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WATER SYSTEM ENGINEERING REPORT

This report gives a brief description of the existing approved potable water system for the
Watchtower Educational Center (WEC) at Patterson, New York. It also describes the proposed
work required to support the Watchtower Educational Center Amended Site Plan.

Existing Potable Water System

The existing potable water system is divided into two components, the water supply component
and the water distribution component. The NYSDEC water supply permit number 3-3724-
0045/1-0 was issued on August 11, 1989, to the Watchtower Bible and Tract Society of New
York, Inc. (The Applicant). The facility number is WSA 8240. The Applicant owns and operates
the potable water system. The water supply component includes five (5) wells and the supply
piping (force mains) and appurtenances, including well houses and a surge tank, between the
wells and the Water Softening Facility (WSF). The distribution component includes the WSF,
high level storage tank, and the distribution piping to the WEC buildings and the 152-room hotel
(Inn). The NYSDOH approved the plans and specifications for the project, including installation
of the new water system and appurtenances (clearwells for chlorination only) on December 20,
1989, to supply the WEC and 152-room hotel. The approval specified serving a population of
1,500 with a distribution system average daily demand of 165,000 gpd and a maximum daily
demand of 330,000 gpd. In addition the NYSDOH approved on July 31, 1996, the plans and
specifications for the installation of the WSF to treat the water hardness.

The general layout of the existing potable water system is shown on Figure 1 and a profile of the
water system is shown on Figure 2. The raw water supply includes the three rock wells (W-2, W-
4, and W-6) on the east side of Route 22, along with two sand wells (SW-1 and SW-2) on the
west side of Route 22. These wells deliver water through 3-inch and 4-inch force mains to the
surge tank, except for Rock Well W-2, which delivers directly to the WSF. The sand wells
deliver initially through individual 3-inch pipes to the adjacent well house, which was designed
to allow the addition of two more sand wells, SW-3 and SW-4. A 200-foot well head protection
area is currently maintained around the sand wells.

Water from the sand wells continues on from the well house in two 4-inch force mains to a well
control house located adjacent to Well W-6 east of Route 22. Flow metering and well pump
control for the sand wells and Rock Well W-6 is done in the well control house. From there the
three force mains, including the 3-inch force main from Rock Well W-6, continue crossing
beneath Mountain Brook to the surge tank located upslope from Rock Well W-4. Rock Well W-4
also discharges into the surge tank. From the surge tank, well water is pumped through a 4-inch
force main to the WSF. Once treated, the water is pumped through a 6-inch force main from the
WSF to the 405,000-gallon high-level storage tank. This tank is sized to contain one-day’s
volume of potable water, 165,000 gallons, plus 240,000 gallons reserved for fire water storage.

The fire water storage is based upon 1SO design standards and exceeds the volume required by
NFPA for the largest building in the WEC, the Office Building. Thus, 165,000 gallons are
reserved for distribution to the various other uses on the site. Fire flows are supplied from the
potable water distribution system, with hydrants located throughout the existing project site.
Sprinklers are provided in residential hallways and the below grade floors of the parking garages.
Standpipes are provided in all exit stairways. A fire water demand of 2,000 gpm for a period of
two hours was used for design of the main complex, as reviewed by the Patterson Fire
Department. Quoting from page 4 of the September 4, 1989, Engineering Report, “Water
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Supply/Treatment/Distribution,” Exhibit “F,” it states: “As discussed with the Patterson Fire
Department on March 24, 1988, a fire water demand of 2,000 gpm for a period of at least two
hours will be provided, based on the size and nature of the proposed facility. The NFPA Code
No. 1231, Table 5-5.1 (C), fire flow requirement for this facility is not less than 1,000 gpm.” The
Patterson Inn was designed for a fire flow of 1,000 gpm. A network analysis was included in that
report, demonstrating that the above requirements were met.

The existing surge tank provides approximately one hour of storage at maximum combined flow
from the tributary wells. Two pumps are provided, each capable of lifting the combined flow to
the WSF. The surge tank pumps are controlled by level sensors at the surge tank.

The WSF is described in the DEIS, Chapter 6, “Water Supply and Utilities.” The water
distribution system is supplied by gravity through a 12-inch main from the high level storage
tank to the compound fire flow meter near the WSF, and then into the distribution network. This
network consists of one main loop generally along the circular loop road with four sub-loops.
Branches from the main loop serve the Patterson Inn and other buildings outside the main loop.
One of these is a 10-inch pipeline serving the Audio/Video Building, which is controlled by fire
protection needs.

Proposed Adjustments to the Water System

The proposed adjustments to the water system will require approval of plans and specifications
by the NYSDOH and review of the plans by the PCDOH. A summary of the proposed additions
to the existing potable water system to meet the needs of the WEC Amended Site Plan are as
follows:

1. A larger two-compartment surge tank, pumps, and force mains adjacent to the
existing surge tank and force main, will replace existing surge tank to provide
greater flexibility in operation and redundancy in the event of mechanical failure
or maintenance needs.

2. Increased capacity supernatant pumps and a provision of another lime feeder at
the WSF to facilitate operation.

3. Addition of distribution mains and fire hydrants in the area of the proposed
buildings to extend the potable water service to these buildings and meet fire
protection needs. Modifications to the existing water mains are proposed where
necessary to avoid conflict with new construction.

4. Cooling water for the cooling towers at the powerhouse to be supplied from a new
treated effluent pump at the Wastewater Treatment Facility (WWTF), using a new
dedicated 3-inch force main from the WWTF to the cooling towers. Regulatory
approval by the NYSDEC and NYSDOH will be required for this adjustment
prior to construction. If Regulatory approval is not granted, then potable water use
will be continued. If approval is granted, potable water would no longer be used
for this purpose except when the WWTF treated effluent is not available at the
cooling towers
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Details of the above additions are described further for each category:

1. New Surge Tank, Pumps, and Force Main:

The new surge tank will be similar to the existing surge tank, but will have two
compartments and be larger to give one hour detention for the new combined well
flows as shown on Figure 3. The force mains from the connected wells will be
valved to allow discharge to either compartment. A single larger pump capable of
handling the combined flow will be provided in each compartment. The new
pumps will discharge into the new 6-inch force main, but piping and valves will
be provided to allow either surge tank compartment to operate with either force
main to allow cleaning or other maintenance to be carried out on either
compartment. The 6-inch force main will connect to the existing 6-inch line
stubbed out from the WSF for this purpose.

2. Increased Capacity of Supernatant Pumps at Water Softening Facility:

This proposed change in the supernatant pump capacity from 25 gpm to 50 gpm
will allow the WSF to meet its 10 percent supernatant allowance. A new lime
feeder will also be installed in the space provided in the WSF to facilitate
operation.

3. Addition of Distribution Mains and Fire Hydrants for New Buildings:

The proposed new water mains and fire hydrants needed to serve the new
buildings are shown on the utility Drawings CU-101 and CU-102. The line sizes
and fire hydrant locations shown are preliminary, and may change as detailed
design progresses.

4. Cooling Water for Cooling Towers at Powerhouse:

The proposed powerhouse cooling tower demands are anticipated to require over
18,000 gpd during July and August. This represents a significant demand on the
potable water system in this period and to a lesser extent during the remainder of
the year. This demand can be avoided by the proposed use of WWTF effluent
treated with hypochlorite to reduce biological fouling. Piping is proposed to allow
use of potable water when effluent is not available. An air gap will be included for
cross connection control. Level controls in the towers are proposed to control the
WWTF pump and potable water makeup when needed.

Fire Protection

Fire protection requirements are discussed in the DEIS, Chapter 4, “Community Services and
Facilities.” The proposed potable water system would be designed to conform to these
requirements, including those for flow and pressure. Since the plumbing design is still at
schematic stage, the pressure requirements for sprinklers and hose racks in the topmost floors of
the proposed residence buildings may require the addition of booster pumps. This is a typical
design solution to elevate the pressure and flow appropriately.
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Site-Wide Potable Water Usage

Table 1 presents the potable water usage figures from the monthly reports submitted to the
Putnam County Department of Health for the 31-month period from June 2006 through
December 2008. It also presents the population and per capita water usage figures based on the
population reported on the water supply report for that month. Table 1 has been corrected for a
population figure error from 1,017 to 1,133, for February 2007 that was discovered after the
report was submitted.

The average per capita potable water usage shown in Table 1 for the 31-month period is 79.30
gallons-per-capita-per-day (gpcd). The highest per capita daily water usage was 97.94 gpcd for
July 2008. The typical powerhouse cooling tower potable water usage of about 18,000 gpd is one
factor in this high usage. Another factor in the July 2008 water usage in particular appears to be
the amount of water used for flushing the potable water mains during the month, estimated to
have consumed a total of about 136,000 gallons. When this amount of flushing water is
deducted, the average daily water usage in July drops from 110,476 gpd to 106,089 gpd. This is a
more normal value for this time of year. Since the flushing water was discharged into the
stormwater drains, this did not affect the wastewater flow to the WWTF. Also, since water main
flushing could be deferred to less demanding months in the event of a water supply shortfall, it is
conservative to include this high monthly value in the usage calculations. It should be noted that
the NYSDOH approval is for an average daily demand of 165,000 gpd with a maximum day
demand of 330,000 gpd. The amount of wastewater processed during the same month of July
2008 averaged 90,000 gpd with a population of 1,128 or 79.79 gpd.

The potable water usage figures are based on turbine water meter readings. In June 2006, a
number of adjustments were made to the steam system; including steam trap repairs, blow-down
reductions, and conversion of laundry dryers from steam to gas. It is estimated that these
adjustments reduced water usage by about 10,000 gpd. Comparing the records for a two-year
period from before and after these adjustments seems to show a 10 gpcd drop in per capita water
usage from 87 gpcd to 77 gpcd.
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TABLE 1: PATTERSON WATER REPORT FIGURE - 31 MONTHS

Avg | 1167 Avg | 92,432 Avg | 79.30
Max | 1289 Max | 110,476 Max | 97.94
: Avg Daily Water Water Flow
Date Population Plant Flow (gal) gal/person/day

Fixed long standing

problem with steam

trap leaks that used

Jun-06 1103 92,880 84.21 ~10,000 gpd

Jul-06 1112 92,301 83.00
Aug-06 1113 95,593 85.89
Sep-06 1289 95,896 74.40
Oct-06 1213 93,075 76.73
Nov-06 1146 87,497 76.35
Dec-06 1149 80,538 70.09
Jan-07 1137 84,361 74.20
Feb-07 1133 85,359 75.34
Mar-07 1224 84,396 68.95
Apr-07 1186 80,150 67.58
May-07 1148 88,280 76.90
Jun-07 1109 87,454 78.86
Jul-07 1104 89,719 81.27
Aug-07 1153 103,443 89.72
Sep-07 1199 93,700 78.15
Oct-07 1240 102,468 82.64
Nov-07 1250 90,829 72.66
Dec-07 1233 86,633 70.26
Jan-08 1137 82,790 72.81
Feb-08 1130 85,580 75.73
Mar-08 1134 85,463 75.36
Apr-08 1120 92,797 82.85
May-08 1222 94,414 77.26
Jun-08 1138 98,068 86.18
Jul-08 1128 110,476 97.94
Aug-08 1153 104,269 90.43
Sep-08 1170 107,798 92.14
Oct-08 1286 105,431 81.98
Nov-08 1173 90,880 77.48
Dec-08 1147 92,854 80.95
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A “Water Conservation/Reuse/Recycling Options Feasibility Study” was done with the goal of
identifying options that had the potential for reducing potable water demands; and in most cases,
reducing the amount of wastewater to be discharged to Mountain Brook. Options A through F
listed in Table 2 were selected for implementation, with Option G (irrigation reuse) to be pursued
if SPDES credit is given and some of the restrictions on reuse are removed. Options A through F
are assumed to apply for this evaluation. These options are described in Table 2, along with the

estimated water and wastewater use reductions for a population of 1,803.

TABLE 2: WATER CONSERVATION/REUSE/RECYCLING OPTIONS

Potable Water Use

Wastewater Reduction

Options Reduction (gpd) (gpd)
A: Premium Quality Reduction
Flow Showerheads 13,300 13,300
B: Dual-Flush Flushometers In 1,200 1,200
Women’s Rooms ’ ’
C: Water Conserving Washing
Machines (Personal Laundry) 3,200 3,200
D: High-Efficiency Urinals in
High-Use Areas 1,100 1,100
E: DuaI-FIus_h Tank Toilets in 1.200 1.200
New Residences
Subtotal: 20,000 20,000
F: Reuse WWTF Effluent in 1,500 (Jan) 1,500 (Jan)
Cooling Towers 6,000 (Apr) 6,000 (Apr)
(Needs Regulatory Approval) 18,000 (Aug) 18,000 (Aug)




WATER SYSTEM ENGINEERING REPORT

Conclusion

With the water reduction Options A through F implemented as indicated, the 31-month analysis
results in projected water usages as shown in Table 3, both for a population of 1,803 (DEIS) and
a population of 2,050 (bed count). Note that actual maximum population will be 1,803 due to
facility operational requirements as explained in the DEIS. Table 3 shows that under the least
favorable assumptions and with a maximum population of 2,050, the maximum projected potable
water demand should not exceed the 165,000 gpd limit set by the NYSDEC water taking and
SPDES permits.

TABLE 3: PROJECTED WATER USE

Population: 1,803 No Reduction With Reduction
(Used in DEIS) (gpd) (gpd)
Average Flow @ 79.30 gpcd:
1,803 x 79.30 = 142,980 121,480*
Maximum Month (July 2008) Flow:
110,476 x 1,803+ 1,128 = 176,580 138,580**
Population: 2,050 No Reduction With Reduction***
(Bed Count) (gpd) (gpd)
Average Flow @ 79.30 gpcd:
2,050 x 79.30 = 162,570 141,070*
Maximum Month (July 2008) Flow:
110,476 x 2,050+ 1,128 = 200,780 162,780**

*QOption F Reduction Assumed = 1,500 gpd (Jan)
**Qption F Reduction Assumed = 18,000 gpd (Aug)
***Reduction Same As 1,803 (Conservative)
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WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY

Background on Current Usage and Reasons to Conserve/Reuse/Recycle

This study was initiated in response to the Watchtower Educational Center (WEC) amended site plan,
which proposes to add 500 residents to the site. A major limiting factor to significant expansion is the
SPDES permit which limits the flow at the Wastewater Treatment Facility (WWTF) to no more than
a monthly average of 165,000 gpd. The proposed increase in resident population provides incentive
to consider ways site-wide to reduce water consumption, reuse, and recycle water. Recent changes in
New York State regulations are increasing the viability to reuse and recycle water such as treated
effluent from the WWTF. In addition, Green Globes™ certification for the proposed new buildings
will be a design objective. (Green Globes™ water-use targets are 11,000 gallons per year per
apartment for residential buildings and 10 gallons per square foot per year for other buildings.)

This feasibility study tries to look at each of the potentially reasonable conservation/reuse/recycling
options from the standpoint of life-cycle cost per 1,000-gpd water-use reduction, amount of water-use
reduction, aesthetic issues, window-of-opportunity issues, economic payback time (if any), and
permitting issues.

Conclusions

e An average monthly overnight population of 1,803 people (approximately 500 more than
existing) with no additional water conservation, reuse, or recycling; the monthly WWTF flow
expected would average approximately135,000 gpd. Past use indicates some months, will
have higher flows than others. In that case, the monthly wastewater flow is statistically
expected to exceed the permitted 165,000 gpd monthly average for about one month in every
three years.

e Some form of additional water conservation, reuse, or recycling will need to be instituted so
that the wastewater effluent discharge from the overnight population would not exceed the
165,000-gpd monthly average WWTF flow limit. In order to achieve this, the site-wide water
usage at full population would need reduction by approximately 15,000 gpd.

e The first priority is to review water conservation/reuse/recycling options that appear to be cost
effective.

e The second priority is water usage reduction options that are not cost effective but may be
needed to remain below the 165,000-gpd SPDES permit limit. These options include a reuse-
water system for toilets for new buildings, a laundry recycling system, and dual-flush gravity
toilets for the residence buildings.

e The third priority includes water usage reduction options that can be implemented for a
significantly lower cost when new buildings are constructed. These options include dual-flush
gravity toilets for residences or a reuse-water system for the toilets. Regulatory approval
would be needed to implement such options.

e Options involving reuse of WWTF effluent would only be justified if the reuse flow is not
counted toward the SPDES permit limit. Separate from the DEIS application, a modification
to the current SPDES permit is being pursued to get credit for such reuse.

e A responsive maintenance program will be required to conserve the potable water resources
within regulatory limits. The program will continue to provide leak repair, hot water
recirculation systems maintenance, monitoring steam trap operation, and the accurate
calibration of the SPDES flow meter.

WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY Page 1
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Overview of Options

Revised July 9, 2009

The options below are lettered “A” through “P” and are listed in order from the most economical to
the least economical. The chart below summarizes the options:

WATER-USE AESTHETIC REGULATORY
OPTIONS REDUCTION (gpd) ISSUES ISSUES
A: Premium-Quality )
Reduced Flow Potable: 13,300 | Quality of shower ;
Showerheads Wastewater: 13,300 Zﬁﬂir;nggorgay notbe None
(New & EXxisting)
B: Dual-Flush
Flushometers in Potable: 1,200 None None
Women’s Rooms Wastewater: 1,200
(New & EXxisting)
C: Water Conserving
Washing Machines
In the small Potable: 1,800 -3,200 | confirm quality of
( q_ Y None
personal laundries | Wastewater: 1,800 - 3,200 | Wash and rinse
in each residence
building)
D: High-Efficiency Potable: 1,100
Urinals in _ Likely none None
High-Use Areas Wastewater: 1,100
E: Dual-Flush Gravity | potable: 1.200
i i N N
Tank TOI.I ets in Wastewater: 1,200 one one
New Residences

WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY

Page 2
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WATER-USE AESTHETIC REGULATORY
OPTIONS REDUCTION (gpd) ISSUES ISSUES
F: Reuse WWTF Up to 18,000 potable
i i water-use reduction and
Effluent in Cooling possible SPDES credit in Likely none Need approval
OwWers August but much less at
other times of year
G: Irrigation with ] Already approved but
WV?/TF Effluent Up to 30,000 possible currently no SPDES
SPDES credit in spring, None credit & significant

summer, and early fall

restrictions on how &
when the water is used

H: WWTF Effluent Potable: 5,000 _ Need approval and
Reuse for Toilets in | Wastewater: None Zi()sf:S(;E)(lfa?i%?]ri(r)]rtoilets SPDES credit to make
New Buildings Possible SPDES Credit: it worthwhile

5,000 gpd
I: Waterless Urinals in Previous tests yielded
High-Use Areas Potable: 1,250 | Significant complaints
from odor, appearance
Wastewater: 1,250 and maintenance None
problems.—NOT
RECOMMENDED
(pursue Option “D”
instead)

J: WWTF Effluent Potable: 4,500 Need anproval and
Reuse for Toilets in | \Wastewater: None | Possible odor or SPDESpfre it o make
Existing Offices & | possible SPDES Credit; | discoloration intoilets | ;v vhite
Locker Rooms 4,500 gpd

K: Shower Water Possible suds, odor, or
Collection & Reuse | Potable: 5,000 d:SCO'Of_at:O“ in toilets
for_Tquets inNew | \wastewater: 5,000 Ergi{:ﬂ:_erﬁggre Need approval
Buildings RECOMMENDED

L: Laundry Recycling

. . Possible improvement
System with Potable: 15,500 1 or deterioration of None
Potable Water Wastewater: 15,500 | garment appearance
Makeup

M: High-Efficiency Possible waste piping

Urinals in Potable: 1,100 | blockages after several N

. . ] years of use—NOT one
Remaining Areas Wastewater: 1,100 | RECOMMENDED
(Low Use)

WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY
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WATER-USE AESTHETIC REGULATORY
OPTIONS REDUCTION (gpd) ISSUES ISSUES
N: Laundry Recycling | Potable: 26,500 (Jan) To pursue this option,
. close cooperation
System with 43,000 (Aug) would be needed with
WWTF Effluent Wastewater: 15,500 | Possible improvement | regulatory agencies
Reuse for Makeup, Possible additional or deterioration of and developing
Cooling Towers, Slgslg:zsec?e dilt:lona garment appearance regulations. Need
and Toilets in New 11,000 (Jan) approval and SPDES
Buildinas 27,500 (Aug) credit to make it
g ' 9 worthwhile
O: WWTF Effluent Potable: 10,400 Need l and
. . . eed approval an
Reuse for TOlles I | wasowsr:  None | Posbleador | S90S e o make
i Possible SPDES credit: it worthwhile
Residences 10,400 gpd
P: Dual-Flush Gravity
Tapk_Tonets in Potable: 3,100 None None
Existing Wastewater: 3,100
Residences

Recommendations

1. For the population proposed in the DEIS (add 500 more people for a total overnight
population of 1,803 with 2,050 total beds), the following options are all recommended to
save water with reasonable economics:

e Option A—Premium-Quality Low Flow (1.5 gpm) Showerheads (New and Existing)

e Option B—Dual-Flush Flushometers in Women’s Rooms (New and EXisting)

e Option C—Water Conserving Washing Machines in Personal Laundry (New and Existing)

e Option D—High-Efficiency Urinals in Men’s Rooms with High Usage

e Option E—Dual-Flush Gravity Toilets in New Residences
e Option F—Reuse WWTF Effluent in Cooling Towers

Note: SPDES credit for WWTF effluent that is not sent to Mountain Brook but reused on-
site for Cooling Towers, Toilets, and so forth is being pursued in parallel with this DEIS.

2. For the proposed new buildings at the time of construction:

In addition to the options recommended above:
SPDES credit is granted for WWTF effluent reuse;

IF

AND IF
AND IF

THEN

WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY

Approval is granted by DOH, DEC, and DEP;

More water savings for Green Globes™ credit or other non-economic incentives
are desired;

Pursue Option H—WWTF Effluent Reuse for Toilets in New Buildings.

Page 4
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(NOTE: If Option H is pursued, 250 regular gravity-flush toilets and 30 regular urinals from the
existing buildings would be moved to the new buildings and 250 new dual-flush gravity toilets
and 30 new high-efficiency urinals would be purchased and installed in the existing buildings to
replace the old fixtures that are moved. In this way, we benefit from the water-use reduction in
both areas.)

3. For the Laundry, the following is recommended:

IF Laundry pilot tests demonstrate that a softener and/or filter is warranted
to improve garment appearance, pursue Option L to install a recycling
system at the same time since the life-cycle cost is the same and we can
save a significant amount of water.

OTHERWISE Do not install a laundry recycling system at this time.

4. For the remaining options, the following is recommended:

e Do not pursue Options G, I, J, K, M, N, O, or P at this time. These options are not
warranted for the population proposed in the DEIS.
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APPENDIX

Presented below are detailed descriptions of each option as well as the water-use reductions,
aesthetic issues, permitting issues, and recommendations specific to that option.

Much of the data for these options came from previous studies done by Watchtower Bible and Tract
Society of New York, Inc., and WEC personnel over the last few years. In addition, some
information is provided for supporting the expected water usage figures and operating at or below
the 165,000-gpd permit limit.
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OPTION A: Premium-Quality Reduced Flow Showerheads—Replace Existing and
Install in New Installations

Description

The existing showerheads provide a flow of about 2.5 gpm and a good quality shower experience. A
study done in 2006 showed a usage of about 18.4 gpcd in our residential showers. There are a
number of premium-quality ultra-low-flow showerheads now on the market. These save a significant
amount of water and energy, but may not provide as vigorous of a spray. These premium-quality
ultra-low-flow showerheads have patented features and claim to combine the water spray with air to
provide a good quality shower experience (examples include Bricor, Jet-Stream, and Oxygenics).
Some premium-quality 1.5-gpm showerheads have been tested at the WEC facility and were found
to provide an acceptable quality shower experience (Oxygenics, Jet-Stream, Hansgrohe). Other
showerheads are being tested as well. In contrast, showerheads with 1.0 gpm or less flow that have
been tested at the WEC have not provided an acceptable shower experience.

The economic evaluation below conservatively assumes a high cost per showerhead due to the
anticipated frequency of replacement. Even with the high assumed cost, this option demonstrates an
early rate of return.

Potable Water-Use Reduction at 1,803 Population: 13,300 gpd

WWTF Flow Reduction at 1,803 Population: 13,300 gpd

Aesthetic Issue: Quality of shower experience may not be quite as good.

Permitting Issues: None

Recommendation: Install premium-quality 1.5-gpm showerheads in all new and existing showers.

Make sure that the model(s) chosen do not have an easily adjustable/removable flow restrictor that
would allow much higher flow rates.
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OPTION B: Dual-Flush Flushometers for Women’s Restrooms—Replace Existing
and Install in New Installations

Description

The existing water-closet flushometers use 1.6 gallons per flush. Sloan makes a $30 retrofit kit that
allows a 1.1-gallon flush when the lever is pulled up instead of down. This saves half a gallon for
each liquid-only flush. This flushometer has been tested at the WEC with good results. Installation is
proposed for the women’s restrooms. The men’s restrooms already have urinals installed for liquid-
only flushing. Residence room toilets are all of the gravity tank type that does not permit a retrofit
for dual flush use.

Potable Water-Use Reduction at 1,803 Population: 1,200 gpd
WWTF Flow Reduction at 1,803 Population: 1,200 gpd
Aesthetic Issue: None

Permitting Issues: None

Recommendation: Install in all flushometer-type water closets in women’s restrooms.
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OPTION C: Washing Machines in Personal Laundry—Replace Existing and Install in
New Installations

Description

The existing washing machines in the personal laundries use about 26 gallons per cycle. There is a
current need to replace these washers due to age. Two options are being considered for replacement.
Option No. 1 is to replacement with a commercial model (Wascomat) that can be expected to last
about ten years and is somewhat more water efficient than the existing units. The same model of
Wascomat washing machines is proposed for the personal laundries in the new residence buildings.
Option No. 2 is to install a water efficient residential model (Miele) that is expected to demonstrate
an operating life cycle of four years.

Potable Water-Use Reduction at 1,803 Population: 1,800-3,200 gpd

WWTF Flow Reduction at 1,803 Population: 1,800-3,200 gpd

Aesthetic Issue: The proposed equipment is more reliable than the existing washing machines. There is
the possibility that wash/rinse quality may not be quite as efficient due to the water conservation per
wash cycle.

Permitting Issues: None

Recommendation: Provide some of the Miele washing machines as replacements. If the units work
well, provide adequate wash/rinse quality, and demonstrate the water and energy savings, then install
the units in all the existing personal laundries. If the Miele machines do not perform as expected, install

the longer life and more expensive Wascomat washing machines with a proven track record in
applicant’s other facilities.
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OPTION D: High-Efficiency Urinals for High-Use Installations in Men’s Restrooms

Description

The existing urinals use about one gallon per flush. Zurn makes a high-efficiency urinal that uses
only 1/8-gallon per flush. These are currently being tested at the WEC. Testing is not complete but
indications are that the units work satisfactorily. This saves 7/8-gallon for each liquid-only flush.
(Vitra makes a similar 1/4-gpf urinal.)

There may be maintenance issues with mineral buildup in the plumbing in low-use installations so
this option just considers high-efficiency urinals for the high-use areas. A total of about 30 new
urinals will be needed for increasing the population to about 1,803. This option considers purchasing
30 new high-efficiency urinals. These are to be installed in the highest use areas of both the new and
existing men’s rooms. The units are expected to capture about 50 percent of the liquid flushes
occurring at men’s rooms during the work day. Existing urinals that will be replaced are to be
relocated to the low-use areas of the new buildings.

Potable Water-Use Reduction at 1,803 Population: 1,100 gpd

WWTF Flow Reduction at 1,803 Population: 1,100 gpd

Aesthetic Issue: None

Permitting Issues: None

Recommendation: Purchase 30 high-efficiency urinals and install in the highest use areas of both the
proposed new and existing buildings. Relocate any existing urinals that are replaced to lower-use areas
in new buildings.

If a grey-water system is designed for the new buildings, still purchase 30 high-efficiency urinals but

install them all in existing men’s restrooms and move the existing urinals to the new buildings. This
provides benefits from the water-use reduction in both locations.
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OPTION E: Dual-Flush Gravity Tank Toilets for New Installations in Residences

Description

The existing gravity tank water closets in the residences use 1.6 gallons per flush. A study done in
2006 estimated that each resident uses their residential toilets about three times each day for liquid-
only flushes. Kohler makes a dual-flush gravity tank water closet that allows a 0.8-gallon flush for
liquid-only flushes. This saves 0.8 gallons for each liquid-only flush. This dual-flush toilet and a few
others on the market have been tested at the WEC. They work satisfactory.

The cost of replacing existing toilets is not economical. For new construction, however, the cost is
reasonable. This option considers installing 250 new residential toilets to increase the population to
about 1,803.

Potable Water-Use Reduction at 1,803 Population: 1,200 gpd

WWTF Flow Reduction at 1,803 Population: 1,200 gpd

Aesthetic Issue: None

Permitting Issues: None

Recommendation: Install in all new residences unless a grey-water system is pursued.

If a grey-water system is designed for the new residences, still purchase 250-dual-flush gravity tank

toilets, but install the units in existing residences and move the existing gravity tank toilets to the new
residences. This provides benefits from the water-use reduction in both locations.
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OPTION F: Reuse WWTF Effluent in Cooling Towers

Description

The cooling towers currently use about 2,400,000 gallons per year of potable water. A feasibility
study was done n 2006 which addressed the health and permitting issues and showed an economic
payback of 4.4 years with the current population. With a higher population, the economics are even
more favorable. The reduction in WWTF flow counted towards the SPDES permit is seasonal and
would only apply if approval is granted to modify the permitted metering location from regulatory
agencies.

Potable Water-Use Reduction at 1,803 Population: 1,500 gpd (January), 6,000 gpd (April), 18,000 gpd
(August).

WWTF Flow Reduction at 1,803 Population: Same as above if SPDES credit is obtained.

Aesthetic Issue: Likely none.

Permitting Issues: Need regulatory approval. May or may not get SPDES credit.

Recommendation: Apply for Regulatory approval and install if approved. Try to get SPDES credit by

moving the official meter for monitoring the WWTF flow to the effluent in the pipe downstream of the
location where this water is diverted to reuse.

WATER CONSERVATION/REUSE/RECYCLING OPTIONS FEASIBILITY STUDY Page 12



WATCHTOWER EDUCATIONAL CENTER AMENDED SITE PLAN Revised July 9, 2009

OPTION G: Irrigation with WWTF Effluent

Description

The WEC already has approval to divert up to 30,000 gpd of WWTF effluent to irrigation use on-
site. The current SPDES permit counts this water toward the 165,000-gpd limit and places other
restrictions on when and how to irrigate with the effluent. Currently, due to no SPDES credit for
irrigating with the effluent water, the cost is the same as using reservoir water, and the cumbersome
operating restrictions; the WWTF effluent is not used for irrigation. This option provides additional
capacity for population expansion during peak water usage during the summer season. However, it
provides no reduction during the winter season.

Potable Water-Use Reduction at 1,803 Population: None.

WWTF Flow Reduction at 1,803 Population: 0 gpd (Winter), 30,000 gpd (Summer) if SPDES credit is
obtained.

Aesthetic Issue: Likely none.
Permitting Issues: Will not get SPDES credit. Restrictions on when and how we can irrigate.

Recommendation: Do not pursue this option further. Use as needed to supplement reservoir supply for
irrigation even though no credit can be given towards the effluent flow volume from the WWTF.
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OPTION H: WWTF Effluent Reuse for Toilets in New Residences, Offices, and Locker
Rooms

Description

The WWTF effluent is currently treated to the near potable water use. Microbiologically, virtually
all pathogens have been killed. Physically and chemically, the effluent contains slightly more
minerals, salts, and organics than potable water. Since the organics in the water provide a food
source and absorb oxygen, the WWTF effluent is chlorinated to prevent the development of any
discoloration or odors. (Even potable water can develop discoloration and odors if allowed to
become stagnant.) WWTF effluent reuse for toilets in new residences, offices, and locker rooms can
save significantly more water than dual-flush toilets since all the water for the toilets would be
reused.

The main cost of this option is the installation of a separate piping system to supply the toilets. The
costs are significantly less if the separate piping is designed and installed during the construction of
the buildings. The reduction in WWTF flow counted towards the SPDES permit, however, this
would only apply if regulatory agency approval is granted to modify the permit to move the
metering location. This approval would likely also involve a variance from the State Plumbing Code.

Potable Water-Use Reduction at 1,803 Population: 5,000 gpd

WWTF Flow Reduction at 1,803 Population: Same as above if SPDES credit is obtained.
Aesthetic Issue: Possible odor or discoloration in toilets.

Permitting Issues: Need regulatory approval. May or may not get SPDES credit.

Recommendation: A reasonable option to consider when the new buildings are built—if SPDES credit
can be obtained and more water-use reduction is desired than the above options can provide.
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OPTION I: Waterless Urinals for High-Use Installations in Men’s Restrooms

Description

The existing urinals use about one gallon per flush. Many manufacturers such as Falcon make
waterless urinals that use replaceable chemical cartridges. The cost of the replacement cartridges,
however, is substantial (about $7,000 per year for the 30 urinals considered here). These have been
tested at the WEC. They worked but there were complaints of a strong chemical smell from the
cartridges and also lack of cleanliness. Because of these problems, some manufacturers have come
out with waterless urinals that use proprietary oil instead of a cartridge for the seal. The sealing oil
level and freshness is maintained by pouring a bit more in every couple of weeks or so. The Kohler
K-4918 model is an example. This option looks at the more economical Kohler model. It is shaped a
bit differently than a standard urinal so there may be some extra expense with a retrofit. It has not
been tested at the WEC.

There may also be maintenance issues with mineral buildup in the plumbing to low use installations
so this option just considers waterless urinals for the high-use areas. A total of about 30 new urinals
will be needed for increasing the population to about 1,803. This option considers purchasing 30
new waterless urinals. These would be installed in the highest use areas of both the new and existing
men’s rooms. This would capture about 50 percent of the liquid flushes at men’s rooms during the
work day. Existing urinals that would be replaced would be relocated to the low-use areas of the new
buildings.

Potable Water-Use Reduction at 1,803 Population: 1,250 gpd
WWTF Flow Reduction at 1,803 Population: 1,250 gpd

Aesthetic Issues: Possible complaints from chemical smell. Looks significantly different than a normal
urinal. Cleanliness issues.

Permitting Issues: None

Recommendation: Recommend pursuing Option D (High-Efficiency Urinals) instead since it saves
almost as much water, pays off economically, and completely avoids the aesthetic issues.
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OPTION J: WWTF Effluent Reuse for Toilets in Existing Offices and Locker Rooms

Description

As described in Option H above, the WWTF effluent is currently treated to near potable water
quality. A possibility exists for discoloration or odors. As noted there, a water-reuse system can save
significantly more water than dual-flush toilets since all the water for the toilets would be reused.
The costs are significantly more for a retrofit than for new construction. However, for offices and
locker rooms, the retrofit toilets are concentrated in a few areas.

To supply the WWTF effluent, a non-potable main pipe can be installed through the tunnel system.
The plumbing can be modified for the 250 or so existing toilets in the Dining Room lobby toilet
rooms, South Services Building, North Services Building, South Office Building, Audio/Video
Building, Main Lobby, and Auditorium/ School Building. Retrofitting these buildings is expected to
capture about 75 percent of the non-residential restroom use. The reduction in WWTF flow counted
towards the SPDES permit, however, this would only apply if we receive approval to modify our
permit to move the metering location. We would need approval from regulatory agencies to
implement this option. This approval would likely involve obtaining a variance from the State
Plumbing Code.

Potable Water-Use Reduction at 1,803 Population: 4,500 gpd

WWTF Flow Reduction at 1,803 Population: Same as above if SPDES credit is obtained.
Aesthetic Issue: Possible odor or discoloration in toilets.

Permitting Issues: Need regulatory approval. May or may not get SPDES credit.

Recommendation: A possible option to consider if SPDES credit can be obtained and more water-use
reduction is desired than the above options can provide.
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OPTION K: Shower Water Collection & Reuse for Toilets in New Residences,
Offices, and Locker Rooms

Description

Option H above described a water-reuse system for toilets using WWTF effluent. This option looks
at a centralized system for using water collected from the shower drains. This option costs more
since there are significant costs for the separate shower drainage piping in addition to the cost of the
separate piping system to supply the toilets. (The costs would be significantly less if the separate
piping is installed during the construction of the buildings.)

The water from the showers is likely to have a slight grayish color. This would require the injection
of a defoamer chemical and chlorine to minimize problems with suds, odor, and discoloration. A
filter system would likely also be needed to address hair removal and miscellaneous particles.
Approval from regulatory agencies is required to implement this option. If a variance was not
granted from the State Plumbing Code, separate systems would be required for each building, which
would increase the costs.

Potable Water-Use Reduction at 1,803 Population: 5,000 gpd

WWTF Flow Reduction at 1,803 Population: 5,000 gpd

Aesthetic Issue: Possible suds, odor, or discoloration in toilets.

Permitting Issues: Need regulatory approval.

Recommendation: Generally NOT RECOMMENDED due to concerns over appearance of water and

maintenance issues with filters. Only consider this option if SPDES credit cannot be obtained for
WWTF reuse and we want to allow for the most flexibility on-site.
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OPTION L: Laundry Recycling System with Potable Water Make-up

Description

The Laundry currently uses about 5,300,000 gallons per year of potable water. The Laundry has
expressed interest in installing a softener or filter to address an ongoing problem with garment
discoloration. A feasibility study was done in 2007, which included a review of the garment
discoloration as well as treatment and recycling equipment that could be installed. A number of
options were reviewed—many of which involved recycling a significant amount of water. One of
those options (designated “3D” in that study) involved a laundry recycling system supplemented
with potable water make-up that could reuse 80 percent of the water and had a life-cycle cost and
garment quality that was comparable with the non-recycling option.

Potable Water-Use Reduction at 1,803 Population: 15,500 gpd
WWTF Flow Reduction at 1,803 Population: 15,500 gpd

Aesthetic Issue: Possibly not quite as good garment quality as with softening and filtration without
recycling. (Garment quality may be better than current situation.)

Permitting Issues: None
Recommendation: A good option to consider if it is decided to install softening and filtration for the

Laundry. A reasonable option to consider if more water-use reduction is desired than the above options
can provide.
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OPTION M: High-Efficiency Urinals Retrofit for the Low-Use Urinal Locations Not
Included in Option D

Description

The existing urinals use about one gallon per flush. Zurn makes a high-efficiency urinal that uses
only 1/8-gallon per flush. These have not been tested at Patterson but indications are that they work
satisfactorily. This saves 7/8 gallon for each liquid-only flush. (Vitra makes a similar 1/4-gpf urinal.)
The cost of replacing existing urinals is not as economical as new construction. There are concerns
of mineral buildup in piping for such low use urinals. This option considers replacing the 72 existing
urinals.

Potable Water-Use Reduction at 1,803 Population: 1,100 gpd

WWTF Flow Reduction at 1,803 Population: 1,100 gpd

Aesthetic Issue: Possible pipe blockages and overflows after several years of operation.
Permitting Issues: None

Recommendation: Generally NOT RECOMMENDED due to concerns over mineral deposits in waste
piping behind the wall.
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OPTION N: Laundry Recycling System with WWTF Effluent for Make-up, Cooling
Towers, and Toilets in New Buildings

Description

This is the option designated “5K” in a previous feasibility study. It combines the above Options F,
H, and L into one comprehensive system.

Potable Water-Use Reduction at 1,803 Population: 26,500 gpd (January) and 43,000 gpd (August).

WWTF Flow Reduction at 1,803 Population: 15,500 gpd plus possibly an additional 11,000 SPDES
credit (January). (Possibly an additional 27,500 SPDES credit in August.)

Aesthetic Issue: Possibly not quite as good garment quality.
Permitting Issues: Need regulatory approval.

Recommendation: This option would only be considered if additional water conservation was
necessary.
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OPTION O: WWTF Effluent Reuse for Toilets in Existing Residences

Description

As described in Option J above, retrofitting existing buildings for non-potable piping is significantly
more expensive than for new construction—especially in residences. There is, however, a possibility
to save a significant amount of water since all the water for the toilets would be reused. This option
looks at extending a non-potable main pipe from the offices to the existing residence buildings and
Patterson Inn and modifying the plumbing for the 900 or so existing toilets in the residence buildings
and Patterson Inn, including the tub rooms.

The reduction in WWTF flow counted towards the SPDES permit, however, this would only apply if
we get approval to modify our permit to move the metering location. We would need approval from
regulatory agencies to implement this option. This approval would likely involve obtaining a
variance from the State Plumbing Code.

Potable Water-Use Reduction at 1,803 Population: 10,400 gpd

WWTF Flow Reduction at 1,803 Population: Same as above if SPDES credit is obtained.
Aesthetic Issue: Possible odor or discoloration in toilets.

Permitting Issues: Need regulatory approval. May or may not get SPDES credit.

Recommendation: We would likely only consider this option if we were desperate to reduce water
usage and SPDES credit could be obtained for WWTF effluent reuse.
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OPTION P: Dual-Flush Gravity Tank Toilets Retrofit in Residences

Description

The existing gravity tank water closets in the residences use 1.6 gallons per flush. Kohler makes a
dual-flush gravity tank water closet that allows a 0.8-gallon flush for liquid-only flushes. This saves
0.8 gallons for each liquid-only flush. This dual-flush toilet and a few others on the market have
been tested at Patterson. They work well. The cost of replacing existing toilets is not nearly as
economical as for new construction. This option considers replacing the 800 existing residential
toilets.

Potable Water-Use Reduction at 1,803 Population: 3,100 gpd
WWTF Flow Reduction at 1,803 Population: 3,100 gpd
Aesthetic Issue: None

Permitting Issues: None

Recommendation: This option would only be pursued if we were desperate to reduce water usage and
SPDES credit was not granted for WWTF effluent reuse.

(Note: If an existing toilet needs to be replaced anyway, it would be good to replace it with a dual-flush
toilet. In that case the slight extra cost for dual flush is warranted by the water savings.)
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PROJECTED WATER USAGE VERSUS GREEN GLOBES™ TARGETS

The recommendations above provide definite reductions in water usage. The reduction will assist in
obtaining Green Globes™ certification. In deciding whether to pursue some of the options, it is
helpful to compare the projected water usage in comparison to the Green Globes™ targets. This
section looks at projected water usage for our new buildings and how those compare to the targets.

Residential Buildings

With the existing residence buildings (2.5-gpm showerheads, 2.5-gpm kitchenette sink and bathroom
sink, 1.6 gpf toilets, Maytag washing machines in personal laundries, 10 percent of beds empty) the
current use per apartment is about 21,000 gallons per year. The Green Globes™ goal of
11,000 gallons per year per apartment would require a drastic reduction in water use to roughly half
of the current residence building usage.

For that reason in the study presented above, the proposed new residences implement the following
building reductions:

e Option A—1.5-gpm showerheads (projected 4,800 gallons per year per apartment reduction).

e Option C—Water conserving washing machines for personal laundries (700-1,200 gallons
per year per apartment reduction depending on model chosen—Wascomats/Mieles).

e Option E—Dual-flush toilets (1,600 gallons per year per apartment projected reduction).

If Options A, C, and E are implemented, which have reasonable economics, the water usage
reduction is expected to be approximately 13,400 gallons per year per apartment. This is close to the
most stringent Green Globes™ target for residential buildings of 11,000 gallons per year per
apartment but does not quite meet it. To meet this Green Globes™ target, Option H would be
required, which is WWTF effluent recycling for toilets instead of dual-flush toilets. If all four options
were implemented, the water usage could be reduced to about 9,800 gallons per year per apartment.
However, due to unfavorable economics and the need for a variance from the Plumbing Code and
DOH/DEC approval, this option cannot be assured at this time. Therefore, the reduced Green
Globes™ goal of 33,000 gallons per year per apartment would be pursued instead.

Other Buildings

The existing WEC Office Building has approximately 154,400 square feet of floor space with offices
for about 400 people. The water meter records for the building show current use of about
11,000 gallons per week of cold water. In addition, hot water for sinks use about 4,000 gallons per
week. (The hot water is not separately metered for the building.)

This calculates out to (11,000 + 4,000 gallons per week) times 52 weeks per year divided by
154,400 square feet equals 5 gallons per square foot per year, which is about half the 10 gallons per
square foot per year Green Globes™ target.

For the new proposed building space part of the water conservation study, further reductions are
expected from the use of high-efficiency urinals and dual-flush toilets. This is expected to drop the
usage by 20 percent to about 4 gallons per square foot per year for a typical new office building.

The existing North Services Building and Audio/Video Building similarly have water usages that are
well below the 10 gallons per square foot per year Green Globes™ target.
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The existing Kitchen/Dining Room, South Services, and Powerhouse buildings, on the other hand,
have significantly higher water usage. While these buildings are not part of the proposed site
amendment, the Owner will be looking at voluntary measures to reduce water consumption in these
buildings as well.

Since the new non-residential buildings being considered at this time are in the Office/Maintenance

category, it appears that the mechanical design can meet the 10 gallons per square foot per year
Green Globes™ goal for the proposed new non-residential buildings.
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I. GENERAL INFORMATION & BACKGROUND

The Watchtower Educational Center (WEC) 1s a Bible educational complex on a portion
of 600-acres of property located on Route’ 22 in Patterson, NY, Although still under
construction, the complex currently has 20 buldings and over 800 residents. In the future over
1600 residents could be accommodated,

The potable water needs of the complex are served by a series of five wells located
throughout the property. These wells can supply 230 gpm (twice the average day demand) with
the largest well out of service. A small water treatment plant is presently in operation at the
complex. Treatment consists of pH adjustment and chlorination.

The existing water treatment plant has been in operation for approximately 4 years.
During this time facility personnel have had to mitigate problems in heat exchangers at the
complex caused by calcium and magnesium hardness. Temporary mutigation of the effect on
specific equipment is being achieved by means of point-of-use water softeners (Culligan),

For the permanent solution, the WEC has proposed a Water Softeming Facility (WSF) that will
incorporate lime / potassium carbonate softening and filtration, (This technology was chosen over
ion-exchange because of anticipated limits on the total dissolved solids of our Waste Water
Treatment Facility (WWTT) effluent.) [t is expected that the new facility will greatly reduce the
hardness of the water, improve its quality, and thus eliminate the undesirable effects of non-
softened water at the complex. As a side benefit, it is expected that the installation of the water
treatment facility will also allow for the possible future treatment of surface water.

The purpose of this Enginecr's Report is to provide an addendum to the original
Watchtower Educational Center Engineering Report for the Water Supply, Treatment, and
Distribution as dated 11/7/88 and revised 9/4/89. This addendum supports the application (Form
296) for approval of plans for Public Water Supply Improvement. Although several features of
the plans reflect a possible future treatment of surface water, at this time approval is only being
sought for use of the plant as a groundwater softening facility.

The NYSDEC permit for the water supply and distributton system was issued 8/11/89.
The NYSDOH issued approval of completed works 11/6/90 for phase I which included well #2
and #4, the water treatment plant, and the water supply and distribution system to serve the hotel,
dining room, and construction related facilities. The NYSDOH then issued subsequent approval
of completed works 5/18/92 for Phase T of the project which includes all the remaining works as
per plans approved on 12/20/89 under [NYSDOH] log #6142-5 for which no completed works
approval was issued on phase I. This allowed use of well #6, and sand and gravel wells #1 and
#2. The temporary Culligan water softening systems were approved for use by NYSDOH on
2/14/94,

At a preliminary meeting with Mr. George Philip of NYSDOH in Albany on 12/15/93 we
were directed to perform a pilot study of the proposed technology (CBI Walker ClariCone solids
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contact units with Decel gravity filters) for the permanent water treatment plant adjustments.
This study was endorsed by George Philip of the New York State Department of Health and was
conducted from March 29 to July 14, 1994, The resulis of the pilot study were summarized in a
report entitied "Water Softening Pilot Study Report” dated July 25, 1994 which was submitted to
NYSDOH on 9/2/94 along with a sheet entitled "Equipment Sizing for Full 8cale Design", On
10/4/94, NYSDOH endorsed this report and the full scale design parameters. Copies of these
documents are included in the appendix,
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II. TREATMENT PROCESS CONSIDERATIONS

A. OVERVIEW

The basic process to be implemented is Lime / Potassium Carbonate Softening, The
process equipment and workspace will occupy approximately 7000 ft2 of a proposed new 10,000
ft2 building which is to be located adjacent to the existing water treatment plant. (See drawings
for plans showing the location and layout of the new building and a Process & Instrumentation
Diagram for the new facility. )

The treatment process consists of the following sequence of steps; 1) raw water blending,
2) chemical injection, 3) rapid mix, 4) flocculation, 5) clarification, ) pH adjustment, 7) filtration,
8) alkalinity adjustment, 9) chlorination, and 10) storage. In addition to these basic steps, there
will be equipment for; chemical storage, handling, and feed; sludge storage, thickening, and
dewatering for the sludge from the solids contact unit and the filters; filter backwash supply,
settling tanks, and supernatant recycle; and sampling and monitoring.

The design basis for the plant is 230 gpm which corresponds to double the average day
demand (2 x 165,000 gpd) with the plant operating continuously. The justification for these
figures is presented in the original engineering report for the water supply. The new plant will
actually be capable of higher flowrates to account for periodic maintenance and potential future
expansion. The plant will also be capable of operating with a daily startup and shutdown to allow
for greater flexibility. Provision will also be made to allow for a possible future conversion of the
plant to surface water treatment.

B. RAW WATER BLENDING

Raw water blending is necessary to maintain a stable chemistry in the process. Each of the
wells has a different degree of hardness and alkalinity. The chemical dosage necessary to soften
the water varies with how much hardness and alkalinity is present in the raw water. 1f the raw
water chemistry kept changing as different wells were pumped, it would be very difficult to
properly dose the chemicals to soften the water. The raw water blending tanks prevent this
problem by providing a place to maintain a fixed blend of raw water from the wells. When the
level is low in the blending tanks, both the well #2 pump and the pump from the existing surge
tank are turned on simultancously thereby blending together at a fixed ratio. Both pumps stay on
until the tank is full. Two tanks are provided to allow for periodic cleaning. Each tank is sized at
over 14,000 gallons which corresponds to a two hour detention time at average flow with one
tank in operation.
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C. SOLIDS CONTACT UNIT (CLARICONE)

Chemical injection, rapid rmix, flocculation, and clarification are all accomplished in the
solids contact unit (CBI Walker ClariCone), Three 12 ft diameter cones will be installed. Room
will be left in the building for the addition of a future fourth cone for expansion. (This sizing is
consistent with the preliminary design parameters which were endorsed by NYSDOH following
the pilot study.) Water is pumped from the raw water blending tanks to a 24 ft high (18 inch
diameter) "head tank" which provides the height necessary to allow gravity flow through the
solids contact unit and filters to the existing clearwells. The variable speed pumps will be
controlled by a level sensor m the head tank. The head tank also serves to remove gas bubbles
and prevent backflow when the unit is shut down, The chemicals (lime, potassium carbonate, and
anioni¢ polymer) are injected at the base of the cone where a swirling action thoroughly mixes the
chemicails with the raw water in the presence of a sludge blanket of previously formed solids.
(The pilot study showed that an extra mechanical mixing chamber ahead of the cone 13 not
necessary.) This rapid mix zone at the base of the conc is where the softening actually takes
place. The degree of softening is controlled by the amount of lime and potassium carbonate
injected at this point. In the middie of the cone is the flocculation zone. Gentle mixing in this
zone allows the solids to grow to a size large enough to settle out. The anionic polymer helps the
particles to grow to the proper size. The top of the cone is the clarification zone where the solids
settle out and the clear softened water overflows the helical notch weir at the very top. (The pilot
study demonstrated the cffectivencss of the helical notch weir) As the water flows through the
cone, solids build up in the sludge blanket. Lighter solids are removed every few hours from the
top of the sludge blanket by the automatic opening of a valve connected to a concentrator at the
center of the cone. Heavy solids are removed every few days by opening a valve connected to the
base of the cone, These solids flow by gravity to the sludge storage/thickening tanks where they
are processed further.

D. PH CORRECTION

When the softened water leaves the cone, it 13 highly alkaline (pH ~ 11). This is corrected
by injecting sulfuric acid in the pipe between the cone and the filters. A pH controller regulates
the amount of acid injected to maintain the set pont pH. This pH set point will be operator
selected to maintain a Langelier Saturation Index of approximately 0.5 for the finished water. The
controller will be of a type to minimize the need for operator adjustments as the process
conditions change, The water is pH corrected before the filters to avoid forming mineral deposits
on the sand which could eventually cement the media into a solid block.

To adequately blend the acid into the water, a static mixer will be placed between the
injection point and the pH probe. The static mixers will be of a high efficiency design to allow
adequate mixing over a wide range of flowrates (from 50gpm to 480gpm). Two acid injection
points, static mixers, and pH probes will be installed in the piping manifold to allow for
maintenance without shutting down the plant,
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E. TFILTRATION

Two dual-cell rectangular Decel filters will be installed (total of four filter cells). Each
filter cell 1s 5' x 4.5' at the top of the media. Room will be provided in the building for the
addition of a future dual-cell filter to accommodate expansion. (This sizing is consistent with the
preliminary design parameters which were endorsed by NYSDOH following the pilot study.) To
allow gravity flow through the filters, they are located at a lower elevation than the cones. As
water flows through the filters, they become loaded with solids. As this occurs, the water level
inside the filter rises to maintain the same flowrate through the filter. During the (manually
initiated) backwash of a filter cell, the flow 1s split among the remaiming filter cells, (An equal
flow split between the filters is assured by the inlet trough weirs.) The backwash water is
supplied from the high level storage through pressure reducing valves. The backwash waste
water (containing all the solids) 1s sent to the upper zone of the sludge tanks. There, the solids
settle out and fall to the bottom zone of the tank. The upper zones of each of the two sludge
tanks will contain at least 7, 500 gallons. This size allows for backwashing a filter cell at 20
gpm/fi2 (bascd upon the 25 ft2 area at the bottom of the media) for 15 minutes. The supernatant
is then decanted to supernatant storage tanks and then recycled through the cones at up 1o 10% of
the raw water flowrate. (Any solids which accummulate in the supernatant storage tanks would
be pumped to the sludge tanks).

A level control loop in the pipe leaving the filter ensures that the filter media (1 ft of
anthracite on 2 f of sand) is always kept under water to prevent "air binding”. Automatic valves
will be used to operate the filters. These will have a manual override at the valve and operating
controls on the level above the filters, Slow opening valves will be used for the filter backwash to
allow time for the sand/anthracite media to fluidize. Air scour will be used to thoroughly clean
the filter media. A low pressure blower in the building will supply the air, Backwash water
flowrates can be set by the operator. Each filter wilt be provided with influent and effluent sample
taps, an indicating rate-of-{low meter, and a graduated tape inside the filter (visible from the deck)
to indicate the loss of head. An effluent sample line and pump will also be provided for each filter
to allow continuous monitoring of turbidity. As a provision for possible future treatment of
surface water, filter-to-waste valves and piping are installed on each filter.

F. CORROSION CONTROL / DISINFECTION

The final treatment steps are to inject sodium bicarbonate (corrosion control) and sodium
hypochlorite (disinfection). The sodium bicarbonate 1s added after the filters to raise the
alkalinity in the finished water. (For adequate corrosion protection, total alkalinity levels above
40 mg/l as CaCO- are reccommended.) This is the final step in adjusting the Langelier Saturation
Index. The alkalinity is not raised until after the filters to avoid precipitating calcium carbonate on
the filter media. (This problem with bicarbonate addition before the filters was noted in the pilot
study ) At this point, there is also a provision for injecting potassium carbonate to allow for more
precise control of the finished water pH.
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The existing water treatment plant has provisions for injecting a metered dose of sodium
hypochlorite in the piping between the clearwells and the high level storage tank. There is also a
chlorine residual analyzer to monitor the residual of the water coming from the high level storage
tank on its way to the distnibution system. This analyzer controls a second hypochlorite metering
pump to maintain the desircd residual (approximately 0.5 ppm} in the distribution system piping.
These two injection points will continue to be used afier the new facility comes on-line, Several
auxiliary injection points are also included for operational flexibility. The existing drum storage
and metering pumps will be moved into the new facility to make the chemical handling more
convenient.

G. WATER STORAGE

The existing clearwells and high level storage are sufficient to handle the needs for storage
of treated water. No new storage facilities are to be built in connection with these improvements
of the water treatment plant.

H. CHEMICAL STORAGE, HANDLING, AND FEED

Space is allocated for at least one month's storage of all chemicals. All chemical feed
systems are designed with redundancy or spare parts on hand to allow for continuous operation of
the plant. Provision will be made for flow proportional dosing of all chemicals (except the acid
which is controlled by the resulting pH). A drum wash room, eyewash station, and safety shower
will be provided. The powdered chemicals will be stored and fed with equipment that will
minimize stirring up excessive dust during handling.

Hydrated lime will be obtained in bulk bags (supersacks) which will be stored on pallets.
Approximately 12,000 pounds will be used each month, The bulk bags will be placed on a frame
and connected to a volumetric screw feeder. Automatic controls will activate the feeder and
water supply to maintain a constant strength "milk of lime" suspension (approximately 5% solids)
in a small mixed tank. A recirculation system will transfer the milk of lime to the base of each
cone where a peristaltic metering pump will provide the correct dosage. (This recirculation /
peristaltic system was found to work well in the pilot study.) A 1500 pound bulk bag will last for
over three days. Larger bags (up to 3000 pounds) will fit on the frame and may be more
convenient to use. A sensor will alert the operator when a bag needs to be replaced. Plant water
(i.e. soft water isolated from the distribution system with a backflow preventer) will be used to
make the "milk of lime" to avoid excessive scale formation in the recirculation piping,

Potassium carbonate will be obtained in 50 pound bags on pallets. Approximately 3000
pounds will be used each month for full softening to 50 ppm. (Partial Softening to 100 ppm will
require less potassium carbonate.) Two 100 gallon tanks and mixers will be provided for
preparing and storing the solution. (200 gailons at 45% strength will last for over 11 days.)
Metering pumps will provide the correct dosage to the base of each cone.
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Anionic polymer (emulsion type) will be obtained in 5 gallon buckets. Approximately 5
gallons will be used each month. A special feeder will be provided under each Cone to properly
activate and dilute the concentrate from the bucket. Flow proportional dosing will be achieved by
a 4-20 mA signal to thege feeders.

66° Baume Sulfuric Acid (93.2%) will be obtamed in drums (approximately 45 gallons
each). Approximately 5 drums will be used each month. They will be stored in a special room
designed for corrosion resistance and containment. The floor of the room (flush with the main
floor level) will be a corrosion resistant grating. Below the grating is the spill containment area
which slopes to a sump for removal of any spilled acid. The containment area is over 3 inches
deep and will easily contain the contents of an entire drum. An eyewash/safety shower will be
located by the acid room. Metering pumps will be mounted directly above the drums. A pH
controller will ensure proper dosing of the acid. An injection quill immediately before a static
mixer will insure rapid mixing of the concentrated acid in the water flowing through the cone
effluent manifold. The piping system will be designed to handle the corrosiveness of the acid.

Sodium bicarbonate will be obtained in 50 pound bags on a pallet. Approximately 3000
pounds will be used each month. Two 360 gallon tanks and mixers will be provided for preparing
and storing the solution. (720 gallons at 7% will last almost 5 days.) Metering pumps will
provide the correct flow proportional dosage. The bicarbonate will be fed into the filtered water
line between the filters and the clearwells to avoid solids deposition on the filter media. (The pilot
study showed that this is the best location for injecting the bicarbonate.)

Sodium hypochlorite will be obtained in 55 gallon drums. One drum will last about a
month. The Hypochlorite will be stored in a special room designed for corrosion resistance and
containment, Metering pumps will be mounted on a shelf directly above the drums. The existing
injection points (clearwell pump discharge and the metering pit by the residual analyzer) will
continue to be used in normal operation. Several auxiliary injection points are also included for
operational flexibility.

Another special room designed for corrosion resistance and containment will be provided
for future storage and feeding of liquid alum and cationic polymer. These chemicals would only
be used if surface water 1s treated in the future.

I.  SLUDGE HANDLING EQUIPMENT

As mentioned above, sludge from the cones and filter mudwells will be collected in sludge
storage / decant tanks. The two cylindrical tanks will be fabricated from carbon steel and located
in a vault below the main floor level. There are two zones in each tank that are separated by a
cone-shaped baffle. The upper zone is for settling while the lower zone is for sludge storage. The
inside of the tanks will be visible from the main floor level through a grating. A curb will be
provided around the grating. The bottom zone of each tank will be able to store at least 5000
gallons of studge. At 10% solids, each tank will be capable of storing over 5 days worth of sludge
from the cones. Centerline mounted axial mixers and baffles will be provided mn these tanks to
provide complete solids suspension of the bottom zone. Compressed air agitation will be used as

Engincers Report R
Watchtower Educational Center
Waler Soflening Facility



necessary to assist in startup of the mixers. This allows the operator to save energy by operating
the mixer only as often as needed. Vanable speed motors on the mixers wall be used to allow the
operator to save energy by providing only as much mixing as necessary.

One 30 ft3 filter press will be provided for dewatering the sludge. The dewatered sludge
will fall from the press into a dumpster for hauling. Provision will be made for sending the clear
filtrate either back to the upper zone of the sludge storage tank (o maintain the level) or to the
supernatant storage tanks (for recycling to the cone). Samples of the sludge from the pilot test
were sent to JWL, Inc. and Netzsch, Inc, to evaluate the performance of a filter press for
dewatering. The reports (see appendix) showed that a 100 psi press does an excellent job on the
sludge without any conditioning. Provision will also be made for pumping the sludge to a truck.
In addition to providing a backup system for handling the sludge, this may be useful if permission
for land application of the sludge is granted at a future time,

J.  SAMPLING AND MONITORING

Provision will be made for sampling and monitoring of the treatment process to properly
operate the plant and to provide a record of the quality of the water produced. Sample lines from
the Cones will flow by gravity to a sampling room in the basement. A solenoid valve will ¢lose
the sampling line when there is no flow. Filter effluent sample lines and pumps will be provided
for each filter cell. These will also be routed to the sampling room. The pumps will shut off when
there is no flow. Any of these sample lines described above can be directed to one of two
continuous turbidimeters. A third continuous turbidimeter will be permanently connected to a
pumped sample line from the combined filter effluent manifold. This turbidimeter will have an
alarm to alert the operator if the effluent turbidity exceeds the set point. Turbine-type flowmeters
will be installed at the inlet of each cone. The high accuracy of this type of meter 15 needed for
accurate flow proportional chemical dosing across the entire range of flowrates. Paddlewheel-
type flowmeters will be used at the outlet of each filter cell to allow monitoring of filtration rates.
A turbine-type flowmeter and manual valve will be provided in the backwash water supply line to
monitor and control backwash flowrates. pll probes will be focated in each cone, after the acid
injection points, and in the finished water piping. Chlorine residual monitoring is already provided
for the water entering the existing distribution system. Since our groundwater does not have a
significant chlorine demand, hypochlorite dosing is based strictly on flow, and therefore does not
require an additional chlorine residual monitor in the new facility. Level sensors will monitor for
overflow conditions in the cones and filters. Alarm signals from some of these instruments will be
used to automatically shut down the plant and alert the operator on call during unattended
operation. In addition to the sample lines described above, sample taps will be located at the raw
water inlet manifold and on the influent line to each filter cell. These will allow monitoring of
various parameters including calcium hardness, total hardness, total alkalimty, phenolphthalein
alkalinity, temperature, turbidity, and iron.
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K. PIPING

Schedule 80 PVC will be used for the majority of the process piping inside the new
facility. This will avoid problems with corrosion from the water before it is adjusted to the final
pH, hardness, and alkalinity.

L. PROVISIONS FOR SURFACE WATER (FUTURE)

To allow for the possible future conversion of the plant to surface water treatment, the
following provisions will be made:

* A special corrosion resistant containment room for storage and feeding of liquid alum and
cationic polymer from drums,

* Separate level control loops, filter-to-waste valves & piping, air scour, and sample lines for
montoring turbidity at each filter cell.

* Space allocated for pilot testing equipment and the potential need for a fourth cone and a
third dual-cell filter.

* Provision for handling backwash water and sludge in the event that the water cannot be
recycled.

* Provision for injecting hypochlorite into each cone.

* A Hypalon barrier between the raw water tank walls and existing clearwell tank walls to
meet NYSDOH requirements.
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IlIIl. PROGRAM TO MINIMIZE INTERRUPTION OF SERVICE

During construction of the Water Softening Facility, work on the existing water system
will involve: 1) the installation of valving to allow the new softening facility to be either brought
on-line or bypassed at the operator's discretion, and 2) lowering the 3" and 4" water lines to avoid
a conflict with a tunnel in the area of the new building. The 405,000 gallon high level storage
tank will provide water to the distribution system during this brief interruption of water plant
operation.

The affected piping will be disinfected according to AWWA procedures before being
returned to potable water service.
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IV. PROTECTION OF THE WATER SUPPLY

The following measures in connection with the design of the new facility will serve to protect the
water supply from contamination:

1.

Contamination from waste piping will be prevented. This will be accomplished by means of
air gaps for all connections 10 the sewer.

Al underground water supply piping is located at a sufficient distance from existing and
proposed sewers. (At least 10 ft horizontal separation for parallel installation and at least 18
in vertical separation at crossings.)

No cross connections exist between the finished water and any raw or partially treated
water.

. A "plant water” piping system will be used to provide pressurized water for washdown of

equipment, flushing of sludge & chemical lines, and dilution water for preparing chemical
solutions. This "plant water" piping system will be isolated from the potable distribution
water by means of a backflow preventer.

The backwash water supply will be isolated from the potable distribution water by means of
a backflow preventer,

Four inch curbs are placed around access hatches to the mudwells and raw water blending
tanks. A four inch curb is also provided around the grating above the sludge storage tanks.

_ The lowest elevation in the water softening facility is 714.00 whereas the flood plain is at

430.00. It is well above both the 100 and 500 year flood plain and over 1,000 feet from the
nearest stream (Mountain Brook).

_ Chemical injection will be done with pumps which are designed to prevent overfeeding due

to siphoning,

. All new piping and equipment will be disinfected according to AWWA procedures before

being put into potable water service.
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V. SUPPORT FACILITIES

Support facilities for the new water treatment facility include the following:

A. LABORATORY

The WEC WSF/WWTF laboratory is being relocated from the wastewater control
building to a separate building at that location as shown on the Laboratory Plan (see appendix).
The laboratory layout is as shown to George Philip of NYSDOH on 12/15/93. It features the use
of separate titration equipment for water and wastewater tests. Plant control tests arc typically
performed here by trained lab technicians. Analyses conducted to determine compliance with
drinking water regulations are performed by a NYSDOH certified lab. Some space is also
provided in the new water softening facility where some lab work can be performed.

B. ELECTRICAL CONTROLS

The electrical room and control room arc located on the floor above the ClariCones. In
the event of catastrophic rupture of a tank, flooding of the electrical controls will not occur.

C. STANDBY POWER

Standby power will be provided from the emergency generation system located at the on-
site power house about 100 feet south of the proposed water works addition. This activates
within 20 seconds of a public power outage. However the high level tank already contans
405,000 gallons of finished water available by gravity to the WEC. Thus emergency power
should not need to be supplied for power outages of a few hours, but it is provided anyway.

D. COMPFPRESSED AIR

High pressure {100psig) compressed air for the water softening facility will be supplied
from a central system in the on-site power house. In addition to pneumatic valves, compressed air
needs will involve diaphragm pumps, a filter press, air agitation for sludge tank mixer startup, and
air agitation for the mudwells during sludge pumping.

A low pressure blower (5psig) located in the water softening facility will be used for air
scour of the Decel filters.

E. SHOP SPACE AND STORAGE

A work shop and parts storage area is provided along with both a metric and U.S.
standard tool set. Sufficient work bench space and task lighting are available to perform
maintenance repairs on pumps and feeders. Since the main plant floor elevation is the same
throughout, work can also be performed at the various equipment locations.
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FATTERSON, NEW YORK
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"RevlIslon - September 4, 1989

A.  DESCRIFTION OF RMRDJECT:

1.

Ganeral ;

The project consists of an educational center on a 375 acre parcel
east of Route 22, having approximately 624 one bedroom apartments to
house a resident population of 1224 student, administrative, and
support persennef. A central dining facility and central laundry as
well as various administrative and support facllities are planned as
part of the development., A 152 room hotel will alsc be constructed
and operated on an adjolning 12 acre parcel, which will Initially

.house construction workers for the aducational center. The project

locatlon is shown on the attached Figures 1-1 and 3-1 extracted from
the Environmental Impact Statement for the project.

Water System;

A site plan for the proposed educatlonal center and hotel development
Is shown on Sheat D1. Water supply and wastewater aspects of the
proJect will be developed on-site, because munlcipal or other
alternative services are not available in the area., Subsurface
sources of water supply wlll be developed in sufficlent quantity to
meet projected water requlrements,

The subsurface source wlll consist of three rock wells east of Route
22 and two sand wells west of Route 22 which have been recently
drilled. A system of force malns wlll transport the water from the

walls to a common clearwel| for chlorinatlon prior to [ifting To the
hlgh level storage tank, as shown on Sheet D1. Due to the low
aglevation of the two northern wells near Route 22, and the =and wolls,
these will pump to a small surge tank where the comblned flow will be
pumped to the clearwell. Proflles of the force mains are shown on
Sheets C4,38 and C4.39.

Test resufts for well water quallty and quantity based on concurrent
pumplng tests for the three rock wells together and the two sand wells
together are presented in Appendix B of this report. A water
treatment plant wlil be constructed to provide for contreol of the
pumping, clearwel| storage, and disinfectlon systems, as shown on
Sheet D12. Facllitlies for chlorination of the well water prior to
storage, and chlorine resldual control in the distribution system will
be provided at this bullding. The hypochlorite form of chlorination
will be used conslstent wlith Putnam County Departiment of Health
requirements. Based on well water analyses from the pumping test
samples, no treatment of well water other than chlorination for
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disinfection is anticipated to meet drinklng water standards.

No waste streams are contemplated from the water treatment plant. The
wastewater systom s described In the report entitled "Watchtower
Educational Center, Wastewater Collectlon, Treatment and Dlsposal"
dated Dacember 7, 1987 (Revised August 1, 1989) and !Included with the
documentatlon submitted to the Putnam County Department Health on
August 7, 1989.

The water supply system sufflclent to satisfy The needs of the hotel
will be constructed Initially, to provide for the workers who will be
engaged on the construction of the educational center. This Inltial
system will Include the wells, well water collectlon system and
distribution system as needed, the water treatment plant and the high
level storage tank. These faclllitles will be sized to meat both the
domestlc water and fire water requirements for the ful | development,
but constructlon of those features not needed for cccupancy of the
hotel, such as portions of the distributlion system and some of the
well pumps and plplng, may be deferred untll needed. Well 4 will
supply sufficient water to meet Inltial needs before the hotel Is
occupled. Well 2 will be placed In operation before the hotel Is
occupied, followed by Well 6 as needed. Finally, the sand wells will
be brought Into operatlon before the educatlonal center Is cccupied.

WATER REQUIREMENTS:

The demand for water for This project wiit conslst of domestlc¢ requlrements
and flre protection needs. The domestlc requirements will beé based on the
number of persons served and thelr dalty |lfe pattern. The type, slze, use
and proximity of the bulldings determine the fire profection needs.
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Domastlc Requlrements:

The followlng 1s & summary of the estimated average dally domestic
water demands;

EDUCAT ONAL POPULAT ION UN!T FLOW, TOTAL FLOW,

CENTER - gal/cap.d ged

624 one bedroom apts. 1224 100 122,400

Central laundry 1224 10 12,240

Visltors 125/d 20 2,500

137,140

HOTEL

152 rooms 150/rm. 22,800
(with kitchenettes)

Laundry, 5 machines 400/mach. 2,000
Total 161,940

Use 165,000 gpd for deslign

The unlt flow of 100 gal/cap.d 1s based on actual consumption at a
slmilar facllity, Watchtower Farms, near Wal lkiil, N.Y. The use There
has averaged between 90 and 110 gal/cap.d over thé past elght years,
as shown In Table 1, This iIncludes the water consumed In the cannery,
slaughterhouse and other non-domestic uses at the Farm, which uses
wil|l not exlst at the proposed locatlon. Also, water-saving tollets
wlll be required at Patterson, whereas conventional tellets are used
at the Farm, Therefore, the assumed unlt flow should have a margin of
conservatism In the order of 20 percent,

The maximum day demand s assumed to equal twlice the average demand,
as requlred by the reviewling author!tles. Actual maxImum day to
average ratio at Watchtower Farms is In the range of 1.5 to 1.8 over
the past few years., The ratlo at Patterson should be less In view of
+he absence of non-domestic use compared with Watchfower Farms, and
absence of lawn-watering and other seasonal demands In typlcal
municipal Ities, Tha peak flow for slzing domestlc water malns Is
assumed +o occur In the morning when showers are belng taken. Based
on pravious experlence a peak design flow for the total complex of
1200 gpm s assumed. High level storage equal to one day average
demand of 165,000 gal was requested by the Putnam County Department of
Health to provide for peak demands and emergency supply in the event
of power fallure or ofher unforseen clreumstance., However, the fire
water storage requirements are in excess of this capaclty and hence
witl control the size of the high level storage tank.
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TABLE 1
WATER USAGE AT WATCHTOWER FARM
”' AVE. AVE. DEMAND AVE. DAILY PER
YEAR . POP. 1,000 GAL/D CAR. _USAGE, GAL
1980 636 66.8 105.1
1981 615 60.7 98.5
1982 656 65.2 99.4
1983 762 70.7 92.8
1984 834 75.9 91.0
1985 902 90.4 100,2
1986 884 96.3 107.3
1987 892 98.9 110.9
8 YR AVERAGE 773 78.1 100.6
Fira Protection Requlrements:
Fire flows will be supplled from the domestlc water system, which wilil
be desligned to meet the storage and flow requirements of the combined
system, Hydrants wlll be located throughout the bullt-up area, and
eritlcal bullding areas will be provided with automatic sprinklers,

atong with standplpes and hose racks where requlired, all to be
supplied from the domestlic water system. -

As discussed wlth the Patterson Flre Department on March 24, 1988, a
fire water demand of 2000 gpm for a perlod of at least two hours will
be provlded, based on the slze and nature of The proposed facllity.
The NFPA Code No. 1231, Table 5-5.1(C) flre flow requlrement for this
facllity Is not less than 1,000 gpm. The water distribution system
piping is sized based on flow and pressure requlrements to meet the
design water demands. A network analysls of fire flows In the
proposed water dlstribution system Is Included as Appendix A, and Is
further discussed In the sectlon on the water distributlon system,

Storage:

The requlred storage to meet the design flow for flre purposes of
2,000 gpm for two hours Is 240,000 gal. The Putnam County Department
of Health requlres that the one day average demand of 165,000 gal be
additive to the flre storage, glving a total active storage
requlrement of 405,000 gal. This will be avallable from a high level
storage tank located near the knol| above the water tfreatment plant as
shown on Sheet C0.3. This 405,000 gallon storage exceeds the worst case
volume required by NFPA Code No. 1231 for the largest bullding In the
educational center, the office bullding. The layout of the high level
storage tank s shown on Sheet D14,

Emergency Power Provisions:
Power 1o operate the water supply system Is normally supplled from the

NYSEG grld. In the event of a loss of power from the grid or other
difficulty in the system, emergency power will be supplled from an
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emargency dlesel-electric generator located at tho wastewater
treatment facliity. This s sized at 100 KYA, sufflclent to meet
emergency nesds of both The water and wastewater systems. When the
maln compiex Is completed, additional emergency power can be drawn
from the on-site powerhouse.

C.  SOQURCES OF 3SUPPLY:

1. Wells:

The proposed water supply for the project conslists of three rock wells
east of Route 22 and two sand wells west of Route 22 which have
recently bean drllled as shown on Sheet D1. Well 5 origlnally
Included in the well testing program will be used to serve the
ex!sting farm house ("B" House) ad]acent to *the well, and is not
included in the system belng proposed. Wel! 7 was found to Interfere
with the well at Magdls Diner, so will be used as an observation well
rather than a supply well. Use of rock Well 1 Is questlonable due To
proximity to the educational center and gravity sewer and so wlll not
be used for potable water supply. Well 3 ls located about 1800 feet
upstream of Well 4 and ylelds only 24 gpm, so will not be inciuded In
the development at thls t!me. The safe ylelds for the remaining three
new rock wells have been determined by pumping tests carrled out under
the direction of C.A. Rich Consultants, Inc. The results of these
t+ests and water quallty analysis results are contalned in the report
by C.A. Rich Consultants, tnc, and Included as Appendix B. The
results for the sand well testing and the well driller's logs are also
tncluded In Appendix B. The safe ylelds are symmarizad as follows:

Rock Well No.
! Not used
Z 65 Excluded (largest rock well)
3 Not used
4 60
6 _30
Total for rock wells 4 and 6 90 gpm
Sand Well No.
1 75
2 13
Total for sand wells 150 gpm
Total for rock and sand wells 240 gpm (Largest rock well excluded.)

The total safe yleld with the largest rock well out of service Is 240
gpm. This exceeds the requirement of 230 gpm, or twlce *the average
day demand, sot by the Putnam County Department of Health.
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Well Water Collectlon System:

The well water collectlon system consists of appurtenant facilitles at
or near the water supply wells, and force mains from the wells to the
clearwel | at the water treatment plant, In the case of Wells 4, 6 and
the sand wells, a small surge tank Is located near tha concrete batch
plant which recelves flow from these wells, which Is then pumped to
the ¢clearwell. Appurtenant facll|lties Include a level sensor in each
well, and a dlsconnect switch adjacent to each of the wells, which are
of the pitless type. A nearby well house contalns a bladder tank for
waterhammer suppression, flow meter, check valve and shutoff valve,
blowoff |lne and valve, alr release valve, pressure gage and sampling
+ap for each well. AT Well 2 and the sand wells, these facllitles are
lacated In two small well houses, as shown on Sheet D16. For Well 6
these faclllitles are provided In a well control house near the "B"
House, as shown on Sheet D16, An additlonal bladder ftank will be
provided at thls house for the two sand wel! force mains In view of
thelr |ength. The well houses will be Insulatad and heated when
needed for freezling protectlon. Well 4 discharges into the nearby
surge tank, so only the flowmeter, shutoff and blowoff valves, and
sampl Ing tap are needed, whlch are located In the surge tank pump
room.

The wel| water force mains will be AWWA C900 Class 200 pst PVC pipe,
with ductile Iron fifttings, burled at least four feet for freezing
protection. Concrete profection wili be provided at the Mountaln
Brook stream crossing. Plans and proflies for the force malns are
shown on Sheet C0.3, C4.38 and C4.39. The surge tank near the batch
plant wlll provide approximately one hour of storage at maxImum
combined flow from the tributary welis. Two pumps wil| be provided at
the surge tank, each capable of |7fting the combined flow to the
clearwell, as shown on Sheet P7.1, Submersible well pumps will be
used Initially for the hotel flow only, To be replaced by larger
submersible pumps when The educatlonal center Is occupled. The pumps
at the Individual wells will be controlled from the wastewater
treatment facllity (WWTF) or the well houses, and the surge tank and
clearwel|l pumps will be automatically controlled by level sensors In
the surge tank and clearwell, respectivaely, The high level storage
t+ank water level wili be continuousiy recorded at the WWTF, along with
flow monltoring for each well. This Information will be used in
schedul Ing wel | pump operatlon. Alarms and annunciation wili be
provldad at tThe WWTF for abnormal condllion such as high and low tank

levels, and low wall levels.

Pump selectlon and head |oss calculations for the well 'pumps, surge
tank pumps, and clearwell pumps |[fting to the hlgh level sforage
tank, are Included in Appendix C.
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PROTECTION OF WATER SUPPLY:

Potentlal sources of contamlnation of the propased water supply facliltles
consisting of the five new wells and the collection, storage and
distribution systems Include the fol.lowing:

*

I * AN I Y I,

Sanitary sewers and sewerage facl!itles

Storm sewers and retentlon ponds

surface water Inflow from flooding or stream crossings

Cross connections with other systems

Chemical contaminatlon from accldental spitls or delcing of hlghways
Bird and animal contamination, Insects and excess dust

Vandallsm and sabotage

Methods of controllling contamination from the above sources are dlscussed
below.

1.

Sanltary Sewers and Sewerage Facl|itles:

Protection from contamlinatlon from sewage sources |s achleved
primarily by providing separation dlstances as requlred by the
applicable reqgulations and codes. This s further enhanced by the use
of plping materials and constructlon standards which minimize the
potential for leakage from sewers. Sewers and manholes will be tested
for leakage. Sanltary sewers will use PYC or ductile iron plpe with
rubber gasketed joints. Where within 200 feet of a wall, plpe will be
of water supply equlvalent and pressure tested to 100 psi (mInimum).
No sewer [Ines are to be within 100 feet of a public water supply
well, Sewage force mains within 200 feet of a wel!l shall be ductile
Iron, and shall be subjected to pressure and leakage tests.

The only septic systems In the slte east of Route 22 are for the "B®
house whlch Is located about 600 feet south of Well 6, a temporary
system serving the construction offlce trallers near the batch plant,
as shown on 3Sheet D4, and a temporary system serving the construction
kitchen, dining and locker room facllities In a metal bullding to be
constructed near the southern boundary, the "storage/vehicle"
bulldlng, as shown on Sheet D6. The "B" House septic tank and
dlsposal fleld are located north of the house, and s!lghtly below the
ground elevation at Well No. 6 as shown on Sheet D4, The temporary
system for the offlice trallers s about 500 feet from the nearest
well, Wall 4. The temporary dlisposal field near the southern boundary
Is beiow and 250 feet beyond Well 2 (180 feet to expanslion area). The
new sand wells are about 600 and 250 feet from the property line to
the north, and the nearest septic system on Watchtower property Is
about 2,000 feet distant, at the "AM House. i

The sewage force malns from the hotel and storage/vehicle building
|17 stations, gravity sewers, and effluent discharge plpe from the
wastewater ftreatment facliity, are all located beyond a 100 f+
clearance radlus from +he wells, as shown on Sheets D1 and D4 thraugh
D6. These llines wlil have pressure tight Jolnts and will be tested
for lteakage. Well 1 Is about 55 ft from the gravIty sewer serving the
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educational center, and it is not feasible to relocate the sewer
beyond the 100 ft ciearance radius. Consequently, Well 1 will not be
used except possibly for non potable purposes, such as lawn watering.

Storm Sewers and Retentlon Ponds:

As In the case of sanitary sewers, storm sewers wlil| be separated from
water mains in accordance wlth appllcable regulatlons and codes
wherever possible. In the few Instances where this may not be
practlcable due to the nature of the site, speclal precautions such as
gasketed Joints or other means satisfactory to the reviewing

author I'tles will be Incorporated In the design. Due to the steep
slopes at the site, standing water will not be a problem,

Two small retentlon ponds are located In the watercourse adjacent fo
Walls 1 and 2, Only the upper pond will have water In It normelly,
the lower pond only retaining water during storm runoff. In nelther
case wil| the maximum water surface for a 100 year flood come closer
than about ten feet from the well site, and the well casing wil|
termlnate at least three feet above the 100 year flood level,

Surface Water Inflow from Flooding or Stream Crossings:

surface water Inflow will be prevented by setting the elevatlions of
casings, pumphouse floors, tank walls and other features through which
water could enfer at such elevation as to be well above possible flood
levels with due al lowance of freeboard against possible wave actlon.
The sand wells are constructed adjacent to the wetlands, which are
subject to flooding, The top of casing will be set at not less than
three feet ahove the 100-year flood level. In the case of floors over
potable water storage facll!tles, openings for piping, pumps,
electrical cables, valve sfems, Instrumentation, etc., will be
suitably sealed agalnst entry of water or contamlnants, using concrete
curbs at least four Inches above floor level around the openling,

Well construction detalls are described In the C.A. Rich Consultants
Inc. report and the well driller's logs (Appendix B}, and shown on
Sheet Ct1.31. Wells wlll be of the pitless type,

Stream crossing wili be required for the raw water force malns from
Well 6 and the sand wells at Mountain Brook about 250 f+ east of Route
22 as shown on Sheet C0.3. The crossing Is at a constricted section of
the stream where some ledge rock 1s exposed, glving stable bottom
conditions. A minlmum of fThree feet of cover will be provided over
the plpe, which will be protected by concrete throughout the crossing.
Flexlble, watertight joints will be used for this plplng. Similar
constructlon wili he used for the water distribution malns and wel!
water force maln from Well 2 where they cross the smal! streams
feeding into the retention pond No. 1 between the educatlional center
and the storage/vehicle bullding,

Cross Connectlons with Other Systems:

No cross connections with other systems wii! be used. Where the
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possibllity of back-slphonage ex!sts, as wlth hoses used for washdown,
approved backfiow preventlon devices will be used. A break tank,
pump, and pressure tank wiil he used at the wastewater treatment
facility for washdown water, wlth at least a 6-Inch alr gap above the
break +ank. '

Chemlcal Contamination from Accldental Spllls or Delcing of Roadways:

The risk of acclidental spills is primarily rejated to traffic on Route
22. The only chemicals to be handled In signlflcant quantity on the
educatlonal center slte are those used for water or wastewater-
treatment, and cleaning supplles used In the laundry and food
preparation areas. Minor quantitles of solvents, palnts, lubricants,

etc., will be used for maintenance purposes, but spesclal handling and
disposal practices will be adopted to reduce risk of spltls to a

minimum, Butk storage of |lquid chemlcals, fuel oli, and lubricants
will be In vaults or with containment walls, capable of retalning the

full volume of stored llquld In the event of a leak as per current DEC
requlrements,

All of the water supply rock wells are tocated upslope from Route 22,
to minimize risk of chemlical spllls or delcing chemlicals from this
source. The sand wells are approximately 2,000 f+ west of Route 22.
The watershed upslope from the rock wells conslsts malnly of
undeveloped woodlands and the educational center, Frult trees are
also belng pianted In certaln of the cleared areas surrounding the
center, as shown on Sheet D1. Runoff from these areas could contain
pastlcldes and fertllizers, but would have negligible Influence on
well water quallty due to well design.

Delclng chemlicals will be used primarily on the paved surfaces In the
educationat center which have curbs and gutters, The discharge of
deicing chemlcals wil| be largely 1imited to the storm dralnage system
conveylng this flow to a discharge polnt below Route 22 or Into the
stream leaving the property towards +the south, Thus the delcing
chemicals would have negligible effect on well water quality.

Bird and Animal Contaminatlon, Insects and Dust:

Contamination from these sources will be controlled by providing
watertight roofs over all water storage tanks and clearwells. Vents
and overflows will be desligned to prevent The entry of contaminants,

conslistent with thelr proper functloning.
Vandalism and Sabotage:

Protectlion of the drinking water supply from tampering or dellberate
Introductlon of contaminants by vandals or terrorists Is a growing
concern worldwide, Hence it Is prudent to design facliities to be as
Inconsplecuous as possible, particularly along public highways, and 1o
Incorporate features to prevent unlawful access or Introductlon of
contamlinants. Wells will be of the pltless type with lockable covers
at the wellhead as shown on Sheet C11,31, and surrounding vaegetation
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to screen them from Route 22 viewing., Polnts of access or openlngs to
storage tanks, well houses, and other faciil+ies wll| be provided
with tocked closures to prevent tampering with the water supply.

E.  WATER TREATMENT:

T,

Raw Water Quality:

Based on present knowledge of well raw water qual Ity and current
maximum contaminant levels, It appears that wel|l water.wll| not
require treatment other than chlorination for disinfection, and In
the case of Well 2, corroslon control treatment as requested by the
New York State Department of Health.

Treatment:

The water treatment facillties will ba housed In the water treatment
plant as shown on Sheet D12, Raw water from the wells wil!l be
prechlorinated when needed and dlscharged to the clearwells, which
will provide surge storage and blending. Two clearwells will be
provided to allow cleaning without Interruption of service although
only one wii| be used at a tlme durlng the initlal period. Fumps will
transfer the water from the clearwelis to the high |evel storage tank.
Pump solection and head loss calculations are glven In Appendix C.

The pump dlscharge wil| be chlorinated and the required contact +ime
Tn the high level storage tank will be achleved even with only one
compartment In use. The high level storage tank wlll have two
compar-tments of about 204,000 gal active storage each, as shown on
Sheet D14, Finlshed water will be metered and chlorinated as I+
enters the distribution system, to provide the required chlor Ine
residual in the event of loss of residual with the long detention time
in The high level storage tank, Chlorine feed rate will be flow
proportlonal and controfled by a continuous chiorine resldual
analyzer. <Chlorine will be supplied In the hypochlorite form, using
sodlum hypochlorite as a Ilquld solutlon with approximately 15 percent
avallable chlorine. Caustic soda wlll be added to the Well 2
discharge to the clearwei! as required fo ralse the pH to about 8.0
for corroslon control. : e S

—F. DOMESTIC/FIRE WATER DISTRIBUTION SYSTEM:

1.

Layoud:

The water dlstribution system Is suppllied by gravity from the high
level storage tank located above the water treatment plant. An
emergency bypass is provided to allow feeding the distribution system
at reduced flow from the water treatment plant clearwell. In this
case the flow would be |Imited by chlorine contact +ime avatlable In
the clearwell. The main complex Is supplled via a plpe notwork
conslsting of one maln loop with four sub-loops, as shown on Sheet D5.
Branches from the maln loop serve the hotel and other bulldings
cutside the main loop as shown on Sheet D6. Fire protection
requirements generally control |lne routing and slizlng to meet
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spacing, pressure and flow criterla at flre hydrants and bullding
stand pipes. Plan and profile drawings of the proposed distribution
system are shown on Sheets DS, D6, 4,37 through C4.40 and C4.8.
Hydrant locatlons have been selected to achleve the required 500!
maxlmum spacing and about 40' clearance from bulldings requested by
the Patterson Flre Dapartmant, A total of 17 hydrants are provided In
the educatlonal center area, plus 4 hydrants In the hotel area.

Pressure and Flow Requirements: '

Due to the relatively steep terrain at the site, pressures at the
lower end of the system would reach undesirably hlgh pressures if
pressure reducing valves (PRVY's) were not provided, particularly for
domestlc uses, However, PRV's within the main loop Introduce

compl fcatlons and risks under emergency or malntenance condltlions
where flow reversal may be¢ needed. For this reason, the maln loop Is
designed for the high pressures using ductile iron plpe, with PRY's on
the bullding services within the bullding In the lower area, and at
the point of entry to the funnel serviclng the hotel. A schematic
profile of the water system Is shown on Sheet D3. The maximum statlc
pressure In the system Is approximately 117 psl, at the bottom of the
fire loop at the hotel. Flow will ba metered enterIng the
distribution system, to the hotel, and at selected polnts In the
systemn,

The Patterson Flre Department has requested a minimum pressure of 50
psi at the flre hydranfts with 2,000 gpm maxImum flow In the
educational center area. This can be achleved In ali cases with the
minimum operating level In the high level storage tank and the full
loop In service, Under emergency or malntenance condltlons where a
portion of the lcop was out of service and only a single 8=Inch supply
was avallable, fire flow of 2,000 gpm could stili be maintalned at a
reduced pressure wel!l above the minimum requirement of 20 psi to meet
DOM requirements. Pressure requirements In the hotel area are the
same as for the educational center, hut a flre flow of 1,000 gpm Is
sufficlent for this area. The hotel area wlll be served by an B-inch
supply, branchling Into a 6" flre loop, and a 4" iIne supplyling the
hotel domestic requirements through a pressure reduclng and metering
station where the [lne enters the tunnel system,

Network Analysis:

A simplifiad network analysis of the dlstribution system was performed
to evaluate pressures and flows using varlous demand locations and
pipe sizes. Results of this analysTs are glvan In Appendix A of this
report. As a result of this analysls, the pipe slzes shown on Sheet
D5 were sclected to maintaln required pressures and flows. A 12-Inch
supply main from the hlgh level storage tank feeds the maln loop,
which uses 8-Inch ductiie fron pipe except for a portion of the upper
runs which are 10-Inch. Although the velocitles under flre flow

cond Itlons approach ten feet per second under some conditlons for
short reaches, thls s consldered acceptable to avold excesslvely iow
velocitles under low domestlc flow conditions, Some water hammer
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rellef Is provided by a bladder tank upstream of the pressure reducling
valve at the hotel branch location; and the ductlle lron plpe 1s rated
at 350 psi. Ductlle Iron pipe will conform to AWWA C151, thlckness
Class 52, with cement mortar |lning and polyethylene encasement,
Pestrained JoInt fittings will be used In critlcal locations.
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ENGINEERING REPORT

SAFE YIELD STUDY
: FOR THE
WATCHTOWER BIBLE AND TRACT SOCIETY, INC.
PATTERSON, NEW YORK

I. INT TION

The purpose of this report is to determine the safe yield of the proposed high hazard dam
located at the Watchtower Bible and Tract Society’s (WBTS) Patterson, New York facility (Figure
1). This study evaluates capability of a proposed 127 acre feet (AF) reservoir to supply and average
daily demand (ADD) of one hundred thirty-five thousand (135,000) gallons per day of water to the
facility. The proposed zoned earthen dam will have a maximum reservoir surface elevation of 651.0;
a normal reservoir surface elevation of 647.0; a single, side discharge spillway with a crest elevation
of 647.0 and a normal pool capacity of forty-one million, four hundred thousand (41,400,000)
gallons. As will be discussed in this report, this analysis assumes that 15% of this volume will be
occupied by sediment over the lifetime of the reservoir. The total available storage of the reservoir,

for the draft determination is thirty-five million, two hundred thousand (35,200,000} gallons. The

- maximum draft, from the reservoir, will be based on stream flow data from a nearby watershed,

transferred to the project location, and will then be compared to three other methods. Additionally,

the report evaluates a number of proposed yields and the associated required storage volumes.

II. PRELIMINARY INVESTIGATION

The watershed for the proposed reservoir is comprised of a total of four hundred forty-two
(442) acres that is bounded by Cranberry Mountain, to the east, and the Great Swamp, 1o the west.
The watershed is moderately to steeply sloped, heavily wooded and sparsely populated. The
watershed surface drainage tends to flow from the northeast to the southwest, draining into the Great

1
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Swamp. The surficial geology of the area can be broadly characterized as a variably textred, poorly
sorted, till. These unconsolidated deposits consist of till, sands, gravel, and clay, Deposition of this

material is typical of glacial deposits. The coefficient of permeability for til! is relatively low.

III. METHODOLOGY
A. GENERAL:

The determination of the safe yield for any given project is stochastic in natare. As such, in
order to increase the reliability of the safe yield we will employ four different methods for making

the determination of the safe yield, and are described as follows:

1. Rippl Diagram Method - This method is a standard mass runoff curve in which
total stream flow volume is plotted as a function of time. The rate of flow can be
taken from the slope of the curve at any given point. The required reservoir capacity
for a desired continuous demand can be obtained by drawing a line with a slope equal
to the demand and tangent to the mass curve at the beginning of a selected dry period
( See Figure 2)

2. Rainfall/Evaporation Method - This method was developed in Great Britain, and
is dependent on what is referred to as a Lapworth Chart. An estimated amount of
evaporation and transpiration are subtracted from the average annual rainfall for the
area. The depth of runoff is computed for the watershed that would be needed to
supply the reservoir with its available storage volume. Plotting these values on the
Lapworth Chart, a projected yield for the reservoir can be derived.

3&4. Putnam County and New England Composite Yield Curve Method -These
two methods utilize a graphical means of estimating the safe yields of reservoirs. The
New England Composite Yield Curve Method was developed to predict safe yields for
reservoirs in the New England area. The Putnam County Curve Method is very
similar to the New England Composite Yield Curve Method and was developed for
Putnam County. Both graphical means take into consideration transpiration,
evaporation and drought periods. -

The resulis of these four methods will be compared and a recommendation for the
safe sustained yield will be made.



B. HYDROLOGY:

1. Rippl Diagram:

There are two streams within the project site watershed; Mountain Brook and an un-
named tributary to Mountain Brook. In order to construct the Rippl diagram it would be ideal to have
daily stream flow data measured at the project site for a statistically significant period of record .
However, as in this case, the ideal situation rarely exists. Daily stream flow readings were recorded
for Mountain Brook and its tributary by WBTS from July, 1988 through October, 1990 (See
Appendix A). This two year period of record is inadequate in length to produce a reliable prediction
of the safe sustained yield for the proposed reservoir. In order to overcome this shortage of data, the
data from a nearby stream gage, with a hydrologically similar watershed and an adequate period of
record, was used. The data from the stream gage of the similar watershed is "translated” to the
project site. Based on a review of all of the nearby gage stations, gage station no. 1372500 was
chosen for use, This gage station is located on the Wappingers Creek in Red Oaks Mill, Dutchess
County, New York and was chosen for the following reasons: (1) The period of record is sufficient,
as it extends from 1929 to the present, (2) It is relatively close to the project site, (3) The data shows
similar monthly fluctuations when compared to the WBTS stream flow data, and (4) The surficial

geology topography, and vegetative cover of the two watersheds is roughly equivalent.

A review of all available information indicates that the two watersheds are very
similar. The largest difference between the two watersheds is that the watershed for the gage station
is 181 square miles and the watershed of the project site is 0.69 square miles. This large difference
in watershed size does introduce a higher degree of uncertainty in the "translating” of the flows to the

project site, However, there is a common period of time during which data for both sites was



recorded. A comparison of the overlapping data provided a good verification for the translated data.
Appendix A contains the recorded daily stream flow data and the computations used to translate the

data to the project site.

2. Rainfall/Evaporation Method:

The average annual rainfall, that was recorded at the Dutchess County Airport, was
reduced by an estimated amount of transpiration and evaporation expected for the region. The
evaporation was conservatively estimated to be 40% the total rainfall depth, whereas the amount of
transpiration for the area was based on a coniferous vegetative cover and predicted to be six inches
per year. Inreducing the average annual amount of rainfal] by the these amounts, the average annual
runoff volume for the watershed is projected. This method assumes that all the water that percolates
into the ground will eventually emerge as surface runoff. The depth of surface runoff needed to
supply the required available storage volume (35,200,000 gallons or 108 acre-feet, see Appendix B)
was computed. The products from these computations are used to interpolate values from the

Lapworth Chart, which yields the sustained safe yield for the reservoir.

3. Putnam County and New England Composite Yield Method:

These two methods are based on the volume water proposed to be stored in the
reservoir divided by the watershed area, in square miles., These values are then plotted on a
nomograph and the safe yield given in gallons per square mile. These values were then converted

to safe yield for the reservoir based on the 0.69 square mile project watershed.



IV. RESULTS

Safe yield is defined as the maximum dependable draft which can be continuously made upon
a water source during an extended drought period. This encompasses all demands on the stream,
including proposed uses, demands due to fishlife, and any other requirement which is dependent on
a continuous stream flow. The most severe drought ever recorded in New England extended from
1960 to 1966. Using the extended period of record from gage station no. 1372500, it can be verified
that the Mountain Brook watershed experienced the effects of this record drought. As previously
stated, four methods were used In predicting the safe yield of the proposed reservoir. It is our opinion
that the safe sustained yield analysis using the Rippl Method is the most reliable because it is based

on actual stream flow. The computations for all four methods are included in Appendix B.

Based on a available reservoir storage volume of 35,200,000 gallons or 108 acre-feet (127
acre-feet minus 15% for sediment storage) the safe yields predicted by the four methods are as

follows:

Rippl Method 188,000 GPD
Rainfall/Evaporation Method 240,000 GPD
New England Composite Method 241,000 GPD
Putnam County Composite Method 217,000 GPD

As can be seen from the above results, the Rippl Method compares quite well with the Putnam
County Composite Yield Method. The Rainfall/Evaporation Method and the New England Composite
Yield Method showed somewhat higher results. The discrepancy between predictions can likely be

attributed to differing watershed and meteorological conditions between the project watershed and the



data from which the empirical methods were developed. The Putnam County Composite Yield
Method should yield a fairly reliable result because it was developed for Putnam County where the

project is located.

V. CONC ONS

This report has evaluated the safe yield of the proposed reservoir at the WBTS s Patterson,
New York facility. The safe yield determination is based on a comparison of synthetic yield
predictions to that from a period of translated gaged stream flow data from 1929 to the present.
Based on the following discussion of sediment storage, the amount of storage available for water
supply in the proposed 127 AF reservoir is 108 AF. [t was concluded that the safe yieid from the
a reservoir with 108 acre-feet of available water storage capacity is 188,000 GPD ADD, which is in
excess of the required 135,000 GPD ADD. This safe yield prediction assumes that it is acceptable
for there 1o be no outflow from the reservior during extended drought periods. If, during subsequent
phases of the design/permitting for this structure it is determined that a minimum flow must be

released, then the predicted safed sustained yield would be reduced by the minimum release rate.

The above projection requires that 35,200,000 gallons of water storage capacity be available.
Over time, a portion of the constructed storage capacity in the reservoir will be occupied by sediment.
Sediment transport by the stream due to erosion, leaves, development within the watershed, and
changing land use will reduce the amount of available water storage in the reservoir. The total
capacity of the reservoir is proposed to be 41,400,000 gallons. For planning purposes we have
assumed that 15% of the total reservoir volume will be utilized for sediment storage leaving 108 AF

available for water storage.

Based on the projected average daily demand of 135,000 GPD, the required available reservoir

storage volume would be 75 acre-feet. Therefore, the total required reservoir storage, including

6



sediment storage, is approximately 86 AF. Therefore, based on the proposed reservoir total storage
capacity of 127 AF and a projected ADD of 135,000 GPD, there is an excess of 15 acre-feet

(4,900,000 gallons) of available water storage volume in the reservoir,

It is our understanding that the proposed reservoir is intended to be a supplementary water
supply source. The primary source supply is via existing wells. Further, it is our understanding that
the desired yield from the proposed reservoir varies from 100,000 GPD ADD for landscaping water
supply needs to 135,000 GPD ADD for landscaping plus other domestic needs. For this reason
Figure 3 - Required Available Reservoir Capacity vs. Average Daily Demand is included. A review
of this graph indicates that the required available reservoir capacity can be determined for any demand

berween 50,000 and 188,000 GPD ADD.
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Purpose:

By

WATCHTOWER — SAFE YIELD DETERMINATION
PATTERSON, NY
CHA JOB NO. 4159.22.01

TRANSFER COEFFICIENT COMPUTATION

To establish a relationship betwaen the recordad stream gage data at Watchtower Bible & Tract
Sociaty to the USGS gage station no. 1372500 located on the Wappinger Creek, Dutchess County, N.Y.
In establishing this relationship, a longer period of stream flow information can bea used to

establish the safe yield of the Watchtower Reservair,

The data, as supplied by Watchtower, shall be used in the comparison. Only the monthly data
that had strearmn flow readings 75% of the days, during that month, was used.

Using the equation: (Q,Q,) = (D/Dy)*
where:  Q, and D, are the discharge and drainage area at the gage station

Q, and D, are the discharge and drainage area for Watchtower
" is the transfer cosfficient.

Watcht '
1988 July 275 131"
Aug 158 1.31||*
Nov 334 (.85
Dac 233 0.99
1289 Jan 173 0.95
Mar 229 0.95
Apr 453 0.95
May 1204 1.03
Jun 431 1.00
Jul 118 1.10
Aug 73.7 1.13
Sept 86.8 1.08
Oct 353 0.99
Nov 280 0.9
1990 Jan 336G 0.85
Feb 595 0.95
Mar 1. 72 5585 1.03
Apr 1.86 483 1.00
May 2.51 443 0,93
Jun 0.75 181 0.99
Jul 0.26 78.7 1.03
Aug 2,51 287 0.85]*
Sept 0.29 80.3 1.00
Dot 0.56 204 1.05
Ave, "' = 1.00

* — values not used in average
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H ; & ASSOCIATES
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WATCHTOWER — PATTERSON PRGIECT
RAINFALL AND STREAM FLOW REAINNGS
JULY 1958 — OCTOBER 1990

YEAR 1968
[ DAY | JAN FEB AR APR MAY JIN JUL AUG SEPF oCT NOV
M JCFS | N [GFS | M [ CFs| M T CFS | MW [ CF5 [ IN | CF5 | WN_| CFS [ N CFS | IN | CFS | IN CFS | IN | CFS |
1 = 0.25] 0.08 015 008 W 0.i0]__1.25
z 007 015 008 645 146] oo
3 0.05 015 005 osol o005] c.a0] oS
Y 0.08 010 150 060 0.015 0.50
5 0.10 o08] 045] 047 HE 245
8 047 040 0.05 ME 100] 248
7 920 007] o080 020 o.04 HE 1.20
B 008 015 003 0B80| MNE G50
] .08 0.8 ME NE 670
10 043 008 G.08 HE NR o.70
11 .08 o.07 ME NR 0.50
12 0.125 0.07 0.20 MR 0.50
13 .00 005 080|007 WE 1.70
14 050 0.125 0.05 0.03 MR 085| ©.10
15 0.08 0.05 ME NE 9.50
T 005f 0015 0.05 ME NR 140
17 630|  ©010| 020 o007 ©¢10] ME NR 055| 128
12 0.3 0.05 ME NR 0.30
18 ] 0.50 003 HE MR .50
20 02| 020 0.03 0.05 KR 0.75| 240
21 0.25 G015 NE NR 200| 570
22 9.20 NE HE NR 3.50
23 070 NE HE HA 270
24 o040] 1.10] ME NE nA 2.20
25 020 026] 038 NE NE 0407 150
78 0.25 HE HE 0.08 170
27 0.35 HE NE 008| 084 a1
28 045 ME NE 910} ¢.20 275
e 060|025 085 020 NE 020 o0.10] 225
50 o3| ¢.255| 010] 008 ME £.07 150
a1 040 607 0.06
AVERAGE DALY FLOW 038 0.0 GRE] oig 168
MONTHLY VOLUME [(ACFT) 11.24 6.21 644 .54 9e.84
- 11,243 17.454 23 864 31.451 1313
LEGEND: CFS - Cuhic Fest par secord
o - Dvizde
F - Frozan
IN - Inches of Raintall
NE — tlagative Asading
NA —~ Mo Record * Data provided by Walchicwer Bible & Tract Sochety.

5 - Snow
SF - Snow Flurries



D - Dvizde

F - Fromsn

IN — nches of Reinfall
NE - Megative Reading
NA — Ho Record

5 - Snow

SF -~ Sreow Fluries

* Data provided by Wetchtower Bible & Tract Soclety,
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WATCHTOWER — PATTERSON PROJECT
RAINEALL AND STREAM FLOW READINGS
JULY 1958 — OCTOBER 1990
YEAR 1983
JAN FEB MAR APR MAY JIH JUL AUG SEP oCT NOY DEC
IN JCFS | IN_|CFS | IM [CFS| IN [CFS [ IN CFS | IN | CFS | IN | CFS | M | €FS | "W [ cFS | IN | €CF5 [ IN [CF8| ¥ | CFS
i 0.85 0.80 0.85 | 275] 130] 1.75 O.75 2.30 AT 035 BO5] 019 035 160 085
2 0.90 5.2 080 075 ©0.10| 250 05| 478 1.30 04D £.20 005] 080 050 180]820 F
F] ©75  paG| 080 G75| 023 ZA4S z2.75 1.00 oAD 0.5 .04 050 o2o] 170 F
4 F F 008 o7o] oee| 225 225 0.85] 1.25| 005 040 0.15 0.03 0.45 1.50 F
5 F |5275 F 007l o070l o070; 325 104 +20] oos] o090 ovol oo 015 003|010 450 140 F
[ F 080 070] 0.20] 360 s25] o0as] 120 045 005 0.2 MA 005 123 0.80
7 F F F n.23] 350 oM 325] 0.80] 1.70 p40f 42| 015 0.02 [ oo5| 1.20 075
3 F .75 F C.10] 3.0 025 225 1.50 0.25 010 CO1E HA 050 243 F
] 070 F .50 270] 140 90| 0683 245 5.25 010 MA 0.25| o075 270 F
10 .70 F .50 2251 0418 581 150 050 o4e| o025]  ©25 (] 040] 030 200 F
11 0.55 F 780 180 575 1370 0.25{ 218] os50 MNA 025 1.80 F
12 108 &F 070 0.80 1.70 400 o055 180 025] 118 np.70 A 0.20 185 F
13 085 D35 NR |S.25 | o088 o040 0.70 20| 045 180 020| 040 025 NA 0.20 150 F
14 120] 040 o7Fs] ea0] 470 1.50 230] 055 225 0.20 020 065] 0085 2.25 010} 1.45 F
15 je0| o028 o6o 070, 025 280 0i0] 250 0S50 280 0.20 010 004] 040] 020 0A0F 145 F
18 0.80| &SF 070 070] ©0.75| 9.10| 2.80] 1820] 0.1 2B5| 0.0 025 0.08 .08 2.25| 085 498 F
17 050 F 6.75 z50| o.z0] oo 235 0.30 goa| o4 003 50| 100 285 F
13 080 F 0.30] 1.00] 095 2235 2.90 1.60 .25 0.08 ooal ozol 120 2.0 F
i9 080 F 075 1.80 3.80 1.70 020 0a0[ ooe 00| 180]  s00 200 F
20 075! 045] 225|510 [ 080 1.70 210] 040l 145 os0f 036 0.08 o40] foe|l ocd| cash 1585|510 F
21 075  0e9] 230 1.20 1.50 2.00 140 0.25| 018 o005 0.25 700|535 155 F
22 B70| 15| 250 1.10 1.40 200 o4 1.30 020| o023  0.08 0.25 398 150 F
za 070|140 7 1.00 125] 130 340 ©DB2[ 1.25 015 0.05 0.7 0 278 145 F
24 0.70 F 10| 275 1.20| 030 440 1.20 0.20 0.04 0.25 222 1.25 0.60],
25 0.60 F 310 ioo| o010  31¢ 0.50 215 ood| aro|  o5s 1.90 1.20 085
28| 000 1.0 1.90 a0 iool 030|270 o015 0.0 0.15 004 c20] @75 168 0051 1.20 085F
27 0.B0 130 2.28 0P0] 020fF 275 075 0,10 0.04 6.50 1450 0251 1.25 100
28 0.80 080 025 020 080 o.00 o7ol 0.8 o015 004 045 .30 1.30 F
29| 020 1.00 050 1.70 0.85 1.70 [ 000 1301 o020 0.20 3.20 110|534 F
30 .60 100 245 0.75 1.50 0.50 01e] D 0.085 0.25 1.40 1.00]5 4.0 F
3 0.80 o50f 310 1.45 015 0405 oR0| 285 F
AVERAGE DALY FLOW 085 1.28 118 187 .60 152 0.28 T4 0.21 144 1.76 08
MONTHLY YOLUME {(ACF1 5213 T80 72.28 12100 22114 $3.64 15,08 .56 12.50 88.58 104,40 5181
CUMULATIVE VOLUME 2411 LI ) gl 5121 Tazoe B2EH0 84287 85162 86419 a5z.84 1557, 1108,
LEGEMD: CFS — Cubic Feet par ascond
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WATCHTOWER — PATTERSON PROJECT
RAINFALIL AND STREAM FLOW READINGS
JTIFLY 1988 — OCTOBER 1990
YEAR 19490
DAY JAN FEB MAR APR MAY JUN JLL AUG SEP OCT NOV DEC
[[L] CFS 1N CFS IN CF3 IN CFS IN CF5 | IN CFS IN CFS 1IN CFS IH_ICFS N CFS IN CFS [11] CFS5
1 F 385 180] 050 145 1.00 1.80] 040 .45 0,20 A 020
2 F .45 1.7 150 .85 1.50 .35 0.15 MR a15
3 F .20 1.70] 085 585 .50 1.45 Q.25 Q.43 .40 Q.10
L 0.70 080 310 1.50 430 2.50 1.20 .25 Q.10 030 045 020
[] .70 2A515 25 1.30 305] 095 1.80 110 o.20( 080 .45 0.30 0.20
a 0.70 125|530 120 240| 010 1.50) 040 1.15 o.20( 480 5.00 .50 020
7 .55 2.05 $.15] 1.50] 24A0] 0.05 1.50 1.00 O.20| 080 3.50 .30 Q.15
a|54.0 [T 2.65 1.20 1.80 1.30] 010 085 .15 220 025 020 .15
L] Q.50 300 1.25 1.75( 015 1.25] 015 100 0.20 4750 005 0.25 o.20
1] 005| 070 Q75 430 130( 030f 180 210 5.30 075 020 20| 1325 025 0.05 0.25
11 070 385 1.40 1.75 5.60 Q.rg| 040 0.40] 010 6.50 0.25 Q.25
12 080 315 1.20 145 3.60 Q0] 1.80 0.75 .80 020 C.50 040
13 0.50 275 110 1.30( o8 480 .50 050 600 Q.20 O.88 075
14510 F 2.80 1.00 1.85 4.15| 40 070 Q.20 .59 080 030 0.40
15| o0605| 050 040( 370 100 G8D] 200( 040 3.25 050| 010 025 240{ 085 .45 0.3
16 0.55 010 350 Q.02 1.75%] 050 .80 0.50 0.25 1.80( 0.20 0.25 Q.28
17| 053] 07B 300 060] 160] 010] 70| Q4O .75 Q.40 0.20 1.80 0.25 Q.25
i8] o70| 080 2.90 1.45 1.50 2125 050 .20 1.25 0.20) 080 .30
19 070 270 2.70 1.40 2.70] o0 0|0 0.20]| 0.0 1.20| 0.0 0.25 .35
20]520 .75 2.20 _.75 1.50( 040 2.60 0.55 3.15 1.00 4.20 0.30
21 100 080 200l 1.a0] aso| 040] 1.75[ Q.15 280 040 015 0.85% .20 0.25
2215240 0.75 0.75] 275 2.05 145 180 035 .8 0.30 Q.75 0.a0 025 Q.19 0.30
23 100 DBY .50 2.50 1.30 1.70 od40| G30 0.25( 0480 [ET) 0.20( 2.00 2.80
24 2.00 o70] 318 200) GO05| 130 1.50 .30 025 Ga0 1.10 MR 2.50
25 G005 8.0 278 1.85] 0.20] 140 1.30 0,30 020 020 MH 1.50
2| 070 475510 F 170 1.20 1.20 .25 0.20 0.7 MR 1.20
27 350 F 145 1.10 1.20 0.25 0.20 [ ;] MH 080
= 275 1.05(5 2.0 1.25 1.04 1.05 0.25 0.15F 015 KR MA 0.80
28]54.0 530 $.20] D25 1.10] 150 40| o080 0.70 0.15 MR MH HR
20 585 a50| §.25] 00| 125 A25| 080 118 010 (T3] .20 MR MR
k1] 4.0 140 2.30 145 060 NA NH
AVERAGE DALY FLOW 178 304 172 186 251 075 0.28 25 0.29 0.56 EFR 000
MONTHLY YOLUME {ACF1107.82 180.00 105082 11403 154.04 1810 18.26 154.04 1714 3425 ERR LrEile]
CUMULATTVE YOLLIME 1218. 1453, 1509, 1823, 17778 1823.7 1838.9 15840 20141 2045.4 ERR ERR
LEGEND: CFS - Cubic Fest par sacend
D - Dricde
F - Frozen

1N = Inches of Rairtall
NE - Meguiive Aeading

MR = No Record
5 - Snow

SF - Snow Fluries

* Data provided by Watchlowes Bible & Tract Society.
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WATCHTOWER BIBLE & TRACT SOCIETY SAFE YIELD DETERMINATION

A. Assumptions:

1.

2.

Watchtower Reservoir Siorage Volume = 41,400,000 gal.
= 55347594 ft°
15% of the volume of the reservoir will be utilized for sediment storage
15% of 41,400,000 gallons = 6,200,000 gallons
Therefore, available storage = 35,200,000 gailons
Watchtower Reservoir Watershed Area = 0.69 mi°
(See Figure No. A-1) = 19,236,096 ft.°

B. Watchtower Reservoir_Safe Yield Calculations:

1.

Rippl Dlagram Method (a.k.a. Mass Diagram Method)

Assumptions:

a. The recorded stream flow information contains a drought not expected to be
exceeded during the life of the reservoir.

b. Evaporation is expected to be offset by groundwater inflow and the reducticn in
pervious area due to the increase in water surface area.

c. The recorded flows are to be representative of future flows.

d. The transferred data from gage station #1372500 is representative of the inflow to
the reservoir.

(See Aftached graphs of Stream Flow Volume vs. Time)

Safe Yield = 188,000 GPD

Rainfal/Evaporation Method:

Assumptions:

a. Average annual rainfall based on recorded rainfall at the Dutchess County Airport.
= 38.03 inches

b. Evaporation = 40% of the annual rainfall
Transpiration = & inches/year (based on coniferous trees)

c All rainfall entering the groundwater is eventually discharged to the streams within
the drainage are of the reservoir.

d. Deacon diagram, Lapworth charts developed for Great Britain will give a reasonably
close approximation for New England Watersheds.

Average Annual Runoff = Annual Rainfall - Evaporation - Transpiration
= 38.03 infyr - (0.40)38.03 infyr - 6 infyr.
= 16.82 inches/year

Storage = (Volume of Reservoir/Watershed Area)
= (4,705,882.4 f£)/(19,236,096 )
= (.24 fest = 2,94 inches

cLOuUGH, HARBOUR
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B

Extrapolating the Lapworth chart for the storage of 2,94 inches and interpolating for
the average annual runoff of 14.20 inches, the vield is approximately:

(7.31 ins./2.94 ins.) x (35,200,000 gals./365 days/yr) = 240,000 GPD

3. New England Composite Yleld Curve Method:

Assumptions:

a. Yield curve of Watersheds in New England based on composite from NEWW.A.
Reports of 1914 & 1945 will give a close approximation to the Watchtower Reservoir

Watershed.
Storage = (35.2 MG)/(0.89 mi®) = 51 MG/m#

From the composite yield curve:

Safe Yield = 241,000 GPD

4, Putnam County Composite Yield Curve Method
Storage = 51 MG/mi®
From composite yield curve:

Safe Yield =217,000 GPD

e e e | et

C. CONCLUSION:

Safe yield is defined as the maximum dependable draft which can be continuously made upon a
water source during an extended drought period. The most severe drought recorded in New England is the
1960 to 1966 drought. Since the recorded streamflow data accounts for this drought period and this draft
is a result of actual stream flow data, the safe yield of the Watchtower Reservoir is 188,000 GPD.
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LAPWORTH CHART
YIELD STORAGE RELATION_FOR VARIOQUS RUNOFFS

Average Runoff Storage In Inches

from Gathering 5 10 15 20 25 30

Ground (inches) Yield In Inches
10 5.. 7734 9.0 10.0 - -
20 10.5 | 14.0 | 16.2 | 18.0 200 | -
30 15.0 | 19.7 22.5 24.5 | 26.5 28.0
40 18.5 | 24.5 28.5 31.0 | 33.0 35.0
50 21.0 | 29.0 33.9 37.0 | 40.0 42.2
60 23.0 | 32.3 38.7 43.3 | 47.0 50.0
70 25.0 | 35.2 42.9 48.2 | 53.0 57.0
80 27.0 | 38.2 46.0 53.0 | 58.0 63.0

Lapworth Chart obtained from Deacon Diagram in the thirteenth edition
of Encyclopedia Britannica article on Water Supply.
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STREAM FLOW VOLUME (ACRE—-FEET)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAMFLOW FOR 1931— 1933
{CUMULATIVE VOLUME SINCE 1929)
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STREAM FLOW VOLUME (ACRE-FEET)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1944 TO 1946
(CUMULATIVE SINCE 1929)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1946 TO 1948
(CUMULATIVE VOLUME SINCE 1929)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1948 TO 1950
(CUMULATIVE VOLUME SINCE 1929)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1952 TO 1954
(CUMULATIVE VOLUME SINCE 1929)

19.6 [

L\

e

19.4
d

18.2 /

19

A
\

V2T b ter | Smeand

M

18.8 Z
/
| £

18.6 P R T

18.4

18.2 7

18 i /

;
N

17.8 ///

17.6

17.4
JAN'52 MAR | MAY | JUL | SEP | NOV AN 'S3 MAR | MAY | JUL SEP | NOV

FEB APR JUN AUG OCT DEC FEB APR JUN AUG OCT DEC

TIME {(MONTHS)

C CLOUGH, HARBOUR
Ha! ...2ASSOCIATES

B LAMDGOAPE ARCHTECTS



STREAM FLLOW VOLUME (ACRE—FEET)

(Thousands)

21
209
208
20.7
2086
20.5
20.4
203
20.2
201

19.9
19.8
19.7
18.6

1957

19.4
19.3

WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1954 TO 1956

(CUMULATIVE VOLUME SINCE 1929)

i bnor /

Ebl JOOGF A

y f'/ 27 lhe-f7

wé‘————ﬂ Srod el

RN

N

F 7 A A7

| Doy 250,

Lndins £

!

T i
s

JAN '54

FEB APR

MAR

MAY

JUL

CHa

SEP | NOV WUAN 'S5 MAR | MAY | JUL ; SEP | NOV
JUN AUG OCT DEC

TIME (MONTHS)

CLOUGH, HARBOUR
& ASSOCIATES
SLFWE YOS,

 PLAMNMERT
B LANCSCAPE ARCHTECTS

FEB APR

JUN AUG OCT DEC



STREAM FLOW VOLUME (ACRE—-FEET)
(Thousands)

2.5
22.4
22.3
222
22.1

21.9
21.8
21.7
21.6
21.5
21.4
213
21.2
211

21

A

[ I A

WATUHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1956 TO 1958
(CUMULATIVE VOLUME SINCE 1929)

A

—

P S

et ?’351 b o J
Jrall’d
//
‘/)/_“f_‘?i/:i e Er Slrpebd
/’/ -
///
/f
)l
i
)
]

A

JAN'5§ MAR | MAY | JUL

FEB APR

SEP | NOV WAN'57 MAR | MAY | JUL | SEP | NOV

JUN AUG OCT DEC FEB APR

CHAl

TIME {MONTHS)

CLOUGH, HARBOUR
& ASSOCIATES

mmmm
LAMNCSOAPE ARCHITECTS

JUN AUG OCT DEC




STREAM FLOW VOLUME (ACRE-FEET)
(Thousands)

'S Y S S S A A N R A S SR S RN S

WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1958 TO 1960
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1960 TO 1962
(CUMULATIVE VOLUME SINCE 1929)

25.5

| I

264

25.3

25.2

25.1

SA
L)
[

4960

24.9

24.8

247

AN
N
\

246

NN

24.5

N

24.4

24.3

24.2
24.1

srfr,w{r}/ §

24

S0 AL Frl SrReas

23,8

23.8

23.7

'iJAN’B{] MAR | MAY | JUL | SEP | NOV JAN’61 MAR | MAY | JUL

FEB APR JUN AUG OCT DEC FEB APR JUN AUG OCT DEC

TIME (MONTHS)

CH /oS

EMAMNEERS, BUAVEVDAE, PLANNERS
B LANDOONSE ARCHITECTS

SEP

NOV




STREAM FLOW VOLUME (ACRE—FEET)

(Thousands)

26.4

26.3

26.2

26.1

259

25.8

25.7

256

25.5

28.4

25.3

WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1962 TO 1964
(CUMULATIVE VOLUME SINCE 1929)

//
//
275 Q00 GPD?/ LA
e /
AT A F
| T
e e i I
L
— //
s dopi~| LV
1/
7
|~
47
//
F
JAN'62 MAR | MAY | JUL | SEP | NOV UJAN'63 MAR MAY | JUL | SEP | NOV

FEB APR JUN AUG OCT

TIME (M

DEC FEB APR

ONTHS)

c CLOUGH, HARBOUR
& ASSOCIATES

EMNGINEERS,

A LARDSCAPE ARCHITECTS

JUN AUG OCT DEC




(Thousands)

-

STREAM FLOW VOLUME (ACRE—FEET)

N

e

~)

R e e T e I A A N S R

WATCHIOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1964 TO 1966
(CUMULATIVE VOLUME SINCE 1929)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1968 TO 1970
(CUMULATIVE VOLUME SINCE 1929)
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1970 TO 1972
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WATCHTOWER — PATTERSON PROJECT
ESTIMATED STREAM FLOW FOR 1972 TO 1974
(CUMULATIVE VOLUME SINCE 1929)
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Annual Drinking Water Quality Report for 2008
Watchtower Water Supply
100 Watchtower Drive, Patterson, NY 12563
(Public Water Supply | D# 3921721)

NTRODUCTION

Last year, the Watchtower Water Supply served an average of 1didénts with high quality drinking
water. It is the goal of Water Systems Operators to conlynpiadvide you with safe drinking water, from
point of source to your tap.

We encourage you to take the time to read this report compldtely.an overview of the quality of our
water last year and is designed to educate you, the consumer. dnahedéetails about the source of our
water, the water treatment system, and how it compares to EnvintairReotection Agency (EPA) and New
York State standards. If you have questions or for more information gboutvater, please call Water
Systems Operators at 45810.

WHERE OUR WATER COMESFROM AND THE WATER TREATMENT SYSTEM

The Watchtower Water Supply receives water from five groundwags. Well 2, Well 4, and Well 6 are
located east of Route 22. Sandwell 1 and Sandwell 2 are locatedfwRstite 22. The water from our
wells has naturally dissolved minerals which cause hard waterreduce the hardness, water from these
wells is blended together and treated in a lime softening syst®ur total hardness before softening
averages 23fhg/l. After softening the total hardness averages 65 mg/I.

After softening, your water is filtered and disinfected to makeeady for drinking. Water Systems
Operators chlorinates all water to destroy or inactivate disesmssing organisms that may be present in the
water. Chlorine levels are monitored daily to ensure proper dosing.aré/required to have a chlorine
residual of at least 0.20 mg/l to meet the New York State standard. We mettissc@aily last year.

ARE THERE CONTAMINANTSIN OUR DRINKING WATER?

The sources of drinking water (both tap water and bottled wategdmdlivers, lakes, streams, ponds,

reservoirs, springs, and wells. As water travels over the sudhdhe land or through the ground, it

dissolves naturally occurring minerals and, in some cases, radeaudierial, and can pick up substances
resulting from the presence of animals or from human activi@esmtaminants that may be present in source
water include microbial contaminants, inorganic contaminants, pestiara#® herbicides, organic chemical

contaminants, and radioactive contaminants.

In order to ensure that tap water is safe to drink, the State RAdpoEescribe regulations which limit the
amount of certain contaminants in water provided by public watemsyst@he State Health Department’s
and the FDA'’s regulations establish limits for contaminants ifdabtater which must provide the same
protection for public health.

Drinking water, including bottled water, may reasonably be expeotedrttain at least small amounts of
some contaminants. The presence of contaminants does not necesdiaalg that water poses a health
risk. More information about contaminants and potential health effantbe obtained by calling the EPA’s
Safe Drinking Water Hotline (800-426-4791) or by calling the Putnam Cadiegdith Department (845-278-

6130).

Some people may be more vulnerable to disease-causing microorganisn®gemsin drinking water than
the general population. Immuno-compromised persons such as persons widr gadergoing
chemotherapy, persons who have undergone organ transplants, people withDS\0Abther immune
system disorders, some elderly, and infants can be particulargkdtom infections. These people should
seek advice from their health care provider about their drinking w&eA/CDC guidelines on appropriate



means to lessen the risk of infection by Cryptosporidium, Giardia dmel obicrobial pathogens are
available from the Safe Drinking Water Hotline (800-426-4791).

EPA and State regulations require that neatinely test our drinking water for numerous contaminants.
These contaminants include total coliform, metals, nitrates, leguhec, primary organic compounds,
synthetic organic compounds, MTBE/Ketones, and radiological contaminagis.YNrk State and EPA
allow us to test for some of these contaminants less than ongegudrecause the concentrations of these
contaminants do not change frequently.

Although contaminants were detected, they were in such small gesutieit they formed no health risk to
the general public. In all these cases the levels detectedwedirbelow the EPA’s and New York State’s

allowable limit for safe drinking water.

Table of Detected Contaminants
Level
Detected Unit of
Violation | Date of (Avg/Max) | Measure- Regulatory Limit Likely Source of
Contaminant Yes/No | Sample (Range) ment MCLG | (MCL, TT or AL) Contamination
Inor ganic Contaminants
. 0.05 _ Erosion of natural
Barium No 8/08 (0.02 — 0.05) mg/I 2 MCL=2 deposits.
. 6.4 .
Nickel No 8/08 (1.0 — 6.4) ug/l n/a n/a Naturally occurring
Runoff from fertilizer
Nitrate No 8/08 Ll mgl 10 MCL=10 use; leaching from septic
(0.33-1.71) 9 tanks, sewage; erosion of
natural deposits.
26.0 - ;
Sulfate No 8/08 (9.4 — 26.0) mg/I n/a MCL=250 Naturally occurring
Principle Organic Contaminants
Chloromethane 0.7 _ - . ]
(Methyl Chloride) No 8/08 (ND — 0.7) ug/l n/a MCL=5 Disinfection byproducts
Disinfection Byproducts
Total _ .- .
Trihalomethanes No 7106 4.10 ug/l n/a MCL=80 Disinfection byprodsicit
Radiological Contaminants
73.79 . Potassium carbonate
Gross Betd No Quarterly (23.16-73.79) pCilL n/a na used in water softening
Notes:

1 - The Gross Beta is due to potassium-40, whictoigegulated by U.S. drinking water standards.

Definitions:

Maximum Contaminant Level (MCL): The highest level of a contaminant that is alldwedrinking water. MCLs are set as close to the

MCLGs as feasible.

Maximum Contaminant Level Goal (MCLG) The level of a contaminant in drinking water belahich there is no known or expected risk to

health. MCLGs allow for a margin of safety.
Maximum Residual Disinfectant Level Goal (MRDLG): The level of a drinking water disinfectant belasich there is no known or expected

risk to health. MRDLGs do not reflect the benedifgshe use of disinfectants to control microbiahtamination.

Action Level (AL): The concentration of a contaminant which, if edss, triggers treatment or other requirementstwaiwater system must

follow.

Treatment Technique (TT): A required process intended to reduce the lelvalamntaminant in drinking water.
Non-Detects (ND): Laboratory analysis indicates that the constitigenot present.

Milligrams per liter (ma/l): Corresponds to one part of liquid in one milljparts of liquid (parts per million - ppm).
Micrograms per liter (ug/l): Corresponds to one part of liquid in one billiontpaf liquid (parts per billion - ppb).
Picocuries per liter (pCi/L): A measure of the radioactivity in water.
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DEC PERMIT NUMBER e EFFECTIVE DAT
3-3724-0045/1-0 < 8 11789
FACILITY/PROGRAM NUMBER(s) PERMIT EXPIRATION DATE(s)

Under the Environmental Conservation Law

WSA No. 8240 See Additional
. General Condition #12
Article 15, Title 3; 6BNYCRR 327, 6NYCRR 608: Article 25:
328, 329: Aquatic Pesticides Water Quality Certification Tidal Wetlands
Article 15, Title 5: Article 17, Titles 7, 8: - Article 27, Title 7; 6NYCRR 360:
Protection of Water SPDES Solid Waste Management*

N Article 15, Title 15: Article 19: Article 27, Title 9; 6NYCRR 373:
Water Supply Air Pollution Control* Hazardous Waste Management
Article 15, Title 15: Article 23, Title 27: Article 34:

Water Transport : Mined Land Reclamation Coastal Erosion Management

Article 15, Title 15: Article 24: Article 36:

Long Island Wells Freshwater Wetlands Floodplain Management

Article 15, Title 27: N—New, R—Renewal, M—Modification, Articles 1, 3, 17, 19, 27, 37;

\éVIld Scenic and Recreanonal C—Construct (*only), 0—Operate (*only) 6NYCRR 380: Radiation Control
ivers

PERMIT ISSUED TO
Watchtower Bible & Tract Society of New York, Inc.

ADDRESS OF PERMITTEE
25 Columbia Heights, Brooklyn, New York 11201

AGENT FOR PERMITTEEJCONTACT PERSON TELEPHONE NUMBER
Richard Eldred (914) 878-9090

NAME AND ADDRESS OF PROJECT/FACILITY (If different from Permittee)
Watchtower Educational Center & Hotel, RR 3, Box 191, Patterson, NY 12563

east side of Rte 22 Putnam ‘ Patterson

LOCATION OF PROJECT/FACILITY COUNTY TOWNEIYN ik bACE UTM COORDINATES

DESCRIPTION OF AUTHORIZED ACTIVITY
Installation of a complete water supply and distribution system to serve the proposed

624 one-bedroom apartments for the educational center and 152 unit hotel and the taking

of a supply of water in amounts estimated to average 165,000 gallons per day from the

5 wells described in special condition number 1.

ey

[==]

GENERAL CONDITIONS
By acceptance of this permit, the permittee agrees that the permit is contingent upon strict compli-
ance with the ECL, all applicable regulations and the conditions specified herein or attached hereto.

. The permittee shall file in the office of the appropriate regional permit administrator, or other office designated in the special conditions, a notice of intention to commence

work at least 48 hours in advance of the time of commencement and shall also notify him/her promptly in writing of the completion of the work.

. The permitted work shall be subject to inspection by an authorized representative of the Department of Environmental Conservation which may order the work suspended if

the public interest so requires pursuant to ECL §71-0301 and SAPA §401(3).

. The permittee has accepted expressly, by the execution of the application, the full legal responsibility for all damages, direct or indirect, of whatever nature, and by whomever

suffered, arising out of the project described herein and has agreed to indemnify and save harmless the State from suits, actions, damages and costs of every name and descrip-
tion resulting from the said project.

The Department reserves the right to modify, suspend or revoke this permit at any time after due notice, and, if requested, hold a hearing when:
a) the scope of the project is exceeded or a violation of any condition of the permit or provisions of the ECL and pertinent regulations are found; or
b) the permit was obtained by misrepresentation or failure to disclose relevent facts; or
¢) newly discovered information or significant physical changes are discovered since the permit was issued.

. The permittee is responsible for keeping the permit active by submitting a renewal application, including any forms, fees or supplemental information which may be required

by the Department, no later than 30 days (180 days for SPDES or Solid or Hazarduous Waste Management permits) prior to the expiration date.

. This permit shall not be construed as conveying to the applicant any right to trespass upon the lands or interfere with the riparian rights of others in order to perform the

permitted work or as authorizing the impairment of any rights, title or interest in real or personal property held or vested in a person not a party to the permit.

. The permittee is responsible for obtaining any other permits, approvals, lands, easements and rights-of-way which may be required for this project.
. Issuance of this permit by the Department does not, unless expressly provided for, modify, supersede or rescind an order on consent or determination by the Commissioner

issued heretofore by the Department or any of the terms, conditions, or requirements contained in such order or determination.

. Any modification of this permit granted by the Department must be in writing and attached hereto.

1SSU égoAm PERMIT ADMINISTRATOR ADDRESS 21 South Putt Corners Road
f Ralph Manpa, Jr. New Paltz, NY 12561-1696

AUTHORIZ!:’D SIGNAT /(/// -
W Page 1of __4
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ADDITIONAL GENERAL CONDITIONS FOR ARTICLE 15, TITLE 15 (Water Supply)

10 Prior to starting work on any construction authorized herein, detailed

i

plans of the structures proposed to be built and specifications for such
work shall have been submitted to and approved by the Department.
Thereafter such construction work shail be entirely compieted in full
accordance with the plans and specifiations which have been
submitted and approved.

NOTE: Approval by this Department of final plans and specifications,
and of completed works, will not be issued until equivalent approvals
have been issued by the NYS Department of Health.

Section 15-1529 of the Environmental Conservation Law forbids the

12.

operation of any of these works until, as constructed, they have been
approved by the Department. Such final approval wili be given only
on written request. In general, such approval will not be given until
all provisions affecting quality of the water and safety of the
works have been complied with in full.

The Department reserves the right to rescind this permit or to take
whatever action it may deem suitable and proper if the works authorized

to be constructed herein are not initiated by August 31, 1991

SPECIAL CONDITIONS

SEE ATTACHED CONDITIONS

DEC PERMIT NUMBER

3-3724-0045/1-0

PROGRAM/FACILITY NUMBER
WSA No. 8240

Page __ 2 of _4
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o

10.

11.

SPECIAL CONDITIONS

For Article 1> (_ Water Supply )

The water supply source will consist of sand and gravel wells SG-1 and SG-2
each with an installed pumping capacity of 75.0 gallons per minute and
bedrock wells W-2, W-4 and W-6 with installed pumping capacities of 65.0,
60.0 and 30.0 gallons per minute respectively.

Meters shall be provided to measure water usage. Master meters shall be
installed on all sources of supply to measure all water pumped to the system.

The permittee is required to submit a Water Conservation Program to the
Department within six months after the permit issuance date.

The Department reserves the right to modify this permit after reviewing the
Water Conservation Program.

The permittee shall provide corrosion control treatment for Well W-2.

All land within 200 feet of any well shall be protected and controlled

in order to prevent pollution of the ground or groundwater by direct
ownership of the land or by the acquisition of protective easements or other
appropriate measures.

This area shall further be protected from pollution by surface waters origi-
nating outside thereof by the construction of suitable diversion ditches or
embankments and the development of the water sources shall be so carried out
that there shall be no opportunity for pollution entering the water sources.

The physical pumping facilities and controls shall be protected against
damage or tampering either by a fence or other suitable enclosure or by
their wanner of construction and installation.

Before any water from the well(s) may be used for any purpose, after pro-
longed pumping test(s), the applicant shall have caused a sample of the water
from each to be collected and analyzed, shall have submitted the results of
such analyses to the New York State Department of Health in Albany and shall
have been advised by that Department either that the water is of a satisfac-
tory sanitary quality or that certain specified treatment or purification
thereof is necessary. In this last case such water shall be used only after
full compliance with all of the requirements of that Department.

Nothing contained in this permit and approval shall be held to authorize the
applicant to supply, sell or distribute water from this source of supply for
any purpose unless all such water shall first have been treated and purified
by disinfection (and filtration, if necessary) in a manner satisfactory to
the Department.

The Department reserves the right to require the taking of further sanitary
precautions or the further treatment or purification of the water from this

source should conditions in the future indicate a need for such action.

Continued on next page...

DEC PERMIT NUMBER

3-3724-0045/1-0

FACILITY 1D NUMBER PROGRAM NUMBER

Page __ 3 of 4
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SPECIAL CONDITIONS

For Article 15 (__Water Supply )

12. A minimum water pressure of 20 pounds per square inch shall be provided to
customers at all times. An auxiliary source of power shall be provided to
assure continued operation of the water supply during periods of electrical
power failure.

13. An alarm system shall be provided with automatic signaling apparatus which
will report when primary source equipment malfunctions. Plans for this
alarm system shall be submitted to and approved by the Public Service
Commission prior to placing the water supply system in service.

14. Nothing contained herein shall be held to authorize the permittee to distri-
bute water to any other district or service area which has not already been
approved by the Department or its predecessors without having received a
further permit from the Department.

15. Provisions shall be made to provide an adequate supply of water to those
residents whose private well water systems are diminished or rendered non-
productive by the use of the wells developed by the Permittee.

16. Provisions shall be made to minimize erosion during the construction of the
project and to prevent increased sedimentation in any water body on or adja-
cent to the project.

17. Water used for disinfecting mains, if discharged to area streams, must have
a chlorine residual not exceeding 0.05 mg/l at point of discharge.

18. The permittee is hereby prohibited from developing any new sources of water,
replacement sources of water, or increasing the pumping rate from existing
sources above the levels approved in this permit, without first obtaining a
Water Supply permit from this Department.

STATE ENVIRONMENTAL QUALITY REVIEW ACT

Under the State Environmental Quality Review Act (SEQR), the project associated
with this permit is classified as a Type 1 Action with the Town of Patterson
Planning Board designated as the lead agency. It has been determined that the
‘project may have a significant effect on the environment and, accordingly, Draft
and Final Environmental Impact Statements (EIS) have been prepared, filed and
reviewed. As a result of our review, findings supporting our decision have been
prepared.

DISTRIBUTION

P. Keller

J. Marcogliese/A. Crawford

G. Behn (3504)

G. Faustel, NYSDOH

R. Lamberton,; NYSPSC

J. Karell, Putnam Co. Health Dept.

R. Laurent, Laurent Engineering Assoc.
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