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Introduction

1.1 Purpose of This Project

The Town of North Castle, NY Water District No. 2 (also known as Windmill Farm, located within
Armonk, NY) water distribution system consists of approximately 9 miles of water main ranging in
diameter from 4 to 12 inches. A project location map is included in Appendix A.

The water system was predominantly constructed by residential developers in the 1940s and
1950s. It is not known whether any formal review or approval of the system was completed by state
or local authorities at the time of construction. In recent years, numerous pipe failures have initiated
spot investigations and repair efforts. These incidents have revealed that the pipe network is
constructed of disparate materials including cast iron, ductile iron, asbestos cement (transite), and
copper. Approximately three quarters of the system is asbestos cement. Improper construction
techniques were used, such as use of transite stubs to connect cast iron pipes, and poor bedding
materials.

Water District No. 2 supplies potable water and fire protection to 372 residential service connections
serving about 1,200 people. Two additional service connections (Coman Hill Elementary School
and Brynwood Golf & Country Club) have been established along Route 22. These two service
connections are out-of-District connections.

Due to frequent pipe failures within the distribution network, emergency repairs have imposed an
operational burden on the District. The pipe failures have also caused inconvenient and unplanned
water outages within District No. 2. These conditions prompted the Town to retain GHD to perform
a modeling study (Appendix C) of the system to prioritize pipes which should be replaced to
improve system reliability and fire flow. After conducting the model study, the Town has retained
GHBD to prepare design and construction documents for the replacement of the Water District No. 2
water distribution system.

The scope of this project does not include provisions for expansion or growth of the District.
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Existing Conditions

2.1 System Description

The system inciudes a 10,000-gallon contact tank at the pump house east of Windmill Road and a
600,000-gallon precast concrete storage tank at grade on Evergreen Row. Two booster pumps, one
duty and one standby, supply water to the distribution system. The existing booster pumps are 30
HP, multi-stage vertical type.

The system consists of about 9 miles of water main constructed with four types of pipe: cast iron,
ductile iron, asbestos cement (i.e., transite), and copper. The majority of the existing pipe network is
constructed of transite, and the predominant diameter is 6 inches. Transite pipe, popular in the
1950s-1970s, is known to have a shorter service life than cast iron or ductile iron pipe. Table 1
gives the diameter and approximate total length of each type of pipe in the system.

Table 1 Existing System Pipe Summary

Pipe Type Diameter (Inches) Reported Length (Linear Feet)

Cast iron 4 1,005
6 5,020

8 5,005

Ductile iron 12 186
8 522

Asbestos cement (transite) 6 28,162
8 1,920

Copper 1-1/4t0 2 1,280
TOTAL 45,000

There are 77 fire hydrants and 55 isolation valves reported to exist within the Water District No. 2
distribution system.

2.2 Subsurface Investigation

A subsurface investigation was completed to determine the soil classification and engineering
properties of the existing soils at various locations within the District. The locations of the borings
were selected by a representative of GHD. Soil borings were advanced using 3-1/4-inch 1.D. hollow-
stem augers and roller bit. Representative samples of the overburden were obtained by driving a
2-inch O.D. split-spoon sampler into the soil, through and beneath the augers, using a 140 Ib.
hammer free falling 30 inches (ASTM D1586). Probe rods were driven for P-1 through P-21 and
P-X to pre-determined depths of 6.0 feet.

The soils at the sites were variable; fill was encountered in B-1 and B-3 underlain by brown sand,
silt, and gravel. B-2, B-5, and B-6 generally consisted of a brown sand, silt, and gravel unit. Auger
refusal was encountered in B-6 at a depth of 7.5 feet below ground surface (bgs). No soil samples
were obtained for P-1 through P-21 and P-X. Refusal was encountered before the pre-determined
depth of 6.0 feet was reached at P-3, P-5, P-6, and P-12.
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Upon completion, no groundwater was observed in borings B-1, B-3, B-5, and B-6. in boring B-2,
with augers at 8.0 feet bgs, groundwater was encountered at a depth of 4.8 feet bgs.

Rock outcroppings were observed throughout the project site. Based on the varying depths of rock
throughout the site and the depth of the water main, rock will be encountered during construction of
the project and, if required, shall be removed by mechanical method in accordance with the
specifications

A copy of the subsurface investigation report is included in Appendix B.

2.3 Topographic Survey

A planimetric survey was performed by D. W. Hannig on January 12, 2014 to supplement the
Town’s GIS data, which included topographic information, wetland locations, center line of streets,
tax map parcel lines, and water distribution system lines and appurtenances.

Proposed Improvements

3.1 Basis of Design

The District has elected to replace all of the +45,000 linear feet (LF) of existing piping, 77 existing
hydrants, and 55 existing isolation valves within the distribution system. New service connections,
including curb stops, will be provided for all existing in-District users. Construction and provision of
new piping, hydrants, and valves will be in accordance with AWWA C651 and Great Lakes-Upper
Mississippi River Board of State and Provincial Public Health and Environmental Managers;
Recommended Standards for Water Works (Ten-States Standards); AWWA C500; and AWWA
C502.

New pipe material will be Class 52 cement-lined ductile iron. As this project is a replacement of the
system, new pipe will be installed in the same roadways and paraliel to the existing pipe to the
extent practicable. The proposed system will include approximately 600 LF of 6-inch piping,
47,000 LF of 8 -inch piping, and 1,600 LF of 12 -inch piping. The contract plans show the locations
of the proposed water mains along with details illustrating typical pipe trenching with pipe bedding,
hydrants, gate valves, and setvices.

3.2 Construction

The replacement of the water mains in the system will consist of an organized series of connections
and shutdowns. These connections and shutdowns are sequenced to minimize disruption to the
distribution system.

The water mains will be constructed pressure tested to 150 psi and disinfected prior to any
connection to the existing system in accordance with Pipeline Construction and Pressure Testing
AWWA C600; AWWA C651, Disinfection Standard; and Westchester County Department of Health
requirements. Temporary water service lines will be utilized for the construction of the new main
along North Lake Road and Pond Lane. These temporary lines will be approved and placed in
service prior to any construction along North Lake Road and shall conform to the contract
documents.
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3.3 Opinion of Cost

Table 2 presents a summary of the Engineer’s anticipated opinion of probable project cost.

Table 2 Distribution System Improvements, Opinion of Probable Project Costs

General Conditions $600,000
General work/restoration $4,600,000
Piping $3,800,000
Fittings/valves $500,000
Construction Subtotal $9,500,000
Construction and Estimating Contingency $950,000
Total Construction Cost $10,500,000
Engineering, Legal, and Miscellaneous $300,000
TOTAL PROJECT COST $10,800,000

A Project Schedule

A proposed schedule for the bidding and construction phases of this project is anticipated as

follows:
(21T o [1 3 Vo ST May 2014
Notice of Award/Proceed ...........ccccvvinvenicnicensennnne June 2014
Begin construction .........cccoccvevmvereriienieeccnrre e July 2014
Substantial Completion ........ccccceccervminiirrccnrcceennns July 2015
Final completion/closeout ..........cc.ccoeoiiiiciincccneininns August 2015
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Appendix A - Project Location Map
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Appendix B - Subsurface Investigation Report
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GeoLogit

Geologic NY, Inc. P.O. Box 350 * 37 Copeland Ave. ¢ Homer, NY 13077 e 607.749.5000 o Fax: 607.749.5063

SUBSURFACE REPORT
Water District No. 2
Water Distribution System Replacement
North Castie, New York

1. INTRODUCTION

This report is an instrument of service of GeoLogic NY, Inc. (GeoLogic). This report presents
the results of subsurface drilling activities completed on January 23, 2014 for the Water District
No. 2, North Castle, New York. The scope of services completed was mutually agreed upon by
GeolLogic and GHD and was outlined in our Task Order of November 14, 2013. The services
completed included providing personnel and equipment to advance soil borings and obtain soil
samples.

1.1. Purpose

The purpose of the work was to evaluate soil, bedrock and groundwater conditions at
various locations.

1.2 Scope of Services

The services provided by Geologic are outlined below:
Provided equipment and personnel to advance borings and collect soil and
samples. The borings were logged and the soils and rock were visually
classified;

Submitted the findings of the sampling in a report.

The site fieldwork was performed between January 21 and January 23, 2014.

2. METHODOLOGY
2.1 Methodology

Soil borings were advanced using 3 1/4 inch 1.D. hollow stem augers and roller bit.
Representative samples of the overburden were obtained by driving a 2 inch O.D. split
spoon sampler into the soil, through and beneath the augers, using a 140 pound hammer
free-falling 30 inches (ASTM D 1586). Borings were backfilled upon completion.

Probe Rods were driven for P-1 — P-21 and P-X to predetermined depths of 6.0 feet.
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3. FINDINGS

3.1. Site Specific Geologic and Hydrogeologic Conditions

The locations of the borings were selected by a representative of GHD Consulting
Engineers. The borings were selected to evaluate subsurface conditions for the design
of a water distribution system replacement.

The soils at the sites were variable; fill was encountered in B-1 and B-3 underiain by
brown sand, silt, and gravel. B-2, B-5 and B-6 generally consisted of a brown sand, silt
and gravel unit. Auger refusal was encountered in B-6 at a depth of 7.5 feet below
ground surface. No soil samples were obtained for P-1 — P-21 and P-X. Refusal was
encountered before the predetermined depth of 6.0 feet was reached at P-3, P-5, P-6
and P-12.

Upon completion, no groundwater was observed in borings B-1, B-3, B-5, and B-6. In
boring B-2, with augers at 8.0 feet below ground surface, groundwater was
encountered at a depth of 4.8 feet bgs.

The material descriptions and observations are presented on the attached Subsurface
Logs.

4, CONCLUSIONS

GeolLogic has completed subsurface investigative work for the Water District No. 2, North
Castle, New York. The conclusions reached in this report are based solely on the observations
made and data collected during the course of the study. Should additional information
pertaining to the site become available, GeolLogic should be afforded an opportunity to review
the information and to make additional conclusions and recommendations as necessary.

The soils at the sites were variable; fill was encountered in B-1 and B-3 underlain by
brown sand, silt, and gravel. B-2, B-5 and B-6 generally consisted of a brown sand, silt
and gravel unit. Auger refusal was encountered in B-6 at a depth of 7.5 feet below
ground surface. No soil samples were obtained for P-1 — P-21 and P-X. Refusal was
encountered before the predetermined depth of 6.0 feet was reached at P-3, P-5, P-6
and P-12.

Upon completion, no groundwater was observed in borings B-1, B-3, B-5, and B-6. In
boring B-2, with augers at 8.0 feet below ground surface, groundwater was
encountered at a depth of 4.8 feet bgs.

The Subsurface Logs attached to this report present the observations and mechanical
data collected at the site, supplemented by classification of material removed from the
borings as determined through visual identification.
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It is cautioned that the materials removed from the borings represent only a fraction of
the total volumme of the deposits at the site and may not necessarily be representative of
the subsurface conditions between adjacent borings or between the sampled intervals.

The data presented on the Subsurface Logs together with the recovered samples will
provide a basis for evaluating the character of the.subsurface conditions relative to the
project.

The evaluation must:consider-all the recorded details and their significance relative to
each othier. Often the analysis of probe hole data indicate the need for additional
testing or sampling procedures to more adequately evaluate the subsurface conditions.
Any evaluation of the contents of this report and the recovered samples must be
performed by knowledgeable Professionals.

5. LIMITATIONS

in conducting and preparing this work, GeolLogic observed the ordinary standard of care
normally exercised by other consultants at the same time and under similar conditions. No
other warranty, expressed or implled is intended.

The conclusions reached in this report do not represent scientific certainties, but rather are
probabilities based on our professional judgment. The conclusions made in this report are
based solely on the scope of services described herein, and the information obtained during
the course of the work.

The observations and data contained in this report are only indicative of the conditions at the
date, time and location they were made. Environmental canditions are inherently transient;
therefore, variation with time and location should be expscted.

Respectfully Submitted,

Geol.ogic NY, Inc,

/ik\x
Forrest Earl

President/Principal Hydrogeologist

FILE: 213116-D/REPORT/DRILLING REPORT






GeolLogic NY, Inc. Boring No.: B-1
P.O. Box 350 KEY TO Project No.: 209001
Homer, New York 13077 SUBSURFACE LOG DatoStarted: 31
(607) 749-5000 ate Lompieted:
Sheet 1 of 1

Project: Reference Elevation: 100.0
Location:

- g 0 2

£ = o g :.3’ EA E n

s | & (g2 |5|z<lEE

2 E |F |k 3 3 |=e MATERIAL DESCRIPTION REMARKS

fal 3 a xr |2

o
0 1Ground Surface Water level at 2.0'
] with augers at 7.5".
- 1
1 N1 ss . |4 |20 j32 Brown SILT, Some fine-coarse Sand, trace clay, moist-loose At completion water level at 2.2
— 2
1 with augers at 10.0".
2 |2 Gray SHALE \medium hard weathered, thin bedded, some Run #1: 3.0-5.0'
fractures 95% Recovery, 50% RQD

LY

1 2 3 4 5 6 7 8 9 10
TABLE | TABLE Ii
Identification of soil type is made on basis of an estimate of particle sizes, and in the The following terms are used in classifying soils
case of fine-grained soils also on basis of plasticity. consisting of mixtures of two or more soil types. The
estimate is based on weight of total sample.
Soil Type Soil Particle
Boulder >12" Term Percent of Total Sample
Cobble 12"-3" "and" 35-50
Gravel - Coarse 3"-3/4" Coarse Grained "some" 20-35
- Fine 3/4" - #4 {Granular) "little” 10-20
Sand - Coarse #4-#10 "trace” 1-10
- Medium #10 - #40 (When sampling gravelly soils with a standard split
o 1o sl e
Silt-Non Plastic (Granular) < #200 Fine Grained diameter.)
Clay-Plastic (Cohesive)
TABLE lif TABLE IV
The relative compactness or consistency is described in accordance with the following terms. Stratified Soils
Descriptive Term Thickness
Granular Soils Cohesive Solls Parting -0"-1/16"
Term Blows per Foot, N |Term Blows per Foot, N Seam - 116" -1/2"
Loose <11 Very Soft <2 Layer -1/2"-12"
Firm 11-30 Soft 2-4 Stratum ->12"
Compact 31-50 Medium 4-8 Varved Clay - Alternating seams or layers of sand, silt
Very Compact > 51 Stiff 8-15 & clay
Very Stiff 16-30 Pocket - small, erratic deposit, usually <12"
Hard >30 Lens - lenticular deposit
(Large particles in the sails will often significantly influence the blows per foot recorded during Occasional - one or less per foot of thickness
the Penetration Test.) Frequent - more than one per foot of thickness

FATEMPLATEMLOGS\Word Logs\LOGKEY1.DOC




TABLE V

Rock Classification Terms
Term Meaning
Hardness Soft Scratched by fingernail
Medium Hard Scratched easily by penknife
Hard Scratched with difficulty by penknife
Very Hard Cannot be scratched by penknife
Weathering Very Weathered Judged from the relative amounts of disintegration,
Weathered iron staining, core recovery, clay seams, etc.
Sound
Bedding Laminated Natural breaks in Rock Layers <1"
Thin bedded 14"
Bedded 42
Thick bedded 127-36"
Massive >36"
(Fracturing refers to natural breaks in the rock oriented at some angle to the rock layers.)

GENERAL INFORMATION & KEY TO SUBSURFACE LOGS

The information presented in the following defines some of the procedures and terms used on the Subsurface Logs to describe the conditions encountered.

1.
2.
3.

10.

The figures in the Depth column define the scale of the Subsurface Log.
The Sample No. is used for identification on sample containers.

The sample column shows, graphically, the depth range from which a sample was recovered. (ss - split spoon; core — rock core; st — shelby tube; dp —
direct push). If not shown as a separate column, the sample type should be referenced in the Remark column or in the footnote.

Blows on Sampler - shows the results of the "Penetration Test", recording the number of blows required to drive a split spoon sampler into the soil. The
number of blows required for each six inches of penetration is recorded. The first 6 inches of penetration is considered to be a seating drive. The number
of blows required for the second and third 6 inches of penetration is termed the penetration resistance, N. The outside diameter of the sampler, the
hammer weight and the length of drop are noted at the bottom of the Subsurface Log.

Recovery shows the length of the recovered soil sample for the sample device noted.

All recovered soil samples are reviewed in the office by an experienced technical specialist or geologist, unless noted otherwise. The visual descriptions
are made on the basis of a combination of the field descriptions and observations and the sample as received in the office. The method of visual
classification is based primarily on the Unified Soil Classification (ASTM D 2487-83) with regard to the particle size and plasticity. (See Table I).
Additionally, the relative portion, by weight, of two or more soil types is described for granular soils in accordance with "Suggested Methods of Test for
Identification of Soils" by D.M. Burmister, ASTM Special Technical Publication 479, June 1970. (See Table Il) The description of the relative soil density
or consistency is based upon the penetration records as defined on Table No. lll. The description of the soil moisture is based upon the relative wetness
of the soil as recovered and is described as damp, moist, wet and saturated. Water introduced in the boring either naturally or during drilling may have
affected the moisture condition of the recovered sample. Special terms are used as required to describe materials in greater detail; several such terms are
listed in Table IV. When sampling gravelly soils with a standard two-inch diameter split spoon, the true percentage of gravel is often not recovered due to
the relatively small sampler diameter. The presence of boulders and large gravel is sometimes, but not necessarily, detected by an evaluation of the
casing/hollow stem augers and samplers blows or through the "action” of the drill rig.

The description of the rock shown is based on the recovered rock core and the field observations. The terms frequently used in the description are
included in Table V.

The stratification lines represent the approximate boundary between soil types, and the actual transition may be gradual.

Miscellaneous observations and procedures noted in the field are shown in this column, including water level observations. [t is important to realize the
reliability of the water level observations depends upon the soil type (water does not readily stabilize in a hole through fine grained soils), and that drill
water used to advance the boring may have influenced the observations. The groundwater level typically will fluctuate seasonally. One or more perched or
trapped water levels may exist in the ground seasonally. All the available readings should be evaluated. If definite conclusions cannot be made, it is often
prudent to examine the ¢conditions more thoroughly through test pit excavations or monitoring wells.

The length of core run is defined as the length of penetration of the core barrel. Core recovery is the length of core recovered divided by the core run. The
RQD (Rock Quality Designation) is the total pieces of NX core exceeding 4 inches in length divided by the core run. The size of the core barrel used is
also noted at the bottom of the subsurface log.

The Subsurface Logs attached to this report present the observations and mechanical data collected at the site, supplemented by classification of material
removed from the borings as determined through visual identification. It is cautioned that the materials removed from the borings represent only a fraction of
the total volume of the deposits at the site and may not necessarily be representative of the subsurface conditions between adjacent borings or between the
sampled intervals. The data presented on the Subsurface Logs together with the recovered samples will provide a basis for evaluating the character of the
subsurface conditions relative to the project. The evaluation must consider all the recorded details and their significance relative to each other. Often analyses
of boring data indicate the need for additional testing or sampling procedures to more accurately evaluate the subsurface conditions. Any evaluation of the
contents of this report and the recovered samples must be performed by knowledgeable Professionals.




CEOL()glCI SUBSURFACE LOG
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(Page 1 of 1)

Water District No. 2 Boring No: 1 B-1
Project No.: :213119-D
41 Windmill Road Date Started: : 01/23/14
Date Completed: 1 01/23/14
North Castle, New York
| )
ol ~
€ 1218l 2| ¢
£ |2|z| B 3 DESCRIPTION REMARKS
AHHESN
3 |3|a] = 4
c H L
2 Topsoil 0.4
3 FILL: Brown fine-medium SAND, Some Silt, cobbles, moist
—~41 - 1.0
6
4
2 similar
4
4
42 10 1.0
6
3
4
9
6
43 10 1.0
4
4
6
4
8
-4 4 12 0.5
4
6
8
7
11
415 21 1.0
10
10
10 - No free water observed.
Backfilled with auger cuttings and
16 6 12 ) crushed stone.
6 Caved at 5.0'.
4
12 BORING TERMINATED AT 12.0°
14

01-30-2014 P\PROJECTS\2013213119-D - GHD - North Castie\TECH\B-1.bor

Sampling Method: ASTM D-1586, unless otherwise noted.
Notes: 3 1/4" ID Hollow Stem Augers

Visually Classified by: Driller

File: 213119-Dftech/B-1
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GEOL()glC SUBSURFACE LOG

PO Box 350; Homer, NY 13077
607-749-5000 / BO7-749-5063 (fax):

(Page 1 of 1)

Water District No. 2 Boring No: 1B-2
Project No.: 1 213119-D
North Lane Date Started: 1 01/23/14
Date Completed: 1 01/23/14
North Castle, New York
- £
ol e ~
€ 1518| = | §
£ |8lz| 8| 8 DESCRIPTION REMARKS
8 |8la| 2 | &
0 1 Topsoil 0.3'
. 1 5 0 Brown fine-medium SAND, little fine gravel, moist
4
8
2 Black fine SAND, Some Silt, trace organics, moist
3
4
42 7 1.0
3
9
4 3 Brown SILT, fine SAND, moist
3
13 8 14
5
6
6 similar
10
13
44 32 1.5
19
15
8 ” similar with Cobbles
12
45 23 0.5 With augers at 4.0', water first
" encountered at 5.0'.
13 . N "
. . Upon completion, with augers at 8.0',
10 = fBr;Z‘:Inn e:?se ?v/e\tND and SILT with possible decomposed Rock water level at 4.8".
14 Backfilled with auger cuttings
46 29 15 and crushed stone.
15
10 Caved at 3.0', dry.
12 BORING TERMINATED AT 12.0'
14—

Sampling Method: ASTM D-1586, unless otherwise noted.
Notes: 3 1/4" ID Hollow Stem Augers

Visually Classified by: Driller

File: 213119-Di/tech/B-2
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GeoLogic

PO Bax 350, Homer, NY 13077
BO7-749-5000 /-607-748-506 3 (fax)

giC

SUBSURFACE LOG

(Page 1 of 1)

Water District No. 2 Boring No: :B-3
Project No.: :213119-D
Windmill Road Date Started: : 01/23/14
Date Completed: 1 01/23/14
North Castle, New York
- E
o| = ~
€ 213l ¢ | &
£ Tg- | & 3 DESCRIPTION REMARKS
© @ |2 = §
o (o|a| 2 (4
0 1 Topsoll 0.4'
2 FILL: Brown fine SAND, Some Silt and CLAY, little fine gravel,
11 5 1.5 | moist
3
3
2 similar
2
3
42 6 0.5
3
3
4 similar
5
6
13 13 1.2
7
6
6 similar
6
7
44 29 1.4
22 FILL: Brown fine-coarse SAND, SILT, COBBLES, damp
18
8 6 FILL: Brown SILT and CLAY, Some fine Sand and Gravel, moist
8 18
5 -
] 10
10
10 - No free water observed.
8 Backfilled with auger cuttings.
1816l # | - Caved at 5.5.
24
12 BORING TERMINATED AT 12.0'
14—

Sampling Method: ASTM D-1586, unless otherwise noted.
Notes: 3 1/4" ID Hollow Stem Augers

Visually Classified by: Driller
File: 213119-Ditech/B-3




01-30-2014 P:\PROJECTS\2013213119-D - GHD - North Castie\TECH\B4.bor

GeOLOgIC SUBSURFACE LOG

PO Box 350, Homer; NY 13077
B07-749-5000-/ BO7-74 9-508 3 (fax)’

(Page 1 of 1)

Water District No. 2 Boring No: :B4
Project No.: 1 213119-D
North Castle, New York Date Started:
Date Completed:
| £
ol =
€ 15/8| 5| §
€ 12|z 8 § DESCRIPTION REMARKS
) g (=} = D
4 w|o b4 x
0 BORING DELETED AS PER GHD
2_
4.—.
6.—
8—.
10

Sampling Method: ASTM D-1586, un
Notes: 3 1/4" ID Hollow Stem Augers
Visually Classified by: Driller

File: 213119-Ditech/B-4

less otherwise noted.




GEOLoglc SUBSURFACE LOG

PO Box.350; Hormier; NY 13077

607-749-5000:£ B07-749-5063 (fex} (Page 1 of 1)

Water District No. 2 Boring No: :B5
Project No.: 1 213119-D
Thornwood Road Date Started: 1 01/23/14
Date Completed: 1 01/23/14
North Castle, New York
o £
ol e ~
€158 2| ¢
£ TEI x| ® 3 DESCRIPTION REMARKS
53 S |2 2 §
a |alal 2 4
0 2 f'-'fq%psoil 0.4
14 Brown fine-medium SAND, little silt, moist
41 39 1.0
25
25
2 similar
14
27
-1 2 57 1.0
30
30
4 Py Brown fine-medium SAND, little gravel, moist
Core Run #1,4.5'- 5.5
—“CR1| - - - 0.4' Recovery
BOULDER
6 s Brown SILT, fine SAND, moist
6
14 12 1.5
6
7
8 " Brown fine-coarse SAND, SILT and COBBLES, damp
20
15 44 1.5
24
40
10
12
14
46 1 30 - No free water observed.
16 Backfilled with auger cuttings.
12 BORING TERMINATED AT 12.0'
14—

01-30-2014 P\PROJECTS\20131213119-D - GHD - North Castie\TECH\B-5.bor

Sampling Method: ASTM D-1586, unless otherwise noted.
Notes: 3 1/4" ID Hollow Stem Augers/Roller Bit

Visually Classified by: Driller

File: 213119-D/tech/B-5




01-30-2014 P:\PROJECTS\2013213119-D - GHD - North Castle\TECH\B-6.bor

GeoLogic

PO Bax.360, Homer, NY 13077
607-749:5000°/ 60774 3-5063 (fax}).

SUBSURFACE LOG

(Page 1 of 1)

Water District No. 2 Boring No: :B-6
Project No.: 1 213119-D
Upland Lane Date Started: 1 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
= £
| c ~
€ 218l 2| &
£ |2|z| § 3 DESCRIPTION REMARKS
-HHHERE:
3 |3|s| 2 o
0 2 Topsoil 0.3'
Brown fine-medium SAND, little silt, moist
3
411 9 1.5
6
1
2 similar
9
4
42 8 1.4
4
4
4 Brown fine-medium SAND, little gravel, moist
2
2
13 4 1.0
2
4
6 No free water observed.
4 50/4 - - .
Backfilled with auger cuttings.
Caved at 2.4
AUGER REFUSAL AT 7.5'
8_
10—

Sampling Method: ASTM D-1586, unless otherwise noted.
Notes: 3 1/4" ID Hollow Stem Augers

Visually Classified by: Driller

File: 213119-D/tech/B-6




01-29-2014 P:\PROJECTS\2013\213118-D - GHD - North Castle\TECH\P-1.bor

RO Bex 350, Homer; NY 13077 gl
B07-748-5000 /607 7495063 (tax}

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-1
Project No.: :213119-D
Evergreen Row Date Started: 1 01/22/14
Date Completed: : 01/22/14
North Castle, New York
[]
£ 4
€ |2 DESCRIPTION REMARKS
a |3
0
Drove Probe Rod
41 4 No Soil Sampling
1
42 8
2
13 32
-4 4 34
4
45 13
46 14 No free water abserved.
6 BORING TERMINATED AT 6.0'
7_
8—.

Visually Classified by: N/A

File: 213119-Ditech/P-1




01-29-2014 P\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-2.bor

GeoLogic

PO Box 350; Homer, NY 13077
607-749-5000 / 607-749-5063 (fax )

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: (P2
Project No.: :213119-D
Evergreen Row Date Started: 1 01/21/14
Date Completed: 1 01/2114
North Castle, New York
[}
= 4
£ |2 DESCRIPTION REMARKS
[ [
o |»
0
Drove Probe Rod
44 3 No Soil Sampling
1
42 7
2
43 7
4 4 8
4
-15 9
5
46 25 No free water observed.
8 BORING TERMINATED AT 6.0'
.
74
8_.

Visually Classified by: N/A

File: 213119-Ditech/P-2




01-28-2014 P\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-3.bor

PO Bax 350, Homer, NY 13077 gl
BO72T49-5000'/ 607-74 9-508 3 (fax):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-3
Project No.: :213119-D
46 Evergreen Row Date Started: 1 01/21/14
Date Completed: 1 01/21/14
North Castle, New York
o
F= Z
£ |8 DESCRIPTION REMARKS
o &
[a] w
0
Drove Probe Rod
i No Soil Sampling
41 2
1
12 7
2
3 | 150/.5
7 PROBE REFUSAL AT 2.5 No free water observed.
- AUGER REFUSAL AT 2.7
3._.
4._

Visually Classified by: N/A

File: 213119-Ditech/P-3




01-29-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-4.bor

GeoLogic

PO Box: 350, Homer, NY 13077
6Q7-749-5000 7 607-749-5083 (fax):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P4
Project No.: :213119-D
24 Fox Ridge Road Date Started: 1 01/21114
Date Completed: : 01721114
North Castle, New York
o
=y z
~ o N
£ g- DESCRIPTION REMARKS
g |s
[a] (7]
0 Drove Probe Rod
44 4 No Soil Sampling
1
-4 2 16
2
<13 15
3
44| s
4
415 4
5
46 4 No free water observed.
° BORING TERMINATED AT 6.0
7_..
8-

Visually Classified by: N/A

File: 213119-Dftech/P-4




01-29-2014 P\PROJECTS\2013\213119-D - GHD - North Castle\TECH\P-5.bor

GeoLogic

PO Bax. 350, Homey; NY 13077
B072749-5000 /.607-749-5063 (18]

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-5
Project No.: :213119-D
Evergreen Row Date Started: 1 01/21114
Date Completed: :01/21/14
North Castle, New York
o
= P4
~ 2 N
£ |2 DESCRIPTION REMARKS
3 |3
0
Drove Probe Rod
i No Soil Sampling
=41 5
1
42 5
2
T3 | 10015
1 PROBE REFUSAL AT 2.5' No free water observed.
AUGER REFUSAL AT 2.6’
3_
4_

Visually Classified by: N/A

File: 213119-Ditech/P-5




01-28-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-6.bor

GeoLogic

PO Box.350, Homer, NY 13077
BO7-749-5000  BO7-74 §-506 3 (fax}:

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P6
Project No.: 1 213119-D
43 North Lake Road Date Started: 1 01/2114
Date Completed: 1 01/21/14
North Castle, New York
[}
ey P4
£ |2 DESCRIPTION REMARKS
3 |8
0
Drove Probe Rod
i No Soil Sampling
=1 4
1
4 2 75
2
- 3| 150/.5
PROBE REFUSAL AT 2.5'
’ With augers down, SAND, GRAVEL, COBBLES, dense, dry
3_
4—
5 No free water cbserved.
AUGER REFUSAL AT 5.5
6_

Visually Classified by: N/A

File: 213119-Ditech/P-6




01-29-2014 P:\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-7.bor

GeoLogic

PO Box 350, Homer, NY 13077
B07-749-5000 { 607-748-5083 (fax)’

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No:
Project No.:
2 Eim Place Date Started:
Date Completed:

North Castle, New York

P77

:213119-D
101721114
1 01/21/14

o |2
%_ g DESCRIPTION REMARKS
7] 5]
o |»
0 Drove Probe Rod
44 4 No Soil Sampling
1
42| 4
2
43 7
e
<4 4 21
4
15 38
46 74 No free water observed.
° BORING TERMINATED AT 6.0'
7_
8—.

Visually Classified by: N/A

File: 213119-Ditech/P-7




01-28-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-8.bor

GeoLogic

PO Box 350, Homier, NY 13077
B07-749-5000 /. 607-749-5063 (fax}

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-8
Project No.: :213119-D
13 Fox Ridge Road Date Started: 1 01/21114
Date Completed: 1 01/21/14
North Castle, New York
[}
= P4
£ |2 DESCRIPTION REMARKS
3 |3
0
Drove Probe Rod
41 3 No Soil Sampling
1
42 8
2
413 16
2
44 14
4
4
15 17
46 15 No free water observed.
° BORING TERMINATED AT 6.0'
7_.
8_.

Visually Classified by: N/A

File: 213119-Ditech/P-8




01-29-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-9.bor

GeoLogic

PO Box 350, Hoter, NY 13077
BQ7-749-5000 / 607-7T49-508 3 (fax):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-9
Project No.: :213119-D
Thormwood Road Date Started: 1 01/21/14
Date Completed: : 01/21/14
North Castle, New York
[°]
= P4
£ |2 DESCRIPTION REMARKS
3 |3
0
Drove Probe Rod
41 6 No Soil Sampling
1
-4 2 7
2
43 6
44| 6
4
45| 4
5
46 2 No free water observed.
° BORING TERMINATED AT 6.0'
7_
8_

Visually Classified by: N/A

File: 213119-Dftech/P-9




01-28-2014 P:\PROJECTS\2013213119-D - GHD - North Castie\TECH\P-10.bor

GeoLogic

PO Bax 350, Hogner; NY 13077
BO7-749-5000 { 607-749-5083 (faxl.

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: : P-10
Project No.: 1 213119-D
32 Thornwood Road Date Started: 1 01/23/14
Date Completed: 1 01/23/14
North Castle, New York
]
= b4
~ K] N
£ |2 DESCRIPTION REMARKS
o ]
[a] 7]
0
Drove Probe Rod
41 9 No Soil Sampling
1
42 15
2
43 18
44| 17
4
<15 16
46 14 No free water observed.
6 BORING TERMINATED AT 6.0'
7_.
8—.

Visually Classified by: N/A

File: 213119-Ditech/P-10




01-28-2014 P:\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-11.bor

GeoLogic

PO Box 350, Horrer, NY 13077
B07-749-5000 £ BO7-745-5083F (tax:

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-11
Project No.: :213119-D
24 Windmill Place Date Started: : 01/21/14
Date Completed: : 0172114
North Castie, New York
o
g 12|
£ TE'L DESCRIPTION REMARKS
@ ©
(a] n
0
Drove Probe Rod
41 3 No Soil Sampling
1
42 8
2
413 18
e
4 4 27
4
15 15
46 50 No free water observed.
6
BORING TERMINATED AT 6.0'
7_.
8_.

Visually Classified by: N/A

File: 213119-D/tech/P-11




01-28-2014 P\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-12.bor

GeoLogic

PO Bax 350, Homer, NY 13077
6Q7-729-5000 / 6077495083 (fax}

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-12
Project No.: :213119-D
Windmilt Road Date Started: 1 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
o
=) 4
~ QO N
£ |2 DESCRIPTION REMARKS
& |s
[a 7}
0
Drove Probe Rod
’ No Soil Sampling
41 2
1
2] 4
2
-13 7
2
< 4 7
4
45 9 No free water observed.
S—[& 11007
] PROBE REFUSAL AT 5.1
6_1

Visually Classified by: N/A

File: 213119-Ditech/P-12




01-29-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-13.bor

GeoLogic

PO Box.350; Homer; NY 13077
B07-749-5000.,607-749-5063 (fax)

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: (P13
Project No.: :213119-D
Long Pond Road Date Started: 1 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
o
= z
~ o N
£ |8 DESCRIPTION REMARKS
) G
[a] [}
0
Drove Probe Rod
41 6 No Soil Sampling
1
~ 2 10
2
43 8
k]
<4 4 21
4
-15 24
46 18 No free water observed.
6
BORING TERMINATED AT 6.0
7_.
8_.

Visually Classified by: N/A

File: 213119-D/tech/P-13




01-29-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-14.bor

GeoL.ogic

PO Bax 350, Horrier, NY 13077
6Q7-749-5000 / 60774 9-5063 (fax):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: 1P-14
Project No.: 1 213119-D
Valley Lane Date Started: 1 01/22/14
Date Completed: 1 01/22/114
North Castle, New York
o
) 4
~ K] N
£ |8 DESCRIPTION REMARKS
? |s
[a] [}
0
Drove Probe Rod
44 3 No Soil Sampling
1
421 4
2
13] 4
3
4 4 5
4
45 5
5
16 12 No free water observed.
e BORING TERMINATED AT 6.0'
7_
8_

Visually Classified by: N/A

File: 213119-Ditech/P-14




01-28-2014 P:\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-15.bor

GeoLogic

PQ Box 350, Horrter; NY 13077
607-749-5000" 2607 -749-506 3 (fax )

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-15
Project No.: :213119-D
Valley Lane Date Started: 1 01/22/114
Date Completed: 1 01/22/14
North Castle, New York
o
ey P4
~ o N
£ |8 DESCRIPTION REMARKS
[ ]
a (v
0
Drove Probe Rod
41 4 No Soil Sampling
1
42 8
2
43 40
44 22
4
156 20
5
46 24 No free water observed.
6 BORING TERMINATED AT 6.0
7_.
8_..

Visually Classified by: N/A

File: 213119-Ditech/P-15




01-29-2014 P\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-16.bor

PQ Box: 350, Hommer;, NY 13077 g
807-749-5000 / 607-749-506 3 (fax):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No:
Project No.:
Long Pond Road Date Started:
Date Completed:

North Castle, New York

: P16
:213119-D
1 01/22/14
1 01/22114

= |2
~ o N
£ |2 DESCRIPTION REMARKS
@ ]
o |»
0
Drove Probe Rod
41 4 No Soil Sampling
1
42| 4
2
13 5
3
- 4 8
4
15 9
46 12 No free water observed.
” BORING TERMINATED AT 6.0
7._.
8_4

Visually Classified by: N/A

File: 213119-D/tech/P-16




01-29-2014 P\PROJECTS\2013\213119-D - GHD - North Castle\TECH\P-17.bor

PO Bax 350, Hormer; NY 13077 gl
B07-749-5000 [ 607 -749-5063 (faxy

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: 1P17
Project No.: 1 213119-D
2 Spruce Hill Road Date Started: 1 01/22114
Date Completed: 1 01/22/14
North Castle, New York
]
€ |5
s |g| " DESCRIPTION REMARKS
3 |3
0
Drove Probe Rod
41 3 No Soil Sampling
1
42 1
2
13| 4
2
44 15
4
15 24
5
46 35 No free water observed.
e BORING TERMINATED AT 6.0'
7_
8_.

Visually Classified by: N/A

File: 213119-Ditech/P-17




01-29-2014 P\PROJECTS\2013213119-D - GHD - North Castie\TECH\P-18.bor

GeoLogic

PO Box 350, Homer; NY 13077
BO7-749-5000 / 607-749-5063 (fax}

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: :P-18
Project No.: :213119-D
3 Windmill Road Date Started: 1 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
<]
= P4
£ |2 DESCRIPTION REMARKS
[ [
(= n
0
Drove Probe Rod
44 4 No Soil Sampling
1
42 12
2
43 19
3
44| 12
4
15 14
5
46 14 No free water observed.
et BORING TERMINATED AT 6.0'
7__.
8_.

Visually Classified by: N/A

File: 213119-Dftech/P-18




01-28-2014 P\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-19.bor

GeoLogic

PO Bax 350; Homer, NY 13077
B07-749-5000 / 607-749-5083 (fexy;

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: : P-19
Project No.: :213119-D
19 Windmill Road Date Started: : 01/22/14
Date Completed: : 01/22/14
North Castle, New York
o
=y p-d
£ |8 DESCRIPTION REMARKS
& |5
(s} [}
0
Drove Probe Rod
41 4 No Soil Sampling
1
42 25
2
13 34
3
44 17
4
15 14
46 10 No free water observed.
6 BORING TERMINATED AT 6.0'
7_.
8_.

Visually Classified by: N/A

File: 213119-D/tech/P-19




01-29-2014 P\PROJECTS\20131213119-D - GHD - North Castie\TECH\P-20.bor

GeoLogic

PO Bax 350, Horrer, NY 13077
607-749-5000°/ 607 -749-506 3 (fex}:

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: 1 P20
Project No.: 1 213119-D
1 Mill Lane Date Started: 1 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
o
€ |3
s |8 " DESCRIPTION REMARKS
o |5
[=] [}
0 Drove Probe Rod
41 3 No Soil Sampling
1
42 8
2
<43 10
3
44 15
4
45| 4
5
46 4 No free water observed.
bt BORING TERMINATED AT 6.0'
7_
8_.

Visually Classified by: N/A

File: 213119-Ditech/P-20




01-29-2014 P:\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-21.bor

GeoLogic

RO Box-350; Hormer, NY 13077
807-749-5000./, 607-749-506 3 (faxX i

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: 1P-21
Project No.: 1 213119-D
Windmill Road Date Started: 1 01/21/14
Date Completed: 1 01/2114
North Castle, New York
o
=y z
g g- DESCRIPTION REMARKS
[ ]
a (4]
0
Drove Probe Rod
41 9 No Soil Sampling
1
42 23
2
13 7
2
4] o9
4
45 27
16 11 No free water observed.
° BORING TERMINATED AT 6.0
7_.
8_.

Visually Classified by: N/A

File: 213119-Ditech/P-21




01-29-2014 P\PROJECTS\2013\213119-D - GHD - North Castie\TECH\P-X.bor

GeoLogic

PO Box 350, Homer, NY 13077
6O7-T49-5000 £ 607-T48-5063 (faxX}):

SUBSURFACE LOG - DIRECT PUSH

(Page 1 of 1)

Water District No. 2 Boring No: 1 P-X
Project No.: :213119-D
40 Windmill Road Date Started: : 01/22/14
Date Completed: 1 01/22/14
North Castle, New York
-]
= Zz
£ |8 DESCRIPTION REMARKS
& |s
o (7]
0 Drove Probe Rod
44 6 No Soil Sampling
1
42 16
2
413 22
4 4 25
4
45 16
46 14 No free water observed.
b BORING TERMINATED AT 6.0'
7_.
8_

Visually Classified by: N/A

File: 213119-D/tech/P-X
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Prepared For:

TOWN OF NORTH CASTLE, NY

Prepared By:

GHD CONSULTING ENGINEERS, LLC
One Remington Park Drive
Cazenovia, NY 13035

July 2012

Project No. 8614901



Table of Contents

Executive Summary

1

Introduction

1.1 Purpose of Study
1.2 Scope of Services
Existing Conditions

2.1 Overview
2.2 System Description

Model Development

3.1 Model Inputs and Boundary Conditions
3.2 Unaccounted-For Water
3.3 Evaluation of Demand Data

Model Calibration

4.1 Calibration Methodology
4.2 Pipe Age and Internal Roughness
4.3 Calibration Summary

Simulation of Existing Conditions

5.1 Description of Simulations
5.2 Results of Simulation
5.3 Summary of Simulation Results

Prioritization and Ranking of Pipe Replacements

6.1 Modeling of System Modifications to Improve Fire Flow
6.2 Evaluation of Failure and Repair History
6.3 Evaluation of Model Parameters to Improve System Reliability

Opinion of Project Costs

Recommendations

List of Figures

Figure 1 Water District No. 2 Overview
Figure 2 Model Schematic of Water District No. 2
Figure 3 Priority 1 Improvements

8614901.1 Town of North Castle, NY

Water District No. 2 (Windmill Farm) Modeling Study

21
2-1
2-1
31

3-1
3-2
3-2

4-1

4-1
4-1
4-2

5-1

5-1
5-2
5-3

6-1

6-1
6-2
6-2



_|\

Vs oy
kL 1%}

Im.n:._-___:_‘./l

List of Tables

Table 2-1 Windmill Farms Water Storage Tank

Table 2-2 System Pump Data

Table 2-3 System Pipe Summary

Table 3-1 Summary of Unaccounted-for Water

Table 3-2 Nodal Demand Allocation Summary

Table 4-1 Fire Flow Tests Performed May 18, 2011

Table 4-2 Calibration Summary

Table 6-1 Pipe Replacements to Meet Fire Flow Criteria (Priority 1)
Table 6-2 Priority 2 Pipe Replacement Schedule

Table 6-3 Priority 3 Pipe Replacement Schedule

Table 7-1 Priority 1 improvements, Opinion of Probable Costs
Table 7-2 Priority 2 Improvements, Opinion of Probable Costs
List of Appendices

Appendix A Comparison of Water Sales to Total Water Pumped
Appendix B ISO Report: Hydrant Flow Data for Model Calibration
Appendix C Peak Hour Fire Flow Analysis

8614901.1 Town of North Castle, NY
Water District No. 2 (Windmill Farm) Modeling Study



Executive Summary

Water District No. 2 (Windmill Farm) has adequate supply and storage. Water quality and pressure are
adequate during normal conditions. However, model results indicate that adequate fire flow is not available
for most of the system. Also, the distribution system has demonstrated reliability issues due to poor
construction methods and materials.

Replacement of all of the pipe in the system is anticipated to cost $8-9 million and may be cost prohibitive
based on the number of customers in the District, the current method of assessment, and the existing
debt. This study identifies the minimum pipe replacements that improve fire flow based on a computer
model of the system. This study also identifies and prioritizes pipes that should be replaced to improve
system reliability. An opinion of construction cost is presented for the recommended pipe replacement
projects.
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1 Introduction

There are five water districts (Nos. 1, 2, 4, 5, and 7) within the Town of North Castle, NY. The Water
District No. 2 (also known as Windmill Farm) distribution system is owned by the District and operated by
the Town. It provides potable water and fire protection to 372 in-District residential customers and 2 out-of-
District non-residential customers.

1.1 Purpose of Study

The purpose of this study is to provide a hydraulic analysis for the existing Water District No. 2 water
distribution system utilizing a computer-based model. The existing water distribution network is about
60 years old and is constructed of asbestos cement, cast iron, ductile iron, and copper pipe; and has been
subject to frequent failures that have incurred unanticipated repair expenses and unplanned service
outages. Hydraulic modeling provides a cost-effective method of investigating the cause of failures and
identifying concerns that may lead to a diminished level of service. This hydraulic analysis is intended to
provide technical guidance for recommended pipe network improvements.

1.2 Scope of Services

GHD Consulting Engineers, LLC was retained to develop a computer-based hydraulic model of the Town
of North Castle Water District No. 2 distribution system. The model was used to evaluate system hydraulic
capacity, identify system adequacy, and develop prioritized recommendations for water system
improvements. The scope of services for this study is as follows:

Data review of information provided by the Owner.

Development of a computer-based hydraulic model of the Water District No. 2 distribution system.
Calibration of the model based on Owner-provided data.

Evaluation of the adequacy of the existing system.

Identification and evaluation of distribution system deficiencies.

I T N AR N

Recommendations for system improvements, priorities, and opinions of cost for construction.
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2 Existing Conditions

21 Overview

The Water District No. 2 service area is located within Windmill Farm, Amonk, NY. The water system was
predominantly constructed by residential developers in the 1940s and 1950s. It is not known if any formal
review or approval of the system was completed by state or local authorities at the time of construction. In
recent years, numerous pipe failures have initiated spot investigations and repair efforts. These incidents
have revealed that the pipe network is constructed of disparate materials including cast iron, ductile iron,
asbestos cement (Transite), and copper. About three quarters of the system is asbestos cement.
Improper construction techniques were used, such as us of transite stubs to connect cast iron pipes and
use of inferior bedding materials.

Water District No. 2 supplies potable water and fire protection to 372 residential service connections
serving about 1,200 people. Two additional service connections (Coman Hill Elementary School and
Brynwood Golf & Country Club) have been established along Route 22. These two service connections
are out-of-District connections and are charged a higher water rate. At the present time, no expansion of
residential development is anticipated within the District. Thus, no increase in water demand is anticipated
in the foreseeable future. Irrigation is believed to be a major source of water demand by residential users
in summer.

Potable water is sourced from the Mianus Aquifer and drawn from four system wells located at the
intersection of Windmill and Long Pond Roads. The Mianus Aquifer is an unconfined aquifer, and
disinfection is performed prior to pipe network distribution. In 2010, the system wells were upgraded with
new pump controls, equipment, and emergency power.

After disinfection, water is conveyed from the system wells to a 10,000-gallon chlorine contact tank on
Long Pond Road. Water from this tank is booster pumped to the distribution network to serve the District.
The system is also served by a 600,000-gallon standpipe that provides storage for the system. The
storage tank is located on Evergreen Row and was placed into service in 2006.

The location of the storage tanks, wells, and booster pump station is shown on Figure 1.
2.2 System Description

The system includes a 10,000-gallon contact tank at the location of the pump house east of Windmill Road
and a 600,000-gallon post-tensioned, concrete storage tank at grade on Evergreen Row. Table 2-1
presents a summary of the details for the 600,000-gallon water storage tank.

Two booster pumps, one duty and one standby, supply water to the distribution system. The existing
booster pumps are 30 HP, multi-stage vertical type. Pump details are provided in Table 2-2.
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Table 2-1 Windmill Farm Water Storage Tank

Characteristic Value
Total capacity 600,000 gallons
Tank height to overflow 63.5 feet
Inside diameter 40 feet
Overflow elevation 763 feet
Usable storage capacity at 20 psi service pressure 208,000 gallons
Type AWWA D110 Type il
Isolation 12-inch gate valve
Inlet/outlet diameter 12 inches

Table 2-2 System Pump Data

Characteristic Head (feet) Discharge (gallons per minute [gpm])
Shutoff 454 0
Design 335 235
Maximum operating 235 319

The system consists of about 8 miles of water main constructed with four types of pipe: cast iron, ductile
iron, asbestos cement (i.e., Transite), and copper. The majority of the existing pipe network is constructed
of Transite, and the predominant diameter is 6 inches. Transite pipe, popular in the 1950s-1970s, is known
to have a shorter service life than cast iron or ductile iron pipe. Table 2-3 gives the diameter and
approximate total length of each type of pipe in the system.

Table 2-3 System Pipe Summary

Pipe Type Diameter (inches) Reported Length (feet)
Cast iron 4 1,005
6 5,020
8 5,005
Ductile iron 12 186
8 522
Asbestos cement (Transite) 6 28,161
8 1,700
Copper 1-1/4 t0 2 1,280
Total 42,879

There are 77 fire hydrants and 55 isolation valves reported to exist within the Water District No. 2

distribution system.
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3 Model Development

A water distribution system model is used to mathematically simulate hydraulic conditions in pipe
networks. The hydraulic analysis was performed using WaterGEMS Version V8i, designed and distributed
by Bentley Systems, Inc. Figure 2 provides a schematic of the existing water distribution system used by
the model.

A steady-state simulation was performed for the existing network. This analysis is based on constant
demand and boundary conditions with respect to time. To establish boundary conditions, the model
includes distribution pipe information, customer demand data, pump performance curves, and storage
tank level data. The model of the system is based on the following:

One pressure zone.

Distribution mains.

One storage tank.

One supply well.

One booster pump station with contact tank.
No projected demand increase.

USGS elevation data.

N o oA~ DN

3.1 Model Inputs and Boundary Conditions

Once the model is constructed, data inputs must be determined. Water demand is an important model
input and can be characterized as being customer demand, unaccounted-for demand, and fire flow
demand. To evaluate the system, four demand conditions were modeled: average daily demand,
maximum day demand, peak hour demand, and fire flow demand.

Elevation data is necessary for determining local system pressure. This data provides relative elevation
differences between the system components for evaluating local pipe pressure variation across the
system. Node and hydrant elevations were determined from surface elevations in USGS topographic
quadrangle maps.

To construct the model, the length, diameter, and material of construction of the pipe segments were
based on data provided by the Owner. Pipe material type was used in assigning an internal friction factor
(Hazen-Williams C-value) to represent the roughness of the internal pipe surface. Pipe roughness
influences the resistance to flow.

A factory performance curve for the existing booster pumps was provided by the Owner. The pumps will
operate at a point on the curve that matches the pressure-flow characteristics of the distribution system. A
range of data points from the pump performance curve was input to the system model to simulate the
operation of the existing booster pumps.

Storage tank and contact tank type, elevations, and water level operating ranges were also provided by
the Owner and input to the system model. These data provide the system boundary conditions.
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3.2 Unaccounted-For Water

The modeled demand is based on pumping records, so it includes customer demand (metered sales) and
unaccounted-for demand (losses). Customer meter records were only used in this model for the two large
system users, Brynwood Golf & Country Club and Coman Hill Elementary School. Unaccounted-for water
represents water that is not billed for and may be lost due to pipe leakage, water theft, fire flow, or
inaccurate metering. The difference within any given year is the volume of unaccounted-for water. A figure
comparing water sales to total water pumped is shown in Appendix A.

Typically, repair or improvement is indicated when unaccounted-for water is greater than 10 percent of
total demand. In Water District No. 2, average unaccounted-for water is 16 percent of total based on
10 years of data from 2001 to 2011 (Table 3-1). However, there is some margin of error due to meter
calibration discrepancies. Further, some of this unaccounted water may have been used for system
maintenance or incidental use such as street sweeping.

Table 3-1 Summary of Unaccounted-for Water

Annual Water Annual Water | Annual Unaccounted-For | Unaccounted-For
Year Pumped (gal/yr) Sales (gallyr) Water (gal/yr) Water (%)
2001 55,284,500 47,129,240 8,155,260 15
2002 53,103,000 46,090,620 7,012,380 13
2003 49,327,200 40,666,960 8,660,240 18
2004 53,020,600 41,183,890 11,836,710 22
2005 56,564,852 46,566,849 9,998,003 18
2006 49,413,760 42,853,930 6,559,830 13
2007 59,873,138 50,170,070 9,703,068 16
2008 58,229,898 47,209,124 11,020,774 19
2009 46,578,381 39,291,650 7,286,731 16
2010 57,344,324 47,014,050 10,330,274 18
2011 49,401,348 43,129,210 6,272,138 13
Average 53,467,364 44,664,145 8,803,219 16

3.3 Evaluation of Demand Data

The system was evaluated based on four demand conditions: average daily demand; maximum day
demand; peak hour demand on the maximum day; and fire flow demand.

The Owner provided data reflecting the total volume of water pumped on a monthly basis over the period
1997 to 2011. The average daily demand for the system was determined by dividing the total volume of
water pumped by the number of days in the period. A value of 0.15 million gallons per day (mgd) was
assigned to the average daily demand.
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Maximum day demand was determined from the 1997-2011 data set by identifying the maximum volume
of water pumped in a single 24-hour period. The maximum day was identified as occurring on July 6,
2010; the water demand for that day was 0.37 mgd.

Peak hour demand was defined as the demand during the peak hour of the maximum day. Diurnal flow
variations are typical for residential water systems, with the peak flow occurring during the early morning
hours. Since actual system diurnal flow data is not available for Water District No. 2, a diurnal peaking
factor was applied to the maximum day demand to estimate the peak hour demand. Per guidance in
AWWA Manual M32, Computer Modeling of Water Distribution Systems, January 2005, a peaking factor
of 2.5 is typically applied to average daily demand. However, based on the predominantly residential
nature of Water District No. 2, a peaking factor of 3.0 was applied to the maximum day demand. This
provided a value of 1.1 mgd for the peak hour demand of the maximum day.

Fire flow was evaluated at 500, 750, and 1,000 gpm, which are typical values for required residential fire
flows. This report makes no recommendation as to what the minimum required fire flow should be. This
should be based on the recommendations of the Insurance Services Office (1ISO). Fire flow was modeled
as occurring during peak hour demand. Once flow values were assigned to each demand scenario, the
flows were allocated to nodes within the model. Nodal demand allocation is summarized in Table 3-2.

Table 3-2 Nodal Demand Allocation Summary

Average Day Maximum Day Peak Hour'"
In-District 96 240 720
Residential customer (gpm/customer) 0.26 0.65 20
Out-of-District
Brynwood Golf & Country Club 53 13 40
Coman Hill Elementary School 12 3.0 9.0
TOTAL (gpm) 100 260 770
TOTAL (mgd) 0.15 0.37 11

(1) Peak hour is based on maximum day multiplied by a diurnal peaking factor 3.0.
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4 Model Calibration

After the model was constructed and demand was allocated to all nodes for each condition, the model was
calibrated based on data provided by the Owner. Hydrant flow data was obtained from Owner-provided
ISO Commercial Risk Services, Inc. reporting performed on May 18, 2011 for hydrants listed in Table 4-1.
This data was used to calibrate the model based on static and residual pressures (Appendix B).
Calibration was performed by adjusting model parameters until model-predicted performance agreed with
field-measured performance.

Table 4-1 Fire Flow Tests Performed May 18, 2011

Hydrant | Static Pressure Residual Pitot Pressure Flow | Flow (gpm)

No. {psi) Pressure (psi) (psi) Orifice | (gpm) at 20 psi
H-23 30 16 690 600
H-22 17 | 25 690

H-44 82 | 42 960 1200
H-46 33 | 25 960

H-11 44 | 10 560 450
H-10 11 | 25 560

4.1 Calibration Methodology

The I1SO test data provided a value for static pressure and residual pressure for each of three tested
hydrants in the system. In 1SO testing, a pressure gauge is installed on a hydrant and the static pressure
is recorded. Subsequently, an adjacent hydrant is opened and a measurement of residual pressure is
recorded. Flow rate from the open hydrant is measured with a pitot tube. This procedure was simulated by
the computer-based model for hydrant locations that correspond to the locations of the ISO tested
hydrants. Model parameters were adjusted to try to achieve simulated hydrant flow test results within
10 percent of field test data.

4.2 Pipe Age and Internal Roughness

An important parameter in calibrating the system model is the Hazen-Williams C-value. This factor
represents the roughness of the pipe interior and the resistance to flow. A lower C-value represents more
friction and greater resistance to flow. C-value tends to decrease over time due to corrosion and
deposition inside the pipe. The C-value for new cement-lined ductile iron pipe is typically 120. As the pipe
ages, this value normally decreases to 90 or lower. This creates greater resistance to flow and reduces
system capacity.

Minor losses associated with open isolation valves in a given pipe segment are implicitly modeled and
represented by an equivalent C-value.
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4.3 Calibration Summary

The model was calibrated based on the average daily demand condition. The model was first calibrated
using static pressure results from hydrant flow testing as summarized in Table 4-1. Node elevations were
adjusted to simulate field static pressures. Tank level information at the time of field testing is not known,
so the tank level was based on the pump-on setpoint of elevation 54 feet.

A second calibration effort involved use of residual pressure data from fire flow testing (Table 4-1).
C-values were adjusted across the system to correlate model residual pressures with those reported in fire
flow testing. Residual pressures were modeled using WaterGEMS Darwin Calibrator and manual
calibration efforts. Table 4-2 shows the results from final model calibration and a comparison of model
values with fire flow test resulits.

Table 4-2 Calibration Summary

Field Data Calibrated Results
Hydrant No. Static (psi) Residual (psi) Static (psi) Residual (psi) | Flow (gpm)

H-11 44 10 44 11
H-10 1 11 560
H-23 30 16 30 26
H-22 17 26 690
H-44 82 42 83 41
H-46 33 33 960

Two of the three hydrants correlated within 10 percent of the field test results. Simulation of Hydrant H-23
produced a residual pressure of 26 psi compared to the field test results of 16 psi. This was attributed to a
closed or partially closed valve in the system. Thus, the model was considered to be calibrated and
acceptable for use in evaluating the system.

Pipe C-values from model calibration were held the same for each simulation exercise. Lower C-values
represent higher internal roughness or corrosion. No pipe was modeled with a C-value below 50. This
would represent a severely corroded or obstructed pipe. A low C-value may indicate pipes in need of
replacement.
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5 Simulation of Existing Conditions

Hydraulic simulations were conducted using the calibrated model of the existing system to examine the
system response to specific demand conditions. Hydraulic simulations were performed for average daily,
maximum day, peak hour, and fire flow. Model outputs for static pressure, headioss, and velocity were
evaluated for individual pipes in the system. Fire flow was simulated at each hydrant during peak hour
demand to evaluate available flow and residual pressure in the system. Failure simulations were also
performed to identify pipes that have the greatest consequence of failure. Local static pressure values
were evaluated during average demand conditions to identify pipes that are under high stress.

5.1 Description of Simulations

This section describes the simulations that were conducted and the reasons for them. Results are
discussed in Section 5.2.

5.1.1 Average Daily, Maximum Day, and Peak Hour Simulation

The operating characteristics of the system were simulated at the average daily, maximum day, and peak
hour demand conditions described in Chapter 3. The model calculates and provides values for pressure
that would be observed at each node and flow in each pipe during a given demand condition.

5.1.2 Fire Flow Simulation

This report does not identify or recommend what the minimum fire flow should be. Rather, the simulations
were conducted over a range of fire flow values and the system response was documented. WaterGEMS
Automated Fire Flow Analyst was utilized for the exercise.

1. Fire flow analysis tested hydrants at 500, 750 and 1,000 gpm.
2. Fire flows were added to peak hour of maximum day demands.

4. Modeled fire flows are based on Recommended Standards for Water Works (2007) and 1SO
recommendations for “Needed Fire Flow” for one- and two-family dwellings not exceeding two
stories in height (SO, 1980).

The model determines the available fire flow at each system hydrant. As a constraint, a minimum residual
pressure of 20 psi everywhere in the system was specified. The model calculates the maximum flow that
can be provided at each hydrant without system pressure dropping below 20 psi at any location in the
system. Hydrants that cannot provide the lower flow limit (i.e., 500, 750, or 1,000 gpm) while sustaining
residual pressure above 20.0 psi are designated as receiving insufficient fire flow.

5.1.3 Headloss and Velocity Simulations

The model can estimate the dynamic headloss (pressure drop) and the flow velocity for each pipe
segment during the specified demand conditions. Pipe runs identified as exhibiting high headloss or high
velocity may be undersized or excessively corroded.

5.1.4 Pipe Failure Simulations

The location of a pipe failure will affect the consequences of that failure. Pipe breaks were simulated at
various locations to identify pipes associated with the greatest consequence of failure. For this study,
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consequence was based on the number of users that would not have at least 35 psi of available pressure
should a given pipe fail.

5.2 Results of Simulations
This section presents the results of the simulation exercises described above.
5.21 Average Daily Demand and Maximum Day Demand Simulation

For average daily demand simulation, the total system demand was 0.15 mgd, and for maximum day
demand simulation, the total system demand was 0.37 mgd. The following observations were made:

1. The system exhibits low static pressure (<30 psi) at nodes nearest the storage tank on Evergreen
Row during average demand conditions. This is due to this location’s relatively high elevation,
including portions of Upland Lane, Hardscrabble Circle, North Ridge Road, and Spruce Hill Road.

2. The system has a high pressure gradient along Long Pond Road, which is the location of highest
static pressure in the system (145 psi).

3. The system exhibits high static pressure at the end of Thornwood Road and at locations along
Windmill Road.

4. Water flows into the storage tank during average daily demand and out during the maximum day
demand. Flow direction is reversed along Evergreen Row during the maximum day simulation.

5.2.2 Peak Hour Simulation

For peak hour simulation, the total system demand was based on 1.1 mgd. The following observations
were made:

1. Increased system demand results in a drop in static pressures (<35 psi) along Evergreen Row
within proximity to the storage tank. This is most likely because the tank is drawn down during
higher demands.

2. Static pressure below 35.0 psi was identified on Spruce Hill Road. Normal working pressure as
guided by the Recommended Standards for Water Works (Great Lakes — Upper Mississippi River
Board of State and Provincial Public Health and Environmental Managers, 2007) is suggested as
not less than 35 psi for distribution system piping.

5.2.3 Headloss and Velocity Simulations

High flow velocity and internal roughness in pipe increases dynamic headloss. The mode! calculates a
headloss gradient for each pipe segment. A steep gradient may indicate pipes in need of replacement
because they are undersized or excessively corroded. High flow velocity may indicate undersized lines. A
high friction factor (C-value) may indicate corrosion. Pipes along Long Pond Road, Evergreen Row, and
the intersection of North Lake Road with Windmill Road exhibited the greatest headloss and the highest
flow velocities in the system.

5.24 Fire Flow Simulation

Most of the hydrants in the system could not provide fire flow at 500 gpm during peak hour demand while
maintaining 20 psi or more throughout the system. No hydrants were able to provide a fire flow of
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1,000 gpm during peak hour demand. With the pump off, fire flow as low as 250 gpm was observed during
peak hour demand at some hydrants.

A list of hydrants that did not satisfy flows under the fire flow simulations for 500, 750 and 1,000 gpm is
shown in Appendix C.

5.2.5 Pipe Failure Simulations

Pipe failure simulations indicated that the water main in Evergreen Row is critical to maintain system
operation under peak hour demand simulation. A pipe failure in this pipe section was found to cause an
inadequate level of service during peak hour demand. In the event of a failure of this section, system
pressure losses increase to the point where pressures fall below acceptable service levels for about half of
the customers in the system. This pipe is identified as having a high consequence of failure.

5.3 Summary of Simulation Results

1. The existing system was identified as having undersized mains, uneven pressure distribution, and
low carrying capacity due to possible tuberculation or scaling of aged pipes.

2. The existing system can meet demand requirements for average daily, maximum day, and peak
hour demand conditions.

3. The existing system cannot provide fire flow of 500 gpm to all hydrants while maintaining 20 psi
during the peak hour demand simulation.

4. The pipe along Evergreen Row south of the storage tank connection has a high consequence of
failure, in that about half of the system would lose adequate pressure during a line break event.
However, this area does not have a history of failures.

5. High pressure, which causes high internal pipe stress, was identified in Long Pond Road
(145 psi), Thornwood Road (137 psi), and Windmill Road (103 psi). These pipes are asbestos
cement and are considered to have a higher likelihood of failure due to their material of
construction and high pressure.

6. Distribution mains on Evergreen Row near the 0.6 million gallon storage tank have low static
pressure. Pressure as low as 28 psi was identified during average daily demand conditions. This
location is at a high elevation relative to most of the system.
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6 Prioritization and Ranking of Pipe Replacements

To assist the District in developing a capital improvement plan to improve the distribution system, this
study assigns a replacement priority to each pipe segment. In order to mitigate the budgetary impact of
extensive system upgrades, improvements may be implemented over a period of time and through
sequential capital projects. The cost benefit achieved by a capital improvement project can be maximized
by limiting the scope of the near-term project to higher priority pipes. To provide a basis for this
prioritization, three criteria were developed:

1. Provide fire flow of 500 gpm during peak hour demand for each hydrant in the system, while
maintaining minimum residual pressure at all system nodes greater than or equal to 20.0 psi.

2. Based on information provided by the Owner, identify lines that are known to have reliability
issues due to poor construction methods and materials.

3. Identify lines that have a high consequence of failure. This assessment is based on simulations of
pipe breaks.

4. |dentify lines with the apparent greatest likelihood of failure. This assessment is based on
observed node pressures, pipe friction factors (C-values) as determined by the model, and pipe
material.

Using these criteria, each pipe segment was assigned Priority 1, 2 or 3.

6.1 Modeling of System Modifications to Improve Fire Flow

To achieve the desired fire flow criteria with the minimum number of system modifications, the model was
modified by strategically changing selected existing pipes. Fire flow simulations were repeated in an
iterative procedure on the modified model until it was demonstrated that fire flow of 500 gpm during peak
hour demand could be achieved at each hydrant in the system while maintaining at least 20 psi throughout
the system. Through this process, a number of pipe replacements were identified, as listed in Table 6-1
and shown graphically in Figure 3. For the purposes of this report, these replacements are considered
Priority 1.

Table 6-1 Pipe Replacements to Meet Fire Flow Criteria (Priority 1)

Location Approximate Length (Feet) Existing Pipe New Pipe
Evergreen Row 1,000 6- and 8-inch cast iron 12-inch DIP
Evergreen Row 1,300 6-inch asbestos cement 8-inch DIP
Evergreen Row 200 2-inch copper 8-inch DIP
Evergreen Row!" 500 None existing 8-inch DIP
North Lane 840 6-inch cast iron 8-inch DIP
North Lake 680 6-inch cast iron 8-inch DIP
Spruce Hill Road 1,700 6-inch asbestos cement 8-inch DIP
Long Pond Road 1,900 6-inch asbestos cement 8-inch DIP
Long Pond Road 570 6- and 8-inch cast iron 8-inch DIP

Total (rounded) 8,700

(1) This is a new pipe that will close a loop and eliminate a dead end.
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6.2 Evaluation of Failure and Repair History

Based on information provided by the system operator (Owner), pipes with a known history of issues were
identified and assigned Priority 2. Priority 2 pipe segments are shown in Table 6-2 and Figure 3.

6.3 Evaluation of Model Parameters to Improve System Reliability

The model simulation data was evaluated to identify pipes with a high consequence of failure. Those pipe
segments were identified by simulating line breaks and observing the number of customers affected by a
reduced level of service. The pipe in Evergreen Row was identified as having a high consequence of
failure. A portion of this pipe was previously categorized as a Priority 1 replacement based on satisfying
the fire flow criteria. The remainder of this pipe was assigned Priority 2.

The remainder of the pipes in the system were assigned Priority 3. All Priority 3 pipe segments are listed
in Table 6-3. The Priority 3 line segments were ranked by pipe material and static pressure. This approach
was intended to identify pipes with a higher likelihood of failure. Pipes that experience high static pressure
and are constructed of asbestos cement were considered to be the most prone to failure.
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7 Opinion of Project Costs

Table 7-1 represents an opinion of project cost to implement Priority 1 replacements.

Table 7-1  Priority 1 Improvements, Opinion of Probable Costs

item Opinion of Cost
New installed 8-inch Class 52 DIP (push-on joint, cement lined, Class 52) $950,000
(includes trenching, excavation, bedding, backfill, pavement repair, and
fittings), +8,000 LF
New installed 12-inch DIP (push-on joint, cement lined, Class 52) (includes $140,000
trenching, excavation, bedding, backfill, pavement repairs, and fittings),
+1,000 LF
New installed fire hydrants (includes removal of existing fire hydrant when $110,000
necessary)
New installed isolation valves $40,000
New service [ateral connections $130,000
Rock removal $50,000
Project Contingency $280,000
Construction Subtotal $1,700,000
Fiscal, Legal, Administrative, Engineering $300,000
PROJECT COST $2,000,000
Notes:

1) New fire hydrant installation and removal of old fire hydrant every 500 LF.

2) New service lateral connection every 100 LF.

3) New isolation valve installed every 1000 LF and at every major intersection.

4) All pipe installation is in asphalt roadway.

5) New pipe installed adjacent to existing pipe with abandonment of existing pipe (does not include cost
of removing existing piping).

6) Figures are rounded.
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Table 7-2 presents an opinion of cost for the replacement of Priority 2 pipelines.

Table 7-2 Priority 2 Improvements, Opinion of Probable Costs

item Opinion of Cost
New installed 8-inch Class 52 DIP (push-on joint, cement lined, Class 52) $1,200,000
(includes trenching, excavation, bedding, backfill, pavement repair, and
fittings), +10,200 LF
New installed fire hydrants (includes removal of existing fire hydrant when $120,000
necessary)
New installed isolation valves $40,000
New service lateral connections $130,000
Rock removal $60,000
Project Contingency $350,000
Construction Subtotal $1,900,000
Fiscal, Legal, Administrative, Engineering $340,000
PROJECT COST $2,240,000
Notes:

1) New fire hydrant installation and removal of old fire hydrant every 500 LF.

2) New service lateral connection every 100 LF.

3) New isolation valve installed every 1000 LF and at every major intersection.

4) All pipe installation is in asphalt roadway.

5) New pipe installed adjacent to existing pipe with abandonment of existing pipe (does not include cost
of removing existing piping).

6) Figures are rounded.
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Table 7-3 presents an opinion of cost for the replacement of Priority 3 pipelines.

Table 7-3 Priority 3 Improvements, Opinion of Probable Costs

Item Opinion of Cost
New installed 8-inch Class 562 DIP (push-on joint, cement lined, Class 52) $3,000,000
(includes trenching, excavation, bedding, backfill, pavement repair, and
fittings), +25,000 LF
New installed fire hydrants (includes removal of existing fire hydrant when $280,000
necessary)
New installed isolation valves $75,000
New service lateral connections $340,000
Rock removal $150,000
Project Contingency $750,000
Construction Subtotal $4,600,000
Fiscal, Legal, Administrative, Engineering $800,000
PROJECT COST $5,400,000
Notes:

1) New fire hydrant installation and removal of old fire hydrant every 500 LF.

2) New service lateral connection every 100 LF.

3) New isolation valve installed every 1000 LF and at every major intersection.

4) All pipe installation is in asphalt roadway.

5) New pipe installed adjacent to existing pipe with abandonment of existing pipe (does not include cost
of removing existing piping).

6) Figures are rounded.
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8 Recommendations

The District should plan to design and construct the Priority 1 and Priority 2 replacements in the near term.
The Priority 1 upgrades are anticipated to improve available fire flow. Implementation of Priority 2
replacements is anticipated to improve system reliability and reduce the incidence of line breaks and
unplanned outages.

Based on the known history of the design, construction, and condition of the existing pipe network, the
District should develop a long-term plan to replace the Priority 3 pipes in the system. A preventive
approach may avoid the inconvenience of unplanned water outages and reduce operation and
maintenance costs.
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Appendix A

Comparison of Water Sales to Total Water Pumped
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Appendix B
ISO Report: Hydrant Flow Data for Model Calibration
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Appendix C

Peak Hour Fire Flow Analysis

8614801.1 Town of North Castle, NY
Wiater District No. 2 (Windmill Farm) Modeling Study



APPENDIX €
PEAK HOUR FIRE FLOW ANALYSIS

Description:
Result data is from peak hour d d with system residual pressure set at 20.0 psi,
N fire flowis ly at every system hydrant while the system residual pressure.

Residual pressures provided in the table are calculated from the fire flow available at the specific hydrant.

Key:
Failed Hydran Fiow]

500 GPM FIRE FLOW REQUIREMENT 750 GPM FIRE FLOW REQUIREMENT. 1000 GPM FIRE FLOW REQUIREMENT
Hydrant ID Fire Flow Available (gpm} | Residual Pressure (psi) [ Fire Flow Available (gpm) | Residual Pressure {psi) | Fire Flow Avallable (gpm] | Residual Pressure (psi)
H- 338 1158 338 115.6 338 1156
H- 37 838 N7 93.8 37 93.8
H-3 13 98.4 313 56.4 31 96.4
H4 12 102.5 N2 1025 31 102.5
H: 11 72. 3 72. 31 72.
He 308 63. 308 63 308 63
H 308 47. 308 47. 308 47.
H 307 28, 307 28 307 28.
H 308 25, 308 254 308 25,
H-10 215 36. 218 36 215 36.
HA1 218 20. 218 204 218 20
H12 245 264 245 26 245 26
H-13 268 38, 268 39, 288 39,
H14 274 34, 274 34 774 34,
H15 279 28. 279 28. 278 28.
H-16 302 27. 302 27. 302 27.
HAT 312 21 312 21. 312 21.
H-18 312 23. 312 23. 312 23.
H-18 312 29. 312 F 312 29.
H-20 330 32, 330 32, 330 32,
H-21 318 31 318 3t 318 31,
H22 340 20 340 20 340 20
H-23 483 20, 483 20. 483 20.
H-24 71 20, 711 204 711 20
H-25 1,441 20, 1441 204 1441 20,
H-26 860 33 860 3. 860 33,
H-27 €10 26. 610 26. 610 26.4
H-28 527 394 527 30.4 527 394
H-20 464 56 454 56, 484 56.
H30 444 30. 444 30. 444 30
H-31 444 X 444 58, i 50,
H32 410 7. 410 7. 410 67.
H33 403 60 403 B0 403 60.
H34 368 67. 388 7. 358 67.
H35 363 71 363 383 714
H-36 37 925 AT 347 .5
H-37 7 81.7 347 7 81.7
H-38 34T 60.4 U7 69.4 7 69.4
H-39 362 9. 352 9. 352 X
H40 344 62. 344 62. 344 62.
H-41 337 75. 337 75. 337 75.
H42 42 57. 42 57 42 57.
H43 45 45, TH 45. 45 45.
44 345 55. 45 55. 45 55,
H-45 48 70.: 46 70. 46 70.
H-46 45 70. 45 70, 45 70.
H-47 35 26.4 217 26. Fiad 26
H-48 33 20 217 20 217 20,
H-48 331 33 209 33, 289 33,
H-50 331 35 328 35. 328 35.
H-51 318 27 318 27, 318 27.
H-52 326 38. 328 38. 328 38,
H53 335 47, 334 7. 334 4T.
H54 343 4t 4t 343 31
H55 344 36 36. 344 36.
H56 337 43. 33 43. 33 43,
H-57 325 21, 325 21 325 21
H-58 204 20. 265 20, 285 20.
H-59 307 22. 307 22. 307 22.
H-60 308 23, 308 23 308 23,
H81 300 73. 300 73. 300 73.
HB2 300 69, 300 69. 300 9.
HE3 300 62. 300 62. 300 2.
H64 303 63.4 303 63, 303 63.4
H65 308 66 308 6. 306 66
H66 281 41, 281 41 281 41,
H&7 288 50. 288 50 286 50,
H68 289 50. 209 50, 299 504
HE9 307 46. 307 48. 307 46.
H-70 337 76. 337 76. 337 76.
H- 38 ¥ 338 66. 338 66.2
H-72 339 63, 338 634 339 63
H 339 [TX 339 684 339 684
H-74 330 88. 339 88. 339 88.
H-75 339 100.4 338 100.4 339 100.4
H-76 330 52.7 330 52.7 330 52.7
H77 1,500 264 1500 264 1500 26.4




Appendix D - New York State Department of Health
Application



NEW YORK STATE DEPARTMENT OF HEALTH
Bureau of Water Supply Protection

Application for Approval of Plans for
Public Water Supply Improvement

Applicant Location of works (C,V,T) County Water District (area served)
North Castle Town Westchester #2
Type of Ownership
X Municipal [0 Commercial [ Private - Other [J Authority | [JInterstate
] Private - Institutional | [ ] Federal [CInternational
[0 Industrial [] Water Works Corp. | [] Board of Education | [] State [C(INative American Reservation

X Modifications to existing system. If checked, provide PWS ID#

NYS5903446

[[J New System? If checked, provide capacity development (viability) analysis*

[ Digital GIS Data Provided
Provided

[(IDigital CAD Data Provided

[ If this project involves a new system, new water district, or a district extension provide boundary description location details in
digital format on CD or Floppy Disk. If digital boundary location details are not available provide a text description.

[JOther Digital Data provided

[JText Description

Funding Source XPrivate [CJDWSRE** [JFederal Cother
If DWSREF is checked, provide DWSREF #
Estimated Project Cost

Source $ Treatment $ Storage $ Distribution $10, 500,000

Pumping $ Engineering $.265,900 Legal/Permitting $ Total $
Type of Project [ Corrosion Controt [J U.V. Disinfection Distribution
] Source ] Pumping Unit [] Fluoridation [] Storage
[] Transmission [] Chlorination [] Other Treatment [ other
Project Description Replacement of existing distribution system
Population

Total population % population % population served

of Service area 1,200 actually served _ 100 affected by prej 00
Latest total consumption data (in MGD) NYS Professional {g OfF NE W‘.\O\
~

Licensed Engineer

. *k ok & ‘{‘Q\\. ‘
Stamp & Signature

Avg. day _159,300 Year_ 2013
Max. day _ 357,700 Year_ 2013
Peak hr. Year

Name of design engineer
Kevin Castro, P.E., GHD Consulting Services Inc.

Address One Remington Park Drive, Cazenovia, NY 13035 Telephone No. 315.679.5800
E-Mail kevin.castro@ghd.com Fax No. 315.679.5801

Name and title of applicant or designated representative__Sal Misiti, Director, Sewer and Water Department

/1

Date

Address _Town of North Castle, 15 Business Park Drive, Armonk, NY 10504

St P2

-7 Signature of Applicant

NOTE: All applications must be accompanied by 3 sets of plans, 3 sets of specifications and an engineer’s report describing the project in detail. The project must first be
discussed with the appropriate city, county, district or regional public health engineer. Signature by a designated representative must be accompanied by a letter of
authorization.

*Additional information regarding capacity development may be found at: hitp://www.health.state.ny.us/nysdoh/water/main.htm

**Current DWSREF project listings may be found at: http://www health.state.ny.us/nysdoh/water/main.htm

***By affixing the stamp and signature the Design Engineer agrees that the plans and specifications have been prepared in accordance with the most recent version of the
recommended standards for water works and in accordance with the NYS Sanitary Code.

DOH - 348 (02/05)
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