Neighborhood School

12/4/2008 Queens Public School 133

12/8/2008 Manhattan The Neighborhood School

12/9/2008 Manhattan Baruch College Campus High School
12/10/2008 Manhattan Middle School 54 Booker T. Washington
12/11/2008 Manbhattan Allen Stevenson

12/16/2008 Queens Public School 102

12.17/2998 Queens Public School 33

12/19/2008 Manhattan Public School 33

12/19/2008 Manhattan High School for Law and Public Service

Additional Promotional Items, Literature, and Publications Were
Sent to the Following Organizations

Location Organization
Bronx Exploration Academy HS
Bronx Middle School/High School 368
Bronx Exploration Academy High School
Bronx PS 90
Bronx Community School 66
Bronx PS 71
Bronx Urban Assembly School for Wildlife
Bronx PS 75
Bronx New Explorers High School
Bronx PS 754
Bronx CS 66
Bronx Ethical Culture Fieldston School
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Additional Promotional Items, Literature, and Publications Were

Sent to the Following Organizations

Location Organization
Bronx PS 119

Brooklyn Groundswell Mural Project

Brooklyn IS 296

Brooklyn Touro College

Brooklyn Girl Scout of New York

Brookiyn 79 PCT Explorers

Brooklyn Edward Murrow High School

Brooklyn PS 31

Brooklyn CUNY School of Professional Studies

Brooklyn Staten Island Green Belt

Brooklyn PS 58

Brooklyn Girls Scout at St. Mark School

Brooklyn PS 27

Brooklyn PS 321

Manhattan Hunter Elementary School

Manhattan Baruch College Campus HS

Manhattan Manhattan East Middle School

Manhattan HS for Law & Public Service

Manhattan Museum of the City of New York

Manhattan Children for Children

Manbhattan Corlears School

Manhattan Harvey Milk High School

Manhattan NYC Dept of Health

Manbhattan PS 33

Manbhattan Museum of the City of New York

Manhattan PS 166

Manhattan IS 61

Manhattan Metropolitan Montessori School

Manhattan Nightingale Bamford School

Manhattan HS for Environmental Studies

Manhattan Delta Middle School

Manhattan Patrick Henry Middle School

Manhattan NYC Parks Department

Maphattan City Parks Foundation

Manhattan Health Venture Group

Manhattan NYC Dept. of Education

Manhattan New York City Soil & Water Conservation

Manhattan Millennium HS

Manhattan PS 124

Manhattan MS 104

Manhattan PS 116

Manhattan Grace Church School

Manbhattan Horticultural Society

Manhattan American Museum of Natural History

Manhattan UNICEF

Manhattan PS 116

Manhattan Institute of Collaborator Education
Queens MGL/Gear up @ Queens College
Queens PS 33
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Additional Promotional Items, Literature, and Publications Were
Sent to the Following Organizations
Location Organization
Queens PS 78
Queens Theresa Paplin School
Queens John Bowne High School
Queens PS 213
Queens Queens Museum of Art
Queens PS 43
Queens Lexington School for the Deaf
Queens Boy Scouts of America
Queens PS 133
Queens Bell Academy (MS 294)
Queens Bronx HS of Science
Queens Hunter -Middle School
Queens PS 212Q
Queens PS 70
Queens John Adams High School
Queens Newtown High school
Queens PS 139
Queens PS 199
Queens IS 109
Queens Dept. of Design & Construction
Staten Island PS 57
Staten Island Staten Island Bluebelt

Number of Education Events

Per Borough, 2008
Location Number of Events
Bronx 9
Brooklyn 29
City-wide 5
Manhattan 54
Queens 31
Staten Island 6
TOTAL 134
Average Events per Month 17

Public Event-Based Programs

In 2008, the DEP attended 229 public outreach events, averaging approximately 19 events
per month. Events included table top displays and outreach at 6 fairs, festivals, and concerts, most
of which were community based. Other events included displays and outreach at 24 Greenmarket
events, 6 beach clean-up events, the International Hotel/Motel Restaurant trade Show, and
National Night Out, with the remainder including a combination of community group outreach,
such as materials, presentations and table top displays at expos, professional associations, as well
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as events conducted at City parks. The following table includes the schedule of public outreach

events during 2008.
Schedule of DEP Public Outreach Events, 2008
Date Borough Event Description
1/2/2008 Bronx Town Hall Meeting
1/2/2008 Queens Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens
1/3/2008 Queens Aquifer Feasibi]i{y Study : e
1/9/2008 Manhattan Housing Rreservation & Development (HPD) Water
Conservation Class
1/12/2008 Queens PIP Public Outreach
1/24/2008 Manhattan HPD Water Conservation Class
1/26/2008 Staten Island PIP Public Outreach
1/29/2008 Brooklyn PIP Public Outreach
1/30/2008 Brooklyn PIP Public Outreach
2/4/2008 Manhattan New YOrk Water Environment Association (NYWEA) Winter
Meeting
2/4/2008 Brooklyn HPD Water Conservation Class
21512008 Manhattan New York Water Environment Association (NYWEA)
2/6/2008 Bronx Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens
2772008 Queens Aquifer Feasibi]ify Study ¢ e
2/7/2008 Queens PIP Public Outreach
2/11/2008 Manhattan PIP Public Outreach
2/13/2008 Brooklyn PIP Public Outreach
2/17/2009 Bronx HPD Water Conservation Class
2/19/2008 Queens Queens Community Board #14 Community Outreach
2/19/2008 Brooklyn PIP Public Outreach
2/21/2008 Brooklyn PIP Public Outreach
2/26/2008 Queens PIP Public Outreach
2/28/2009 Manhattan HPD Water Conservation Class
3/3/2008 Brooklyn HPD Water Conservation Class
3/4/2008 Manhattan PIP Public Outreach
3/5/2008 Bronx Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens
3/6/2008 Queens Aquifer Feasibili{y Study ¢ e
3/7/2008 Manhattan PIP Public Outreach
3/10/2008 Manhattan HPD Water Conservation Class
3/11/2008 Brooklyn PIP Public Outreach
3/13/2008 Manhattan Conservation Seminar — Housing Conservation Coordinators
3/18/2008 Queens Town Hall Meeting
3/22/2008 Manbhattan Go Green East Harlem
3/24/2008 Manhattan HPD Water Conservation Class
3/27/2008 Queens PIP Public Outreach
4/2/2008 Bronx Town Hall Meeting
4/2/2008 Bronx PIP Public Outreach
Citizens Advisory Committee Meeting. Brooklyn-Queens
4/3/2008 Queens Aquifer Feasibili{y Study * e
4/7/2008 Brooklyn HPD Water Conservation Class
4/9/2008 Manbhattan PIP Public Outreach
4/12/2008 Queens Beach 30th Street Clean-up and Restoration Planting Day
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Schedule of DEP Public Outreach Events, 2008

Date Borough Event Description

4/15/2008 Queens Town Hall Meeting

4/16/2008 Staten Island PIP Public Outreach

4/19/2008 Manhattan Earth Day Harlem

4/23/2008 Brooklyn PIP Public Outreach

4/25/2008 Brooklyn Plum Beach Clean-up/Planting Project

4/26/2008 Brooklyn Plum Beach Clean-up/Planting Project

4/29/2008 Manhattan HPD Water Conservation Class

4/29/2008 Manhattan 21* Annual Co-op and Condo Expo

4/30/2008 Queens PIP Public Outreach
Citizens Advisory Committee Meeting. Brooklyn-Queens

>/1/2008 Queens Aquifer Feasibility Stady i e

5/3/2008 Queens Beacl} §Oth Street Rockaway Earth Day Eanvironmental Art
Unveiling

5/5/2008 Brooklyn HPD Water Conservation Class

5/7/2008 Bronx Bronx Community Board #12 Community Outreach

57712008 Brooklyn PIP Public Outreach

5/7/2008 Queens Town Hall Meeting

5/10/2008 Queens Twin Ponds Stream Clean-up Day

5/12/2008 Manhattan HPD Water Conservation Class

5/20/2008 Queens Town Hall Meeting

5/27/2008 Manhattan HPD Water Conservation Class

6/3/2008 Manhattan Morgan-Stanley Sustainability Exhibit

6/4/2008 Bronx Bronx Community Board #12 Community Outreach
Citizens Advisory Committee Meeting. Brooklyn-Queens

6/5/2008 Queens Aquifer Feasibiliily Study : e

6/9/2008 Brookiyn HPD Water Conservation Class

6/12/2008 Manhattan HPD Water Conservation Class

6/13/2008 Citywide MTA Conservation Workshop

6/16/2008 Manhattan Buildings NY

6/17/2008 Manbhattan Buildings NY

6/17/2008 Queens Town Hall Meeting

6/28/2008 Queens Plover Awareness Day at Rockaway Beach 54th Street

7/2/12008 Bronx Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens

71312008 Queens Aquifer Feasibilii]y Study * e

7/15/2008 Bronx Greenmarket: Boro Hall

7/15/2008 (QQueens Queens Community Board #1 Community Outreach

7/15/2008 Brooklyn Multi-Family Buildings Conference

7/17/2008 Brooklyn Greenmarket: Boro Hall

7/17/2008 Queens Open House at the Queens Museum

7/17/2008 Queens Open House at the Queens Museum

7/18/2008 Manhattan Greenmarket: Union Sq.

7719/2008 Brooklyn East New.York Diagnostic & Treatment Center 18th Annual
Health Fair

7/22/2008 Bronx Greenmarket: Boro Hall

7/22/2008 Manhattan Power Engineering Society

7/24/2008 Brooklyn CUNY School of Professional Studies

7/24/2008 Brooklyn Greenmarket: Boro Hali

7/26/2008 Manhattan City of Water

7/29/2008 Bronx Greenmarket: Boro Hall
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Schedule of DEP Public Qutreach Events, 2008

Date Borough Event Description
7/31/2008 Brooklyn Greenmarket: Boro Hall
8/1/2008 Manhattan Greenmarket: Union Sq.
8/5/2008 Bronx Greenmarket: Boro Hall
8/5/2008 Bronx National Night Out
8/5/2008 Brooklyn National Night Out
8/5/2008 Manhattan National Night Out
8/5/2008 Manbhattan National Night Out
8/5/2008 Manhattan National Night Out
8/5/2008 Queens National Night Out
8/5/2008 Queens National Night Out
8/5/2008 Queens National Night Out
8/6/2008 Bronx Bronx Community Board #12 Community Outreach
8/6/2008 Manbhattan Concert
8/6/2008 Manhattan Hunter College, CUNY
8/6/2008 Manhattan Hunter College, CUNY
8/7/2008 Brooklyn Concert
8/7/2008 Brooklyn Greenmarket: Boro Hall
Citizens Advisory Committee Meeting. Brooklyn-Queens
8/7/2008 Queens Aquifer Feasibilizy Study i e
8/8/2008 Manhattan Greenmarket: Union Sq.
8/9/2008 Manhattan Summer Streets
8/11/2008 Brookiyn Concert
8/12/2008 Bronx Greenmarket: Boro Hall
8/14/2008 Brooklyn Concert
8/14/2008 Brooklyn Greenmarket: Boro Hall
8/15/2008 Manhattan Greenmarket: Union Sq.
8/16/2008 Manhattan CUNY Institute for Sustainable Cities
8/16/2008 Manhattan Summer Streets
8/19/2008 Bronx Greenmarket: Boro Hall
8/19/2008 Queens Queens Community Board Community Outreach
8/21/2008 Brooklyn Concert
8/21/2008 Brooklyn Greenmarket: Boro Hall
8/22/2008 Brooklyn Greenmarket: Boro Hall
8/22/2008 Queens National Day Out
8/23/2008 Manhattan Summer Streets
8/26/2008 Bronx Greenmarket: Boro Hall
8/28/2008 Brooklyn Concert
8/28/2008 Brooklyn Greenmarket: Boro Hall
8/29/2008 Manhattan Greenmarket: Union Sq.
9/2/2008 Bronx Greenmarket: Boro Hall
9/3/2008 Bronx Bronx Community Board Community Outreach
Citizens Advisory Committee Meeting. Brooklyn-Queens
0/4/2008 Queens Aquifer Feasibilizly Study : e
9/8/2008 Brooklyn HPD Water Conservation Class
9/16/2008 Queens Queens Community Board #14 Community Qutreach
9/16/2008 Manhattan HPD Water Conservation Class
9/20/2008 Brooklyn International Beach Clean-up Day -
9/22/2008 Manhattan Medellin, Colombia Visit to DEP
9/23/2008 Manbhattan NYC Soil and Water Conservation District( Conference)
9/23/2008 Manhattan IEEE Power and Energy Society - Industry Application
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Schedule of DEP Public Outreach Events, 2008

Date Borough Event Description
Conference
9/24/2008 Queens Business Resource Day
107172008 Bronx Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens
10/2/2008 Queens Aquifer Feasibilii/y Study i e
10/2/2008 Manhattan Housing Conservation Coordinators Seminar
10/6/2008 Brooklyn HPD Water Conservation Class
10/11/2008 Brooklyn Bed-Stuy Alive 2008 Community Affair
10/14/2008 Manbhattan HPD Water Conservation Class
10/17/2008 Manbhattan Greenmarket: Union Sq.
10/19/2008 Manhattan Mayor's CUP NYC Kayak Championship
10/21/2008 Queens Queens Borough Cabinet Meeting
10/22/2008 Manhattan NYC DEP
10/22/2008 Manhattan NYC DEP
10/23/2008 Manhattan The Stuyvesant Cove Park Association
10/24/2008 Manhattan Con Ed's Advocacy Today Conference
10/24/2008 Manbhattan Greenmarket: Union Sq.
10/26/2008 Queens Bayside Historical Society: Annual Fort Totten 5K Race
10/27/2008 Manhattan BRAVO - Top Ch?f New York "Taste of the Five Boroughs"
Grand Central Station
10/28/2008 Manhattan Jamaica Bay Symposium
10/30/2008 Staten Island Wagner College
10/31/2008 Manbhattan Barnard College
10/31/2008 Manhattan Barnard College
10/31/2008 Queens Queens Center Mall/Queens Economic Development Corp
11/5/2008 Bronx Town Hall Meeting
11/5/2008 Queens Town Hall Meeting
Citizens Advisory Committee Meeting. Brooklyn-Queens
11/6/2008 Queens Aquifer Feasibiliily Study ¢ e
11/9/2008 Manbhattan Int'l Hotel/Motel & Restaurant Trade Show: Jacob Javits
11/10/2008 Manhattan Int'l Hotel/Motel & Restaurant Trade Show: Jacob Javits
11/10/2008 Manhattan Go Green To Save Green
11/11/2008 Manhattan Int'l Hotel/Motel & Restaurant Trade Show: Jacob Javits
11/12/2008 Brooklyn Senator Montgomery's Resource Expo
11/12/2008 Manhattan Go Green To Save Green
11/14/2008 Manhattan Greenmarket: Union Sq.
11/22/2008 Brooklyn Brooklyn Children's Museum
12/3/2008 Bronx Bronx Community Board Outreach
12/3/2008 Manbhattan The Neighborhood School ( Trout in the Classroom)
12/3/2008 Manhattan The Neighborhood School ( Trout in the Classroom)
Citizens Advisory Committee Meeting. Brooklyn-Queens
12/412008 Queens Agquifer Feasibilii/y Study : e
12/8/2008 Brooklyn HPD Water Conservation Class
12/15/2008 Manhattan “From Faucet to Flush” Exhibit
12/20/2008 Queens 105th Pct - Toys for Kids
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Hydrant Education Action Teams (“HEAT”)

DEP worked with six Hydrant Education Action Teams (HEAT) comprised of 75 high
school and college students who canvassed neighborhoods in all five boroughs disseminating
information about the effects of illegally-opened fire hydrants on water pressure in the City’s
distribution system. DEP and HEAT were present at several public events throughout the
summer to raise awareness about two priority topics: water conservation and illegally-opened fire
hydrants. DEP set up hydration stations, distributed reusable water bottles, and provided

educational materials.

Hydrant Education Action Team Events

Events Per
Date Date HEAT Organizations

Ridgewood

71172008 2 Southern Qns. Pk. Assoc.

Ridgewood

Southern Qns. Pk. Assoc.

Ridgewood

Southern Qns. Pk. Assoc.

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1

Alianza Manh. Team 2

Southern Qns. Pk. Assoc.

Ridgewood

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team 1

Alianza Manh. Team 2

Southern Qns. Pk. Assoc.

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |

Alianza Manh. Team 2

Southern Qns. Pk. Assoc.

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |

Alianza Manh. Team 2

Southern Qns. Pk. Assoc.

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |

Alianza Manh. Team 2

Southern Qns. Pk. Assoc.

7/12/2008 | Ridgewood

7/2/2008 2

7/3/2008 2

7/7/2008 6

7/8/2008 6

7/9/2008 6

7/10/2008 6

7/11/2008 6
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Hydrant Education Action Team Events

Date

Events Per
Date

HEAT Organizations

7/14/2008

1

Southern Qns. Pk. Assoc.

/1512008

Ridgewood

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/16/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1|
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

71712008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/18/2008

Ridgewood

AlianzaCB §

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/21/2008

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team |
Southern Qns. Pk. Assoc.

7/22/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/23/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/24/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/25/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1
Alianza Manh. Team 2
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Hydrant Education Action Team Events

Date

Events Per
Date

HEAT Organizations

Southern Qns. Pk. Assoc.

7/28/2008

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/29/2008

Ridgewood

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/30/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

7/31/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1|
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/1/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1|
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/2/2008

Ridgewood
Alanza Manh. Team 2

8/4/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Southern Qns. Pk. Assoc.

8/5/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/6/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/7/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
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Hydrant Education Action Team Events

Date

Events Per
Date

HEAT Organizations

Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/8/2008

Ridgewood

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/9/2008

Alianza Manh. Team 2

8/10/2008

Ridgewood

8/11/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team 1
Southern Qns. Pk. Assoc.

8/12/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/13/2008

Ridgewood

AlianzaCB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/14/2008

Ridgewood

Alianza CB 5

Alianza CB 4

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.

8/15/2008

Ridgewood

Alianza

Alianza Manh. Team |
Alianza Manh. Team 2
Southern Qns. Pk. Assoc.
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Number of Public Outreach Events

Per Borough, 2008
Location Number of Events

Bronx 23
Brooklyn 39
City-wide 1
Manhattan 65
Queens 43
Staten Island 3
Subtotal 174
HEAT Events 179
Average Events per Month 29
Total 353

Publications

A list of flyers, brochures, posters, and publications is provided in
Table 6-11. These items were displayed or distributed throughout the public
education program, and most are readily available on the DEP website.
Examples of the publications, including the floatables reduction and grease
disposal tips flyers, and several versions of the “Clean Streets = Clean
Beaches” posters, are shown along the right margin of the preceding and

following pages.

Literature / Publications 2008

2006 New York Harbor Water Quality Report (Report on CD)

Biosolids Beneficial Use Program (Leaflet)

BMPs for Non-Residential Direct and Indirect Dischargers of Grease to the Public Sewer System (Fact
sheet)

Books and Websites for Adults about Water and the New York City Water Supply System (Brochure)

Bureau of Wastewater Treatment: Bureau Summary (Report)

Celebrating New York City's Clean Drinking Water (Fact sheet)

Celebrating New York City's Harbor Water Quality Programs (Fact sheet)

Central Park Reservoir Expedition Journal (Booklet)

City that Drinks the Mountain Sky (Leaflet)

Clean Streets = Clean Beaches (Litter Bag)




Literature / Publications 2008

Clean Streets = Clean Beaches (Poster/Leaflet)

Clean Streets = Clean Beaches When It Rains You Don't Go To the Beach, Your Litter Does (Leaflet)

Combined Sewer Overflow Stakeholder Meeting (Poster)

Comprehensive Water Reuse Program Applications and Instructions

Don’t Let the Water Run (Journal)

Dos & Don’ts of Water Conservation (Leaflet) English. Spanish, Chinese, Korean, Russian

Earth Day (Banner)

Environmental Education Resources for Students and Teachers (Fact sheet)

Facts about the New York City Water Supply System (Fact sheet)

Fat Free Sewers — Our Mission Our Duty (Leaflet)

Floatables Reduction Program (Leatlet)

Glossary of Wastewater Treatment Terminology (Fact sheet)

Glossary of Water Terminology (Fact sheet)

Good Cleaning Practices — Food and Restaurant Industry (Leaflet)

Grease Disposal Tips to Help the City's Environment (Leaflet) English. Spanish, Chinese. Korean

Grease Down the Drain Think Again (Poster) English. Spanish, Chinese, Russian, Greek, Hindi,
Arabic. Yiddish

Hoer Restatrants Can
Eowes Thew Wates aodl Eneey Bith:

Great Books and Websites for Children about Water and the New York City Water Supply System
(Brochure)

High Efficiency Clothes Washers (Fact sheet)

How DEP Protects New York City's Beaches (Bill insert)

How Restaurants Can Lower Their Water and Energy Bills (Poster/Leaflet)

How Water and Sewer Fees Improve Your Water and Protect Your Environment (Fact sheet)

Jamaica Bay Watershed Protection Plan/Prioritized Strategies (Poster)

Jamaica Bay Watershed Protection Plan/Salt Marsh Islands (Poster)

New York City 2006 Drinking Water Supply and Quality Report (Report)

New York City Water Is... (Coloring book)

New York City Water Supply Activity, Create a Rainstorm (Educational Activity)

New York City Water Supply Activity, The Value of Water (Educational Activity)

New York City Water Supply Activity, What is a Watershed? (Educational Activity)

PLAY WITH A HYORANY

AND FOUBE PLAYING

WITH FIRE. IR -
A

New York City Water Supply Monitoring, Testing and Treatment (Leaflet)

New York City’s Wastewater Treatment System (Report)

New York Water Guide (Brochure)

Newtown Creek Nature Walk Scavenger Hunt (Booklet)

Newtown Creek Nature Walk (Leaflet)

No Grease, Hand Washing Only (Laminated Sign)

No Grease, Vegetable/Fruit Washing Only (Laminated Sign)

NY - NJ Harbor Estuary Pumpouts — Keep Our Waters Clean, User Pumpout Guide (Brochure)

NYC DEP Automatic Meter Reading - AMR (Bill Insert)

NYC Water Get Your Fill (Assortment of 5/Enlish, Spanish flyer)

NYCDEP Harbor Survey Program (Leaflet) English, Spanish, Chinese

NYCDEP Harbor Survey Program (Panel at the South Street Seaport Wet Lab)

Once-Through Water-Cooled Refrigeration. Ice-Making and Air Conditioning (Fact sheet)

GREASE PASPOSAL TIPS

‘pze

3

CONSEJQS PARA ELIMINAR
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Literature / Publications 2008

Plant a Native New Yorker (Leaflet)

Play With a Hydrant and You're Playing with Fire (Poster) English, Spanish

Preventing Grease Discharges into Sewers Guidelines for New York City Businesses (Brochure)
English, Spanish, Chinese, Korean, Russian

CLEAN STREETS

CLEAN BEATHES

Reading Your Water and Sewer Bill (Bill Insert)

Reduce Your Water and Sewer Bill (Fact Sheet)

Residential Water Use - Leaks and Their Cost (Fact sheet)

Residential Water Use (Fact sheet)

Save Water! (Jar Opener)

Smart Business, a Guide to DEP Environmental Regulations and Permitting Requirements for
Businesses in New York City (Brochure)

Smart Printing, a Guide to Environmental Regulations and Permit Requirements for Printers (Booklet)

Staten Island Bluebelt (Brochure)

STOMP Out Litter - Keep New York City Clean (Coloring book)

The DEP in the News (Newsletter)

The Magic School Bus at the Waterworks, Special New York City Edition (Book)

The Magic School Bus at the Waterworks, Teacher's Guide (Booklet)

Top 10 Ways to STOMP OUT LITTER (Leaflet) English. Spanish, Chinese, Korean, Yiddish. Russian

Trout In The Classroom (Booklet)

Water Conservation Art and Poetry Certificates

Water Conservation Art and Poetry Invites

Water Conservation Art and Poetry Program Guidelines 2008 (flyer)

FLOATABLES
REDUCTION
PROGRAM

"

oze

Water Conservation Series/Innovative Toilet & Urinal Technologies (Poster)

Water, water, everywhere! (Panel at the South Street Seaport Wet Lab)

Water? Just Ask. Don't Drip New York Dry (Restaurant Tent Card)
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Executive Summary

Since 1997, the City has operated a Land Acquisition Program (LAP) in the Catskill-Delaware
System which seeks to acquire land and conservation easements for watershed protection. LAP is
a key component of the City’s Watershed Protection Program, which seeks to increase watershed
protection and avoid filtration of the world’s largest surface water supply. This Long-Term Land
Acquisition Plan 2012 to 2022 is being submitted in accordance with the 2007 FAD to detail the
City’s proposed approach to land acquisition under the next Water Supply Permit.

Section 111 has a detailed evaluation of LAP progress to date, including the following highlights:

e Through LAP, the City has protected over 96,000 acres of land in the one million acre
Catskill-Delaware System, increasing the percentage of protected lands from 24 percent to 34
percent of the basin land area. That percentage is over 40 percent using either of two
alternative metrics which weight the level of protected lands by reservoir diversions or by
basin contribution to supply;

e AsofJuly 1, 2009, the City and WAC have signed or closed 1,172 transactions, resulting in
the protection of over 61,000 acres in fee simple and 35,000 acres with conservation
easements;

e So far, LAP has acquired 17 percent of lands solicited. The success rate is a more
impressive 26 percent in Priority Areas 1 and 2, where solicitations started first; and

e In the critical West Branch reservoir basin, LAP has acquired 8,300 acres, raising the
level of protected land from 15 percent to 47 percent.

Section V identifies the following Goals to guide our efforts from 2012 to 2022:

e Continue the proven real estate methods that have guided the program since 1997;

e Increase the percentage of protected lands in the Cat-Del System as a whole, with a
particular emphasis on non-terminal reservoir basins with less than 30 percent protected lands,
specific sub-basins with a low percentage of protected lands and reservoir basins that are
expected to provide a large contribution to future water supply;

e Develop parcel selection procedures to maximize the water quality benefit of acquisitions;

e Build on our existing programs to promote City lands as a working landscape in
partnership with local communities; and

e Develop strategies to promote the wise use of acquisition resources over the long-term.

To achieve these goals, we identify regional Areas of Focus based primarily on the current level
of protection in a sub-basin or basin. This will allow LAP to focus its solicitation efforts and
resources on acquisition in those areas where it can provide the most water quality benefit.
Several methods and strategies will be employed to focus LAP solicitation and acquisition within
these areas:

e Develop a variable solicitation schedule that will result in more frequent attempts to contact
landowners in Areas of Focus;

e Identify additional opportunities to solicit for fee simple acquisition on properties adjacent
to existing City lands and smaller vacant lots with stream buffers; and

e Incorporate the Areas of Focus and level of protection into our conservation easement
standards to make the best use of this valuable but resource intensive land protection tool.

LAP Long-Term Plan 2012 to 2022 September 30, 2009
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Section | — Introduction

The mission of the City’s Land Acquisition Program (LAP) is to acquire fee simple and
conservation easement interests to protect environmentally-sensitive land in the New York City
watershed as a part of the City’s overall Watershed Protection Program. LAP is a key component
of the City’s efforts to increase watershed protection and avoid filtration of the Catskill-Delaware
(Cat-Del) System, which provides water to over 9 million residents of the City and nearby
communities in New York State. Since its creation in the 1990s, LAP has protected, through
acquisition, over 96,000 acres of land in the 1 million-acre Cat-Del System. Together with lands
protected by the State and other entities, these acquisitions have raised the level of permanently
protected land in the Cat-Del System from 24 percent in 1997 to 34 percent today.

Land acquisition is an anti-degradation strategy, which can reduce the threat of adverse water
quality impacts associated with future development. As such, LAP complements a wide variety of
successful remediation strategies employed by the City which have already improved water quality
in the Cat-Del System. LAP has operated under an evolving set of strategies, policies and
approaches since 1997; this Long-Term Plan addresses the methods and strategies which will
guide the City in the continuation of this critical watershed protection program over the ten years
from 2012 to 2022.

Section 11 of this Plan provides an overview of LAP, including its regulatory context, methods and
guiding planning principles. Section Il presents program-to-date status and a detailed analysis of
the progress achieved over the program’s first 12 % years. Section IV provides an analysis of land
use trends in the watershed. Sections V, VI and VII present a new Long-Term Strategy, with a
discussion focusing on Goals (Section V), Strategies to Achieve these Goals (Section VI), and
Basin Plans (Section VII). Unless otherwise noted, all program summary data presented in this
Plan are as of July 1, 2009.

Section Il — LAP Overview

A. Reqgulatory Context

The Land Acquisition Program grew out of the City’s response to the Federal Safe Drinking Water
Act Amendments (1986) and Surface Water Treatment Rule (SWTR, 1989). As a result of an
increased awareness of the threat posed by micro-organisms in unfiltered surface water systems,
the SWTR required such public water supplies to either filter their supply or meet specific
“filtration avoidance criteria.” The City, through its Department of Environmental Protection,
sought to meet those criteria and avoid filtration through the development of a comprehensive
Watershed Protection Plan for the Cat-Del System.

Under the SWTR, an applicant for filtration avoidance needs to “demonstrate through ownership
and/or written agreements with landowners within the watershed that it can control all human
activities which may have an adverse impact on the microbiological quality of the source water.”
Ownership of watershed lands is a key component of the City’s ability to meet this condition.
Prior to 1997, the City owned approximately 35,500 acres of land in the Cat-Del System
(excluding reservoirs), and the State of New York owned another 202,000 acres, for a total
protected land base of approximately 24 percent of the watershed land area. Since the early 1990s,
the City has sought to increase those percentages though a robust land acquisition program.

LAP Long-Term Plan 2012 to 2022 September 30, 2009
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DEP initially sought to establish a land acquisition program in the Cat-Del System as a condition
of the first Filtration Avoidance Determination (FAD), issued by the US Environmental Protection
Agency (EPA) in 1993. In August 1993 the City applied for a Water Supply Permit (WSP) from
the NYS Department of Environmental Conservation (DEC). That application, and the City’s
concurrent efforts to promulgate new Watershed Rules and Regulations with the NYS Department
of Health (DOH), met strong resistance from municipalities in the watershed. Many residents in
these upstate communities saw these efforts as a threat to local economic development.

Over the ensuing three and a half years, the City, Federal and State regulators, local governments
and environmental organizations engaged in wide-ranging, intensive and ultimately successful
negotiations to reach a comprehensive New York City Watershed Memorandum of Agreement
(MOA) in January 1997. Under this landmark agreement, the City agreed to undertake a wide
array of programs to protect water quality while also supporting local economic development. The
MOA called on the City to dedicate up to $300 million for a land acquisition program in the Cat-
Del System, and identified specific program parameters and acquisition procedures, as detailed
below in Section 11.B.

In January 1997, the City received a WSP issued by DEC, and the first closing under LAP
occurred in October, 1997. The WSP was issued for a ten-year period (through January 2007),
with a five-year renewal option (through January 2012). Since 1997, EPA has issued several
FADs that have continued to place a strong emphasis on land acquisition. In 2007, EPA, in
collaboration with DOH and DEC, issued a ten-year FAD that required the City to dedicate an
additional $241 million for land acquisition in the Cat-Del System. The 2007 FAD also required
the City to apply for a new WSP in January 2010. As a prelude to that permit application, the
FAD called for a “long-term land acquisition strategy...for the period from 2012 to 2022” to be
submitted by September 30, 2009. This Long-Term Plan has been developed to meet that
deliverable, and to describe the City’s proposed approach to land acquisition under the WSP that it
will apply for in 2010.

B. Real Estate Methods and Procedures

LAP utilizes a number of methods and procedures that were devised early in the program’s
development and are largely memorialized in the MOA and WSP. These methods and procedures
govern the way the City contacts landowners, how appraisals are conducted, the real property
rights to be acquired, provisions for public recreational access, and how the City pays property
taxes on lands acquired. The City has a strong record of compliance with its MOA, FAD and WSP
obligations. The key components of such compliance are as follows:

1. Willing Buyer / Willing Seller (MOA Paragraph 60) — Landowners and the City must
both enter into a proposed transaction on a strictly voluntary basis. Landowners are under no
obligation to sell until and unless a contract of sale is executed.

2. Fair Market Value (MOA 61) — Land and easements are appraised at fair market value by
independent, certified NY State Appraisers commissioned by the City. The City’s offers are based
strictly on the results of these appraisals; landowners have the right to present their own appraisals
which must be considered by the City’s appraiser. Only under very limited circumstances
(mortgage or tax foreclosure, legal judgment) can the City acquire land at below fair market value.

3. Solicitation (MOA 60, 64, 65 and Attachment Z) — The City’s obligation to diligently
pursue acquisition is defined in Attachment Z of the MOA. Although the City retains the
flexibility to decline to appraise a property upon inspection, the City is obligated (except in very
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limited circumstances and subject to regulator approval) to pursue acquisition once an appraisal is
ordered. Since 1997 under the MOA (and since 2002 pursuant to the FAD), the City has been
required to meet a series of annual targets for landowner solicitation. The term “solicitation”
includes both “original solicitation” in which the City makes the initial outreach to pursue
acquisition of a property, and “re-solicitation”, in which the City makes subsequent attempts to
contact a landowner, after being unable to make contact or reach agreement at the point of original
solicitation.

4, Rights Acquired — Through LAP the City can acquire, or fund the acquisition of, three
distinct types of property interests:

a.  Fee Simple — The City acquires land outright. This is the City’s preferred acquisition
method. Fee simple acquisition results in the highest level of control, allows the City to
consider recreational, natural resource management and other uses on the property
acquired, and makes the most efficient use of City staff resources.

b.  Watershed Conservation Easements — In cases where landowners want to retain
ownership and exclusive use of their land, conservation easements (“CEs”) allow the
City to limit future development through the acquisition of perpetual deeded rights.
Although initial acquisition costs are lower than for fee simple purchases, CEs involve
significantly higher long-term costs for monitoring and potential enforcement of deed
provisions. CE purchases are pursued on larger properties whose owners are not
interested in selling a fee simple interest.

c.  Watershed Agricultural Easements - The City also funds the acquisition of CEs on
farms by the Watershed Agricultural Council (WAC). These CEs, which require the
farmer to have a Whole Farm Plan that governs best management practices for
agricultural uses, allow for a diversity of farm-related uses but preclude most other
types of development.

5. Property Taxes (MOA 79 and 80) — The City pays property taxes on all land and CEs
acquired under LAP, including any lands under watershed agricultural CEs that are not
agriculturally-exempt.

C. Planning Principles

The Cat-Del watershed (see Figure 1, page 30) spans just over 1 million acres draining into nine
reservoirs in eight upstate counties. The identification of the most important parcels for
acquisition within this vast watershed is an ongoing process based on a number of geographic,
topographic and real estate factors. LAP first prioritizes property for solicitation on the basis of its
location within the water supply system, followed by site-specific characteristics. These principles
are embodied in the Priority Area and Natural Features Criteria provisions of the MOA:

1. Priority Areas — The basins and sub-basins comprising the Cat-Del System were assigned
to Priority Areas (as depicted in Figure 1) as follows:

a.  Priority 1A — Sub-basins within 60-day travel time to distribution located near reservoir
intakes;

b.  Priority 1B — All other sub-basins within 60-day travel time to distribution;

c.  Priority 2 — All remaining sub-basins in terminal reservoir basins;

d.  Priority 3 — Sub-basins in non-terminal reservoir basins with existing water quality
problems; and

e.  Priority 4 — All other sub-basins in non-terminal reservoir basins.
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The MOA required that the City solicit at least 355,050 acres in accordance with a schedule that
reflected LAP’s priorities both in timing (higher priority areas were solicited first) and in
percentage of eligible lands solicited (ranging from 95 percent of eligible lands in Priority 1A and
1B to 50 percent of eligible lands in Priority 4).

Following the new funding commitments contained in the 2007 FAD, the City’s 2008 to 2010
Solicitation Plan called for an additional 90,000 acres of new solicitation. These additional acres
were solicited primarily in Priority Areas 3 and 4 (since Priority 1 and 2 had already been almost
entirely solicited), effectively raising the level of solicitation in those Priority Areas above the
levels specified in the MOA.

2. Natural Features Criteria — These criteria, as defined in MOA 63, establish a set of
hydrologic and topographic features, one or more of which must be present on a property in order
to qualify for acquisition in Priority Areas 2, 3 or 4. LAP uses the DEP Geographic Information
System (GIS) to overlay these features onto digitized tax parcels as part of the parcel evaluation
process, as shown in Figure 2:

Figure 2: Sample GIS Map showing Natural Features Criteria

Legend

-:I] N Tax Parcel Boundaries
L] 300/1000 Ft Stream/ Waterbody Buffers
- FEMA, 100-yr Floodplains

f_;;F:' Slopes 15% or Greater

20-foot Contours

3. Out-Basin Plan — In 2000 LAP issued its Out-Basin Plan, which detailed a strategy for
solicitation in Priority Areas 3 and 4. This strategy included the following key components:

a. Parcel Ranking — LAP developed a GIS-based ranking system that utilized three
equally-weighted components (property size, percent surface water features and slope
characteristics) to rank each parcel for its solicitation potential. The equal weights
mean that, for example, a 300-acre parcel with steep slopes and a small amount of
stream buffer would be ranked about equal to a 60-acre parcel with moderate slopes,
and several streams or wetlands. Both parcels would be ranked higher than a 60-acre
parcel with steep slopes and no stream buffer.

b.  Distance to Reservoir — The distance of a parcel to the reservoir is not a predominant
factor in determining its desirability for solicitation. Rather, the distance from the
stream network and slopes on the property (both incorporated into the parcel ranking
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system) are considered determinative factors. This approach is based on the fact that
pollutants which enter the stream network during storm events (when most pollutant
transport occurs) are likely to enter the reservoir rapidly regardless of the distance
along the stream network to the reservoir.

These planning principles have guided LAP solicitation so as to maximize the water quality benefit
of lands acquired. The discussion of program-to-date results and the level of protected lands in the
Cat-Del System (Section I11) emphasizes the importance of where those lands are located within
the watershed. This Plan recommends a general continuation of the guidelines developed in 1997,
although the Long-Term Strategy (see Sections V, VI and VII) will make specific modifications to
reflect the results of LAP acquisitions to-date, land use trends and real estate market conditions.

Section 111 - Program Status as of July 1, 2009

A. Program-to-Date Activity

As of July 1, 2009, LAP (including WAC) had acquired a total of 97,704 acres in the Cat-Del
System.! Reaching this point has involved over 1,150 separate real estate transactions, an average
of about two transactions per week and about 7,800 acres per year.

1. Trends over Time - Since 1997, LAP acquisitions have proceeded on a steady basis,
influenced by the location of solicitations, real estate market trends and program development
initiatives.

Figure 3: Acres Acquired by Priority Area and Year
11,000 Priority 4
10,000 Priority 3 9,971
[ Priority 2 ELETE 9,461
8,767 M Priority 1 Az
8,000 F *’ 7,966 7883
4,838
825 946 6767 4,370 4,062 e
' 6,425 6.342
6,000 = = L _ 3,489 _ | | | | __ 4576 |

Acres Signed

4,000 — s = — o s = - s
4,051

2,366

4,036

2,000

~ Year Signed Sk

! This total, and the totals in Tables 1 and 3, include about 1,000 acres acquired outside the watershed boundary or in
the Croton System as a part of Cat-Del acquisitions.
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As shown in Figure 3, contracts signed from 1995 through 2000 were focused in Priority Areas 1
and 2 (predominately in Putnam and Ulster Counties). After 2000, the volume shifted to Priority
Areas 3 and 4, where the majority of acquisitions continue to occur.

Examining yearly activity by real estate type (Figure 4) shows the impact of program development
activities. Fee acquisitions dominated during the early years of LAP. The first two contracts to
acquire CEs were signed in 1999, but that program component did not become fully established
until 2001. Since 2001, LAP has signed between 900 and 2,700 acres in easements each year.
Similarly, the WAC CE program did not sign its first contract until 2001 but has subsequently
secured 90 CEs. Together, the DEP and WAC CE programs have contributed about 35 percent of
the total acres protected under LAP (see Table 1, page 7).

Figure 4: Acres Acquired by Real Estate Type and Year
11,000 B WACCE
10,000 W CE
B Fee

8,000

6,000

Acres Signed

4,000

2,000

Year Signed ®

Figures 3 and 4 both show the general impact of the real estate market on LAP activity. Looking
specifically at City signings of fee simple acquisitions (those most reflective of overall market
conditions), LAP activity had an early peak in 2000 and 2001, reflecting a stable, slowly rising
market at a time when LAP fee acquisition efforts were firmly established. Following September
11, 2001, the real estate market began a period of rapid growth from 2002 through 2007. LAP fee
acquisitions moderated during this period (ranging between 2,300 and 4,600 acres per year), as
sellers were able to consider competing (and often higher) purchase offers from private buyers.
Since its peak in 2007-2008, the market has leveled or dropped, particularly with respect to the
volume of private sales in the marketplace. In this weakened market environment, LAP purchase
offers have received more favorable responses, and fee acquisitions have increased noticeably.
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2. Acquisitions by Real Estate Type - As shown in Figure 4, fee simple acquisitions have
comprised the majority of LAP acres protected, but CEs (both City and WAC) are an increasingly
important component of overall program activity. Looking at program-to-date totals by real estate
Type (see Table 1, below) reveals significant distinctions between fee and CE acquisitions. Fee
simple acquisitions, comprising 82 percent of the 1,171 total projects, average 65 acres in size and
have an average price per acre of $3,885. In contrast, City CEs (averaging 153 acres at a cost of
$2,049/acre) and WAC CEs (averaging 188 acres at a cost of $1,258/acre) are significantly larger
and less costly to acquire on a per acre basis.

Table 1: Signed Contracts by R.E. Type

Number Average Purchase Average
R.E. Type of Parcels Acres Size Price Price/Acre
Fee 963 62,426 65 $242,505,795 $3,885
CE 119 18,324 154 $37,546,641 $2,049
WAC CE 90 16,954 188 $21,330,278 $1,258
Program Totals 1,172 97,704 83 $301,382,714 $3,085

3. Acquisition Cost by Location - The cost of acquisition varies dramatically depending on the
location of a property within the watershed. Since acquisition costs have also risen over time, and
the level of LAP activity has varied over time and location (as shown in Figure 3), program-to-date
average cost or geographic cost averages can be misleading. The best way to compare cost
variation across the Cat-Del System is to look at similar properties (by size) during the same,
limited timeframe. Table 2 depicts the value of fee simple appraisals between 10 and 50 acres
from 2003 to the present:

Table 2: Fee Simple Appraisals, 10 to 50 acres, between 2003 and 2009

Total Acres Average Price

District Market Area Appraised* Total Value per Acre
EOH Kensico (Westchester) 62 $14,746,250 $237,002
West Branch (Putnam) 891 $16,190,550 $18,178

WOH Ashokan (Ulster) 2,317 $19,033,413 $8,214
Schoharie (Greene/Schoharie) 3,146 $18,872,319 $5,998

Rondout & Neversink (Ulster/Sullivan) 1,097 $5,273,167 $4,807

Pepacton & Cannonsville (Delaware) 5,240 $19,341,038 $3,691

* Includes all fee appraisals ordered, whether offers were accepted or not

4.  Success rates - As discussed in Section 11.B.3 above, regulatory mandates for LAP have
consisted of solicitation requirements, not acquisition targets. = However the program’s
effectiveness can be measured by its success in converting solicitations into signed contracts.
Success rates provide a useful metric to evaluate program effectiveness over time, by method of
solicitation, property type and location.
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Table 3:  Success Rates by Priority Area

City City WAC Total Average

Acres  Success Acres Acres Purchase Price/

Solicited Acquired Rate Acquired Acquired Price Acre

Priority 1A 14,407 4,933 34% 0 4,933 $33,594,647 $6,811
Priority 1B 52,359 13,006 25% 954 13,960 $101,026,696 $7,237
Priority 2 43,139 10,115 23% 0 10,115 $28,315,484  $2,799
Priority 3 121,855 21,065 17% 7,277 28,343 $50,673,638 $1,788
Priority 4 243,637 31,631 13% 8,723 40,354 $87,772,248 $2,175
Totals 475,397 80,750 17% 16,954 97,704 $301,382,714  $3,085

The higher success rates in Priority Areas 1A, 1B and 2 are the result of two factors: First, the
City has been soliciting land in these higher Priority Areas far longer than in Priority Areas 3 and
4, and success rates climb over time as landowners that had previously been uninterested decide to
sell. Second, market values in Priority Areas 1 and 2 are higher, and program experience has
shown that higher appraised values result in higher acceptance rates.

B. Program Effectiveness - Level of Protection

Land acquisition is an anti-degradation tool that does not have any immediate impact on water
quality. Further, it is impossible to predict with certainty whether or how a property protected by
LAP might have been developed, and how such development would have impacted water quality.
For these reasons, direct measures of the effectiveness of LAP in the context of watershed
protection are not possible. However a careful analysis of the location and level of LAP-acquired
and other protected lands in the context of the Cat-Del System provides a clear picture of the
program’s effectiveness and suggests future areas of emphasis.

In order to fully evaluate the level of protected lands in the Cat-Del System, LAP has conducted
extensive research to confirm ownership and the “protected” status of lands and CEs owned by the
State, other governmental entities and land trusts.

1. Overall Level of Protection - Prior to the commencement of acquisitions under LAP, the
City owned about 35,500 acres of buffer lands surrounding the nine reservoirs of the Cat-Del
System. These lands (excluding the reservoirs) comprised about 3.5 percent of the system land
area. The State of New York owned another 202,000 acres, mostly in the Catskill Forest Preserve.
Together with about 8,000 acres protected by municipalities or private conservation groups, this
protected land represented about 24 percent of the Cat-Del System.

As shown in Figure 1 (page 30), these protected lands were clustered in two distinct locations: 1)
around the reservoirs, in buffer lands varying in width from a few hundred to a few thousand feet
from the reservoir, and 2) in the Catskill Forest Preserve, the large State land holdings that
comprise a significant proportion of the Rondout, Ashokan, Pepacton and Schoharie Basins.

Under LAP, the City has increased its ownership of protected lands from 35,500 (3.5 percent of
the Cat-Del System) to 132,500 (13 percent). Together with State and Other Protected Lands, the
Cat-Del System currently has 34 percent protected land, as shown below in Figure 5:
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Figure 5: Protected Land in the Cat-Del System, 1997 vs. 2009

City Pre City Pre
MOA MOA
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All other
land
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land Other
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LAP
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1997: 24% Protected Land 2009: 34% Protected Land

This figure illustrates a signal achievement of the Land Acquisition Program. Through a
continuation of existing policies (with the modifications presented in this Plan) the percentage of
protected lands is expected to grow substantially between now and 2022.

2. Protected Land by Reservoir Basin - The overall level of protected lands in the Cat-Del
System is more impressive if viewed by reservoir basin. The vast size of the City’s water supply,
with multiple terminal® reservoirs in each of two complimentary systems (three if the Croton
System is included) implies that the level of protection within the system should be judged partly
by where the protected lands are located. A simple example helps to illustrate this point:

Consider a hypothetical 150,000 acre watershed with two reservoirs, “South” and “North.”
“South” is a terminal basin of 50,000 acres that is 20 percent protected (10,000 acres), while
“North” is a larger, non-terminal basin that is 100,000 acres in size and 50 percent protected
(50,000 acres). The overall level of protection is 40 percent, but most of that protected land is
located in the less critical, non-terminal reservoir. If, on the other hand, that protected land was
evenly divided, with 30,000 acres in each basin, the overall level of protection remains at 40
percent but the effective level of protection is higher, because a higher proportion of the terminal
basin is protected:

Table 4: Effective Level of Protection (example)

Scenario 1 Basin Protected Percent
(Non-Terminal more protected) Reservoir Land Area Land Protected
“South” (Terminal) 50,000 10,000 20%
“North” (Non-Terminal) 100,000 50,000 50%
Total 150,000 60,000 40%
Scenario 2 Basin Protected Percent
(Terminal more protected) Reservoir Land Area Land Protected
“South” (Terminal) 50,000 30,000 60%
“North” (Non-Terminal) 100,000 30,000 30%
Total 150,000 60,000 40%

2 A terminal reservoir is a reservoir which, under certain operating conditions, is the last reservoir prior to distribution.
In the Cat-Del System there are four terminal reservoirs: Kensico, West Branch, Ashokan and Rondout. Terminal
basins are of greater concern for protection because they are the final “stop” before water is delivered to the consumer.
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The same acreage of protected lands (60,000) affords a higher degree of watershed protection in
Scenario 2 because all of the water from the North basin flows into the South Basin; with an
under-protected terminal basin, clean water yielded from the non-terminal basin can be degraded
upon entering the terminal reservoir.

In practice, the Cat-Del System, and its distribution of protected lands, more closely resembles
Scenario 2, in which the terminal reservoir basins have a higher percentage of protected lands than
the non-terminal basins:

Figure 6: Protected Land as a Percentage of Basin Land Area

70% 65%

60% W LAP

O Other Protected
60% —
O Pre-MOA

xx% Terminal Basin
50%— . .
yy% Non-Terminal Basin
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Percentage of Basin Land Area Protected

10%

Note: Percentages may not add up due to rounding

In order to reflect the importance of terminal reservoir basins in the evaluation of protected lands,
LAP has developed an alternative metric which directly incorporates the total volume of water
diverted® from each reservoir to develop a “Diversion-Weighted Level of Protected Land.” Using
this metric, acres in terminal reservoirs receive a higher weighting because those acres afford
protection not just for the volume of water contributed by overland flow within its own basin, but
also for water from upstream reservoirs:

% “Diverted” water refers to water which exits the reservoir via an aqueduct to be delivered to the next reservoir or to
the distribution system.
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Table 5: Diversion-Weighted L evel of Protected Land

Percent Average Annual  Percentage Cumulative

Protected Diversions of Total Diversion-Weighted

System Reservoir Land 1992 to 2008 (mq) Diversions Average
Delaware Cannonsville 16.3% 52,629 3.7% 0.6%
Pepacton 27.5% 116,631 8.1% 2.2%

Neversink 60.1% 44,447 3.1% 1.9%

Rondout 48.2% 261,629 18.2% 8.8%

) West Branch 46.9% 281,744 19.6% 9.2%
Catskill Schoharie 29.3% 67,734 4. 7% 1.4%
Ashokan 64.8% 174,758 12.1% 7.9%

Kensico 40.8% 439,029 30.5% 12.5%

Cat-Del Totals 34.0% 1,438,602 100.0% 44.3%

Another useful metric to characterize the level of protection in the Cat-Del System incorporates
weighting based on the contribution of each reservoir basin to overall supply. Historical supply
data from 1992 to 2007 show that 47.1 percent of total supply comes from the Pepacton and
Ashokan Basins:

Table 6:  Supply-Weighted L evel of Protected Land

Percent Average Annual Percentage Cumulative

Protected Contribution to Supply of Total  Supply-Weighted

System Reservoir Land 1992 to 2007 (mq) Supply Average
Delaware Cannonsville 16.3% 52,629 11.9% 1.9%
Pepacton 27.5% 116,631 26.3% 7.2%

Neversink 60.1% 44,447 10.0% 6.0%

Rondout 48.2% 43,480 9.8% 4.7%

West Branch 46.9% 19,770 4.5% 2.1%

Catskill Schoharie 29.3% 67,734 15.3% 4.5%
Ashokan 64.8% 92,298 20.8% 13.5%

Kensico 40.8% 6,876 1.5% 0.6%

Cat-Del Totals 34.0% 443,866 100.0% 40.6%

The distribution of protected lands in the Cat-Del System is a driving force in the development of
this Long-Term Plan. The three measures of the level of protection in the Cat-Del System
presented above show that the distribution of protected lands supports the City’s overall protection
goals. Looking forward, LAP can augment the high current level of protection in terminal basins,
and in basins with a high contribution to supply, through an increased focus on basins and sub-
basins with lower levels of protection. While solicitation will continue throughout the watershed,
including in highly-protected Priority Areas 1A, 1B and 2, LAP will fine-tune its solicitation
schedules and project design policies to emphasize acquisitions in the less-protected parts of the
watershed.

3. Success Stories - As described above, LAP has protected approximately 9.4 percent of the
Cat-Del System, raising the overall level of protection to 34 percent. Within that system-wide
result lie specific areas where LAP has had an even more dramatic impact. Areas of concentrated
success can be attributed to a variety of factors, including the duration of solicitations, market
conditions, property configurations and socioeconomic factors.
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West Branch/Boyd’s Corner: These two connected reservoir
basins are located East-of-Hudson, but serve as a terminal reservoir .
basin for the Delaware System. They are located in Putnam  Teday: 47% Protected
County, which was the second fastest growing county in NY State
between 1990 and 2000. The rapid suburbanization of these two
critical basins was a serious concern in the mid-1990s. The City’s
Pre-MOA buffer around the reservoirs is very narrow (totaling 683
acres) and the combined total of City, municipally- and State-
protected lands was only 15% of the total basin land area in 1997.

Due to fortuitous timing and a ready supply of large properties with LAP Acquired
willing sellers, LAP has now acquired over 8,300 acres of land, Offier Proteciod
raising the level of protection by the City and others from 15

percent to 47 percent. These purchases, most of which were

completed before 2001 at a cost of about $78 million total,

probably represent LAP’s most important regional achievement.

Rondout Direct Tributaries: Like West Branch,

_ Rondout is a terminal basin in the Delaware

) System, and it too has very narrow buffer lands

rO / (totaling 1,222 acres) around the reservoir.

. H\HV\_,, } Unlike West Branch, the Rondout Basin is

,r/ characterized by rural (rather than suburban) and

- forested land uses. The northern portions of the

/ basin are largely State-owned land, but the sub-

_ basins containing the direct tributaries to the

LAP Acquired ( reservoir (excluding Chestnut Creek and Rondout

Creek) were much less protected as of 1997, with
a total of 19 percent protected land. LAP has
acquired over 6,700 acres in these sub-basins,
raising the level of protection to 45 percent.

Other Protected

Schoharie Direct Tributaries: The Schoharie
Reservoir also has a very narrow strip of Pre-
MOA buffer lands totaling 1,038 acres. LAP
acquisitions adjoining that buffer, as well as in the
Bear Kill and Manor Kill sub-basins, have
increased the level of protection from 7 percent in
1997 to 21 percent today.

LAP Acquired
Other Protected
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Other notable areas of success include the following:

1997 Protected 2009 Protected
Sub-Basin(s) Acres (%) Acres (%)
Beaver Kill / Little Beaver Kill sub-basins (Woodstock) 7,521 (28%0) 12,842 (48%)
Batavia Kill Main Stem and tributaries (Greene Co.) 3,352 (9%) 8,247 (22%)
East Branch Delaware River Headwaters (Roxbury) 813 (3%) 6,175 (19%)

Section IV — Land Use Trends in the Cat-Del System

Land use patterns in the Cat-Del System vary widely according to location, but the period since
1997 has been generally characterized by stability. The biggest change in land use since 1998 is
the increase in protected lands from 24 percent to 34 percent of the basin land area.

A. East-of-Hudson
Land use in the Kensico and West Branch/Boyd’s Corner reservoir basins consists primarily of
medium-density residential uses.

The Kensico basin has the highest residential density in the Cat-Del System, averaging about 50
residential units per 100 acres of basin land area. Most of this development occurred prior to
1990. With very little available vacant land remaining for development, Kensico has seen little
new development in the past 12 years, although in some cases owners have replaced smaller
residences with new larger “McMansions.”

In contrast to Kensico, the West Branch and Boyd’s Corner basins in Putnam County have
experienced rapid residential development and population growth in recent years. Between 1990
and 2000 Putnam County was the second fastest growing county in New York State, increasing in
population from 83,941 to 95,745, or 14.1 percent *. In keeping with this pace of development, the
period since the inception of LAP saw an increase of approximately 300 residential units in these
basins, and demand for housing remains strong. This growing population has created a strong
demand for additional commercial development, but most of the commercially-zoned areas serving
the population in these basins are located outside the Cat-Del System.

B. West-of-Hudson
1.  Population - In contrast to the fast growth in Putnam County, population growth West-of-
Hudson (WOH) was generally low, except for Sullivan County:

Table 7:  Population within NYC Watershed by County 1990 to 2008, West-of-Hudson *

1990 2000 Percent Change 2008 Percent Change
County Population Population 1990 to 2000 Population 2000 to 2008
Delaware 25,137 25,679 2% 24,998 -3%
Greene 9,024 9,407 4% 9,764 4%
Schoharie 1,083 1,134 5% 1,110 -2%
Sullivan 2,287 2,735 20% 3,002 10%
Ulster 9,356 9,872 6% 10,260 4%
Totals 46,887 48,827 4% 49,134 1%

# US Census (1990, 2000; Demographics Now, 2008), adjusted by DEP; County populations within the watershed
were estimated using town population, pro-rated using the proportion of the town’s residences within the watershed.
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Population growth in Delaware County, which contains about half of the WOH population, was
essentially flat during the period from 1990 to 2008, while Greene, Sullivan and Ulster Counties
experienced somewhat higher population growth. These census counts understate the actual pace
of residential growth in the watershed, since population counts exclude seasonal or second-home
residents. The 2000 Census of Housing shows that the percentage of total housing units used for
“seasonal, recreational or occasional use” averages about 20 to 25 percent in the WOH District.

2. Land Use - An examination of land use across the WOH shows the rural character of the
region. “Urban” uses, including residential lots under 15 acres, and commercial /industrial parcels
comprised less than 10 percent of the total. In contrast, about 48 percent of the land consists of
privately-owned vacant land and residential parcels over 15 acres.

Table 8: West-of-Hudson Land Use Based on 2008 Town Assessment Data
Land Use Category Parcels AcCres Roads
Agriculture 865 74,812 High Density

Residential

High Density Residential (< 15 ac.) 29,085 72,739 (< 15 ac)
Low Density Residential (> 15 ac.) 4,438 241,546 7%
Commercial / Industrial 3,377 16,236
State or Other Protected 1,664 212,094
City Protected * 2,561 116,459 Rosidontial
Vacant Land 17,298 237,019 (> 15 ac)
Roads * na. 16,814
No Data 690 3,542

State or

Other
Total 59,978 991,261 Commerciall

Industrial
2%

* Includes Pre-MOA (excluding reservoirs) and Closed Fee , Closed CE and Closed WAC CE
* Road rights-of-way, determined by subtracting the sum of the parcel data from total basin land area

3. Agriculture - Agricultural land WOH is focused almost exclusively in the Cannonsville,
Pepacton and Schoharie Basins, particularly in the Cannonsville basin in the towns of Hamden,
Delhi, Kortright, Stamford, Bovina and Harpersfield. In these towns, dairy farming has
traditionally been a dominant feature of the local landscape. From the standpoint of watershed
protection, farms are critical in that they are typically comprised of relatively large contiguous
holdings of land with moderate slopes, extensive road frontage and significant surface water
features. DEP’s Watershed Protection Program has recognized the critical importance of these
working landscapes, and the City has devoted significant resources to the Whole Farm Program
and the WAC CE Program.

While this prominent role of agriculture in the local economy continues, agriculture, and dairy
farming in particular, has been in decline in recent years. An examination of data from the
USDA’s Census of Agriculture, conducted every five years on a county-wide level, portrays a
consistent downward trend in agriculture for counties in the watershed as well as other nearby
counties:
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Table 9:  Agricultural Data by County, 1997, 2002 and 2007 °

------- Number of Farms ------- --- Average Farm Size (acres) ---
County 1997 2002 2007 1997 2002 2007
Delaware 848 788 747 231 243 222
Greene 292 342 286 176 169 155
Schoharie 600 579 525 194 195 182
Sullivan 383 381 323 159 167 156
Ulster 500 532 501 149 157 150
Counties outside the watershed
County 1997 2002 2007 1997 2002 2007
Broome 627 588 580 150 167 149
Chenango 977 960 908 202 198 195
Columbia 545 498 554 219 240 192
Otsego 1,023 1,028 980 214 201 180

Looking exclusively within the watershed, land coded agricultural® using the town assessment data
for the WOH has declined from 123,000 acres in 1998 to approximately 88,000 acres today’.

4. Residential Development Trends - As shown in Table 8, residential development
comprises over 314,000 acres in the WOH District, making it the most common private land use
on an acreage basis. Given national and regional socioeconomic and land use trends, residential
development is currently the primary land use to which vacant lands in the watershed are
converted. LAP fair market value appraisals confirm this, in that residential use is consistently
listed as the “highest and best use” for almost all watershed land. For these reasons, an
understanding of the patterns of residential development in the watershed is important for
acquisition planning.

Some town assessment rolls contain the “year built” for each residential lot. This data can be used
to evaluate the pace and characteristics of residential development over time. The 2008 town
assessment data, as provided to the NYS Office of Real Property Services, shows 15 WOH towns
with year-built data for 85 percent or more of the residential parcels.?

Table 10: Median Parcel Size over Time for Residential Lots by County, Sample Towns

Number of Median

County Year Built Residences Built Size (acres)
Delaware (4 Towns) Before 1960 2,647 0.5

1960 to 1969 473 1.8

1970 to 1979 790 3.7

1980 to 1989 1,225 5.6

1990 to 1999 442 5.9

2000 or later 370 7.2

> US Dept of Agriculture, 2002 and 2007; data is for entire county, including portions outside the NYC Watershed.
® Property Use Codes 100 through 189, NYS Office of Real Property Services.

" Agricultural land in 2008 includes 74,812 acres per assessor’s code (see Table 8) plus most, but not all of the land
currently in WAC CE’s. Approximately 80 percent or 13,200 acres of the WAC CE lands are coded agricultural.

® The 15 towns are as follows: Andes, Kortright, Middletown and Walton (Delaware County); Ashland, Hunter,
Jewett, Lexington, Prattsville and Jewett (Greene County); Neversink (Sullivan County) and Hurley, Olive,
Wawarsing and Woodstock (Ulster County). In the remaining WOH towns, year built data is completely missing or
available for less than 85 percent of the residential parcels.
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Table 10: (continued)

Number of Median

County Year Built Residences Built Size (acres)
Greene (6 Towns) Before 1960 2,238 1.0
1960 to 1969 498 1.1

1970 to 1979 1,012 1.1

1980 to 1989 1,575 1.3

1990 to 1999 564 3.2

2000 or later 791 2.6

Sullivan (Town of Neversink) Before 1960 314 2.6
1960 to 1969 188 2.0

1970 to 1979 213 2.1

1980 to 1989 218 2.2

1990 to 1999 127 3.3

2000 or later 87 4.1

Ulster (4 Towns) Before 1960 1,219 1.7
1960 to 1969 309 1.3

1970 to 1979 415 2.0

1980 to 1989 391 3.1

1990 to 1999 169 3.9

2000 or later 154 4.3

The data from these 15 towns provides a representative sample to evaluate both the timing and size
of land parcels devoted to residential use. Two trends are clear:

e  The median size of residential lots has increased over time, particularly since 1990. This
trend reflects the increased proportion of residential construction for second homeowners,
and development activity skewed away from traditionally denser hamlet areas; and

e  The volume of residential development since 1990 has moderated from the levels seen in the
1960’s, 70’s and 80’s.

Both of these trends support the observation that the strong real estate market in recent years has
not resulted in large-scale subdivision activity as was often the case in previous decades.

Section V - Long-Term Plan Goals

This Long-Term Plan covers the ten-year period from 2012 to 2022. As discussed in Section I,
LAP acquisitions since 1997 have increased protected lands in the Cat-Del System from 24 percent
to 34 percent of the system land area. More importantly, the spatial distribution of those protected
lands, which are disproportionally found in the terminal reservoir basins of the Cat-Del System,
provide a firm foundation for LAP’s efforts over this coming ten-year period.

This Plan was developed through a careful evaluation of program activity, regional land use and
economic trends, as presented above, with input from other stakeholders, including the City’s
regulators, local elected officials in the watershed and the environmental community. As a result
of these evaluations and input, five specific goals have been identified:
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1) Continue LAP’s proven real estate methods that have resulted in the acquisition
of over 96,000 acres in the Cat-Del System since 1997.

Since 1997, LAP and WAC have acquired over 1,150 parcels using the real estate and
planning methods described in Section Il. These methods, continued through 2022, can be
expected to yield additional acreage of protected lands, with a continuing emphasis on
preserving lands with a high water quality protection value.

2) Increase the percentage of protected lands in the Cat-Del System as a whole, with
a particular emphasis on:

¢ Non-terminal reservoir basins with less than 30 percent protected lands;

e  Specific sub-basins with a relatively low percentage of protected lands; and

e Reservoir basins that are expected to provide larger contributions to future
water supply.

While widespread solicitation over the period from 2012 to 2022 is sure to increase the
percentage of protected lands system-wide, specific basins and sub-basins merit focused
solicitation efforts based on some combination of their location within the system as a whole,
the basin or sub-basin’s level of protection, and a basin’s anticipated contribution to future
water supply. These “Areas of Focus” are identified in Section VI, along with specific
strategies that will concentrate LAP and WAC acquisition efforts on these areas.

3) Develop parcel selection procedures to maximize the water quality benefit of
acquisitions.

LAP is committed to soliciting parcels whose acquisition provides the maximum possible
water quality benefit relative to other parcels. This can be accomplished through a
combination of regional strategies, such as focusing on under-protected basins and sub-basins,
as well as parcel-specific considerations.

The parcel ranking system that has served as a general guide to parcel selection in the non-
terminal basins (see Section I1.C.3, page 4) will be augmented by incorporating a new GIS
stream network, expected to be completed in 2011. This new layer, to be developed using a
high resolution LiDAR-generated® topographic model, should provide a more accurate and
complete stream network for input into the ranking process. Development potential will also
be more fully incorporated into the ranking system through the addition of a new road
frontage factor.

Parcel selection under this Plan will primarily consist of iteratively evaluating the 375,000
acres already solicited but not yet acquired, since few of the remaining unsolicited acres merit
pursuit. The ranking system will be used in conjunction with the regional Areas of Focus to
prioritize LAP efforts to acquire a significant portion of these remaining solicited acres.

° LIDAR, or Light Detection and Ranging, is a laser-based remote sensing technology that can be used to develop high
resolution terrain models.

LAP Long-Term Plan 2012 to 2022 September 30, 2009
Page 17



4) Build on our existing programs to promote City Lands as a working landscape in
partnership with local communities.

Many local communities have consistently expressed how important recreational access,
forestry and agriculture are to their local economy, which has historically been focused on
these land-dependent activities. Under the MOA, the City committed to consider recreational
access for lands acquired in fee simple. Since 1997, DEP has expanded the use of City fee
lands that support local economic vitality while maintaining its obligation to protect water
quality. Increased recreational access, in partnership with DEC, has been at the forefront of
these changes.

These efforts have gained a measure of acceptance, even among traditionally skeptical
communities in the West-of-Hudson watershed. The City’s continued commitment to expand
the use of City lands holds the potential to further improve community support for land
acquisition, which can bolster the City’s acquisition efforts through 2022.

5) Develop strategies to promote the wise use of acquisition funds over the long-
term.

As shown in Table 2 (page 7), acquisition costs vary tremendously within the Cat-Del system.
Further, the high cost areas (Kensico, West Branch and Ashokan, in descending order)
correspond in large part to the basins that now have the highest percentage of protected lands.
Therefore the incremental protection value of acres acquired in the less-protected basins
WOH is higher than the value of acquiring acreage in more expensive, highly protected
basins. For these reasons, LAP’s parcel selection strategy will more directly consider cost and
levels of protection.

LAP is still committed to pursuing the acquisition of compelling parcels — those with
significant development potential in close proximity to surface water features — wherever they
are found. However LAP does not intend to focus on acquisition of properties in higher-
valued basins if those properties have limited development potential and/or are in less
sensitive locations with respect to water quality.

Section VI — Strategies to Achieve these Goals

The five goals outlined above will be implemented using solicitation and project design strategies
that will vary by region and property type. Those strategies are outlined below. Section VII
provides basin-specific plans for the application of these strategies.

A. Areas of Focus

Areas of Focus have been developed to identify basins and sub-basins which warrant additional
attention for solicitation based on current levels of protection, success rates, contribution to water
supply and other factors.

1. Less-Protected Reservoir Basins - The Schoharie, Pepacton and Cannonsville basins are
the largest basins in the Cat-Del System, together comprising some 720,000 acres or over 70
percent of the system land area. They contain about 75 percent of the remaining solicited land.
For this reason, any acquisition strategy from 2012 to 2022 will necessarily be focused on these
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three basins. The fact that these three non-terminal basins also contain the lowest percentage of
protected lands (as shown in Figure 6 and Tables 5 and 6) provides further justification for this
focus.

2.  Critical Sub-Basins - Each reservoir basin is comprised of discrete sub-basins whose
location, topography and land use patterns vary in ways that greatly influence the water quality
leaving each reservoir. LAP has identified several categories of sub-basins whose characteristics
merit heightened focus:

a. Sub-Basins Near Intake - Sub-basins which drain directly into a reservoir near
intakes™ are particularly sensitive because an inflow of pollutants from even a small sub-
basin at these locations can have a large impact on the overall quality of water leaving the
reservoir. This factor, identified by the City through study of the Malcolm Brook sub-basin
at the Kensico intake, was reflected in the Priority Area 1A designations for basins within
60-day travel time. LAP plans to extend this concept to specific sub-basins in Priority Areas
3and 4.

As shown in Section 111.B.3, LAP has had particular success in raising the level of protection
in several of these areas, including Rondout 1A and the sub-basins near Schoharie Reservoir.
In other basins, such as Pepacton and Cannonsville, sub-basins near intake have had low
success rates. The latter sub-basins merit careful attention, and LAP will develop specific
strategies, as further discussed in Section VII, to improve our success rates in these areas.

b.  Less-Protected Sub-Basins — While basin-wide protection levels provide a useful tool
to evaluate system-wide progress, the distribution of protected lands on a sub-basin level
reveals patterns masked at the basin level. As shown in Figure 7 (page 31), sub-basins with
less than 20 percent protected lands are primarily located in the Pepacton and Cannonsville
Basins. In cases where these sub-basins are also located near intakes (such as the Tremper
Kill, Bryden Hill and Bryden Lake sub-basins north of the Pepacton Reservoir), protection
efforts are particularly critical.

3. Contribution to Future Supply - The LAP Priority Areas emphasize travel time to
distribution as a primary concern for water quality protection. The success of LAP to date in
increasing protected lands in Priority Areas 1 and 2 allows us to add additional factors going
forward to prioritize future acquisitions to build on this success. One such factor is the proportion
of source water originating from each reservoir basin.

Basin size, meteorological factors and topography combine to endow each basin with a base
annual flow, but the vast size and configuration of the Cat-Del System provide DEP with
flexibility in determining the day-to-day mix of basin sources to meet daily supply needs. Bureau
of Water Supply (BWS) Operations staff take advantage of this flexibility to meet multiple
objectives including water quality, reserved storage for drought protection and mandated
downstream releases. Historical contributions to supply in the Cat-Del System are presented in
Table 11.

Long-term planning by BWS has identified several trends which will influence future supply rates.
These trends, including turbidity control measures for the Catskill System, improved water quality

19 Intakes are the point where water leaves the reservoir and enters an aqueduct for transport towards distribution.
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in the Cannonsville Basin and the pending completion of the Croton Filtration Plant will result in
supply shifts that should be taken into consideration in planning LAP’s solicitation strategy. As
shown in Table 11, the Ashokan and Pepacton basins will continue to provide the most supply,
with increased projected for Rondout, Cannonsville and especially the Ashokan basin (highlighted
in blue).

Table 11: Historical and Projected Future Contributions to Overall Supply
Historical Average Projected Future
Contribution Contribution under Modified
System Reservoir 1992 to 2008 (mqgd) Reservoir Operations™
Delaware Cannonsville 52,629 (11.9%) 48,655 (12.4%)
Pepacton 116,631 (26.3%) 88,685 (22.7%)
Neversink 44,447 (10.0%) 31,795 (8.1%)
Rondout 43,480 (9.8%) 48,366 (12.4%)
West Branch 19,770 (4.5%) 10,534 (2.7%)
Catskill Schoharie 67,734 (15.3%) 54,183 (13.9%)
Ashokan 92,298 (20.8%) 102,047 (26.1%)
Kensico 6,876  (1.5%) 6,589 (1.7%)

In practice, these three Areas of Focus (Less-Protected Basins, Critical Sub-Basins and
Contribution to Future Supply) overlap to some degree. For example, the sub-basins north of
Pepacton Reservoir qualify in all three categories and therefore will be Areas of “High” Focus,
while certain sub-basins in Schoharie Basin that already have a high percentage of protected land
only qualify on the basis of one factor (Less-Protected Basins) and will receive less focus.

B. Property-Type Strategies

As discussed above, LAP expects to continue to re-solicit most of the 375,000 acres of solicited
land not yet acquired. The vast majority of these solicited parcels are comprised of vacant land
over 20 acres in size or residential parcels over 30 acres with slope or surface water features that
merit protection for water quality protection. However some marginal parcels previously solicited
will not be actively pursued, and some new lands will be solicited, according to the criteria
detailed below:

1. Parcels Adjoining Previously-acquired Land — Parcels adjoining lands acquired in fee
simple should continue to be identified and solicited to support multiple program objectives,
including management efficiency, increased utility for working landscape partnerships and
recreational opportunities. The importance of these program objectives will result in the
solicitation of some connecting parcels that would not otherwise merit consideration based solely
on water quality criteria. The identification of these parcels will be continually updated as new
acquisitions occur.

2. Smaller Vacant Parcels in Proximity to Surface Water Features — The Cat-Del System
includes over 1,000 vacant parcels of between 10 and 20 acres, taken alone or in small
assemblages. On one hand, many of these lots lack the steep slopes or proximity to streams
associated with significant water quality impacts. However other small lots, especially those in

! Projected Future Contribution evaluated using the BWS OASIS model and is subject to change. Total Cat-Del
diversions in these projections are lower than in the 1992 to 2008 data due to a projected increase in the use of Croton
System supply upon completion of the Croton Filtration Plant.
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proximity to streams, merit protection. Program experience since 1997 has also shown that the
management burden of smaller fee lots is relatively minimal, particularly compared with CEs. For
these reasons, LAP will identify more small lots near water for solicitation, particularly in Areas of
Focus. This strategy will enable LAP to maximize the water quality impact of its acquisitions.

3. Conservation Easements — In contrast to fee simple acquisitions, CEs require a significant
ongoing dedication of resources for annual monitoring and occasional enforcement. Despite these
long-term costs, CEs provide a unique tool to protect lands (particularly those with residences)
whose owners are not interested in selling their land outright. Under the Long-Term Plan, CE
guidelines will include an assessment of the natural features criteria, development potential and
location of the proposed CE in the context of the regional protection goals discussed above:

a.  Properties in well-protected Basins and Sub-Basins — In locations where protected
lands already comprise a high percentage of the basin and/or sub-basin area, potential
CE’s between 75 and 100 acres will be evaluated to ensure that their development
potential and proximity to surface water features merit proceeding with the acquisition;

b.  Properties in Areas of Focus — LAP will develop guidelines to acquire smaller CEs
(under 75 acres) in less-protected basins and sub-basins, particularly where land use
patterns result in a higher degree of landowner interest in CEs in comparison to fee
simple acquisition. In Areas of High Focus, such as the sub-basins north of the
Pepacton Reservoir in Andes and Colchester, smaller parcels will be more likely to be
pursued than in other areas; and

c.  Compelling Properties — LAP will continue to pursue CEs on properties over 100 acres
with significant development potential and proximity to surface water throughout the
watershed.

Size, natural features, development potential and location will be the primary programmatic
criteria used to make decisions to pursue a particular CE, but other factors will continue to be
considered although in ways that may vary from past practice depending on the level of protection
in a given area. These factors include the size and configuration of tax parcels comprising the CE,
the presence or absence of other CE’s on adjoining or nearby lands, and an analysis of the
landowner’s stated plans for future use of the property.

C. Solicitation Procedures

Under the Long-Term Plan, LAP will modify certain solicitation procedures at the margins to
achieve the goals identified above, particularly regarding acquisitions in Areas of Focus and cost-
benefit analysis. Under these new procedures, some parcels previously solicited may no longer be
pursued, and in other cases new properties will be identified for solicitation:

1. Continue to Solicit Significant Parcels Throughout the Cat-Del System — The revised
parcel ranking system and qualitative review will be used to clearly identify properties throughout
the Cat-Del System that have a combination of significant development potential and a water
quality sensitive location. As discussed below, these properties will be solicited on a regular basis.

2. Develop Variable Solicitation Schedules — LAP will fine-tune its overall solicitation
schedule to support the priorities identified in this Plan. Since the start of formal re-solicitation in
2005, efforts to re-contact landowners have varied based primarily on the result of the most recent
solicitation. Thus LAP has reviewed previous “Offer Refused” properties annually, re-contacted
“Non-Responders” every two years and re-contacted “Owner Not Interested” parcels every five
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years. Under the Long-Term Plan, these procedures will be replaced with solicitation schedules
that reflect the Plan’s new priorities:

a.  Re-Solicit every one to two years
i.  Parcels in Areas of High Focus
ii.  Significant Parcels
b.  Re-Solicit every two to three years
i.  Other parcels in Areas of Focus
c.  Re-Solicit every four years
i.  All other parcels

3. Owner Initiated Contacts — Historically, about 30 percent of land is solicited as a result of
owner-initiated contacts. These “call-ins”, which can occur on previously-solicited lands or “new”
lands, have a high success rate due to owner motivation. LAP will seek to develop policies to
encourage landowner-initiated contacts and will evaluate these properties in accordance with the
strategies discussed above. Owner contacts on land not previously solicited will continue to be
evaluated on a case-by-case basis, and are expected to result in a significant number of
acquisitions.

D. Other Program Components and Improvements

The discussion above has primarily focused on solicitation and project design strategies that will
govern LAP over the period covered by this Plan. A number of additional program features will
impact how the Long Term goals identified in Section V are achieved:

1. Ongoing Discussions to Expand Designated Areas — The Coalition of Watershed Towns
(CWT) challenged the increase in LAP funding under the 2007 FAD, substantially beyond the
$300 million level agreed to by the parties to the MOA, through litigation, among other contexts.
In an effort to resolve the CWT’s objections, and to seek input from interested parties as
anticipated by the FAD prior to its application for a new WSP in 2010, the City has engaged in
ongoing negotiations with the CWT, Delaware County and other stakeholders. The primary
emphasis of these negotiations to date has been to expand the geographic extent and rules
governing “Designated Areas” as defined in MOA Paragraph 68. Under the MOA, West of
Hudson towns were given the opportunity to identify these Designated Areas, including villages,
hamlets, village extension areas and industrial/commercial areas, and to determine, by resolution,
whether to exclude the City’s acquisition of property in fee simple in these areas. The intent of the
Designated Areas was to “...provide reasonable opportunities for growth in and around existing
population centers.”

In the current negotiations, the CWT requested and the City has tentatively agreed that each WOH
town could identify additional “Expansion Areas” for future growth. The parties have agreed that
such expansion areas are appropriate given the relatively small size of the MOA Designated Areas
(which are already largely developed) and the increased scope of LAP. In addition, the City and
the CWT have tentatively agreed, subject to acceptance by the regulatory agencies, that these
Expansion Areas would be off-limits to all LAP acquisitions (including City and WAC CEs), not
just to fee simple purchases as was previously the case.

As of this writing, 17 watershed towns have proposed Expansion Areas totaling about 39,000
acres. The City, together with the State, EPA, and several environmental groups have worked
diligently with CWT, the watershed counties, and individual towns to balance community
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concerns with water quality protection needs in determining the appropriate scope of each town’s
proposal. Currently the parties have agreed on the location of Expansion Areas in nine towns
which have proposed 8,000 acres, while discussion is continuing on another eight towns whose
current proposals total about 31,000 acres.

While a number of issues besides the specific Expansion Area proposals remain to be agreed on,
the parties are optimistic that an agreement can be reached. The City is confident, based on the
outline of this tentative agreement, that LAP can meet its regulatory commitments amid a renewed
spirit of cooperation and partnership with local communities.

2.  WAC Conservation Easement Program — The discussions in Sections Il through 1V have
clearly highlighted the importance of agriculture to the landscape and economy of significant
portions of the WOH District. The WAC CE Program provides critical support to farming in the
watershed while protecting these sensitive lands from the potential impact of non-farm
development. The EPA and DOH have recognized the importance of the WAC CE Program by
requiring a series of increases in funding by the City, from the initial commitment of $20 million
in the MOA to $70 million today. This level of funding is expected to ensure that the program can
continue its current success and have adequate resources to meet the expected level of demand for
CEs in the future.

As a part of this Plan, the City and WAC have identified several areas where the Program can be
enhanced:

a. WAC Governance Procedures — In accord with comments from the City and local
stakeholders, WAC has initiated a comprehensive review of its internal governance
procedures in areas including board composition, voting procedures, transparency and
dispute resolution. This review is expected to be completed soon, and promises to
streamline WAC operations and strengthen local partnerships.

b. Database and GIS Upgrades — WAC has hired an outside consultant to develop an
integrated database and GIS system which promises to improve planning,
communications and record-keeping within WAC and with its partners, including local
Soil and Water Districts and the City.

c.  Coordinated Solicitation Planning — The City and WAC are committed to developing
an improved solicitation framework that will allow WAC solicitations to directly
complement the City’s solicitation plan and to support the goals in this Plan.

d. Small Farms — LAP and WAC have had ongoing discussions aimed at closing a
program gap focused on small-scale farm operations. In recent years a number of small
specialty farms have been established in the watershed. In some cases the size and
nature of the small farms do not fit well into current program parameters for either
WAC or City CEs. WAC and the City will pursue modifications to fill this gap.

3. Land Trust Initiative - The 2007 FAD requires the City to “substantially increase the use
of land trusts and other non-government organizations to identify and help the City acquire eligible
lands”, and to prepare a strategy that outlines the City’s plans to do so. Accordingly, DEP issued
its Land Trust Strategy in November 2007, as well as a 2008 annual summary of efforts taken in
accordance with the Strategy. Of the program areas described in those documents or subsequently
pursued, those that are the most promising for long-term implementation at this time appear to be:
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a.  Solicitations of landowners by land trusts - One land trust has been engaged to solicit
30 non-responsive landowners in the West Branch basin, and a second has stated an
interest in doing so in the Ashokan basin. The goal is to convert non-responding
landowners into sellers.

b.  Acquisitions by land trusts of properties to be conveyed to DEP - A number of “pass-
through” transactions have been successfully completed and/or signed to date, and this
process is expected to continue to generate roughly one or two successful projects per
year.

c.  Acquisition of conservation easements by land trusts - Some landowners may be
willing to encumber their land with CEs if a land trust, rather than the City, is the
“grantee” (owner and long-term monitor and enforcer of the CE). The City is aware of
two such instances, and is working with a land trust to develop a process through which
City funds could be used by the land trust to acquire CEs for long-term ownership and
stewardship — pursuant to the City’s MOA and FAD obligations.

d.  Strengthening of land trust capacity - The City has developed a process to offer
financial support for events and forums that are hosted by land trusts in the watershed.
These events are designed to increase landowner interest in selling real property
interests. The City is also seeking other such ways to strengthen land trust capacities to
work in the watershed. The City will continue to pursue development of this area, with
the long-term goal of increasing landowner awareness of and interest in land protection
options.

e.  Support of watershed, aquifer, and well-head protection plans by local municipalities
- The City continues to explore opportunities to fund technical assistance and land
acquisitions by local governments. The result would be land that is protected using
City funds, but owned and managed by local municipalities.

All of these pending program areas appear likely to result in permanent protection of lands that
would otherwise not be protected, which is the over-arching goal for developing partnerships with
land trusts. Given this prospect of success, DEP will continue to work on developing and
strengthening such relationships and programs with land trust partners.

4.  Conservation Easement Language - The language that comprises the deed of conservation
easement is critical to landowner acceptance of the City’s CE program. To date more than 100
landowners have sold over 16,000 acres of easements to the City, with many more being actively
negotiated. This success can be attributed in part to the City’s efforts to revise language over time
in order to find a balance between landowner acceptance and defensible protection and
enforcement provisions. Since 1999 (when the first model easement document was finalized),
certain language improvements have been made; the following are just a few examples among
many:

a.  Language pertaining to activities within building envelopes (which contain residential
uses) was highly restrictive in the first model easement, and has been relaxed to include
only minimal restrictions.

b.  Insituations where a property is both under a DEP easement and enrolled in any NYS
DEC-managed forestry program, language has been revised to reduce potential
conflicts, thereby allowing landowners to avoid penalties that DEC might otherwise be
required to issue for non-compliance with harvest or management plans.

c.  Agricultural use was prohibited in early versions of the City’s CE, but after recognizing
that many landowners wished to engage in small-scale gardening or to maintain a few
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domesticated animals, the model CE was revised to allow certain farming uses “as-of-
right on” areas smaller than ten acres. This revision was made in consultation with
WAC in order to ensure that both CE programs remained coordinated.

Thus, success of the City’s CE program — like other such CE programs — has depended in large
part on careful balancing of the needs of both the City and the landowner. Further refinements of
terms are being considered as of the writing of this Plan, and such evolution of language can be
expected to continue during the period covered by this Plan.

5. Landowner Outreach and Public Relations — As a transaction-driven program, the success
of LAP depends in large part on landowner perceptions and the information they receive regarding
LAP and the NYC watershed. Efforts to improve LAP’s communications strategy can result in a
greater volume of landowner-initiated solicitations, which historically have a much higher success
rate than City-initiated contacts. Another goal of our communications strategy is to provide a
counter-balance to enhance local press coverage. The following components of a success outreach
strategy will be pursued:

a Improved web-based outreach and information sources;

b.  Utilization of land trusts in Education and Outreach;

c Regularly-scheduled local meetings to present LAP to landowners; and
d.  Greater use of print and broadcast media to reach watershed audiences.
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Section VII — Basin Plans
A. Kensico Basin

Overview:
Land Area: 6,406 acres
LAP Acquired Acres Solicited: 1,072 acres
ek Acres Acquired: 207 acres
LAP Costs to Date: $34,083,000
Success Rate: 19 %
Protected Land (City, State, Other) 41 %
Comparative Costs: Very High
Predominant Land Uses: Suburban Residential

Office / Institutional

Kensico, the terminal basin of the Catskill System, is located in a densely populated suburban area
of Westchester County barely 15 miles north of New York City. Very little undeveloped land
remains available for acquisition.  While acquisition of certain parcels with significant
development potential is warranted, the City can best manage future water quality in this critical
basin through targeted remediation programs such as non-point source programs, septic repair and
waterfowl management. Specific acquisition strategies will include:

e Pursue significant parcels near streams;

e Pursue partnerships with other private and governmental bodies to offset high
acquisition costs; and

e Cease solicitation of small, isolated parcels and parcels distant from streams.

B. West Branch / Boyd’s Corner Basins

Overview:
Land Area: 25,830 acres
Acres Solicited: 14,834 acres
Acres Acquired in Basin: 8,338 acres
LAP Costs to Date: $78,660,000
Success Rate: 56 %
Protected Land (City, State, Other) 47 %
LAP Acquired Comparative Costs: High
Dthes Feotscled Predominant Land Uses: Suburban Residential

West Branch Reservoir is the terminal basin of the Delaware System, and 50 percent of average
daily supply flows through its intake. The basin is characterized by medium and low density
suburban development and high acquisition costs. Since 1997 LAP has acquired over 32 percent
of the basin land area. The remaining solicited lands include several significant properties and a
number of smaller vacant or low-density residential lots. Specific strategies:

e Continue pursuit of significant parcels; and
e Evaluate smaller parcels for adjacency, development potential and proximity to streams.

LAP Long-Term Plan 2012 to 2022 September 30, 2009
Page 26



C. Ashokan Basin

Overview:

Land Area: 155,299 acres
Acres Solicited: 46,716 acres
Acres Acquired: 10,952 acres
LAP Costs to Date: $34,366,000
Success Rate: 23 %
Protected Land (City, State, Other) 65 %
Comparative Costs: Moderately High
Predominant Land Uses: Forested Rural

Low-Density Residential
Forest Preserve

LAP Acquired
Other Protected

Over 82,000 acres of state-owned Forest Preserve land give Ashokan the highest percentage of
protected land of all basins in the Cat-Del System. The southeastern portion of the basin, in the
towns of Woodstock, Olive and Hurley, comprise a strong market for low- and medium-density
residential development. Ashokan provides over 20 percent of daily supply and has been the focus
of significant study with regard to turbidity associated with native soils and storm events. Specific
strategies:

e Areas of Focus: Entire Basin (large contribution to future supply);
e Continue regular solicitation of most lands previously solicited; and
e Selectively reduce solicitation of dry, steep and isolated building lots.

D. Schoharie Basin

Overview:
Land Area: 200,895 acres
AP Acquired Acres Solici_ted (Ci_ty): 95,777 acres
Othiar Pratacted Acres Acquired (City): 19,001 acres
Success Rate (City): 20 %
WAC Acres Acquired: 843 acres
LAP Costs to Date: $57,385,000
Protected Land (City, State, Other) 29 %
Comparative Costs: Moderately High
Predominant Land Uses: Forested Rural

Ski-oriented Residential
Forest Preserve

The eastern portion of Schoharie has experienced higher levels of development than found in most
other parts of the West-of-Hudson due to proximity to the Thruway and several large ski areas.
This growth has resulted in higher land values and an increasingly high LAP success rate. The
southern portion of the basin includes a high percentage of State Land. Specific strategies:

e Continue regular solicitation of most lands previously solicited;

e Areas of Focus: Entire Basin (less-protected);

e Areas of High Focus: Johnson Hollow Brook and Schoharie Creek sub-basins (less-
protected sub-basins); and

e Tailor CE solicitation based on the level of protection in a given sub-basin.
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E. Rondout Basin

Overview:
Land Area: 59,003 acres
lls?hpef:‘::ti::ed Acres Solicited (City): 30,379 acres
Acres Acquired (City): 6,290 acres
Success Rate (City): 21%
WAC Acres Acquired: 954 acres
LAP Costs to Date: $14,373,000
Protected Land (City, State, Other) 48 %
Comparative Costs: Moderate
Predominant Land Uses: Forested Rural

Low & Medium Density Residential
Forest Preserve

Rondout is characterized by State Forest Preserve lands to the north, very low-density residential
uses to the southeast and hamlet development in the Town of Neversink to the southwest. LAP has
experienced a low success rate in the Town of Neversink, possibly due to expectations of new
casino-oriented development opportunities in Sullivan County. Specific strategies:

e Continue regular solicitation of most lands previously solicited;

e Areas of Focus: Chestnut Creek and Red Brook sub-basins (less-protected); and

e Implement higher thresholds for CE acquisition (size, development potential) in sub-
basins to the north.

F. Neversink Basin

Overview:
Land Area: 57,410 acres
Acres Solicited (City): 22,147 acres
Acres Acquired (City): 3,229 acres
Success Rate (City): 15 %
WAC Acres Acquired: 508 acres
LAP Costs to Date: $4,482,000
Protected Land (City, State, Other) 60 %
LAP Acgilid Comparative Costs: Moderate
Other Protected Predominant Land Uses: Forest Preserve

Institutional Open Space
Low Density Residential

After Ashokan, Neversink boasts the highest percentage of protected land in the Cat-Del System,
The headwaters of the East and West Branches of the Neversink River are largely comprised of
forest preserve and large private forested lands, and the absence of any significant population
centers results in superior water quality. Specific strategies:

e Continue solicitation of most lands previously solicited; and
e Implement higher thresholds for CE acquisition (size, development potential).
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G. Pepacton Basin

Overview:
Land Area: 232,276 acres
LAP Acquired Acres Solicited (City): 121,590 acres
Other Protected Acres Acquired (City): 18,531 acres
Success Rate (City): 15%
WAC Acres Acquired: 2,481 acres
LAP Costs to Date: $40,602,000
Protected Land (City, State, Other) 27 %
Comparative Costs: Low
Predominant Land Uses:  Low Density Residential

Agricultural
Forest Preserve

The sub-basins south of the reservoir contain extensive state land holdings. To the east, medium
and low density residential land predominates in Middletown. The sub-basins north of the
reservoir in Andes, Colchester and Hamden are characterized by a high proportion of low density
residential land. Specific strategies:

e Areas of Focus: Entire Basin (less-protected, high contribution to future supply);

e Areas of High Focus: Sub-basins north of reservoir (near intake and low percentage
of protected land);

e Continue solicitation of most lands previously solicited; and

e Implement higher thresholds for CE acquisition (size, development potential) in sub-
basins south of the reservoir.

H. Cannonsville Basin

Overview:
Land Area: 286,377 acres
Acres Solicited (City): 142,624 acres
Acres Acquired (City): 12,791 acres
Success Rate (City): 9%
WAC Acres Acquired: 12,168 acres
LAP Costs to Date: $37,465,000
Protected Land (City, State, Other) 16 %
;‘::ef;‘::t';i‘t’ed Comparative Costs: Low
Predominant Land Uses: Agricultural

Low /Medium Density Residential

The Cannonsville basin contains the majority of agricultural lands in the Cat-Del System, as well
as a number of larger villages and hamlets. In addition, State land comprises only 2 percent of the
land, much less than other WOH basins. The LAP success rate (10 percent) is low, due to the
more recent onset of LAP solicitation activity (compared to other basins) and low values.
Cannonsville has been the focus of a number of successful water quality remediation programs,
and as a result the use of its source water for future supply is projected to rise. Specific strategies:

e Continue regular solicitation of most lands previously solicited;
e Areas of Focus: Entire Basin (less-protected, contribution to future supply); and
e WAC CEs will continue to play a critical role in land protection.
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Figure 1: Cat-Del System Priority Areas
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Figure 7
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