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Executive Summary 
This report describes supplemental analyses and closed-loop operational scenarios for 
compliance with regulatory requirements for air emissions.  The updated make-up flow rates to 
reduce closed-loop cooling salinity are presented along with the corresponding emissions of 
particulate matter, based on the recent Applied Science Associates, Inc. (ASA) salinity analysis. 

In the 2003 Report “Economic and Environmental Impacts Associated with Conversion of Indian 
Point Units 2 and 3 to a Closed-Loop Condenser Cooling Water Configuration” (2003 Closed-
Loop Cooling Report), the salinity of a closed-loop system for Indian Point Energy Center 
(IPEC) was determined to be 7.2 practical salinity units (psu), employing a constant (average) 
factor for Hudson River salinity of 1.8 psu.  This salinity level was the basis for the air quality 
analyses of cooling tower particulate emissions performed by TRC Companies, Inc. (TRC) in 
2009.  The recent ASA salinity analysis has indicated that, although the 1.8 psu average is 
correct, the Hudson River salinity is highly variable and often significantly greater than 1.8 psu 
for extended periods of time.  As a result, if installed, a closed-loop system at IPEC would not be 
able to maintain 7.2 psu, as previously evaluated by TRC. 

This report evaluates how a closed-loop system would need to operate, given the recent salinity 
information provided by ASA and the associated air quality analyses performed by TRC.  As 
detailed below, and summarized in the results section of this report, there is an essential trade-off 
between closed–loop cooling operation and air quality, given prevailing salinity conditions of the 
Hudson River.  According to TRC, the closed-loop cooling system cannot reasonably be 
expected to comply with air quality standards if operated for substantial periods of time 
(including most of the summer months) given the expected Hudson River salinity values.  As a 
result, previous assumptions about closed-loop cooling operations and configurations (contained 
in both the 2003 Closed-Loop Cooling Report and the “2010 Engineering Feasibility and Costs 
of Conversion of Indian Point Units 2 and 3 to a Closed-Loop Condenser Cooling Water 
Configuration” (2010 Closed-Loop Cooling Report)) require updating. 

Closed-loop cooling requires make-up water to replace water lost in evaporation and drift from 
the cooling towers, and to allow blowdown from the closed-loop system to maintain water 
quality within the system.  As defined in the 2010 Closed-Loop Cooling Report, the IPEC 
closed-loop cooling system would draw its make-up water from the service water (SW) 
discharged from each Unit, which reflects the salinity of the Hudson River.  According to TRC, 
Hudson River water salinity is the primary contributing factor to emissions.  The evaluated 
mechanism for controlling air emissions is to limit salinity in the system through alteration of the 
cooling tower operations, specifically cycles of concentration, or reverting to once-through 
cooling (bypassing the cooling towers).  Theoretically, if the River salinity is sufficiently low, it 
can be used for closed-loop cooling; however, as the ASA salinity analysis shows, River salinity 
is high for extended periods of time.  This salinity effectively constrains cooling tower 
operations, requiring the closed-loop system to revert to once-through cooling in order to avoid 
exceeding the PM2.5 national ambient air quality standards (NAAQS) and PM2.5 Significant 
Impact Levels (SIL). 
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TRC evaluated the exceedance of the PM10 and PM2.5 NAAQS and SIL that would result from 
operation of closed-loop cooling at IPEC.  TRC determined that to avoid exceeding the PM2.5
NAAQS with 1.5 cycles of concentration, the Hudson River salinity would have to be 0.846 psu 
or less.  The limiting ground level concentration in the Westchester County PM2.5 non-attainment 
area is the SIL; to avoid exceeding the PM2.5 SIL with 1.5 cycles of concentration, TRC 
determined that the Hudson River dissolved solids would have to be 0.175 psu or less.  These 
values represent make-up water salinity (i.e., Hudson River water salinity), which is the primary 
contributing factor to emissions.   

TRC’s analysis provided the basis for determining the operating profiles for closed-loop cooling 
based upon the Hudson River salinities (i.e., cooling tower make-up water salinities).  In order to 
avoid exceeding the PM2.5 NAAQS or PM2.5 SIL under any meteorological condition, a “PM2.5
NAAQS No Exceedance” and a “PM2.5 SIL No Exceedance” scenario was run to determine how 
often IPEC would be forced to revert from closed-loop to once-through operation.  While no 
detailed design work on a system that would allow switching from closed-loop to once-through 
operation at IPEC has been performed, operating constraints would likely limit the switch to a 
seasonal basis; however, this Report conservatively assumes the switch between closed-loop and 
once-through operation would be determined on a weekly basis (although impractical for actual 
Station operation).  In addition, the closed-loop cooling configuration described in the 2003 and 
2010 Closed-Loop Cooling Reports would have to be revised to accommodate switching 
between closed-loop cooling and once-through cooling (bypassing the cooling towers).  The 
need to switch between once-through and closed-loop cooling may have substantial design, 
construction, operational, and cost ramifications. 

In order to avoid exceeding the PM2.5 NAAQS and PM2.5 SIL, operation of closed-loop cooling 
would be expected to occur no more than 43% and 13% of the year, respectively.  Operation of 
closed-loop cooling 43% of the time would result in reductions in entrainment, entrainment 
losses, and equivalent age 1 losses of 57.4%, 63.8%, and 56.6%, respectively; moreover, the 
PM2.5 SIL would still be exceeded.  Operation of closed-loop cooling 13% of the year would 
result in reductions in entrainment, entrainment losses, and equivalent age 1 losses of 26.7%, 
41.4%, and 38.5%, respectively.  For comparison, the reductions in equivalent age 1 losses for 
cylindrical wedgewire screens would be approximately 89.8%, as presented in Attachment 6 of 
the 2010 “Evaluation of Alternative Intake Technologies at IPEC Units 2 and 3” (2010 
Alternative Technologies Report).  Likewise, the reductions in equivalent age 1 losses associated 
with the existing technology and operational suite employed by Entergy (i.e., Ristroph screens 
and fish handling and return systems, as well as flow reductions due to variable and dual speed 
pumps and maintenance outages) are approximately 33.8%. 
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1 Introduction 

1.1 Purpose
In the 2003 Report “Economic and Environmental Impacts Associated with Conversion of 
Indian Point Units 2 and 3 to a Closed-Loop Condenser Cooling Water Configuration” (2003 
Closed-Loop Cooling Report) [Ref. 6.1], the salinity1 of a closed-loop system for Indian Point 
Energy Center (IPEC) was determined to be 7.2 practical salinity units (psu), employing a 
constant (average) factor for Hudson River salinity of 1.8 psu.  This salinity level was the 
basis for the air quality analyses of cooling tower particulate emissions performed by TRC 
Companies, Inc. (TRC) in 2009.  The recent Applied Science Associates, Inc. (ASA) salinity 
analysis has indicated that, although the 1.8 psu average is correct, the Hudson River salinity 
is highly variable and often significantly greater than 1.8 psu for extended periods of time.  As 
a result, if installed, a closed-loop system at IPEC would not be able to maintain 7.2 psu, as 
previously determined and evaluated by TRC. 

This report describes supplemental analyses and closed-loop operational scenarios for 
compliance with regulatory requirements for air emissions.  The updated make-up flow rates 
to reduce closed-loop cooling salinity are presented along with the corresponding emissions 
of particulate matter, based on the recent ASA salinity analysis.  

1.2 Scope
This report evaluates how a closed-loop system would need to operate, given the recent 
salinity information provided by ASA (Appendix F) and the associated air quality analysis 
performed by TRC (Appendix C).  As detailed below, and summarized in the conclusions 
section of this report, there is an essential trade-off between closed–loop cooling operation 
and air quality, given prevailing salinity conditions of the Hudson River.  According to TRC, 
the closed-loop cooling system cannot reasonably be expected to comply with PM2.5 national 
ambient air quality standards (NAAQS) and PM2.5 Significant Impact Levels (SIL) if operated 
for substantial periods of time (including most of the summer months) given the Hudson 
River salinity values.  As a result, previous closed-loop cooling operations and configurations 
(contained in both the 2003 Closed-Loop Cooling Report [Ref. 6.1] and the 2010 Engineering 
Feasibility and Costs of Conversion of Indian Point Units 2 and 3 to a Closed-Loop 
Condenser Cooling Water Configuration (2010 Closed-Loop Cooling Report) [Ref. 6.1]) 
require updating. 

1 For the purposes of this report, the term “salinity” is used to conservatively represent the sum of total dissolved 
solids (TDS) and total suspended solids (TSS), which, when measured may yield values greater than simply 
measuring salinity alone.   
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2 Salinity Analysis Inputs 

2.1 Salinity Data 

2.1.1 2003 Closed-Loop Cooling Report Salinity Data 
Attachment 5 of the 2003 Closed-Loop Cooling Report [Ref. 6.1], reflected a closed-loop 
salinity of 7.2 psu (7200 ppm), based on an assumed average salinity level of 1.8 psu (1800 
ppm) obtained from the 1974 Economic and Environmental Impacts of Alternative Closed-
Cycle Cooling Systems for Indian Point Unit 2 [Ref. 6.5].  Closed-loop salinity was used 
as a design consideration for cooling tower component selection, and was used to evaluate 
the salt deposition around the two round hybrid cooling towers [Ref. 6.4].

2.1.2 ASA Hudson River Salinity Data  
A long-term data set of Hudson River salinity in the vicinity of Indian Point was 
determined and provided by ASA, as documented in Appendix F.  The data set consisted 
of 10 years of modeled Hudson River salinity data for the period 2000 – 2009 in 1-hr 
increments.  Table 2.1 shows the average and maximum continuous Hudson River salinity 
in psu for the interpolated 10-yr data (Table 5.8 of Appendix F).  Appendix F further 
describes ASA’s analysis of the Hudson River salinity data.  The average data recovery 
rate (i.e., percentage of data that is measure over a given period of time) for the ten year 
period analyzed (2000-2009) was 97.2% as shown in Appendix F, and represents an 
extremely robust data set. 
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Table 2.1   Continuous 10-Year Hudson River Salinity Data 
(2000 – 2009) 

Month 10-Year Data 
Average (psu) 

10-Year Data 
Maximum (psu) 

January 1.11 6.77 
February 1.59 6.96 
March 1.08 5.84 
April 0.51 4.51 
May 0.75 6.60 
June 1.17 6.07 
July 2.45 7.27 
August 3.14 7.55 
September 3.90 7.67 
October 3.14 7.66 
November 1.76 7.63 
December 1.06 7.26 
Average Annual 1.81 6.82*

*Average of the monthly maxima. 

2.2 Service Water Flow Description 
For this analysis and consistent with 2010 Closed-Loop Cooling Report, Service Water (SW) 
flows were utilized as make-up flow for the closed-loop cooling system.  IPEC supplied seven 
years (2001-2007) of measured SW intake flow data to ASA Analysis & Communication, Inc. 
(ASAAC) in millions of gallons per day (MGD); the Unit 2 data includes Unit 2 service water 
(SW) and Unit 1 river water (RW) flow, and the Unit 3 data includes Unit 3 SW flow.  This 
data was initially supplied for the Biological Assessment included in Attachment 6 of the 
2010 Evaluation of Alternative Intake Technologies at IPEC Units 2 and 3 (2010 Alternative 
Technologies Report) [Ref. 6.3].

Table 2.2 shows the monthly and annual average historic flows for the Stations in gallons per 
minute (gpm).  The monthly and average historic SW flows were used because coincident 
data (2000 – 2009) was not available. 
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Table 2.2   Average Historic SW Flow Rates 
(2001-2007)

Month Unit 21

(gpm)
Unit 32

(gpm)
Total
(gpm)

January 27,947 18,000 45,947
February 28,668 18,000 46,668
March 28,507 16,524 45,031
April 28,924 16,443 45,367
May 29,123 17,774 46,897
June 29,757 18,471 48,228
July 32,201 20,868 53,069
August 34,304 22,561 56,865
September 33,644 20,675 54,319
October 31,239 18,685 49,924
November 28,932 17,913 46,845
December 29,628 18,000 47,628
Average Annual3 30,251 18,668 48,919
1 Unit 2 flow includes Unit 2 SW flow and Unit 1 RW flow. 
2 Unit 3 flow includes Unit 3 SW flow. 
3 The average annual historic (2001-2007) SW flow rate is a weighted average determined 
using the number of days in each month with respect to the number of days in one year.

2.3 Meteorological Data 
Site wet-bulb temperature2 governs the amount of evaporation from the cooling towers during 
operation.  Since closed-loop salinity is concentrated by evaporation, it is necessary to 
accurately define monthly variations in evaporation for the closed-loop cooling salinity level 
analysis.  Although wet-bulb temperature is not measured directly by site meteorological 
instruments, wet-bulb temperature was calculated using the measured dry bulb temperature 
and dew point temperature data obtained from IPEC. 

The eight years of IPEC meteorological data (2001-2008) utilized in the 2010 Closed-Loop 
Cooling Report [Ref. 6.2] was also utilized for this analysis.  A thorough review was 
conducted to ensure that the data set was uniform with no erroneous values.  The average data 

2 Wet-bulb temperature is a meteorological measurement that incorporates both moisture content and temperature of 
the ambient air. 
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recovery rate for the eight year period analyzed (2001-2008) was 97.2% as shown in 
Attachment 4, Table 4-1 of the 2010 Closed-Loop Cooling Report [Ref. 6.2], and represents 
an extremely robust data set. 

2.4 Closed-Loop Design 
As discussed in the 2010 Closed-Loop Cooling Report [Ref. 6.2], conversion of both Units 2 
and 3 to closed-loop cooling would necessitate the installation of two 100% capacity round 
hybrid cooling towers and the associated piping and equipment.  Under the identified 
configuration, the new circulating water pumps (CW) for each Unit would draw suction from 
a modified discharge canal to provide water to cooling tower supply pipelines.  In its modified 
configuration, the discharge canal would no longer serve its once-through cooling function to 
return circulating water to the Hudson River, but instead would become a new circulating 
water reservoir / pump pit.  The new Unit 2 pump house would be located on the discharge 
canal between the Unit 1 and Unit 3 turbine generator buildings.  The new Unit 3 pump house 
would be located on the discharge canal along the Hudson River bank.  Although the existing 
CW pumps would no longer be required for closed-loop operation, SW flow would still be 
maintained through the existing intake structures.  The discharge from the SW systems would 
be used after a conversion to closed-loop cooling for make-up water to the cooling towers. 

In short, in order to convert to closed-loop cooling, multiple modifications to the discharge 
canal would be required.  The existing discharge canal would need to be modified to serve as 
a reservoir/pump pit for the new circulating water pumps that would supply the cooling 
towers.  The new reservoir would communicate between Units 2 and 3 and provide some 
operational flexibility, whereby the reserve volume would act as a buffer against flow 
disruptions and equipment failure.

Additional make-up flow for the closed-loop cooling system could be required to provide 
additional dilution during periods of high closed-loop salinity. One or more make-up pump(s) 
could be designed to supply the required flow to the cooling tower reservoir.  The necessity 
for additional pumping capacity and resultant flow is discussed in Section 3.1. 
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3 Method of Analysis 
3.1 Additional Make-Up Cases 
Closed-loop cooling requires make-up water to replace water lost in evaporation and drift 
from the cooling towers, and to allow blowdown from the closed-loop system to maintain the 
water quality in the closed-loop system.  As defined in the 2010 Closed-Loop Cooling Report 
[Ref. 6.2], the IPEC closed-loop cooling system would draw its make-up water from the SW 
discharged from each Unit, which reflects the salinity of the Hudson River.  The mechanism 
for controlling air emissions is to limit salinity in the system through alteration of the cooling 
tower operations, specifically cycles of concentration. 

The make-up flow provided by historic SW discharge is substantial (see Section 2.2); 
however, based upon the salinity analysis performed by ASA, SW discharge alone would not 
adequately reduce the closed-loop salinity in times of increased Hudson River salinity.  In an 
attempt to limit closed-loop salinity, a control logic was chosen using SW discharge and 
additional make-up water used in instances of high closed-loop cooling salinity.  The control 
logic analyzed is as follows: 

1) If closed-loop salinity is less than the selected setpoint3, then utilize the SW discharge 
flow rate only as closed-loop make-up. 

2) If closed-loop salinity is greater than the selected setpoint, then utilize the SW discharge 
and additional make-up flow as closed-loop make-up. 

Note that if the River salinity is low enough, it can be used for closed-loop cooling; however, 
as the ASA salinity analysis shows, River salinity is high for extended periods of time.  This 
salinity effectively constrains cooling tower operations, requiring the closed-loop system to 
revert to once-through cooling in order to avoid exceeding the PM2.5 NAAQS and PM2.5 SIL. 

Figure 3.1 illustrates the closed-loop cycle for one Unit. 

3 The salinity setpoint is a selected point at which additional make-up flow is initiated to counteract high closed-loop 
salinity levels.  The setpoints are selected to minimize make-up flow requirements at the given salinity level, based 
on the trended analysis discussed in Appendix A.  The selected setpoints are documented in Table A.1 of Appendix 
A. 
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Figure 3.1 Closed-Loop Design 

The river water salinity is added to the closed-loop system through the SW flow and 
additional make-up flow, as required.  Salinity is removed from the closed-loop system 
through blowdown and drift4 although the salinity lost from the closed-loop system from drift 
is negligible5.  Salinity is concentrated in the closed-loop system through evaporation.

Hybrid cooling-tower operation was selected to minimize evaporation, and thereby reduce 
closed-loop salinity and make-up water flow requirements.  SPX provided two data points for 
evaporation rates for hybrid cooling tower operation (Appendix E).  These data points were 
used to create a correlation between the evaporation rates of a round hybrid cooling tower and 
the ambient wet-bulb temperature.  Appendix E includes a chart from SPX illustrating the 
linear nature of the relationship between evaporation and wet-bulb temperature.  The 
meteorological data described in Section 2.3 was used to determine the monthly average wet-

4 Drift is liquid water that is carried away from the cooling towers through the exhaust air stream.  Drift droplets 
have the same concentration of solids as the water flowing through the cooling tower. 

5 The amount of flow and salt lost to drift is only 14 gpm or approximately 0.04% of the make-up flow for the 
closed-loop system.  Therefore, the salinity lost from the closed-loop system through drift is not included in this 
analysis.
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bulb temperature at IPEC because coincident data (2000 – 2009) was not available.  This 
monthly average wet-bulb temperature was input into the correlation derived from the SPX 
data to determine the monthly and annual average evaporation rates.  Table 3.1 shows the 
monthly and annual average evaporation rates used in the salinity analysis. 

Table 3.1   Monthly Average Evaporation 
Month Evaporation Rate 

Average (%) 
Evaporation Rate 

Average (gpm) 
January 0.80 11,144 
February 0.80 11,161 
March 0.87 12,187 
April 1.01 14,114 
May 1.12 15,738 
June 1.25 17,566 
July 1.30 18,218 
August 1.29 18,058 
September 1.22 17,055 
October 1.08 15,174 
November 0.98 13,774 
December 0.86 11,976 
Average Annual1 1.05 14,696 
1 The average annual evaporation  rate is a weighted average 
determined using the number of days in each month with respect to the 
number of days in one year. 

3.2 1.5 Cycles of Concentration 
As discussed in the 2010 Closed-Loop Cooling Report, Hudson River water currently used in 
the Stations’ circulating water systems must also be used for the circulating water in a closed-
loop system6.  Evaporation in the cooling tower would increase the concentration of dissolved 
solids in the circulating water, as compared to the Hudson River water.  The number of times 
the dissolved minerals in the circulating water are concentrated, versus the level in the 
Hudson River water (i.e., the cycles of concentration), is an important parameter for cooling 
tower operation.  Since the intake salinity at IPEC varies dramatically based on freshwater 
discharge to the Hudson River as well as other meteorological and oceanographic influences, 
the number of cycles of concentration would be dependent on the current intake salinity.  The 
higher the salt content of the makeup water, the fewer cycles of concentration that can be 
employed to maintain the amount of dissolved solids in the circulating water below the design 
value.

When designing cooling towers, SPX prefers to limit the closed-loop TDS concentration (i.e., 
salinity) to 5000 ppm (5 psu) or less (Appendix E).  Based on ASA’s updated Hudson River 

6 As a result of the considerable unknowns, costs, and the numerous permits required, using recycled wastewater is 
considered infeasible, as discussed in Section 7.1.2 of the 2010 Cooling Tower Report. 



 Analysis of Closed-Loop Cooling 
Salinity Levels for Indian Point Units 2 & 3 

9

salinity analysis (Appendix F), salinity in the vicinity of IPEC peaks as high as 7.67 psu, thus 
requiring additional make-up flow to moderate the effects of increased Hudson River salinity.  
The most practical flow scenario would utilize 1.5 cycles of concentration for the closed-loop 
system, meaning that the concentration of TDS in the circulating water would be 1.5 times 
that of the incoming Hudson River water.  This make-up flowrate was selected based on the 
recommendation of SPX for saltwater towers7.  The flowrate required to achieve 1.5 cycles of 
concentration is equivalent to the historic Unit 2 and Unit 3 service water flowrates.  The 
evaporation and drift flow rates would be determined as described in Section 3.1. 

7 The water quality in saltwater cooling towers is typically 1.5 cycles of concentration, meaning the concentration of 
TDS in the circulating water would be 1.5 times that of the incoming water.  Saltwater/brackish cooling towers are 
limited by material and thermal performance degradation at levels above 1.5 cycles of concentration and the 
biological impact of increased water usage at levels below 1.5 cycles of concentration. 
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4 Updated Salinity Calculation 
The updated salinity analysis provides the monthly and annual closed-loop salinity levels based 
on an updated make-up flow operational scenario to reduce closed-loop cooling salinity in 
accordance with air quality requirements.  The need to decrease the closed-loop salinity is 
balanced against the goal of not increasing the flow to a value that would significantly diminish 
closed-loop flow reductions.  Table A.1 provides the salinity setpoint (i.e., the selected setpoint 
at which additional make-up flow is initiated to counteract high closed-loop salinity levels) 
selections, based on the trended analysis discussed in Appendix A.  These setpoint values were 
selected in an attempt to minimize both the salinity and make-up flow required. 

The closed-loop flow and salinity loop is illustrated in Figure 3.1.  The initial salinity level 
within the closed-loop system (T1) is based on an assumed initial salinity value8 and the volume 
of water within the closed-loop system for both Units, shown in Equation 1.

 T1 = V × SC1 (1) 

where,

T1 = Initial salt content in the closed-loop system (psu × gallons) 

V = Volume of water in the closed-loop system (gallons) 

SC1 = Initial salinity of the water in the closed-loop system (psu) 

The second, and subsequent closed-loop salinity values, are calculated using Equation 2. 

 T = TL – SC × B + SN × M (2)

where,

T = Salt content in closed-loop system (psu × gallons) 

TL = Previous salt content in closed-loop system (psu × gallons) 

SC = Previous salinity of the water in the closed-loop system (psu) 

B = Blowdown volume (gallons) 

SN = Salinity of the Hudson River water (psu) 

M = Make-up volume (gallons) 

8 Using an iterative process, the starting closed-loop cooling salinity is assumed to be the average closed-loop 
salinity calculated for each setpoint and make-up flowrate; the average closed-loop salinity is used as a 
representative value and has a negligible impact on the overall calculation. 
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The closed-loop salinity values calculated using Equation 2 were reviewed and, if during a given 
week the closed-loop salinity would result in a value exceeding the PM2.5 NAAQS or PM2.5 SIL 
limits (Appendix C), the system was switched to once-through operation.  For the purposes of 
this analysis, the switch from closed-loop to once-through cooling was conservatively 
determined on a weekly basis (i.e., if the closed-loop salinity value would exceed the PM2.5
NAAQS or PM2.5 SIL limits at any time in a given week, once-through operation was utilized 
instead of closed-loop operation).  However, switching between closed-loop and once-through 
cooling may only be feasible (if at all practicable) on an infrequent period (such as a seasonal 
basis). 
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5 Results
The updated salinity analysis on the 10-year Hudson River data provided by ASA returned 
values greater than the 7.2 psu defined in the 2003 and 2010 Closed-Loop Cooling Reports.  
Analyses were done over a range of make-up pump flowrates as well as 1.5 cycles of 
concentration to determine if make-up pumps would be able to eliminate exceedance of the 
PM2.5 NAAQS and PM2.5 SIL.  Each of these analyses was calculated in the manner described in 
Section 4 and was then utilized by TRC to determine the potential exceedance for each scenario.

TRC evaluated the exceedance of the PM10 and PM2.5 NAAQS and SIL that would result from 
operation of closed-loop cooling at IPEC.  As discussed in Appendix C, the PM2.5 NAAQS is 5.8 
micrograms per cubic meter above the ambient background levels; to avoid exceeding the PM2.5
NAAQS, the Hudson River dissolved solids would have to be 0.846 psu or less.  When this value 
is concentrated 1.5 times, the maximum cooling tower salinity would be approximately 1.269 
psu.  The limiting ground level concentration in the Westchester County PM2.5 non-attainment 
area is the SIL of 1.2 micrograms per cubic meter; to avoid exceeding the PM2.5 SIL, the Hudson 
River dissolved solids would have to be 0.175 psu or less.  When this value is concentrated 1.5 
times, the maximum cooling tower salinity would be approximately 0.263 psu.  Limiting the 
cooling tower salinity to below 0.263 psu theoretically would allow the closed-loop cooling 
system to operate at IPEC without exceeding the PM2.5 SIL limit under any meteorological 
condition.

In order to avoid exceeding the PM2.5 NAAQS or PM2.5 SIL under any meteorological condition, 
a “PM2.5 NAAQS No Exceedance” and a “PM2.5 SIL No Exceedance” scenario was run to 
determine how often IPEC would be forced to revert from closed-loop to once-through 
operation.  While a conceptual design has been created for a fully closed-loop system (2003 and 
2010 Reports), the detailed design for a system that would allow switching from closed-loop to 
once-through operation at IPEC has not been performed.  The consistent circulating water flow 
to the main condenser is necessary to serve as a heat sink (i.e., a mechanism for heat removal) 
for turbine exhaust steam, turbine bypass steam, and other flow.  Switching between closed-loop 
and once-through cooling would be complicated by the start-up and realignment of components 
necessary for each cooling system and the operational need to maintain a consistent circulating 
water flow to the main condensers with the Stations in service.  This would likely require a 
shutdown of each Unit to accomplish the switchover.  Based on these engineering 
considerations, and operational considerations input from IPEC personnel, switching between 
closed-loop and once-through cooling for any potential system may only be feasible (if at all 
practicable) on an infrequent period (such as a seasonal basis).  Limited to a seasonal switch 
between closed-loop and once-through cooling, IPEC would be forced to operate entirely in 
once-through cooling mode over the 10-year period analyzed by ASA (Appendix F) to avoid 
exceeding PM2.5 SIL (based on a maximum basin salinity of 0.263 psu determined by TRC). 

In order to calculate a theoretical best case scenario (i.e., maximize closed-loop operation time 
while avoiding exceeding PM2.5 NAAQS or PM2.5 SIL), although impractical for actual Station 
operation, this report conservatively assumes the switch between closed-loop and once-through 
operation could be accomplished on a weekly basis.  The 10-year Hudson River salinity data was 
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reviewed and if during a given week the closed-loop salinity would exceed the PM2.5 NAAQS or 
PM2.5 SIL, the system was switched to once-through operation.  Appendix B includes the 
average annual percentage of once-through run time (bypassing the cooling tower) that would be 
required to avoid exceeding the air quality standards9.  As shown in Appendix B, in order to 
avoid exceeding the PM2.5 NAAQS, operation of closed-loop cooling would be expected to occur 
no more than 43% of the time; in order to avoid exceeding the PM2.5 SIL, operation of closed-
loop cooling would be expected to occur no more than 13% of the time. 

The data in Appendix A and Appendix B was utilized by ASAAC to determine reductions in 
entrainment10, entrainment losses11, and equivalent age 1 losses12 for each scenario that did not 
exceed PM2.5 NAAQS and PM2.5 SIL.  Table 5.1 summarizes the results provided by TRC and 
ASAAC in Appendix C and Appendix D, respectively by presenting the potential exceedance of 
PM2.5 NAAQS and PM2.5 SIL for each closed-loop cooling make-up scenario and the associated 
percent reduction in entrainment, entrainment losses, and equivalent age 1 losses. 

9 The cooling tower make-up flow would be equal to the historic SW flowrates and the once-through flow would be 
equal to the historic SW and CW flowrates for both Units 2 and 3 as used by ASAAC in the 2010 Alternative 
Technologies Report. 
10 Entrainment refers to the eggs, larvae, and older life stages of fish that are drawn through a cooling water system. 
11 Entrainment loss refers to the eggs, larvae, and older life stages of fish that do not survive being drawn through a 
cooling water system. 
12 Equivalent age 1 refers to the number of fish at different ages that are equivalent one-year-old fish using estimates 
of the probabilities that fish entrained at various ages would survive to age 1.  Equivalent age 1 loss refers to the 
equivalent age 1 fish that do not survive being drawn through a cooling water system. 
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Table 5.1 IPEC Salinity Analysis 
Air Quality Exceedance and Entrainment Reductions

Case 

(Make-Up Capacity1)

Air Quality Exceedance2 Entrainment Reductions3

PM2.5 SIL 
(Exceedance)

PM2.5
NAAQS 

(Exceedance)

Entrainment Entrainment 
Loss

Equivalent
Age 1 Loss

(Average % Reduction)
SW Only (1.5 Cycles4) YES YES N/A                   N/A                 N/A 

SW + 10,000 gpm YES YES N/A                   N/A                 N/A 
SW + 25,000 gpm YES YES N/A                   N/A                 N/A 
SW + 50,000 gpm YES YES N/A                   N/A                 N/A 

SW + 100,000 gpm YES YES N/A                   N/A                 N/A 
SW + 152,000 gpm YES YES N/A                   N/A                 N/A 
SW + 304,000 gpm YES YES N/A                   N/A                 N/A 
SW + 456,000 gpm YES YES N/A                   N/A                 N/A 
SW + 608,000 gpm YES YES N/A                   N/A                 N/A 
SW + 760,000 gpm YES YES N/A                   N/A                 N/A 
SW + 912,000 gpm YES YES N/A                   N/A                 N/A 

SW + 1,064,000 gpm YES YES N/A                   N/A                 N/A 
SW + 1,216,000 gpm YES YES N/A                   N/A                 N/A 
SW + 1,367,000 gpm5 YES YES N/A                   N/A                 N/A 

PM2.5 NAAQS No Exceedance6 YES7 NO 57.4 63.8 56.6 
PM2.5 SIL No Exceedance6 NO NO 26.7 41.4 38.5 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and Unit 3 SW flowrates used 
in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
2 The Air Quality Exceedance data is provided by TRC in Appendix C. 
3 The Entrainment Reduction data is provided by ASAAC in Appendix D. 
4 The flowrate required to achieve 1.5 Cycles of Concentration is equivalent to the historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates. 
5 Maximum make-up flowrate determined using minimum SW flowrate (33,000 gpm) and sufficient make-up capacity to 
produce 700,000 gpm per Unit. 
6 The “No Exceedance” case reverts from closed-loop operation to once-through operation, bypassing the cooling tower, 
on a weekly basis in order to avoid exceeding the PM2.5 NAAQS and PM2.5 SIL, as described in Appendix B. 
7 Although the “PM2.5 NAAQS No Exceedance” case would not exceed the PM2.5 NAAQS, the PM2.5 SIL would be 
exceeded.

As discussed above, in order to avoid exceeding the PM2.5 NAAQS and PM2.5 SIL, operation of 
closed-loop cooling would be expected to occur no more than 43% and 13% of the year, 
respectively (see Appendix B).  Table 5.1 shows that operation of closed-loop cooling to avoid 
exceeding the PM2.5 NAAQS would result in reductions in entrainment, entrainment losses, and 
equivalent age 1 losses of 57.4%, 63.8%, and 56.6%, respectively; moreover, the PM2.5 SIL 
would still be exceeded.  Table 5.1 also shows that operation of closed-loop cooling to avoid 
PM2.5 SIL would result in reductions in entrainment, entrainment losses, and equivalent age 1 
losses of 26.7%, 41.4%, and 38.5%, respectively.  For comparison, the reductions in equivalent 
age 1 losses for cylindrical wedgewire screens would be approximately 89.8%, as presented in 
Attachment 6 of the 2010 Alternative Technologies Report [Ref. 6.3].  Likewise, the reductions 
in equivalent age 1 losses associated with the existing technology and operational suite employed 
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by Entergy (i.e., Ristroph screens and fish handling and return systems, as well as flow 
reductions due to variable and dual speed pumps and maintenance outages) are approximately 
33.8% [Ref. 6.3]. 

In order to accommodate switching between closed-loop cooling and once-through cooling 
(bypassing the cooling towers), the closed-loop cooling configuration discussed in Section 2.4 
would have to be revised.  The need to move between once-through and closed-loop cooling may 
have substantial design, construction, operational, and cost ramifications. 
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Appendix A: Setpoint Selection 

The updated salinity analysis using the 10-year Hudson River data from ASA (documented in 
Appendix F) returned closed-loop salinity values greater than the 7.2 psu defined in the 2003 and 
2010 Closed-Loop Cooling Reports [Refs. 6.1 and 6.2].  As discussed in Section 1, this report 
provides supplemental analyses and evaluates the closed-loop operational scenarios that 
determine compliance with regulatory requirements for air emissions.  There is an essential 
trade-off between closed–loop cooling operation and air quality, given the prevailing salinity 
conditions in the vicinity of IPEC.  The evaluated mechanism for controlling air emissions is to 
limit salinity in the closed-loop cooling system through alteration of the cooling tower 
operations.  One method for altering cooling tower operations is to vary the amount of make-up 
flow supplied to the closed-loop system. 

The updated closed-loop cooling make-up flow control logic described in Section 3 of this 
evaluation relies upon the selection of an acceptable salinity setpoint.  The salinity setpoint is a 
selected point at which additional make-up flow is initiated to counteract high closed-loop 
salinity levels.  Hudson River salinity varies considerably, resulting in a series of peak salinity 
values occurring throughout the 10-year period.  Additional make-up flow would be utilized 
leading up to and during peak salinity periods in order to reduce maximum closed-loop salinity.  
During non-peak conditions, providing additional make-up flow would not be required to 
mitigate the effect of these peak events. 

As a result of the analysis described in Section 4, several setpoint values produce identical 
maximum closed-loop salinity values.  Setpoint values were then chosen to minimize the make-
up flow necessary (i.e., minimize potential biological effect) at the lowest 24-hr maximum 
closed-loop salinity.  Table A.1 summarizes the 24-hr maximum salinity values (i.e., the 
maximum 24-hour average salinity), the maximum instantaneous salinity values, the average 
salinity values, and the make-up flowrates for a given make-up capacity at the selected salinity 
setpoints over the 10-year Hudson River data provided by ASA. 
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Table A.1 IPEC Salinity Analysis 
Case Closed-Loop System Salinity 

Make-Up Flow1

Average (gpm)
Selected Setpoint

(psu)(Make-Up Capacity) 

24-Hr
Max
(psu)

Max
(psu)

Average
(psu)

1.5 Cycles of 
Concentration2 11.01 11.05 2.60 48,918 See Note 4 

SW + 10,000 gpm 10.28 10.33 2.59 49,029 10 
SW + 25,000 gpm 9.63 9.69 2.57 49,545 9
SW + 50,000 gpm 9.04 9.11 2.51 51,123 8
SW + 100,000 gpm 8.51 8.59 2.50 52,124 8
SW + 152,000 gpm 8.26 8.34 2.50 52,675 8
SW + 304,000 gpm 7.96 8.05 2.41 62,570 7
SW + 456,000 gpm 7.84 7.93 2.40 66,771 7
SW + 608,000 gpm 7.78 7.87 2.40 70,661 7
SW + 760,000 gpm 7.74 7.83 2.40 74,381 7
SW + 912,000 gpm 7.72 7.81 2.39 77,910 7

SW + 1,064,000 gpm 7.70 7.79 2.39 81,320 7
SW + 1,216,000 gpm 7.68 7.77 2.39 84,612 7
SW + 1,367,000 gpm3 7.67 7.76 2.39 87,764 7

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and Unit 3 SW 
flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
2 The flowrate required to achieve 1.5 Cycles of Concentration is equivalent to the historic Unit 2 and Unit 3 
service water flowrates. 
3 Maximum make-up flowrate determined using minimum SW flowrate (33,000 gpm) and sufficient make-up 
capacity to produce 700,000 gpm per Unit. 
4 No salinity setpoint was selected as no additional make-up flow is utilized for this scenario. The flowrate 
required to achieve 1.5 Cycles of Concentration is equivalent to the historic Unit 2 and Unit 3 service water 
flowrates.

Table A.1 values range from a 24-hr maximum salinity value of 11.01 psu for an average annual 
make-up flowrate of 48,918 gpm (1.5 Cycles of Concentration) to a 24-hr maximum salinity 
value of 7.67 psu for an average annual make-up flowrate of 87,764 gpm (SW + 1,367,000; 
essentially once-through cooling make-up capacity).  As the scenario of SW + 1,367,000 is 
essentially once-through cooling, the 7.67 psu is representative of the maximum Hudson River 
salinity reported by ASA in Table 5-4 of Appendix F.  All of the tabulated maximum salinity 
values are greater than the 7.2 psu presented in the 2003 Closed-Loop Cooling Report [Ref. 6.1].  
The required make-up flow varies by month, as detailed in Appendix B. 

As described in Section 3.1, a salinity setpoint is a selected salinity value in psu at which 
additional make-up flow is initiated to counteract high closed-loop salinity levels.  Additional 
make-up flow above the historic SW flow would not be added to the closed-loop system until the 
setpoint value was reached within the closed-loop system.  To determine an acceptable salinity 
setpoint, the analysis described in Section 4 of this evaluation was run and summary tables of the 
analysis are provided in Table A.2 through Table A.15.  Each table provides salinity and flow 
information over a range of salinity setpoints. 
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Several setpoint values result in identical maximum closed-loop salinity values.  This was due to 
one of two scenarios: (1) no additional make-up flow was available to further dilute the closed-
loop salinity (i.e., the maximum make-up flow was reached) or (2) the closed-loop salinity was 
equal to the Hudson River salinity.  These tables also indicate that the average make-up flow rate 
decreases with an increase in setpoint values.  Based on these trends, the highlighted values are 
chosen as the setpoint values.  This selection minimizes the closed-loop salinity at the lowest 
make-up flow rate (i.e., maximizes the potential biological benefits). 

Table A.2 IPEC Closed-Loop Cooling Salinity Analysis  
at 1.5 Cycles of Concentration1

Setpoint Closed-Loop System Salinity 
Make-Up

Flow2 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 11.01 11.05 2.60 48,918 48,918 0 
3 11.01 11.05 2.60 48,918 48,918 0 
4 11.01 11.05 2.60 48,918 48,918 0 
5 11.01 11.05 2.60 48,918 48,918 0 
6 11.01 11.05 2.60 48,918 48,918 0 
7 11.01 11.05 2.60 48,918 48,918 0 
8 11.01 11.05 2.60 48,918 48,918 0 
9 11.01 11.05 2.60 48,918 48,918 0 
10 11.01 11.05 2.60 48,918 48,918 0 
11 11.01 11.05 2.60 48,918 48,918 0 
12 11.01 11.05 2.60 48,918 48,918 0 

1 No salinity setpoint was selected as no additional make-up flow is utilized for this scenario. The 
flowrate required to achieve 1.5 Cycles of Concentration is equivalent to the historic Unit 2 and 
Unit 3 service water flowrates. 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report.  
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Table A.3 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 10,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 10.28 10.33 2.45 52,991 48,918 4,073 
3 10.28 10.33 2.46 52,296 48,918 3,378 
4 10.28 10.33 2.48 51,489 48,918 2,571 
5 10.28 10.33 2.50 50,836 48,918 1,918 
6 10.28 10.33 2.52 50,403 48,918 1,486 
7 10.28 10.33 2.54 50,028 48,918 1,110 
8 10.28 10.33 2.56 49,580 48,918 662 
9 10.28 10.33 2.58 49,251 48,918 333 
10 10.28 10.33 2.59 49,029 48,918 111 
11 10.98 11.00 2.60 48,918 48,918 0 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.4 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 25,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 9.63 9.69 2.31 58,907 48,918 9,989 
3 9.63 9.69 2.34 57,104 48,918 8,186 
4 9.63 9.69 2.38 55,028 48,918 6,111 
5 9.63 9.69 2.42 53,482 48,918 4,565 
6 9.63 9.69 2.45 52,425 48,918 3,508 
7 9.63 9.69 2.49 51,367 48,918 2,449 
8 9.63 9.69 2.53 50,309 48,918 1,391 
9 9.63 9.69 2.57 49,545 48,918 627 
10 10.00 10.01 2.59 49,049 48,918 131 
11 10.98 11.00 2.60 48,918 48,918 0 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.5 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 50,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 9.04 9.11 2.20 68,546 48,918 19,628 
3 9.04 9.11 2.24 64,722 48,918 15,804 
4 9.04 9.11 2.29 60,541 48,918 11,623 
5 9.04 9.11 2.35 57,570 48,918 8,653 
6 9.04 9.11 2.40 55,406 48,918 6,488 
7 9.04 9.11 2.45 53,079 48,918 4,162 
8 9.04 9.11 2.51 51,123 48,918 2,206 
9 9.05 9.11 2.56 49,736 48,918 818 
10 9.99 10.01 2.59 49,051 48,918 133 
11 10.97 11.00 2.60 48,918 48,918 0 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.6 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 100,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 8.51 8.59 2.10 87,387 48,918 38,470 
3 8.51 8.59 2.15 79,195 48,918 30,277 
4 8.51 8.59 2.22 70,838 48,918 21,920 
5 8.51 8.59 2.29 65,095 48,918 16,177 
6 8.51 8.59 2.35 60,400 48,918 11,482 
7 8.51 8.59 2.43 55,631 48,918 6,713 
8 8.51 8.59 2.50 52,124 48,918 3,207 
9 9.00 9.02 2.56 49,752 48,918 835 
10 9.98 10.01 2.59 49,056 48,918 138 
11 10.97 11.00 2.60 48,919 48,918 1 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit SW, Unit 1 RW,2 and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.7 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 152,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 8.26 8.34 2.05 106,639 48,918 57,721 
3 8.26 8.34 2.11 93,595 48,918 44,677 
4 8.26 8.34 2.19 81,020 48,918 32,102 
5 8.26 8.34 2.26 72,383 48,918 23,465 
6 8.26 8.34 2.34 64,782 48,918 15,864 
7 8.26 8.34 2.42 57,703 48,918 8,785 
8 8.26 8.34 2.50 52,675 48,918 3,757 
9 8.99 9.02 2.56 49,764 48,918 846 
10 9.96 10.01 2.59 49,059 48,918 142 
11 10.96 11.00 2.60 48,919 48,918 1 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.8 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 304,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.96 8.05 1.99 161,973 48,918 113,055 
3 7.96 8.05 2.06 133,883 48,918 84,965 
4 7.96 8.05 2.15 109,406 48,918 60,488 
5 7.96 8.05 2.23 92,023 48,918 43,106 
6 7.96 8.05 2.32 75,599 48,918 26,681 
7 7.96 8.05 2.41 62,570 48,918 13,652 
8 8.02 8.05 2.50 53,136 48,918 4,218 
9 8.96 9.02 2.56 49,800 48,918 882 
10 9.93 10.01 2.59 49,073 48,918 155 
11 10.94 11.00 2.60 48,920 48,918 2 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.9 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 456,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.84 7.93 1.97 216,661 48,918 167,743 
3 7.84 7.93 2.04 172,827 48,918 123,909 
4 7.84 7.93 2.13 136,707 48,918 87,789 
5 7.84 7.93 2.22 110,463 48,918 61,545 
6 7.84 7.93 2.31 85,151 48,918 36,234 
7 7.84 7.93 2.40 66,771 48,918 17,853 
8 8.00 8.03 2.50 53,187 48,918 4,269 
9 8.93 9.02 2.56 49,832 48,918 915 
10 9.93 10.01 2.59 49,087 48,918 169 
11 10.96 11.00 2.60 48,920 48,918 2 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.10 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 608,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.78 7.87 1.96 270,915 48,918 221,998 
3 7.78 7.87 2.03 211,076 48,918 162,158 
4 7.78 7.87 2.13 163,496 48,918 114,578 
5 7.78 7.87 2.21 128,303 48,918 79,385 
6 7.78 7.87 2.30 94,168 48,918 45,250 
7 7.78 7.87 2.40 70,661 48,918 21,744 
8 8.00 8.03 2.49 53,237 48,918 4,319 
9 8.90 9.02 2.56 49,869 48,918 951 
10 9.93 10.01 2.59 49,098 48,918 180 
11 10.95 11.00 2.60 48,920 48,918 2 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.11 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 760,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.74 7.83 1.95 324,888 48,918 275,970 
3 7.74 7.83 2.02 248,721 48,918 199,803 
4 7.74 7.83 2.12 189,904 48,918 140,986 
5 7.74 7.83 2.21 145,852 48,918 96,934 
6 7.74 7.83 2.30 102,801 48,918 53,884 
7 7.74 7.83 2.40 74,381 48,918 25,463 
8 7.99 8.03 2.49 53,275 48,918 4,357 
9 8.90 9.02 2.55 49,894 48,918 977 
10 9.93 10.01 2.59 49,109 48,918 191 
11 10.95 11.00 2.60 48,921 48,918 3 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.12 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 912,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.72 7.81 1.95 378,473 48,918 329,555 
3 7.72 7.81 2.02 286,163 48,918 237,245 
4 7.72 7.81 2.12 216,133 48,918 167,215 
5 7.72 7.81 2.21 163,169 48,918 114,251 
6 7.72 7.81 2.30 111,231 48,918 62,313 
7 7.72 7.81 2.39 77,910 48,918 28,992 
8 7.98 8.03 2.49 53,320 48,918 4,402 
9 8.89 9.02 2.55 49,932 48,918 1,014 
10 9.93 10.01 2.59 49,121 48,918 203 
11 10.95 11.00 2.60 48,921 48,918 3 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.13 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,064,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.70 7.79 1.94 432,155 48,918 383,237 
3 7.70 7.79 2.01 323,387 48,918 274,470 
4 7.70 7.79 2.11 242,066 48,918 193,149 
5 7.70 7.79 2.20 180,226 48,918 131,308 
6 7.70 7.79 2.29 119,454 48,918 70,536 
7 7.70 7.79 2.39 81,320 48,918 32,402 
8 7.97 8.03 2.49 53,390 48,918 4,472 
9 8.85 9.02 2.55 49,964 48,918 1,046 
10 9.93 10.01 2.59 49,132 48,918 214 
11 10.94 11.00 2.60 48,922 48,918 4 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 

Table A.14 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,216,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.68 7.77 1.94 485,384 48,918 436,466 
3 7.68 7.77 2.01 360,452 48,918 311,534 
4 7.68 7.77 2.11 267,939 48,918 219,021 
5 7.68 7.77 2.20 197,029 48,918 148,111 
6 7.68 7.77 2.29 127,572 48,918 78,655 
7 7.68 7.77 2.39 84,612 48,918 35,694 
8 7.96 8.03 2.48 53,416 48,918 4,499 
9 8.88 9.02 2.55 49,988 48,918 1,070 
10 9.93 10.01 2.59 49,144 48,918 227 
11 10.96 11.00 2.60 48,922 48,918 5 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Table A.15 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,367,000 gpm 

Setpoint Closed-Loop System Salinity 
Make-Up

Flow1 SW Only 
Additional
Make-Up

(psu)
24-Hr

Max (psu) 
Max 
(psu)

Average
(psu)

Average
(gpm)

Average
(gpm)

Average
(gpm)

2 7.67 7.76 1.94 538,248 48,918 489,330 
3 7.67 7.76 2.01 396,892 48,918 347,975 
4 7.67 7.76 2.11 293,260 48,918 244,343 
5 7.67 7.76 2.20 213,480 48,918 164,562 
6 7.67 7.76 2.29 135,450 48,918 86,532 
7 7.67 7.76 2.39 87,764 48,918 38,846 
8 7.95 8.03 2.48 53,455 48,918 4,537 
9 8.92 9.02 2.55 50,017 48,918 1,099 
10 9.93 10.01 2.58 49,157 48,918 239 
11 10.96 11.00 2.60 48,923 48,918 5 
12 11.01 11.05 2.60 48,918 48,918 0 

1 Make-up flowrate based on closed-loop system logic and historic Unit 2 SW, Unit 1 RW, and 
Unit 3 SW flowrates used in Case 15 of Attachment 6 to the 2010 Alternative Technologies 
Report. 
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Appendix B: Monthly Make-Up Flowrates 

The updated salinity analysis using the 10-year Hudson River data from ASA (documented in 
Appendix F) returned greater make-up flowrates than the SW flows used for the 2010 
Alternative Technologies Report [Ref. 6.3] (see Case 15 of Attachment 6).  As discussed in 
Section 3 of this evaluation, the updated closed-loop cooling make-up flow control logic relies 
upon the selection of an acceptable salinity setpoint.  As discussed in Appendix A, several 
salinity setpoint values result in the identical maximum closed-loop salinity values while the 
average make-up flow rates decrease with an increase in setpoint values.  The selection of 
setpoints in Appendix A minimizes the closed-loop salinity at the lowest make-up flow rate (i.e., 
maximizes the potential biological benefits).  Based on these setpoint values, Table B.1 through 
Table B.14 show the average monthly and annual make-up flow rates required to minimize 
salinity.  As discussed in Section 5, the make-up flowrate for closed-loop cooling would be 
based on 1.5 cycles of concentration (i.e., historic SW flow only). 

Per TRC (Appendix C), the maximum salinity value that could be run through the closed-loop 
cooling system and not exceed the air quality standards would be 0.263 psu.  In order to avoid 
exceeding the air quality standards, a scenario was run to determine how often IPEC would be 
forced to revert from closed-loop operation to once-through operation.  While no detailed design 
work on a system that would allow switching from closed-loop to once-through operation at 
IPEC has been performed, operating constraints would likely limit the switch to a seasonal basis; 
however, this Report conservatively assumes the switch between once-through and closed-loop 
operation would be determined on a weekly basis (although impractical for actual Station 
operation).  The 10-year Hudson River salinity data was reviewed and, if during a given week 
the closed-loop salinity would exceed the PM2.5 NAAQS or PM2.5 SIL, the system was switched 
to once-through operation.  Table B.1 includes the average percentage of once-through run time 
(bypassing the cooling tower) that would be required to avoid exceeding the air quality 
standards.  Note that the cooling tower make-up flow would be equal to the historic SW 
flowrates and the once-through flow would be equal to the historic SW and CW flowrates for 
both Units 2 and 3. 
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Table B.1 IPEC Closed-Loop Cooling Salinity Analysis  
at 1.5 Cycles of Concentration1

Month Make-Up Flow2 SW Only Additional 
Make-Up

Average (gpm)

Once-Through Run Time 

 Average (gpm) Average (gpm) 
PM2.5 SIL PM2.5 NAAQS 

Average (%) 
January 45,947 45,947 0 92% 39% 
February 46,668 46,668 0 92% 72% 
March 45,031 45,031 0 76% 57% 
April 45,367 45,367 0 58% 29% 
May 46,897 46,897 0 78% 25% 
June 48,227 48,227 0 88% 43% 
July 53,069 53,069 0 94% 73% 
August 56,865 56,865 0 100% 83% 
September 54,319 54,319 0 99% 91% 
October 49,925 49,925 0 96% 82% 
November 46,845 46,845 0 82% 59% 
December 47,628 47,628 0 85% 38% 
Annual Average 48,918 48,918 0 87% 57% 
1 No salinity setpoint was selected as no additional make-up flow is utilized for this scenario (see Appendix A). The 
flowrate required to achieve 1.5 Cycles of Concentration is equivalent to the historic Unit 2 and Unit 3 service water 
flowrates. 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates used in Case 15 of 
Attachment 6 to the 2010 Alternative Technologies Report.

Table B.2 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 10,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 45,947 45,947 0 
February 46,668 46,668 0 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 46,897 46,897 0 
June 48,227 48,227 0 
July 53,069 53,069 0 
August 57,003 56,865 138 
September 55,318 54,319 998 
October 50,134 49,925 209 
November 46,845 46,845 0 
December 47,628 47,628 0 
Annual Average 49,029 48,918 111 
1 A setpoint of 10 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.3 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 25,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 45,947 45,947 0 
February 46,668 46,668 0 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 46,897 46,897 0 
June 48,227 48,227 0 
July 53,149 53,069 80 
August 58,448 56,865 1,583 
September 58,446 54,319 4,127 
October 51,409 49,925 1,484 
November 47,093 46,845 248 
December 47,642 47,628 13 
Annual Average 49,545 48,918 627 
1 A setpoint of 9 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.4 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 50,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 45,947 45,947 0 
February 46,669 46,668 1 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 46,952 46,897 55 
June 48,227 48,227 0 
July 53,919 53,069 850 
August 63,083 56,865 6,218 
September 65,907 54,319 11,588 
October 56,002 49,925 6,078 
November 48,307 46,845 1,462 
December 47,788 47,628 160 
Annual Average 51,123 48,918 2,206 
1 A setpoint of 8 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.5 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 100,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 45,947 45,947 0 
February 46,670 46,668 2 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 46,956 46,897 58 
June 48,227 48,227 0 
July 54,048 53,069 979 
August 65,413 56,865 8,548 
September 72,912 54,319 18,593 
October 58,195 49,925 8,271 
November 48,660 46,845 1,815 
December 47,807 47,628 179 
Annual Average 52,124 48,918 3,207 
1 A setpoint of 8 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.6 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 152,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 45,947 45,947 0 
February 46,672 46,668 4 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 46,959 46,897 61 
June 48,227 48,227 0 
July 54,077 53,069 1,008 
August 66,219 56,865 9,354 
September 77,742 54,319 23,423 
October 59,098 49,925 9,173 
November 48,731 46,845 1,886 
December 47,809 47,628 180 
Annual Average 52,675 48,918 3,757 
1 A setpoint of 8 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.7 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 304,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,287 45,947 341 
February 47,071 46,668 403 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,537 46,897 640 
June 48,305 48,227 77 
July 59,920 53,069 6,851 
August 93,857 56,865 36,992 
September 122,536 54,319 68,217 
October 88,197 49,925 38,272 
November 56,971 46,845 10,126 
December 49,147 47,628 1,519 
Annual Average 62,570 48,918 13,652 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.8 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 456,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,294 45,947 347 
February 47,138 46,668 470 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,561 46,897 664 
June 48,312 48,227 84 
July 60,658 53,069 7,590 
August 103,711 56,865 46,846 
September 148,211 54,319 93,892 
October 99,100 49,925 49,175 
November 59,680 46,845 12,836 
December 49,590 47,628 1,962 
Annual Average 66,771 48,918 17,853 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.9 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 608,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,301 45,947 354 
February 47,160 46,668 492 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,551 46,897 654 
June 48,312 48,227 84 
July 61,227 53,069 8,158 
August 112,694 56,865 55,829 
September 172,513 54,319 118,194 
October 109,090 49,925 59,166 
November 62,115 46,845 15,270 
December 49,998 47,628 2,370 
Annual Average 70,661 48,918 21,744 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.10 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 760,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,321 45,947 375 
February 47,209 46,668 541 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,578 46,897 681 
June 48,315 48,227 88 
July 61,734 53,069 8,666 
August 120,981 56,865 64,116 
September 196,203 54,319 141,884 
October 118,417 49,925 68,492 
November 64,437 46,845 17,593 
December 50,438 47,628 2,809 
Annual Average 74,381 48,918 25,463 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.11 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 912,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,315 45,947 368 
February 47,227 46,668 559 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,612 46,897 715 
June 48,333 48,227 106 
July 62,242 53,069 9,173 
August 128,616 56,865 71,751 
September 219,324 54,319 165,004 
October 127,110 49,925 77,185 
November 66,541 46,845 19,697 
December 50,713 47,628 3,085 
Annual Average 77,910 48,918 28,992 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.12 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,064,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,376 45,947 429 
February 47,190 46,668 522 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,589 46,897 691 
June 48,350 48,227 123 
July 62,722 53,069 9,653 
August 136,045 56,865 79,180 
September 241,751 54,319 187,431 
October 135,350 49,925 85,425 
November 68,667 46,845 21,822 
December 50,965 47,628 3,337 
Annual Average 81,320 48,918 32,402 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Table B.13 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,216,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,355 45,947 409 
February 47,235 46,668 567 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,633 46,897 735 
June 48,340 48,227 113 
July 62,957 53,069 9,888 
August 143,189 56,865 86,324 
September 263,629 54,319 209,310 
October 143,549 49,925 93,624 
November 70,461 46,845 23,616 
December 51,224 47,628 3,596 
Annual Average 84,612 48,918 35,694 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 

Table B.14 IPEC Closed-Loop Cooling Salinity Analysis  
Flow Rate = SW + 1,367,000 gpm1

Month Make-Up Flow2 SW Only Additional Make-Up
 Average (gpm) Average (gpm) Average (gpm) 

January 46,376 45,947 429 
February 47,305 46,668 637 
March 45,031 45,031 0 
April 45,367 45,367 0 
May 47,632 46,897 735 
June 48,354 48,227 127 
July 63,634 53,069 10,565 
August 149,805 56,865 92,940 
September 284,811 54,319 230,491 
October 150,857 49,925 100,933 
November 72,033 46,845 25,188 
December 51,640 47,628 4,012 
Annual Average 87,764 48,918 38,846 
1 A setpoint of 7 psu was selected to minimize salinity (see Appendix A). 
2 Make-up flowrate based on closed-loop system logic and historic Unit 2 and Unit 3 SW flowrates 
used in Case 15 of Attachment 6 to the 2010 Alternative Technologies Report. 
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Appendix C: TRC Analysis 

Determination of Maximum Basin Salinity to achieve PM Air Quality Compliance 
The closed-loop cooling tower air quality impact analysis as prepared in 2009 (Ref. 7.4) assumed 
a basin salinity of 7200 ppm (based upon an average Hudson River salinity of 1800 ppm with 
four cycles of concentration).  The maximum PM2.5 ground level concentration during hybrid 
operation was calculated to be 32.9 micrograms/cubic meter.  The PM2.5 national ambient air 
quality standard (NAAQS) is 35 micrograms per cubic meter.  The representative background 
concentration of PM2.5 for Westchester County is 29.2 micrograms per cubic meter, leaving a 
maximum available air quality contribution by the closed cycle cooling towers of 5.8 
micrograms/cubic meter (35 - 29.2 = 5.8).  In order for the particulate emissions from the cooling 
towers to be limited to a value that would result in impacts that would not exceed the 5.8 
micrograms per cubic meter value, the maximum basin dissolved solids concentration is 
calculated as:

7200 ppm × (5.8 micrograms/cubic meter)/(32.9 micrograms/cubic meter) = 1269 ppm 

Similarly, the limiting ground level concentration in the Westchester County PM2.5 non-
attainment area is the Significant Impact Level (SIL) of 1.2 micrograms per cubic meter.  In 
order for the particulate emissions from the cooling towers to be limited to a value that would 
result in impacts that would not exceed the 1.2 micrograms per cubic meter value, the maximum 
basin dissolved solids concentration is calculated as: 

7200 ppm × (1.2 micrograms/cubic meter) / (32.9 micrograms/cubic meter) = 263 ppm 

For practical cooling tower operation, the minimum basin cycling is assumed to be 1.5 times the 
concentration of the Hudson River water.  For compliance with the PM2.5 NAAQS the maximum 
Hudson River dissolved solids would be 846 ppm (1269/1.5 = 846 ppm).  Similarly, to achieve 
the PM2.5 SIL, the Hudson River dissolved solids would be 175 ppm (263/1.5 = 175 ppm).   

Note that the threshold river concentrations that would enable the closed-cycle cooling towers to 
achieve air quality standards compliance are also independent of the maximum river salinity.  It 
is very important to note when the closed cycle cooling towers operate at or below these 
threshold river salinities, there would be no exceedance of either the PM2.5 NAAQS or the PM2.5
SIL, depending upon which target compliance threshold salinity is being considered.  The river 
salinity thresholds for PM10 standards and SIL compliance are also provided in the Table C.1 for 
the hybrid operation.
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Table C.1 Hudson River Salinity Thresholds for Hybrid Operation 

% of Year Operating OTC to 
achieve NO AQ Impacts 

Applicable
Threshold (ug/m3)

Maximum River1

Salinity (psu)  OTC CCC 

PM2.5 AAQS 5.8 0.846 57 43 

PM2.5 SIL 1.2 0.175 87 13 

PM10 AAQS 90 13.131 0 100 

PM10 SIL 5 0.729 59 41 
1 Base condition - basin salinity of 7.2 psu with a maximum concentration of 32.9 micrograms per cubic meter
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BIOLOGICAL ASSESSMENT OF CLOSED LOOP
COOLING FLOW SCENARIOS

11/19/2010

This report evaluates the entrainment reductions associated with expected makeup flow rates
for closed loop cooling necessary to meet applicable air quality requirements, in a manner
consistent with the entrainment reduction analysis performed in the Alternatives Assessment
(Enercon 2010). The biological assessment in Enercon 2010 examined two potential cooling
tower flow alternatives. In Alternative 15, historical service water flows were assumed to be
sufficient to provide all makeup water to the cooling towers, thus no additional flow beyond
service water would be required. In alternative 15.5, service water flows were set to the
maximum levels for Units 2 and 3 (15,000 gpm at Unit 2 and 18,000 gpm at Unit 3) as an upper
bound on potential cooling water use for closed loop technology.

Subsequent to the submission of the Alternatives Assessment, continued refinement of Hudson
River salinity levels occurred, and indicated that it would not be possible to meet air quality
standards when operating in closed loop mode during periods of high river salinity. The revised
analysis contemplated a cooling system in which the units would operate in once through
mode during high salinity periods, and in closed loop mode when salinity is low enough to allow
operation without exceeding applicable air quality requirements. These modes were quantified
as projected monthly service water flows while in closed loop mode, plus some percent of the
time each month when the operation would be in once through mode in order to meet the
PM2.5 SIL or PM2.5 NAAQS.
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Month

Historical
Service
Water
Flow
Units
1,2,3
2001
2007
(gpm)

Fraction of time in
once through
mode (Provided
by Enercon)

PM2.5
SIL

PM2.5
NAAQS

Jan 45,947 0.92 0.39
Feb 46,668 0.92 0.72
Mar 45,031 0.76 0.57
Apr 45,367 0.58 0.29
May 46,897 0.78 0.25
Jun 48,227 0.88 0.43
Jul 53,069 0.94 0.73
Aug 56,865 1.00 0.83
Sep 54,319 0.99 0.91
Oct 49,925 0.96 0.82
Nov 46,845 0.82 0.59
Dec 47,628 0.85 0.38

Annual 48,918 0.87 0.57

The biological assessment of these new operating modes was conducted by estimating
expected monthly entrainment in historical years 2001 2007 as the weighted average of
monthly entrainment under Closed Loop alternative 15.5, scaled to the expected monthly
flow during closed loop operation, and monthly entrainment under Current Technology
alternative 1:

where:
EsmyC = Number entrained of species s in monthm in year y under the closed loop
scenario
Esmy15.5 = Number entrained of species s in monthm in year y under alternative 15.5
(closed loop with maximum service water flow)
Esmy1 = Number entrained of species s in monthm in year y under alternative 1 (current
technology)
fm = fraction of time that once through cooling would be used in monthm
FmC = average total flow rate during closed loop operation during monthm
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F15.5 = average total flow rate during closed loop operation for alternative 15.5

Similar calculations were performed for entrainment losses (LsmyC) and equivalent age 1
losses (L1smyC), lost yield (YsmyC), and production forgone (PsmyC). The values for Esmy15.5,
Lsmy15.5, L1smy15.5, YsmyC15.5, PsmyC15.5, Esmy1, Lsmy1, L1smy1, YsmyC1 , and PsmyC1 had been
calculated previously as part of the Alternatives Assessment.

As calculated in the Alternatives Assessment, the monthly entrainment numbers, losses,
and equivalent age 1 losses were summed over the year to produce an annual total, and
then compared to the appropriate baseline values (EsyB, LsyB, L1syB) to estimate the percent
reduction:

To assess total lost yield, the production forgone (PsmyC) was converted to expect lost
yield and added to the direct estimate of lost yield. This was done both with and without
inclusion of striped bass production foregone, which are the top predator species in the
ecosystem and represent a large majority of the total lost yield.

Total Lost Yield =

where 0.1 = trophic transfer ratio
R = ratio of striped bass lost yield to production forgone (0.323 for

entrainment, 0.509 for impingement)

A cumulative life cycle analysis was performed to compare the cumulative performance
of the baseline, current technology, 2 mm wedgewire screens, and closed loop
alternatives (operated to meet the PM2.5 SIL and the PM2.5 NAAQS) through the end of
the license renewal period (2033 for Unit 2 and 2035 for Unit 3). For the 2 mm , for
consistency with Enercon 2010wedgewire screens, it was assumed that screens would be
operational at Unit 2 in 2013 and Unit 3 in 2015, for consistency with Enercon 2010.

RESULTS

Annual entrainment with 2 mm wedgewire screens would be substantially less than with
either closed loop cooling alternative. With 2 mm wedgewire screens, estimated average

40



 ASA Analysis & Communication, Inc.

3719 Union Road, Suite 211 • Cheektowaga, NY 14225
Tel: 716-681-8670 

921 Pike Street, Box 303 • Lemont, PA 16851 
Tel: 814-278-0482 

annual entrainment is 438 million fish, but entrainment with the closed loop cooling
alternatives were 999 million when operated to meet the PM2.5 SIL, and 560 million if
operated to meet the PM2.5 NAAQS (Table 1). Operation to meet the PM2.5 SIL would
only reduce entrainment slightly from that using current technology (1139 million)
because the units would operate in once through mode most of the time. The average %
reduction for closed loop cooling was 26.7 for the SIL and 57.4 for the NAAQS, in
comparison to 74.1 for the 2 mm wedgewire screen option.

Annual entrainment loss with 2 mm wedgewire screens would be substantially less than
with either closed loop cooling alternative. With 2 mm wedgewire screens, estimated
average annual entrainment loss is 262 million fish, but entrainment loss with the closed
loop cooling alternatives were 589 million when operated to meet the PM2.5 SIL, and 390
million if operated to meet the PM2.5 NAAQS (Table 2). Operation to meet the PM2.5 SIL
would only reduce entrainment loss slightly from that using current technology (646
million) because the units would operate in once through mode most of the time. The
average % reduction for closed loop cooling was 41.4 for the SIL and 63.8 for the NAAQS,
in comparison to 80.3 for the 2 mm wedgewire screen option.

Annual equivalent age 1 entrainment loss with 2 mm wedgewire screens would be
substantially less than with either closed loop cooling alternative. With 2 mm wedgewire
screens, estimated average annual equivalent age 1 entrainment loss is 0.27 million fish,
but entrainment loss with the closed loop cooling alternatives were 2.53 million when
operated to meet the PM2.5 SIL, and 2.02 million if operated to meet the PM2.5 NAAQS
(Table 3). Operation to meet the PM2.5 SIL would only reduce equivalent age 1
entrainment loss slightly from that using current technology (2.64 million) because the
units would operate in once through mode most of the time. The average % reduction
for closed loop cooling was 38.5 for the SIL and 56.6 for the NAAQS, in comparison to
89.8 for the 2 mm wedgewire screen option.

Estimates of annual lost yield for 2 mm wedgewire screens were also much lower than
those for closed loop cooling. Total lost yield for the wedgewire screens ranged from
13,637 to 15,262 kg, depending on whether striped bass production forgone is included in
the calculation of indirect lost yield (Table 4). In contrast, total lost yield ranged from
84,805 to 92,248 for PM2.5 SIL, and from 60,758 to 65,796 for PM2.5 NAAQS. The
forgone catch ranged from 4,433 to 4,924 fish for the wedgewire screens, 27,008 to
29,252 fish for the SIL alternative, and 19,350 to 20,869 fish for the NAAQS.

The cumulative analysis through 2035 indicated that installing 2 mm wedgewire screens
on the original schedule proposed (2013 and 2015) would reduce numbers entrained
from what would occur with current technology by 14,726 million, while closed loop
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cooling operated to meet air quality requirements would reduce entrainment by only
1,978 million (SIL), or 4,614 million (NAAQS) (Table 5 for 0% discount rate). Entrainment
losses would be reduced by 8,056 million with wedgewire screens, 986 million (SIL) or
2,176 million (NAAQS) with closed loop cooling. Equivalent age 1 losses would be
reduced by 50 million with wedgewire screens, 3 million (SIL) or 6 million (NAAQS) with
closed loop cooling. Lost fishery yield would be reduced by 1.63 million kg using 2 mm
wedgewire screens, but only by 0.13 (SIL) or 0.26 (NAAQS) with closed loop cooling.

If non zero discount rates, which are used in economic analyses to express future costs or
benefits at current equivalent value, are used for the cumulative analysis, the total losses
and incremental reductions are smaller but the 2 mm wedgewire screen alternative
continues to be the best alternative. Results for a 3% discount rate are presented in
Table 6, and those for a 7% discount rate in Table 7.
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Baseline 0
Year # # Ave % Red # Ave % Red # Ave % Red # Ave % Red
2001 2,087 1,863 20.1 690 78.1 1,581 7.1 746 27.7
2002 765 733 13.2 244 75.4 674 20.2 450 51.0
2003 1,184 1,087 16.7 423 74.2 947 17.3 525 52.7
2004 1,511 1,438 12.9 676 67.2 1,245 48.4 688 76.2
2005 830 800 21.3 306 72.5 711 58.5 394 79.7
2006 619 597 17.2 233 74.0 559 16.8 405 56.4
2007 1,533 1,456 19.5 493 77.4 1,278 18.3 713 58.1

Average 1,219 1,139 17.3 438 74.1 999 26.7 560 57.4

Current Tech 1 2 mmWWS 4 CC PM2.5 SIL

Table 1. Annual number of fish entrained under Baseline conditions, Current technology, 2 mm wedgewire screens, and
under Closed Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.

CC PM2.5 NAAQS

Entrainment Numbers (million)
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Baseline 0
Year # # Ave % Red # Ave % Red # Ave % Red # Ave % Red
2001 2,095 612 37.3 256 84.1 542 6.9 320 27.6
2002 767 566 33.1 197 78.8 527 13.3 377 44.6
2003 1,197 585 34.4 241 81.0 532 56.7 356 74.2
2004 1,514 923 32.6 464 74.2 832 77.4 538 88.7
2005 840 451 34.0 193 79.7 410 71.3 256 85.6
2006 620 479 33.1 195 78.8 460 47.3 360 71.0
2007 1,539 903 38.7 288 85.1 819 17.2 526 54.8

Average 1,224 646 34.7 262 80.3 589 41.4 390 63.8

Table 2. Annual entrainment loss under Baseline conditions, Current technology, 2 mm wedgewire screens, and under
Closed Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.

Entrainment Loss (million)
Current Tech 1 2 mmWWS 4 CC PM2.5 SIL CC PM2.5 NAAQS
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Baseline 0
Year # # Ave % Red # Ave % Red # Ave % Red # Ave % Red
2001 2.26 1.25 36.7 0.19 90.0 1.18 7.4 0.90 23.1
2002 2.69 2.32 30.7 0.27 88.7 2.24 13.1 1.80 34.9
2003 3.91 2.73 35.1 0.31 93.7 2.63 48.8 2.15 65.4
2004 3.03 2.47 33.5 0.32 86.9 2.36 71.9 1.85 81.2
2005 3.20 2.78 31.3 0.20 92.1 2.66 68.4 2.13 80.3
2006 2.22 1.95 31.3 0.25 85.7 1.90 45.5 1.57 66.3
2007 5.58 4.95 37.8 0.38 91.3 4.72 14.7 3.73 44.6

Average 3.27 2.64 33.8 0.27 89.8 2.53 38.5 2.02 56.6

Equivalent Age 1 Entrainment Loss (million)
Current Tech 1 2 mmWWS 4 CC PM2.5 SIL CC PM2.5 NAAQS

Table 3. Annual equivalent age 1 entrainment loss under Baseline conditions, Current technology, 2 mm wedgewire
screens, and under Closed Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.
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PM2.5 SIL PM2.5 NAAQS

Direct LY (kg) 240,068 90,617 13,470 84,617 62,651
Indirect LY (kg) 25,909 8,958 1,792 8,268 5,838
Total LY 265,977 99,575 15,262 92,885 68,488
Indirect LY (kg) 1,968 825 167 759 526
Total LY 242,036 91,442 13,637 85,376 63,177
Direct Catch 76,567 28,872 4,383 26,957 19,947
Indirect Catch 7,816 2,702 541 2,494 1,761
Total Catch 84,383 31,574 4,924 29,451 21,708

Indirect Catch 594 249 50 229 159
Total Catch 77,161 29,121 4,433 27,186 20,106

With SB PF

Without SB PF

With SB PF

Without SB PF

Baseline Current 2mm WW
Closed Cycle

Table 4. Annual lost fishery yield and catch under Baseline conditions,
Current technology, 2 mm wedgewire screens, and under Closed Cycle
Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.
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0%

2011 26,807 26,938 72 5.32
2011 25,060 1,748 14,203 12,735 58 14 2.01 3.31

2013/15 10,333 14,726 6,147 8,056 8 50 0.38 1.63
2029 23,082 1,978 13,217 986 55 3 1.88 0.13
2029 20,446 4,614 12,027 2,176 52 6 1.75 0.26

Note: Incremental reduction for WW and CC alternatives calculated from Current Technology.

Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.

Current Technology

CC PM2.5 SIL
2 mm WW

#
Incremental
Reduction

Baseline

CC PM2.5 NAAQS

Table 5. Cumulative (2013 through 2035) number entrained (million), entrainment loss (million), equivalent age 1 loss (million), and total
lost yield (million kg) for Baseline, Current technology, 2 mm wedgewire screens, and under Closed

Alternative
Year

Installed
#

Incremental
Reduction

#
Incremental
Reduction

#
Incremental
Reduction

Equivalent Age 1 LossEntrainment LossNumber Entrained

Discount rate =

Total Lost Yield
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3%

2011 19,826 19,922 53 3.94
2011 18,533 1,293 10,504 9,419 43 10 1.49 2.45

2013/15 7,814 10,719 4,640 5,864 7 36 0.30 1.19
2029 17,335 1,198 9,901 603 41 2 1.41 0.08
2029 15,836 2,697 9,225 1,279 39 4 1.33 0.15

Note: Incremental reduction for WW and CC alternatives calculated from Current Technology.

Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.

Current Technology

CC PM2.5 SIL
2 mm WW

#
Incremental
Reduction

Baseline

CC PM2.5 NAAQS

Table 6. Cumulative (2013 through 2035) number entrained (million), entrainment loss (million), equivalent age 1 loss (million), and total
lost yield (million kg) for Baseline, Current technology, 2 mm wedgewire screens, and under Closed

Alternative
Year

Installed
#

Incremental
Reduction

#
Incremental
Reduction

#
Incremental
Reduction

Equivalent Age 1 LossEntrainment LossNumber Entrained

Discount rate =

Total Lost Yield
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7%

2011 13,872 13,939 37 2.76
2011 12,967 904 7,349 6,590 30 7 1.04 1.71

2013/15 5,661 7,306 3,352 3,997 5 25 0.23 0.81
2029 12,364 603 7,043 307 29 1 1.00 0.04
2029 11,674 1,294 6,731 618 28 2 0.97 0.08

Note: Incremental reduction for WW and CC alternatives calculated from Current Technology.

Cycle Cooling operated to meet standards PM2.5 SIL and PM2.5 NAAQS.

Current Technology

CC PM2.5 SIL
2 mm WW

#
Incremental
Reduction

Baseline

CC PM2.5 NAAQS

Table 7. Cumulative (2013 through 2035) number entrained (million), entrainment loss (million), equivalent age 1 loss (million), and total
lost yield (million kg) for Baseline, Current technology, 2 mm wedgewire screens, and under Closed

Alternative
Year

Installed
#

Incremental
Reduction

#
Incremental
Reduction

#
Incremental
Reduction

Equivalent Age 1 LossEntrainment LossNumber Entrained

Discount rate =

Total Lost Yield
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Appendix E: SPX Information 

Figure E.1 Example Curve Illustrating Linear Relationship between  
Wet-Bulb Temperature and Water Usage 



 Analysis of Closed-Loop Cooling 
Salinity Levels for Indian Point Units 2 & 3 

51



 Analysis of Closed-Loop Cooling 
Salinity Levels for Indian Point Units 2 & 3 

52



 Analysis of Closed-Loop Cooling 
Salinity Levels for Indian Point Units 2 & 3 

53

Appendix F: ASA - Estimate of Salinity in the Hudson River at 
Indian Point Energy Center 



ESTIMATE OF SALINITY IN THE 
HUDSON RIVER AT INDIAN POINT
ENERGY CENTER

PREPARED FOR:
Indian Point Energy Center 

Buchanan, NY 

AUTHORS:
Craig Swanson 

Deborah Crowley 
Lauren Decker 
Nicholas Cohn 

Yong Kim 

DATE SUBMITTED

19 November 2010

ASA Project Number:  2009-167 

54



Estimate of Salinity in the Hudson River at IPEC Page i of iv

www.asascience.com

EXECUTIVE SUMMARY
It is necessary to estimate salinity in the Hudson River (River) at the Indian Point Energy Center
(IPEC) in order to evaluate environmental effects on air quality during closed cycle cooling
operations since make up water is drawn from the River to replace losses from evaporation,
drift and blowdown from the cooling towers. The water quality of the circulating cooling water,
measured in part by salinity, is important for use in the design of the cooling tower system to
ensure optimal operation and minimal environmental effects on air quality. An analysis of long
term historical measurements of salinity in the River was made to provide an estimate of
expected salinity of the makeup water for IPEC.

Direct measurements of salinity are not made at IPEC. Consequently, Applied Science
Associates, Inc. (ASA) developed an empirical relationship to estimate salinity at the IPEC intake
based on salinity measured at other locations in the River. The data sets used for this analysis
consisted of conductivity measurements taken every 15 minutes by the U.S. Geological Survey
(USGS) at Hastings on Hudson (Hastings), , Tomkins Cove (Tomkins), and West Point. The
Hastings station is located 21 mi downstream of IPEC and has been continuously operating
since 1992. The West Point station is located 9 mi upstream of IPEC and has been operating
since 1991. The Tomkins station was located 1 mi downstream of IPEC, but was discontinued in
2001.

A statistical analysis was performed on the salinity data at each of the USGS stations for the
available data. The analysis revealed a decrease in salinity to the north (upriver), from Hastings
to Tomkins to West Point. Mean salinity at Hastings was 6.29 psu, Tomkins was 2.09 psu, and
West Point was 0.79 psu, consistent with the 90th percentile salinity values of 10.88 psu
(Hastings), 4.96 psu (Tomkins) and 2.63 psu (West Point). Hastings and West Point exhibited
the lowest salinity, as determined by the mean and 90th percentile values for the periods of
record, in April. Low salinity during this time is correlated with high freshwater discharge. The
highest mean and 90th percentile values occur in September at these two stations, primarily as
a function of lower freshwater discharge. Tomkins, with a significantly shorter period of record,
had the lowest average salinity values in January and the highest in August.

A correlation analysis was performed that related the salinity at Tomkins to that at West Point
and Hastings. It was found that the West Point data was more highly correlated to Tomkins
than Hastings was and therefore used to estimate Tomkins salinity for the long term decadal
period. The model was improved at low salinities by forcing the Tomkins salinity to be equal to
the West Point salinity when the Hastings salinity fell below 4.07 psu. This improvement had
no effect on higher salinity predictions.

The decadal (2000 2009) salinity time series at IPEC (assumed equivalent to that at Tomkins)
was generated to provide a long term estimate of salinity under a variety of environmental
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conditions. This time series is consistent with the analysis period conducted for the extreme
environmental conditions in support of the hydrothermal modeling (Swanson et al., 2010).

The model results showed that salinities were typically higher in the summer and fall seasons,
consistent with the observations at the USGS stations. Some years (2000, 2001, and 2006)
showed extended periods of salinity exceeding 5 psu for three months with peaks exceeding 7
psu. There were also shorter periods when the salinity was zero (2000, 2001, and 2008),
usually in the spring season. These variations are primarily due to freshwater entering the
River, although there are occasional events (storm surge) that can transport salt from the ocean
to the vicinity of the IPEC intake.

A statistical analysis was performed on the hourly modeled salinity predictions at IPEC for the
decadal period 2000 through 2009. The mean salinity over the entire period was 1.80 psu, the
minimum 0.07 psu and the maximum 7.67 psu. The median, or 50th percentile, was 0.72 psu,
indicating that the salinity distribution is not a normal distribution, but slightly biased to lower
salinities. The 90th percentile salinity was 5.23 psu. Salinities between 0 and 0.25 psu were
found to occur 30.62% of the time while salinities between 0.25 and 0.50 psu dropped to
12.29% of the time. The large number of low salinities is indicated by the cumulative frequency
of occurrence that shows over 50% (54.78%) of the salinities were less than 1.00 psu.

The statistical summary of the 10 yr data set broken down by year showed that 2001 had the
highest mean (3.21 psu) and highest median (3.28 psu), 2002 had the highest maximum (7.67
psu) and highest 90th percentile (6.90 psu). Salinities between 0 and 0.25 psu occurred
between 12% of the time in 2000 and 42% in 2009 while salinities between 0.25 and 0.50 psu
dropped dramatically for all years. The large number of low salinities was indicated by the
cumulative frequency of occurrence showed that between 33% (in 2001) and 70% (in 2000) of
the salinities are less than 1.00 psu.

The statistical summary of the 10 yr data set broken down by month showed that September
had the highest mean (3.84 psu), highest maximum (7.67 psu), highest median (3.70 psu) and
highest 90th percentile (7.16 psu), followed by the months of July, August, October and
November. The winter and spring months had lower values with April the lowest of any month.
Salinities between 0 and 0.25 psu varied between 5% of the time in September and 85% in
April, consistent with fluctuations in freshwater discharge to the River. Salinities between 0.25
and 0.50 psu dropped dramatically for most months, indicating an uneven distribution of
salinities across the range of values. The large number of low salinities is indicated by the
cumulative frequency of occurrence that shows between 18% (in September) and 86% (in April)
of the salinities are less than 1.00 psu.

The effect of using linear interpolation to fill the missing hours (2.8% of the total hours) is
insignificant when viewed in the context of the 10 yr record as all statistical measures showed a
maximum difference of only 0.01 psu when compared to the results of the non filled data set.
The individual years and months exhibited larger differences but were still relatively small.
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1 INTRODUCTION
The Entergy Indian Point Energy Center (IPEC), consisting of two operating nuclear power plants
(Units 2 and 3), is located along the eastern side of the Hudson River (River) approximately 42
miles upstream of the Battery (located at the southern tip of Manhattan and defined as the
mouth of the River) in the Village of Buchanan, New York. IPEC uses a once through cooling
water configuration to cool the system, discharging heated water employed in the cooling
process through a discharge canal to the River. The discharge is permitted by the New York
State Department of Environmental Conservation (NYSDEC) via a State Pollutant Discharge
Elimination System (SPDES) Permit NY0004472. As part of the renewal process NYSDEC
directed Entergy to perform a feasibility and alternative technology assessment of the use of
closed loop cooling, i.e., cooling towers.

The purpose of this report is to assess the salinity variation in the waters of the River near IPEC
that would be used to supply makeup water to the cooling towers. This makeup water is
required to replace water lost by evaporation, drift and blowdown from cooling tower
operations. The water quality of the circulating cooling water, measured in part by salinity, is
important for use in the design of the cooling tower to ensure optimal operation and minimal
environmental effects on air quality. Since the River is an estuary, salt concentration can vary
widely based on environmental forcing so that a constant salinity value to assess the
environmental effects and plant efficiency is impractical. Therefore, an analysis of historical
measurements of salinity from three locations in the River was performed to provide a more
appropriate estimate of expected salinity of the makeup water for IPEC.

Direct measurements of salinity are not made at IPEC. Consequently, Applied Science
Associates, Inc. (ASA) developed an empirical relationship to estimate salinity entering the IPEC
intake based on salinity measured at other locations in the River. The data sets used for this
analysis consisted of conductivity measurements taken every 15 min by the U.S. Geological
Survey (USGS) at Hastings on Hudson (Hastings), Tomkins Cove (Tomkins), and West Point. The
Hastings station is located 21 mi downstream of IPEC and has been operating continuously
since 1992. The West Point station is located 9 mi upstream of IPEC and has been operating
continuously since 1991. The Tomkins station is located 1 mi downstream of IPEC, but was
discontinued in 2001. Figure 1 shows the locations of USGS stations in the River relative to
IPEC.
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Figure 1-1.  Map of a portion of the Hudson River showing the USGS stations used in the present 
analysis (Hastings, Tomkins, and West Point) in relation to IPEC. 
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2 USGS DATA
Water level, temperature and specific conductivity data is available in 15 min intervals from
two long term stations located in the River. The Hastings station is located 21 mi downstream
from IPEC and West Point is located 9 mi upstream of IPEC (Figure 1 1). These stations provide
a continuous long term history of conductivity variations in the River and, although located
some distance from IPEC, the observations bound the range of conductivity (and ultimately
salinity) at IPEC. A summary of the stations adapted from the USGS website
[http://waterdata.usgs.gov/ny/nwis/rt] is provided below:

• Hastings (USGS station 01376304) located 21 mi above Battery at Lat 40°59'16", Long
73°53'15" referenced to North American Datum of 1927, Westchester County, NY,
Hydrologic Unit 02030101, 180 feet from left bank on abandoned Mobil Oil Corporation
platform, 0.5 mi southwest of railroad station, at Hastings on Hudson. Specific
conductivity is measured at a depth of 10 ft below the National Geodetic Vertical Datum
of 1929 (approximately mean sea level). Hastings conductivity data is available from 1
October 1999 to the present (real time).

• West Point (USGS station 01374019) located 51 mi above Battery at Lat 41°23'10", Long
73°57'20" referenced to North American Datum of 1927, Orange County, NY, Hydrologic
Unit 02020008, on right bank at South Dock at West Point. Specific conductivity is
measured at a depth of 10 ft below the National Geodetic Vertical Datum of 1929
(approximately mean sea level). West Point conductivity data is available from 1
October 1998 to the present (real time).

Additional continuous (15 min interval) USGS data from a now discontinued station (01374349)
at Tomkins was obtained for the period from May 1997 through July 2001. Since metadata did
not exist for this station, it is assumed that the instrument depth is 10 ft, consistent with other
USGS stations. Since Tompkins is located only 1 mi downstream of IPEC (Figure 1 1) at Lat
41°15'31", Long 73°58'41", it is potentially a good proxy for the salinity at the IPEC intake,
despite its location on the opposite side of the River.
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3 DATA ANALYSIS
The raw specific conductance data, with units of S/cm at 25 °C, received from USGS consisted
of individual readings taken every 15 min. The data was converted to salinity, with units of
Practical Salinity Units (psu), using the relationship:

Salinity = 100*ln(1 (Conductivity/178500))

This equation is based on an analysis conducted by Normandeau Associates, Inc. on properties
of water in the River (Texas Instruments, 1976).

The converted salinity data was then filtered with a centered 1 hr moving average and
subsampled to every hour. The Tomkins record was analyzed for the period from May 1997 to
July 2001. However, longer records were available for the other two USGS stations, so the
salinity was analyzed from October 1998 to December 2009 for West Point and from October
1999 to December 2009 for Hastings. The following sections describe the analysis of the
individual datasets.

3.1 TOMKINS DATA
The raw specific conductance data received from USGS for the Tomkins station consisted of
records every 15 min from 15 May 1997 to 16 July 2001. The data was converted to salinity,
filtered with a centered 1 hr moving average and subsampled to an hour. Figure 3 1 displays
the time series of the hourly subsampled salinity data. Table 3 1 outlines basic statistics of the
Tomkins dataset, broken down by month and year. The data indicates that there is a large
range in salinity at Tomkins ranging from 0.09 to 9.27 psu. The maximum salinity reading at
Tomkins occurs in August 1999. The mean salinity for the entire record is 2.09 psu and the
median (50th percentile) is 1.49 psu. Large difference between the mean and median values
indicates that the average is driven up by some high salinity spikes within the river. Additionally,
the year to year variation is significant with large differences in the 50th and 90th percentile
values among the years.

The monthly variation shows lower mean values, between 0.36 and 1.50 psu, from January
through June presumably due to increased freshwater discharge. Higher mean values, with a
range between 2.56 and 4.07 psu, occur from July through December. Higher salinity is
generally indicative of lower freshwater discharge into the River. This general seasonal trend is
also apparent in the other statistical measures. For example, the highest 90th percentile values
occur in August and September, at 7.22 and 6.49 psu, respectively.

Table 3-1.  Statistical summary for the entire Tomkins period of record (15 May 1997 through 16 
July 2001) and for each year and month in the record. 

Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

All 2.09 0.09 9.27 1.49 4.96
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Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

1997 3.36 0.10 6.71 4.03 5.56
1998 2.12 0.09 6.61 2.04 4.54
1999 2.60 0.13 9.27 1.93 6.54
2000 1.20 0.10 7.99 0.60 3.18
2001 1.29 0.09 6.20 0.74 3.23
Jan 1.47 0.09 4.66 1.31 2.98
Feb 1.24 0.14 4.28 1.11 2.58
Mar 0.92 0.11 7.72 0.18 2.97
Apr 0.36 0.09 2.96 0.17 0.94
May 1.11 0.09 6.20 0.26 3.53
Jun 1.50 0.11 5.27 0.79 3.85
Jul 2.56 0.12 8.25 2.32 5.22
Aug 4.07 0.17 9.27 4.44 7.22
Sep 3.70 0.18 9.00 4.17 6.49
Oct 3.26 0.15 6.68 3.69 5.34
Nov 3.12 0.24 7.99 3.17 5.36
Dec 1.88 0.12 5.90 1.75 3.92

Figure 3-1.  Hourly time series at Tomkins for the period of record (15 May 1997 through 16 July 
2001). 
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3.2 HASTINGS AND WEST POINT DATA
The raw specific conductance data received from USGS for the Hastings and West Point stations
consisted of observations every 15 min extending from 1 October 1998 to 31 December 2009
for West Point and 1 October 1999 to31 December 2009 for Hastings. The data were
converted to salinity, filtered with a centered 1 hr moving average and subsampled to an hour.
The period used in the model development and calibration, as described in later sections,
extended from 1 October 1999 through 16 July 2001 since this period included all three USGS
stations. The period used in the subsequent model predictions was the decade 2000 – 2009,
consistent with previous ASA analyses (Swanson et al., 2010).

3.2.1 HASTINGS DATA

The Hastings data is shown in Figure 3 2 with summary statistics given in Table 3 2. The salinity
variation at Hastings is substantial, indicative of the dynamic processes occurring in the River
estuary. The large range in salinity at the site varies from 0.10 psu to a maximum of 19.06 psu
in February 2007. The mean salinity for the entire record is 6.29 psu is close to the median (50th

percentile) is 6.12 psu, indicative of a normal distribution. The year to year variation for the
mean ranges from 4.86 psu in 2000 and 7.77 psu in 2001. The 50th percentile values range
from 5.19 psu in 2000 and 7.92 psu in 2001 while the 90th percentile values range from 8.28 psu
in 2000 to 12.99 psu in 2002.

The monthly variation mean salinity values are the lowest between December and June, due to
increased freshwater discharge into the River. The exception occurs in February when the
mean salinity at 6.36psu, far exceeding the mean in the other winter and spring months.
Higher mean values, ranging between 6.10 and 9.44 psu, are observed from July through
November. This trend is also evident from other statistical measures, including the peak 90th

percentile monthly value of 12.84, which occurs in September.

Table 3-2.  Statistical summary for the entire Hastings period of record (October 1999 through 
December 2009) and for each year and month in the record. 

Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

All 6.29 0.10 19.06 6.12 10.88
1999 5.99 1.30 14.25 5.89 8.47
2000 4.86 0.13 15.02 5.18 8.28
2001 7.77 0.16 15.32 7.92 11.94
2002 7.56 0.72 16.28 7.06 12.99
2003 5.55 0.12 18.50 5.41 9.76
2004 6.59 0.22 16.17 6.48 10.57
2005 6.49 0.12 16.22 6.51 11.29
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Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

2006 5.75 0.13 15.96 5.67 9.96
2007 7.03 0.12 19.06 7.74 11.04
2008 5.41 0.10 18.43 5.23 10.10
2009 5.94 0.21 14.47 6.02 9.18
Jan 5.36 0.14 16.30 5.34 9.15
Feb 6.36 0.12 19.06 6.53 9.85
Mar 4.92 0.10 15.25 5.19 8.79
Apr 3.43 0.12 13.96 2.87 7.38
May 5.03 0.13 13.97 4.67 8.60
Jun 5.37 0.15 15.84 5.12 8.89
Jul 8.17 0.15 16.28 8.38 11.83
Aug 8.56 1.15 16.02 9.22 12.25
Sep 9.44 0.31 16.28 9.78 12.84
Oct 7.87 0.18 18.43 8.14 11.90
Nov 6.10 0.13 14.49 6.02 10.46
Dec 4.96 0.13 14.47 4.88 8.98

Figure 3-2.  Hourly time series at Hastings for the period from 1 October 1999 through 31 
December 2009. 
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3.2.2 WEST POINT DATA

The West Point data is shown in Figure 3 3 with summary statistics given in Table 3 3. There is
a lower observed salinity variation at West Point relative to the other two USGS stations simply
due to its upstream location. The range in salinity at the site varies from 0.07 psu to a maximum
of 6.99 psu, which occurs in September of 2003. The mean salinity for the entire record is only
0.79 psu and the median (50th percentile) is 0.17 psu. The year to year variation for the mean
ranges from 0.36 psu in 2009 and 1.57 psu in 2001. The 50th percentile ranges from 0.13 psu in
2006 and 1.17 psu in 1998 while the 90th percentile values range from 0.54 psu in 2003 to 4.21
psu in 2006.

The monthly variation shows lower means, between 0.19 and 0.78 psu, from December
through June, due to increased freshwater discharge into the River with higher means, between
0.78 and 2.03 psu, from July through November indicative of lower discharge. This trend is also
generally seen in the other statistical measures such as with the highest 90th percentile value of
4.70 psu occurring in September.

Table 3-3.  Statistical summary for the entire West Point period of record (October 1998 through 
December 2009) and for each year and month in the record. 

Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

All 0.79 0.07 6.99 0.17 2.63
1998 1.22 0.22 3.06 1.17 2.12
1999 1.03 0.10 6.08 0.34 3.49
2000 0.39 0.10 5.73 0.14 1.00
2001 1.57 0.09 5.29 1.05 3.64
2002 1.44 0.09 6.99 0.37 4.21
2003 0.27 0.10 2.45 0.16 0.54
2004 0.44 0.10 3.24 0.16 1.28
2005 0.77 0.10 4.39 0.20 2.47
2006 0.38 0.08 3.62 0.13 1.14
2007 1.39 0.08 6.94 0.37 3.91
2008 0.59 0.07 4.73 0.15 1.72
2009 0.36 0.10 3.12 0.14 0.99
Jan 0.41 0.08 3.95 0.15 1.14
Feb 0.49 0.10 4.16 0.18 1.35
Mar 0.37 0.10 3.75 0.16 1.08
Apr 0.19 0.08 1.99 0.13 0.29
May 0.33 0.07 3.84 0.12 1.03
Jun 0.42 0.10 3.36 0.14 1.16
Jul 1.03 0.08 4.74 0.60 2.67
Aug 1.77 0.09 6.08 1.36 3.98
Sep 2.03 0.11 6.99 1.44 4.70
Oct 1.37 0.11 6.64 0.68 3.65
Nov 0.78 0.09 5.73 0.21 2.40
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Period 
Mean
(psu) 

Minimum 
(psu) 

Maximum 
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

Dec 0.46 0.09 4.70 0.14 1.46

Figure 3-3.  Hourly time series at West Point for the period from 1 October 1998 through 31 
December 2009. 
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4 IPEC SALINITY MODEL DEVELOPMENT
To estimate the long term salinity variation in the River at Tomkins (near IPEC), statistical
correlations were developed among the USGS station data. An analysis was conducted
examining the correlation between both Tomkins and West Point and Tomkins and Hastings
USGS stations to assess the relationships among the stations.

4.1 TOMKINS VS. HASTINGS SALINITY CORRELATION
Figure 4 1 shows a scatterplot of the salinities at Tomkins versus Hastings during the October
1999 through July 2001 period when all three data sets overlapped. There is a large variation of
salinity at Hastings (0 – 8 psu) when that observed at Tomkins is small (~0.1 psu). However,
there is also large variation at Tomkins (0 – 6 psu) when the salinity at Hastings is fixed at 8 psu.
The visual best fit line to the data is a least squares fitted power law function, as shown
superimposed over the data on Figure 4 1. The power law function has a variance of 0.66 psu2

and a standard deviation of 0.81 psu.

Figure 4-1.  Scatterplot of salinity data for USGS stations at Tomkins and Hastings with a power 
law regression superimposed on the data. 

68



Page 11 of 31Estimate of Salinity in the Hudson River at IPEC

www.asascience.com

An alternative empirically based approach uses a non continuous binned relationship between
the mean values of salinity at Tomkins averaged over a small range of salinities (the bin width)
at Hastings. The bins vary in width from a minimum of 0.084 psu at lowest salinities to a
maximum of 0.764 psu at higher salinities (i.e., >5 psu) and are summarized in Table 4 1. The
new empirically derived line is superimposed over the data in Figure 4 2. The scatter or fit to
the empirical binned function has a variance of 0.60 psu2 and a standard deviation of 0.78 psu.
This new method results in a lower standard deviation and thus a “better fit” as compared to
the power law function shown in Figure 4 1. The improvement is seen at the higher Hastings
salinities where the Tomkins to Hastings ratio salinity slope decreases to account for the larger
scatter in the data.

Table 4-1. Empirically based bin information for Hastings salinity data. 
Bin

Number 
Bin Width 

(psu) 
Bin Max 
(psu) 

1 0.084 0.084
2 0.044 0.128
3 0.059 0.187
4 0.138 0.325
5 0.153 0.478
6 0.187 0.664
7 0.227 0.892
8 0.252 1.144
9 0.304 1.448
10 0.327 1.775
11 0.373 2.148
12 0.420 2.568
13 0.447 3.015
14 0.510 3.525
15 0.537 4.062
16 0.506 4.568
17 0.764 5.332
18 0.406 5.738
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Figure 4-2.  Scatterplot of salinity data for USGS stations at Tomkins and Hastings with an 
empirically based regression superimposed on the data. 

4.2 TOMKINS VS. WEST POINT SALINITY CORRELATION
The scatterplot of Tomkins versus West Point is shown in Figure 4 3 with the superimposed
least squares fitted power law function. The scatter is much smaller than Hastings as indicated
by the variance of 0.23 psu2 (standard deviation of 0.48 psu). To check the empirically based
approach used above, the mean value of salinity at Tomkins was averaged over a small range of
salinities (the bin width) at West Point (Figure 4 4). The bins vary in width from a minimum of
0.145 psu at lowest salinities to a maximum of 0.994 psu at the highest salinities (i.e., 11.5 psu)
and are summarized in Table 4 2. The scatter is much smaller than at Hasting as indicated by
the low variance of 0.18 psu2, corresponding to a standard deviation of 0.43 psu.
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Figure 4-3.  Scatterplot of salinity data for USGS stations at Tomkins and West Point with a power 
law regression superimposed on the data. 

Table 4-2. Empirically based bin information for West Point salinity data. 
Bin

Number 
Bin Width 

(psu) 
Bin Max 
(psu) 

1 0.145 0.145
2 0.043 0.187
3 0.141 0.328
4 0.154 0.482
5 0.185 0.667
6 0.230 0.897
7 0.262 1.159
8 0.282 1.441
9 0.344 1.785
10 0.375 2.160
11 0.425 2.585
12 0.479 3.064
13 0.497 3.560
14 0.547 4.107
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Bin
Number 

Bin Width 
(psu) 

Bin Max 
(psu) 

15 0.592 4.699
16 0.633 5.332
17 0.665 5.998
18 0.723 6.721
19 0.774 7.494
20 0.833 8.327
21 0.826 9.153
22 0.940 10.093
23 0.953 11.046
24 0.994 12.040

Figure 4-4.  Scatterplot of salinity data for USGS stations at Tomkins and West Point with an 
empirically based regression superimposed on the data. 
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4.3 IPEC MODEL RESULTS
Since the Tomkins salinity is well correlated to West Point but not to Hastings, initially only the
West Point data was used in estimating Tomkins salinity. However, a comparison of the
estimated salinity from the empirically based regression model compared to the observed
indicates that when salinities are low at West Point (< 1 psu) the model over predicts Tomkins
salinities. However, further testing and analysis showed that, when the salinity at Hastings fell
below 4.07 psu, the salinity at both West Point and Tomkins was typically very close to zero.
Therefore, in all periods when the Hastings salinity dropped below 4.07psu the Tomkins
statistical model was set equal to the West Point salinity. This process prevented unreasonably
high model predictions of salinity at Tomkins.

Figure 4 5 shows the salinity time series during the period when salinity observations were
reported for all three USGS stations, October 1999 through July 2001. As expected, West Point
always had the lowest salinity at any given time, Tomkins salinity was essentially the same or
higher than West Point salinity, and Hastings consistently had the highest salinity. During high
discharge periods, the salinity recorded at Hastings was very close to that observed at Tomkins
and West Point. The empirical model estimate at Tomkins is also shown in Figure 4 5 and
tracks the observed data at Tomkins closely.

To see how well the empirical model correlated with the observations on shorter time scales,
Figure 4 6 displays a segment of the time series from 30 January through 9 April 2000. During
the first month of the period, Hastings salinity is greater than 4.07 psu and the model tracks the
Tomkins salinity data well. For the rest of the period the Hastings salinity frequently falls below
4.07 psu and the West Point salinity is essentially zero, thus the model forces the Tomkins
salinity to the West Point value. This assumption typically works well except that some small
excursions of Tomkins salinity are not captured during this period (e.g., early in March) or that
extraneous small (<1 psu) levels are intermittently predicted (early February).
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Figure 4-5.  Salinity time series of period of record (October 1999 through July 2001). 

Figure 4-6.  Salinity time series of short portion of record (30 January through 9 April 2000) 
showing ability of model to simulate low salinities at Tomkins. 
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The resulting time series of hourly salinity at Tomkins, used as a proxy for the IPEC intake, is
shown in Figure 4 7 for the 10 year period 2000 – 2009. There is no clear annual cycle although
salinities are typically higher in the summer and fall seasons. Some years (2001, 2002, 2005,
and 2007) show extended periods of salinity continuously exceeding 4 psu for more than two
months with peaks exceeding 7 psu. These variations are primarily due to freshwater entering
the River, although there are sometimes events (storm surge) that can transport salt from the
ocean to the vicinity of the IPEC intake. The complete 1 hr empirically calculated salinity data
set for the 10 yr period is available upon request as an Excel spreadsheet.

Figure 4-7.  Predicted salinity at IPEC (using Tomkins as a proxy) for the period 2000 through 
2009. 
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5 STATISTICAL ANALYSES
Statistics, frequency and cumulative frequency distributions were determined for the hourly
modeled salinity predictions at IPEC (with Tomkins as a proxy) for the decadal period 2000
through 2009. Separate analyses are reported for the entire period, for each of the 10 years
and each of the 12 months in the record.

5.1 ENTIRE 2000-2009 ANALYSIS
There were a total of 85,192 hours of data contained in the decadal record (Table 5 1). This
value falls below the full 87,672 hours that fall within the period of record from 2000 to 2009
due to a number of missing data points. The missing data points in the original USGS records
are likely a function of instrument malfunction, interference, or maintenance.

The mean salinity is seen to be 1.80 psu, the minimum 0.07 psu and the maximum 7.67 psu.
The median, or 50th percentile, is 0.72 psu, indicating that the salinity distribution is not a
normal distribution, but slightly biased to lower salinities. The 90th percentile salinity, which
means that 90% of the salinity values in the record are less than 5.23 psu, while 10% are
greater.

Table 5-1.  Statistical summary for the entire 10-yr record. 

Period 
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

2000 2009 85,192 1.80 0.07 7.67 0.72 5.23

Figure 5 1 and Table 5 2 document the frequency and cumulative frequency distribution of the
entire 10 yr data set. The salinity bin resolution is 0.25 psu (0 – 0.25, 0.25 – 0.50, 0.50 – 0.75,
etc). Salinities between 0 and 0.25 psu occur 30.62% of the time while salinities between 0.25
and 0.50 psu drop to 12.29% of the time. The large number of low salinities is indicated by the
cumulative frequency of occurrence that shows over 50% (54.78%) of the salinities are less than
1.00 psu. There are no salinity bins above 1.00 psu exceeding a frequency of 3%.
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Figure 5-1.Frequency and cumulative frequency distributions for the entire 10-yr record. 

Table 5-2.  Frequency and cumulative frequency distributions in 0.25 psu bins for the entire 10-yr 
record. 

Minimum 
Salinity 
(psu) 

Maximum 
Salinity 
(psu) 

Frequency 
(%) 

Cumulative 
Frequency 

(%) 
0.00 0.25 30.62% 30.62%
0.25 0.50 12.29% 42.91%
0.50 0.75 7.68% 50.59%
0.75 1.00 4.20% 54.78%
1.00 1.25 2.85% 57.63%
1.25 1.50 2.35% 59.98%
1.50 1.75 1.83% 61.81%
1.75 2.00 1.89% 63.70%
2.00 2.25 2.79% 66.49%
2.25 2.50 2.91% 69.40%
2.50 2.75 2.83% 72.23%
2.75 3.00 2.64% 74.88%
3.00 3.25 2.21% 77.09%
3.25 3.50 2.04% 79.13%
3.50 3.75 1.74% 80.87%
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Minimum 
Salinity 
(psu) 

Maximum 
Salinity 
(psu) 

Frequency 
(%) 

Cumulative 
Frequency 

(%) 
3.75 4.00 1.69% 82.56%
4.00 4.25 1.57% 84.13%
4.25 4.50 1.64% 85.77%
4.50 4.75 1.58% 87.35%
4.75 5.00 1.36% 88.71%
5.00 5.25 1.41% 90.12%
5.25 5.50 1.97% 92.10%
5.50 5.75 1.45% 93.55%
5.75 6.00 1.24% 94.79%
6.00 6.25 0.99% 95.78%
6.25 6.50 0.82% 96.60%
6.50 6.75 0.70% 97.30%
6.75 7.00 0.76% 98.07%
7.00 7.25 0.95% 99.02%
7.25 7.50 0.77% 99.79%
7.50 7.75 0.21% 100.00%
7.75 8.00 0.00% 100.00%
8.00 8.25 0.00% 100.00%

5.2 YEARLY ANALYSIS FOR EACH YEAR IN 10-YR RECORD
The statistical summary of the 10 yr data set broken down by year is presented in Table 5 3 and
displayed in Figure 5 3. Counts for each year vary from 7,846 (2003) to 8,759 (2001) indicating
which years have missing data. Non leap years have 8,760 hrs while leap years have 8,784 hrs.
The data shows that the years 2001, 2002, and 2007 have higher salinities on average, while the
years 2000, 2003, and 2009 generally have lower salinities. Highest maximum salinities across
the entire data set occur in 2000, 2001, 2002 and 2007, with all exceeding 7.40 psu. The
minimum salinities vary for all years between 0.07 and 0.11 psu. The mean is consistently
greater than or equal to the median indicating that there are more lower values than higher
values. The 90th percentile salinities show values greater than 6 psu during 2001, 2002 and
2007.

Table 5-3.  Statistical summary for each year of the 10-yr record. 

Period 
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

2000 8692 1.10 0.10 7.63 0.52 3.20
2001 8759 3.21 0.09 7.40 3.28 6.32
2002 8572 2.75 0.09 7.67 1.94 6.90
2003 7846 0.97 0.10 5.08 0.52 2.46
2004 8458 1.37 0.11 5.84 0.69 3.60
2005 8486 1.96 0.10 7.13 1.10 5.10
2006 8435 1.16 0.08 6.23 0.38 3.43
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2007 8705 2.71 0.08 7.67 2.06 6.60
2008 8501 1.56 0.07 7.23 0.55 4.22
2009 8738 1.15 0.11 5.76 0.45 3.19

Figure 5-2.  Statistical summary by year for the 10-yr period. 

Figures 5 3 and 5 4 show the frequency distribution and cumulative frequency distribution,
respectively for each year in the 10 yr record. Salinities between 0 and 0.25 psu occur 12% of
the time in 2000 and 42% in 2009, while salinities between 0.25 and 0.50 psu occur even less
often for all years. Above 1.5 psu, no salinity bins exceed a frequency greater than 5% except
for 2009 between 5.50 psu and 6.00 psu. Cumulative frequency distributions indicate that
between 33% (in 2001) and 70% (in 2000) of the salinities are less than 1.00 psu.
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Figure 5-3.  Frequency distributions for each year of the 10-yr record. 

Figure 5-4.  Cumulative frequency distributions for each year of the 10-yr record. 
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5.3 MONTHLY ANALYSIS FOR EACH MONTH IN 10-YR RECORD
The statistical summary of the 10 yr data set broken down by month is shown in Table 5 4 and
Figure 5 5. Counts for each month vary from 6,698 to 7,440, differing based on years that have
fewer days and missing data. February has 672 hrs during non leap years and 696 hrs during
leap years. The data shows that the months of July through October have higher salinities
while the other months have lower salinities, with April the lowest. Highest maximum salinities
occur between July and December, with all exceeding 7.20 psu while the minimum salinities
vary for all months between 0.07 and 0.11 psu. The mean is consistently larger than the
median indicating that there are more lower values than higher values. The 90th percentile
salinities show values greater than 6 psu during August, September, and October.

Table 5-4.  Statistical summary for each month of the 10-yr record. 

Month
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

Jan 7440 1.11 0.08 6.77 0.39 3.56
Feb 6792 1.59 0.11 6.96 1.09 3.65
Mar 7433 1.08 0.10 5.84 0.63 3.16
Apr 7100 0.52 0.08 4.51 0.13 1.83
May 7276 0.76 0.07 6.60 0.21 2.95
Jun 6698 1.22 0.10 6.07 0.35 3.33
Jul 6804 2.56 0.08 7.27 2.39 5.31
Aug 6739 3.22 0.09 7.55 3.05 6.46
Sep 6939 3.84 0.11 7.67 3.70 7.16
Oct 7422 3.13 0.11 7.66 2.78 6.46
Nov 7200 1.76 0.09 7.63 0.77 5.13
Dec 7349 1.04 0.09 7.26 0.28 3.83
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Figure 5-5.  Statistical summary by month for the 10-yr period. 

Figures 5 6 and 5 7 show the frequency distribution and cumulative frequency distribution,
respectively for each month in the 10 yr record. Salinities between 0 and 0.25 psu vary
between 5% of the time in September and 85% in April, consistent with freshwater discharge to
the River. Generally, there is a dramatic drop for the salinity bin between 0.25 and 0.50 psu for
most months. Above 1.5 psu, no salinity bins exceed a frequency greater than 5% except for
September for the 7.5 psu bin. Cumulative frequency distributions indicate that between 18%
(in September) and 86% (in April) of the salinities are less than 1.00 psu.
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Figure 5-6.  Frequency distributions for each month of the 10-yr record. 
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Figure 5-7.  Cumulative frequency distributions for each month of the 10-yr record. 
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Table 5 5.
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Start Time
Gap Duration

(hr)
9/20/05 5:00 53
5/28/02 14:00 44
7/23/06 1:00 41
7/27/06 4:00 41

12/17/00 23:00 35
7/17/06 21:00 24
7/22/06 0:00 24
7/25/06 3:00 24
7/19/06 23:00 23
7/26/06 4:00 23
7/21/06 1:00 22
7/16/06 20:00 14
7/18/06 22:00 13
7/16/06 7:00 12

12/15/00 21:00 11
4/14/05 19:00 11
12/14/00 22:00 9
8/1/05 14:00 9
7/15/06 20:00 9
7/17/06 11:00 9
9/6/02 21:00 8
9/24/07 20:00 8
Number of Gaps

12 7
20 6
17 5
6 4
12 3
27 2
60 1

Since the total number of missing values is only 2.8% of the total hrs in 10 yrs the form of the
interpolation would not likely affect overall distribution of salinity values. Therefore a simple
linear interpolation was used to estimate the missing values. To check whether the
interpolation affected the distribution, the statistical analyses used in previous sections was
repeated. The statistical summary for the continuous entire 10 yr record is given in Table 5 6.
The only differences from the results in Table 5 1 are a 0.01 psu increase in mean and 50th

percentile values and a 0.01 psu drop in 90th percentile value, none of which are significant.

Table 5-6.  Statistical summary for the continuous entire 10-yr record. 

Period 
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

2000 2009 87672 1.81 0.07 7.67 0.73 5.22
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The statistical summary for each year of the continuous 10 yr record is shown in Table 5 7. The
differences of the means compared to Table 5 3 vary from 0 psu in 2001 and 2008 up to a
maximum of 0.10 psu in 2003. The largest difference in 2003 is due to the relatively large
number of missing hours, greater than 900 hrs. The largest difference in the 50th percentile was
also 0.10 psu and the largest difference in the 90th percentile was 0.18 psu, all occurring during
2003.

Table 5-7.  Statistical summary for each year of the continuous 10-yr record. 

Period 
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

2000 8784 1.11 0.10 7.63 0.52 3.19
2001 8760 3.21 0.09 7.40 3.28 6.32
2002 8760 2.79 0.09 7.67 2.01 6.97
2003 8760 1.07 0.10 5.08 0.62 2.64
2004 8784 1.34 0.11 5.84 0.68 3.58
2005 8760 1.95 0.10 7.13 1.09 5.12
2006 8760 1.12 0.08 6.23 0.36 3.41
2007 8760 2.74 0.08 7.67 2.08 6.67
2008 8784 1.56 0.07 7.23 0.56 4.19
2009 8760 1.16 0.11 5.76 0.45 3.20

The statistical summary for each month of the continuous 10 yr record is shown in Table 5 8.
The difference in the means compared to Table 5 4 vary from 0.00 psu for January, February,
March and November up to a maximum of 0.11 psu for July, consistent with the most months
with missing data summarized in Table 5 5. The largest difference for the 50th and 90th

percentiles occurred in August, consistent with the largest gap in August.

Table 5-8.  Statistical summary for each month of the continuous 10-yr record. 

Month
Count
(hrs) 

Mean
(psu) 

Minimum 
(psu) 

Maximum
(psu) 

50th

Percentile 
(psu) 

90th

Percentile 
(psu) 

Jan 7440 1.11 0.08 6.77 0.39 3.56
Feb 6792 1.59 0.11 6.96 1.09 3.65
Mar 7440 1.08 0.10 5.84 0.63 3.15
Apr 7200 0.51 0.08 4.51 0.13 1.80
May 7440 0.75 0.07 6.60 0.19 2.90
Jun 7200 1.17 0.10 6.07 0.35 3.26
Jul 7440 2.45 0.08 7.27 2.30 5.26
Aug 7440 3.14 0.09 7.55 2.76 6.37
Sep 7200 3.90 0.11 7.67 3.77 7.22
Oct 7440 3.14 0.11 7.66 2.79 6.49
Nov 7200 1.76 0.09 7.63 0.77 5.13
Dec 7440 1.06 0.09 7.26 0.29 3.81
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6 CONCLUSIONS
An analysis was performed to estimate the variability of salinity at the intakes to IPEC on the
River. Long term (greater than a decade) data records of conductivity were identified for active
USGS stations at West Point and Hastings that are located 9 mi upstream and 21 mi
downstream of IPEC, respectively. In addition, a discontinued USGS station at Tomkins Cove,
located 1 mi south of IPEC, was identified that had a shorter (4 yr) period of record. Since the
Tomkins, station was relatively close to IPEC it was used as a proxy for salinity at the IPEC
intakes.

A statistical analysis was performed on the hourly salinity data for each period of record for
each station. Statistics, including mean, minimum, maximum, 50th and 90th percentile values,
along with frequency and cumulative frequency distributions, were calculated. The analysis
revealed a decrease in salinity from Hastings to Tomkins and from Tomkins to West Point,
consistent with their locations moving upriver. Mean salinity at Hastings was 6.29 psu, Tomkins
was 2.09 psu, and West Point was 0.79 psu, consistent with the order of the 90th percentile
salinity values of 10.88 psu (Hastings), 4.96 psu (Tomkins) and 2.63 psu (West Point). Hastings
and West Point showed the lowest mean and 90th percentile values in April, consistent with
high freshwater discharge, and highest mean and 90th percentile values in September,
consistent with low freshwater discharge. Tomkins, with a significantly shorter period of
record, showed the lowest mean and 90th percentile values in January and the highest in
August.

A correlation analysis was performed that related the salinity at Tomkins to salinities at West
Point and Hastings. It was found that the West Point data was more highly correlated to
Tomkins than Hastings was and thus used to estimate Tomkins salinity for the long term
decadal period. The model was improved at low salinities by forcing the Tomkins salinity to be
equal to the West Point salinity when the Hastings salinity fell below 4.07 psu. This
improvement had no effect on higher salinity predictions.

The decadal (2000 2009) salinity time series at IPEC (assumed equivalent to that at Tomkins)
was generated to provide a long term estimate of salinity under a variety of environmental
conditions. This time series is consistent with the analysis period conducted for the extreme
environmental conditions in support of the hydrothermal modeling at IPEC (Swanson et al.,
2010).

The model results showed that salinities were typically higher in the summer and fall seasons,
consistent with the observations at the USGS stations. Some years (2000, 2001, and 2006)
showed extended periods of salinity exceeding 5 psu for three months with peaks exceeding 7
psu. There were also shorter periods when the salinity was near zero (2000, 2001, and 2008),
usually in the spring season. These variations are primarily due to fluctuations in freshwater
entering the River, although there are occasional events (storm surge) that can transport salt
from the ocean to the vicinity of the IPEC intake.
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A statistical analysis was performed on the hourly modeled salinity predictions at IPEC for the
decadal period 2000 through 2009. The mean salinity over the entire period was 1.80 psu, the
minimum 0.07 psu and the maximum 7.67 psu. The median, or 50th percentile, was 0.72 psu,
indicating that the salinity distribution is not a normal distribution, but slightly biased to lower
salinities. The 90th percentile salinity was 5.23 psu. Salinities between 0 and 0.25 psu were
found to occur 30.62% of the time while salinities between 0.25 and 0.50 psu dropped to
12.29% of the time. The large number of low salinities is indicated by the cumulative frequency
of occurrence that shows over 50% (54.78%) of the salinities were less than 1.00 psu.

The statistical summary of the 10 yr data set broken down by year showed that 2001 had the
highest mean (3.21 psu) and highest median (3.28 psu), 2002 had the highest maximum (7.67
psu) and highest 90th percentile (6.90 psu). Salinities between 0 and 0.25 psu occurred
between 12% of the time in 2000 and 42% in 2009 while salinities between 0.25 and 0.50 psu
dropped dramatically for all years. The large number of low salinities was indicated by the
cumulative frequency of occurrence that showed between 33% (in 2001) and 70% (in 2000) of
the salinities are less than 1.00 psu.

The statistical summary of the 10 yr data set broken down by month showed that September
had the highest mean (3.84 psu), highest maximum (7.67 psu), highest median (3.70 psu) and
highest 90th percentile (7.16 psu). July, August, October and November had the next highest
values after September. The winter and spring months had lower values with April the lowest
of any month. Salinities between 0 and 0.25 psu varied throughout the year, with such low
values occurring only 5% of the time in September and as high as 85% in April, directly related
to the freshwater discharge to the River while salinities between 0.25 and 0.50 psu dropped
dramatically for most months, excepting those with lowest salinities. The large number of low
salinities is indicated by the cumulative frequency of occurrence that shows between 18% (in
September) and 86% (in April) of the salinities are less than 1.00 psu.

The effect of using linear interpolation to fill the missing hours (2.8% of the total hours) is
insignificant when viewed in the context of the 10 yr record as all statistical measures showed a
maximum difference of only 0.01 psu when compared to the results of the non filled data set.
The individual years and months exhibited larger differences but were still relatively small.

88



Page 31 of 31Estimate of Salinity in the Hudson River at IPEC

www.asascience.com

7 REFERENCES
Swanson, C., D. Mendelsohn, Yong Kim, and D. Crowley, 2010. Hydrothermal Modeling of the
Cooling Water Discharge from the Indian Point Energy Center to the Hudson River. ASA Project
09 167. Prepared for Elise Zoli, Goodwin Procter, Boston, MA, 22 March 2010.

Texas Instruments, 1976. A synthesis of available data pertaining to major physicochemical
variables within the Hudson River Estuary emphasizing the period from 1972 to 1975. Prepared
by Texas Instruments Incorporated Ecological Services, Dallas, TX. Prepared for Consolidated
Edison Company of New York, Inc., New York, NY, November 1976.

89



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


