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New York City’s Water Supply System

Presenter
Presentation Notes
AshokanLocated in Ulster County, about 13 miles west of Kingston and 73 miles north of New York City. Formed by the damming of the Esopus Creek, which eventually flows northeast and drains into the Hudson River. Consisting of two basins separated by a concrete dividing weir and roadway, it holds 122.9 billion gallons at full capacity and was placed into service in 1915.The Ashokan is one of two reservoirs in the City's Catskill Water Supply System. The other is the Schoharie, located 27 miles to the north, whose water flows into the Ashokan via the Shandaken Tunnel and the Esopus Creek. Including the water it receives from the Schoharie Reservoir, the Ashokan supplies about 40% of New York City's daily drinking water needs in non-drought periods. Water enters the Ashokan's West Basin and, after a settling period, is withdrawn from its East Basin. It is carried southeast under the Hudson River via the 92-mile Catskill Aqueduct, which has a maximum depth of 1,114 feet. It ordinarily enters the Kensico Reservoir in Westchester for further settling, where it mixes with Delaware system water and then travels south in two aqueducts before entering New York City's water supply distribution at the Hillview Reservoir in Yonkers, just north of the City line.The Ashokan watershed's drainage basin is 255 miles and includes parts of 11 towns: Denning, Hardenburgh, Hurley, Kingston, Marbletown, Olive, Shandaken and Woodstock in Ulster County; Hunter and Lexington in Greene County and Middletown in Delaware County.
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From: TURBIDITY SCIENCE (Hach Technical Information Series—Booklet No. 11)
by Michael J. Sadar
Turbidity is not a direct measure of suspended particles in water but, instead, a measure of
the scattering effect such particles have on light.

Very simply, the optical property expressed as turbidity is the interaction between light and suspended particles in 
water.

What is Turbidity?

Presenter
Presentation Notes
To maintain filtration avoidance status, the Catskill/Delaware system's 4-hour compliance readings must exhibit turbidity levels no greater than 5 NTU, unless it is determined that the turbidity was caused by an unusual or unpredictable event. No more than two events of turbidity greater than 5 NTU in twelve months or five events in 120 months are allowed.
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1904 Report of the Commission on  Additional Water Supply
for the City of New York

Esopus Creek.

The upper watershed of the Esopus Creek lies on the southeasterly slope of the 
Catskill Mountains, and no limestone is found in all its area.  Its 
waters, therefore, are of unusual softness. Esopus Creek empties into the 
Hudson at Saugerties after having flowed northerly and parallel to the Hudson 
from a point immediately back of Kingston. The turbidity occasionally appearing 
after heavy storms arises from clay banks on a few small tributaries. It can be 
readily eliminated by protecting these banks

Alum Plant near Pleasantville in 1917 built to treat  
Catskill water before entering Kensico.
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1906-1913 Esopus Creek Rainfall Runoff Turbidity Study
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Ashokan Reservoir Sampling Sites

East Basin

West Basin

Esopus Cr. at Boiceville (E16I)

Ashokan Release to Aqueduct (EAR)

Ashokan Basin Samples (WS, WM, WB,
ES,EM, EB)
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Esopus Creek at Cold Brook Peak Heights

Flood stage. Begins to 
overflow banks above 

Ashokan Reservoir with little 
damage.
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Esopus Creek at Cold Brook Flood Peaks
(1933 - 2012)
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• 1926: December Treatment

• 1933: August-12/31/33

• 1934: 1/1-5/25/34

• 1935: 1/14-2/12/34

• 1937: 3/1-5/20/37; 11/3-12/31/37

• 1938: 1/1-3/3/38; 12/9-27/38

• 1939: 1/8-5/8/39

• 1950: 11/28-29/50; 12/1-31/50

• 1951: 1/1-6/27/51; 11/28/12/31/51

• 1952: 1/1-6/14/52; 12/9/12/31/52

• 1953: 1/1-6/3/53; 12/15-19/53

• 1954: 1/22-4/22

• 1955: 8/20-25/55; 10/17-12/31/55

• 1956: 1/1-6/21/56

• 1957: 12/23-31/57

• 1958: 1/1-5/29/58

• 1959: 12/16-31/59

• 1960: 1/1-3/10/60; 4/6-25/60

• 1961: None

• 1962: 4/10-5/14/62; 12/19-27/62

• 1963: 4/9-18/63; 11/8-11/63

• 1964: 2/11-14/64; 2/17-21/64; 
4/17-20/64

• 1965-1973: None

• 1974: 1/3-3/21/74

• 1975: None

• 1976: None

Some Earlier Alum Treatments

Presenter
Presentation Notes
Not a comprehensive list
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Esopus Creek at Cold Brook Peak Heights
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Alum Treatment Periods
(1986-2012)

Beginning
Date

End
Date

Days of
Treatment Event

04/06/87 05/19/87 43 ≈6” rain; 30 yr. RI for flow

01/22/96 06/21/96 151
4-5” rain with 45” snow; 30 yr. RI 
for flow

01/14/97 01/29/97 15 Several storms

01/10/01 02/02/01 23 ≈4.5” rain

04/05/05 06/20/05 76

4.05” rain on snow; Almost 3” of 
rain 4 days earlier; 35 yr. RI for 
flow.

10/13/05 11/23/05 41 Still recovering; >6”rain

12/01/05 04/10/06 129 2”; Shandaken portal open.

05/15/06 05/24/06 10 2.5” rain; continuation

06/28/06 08/02/06 36 3 days of rain, ≈7.5” 

01/31/11 02/11/11 11
7-9” rain in late Sept.; >4.5” end of 
Nov.

03/02/11 05/20/11 79 Continuation of above

08/29/11 05/15/12 260 Tropical Storms Irene and Lee

Presenter
Presentation Notes
8 treatment periods
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Ashokan – April 1987
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Ashokan West Basin- Sept. 1999
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Esopus Creek at Boiceville Turbidity Statistics

Season January February March April May June July August September October November December

N 413 320 503 540 446 442 333 357 417 400 390 341

Mean 524.93 548.84 451.37 461.62 529.20 579.92 672.44 708.82 587.11 572.97 521.91 696.34

Median 26.00 15.00 19.00 19.50 12.00 17.50 12.00 14.00 24.00 21.50 18.00 20.00

25% 6.80 6.30 7.50 6.38 4.80 5.22 5.40 7.10 7.10 6.20 8.07 6.20

75% 568.00 1988.00 100.00 124.00 1987.00 1988.00 1990.00 1991.00 1988.00 1989.00 550.00 1991.00

Minimum 1.40 1.90 2.10 1.30 1.00 1.10 1.00 1.80 2.20 1.00 1.00 1.00

Maximum 2390.00 1994.00 1994.00 2003.00 1995.00 4500.00 2008.00 1994.00 2200.00 1994.00 1994.00 2003.00

TURB: Period analysed 25 years and 7 months for calendar years 1987 to 2012
4902 observations from 12 seasons
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Esopus Creek at Boiceville April 2005



16

1

10

100

1000

10000
Tu

rb
id

ity
 (N

TU
)

Esopus Creek at Boiceville Automated Monitoring

Presenter
Presentation Notes
Not below 10 until Nov.
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Esopus Creek at Boiceville Using an Autosampler
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Ashokan Reservoir – April 2005
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Ashokan March 2008
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Ashokan West Basin – 1993-2012
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Presenter
Presentation Notes
All >1000 were 201199th percentile=1000	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	DecWS	6.4	5.35	8.5	7.85	2.85	2	1.6	1.6	2.25	4.4	5.25	6.2WM	7.6	6.2	9.5	8	3.6	2.6	2.9	3	3.5	4.9	5.5	6.3WB	8.85	7.75	11	8.75	5.6	3.65	4.75	6.45	11	13	8.25	7
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Ashokan East Basin – 1993-2012

Presenter
Presentation Notes
	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	DecES	3.85	3.65	5.2	5.5	2.15	1.5	1.1	1.1	1.3	2.1	3.1	3.1EM	3.7	3.5	5.1	5.7	2.2	1.6	1.8	1.7	1.85	2.4	3	3.3EB	4.15	3.7	5.2	5.2	2.45	1.6	1.7	2.5	4.8	6	3.5	3.6EAR	3.2	3.3	3.8	4	2	1.7	1.8	2	2.3	2.9	3.4	3.2
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Ashokan West Basin Surface
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Ashokan West Basin Bottom
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Ashokan East Basin Surface
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Ashokan East Basin Bottom

11
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Ashokan Release to Catskill Aqueduct
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Lower Esopus Creek Sampling Sites
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Turbidity
Lower Esopus Sites

April 2011 - August 2012

Ashokan Spill

Confluence of Spill & Release

Release Channel

Lower Esopus (above Sawkill)

Saugerties Beach

Esopus Cr. @ Boiceville

Sample Location:

Lower Esopus Creek Turbidity
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Summary

• Turbidity has always been water quality 
concern for Ashokan

• Large events (30 year+ return intervals) lead 
to turbidity issues that may require alum 
treatment.

• Timing of storm is important as to how long 
turbidity will persist in system.
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Schoharie Reservoir

Watershed Area = 816.5 Km2

Surface Area = 4.6 Km2

Storage = 74 million m3

Residence Time 0.15 y-1

West Basin Ashokan Reservoir

Total Watershed Area = 663.5 Km2

Surface Area = 12.9 Km2

Storage = 178 million m3

Residence Time = 0.21 y-1

East Basin Ashokan Reservoir

Total Watershed Area = 663.5 Km2

Surface Area = 20.8 Km2

Storage = 305 million m3

Residence Time = 0.33 y-1

Catskill System of the New York City Water Supply
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Esopus Creek at Cold Brook Flow Trend Analysis

Discharge 
(cfs)

Median 
value

Kendall 
statistic Variance Z P P(adjusted)

Median 
annual 
Sen slope

5% 
confidence 
limit

95% 
confidence 
limit

Unadjusted 527.00 241.00 9799.00 2.42 0.02 0.18 7.00 2.11 10.84

TimeTrends Seasonal Kendall test for Group 1362500 for Discharge (cfs)
Period analysed 19 years for calendar years 1993 to 2011
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Sen slope trend for Discharge (cfs) at the Esopus Creek at Cold Brook
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Presenter
Presentation Notes
About 1.3% increase/year
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Esopus Creek at Boiceville Turbidity Trend Analysis

TURB Median 
value

Kendall 
statistic Variance Z P P(adjusted)

Median 
annual 
Sen slope

5% 
confidence 
limit

95% 
confidence 
limit

Unadjusted 5.65 240.00 9772.67 2.42 0.02 0.29 0.12 0.03 0.25

Flow 
adjusted -0.34 170.00 9804.00 1.71 0.09 0.46 0.10 0.05 0.15

Seasonal Kendall test for TURB
Period analysed 19 years for calendar years 1993 to 2011
Covariate adjustment method is lowess explaining 54.04% of variance in TURB
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Presenter
Presentation Notes
Approx. 2% increase/year
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Ashokan Reservoir Interim Protocol 

Operational Modes

Community Releases
• Intended to provide the Lower Esopus with a supplemental base flow during normal conditions.
• Benefits: Promote habitat, agriculture and recreation
• Criteria include:

NYCDEP will release 15 million gallons per day (MGD) from the Release Channel during the summer season 
(May 1 to Oct. 31) and 10 MGD during the winter season.
NYCDEP will attempt to use the layers of water with the lowest turbidity in Ashokan's West Basin.

Discharge Mitigation Releases
• Intended to increase the potential for the reservoir to capture stormwater during ten months of the year.
• Benefits: Capture high runoff from storms
• Criteria include:

The reservoir void target, or Conditional Seasonal Storage Objective (CSSO), will be 10 percent from Oct. 14 
to Mar. 15 and zero percent from May 1 to Jun. 30.

Operational Releases
• Intended to protect water quality in Ashokan's East Basin while minimizing downstream impacts.
• Benefits: Protect public water supply quality
• Criteria include: 

NYCDEP may make releases for the purpose of promoting water quality in the diversion used for public water 
supply. Water would be released from the Ashokan's West Basin to reduce turbidity spilling into the East 
Basin, which is used for human consumption.
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