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Summary of Report Conclusions 
 
 
 
 
Public Service Company of New Hampshire’s (PSNH’s) Merrimack Station electrical 
generating facility, consisting of two independent units, in Bow, New Hampshire 
(Station) is seeking a renewal of its existing National Pollutant Discharge Elimination 
System (NPDES) permit (NPDES Permit NH0001465).  This Report has been prepared 
by Enercon Services, Inc. and Normandeau Associates, Inc., leading experts in the fields 
of engineering and biological assessment, as PSNH’s response, within the United States 
Environmental Protection Agency’s (EPA) allotted timeframe, to EPA’s information 
request under Section 308 of the Clean Water Act (CWA) with respect to CWA § 316(a) 
and § 316(b). 

With respect to § 316(b), and assuming that the requisite adverse environmental impact 
(AEI) is established (as discussed below), EPA requested that PSNH consider the 
following technologies and operational measures which EPA assumes may represent the 
“best technology available for minimizing adverse environmental impact” from the 
Station’s cooling water intake structures (CWISs):  

• Mechanical draft cooling towers for use in a closed-cycle cooling configuration for 
both units combined  

• Mechanical draft cooling towers for use in a closed-cycle cooling configuration for 
each unit individually  

• Various CWIS screening and/or fish return technologies 
• Technological and operational flow reduction measures  

This Report evaluates these technologies, and various other measures. 

However, and as a threshold matter, the biological data from Merrimack Station’s 
monitoring programs indicate that no AEI to the aquatic ecosystems of the Merrimack 
River (River) in the vicinity of the Station has occurred, as measured by any 
representative important species (RIS) or critical aquatic organism population, as a result 
of the Station’s existing CWIS operation.  Additionally, both the entrainment abundance 
and adult equivalent abundance of fish entrained at Merrimack Station are considered 
extremely low compared to other stations with comparable intake flows.  Similarly, both 
the impingement abundance and adult equivalent abundance of fish impinged at 
Merrimack Station are considered extremely low compared to other stations with 
comparable intake flows.  As a result, the costs of certain of the EPA-identified 
technologies, particularly closed-cycle cooling configuration for one or both units at the 
Station, would be, by any reasonable measure, wholly disproportionate to any 
environmental benefit attributable to any such retrofit.  Moreover, retrofitting presents 
substantial negative impacts, including those with respect to regional electric-system 
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reliability and pricing, as well as industry-wide impacts that raise the specter of 
disruption of the electricity supply in a manner that suggests that such retrofitting may 
not be cost-effective. 

More particularly, the use of mechanical draft cooling towers in a closed-cycle cooling 
configuration, either for both units combined or for either unit individually, was 
determined to have both the highest initial cost and the highest ongoing cost of all 
technologies considered. Furthermore, the conversion to closed-cycle cooling would 
result in an average annual estimated loss of approximately 10 megawatts power output 
from the Station, with losses of up to 22 megawatts during peak summer load conditions.  
These power losses, which are detailed in this Report, result from the additional parasitic 
losses associated with the cooling tower fans and booster pumps in combination with 
significant operational efficiency losses due to higher cooling water inlet water 
temperatures to the condenser. 

The Report’s consideration of the EPA-identified CWIS screening technologies and their 
estimated costs and associated biological benefits, indicates that modification of the 
existing fish return system may be appropriate.  An upgrade to a state-of-the-art fish 
return system, in combination with  the operational changes outlined below which PSNH 
is willing to voluntarily undertake, would significantly reduce impingement mortality.  
Alternative traveling screen systems could provide some incremental improvement over 
the existing traveling screen system if coupled with a new fish return system, but again at 
costs wholly disproportionate to the level of impingement reduction achieved.  Moreover, 
certain fine mesh screening technologies were determined to be infeasible at Merrimack 
Station due to the configuration of either the source water body or the CWIS.  Instead, 
upgrading the existing fish return and operating the existing traveling screens 
continuously during impingement-sensitive months would result in significantly reduced 
annual impingement mortality. 

Technological and operational flow reduction measures were also assessed with respect 
to feasibility, cost and potential for annual impingement and entrainment reduction.  Unit 
1 was determined to be very intolerant of flow reductions, either technological or 
operational.  Any appreciable reduction in flow on Unit 1 results in significant 
operational losses or the complete shutdown of that Unit.  Unit 2 was found to be capable 
of reduced flow operation during winter months.  Reduction to 50% of actual inlet flow 
can be achieved by one-pump operation on Unit 2 for three months during the winter, 
with minimal operational losses and a corresponding presumed impingement/entrainment 
reduction of 50% for those months.  In addition, shifting the Unit 2 maintenance outages 
(from their usual occurrence in late spring) to the peak early summer 
entrainment/impingements periods would reduce assumed annual entrainment and 
impingement. 

Based on the engineering evaluation presented in this Report (as summarized in the 
comparative matrix provided in Section 9.1 and the preceding discussion) and the 
biological data developed by Normandeau based on the Station’s monitoring program, 
the following combination of technologies and operational measures constitutes the “best 
technology available” (BTA) for Merrimack Station: 
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• Upgraded fish return systems for both Unit 1 and Unit 2 

• Continuous operation of the Unit 1 and Unit 2 traveling screens from April 
through December (non-freezing River conditions). 

• One-pump reduced flow operation for Unit 2 from December 15th through 
March15th. 

• Scheduling of Unit 2 maintenance outages to coincide with periods of high 
impingement and entrainment during early summer (ending June 15th). 

The cumulative reductions in assumed impingement and entrainment for each unit 
following implementation of these recommended improvements to Merrimack Station’s 
existing CWIS technologies and operational measures, as compared to the Merrimack 
Station baseline, are as follows: 

For Unit 1 (which has a rated capacity of 120 MW and a design intake capacity of 59,000 
gpm), estimated total annual entrainment reduction is 19%, and estimated total annual 
impingement reduction is 60% 

For Unit 2 (which has a rated capacity of 350 MW and a design intake capacity of 
140,000 gpm), estimated total annual entrainment reduction is 51%, and estimated total 
annual impingement reduction is 72% 

Without identifying the basis for its request, EPA also asked that PSNH identify and 
evaluate means by which Merrimack Station could achieve and maintain a maximum 
ambient temperature differential of 5°F in Hooksett Pool (i.e., between Station N10, 
which is above the Station’s thermal discharge point, and Station S4, which is below that 
discharge point).  As reflected in this Report, Enercon and Normandeau assessed EPA’s 
request, and found the following: 

• The temperature differential between Stations N10 and S4 is largely controlled by 
Merrimack River (“River”) flow, which overshadows the potential effect of varying 
Station effluent temperatures via discharge canal cooling. 

• At historical low River flow rates, the Station effluent could not be cooled 
adequately by evaporative cooling technologies, either via a discharge canal cooling 
tower or additional power spray modules (PSMs), to achieve a 5°F temperature 
differential scenario between Stations N10 and S4.  

• Based on historical average River flows and ambient temperatures, the Station 
effluent could be cooled adequately to achieve a 5°F temperature differential 
between Stations N10 and S4 66% of the time utilizing the existing PSMs for 
cooling. 

• Based on historical average River flows and ambient temperatures, a 10-cell 
mechanical draft discharge canal cooling tower could achieve a 5°F temperature 
differential between Stations N10 and S4 91% of the time. 
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Because of the sensitivity of the discharge canal cooling requirements to low River flow 
conditions, two options for achieving a maximum ambient temperature differential of 5°F 
between Stations N10 and S4 are presented: (1) using exclusion hours for periods when 
extreme low River flow conditions occur, or (2) increasing the temperature differential 
value.  The necessary allowable temperature differentials for evaporative cooling using 
either the existing PSM configuration or a discharge canal cooling tower are shown 
below.  

• For the existing PSM configuration, the minimum River flow condition for a 5°F  
differential between Stations N10 and S4 would be 2320 cfs, or the necessary 
allowable temperature differential between Stations N10 and S4 would need to be 
19°F at bounding low River flow conditions.  

• For a 10-cell discharge canal cooling tower configuration, the minimum River flow 
condition for a 5°F differential between Stations N10 and S4 would be 1640 cfs, or 
the necessary allowable temperature differential between Stations N10 and S4 
would need to be 9°F at bounding low River flow conditions. 

Each of these options is supported by the thermal and biological monitoring data 
collected by PSNH in Hooksett Pool and upper Amoskeag Pool since 1967.  These data 
provide no historical evidence that the Station’s thermal discharge (1) may reasonably be 
considered to have caused any prior appreciable harm to the balanced indigenous 
population or community of shellfish, fish and wildlife that reside within, or are 
migratory through, the Merrimack River in the sphere of influence of Station’s 
hydrothermal regime (i.e., the "BIP/C"), or (2) in the future, will not assure the protection 
and propagation of such BIP/C.  Most recently (Spring 2007), PSNH provided EPA three 
(3) scientific studies (References 11.14, 11.15, and 11.16) that were performed by 
Normandeau Associates, Inc. to assess whether Merrimack Station’s thermal discharge 
into the River continued to satisfy the §316(a) variance-renewal standard.  These three 
studies confirm that the requirements in the Station’s existing NPDES permit satisfy that 
standard, and renewal of the Station’s §316(a) variance is again warranted. 
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1 Background, Introduction, and Scope 

1.1 Background and Introduction 

Public Service Company of New Hampshire’s (PSNH’s) Merrimack Station electrical 
generating facility in Bow, New Hampshire is seeking a renewal of its existing 
National Pollutant Discharge Elimination System (NPDES) permit (NPDES Permit 
NH0001465).  The following Report has been prepared to provide PSNH’s response 
to an information request letter from the United States Environmental Protection 
Agency (EPA) under Section 308 of the Clean Water Act (CWA) regarding the 
Station’s compliance with CWA § 316(a) and § 316(b), 33 § 1326(a) and 1326(b) (§ 
308 Letter).  In the § 308 Letter, EPA requested certain technology and fisheries 
information from PSNH to support EPA’s development of the new permit for 
Merrimack Station.  

1.2 Scope 
The content of this Report reflects the information requested by EPA in the § 308 
Letter.  As a result, the following information is contained in this Report: 

• All fisheries data collected during entrainment and impingement sampling 
conducted from 2005 to 2007. 

• A detailed description of Merrimack Station’s cooling system 

• Response regarding projected retirement date for Merrimack Station’s existing 
coal-fired operation 

• A description of the processes employed at Merrimack Station with regard to 
the operation of the boiler, condenser, cooling water intake structure (CWIS), 
and effluent treatment  

• A description of the engineering analysis involved with converting the 
Merrimack Station cooling system from the current once-through cooling to 
the following cooling scenarios: 

o Mechanical draft cooling towers for use in a recirculating (or “closed-
cycle”) cooling system for both generating units 

o Mechanical draft cooling towers for use in a recirculating (or “closed-
cycle”) cooling system for one generating unit 

o Mechanical draft cooling towers for use in a “helper tower” or 
“chiller” configuration that would be used to reduce thermal 
discharges by Merrimack Station.  Note that this scenario is not 
intended to result in a “closed-cycle” cooling system. 

• An analysis of alternate CWIS screening systems, including a discussion of 
the major components and major modifications that would be required to 
retrofit Merrimack Station with this technology 
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• A discussion of the least expensive, most cost-effective means by which 
Merrimack Station could meet the evaluated scenario whereby the 
temperature differential between Stations N10 and S4 in the Hooksett Pool is 
limited to 5°F 

Note that information taken from the PIC (Reference 11.8) and from the Merrimack 
River thermal regime report (Reference 11.9) prepared for Merrimack Station by 
Normandeau Associates has been previously provided to the EPA.  However, it is 
included in this Report for completeness, and will be denoted as [1] and [2].  
However, all fisheries data collected in support of the PIC has been previously 
provided to the EPA and is not repeated in this Report. 

2 Historical Studies Characterizing Impingement Mortality and 
Entrainment (IM&E) and Potential Thermal Effects from Station 
Operations 

2.1 Historical IM&E Studies 
The biological data from Merrimack Station's monitoring programs confirm no 
adverse environmental impact (AEI) to the aquatic ecosystems of the Merrimack 
River in the vicinity of the Station, including to any representative important species 
(RIS) or critical aquatic organism population, from the Station's CWISs. 

EPA’s now suspended final regulations implementing CWA § 316(b) for CWISs at 
existing electricity-generating stations (Phase II Regulations) required submission of 
a Proposal for Information Collection (PIC) in certain circumstances.  In a December 
30, 2004 letter to PSNH, EPA requested submission of the PIC for Merrimack Station 
“as expeditiously as practicable and prior to the start of biological and/or information 
collection activities, but no later than October 7, 2006.”  PSNH complied with EPA’s 
request, and submitted a PIC for Merrimack Station in April 2005 (Reference 11.8).  
After discussions with EPA, PSNH’s PIC for Merrimack Station was supplemented in 
November 2005 (Reference 11.18) to add an entrainment abundance and survival 
sampling program to complement the already proposed two-year (July 2005 through 
June 2007) impingement abundance and survival sampling program.  Seasonal 
entrainment studies at Merrimack Station began in late May 2006 and continued 
through September 2006, and then resumed in April 2007.  They were planned to 
continue for a second year through September 2007; however, the second year of 
entrainment data collection was truncated at the end of June 2007 to allow sufficient 
time to analyze both the impingement and entrainment data and prepare the data in 
the format requested in Section 7 and Section 8 of the § 308 Letter. 

Section 7 and Section 8 of the § 308 Letter requests that PSNH provide all fisheries 
data collected during entrainment and impingement sampling conducted from 2005 to 
2007, including all data collected as specified in Merrimack Station’s PIC.  A 
separate report is incorporated by this reference into PSNH’s response to the 308 
Letter to address the requirements of Section 7 and Section 8 of the § 308 Letter 
(Reference 11.17).  This report, entitled “Entrainment and Impingement Studies 
Performed at Merrimack Generating Station from June 2005 through June 2007” and 
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dated September 2007 (E&I Report), provides all fisheries data collected during the 
June 2005 through June 2007 entrainment and impingement studies for each sampling 
event exactly as specified in Section 7 of the § 308 Letter.  Furthermore, this E&I 
Report summarizes the entrainment and impingement data into monthly and annual 
abundance and equivalent adult abundance for fish species and life stages based on 
the corresponding actual intake flows for each month of sampling at Merrimack 
Station Unit 1 and Unit 2 exactly as specified in Section 8 of the § 308 Letter.    A 
brief summary of the methods and results of the E&I Report is presented in Section 
2.1.1 for entrainment and Section 2.1.2 for impingement. 

2.1.1 Entrainment 
Historical data and the life history requirements of the fish species present in 
Hooksett Pool indicate that fish eggs and larvae of a size subjected to entrainment 
in the CWIS flow through the 3/8-in. mesh traveling screens at Merrimack Station 
Unit 1 and Unit 2 have the potential to be present only during the months of April 
through September of each year.  Accordingly, entrainment studies at Merrimack 
Station began in late May 2006 and continued one day per week through 
September 2006 for a total of 16 weekly or biweekly (September) sampling 
events.  Entrainment sampling was planned to continue through September 2007; 
however, the second year of entrainment data collection was truncated at the end 
of June 2007 to allow sufficient time to analyze both the impingement and 
entrainment data and prepare the data in the format requested in Section 7 and 
Section 8 of the § 308 Letter.  

On each sampling day, one daytime sample and one nighttime sample were 
collected.  For sampling purposes, daytime was defined as occurring between one 
hour after local sunrise and one hour before local sunset as observed at the Station 
site.  Nighttime was defined as occurring between one hour after local sunset and 
one hour before local sunrise as observed at the Station site.  Entrainment 
sampling was not conducted at an individual unit on scheduled days when one or 
both of the unit’s two circulating pumps were not operating.  Entrainment samples 
of approximately 100 m3 were collected through a 0.300 mm mesh plankton net 
suspended over a barrel sampler located outside of the Unit 1 and Unit 2 screen 
houses.  Intake water was supplied to each entrainment sampling tank from a 3-
inch raw-water tap drawing un-chlorinated ambient cooling water from the 
pressurized condenser supply line at a point after the discharge pipes from each of 
the two intake pumps have joined into a common line as the flow exited the 
CWIS on route to the condenser inlet box.  

Preserved entrainment samples were manually sorted and eggs and larvae were 
identified to the lowest distinguishable taxon and enumerated.  Ichthyoplankton 
was enumerated into the following life stages: eggs, yolk-sac larvae, post-yolk-sac 
larvae, and juveniles.  The total length to the nearest 0.1 mm was measured for up 
to 30 randomly selected individuals of each ichthyoplankton life stage (except 
eggs) per sample.  Quality control inspections were performed for sorting, 
identification, life-stage determination and enumeration.  Items were inspected 
using a quality control (QC) procedure derived from MIL-STD (military-
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standard) 1235 (Single And Multiple Level Continuous Sampling Procedures And 
Tables For Inspection By Attributes) to achieve a 10 percent or better AOQL 
(Average Outgoing Quality Limit).   

The estimated annual average entrainment abundance expressed as the product of 
the number of fish per unit volume sampled and the actual monthly intake flows 
combined among all life stages at Merrimack Station for the two years of study 
was 1,289,515 fish for Unit 1 and 1,587,018 fish for Unit 2, as shown in the table 
below.  These fish were predominantly the larvae of white sucker (43%), carp and 
other minnows (29%), sunfishes (13%), and yellow perch (8%), with the 
remaining 7% comprising seven other fish taxa (Reference 11.17, Table 3-2).  
Very few eggs (1% of total entrainment abundance) were entrained, which is 
consistent with the spawning behavior of the fish community present in Hooksett 
Pool that typically spawns in nests or vegetative areas where the eggs are found 
adhering to the substrate and would therefore not be subjected to entrainment. 
Entrainment abundance was highest in June of both years combined (67%). 

 
Sampling Year 

Abundance 
Unit 1 

Entrainment 
Unit 2 
Entrainment 

Both Units 
Actual Flow 

May 06-Sep 06    685,638 2,100,645 2,786,283 
Apr07-Jun 07 1,559,356    889,912 2,449,268 

Average Annual 1,289,515 1,587,018 2,876,532 
 

When the annual average entrainment abundance is expressed as adult equivalents 
by taking into account the high natural mortality that occurs between the early life 
stages of fish typically entrained and the nominal age at first reproduction (i.e. 
adult), the actual number of fish entrained at Merrimack Station reduces to an 
annual average number of equivalent adults of 5,383 fish at Unit 1 and 8,678 fish 
at Unit 2 as shown in the table below.  The increased entrainment abundance of 
adult equivalent fish at Unit 2 compared to Unit 1 can be attributed to the 
differences in design flow between the two units, demonstrating that entrainment 
abundance is proportional to intake flow at Merrimack Station. 

 
Sampling Year 
Adult Equivalents 

Unit 1 
Entrainment 

Unit 2 
Entrainment 

Both Units 
Actual Flow 

May 06-Sep 06 2,791 10,506 13,297 
Apr 07-Jun 07 6,901   6,302 13,203 
Average Annual 5,383   8,678 14,061 

 

An insufficient sample of test and control organisms precluded analysis of 
conclusions regarding entrainment survival for the fish species and life stages 
entrained at Merrimack Station Unit 1 or Unit 2.  
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For the purpose of evaluating the benefits of various technological or operational 
measures requested by EPA in the § 308 Letter and evaluated in this Report, 
Table 2-1 (at end of this section) presents both entrainment abundance and adult 
equivalent fish abundance data by unit and month based on design flows for Unit 
1 and Unit 2 of Merrimack Station.   These data were obtained from the E&I 
report and are consistent with the monthly patterns observed for actual flows.  
Based on abundance for both units combined, 58.3% of the annual entrainment 
averaged between the two years of sampling occurred during June.  Based on 
adult equivalent abundance, 67.4% of the annual total entrainment averaged 
between the two years of sampling was observed during June.   Both the 
entrainment abundance and adult equivalent abundance of fish entrained at 
Merrimack Station are considered extremely low compared to other stations with 
comparable intake flows.  

2.1.2 Impingement 
Impingement sampling at Merrimack Station began in late June 2005 and 
continued in consecutive months through June 2007 at both Unit 1 and Unit 2.  
Impingement sampling was conducted on a weekly basis from late-June 2005 
through mid-December of 2005 (25 sampling weeks), from mid-March of 2006 
through November of 2006 (34 sampling weeks) and from mid-March of 2007 
through the end of June 2007 (15 sampling weeks).  During the intervening time 
periods, biweekly 24-hour impingement samples were collected (14 sampling 
weeks).  Weekly impingement sampling consisted of one 24-hour sample 
followed by one six-day sample, and biweekly sampling consisted of one 24-hour 
sample followed by one thirteen-day sample.  The 24-hour impingement samples 
are considered the primary sampling units, and “long interval” samples of six or 
thirteen days are considered secondary sampling units.  Merrimack Station 24-hr 
impingement collections were taken weekly from approximately 0930 on 
Wednesday to 0930 on Thursday (24 total hours) at both Units 1 and 2.  The total 
number of valid 24-hour impingement samples that were collected during the 
June 2005 through June 2007 study was 80 at Unit 1 and 76 at Unit 2.   

Impingement sampling at Merrimack Station was conducted by placing a basket 
in the fish and debris return sluice at both Unit 1 and Unit 2, to catch all fish and 
debris washed off of the operating traveling screens.  The basket mesh was 
constructed from the same mesh as on the traveling screens, standard 3/8-inch 
(0.375-inch) square.  The baskets were placed in sampling position and removed 
using a davit and chainfall installed and operated by PSNH specifically for 
impingement sampling.  Impingement collections were processed in fresh 
condition.  All fish were identified to species and enumerated. A maximum of 50 
individuals per species were measured to the nearest millimeter total length and 
weighed to the nearest gram.  The amount (number of gallons) and general 
characterization of debris (aquatic, terrestrial, etc.) collected in the impingement 
baskets over the sample period was also quantified.  Impingement collection 
efficiency was determined during one 24-hour sampling period in each month to 
adjust each 24-hour sample for fish that are lost between the time they are 
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impinged on the operating intake screens and their collection in the sampling 
device.  These impingement collection efficiency factors were applied to other 24-
hour impingement collections from each period centered on the date of the 
collection efficiency test.  Collection efficiency adjustments were not applied to 
the “long interval” samples.   

Impingement survival was determined by collection of released live fish off of 
continuously rotated and washed screens from each unit at Merrimack Station 
during a four hour period.  All alive or stunned fish were observed for initial (0-
hour) survival and then held to determine latent (24-hour) survival.  The 
efficiency of separating fish from debris, as well as all field identifications, 
counts, weights, and measurements were subject to quality control (QC) 
inspection.  Items were chosen for inspection using a “CSP-1” QC procedure 
derived from MIL-STD (military-standard) 1235 (Single and Multiple Level 
Continuous Sampling Procedures and Tables for Inspection by Attributes) to 
achieve a 10% Average Outgoing Quality Limit (i.e., ≥90% of samples are within 
specified quality control tolerance limits).   

Twenty-one species of fish representing nine families were collected in 24-hour 
impingement samples from June 2005–June 2007 at Merrimack Station Unit 1 
and Unit 2.  An additional four species in the carp and minnow family were 
collected in the long-interval (6-day and 13-day) samples.  The estimated annual 
average impingement abundance expressed as the raw number of fish impinged in 
the 24-hour samples (679 fish) weighted by the monthly actual flows for 
Merrimack Station for the two years of study was 1,004 fish for Unit 1 and 3,001 
fish for Unit 2 as shown in the table below.  Bluegill was the most commonly 
collected fish species and they accounted for 62.6% of the total number of 
impinged fish.  Spottail shiner was the second most abundant fish taxa and they 
accounted for 7.4% of the fish impinged.  Bluegill, spottail shiner, black crappie 
(5.3%), largemouth bass (4.6%), and yellow perch (4.1%) combined to represent 
84% of the total fish impinged during the two years of sampling.  The size 
distribution of fish impinged at Merrimack Station was representative of young of 
the year fishes, with majority (91%) of the fish less than 125 mm total length.    

 

Sampling Year 
Abundance 

Unit 1 
Impingement

Unit 2 
Impingement

Both Units 
Actual Flow 

Jun 05-Jun 06 1,603 5,133 6,736 
Jun 06-Jun 07    405   866  1271 

Average Annual 1004 3001 4005 
 

When the annual average impingement abundance is expressed as adult 
equivalents by taking into account the natural mortality that occurs between the 
predominantly young of the year life stages of fish impinged and the nominal age 
at first reproduction (i.e. adult), the actual number of fish impinged at Merrimack 
Station reduced to an annual average number of equivalent adults of 273 fish at 
Unit 1 and 244 fish at Unit 2, as shown in the table below.    
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Sampling Year 
Adult Equivalents 

Unit 1 
Impingement 

Unit 2 
Impingement 

Both Units 
Actual Flow 

Jun 05-Jun 06   478   321   799 
Jul 06-Jun 07     69   167   236 
Average Annual   273   244   517 

 
The current fish and debris return sluice at Merrimack Station Unit 1 and Unit 2 
does not return fish or debris to Hooksett Pool, resulting in 100% mortality of 
impinged fish.  Impingement survival studies were performed to simulate survival 
from the existing traveling screens if they were continuously rotated to evaluate 
the condition of fish taken off of the traveling screens and therefore the potential 
for increasing their survival if an upgraded fish return system were installed in the 
future.  A total of nine survival tests were conducted at Unit 1 with a range in 
latent (24-hour) survival rate from 40.4% to 99.7% (mean = 59.6%).  A total of 
seven impingement survival tests were conducted at Unit 2 with a range in 
survival rate from 20.2% to 100.0% (mean = 78.5%).  Therefore, the present 
traveling screens and spray wash system affords the potential to return more than 
half of all impinged fish alive back into Hooksett Pool if the fish return system 
can be configured to return these fish back into the Merrimack River.  

For the purpose of evaluating the benefits of various technological or operational 
measures requested by EPA in the § 308 Letter and evaluated in this Report, 
Table 2-2, (at end of this section) presents both impingement abundance and adult 
equivalent fish abundance data by unit and month based on design flows for Unit 
1 and Unit 2 of Merrimack Station.   These data were obtained from the E&I 
report (Reference 11.17).  Based on abundance for both units combined, 56.4% of 
the annual impingement averaged between the two years of sampling occurred 
during June.  Based on adult equivalent abundance, 37.9% of the annual total 
impingement averaged between the two years of sampling was observed during 
December, and 11.8% of the annual impingement occurred in June.  The observed 
differences in seasonal contribution between impingement abundance and the 
adult equivalent abundance values for these impinged fish is due to the 
impingement of predominantly older fish in December compared to June.  Both 
the impingement abundance and adult equivalent abundance of fish impinged at 
Merrimack Station are considered extremely low compared to other stations with 
comparable intake flows. 

2.1.3 Relative Magnitude of Entrainment and Impingement 
Expressing entrainment and impingement for Merrimack Station as adult 
equivalent fish abundance affords the opportunity to compare the relative 
magnitude of both on equal terms.  The following table compares adult equivalent 
fish abundance data for entrainment and impingement based on the annual 
average data presented in Tables 2-1 and 2-2 (which respectively present 
entrainment and impingement abundance and adult equivalent fish abundance 
data by unit and month based on design flows).  Entrainment was the predominant 
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source of fish mortality due to CWIS operation, contributing 95% of the adult 
equivalent losses at Unit 1 and 97% of the adult equivalent losses at Unit 2 during 
the June 2005 through June 2007 study.  However, the combined adult equivalent 
abundance of fish entrained and impinged of 17,553 adult fish at Merrimack 
Station during the study period is considered extremely low compared to other 
stations with comparable intake flows.     

 
Average Year 
Adult Equivalents 

Unit 1 
 

Unit 2 
 

Both Units 
Design Flow 

Entrainment   6,992   9,888  16,880 
Impingement      371      282       653 
Combined   7,363 10,170  17,533 

 

2.2 Historical Studies Characterizing Potential Thermal Effects 
from Station Operations 

PSNH recently provided EPA three (3) new scientific studies (Reference 11.14, 
11.15, 11.16) that were performed to evaluate whether Merrimack Station’s thermal 
discharge into Hooksett Pool of the Merrimack River had caused prior appreciable 
harm to the BIP or would cause appreciable harm to the BIP in the future assuming 
the continuation of Station operations at their current level.  The results of these 
studies confirm that the existing NPDES permit for Merrimack Station adequately 
assures the protection and propagation of the BIP, i.e., the balanced indigenous 
populations of shellfish, fish and wildlife that reside within, or are migratory through, 
the River in the vicinity of Merrimack Station.   

One of these studies, which analyzed the thermal tolerance, life history requirements, 
and habitat requirements of nine RIS of fish found in Hooksett Pool or in upper 
Amoskeag Pool, concluded that historic thermal conditions have been protective of 
the BIP (Reference 11.16).  These nine RIS of fish include alewife, American shad, 
Atlantic salmon, smallmouth bass, largemouth bass, pumpkinseed, yellow perch, 
fallfish, and white sucker.  None of the habitat found in the thermally influenced 
portions of lower Hooksett Pool or in upper Amoskeag Pool were considered to be 
limiting or essential for resident and migratory fish to complete their life history in 
Merrimack River.  No unique or rare habitat was observed within Hooksett Pool or 
upper Amoskeag Pool, and no threatened or endangered species were found in either 
pool. 

There is presently no upstream passage for migratory fish into Hooksett Pool.  As a 
result, any concerns about the thermal plume effecting migratory fishes must relate to 
the transient use of Hooksett Pool during the spring downstream migration of Atlantic 
salmon smolts (which are present solely due to fry stocking by state resource agencies 
in the upper watershed), or during the fall downstream migration of anadromous 
clupeids (i.e. American shad or alewife) (also present due to agency stocking efforts 
within or upstream from Hooksett Pool).  The effects of the thermal discharge on the 
downstream migration of Atlantic salmon smolts was assessed in the second of the 
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three recently submitted studies, the results of which demonstrate that Merrimack 
Station’s thermal discharge has neither delayed nor created a barrier to the 
downstream migration of Atlantic salmon smolts (Reference 11.14). We have also 
observed high growth rates and effective downstream passage of juvenile clupeids 
during their fall outmigration period.  In summary, analysis of migratory behavior 
supports a finding of no prior appreciable harm, and a projection of no potential 
future appreciable harm, to Atlantic salmon or anadromous clupeids in Hooksett Pool 
and upper Amoskeag Pool due to Merrimack Station’s existing thermal discharge.    

Lower Hooksett Pool and upper Amoskeag Pool are two segments of the Merrimack 
River receiving Merrimack Station’s thermal discharge that are considered low 
potential impact areas for phytoplankton because they are in a portion of the 
Merrimack River continuum where the annual carbon cycle is typically dominated by 
heterotrophic activities in a detrital food chain.  Annual studies of the community 
composition and standing crop of phytoplankton and periphyton from 1975 through 
1978 in the upstream ambient zone and in the thermally influenced portions of lower 
Hooksett Pool confirm the designation of the study area as a low potential impact area 
for the phytoplankton community (Reference 11.12).   Over the four year study 
period (1975-1978), no endangered or threatened species were found, no shift 
towards nuisance species was observed in either the upstream ambient or thermally 
influenced portions of lower Hooksett Pool, and there were no long-term reductions 
or increases in autotrophic production of the periphyton or phytoplankton components 
of the algal community that could be attributed to Merrimack Station’s thermal 
discharge (Reference 11.12).   

Lower Hooksett Pool and upper Amoskeag Pool are two segments of the Merrimack 
River receiving Merrimack Station’s thermal discharge that are considered low 
potential impact areas for net zooplankton and meroplankton, because no endangered 
or threatened species were found, and no reduction or adverse change was observed 
in exhaustive annual studies performed from 1975 through 1978 in both the upstream 
ambient zone and in the thermally influenced portions of lower Hooksett Pool 
(Reference 11.12).  The results of the source water body studies were corroborated by 
a finding of minimal entrainment mortality of net zooplankton and meroplankton due 
to passage through the condenser cooling system and cooling canal of Merrimack 
Station (Reference 11.12), indicating the heated discharge did not alter the standing 
crop, relative abundance, natural population fluctuations, or the free drift of these 
components of the BIP.     

Aquatic vascular plants (i.e., “macrophytes”) are the primary habitat formers in the 
impounded freshwater riverine ecosystem found in lower Hooksett Pool and upper 
Amoskeag Pool.  These two segments of the Merrimack River receiving Merrimack 
Station’s thermal discharge are considered low potential impact areas for aquatic 
macrophytes, because no endangered or threatened species were found, and because 
within year comparison of similar habitats upstream and downstream from the 
cooling canal discharge indicated that the heated effluent from Merrimack Station has 
generally had no adverse effect on the distribution and abundance of aquatic 
macrophytes (Reference 11.12).   A total of 14 species of aquatic vascular plants were 
observed during surveys conducted from 1970 to 1974; these aquatic plants were 
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generally most abundant during August and September of each year (Reference 
11.12).  Merrimack River currents, substrate, water chemistry, and depth are all 
factors influencing the distribution of macrophytes in impounded freshwater riverine 
ecosystems.  Within-year variability among stations sampled from 1970 to 1974 in 
both the upstream ambient and thermally influenced portions of the study area was 
lower in magnitude than inter-annual variation at each station, supporting classifying 
the study area as one of low potential impact for habitat formers. 

Water velocity and substrate conditions were found to determine the distribution, 
standing crop, and species composition of the benthic macroinvertebrate community 
(including shellfish) observed in exhaustive annual studies performed from 1975 
through 1978 in both the upstream ambient zone and in the thermally influenced 
portions of lower Hooksett Pool (Reference 11.12).  Lentic taxa inhabited the slow-
flowing or ponded areas of the study area near Hooksett Dam with fine sediments and 
organic debris in the substrate, while lotic taxa inhabited rapid-flowing and turbulent 
areas of moderate currents with a cobble or boulder substrate found primarily in the 
Garvin’s Falls Dam tailwaters at the upstream end of Hooksett Pool and in the 
Hooksett Dam tailwaters at the downstream end.  No endangered or threatened 
species of shellfish or benthic macroinvertebrates were found.   The preference for 
lentic or lotic habitats overrides any influence of Merrimack Station’s thermal 
discharge, because the standing crop and structure of benthic macroinvertebrate 
communities sampled by Ponar grabs and by artificial multiplates were similar within 
the same habitat types found both upstream and downstream from the cooling canal 
discharge (Reference 11.12).  The relatively high thermal tolerance of organisms 
found in the benthic macroinvertebrate community and the surface-orientation of the 
thermal plume were two factors ameliorating any discharge effects, including those 
on drifting invertebrates sampled by artificial multiplate samplers (Reference 11.12).  
Therefore, the two segments of the Merrimack River receiving Merrimack Station’s 
thermal discharge are considered low potential impact areas for shellfish and benthic 
macroinvertebrates.   

Lower Hooksett Pool and upper Amoskeag Pool are two segments of the Merrimack 
River receiving Merrimack Station’s thermal discharge that are considered low 
potential impact areas for other vertebrate wildlife because no endangered or 
threatened species are found there, and because there are no large or unique 
populations found in both the upstream ambient zone and in the thermally influenced 
portions of lower Hooksett Pool.  EPA considers most sites within the United States, 
such as the study area, to be low potential areas of impact for other vertebrate wildlife 
unless they are found along major flyways in cold areas (i.e., North Central United 
States), or in southern areas where manatees might be attracted to the discharge.   

It is clear from the analysis and results of the three recently submitted studies 
(Reference 11.14, 11.15, and 11.16), as well as the extensive studies performed over 
nearly 40 years at Merrimack Station, that the existing thermal limits in Merrimack 
Station’s NPDES permit and the Station’s current operating regime satisfy CWA § 
316(a) by “assuring the protection and propagation of a balanced, indigenous 
population of shellfish, fish and wildlife” in the receiving water.  To the extent that 
EPA is considering including thermal limits in the Station’s renewed NPDES permit 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 

 11

that are different from the existing NPDES permit, such alternative limits may only 
be appropriately derived from in-river monitoring data, rather than effluent 
monitoring data, due to the complex and dynamic interaction among changes in river 
flow, diel and seasonal atmospheric conditions, and Station operations (Reference 
11.15). 
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Table 2-1. Merrimack Station Fish Entrainment Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Design Intake Flows3 by Month, Unit and Year (May 2006 through June 
2007).   

 Unit 1 Unit 2 Both Units Combined 
 May - Sep 2006 Apr - Jun 2007 Average Year 

Monthly % 
May - Sep 2006 Apr - Jun 2007 Average Year Monthly % May - Sep 2006 Apr - Jun 2007 Average Year 

Monthly % 

Month Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Apr NS4 NS 0 0 0 0 0.0% 0.0% NS NS 132,851 666 132,851 666 7.4% 6.7% NS NS 132,851 666 132,851 666 3.8% 3.9% 
May 0 0 683,907 1,289 341,954 645 20.4% 9.2% 800,515 4,847 132,019 724 466,267 2,786 26.1% 28.2% 800,515 4,847 815,926 2,013 808,221 3,430 23.3% 20.3% 
Jun 519,081 2,536 1,331,392 7,521 925,237 5,029 55.1% 71.9% 1,281,629 6,200 827,604 6,106 1,054,617 6,153 59.0% 62.2% 1,800,710 8,736 2,158,996 13,627 1,979,853 11,182 57.1% 66.2% 
Jul 377,049 1,225 NS NS 377,049 1,225 22.5% 17.5% 133,273 283 NS NS 133,273 283 7.5% 2.9% 510,322 1,508 NS NS 510,322 1,508 14.7% 8.9% 

Aug 33,563 94 NS NS 33,563 94 2.0% 1.3% 0 0 NS NS 0 0 0.0% 0.0% 33,563 94 NS NS 33,563 94 1.0% 0.6% 
Sep NS05 NS0 NS0 NS0 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 
Oct NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Nov NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Dec NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Jan NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Feb NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Mar NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Annual 929,693 3,855 2,015,299 8,810 1,677,802 6,992 100.0% 100.0% 2,215,417 11,330 1,092,474 7,496 1,787,008 9,888 100.0% 100.0% 3,145,110 15,185 3,107,773 16,306 3,464,810 16,880 100.0% 100.0%
1Fish abundance is shown for combined suite of all species and lifestages enumerated in entrainment samples from Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual entrainment density at Unit 1 and Unit 2 combined.  
3Design intake pump flows used to extrapolate actual entrainment per unit volume for all life stages of fish sampled up to maximum flows were 131.45 cfs for Unit 1 and 311.92 cfs for Unit 2. 
4NS = no sampling 
5NS0 = not sampled and assumed zero abundance 

Table 2-1a. Merrimack Station Fish Entrainment Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Actual Intake Flows3 by Month, Unit and Year (May 2006 through June 2007).   
Unit 1 Unit 2 Both Units Combined 

May - Sep 2006 Apr - Jun 2007 Average Year Monthly % May - Sep 2006 Apr - Jun 2007 Average Year Monthly % May - Sep 2006 Apr - Jun 2007 Average Year Monthly % 
Month Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 

Apr NS4 NS 0 0 0 0 0.0% 0.0% NS NS 59,724 285 59,724 285 3.8% 3.3% NS NS 59,724 285 59,724 285 2.1% 2.0% 
May 0 0 556,360 1,049 278,180 525 21.6% 9.7% 742,481 4,495 65,726 372 404,104 2,434 25.5% 28.0% 742,481 4,495 622,086 1,421 682,284 2,958 23.7% 21.0% 
Jun 351,603 1,717 1,002,996 5,852 677,300 3,785 52.5% 70.3% 1,234,410 5,748 764,462 5,645 999,436 5,697 63.0% 65.6% 1,586,013 7,465 1,767,458 11,497 1,676,736 9,481 58.3% 67.4% 
Jul 306,731 997 NS NS 306,731 997 23.8% 18.5% 123,754 263 NS NS 123,754 263 7.8% 3.0% 430,485 1,260 NS NS 430,485 1,260 15.0% 9.0% 

Aug 27,304 77 NS NS 27,304 77 2.1% 1.4% 0 0 NS NS 0 0 0.0% 0.0% 27,304 77 NS NS 27,304 77 0.9% 0.5% 
Sep NS05 NS0 NS0 NS0 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 
Oct NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Nov NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Dec NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Jan NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Feb NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 
Mar NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Annual 685,638 2,791 1,559,356 6,901 1,289,515 5,383 100.0% 100.0% 2,100,645 10,506 889,912 6,302 1,587,018 8,678 100.0% 100.0% 2,786,283 13,297 2,449,268 13,203 2,876,532 14,061 100.0% 100.0%
1Fish abundance is shown for combined suite of all species and lifestages enumerated at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual entrainment density at Unit 1 and Unit 2 combined.  
3Actual monthly intake pump flows used to extrapolate actual entrainment per unit volume for all life stages of fish sampled up to monthly abundance or adult equivalents for Unit 1 and Unit 2 (May 2006 through June 2007). 
4NS = no sampling 
5NS0 = not sampled and assumed zero abundance 
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Table 2-2. Merrimack Station Fish Impingement Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Design Flows3 by Month, Unit and Year (June 2005 through June 2007)4.   

Unit 1 Unit 2 Both Units Combined 
Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % 

Month Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Jul 53 5 44 0 49 3 3.7% 0.7% 119 10 192 3 156 6 4.4% 2.2% 171 15 236 3 204 9 4.2% 1.4% 

Aug 0 0 11 11 5 5 0.4% 1.4% 31 20 9 0 20 10 0.6% 3.6% 31 20 20 11 26 15 0.5% 2.4% 
Sep 30 0 0 0 15 0 1.1% 0.0% 68 15 16 0 42 8 1.2% 2.7% 98 15 16 0 57 8 1.2% 1.2% 
Oct 145 67 22 5 83 36 6.3% 9.7% 390 26 128 25 259 25 7.2% 9.0% 535 93 150 30 343 61 7.0% 9.4% 
Nov 146 88 40 13 93 51 7.0% 13.7% 158 6 142 54 150 30 4.2% 10.8% 304 94 182 68 243 81 5.0% 12.4% 
Dec 498 359 46 28 272 193 20.5% 52.2% 225 99 84 17 155 58 4.3% 20.6% 723 458 130 45 427 252 8.7% 38.5% 
Jan 146 32 42 8 94 20 7.1% 5.4% 109 23 42 18 76 20 2.1% 7.2% 255 55 84 26 170 40 3.5% 6.2% 
Feb 28 6 20 2 24 4 1.8% 1.1% 171 85 35 1 103 43 2.9% 15.2% 199 92 55 3 127 47 2.6% 7.2% 
Mar 245 39 42 19 144 29 10.8% 7.8% 59 13 41 0 50 6 1.4% 2.3% 304 52 83 19 194 35 3.9% 5.4% 
Apr 39 0 50 1 45 0 3.3% 0.1% 191 1 59 4 125 2 3.5% 0.8% 230 1 109 4 170 3 3.5% 0.4% 
May 333 47 110 4 222 25 16.7% 6.8% 259 2 225 17 242 10 6.8% 3.4% 591 49 335 21 463 35 9.4% 5.4% 
Jun 477 5 91 3 284 4 21.4% 1.0% 4236 66 159 59 2198 62 61.5% 22.2% 4713 71 251 62 2482 66 50.6% 10.1% 

Annual 2139 648 519 93 1329 371 100.0% 100.0% 6016 366 1133 197 3574 282 100.0% 100.0% 8155 1015 1651 291 4903 653 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated in impingement samples at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual impingement counts at Unit 1 and Unit 2 combined.  
3Design intake pump flows used to extrapolate actual impingement rates for all life stages of fish sampled up to maximum flows were 131.45 cfs for Unit 1 and 311.92 cfs for Unit 2. 
4Year 1 = 29 June 2005 through 30 June 2006; Year 2 = 1 July 2006 through 30 June 2007.  

Table 2-2a. Merrimack Station Fish Impingement Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Actual Intake Flows3 by Month, Unit and Year (June 2005 through June 2007)4.   

Unit 1 Unit 2 Both Units Combined 
Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % 

Month Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Jul 43 4 36 0 40 2 3.9% 0.8% 111 9 179 2 145 6 4.8% 2.4% 154 13 215 3 185 8 4.6% 1.5% 

Aug 0 0 9 9 4 4 0.4% 1.6% 29 19 9 0 19 9 0.6% 3.8% 29 19 17 9 23 14 0.6% 2.6% 
Sep 25 0 0 0 13 0 1.2% 0.0% 63 14 11 0 37 7 1.2% 2.9% 88 14 11 0 50 7 1.2% 1.4% 
Oct 110 51 15 4 62 27 6.2% 10.0% 176 15 119 23 148 19 4.9% 7.8% 286 66 134 27 210 46 5.2% 9.0% 
Nov 97 57 29 10 63 34 6.3% 12.4% 147 6 132 51 140 28 4.7% 11.6% 244 63 161 61 203 62 5.1% 12.0% 
Dec 371 268 33 19 202 143 20.1% 52.4% 209 92 68 14 139 53 4.6% 21.7% 581 360 102 33 342 196 8.5% 37.9% 
Jan 112 25 35 7 74 16 7.3% 5.8% 102 22 32 15 67 18 2.2% 7.5% 214 46 67 22 141 34 3.5% 6.6% 
Feb 23 5 16 2 20 3 2.0% 1.2% 141 70 32 1 87 36 2.9% 14.5% 163 75 48 2 106 39 2.6% 7.5% 
Mar 200 32 28 12 114 22 11.4% 8.1% 55 12 37 0 46 6 1.5% 2.5% 256 44 66 12 161 28 4.0% 5.4% 
Apr 31 0 41 1 36 0 3.6% 0.1% 84 0 16 0 50 0 1.7% 0.1% 115 0 57 1 86 1 2.1% 0.1% 
May 231 33 90 3 161 18 16.0% 6.6% 76 1 85 6 81 3 2.7% 1.3% 307 34 174 9 241 21 6.0% 4.1% 
Jun 359 4 74 2 217 3 21.6% 1.1% 3941 61 146 55 2044 58 68.1% 23.7% 4300 65 220 57 2260 61 56.4% 11.8% 

Annual 1603 478 405 69 1004 273 100.0% 100.0% 5133 321 866 167 3001 244 100.0% 100.0% 6736 799 1271 236 4005 517 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated in impingement samples at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual impingement counts at Unit 1 and Unit 2 combined.  
3Actual monthly intake pump flows used to extrapolate actual fish impingement rates up to monthly abundance or adult equivalents for Unit 1 and Unit 2. 
4Year 1 = 29 June 2005 through 30 June 2006; Year 2 = 1 July 2006 through 30 June 2007. 
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3 Merrimack Station and Cooling System Description 

3.1 Merrimack Station Overview 
The Station is a coal-fired electric generating station owned by PSNH.  It is located along the 
eastern edge of Bow, New Hampshire and on the west bank of the River, across from Suncook 
Village, a residential area that straddles the towns of Pembroke and Allenstown [1].   

The Station has two separate generating units, Unit 1 and Unit 2.  Unit 1, which became 
operational in 1960, generates at a rated capacity of 120 MW, and withdraws once-through 
cooling water from the River using a CWIS located on the shoreline of Hooksett Pool.  Unit 2, 
which became operational in 1968, generates at a rated capacity of 350 MW, and withdraws once-
through cooling water from the River using a separate CWIS located approximately 120 feet 
downstream from the Unit 1 CWIS [1].   

3.2 Source Water Body 
Merrimack Station withdraws cooling water from a reach of the Merrimack River called Hooksett 
Pool (Attachment 5, Figure A).  Garvins Falls Dam forms the upstream boundary of Hooksett 
Pool while Hooksett Dam forms the lower boundary.  The Hooksett Dam tailwater is in the upper 
headpond of the Amoskeag Dam pool.  The Station is 2.9 miles downstream from Garvins Falls 
Dam, 2.9 miles upstream from Hooksett Dam and 10.7 miles upstream from Amoskeag Dam.  The 
River in Hooksett Pool is fresh water [1].   

Each Unit operates in a once-through cooling water mode by withdrawing cooling water from and 
discharging it back into Hooksett Pool.  Hooksett Pool averages between 6 and 10 feet deep under 
most flow conditions, and has a surface area of 350 acres and a volume of 130 million cubic feet 
at full pond elevation (approximately 190 feet at each Unit) [1].   

The hydraulic retention time of Hooksett Pool is approximately eight hours under Mean Annual 
Flow (MAF) conditions, and about five days under 7Q10 flow conditions (both of which are less 
than the criterion of seven days for classification as a reservoir under the now suspended Phase II 
Regulations).  Accordingly, for purposes of the Phase II Regulations, the source water body type 
for each Unit at Merrimack Station is a freshwater river or stream [1]. 

The watershed area for the River at Merrimack Station is approximately 2,535 square miles.  The 
estimated MAF for the River at Merrimack Station based on the 100-year period of record was 
4,551 cfs.  It should be noted that according to USGS, the expected error associated with 
Merrimack Station would conservatively be estimated to be at least +10%.  Consequently, the 
most scientifically credible estimate of River MAF at Merrimack Station based on the 100-year 
period of record is 4,551 +455 cfs, or 4,096 to 5,006 cfs [1]. 
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3.3 Cooling Water Intake Structure Description 

3.3.1 Physical Description, Location and Depth of CWIS 
A separate CWIS supplies River water to each generating Unit at Merrimack Station.  Both 
CWISs are located on the west bank of Hooksett Pool.  The Unit 2 CWIS is approximately 
120 feet downstream from the Unit 1 CWIS.  The north (Unit 1) CWIS has two intake pumps, 
and the south (Unit 2) CWIS also has two intake pumps; however, the intake pumps at Unit 2 
are larger than the intake pumps at Unit 1.  The CWIS bulkhead for each Unit projects 
outward into the River from a rip-rap stabilized shoreline approximately 25 to 30 feet [1].  

Each forebay opening to the River is covered with a bar rack.  The bar racks for each unit are 
located at the outer edge of the CWIS structure, which extends approximately 25 to 30 feet 
outward into the River, and are inclined inward at an angle of about 9º [1].   

A partition wall below the deck inside each CWIS divides the CWIS into two discrete 
forebays, separating the flow to each pump.  Each forebay directs the separated flow through a 
dedicated traveling screen before it reaches the screenwell containing the circulating water 
pump.  These vertical single entry/exit traveling screens provide a basic debris and fish 
handling and return system.  Water from the screen wash spray system is used to remove 
debris from the traveling water screens and transport the debris along the sluiceway back into 
the River.  Water from the two circulating water pumps at each unit merges into a common 
pipe at a Y-junction within the pump house a short distance past the pumps.  The design 
through-screen velocity of the Unit 1 CWIS is 1.5 feet per second (“fps”); for Unit 2, it is 1.82 
fps. 

3.3.1.1 Unit 1 
The floor of the Unit 1 intake forebay is at elevation 177 feet, and the associated bar racks (3.5 
inch on-center spacing) rise upward from that point at an inward angle of about 9º to an 
elevation of 190 feet (which is the full pond elevation of Hooksett Pool).  The concrete 
bulkhead wall extends upward from the top of the bar racks at the same angle to a deck 
elevation of 207 feet.  A concrete debris barrier wall is located five feet outboard from the base 
of the bar racks and extends the floor upward by five feet to a point that is at elevation 181 
feet, or one foot above the river bottom at elevation 180 feet.  There is a five-foot wide 
opening in the barrier wall between elevations 181 feet and 186 feet through which the cooling 
water intake flow passes.  The outer bulkhead wall then extends upward at the same angle to 
the deck elevation of 207 feet (see Attachment 5, Figure B) [1].   

In summary, the Unit 1 CWIS withdraws water from a horizontal slot in the outer bulkhead 
that is five feet wide and located between elevations 181 feet and 186 feet, which is about 
three feet to eight feet below the Hooksett Pool full pond elevation. 
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3.3.1.2 Unit 2 
The floor of the Unit 2 intake forebay is at elevation 176 feet, and the associated bar racks (3.5 
inch on-center spacing) rise to the full pond elevation for Hooksett Pool of 190 feet at an 
inward angle of about 9º.  The concrete bulkhead wall extends upward from that point to an 
elevation of 207 feet.  A concrete debris barrier wall is located eight feet outboard from the 
base of the bar racks and extends the floor upward by five feet to a point that is at elevation 
181 feet, or one foot above the river bottom at elevation 180 feet.  Unlike Unit 1, there is no 
upper portion of the outer concrete barrier wall at Unit 2 [1].   

In summary, the Unit 2 CWIS withdraws water from nearly the entire water column between 
an elevation of 181 feet (or one foot above the river bottom) and the full pond surface 
elevation of Hooksett Pool of 190 feet (see Attachment 5, Figure C) [1]. 

3.3.2 Cooling Water Intake Flow Description 
As detailed above, a separate CWIS supplies each generating unit with cooling water.  There 
are two distinct flow values: the design intake capacity and the average actual intake flow rate.  

The design intake capacity is the flow rate that is shown on the design documents, including 
the circulating water pump curves and the traveling water screen drawings.  It is considered to 
be the baseline value.  It is also the value used to design all CWIS screening technologies.  
The average actual flow rate, conversely, is the actual amount of flow entering the CWIS. 

3.3.2.1 Design Intake Capacity 
Unit 1 

The north (Unit 1) CWIS has two circulating water intake pumps. 

Each circulating water pump has a design intake capacity of 29,500 gpm (42.5 MGD, 65.7 
cfs).  The two flows join in a common header resulting in a combined design intake capacity 
for both pumps at Unit 1 of 59,000 gpm (85.0 MGD, 131.5 cfs).   The Unit 1 circulating water 
pumps supply water to the following: 

• 1806 gpm (2.6 MGD, 4.0 cfs) is supplied for the Slag Sluice.  This value is an average 
daily flow rate since this flow is an intermittent demand.  Slag sluice is typically run 9 
hrs/day from mid-March through mid-December.  During the winter, the sluice runs 
continuously to protect the system from freezing.  The slag sluice discharges into the 
Slag Pond and ultimately into the discharge canal. 

• 5556 gpm (8.0 MGD, 12.4 cfs) is supplied for De-Icing Recirculation.  This system is 
only used during periods where the temperature is below freezing.  In essence, hot 
water from either the condenser or equipment cooling water heat exchanger is 
recirculated back into the intake via 6” spray nozzles at the bar racks.  Since 5556 gpm 
of water is being added to the intake, the demand for water from the River is decreased 
by the same amount. 

• The traveling screen wash system draws suction from the discharge of the circulating 
water pumps.  Each traveling screen has a single-pressure spray header to wash fish 
and debris off of the traveling screens and then flush them back to the River.  The Unit 
1 traveling screen spray wash system draws a total of 560 gpm (0.8 MGD, 1.2 cfs).   
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• Flow also is supplied to equipment cooling.   

• The remainder of the flow supplies the condenser. 

The fire pump draws water from the Unit 1 screenwell.  It has a design intake capacity of 486 
gpm (0.7 MGD, 1.1 cfs) and runs intermittently. 

Unit 2 

The south (Unit 2) CWIS also has two intake pumps, each with a design intake capacity of 
70,000 gpm (100.8 MGD, 156 cfs).  The two flows are combined in a common header with a 
combined design intake capacity for both at Unit 2 circulating water pumps of 140,000 gpm 
(201.6 MGD, 312 cfs).  The Unit 2 circulating water pumps supply water to the following: 

• 2780 gpm (4.0 MGD, 6.2 cfs) is supplied for Slag Sluice.  This flow is a constant 
demand, which discharges into the Slag Pond and ultimately into the discharge canal. 

• 9028 gpm (13.0 MGD, 20.1 cfs) is supplied for De-Icing Recirculation.  This system is 
only used during periods where the temperature is below freezing.  In essence, hot 
water from the condenser or equipment cooling water heat exchanger is recirculated 
back into the intake via 6” spray nozzles at the bar racks.  Since 9028 gpm of water is 
being added to the intake, the demand for water from the River is decreased by the 
same amount.  

• The Unit 2 traveling screen spray wash system works the same as the Unit 1 system.  
However, it draws a total of 588 gpm (0.9 MGD, 1.4 cfs).   

• Flow also is supplied to equipment cooling.   

• The remainder of the flow supplies the condenser.   

3.3.2.2 Average Actual Intake Flow Rate 
The average river level is 190 ft per NPDES Reapplication No. NH0001465.  Table 1 of the 
same document correlates circulating water pump capacity and river level.  The following 
shows the applicable portion of that table:  

 UNIT 1 UNIT 2 
RIVER LEVEL (ft) 1 PUMP CW FLOW 

GPM/PUMP 
2 PUMPS CW FLOW 

GPM/PUMP 
1 PUMP CW FLOW 

GPM/PUMP 
2 PUMPS CW FLOW 

GPM/PUMP 
190 25,800 24,000 67,000 65,000 

      

The actual amount of flow entering the CWIS is further reduced by the intermittent flow 
reductions associated with periods of reduced power, periodic maintenance outages, Unit 2 
one pump operation, as well as de-icing recirculation.  This decrease in flow is a reduction in 
the baseline flow and is therefore considered to be an operational measure to reduce 
impingement/entrainment.  This benefit will be discussed in full in Section 5.4. 
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3.3.3 Biocide Treatment 
Both units are treated daily with sodium hypochlorite.  Treatment rates were drastically 
reduced in 1985 when the reissued permit moved the monitoring location from the end of the 
cooling canal to the U1/U2 discharge box at the beginning of the canal.  Each injection pump 
is set to run for 1 hour two times a day.  The Unit 1 pumping schedule is from 08:00 - 09:00 
and 20:00 - 21:00. The Unit 2 pumping schedule is from 14:00 - 15:00 and 02:00 - 03:00.  
During each pumping period, approximately 15 gallons of sodium hypochlorite is pumped 
through a distribution header into the circulating water inlet tunnel.  Therefore, the combined 
rate of sodium hypochlorite injection is approximately 60 gallons per day.  The Unit 1 
injection point is located on Elevation 198’ prior to the Elliott Strainer.  The Unit 2 injection 
point is located in a manhole east of the hypo pump building.  Both injection points have 
isolation valves for performing maintenance while the Station is online. 

3.4 Discharge System 
After passing through the Station, cooling water from each unit is discharged from two 72” 
discharge pipes through a common bulkhead into the upstream end of a 3,900 ft cooling canal.  
The cooling water becomes thoroughly mixed between the two units in the upstream portion of the 
cooling canal, and then flows downstream past 54 banks of four power spray modules PSMs (216 
total), which provide cooling prior to discharge into the Merrimack River.  The downstream end 
of the cooling canal where the cooling water discharges into the Merrimack River is located on the 
west bank of Hooksett Pool about 0.5 miles downstream from the Station (represented by 
Monitoring Station S-0, Figure A) [2]. 

The Station’s normal operating mode is to operate both units at or near full power.  When both 
units are operating, the maximum operating discharge flow rate is as follows: 

Unit 1 48,000 gpm 106.9 cfs 69.1 MGD 

Unit 2 130,000 gpm 289.6 cfs 187.2MGD 

Both Units 178,000 gpm 396.5 cfs 256.3MGD 
 

This value is shown on the Merrimack Station Water Distribution Diagram (Figure D, Attachment 
5) and is also reported on the Discharge Monitoring Reports (DMR) under normal CWIS 
conditions.  It is also the value that will be used to size the thermal discharge canal cooling tower 
requested to be evaluated by the EPA. 
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3.4.1 Discharge Piping 
The Unit 1 cooling water is discharged from the condenser through a 72” I.D. reinforced 
concrete pipe (RCP).  The RCP travels plant west approximately 135 feet before it turns 90° 
and travels plant south approximately 640 feet before reaching the entrance to the discharge 
canal.   

The Unit 2 cooling water is discharged from the condenser through a 96” I.D. RCP.  It travels 
approximately 100 feet plant west before it turns 90° and travels approximately 460 feet plant 
south.  At this point, the discharge piping turns 22 ½° toward plant west for 30 feet before 
turning 22 ½° back toward plant east.  The 96” piping is then reduced to 72” in a 10 ft reducer 
before traveling 40 feet plant south and then entering the discharge canal.  At the entrance to 
the discharge canal, the Unit 1 and Unit 2 discharge pipes are spaced 10 ft apart on center and 
discharge through a common bulkhead. 

3.4.2 Discharge Canal 
The original discharge canal began at the common bulkhead and proceeded southeast for 
approximately 250 feet.  From there, it continued plant south with a center line around E3442 
for approximately 700 ft before reaching Merrimack River.  It was approximately 25 feet wide 
for its entire length. 

In 1971, coincident with the addition of the PSMs, the discharge canal was reconfigured (see 
Figure E, Attachment 5).  It is now ‘C’ shaped, with the entrance to the canal located at the top 
right hand portion of the ‘C’, and the discharge at the bottom right hand portion of the ‘C’.  
The left hand portion of the canal is fairly straight.  The bottom of the canal is at an elevation 
of approximately 180 ft.   

The first portion of the canal (from the beginning of the canal down to the base of the ‘C’) has 
a bottom width of approximately 130 feet.  At normal water levels, the canal is approximately 
200 feet wide and has a velocity of approximately 0.3 ft/sec.   

The remainder of the canal has a minimum bottom width of approximately 25 feet.  At normal 
water levels, the canal is approximately 73 feet wide and has a velocity of approximately 1.1 
ft/sec. 

The downstream end of the cooling canal, where the cooling water discharges into the 
Merrimack River is located on the west bank of Hooksett Pool about 0.5 miles downstream 
from the Station. 
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3.4.3 Power Spray Modules 
"The power spray module system shall be operated, as necessary, to maintain either a mixing 
zone (Station S-4) river temperature not in excess of 69°F, or a N-10 to S-4 change in 
temperature (Delta-T) of not more than 1 °F when the N-10 ambient river temperature exceeds 
68°F.  All available PSMs shall be operated when the S-4 river temperature exceeds both of 
the above criteria" (EPA 1992).  The cooling water in the discharge canal travels a short 
distance before it encounters the PSM system.  The PSM system is a series of spray nozzles 
located in the cooling canal that spray a portion of the cooling water discharge flow from the 
cooling canal up into the air prior to discharge into the Merrimack River.   

EPA requested in the § 308 Letter that PSNH identify and evaluate means by which 
Merrimack Station could achieve and maintain a maximum ambient temperature differential of 
5°F in Hooksett Pool (i.e., between Station N10, which is above the Station’s thermal 
discharge point, and Station S4, which is below that discharge point).  Therefore, this Report 
analyzes the PSM system’s effectiveness in achieving the requested river water temperature 
differential. 

3.4.3.1 PSM Effectiveness 
PSMs operate in a manner similar to evaporative cooling towers, in that their cooling 
performance is bound by an approach to wet bulb parameter (see further discussion of 
evaporative cooling in Section 6.1.1.1.2).  PSMs operate at a relatively high approach to wet 
bulb (approx. 18°F approach to wet bulb at a design wet bulb temperature of 76°F) which 
diminishes in performance as the wet bulb temperature decreases from the design point.  
Further analysis of the PSM approach to wet bulb temperature is provided in Attachment 3. 

Analysis of the PSM system’s effectiveness is relatively straightforward, requiring the 
comparison of two measured variables, N10 and S4 river water temperature, against the 
evaluated temperature differential; however, these two variables must first undergo several 
degrees of scrutiny to ensure a complete and valid data set is used. 

Five years (2002-2006) of Merrimack River water temperatures in discrete 15 minute intervals 
were provided by PSNH.  All negative temperature (°C) values were considered erroneous and 
were removed from this raw data, and the remaining values averaged into 1 hour intervals to 
be consistent with National Weather Service (NWS) data used in further analysis.  The 
resulting hourly average river water temperatures were then reviewed and all erroneous data 
(i.e., hourly values with a greater than 5°C differential) removed.  The table below displays the 
the number of hours per month, and the percentage of the measured hours per month that the 
Station achieved the evaluated 5°F Station N10 - Station S4 temperature differential during 
2002 through 2006.  Note that river water temperatures are not monitored once the river water 
temperature approaches freezing.  Therefore, it is not possible to determine hours outside the 
evaluated temperature differential.  These months are not included in the tables. 
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Historical Measured Attainment of 5°F Station N10 - Station S4 Temperature Differential Scenario 
2002 2003 2004 2005 2006 

Month Hrs. Perc. Hrs. Perc. Hrs. Perc. Hrs. Perc. Hrs. Perc. 

January N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 
February N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 

March 24 29.3% N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 33 97.1% 
April 386 53.6% 152 47.1% 251 100.0% 350 57.3% 531 78.8% 
May 492 100.0% 439 99.8% 744 100.0% 739 99.3% 740 100.0% 
June 397 62.2% 483 67.1% 339 47.1% 664 97.9% 719 100.0% 
July 179 24.1% 241 32.5% 148 20.1% 406 55.8% 691 93.1% 

August 127 17.1% 321 45.7% 110 14.8% 87 11.7% 312 42.0% 
September 233 32.6% 179 24.9% 279 38.8% 85 11.8% 163 22.7% 

October 497 67.3% 380 54.3% 154 20.7% 491 70.4% 505 67.9% 
November 84 64.1% 279 67.6% 196 52.8% 267 67.4% 593 82.4% 
December N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 N/A1 110 31.3% 

Measured Attainment2 2419 48.3% 2474 52.0% 2221 44.2% 3089 58.1% 4397 71.1% 
Annual Attainment3 5830 69.3% 6053 72.6% 5631 66.7% 6426 74.3% 6916 79.5% 

1N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
2Measured attainment calculated by dividing the average hours within attainment by the number of hours with recorded data 

3Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 

Measured values were averaged for each month of each calendar year to yield the typical historical 
monthly hours that the evaluated temperature differential was achieved as tabulated below.  
However, as previously discussed, the measured data does not include erroneous values or values at 
or near freezing temperatures (due primarily to the removal of temperature sensors from the 
Merrimack River at near freezing conditions, with no data provided within the five-year period for 
Dec. 15th through March 28th).   
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Annual Historical Measured Attainment of Evaluated 5°F Station 
N10-Station S4 Temperature Differential (2002-2006) 

§308 Δ5°F Evaluated 
Scenario 

Month Hours Percentage 

January N/A1 N/A1 
February N/A1 N/A1 

March 34.0 41.5% 
April 419.7 58.3% 
May 742.6 99.8% 
June 544.7 75.7% 
July 335.6 45.1% 

August 191.7 25.8% 
September 188.2 26.1% 

October 413.5 55.6% 
November 473.6 65.8% 
December 110.0 31.3% 

Measured Attainment2 3453.6 54.9% 
Annual Attainment3 5924.6 67.6% 

1N/A values indicates times when Merrimack River data was not recorded due to 
freezing conditions 
2Measured temperature differential attainment calculated by dividing the 
average hours meeting the scenario by the number of hours with recorded data 
3Annual temperature differential attainment calculated assuming all N/A values 
are within 5°F temperature differential scenario 

 

Based on the five years of Merrimack River water temperature analyzed, the Station would be 
within the evaluated 5°F Station N10-Station S4 temperature differential 67.6% of the 
measured historical time using the existing PSM operation. 

To this point, the analysis of the PSM system’s effectiveness has been based on historical data, 
which reflect both scheduled and unscheduled unit outages.  The PSM system’s effectiveness 
was also evaluated as if the Station were operating in an idealized (i.e., continuous full power 
operation) condition.  By removing measured values of attainment of the 5°F temperature 
differential occurring in conjunction with Unit 1 and 2 combined net electrical power less than 
90% of design value (approx. 375 MWe), a full power river water temperature data set was 
generated.  These full power values were averaged similarly to the annual historical measured 
attainment calculation above and are tabulated below.  This idealized calculation is limited by 
three years of net electrical power data coincident with the provided river water temperatures 
(2002-2004).  Therefore, the measured attainment values presented below are to be considered 
relatively conservative in comparison to the non-idealized calculations, which used river water 
temperatures spanning five years.  Note that no data is provided for Nov. 18th through March 
28th over the three-year period due to freezing conditions. 
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Annual Full Power PSM Attainment of Evaluated 5°F Station N10-Station 
S4 Temperature Differential (2002-2004) 

Attainment of Evaluated 5°F Station 
N10-Station S4 Temperature Differential 

Month Average Hours Percentage 

January N/A1 N/A1 
February N/A1 N/A1 

March N/A1 N/A1 
April 267.5 46.6% 
May 743.5 99.9% 
June 418.3 58.1% 
July 163.3 22.0% 

August 180.8 24.3% 
September 175.0 24.3% 

October 253.7 34.1% 
November 230.3 55.2% 
December N/A1 N/A1 

Measured Attainment2 2432.5 45.0% 
Annual Attainment3 5555.5 65.1% 

1N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th) 
2Measured temperature differential attainment calculated by dividing the average hours 
meeting the evaluated scenario by the number of hours with recorded data 
3Annual temperature differential attainment calculated assuming all N/A values are 
within the 5°F temperature differential scenario 

 

3.5 Cooling Water Process Flow Diagram 
Please refer to Figure D of Attachment 5, which shows the flow of cooling water through 
Merrimack Station. 

3.6 Recent and Planned Plant Modifications 

3.6.1 Modifications Since January 2001 
There have been no major upgrades or repairs to Merrimack Station since January 2001.   

3.6.2 Planned Scrubber Installation 
The only plan for major upgrades or repairs to Merrimack Station is to install a wet flue gas 
desulphurization (FGD) system for both units by July 2013 as required by state law.  

3.6.2.1   Impact On Heat Rejection 
It is not currently anticipated that there will be an impact to heat rejection due to the FGD 
system. 
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3.6.2.2   Impact On Water Usage 
It is anticipated that the FGD system will consume approximately 1 million gallons per day of 
water.  The water will be drawn from the slag sluice stream, which is approximately 6.6 
million gallons per day.  There will be no additional water taken from the River for the FGD 
system. 

3.6.2.3   Impact On Available Site Real Estate 
Please refer to Sargent and Lundy’s General Arrangement prints M-GA-01 Sheets 1 and 2 
(Figure F, Attachment 5).   

3.6.3 Age of Cooling System Equipment 
The following table shows the age of the equipment used in Merrimack Station’s cooling 
system: 

Equipment Originally. 
Installed 

Major Repairs or Modifications 

Unit 1 Bar Racks 1960 None 

Unit 2 Bar Racks 1968 None 

Unit 1 Traveling Screens 1960 2002, Existing frame and screens replaced with steel frame and stainless 
steel screens 

Unit 1 Spray Wash Pump 1960 2004, Existing pump replaced with Weinman model #3L4 pump 

Unit 2 Traveling Screens 1968 1988, Existing 2A frame and screens replaced with fiberglass frame with 
stainless steel screens 

1989, Existing 2B frame and screens replaced with fiberglass frame with 
stainless steel screens 

Unit 2 Spray Wash Pump 1968 1998, Existing pump replaced with Worthington model #4LR-11A pump 

Circ Water Pump 1A, 1B 1960 

Circ Water Pump 1B 1960 

1991, New stainless steel impeller installed 

Note that the original bronze impellers from 1A and 1B circ pumps have 
routinely been rebuilt and reused since 1991.  Currently 1A has a stainless 
steel impeller in use and 1B has a bronze impeller in use. 

Circ Water Pump 2A 1968 1992, New stainless steel impeller installed 

2004, 600 HP motor replaced with 700 HP motor 

Circ Water Pump 2B 1968 None 

Unit 1 Hypochlorite 
Injection Pump  

1960 1997 (approx.), the Unit 1 hypochlorite injection pump was replaced when 
injection rates were decreased 

Unit 2 Hypochlorite 
Injection Pump 

1968 1997 (approx.), the Unit 2 hypochlorite injection pump was replaced when 
injection rates were decreased 
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Equipment Originally. 
Installed 

Major Repairs or Modifications 

Unit 1 and 2 Hypochlorite 
Injection System 

1960 – Unit 1 

1968 – Unit 2 

1. The Unit 1 hypochlorite injection header, located in the cooling water 
inlet tunnel, was modified to accommodate the low volume of 15% 
sodium hypochlorite used.  The location of the injection head has not 
changed, however, it has been modified with 1/8th inch drill holes 
approximately six inches apart where previously half inch slots were 
utilized.  This adaptation was done in order to better distribute the 
chlorine.  The same modification was made to Unit 2, only a titanium 
distribution header was required instead of stainless steel.  Stainless steel 
failure is attributed to a combination of corrosion and flow current. 

2. Both hypochlorite pump control systems were modified to prevent them 
from operating when only one CWIS pump is in service or when both are 
out of service. This was done to prevent an overdose of hypochlorite. 

3. Both hypochlorite pump suction lines were equipped with calibration 
columns to verify pump flows 

4. Both hypochlorite pumps were outfitted with pressure relief valves that 
recirculate back to the hypochlorite storage tank 

5. A secondary containment with an alarm system for leak detection was 
added to the hypochlorite pump pedestal and discharge piping area   

PSMs 1971 Each PSM unit is comprised of 1 pump and 4 spray nozzles.  There are a 
total of 54 pumps and 216 nozzles.  These are routinely maintained and 
replaced as necessary. 

3.7 Projected Retirement Plans 
There are no plans to retire Merrimack Station at this time because it provides critically needed 
reliable, affordable power to New Hampshire customers.  In fact, under state law (RSA 369-B:3-
a), PSNH must continue to own and operate Merrimack Station so long as it is in the economic 
interest of retail customers to do so. 

4 Description of Plant Processes  

4.1 Boiler Operation 
Merrimack Station generates steam power using two Babcock and Wilcox pressurized, cyclone 
fired boilers.  Unit 1 went into commercial operation in 1960.  It has a gross generation of 120 
MW with a main steam flow of 859,000 lb/hr, an outlet steam temperature of 1000 °F, and a 
pressure of 1800 psig, a reheat temperature of 1000 °F and a pressure of 477 psig.  Unit 2 went 
into commercial operation in 1968 and has a gross generation of 350 MW with a main steam flow 
of 2,222,000 lb/hr, an outlet steam temperature of 1000 °F and a pressure of 2400 psig, a reheat 
temperature of 1000 °F and a pressure of 5577 psig.  Condensate makeup to the boilers is 
provided from two on-site groundwater wells. 

4.2 Condenser Operation 
River water is primarily used to cool the turbine exhaust steam in the condensers and to provide 
cooling for the heat exchangers in the closed cooling water systems.  As reflected in Figure D of 
Attachment 5, which shows the flow of cooling water through Merrimack Station, the condensers 
pass river water through tubes that are used to cool exhaust steam from the turbines.  Both the 
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condenser and the heat exchangers are non-contact.  The cooling water is discharged directly to 
the cooling canal via the two NPDES outfalls. 

River water is used in the tanks at the bottom of the boilers to quench slag and to transport it to an 
on-site settling area.  The water is routed to the slag pond and eventually discharges via the 
NPDES outfall to the cooling canal 

4.3 CWIS Operation 
A detailed description of the CWIS system can be found in Section 3.3. 

4.4 Effluent Treatment Operations 
Both units are treated daily with sodium hypochlorite.  Treatment rates were drastically reduced in 
1985 when the reissued permit moved the monitoring location from the end of the cooling canal to 
the U1/U2 discharge box at the beginning of the canal.  Each injection pump is set to run for 1 
hour two times a day.  The Unit 1 pumping schedule is from 08:00 - 09:00 and 20:00 - 21:00. The 
Unit 2 pumping schedule is from 14:00 - 15:00 and 02:00 - 03:00.  During each pumping period, 
approximately 15 gallons of sodium hypochlorite is pumped through a distribution header into the 
circulating water inlet tunnel.  Therefore, the combined rate of sodium hypochlorite injection is 
approximately 60 gallons per day.  The Unit 1 injection point is located on Elevation 198’ prior to 
the Elliott Strainer.  The Unit 2 injection point is located in a manhole east of the hypo pump bldg.  
Both injection points have isolation valves for performing maintenance while the Station is online. 

5 Evaluation of Existing CWIS Technologies and Operational 
Measures 

5.1 Description of Existing Traveling Water Screens and Fish Return 
System 

Traveling water screens are automatically cleaned screening devices that are used to remove fish 
and/or floating or suspended debris from a channel of flowing water.  Merrimack Station’s 
traveling water screens consist of a continuous series of wire mesh panels bolted to frames and 
attached to two matched strands of roller chains.  They are installed in a channel with the 
screening surface oriented perpendicular to the water flow.  The chain operates in a vertical path 
over head and footsprockets, carrying the panels down into the water, around the footsprockets, 
back up through the water, and over the headsprockets.  Raw water passes first through the 
ascending and then the descending screen baskets.  The ascending basket is located on the 
upstream portion of the screen and collects fish and/or debris as it passes up through the water.  
The fish and/or debris is retained on the upstream face of the wire mesh panels.  Fish and/or larger 
particles of debris are collected on a 2 – 3” wide lifting shelf that forms the lower, or trailing, edge 
of the mesh frame.  The basket continues to revolve and descends into the water on the 
downstream side.  Any fish and/or debris that was not originally washed off the screen basket may 
be washed off in the flow of water.  This is considered to be ‘carryover’ and will travel into the 
intake screenwell and potentially enter the circulating water pump intake. 
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Source: http://www.epa.gov/waterscience/presentations/taft.pdf 

The Station’s traveling screens rotate periodically when the fish and/or debris load is light and 
continuously when the fish and/or debris load is heavy.  The fish and/or debris-laden mesh panels 
and shelves are lifted out of the flow and above the operating floor where a pressurized water 
spray is directed outward through the mesh to remove impinged fish and/or debris.  The spray 
wash water and fish and/or debris are collected in a trough for further disposal.   

Each of the two traveling screens at Merrimack Station Unit 1 is an FMC Model 45A LinkBelt 
screen.  It is designed to have a capacity for screening 29,000 gpm at a velocity of 1.5 fps.  The 
Unit 2 traveling screens are Rex Chain Belt two-post screens.  Each has a design capacity of 
70,000 gpm at a velocity of 1.82 fps.  The mesh panels for the traveling screens on both units 
consist of stainless steel screen cloth with standard 3/8-inch (0.375-inch) square openings.   

Each screen has a single-pressure spray header to wash fish and/or debris off of the traveling 
screens.[1]   The Unit 1 traveling screen spray wash system supplies approximately 560 gpm at 85 
psi.  The Unit 2 traveling screen spray wash system supplies a total of approximately 528 gpm at 
80 psi or 588 gpm at 100 psi.  The spray washes the fish and/or debris into a grate-covered trough 
in the floor of the CWIS deck for return to the River.  

The trough servicing the two Unit 1 traveling screens carries the fish, debris and wash water from 
the Unit 1 CWIS into an 18-inch-diameter corrugated steel pipe that runs southward for about 175 
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feet.  The trough servicing the two Unit 2 traveling screens carries the fish, debris, and wash water 
from the Unit 2 CWIS into an 18-inch diameter open top smooth steel pipe that joins the Unit 1 
wash water pipe at a point about 25 feet south of the Unit 2 CWIS.  The fish, debris and wash 
water continue downstream in a common 18-inch-diameter corrugated steel pipe that runs 
southward for about 75 feet.  The fish, debris, and wash water discharge from the open end of the 
corrugated steel pipe onto a grate that leads to a discharge point at the river bank that is about 100 
feet south (downstream) of the Unit 2 CWIS.  When Hooksett Pool is at a full pond elevation of 
190 feet, the discharge location for the common debris and fish sluice is approximately four feet 
inland from the edge of the river. 

5.2 Evaluation of Existing Traveling Water Screens 
The purpose of evaluating the existing traveling water screens is to determine how well the 
screens minimize impingement and entrainment of marine life.  The following desirable design 
features of traveling water screens minimize impingement and entrainment (Reference 11.5): 

• Approach and through-flow velocities less than 1 fps 
• Open or short intake channels with ‘escape routes’ 
• Small mesh openings  
• Provisions to gently handle impinged fish 
• Continuous operation  
• Low-pressure wash system to gently remove impinged fish 

The existing Unit 1 and 2 traveling water screens have some, but not all, of these desirable design 
features: 

• They have an approach velocity of 1.5 fps (Unit 1) and 1.82 fps (Unit 2) which is greater 
than the desired 1 fps maximum. 

• The current Unit 1 and Unit 2 intakes are short but lack ‘escape routes’. 

• Their screen mesh has square 3/8 inch openings.  Therefore, they are considered coarse 
mesh screens, which minimize impingement, but not entrainment. 

• They have no provisions to gently handle impinged fish. 

• They rotate periodically when the debris load is light.  Therefore, although they run 
continuously when the fish and/or debris load is heavy, they do not run continuously under 
all fish and/or debris loading conditions. 

• They each have only a high-pressure spray wash system.  They have no low-pressure wash 
system. 

5.3 Evaluation of Existing Fish Return System 
The main objective of any fish return system is to return any captured fish to the water body with 
a minimum of stress.  A quality fish return system usually consists of a trough designed to 
maintain a water velocity of 3 to 5 fps (0.9 to 1.5 m/s) and with a minimum water depth of 4” to 
6” (102 to 152 mm).  The trough should avoid sharp radius turns and should discharge slightly 
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above the water level.  The trough should be covered with a removable cover to prevent access by 
birds or other predators. 

The current fish return system is more of a debris return system.  The fish, debris, and wash water 
from the traveling screens are discharged onto a grate which covers the opening of the trough.  
The trough is normally empty, unless the traveling screens are operating.  Therefore, there is no 
minimum water level.  The Unit 1 and common troughs are covered (since the trough is a 
corrugated steel pipe).  However, the Unit 2 trough is uncovered.  The bottom of the Unit 1 and 
common trough is a corrugated surface, which would add significant stress to any living thing 
descending the trough.  The common trough discharges onto another grate before transporting the 
fish, debris, and wash water to the water body.  When the water body level is high, the discharge 
is 4 ft into the river.  When the water body level is low, the impinged fish may not reach the River.    

Per an evaluation by Normandeau Associates, the survivability benefit of the existing fish return 
system is minimal due to the location of the fish return discharge. 

5.4 Description of Current Operational Measures 
Impingement and entrainment abundance are generally assumed to be based on the amount of 
cooling water entering the CWIS, reduction in intake flow would also reduce impingement and 
entrainment.  Reduction in flow is considered to be an operational measure.  For Merrimack 
Station, the reduction in flow is based on the % reduction from the design intake capacity of 
59,000 gpm (85 MGD, 131.5 cfs) for Unit 1 and 140,000 gpm (201.6 MGD, 312 cfs) for Unit 2.  
The following operational measures are currently implemented at each Unit of Merrimack Station.   

5.4.1 Maintenance Outages 
During a maintenance outage, there is no flow entering the CWIS for whichever unit is in the 
outage.  For Unit 1, maintenance outages occur every two years and last approximately four 
weeks.  For Unit 2, maintenance outages occur every year and also last approximately four 
weeks.  The outages are staggered so that both Units are not offline at the same time. 

5.4.2 Unit 2 Single Intake Pump Operation 
During the winter months, certain weather conditions contribute to the formation of frazil ice 
at the Unit 2 intake.  The frazil ice builds up on the traveling screens.  The same weather 
conditions cause small chunks of ice to build up on the trash racks.  In order to remove the 
frazil ice and small chunks of ice, one of the Unit 2 circulating water pumps is shut off.  
Therefore, only one traveling water screen is being used, which allows 100% of the screen 
wash flow to spray on the active Unit 2 traveling water screen.  This happens approximately 
8.4 days per winter.  This practice is not done for Unit 1.  

One Unit 2 circulating water pump operates at approximately 70,000 gpm (100.8 MGD, 156 
cfs).  Therefore the total reduction in flow is 850 million gallons per year, which equates to an 
annual average decrease of 1611 gpm (2.3 MGD, 3.6 cfs) or approximately 1.0%.  
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The following chart shows the periods of Unit 2 single pump operation from December of 
2000 to January of 2007.   

Single Pump Operation Period  Number of Days 

12/20/00 – 01/14/01 26 
12/03/02 – 12/06/02 4 
12/08/03 – 12/19/03 12 
12/28/04 – 12/31/04 4 
2005 0 
2006 0 
01/17/07 – 01/29/07 13 

5.4.3 De-Icing Recirculation 
During the winter months of December through March, when river temperature is below 35°F, 
hot water from either the condenser or the equipment cooling water heat exchanger is 
recirculated back into the intake.  The addition of hot water prevents ice formation at the 
CWIS.  The de-icing flow is discharged at a location about eight feet outboard from the trash 
racks at an elevation of about 179 feet via 6” spray nozzles.  Since water is being added to the 
intake, the demand for water from the River is decreased by the same amount.   

The Unit 1 recirculation occurs approximately 90 days per year and pumps 5555 gpm (8 
MGD, 12.4 cfs).  Unit 2 recirculation occurs approximately 90 days per year and pumps 9000 
gpm (13 MGD, 20.1 cfs).   

5.4.4 Biological Effectiveness of Existing CWIS Technologies and Current 
Operational Measures 
The Phase II Regulations, now suspended, measured impingement mortality and entrainment 
reductions against a 'calculation baseline' that assumed once-through cooling with 3/8-inch-
mesh intake screens oriented  parallel to the shoreline and without any structural or operational 
controls for reducing impingement mortality or entrainment.  PSNH continues to object to the 
Phase II Regulations' definition of 'calculation baseline' and EPA's interpretation and 
application of the 'calculation baseline' concept.  Nonetheless, solely for purposes of this 
Report, PSNH discusses potential percentage IM&E reductions in this section using the 
assumption that EPA will require Merrimack Station to attain IM&E reductions from IM&E 
levels reflecting the above described 'calculation baseline.' 

If it can be assumed that (1) there is a direct linear (1:1) relationship between flow reductions 
and the number of fish impinged or entrained (a fundamental assumption of the Phase II Rule), 
and (2) there is 100% mortality of impinged or entrained fish at each Unit, then the June 2005 
through June 2007 impingement and entrainment abundance data (Reference 11.17) can be 
used to evaluate the impingement and entrainment reductions that Merrimack Station achieves 
by employing its existing CWIS technologies and current operational flow reduction 
measures.   

The existing traveling screen and fish return system has 100% impingement mortality due to 
the location of the debris return sluice, which discharges into a dry sump and does not allow 
the fish to enter the river except under high pool elevations.  When combined with the 
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typically high survival afforded by most quality fish return systems with the features described 
in Section 5.3 above, continuous rotation of the existing traveling screens may provide 
survival of more than 50% of the impinged fish at the Station.  Entrainment mortality due to 
the CWIS is undoubtedly less than 100%, but the entrainment survival studies collected 
insufficient organisms to calculate survival of entrained organisms.  Therefore, for the purpose 
of evaluating the effects of flow reductions from a full flow baseline (based on the design 
intake flows of each Unit), entrainment mortality will also be assumed to be 100%.   

Impingement and entrainment are not uniform throughout the year, so flow-weighted annual 
impingement and entrainment reductions were calculated based on the results of the 
impingement studies performed during 2005 through 2007, and the actual or expected pattern 
of intake flows at each unit in each month throughout the year (Reference 11.17).  These 
calculations were performed based on the actual observed timing of operational flow 
reductions and the daily, weekly and monthly impingement rates at Unit 1 and Unit 2 
presented in the E&I Report (Reference 11.17). 

Operational flow reductions at Merrimack Station occurring due to maintenance outages 
(Section 5.4.1), Unit 2 single pump operation (Section 5.4.2), and de-icing recirculation flow 
(Section 5.4.3) result in a combined annual flow reduction from a full flow baseline of 6.3% at 
Unit 1 and 9.0% at Unit 2.  Among these three operational flow reductions, the scheduling of 
maintenance outages contributes most to the cumulative total flow reduction for each unit.  
However, by far the greatest overall flow reductions for the Unit 1 and Unit 2 CWIS comes 
from the loss of intake pumping efficiency due to head loss from design full pond elevation as 
Hooksett Pool water levels change daily due to hydropower operation of the Garvins Falls 
(upstream) and Hooksett (downstream) hydroelectric stations.  An analysis of the observed 
actual monthly intake flows presented in the Merrimack Station PIC (Reference 11.8) revealed 
an overall average flow reduction from design capacity of 26.9% for Unit 1 (35.4 cfs; Table 1) 
and 23.5% for Unit 2 (73.2 cfs; Table 2) during the period 1996 through 2004.  These flow 
reduction values reported in the PIC include the effects of maintenance outages and single 
pump operation at Unit 2, but not de-icing flows. Therefore, effects of head loss alone on these 
flow reduction values can be determined by subtracting the contribution of flow reductions 
due to maintenance outages at Unit 1 (5.3 cfs) and Unit 2 (25.1 cfs), and the effects of one-
pump operation at Unit 2 (3 cfs) from the values reported in the PIC.  The results reveal that 
head loss alone accounts for a 22.9% intake flow reduction for Unit 1 and a 14.5% intake flow 
reduction for Unit 2.  

When the actual operational flow reductions during the June 2005 through June 2007 
entrainment and impingement studies are weighted by the monthly abundance of impingement 
and entrainment and compared to the design flows, an overall annual reduction of adult 
equivalent losses of 17% for entrainment and 21% for impingement is attributable to these 
operational flow reductions, as shown in the following tables. 

Sampling Year 
Adult Equivalents 

Unit 1 Actual 
Entrainment 

Unit 2 Actual
Entrainment 

Both Units 
Actual Flow 

Both Units @ 
Design Flow  

May 06-Sep 06   2,791 10,506 13,297 15,185 
Apr 07-Jun 07   6,901   6,302 13,203 16,306 
Average Annual   5,383   8,678 14,061 16,880 
Reduction (%)  17% 
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Sampling Year 
Adult Equivalents 

Unit 1 Actual 
Impingement 

Unit 2 Actual 
Impingement 

Both Units 
Actual 
Flow 

Both Units @ 
Design Flow  

Jun 05-Jun 06   478   321   799 1,015 
Jun 06-Jun 07     69   167   236    291 
Average Annual   273   244   517    653 
Reduction (%)  21% 

 

6 Mechanical Draft Towers for Closed-Loop Cooling (both Units) 

6.1 Conceptual Design 
Conversion of existing operating power stations from once-through to closed-cycle cooling is 
largely unprecedented.  Even without this significant uncertainty, conversion of an existing, 
operating power plant from once-through condenser cooling to closed-loop condenser cooling 
represents a massive engineering and construction undertaking in the best of circumstances, even 
when site conditions are conducive to the required configuration changes.  While the total impact 
of all factors cannot be fully established, certain critical measures play a significant role in 
determining the feasibility and the appropriate configuration of any evaluated closed-cycle system, 
as discussed in the following sections. 

6.1.1 Major Components 
As EPA directed in the §308 Letter, this section evaluates the retrofitting of a mechanical draft 
cooling tower at Merrimack Station Units 1 and 2.  The biological data from Merrimack 
Station’s monitoring programs confirm no AEI to the aquatic ecosystems of the Merrimack 
River in the vicinity of the Station, including to any RIS or critical aquatic organism 
population, from the Station’s CWISs.  As a result, the costs of retrofitting such a cooling 
tower for use in a closed-cycle cooling configuration for both units at the Station would be 
wholly disproportionate to any environmental benefits that could be conferred by doing so 
(and, to the extent it is relevant, closed-loop cooling using a mechanical draft cooling tower 
would not be the most cost-effective technology available for minimizing AEI, and would 
raise concerns about negative environmental impacts, energy production and efficiency).  
Other alternatives for heat rejection with the necessary capacity to support closed-loop 
cooling, such as evaporative ponds, spray ponds, or cooling canals, all require significantly 
more real estate to implement than exists at the Merrimack Station site.   

6.1.1.1 Cooling Towers 

6.1.1.1.1 Dry Cooling Towers 
Dry cooling towers, which rely totally on sensible heat transfer, lack the efficiency of wet or 
hybrid towers using evaporative cooling, and thus require a far greater surface area than is 
available at the Merrimack Station site.  Additionally, due to their lower efficiency, dry towers 
are not capable of supporting condenser temperatures and associated backpressures necessary 
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to be compatible with either Unit’s turbine design and, therefore, their implementation at 
Merrimack Station is infeasible. 

6.1.1.1.2 Evaporative Cooling Towers 
Evaporative cooling tower types and configurations are discussed below: 

Natural Draft Towers 

Of the types of evaporative cooling towers, the natural draft “wet tower” is comparatively 
efficient, quiet, moderate to high in initial cost, and moderate in footprint (i.e., up to 450 feet 
in diameter), and under appropriate circumstances, can be less costly to operate than 
comparably sized mechanical draft cooling towers.  Thus, given suitable site conditions, the 
natural draft tower can be a sound engineering choice.   

However, natural draft towers rely on the “chimney effect” of the tower to create the required 
draft; hence, the tower must be very tall, approximately 450 to 550 feet in height.  Local 
zoning restrictions often preclude the use of natural draft towers.  Additionally, natural draft 
towers require adequate heat load provided by the circulating water system to fuel the thermal 
differential required to create and sustain the “chimney effect”. Because of the relatively small 
capacity of cooling water (i.e., circulating water) flow at Merrimack Station, particularly Unit 
1, implementation of natural draft towers at Merrimack Station is infeasible. 

 

Figure 6.1 illustrates a typical natural draft cooling tower. 

 

Figure 6.1 – Counterflow 
Hyperbolic Natural Draft Cooling 
Tower [Reference 11.3] 

Air flow through the tower is 
produced by the density differential 
that exists between the heated (less 
dense) air inside the stack and the 
relatively cool (more dense) 
ambient air outside the tower.  
Since these towers depend on their 
geometric shape rather than fans 
for required air flow, they have low 
operating costs.   
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Mechanical Draft Towers 

Compared to the other types of evaporative cooling towers, a mechanical draft wet cooling 
tower can be efficient, typically lowest in initial cost, moderate in footprint, and with moderate 
operating costs.  Due to the need for forced draft fans, this type of tower has slightly higher 
noise levels than a natural draft tower, although attenuation to acceptable levels is possible, at 
an added cost.  As noted previously, EPA has directed PSNH in the § 308 Letter to evaluate a 
mechanical draft cooling tower for use in a closed-cycle cooling configuration for both units at 
Merrimack Station.  

To support the evaluation required by EPA, SPX Cooling Technologies was consulted relative 
to optimum tower design approach and tower sizing.  To minimize operational losses due to 
higher intake water temperature, a tower with an 8°F approach (see Figure 6.2 for definition of 
“Approach”) was considered the largest that could be effectively utilized. Since the 84°F 
condenser inlet water would only occur at maximum ambient conditions, and the fan parasitic 
losses occur continuously, the 8°F approach tower design point was considered the optimum 
trade-off between total capacity and performance, and size, initial cost, and operating costs. 

Figure 6.2 indicates the relationship between cooling tower design approach to wet bulb and 
tower size.  The 8°F approach to wet bulb tower design point is very close to the theoretical 
limit in performance, generally acknowledged to be a 7°F approach to wet bulb.  Utilizing a 
tower this large, with this approach to wet bulb, results in the least operational losses for 
Merrimack Station. 

       

Figure 6.2 – Definition of “Approach,” “Cooling Range,” and relationship of approach to tower size [Reference 
11.3]. 

The graph on the left shows the relationship of range and approach as the heat load is applied to the tower.  
Although the combination of range and gpm is fixed by the heat load in accordance with Heat Load = gpm x 8.33 
lbs./gal. water  x range = Btu/min., approach is fixed by the size and efficiency of the cooling tower. 

The graph on the right indicates how given two towers of equal efficiency, with proportionate fill configurations 
and air rates, the larger tower will produce colder water; i.e. have a closer approach.  Important to note, from a 
tower cost standpoint, is the fact that the base 15°F approach tower would have had to be twice as large to 
produce a 7°F approach, whereas it could have produced a 25°F approach at only 60% of its size. 
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Based on a load/capacity assessment provided by SPX Cooling Technologies, the following 
tower configuration and size was evaluated to support a closed cycle cooling configuration for 
the Merrimack Station site: 

 
 

Figure 6.3 illustrates the air flow path through a cell of a typical mechanical draft wet cooling 
tower, and the applicable simplified psychrometric chart. 

 
Figure 6.3– Saturation of Air In Typical Mechanical Draft Wet Cooling Tower [Reference 11.3] 

Two cases are depicted in the above figure.  Case 1 - During summertime, ambient air enters the tower at 
condition 3 and exits saturated at condition 4.  After leaving the tower, this saturated air mixes with the ambient 
air along line 4-3, such that most of the mixing occurs in the invisible region below the saturation curve of the 
psychrometric chart.  Case 2 - In the winter, ambient air enters the tower at condition 1, exiting saturated at 
condition 2 and returning to ambient conditions along line 2-1.  As can be seen, most of this mixing occurs in the 
region of super-saturation, which causes a visible plume. 
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Hybrid Towers 

A hybrid cooling tower, also referred to as a “plume abated” cooling tower, addresses plume-
related issues associated with the tower types previously evaluated.  Basically, a hybrid tower 
is the combination of the wet tower, with its inherent cooling efficiency, and a dry heat 
exchanger section used to eliminate visible plumes in the majority of atmospheric conditions.  
After the plume leaves the lower “wet” section of the tower, it travels upward through a “dry” 
section where heated, relatively dry air is mixed with the plume in the proportions required to 
attain a non-visible plume.  Hybrid towers are slightly taller than comparable wet towers, 
typically ~70 feet elevation at the discharge versus 60 feet, due to the addition of the “dry” 
section, and may require a larger footprint.  They are also appreciably more expensive, both in 
initial costs and in ongoing operating and maintenance costs.   

Although much higher in both initial capital cost and ongoing operational costs, a hybrid tower 
is the most appropriate for the evaluation that EPA has directed Merrimack Station to 
undertake.  Since a cooling tower would operate any time the Station were operating, 
including during the winter months when visible plumes occur, the plume abated 
characteristics of a hybrid tower are considered essential.  Refer to additional discussions of 
plume abatement in Section 6.1.3.1. 

Hybrid towers are available in different configurations, most often either linear or round.  
Round towers offer the most concise footprint, but are more expensive.  For the Merrimack 
Station application, available space would be adequate for a linear hybrid tower.  Therefore, 
this Report evaluates a linear hybrid cooling tower design.  The “base” mechanical draft tower 
quoted by SPX (Attachment 1, Section 1) for Merrimack Station is a non-plume abated back-
to-back configuration tower.  As hybrid towers are not available in a back-to-back 
configuration (Attachment 1, Section 1), the hybrid tower that this Report evaluates for 
Merrimack Station is a 14-cell linear mechanical draft cooling tower.  Refer to Attachment 2, 
Sketch PSNH001-SK-001, for a simplified site layout with the 14-cell linear cooling tower. 
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Figure 6.4 illustrates the air flow path through a cell of a parallel path linear hybrid tower, and 
the applicable simplified psychrometric chart. 

 
Figure 6.4- Partial Desaturation of Air in a Parallel Path Hybrid Tower [Reference 11.3] 

A hybrid cooling tower is designed to drastically reduce both the density and the persistency of the plume.  
Incoming hot water flows first through the dry heat exchanger (finned coil) sections, then through the wet 
(evaporative cooling) fill section.  Parallel streams of air flow across the coil sections and through the fill 
sections, leaving the coil sections at dry condition 3, and leaving the fill sections at saturated condition 2.  These 
two separate streams of air then mix together going through the fans, along the lines 3-4 and 2-4 respectively, 
exiting the fan cylinder at sub-saturated condition 4.  This exit air then returns to ambient conditions along line 
4-1, avoiding the region of super-saturation (visible plume) altogether in most cases. 

6.1.1.2 Pumping Station 
Aside from the cooling tower, the most significant components in converting Merrimack 
Station to a closed-loop condenser cooling configuration would be new circulating water 
booster pumps and a new ‘booster’ pumping station.  Whereas the existing once-through 
configuration requires only enough pumping head (pressure) to overcome flow losses in 
passing water from the River through the condenser and returning to the River, any of the 
above configurations would require increased pump head to pump the circulating water up to 
the elevated cooling tower spray headers and overcome the significant internal flow losses of 
the cooling  tower.  Whereas the existing Unit 1 and Unit 2 circulating water pumps are 
designed for 28.5 feet and 24 feet of head respectively, the new booster pumps would be 
required to produce approximately 36-38 feet of head.  Since the condenser inlet water 
temperature would remain largely constant with the closed-loop arrangement, single 
speed/flow rate pumps would be adequate and appropriate for the new configuration.  
Attachment 1, Section 2, contains reference information on the pumps that would be required 
for a linear hybrid cooling tower at Merrimack Station, as well as the existing pumps. 

Preliminary data indicates that (14) 200 HP fans would need to be placed in-service for the 
cooling tower.  Moreover, while the existing Unit 1 circulating water pumps each have a 300 
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BHP motor, and the Unit 2 circulating water pumps have a 600 BHP motor and a 700 BHP 
motor, respectively, the new circulating water booster pumps would require an estimated 360 
HP motor each (single speed) for Unit 1, and an estimated 1469 HP motor each (single speed) 
for Unit 2.  Because the cooling tower and circulating water booster pumps would represent 
significant additional electrical loads, a new substation, fed directly from the switchyard, 
would be required to supply electrical power to the tower and the booster pumping station. 

6.1.1.3 Primary Circulating Water Pipe 
The new ‘booster’ pumping station would be located on the discharge side of the condenser to 
increase the circulating water system pumping head adequately for it to rise up to and pass 
through the cooling tower.  This would require new runs of circulating water piping from the 
booster pumping station, located where the current discharge piping enters the cooling canal, 
to the cooling tower located on the island south of the Station, and then returning to the Station 
intake area where the cooled water would be returned to the existing circulating water pumps 
suction.   

The Unit 1 cooling tower supply would be ~54 inch diameter, AWWA specification, concrete-
lined steel piping, and the Unit 2 cooling tower supply piping would be ~84 in. diameter 
AWWA specification, concrete-lined steel piping.  These piping runs would be manifolded at 
the tower to supply each tower cell individually.  

6.1.2 Site Layout for Conversion 
Refer to Attachment 2, Sketch PSNH001-SK-001, for a simplified site layout of the evaluated 
closed-loop cooling configuration. 

6.1.2.1 Cooling Tower Location 
The cooling tower would be located south of the Station on the island created by the discharge 
canal. This location would provide adequate space, be relatively close to the Station 
(minimizing the required length of circulating water piping and associated pumping losses), 
and requires minimal earthwork to be suitable for the tower erection.  The basin elevation of 
the tower would be dictated by the required head for gravity flow back to the existing 
circulating water pump intakes, and preliminary analysis indicates a differential elevation of 
~5 feet would be required. 

Associated electrical power supply modifications are also shown on Sketch PSNH001-SK-
001.  Due to the appreciable power requirements of the new cooling tower and booster 
pumping station, a dedicated substation would be required.  A pre-fabricated metal building, 
Attachment 2, Sketches PSNH001-SK-002 through -004, would be required to house the 
substation transformers, switchgear, and tower control system.  The substation for the tower 
would have to be located as close as practical to the tower to reduce cable runs from the 
substation to the tower. 

6.1.2.2 Intake Pumping Station Location 
The location of the existing circulating water pumphouse is expected to remain unchanged on 
the inlet side of the condenser (intake pumping station).  The new booster pumphouse would 
be located where the circulating water piping discharges to the cooling canal as shown on 
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Attachment 2, Sketch PSNH001-SK-001.  The booster pumps in the new pumphouse would 
supply circulating water to the new towers via 54 inch diameter, AWWA specification, 
concrete-lined steel pipes for Unit 1, and 84 inch diameter, AWWA specification, concrete-
lined steel pipes for Unit 2.  As discussed previously, the necessary head for circulating water 
return flow to the existing circulating water pump intakes would be provided by the static head 
achieved from the elevation of the cooling tower basin.   

6.1.2.3 Primary Circulating Water Pipe Routing 
The new ‘booster’ pumping station would be located on the discharge side of the condenser 
near the current circulating water outfall to the discharge canal.  There would be new runs of 
circulating water piping from the booster pumping station to the cooling tower located on the 
island south of the Station, and then returning to the Station intake area where the cooled water 
would be returned to the existing circulating water pumps suction. 

The large bore AWWA piping would be routed from the booster pumping station along the 
east side of the discharge canal to where the existing roadway crosses to the island.  The 
circulating water discharge piping from the Station would cross the canal along the roadway 
built-up area, and then run north-south to supply the manifolds feeding the individual tower 
cells. 

The circulating water return (cold-water) piping from the cooling tower basin would also cross 
the canal along the roadway built-up area, and then run northeast to supply the existing 
circulating water pump intakes at the Intake Pumping Station.  Refer to Attachment 2, Sketch 
PSNH001-SK-001, for the evaluated circulating water piping layout. 

6.1.3 Operational Features and Schemes 
To efficiently utilize a hybrid tower, an automated control system would be required.  For the 
Merrimack Station application, the tower would likely operate at maximum capacity (all fans 
running) during the summer months to maintain condenser inlet water temperatures as near as 
possible to current design operating parameters.  However, the need to operate all the tower 
cell fans during the cooler seasons would be totally dependent on ambient conditions.  A 
programmable logic control (PLC) system would be utilized to reduce tower operating cost 
(parasitic losses) to a minimum, while maintaining condenser inlet water temperatures at the 
design point for the most efficient Station operation.   

6.1.3.1 Plume Abatement 
The cooling tower type evaluated, the linear hybrid tower, has specific attributes that minimize 
the visual impact of the tower’s plume.  Also termed a plume abated tower, the evaluated 
model generates no visible plume under the conditions for which it is designed, which 
correlates to 90% of the projected operating conditions.  The evaluated design “plume point” 
is 27°F @ 90% relative humidity; i.e., the plume would start to become visible when the 
design plume point is exceeded, although the plume would be much less dense and/or 
persistent than if generated by a non-plume abated tower. 

The cost adder for a plume abated tower of this type is 100-150% of the ‘base’ tower cost, i.e., 
a plume abated tower costs approximately double to two and one-half times that of a non-
plume abated tower (Attachment 1, Section 1). 
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6.1.3.2 Noise Abatement 
When located in close proximity to residential areas or other noise-sensitive locations, cooling 
tower noise abatement features are often required.  There are two types of noise abatement;  
water noise abatement and fan noise abatement (low-noise fans).  Each can be provided as 
options for a mechanical draft tower.  For the Merrimack Station application, very stringent 
noise abatement would be required due both to the proximity to the River (and its recreational 
users) and to a residential area directly across the River from the Station. 

The cost adder for the required noise abatement features would be twofold.  The water noise 
abatement would represent a 15% increase in cost over the ‘base’ tower, and the fan noise 
abatement would represent an additional 20% increase in cost over the ‘base’ tower. 

6.1.3.3 Make-up and Blowdown 
When in a closed-loop cooling configuration with cooling towers providing the heat rejection, 
the evaporation from the towers tends to concentrate the intake water contaminant levels and 
total dissolved solids (TDS).  A “blowdown” flow is required to maintain a design level of 
“cycles of concentration” by constantly bleeding off some cooling water back to the River. 
The “make-up” flow must be adequate to replenish water lost to evaporation and drift 
(entrained water particles carried out in the tower plume), plus the blowdown flow.  The 
cycles of concentration are predetermined based on intake water quality, and suitability of 
materials in the cooling tower and the condenser.   

Blowdown is calculated as follows [Reference 11.3]: 

B = E – [(C-1) x D] ,     where B = blowdown, E = evaporation, D = drift,  
                (C-1)               and C = cycles of concentration 

Drift can be approximated as Water Flow Total x 0.00001 gpm.  
Evaporation Wet Summer can be approximated as Water Flow Total x 0.0167 gpm  

For Merrimack Station, since the intake water quality varies based on Merrimack River flow 
rate, an acceptable cycle of concentration would be dependent on the current intake water 
quality.  For the purpose of this Report, at worst case intake water quality, blowdown and 
makeup would be based on 5 cycles of concentration.  Required makeup flow from the River 
would thus be: 

Makeup = B + E + D [Reference 11.3], where B = E – [(C-1) x D] , and C = 5,  
           (C-1) 

Unit 1 Water Flow = 59,000 gpm 
E  Wet = 0.0167 x 59,000 gpm = 985.3 gpm 
D = Water Flow x 0.00001 gpm = 0.6 gpm 
B Wet = 245.7 gpm 
M Wet = 1231.6 gpm 
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Unit 2 Water Flow = 140,000 gpm 
E  Wet = 0.0167 x 140,000 gpm = 2338.0 gpm 
D = Water Flow x 0.00001 gpm = 1.4 gpm 
B Wet = 583.1 gpm 
M Wet = 2922.5 gpm 
 

Plant makeup from the River, wet mode tower operation would hence equal: 

Unit 1 M Wet = 1232 gpm 

Unit 2 M Wet = 2923 gpm 

6.1.3.4 Condenser Cleaning and Maintenance w/ Closed-Loop Cooling  
Current Station design does not incorporate a condenser cleaning system.  The installation of a 
condenser tube cleaning system would provide two advantages: 

• Eliminating the need to take a condenser out of service for tube cleaning. 
• Allowing maintaining the tubes at a consistently low level of fouling. 

Since the presence of fouled tubes would have a greater impact on Station output once 
converted to closed-loop cooling, due to higher condenser inlet water temperatures, 
installation of a condenser tube cleaning system would be an imperative part of the Station 
redesign.  The design of the revised circulating water pump house for each unit would thus 
incorporate the requirements for a permanently installed condenser tube cleaning system. 

6.2 Cost Estimates 
As EPA directed in the §308 Letter, this section provides estimates of the costs that would be 
involved in converting Merrimack Station Units 1 and 2 to closed-loop condenser cooling.   

• The capital costs of the initial conversions are quantified, including design, procurement, 
implementation, and startup activities, based on the conceptual design previously 
identified and discussed.   

• The duration of the required unit outages, based on a timeline of critical milestones that 
would have to be worked with the associated unit off-line, is utilized to determine the 
resulting lost generating capacity, expressed in MWHOURS-ELECTRIC.   

• The new cooling towers and circulating water pumps would require operations and 
maintenance personnel support, and service, repair, and replacement of components; based 
on input from potential supplying vendors, these costs are approximated.   

• Additionally, the new towers and circulating water pumps would require an appreciable 
amount of power to operate, herein referred to as “parasitic losses”, which effectively 
would reduce Station output power to the distribution grid.  Power consumption of the 
required new components can be estimated from preliminary vendor data, and hence total 
MWELECTRIC parasitic losses determined.   
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• Finally, the conversion would create less than optimum operating parameters for the 
existing turbine/condenser, resulting in reduced unit output to the grid under most 
operating conditions.  Based on historical Station operating performance data in the 
bounding months of July and August for five years (2002 –2006), evaluated cooling tower 
performance data, and applicable Station heat balance diagrams, in five years of 
meteorological data, (2002 – 2006) the annual average reduction in unit performance due 
to operational efficiency losses in generator output averaged over the entire calendar year 
would not be extremely significant, approximately 0.2 MWELECTRIC for Unit 1 and 2.8 
MWELECTRIC for Unit 2; however, the reduction in unit performance due to operational 
efficiency losses occurring during the peak load conditions in July and August would be 
relatively impactive at approximately 1.0 MWELECTRIC for Unit 1 and 13.3 MWELECTRIC for 
Unit 2. 

6.2.1 Initial Capital Costs 
An accurate assessment of the capital costs associated with the closed-loop cooling conversion 
that EPA has directed PSNH to evaluate is a critical goal of this Report.  Minimizing 
assumptions, and relying instead on well-developed, detailed conceptual designs, greatly 
increases the accuracy of the ensuing estimates.  In broad terms, conceptual design 
engineering outlined system scope definition, evaluated detailed layout and equipment 
specification/criteria, and assisted in gathering some of the site-specific historical data. 
Attachment 2 to this Report includes some of the conceptual drawings utilized for subsequent 
construction estimates.  This information was used to develop greater detail regarding 
associated tasks and logistics that would be required as a minimum to successfully perform the 
construction for the conversion. The resulting Direct Capital Cost Estimate and Project 
Schedule represent well thought out approaches with a reasonable level of detail in order to 
generate an accurate capital cost assessment.  

The estimating basis relied less on theoretical national production rates and cost factoring and 
focused more directly toward soliciting the various assets capable of providing real world 
solutions. Vendors were contacted for quotations on the major equipment and material 
components, while established construction cost estimating tools were utilized in developing 
the labor, equipment, and scheduling requirements.  

• RS Means (Factored Construction Cost Data) 

The Means catalogue is one of the nation’s most respected guidelines for estimating 
construction related cost of building. When other resources were unclear or not 
available, Enercon used the typical factored cost per commodity for the portion of 
work. 

• Construction Industry Institute (CII) 

CII focuses on the industrial construction and maintenance contracting industry as a 
trade organization devoted to continuous improvement of the means and methods used 
in construction. Their ideas related to the minimization of field required labor through 
modularization and prefabrication were considered as the construction strategies were 
built and as the cost estimates were prepared. 

http://dictionary.reference.com/search?r=2&q=efficiency�


PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 

 43

• Engineering News Record (ENR) 

Construction Cost Index, Building Cost Index, Materials Cost Index, which are 
updated monthly, provided some trending analysis with regard to the industry in 
general. 

Attachment 1 to this Report includes vendor data and budgetary cost estimates for major 
equipment components.  Few allowances were applied and only when time did not permit 
further task development or reasonable vendor contact and quotation.  

Attachment 4 to this Report provides the capital cost assessment for the conversion of 
Merrimack Station to closed-loop cooling.  

From Attachment 4, the total estimated capital cost of the conversion of the two-unit 
Merrimack Station to closed-loop cooling is $59,215,900. 

With lost generating capacity during implementation (Section 6.2.4) added, total cost of 
conversion is estimated to be $67,980,500. 

6.2.2 Costs Due to New Condenser Operating Parameters 
As discussed in Section 6.1.1.1.2, cooling towers operate under an approach to wet bulb 
condition, and are therefore reliant on the ambient wet bulb temperature to effectively cool the 
condenser inlet temperature.  As the current once-through operation of Merrimack Station 
relies solely on the moderately cold and stable temperatures of the Merrimack River as input 
for the condenser, modification to a warmer and more variable input temperature derived from 
ambient weather conditions would pose an operational risk for the Station which must be 
thoroughly examined.  To this extent the following discussion, detailed further in Attachment 
3, assesses the operational impacts to Merrimack Station that would be attributable to 
conversion from once-through to closed-loop cooling. 
 
To quantify the impacts that increased condenser input temperatures would have to Station 
operation, baseline once-through performance of the Station was modeled using analytical 
correlations derived from the Station N10 river water temperature and 31 Merrimack Station 
operating parameters (analysis limited to bounding PSNH data provided for July and August 
2002-2006).  Per this analysis of the operating parameters, the limiting condition affecting 
closed-loop operation at both units would be the circulating water condenser pressure (ADH 
Point #’s 1128 and 2127).  Advancing beyond the operational threshold set for these 
parameters (Unit 1 3 in-Hg, Unit 2 2 in-Hg) would have the potential to result in extensive 
equipment damage throughout the Station (e.g., boiler tube failure, overheating of 
turbine/generator bearings, forced draft fan bearings, gas recirculation fan bearings, main 
boiler feed pump hydraulic coupling oil, etc.) 
 
A five year period of National Weather Services (NWS) meteorological data was used in 
conjunction with an 8°F approach to wet bulb to input the closed-loop condenser inlet 
temperature values into these operational performance models.  Jointly, the resulting gross 
electrical power reduction that would be required to maintain the water temperatures from the 
circulating water condensers below their respective operational thresholds was calculated 
using a methodology similar to the analytical correlations derived for the operational 
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parameters.  The resulting hours in which closed-loop operation of Merrimack Station would 
operate beyond the limiting operational thresholds without assistance, and the gross electrical 
power reduction that would be required to lower the circulating water condenser pressure 
below the operational thresholds, are summarized in the table below. 
 

Merrimack Station Closed-Loop Performance - Units 1 & 2 at Full Power 
Time Beyond Condenser Operational 

Threshold 
Description Yearly 2002 2003 2004 2005 2006 Average

Hours 904 962 712 997 813 877.6 
Percentage 10.38% 11.07% 8.20% 11.41% 9.28% 10.07% 

Unit 1 (3" Hg) Power Loss1 0.17 0.19 0.11 0.19 0.14 0.16 
Hours 2195 2305 2186 2331 2200 2243.4 

Percentage 25.20% 26.52% 25.17% 26.68% 25.12% 25.74% 
Unit 2 (2" Hg) Power Loss1 2.79 3.00 2.45 3.12 2.72 2.82 

1Power loss calculated on an annualized basis (MWe) 
 

The maximum unaltered circulating water condenser pressure calculated during the time 
period analyzed (2002-2006) is 4.3 in-Hg and 4.4 in-Hg for Units 1 and 2, respectively.  
Likewise, the maximum gross electrical power reduction required to maintain the circulating 
water condensers below their operational thresholds is 6.1 MWe for Unit 1 and 35.1 MWe for 
Unit 2.  Overall, using the empirical analysis for the defined time period Unit 1 would 
experience an annual average of 878 hours at an annualized 0.2 MWe gross electrical power 
reduction, and Unit 2 would experience an annual average of 2243 hours at an annualized 2.8 
MWe gross electrical power reduction.  Note that since the duration and magnitude of power 
reduction required would be reliant on elevated ambient weather conditions, power reduction 
occurrences would generally take place during daylight hours of the summer months when 
power demand is at its peak. 

The total estimated average power loss associated with decreased operational efficiency due to 
the conversion of Merrimack Station to closed-loop cooling is 0.16  MW Loss Unit 1, and 2.82  
MW Loss Unit 2. 

The corresponding estimated annual cost for the two-unit Station associated with this power 
loss is $1,879,500    Note: Based on market power value of $72 MW 
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6.2.3 Parasitic Losses (Costs) Attributable to New Components 
An estimate of fan and pump horsepower requirements for the evaluated cooling towers and 
new circulating water pumphouses was developed in order to estimate additional Station 
parasitic losses due to conversion to closed-loop cooling.   

The existing circulating water pumps and the new circulating water booster pumps would be a 
constant load; i.e., there would be no operational variations in power consumption, as all 
pumps for each unit would operate at full capacity at all times.  To address the total circulating 
water pump load due to the conversion to closed-cycle cooling, the power requirements of the 
existing pumps are simply added to that of the additional booster pumps required for the 
closed-loop configuration. 

Parasitic Electrical Load, Circ Water Pumps Unit 
Existing Circ Water Pumps Additional Closed Loop Pumps 

1 0.42 MW 0.96 MW 

2 1.46 MW 3.65 MW 

Likewise the cooling tower fans would be a constant load; i.e., there would be no operational 
variations in power consumption, as all fans for each unit would operate at full capacity at all 
times. This load would represent a corresponding new parasitic loss to the output of each Unit 
estimated as follows:     

Tower Usage Each Tower = fan MW  

Merrimack Station U1 Usage (MW) = (4) 200 HP fans =        0.60 MW 

Merrimack Station U2 Usage (MW) =  (10) 200 HP fans =     1.49 MW 

Merrimack Station Unit 1 = 0.96 MW New Circ. Water Pumps + 0.60 MW Tower Fans  

Merrimack Station Unit 2 = 3.65 MW New Circ. Water Pumps +1.49 MW Tower Fans  

Based on the estimated power requirements of the new circulating water booster pumps and 
the cooling tower fans, the estimated total average parasitic losses due to conversion to closed-
loop cooling are as follows: 

Merrimack Station Unit 1 = 1.56 MW Loss 

Merrimack Station Unit 2 = 5.14 MW Loss 

The corresponding annual cost for the two-unit Station associated with this power loss is  
$4,225,800     Note: Based on market power value of $72 MW 

6.2.4 Lost Generating Capacity During Implementation 
From the construction schedule provided in Attachment 7, the approximate duration that Units 
1 and 2 would be in a concurrent forced outage to accommodate the conversion to closed-loop 
cooling would be 7 weeks.  This represents optimum performance during the construction 
phase, with no contingencies or allowances for emergent activities or overruns, and assumes 
the maximum possible portion of the work scope being performed either pre-outage or post-
outage. 
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Merrimack Station currently has the following maintenance outage schedule: 

• Unit 1; 4 week outage every two years  

• Unit 2; 4 week outage every year 

A typical maintenance outage for Merrimack Station Unit 1 occurs every two years and has a 
duration of 4 weeks.  Unit 2 maintenance outages occur every year and have a duration of 4 
weeks.  The outages are performed out of phase, to minimize impact on the power grid as well 
as plant personnel.  For purposes of this Report, it will be assumed that 4 weeks of the forced 
outage for the conversion would be utilized for required maintenance of both units.  The 
remaining 3 weeks conservatively represent a period of lost generating capacity for the 
Station. 

Estimating the lost generating capacity from a concurrent additional 3 week implementation 
outage, based on a typical Merrimack Station Unit 1 generator output of 120 MWE and 
Merrimack Station Unit 2 generator output of 350 MWE: 

Merrimack Station Unit 1,  60,480  megawatt hours 

Merrimack Station Unit 2, 176,400  megawatt hours 

Although generating capacity as well as wholesale cost of electricity vary, the approximate 
dollar cost of the outages, based on $37.00/MWh projected replacement power cost equates to: 

Merrimack Station Unit 1,  $2,237,800 

Merrimack Station Unit 2,  $6,526,800 

6.2.5 Operational and Maintenance (O&M) Cost 
Additional Station O&M costs for the components that would be added due to the conversion 
to closed-loop cooling can be best estimated by identifying the general tasks for each 
component, and then based on operational experience and input from vendors, quantifying the 
estimated required man-hours and associated costs. 

The conversion to closed-loop cooling is complex, and significant new/modified Station 
components include the cooling towers with their fans and booster (vacuum) pumps (for the 
‘dry’ sections), and the new circulating water booster pumps. 

The tower selected for Units 1 and 2 is a SPX/Marley linear configuration hybrid FRP 
(fiberglass reinforced plastic) tower, designed with noise and plume abatement features. This 
design uses 14 wet section fans with motor output power of 200Hp, with 4 cells dedicated to 
Unit 1, and 10 cells dedicated to Unit 2.  Due to the large number of active components, as 
well as the size of the towers and their hot water distribution system, appreciable Operations 
support is anticipated.  For purposes of this assessment, chemistry personnel (for water quality 
maintenance) man-hours are included/encompassed under Operations. 
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The anticipated manpower required for operational support of the cooling towers is tabulated 
below:  

 Activity Description Group Est. Cost 
Daily  • Check fans, motors, driveshafts, gear reducers 

• Check gear reducer oil level 
• Check electrical substation, transformers, 

switchgear 
• Monitor local control panel and alarm displays 
• Check water level in cold water basin and hot 

water distribution system 
• Check booster pumps and associated 

instrumentation 
• Sample water quality 

Ops  

Cost 
Basis 

4 hrs/day X 12 months  $73,000 

Weekly • Inspect hot water distribution system 
• Inspect fill for fouling 
• Check gear reducer for leakage 
• Adjust water quality 

Ops  

Cost 
Basis 

20 hrs/week X 12 months  $52,500 

Notes: Cost based on PSNH O&M labor estimates of $50/hour (hourly wage + benefits) 

Based on the above identified anticipated tasks, applied to Merrimack Station Unit 1 and 
Merrimack Station Unit 2, annual additional Operations support for the evaluated closed-loop 
configuration is estimated to be $125,500. 
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Maintenance Cost 

The anticipated cost for preventive and corrective maintenance, including both labor and parts, 
for the evaluated cooling tower is tabulated below: 

 Activity Description Group Est. Cost 
Monthly • Inspect drift eliminators and fill for clogging 

• Check gear reducer oil seals, oil level, and oil 
condition 

Maint.  

Periodic 
(Quarterly 
estimated) 
 

• Clean and repaint fans and drivers, drift 
eliminators, fill, hot water distribution system 

• Rebalance fans and driveshafts 
• Lighting inspection or replacement 

Maint.  

Semi-
annual 

Inspection 

• Inspect keys, keyways, set screws & tighten 
bolts for fans and drivers 

• Change oil and check vent condition for gear 
reducers 

• Check fan blade clearances 
• Check for leakage in fill, basin and hot water 

distribution system 
• Inspect general condition and repair as 

necessary all tower components including 
cranes and hoists 

Maint.  

Annual 
Inspection 

and 
Corrective 

Maint. 

• Inspect general condition of basin, suction 
screen and tower casing 

• Inspect/repair fans and drivers, and tower access 
components, including stairs, ladders, 
walkways, doors, handrails 

• Transformer Inspection 
• Starting at year 16, replacement of fan blades, 

fan motors, fan gearbox, fill, drift eliminators 

Maint.  

Quarterly Lighting Inspection or Replacement Maint.  

 Annual maintenance cost estimate (years 1-5)*  $100,000

 Annual maintenance cost estimate (years 6-15)*  $200,000

 Annual maintenance cost estimate (years 16-20)*  $400,000

Notes: *Based on vendor (SPX Cooling Technologies) estimates/historical data 

Booster pumping station maintenance, long-term rehabilitation, and replacement costs include 
those costs for replacement of components such as pump impellers, motors, or entire 
assemblies. Major equipment rehabilitation or replacement is usually estimated to occur 
between 20 to 40 years after placing the equipment into operation. Rehabilitation costs for 
major equipment can be estimated to be 35 to 45 percent of replacement costs depending on 
the condition of the equipment. Other items of equipment may be replaced several times 
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during the Station life, depending on their use, or may require only partial replacement. It is 
most likely that equipment, except for pump and motor, may not be replaced in kind. 
Therefore, the replacement cost should include all engineering and structural modification 
costs as well as the equipment costs [Reference 11.2]. 

Based on remaining Station life it was assumed that 1/2 of the pumps for each unit (Unit 1 - 1 
pump, @ approximately $400,000/pump, Unit 2 - 1 pump, @ approximately $800,000/pump) 
would require rehabilitation or partial replacement. When including other miscellaneous 
pumping station components, the estimated rehabilitation and replacement cost for  Unit 1 is 
$500,000 and for Unit 2 is $1,000,000 for an assumed remaining Station life of 30 years.  
Hence, for both units, on an average annual basis, beginning at year 16, pumping station 
maintenance costs would increase by $100,000. 

Summary of Additional O&M Annual Cost: 

Years 1-5,  $125,500 +$100,000  +$0  =  $225,500 

Years 6-15,  $125,500 +$200,000  + $0  =  $325,500 

Years 16-30,  $125,500 +$400,000  + $100,000 =  $625,500 

6.2.6 Water Treatment Costs 
When a plant is designed for or converted to closed-loop cooling via the addition of cooling 
towers, it is cost effective to impose a high level of water treatment to ensure high quality 
water is supplied to the towers.  This allows cooling tower designers to utilize a higher- 
efficiency film-fill without fear of fill-fouling.  Using a higher efficiency fill allows a smaller 
tower size and appreciably lower associated initial cooling tower capital cost as well as lower 
cooling tower operating cost. 

The existing once-through circulating water cooling system receives a minimum of water 
treatment.  Biocides, specifically sodium hypochlorite, are added in quantities to attain 
resulting concentrations as allowed by the discharge permit to minimize fouling of the 
condensers.  For Merrimack Station this corresponds to approximately 15,000 gallons of 
sodium hypochlorite per year.  Annual costs of these biocide injections are estimated to be less 
than $20,000.  

With the evaluated closed-loop cooling system, water treatment requirements would be 
dramatically increased.  The cooling tower fill would be subject to fouling without enhanced 
water treatment.  Both the quantities and frequency of biocide injections would have to be 
increased significantly to maintain the tower fill in proper condition. 

Additionally, increased water treatment would be necessary due to the higher concentrations 
of dissolved solids, chemicals, and biological agents in the system resulting from constant 
recirculation of the condenser cooling water. The cooling towers would act as air washers as 
well as distilleries, constantly evaporating large quantities of water and leaving behind the 
non-volatile residues.  The actual concentrations of these agents would be wholly based on the 
cycles of concentration (cycles of concentration is discussed in Section 6.1.3.3) being used in 
the circulating water system.  
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Unlike the simple injections of biocide required for the once-through configuration, a closed-
loop configuration typically utilizes a veritable cocktail of chemicals, each with specific 
attributes. Chemical treatment is broken into three subsections; deposition, corrosion, and 
biological. 

Deposition 

There are two forms of deposition, one being sedimentation, which is usually mitigated 
through piping design, and the second being scaling. Scaling is a complicated condition and 
requires an educated approach to mitigation. In some cases scaling is necessary and useful in a 
piping system to prevent corrosion. For example, a thin uniform coating of calcium carbonate 
provides corrosion protection for internal surfaces of piping, therefore this type of scaling is 
desirable and should be left intact where possible. The major problems arise when scaling 
becomes too thick and reduces heat transfer with the condenser or cooling tower. Scaling is 
kept under control through the use of pH control and dispersants. 

Corrosion 

Corrosion control is a complex science, requiring considerable knowledge of corrosion 
chemistry and of the system being evaluated. Corrosion is best mitigated through piping 
design and an aggressive chemical treatment program using pH control and corrosion 
inhibitors. 

Biological 

Biological growth or biofouling is the most difficult chemical challenge to a cooling water 
system since it involves a dynamic biological process. The biological process also promotes 
corrosion through the breakdown of chemical components and the creation of localized acids. 
In a closed-loop where the concentration of nutrients has increased, biofilms tend to increase 
on the piping internal surfaces and cooling tower fill. Control of the biofilms usually involve 
combining biocides with surfactant-type biodispersant to disrupt the biomatrix, allowing better 
penetration of the antimicrobial. Additional chemical treatments such as biodetergents may 
also be necessary depending on local biologicals and conditions. 

Major cooling water chemicals would typically include: 

Chemical type   Use/Function 

sodium hypochlorite  biocide 
surfactant    biocide aid 
sulfuric acid   PH control 
dispersant    scale prevention 
phosphate    corrosion control 

Appreciably increased costs are associated with this increased level of water treatment.  Local 
conditions can greatly affect annual costs, but an annual cost for the Station of $175,000 
would be extremely conservative.  Total Station increased water treatment costs would 
therefore be estimated at $175,000, and could easily approach $250,000. 
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6.3 Environmental Considerations 
As EPA directed in the §308 Letter, this section identifies, qualifies and quantifies, to the extent 
possible, the environmental impacts of retrofitting a mechanical draft cooling tower at Merrimack 
Station Units 1 and 2.  Considerations and evaluations will include the long term positive and 
negative environmental benefits and impacts. 

Resulting changes to the River intake flow will be quantified and specifically addressed in detail, 
and the associated effect on entrainment and impingement of aquatic organisms is addressed 
subsequently in Section 9.2. 

6.3.1 Cooling Tower Plume 
Although the cooling tower evaluated for the Merrimack Station is a plume abated tower, a 
visible plume would still exist during certain environmental conditions. To best identify plume 
path and trajectory, a computer code can be utilized to model the plume under site typical 
environmental conditions.  The behavior of the plume can be modeled using the SACTI code 
under environmental conditions typical of Bow, NH.  However, reasonable predictions of 
plume travel can be made based on the local prevailing wind directions and frequency of 
occurrence (i.e., site wind rose).  Based on the Merrimack Station site wind rose (Attachment 
2, sketch PSNH001-SK-001), the predominant direction of plume travel would be up or down 
the Merrimack River (north or south). The potential environmental impacts attributed to a 
cooling tower plume can be categorized as visual impact and  physical impact.  

The visual impact of such a cooling tower plume would be both aesthetically displeasing and 
hazardous.  When atmospheric conditions are conducive to a visible plume, typically anytime 
during the winter months when the ambient air temperature is below the 27°F ‘plume point’, a 
dense plume would exit from the tower fan discharge shrouds.  Depending upon the wind 
direction, thermal conditions, and other factors, the plume could extend skywards for hundreds 
of feet, or become inverted as a ground-level fog.  Local residences would either view the 
plume intruding high into the sky, or be immersed in a dense fog obscuring their view 
altogether.  Driving on nearby roads and highways could be significantly impacted, with the 
possibility of ‘black ice’ formation during winter months, and visibility severely 
compromised.   

The potential physical impacts from a tower plume would arise primary from the 1) moisture 
content, which could cause icing and fogging during winter conditions, 2) the mineral content 
of the entrained moisture which could damage vegetation, in the vicinity of the Station, and 3) 
the heat content, which could potentially degrade Station heating, ventilating and air 
conditioning (HVAC) systems.  Additionally, the presence of the warm moist plume over a 
period of time would cause degradation of plant and switchyard structures and components 
due to corrosion.  It is important to note that a hybrid tower produces an invisible plume under 
most conditions, however, the plume still exists and creates the above noted physical impacts. 
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6.3.2 Cooling Tower Noise 
Without the benefit of noise attenuation, mechanical draft cooling towers produce relatively 
high levels of constant noise.  The noise emanating from a cooling tower is due both to the 
cascading water, and to the large mechanical draft fans. 

The hybrid cooling towers evaluated for Merrimack Station would be equipped with sound 
attenuators.  The noise level is expected to be <30dB(A) at one-half mile distance from the 
tower.  As a point of comparison, this sound level corresponds to the typical late-night noise 
levels in a small town.  The noise standard for many townships is in the range of 45-50 dB(A), 
which would be met at approximately 350 feet from the evaluated tower.  Although the noise 
level would increase on the River in close proximity to the Station, adjacent residential areas 
would be mostly unaffected by the noise generated from the cooling tower assuming a noise-
abated tower design is utilized.  

6.3.3 Reduced Intake Flow 
PSNH assumes that EPA’s overall objective in directing PSNH to evaluate the conversion of 
Merrimack Station Unit 1 and Unit 2 from once-through condenser cooling to closed-loop 
condenser cooling is to obtain information about the potential reduction of the Station intake 
flow that could result from such a conversion.  Hence, the quantification of the reduction in 
River intake flow is a significant assessment. 

Current once-through River intake flow for Merrimack Station is as follows: 

Summer intake flow rate, 

Unit 1 Circulating Water Maximum 
Note 1 59,000 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 2 Circulating Water Maximum 
Note 1 140,000 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Total Intake Flow Once Through, Summer Maximum 
Note 1 200,150 gpm 

Winter intake flow rate,  

Unit 1 Circulating Water Maximum 
Note 1 59,000 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 1 De-icing recirculation Maximum winter 
Note 2 (-) 5,560 gpm 

Unit 2 Circulating Water Maximum 
Note 1 140,000 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Unit 2 De-icing recirculation Maximum Winter 
Note 2 (-) 9,030 gpm 

Total Intake Flow Once Through, Minimum 
Notes 1 &  2 185,560 gpm 

Note 1 Flow at maximum pump performance; includes sluice water flow 
Note 2 Current Station design utilizes reduced River intake flow in the winter, when cold water 

temperatures require de-icing recirculation flow operation. 
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Intake Flow Used for Sluice Water  

Approximately 1,810 gpm (4.0 cfs) of the actual intake flow from Unit 1 and 2,780 gpm (6.2 
cfs) of the actual intake flow from Unit 2 is used for sluice water flow to carry slag into a 
settling pond.  This flow could not be reduced by the evaluated conversion to closed-loop 
cooling, as it is not utilized for Station cooling. 

Recirculated Condenser Cooling Water 

During the winter months, when ambient air conditions are often below freezing, 
approximately 5560 gpm (12.4 cfs) of heated condenser cooling water from Unit 1 is 
recirculated back into the intake forebay of Unit 1 for de-icing and tempering.  Similarly, for 
Unit 2, approximately 9030 gpm (20.1 cfs) of heated condenser cooling water is recirculated 
back into the intake forebay of Unit 2. 

Estimated River intake flow for the Station following the evaluated conversion to closed-loop 
cooling would be as follows: 

Summer intake flow rate 

Unit 1 Circulating Water/Cooling Tower 
Makeup 

1,230 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 1 Sluice Water (+) 1,810 gpm 

Unit 2 Circulating Water/Cooling Tower 
Makeup 

2,920 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Unit 2 Sluice Water 2,780 gpm 

Total Intake Flow Closed Loop 9,930 gpm 

Total Intake Flow Once Through, Maximum 200,150 gpm 

Reduction In River Intake Flow Maximum 95.0% 

 Winter intake flow rate 

Following conversion to closed-loop cooling, the existing flow requirements for 
Station de-icing during winter operation would decrease somewhat due to the 
significantly decreased overall intake flows.  However, the Circulating Water/Cooling 
Tower Makeup, Screen Wash, and Sluice Water flows would stay the same for each 
unit. 

Hence, the total required intake flow would remain the same, summer or winter, at 
9,930 gpm.  Compared to the previous winter intake flow rate of 185,560 gpm, the post 
closed-loop conversion intake flow rate would constitute a 94.7% reduction in River 
intake flow, approximately the same reduction as for summer operation. 
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6.3.4 Loss of River Water Due to Evaporation 
Cooling towers evaporate large quantities of water which are effectively lost from the source 
water body. In the case of Merrimack Station, the estimated daily water loss from the 
Merrimack River due to evaporation by the evaluated cooling tower can be calculated as 
follows: 

Evaporation Wet Summer can be approximated as Water Flow Total x 0.0167 gpm 
[Reference 11.3] 

Unit 1 Water Flow = 59,000 gpm 

E  Wet = 0.0167 x 59,000 gpm = 985 gpm 

Unit 2 Water Flow = 140,000 gpm 

E  Wet = 0.0167 x 140,000 gpm = 2338 gpm 

Estimated total loss of river water due to evaporation by evaluated cooling tower = 
3323 gpm, or 4.79 million gallons/day. 

6.3.5 Site Aesthetics 
Aesthetics are an important issue at Merrimack Station since it is located on the Merrimack 
River, a recreational use area for many boaters.  Any closed-loop cooling conversion-related 
aesthetic degradation of the area must be considered a negative environmental impact. 

6.3.5.1 Tower Size 
A cooling tower sized for the needs of Merrimack Station would be a significant structure.  A 
hybrid mechanical draft tower would be approximately 350 feet in length, with a discharge 
elevation of approximately 65 feet. 

6.3.5.2 Cooling Tower Plume 
Although a hybrid, or plume abated, tower was evaluated to reduce the visible plume most of 
the time, a visible plume would occur during the colder periods of the year. The plume could 
potentially extend hundreds of feet into the sky, and travel for up to a few miles horizontally. 

6.3.5.3 Construction Would Require Permanent Modification of the 
Terrain Along the Shore of the Merrimack River 

Any evaluated cooling tower would be located approximately 200 feet from the bank of the 
Merrimack River, and would have a substantial aesthetic impact.  An area approximately 500 
feet in length and 150 feet in width would be cleared for the tower.  Views from the 
Merrimack River would be impacted.  The Station is an industrial facility already visible from 
these vantage points.  However, the addition of the tower would make the entire facility more 
visible as the clear-cutting of the trees on the discharge canal island that would be required for 
construction of the tower and to allow maximum airflow to the tower would remove a visual 
buffer from vantage points both up and down river.   
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6.3.5.4 Environmental Impact due to Efficiency Losses 
In addition to the adverse air quality and aesthetics impacts that would be associated with a 
cooling tower’s visible water vapor plume, operation of a cooling tower at Merrimack Station 
would increase the amount of combustion-related air emissions and pollutants produced per 
net unit of electricity generated.  The increase in combustion-related air emissions would have 
three primary causes: (1) the increased Station parasitic load resulting from the tower’s 
electricity demands (which would also decrease the Station's net output electricity generated), 
(2) the reduction in Station condenser/turbine efficiency due to warmer condenser water input 
temperatures, and (3) the increased amount of consumables used to operate the Station near 
the condensers’ operational thresholds (i.e., the increase in condenser cooling water 
temperature associated with cooling tower operation would reduce cycle efficiency, requiring 
more fuel to be fired to achieve the same gross electrical output of a more efficient cycle).  
Moreover, other electric generating facilities would have to increase their generation to 
compensate for any reduction in the Station’s net electrical output, in order to satisfy consumer 
demand, with potential adverse regional air quality impacts.  In summary, closed-loop 
operation of the Station would generate more stack emissions and material waste per net unit 
of electricity generated than the Station’s current cooling water system. 

7 Mechanical Draft Towers for Closed-Loop Cooling (One Unit) 
Converting either Unit 1 or Unit 2 at Merrimack Station to closed-loop cooling would provide 
basically the same benefits and impacts as discussed previously in Section 6, but scaled-down and 
applied to only the one unit.  For that reason, and to minimize repetitiveness, this section will largely 
just address the specific differences from the Section 6 assessments. 

7.1 Conceptual Design 
The basic conceptual design for converting either Merrimack Unit 1 or Unit 2 to closed-loop 
cooling is the same as that required for converting both units.  As will be discussed in the 
subsequent subsections, the cooling tower type, configuration and location would be the same, the 
need for a booster pumping station would remain, the routing of the cooling tower supply and 
return piping would be the same, the operational schemes would be the same, and the need for an 
electrical substation would remain. 

7.1.1 Major Components 
As established in Section 6, in the §308 Letter, EPA directed PSNH to evaluate the retrofitting 
of a mechanical draft cooling tower at Merrimack Station.  Other alternatives for heat rejection 
with the necessary capacity to support closed-loop cooling, such as evaporative ponds, spray 
ponds or cooling canals, all require significantly more real estate to implement than exists at 
the Merrimack Station site. 

7.1.1.1 Cooling Tower Assessment 
The hybrid, mechanical draft, FRP, linear, noise-abated cooling tower configuration discussed 
in Section 6 will remain the evaluated technology for converting either unit separately to 
closed-loop cooling.  The tower evaluated in Section 6 was a 14-cell tower, with four cells 
dedicated to support Unit 1 operation, and ten cells dedicated to support Unit 2 operation. 
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• To convert Unit 1 only, a 4-cell tower would be required. 

• To convert Unit 2 only, a 10-cell tower would be required.   

All other design details, including the specified fill, motor horsepower, plume point of 27°F @ 
90% relative humidity, and 8°F approach to wet bulb would remain the same. 

7.1.1.2 Pumping Station 
The booster pumping station would be required and would be sized and configured for the unit 
being converted to closed-loop cooling.   

• If Unit 1 were the unit being converted, the pumping station would house two pumps, each 
rated at 29,500 gpm @ 36-38 ft. discharge head, and having a 360 HP motor. 

• If Unit 2 were the unit being converted, the pumping station would house two pumps, each 
rated at 70,000 gpm @ 36-38 ft. discharge head, and having a 1469 HP motor. 

Since the condenser inlet water temperature would remain largely constant with the closed-
loop arrangement, single speed/flow rate pumps would be adequate and appropriate for the 
new configuration.  Attachment 1, Section 2, contains reference information on the evaluated 
new pumps as well as the existing pumps. 

7.1.1.3 Primary Circulating Water Pipe 
One unit conversion to closed-cycle cooling would entail similar Station modifications as 
required for two unit conversion to closed-cycle cooling.  As previously discussed in Section 
6.1.1.3, this would require new runs of circulating water piping from a) the booster pumping 
station, which would be located where the current discharge piping enters the cooling canal, to 
b) the cooling tower, which would be located on the island south of the Station, and then 
returning to c) the Station intake area where the cooled water would be returned to the existing 
circulating water pumps suction. 

• For the Unit 1 only conversion, the cooling tower supply would be ~54 inch diameter, 
AWWA specification, concrete-lined steel piping. 

• For the Unit 2 only conversion, the cooling tower supply piping would be ~84 in. diameter 
AWWA specification, concrete-lined steel piping. 

These piping runs would be manifolded at the tower to supply each tower cell individually. 

7.1.2 Site Layout for Conversion 
Refer to Attachment 2, Sketch PSNH001-SK-001, for a simplified site layout of the evaluated 
closed-loop cooling configuration. 

For a one unit conversion, the location of the cooling tower, booster pumping station, 
electrical substation, and routing of circulating water piping would be as indicated, although 
only for the unit being converted to closed-cycle cooling. 
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7.1.2.1 Cooling Tower Location(s) 
The cooling tower location discussed in Section 6, and indicated in Attachment 2, Sketch 
PSNH001-SK-001, would remain the same; only the number of cells would change depending 
upon the unit being converted to closed-loop cooling. 

7.1.2.2 Pumping Station Location 
The booster pumping station location would remain the same as discussed in Section 6. 

7.1.2.3 Primary Circulating Water Pipe Routing 
The primary circulating water pipe routing would remain the same as discussed in Section 6. 

7.1.3 Operational Features and Schemes 
As previously discussed in Section 6.1.3, a programmable logic control (PLC) system would 
be utilized to reduce tower operating cost (parasitic losses) to a minimum, while maintaining 
condenser inlet water temperatures at the design point for the most efficient Station operation. 

This same operational control scheme would be utilized if a single unit conversion is 
implemented. 

7.2 Cost Estimates 
The same methodology for developing the cost estimates for closed-loop cooling conversion 
described in Section 6.2 would apply to conversion of a single unit to closed-loop cooling.  The 
various categories addressed below would be largely scaled down to a single unit from those 
estimates developed and provided under the corresponding Sections of 6.2. 

7.2.1 Initial Capital Costs 
The same methodology for developing the capital cost estimates for closed-loop cooling 
conversion described in Section 6.2.1 would apply to conversion of a single unit to closed-
loop cooling.  When converting a single unit, however, some of the previously quantified 
shared costs would now apply almost fully to the single unit being converted.  Examples are 
the pumping station structure, the electrical substation, the trenches for the circulating water 
piping runs, and the clearing of the island for the cooling tower; all these previously shared 
costs would now be borne largely by the single unit being converted, driving up the per unit 
cost. 

Attachment 1 to this Report includes vendor data and budgetary cost estimates for major 
equipment components.  Few allowances were applied and only when time did not permit 
further task development or reasonable vendor contact and quotation.  

Attachment 4 to this Report provides the detailed capital cost assessment for the conversion of 
each unit at Merrimack Station to closed-loop cooling. 

From Attachment 4, the total estimated capital cost of the conversion of Unit 1 (alone) 
Merrimack Station to closed-loop cooling is $22,416,700 

With lost generating capacity during implementation (Section 6.2.4) added, total cost of 
conversion is estimated to be $24,654,500 
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From Attachment 4, the total estimated capital cost of the conversion of Unit 2 (alone) 
Merrimack Station to closed-loop cooling is $42,458,600 

With lost generating capacity during implementation (Section 6.2.4) added, total cost of 
conversion is estimated to be $48,985,400 

7.2.2 Costs Due to New Condenser Operating Parameters 
The methodology utilized in Section 6.2.2 to estimate the total annual average costs due to 
new condenser operating parameters for converting both units at the Station to closed-loop 
cooling is the same that would apply for determining each unit’s cost individually.  The costs 
for each unit are hence extracted from the combined total cost and listed below. 

The estimated average power loss associated with decreased operational efficiency due to the 
conversion of each unit at Merrimack Station to closed-loop cooling is: 

• 0.16  MW Loss Unit 1 

• 2.82  MW Loss Unit 2 

The corresponding estimated costs associated with this power loss from each unit are: 

             Annual average costs due to new condenser operating parameters, Unit 1 $100,900 

             Annual average costs due to new condenser operating parameters, Unit 2 $1,778,600 

Note: Based on market power of $72 MW 

7.2.3 Parasitic Losses (Costs) Attributable to New Components 
The parasitic losses assessed in Section 6.2.3 remain valid for converting either unit at 
Merrimack Station independently to closed cycle cooling.  Therefore, as established 
previously: 

Parasitic Electrical Load, Circ Water Pumps Unit 
Existing Circ Water Pumps Additional Closed Loop Pumps 

1 0.42 MW 0.96 MW 

2 1.46 MW 3.65 MW 

Likewise the cooling tower fans would be a constant load; i.e., there would be no operational 
variations in power consumption, as all fans for each unit would operate at full capacity at all 
times. This load would represent a corresponding new parasitic loss to the output of each Unit, 
estimated as follows:     

Tower Usage Each Tower = fan MW  

Merrimack Station U1 Usage (MW) = (4) 200 HP fans =        0.60 MW 

Merrimack Station U2 Usage (MW) =  (10) 200 HP fans =     1.49 MW 

Merrimack Station Unit 1 = 0.96 MW New Circ. Water Pumps + 0.60 MW Tower Fans  

Merrimack Station Unit 2 = 3.65 MW New Circ. Water Pumps +1.49 MW Tower Fans  
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Based on the estimated power requirements of the new circulating water booster pumps and 
the cooling tower fans, the estimated total average parasitic losses due to conversion to closed-
loop cooling are as follows: 

Merrimack Station Unit 1 = 1.56 MW Loss 

Merrimack Station Unit 2 = 5.14 MW Loss 

The corresponding estimated annual cost for each unit associated with this power loss is: 

 Merrimack Station Unit 1 =   $983,900 

 Merrimack Station Unit 2 = $3,241,900 

Note: Based on market power value of $72 MW 

7.2.4 Lost Generating Capacity During Implementation 
The methodology described and utilized in Section 6.2.4 for estimating lost generating 
capacity during implementation applies directly for conversion of either unit independently. 

Estimating the lost generating capacity from a concurrent additional three week 
implementation outage, based on a typical Merrimack Station Unit 1 generator output of 120 
MWE and Merrimack Station Unit 2 generator output of 350 MWE: 

Merrimack Station Unit 1,  60,480  megawatt hours 

Merrimack Station Unit 2,  176,400  megawatt hours 

Although generating capacity as well as wholesale cost of electricity vary, the approximate 
dollar cost of the outages, based on $37.00/MWh projected replacement power cost, equates 
to: 

Merrimack Station Unit 1,  $2,237,800 

Merrimack Station Unit 2,  $6,526,800 

7.2.5 Operational and Maintenance (O&M) Cost 
The methodology for estimating annual operational and maintenance costs for a two unit 
closed-loop cooling conversion, as described in Section 6.2.5, applies as well for either unit 
converted independently.  However, the corresponding cost for one unit is somewhat higher 
than if both units were maintained simultaneously, due to savings from commonality of some 
O&M tasks.  For that reason, the proportional cost for one unit being maintained 
independently of the other will receive a multiplier of 30%. 

Summary of Additional O&M Annual Cost (from Section 6.2.5, both units): 

Years 1-5,   $125,500 + $100,000 + $0 = $225,500 

Years 6-15,   $125,500 + $200,000 + $0 = $325,500 

Years 16-30,   $125,500 + $400,000 + $100,000 = $625,500 

 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 

 60

Increased Merrimack Station Unit 1 O&M Costs  

  Years 1-5, (combined $) x (4/14) x (1.30) = $83,800 

  Years 6-15, (combined $) x (4/14) x (1.30) = $120,900 

  Years 16-30, (combined $) x (4/14) x (1.30) = $232,300 

Increased Merrimack Station Unit 2 O&M Costs   

  Years 1-5, (combined $) x (10/14) x (1.30) = $209,400 

  Years 6-15, (combined $) x (10/14) x (1.30) = $302,300 

  Years 16-30, (combined $) x (10/14) x (1.30) = $580,800 

7.2.6 Water Treatment Costs 
The discussion and assessment of water treatment costs associated with the conversion of 
Merrimack Station to closed-loop cooling provided in Section 6.2.6 applies directly to 
converting either unit independently.  The costs for each unit would be proportioned directly 
to the flow of that unit versus the combined Station total flow rate. 

Total Station costs would therefore be estimated at $175,000, and could easily approach 
$250,000. Hence, proportioned for each unit independently: 

Increased Water Treatment Cost per Unit: 

Merrimack Station Unit 1, (59/199) (total flow costs) = $51,900  to $74,100  

Merrimack Station Unit 2, (140/199) (total flow costs) = $123,100  to $175,900  

7.3 Environmental Considerations 
The environmental considerations associated with converting either unit to closed-loop cooling 
independent of the other would basically be the same as previously described in Section 6.3 but 
scaled down proportionately.  

7.3.1 Cooling Tower Plume 
If either unit is converted to closed-loop cooling independently, there would still be a cooling 
tower plume with the same environmental impacts as previously discussed in Section 6.3.1.  
The only difference would be in the volume of plume generated, i.e., if Unit 1 only is 
converted, the plume volume would be about 30% of that generated if both units were 
converted, and if Unit 2 only is converted, the plume volume would be about 70% of that 
generated if both units were converted. 

The need for a plume-abated hybrid tower remains unchanged. 

7.3.2 Cooling Tower Noise 
If either unit is converted to closed-loop cooling independently, there would still be cooling 
tower noise with the same environmental impacts as previously discussed in Section 6.3.2.  
The only difference would be in the volume of noise generated. 

The need for a noise-abated tower remains unchanged. 
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7.3.3 Reduced Intake Flow 
As previously discussed in Section 6.3.3, PSNH assumes that EPA’s overall objective in 
directing PSNH to evaluate the conversion of Merrimack Station from once-through condenser 
cooling to closed-loop condenser cooling is to obtain information about the potential reduction 
of Station intake flow that could result from such a conversion.  Hence, the quantification of 
the reduction in River intake flow is a significant assessment. 

Current once-through River intake flow for Merrimack Station is as follows: 

Summer intake flow rate 

Unit 1 Circulating Water Maximum 
Note 1 59,000 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 2 Circulating Water Maximum 
Note 1 140,000 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Total U1Intake Flow Once Through, Summer Maximum 
Note 1 59,560 gpm 

Total U2 Intake Flow Once Through, Summer Maximum 
Note 1 140,590 gpm 

Winter intake flow rate  

Unit 1 Circulating Water Maximum 
Note 1 59,000 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 1 De-icing recirculation Maximum winter 
Note 2 (-) 5,560 gpm 

Unit 2 Circulating Water Maximum 
Note 1 140,000 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Unit 2 De-icing recirculation Maximum Winter 
Note 2 (-) 9,030 gpm 

Total U1 Intake Flow Once Through, Minimum 
Notes 1 &  2 54,000 gpm 

Total U2Intake Flow Once Through, Minimum 
Notes 1 &  2 131,560 gpm 

Note 1 Flow at maximum pump performance; includes sluice water flow 
Note 2 Current Station design utilizes reduced River intake flow in the winter, when cold water 

temperatures require de-icing recirculation flow operation. 
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Intake Flow Used for Sluice Water  

Approximately 1,810 gpm (4.0 cfs) of the actual intake flow from Unit 1 and 2,780 gpm (6.2 
cfs) of the actual intake flow from Unit 2 is used for sluice water flow to carry slag into a 
settling pond.  This flow could not be reduced by the evaluated conversion to closed-loop 
cooling, as it is not utilized for Station cooling. 

Recirculated Condenser Cooling Water 

During the winter months, when ambient air conditions are often below freezing, 
approximately 5560 gpm (12.4 cfs) of heated condenser cooling water from Unit 1 is 
recirculated back into the intake forebay of Unit 1 for de-icing and tempering.  Similarly, for 
Unit 2, approximately 9030 gpm (20.1 cfs) of heated condenser cooling water is recirculated 
back into the intake forebay of Unit 2. 

River intake flow for the Station following conversion to closed-loop cooling is as follows: 

Summer intake flow rate 

Unit 1 Circulating Water/Cooling Tower Makeup 1,230 gpm 

Unit 1 Screen Wash (+) 560 gpm 

Unit 1 Sluice Water (+) 1,810 gpm 

Total Unit 1 Intake Flow Closed Loop 3600 gpm 

Total Unit 1 Intake Flow Once Through, Maximum 59,560 gpm 

Reduction In Unit 1 River Intake Flow Maximum 94.0% 

Unit 2 Circulating Water/Cooling Tower Makeup 2,920 gpm 

Unit 2 Screen Wash (+) 590 gpm 

Unit 2 Sluice Water (+) 2,780 gpm 

Total Unit 2 Intake Flow Closed Loop 6330 gpm 

Total Unit 2 Intake Flow Once Through, Maximum 140,590 gpm 

Reduction In Unit 2 River Intake Flow Maximum 95.5 % 

 Winter intake flow rate 

Following conversion to closed-loop cooling, the existing flow requirements for 
Station de-icing during winter operation would decrease somewhat due to the 
significantly decreased overall intake flows.  However, the Circulating Water/Cooling 
Tower Makeup, Screen Wash, and Sluice Water flows would stay the same for each 
unit. 

Hence, the total required intake flow would remain the same, summer or winter, at 9,930 gpm.  
Compared to the previous winter intake flow rate of 185,560 gpm, the post closed-loop 
conversion intake flow rate would constitute a 94.7% reduction in River intake flow, 
approximately the same reduction as for summer operation. 
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7.3.4 Loss of River Water Due to Evaporation 
Loss of river water due to evaporation by the evaluated cooling tower is determined as 
previously described in Section 6.3.4.  This section will quantify the River water loss due to 
such evaporation on a per unit basis. 

Evaporation Wet Summer can be approximated as Water Flow Total x 0.0167 gpm 
[Reference 11.3] 

Unit 1 Water Flow = 59,000 gpm 

E  Wet = 0.0167 x 59,000 gpm = 985 gpm 

Unit 2 Water Flow = 140,000 gpm 

E  Wet = 0.0167 x 140,000 gpm = 2338 gpm 

Estimated total loss of river water due to evaporation by the evaluated cooling tower, 

      Unit 1 = 985 gpm, or 1.42 million gallons/day 

      Unit 2 = 2338 gpm, or 3.37 million gallons/day 

7.3.5 Site Aesthetics 
The impact to site aesthetics due to the conversion of either unit at Merrimack Station to 
closed-loop cooling is mostly the same as discussed in Section 6.3.5 relative to the conversion 
of both units to closed-loop cooling.  The same issues are relevant; the imposing tower size, 
the visible plume encroaching on the skyline, and the changes to the terrain along the 
Merrimack River would all affect site aesthetics.  For a one unit versus two unit conversion, 
these impacts remain the same, they would just be scaled down depending upon the unit being 
converted. 
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8 Alternative Impingement/Entrainment Reduction Technologies 

8.1 Alternate Technologies that Reduce Impingement 

8.1.1 Modified Traveling Screens and Fish Handling and Return Systems 
Conventional traveling water screens can be altered to incorporate modifications that improve 
survival of impinged fish.  These modifications minimize fish mortality associated with screen 
impingement and spray wash removal.   

There are four features that improve the survivability of impinged fish.  They are as follows: 

• Continuous operation of traveling screens to minimize impingement time.   
• A state-of-the-art fish trough which ensures that the fish can be returned to the water 

body with a minimum of stress.   
• Low pressure spray wash systems to gently remove the impinged fish before the high 

pressure fish spray is used to clean debris off the screens 
• Alternative bucket configurations that include provisions to minimize damage to the 

fish upon entering the fish bucket, while they are in the fish bucket, while they are 
being transported from the fish bucket, and to keep them from escaping from the safety 
of the fish bucket 

 
Source: www.glv.com 
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8.1.1.1 Continuous Operation of Screens with Upgraded Fish Return 
System 

The existing Unit 1 and Unit 2 traveling screens are currently designed to operate 
intermittently, unless debris levels are high.  However, an essential feature of any fish 
protection system is its ability to operate continuously. 

Continuous operation of the traveling screens would reduce impingement and entrainment of 
fish.  This is because the fish and/or debris would be continuously removed, avoiding 
accumulation of fish and/or debris that reduces available surface area for the flow of water.  
When such accumulation occurs, the same amount of water must pass through a smaller 
surface area, increasing both the velocity and the differential head loss.  As the head losses and 
velocities increase, it is more likely that fish cannot escape the screen area and can become 
impinged. 

However, the continuous operation of the screens would not be necessary during periods of 
low impingement.  Per the charts in Section 8.5, January through March is a period of minimal 
impingement.  This is coincident with the time when the River is typically frozen.  If the 
traveling water screens are run continuously during this period, maintenance would be 
required for the screens as well as the fish return troughs.  The troughs are located along the 
bank of the River.  The potential safety hazards associated with maintenance activities 
performed by plant personnel during this time period are significant due to the freezing 
conditions.  For these reasons, this Report evaluated running the traveling water screens only 
intermittently from January through March. 

Maintenance 

By running the existing traveling screens continuously from April through December, 
Merrimack Station would increase their current maintenance cost by approximately $60,000.   

Cost 

Currently, there is only one screen wash water pump per unit.  Therefore, typically only one 
traveling screen per unit can be run continuously at a time.  In order to run both traveling 
screens continuously from April through December, one screen wash spray pump would need 
to be purchased for each unit.  It is estimated that the total capital cost to purchase and install 2 
additional screen wash spray pumps is approximately $15,000 – $20,000. 

Biological Benefit 

Without an upgraded fish return system, the continuous operation of the screens will provide 
minimal biological benefit, since the mortality of the impinged fish is dependent on their safe 
return to the source water body.  Therefore, the biological benefit of continuous operation of 
the traveling screens will be analyzed in combination with the upgraded fish return trough in 
the following section. 
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8.1.1.2 Upgraded Fish Return Trough 
The main objective of any fish return system (fish sluice) is to return any captured fish to the 
water body with a minimum of stress.  A quality fish return system usually consists of a trough 
designed to maintain a water velocity of 3 to 5 fps (0.9 to 1.5 m/s) and a minimum water depth 
of 4” to 6” (102 to 152 mm).  The trough should avoid sharp radius turns and should discharge 
slightly below the low water level.  The trough should be covered with a removable cover to 
prevent access by birds or other predators.  The removable cover should have escape openings 
along the portion of the trough length that could potentially be submerged.  However, during 
periods of excessive amounts of debris, per EIMCO Water Technologies, the optimal slope for 
maximum survivability is 1/16 foot drop per linear foot. 

At Merrimack Station, the deck elevation of the Unit 1 and 2 screen houses is 207 ft.  The 
river bank elevation is at approximately 193 ft.  At a slope of 1/16, upgraded troughs would 
each need to be approximately 225 ft long between the deck and the river bank.  The low 
water level is 187 ft.  Each upgraded trough would need to discharge about one half foot 
below low water level which would be 187 ft - 0.5 ft = 186.5 ft.  So, the slide portion of the 
troughs would need to flow from the riverbank (elev. 193’) to 186.5 At a slope of ¼ (not 
optimal, but acceptable due to practical considerations), each slide would be approximately 25 
ft. long.  Therefore, the total combined lengths of the upgraded troughs and slides would be 
500 ft.   

Maintenance 

There should be no increased operation and maintenance activities for the upgraded fish return 
trough. 

Cost 

From Attachment 4, the total estimated capital cost for the modification of 
Merrimack Station to include an upgraded fish return system is $315,100. 

Biological Benefit 

Impingement survival at Merrimack Station with the existing sluice is essentially zero, 
because the end of the screenwash discharge pipe is not above the river’s surface except at 
extremely high river levels, preventing fish washed from the end of the pipe from returning 
alive to the River.  Table 8-1 estimates the biological benefit of installing a state-of-the-art fish 
sluice, based on survival rates of golden shiner and white perch at Indian Point (Con Edison 
1992) and June 2005-June 2007 impingement rates at Merrimack Station (Reference 11.17), 
under the assumption of 100% mortality with the existing system.  With the existing intake 
screens, an effective fish return sluice would reduce the numbers of fish killed by 
impingement at Merrimack Station by an estimated 46% at Unit 1 and 54% at Unit 2.  In terms 
of adult equivalent losses, the mortality rates would be reduced by an estimated 46% at Unit 1 
and 50% at Unit 2. 
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Table 8-1. Estimated mortality reduction associated with a change from the existing fish return sluice 
for Units 1 and 2 of Merrimack Station to an upgraded return sluice, for impingement at 
maximum flow with the existing intake screens. 

  June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

  Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impingeda 1,775 648 365 93 2,141 742 

Existing screen survival (#)b 1,080 372 226 56 1,306 428 
Existing screen survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Existing screens + upgraded sluice survival (#)c 821 305 161 34 982 338 
Upgraded sluice survival (%) 76.0 81.9 71.3 60.3 75.2 79.1 
       
Sluice mortality reduction (%)f 46.3 47.0 44.0 35.9 45.9 45.6 

UNIT 2       
Total number of fish impingeda 5,460 367 941 197 6,400 564 

Existing screen survival (#)b 3,521 289 703 145 4,225 434 
Existing screen survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Existing screens + upgraded sluice survival (#)c 2,893 169 574 114 3,467 282 
Upgraded sluice survival (%) 82.2 58.3 81.5 78.4 82.1 65.0 
       
Sluice mortality reduction (%)f 53.0 46.0 61.0 57.6 54.2 50.0 
 
a Numbers impinged estimated from 24-hour sample collections (June 2005 to June 2007, adjusted for collection efficiency; Normandeau 2007) and based on maximum 

Merrimack Station intake flow. 
b Based on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
c Based on from return sluice testing at Indian Point (Con Edison 1992), using golden shiner survival for spottail shiner and white perch survival for bluegill, black crappie, 

pumpkinseed, largemouth bass, and yellow perch. 
d Estimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 

perch, spottail shiner; Normandeau 2007) 
e Adult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow perch, 

spottail shiner; Normandeau 2007) 
f Potential percent reduction in mortality rate for screens and sluice combined after replacing the existing Merrimack Station fish return sluice with an upgraded fish return 

sluice, based Merrimack Station impingement rates for June 2005 to June 2007. 
 
ASSUMPTIONS 
An upgraded fish sluice will be installed for use with the existing intake screens. 
All fish that were impinged at Merrimack Station between June 2005 and June 2007 were alive when impinged. 
All fish flushed into the current Merrimack Station fish return system do not survive due to location of end of sluice pipe. 
An upgraded return sluice will only be operable in the ice-free months of April-December. 
Upgraded fish return sluice survival will be comparable to survival rates of white perch and golden shiner tested at Indian Point.  Survival rates used in this comparison are the 
mean corrected survival values of multiple tests. 
Average conditions during testing of white perch were a pipe length of 225', discharge depth of 55' and system flow of 1990 gpm.  Average conditions during testing of golden 
shiner were a pipe length of 225', discharge depth of 55' and system flow of 2100 gpm. 
 
Con Edison (Consolidated Edison Company of New York, Inc.).  1992.  Indian Point Units 2 and 3 Ristroph Screen Return System Prototype Evaluation and Siting Study.  
November 1992. 

Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  September 
2007. 
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8.1.1.3 Coarse Mesh Ristroph Screens 
It is possible to retrofit modified Ristroph screens onto the existing traveling water screens.  
The replacement screens could be designed to work in conjunction with the debris removal 
function of the existing traveling water screens.   

The coarse mesh Ristroph screen replacement was evaluated as part of an integrated system 
which would remove fish and fingerlings which are unable to escape from in front of the 
screen, and safely transport and return them to the source water downstream of the screen 
intake.   

The following features are integral to modified Ristroph screens: 

• The screen mesh should minimize harm to the fish 

• The basket should maximize the screening area available. 

• The fish bucket opening should be designed to encourage fish to enter the bucket. 

• The fish bucket should be large enough to safely retain fish in the bucket. 

• The bucket should provide a hydraulically stable, "stalled" fluid zone which attracts the 
fish, prevents damage to the fish while in the bucket and prevents the fish from 
escaping the bucket. 

• The bucket should be shaped to allow gentle and complete removal of impinged fish 

• The bucket should maintain a minimum water depth while transporting the fish. 

The replacement traveling water screens would match the existing through-screen velocity of 
the existing traveling water screens. 

Note that the screen and bucket portion of the traveling water screen could be replaced without 
replacing the entire traveling water screen.  However, the traveling water screens have not be 
replaced since they were installed, and upcoming maintenance concerns warrant replacing the 
entire traveling water screen. 

Maintenance 

The upgraded Ristroph screens should not have appreciably higher maintenance than the 
existing traveling screens. 

Cost 

From Attachment 4, the total estimated capital cost for the replacement of the existing traveling 
water screens with through-flow traveling water screens incorporating the Ristroph screen 
design and an upgraded fish return is $1,357,700. 

Biological Benefit 

Table 8-2 estimates the biological benefit of installing Ristroph screens, based on Ristroph 
survival testing at Indian Point (Con Edison 1985) and June 2005-June 2007 impingement 
rates at Merrimack Station (Reference 11.17).  Compared to the existing screens, Ristroph 
screens would reduce the numbers of fish killed by impingement at Merrimack Station by an 
estimated 14% at Unit 1, although it is estimated that the numbers killed at Unit 2 would 
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increase by 4%.  In combination with an upgraded fish handling system, Ristroph screens 
would reduce the number of fish killed by impingement by an estimated 50% at Unit 1 and 
53% at Unit 2.  In terms of adult equivalent losses, Ristroph screens in combination with an 
upgraded fish handling system would reduce mortality rates by an estimated 60% at Unit 1 and 
50% at Unit 2, compared to the existing screens and sluice. 
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Table 8-2. Mortality reduction associated with a change from existing intake screens at Units 
1 and 2 of Merrimack Station to Ristroph screens for impingement at maximum 
flow, with and without adjustment for upgraded return sluice survival. 

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

  
Estimated

d 

Adult 
Equivalents

e 
Estimated

d 

Adult 
Equivalents

e 
Estimated

d 

Adult 
Equivalents

e 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 
Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 
Ristroph survival (#) c 1,185 482 238 62 1,422 544 
Ristroph survival (%) 66.7 74.4 65.1 66.8 66.4 73.4 
Ristroph + upgraded sluice survival (#)f 914 409 163 36 1,077 445 
Ristroph + upgraded sluice survival (%)  51.5 63.1 44.5 38.4 50.3 60.0 
       
Screen mortality reduction (%) g 15.0 39.8 8.7 18.2 13.9 37.2 
Screen + sluice mortality reduction 
(%)h,i 51.5 63.1 44.5 38.4 50.3 60.0 

UNIT 2       
Total number of fish impingeda 5,460 367 941 197 6,400 564 
Existing survival (#)b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 
Ristroph survival (#)c 3,510 292 618 134 4,128 426 
Ristroph survival (%) 64.3 79.6 65.7 67.9 64.5 75.5 
Ristroph + upgraded sluice survival (#)f 2,882 169 514 110 3,397 279 
Ristroph + upgraded sluice survival (%) 52.8 46.2 54.7 55.6 53.1 49.5 
       
Screen mortality reduction (%)g -0.6 3.0 -35.9 -20.7 -4.4 -6.6 
Screen + sluice mortality reduction 
(%)h,i 52.8 46.2 54.7 55.6 53.1 49.5 

aNumbers impinged estimated from 24-hour sample collections (June 2005 to June 2007, adjusted for collection efficiency; Reference 11.17) and based on maximum 
Merrimack Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Reference 11.17). 
cBased on Ristroph screen survival test at Indian Point.  Latent 96-hour data available for the period from Jan. to Apr. 1985 for 10 species (Con Edison 1985). 
dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Reference 11.17) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow perch, 
spottail shiner; Reference 11.17) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (see sluice survival table). 
gPercent reduction in mortality rate between existing Merrimack Station screens and theoretical application of Ristroph screens based on observed Merrimack impingement 
rates during June 2005 to June 2007. 

hPercent mortality reduction between existing Merrimack Station screens and fish return sluice and theoretical application of Ristroph screens and upgraded fish return sluice 
based on Merrimack Station impingement rates in June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 05 and June 07 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Ristroph estimates are based on survival rates of like species tested at Indian Point (white perch, pumpkinseed, spottail shiner). 
Assumes an existing return sluice survival of zero. 
 
Con Edison (Consolidated Edison Company of New York, Inc.).  1985.  Biological Evaluation of a Ristroph Screen at Indian Point Unit 2.  June 1985. 
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  September 
2007 
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8.1.2 Traveling Water Screens 

8.1.2.1 Dual Flow Conversion Traveling Screens 
Many existing through-flow traveling screen installations can be retrofit to use a dual flow 
traveling water screen.  A dual flow traveling water screen is mechanically similar to a through 
flow screen that has been rotated ninety degrees in the channel.  The modification consists of 
the installation of a special wall plate mounted perpendicular to the flow in place of the 
existing screen.  The dual flow is then lowered into the well, with baskets parallel to the flow, 
on the upstream side of the wall plate.  An inlet opening in the wall plate allows screened 
water to pass to the pumps.  An alternative arrangement uses a specially constructed screen 
mainframe that includes a wall plate made as an integral part of the screen frame with 
extensions or “wings” that fit into existing embedded guides. 

A through flow to dual flow retrofit provides increased flexibility and has the following 
benefits: 

• Potential to decrease the velocity through the screens.  The flow pattern of the dual 
flow screen allows the entire submerged screen surface to be an active screen area.  
This means that a dual flow screen of a given width would pass almost twice as much 
water at the same velocity as a through flow screen of the same width.  Conversely, the 
same amount of flow can pass through a dual flow screen at about half the velocity as a 
through flow screen of the same width. 

• Elimination of debris carryover.  Since all flow going through a channel installed with 
a dual flow screen must pass through the screen before entering the screenwell, the 
potential for debris carryover is eliminated. 

At Merrimack Station, the existing penetrations in the CWIS deck for the traveling screens are 
not of adequate size to accommodate dual-flow traveling screens (Attachment 4).  Dual-flow 
traveling screens are physically larger than the existing units because of the screen 
configuration.  New CWISs or extensive modifications to the existing CWISs would have to 
be designed for dual-flow traveling screens to be implemented.  This cost is estimated to be 
many times the cost of the traveling screens themselves.  As a result, the implementation of 
dual-flow traveling screens at Merrimack Station is infeasible. 

8.1.2.2 Multi-Disc Screens 
Traditional traveling water screens are installed in a channel with the screening surface 
oriented perpendicular to the water flow.  Raw water passes first through the ascending and 
then through the descending screen baskets.  The ascending basket is located on the upstream 
portion of the screen and collects debris as is passes up through the water.  When it reaches the 
top of the traveling screen, the debris is washed off the screen and into a debris trough.  The 
basket continues to revolve and descends into the water on the downstream side.  Any debris 
that was not originally washed off the screen basket may be washed off in the flow of water.  
This is considered to be ‘carryover’ and may travel into the intake screenwell and potentially 
enter the circulating water pump intake. 

Multi-disc screens are oriented the same way as traditional through flow screens.  However, 
they have very different designs.  Multi-disc screens are comprised of circulating sickle-
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shaped mesh panels that are connected to a frame via a revolving chain.  The linked mesh 
panels are guided on each side forming a unit together with the support. The forces applied by 
the flowing water to the center of the mesh panels are transmitted via supporting beams into 
the civil structure. In the center the mesh panels are supported by rollers.  Raw water flows 
directly through the mesh panels.  The debris retained at the face of the ascending mesh panels 
is transported with debris carriers to floor level. There it is efficiently removed by means of a 
spray-water device.   

 
Source:  Geiger MultiDisc® Screen – Screening Technology Brochure 

MultiDisc screens include special provisions for the protection of fish and aquatic species that 
become impinged.  Specifically designed fish buckets attached to the screen panels retain 
some of the water during its upward travel, thereby allowing any captured fish “to survive 
within the water” once the fish buckets exit the water level.  The fish buckets are surface 
treated with a special sliding composite material to allow the fish to be easily flushed from the 
buckets.  A low pressure spray header smoothly recovers organisms which are transported 
upwards on the screen surface into the bucket. Organisms impinged on the screen surface 
below this bucket are led via an opening in the lower panel frame into the bucket of the 
following mesh panel. Due to the special turning system of the mesh panels at the drive unit 
the fish buckets are gently discharged and the retained water and fish are led into a trough. 

Due to the installation across the chamber the Geiger MultiDisc® Screens can be retrofit into 
the existing space of the current traveling water screens, minimizing required civil structure 
modifications. 
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Maintenance 

The Multi-disc screens should have lower maintenance than the existing traveling screens 
since each MultiDisc screen can be removed individually. 

Cost 

From Attachment 4, the total estimated capital cost for the replacement of the existing traveling 
water screens with MultiDisc traveling water screens with fish protection provisions and 
incorporating an upgraded fish return is $2,270,800. 

Biological Benefit 

Table 8-3 estimates the biological benefit of installing Geiger MultiDisc screens, based on 
survival testing on these screens at Potomac River Generating Station (EPRI 2007) and June 
2005-June 2007 impingement rates at Merrimack Station (Reference 11.17).  Compared to the 
existing screens, Geiger MultiDisc screens would reduce the numbers of fish killed by 
impingement at Merrimack Station by an estimated 83% at Unit 1 and 88% at Unit 2.  In 
combination with an upgraded fish handling system, Geiger MultiDisc screens would reduce 
the number of fish killed by impingement by an estimated 69% at Unit 1 and 80% at Unit 2.  
In terms of adult equivalent losses, Geiger MultiDisc screens in combination with an upgraded 
fish handling system would reduce mortality rates by an estimated 67% at Unit 1 and 60% at 
Unit 2, compared to the existing screens and sluice. 
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Table 8-3. Mortality reduction associated with a change from existing intake screens at Units 1 
and 2 of Merrimack Station to Geiger multi-disc screens for impingement at maximum flow, 
with and without adjustment for upgraded return sluice survival. 

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

  Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 

Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Geiger multi-disc survival (#) c 1,651 559 347 88 1,998 647 
Geiger multi-disc survival (%) 93.0 86.3 95.1 94.0 93.4 87.3 

Geiger + upgraded sluice survival (#) f 1,231 447 245 53 1,475 500 
Geiger + upgraded sluice survival (%)  69.3 68.9 67.0 56.5 68.9 67.4 
       
Screen mortality reduction (%) g 82.1 67.8 87.1 85.3 82.9 69.9 
Screen + sluice mortality reduction (%) h,i 69.3 68.9 67.0 56.5 68.9 67.4 

UNIT 2       
Total number of fish impinged a 5,460 367 941 197 6,400 564 

Existing survival (#) b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Geiger multi-disc survival (#) c 5,256 305 891 182 6,148 488 
Geiger multi-disc survival (%) 96.3 83.3 94.8 92.5 96.1 86.5 

Geiger + upgraded sluice survival (#) f 4,374 194 730 144 5,104 338 
Geiger + upgraded sluice survival (%)  80.1 52.9 77.6 73.1 79.7 60.0 
       
Screen mortality reduction (%) g 89.5 20.7 79.3 71.7 88.4 41.3 
Screen + sluice mortality reduction (%) h,i 80.1 52.9 77.6 73.1 79.7 60.0 

aNumbers impinged estimated from 24-hour sample collections (June 2005-June 2007, adjusted for collection efficiency; Reference 11.17and based on maximum Merrimack 
Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Reference 11.17). 
cBased on Geiger multi-disc screen 48-hr latent survival test at Potomac River Generating Station (EPRI 2007).  Survival rates available for bluegill, pumpkinseed, yellow 
perch, largemouth bass, and spotttail shiner (black crappie estimated from bluegill). 

dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Reference 11.17) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow perch, 
spottail shiner; Reference 11.17) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (See sluice survival table). 
gPercent reduction in mortality rates between existing Merrimack Station screens and theoretical application of Geiger multi-disc screens based on observed Merrimack 
impingement rates for June 2005 to June 2007. 

hPercent reduction in mortality rates between existing Merrimack Station screens and fish return sluice and theoretical application of Geiger screens and upgraded fish return 
sluice, based on Merrimack Station impingement rates in June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 05 and June 07 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Assumes an existing return sluice survival of zero. 
 
EPRI (Electric Power Research Institute).  2007.  Latent impingement mortality assessment of the Geiger MultiDisc screening system at the Potomac River Generating Station.   
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  September 
2007. 
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8.1.2.3 WIP System 
Beaudrey USA supplies a W Intake Protection Screen (WIP) for retrofit into intakes that 
currently have through flow traveling water screens.   

The WIP is a modified revolving disc screen.  The traditional revolving disc screen is a simple 
and compact screening device.  It consists of a flat disc covered with screening material that 
rotates about a horizontal axis, perpendicular to the water flow.  As water flows through the 
submerged portion of the disc, solids are retained on the screening media.  On a traditional 
revolving disc screen, the rotation of the disc lifts the solids above the water surface where 
they are removed by a series of spray nozzles. 

The Beaudrey WIP System uses the technology of traditional revolving disc screens in a new 
way.  The WIP system consists of stacked circular No-Cling screening wheels which rotate 
within a frame.  The screens rotate at 2 revolutions per minute.  Both fish and debris are 
removed from the screen surface below the waterline by a specially engineered fish safe pump 
and suction scoop.  The entire screen is cleaned in 30 seconds.  The aquatic life never leave the 
water and are safely returned downstream of the intake structure. 

 
Source:  Beaudrey Proposal 18105-Merrimack1-10071-R01 
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Source:  Beaudrey Proposal 18105-Merrimack1-10071-R01 

The WIP System is designed to fit into the existed traveling water screen guides, therefore 
there are no civil modifications required to the intake.  

Maintenance 

The W Intake Protection Screen (WIP) should have appreciably easier maintenance than the 
existing traveling screens, because the WIP screens can be raised out of the water for 
maintenance activities. 

Cost 

From Attachment 4, the total estimated capital cost for the replacement of the existing traveling 
water screens with W Intake Protection Screens with fish protection provisions and 
incorporating an upgraded fish return is $2,065,300. 
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Biological Benefit 

Table 8-4 estimates the biological benefit of installing an integrated WIP and Beaudrey FPS™  
(Fish Protection System), based on survival testing on this type of system at Le Blayais Nuclear 
Power Station (in France) and June 2005-June 2007 impingement rates at Merrimack Station 
(Reference 11.17).  Compared to the existing screens, the integrated WIP and Beaudrey FPS™  
(Fish Protection System) would reduce the numbers of fish killed by impingement at 
Merrimack Station by an estimated 72% at Unit 1 and 68% at Unit 2.  In combination with an 
upgraded fish handling system, WIP screens the integrated WIP and Beaudrey FPS™  (Fish 
Protection System) would reduce the number of fish killed by impingement by an estimated 
66% at Unit 1 and 74% at Unit 2.  In terms of adult equivalent losses, the integrated WIP and 
Beaudrey FPS™  (Fish Protection System) in combination with an upgraded fish handling 
system would reduce mortality rates by an estimated 70% at Unit 1 and 60% at Unit 2, 
compared to the existing screens and sluice. 
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Table 8-4. Mortality reduction associated with a change from existing intake screens at Units 1 
and 2 of Merrimack Station to Beaudrey WIP screens and FPS system for impingement at 
maximum flow, with and without adjustment for upgraded return sluice survival. 

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

  Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 

Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Beaudrey WIP  survival (#) c 1,580 577 325 83 1,905 660 
Beaudrey WIP  survival (%) 89.0 89.0 89.0 89.0 89.0 89.0 

Beaudrey WIP + upgraded sluice survival (#) f 1,191 472 227 49 1,418 521 
Beaudrey WIP + upgraded sluice survival (%)  67.1 72.8 62.1 52.6 66.2 70.2 
       
Screen mortality reduction (%) g 71.9 74.1 71.2 72.9 71.8 74.0 
Screen + sluice mortality reduction (%) h,i 67.1 72.8 62.1 52.6 66.2 70.2 

UNIT 2       
Total number of fish impinged a 5,460 367 941 197 6,400 564 

Existing survival (#) b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Beaudrey WIP  survival (#) c 4,859 326 837 176 5,696 502 
Beaudrey WIP  survival (%) 89.0 89.0 89.0 89.0 89.0 89.0 

Beaudrey WIP + upgraded sluice survival (#) f 4,024 199 689 141 4,714 340 
Beaudrey WIP + upgraded sluice survival (%)  73.7 54.3 73.3 71.4 73.7 60.3 
       
Screen mortality reduction (%) g 69.0 47.8 56.4 58.7 67.6 52.2 
Screen + sluice mortality reduction (%) h,i 73.7 54.3 73.3 71.4 73.7 60.3 

aNumbers impinged estimated from 24-hour sample collections (June 2005-June 2007, adjusted for collection efficiency; Reference 11.17) and based on maximum Merrimack 
Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Reference 11.17). 
cBased on Beaudrey FPS system survival testing at Le Blayais Nuclear Power Station in France. 
dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Reference 11.17) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow perch, 
spottail shiner; Reference 11.17) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (See sluice survival table). 
gPercent reduction in mortality rates between existing Merrimack Station screens and theoretical application of Beaudrey WIP screens, based on Merrimack impingement rates 
for June 2005 to June 2007. 

hPercent reduction in mortality rates between existing Merrimack Station screens and fish return sluice and theoretical application of Beaudrey WIP screens and upgraded fish 
return sluice, based on Merrimack Station impingement rates for June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 2005 and June 2007 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Beaudrey WIP estimates assume that survival rates are similar for fish impinged at Le Blayais and Merrimack stations. 
Assumes an existing return sluice survival of zero. 
 
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  September 
2007. 
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8.1.3 Fish Net Barriers 
Fish Net Barriers are wide-mesh nets that are installed in front of intake structures.  The water 
entering the intake must first pass through the openings in the mesh.  The size of the mesh 
openings limits the size of the organism that can pass through the net.  In order to be 
successful, the nets must have a large surface such that the velocity through the net is very 
small (usually ≤ 0.5 ft/sec).  Otherwise, organisms would become impinged on the screen and 
would be damaged. 

Barrier nets have been used/studied at many large power plants.  The success of the 
technology is dependent upon the following site-specific requirements:  a) the intake must be 
located on a source waterbody that allows for the deployment of a large net b) recreation on 
the waterbody must be limited so as to not interfere with the nets c) the waterbody must have 
limited debris flows so that the net is not damaged d) if freezing is a possibility, the net can 
only be deployed seasonally, when ice is not an issue.  In addition, biofouling may be a 
concern unless rigorous maintenance is performed. 

Hooksett Pool has a depth of 6-10 feet.  It is approximately 700-800 feet wide.  Total 
maximum flow into the intakes is 200,000 gpm.  The total combined length of the intakes 
covers approximately 250 feet of shoreline.  Due to the large intake flow and the shallowness 
of the waterbody, deployment of a barrier net at Merrimack Station is infeasible. 

8.1.4 Wide-slot Wedgewire screens 
Wedgewire screens are designed to reduce entrainment and impingement in two ways.  First, 
organisms susceptible to entrainment cannot pass through the small slot size in the screen.  
Screen mesh sizes range from 0.5 to 10 mm, with the most common slot sizes in the 1.0 to 2.0 
mm range. Secondly, the cylindrical shape of the screen makes it easier for the fish to swim 
away before they become impinged.  A low through-slot velocity is possible because of the 
large surface area of the cylindrical screen.  Also, because of the screen’s cylindrical 
configuration, the velocity pulling the organisms toward the screen is quickly dissipated. This 
allows organisms to escape the flow field. 

To attain the optimal reduction in impingement mortality and entrainment, certain conditions 
must be met.  First, the slot size must be small enough to physically prevent the entrainment of 
the organisms identified as warranting protection.  Second, a low through-slot velocity must 
be maintained to minimize the hydraulic zone of influence surrounding the screen assembly.  
Typically, a lower through-slot velocity, when combined with other optimal factors, will 
achieve significant reductions in entrainment and impingement mortality. Third, a sufficient 
ambient current must be present in the source water body to aid organisms in bypassing the 
structure and to remove other debris from the screen face. A constant current also aids the 
automated cleaning systems that are now common to cylindrical wedgewire screen assemblies. 

Although many wedgewire screen vendors have been contacted, only one has been responsive.  
However, it has not yet provided a design for a potential system.  Therefore, screen sizing for 
the evaluation directed by EPA is based on publicly available sizing and design information.  
In order to estimate the required size and number of cylindrical wedgewire screens for each 
unit, a sizing program available at the following website was used:  
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http://www.waterintake.com/intakescreenstyles.html.  The sizing is based on assuming a 0.5 ft/s 
through-screen velocity and a .069" wire thickness with .069" (1.75mm) slot width. 

Per Reference 11.7, the maximum screen diameter should be half the water depth at the lowest 
extreme of water level; preferably it should be no more than one-third. Where depth is 
shallow, the option of using tee-configurations or other multiple arrangements of small-
diameter screens could be considered.  The recommended minimum submergence depth is 
half the screen diameter, with the screen being spaced an equivalent distance from the bed and 
any wall. Submergence to this depth would avoid the risk of excessive entrainment of surface-
carried debris into the abstraction flow.  

Unit 1 (59,000 gpm) 

The sizing calculator indicates that flow could be accommodated with quantity of 7 - 3 ft 
diameter tee-type screens with 5 ft screen sections for a total length of a little over 13 ft for 
each screen.  It is assumed that the wedgewire screens would begin 66 ft (20m) from the Unit 
1 screen house, and be spaced 5 ft apart, and that one header would have 3 screens while the 
other would have 4.  Since the Unit 1 screen house extends 30 ft from the shore, the screens 
would project approximately 118 ft into the River. 

Unit 2 (140,000) 

The sizing calculator indicates that flow could be accommodated with quantity of 16 - 3 ft 
diameter tee-type screens with 5 ft screen sections for a total length of a little over 13 ft for 
each screen.  It is assumed that the wedgewire screens would begin 49 ft (15 m) from the Unit 
2 screen house, and be spaced 5 ft apart, and that both headers would have 8 screens.  Since 
the Unit 2 screen house extends 45 ft from the shore, the screens would project approximately 
138 ft into the River. 

When the river is 6 ft deep, the screens would only be 1.5 ft below the surface of the water.  
This would cause a substantial impact on the recreational use of the River, as shown on sketch 
PSNH001-SK-007 in Attachment 2. 

 
Source: HendrichWater Intake Screens http://www.waterintake.com/  

A = Overall Screen Length 
B = Screen Section Length 
C = Screen Diameter A

B
C

http://www.waterintake.com/intakescreenstyles.html�
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Maintenance 

When debris accumulates on the screen body, the screens could be cleaned with an airburst 
system daily, weekly, monthly or any predetermined time specified.  Airburst piping should be 
designed for initial installation of an intake screen, even though the airburst system purchase 
may be deferred or delayed.  The air manifold could be uncapped and connected when 
required. 

Frazil Ice 

Due to the screening mechanism of wedgewire screens, they are very susceptible to the 
formation of frazil ice on the screens.  The formation of granular ice crystals in turbulent, 
supercooled water is referred to as ‘frazil ice’.  Supercooled water occurs when the water 
temperature begins to drop and passes through the 32°F point.  At a temperature of less than 
32°F, sometimes even a  fraction of a degree less, tiny particles of ice form quickly and 
uniformly throughout the water mass.  Frazil ice is extremely adhesive and would stick to any 
solid object, such as a screen, that is at or below the freezing point.  Currently, Merrimack 
Station uses operational measures to deal with frazil ice, as discussed in Section 5.4.2.   

According to the wedgewire screen vendor contacted, a Station with an intake that has a 
history of frazil ice should not consider installing wedgewire screens as a feasible technology.  

 17 ft 
 17 ft

66 ft 

49 ft
84 ft 

62 ft 

Not to scale 
Evaluated Coarse Mesh Wedgewire Screen Design 
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The vendor referenced an Army Corps of Engineers paper entitled “Frazil Ice Blockage of 
Intake Trash Rakes” (Reference 11.10) which support the basis for his recommendation. 

Due to the large impact on the River due to the required number of wedgewire screens, and 
based on the conclusions of the Army Corps of Engineers paper regarding frazil ice, wide-slot 
wedgewire screens are infeasible for implementation at Merrimack Station. 

8.1.5 Angled Traveling Screens and Modular Inclined Screens 
Angled Traveling Screens work by diverting fish past the traveling water screens.  The screen 
is set at an angle to the incoming flow.  The flow of water guides the fish past the screens and 
toward an area at the end of the screens where they can be transported back to the source water 
body.  Also, this arrangement creates an area of turbulence along the screen face that fish will 
avoid as they are directed to the escape bypass.  Modular inclined screens (MIS) are a 
variation of the angled screens whereby modules are provided which consist of an entrance 
with trash racks, dewatering stop logs in slots, an inclined screen set at a 10-20 degree angle to 
the flow, as well as a bypass to direct fish back to the source water body. 

In order to change to angled traveling screens or modular inclined screens at Merrimack 
Station, the entire intake structure for each unit would have to be replaced.  The installation of 
angled traveling screens would require the complete replacement of each CWIS at the Station 
because all of the components of each existing intake are oriented perpendicular to the 
shoreline.  Moreover, the bypass system is an integral part of the intake.  The installation of 
modular inclined screens would require such complete CWIS replacement because modular 
inclined screens are only supplied as complete systems.  As a result, neither angled traveling 
screens nor modular inclined screens are feasible for implementation at Merrimack Station. 

8.1.6 Louvers 
Louver systems consist of a series of evenly spaced, vertical panels that are aligned across a 
channel and placed at an angle to the flow.  The louver panels cause an abrupt change in the 
velocity and direction of the flow, which in turn causes turbulence, which fish avoid.  Fish 
tend to align themselves with the direction of the current, which is parallel to the face of the 
louvers.  Louver systems are typically designed so that the current leads fish to a bypass or 
handling system located at the end of the louvers.  

Although louver systems can be effective at diverting fish in certain source water bodies, they 
have several limitations that render them infeasible for implementation at Merrimack Station.  
First, they rely on a consistent water level to maintain the most efficient flow velocity.  
Hooksett Pool water level ranges from 6 to 10 feet, which represents a potential variation in 
water level of over 60%.  Second, efficiently designed louver systems are comprised of a long 
line of louvers set at shallow angles.  The shoreline adjacent to which Merrimack Station’s 
intakes are located are not sufficiently long to allow for installation of an efficiently designed, 
properly operational louver system.  Also, after an extensive search, no vendors were found 
that produced louvers for this type of application. 
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8.2 Alternate Technologies that Reduce Entrainment 

8.2.1 Narrow-slot Wedgewire Screens 
Narrow-slot wedgewire screens have the same characteristics as wide slot wedgewire screens, 
except that the slot size is small enough to reduce entrainment of aquatic organisms. 

Since entrainment reduction is based on slot-size, several screens were sized for purposes of 
the evaluation directed by EPA, based on analysis provided by Normandeau in Table 10 of 
Attachment 6.   

At Merrimack Station, each circulating water pump would be fed from a header attached to a 
series of wedgewire screens as shown in the following figure.  Therefore, the total number of 
wedgewire screens would be divided amongst the headers. 

 

 

 

Not to scale 
Evaluated Fine Mesh Wedgewire Screen Design 

* See Table below for approximate distance from intake to end of wedgewire screen system 

 17 ft
 17 ft 

66 ft 

49 ft
B* 

A* 
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Unit 1 (59,000 gpm) 
Slot 
Size 

Screen  

Dia. 

Screen Section 
Length 

Overall Screen 
Length 

# of 
Screens 

Screens per 
Header 

Total combined 
length of screen 

A 

See figure above 

1.5 mm 3 ft 5 ft 13 ft 7 3 on 1, 4 on 1 22  ft 88 ft 

1.0 mm 3 ft 5 ft 13 ft 9 4 on 1, 5 on 1 27.5 ft 93.5 ft 

0.8 mm 3 ft 5 ft 13  ft 11 5 on 1, 6 on 1 33 ft 99 ft 

 

Unit 2 (140,000 gpm) 
Slot 
Size 

Screen 
Dia. 

Screen Section 
Length 

Overall Screen 
Length 

# of 
Screens 

Screens per 
Header 

Total combined 
length of screen 

B 

See figure above 

1.5 mm 3 ft 5 ft 13  ft 17 8 on 1, 9 on 1 49.5 ft 98.5 ft 

1.0 mm 3 ft 5 ft 13  ft 22 8 on both 60.5 ft 109.5 ft 

0.8 mm 3 ft 5 ft 13  ft 25 12 on 1, 13 on 1 71 ft 120 ft 

 

The end of the Unit 1 screen house is 30 ft from the shoreline.  The Unit 2 screenhouse 
extends 45 ft from shore.  Therefore, the Unit 1 wedgewire screen system would extend 
approximately 118 to 129 ft into the River, based on the screen evaluated.  The Unit 2 
wedgewire screen system would extend approximately 143.5 to 165 ft into the River.  When 
the river is 6 ft deep, the screens would only be 1.5 ft below the surface of the water.  This 
would cause a significant impact on the recreational use of the River, as shown on sketch 
PSNH001-SK-008 in Attachment 2. 

Maintenance 

The same maintenance technique would be required for the narrow-slot wedgewire screens as 
the wide-slot wedgewire screens.   

Frazil Ice 

As the wedgewire slot size decreases, the effect of frazil ice increases.  Therefore, based on 
the conclusions of the Army Corps of Engineers paper regarding frazil ice, as well as due to 
the large impact on the River due to the required number of wedgewire screens, narrow-slot 
wedgewire screens are infeasible for implementation at Merrimack Station   

8.2.2 Fine Mesh Ristroph Screens 
In addition to the fish handling provisions noted above, traveling water screens can be further 
modified to incorporate screen mesh with openings as small as 0.5 mm to collect fish eggs and 
larvae and return them to the source water body. For many species and early life stages, mesh 
sizes of 0.5 to 1.0 mm are required for effective screening. Various types of traveling screens, 
such as through flow, dual flow, and center flow screens, can be fitted with fine mesh screen 
material.  Because entrainment is usually a seasonal occurrence, some fish baskets can be 
furnished with quick-change mesh inserts that can be customized for seasonal operating 
requirements.  For example, an operator can replace the coarse mesh with a fine mesh during 
the breeding season to prevent the entrainment of eggs. 
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The primary concern with fine mesh screens is that they function by impinging early organism 
life stages that are entrained through coarse mesh screens.  Depending on species and life 
stage, mortality from impingement can exceed entrainment mortality. In order for fine mesh 
screens to provide a meaningful benefit in protecting fish, impingement survival of target 
species and life stages must be substantially greater than survival through the circulating water 
system.  In addition, at Merrimack Station in particular, in order to maintain existing head loss 
across the screen, the size of the intakes would need to be greatly expanded to accommodate 
fine mesh screens.  This is due to the fact that much larger fine mesh screen would be required 
to provide the same total open area as the coarse mesh screens.   

For all of these reasons, fine mesh screens are infeasible for implementation at Merrimack 
Station. 

8.2.3 Aquatic Microfiltration Barriers 
Aquatic microfiltration barrier systems are barriers that employ a filter fabric designed to 
allow for passage of water into a CWIS, but to exclude aquatic organisms. These systems are 
designed to be placed some distance from the CWIS within the source waterbody and to act as 
a filter for the water that enters into the cooling water system. These systems may be floating, 
flexible, or fixed. Since these systems generally have such a large surface area, the velocities 
that are maintained at the face of the permeable curtain are very low. One company, 
Gunderboom, Inc., has a patented full-water-depth filter curtain comprised of polyethylene or 
polypropylene fabric that is suspended by flotation billets at the surface of the water and 
anchored to the substrate below. The curtain fabric is manufactured as a matting of minute 
unwoven fibers with an apparent opening size of 20 microns. Gunderboom systems also 
employ an automated “air burst” system to periodically shake the material and pass air bubbles 
through the curtain system to clean it of sediment buildup and release any other material back 
into the water column. 

Gunderboom and other microfiltration systems have sizing and physical limitations as well as 
the potential to interfere with or prevent other existing uses of the source waterbody. With a 
20-micron mesh, 100,000 and 200,000 gallon per minute intakes would require filter systems 
500 and 1,000 feet long (assuming 20 foot depth). At Merrimack Station, which has a total 
combined intake flow rate of approximately 200,000 gallons per minute, the source water 
body is only 6-10 feet deep.  This source water body depth would require scaling what is 
usually a 20 ft tall curtain down to a 6 ft tall curtain, which in turn would compel an increase 
in the length of the curtain to be deployed to approximately 3,000 ft long.  The space 
limitations that PSNH would encounter in attempting to install such a long curtain, and the 
impairment of other uses in the Merrimack River that would result if PSNH were able to 
install the curtain, preclude its successful deployment.  Thus, Gunderboom and other 
microfiltration systems are infeasible for implementation at Merrimack Station. 
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8.2.4 Porous Dikes and Artificial Filter Beds 
Porous dikes and artificial filter beds are filters resembling a breakwater that are installed 
surrounding a CWIS.  They work on the idea that fish will not pass through physical barriers 
in front of an intake.  In order to be effective, they must be large enough such that there is a 
low approach velocity.  Due to the minimal length of the Merrimack Station intakes, installing 
a porous dike or artificial filter bed at either CWIS at the Station is not practical.  Therefore, 
porous dikes and artificial filter beds are infeasible for implementation at Merrimack Station. 

8.3 Behavioral Barriers 
Behavioral barriers use a fish’s natural reactions to stimuli to deflect it away from intakes.  
The three main behavioral barrier systems are bubble barriers, artificial lighting arrays, and 
underwater acoustic fish deterrence systems.  Based on a recommendation from Fish Guidance 
Systems, Ltd. (FGS) a worldwide leader in the manufacture and installation of behavioral 
barriers, an underwater acoustic fish deterrence system was evaluated for implementation at 
Merrimack Station, on the grounds that such a system potentially could have the desired 
deflective effect on certain of the specific species of fish in Hooksett Pool of the Merrimack 
River.  FGS’s recommendation of an acoustic fish deterrence system is consistent with 
Normandeau’s field testing of bubble systems, strobe light arrays, and acoustic fish deterrence 
systems.  There are at least two installed and successful operating acoustic fish deterrence 
systems; one at the D.C. Cook Nuclear Plant in Bridgman, Michigan (Lake Michigan), and the 
other at the J.A. FitzPatrick Nuclear Power Plant near Oswego, New York (Lake Ontario).  
Both of these systems are designed to reduce the impingement of adult and juvenile alewives 
by keeping these fish away from the offshore intake structures at these plants.  By deterring 
adult alewives, these systems may also contribute to reduced entrainment of alewives during 
the spring spawning season.  Both systems are operated from April to October, and are 
removed and reinstalled each year to prevent ice damage to the projectors and cable system.  
Both systems operate at ultra sound frequencies (above 126 kHz).  These ultra sound 
frequencies have been shown to have little effect on such Hooksett Pool resident species as 
yellow perch, smallmouth bass, and white perch.  

To efficiently guide fish away from a CWIS, an acoustic fish deterrence system has an array 
of sound projectors that is typically installed along the face of the CWIS (i.e., screen house).  
The conical beam of each transducer must overlap each adjacent projector to provide a sound 
pressure level at a distance from the CWIS that is consistent and of a magnitude to elicit the 
desired avoidance behavior far enough away from the intake to prevent the fish from being 
entrained into the intake flow. Aiming the projectors outward along the face of the CWIS 
causes fish to experience a gradient of increasing sound pressure level as the fish moves closer 
to the intake, thus providing the necessary directional stimulus encouraging the fish to avoid 
the sound by swimming away from the intake. 

The material provided by FGS suggests that their acoustic fish deterrence system could attain 
a level of effectiveness at Merrimack Station Unit 1 or Unit 2.  However, the efficacy of the 
FGS system in deflecting the species of resident and migratory fish present in Hooksett Pool 
has not been tested, and FGS’s claim is supported solely by interpolation from the test results 
for European fish species considered similar to those found in Hooksett Pool.  The reaction of 
different fish species to sound, even among the clupeiforms (like alewife), is highly variable 
and species specific (Mann et al. 2001), providing a great deal of uncertainty to any 
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interpolation of effectiveness from other fish species to those found in Hooksett Pool.   
Without upstream passage at Hooksett Dam, there is no access to Hooksett Pool by migratory 
clupeids in the Merrimack River other by trucking and stocking.  Therefore, species with 
proven avoidance to installed acoustic fish deterrence systems are currently not present in any 
abundance in Hooksett Pool.  If clupeids become abundant in the future, PSNH could test the 
effectiveness of an acoustic fish deterrence system installed at the CWIS of Unit 1 or Unit 2.  
However, at this time, there is unlikely to be a demonstrated benefit to installing such a system 
at Merrimack Station. 

8.4 Alternative Intake Location 
In addition to the above described technologies to reduce impingement and entrainment, EPA 
directed PSNH to evaluate the relocation of the existing intake structures.  For purposes of this 
Report, this evaluation involved an assessment of the type and location of the intake relative to 
the water level and topography of the Merrimack River in the vicinity of Merrimack Station, 
the location of the plant discharge, navigational routes, recreational areas, ease of construction, 
and aesthetics.  This evaluation also relied on biological field studies performed by 
Normandeau Associates on behalf of PSNH to provide insight into the most beneficial 
changes to the intake.  Areas of high fish concentrations must be avoided when analyzing a 
modification to the intake location. 

The source water body for Merrimack Station is Hooksett Pool.  Hooksett Pool is a narrow 
stretch of the Merrimack River between Garvins Falls Dam and Hooksett Dam.  It is 
approximately 10 feet deep.  The source water body is fairly homogenous due to its controlled 
water supply, its narrow width, and its shallow depth.  Biological studies have not shown any 
fish concentrations located near the intake.  Therefore, relocating the intake at Merrimack 
Station would not significantly alter the quantity or species of impinged and entrained aquatic 
organisms.   

8.5 Flow Reduction 
This Report assumes, for purposes of performing the evaluation required by EPA, that 
impingement and entrainment abundance is directly proportional to CWIS flow, and that 
therefore, by reducing intake flow, impingement and entrainment can be reduced 
proportionally.  It should be noted that the relationship between impingement and intake flow 
is probably not linear below a certain flow rate.  This is because there is believed to be a 
threshold velocity below which most fish can swim fast enough to avoid being impinged by 
the weak intake flow.  It is generally accepted that impingement is negligible when the 
maximum intake through-screen velocity is below 0.5 feet per second, providing the basis for 
EPA’s conclusion for the Phase II Regulations that reducing through-screen velocity to 0.5 ft/s 
or less is equivalent to reducing impingement mortality by at least 80 to 95%.  At Merrimack 
Station, however, the maximum intake through-screen velocity has not been measured, so 
discussions in this section do not assume any threshold effect on impingement at low flows. 

Based on the average organism densities observed in two years of sampling at Merrimack 
Station (Reference 11.17), weekly impingement and entrainment estimates for each of the 
Station’s two units indicate the approximate periods when flow reductions would provide the 
greatest reduction in entrainment and impingement (see Figures 1a and 1b below and data 
presented in Attachment 6).  The period with the highest impingement estimates was the 
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period of weeks 20-24 at Unit 1 (early May through mid-June) and weeks 23-26 (June) at Unit 
2.  The earlier peak impingement period for Unit 1 compared to Unit 2 could be an artifact of 
high week-to-week variability in observed impingement rates, rather than a consistent seasonal 
difference between the two units.  The general pattern was a period of highest impingement at 
Merrimack Station occurring from early May through the end of June.  Therefore, reductions 
in intake flow rate during early May through the end of June could be expected to provide a 
greater reduction in impingement than the same flow reductions at another time of year. 
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The highest entrainment estimates were also during May and June.  Entrainment of eggs at 
Merrimack Station was inconsequential, with only about 2% as many eggs entrained as larvae.  
This is because eggs of the local freshwater fish species are demersal and adhesive (they sink 
and stick to the bottom), rather than being pelagic (drifting suspended in the water column 
where they would be vulnerable to entrainment).  Entrainment estimates for larvae were 
highest for weeks 19-26 at Unit 1 (May and June) and weeks 22-26 (late May through the end 
of June) at Unit 2.  Therefore reductions in intake flow rate during May and June should 
provide a greater reduction in entrainment than the same flow reduction at another time of 
year. 
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Although providing appreciable biological benefits, the use of flow reductions during warm river 
water months would significantly impact Station operational efficiency.  As previously noted, 
current Station operation utilizes one-speed pumps, which do not offer variable flow control 
beyond the removal from service of one of the two circulating water pumps in the unit to have its 
flow reduced.  Due to this limited ability to restrict flow, additional factors associated with 
removing a pump from service (i.e., Station outage and/or extremely low river water temperature), 
and limited operational data (i.e., data provided is limited to July and August) empirical analysis 
of flow reduction is exceptionally difficult; however, each unit would experience a decrease in 
heat rejection much greater than that experienced under complete closed-loop conversion (see 
Section 6), with the result that the Station’s performance would be unquestionably affected by 
flow reduction. 

The potential for flow reduction via one Unit 2 circulating water pump operation during cold river 
water months and the associated biological benefits are subsequently discussed in Section 8.6.2. 

8.5.1 Variable Speed Pumps 
For this Report, PSNH evaluated adjusting intake flow by replacing the existing circulating 
water pump motors with new single-speed pump motors and variable frequency drives.   

Maintenance 

By reducing flow through the condenser, there is an increased probability of condenser tube 
fouling due to lower flow velocities.  Therefore, the installation of a condenser cleaning 
system would be recommended with any flow reduction technologies.   

Cost 

Variable frequency drives can be very expensive for high voltage motors, but because 
Merrimack Station would utilize low voltage motors, incorporating variable frequency drives 
would add approximately 30% to the price of each single-speed motor.  From Attachment 4, 
the total estimated capital cost for the replacement of the four circulating water pump motors 
(two 300HP, one 600HP, and one 700HP) and accompanying variable frequency drives is 
$1,341,300. 

Biological Benefit 

The biological benefit of replacing the existing single-speed circulating water pumps with 
variable speed pumps (VSPs) would depend on the amount of flow reduction that could be 
attained and the time of year.  In warmer months, thermal discharge limitations contained in 
Merrimack Station’s NPDES permit could limit the use of flow reduction as a means of 
reducing impingement or entrainment more than could any engineering limitations.  Also, the 
benefits of VSPs would not be available at times of scheduled maintenance outages (discussed 
below in Section 8.6.1). 

Attachment 6 presents tables evaluating the potential reduction in impingement and 
entrainment that would be attainable under various flow reduction scenarios for Merrimack 
Station.  Separate tables are provided for impingement and for entrainment, for Unit 1 and for 
Unit 2, and for estimated losses and for adult equivalent losses, in increments of 5% 
reductions in flow.  For example, a hypothetical 50% reduction in flow during December 
through March would result in an annual impingement reduction of 23% at Unit 1 and 5% at 
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Unit 2.  There would not be any entrainment reduction because entrainment only occurs 
during spring and early summer.  (This hypothetical example is provided merely to illustrate 
the utility of the Attachment 6 tables, and is not evaluated here as a potential IM&E reduction 
strategy for Merrimack Station.) 

8.5.2 Two-Speed Pumps 
By replacing the existing circulating water pump motors with two-speed motors, the flow 
could be reduced to 75% flow, 50% flow, and 25% flow.  However, two speed motors for this 
application would cost approximately 70% higher than single speed motors.  In addition, two 
speed motors provide less flow control flexibility than variable speed drives.  For this reason, 
the use of two speed pumps was determined to be a less effective technology and operational 
measure for flow reduction at Merrimack Station than the use of variable speed drives, and 
were not evaluated further. 

8.5.3 Throttling 

PSNH also evaluated reducing circulating water flow by placing a throttling valve on the 
discharge of each of the circulating water pumps.  Such throttling valves would have to be 
specifically designed for long-term throttling conditions, and not susceptible to cavitation or 
flow induced erosion.  Since the circulating water discharge lines leaving the screenhouses are 
buried several feet beneath grade elevation, the valves would need to be placed in a valve pit 
or provided with remote/extended operators.  A control system consisting of a flow element 
and the associated flow-control loop would be required for precise positioning of each of the 
valves. 

Throttling valves and associated valve pits, operators, and automatic flow control systems are 
comparable in initial cost to a variable speed pump for application at Merrimack Station.  
However, throttling valves would provide less flow control flexibility and be more difficult 
and more expensive to maintain.  For these reasons, throttling was determined to be a less 
effective technology and operational measure for flow reduction at Merrimack Station than the 
use of other flow reduction technologies and operational measures evaluated, and was not 
evaluated further. 

8.6 Operational Changes 

8.6.1 Timing of Maintenance Outages 
During a maintenance outage at Merrimack Station, there is no flow entering the CWIS for 
whichever unit is in the outage.  For Unit 1, maintenance outages occur every two years and 
last approximately four weeks.  For Unit 2, maintenance outages occur every year and also last 
approximately four weeks.  The outages are staggered so that both Units are not offline at the 
same time due to power pool demands.  Since there is no flow, there is a 100% reduction in 
impingement and entrainment during outages.  Relocating an outage to the period of highest 
impingement and entrainment would yield the greatest increase in mortality reduction.  

Relocating unit maintenance outages to the seasonal periods of highest total impingement and 
entrainment (discussed in Section 8.5) would yield the greatest increase in estimated total 
annual impingement and entrainment reduction as compared to the other technologies and 
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operational measures that PSNH has evaluated for this Report, other than conversion to 
closed-loop cooling.  Based on four weeks as the length of a unit outage, the four consecutive 
weeks with the highest impingement estimates were weeks 20-23 at Unit 1 (early May-early 
June) and weeks 23-26 (June) at Unit 2.  Based on that pattern and the assumption that only 
one unit would be in outage at a time, back-to-back outages of the two units during an eight-
week period from early May through early July would provide the greatest reduction in 
impingement mortality. 

The highest entrainment estimates were also observed during May and June.  Entrainment of 
eggs at Merrimack Station was inconsequential, with many fewer eggs entrained than larvae.  
Based on four weeks as the length of a unit outage, entrainment estimates for larvae were 
highest for the consecutive four-week periods of weeks 20-23 at Unit 1 (early May-early June) 
and weeks 22-25 (late May-late June) at Unit 2.  Assuming that only one unit would be in 
outage at a time, back-to-back outages of the two units during the eight-week period from the 
beginning of May through the end of June would provide the highest reduction in entrainment 
compared to any other time of year. 

The theoretical optimal periods for maximizing impingement reductions (early May through 
early July) and entrainment reductions (the beginning of May through the end of June) are 
slightly different.  Because of high natural mortality during the larval and early juvenile 
stages, the total impingement and entrainment estimates are not directly comparable.  The 
relative impact of appropriately scheduled maintenance outages on impingement and 
entrainment reduction can, however, be compared using adult equivalent estimates (presented 
in Attachment 6).  During May and June, equivalent adult estimates for entrainment are about 
200 times the equivalent adult estimates for impingement.  Therefore, the optimal period for 
reducing entrainment (the beginning of May through the end of June) is also the optimal 
period for minimizing the combined effect of impingement and entrainment.  The overall 
optimal scenario would be a May Unit 1 outage and a June Unit 2 outage, under which 
impingement mortality could be reduced 10%, entrainment could be reduced 43%, and the 
combined impact of impingement and entrainment, estimated on the basis of equivalent adults 
could be reduced by approximately 42% compared to 100% operation (Attachment 6).   

However, due to operational constraints and power pool demands, the latest that Merrimack 
Station could schedule the end of a spring outage is mid-June.  Therefore, PSNH evaluated 
how most effectively to use a maintenance outage at the Station before mid-June to reduce 
impingement and entrainment.  Unit 2 outages are more frequent than Unit 1 outages 
(occurring every year rather than every other year), and Unit 2 has a higher intake flow than 
Unit 1.  As a result, the impingement and entrainment reduction potential for a Unit 2 
maintenance outage generally is greater than the impingement and entrainment reduction 
potential for a Unit 1 maintenance outage, and could be maximized by scheduling Unit 2 
outages to occur during the peak impingement and entrainment season of May-June.  To 
evaluate the impingement and entrainment potential for Unit 2 maintenance outages, the 
outages were assumed to end on 15 June of each year.  The average length of Unit 2 outages is 
33.6 days (they last four weeks in four consecutive years and are eight weeks long every fifth 
year).  Assuming that 18.6 days of the outages fall in May, on average, Unit 2 outages would 
have the potential to reduce estimated total annual impingement at Merrimack Station by 41% 
and estimated total annual entrainment by 40%. 
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Because spring outages are not scheduled any later than mid-June, and also because back-to-
back outages are impractical, Unit 1 outages would not be able to take advantage of the May-
June season of high impingement and entrainment.  Therefore, Unit 1 outages were assumed 
to occur in the fall during alternate years.  Duration is four weeks for two consecutive outages 
and eight weeks for the next one, for an average of 18.67 days per year.  Assuming these 
outages to fall in October, the Unit 1 outages would have the potential to reduce impingement 
by 5%.  There would be no entrainment reduction potential for October outages because 
entrainment is negligible at that time of year. 

Cost 

The cost of delaying a 33-day Unit 2 outage one month from mid-May through mid-June each 
year would cost approximately $127,000 annually.  It must also be noted that the proposed 
outage shift is subject to ISO-NE approval. 

Biological Benefit 

Rescheduling Unit 2 outages would have the potential to reduce estimated total annual 
impingement at Merrimack Station by 51.1% and estimated total annual entrainment by 27.3% 
(annual reductions assume outage rescheduling in combination with an upgraded fish handling 
system). 

8.6.2 One-pump Circulating Water Operation (Unit 2 Only) 
One Unit 2 circulating water pump operates at approximately 70,000 gpm (100.8 MGD, 156 
cfs), so one-pump operation reduces the Station total intake flow by 70,000 gpm.  As discussed 
in Section 5.4.2, the Station currently operates with only one Unit 2 circulating water pump for 
a short period each winter for deicing purposes.  This period of one-pump operation could be 
extended to last from December 15th through March 15th each year with minimal operational 
losses and significant biological benefits relative to impingement reduction. 

Cost 

One-pump circulating water operation for Unit 2 from December 15th through March 15th each 
year would cost approximately $75,000 annually.  This cost would primarily be from the 
increased condenser tube fouling due to lower flow velocities, and the more frequently 
required condenser tube cleaning.  There would also be some slight loss of operational 
efficiency,  which is conservatively omitted from this cost assessment. 

Biological Benefit 

One-pump circulating water operation (Unit 2 only) from December 15th through March 15th 
each year would have the potential to reduce estimated total annual impingement at 
Merrimack Station by 53% with no corresponding reduction in entrainment (annual reductions 
assume one-pump circulating water operation in combination with an upgraded fish handling 
system). 
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9 Comparison of Alternatives Considered 

9.1 Comparative Matrix  

The following comparative matrix identifies the various technologies and operational measures 
that PSNH evaluated for CWA § 316(b) compliance enhancements at Merrimack Station as 
required by EPA in the § 308 Letter.  The matrix provides the estimated total costs and biological 
(i.e., IM&E reduction) effectiveness of each technology and operational measure, and ranks the 
technologies and operational measures by their biological cost effectiveness. 
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Comparative Matrix of Technologies or Operational Measures Utilized for CWA 316b Compliance  
(Note 1) 

Cost Biological Effectiveness 
(% Reduction from Baseline) 

Technology or Operational Measure 

Initial Annual Impingement Entrainment 

Biological Cost 
Effectiveness 

Ranking 

(High/Med/Low) 

Comments 

Cooling Towers 

1. Conversion to Closed Loop Cooling (Both Units) $67,980,500 $6,505,800 95.0 96.1 Low Annual costs = Op efficiency loss, parasitic loss, O&M, and water treatment. 
Will result in increased air emissions as discussed in Section 6.3.5.4. 

2. Conversion to Closed Loop Cooling (Unit 1 Only) $24,654,500 $1,220,500 84.6 68.6 Low Annual costs = Op efficiency loss, parasitic loss, O&M, and water treatment. 
% Reductions are based on the Recommend BPJ options being effected to Unit 2. 
Will result in increased air emissions as discussed in Section 6.3.5.4. 

3. Conversion to Closed Loop Cooling (Unit 2 Only) $48,985,400 $5,353,000 74.9 70.6 Low Annual costs = Op efficiency loss, parasitic loss, O&M, and water treatment. 
% Reductions are based on the Recommend BPJ options being effected to Unit 1. 
Will result in increased air emissions as discussed in Section 6.3.5.4. 

Coarse Mesh Screening Technologies 

4. Ristroph thru-flow traveling screens w/  fish return $1,357,700 Note 2 55.4 0.0 Medium Annual costs= O&M costs.   

5. Ristroph  dual-flow traveling screens w/  fish return Note 4 Note 4 NA NA NA Annual costs= O&M costs.   

6. MultiDisc® type screens w/  fish return $2,270,800 Note 3 64.2 0.0 Medium Annual costs= O&M costs. 

7. “WIP”  type screens w/  fish return $2,065,300 Note 3 65.9 0.0 Medium Annual costs= O&M costs. 

8. Wedgewire screens Note 4 Note 4 NA NA NA Infeasible due to frazil ice and intrusiveness to river waterway 

Fine Mesh Screening Technologies 

9. Wedgewire screens Note 4 Note 4 NA NA NA Infeasible due to frazil ice and intrusiveness to river waterway 

Fish Return Systems 

10. Fish return system (w/ continuous operation of existing 
traveling screens for 9 months) 

$335,100 $60,000 47.5 0.0 High Assumes continuous traveling screen operation 

Variable Speed Pumps 

11. New circulating water pump motors and VFDs $1,341,300 Note 2 See Comments See Comments Low Not feasible for U1, similar benefit can be attained on Unit 2 w/ 1 pump operation 

12. Two-speed circulating water pump motors $1,441,800 Note 2 See Comments See Comments Low More costly than variable speed, and less flexible operating parameters 

Deterrence Systems 

13. Acoustic Fish Deterrence System $1,330,000 $70,000 Note 5 Note 5 Low Annual costs= O&M costs 

Operational Measures 

14. Timing of maintenance outages (Unit 2 only) NA $127,000 51.1 27.3 High Note that the proposed outage shift is subject to ISO-NE approval 

15. One-pump circulating water operation (Unit 2 only) NA $75,000 53.0 0.0 High Based on December 15th through March 15th Unit 2 one-pump operation 

 Notes: 1. Only technologies or operational measures initially deemed feasible are listed in this matrix 
   2. Annual maintenance and/or operational cost not appreciably higher than existing component(s) 
   3. Annual maintenance and/or operational cost slightly lower than existing component(s) due to increased access to system components 
   4. Component(s) determined to be infeasible for implementation at Merrimack Station 
   5. Unlikely to be a demonstrated benefit 
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9.2 Best Technology Available for Minimizing AEI from Merrimack Station 
CWISs under CWA § 316(b) 

The following discussion reviews the technologies and operational measures that PSNH evaluated, 
as required by EPA in the § 308 Letter, to determine the “best technology available” (BTA) for 
minimizing AEI from Merrimack Station’s CWISs under CWA § 316(b).  It then identifies the 
combination of technologies and operational measures that the engineering evaluation presented in 
this Report and the biological data from the Station’s monitoring programs support as constituting 
BTA for the Station’s CWISs under § 316(b). 

Existing CWIS Technologies and Operational Measures (refer to Section 5) 

Existing operational flow reductions at Merrimack Station occurring due to maintenance 
outages (Section 5.4.1), Unit 2 single pump operation (Section 5.4.2), and de-icing 
recirculation flow (Section 5.4.3) result in a combined annual flow reduction from a full flow 
baseline of 6.3% at Unit 1 and 9.0% at Unit 2.  However, by far the greatest overall existing 
flow reductions for the Unit 1 and Unit 2 CWIS comes from the loss of intake pumping 
efficiency due to head loss from design full pond elevation as Hooksett Pool water levels 
change daily due to hydropower operation of the Garvins Falls (upstream) and Hooksett 
(downstream) hydroelectric stations.  Head loss alone accounts for a 22.9% intake flow 
reduction for Unit 1 and a 14.5% intake flow reduction for Unit 2.  When the actual 
operational flow reductions during the June 2005 through June 2007 entrainment and 
impingement studies are weighted by the monthly abundance of impingement and entrainment 
and compared to the design flows, an overall annual reduction of adult equivalent losses of 
17% for entrainment and 22% for impingement is attributable to the Station’s existing 
operational flow reductions. 

Conversion to Closed Loop Cooling (refer to Sections 6 and 7) 
Converting one or both units at Merrimack Station to closed-loop cooling would provide 
reductions in entrainment and impingement proportional to the River intake flow reduction 
attained by such a conversion.  In particular, retrofitting closed-loop cooling at both units 
would be expected to reduce estimated total intake flow at the Station by approximately 95%, 
meaning that full conversion to closed-loop cooling could have the greatest degree of 
biological effectiveness (i.e., impingement and/or entrainment reduction impact) of any of the 
technologies or operational measures identified and evaluated in this Report. 

However, the estimated costs of converting Merrimack Station to closed-loop cooling 
(including initial capital costs, ongoing annual operational and maintenance costs, and the 
costs associated with the resultant adverse electric system (i.e., ISO-NE) and air quality 
impacts of such a conversion) would be the highest, by a very significant margin, of all the 
technologies and operational measures evaluated.  More importantly, because the overall 
number of fish (i.e., of all resident and migratory species observed in Hooksett Pool, at all life 
stages) impinged or entrained by the Station’s CWISs is so extremely low, the costs of 
converting Merrimack Station to closed-loop cooling would be wholly disproportionate to any 
environmental benefits (i.e., reductions in impingement and entrainment) that might be gained 
by the conversion.  In addition, and for the same reason, retrofitting closed-loop cooling at one 
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or both units at the Station would not be cost-effective, because other technologies and 
operational measures evaluated in this Report would provide a qualitatively similar degree of 
protection from impingement and entrainment to these resident and migratory species, 
including the RIS populations, at a much lower total cost than the total cost of conversion to 
closed-loop cooling.  Additionally, closed-loop operation of the Station would generate more 
stack emissions and material waste per net unit of electricity generated than the Station’s 
current cooling water system.   

Coarse Mesh Screening Technologies (refer to Section 8.1) 
Replacement coarse mesh traveling screens with impingement reduction features, as well as 
other coarse mesh screening technologies, were found to provide incremental impingement 
reduction benefits over the existing traveling screens when evaluated based on continuous 
operation and coupled with an optimized fish return system.  The best coarse mesh traveling 
screen evaluated, when operated continuously and coupled with an optimized fish return 
system, would result in a 55.4% reduction in impingement mortality.   

Given the relatively slight improvement in impingement reduction that upgraded coarse mesh 
traveling screens would provide over the existing screens, this Report concludes that the total 
costs of their implementation at Merrimack Station would be wholly disproportionate to any 
environmental benefits that might be gained.  In addition, this Report concludes that upgraded 
coarse mesh traveling screens would not be cost-effective, because other technologies and 
operational measures evaluated in this Report would provide a similar degree of protection 
from impingement and entrainment to all life stages of resident and migratory species in 
Hooksett Pool at a lower total cost than the total cost of upgraded coarse mesh traveling 
screens. 

Fine Mesh Screening Technologies (refer to Section 8.2) 
Fine mesh screening technologies were determined to be infeasible for Merrimack Station 
application due to the required significant increase in size over the current traveling screens.  
To accommodate fine mesh traveling screens the existing CWISs would have to be totally 
replaced with new, significantly larger intake structures. 

Fish Return Systems (refer to Section 8.1) 
The existing fish return system at Merrimack Station was found to be largely ineffective.  
Replacing the existing system with an optimized fish return system would provide significant 
improvements in impingement mortality.  As stated previously, the estimated reduction in 
impingement mortality for the existing traveling screens when coupled with a new optimized 
fish return system is 47.5%. 

The total costs associated with upgrading to an optimized fish return system are among the 
lowest for the technologies and operational measures evaluated in this Report, and the 
biological benefits of upgrading to such a system are comparatively significant.  Therefore, 
this Report concludes that the total costs of replacing the existing fish return system with an 
optimized system would be at least proportionate to, if not less than, the environmental 
benefits that would be gained.  In addition, this Report concludes that replacing the existing 
fish return system with an optimized system would be cost-effective, because an upgraded fish 
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return system, in combination with certain operational measures (as discussed below), would 
provide a similar degree of protection from impingement and entrainment to the resident and 
migratory species in Hooksett Pool at a lower total cost than other technologies and 
operational measures evaluated in this Report. 

Variable Speed Pumps (refer to Section 8.5) 
Because of Unit 1 operating limitations, significant flow reductions could not be tolerated, 
even in winter months when the River water temperatures are low.  Unit 2, however, could 
sustain appreciable flow reductions during periods when the River water temperatures are low.  
However, similar benefits to the flow reductions attained by variable speed pumps can be 
attained by operational measures.  For this reason, this Report concludes that the total costs of 
replacing the existing circulating water pump motors with new single-speed pump motors and 
variable frequency drives would be wholly disproportionate to any environmental benefits that 
might be gained.  In addition, this Report concludes that replacing the existing circulating 
water pump motors with new single-speed pump motors and variable frequency drives would 
not be cost-effective, because other technologies and operational measures evaluated in this 
Report would provide a similar degree of protection from impingement and entrainment to all 
life stages of resident and migratory species in Hooksett Pool at a lower total cost. 

Deterrence Systems (refer to Section 8.3) 
Based on this Report’s conclusion that the potential biological effectiveness of an acoustic fish 
deterrence system on Merrimack River specific species is uncertain, this Report also 
concludes that at this time, without additional study, the total costs of installing an acoustic 
fish deterrence system at Merrimack Station must be considered wholly disproportionate to 
any environmental benefits that might be gained.  In addition, this Report concludes that 
installing an acoustic fish deterrence system at the Station would not be cost-effective, because 
other technologies and operational measures evaluated in this Report would provide similar 
biological benefits at a lower initial and ongoing cost. 

Operational Measures (refer to Section 8.6) 
Several operational measures to reduce both entrainment and impingement mortality were 
evaluated for Merrimack Station.  Each provides definite biological benefits and can be 
effected without major operational impacts or disproportionately high costs. 

o Continuous operation of the Unit 1 and Unit 2 traveling screens from April through 
December with an optimized fish return system, which alone would provide an estimated 
associated Station impingement mortality reduction of 47.5%. 

o One-pump reduced flow operation for Unit 2 from December 15th through March 15th in 
conjunction with an optimized fish return system, which in combination with an 
upgraded fish return system would provide an estimated associated impingement 
reduction of 53% for Merrimack Station. 

o Scheduling of the Unit 2 maintenance outages in periods of high impingement and 
entrainment during early summer (ending on June 15th), which in combination with an 
upgraded fish return system would provide an estimated associated impingement 
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reduction of 51% and an estimated associated entrainment reduction of 27.3%, compared 
with design flow. 

Best Technology Available for Minimizing AEI from Merrimack Station CWISs under 
CWA § 316(b) 

Based on the engineering evaluation presented in this Report (as summarized in the comparative 
matrix provided in Section 9.1 and the preceding discussion) and the biological data from the 
Station’s monitoring program, the following combination of technologies and operational 
measures constitutes BTA for Merrimack Station: 

• Upgraded fish return systems for both Unit 1 and Unit 2 

• Continuous operation of the Unit 1 and Unit 2 traveling screens from April through 
December. 

• One-pump reduced flow operation for Unit 2 from December 15th through March15th. 

• Scheduling of Unit 2 maintenance outages to coincide with periods of high impingement 
and entrainment during early summer (ending June 15th) at Unit 2. 

The cumulative reductions in impingement and entrainment for each unit following 
implementation of these recommended improvements to Merrimack Station’s existing CWIS 
technologies and operational measures, as compared to the Merrimack Station baseline, is as 
follows: 

For Unit 1, estimated total annual entrainment reduction is 19%, and estimated total annual 
impingement reduction is 60% 

For Unit 2, estimated total annual entrainment reduction is 51%, and estimated total annual 
impingement reduction is 72% 

10 Evaluation of River Temperature Differential Reduction Technologies 
As EPA directed in the § 308 Letter, this section evaluates the retrofitting of a mechanical draft 
cooling tower at Merrimack Station for use in a ‘helper tower’ or ‘chiller’ configuration to contribute 
to reducing thermal discharges.  PSNH notes that data from biological and thermal studies performed 
at Merrimack Station over the past forty years demonstrate that the Station’s thermal discharge into 
Hooksett Pool has not caused any prior appreciable harm to the BIP and will not cause appreciable 
harm to the BIP in the future assuming the continuation of Station operations at their current level.  
EPA directed in the § 308 Letter that PSNH identify and evaluate means by which Merrimack Station 
could attain and maintain a maximum ambient temperature differential of 5°F in Hooksett Pool (i.e., 
between Station N10, which is above the Station’s thermal discharge point, and Station S4, which 
below that discharge point).   

The requested evaluation is performed in the subsequent sections, however, the appropriateness of the 
downstream Station S4 sampling location must be questioned.  Per Reference 11.15, "Monitoring 
Station S-4 (downstream from the cooling canal discharge) is frequently and variably stratified during 
the open water period and therefore is not consistently representative of in-river water temperatures 
experienced by the BIP in lower Hooksett Pool.  Thermal stratification at Monitoring Station S-4 
varies daily, and even within the day, as river flow changes due to upstream hydroelectric generation, 
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atmospheric heating and cooling of the surface water, and the Station's thermal discharge.  Daytime 
stratification places the warmest portion of the Station's thermal discharge near the River surface 
where it receives additional heating from solar input (Normandeau 1996).  Temperature monitoring 
during May-June and September-October of 1995 (Normandeau 1996) confirms the observed strong 
horizontal and vertical thermal stratification at Monitoring Station S-4. 
However, since most of the fish in Hooksett Pool orient towards the river bottom habitat, the surface 
water temperatures observed at Monitoring Station S-4 do not measure the thermal conditions 
experienced by the Station's RIS (Normandeau 2007)." 

10.1 Closed-Loop Cooling Assessment 
EPA directed in the § 308 Letter that PSNH identify and evaluate means by which Merrimack 
Station could attain and maintain a maximum ambient temperature differential of 5°F in Hooksett 
Pool (i.e., between Station N10, which is above the Station’s thermal discharge point, and Station 
S4, which below that discharge point).  Therefore, this Report analyzes whether converting either 
Unit 1 or Unit 2 to closed-loop operation would facilitate the attainment of this specified 
maximum ambient temperature differential.  Complete closed-loop conversion, as described in 
Section 6, would effectively eliminate all thermal discharge to the Merrimack River and is 
therefore assumed to represent a complete thermal reduction (i.e., river water temperature 
unaltered by Station operation).  The following individual closed-loop unit conversion thermal 
analysis was conducted using Station operational data, meteorological records, and ambient river 
measurements in order to historically predict the occurrence interval in attainment of the evaluated 
temperature differential scenario. 

10.1.1 Closed-Loop Conversion of Unit 1 
If only Unit 1 were converted to closed-loop operation, the thermal discharge from Unit 2 
would be rejected unaltered from current Station operation (discussed in detail in Section 
3.4.3.1), but Unit 1’s 48,000 gpm of discharge heated by operation at 120 MWe would be 
recirculated and thus not discharged to the Merrimack River.  Under this scenario, the ambient 
river water temperature at Station S0 would be calculated as a function of the electrical output 
of Unit 2, Station N10 river water temperature, and dry bulb temperature.  In turn, the Station 
S4 river water temperature would be calculated as a function of Station S0 river water 
temperature, Station N10 river water temperature, dry bulb temperature, and river water flow 
rate.  The resulting relationship between ambient environmental and operational conditions 
and the resulting Station S4 river water temperature would be determined primarily by river 
water flow rate, whereby a low flow condition would effectively create a stagnant heat 
reservoir in which the Station’s thermal discharge would be the principal temperature driver.   
 
For this Report, the defining operational condition (Unit 1 closed-loop, Unit 2 full power) was 
input over five years of meteorological data and river water temperatures for comparison 
against 21 years of daily average measured river flow rate values.  The resulting analysis 
yields a bounding percentage of hours in which the 5°F Station N10-Station S4 temperature 
differential could be attained (i.e., the percentage of time when the 21-year daily minimum 
flow rate attains the 5°F temperature differential).  
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Merrimack Station Current PSM and Discharge Canal Performance 
Unit 1 Closed-Loop - Unit 2 Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Hours Attaining 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 8.4% N/A2 N/A2 N/A2 100.0% 35.0% 
April 44.9% 15.3% 56.3% 63.3% 80.4% 56.3% 
May 16.1% 18.3% 40.4% 19.5% 31.5% 25.1% 
June 2.7% 0.0% 0.0% 2.7% 3.3% 1.7% 
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
November 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
December N/A2 N/A2 N/A2 0.0% 0.0% 0.0% 
Measured 

Attainment3 8.8% 3.4% 10.9% 9.7% 14.0% 9.5% 
Annual 

Attainment4 44.5% 43.1% 46.0% 40.9% 38.7% 42.6% 
1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the 
number of hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 
As shown in the table above, the greatest percentage of hours in which the 5°F Station N10-
Station S4 temperature differential could be attained occurs from March through May; 
however, even in these months there is significant percentage of historical occurrences beyond 
the evaluated temperature differential.  Overall, conversion of Unit 1 to closed-loop operation 
would not greatly impact the Station’s current thermal discharge performance. 

10.1.2 Closed-Loop Conversion of Unit 2 
Similar to the analysis conducted on Unit 1, conversion of Unit 2 to closed-loop operation 
would allow the thermal discharge from Unit 1 to remain unaltered from current Station 
operation (discussed in detail in Section 3.4.3.1), while closed-loop conversion of Unit 2 
would remove 130,000 gpm of discharge heated by operation at 350 MWe from the 
Merrimack River.  Likewise, under this scenario, the Station S4 river water temperature would 
be calculated as a function of the electrical output of Unit 1, Station N10 river water 
temperature, dry bulb temperature, and river water flow rate.   
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For this Report, the resulting operational condition (Unit 1 full power, Unit 2 closed-loop) was 
input over five years of meteorological data and river water temperatures for comparison 
against 21 years of daily average measured river flow rate values.  The resulting analysis 
yields a bounding percentage of hours in which the 5°F Station N10-Station S4 temperature 
differential could be attained.  

Merrimack Station Current PSM and Discharge Canal Performance 
Unit 1 Full Power - Unit 2 Closed-Loop 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
Percentage of Hours Attaining 5°F Temp. Differential Scenario 

Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

August 95.6% 96.9% 96.1% 96.0% 93.5% 95.6% 
September 96.6% 96.7% 96.8% 96.7% 96.7% 96.7% 

October 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0% 

Measured Attainment3 98.9% 99.1% 99.0% 99.0% 98.8% 99.0% 
Annual Attainment4 99.3% 99.5% 99.4% 99.4% 99.2% 99.4% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 
Unlike the thermal performance attributable to Unit 1 closed-loop conversion, modification of 
Unit 2 to closed-loop operation would result in nearly complete attainment of the 5°F Station 
N10-Station S4 temperature differential.  Extremely rare conditions occurring in August and 
September would result in minor occurrences outside this temperature differential; however, 
these conditions would be unlikely to occur with any frequency.  With respect to attaining the 
5°F Station N10-Station S4 temperature differential, conversion of Unit 2 to closed-loop 
operation represents an alternative that would attain similar results as the conversion of both 
units. 
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10.2 Thermal Discharge Cooling Tower 

10.2.1 Conceptual Design 
While converting a power plant designed to operate with a once-through cooling system to 
closed-loop cooling is largely unprecedented, the use of cooling towers to reduce the thermal 
loading in a plant’s discharge is commonplace.  Since a cooling tower is used only to cool the 
discharge, the impact on the rest of the Station is minimized, and the complexity of the 
installation is greatly reduced. 

In the § 308 Letter, EPA directed PSNH to evaluate the use of cooling towers to reduce 
Merrimack Station’s thermal discharge to Hooksett Pool.  The optimum cooling tower design 
for cooling the discharge canal flow to attain the 5°F Station N10-Station S4 temperature 
differential is considerably different from that for a cooling tower designed to accommodate 
conversion of the Station to closed-cycle cooling.  Whereas a cooling tower designed to 
support conversion to closed-cycle cooling would have to have a very close approach to wet 
bulb, to minimize Station operational impacts, one designed for cooling of the discharge flow 
would only have to cool the discharge flow as required to attain the specified downstream 
river mix temperatures. 

Extensive local meteorological data, river flow data, and Station operational data were 
reviewed to determine the appropriate design conditions for a discharge canal cooling tower 
capable of maintaining the temperature differential scenario to be attained, i.e., a maximum 
upstream to downstream temperature differential of 5°F, as measured at the upstream Station 
N10 and downstream Station S4 sampling locations.  The initial river flow, cooling tower 
flow, and cooling load requirements were provided to SPX Cooling Technologies for selection 
of the optimum tower for the Merrimack Station application. 

The tower originally evaluated by SPX was an 8-cell, back-to-back configuration FRP cooling 
tower with an ~ 13°F approach to wet bulb (Attachment 1, pages 7-18).  The evaluated tower 
utilized a relatively high efficiency film fill.  The capacity of the tower would be adequate for 
cooling load conditions for > 90% of the conditions evaluated based on the previous five years 
of data.  However, for extreme low river flow conditions, the evaluated 8-cell tower could not 
handle the associated cooling load.  For this reason, the tower ultimately evaluated for the 
Merrimack Station application was a 10-cell tower, more capable of attaining the EPA-
specified 5°F Station N10-Station S4 temperature differential even at low river flow 
conditions. 

Additionally, the configuration of the tower evaluated by SPX was changed to a linear FRP 
configuration, to support the addition of plume abatement and noise abatement.  Because of 
the proximity of Merrimack Station to residential areas and public roads, both plume and noise 
abatement are required.  Due to potentially heavy silt water conditions at Merrimack Station, 
the SPX evaluated fill was also changed to one capable of handling high silt loads without 
fouling.  In summation, the discharge canal cooling tower evaluated for Merrimack Station is 
the following: 

• 10-cell FRP linear configuration 
• 13°F approach to wet bulb 
• ~178,000 gpm flow capacity (U1 & U2 combined)  
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• Plume abated 
• Noise abated 
• Low-clog film fill (SPX AAFNCS, “Cleanflow”) 

The site layout for the discharge canal cooling tower, in the configuration noted above, is 
provided in Attachment 2, Sketch PSNH001-SK-005.  Three of the ten cells are dedicated for 
Unit 1, and the remaining seven cells are dedicated for Unit 2. 

10.2.1.1 Major Components 

Pumping Station 
Similar to the closed-loop conversion configuration, a cooling tower on the discharge canal 
would require a booster pumping station. Whereas the existing once-through configuration 
requires only enough pumping head (pressure) to overcome flow losses in passing water from 
the River through the condenser and returning to the River, a discharge canal cooling tower 
would require increased pump head to pump the circulating water up to the elevated cooling 
tower spray headers, and overcome the significant internal flow losses of the cooling  tower.  
The new booster pumps would be expected to be required to produce approximately 36-38 feet 
of head.  Single speed/flow rate pumps would be adequate and appropriate for this 
configuration.  Attachment 1, Section 2, contains reference information on the evaluated new 
pumps (which are the same pumps that would be required for the closed-loop conversion). 

The discharge canal cooling towers and the booster pumps would represent additional 
electrical loads.  Preliminary data for the cooling tower indicates that (10) 200 HP fans would 
be in-service.  A new substation, fed directly from the switchyard, would be required to supply 
electrical power to the tower and the new booster pumping station.  The new booster pumps 
would require an estimated 360 HP each (single speed) for Unit 1, and 1469 HP each (single 
speed) for Unit 2. 

Primary Circulating Water Pipe 
As noted above, a new ‘booster’ pumping station would be required on the discharge side of 
the condenser to increase the circulating water system pumping head adequately for it to rise 
up to and pass through the cooling tower.  This would require new runs of circulating water 
piping from the booster pumping station, located where the current discharge piping enters the 
cooling canal, to the cooling tower located on the island south of the Station, and then gravity 
flowing from the tower basins into the discharge canal via spargers that would encourage 
mixing within the discharge canal.   

The Unit 1 cooling tower supply would be ~54 inch diameter, AWWA specification, concrete-
lined steel piping, and the Unit 2 cooling tower supply piping would be ~84 in. diameter 
AWWA specification, concrete-lined steel piping.  These piping runs would be manifolded at 
the tower to supply each tower cell individually. 
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10.2.1.2 Site Layout for Conversion 
Refer to Attachment 2, Sketch PSNH001-SK-005, for a simplified site layout of the evaluated 
10-cell discharge canal cooling tower configuration. 

Cooling Tower Location(s) 
Refer to Attachment 2, Sketch PSNH001-SK-005, for a simplified site layout of the evaluated 
10-cell discharge canal cooling tower configuration. 

Cooling Tower Location(s) 
The location for the Merrimack Station discharge canal cooling tower would be south of the 
Station on the island created by the discharge canal. This location would provide the necessary 
space and be relatively close to the Station, minimizing the required length of circulating 
water piping and associated pumping losses, and would require minimal earthwork to be 
suitable for the tower erection.  The proximity of the island to the discharge canal would 
ensure that a minimal length of discharge piping to the canal spargers would be required. 

Associated electrical power supply modifications are shown on Sketch PSNH001-SK-001.  As 
with the cooling tower required for conversion to closed-loop cooling, a dedicated substation 
would be required for the discharge canal tower.  A pre-fabricated metal building, Attachment 
2, Sketches PSNH001-SK-002 through -004, would be required to house the substation 
transformers, switchgear, and tower control system.  The substation for the tower would have 
to be located as close as practical to the tower to reduce cable runs from the substation to the 
tower. 

Pumping Station Location 
The new booster pumphouse would be located where the circulating water piping discharges 
to the cooling canal as shown on Attachment 2, Sketch PSNH001-SK-005.  The booster 
pumps in the new pumphouse would supply circulating water to the new towers via 54 inch 
diameter, AWWA specification, concrete-lined steel pipes for Unit 1, and 84 inch diameter, 
AWWA specification, concrete-lined steel pipes for Unit 2.  As discussed in Section 10.2.1.1, 
the tower outflow would go to the discharge canal via spargers with the necessary static head 
achieved from the elevation of the cooling tower basin. 

Primary Circulating Water Pipe Routing 
As with the closed-cooling configuration, the large bore AWWA piping to the discharge canal 
cooling tower would be routed from the booster pumping station along the east side of the 
discharge canal to where the existing roadway crosses to the island.  The circulating water 
discharge piping from the Station would cross the canal along the roadway built-up area, and 
then run north-south to supply the manifolds feeding the individual tower cells. 

The circulating water return (cold-water) piping from the cooling tower basin would discharge 
via spargers into the discharge canal.  Refer to Attachment 2,  Sketch PSNH001-SK-005, for 
the evaluated circulating water piping layout. 
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10.2.1.3 Operational Features and Schemes 
To minimize the parasitic losses associated with a discharge canal cooling tower, an 
automated control system would be required.  For the Merrimack Station application, the 
tower would likely operate at maximum capacity (all fans running) during maximum load 
conditions, i.e., high ambient temperatures and low river flows,  to attain discharge canal 
water temperatures required to maintain downstream River temperatures within the evaluated 
temperature differential scenario.   

However, the need to operate all the tower cell fans during low load conditions would be 
totally dependent on ambient and river flow conditions.  A programmable logic control (PLC) 
system would be utilized to reduce tower operating cost (parasitic losses) to a minimum via 
shutdown of fans on unneeded tower cells, while maintaining discharge canal water 
temperatures as near as possible to that required to achieve downstream River temperatures 
within the evaluated temperature differential scenario. 

10.2.2 Evaluated Thermal Discharge Temperature Differential Impacts 
Similar to the thermal discharge analysis required for the single unit closed-loop conversion, it 
is necessary to calculate the expected percentage of hours a thermal discharge cooling tower 
could attain the 5°F Station N10 - Station S4 temperature differential.  Unlike the previous 
single unit conversion analysis, empirical functions modeling Station performance based on 
operational and environmental conditions must be enhanced to include the cooling tower 
performance over the entire range of conditions and exclude the cooling performance 
attributable to PSM operation.  Additionally, thermal discharge towers of varying sizes must 
be compared to ensure the appropriate tower design is chosen for the Station’s specific 
conditions.  

As previously noted, cooling tower performance is measured by its approach to wet-bulb 
temperature; however, this approach to wet bulb is not constant throughout all environmental 
and operational conditions.  Expected cooling tower operational values were provided by SPX 
Cooling Technologies and used to model the performance of both 10-cell and 14-cell cooling 
towers.  Furthermore, as circulating water discharge temperature is strongly correlated with 
Station N10 river water temperature when the Station is at full power, PSM system operation 
was excluded by inputting circulating water discharge temperature into the thermal discharge 
tower model and conservatively assuming that the cooling tower discharge temperature was 
equal to Station S0 river water temperature. 

10.2.2.1 10-Cell Thermal Discharge Cooling Tower Assessment 
As described above, analysis of the 10-cell thermal discharge cooling tower utilized Station 
N10 river water temperature, Station electrical output, and SPX provided cooling tower 
performance to calculate the Station S0 river water temperature.  In turn, the Station S4 river 
water temperature was calculated as a function of Station S0 river water temperature, Station 
N10 river water temperature, dry bulb temperature, and river water flow rate.  Similar to the 
single unit closed-loop conversion assessment, the resulting relationship between ambient 
environmental and operational conditions and the resulting Station S4 river water temperature 
was determined primarily by river water flow rate.  As such, five years of meteorological data 
and river water temperatures were compared against 21 years of daily average measured river 
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flow rate values to yield a bounding percentage of hours in which the 5°F Station N10-Station 
S4 temperature differential could be attained with implementation of a 10-cell thermal 
discharge cooling tower.  
 

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Hours Attaining 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 80.9% 91.5% 95.8% 79.5% 75.8% 84.7% 
July 57.8% 87.5% 61.6% 70.6% 46.0% 64.7% 

August 65.5% 35.1% 43.8% 61.3% 52.8% 51.7% 
September 22.7% 20.3% 22.5% 27.2% 26.8% 23.9% 

October 34.3% 23.9% 31.6% 35.5% 32.4% 31.5% 
November 55.7% 62.0% 77.1% 60.4% 61.3% 63.3% 
December N/A2 N/A2 N/A2 100.0% 93.1% 93.4% 

Measured Attainment3 66.2% 61.9% 64.1% 66.4% 63.8% 64.5% 
Annual Attainment4 79.4% 77.6% 78.2% 78.0% 74.2% 77.5% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 
Comparison of the 10-cell thermal discharge cooling tower (tabulated above) and the current 
Station performance utilizing PSMs (see Section 3.4.3.1) demonstrates the increased thermal 
discharge performance (i.e., decrease in Station N10-Station S4 temperature differential) with 
implementation of a 10-cell thermal discharge cooling tower; however, even with a 10-cell 
thermal discharge cooling tower in operation there is a risk of exceeding the 5°F Station N10-
Station S4temperature differential from July through November.  

Note:  Since the above tabulation is based on the bounding historical daily flow rates, the % 
attainment of the 5°F Station N10-Station S4 temperature differential is very conservative, i.e., 
each day of the month is considered to be at the lowest historical river flow rate.  For typical 
historical daily flow rates, the % attainment would be appreciably higher and would more 
accurately represent the tower’s anticipated performance in attaining the 5°F Station N10-
Station S4 temperature differential, as demonstrated in Section 10.2.2.4.  
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10.2.2.2 14-Cell Thermal Discharge Cooling Tower Assessment 
A nearly identical analysis was conducted for the 14-cell thermal discharge cooling tower as 
was used to calculate the 10-cell thermal discharge cooling tower performance, with the only 
difference in analysis being the variance in the cooling tower model to account for the 
increased number of cooling tower cells.  The table below lists the bounding percentage of 
hours in which the 5°F Station N10-Station S4 temperature differential could be attained with 
implementation of a 14-cell thermal discharge cooling tower.  
 

Merrimack Station 14-Cell Thermal Discharge Cooling Tower Performance 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Hours Attaining 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 95.2% 98.7% 100.0% 95.7% 94.9% 96.9% 
July 91.7% 100.0% 97.4% 98.7% 96.5% 96.9% 

August 94.5% 78.7% 90.9% 93.5% 93.4% 90.2% 
September 71.7% 64.4% 73.3% 78.6% 73.8% 72.4% 

October 68.1% 60.2% 77.0% 67.8% 74.2% 69.5% 
November 100.0% 88.8% 98.4% 86.8% 87.9% 90.0% 
December N/A2 N/A2 N/A2 100.0% 97.7% 97.8% 

Measured Attainment3 89.2% 85.0% 91.3% 90.1% 90.6% 89.3% 
Annual Attainment4 93.4% 91.2% 94.7% 93.5% 93.3% 93.2% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 
As shown above, there would be increased thermal performance by adding additional tower 
cells, however, some occurrences beyond the evaluated temperature differential scenario in 
September and October remain.  Overall, increasing the size of the thermal discharge cooling 
tower would improve thermal performance, however, the increase in performance does not 
affect the conclusion that a significant percentage of time the Station would exceed the 5°F 
Station N10 – Station S4 temperature differential.  Furthermore, as the tower size is increased 
there is notable diminishing return of thermal performance (i.e., as the total number of cells 
are increased, the performance improvement for each additional cell decreases). 
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Note:  Since the above tabulation is based on the bounding historical daily flow rates, the % 
attainment of the 5°F Station N10-Station S4 temperature differential is very conservative, i.e., 
each day of the month is considered to be at the lowest historical river flow rate.  For typical 
historical daily flow rates, the % attainment would be appreciably higher and would more 
accurately represent the tower’s anticipated performance in attaining the 5°F Station N10-
Station S4 temperature differential, as demonstrated in Section 10.2.2.4. 

10.2.2.3 Thermal Discharge Cooling Tower Theoretical Limit 
Like all wet cooling towers, the thermal discharge cooling tower is limited to a theoretical 5°F 
approach to wet bulb.  To demonstrate both the diminishing return of adding cells to the 
thermal discharge tower and the controlling effect river water flow rate would have on the 
thermal performance, the number of hours in which the 5°F Station N10-Station S4 
temperature differential could be attained utilizing the theoretical cooling tower limit at 
bounding daily river flow rate conditions (i.e., the minimum daily average flow rate recorded 
over 21 years) is tabulated below. 
 
Merrimack Station Theoretical Thermal Discharge Cooling Tower Performance 

Units 1 & 2 - Full Power 
(Historical Daily Minimum Measured River Flow Rate Condition1) 

       
Percentage of Hours Attaining ΔT at Theoretical 5°F Wet-Bulb 

Approach 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 99.3% 100.0% 100.0% 100.0% 100.0% 99.8% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 98.7% 99.9% 100.0% 99.6% 99.7% 99.6% 
July 99.9% 100.0% 100.0% 100.0% 100.0% 100.0% 

August 100.0% 97.4% 100.0% 100.0% 99.9% 99.5% 
September 99.0% 98.8% 99.2% 99.2% 99.4% 99.1% 

October 96.8% 92.3% 99.3% 99.3% 96.6% 96.9% 
November 100.0% 97.5% 100.0% 96.5% 96.1% 97.3% 
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0% 

Measured Attainment3 99.1% 98.1% 99.8% 99.3% 99.0% 99.1% 
Annual Attainment4 99.5% 98.9% 99.9% 99.6% 99.3% 99.4% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 
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Clearly, designing to meet the absolute minimum flow conditions is not only difficult but 
theoretically impossible.  Likewise, increasing the thermal discharge cooling tower size would 
not ensure complete attainment with the evaluated temperature differential scenario under all 
recorded flow conditions.  In general, it is important to define the point at which the 
diminishing return of the increased cooling tower size would preclude implementation.  Per 
the analysis above, a 10-cell thermal discharge cooling tower would provide notably improved 
thermal performance even though not designed for the absolute coincidental environmental 
and operational conditions. 

10.2.2.4 10-Cell Thermal Discharge Cooling Tower Analysis Based on 
Historical Daily Conditions 

Analysis of the 10-cell thermal discharge cooling tower was limited to bounding river flow 
rate conditions in order to define the tower’s operational design; however, to provide a daily 
performance estimate the 10-cell thermal discharge cooling was also analyzed over measured 
coincident river water flow rates and ambient river water and meteorological temperatures. 
The table below provides the number of historical hours in which the 5°F Station N10-Station 
S4 temperature differential could be attained utilizing a 10-cell thermal discharge cooling 
tower. 

 
Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance 

Units 1 & 2 - Full Power 
(Coincident Daily Measured River Flow Rate Condition) 

Percentage of Hours Attaining 5°F Temp. Differential 
Scenario 

Month 2002 2003 2004 Average 

January N/A1 N/A1 N/A1 N/A1 
February N/A1 N/A1 N/A1 N/A1 

March 100.0% N/A1 N/A1 100.0% 
April 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 
June 100.0% 100.0% 100.0% 100.0% 
July 98.1% 100.0% 100.0% 99.4% 

August 90.7% 100.0% 99.7% 96.8% 
September 41.0% 100.0% 100.0% 80.4% 

October 61.8% 100.0% 100.0% 87.2% 
November 72.5% 100.0% 100.0% 96.2% 
December N/A1 N/A1 N/A1 N/A1 

Measured Attainment2 84.5% 100.0% 100.0% 94.7% 
Annual Attainment3 90.6% 100.0% 100.0% 96.8% 

1N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
2Measured attainment calculated by dividing the average hours meeting evaluated scenario by the 
number of hours with recorded data 
3Annual attainment calculated assuming all N/A values are within 5°F temp differential scenario 
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The values tabulated above, in conjunction with the theoretical thermal discharge cooling 
tower values provided in Section 10.2.2.3, provide adequate basis to conclude that a 10-cell 
thermal discharge cooling tower would provide notably improved thermal performance over 
daily historical conditions while not attempting to design for the absolute coincidental 
environmental and operational conditions. 

10.2.3 Economic Estimates 

10.2.3.1 Initial Capital Costs 
The capital cost assessment for the design, procurement, and implementation of a discharge 
canal cooling tower, and all the associated required Station changes including the PLC control 
system, booster pumping station, electrical substation, intake and discharge piping and 
spargers,  would be performed in the same manner described for closed-loop conversion in 
Section 6.2.1. 

Minimizing assumptions, and relying instead on well-developed, detailed conceptual designs, 
greatly increases the accuracy of the ensuing estimates.  Attachment 2 to this Report includes 
some of the conceptual drawings utilized for subsequent construction estimates.  The resulting 
Direct Capital Cost Estimate and Project Schedule represent well thought out approaches with 
a reasonable level of detail in order to generate an accurate capital cost assessment.  

The estimating basis relied less on theoretical national production rates and cost factoring and 
focused more directly toward soliciting the various assets capable of providing real world 
solutions. Vendors were contacted for quotations on the major equipment and material 
components, while established construction cost estimating tools were utilized in developing 
the labor, equipment, and scheduling requirements.  

• RS Means (Factored Construction Cost Data) 

The Means catalogue is one of the nation’s most respected guidelines for estimating 
construction related cost of building. When other resources were unclear or not 
available, Enercon used the typical factored cost per commodity for the portion of 
work. 

• Construction Industry Institute (CII) 

CII focuses on the industrial construction and maintenance contracting industry as a 
trade organization devoted to continuous improvement of the means and methods used 
in construction. Their ideas related to the minimization of field required labor through 
modularization and prefabrication were considered as we built our construction 
strategies and cost estimates were prepared. 

• Engineering News Record (ENR) 

Construction Cost Index, Building Cost Index, Materials Cost Index, which are 
updated monthly, provided some trending analysis with regard to the industry in 
general. 
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Attachment 1 to this Report includes vendor data and budgetary cost estimates for major 
equipment components.  Few allowances were applied and only when time did not permit 
further task development or reasonable vendor contact and quotation.  

Attachment 4 to this Report provides the detailed capital cost assessment for the modification 
of Merrimack Station to include a discharge canal cooling tower. 

From Attachment 4, the total estimated capital cost for the modification of Merrimack Station to 
include a discharge canal cooling tower is $31,973,100. 

10.2.3.2 Costs Due to New Condenser Operating Parameters 
The addition of a discharge canal cooling tower would have no effect on the condenser 
operating parameters, as the Station intake and intake water temperatures would remain 
unchanged by the addition of the discharge canal cooling tower. 

10.2.3.3 Parasitic Losses (Costs) Attributable to New Components 
As with the conversion to closed loop cooling, an estimate of fan and pump horsepower 
requirements for the evaluated cooling towers and new circulating water pumphouses was 
developed in order to estimate total Station parasitic losses due to the modification of 
Merrimack Station to include a discharge canal cooling tower.   

The existing circulating water pumps and the new circulating water booster pumps would be a 
constant load; i.e., there would be no operational variations in power consumption, all pumps 
for each unit would operate at full capacity at all times.  To calculate the total circulating water 
pump load due to the modification of Merrimack Station to include a discharge canal cooling 
tower, the power requirements of the existing pumps are simply added to that of the additional 
booster pumps required for the new configuration. 

Parasitic Electrical Load, Circ Water Pumps Unit 
Existing Circ Water Pumps Additional Booster Pumps 

1 0.42 MW 0.96 MW 

2 1.46 MW 3.65 MW 

Likewise the cooling tower fans would be a constant load; i.e., there would be no operational 
variations in power consumption, all fans for each unit would operate at full capacity at all 
times. This load would represent a corresponding new parasitic loss to the output of each Unit.     

Tower Usage Each Tower = fan MW  

Merrimack Station U1 Usage (MW) = (3) 200 HP fans =        0.45 MW 

Merrimack Station U2 Usage (MW) =  (7) 200 HP fans =     1.04 MW 

Merrimack Station Unit 1 = 0.96 MW New Circ. Water Pumps + 0.45 MW Tower Fans  

Merrimack Station Unit 2 = 3.65 MW New Circ. Water Pumps +1.04 MW Tower Fans  
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Based on the estimated power requirements of the new circulating water booster pumps and 
the cooling tower fans, the estimated total average parasitic losses due to the addition of a 
discharge canal cooling tower is as follows: 

Merrimack Station Unit 1 = 1.41 MW Loss 

Merrimack Station Unit 2 = 4.69 MW Loss 

The corresponding annual cost for the two-unit Station associated with this power loss is 
$3,847,400     Note: Based on market power value of $72 MW 

10.2.3.4 Lost Generating Capacity During Implementation 
Unlike the conversion of the Station to once-through cooling, the addition of a discharge canal 
cooling tower could be implemented with very minimal disruption to Station operation.  There 
would be no changes to the Station intake required, and only the tie-in of the piping to the 
booster pumping station would be required on the Station discharge side.  Electrical tie-ins 
from Station transformers to supply the cooling tower/booster pumping station electrical 
substation would also likely require an outage. 

Merrimack Station currently has the following maintenance outage schedule: 

• Unit 1; 4 wk outage every two years  

• Unit 2; 4 wk outage every year 

As long as the above described tie-ins of the piping to the booster pumping station and the 
electrical substation to Station transformers could be accommodated during a scheduled 
maintenance outage, additional Station down time would not be required to implement the 
discharge canal cooling tower. 

Hence, at the conceptual design stage, there is no identified or assumed loss of generating 
capacity due to the installation of a discharge canal cooling tower and the associated auxiliary 
components and subsystems. 

10.2.3.5 Operational and Maintenance (O&M) Cost 
The O&M costs associated with the addition of a discharge canal cooling tower can be 
approximated by the same methodology utilized to estimate these costs associated with the 
conversion of the Station to closed-loop cooling in Section 6.2.5. 

The booster pumping station would be essentially the same for either the closed-loop 
conversion or the addition of the discharge canal cooling tower.  Hence, the associated 
estimated O&M costs would be the same. 

The discharge canal cooling tower would be smaller, i.e., would have fewer cells and 
operating components, than that required for closed-loop conversion, so the associated O&M 
costs can be estimated simply by scaling down the cost from the closed-loop tower estimate.  
The scaling factor would be approximately 10/14, based on the 10-cell discharge canal cooling 
tower versus the 14 cell closed-loop tower.  Essentially, the O&M costs for the discharge 
canal cooling tower would be the same as estimated for the same-size Unit 2 only closed-loop 
conversion tower in Section 6.2.5. 
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Summary of Additional O&M Annual Cost: 

Years 1-5, (combined $) x (10/14) x (1.30) = $209,400 

  Years 6-15, (combined $) x (10/14) x (1.30) = $302,300 

  Years 16-30, (combined $) x (10/14) x (1.30) = $580,800 

10.2.3.6 Water Treatment Costs 
When a plant is designed for closed-loop cooling via the use of cooling towers, it is cost 
effective to impose a high level of water treatment to ensure high quality water is supplied to 
the towers.  This allows cooling tower designers to utilize a higher-efficiency film-fill without 
fear of fill-fouling.  Using a higher efficiency fill allows a smaller tower size and appreciably 
lower associated initial cooling tower capital cost as well as lower cooling tower operating 
cost. 

Section 6.2.6 details both the required water treatment associated with cooling towers 
operating in a closed-loop configuration, and the associated cost increases from the existing 
level of water treatment. 

However, when a cooling tower is added to a plant discharge canal, little can be done to 
improve water chemistry.  Since Merrimack Station’s canal discharges the full Station cooling 
effluent flow directly to the River, it is assumed that high concentrations of chemicals would 
not be allowed by the NPDES permit.  Therefore, it is further assumed that the current level of 
water treatment, consisting basically of a low-level of biocide injection, would be maintained. 

Cooling tower designers typically account for the lower water quality of discharge canal water 
by utilizing less-efficient low-clog film-fills.  The discharge canal cooling tower evaluated for 
Merrimack Station would have film-fill that would be able to accommodate a moderate level 
of biological contaminants, as well as passing appreciable quantities of silt without fouling or 
suffering a significant loss of efficiency.  This would make the tower somewhat larger and less 
efficient than if it were provided with higher-efficiency fill, but would accommodate the level 
of water treatment assumed to be allowed by the discharge permit. 

As a result of the inherent water treatment limitations imposed on discharge canal cooling 
towers, as described above, there would be no anticipated increase in water treatment costs for 
Merrimack Station associated with the addition of a discharge canal cooling tower. 

10.2.4   Environmental Considerations 
As EPA directed in the §308 Letter, this section identifies, qualifies and quantifies, to the 
extent possible, the environmental impacts of installing a discharge canal cooling tower at 
Merrimack Station.  Considerations and evaluations will include the long term positive and 
negative environmental benefits and impacts. 

http://dictionary.reference.com/search?r=2&q=efficient�
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10.2.4.1 Cooling Tower Plume 
Although the evaluated discharge canal cooling tower would be a plume abated tower, a 
visible plume would still exist during certain environmental conditions. As previously 
discussed in Section 6.3.1, the predominant direction of plume travel would be up or down the 
Merrimack River (north or south). The potential environmental impacts attributed to a cooling 
tower plume can be categorized as visual impact and  physical impact.  

The visual impact of a cooling tower plume would be both aesthetically displeasing and 
hazardous.  When atmospheric conditions are conducive to a visible plume, typically anytime 
during the winter months when the ambient air temperature is below the 27°F ‘plume point’, a 
dense plume would exit from the tower fan discharge shrouds.  Depending upon the wind 
direction, thermal conditions, and other factors, the plume could extend skywards for hundreds 
of feet, or become inverted as a ground-level fog.  Local residences would either view the 
plume intruding high into the sky, or be immersed in a dense fog obscuring their view 
altogether.  Driving on nearby roads and highways could be significantly impacted, with 
visibility and safety severely compromised.   

The potential physical impacts from a tower plume would arise primarily from 1) the moisture 
content, which could cause icing and fogging during winter conditions, 2) the mineral content 
of the entrained moisture  which could damage vegetation, and 3) the heat content, which 
could potentially degrade Station heating, ventilating and air conditioning (HVAC) systems.  
It is important to note that a hybrid tower produces an invisible plume under most conditions, 
however, the plume still exists and creates the above noted physical impacts. 

10.2.4.2 Cooling Tower Noise 
Without the benefit of noise attenuation, mechanical draft cooling towers produce relatively 
high levels of constant noise.  The noise emanating from a cooling tower is due both to the 
cascading water, and to the large mechanical draft fans. 

The hybrid cooling towers evaluated for Merrimack Station would be equipped with sound 
attenuators.  The noise level would be expected to be <30dB(A) at one-half mile distance from 
the tower.  As a point of comparison, this sound level corresponds to the typical late-night 
noise levels in a small town.  The noise standard for many townships is in the range of 45-50 
dB(A), which would be met at approximately 350 feet from the evaluated tower.  Although the 
noise level would increase on the River in close proximity to the Station, adjacent residential 
areas should be mostly unaffected by the noise generated from the cooling tower. 

10.2.4.3 Reduced Intake Flow 
Since the discharge canal cooling tower would not alter the Station intake or any of the 
condenser operating parameters, there would be no change in intake flow rates as a result of 
the cooling tower addition. 
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10.2.4.4 Loss of River Water Due to Evaporation 
As previously noted in Section 6.3.4, cooling towers evaporate large quantities of water which 
are effectively lost from the source water body. In the case of a discharge canal cooling tower 
at Merrimack Station, the estimated daily water loss from the Merrimack River due to 
evaporation would be approximately the same as previously calculated for the conversion to 
closed-loop cooling. See note below 

Note: Although indicated below to be the same as for the closed-loop conversion cooling tower, differences in 
cooling tower fill and overall design could account for slight changes to the quantity of river water loss 
calculated. 

Evaporation Wet Summer can be approximated as Water Flow Total x 0.0167 gpm [Reference 
11.3] 

Unit 1 Water Flow = 59,000 gpm 

E  Wet = 0.0167 x 59,000 gpm = 985 gpm 

Unit 2 Water Flow = 140,000 gpm 

E  Wet = 0.0167 x 140,000 gpm = 2338 gpm 

Total Loss of river water due to evaporation = 3323 gpm, or 4.79 million gallons/day. 

10.2.4.5 Site Aesthetics 
Aesthetics are an important issue at Merrimack Station since it is located on the Merrimack 
River, a recreational use area for many boaters.  Any closed-loop cooling conversion-related 
aesthetic degradation of the area must be considered a negative environmental impact. 

Tower size 
A cooling tower sized for the discharge canal cooling needs of Merrimack Station would be a 
significant structure.  A hybrid mechanical draft tower would be approximately 250 feet in 
length, with a discharge elevation of approximately 65 feet. 

Cooling tower plume 
Although a hybrid, or plume abated, tower would be utilized to reduce the visible plume most 
of the time, a visible plume would occur during the colder periods of the year. The plume 
could potentially extend hundreds of feet into the sky, and travel for up to a few miles 
horizontally. 

Construction of the tower would require permanent modification of the terrain along the shore 
of the Merrimack River 
The cooling tower would be located approximately 200 feet from the bank of the Merrimack 
River, and would have a substantial aesthetic impact.  An area approximately 400 feet in 
length and 150 feet in width would be cleared for the tower.  Views from the Merrimack River 
would be impacted.  The Station is an industrial facility already visible from these vantage 
points, however, the addition of the tower would make the entire facility more visible. 
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The clear-cutting of the trees on the discharge canal island required for construction of the 
tower and to allow maximum airflow to the tower would remove a visual buffer from vantage 
points both up and down river. 

10.3 Discharge Canal / PSM Modifications 

10.3.1 Thermal Impact of Doubling Canal Length and PSMs 
Like cooling towers, PSMs operate primarily on an approach to wet-bulb temperature, 
however, there is a measured degree of thermal performance which may be added by 
increasing the number of PSMs and concurrently lengthening the discharge canal.  The 
thermal performance attributable to doubling both the number of PSMs in the Merrimack 
Station discharge canal and the discharge canal length was evaluated in a manner similar to 
the single unit closed-loop analysis, with PSM performance as the condition where neither unit 
utilizes closed-loop cooling.  The table below shows the bounding percentage of hours in 
which the 5°F Station N10-Station S4 temperature differential could be attained if both the 
number of PSMs in the discharge canal and the discharge canal length were doubled. 
 

Merrimack Station Double PSM and Discharge Canal Performance 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Hours Attaining 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 74.7% N/A2 N/A2 N/A2 100.0% 82.1% 
April 87.8% 86.5% 93.1% 91.0% 97.1% 91.6% 
May 89.7% 96.2% 94.6% 97.0% 96.9% 94.9% 
June 13.2% 14.8% 20.8% 16.4% 15.4% 16.1% 
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
November 0.0% 1.6% 2.2% 3.1% 1.9% 2.1% 
December N/A2 N/A2 N/A2 0.0% 18.0% 17.5% 

Measured Attainment3 27.4% 20.3% 24.6% 24.8% 26.3% 24.8% 
Annual Attainment4 55.8% 53.1% 54.3% 50.8% 47.5% 52.3% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 
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Similar to the results of increasing the thermal discharge cooling tower size, doubling the 
number of PSMs and discharge canal length improves thermal performance, however, the 
conclusion that a significant percentage of time the Station would exceed the 5°F Station N10 
– Station S4 temperature differential remains similar.  Moreover, increasing the number of 
PSMs and lengthening the discharge canal would provide a diminishing level of thermal 
performance.  Overall, current thermal performance of the PSMs is not distinctly improved by 
doubling the PSMs and discharge canal length. 

Note:  Since the above tabulation is based on the bounding historical daily flow rates, the % 
attainment of the 5°F Station N10-Station S4 temperature differential is very conservative, i.e., 
each day of the month is considered to be at the lowest historical river flow rate.  For typical 
historical daily flow rates, the % attainment would be appreciably higher.  

10.4 Effect of Increasing Sampling Frequency on Cost of Attainment 
EPA requested in the § 308 Letter that PSNH identify and evaluate means by which Merrimack 
Station could attain and maintain a maximum ambient temperature differential of 5°F in Hooksett 
Pool (i.e., between Station N10, which is above the Station’s thermal discharge         point, and 
Station S4, which below that discharge point).  However, EPA did not specifically qualify at 
which sampling frequency this temperature differential measurement was to occur.  Therefore, in 
order to identify the relative effect sampling frequency has on the resulting percentage of 
occurrence in which the evaluated temperature differential is attained, the 10-cell thermal 
discharge cooling tower performance was analyzed on 1-hr, 8-hr, and daily average sampling 
frequencies.     

10.4.1 Sampling Frequency Assessment – 10-Cell Thermal Discharge 
Cooling Tower 
The sampling frequency assessment on the 10-cell thermal discharge cooling tower was 
identical to that conducted previously in Section 10.2.2.1, and was simply modified to allow 
evaluation of 1-hr, 8-hr, and daily average time intervals.  Therefore, five years of 
meteorological data and river water temperatures were compared against 21 years of daily 
average measured river flow rate values to yield a bounding percentage of hours in which the 
5°F Station N10-Station S4 temperature differential could be attained utilizing 1-hr, 8-hr, and 
24-hr average sampling frequencies. 
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10-Cell Thermal Discharge Cooling Tower Performance at 1-Hr Sampling Frequency 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Hours Attaining 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 80.9% 91.5% 95.8% 79.5% 75.8% 84.7% 
July 57.8% 87.5% 61.6% 70.6% 46.0% 64.7% 

August 65.5% 35.1% 43.8% 61.3% 52.8% 51.7% 
September 22.7% 20.3% 22.5% 27.2% 26.8% 23.9% 

October 34.3% 23.9% 31.6% 35.5% 32.4% 31.5% 
November 55.7% 62.0% 77.1% 60.4% 61.3% 63.3% 
December N/A2 N/A2 N/A2 100.0% 93.1% 93.4% 

Measured Attainment3 66.2% 61.9% 64.1% 66.4% 63.8% 64.5% 
Annual Attainment4 79.4% 77.6% 78.2% 78.0% 74.2% 77.5% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 
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10-Cell Thermal Discharge Cooling Tower Performance at 8-Hr Sampling Frequency 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of 8-Hr Segments Attaining 5°F Temp. Differential 
Scenario 

Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 82.2% 90.0% 94.4% 79.5% 75.6% 84.4% 
July 58.2% 88.2% 65.6% 71.0% 47.3% 66.1% 

August 68.8% 34.4% 43.0% 61.3% 54.8% 52.5% 
September 18.9% 17.8% 23.3% 26.7% 28.9% 23.1% 

October 35.5% 23.7% 32.3% 35.2% 32.3% 31.7% 
November 52.9% 60.7% 74.5% 62.2% 61.1% 63.0% 
December N/A2 N/A2 N/A2 100.0% 93.2% 93.5% 

Measured Attainment3 66.5% 61.3% 64.7% 66.7% 64.4% 64.8% 
Annual Attainment4 79.5% 77.1% 78.5% 78.1% 74.6% 77.6% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 
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10-Cell Thermal Discharge Cooling Tower Performance at 24-Hr Sampling Frequency 
Units 1 & 2 - Full Power 

(Historical Daily Minimum Measured River Flow Rate Condition1) 
       

Percentage of Days Meeting 5°F Temp. Differential Scenario 
Month 2002 2003 2004 2005 2006 Average 

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 
February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2 

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0% 
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
June 86.7% 93.3% 96.7% 80.0% 80.0% 87.3% 
July 51.6% 90.3% 64.5% 87.1% 41.9% 67.1% 

August 77.4% 35.5% 45.2% 61.3% 58.1% 55.5% 
September 10.0% 13.3% 16.7% 23.3% 20.0% 16.7% 

October 35.5% 25.8% 32.3% 30.0% 29.0% 30.5% 
November 50.0% 57.9% 81.3% 53.3% 60.0% 60.4% 
December N/A2 N/A2 N/A2 100.0% 93.3% 93.8% 

Measured Attainment3 66.1% 62.0% 65.2% 66.7% 63.2% 64.6% 
Annual Attainment4 79.2% 77.4% 78.6% 78.0% 73.7% 77.4% 

1River flow rate conditions based on 21 years of recorded daily averages (1984-2004) 
2N/A values indicates times when Merrimack River data was not recorded due to freezing conditions 
3Measured attainment calculated by dividing the average hours meeting the evaluated scenario by the number of 
hours with recorded data 
4Annual attainment calculated assuming all N/A values are within 5°F temperature differential scenario 

 
 
As shown in the tables above, there is no appreciable difference to the degree of attainment of 
the 5°F Station N10-Station S4 temperature differential by either decreasing or increasing the 
sampling frequency. 
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10.5 Analysis of Bounding N10-S4 Temperature Differential Scenarios 
In addition to directing PSNH to evaluate the “least expensive, cost effective” means by which 
Merrimack Station could attain and maintain a maximum ambient temperature differential of 
5°F in Hooksett Pool, the § 308 Letter required the evaluation of “additional means to achieve 
other ambient temperature differential scenarios between Station N10 and different 
downstream S-Stations in the Hooksett Pool.”  While the empirical analysis done hereto has 
been limited to the discrete river water temperature locations provided, PSNH has also 
evaluated the thermal performance of both the current Station operation (i.e., discharge canal 
cooling via PSMs) and the most effective alternative (i.e., 10-cell thermal discharge cooling 
tower) over a range of river water differential scenarios.  The current PSM operation and the 
10-cell thermal discharge cooling tower operation were analyzed over bounding temperature 
differential scenarios (i.e., between a 0°F temperature differential scenario and 100% thermal 
attainment) at historical daily conditions (see Section 10.2.2.4 for further discussion into 
historical daily condition analysis). 
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As shown in the figures above, based on historical daily river flow rate and ambient 
temperature conditions the Station could attain the EPA-specified 5°F N10-S4 temperature 
differential 66% of the time utilizing current PSM operation and 91% utilizing a 10-cell 
thermal discharge cooling tower.  Additionally, full attainment based on historical daily 
conditions would be met with the current PSM operation at an approximate Station N10-
Station S4 temperature differential of 16°F and with a 10-cell thermal discharge cooling tower 
at an approximate Station N10-Station S4 temperature differential scenario of 7°F. 

10.6 Benefits of Reconfiguring Canal  to Reduce Recirculation 
The current configuration of the discharge canal rejects the Station’s thermal output against the 
Merrimack River’s prevailing current (i.e., the Station’s discharge is directed upstream from 
Station S0).  Reconfiguring the discharge canal could provide increased Station operational 
performance under low river flow rate conditions.  In general, the circulating water output is 
strongly correlated with Station N10 river water temperature and the electrical output of the 
Station, and is normally unaffected by river water flow rate.  As such, the empirical data is 
inconclusive and does not support a canal reconfiguration analysis.  However, the operational data 
used for this analysis is limited (i.e., data provided is limited to the bounding months of July and 
August).  If canal reconfiguration were to occur, specific focus should remain on directing the 
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thermal discharge to coincide with the prevailing current with a river entry point at a maximum 
distance from circulating water suction. 
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Attachment 1, Section 1:  a) SPX/Marley - Closed Cycle Conversion Tower 

1. Case 1 – Proposed cooling tower for closed-loop cooling conversion 

a. Base tower quoted by SPX 

i. 14-cell, 8°F approach, back-to-back configuration, FRP, 200 hp fans, 5.3 ft of 
DF-245 fill 

ii. Cost = $6,950,000 

b. Option 1 – plume abatement 

i. Linear configuration 

ii. Cost = 2x base tower cost, = $6,950,000.00 adder 

c. Option 2 – noise abatement 

i. Water noise abatement cost = base + 15% = $1,042,500 adder 

ii. Low noise fans cost = base + 20% = $1,390,000 adder 

Proposed closed-loop conversion cooling tower total cost w/ all adders, 

Base tower price  = $6,950,000 

+ plume abated  = $6,950,000 

+ water noise abated  = $1,042,500 

+ low noise fans  = $1,390,000 

Total proposed tower cost  = $16,332,500.00
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1. Case 2 – Proposed tower for discharge canal cooling 

d. Base tower quoted by SPX 

i. 8-cell, ~13°F approach, back-to-back configuration, FRP, 200 hp fans, 3 ft of 
DF-254 fill 

ii. Cost = $3,900,000 

e. Size increase for added cooling for extreme low river flow conditions 

i. 2 added cells, 10-cell total 

ii. Cost = original base + 25% = $975,000 adder 

f. Option 1 – plume abated tower 

i. Linear configuration 

ii. Cost = (2) x 10-cell base tower cost, = $4,875,000.00 adder 

g. Option 2 – noise abatement 

i. Water noise abatement cost = 10-cell base + 15% = $731,000 adder 

ii. Low noise fans cost = 10-cell base + 20% = $975,000 adder 

h. Option 3 – low-clog fill 

i. 6.6 ft AANSC low-clog fill 

ii. Cost = 10-cell base + 5% = $244,000 adder 

Proposed discharge canal cooling tower total cost w/ all adders, 

Base tower price = $3,900,000 

+ 2 added cells = $975,000 

+ plume abated = $4,875,000 

+ water noise abated = $731,000 

+ low noise fans = $975,000 

+ low-clog fill = $244,000 

Total proposed tower cost = $11,700,000.00
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Existing Unit 2 Circ Water Pump Curve 
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Attachment 2 – Post-Modification Conceptual Drawings 
 
 

PSNH001-SK-001 – Closed-loop Cooling Conceptual Layout Drawing 
 
PSNH001-SK-002 – Cooling Tower Power & Control Building – Plan View 
 
PSNH001-SK-003 – Cooling Tower Power & Control Building – Section 
 
PSNH001-SK-004 – Cooling Tower – Simplified P&ID 
 
PSNH001-SK-005 – Discharge Canal Cooling Tower 
 
PSNH001-SK-006 – Upgraded Fish Return Trough 
 
PSNH001-SK-007 – Wide-slot Wedgewire Screen Layout 
 
PSNH001-SK-008 – Narrow-slot Wedgewire Screen Layout 
 

 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 2



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 3



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 4



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 5
 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 6



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 7
  



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 8



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 2 

 9
 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 

 

 
 
 
 
 
 

Attachment 3 
 

Closed-Loop Station Performance and Merrimack River Thermal Analysis 

 

Section 1:  Data Recovery Analysis 

Section 2:  Closed-Loop Condenser Performance 

Section 3:  PSM Approach to Wet Bulb Assessment 

Section 4:  PSM Historical Performance 

Section 5:  PSM Performance at Minimum Flow 

Section 6:  10-Cell Thermal Discharge Cooling Tower Historical  
 Performance 

Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at  
 Minimum Flow 
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Section 1:  Data Recovery Analysis 

 

Section 1 tabulates both the monthly number of hours with the necessary coincident 
environmental conditions and the monthly percentage of time with meteorological data.  To 
define the thermal discharge produced by the Station the wet bulb, dry bulb, and N10 river water 
temperatures are necessary; however, due to the unavailability of data during Merrimack River 
freezing conditions, a significant amount of time is unrecorded from December through March.  
Hourly meteorological data for the Concord Municipal Airport is obtained from the National 
Climatic Data Center (NCDC), which is subsequently measured by the National Weather Service 
(NWS), which is quality controlled and publicly available. 
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2002 2003 2004 2005 2006 Total

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 83 N/A2 N/A2 N/A2 34 117
April 719 327 520 608 720 2894
May 744 662 685 744 739 3574
June 712 716 720 696 720 3564
July 723 742 744 744 742 3695

August 744 743 744 744 741 3716
September 715 720 719 718 720 3592
October 740 732 744 698 744 3658

November 131 439 371 720 720 2381
December N/A2 N/A2 N/A2 11 350 361

Annual 5311 5081 5247 5683 6230 27552
Freezing 3410 3550 3410 3002 2519 15891

Hours of Recorded Coincident Data1

Merrimack Station Data Availability Analysis

1 Analysis limited by coincident wet bulb, dry bulb, and N10 river water temperatures
2 N/A values indicate times when Merrimack River data was not recorded due to freezing conditions

Month

Month 2002 2003 2004 2005 2006 Average
January 100.0% 100.0% 96.4% 100.0% 100.0% 99.3%
February 97.2% 100.0% 100.0% 100.0% 100.0% 99.4%
March 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
April 99.9% 96.7% 98.5% 99.6% 100.0% 98.9%
May 100.0% 98.1% 92.1% 100.0% 99.9% 98.0%
June 99.2% 99.4% 100.0% 97.2% 100.0% 99.2%
July 97.2% 100.0% 100.0% 100.0% 100.0% 99.4%

August 100.0% 100.0% 100.0% 100.0% 99.9% 100.0%
September 100.0% 100.0% 99.9% 99.9% 100.0% 99.9%
October 99.9% 99.3% 100.0% 100.0% 100.0% 99.8%

November 100.0% 97.4% 100.0% 100.0% 100.0% 99.5%
December 100.0% 99.9% 99.9% 100.0% 99.9% 99.9%

Total 99.5% 99.2% 98.9% 99.7% 100.0% 99.5%

Concord Municipal Airport Meteorological Data Recovery Rate

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter
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Section 2:  Closed-Loop Condenser Performance 

 

Section 2 evaluates the closed-loop performance of the Station utilizing the limiting condenser 
operational threshold pressures for both units.  Since closed-loop operation involves recirculating 
the cooling water from the cooling towers back through the condensers, closed-loop performance 
may be modeled using N10 river water temperatures (i.e., the input temperature into the Station 
via current once through performance).  Closed-loop condenser analysis is limited to the 
operational data for the condensers provided from July to August over four years (2003-2006). 
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Attachment 3 
 

Section 3:  PSM Approach to Wet Bulb Assessment 

 

Section 3 evaluates the performance of the PSMs by defining their approach to wet bulb across a 
range of ambient wet bulb temperatures.  The analysis is limited to full power Station operation 
during the months of July and August across five years of measured data (2002-2006).  As the 
months of July and August are the two months with the highest average wet bulb temperatures, 
this limited assessment is determined to be bounding. 
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Attachment 3 
 

Section 4:  PSM Historical Performance 

 

Section 4 provides both the graphical representation of the PSM performance at historical 
conditions and the tabulated monthly values which provide the basis for the graphical 
representation.  Performance of the PSMs under historical conditions is calculated directly from 
the measured N10 and S4 river water temperatures, and is only altered to conservatively exclude 
measured 5°F N10-S4 temperature differential attainment hours at conditions where the Station 
was operated at less than full power.  In order to satisfy this restriction the analysis is limited to 
the years with provided plant electrical output and river water temperatures at N10 and S4 (2002-
2004), and is limited primarily by the unavailability of Merrimack River data during freezing 
conditions on the river.  Both the percentage of measured 5°F N10-S4 temperature differential 
attainment (i.e., the hours in attainment divided by the number of hours with recorded data) and 
the percentage of annual 5°F N10-S4 temperature differential attainment (i.e., the summation of 
the hours in attainment and the unrecorded hours due to freezing conditions divided by the total 
number of hours with recorded data) are provided within the basis tables, however, only the 
percentage of annual 5°F N10-S4 temperature differential attainment has been charted on the 
summary figure. 
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PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 0.3 0.1%
May 49.3 6.6%
June 13.0 1.8%
July 15.3 2.1%

August 0.0 0.0%
September 2.0 0.3%

October 26.7 3.6%
November 0.3 0.1%
December N/A1 N/A1

Measured Compliance2 107.0 2.0%
Annual Compliance3 3230.0 37.9%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 0°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 0 °F temperature 
differential scenario

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 5.5 1.0%
May 183.7 24.7%
June 86.3 12.0%
July 25.7 3.4%

August 1.7 0.2%
September 12.0 1.7%

October 33.8 4.5%
November 12.8 3.1%
December N/A1 N/A1

Measured Compliance2 361.5 6.7%
Annual Compliance3 3484.5 40.8%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 1°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 1 °F temperature 
differential scenario

differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 50.8 8.9%
May 652.5 87.7%
June 209.0 29.0%
July 37.7 5.1%

August 32.0 4.3%
September 72.0 10.0%

October 46.8 6.3%
November 35.2 8.4%
December N/A1 N/A1

Measured Compliance2 1136.0 21.0%
Annual Compliance3 4259.0 49.9%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 96.3 16.8%
May 736.0 98.9%
June 243.8 33.9%
July 64.0 8.6%

August 89.7 12.1%
September 111.7 15.5%

October 89.5 12.0%
November 47.0 11.3%
December N/A1 N/A1

Measured Compliance2 1478.0 27.3%
Annual Compliance3 4601.0 53.9%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 3°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 3 °F temperature 
differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 2°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 2 °F temperature 
differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 153.0 26.7%
May 743.0 99.9%
June 352.7 49.0%
July 105.3 14.2%

August 126.7 17.0%
September 136.7 19.0%

October 172.8 23.2%
November 113.2 27.1%
December N/A1 N/A1

Measured Compliance2 1903.3 35.2%
Annual Compliance3 5026.3 58.9%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 4°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 4 °F temperature 
differential scenario

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 267.5 46.6%
May 743.5 99.9%
June 418.3 58.1%
July 163.3 22.0%

August 180.8 24.3%
September 175.0 24.3%

October 253.7 34.1%
November 230.3 55.2%
December N/A1 N/A1

Measured Compliance2 2432.5 45.0%
Annual Compliance3 5555.5 65.1%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 5°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 5 °F temperature 
differential scenario

differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 475.0 82.8%
May 744.0 100.0%
June 456.3 63.4%
July 201.8 27.1%

August 228.5 30.7%
September 224.2 31.1%

October 324.2 43.6%
November 352.5 84.5%
December N/A1 N/A1

Measured Compliance2 3006.5 55.6%
Annual Compliance3 6129.5 71.9%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 546.0 95.1%
May 744.0 100.0%
June 486.5 67.6%
July 257.8 34.7%

August 297.8 40.0%
September 267.3 37.1%

October 385.8 51.9%
November 369.5 88.6%
December N/A1 N/A1

Measured Compliance2 3354.8 62.0%
Annual Compliance3 6477.8 75.9%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 7°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 7 °F temperature 
differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 6°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 6 °F temperature 
differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.0 99.8%
May 744.0 100.0%
June 520.8 72.3%
July 324.0 43.5%

August 349.5 47.0%
September 317.5 44.1%

October 459.3 61.7%
November 373.5 89.6%
December N/A1 N/A1

Measured Compliance2 3661.7 67.7%
Annual Compliance3 6784.7 79.5%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.5 99.9%
May 744.0 100.0%
June 583.0 81.0%
July 406.5 54.6%

August 415.2 55.8%
September 368.8 51.2%

October 527.0 70.8%
November 380.0 91.1%
December N/A1 N/A1

Measured Compliance2 3998.0 73.9%
Annual Compliance3 7121.0 83.5%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 9°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 9 °F temperature 
differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 8°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 8 °F temperature 
differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.5 99.9%
May 744.0 100.0%
June 631.7 87.7%
July 512.3 68.9%

August 492.8 66.2%
September 436.3 60.6%

October 573.5 77.1%
November 385.5 92.4%
December N/A1 N/A1

Measured Compliance2 4349.7 80.4%
Annual Compliance3 7472.7 87.6%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.5 99.9%
May 744.0 100.0%
June 678.0 94.2%
July 643.7 86.5%

August 582.3 78.3%
September 511.7 71.1%

October 639.3 85.9%
November 392.0 94.0%
December N/A1 N/A1

Measured Compliance2 4764.5 88.1%
Annual Compliance3 7887.5 92.5%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 11°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 11 °F 
temperature differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 10°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 10 °F 
temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.5 99.9%
May 744.0 100.0%
June 708.3 98.4%
July 710.5 95.5%

August 650.7 87.5%
September 574.8 79.8%

October 685.5 92.1%
November 398.0 95.4%
December N/A1 N/A1

Measured Compliance2 5045.3 93.3%
Annual Compliance3 8168.3 95.8%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 573.5 99.9%
May 744.0 100.0%
June 717.0 99.6%
July 735.7 98.9%

August 684.0 91.9%
September 629.0 87.4%

October 714.5 96.0%
November 404.0 96.9%
December N/A1 N/A1

Measured Compliance2 5201.7 96.2%
Annual Compliance3 8324.7 97.6%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 13°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 13 °F 
temperature differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 12°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 12 °F 
temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 719.0 99.9%
July 740.3 99.5%

August 707.3 95.1%
September 672.2 93.4%

October 737.5 99.1%
November 408.5 98.0%
December N/A1 N/A1

Measured Compliance2 5302.8 98.1%
Annual Compliance3 8425.8 98.8%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 720.0 100.0%
July 742.5 99.8%

August 722.0 97.0%
September 700.0 97.2%

October 743.5 99.9%
November 413.0 99.0%
December N/A1 N/A1

Measured Compliance2 5359.0 99.1%
Annual Compliance3 8482.0 99.4%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 15°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 15 °F 
temperature differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 14°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 14 °F 
temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 720.0 100.0%
July 744.0 100.0%

August 729.7 98.1%
September 715.3 99.4%

October 744.0 100.0%
November 416.5 99.9%
December N/A1 N/A1

Measured Compliance2 5387.5 99.6%
Annual Compliance3 8510.5 99.8%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 720.0 100.0%
July 744.0 100.0%

August 734.5 98.7%
September 719.7 100.0%

October 744.0 100.0%
November 417.0 100.0%
December N/A1 N/A1

Measured Compliance2 5397.2 99.8%
Annual Compliance3 8520.2 99.9%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 17°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 17 °F 
temperature differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 16°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 16 °F 
temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 720.0 100.0%
July 744.0 100.0%

August 741.0 99.6%
September 720.0 100.0%

October 744.0 100.0%
November 417.0 100.0%
December N/A1 N/A1

Measured Compliance2 5404.0 99.9%
Annual Compliance3 8527.0 100.0%

Average Hours Percentage

January N/A1 N/A1

February N/A1 N/A1

March N/A1 N/A1

April 574.0 100.0%
May 744.0 100.0%
June 720.0 100.0%
July 744.0 100.0%

August 744.0 100.0%
September 720.0 100.0%

October 744.0 100.0%
November 417.0 100.0%
December N/A1 N/A1

Measured Compliance2 5407.0 100.0%
Annual Compliance3 8530.0 100.0%

Annual Full Power PSM Compliance (2002-2004)

Month
§308 19°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 19 °F 
temperature differential scenario

Annual Full Power PSM Compliance (2002-2004)

Month
§308 18°F Temperature Differential Scenario

1 N/A values indicate times when Merrimack River data was not recorded due to freezing 
conditions (Nov. 18th - Mar. 28th)
2 Measured compliance calculated by dividing the average hours within compliance by 
the number of hours with recorded data
3 Annual compliance calculated assuming all N/A values are within the 18 °F 
temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 4:  PSM Historical Performance
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PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 
 
 
 
 
 
 

Attachment 3 
 

Section 5:  PSM Performance at Minimum Flow 

 

Section 5 provides both the graphical representation of the PSM performance at minimum river 
flow conditions and the tabulated monthly values which provided the basis for the graphical 
representation.  Performance of the PSMs at minimum river flow rate conditions is calculated via 
a thermal discharge analysis which defines the S4 river water temperature as a function of the 
Station electrical output, N10 river water temperature, dry bulb temperature, wet bulb 
temperature, and river water flow rate.  Furthermore, minimum river water flow rate is defined 
daily as the minimum average daily flow rate occurring over the 21 years of river water flow 
rates provided (1984-2004).  The analysis is restricted by the five years of meteorological data 
obtained (2002-2006) coincident with the provided N10 river water temperatures, and is limited 
primarily by the unavailability of Merrimack River data during freezing conditions on the river.  
Both the percentage of measured 5°F N10-S4 temperature differential attainment (i.e., the hours 
in attainment divided by the number of hours with recorded data) and the percentage of annual 
5°F N10-S4 temperature differential attainment (i.e., the summation of the hours in attainment 
and the unrecorded hours due to freezing conditions divided by the total number of hours with 
recorded data) are provided within the basis tables, however, only the percentage of annual 5°F 
N10-S4 temperature differential attainment has been charted on the summary figure. 
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PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 5:  PSM Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 0.0% N/A2 N/A2 N/A2 0.0% 0.0%
April 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
May 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
June 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
November 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
December N/A2 N/A2 N/A2 0.0% 0.0% 0.0%

Measured Compliance3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Annual Compliance4 39.1% 41.1% 39.4% 34.6% 28.8% 36.6%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 81.6% 81.6% 81.6% 81.9% 79.3% 81.2%
June 6.6% 5.9% 7.2% 8.3% 6.1% 6.8%
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

October 0.3% 0.0% 0.0% 0.0% 0.0% 0.1%
November 18.3% 17.3% 19.1% 14.4% 8.2% 14.0%
December N/A2 N/A2 N/A2 100.0% 90.6% 90.9%

Measured Compliance3 27.9% 19.4% 22.9% 24.5% 28.3% 24.7%
Annual Compliance4 56.1% 52.5% 53.3% 50.6% 48.9% 52.3%

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 7.5 °F temperature differential scenario

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 7.5°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 5 °F temperature differential scenario

Month
Percentage of Hours in Compliance with 5°F Temp. Differential Scenario

Merrimack Station Current PSM and Discharge Canal Performance

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

Units 1 & 2 - Full Power

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 77.5% 77.7% 75.8% 70.7% 70.6% 74.5%
July 7.9% 14.0% 11.7% 5.8% 3.1% 8.5%

August 5.9% 0.4% 4.8% 5.0% 8.1% 4.8%
September 0.8% 0.8% 0.3% 1.4% 1.0% 0.9%

October 39.1% 37.3% 38.0% 40.1% 38.2% 38.5%
November 100.0% 98.6% 100.0% 95.8% 94.9% 96.9%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 49.4% 46.5% 48.2% 51.3% 54.7% 50.2%
Annual Compliance4 69.2% 68.5% 68.6% 68.1% 67.7% 68.4%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 96.6% 96.6% 96.7% 96.6% 96.3% 96.5%
July 65.4% 69.8% 64.4% 67.9% 59.6% 65.4%

August 50.9% 42.5% 43.8% 50.5% 47.0% 47.0%
September 25.5% 22.5% 20.7% 24.1% 25.1% 23.6%

October 69.2% 64.6% 71.5% 68.6% 72.8% 69.4%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 73.6% 70.6% 71.6% 75.5% 76.5% 73.7%
Annual Compliance4 83.9% 82.7% 82.8% 83.9% 83.3% 83.3%

Month
Percentage of Hours in Compliance with 12.5°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 12.5 °F temperature differential scenario

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 10 °F temperature differential scenario

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 10°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter
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2002 2003 2004 2005 2006 Average
January N/A N/A N/A N/A N/A N/A
February N/A N/A N/A N/A N/A N/A
March 100.0% N/A N/A N/A 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 96.6% 96.6% 96.7% 96.6% 96.7% 96.6%
July 92.8% 98.0% 94.9% 100.0% 95.7% 96.3%

August 75.3% 75.4% 76.5% 79.3% 78.5% 77.0%
September 74.4% 75.4% 76.9% 72.7% 76.7% 75.2%

October 92.7% 93.7% 93.8% 94.1% 91.9% 93.2%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A N/A N/A 100.0% 100.0% 100.0%

Measured Compliance3 90.6% 91.2% 91.4% 92.7% 92.9% 91.8%
Annual Compliance4 94.3% 94.8% 94.8% 95.2% 94.9% 94.8%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 96.6% 96.6% 97.2% 96.6% 96.7% 96.7%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 81.6% 80.3% 82.5% 83.2% 83.4% 82.2%
September 89.7% 91.7% 89.8% 88.0% 90.8% 90.0%

October 99.1% 100.0% 100.0% 100.0% 100.0% 99.8%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 95.4% 95.5% 95.7% 95.9% 96.6% 95.9%
Annual Compliance4 97.2% 97.3% 97.4% 97.3% 97.6% 97.4%

Month
Percentage of Hours in Compliance with 17.5°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 17.5 °F temperature differential scenario

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 15 °F temperature differential scenario

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 15°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 97.5% 98.7% 98.6% 98.4% 96.9% 98.0%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 95.2% 94.3% 95.4% 95.6% 96.9% 95.5%
September 93.7% 96.8% 97.5% 96.5% 94.4% 95.8%

October 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 98.1% 98.5% 98.8% 98.8% 98.6% 98.6%
Annual Compliance4 98.9% 99.1% 99.3% 99.2% 99.0% 99.1%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
September 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

October 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Annual Compliance4 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Month
Percentage of Hours in Compliance with 22.5°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 22.5 °F temperature differential scenario

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 20 °F temperature differential scenario

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Merrimack Station Current PSM and Discharge Canal Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 20°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 5:  PSM Performance at Minimum Flow
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PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 
 
 
 
 
 
 

Attachment 3 
 

Section 6:  10-Cell Thermal Discharge Cooling Tower Historical Performance 

 

Section 6 provides both the graphical representation of the 10-cell thermal discharge cooling 
tower performance at historical conditions and the tabulated monthly values which provide the 
basis for the graphical representation.  Performance of the 10-cell thermal discharge cooling 
tower over historical conditions is calculated via a thermal discharge analysis which defines the 
S4 river water temperature as a function of the Station electrical output, N10 river water 
temperature, dry bulb temperature, wet bulb temperature, and river water flow rate.  
Furthermore, historical river water flow rates are defined daily as recorded average daily flow 
rate occurring coincidently with the provided environmental temperatures.  As such, the analysis 
is restricted by the three years of coincident river flow rates, river water temperatures, and 
meteorological data (2002-2004), and is limited primarily by the unavailability of Merrimack 
River data during freezing conditions on the river.  Both the percentage of measured 5°F N10-S4 
temperature differential attainment (i.e., the hours in attainment divided by the number of hours 
with recorded data) and the percentage of annual 5°F N10-S4 temperature differential attainment 
(i.e., the summation of the hours in attainment and the unrecorded hours due to freezing 
conditions divided by the total number of hours with recorded data) are provided within the basis 
tables, however, only the percentage of annual 5°F N10-S4 temperature differential attainment 
has been charted on the summary figure. 
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2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 0.0% N/A N/A 0.0%
April 0.0% 0.0% 0.0% 0.0%
May 0.0% 0.0% 0.0% 0.0%
June 0.0% 10.8% 14.9% 8.6%
July 25.3% 28.2% 17.5% 23.6%

August 0.9% 26.5% 15.7% 14.4%
September 0.7% 7.8% 0.4% 3.0%

October 0.0% 0.0% 0.0% 0.0%
November 0.0% 0.0% 0.0% 0.0%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 3.7% 10.6% 6.8% 7.0%
Annual Compliance4 41.3% 47.4% 43.5% 44.1%

2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 0.0% N/A1 N/A1 0.0%
April 15.2% 22.9% 46.7% 27.3%
May 50.0% 66.9% 94.7% 70.0%
June 94.9% 97.6% 98.9% 97.2%
July 64.2% 91.6% 100.0% 85.5%

August 30.0% 96.6% 96.8% 74.5%
September 4.6% 83.5% 94.4% 61.0%

October 33.4% 35.9% 73.7% 47.7%
November 46.6% 33.0% 43.7% 39.1%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 41.1% 71.3% 84.9% 65.6%
Annual Compliance4 64.2% 83.1% 90.9% 79.3%

2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 3 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 3°F Temp. Differential Scenario

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions

2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 0 °F temperature differential scenario

Month
Percentage of Hours in Compliance with 0°F Temp. Differential Scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 6:  10-Cell Thermal Discharge Cooling Tower Historical Performance
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2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 100.0% N/A1 N/A1 100.0%
April 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0%
July 98.1% 100.0% 100.0% 99.4%

August 90.7% 100.0% 99.7% 96.8%
September 41.0% 100.0% 100.0% 80.4%

October 61.8% 100.0% 100.0% 87.2%
November 72.5% 100.0% 100.0% 96.2%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 84.5% 100.0% 100.0% 94.7%
Annual Compliance4 90.6% 100.0% 100.0% 96.8%

2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 100.0% N/A1 N/A1 100.0%
April 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0%
September 86.6% 100.0% 100.0% 95.5%

October 83.2% 100.0% 100.0% 94.4%
November 100.0% 100.0% 100.0% 100.0%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 95.9% 100.0% 100.0% 98.6%
Annual Compliance4 97.5% 100.0% 100.0% 99.2%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 5°F Temp. Differential Scenario

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 7 °F temperature differential scenario

2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 5 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 7°F Temp. Differential Scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 6:  10-Cell Thermal Discharge Cooling Tower Historical Performance
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2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 100.0% N/A1 N/A1 100.0%
April 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0%
September 95.5% 100.0% 100.0% 98.5%

October 97.6% 100.0% 100.0% 99.2%
November 100.0% 100.0% 100.0% 100.0%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 99.1% 100.0% 100.0% 99.7%
Annual Compliance4 99.4% 100.0% 100.0% 99.8%

2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 100.0% N/A1 N/A1 100.0%
April 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0%
September 100.0% 100.0% 100.0% 100.0%

October 98.6% 100.0% 100.0% 99.5%
November 100.0% 100.0% 100.0% 100.0%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 99.8% 100.0% 100.0% 99.9%
Annual Compliance4 99.9% 100.0% 100.0% 100.0%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 9°F Temp. Differential Scenario

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 11 °F temperature differential scenario

2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 9 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 11°F Temp. Differential Scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 6:  10-Cell Thermal Discharge Cooling Tower Historical Performance
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2002 2003 2004 Average

January N/A1 N/A1 N/A1 N/A1

February N/A1 N/A1 N/A1 N/A1

March 100.0% N/A1 N/A1 100.0%
April 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0%
September 100.0% 100.0% 100.0% 100.0%

October 100.0% 100.0% 100.0% 100.0%
November 100.0% 100.0% 100.0% 100.0%
December N/A1 N/A1 N/A1 N/A1

Measured Comliance3 100.0% 100.0% 100.0% 100.0%
Annual Compliance4 100.0% 100.0% 100.0% 100.0%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Coincident Daily Measured River Flow Rate Condition)

Month
Percentage of Hours in Compliance with 13°F Temp. Differential Scenario

1 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
2 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
3 Annual compliance calculated assuming all N/A values are within 13 °F temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 6:  10-Cell Thermal Discharge Cooling Tower Historical Performance
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PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 
 
 
 
 
 
 

Attachment 3 
 

Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow 

 

Section 7 provides both the graphical representation of the 10-cell thermal discharge cooling 
tower performance at minimum river flow conditions and the tabulated monthly values which 
provide the basis for the graphical representation.  Performance of the 10-cell thermal discharge 
cooling tower at minimum river flow rate conditions is calculated via a thermal discharge 
analysis which defines the S4 river water temperature as a function of the Station electrical 
output, N10 river water temperature, dry bulb temperature, wet bulb temperature, and river water 
flow rate.  Furthermore, minimum river water flow rate is defined daily as the minimum average 
daily flow rate occurring over the 21 years of river water flow rates provided (1984-2004).  The 
analysis is restricted by the five years of meteorological data obtained (2002-2006) coincident 
with the provided N10 river water temperatures, and is limited primarily by the unavailability of 
Merrimack River data during freezing conditions on the river.  Both the percentage of measured 
5°F N10-S4 temperature differential attainment (i.e., the hours in attainment divided by the 
number of hours with recorded data) and the percentage of annual 5°F N10-S4 temperature 
differential attainment (i.e., the summation of the hours in attainment and the unrecorded hours 
due to freezing conditions divided by the total number of hours with recorded data) are provided 
within the basis tables, however, only the percentage of annual 5°F N10-S4 temperature 
differential attainment has been charted on the summary figure. 
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Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 0.0% N/A2 N/A2 N/A2 0.0% 0.0%
April 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
May 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
June 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
November 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
December N/A2 N/A2 N/A2 0.0% 0.0% 0.0%

Measured Compliance3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Annual Compliance4 39.1% 41.1% 39.4% 34.6% 28.8% 36.6%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 0.0% N/A2 N/A2 N/A2 0.0% 0.0%
April 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
May 0.0% 0.0% 2.2% 0.0% 0.0% 0.4%
June 0.6% 2.7% 11.3% 0.1% 0.1% 3.0%
July 2.6% 7.5% 0.0% 2.7% 2.2% 3.0%

August 5.2% 1.5% 2.4% 6.2% 5.0% 4.1%
September 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
November 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
December N/A2 N/A2 N/A2 0.0% 0.0% 0.0%

Measured Compliance3 1.2% 1.7% 2.2% 1.2% 0.9% 1.4%
Annual Compliance4 39.8% 42.1% 40.7% 35.3% 29.4% 37.5%

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 1 °F temperature differential scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 1°F Temp. Differential Scenario

2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 2 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 2°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 0.0% N/A2 N/A2 N/A2 0.0% 0.0%
April 0.7% 0.0% 4.8% 6.1% 15.7% 6.2%
May 12.5% 19.8% 50.8% 14.8% 21.0% 23.4%
June 26.5% 44.6% 54.7% 34.2% 30.8% 38.2%
July 14.7% 33.2% 6.6% 10.1% 5.7% 14.0%

August 18.1% 7.1% 7.3% 23.5% 15.2% 14.3%
September 0.8% 1.3% 1.1% 0.4% 1.1% 0.9%

October 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
November 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
December N/A2 N/A2 N/A2 0.0% 0.0% 0.0%

Measured Compliance3 10.1% 14.9% 16.7% 11.2% 10.5% 12.6%
Annual Compliance4 45.2% 49.9% 49.5% 41.9% 36.3% 44.5%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 80.9% 91.5% 95.8% 79.5% 75.8% 84.7%
July 57.8% 87.5% 61.6% 70.6% 46.0% 64.7%

August 65.5% 35.1% 43.8% 61.3% 52.8% 51.7%
September 22.7% 20.3% 22.5% 27.2% 26.8% 23.9%

October 34.3% 23.9% 31.6% 35.5% 32.4% 31.5%
November 55.7% 62.0% 77.1% 60.4% 61.3% 63.3%
December N/A2 N/A2 N/A2 100.0% 93.1% 93.4%

Measured Compliance3 66.2% 61.9% 64.1% 66.4% 63.8% 64.5%
Annual Compliance4 79.4% 77.6% 78.2% 78.0% 74.2% 77.5%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 3°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 3 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 5°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 5 °F temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 96.1% 98.0% 98.5% 96.6% 95.7% 97.0%
July 89.9% 100.0% 94.8% 98.9% 95.6% 95.9%

August 91.5% 75.6% 89.1% 92.6% 91.1% 88.0%
September 67.1% 57.5% 67.9% 70.5% 66.9% 66.0%

October 70.3% 70.9% 80.9% 71.5% 80.0% 74.8%
November 100.0% 98.9% 100.0% 99.6% 97.6% 99.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 88.3% 85.8% 90.4% 91.2% 91.4% 89.6%
Annual Compliance4 92.9% 91.7% 94.2% 94.2% 93.9% 93.4%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 96.6% 99.0% 100.0% 98.0% 96.7% 98.1%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 98.5% 86.3% 97.4% 99.3% 97.4% 95.8%
September 89.1% 89.6% 94.3% 93.9% 87.1% 90.8%

October 96.5% 96.0% 99.6% 96.4% 95.0% 96.7%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 97.4% 95.8% 98.8% 98.5% 97.2% 97.5%
Annual Compliance4 98.4% 97.5% 99.3% 99.0% 98.0% 98.4%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 7°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 7 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 9°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 9 °F temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 97.9% 99.9% 100.0% 99.3% 97.8% 99.0%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 100.0% 96.4% 100.0% 100.0% 99.9% 99.2%
September 95.5% 98.5% 98.7% 99.3% 99.3% 98.3%

October 98.6% 100.0% 100.0% 100.0% 99.9% 99.7%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 98.9% 99.2% 99.8% 99.8% 99.6% 99.5%
Annual Compliance4 99.3% 99.5% 99.9% 99.9% 99.7% 99.7%

2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
September 99.7% 100.0% 100.0% 100.0% 100.0% 99.9%

October 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Annual Compliance4 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 11°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 11 °F temperature differential scenario

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition 1 )

Month
Percentage of Hours in Compliance with 13°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 13 °F temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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2002 2003 2004 2005 2006 Average

January N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

February N/A2 N/A2 N/A2 N/A2 N/A2 N/A2

March 100.0% N/A2 N/A2 N/A2 100.0% 100.0%
April 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
May 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
June 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
July 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

August 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
September 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

October 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
November 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
December N/A2 N/A2 N/A2 100.0% 100.0% 100.0%

Measured Compliance3 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Annual Compliance4 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Merrimack Station 10-Cell Thermal Discharge Cooling Tower Performance
Units 1 & 2 - Full Power

(Historical Daily Minimum Measured River Flow Rate Condition1 )

Month
Percentage of Hours in Compliance with 15°F Temp. Differential Scenario

1 River flow rate conditions based on 21 years of recorded daily averages (1984-2004)
2 N/A values indicates times when Merrimack River data was not recorded due to freezing conditions
3 Measured compliance calculated by dividing the average hours within compliance by the number of hours with 
recorded data
4 Annual compliance calculated assuming all N/A values are within 15 °F temperature differential scenario

PSNH Merrimack Station Units 1 & 2
Response to United States Environmental Protection Agency CWA § 308 Letter

Attachment 3, Section 7:  10-Cell Thermal Discharge Cooling Tower Performance at Minimum Flow
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PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

 
 
 
 
 
 
 
 
 

Attachment 4 
 

Capital Costs Assessments 
 

 
Section 1:  Conversion to Closed Loop Cooling (Both Units)  
Section 2:  Conversion to Closed Loop Cooling (Unit 1 Only) 
Section 3:  Conversion to Closed Loop Cooling (Unit 2 Only) 
Section 4:  Cooling Towers to Reduce Discharge Temperatures 
Section 5:  Coarse Mesh Screening Technologies and Fish Return 
Section 6:  Fish Return System Stand-alone 
Section 7:  Variable Speed Pumps 
Section 8:  Acoustic Fish Deterrence System 

  



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 4, Cost Multipliers 
    

2 

 
 
 

Cost Multipliers 
 
 

Each cost estimate in this table will have two cost multipliers: 

• Recommended Minimum Contingency (25%) 

• Corporate Overheads and Work In Progress Cost (AFUDC) (12%) 

 
The current stage of development of the various conceptual designs provides a sound basis for 
estimating the associated overall design, procurement, and construction costs.  Estimated 
design costs were scaled based on actual design costs taken from previous, similar 
applications, procurement costs were based on vendor budgetary estimates whenever 
available, and construction costs were derived utilizing established construction cost 
estimating tools.  However, none of this captures the full scope of work, as would be possible 
if the final detailed design were completed, all associated bill of materials developed, and 
vendor quotes obtained for all materials.  For this reason, a Recommended Minimum 
Contingency of 25% was added to all cost estimates.  
 
Additionally, PSNH routinely applies a cost multiplier of 12% to all major capital projects; 
this multiplier captures both corporate overhead and the cost of carrying the associated 
funding, i.e., a Corporate Overheads and Work In Progress Cost. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 4, Section 1: Conversion to Closed Loop Cooling (Both Units)    

3 

The following summarizes the construction cost estimate in 2007 dollars for conversion of both units 
to closed loop cooling. 
 

Work Scope Estimated Cost 
Design Engineering $1,300,000
Mobilization/Setup $156,700
General Site Modifications 
 Clearing and Grubbing 
 Storm Drainage 
 Other Site Preparation 

$237,000

Construction to be Performed While Units Online 
Cooling Tower  
 Install Concrete Basin 
 Delivery & Erection by SPX 
 Automated Control System 
  w/ RTD Array 

$2,171,600
$16,332,500

$75,000
$25,000

New Cooling Water Discharge and Supply Piping  $5,749,100
Electrical  

Substation for Cooling Tower / Pump House & Feeds to Each 
 Electrical On-Tower 

$1,092,700
$1,043,300

Intake Pumping Station Modifications $972,600
Booster Pumping Station 
 Pump House 
 Pumps 

Chemical Injection Station 

$4,183,800

 

Admin, Support Craft and Misc. $6,172,600
Construction to be Performed While Units Offline 

Booster Pumping Station 
 Valves and Tie-ins 

$295,100

Intake Pumping Station Modifications 
 Unit 1 Tie-in to Screenwell 
 Unit 2 Tie-in to Screenwell 

$648,400

Electrical Tie-ins at Switchyard $188,700
Condenser Tube Cleaning System 
 Unit 1 
 Unit 2 

$300,000
$400,000

Testing and Commissioning $132,200
Admin, Support Craft, and Misc $404,500

Units Back Online 
Demobilization $163,900
Total Preliminary Construction Estimate $42,044,700
Payment and Performance Bond $252,300
Recommended Minimum Contingency (25%) $10,574,300
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $6,344,600
Recommended Engineering and Construction Budget $59,215,900



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 4, Section 2: Conversion to Closed Loop Cooling (Unit 1 Only)    

4 

 
The following summarizes the construction cost estimate in 2007 dollars for conversion to closed loop 
cooling for Unit 1 only.  Estimate is based on a % of two-unit conversion cost for each item, with the 
associated multiplier noted in parenthesis (0.xx). 

Work Scope Estimated Cost 
Design Engineering (0.40) $520,000 
Mobilization/Setup (0.35) $54,800
General Site Modifications (0.35) 
 Clearing and Grubbing 
 Storm Drainage 
 Other Site Preparation 

$83,000

Construction to be Performed While Units Online 
Cooling Tower  (0.35) 
 Install Concrete Basin 
 Delivery & Erection by SPX 
 Automated Control System 
  w/ RTD Array 

$760,000
$5,716,400

$50,000
$15,000

New Cooling Water Discharge and Supply Piping (0.40) $2,229,600
Electrical (0.35) 

Substation for Cooling Tower / Pump House & Feeds to Each 
 Electrical On-Tower 

$382,400
$365,200 

Intake Pumping Station Modifications (0.50) $486,300
Booster Pumping Station (0.40) 
 Pump House 
 Pumps 

Chemical Injection Station 

$1,673,500
 

Admin, Support Craft and Misc. (0.40) $2,469,000
Construction to be Performed While Units Offline 

Booster Pumping Station (0.40) 
 Valves and Tie-ins 

$118,000

Intake Pumping Station Modifications (0.45) 
 Unit 1 Tie-in to Screenwell 

$291,800

Electrical Tie-ins at Switchyard (0.65) $122,700 
Condenser Tube Cleaning System 
 Unit 1 

$300,000

Testing and Commissioning (0.45) $59,500
Admin, Support Craft, and Misc (0.40) $161,800

Units Back Online 
Demobilization (0.35) $57,400
Total Preliminary Construction Estimate $15,916,400 
Payment and Performance Bond $95,500 
Recommended Minimum Contingency (25%) $4,003,000 
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $2,401,800
Recommended Engineering and Construction Budget $22,416,700 



PSNH Merrimack Station Units 1 & 2 
Response to United States Environmental Protection Agency CWA § 308 Letter 

Attachment 4, Section 3: Conversion to Closed Loop Cooling (Unit 2 Only)    
The following summarizes the construction cost estimate in 2007 dollars for conversion to closed loop 
cooling for Unit 2 only. Estimate is based on a % of two-unit conversion cost for each item, with the 
associated multiplier noted in parenthesis (0.xx). 

Work Scope Estimated Cost 
Design Engineering  (0.60) $780,000 
Mobilization/Setup  (0.75) $117,500
General Site Modifications (0.75) 
 Clearing and Grubbing 
 Storm Drainage 
 Other Site Preparation 

$177,800

Construction to be Performed While Units Online 
Cooling Tower  (0.75) 
 Install Concrete Basin 
 Delivery & Erection by SPX 
 Automated Control System 
  w/ RTD Array 

$1,628,700
$12,249,400

$70,000
$20,000

New Cooling Water Discharge and Supply Piping  (0.75) $4,024,400
Electrical (0.75) 

Substation for Cooling Tower / Pump House & Feeds to Each 
 Electrical On-Tower 

$819,500
$782,500 

Intake Pumping Station Modifications (0.60  ) $583,600
Booster Pumping Station (0.70) 
 Pump House 
 Pumps 

Chemical Injection Station 

$2,928,700
 

Admin, Support Craft and Misc.  (0.75) $4,320,800
Construction to be Performed While Units Offline 

Booster Pumping Station  (0.70) 
 Valves and Tie-ins 

$206,600

Intake Pumping Station Modifications (0.60 ) 
 Unit 2 Tie-in to Screenwell 

$389,000

Electrical Tie-ins at Switchyard  (0.65) $122,700 
Condenser Tube Cleaning System 
 Unit 2 

$400,000

Testing and Commissioning  (0.75) $99,200
Admin, Support Craft, and Misc  (0.75) $303,400

Units Back Online 
Demobilization  (0.75) $122,900
Total Preliminary Construction Estimate $30,146,700
Payment and Performance Bond $180,900
Recommended Minimum Contingency (25%) $7,581,900 
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $4,549,100
Recommended Engineering and Construction Budget $42,458,600 
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The following summarizes the construction cost estimate in 2007 dollars for the construction of 
cooling towers for the purpose of reducing discharge temperatures (no return to CWIS). 

 

Work Scope Estimated Cost 
Design Engineering $390,000
Mobilization/Setup $58,800
General Site Modifications 
 Clearing and Grubbing 
 Storm Drainage 
 Other Site Preparation 

$88,900

Construction to be Performed While Units Online 
Cooling Tower  
 Install Concrete Basin 
 Delivery & Erection by SPX 
 Automated Control System 
  w/ RTD Array 

$1,628,700
$11,700,000

$70,000
$20,000

New Cooling Water Discharge and Supply Piping  $1,437,300
Electrical (0.75) 

Substation for Cooling Tower / Pump House & Feeds to Each 
 Electrical On-Tower 

$819,500
$782,500

Booster Pumping Station 
 Pump House 
 Pumps 

Chemical Injection Station 

$2,928,700

Admin, Support Craft and Misc. $2,160,400
Construction to be Performed While Units Offline 

Booster Pumping Station 
 Valves and Tie-ins 

$206,600

Electrical Tie-ins at Switchyard $122,700 
Testing and Commissioning $74,400
Admin, Support Craft, and Misc $151,700

Units Back Online 
Demobilization $61,500
Total Preliminary Construction Estimate $22,701,700 
Payment and Performance Bond $136,200 
Recommended Minimum Contingency (25%) $5,709,500 
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $3,425,700
Recommended Engineering and Construction Budget $31,973,100 
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The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing traveling screens with coarse mesh Ristroph thru-flow traveling screens with fish return. 
 

Coarse Mesh Ristroph Thru-Flow Traveling Screens Estimated Cost 
Demolition and Disposal of Existing Screens (Both Units)  $24,000
Demolition and Disposal of Existing Trash Sluice $15,000
Traveling Screens 
 Unit 1 
 Unit 2 

$326,000
$381,000

Installation  (assuming no structural modifications required) $30,000
Fish Return (design and construction) $170,000
Field Service Testing  and Commissioning, $28,000
Recommended Minimum Contingency (25%) $239,800
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $143,900
Recommended Engineering and Construction Budget $1,342,700
 
 

 
The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing traveling screens with coarse mesh MultiDisc® type screens with fish return. 
 

Coarse Mesh MultiDisc® Type Screens Estimated Cost 
Demolition and Disposal of Existing Screens (Both Units)  $24,000
Demolition and Disposal of Existing Trash Sluice $15,000
Traveling Screens 
 Unit 1 
 Unit 2 

$568,000
$677,000

Freight $110,000
Installation  (assuming no structural modifications required) $30,000
Fish Return (design and construction) $170,000
Field Service Testing  and Commissioning, $28,000
Recommended Minimum Contingency (25%) $405,500
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $243,300
Recommended Engineering and Construction Budget $2,270,800
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The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing traveling screens with coarse mesh “WIP”  type screens with fish return. 
 

Coarse Mesh “WIP” Type Screens Estimated Cost 
Demolition and Disposal of Existing Screens (Both Units)  $24,000
Demolition and Disposal of Existing Trash Sluice $15,000
Traveling Screens 
 Unit 1 Screens 
 Unit 1 Fish Pumps 
 Unit 2 Screens 
 Unit 2 Fish Pumps 

$488,200
$67,000

$532,000
$121,000

Installation  (assuming no structural modifications required) $30,000
Fish Return (design and construction) $170,000
Field Service Testing  and Commissioning, $28,000
Recommended Minimum Contingency (25%) $368,800
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $221,300
Recommended Engineering and Construction Budget $2,065,300

 
 

The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing traveling screens with coarse mesh Ristroph type dual-flow traveling screens. 
 

Coarse Mesh Ristroph Dual-Flow Traveling Screens Estimated Cost 
Dismantling of Existing Screens (Both Units)  $24,000
Demolition and Disposal of Existing Trash Sluice $15,000
Traveling Screens 
 Unit 1 
 Unit 2 

$721,000
$821,000

Freight $30,000
Installation  (major modifications to existing CWISs or new CWISs 
constructed ) 

See discussion below

Fish Return (design and construction) $170,000
Testing and Commissioning $28,000
Recommended Minimum Contingency (25%) N/A; see discussion below
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) N/A; see discussion below
Recommended Engineering and Construction Budget 
The existing penetrations in the CWIS deck for the traveling screens are not of adequate size to 
accommodate dual-flow traveling screens.  Dual-flow traveling screens are physically larger than the 
existing units because of the screen configuration.  New CWISs or extensive modifications to the 
existing CWISs would have to be designed for dual-flow traveling screens to be implemented.  This 
cost is estimated to be many times the cost of the traveling screens themselves and therefore this 
technology is deemed unfeasible for the Merrimack application. 
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The following summarizes the construction cost estimate in 2007 dollars for the design and 
construction of a fish return system without other major additions or modifications.  

 

Fish Return System Standalone Estimated Cost 
Demolition and Disposal of Existing Trash Sluice $15,000
Fish Return Sluices (estimated at 500 feet for $340 per foot ) $170,000
Integrate into existing traveling screens for both units (low pressure 
spray and other changes and enhancements that will reduce fish 
mortality) 

$40,000

Recommended Minimum Contingency (25%) $56,300
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $33,800
Recommended Engineering and Construction Budget $315,100
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The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing circulating water pump motors and installation of variable frequency drives. 
 

New Circulating Water Pump Motors and VFDs Estimated Cost 
Existing Motors Removal  $19,000
Mechanical and Electrical Modifications to Support VFDs $50,000
Variable Frequency Drives 
 Unit 1 
 Unit 2 

$49,900
$110,600

Pump Motors 
 Unit 1 
 Unit 2 

$267,800
$390,700

Freight $30,000
Installation $25,000
Testing and Commissioning $15,000
Recommended Minimum Contingency (25%) $239,500
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $143,700
Recommended Engineering and Construction Budget $1,341,300
 
 
 
The following summarizes the construction cost estimate in 2007 dollars for the replacement of 
existing circulating water pump motors with two-speed motors. 
 

New 2-Speed Circulating Water Pump Motors Estimated Cost 
Existing Motors Removal  $19,000
Pump Motors (70% premium over variable speed motors) 
 Unit 1 
 Unit 2 

$382,600
$558,200

Freight $30,000
Installation $25,000
Testing and Commissioning $15,000
Recommended Minimum Contingency (25%) $257,500
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $154,500
Recommended Engineering and Construction Budget $1,441,800
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The following summarizes the construction cost estimate in 2007 dollars for installation of an acoustic 
fish deterrence system. 
 

Acoustic Fish Deterrence System Estimated Cost 
Equipment Cost $800,000
Installation $150,000
Recommended Minimum Contingency (25%) $237,500
Corporate Overheads and Work In Progress Cost (AFUDC) (12%) $142,500
Recommended Engineering and Construction Budget $1,330,000
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Figures 
 

Figure A - Hooksett Pool Topographic 

Figure B – Unit 1 Cooling Water Intake Structure 

Figure C – Unit 2 Cooling Water Intake Structure 

Figure D – Cooling Water Process Flow Diagram 

Figure E – Discharge Canal Drawing MK2-S-1023.2 

Figure F – Scrubber Drawings M-GA-001 Sheets 1 & 2 
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Figure A. Merrimack River Temperature Monitoring Station Locations in the Vicinity 

of Merrimack Station in Bow, New Hampshire [2]. 
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Figure B - Unit 1 Cooling Water Intake Structure 
Figure B - Unit 1 Cooling Water Intake Structure 
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Unit 1 Cooling Water Intake Structure 
 

 

 

Figure C – Unit 2 Cooling Water Intake Structure 
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Figure E -  Discharge Canal Drawing MK2-S-1023.2 
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Figure F - Scrubber Drawings M-GA-001 Sheet 1 
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Figure F - Scrubber Drawings M-GA-001 Sheet 2 
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Table 2-1. Merrimack Station Fish Entrainment Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Design Intake Flows3 by Month, Unit and Year (May 2006 through June 2007).   
 Unit 1 Monthly % Unit 2 Both Units Combined Monthly % 

 May - Sep 2006 Apr - Jun 2007 Average Year May - Sep 2006 Apr - Jun 2007 Average Year Monthly % May - Sep 2006 Apr - Jun 2007 Average Year 

Month Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 

Apr NS4 NS 0 0 0 0 0.0% 0.0% NS NS 132,851 666 132,851 666 7.4% 6.7% NS NS 132,851 666 132,851 666 3.8% 3.9% 

May 0 0 683,907 1,289 341,954 645 20.4% 9.2% 800,515 4,847 132,019 724 466,267 2,786 26.1% 28.2% 800,515 4,847 815,926 2,013 808,221 3,430 23.3% 20.3% 

Jun 519,081 2,536 1,331,392 7,521 925,237 5,029 55.1% 71.9% 1,281,629 6,200 827,604 6,106 1,054,617 6,153 59.0% 62.2% 1,800,710 8,736 2,158,996 13,627 1,979,853 11,182 57.1% 66.2% 

Jul 377,049 1,225 NS NS 377,049 1,225 22.5% 17.5% 133,273 283 NS NS 133,273 283 7.5% 2.9% 510,322 1,508 NS NS 510,322 1,508 14.7% 8.9% 

Aug 33,563 94 NS NS 33,563 94 2.0% 1.3% 0 0 NS NS 0 0 0.0% 0.0% 33,563 94 NS NS 33,563 94 1.0% 0.6% 

Sep NS05 NS0 NS0 NS0 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 

Oct NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Nov NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Dec NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Jan NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Feb NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Mar NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Annual 929,693 3,855 2,015,299 8,810 1,677,802 6,992 100.0% 100.0% 2,215,417 11,330 1,092,474 7,496 1,787,008 9,888 100.0% 100.0% 3,145,110 15,185 3,107,773 16,306 3,464,810 16,880 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated in entrainment samples from Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual entrainment density at Unit 1 and Unit 2 combined.  
3Design intake pump flows used to extrapolate actual entrainment per unit volume for all life stages of fish sampled up to maximum flows were 131.45 cfs for Unit 1 and 311.92 cfs for Unit 2. 
4NS = no sampling 
5NS0 = not sampled and assumed zero abundance 

Table 2-1a. Merrimack Station Fish Entrainment Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Actual Intake Flows3 by Month, Unit and Year (May 2006 through June 2007).   

Month 

Unit 1 

Monthly % 

Unit 2 Both Units Combined 

Monthly %May - Sep 2006 Apr - Jun 2007 Average Year May - Sep 2006 Apr - Jun 2007 Average Year Monthly % May - Sep 2006 Apr - Jun 2007 Average Year 

Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Apr NS4 NS 0 0 0 0 0.0% 0.0% NS NS 59,724 285 59,724 285 3.8% 3.3% NS NS 59,724 285 59,724 285 2.1% 2.0% 

May 0 0 556,360 1,049 278,180 525 21.6% 9.7% 742,481 4,495 65,726 372 404,104 2,434 25.5% 28.0% 742,481 4,495 622,086 1,421 682,284 2,958 23.7% 21.0% 

Jun 351,603 1,717 1,002,996 5,852 677,300 3,785 52.5% 70.3% 1,234,410 5,748 764,462 5,645 999,436 5,697 63.0% 65.6% 1,586,013 7,465 1,767,458 11,497 1,676,736 9,481 58.3% 67.4% 

Jul 306,731 997 NS NS 306,731 997 23.8% 18.5% 123,754 263 NS NS 123,754 263 7.8% 3.0% 430,485 1,260 NS NS 430,485 1,260 15.0% 9.0% 

Aug 27,304 77 NS NS 27,304 77 2.1% 1.4% 0 0 NS NS 0 0 0.0% 0.0% 27,304 77 NS NS 27,304 77 0.9% 0.5% 

Sep NS05 NS0 NS0 NS0 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 0 0 NS NS 0 0 0.0% 0.0% 

Oct NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Nov NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Dec NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Jan NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Feb NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Mar NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% NS0 NS0 NS0 NS0 0 0 0.0% 0.0% 

Annual 685,638 2,791 1,559,356 6,901 1,289,515 5,383 100.0% 100.0% 2,100,645 10,506 889,912 6,302 1,587,018 8,678 100.0% 100.0% 2,786,283 13,297 2,449,268 13,203 2,876,532 14,061 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual entrainment density at Unit 1 and Unit 2 combined.  
3Actual monthly intake pump flows used to extrapolate actual entrainment per unit volume for all life stages of fish sampled up to monthly abundance or adult equivalents for Unit 1 and Unit 2 (May 2006 through June 2007). 
4NS = no sampling 
5NS0 = not sampled and assumed zero abundance 
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Table 2-2. Merrimack Station Fish Impingement Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Design Flows3 by Month, Unit and Year (June 2005 through June 2007)4.   

Month 

Unit 1 
Monthly % 

Unit 2 Both Units Combined 
Monthly %Year 1 Year 2 Average Year Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year 

Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Jul 53 5 44 0 49 3 3.7% 0.7% 119 10 192 3 156 6 4.4% 2.2% 171 15 236 3 204 9 4.2% 1.4% 

Aug 0 0 11 11 5 5 0.4% 1.4% 31 20 9 0 20 10 0.6% 3.6% 31 20 20 11 26 15 0.5% 2.4% 
Sep 30 0 0 0 15 0 1.1% 0.0% 68 15 16 0 42 8 1.2% 2.7% 98 15 16 0 57 8 1.2% 1.2% 
Oct 145 67 22 5 83 36 6.3% 9.7% 390 26 128 25 259 25 7.2% 9.0% 535 93 150 30 343 61 7.0% 9.4% 
Nov 146 88 40 13 93 51 7.0% 13.7% 158 6 142 54 150 30 4.2% 10.8% 304 94 182 68 243 81 5.0% 12.4% 
Dec 498 359 46 28 272 193 20.5% 52.2% 225 99 84 17 155 58 4.3% 20.6% 723 458 130 45 427 252 8.7% 38.5% 
Jan 146 32 42 8 94 20 7.1% 5.4% 109 23 42 18 76 20 2.1% 7.2% 255 55 84 26 170 40 3.5% 6.2% 
Feb 28 6 20 2 24 4 1.8% 1.1% 171 85 35 1 103 43 2.9% 15.2% 199 92 55 3 127 47 2.6% 7.2% 
Mar 245 39 42 19 144 29 10.8% 7.8% 59 13 41 0 50 6 1.4% 2.3% 304 52 83 19 194 35 3.9% 5.4% 
Apr 39 0 50 1 45 0 3.3% 0.1% 191 1 59 4 125 2 3.5% 0.8% 230 1 109 4 170 3 3.5% 0.4% 
May 333 47 110 4 222 25 16.7% 6.8% 259 2 225 17 242 10 6.8% 3.4% 591 49 335 21 463 35 9.4% 5.4% 
Jun 477 5 91 3 284 4 21.4% 1.0% 4236 66 159 59 2198 62 61.5% 22.2% 4713 71 251 62 2482 66 50.6% 10.1% 

Annual 2139 648 519 93 1329 371 100.0% 100.0% 6016 366 1133 197 3574 282 100.0% 100.0% 8155 1015 1651 291 4903 653 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated in impingement samples at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual impingement counts at Unit 1 and Unit 2 combined.  
3Design intake pump flows used to extrapolate actual impingement rates for all life stages of fish sampled up to maximum flows were 131.45 cfs for Unit 1 and 311.92 cfs for Unit 2. 
4Year 1 = 29 June 2005 through 30 June 2006; Year 2 = 1 July 2006 through 30 June 2007.  

Table 2-2a. Merrimack Station Fish Impingement Annual Total Abundance (Abund)1 and Estimated Adult Equivalents (Ad Eq)2 Based on Actual Intake Flows3 by Month, Unit and Year (June 2005 through June 2007)4.   

Month 

Unit 1 Unit 2 Both Units Combined 
Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % Year 1 Year 2 Average Year Monthly % 

Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq Abund Ad Eq 
Jul 43 4 36 0 40 2 3.9% 0.8% 111 9 179 2 145 6 4.8% 2.4% 154 13 215 3 185 8 4.6% 1.5% 

Aug 0 0 9 9 4 4 0.4% 1.6% 29 19 9 0 19 9 0.6% 3.8% 29 19 17 9 23 14 0.6% 2.6% 
Sep 25 0 0 0 13 0 1.2% 0.0% 63 14 11 0 37 7 1.2% 2.9% 88 14 11 0 50 7 1.2% 1.4% 
Oct 110 51 15 4 62 27 6.2% 10.0% 176 15 119 23 148 19 4.9% 7.8% 286 66 134 27 210 46 5.2% 9.0% 
Nov 97 57 29 10 63 34 6.3% 12.4% 147 6 132 51 140 28 4.7% 11.6% 244 63 161 61 203 62 5.1% 12.0% 
Dec 371 268 33 19 202 143 20.1% 52.4% 209 92 68 14 139 53 4.6% 21.7% 581 360 102 33 342 196 8.5% 37.9% 
Jan 112 25 35 7 74 16 7.3% 5.8% 102 22 32 15 67 18 2.2% 7.5% 214 46 67 22 141 34 3.5% 6.6% 
Feb 23 5 16 2 20 3 2.0% 1.2% 141 70 32 1 87 36 2.9% 14.5% 163 75 48 2 106 39 2.6% 7.5% 
Mar 200 32 28 12 114 22 11.4% 8.1% 55 12 37 0 46 6 1.5% 2.5% 256 44 66 12 161 28 4.0% 5.4% 
Apr 31 0 41 1 36 0 3.6% 0.1% 84 0 16 0 50 0 1.7% 0.1% 115 0 57 1 86 1 2.1% 0.1% 
May 231 33 90 3 161 18 16.0% 6.6% 76 1 85 6 81 3 2.7% 1.3% 307 34 174 9 241 21 6.0% 4.1% 
Jun 359 4 74 2 217 3 21.6% 1.1% 3941 61 146 55 2044 58 68.1% 23.7% 4300 65 220 57 2260 61 56.4% 11.8% 

Annual 1603 478 405 69 1004 273 100.0% 100.0% 5133 321 866 167 3001 244 100.0% 100.0% 6736 799 1271 236 4005 517 100.0% 100.0% 
1Fish abundance is shown for combined suite of all species and lifestages enumerated in impingement samples at Unit 1 and Unit 2.  
2Adult equivalents shown for the combined suite of fish species representing 90% of the actual impingement counts at Unit 1 and Unit 2 combined.  
3Actual monthly intake pump flows used to extrapolate actual fish impingement rates up to monthly abundance or adult equivalents for Unit 1 and Unit 2. 
4Year 1 = 29 June 2005 through 30 June 2006; Year 2 = 1 July 2006 through 30 June 2007.    
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Table 8-1. Estimated mortality reduction associated with a change from the existing fish return 
sluice for Units 1 and 2 of Merrimack Station to an upgraded return sluice, for 
impingement at maximum flow with the existing intake screens. 

  June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

  Estimatedd
Adult 

Equivalentse Estimatedd
Adult 

Equivalentse Estimatedd
Adult 

Equivalentse

UNIT 1       
Total number of fish impingeda 1,775 648 365 93 2,141 742 

Existing screen survival (#)b 1,080 372 226 56 1,306 428 
Existing screen survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Existing screens + upgraded sluice survival (#)c 821 305 161 34 982 338 
Upgraded sluice survival (%) 76.0 81.9 71.3 60.3 75.2 79.1 
       
Sluice mortality reduction (%)f 46.3 47.0 44.0 35.9 45.9 45.6 

UNIT 2       
Total number of fish impingeda 5,460 367 941 197 6,400 564 

Existing screen survival (#)b 3,521 289 703 145 4,225 434 
Existing screen survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Existing screens + upgraded sluice survival (#)c 2,893 169 574 114 3,467 282 
Upgraded sluice survival (%) 82.2 58.3 81.5 78.4 82.1 65.0 
       
Sluice mortality reduction (%)f 53.0 46.0 61.0 57.6 54.2 50.0 

 
a Numbers impinged estimated from 24-hour sample collections (June 2005 to June 2007, adjusted for collection efficiency; Normandeau 2007) and based on 

maximum Merrimack Station intake flow. 
b Based on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
c Based on from return sluice testing at Indian Point (Con Edison 1992), using golden shiner survival for spottail shiner and white perch survival for bluegill, black 

crappie, pumpkinseed, largemouth bass, and yellow perch. 
d Estimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, 

yellow perch, spottail shiner; Normandeau 2007) 
e Adult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 

perch, spottail shiner; Normandeau 2007) 
f Potential percent reduction in mortality rate for screens and sluice combined after replacing the existing Merrimack Station fish return sluice with an upgraded fish 

return sluice, based Merrimack Station impingement rates for June 2005 to June 2007. 
 
ASSUMPTIONS 
An upgraded fish sluice will be installed for use with the existing intake screens. 
All fish that were impinged at Merrimack Station between June 2005 and June 2007 were alive when impinged. 
All fish flushed into the current Merrimack Station fish return system do not survive due to location of end of sluice pipe. 
An upgraded return sluice will only be operable in the ice-free months of April-December. 
Upgraded fish return sluice survival will be comparable to survival rates of white perch and golden shiner tested at Indian Point.  Survival rates used in this 
comparison are the mean corrected survival values of multiple tests. 
Average conditions during testing of white perch were a pipe length of 225', discharge depth of 55' and system flow of 1990 gpm.  Average conditions during testing 
of golden shiner were a pipe length of 225', discharge depth of 55' and system flow of 2100 gpm. 
 
Con Edison (Consolidated Edison Company of New York, Inc.).  1992.  Indian Point Units 2 and 3 Ristroph Screen Return System Prototype Evaluation and Siting 
Study.  November 1992. 

Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  
September 2007. 
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Table 8-2. Mortality reduction associated with a change from existing intake screens at Units 1 and 2 
of Merrimack Station to Ristroph screens for impingement at maximum flow, with and 
without adjustment for upgraded return sluice survival. 

  

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 
Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 
Ristroph survival (#) c 1,185 482 238 62 1,422 544 
Ristroph survival (%) 66.7 74.4 65.1 66.8 66.4 73.4 
Ristroph + upgraded sluice survival (#)f 914 409 163 36 1,077 445 
Ristroph + upgraded sluice survival (%)  51.5 63.1 44.5 38.4 50.3 60.0 
       
Screen mortality reduction (%) g 15.0 39.8 8.7 18.2 13.9 37.2 
Screen + sluice mortality reduction (%)h,i 51.5 63.1 44.5 38.4 50.3 60.0 

UNIT 2       
Total number of fish impingeda 5,460 367 941 197 6,400 564 
Existing survival (#)b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 
Ristroph survival (#)c 3,510 292 618 134 4,128 426 
Ristroph survival (%) 64.3 79.6 65.7 67.9 64.5 75.5 
Ristroph + upgraded sluice survival (#)f 2,882 169 514 110 3,397 279 
Ristroph + upgraded sluice survival (%) 52.8 46.2 54.7 55.6 53.1 49.5 
       
Screen mortality reduction (%)g -0.6 3.0 -35.9 -20.7 -4.4 -6.6 
Screen + sluice mortality reduction (%)h,i 52.8 46.2 54.7 55.6 53.1 49.5 

aNumbers impinged estimated from 24-hour sample collections (June 2005 to June 2007, adjusted for collection efficiency; Normandeau 2007) and based on maximum 
Merrimack Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
cBased on Ristroph screen survival test at Indian Point.  Latent 96-hour data available for the period from Jan. to Apr. 1985 for 10 species (Con Edison 1985). 
dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, 
yellow perch, spottail shiner; Normandeau 2007) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Normandeau 2007) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (see sluice survival table). 
gPercent reduction in mortality rate between existing Merrimack Station screens and theoretical application of Ristroph screens based on observed Merrimack 
impingement rates during June 2005 to June 2007. 

hPercent mortality reduction between existing Merrimack Station screens and fish return sluice and theoretical application of Ristroph screens and upgraded fish return 
sluice based on Merrimack Station impingement rates in June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 05 and June 07 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Ristroph estimates are based on survival rates of like species tested at Indian Point (white perch, pumpkinseed, spottail shiner). 
Assumes an existing return sluice survival of zero. 
 
Con Edison (Consolidated Edison Company of New York, Inc.).  1985.  Biological Evaluation of a Ristroph Screen at Indian Point Unit 2.  June 1985. 
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  
September 2007. 
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Table 8-3. Mortality reduction associated with a change from existing intake screens at Units 1 and 2 
of Merrimack Station to Geiger multi-disc screens for impingement at maximum flow, 
with and without adjustment for upgraded return sluice survival. 

  

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 

Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Geiger multi-disc survival (#) c 1,651 559 347 88 1,998 647 
Geiger multi-disc survival (%) 93.0 86.3 95.1 94.0 93.4 87.3 

Geiger + upgraded sluice survival (#) f 1,231 447 245 53 1,475 500 
Geiger + upgraded sluice survival (%)  69.3 68.9 67.0 56.5 68.9 67.4 
       
Screen mortality reduction (%) g 82.1 67.8 87.1 85.3 82.9 69.9 
Screen + sluice mortality reduction (%) h,i 69.3 68.9 67.0 56.5 68.9 67.4 

UNIT 2       
Total number of fish impinged a 5,460 367 941 197 6,400 564 

Existing survival (#) b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Geiger multi-disc survival (#) c 5,256 305 891 182 6,148 488 
Geiger multi-disc survival (%) 96.3 83.3 94.8 92.5 96.1 86.5 

Geiger + upgraded sluice survival (#) f 4,374 194 730 144 5,104 338 
Geiger + upgraded sluice survival (%)  80.1 52.9 77.6 73.1 79.7 60.0 
       
Screen mortality reduction (%) g 89.5 20.7 79.3 71.7 88.4 41.3 
Screen + sluice mortality reduction (%) h,i 80.1 52.9 77.6 73.1 79.7 60.0 
       

aNumbers impinged estimated from 24-hour sample collections (June 2005-June 2007, adjusted for collection efficiency; Normandeau 2007) and based on maximum 
Merrimack Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
cBased on Geiger multi-disc screen 48-hr latent survival test at Potomac River Generating Station (EPRI 2007).  Survival rates available for bluegill, pumpkinseed, 
yellow perch, largemouth bass, and spottail shiner (black crappie estimated from bluegill). 

dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, 
yellow perch, spottail shiner; Normandeau 2007) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Normandeau 2007) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (See sluice survival table). 
gPercent reduction in mortality rates between existing Merrimack Station screens and theoretical application of Geiger multi-disc screens based on observed Merrimack 
impingement rates for June 2005 to June 2007. 

hPercent reduction in mortality rates between existing Merrimack Station screens and fish return sluice and theoretical application of Geiger screens and upgraded fish 
return sluice, based on Merrimack Station impingement rates in June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 05 and June 07 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Assumes an existing return sluice survival of zero. 
 
EPRI (Electric Power Research Institute).  2007.  Latent impingement mortality assessment of the Geiger MultiDisc screening system at the Potomac River 
Generating Station.   
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  
September 2007. 
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Table 8-4. Mortality reduction associated with a change from existing intake screens at Units 1 and 2 
of Merrimack Station to Beaudrey WIP screens and FPS system for impingement at 
maximum flow, with and without adjustment for upgraded return sluice survival. 

  

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse Estimatedd 
Adult 

Equivalentse 

UNIT 1       
Total number of fish impinged a 1,775 648 365 93 2,141 742 

Existing survival (#) b 1,080 372 226 56 1,306 428 
Existing survival (%) 60.8 57.5 61.8 59.4 61.0 57.7 

Beaudrey WIP  survival (#) c 1,580 577 325 83 1,905 660 
Beaudrey WIP  survival (%) 89.0 89.0 89.0 89.0 89.0 89.0 

Beaudrey WIP + upgraded sluice survival (#) f 1,191 472 227 49 1,418 521 
Beaudrey WIP + upgraded sluice survival (%)  67.1 72.8 62.1 52.6 66.2 70.2 
       
Screen mortality reduction (%) g 71.9 74.1 71.2 72.9 71.8 74.0 
Screen + sluice mortality reduction (%) h,i 67.1 72.8 62.1 52.6 66.2 70.2 

UNIT 2       
Total number of fish impinged a 5,460 367 941 197 6,400 564 

Existing survival (#) b 3,521 289 703 145 4,225 434 
Existing survival (%) 64.5 78.9 74.8 73.4 66.0 77.0 

Beaudrey WIP  survival (#) c 4,859 326 837 176 5,696 502 
Beaudrey WIP  survival (%) 89.0 89.0 89.0 89.0 89.0 89.0 

Beaudrey WIP + upgraded sluice survival (#) f 4,024 199 689 141 4,714 340 
Beaudrey WIP + upgraded sluice survival (%)  73.7 54.3 73.3 71.4 73.7 60.3 
       
Screen mortality reduction (%) g 69.0 47.8 56.4 58.7 67.6 52.2 
Screen + sluice mortality reduction (%) h,i 73.7 54.3 73.3 71.4 73.7 60.3 

       
aNumbers impinged estimated from 24-hour sample collections (June 2005-June 2007, adjusted for collection efficiency; Normandeau 2007) and based on maximum 
Merrimack Station intake flow. 

bBased on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
cBased on Beaudrey FPS system survival testing at Le Blayais Nuclear Power Station in France. 
dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, 
yellow perch, spottail shiner; Normandeau 2007) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Normandeau 2007) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (See sluice survival table). 
gPercent reduction in mortality rates between existing Merrimack Station screens and theoretical application of Beaudrey WIP screens, based on Merrimack 
impingement rates for June 2005 to June 2007. 

hPercent reduction in mortality rates between existing Merrimack Station screens and fish return sluice and theoretical application of Beaudrey WIP screens and 
upgraded fish return sluice, based on Merrimack Station impingement rates for June 2005 to June 2007. 

iAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Assumes that all fish that were impinged at Merrimack Station between June 2005 and June 2007 were alive when impinged. 
Existing estimates assume that golden shiner survival rates are representative of all species. 
Beaudrey WIP estimates assume that survival rates are similar for fish impinged at Le Blayais and Merrimack stations. 
Assumes an existing return sluice survival of zero. 
 
Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  
September 2007. 
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Attach. 6, Table 6-1. Monthly and annual impingement estimates for Unit 1 at maximum capacity 
flows (100%) and for each 5% flow reduction. 

  Jun05 Jul05 Aug05 Sep05 Oct05 Nov05 Dec05 Jan06 Feb06 Mar06 Apr06 May06 Jun06 Year 1

100% a 0 23 0 15 145 129 463 83 18 150 1 322 427 1,775
95% 0 22 0 14 138 122 440 79 17 142 1 306 405 1,687
90% 0 21 0 13 131 116 417 75 17 135 1 289 384 1,598
85% 0 19 0 13 123 109 393 71 16 127 1 273 363 1,509
80% 0 18 0 12 116 103 370 67 15 120 1 257 341 1,420
75% 0 17 0 11 109 96 347 62 14 112 1 241 320 1,331
70% 0 16 0 10 102 90 324 58 13 105 1 225 299 1,243
65% 0 15 0 10 94 84 301 54 12 97 1 209 277 1,154
60% 0 14 0 9 87 77 278 50 11 90 1 193 256 1,065
55% 0 13 0 8 80 71 255 46 10 82 1 177 235 976
50% 0 11 0 7 73 64 231 42 9 75 1 161 213 888
45% 0 10 0 7 65 58 208 37 8 67 1 145 192 799
40% 0 9 0 6 58 51 185 33 7 60 1 129 171 710
35% 0 8 0 5 51 45 162 29 6 52 1 113 149 621
30% 0 7 0 4 44 39 139 25 6 45 0 96 128 533
25% 0 6 0 4 36 32 116 21 5 37 0 80 107 444
20% 0 5 0 3 29 26 93 17 4 30 0 64 85 355
15% 0 3 0 2 22 19 69 12 3 22 0 48 64 266
10% 0 2 0 1 15 13 46 8 2 15 0 32 43 178
5% 0 1 0 1 7 6 23 4 1 7 0 16 21 89

  Jul06 Aug06 Sep06 Oct06 Nov06 Dec06 Jan07 Feb07 Mar07 Apr07 May07 Jun07 Year 2 Total 

100% a 28 11 0 22 40 45 23 20 22 7 73 74 365 2,141
95% 27 10 0 21 38 43 22 19 21 6 69 70 347 2,034
90% 25 10 0 20 36 41 21 18 20 6 66 66 329 1,926
85% 24 9 0 18 34 39 20 17 19 6 62 63 310 1,819
80% 22 9 0 17 32 36 19 16 18 5 59 59 292 1,712
75% 21 8 0 16 30 34 18 15 17 5 55 55 274 1,605
70% 20 7 0 15 28 32 16 14 16 5 51 52 256 1,498
65% 18 7 0 14 26 30 15 13 15 4 48 48 237 1,391
60% 17 6 0 13 24 27 14 12 13 4 44 44 219 1,284
55% 15 6 0 12 22 25 13 11 12 4 40 41 201 1,177
50% 14 5 0 11 20 23 12 10 11 3 37 37 183 1,070
45% 13 5 0 10 18 20 11 9 10 3 33 33 164 963
40% 11 4 0 9 16 18 9 8 9 3 29 30 146 856
35% 10 4 0 8 14 16 8 7 8 2 26 26 128 749
30% 8 3 0 7 12 14 7 6 7 2 22 22 110 642
25% 7 3 0 5 10 11 6 5 6 2 18 18 91 535
20% 6 2 0 4 8 9 5 4 4 1 15 15 73 428
15% 4 2 0 3 6 7 4 3 3 1 11 11 55 321
10% 3 1 0 2 4 5 2 2 2 1 7 7 37 214
5% 1 1 0 1 2 2 1 1 1 0 4 4 18 107

a100% represents estimated impingement totals for 90% of species impinged (black crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner, yellow perch) as 
estimated on a monthly and annual basis from 24-hour samples, adjusted for collection efficiency, and maximum capacity flows at Unit 1.   
 
Assumptions: 
Unit 1 maximum capacity flow of 0.32 MCM/day. 
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Attach. 6, Table 6-2. Monthly and annual impingement estimates for Unit 2 at maximum capacity 
flows (100%) and for each 5% flow reduction. 

  Jun05 Jul05 Aug05 Sep05 Oct05 Nov05 Dec05 Jan06 Feb06 Mar06 Apr06 May06 Jun06 Year 1

100% a 3 64 21 53 359 144 145 23 86 30 114 231 4,189 5,460
95% 3 61 20 50 341 136 137 22 81 28 108 219 3,980 5,187
90% 3 58 19 48 323 129 130 21 77 27 102 208 3,770 4,914
85% 2 55 18 45 305 122 123 20 73 25 97 196 3,561 4,641
80% 2 52 17 42 287 115 116 19 68 24 91 184 3,352 4,368
75% 2 48 16 40 269 108 108 17 64 22 85 173 3,142 4,095
70% 2 45 15 37 251 101 101 16 60 21 80 161 2,933 3,822
65% 2 42 14 34 233 93 94 15 56 19 74 150 2,723 3,549
60% 2 39 12 32 215 86 87 14 51 18 68 138 2,514 3,276
55% 2 35 11 29 197 79 80 13 47 16 63 127 2,304 3,003
50% 1 32 10 26 179 72 72 12 43 15 57 115 2,095 2,730
45% 1 29 9 24 161 65 65 10 38 13 51 104 1,885 2,457
40% 1 26 8 21 143 57 58 9 34 12 45 92 1,676 2,184
35% 1 23 7 18 126 50 51 8 30 10 40 81 1,466 1,911
30% 1 19 6 16 108 43 43 7 26 9 34 69 1,257 1,638
25% 1 16 5 13 90 36 36 6 21 7 28 58 1,047 1,365
20% 1 13 4 11 72 29 29 5 17 6 23 46 838 1,092
15% 0 10 3 8 54 22 22 3 13 4 17 35 628 819
10% 0 6 2 5 36 14 14 2 9 3 11 23 419 546
5% 0 3 1 3 18 7 7 1 4 1 6 12 209 273

  Jul06 Aug06 Sep06 Oct06 Nov06 Dec06 Jan07 Feb07 Mar07 Apr07 May07 Jun07 Year 2 Total 

100% a 162 0 16 128 142 84 25 17 2 47 209 108 941 6,400
95% 154 0 15 122 135 80 24 16 2 45 198 103 894 6,080
90% 146 0 14 115 128 76 23 15 2 42 188 97 847 5,760
85% 138 0 14 109 121 72 21 14 2 40 178 92 800 5,440
80% 130 0 13 102 114 67 20 13 2 38 167 86 752 5,120
75% 122 0 12 96 107 63 19 13 2 35 157 81 705 4,800
70% 114 0 11 90 99 59 18 12 1 33 146 76 658 4,480
65% 105 0 10 83 92 55 16 11 1 31 136 70 611 4,160
60% 97 0 10 77 85 51 15 10 1 28 125 65 564 3,840
55% 89 0 9 70 78 46 14 9 1 26 115 59 517 3,520
50% 81 0 8 64 71 42 13 8 1 23 104 54 470 3,200
45% 73 0 7 58 64 38 11 8 1 21 94 49 423 2,880
40% 65 0 6 51 57 34 10 7 1 19 84 43 376 2,560
35% 57 0 6 45 50 29 9 6 1 16 73 38 329 2,240
30% 49 0 5 38 43 25 8 5 1 14 63 32 282 1,920
25% 41 0 4 32 36 21 6 4 1 12 52 27 235 1,600
20% 32 0 3 26 28 17 5 3 0 9 42 22 188 1,280
15% 24 0 2 19 21 13 4 3 0 7 31 16 141 960
10% 16 0 2 13 14 8 3 2 0 5 21 11 94 640
5% 8 0 1 6 7 4 1 1 0 2 10 5 47 320

a100% represents estimated impingement totals for 90% of species impinged (black crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner, yellow perch) as 
estimated on a monthly and annual basis from 24-hour samples, adjusted for collection efficiency, and maximum capacity flows at Unit 2.   
 
Assumptions: 
Unit 2 maximum capacity flow of 0.76 MCM/day. 
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Attach. 6, Table 6-3. Monthly and annual adult equivalent losses due to impingement at Unit 1 at 
maximum capacity flows (100%) and for each 5% flow reduction. 

  Jun05 Jul05 Aug05 Sep05 Oct05 Nov05 Dec05 Jan06 Feb06 Mar06 Apr06 May06 Jun06 Year 1

100% a 0 5 0 0 67 88 359 32 6 39 0 47 5 648
95% 0 5 0 0 64 84 341 30 6 37 0 44 5 616
90% 0 5 0 0 61 80 323 29 5 35 0 42 4 583
85% 0 4 0 0 57 75 305 27 5 33 0 40 4 551
80% 0 4 0 0 54 71 287 26 5 31 0 37 4 518
75% 0 4 0 0 50 66 269 24 5 29 0 35 4 486
70% 0 4 0 0 47 62 251 22 4 27 0 33 3 454
65% 0 3 0 0 44 57 233 21 4 25 0 30 3 421
60% 0 3 0 0 40 53 215 19 4 23 0 28 3 389
55% 0 3 0 0 37 49 197 18 3 21 0 26 3 356
50% 0 3 0 0 34 44 180 16 3 19 0 23 2 324
45% 0 2 0 0 30 40 162 14 3 17 0 21 2 292
40% 0 2 0 0 27 35 144 13 2 16 0 19 2 259
35% 0 2 0 0 24 31 126 11 2 14 0 16 2 227
30% 0 2 0 0 20 27 108 10 2 12 0 14 1 194
25% 0 1 0 0 17 22 90 8 2 10 0 12 1 162
20% 0 1 0 0 13 18 72 6 1 8 0 9 1 130
15% 0 1 0 0 10 13 54 5 1 6 0 7 1 97
10% 0 1 0 0 7 9 36 3 1 4 0 5 0 65
5% 0 0 0 0 3 4 18 2 0 2 0 2 0 32

  Jul06 Aug06 Sep06 Oct06 Nov06 Dec06 Jan07 Feb07 Mar07 Apr07 May07 Jun07 Year 2 Total 

100% a 0 11 0 5 13 28 8 2 19 1 4 3 93 742
95% 0 10 0 5 13 27 8 2 18 1 4 3 89 704
90% 0 10 0 4 12 25 7 2 17 1 4 2 84 667
85% 0 9 0 4 11 24 7 2 16 1 4 2 79 630
80% 0 9 0 4 11 22 7 1 15 1 3 2 75 593
75% 0 8 0 4 10 21 6 1 14 1 3 2 70 556
70% 0 7 0 3 9 20 6 1 13 0 3 2 65 519
65% 0 7 0 3 9 18 5 1 12 0 3 2 61 482
60% 0 6 0 3 8 17 5 1 11 0 2 2 56 445
55% 0 6 0 3 7 15 5 1 10 0 2 1 51 408
50% 0 5 0 2 7 14 4 1 9 0 2 1 47 371
45% 0 5 0 2 6 13 4 1 8 0 2 1 42 334
40% 0 4 0 2 5 11 3 1 8 0 2 1 37 297
35% 0 4 0 2 5 10 3 1 7 0 1 1 33 260
30% 0 3 0 1 4 8 2 1 6 0 1 1 28 222
25% 0 3 0 1 3 7 2 0 5 0 1 1 23 185
20% 0 2 0 1 3 6 2 0 4 0 1 1 19 148
15% 0 2 0 1 2 4 1 0 3 0 1 0 14 111
10% 0 1 0 0 1 3 1 0 2 0 0 0 9 74
5% 0 1 0 0 1 1 0 0 1 0 0 0 5 37

a100% represents adult equivalent losses for 90% of species impinged (black crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner, yellow perch) as 
estimated on a monthly and annual basis from 24-hour samples, adjusted for collection efficiency, and maximum capacity flows at Unit 1.   
 
Assumptions: 
Unit 1 maximum capacity flow of 0.32 MCM/day. 
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Attach. 6, Table 6-4. Monthly and annual adult equivalent losses due to impingement at Unit 2 at 
maximum capacity flows (100%) and for each 5% flow reduction. 

  Jun05 Jul05 Aug05 Sep05 Oct05 Nov05 Dec05 Jan06 Feb06 Mar06 Apr06 May06 Jun06 Year 1

100% a 0 10 20 15 26 6 99 23 86 13 1 2 66 367
95% 0 9 19 14 25 6 94 22 81 12 1 2 62 348
90% 0 9 18 14 23 6 89 21 77 12 1 2 59 330
85% 0 8 17 13 22 5 84 20 73 11 1 2 56 312
80% 0 8 16 12 21 5 79 19 68 10 1 2 53 293
75% 0 7 15 11 19 5 74 17 64 10 1 2 49 275
70% 0 7 14 11 18 4 69 16 60 9 1 2 46 257
65% 0 6 13 10 17 4 64 15 56 8 1 2 43 238
60% 0 6 12 9 16 4 59 14 51 8 1 1 39 220
55% 0 5 11 8 14 3 54 13 47 7 1 1 36 202
50% 0 5 10 8 13 3 49 12 43 6 0 1 33 183
45% 0 4 9 7 12 3 44 10 38 6 0 1 30 165
40% 0 4 8 6 10 2 40 9 34 5 0 1 26 147
35% 0 3 7 5 9 2 35 8 30 5 0 1 23 128
30% 0 3 6 5 8 2 30 7 26 4 0 1 20 110
25% 0 2 5 4 6 2 25 6 21 3 0 1 16 92
20% 0 2 4 3 5 1 20 5 17 3 0 0 13 73
15% 0 1 3 2 4 1 15 3 13 2 0 0 10 55
10% 0 1 2 2 3 1 10 2 9 1 0 0 7 37
5% 0 0 1 1 1 0 5 1 4 1 0 0 3 18

  Jul06 Aug06 Sep06 Oct06 Nov06 Dec06 Jan07 Feb07 Mar07 Apr07 May07 Jun07 Year 2 Total 

100% a 3 0 0 25 54 17 18 1 0 4 17 59 197 564
95% 2 0 0 24 52 16 17 1 0 4 16 56 187 536
90% 2 0 0 22 49 16 16 1 0 3 15 53 178 507
85% 2 0 0 21 46 15 15 1 0 3 14 50 168 479
80% 2 0 0 20 44 14 14 1 0 3 13 47 158 451
75% 2 0 0 19 41 13 13 1 0 3 13 44 148 423
70% 2 0 0 17 38 12 12 1 0 3 12 41 138 395
65% 2 0 0 16 35 11 11 1 0 2 11 38 128 367
60% 2 0 0 15 33 10 11 0 0 2 10 35 118 338
55% 1 0 0 14 30 9 10 0 0 2 9 33 109 310
50% 1 0 0 12 27 9 9 0 0 2 8 30 99 282
45% 1 0 0 11 25 8 8 0 0 2 8 27 89 254
40% 1 0 0 10 22 7 7 0 0 2 7 24 79 226
35% 1 0 0 9 19 6 6 0 0 1 6 21 69 197
30% 1 0 0 7 16 5 5 0 0 1 5 18 59 169
25% 1 0 0 6 14 4 4 0 0 1 4 15 49 141
20% 1 0 0 5 11 3 4 0 0 1 3 12 39 113
15% 0 0 0 4 8 3 3 0 0 1 3 9 30 85
10% 0 0 0 2 5 2 2 0 0 0 2 6 20 56
5% 0 0 0 1 3 1 1 0 0 0 1 3 10 28

a100% represents adult equivalent losses for 90% of species impinged (black crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner, yellow perch) as 
estimated on a monthly and annual basis from 24-hour samples, adjusted for collection efficiency, and maximum capacity flows at Unit 2.   
 
Assumptions: 
Unit 2 maximum capacity flow of 0.76 MCM/day.  
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Attach. 6, Table 6-5. Monthly and seasonal entrainment estimates for Unit 1 at maximum capacity 
flows (100%) and for each 5% flow reduction. 

  Monthly and Seasonal Entrainment Reductions 
  May06 Jun06 Jul06 Aug06 Year 1 Apr07 May07 Jun07 Year 2 Total 

100% a 0 474,030 292,620 22,326 788,976 0 672,617 1,267,714 1,940,331 2,729,307 

95% 0 450,329 277,989 21,210 749,527 0 638,986 1,204,328 1,843,314 2,592,842 

90% 0 426,627 263,358 20,093 710,078 0 605,355 1,140,943 1,746,298 2,456,376 

85% 0 402,926 248,727 18,977 670,630 0 571,724 1,077,557 1,649,281 2,319,911 

80% 0 379,224 234,096 17,861 631,181 0 538,094 1,014,171 1,552,265 2,183,446 

75% 0 355,523 219,465 16,745 591,732 0 504,463 950,786 1,455,248 2,046,980 

70% 0 331,821 204,834 15,628 552,283 0 470,832 887,400 1,358,232 1,910,515 

65% 0 308,120 190,203 14,512 512,834 0 437,201 824,014 1,261,215 1,774,050 

60% 0 284,418 175,572 13,396 473,386 0 403,570 760,628 1,164,199 1,637,584 

55% 0 260,717 160,941 12,279 433,937 0 369,939 697,243 1,067,182 1,501,119 

50% 0 237,015 146,310 11,163 394,488 0 336,309 633,857 970,166 1,364,654 

45% 0 213,314 131,679 10,047 355,039 0 302,678 570,471 873,149 1,228,188 

40% 0 189,612 117,048 8,930 315,590 0 269,047 507,086 776,132 1,091,723 

35% 0 165,911 102,417 7,814 276,142 0 235,416 443,700 679,116 955,257 

30% 0 142,209 87,786 6,698 236,693 0 201,785 380,314 582,099 818,792 

25% 0 118,508 73,155 5,582 197,244 0 168,154 316,929 485,083 682,327 

20% 0 94,806 58,524 4,465 157,795 0 134,523 253,543 388,066 545,861 

15% 0 71,105 43,893 3,349 118,346 0 100,893 190,157 291,050 409,396 

10% 0 47,403 29,262 2,233 78,898 0 67,262 126,771 194,033 272,931 

5% 0 23,702 14,631 1,116 39,449 0 33,631 63,386 97,017 136,465 

           
a100% represents estimated entrainment for 90% of species entrained (white sucker, yellow perch, family Cyprinidae, family Centrarchidae) as estimated on a monthly 
and seasonal basis for maximum capacity flows at Unit 1.   
 
Assumptions: 
Unit 1 maximum capacity flow of 0.32 MCM/day. 
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Attach. 6, Table 6-6. Monthly and seasonal entrainment estimates for Unit 2 at maximum capacity 
flows (100%) and for each 5% flow reduction. 

  Monthly and Seasonal Entrainment Reductions 
  May06 Jun06 Jul06 Aug06 Sep06 Year 1 Apr07 May07 Jun07 Year 2 Total 

100% a 800,515 1,331,392 53,307 0 0 2,185,214 132,851 132,019 773,944 1,038,814 3,224,028 

95% 760,489 1,264,822 50,642 0 0 2,075,953 126,208 125,418 735,247 986,873 3,062,827 

90% 720,464 1,198,253 47,976 0 0 1,966,693 119,566 118,817 696,550 934,933 2,901,625 

85% 680,438 1,131,683 45,311 0 0 1,857,432 112,923 112,216 657,852 882,992 2,740,424 

80% 640,412 1,065,114 42,646 0 0 1,748,171 106,281 105,615 619,155 831,051 2,579,222 

75% 600,386 998,544 39,980 0 0 1,638,911 99,638 99,014 580,458 779,111 2,418,021 

70% 560,361 931,974 37,315 0 0 1,529,650 92,996 92,413 541,761 727,170 2,256,820 

65% 520,335 865,405 34,650 0 0 1,420,389 86,353 85,812 503,064 675,229 2,095,618 

60% 480,309 798,835 31,984 0 0 1,311,128 79,711 79,211 464,366 623,288 1,934,417 

55% 440,283 732,266 29,319 0 0 1,201,868 73,068 72,610 425,669 571,348 1,773,215 

50% 400,258 665,696 26,654 0 0 1,092,607 66,426 66,010 386,972 519,407 1,612,014 

45% 360,232 599,126 23,988 0 0 983,346 59,783 59,409 348,275 467,466 1,450,813 

40% 320,206 532,557 21,323 0 0 874,086 53,140 52,808 309,578 415,526 1,289,611 

35% 280,180 465,987 18,657 0 0 764,825 46,498 46,207 270,880 363,585 1,128,410 

30% 240,155 399,418 15,992 0 0 655,564 39,855 39,606 232,183 311,644 967,208 

25% 200,129 332,848 13,327 0 0 546,304 33,213 33,005 193,486 259,704 806,007 

20% 160,103 266,278 10,661 0 0 437,043 26,570 26,404 154,789 207,763 644,806 

15% 120,077 199,709 7,996 0 0 327,782 19,928 19,803 116,092 155,822 483,604 

10% 80,052 133,139 5,331 0 0 218,521 13,285 13,202 77,394 103,881 322,403 

5% 40,026 66,570 2,665 0 0 109,261 6,643 6,601 38,697 51,941 161,201 

            
a100% represents estimated entrainment for 90% of species entrained (white sucker, yellow perch, family Cyprinidae, family Centrarchidae) as estimated on a monthly 
and seasonal basis for maximum capacity flows at Unit 2.   
 
Assumptions: 
Unit 2 maximum capacity flow of 0.76 MCM/day. 
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Attach. 6, Table 6-7. Monthly and seasonal adult equivalent losses due to entrainment for Unit 1 at 
maximum capacity flows (100%) and for each sequential 5% flow reduction. 

  Monthly and Seasonal Reductions in Adult Equivalent Losses due to Entrainment 
  May06 Jun06 Jul06 Aug06 Year 1 Apr07 May07 Jun07 Year 2 Total 

100% a 0 2,536 1,225 94 3,855 0 1,289 7,521 8,810 12,665 

95% 0 2,409 1,164 89 3,662 0 1,225 7,145 8,370 12,032 

90% 0 2,282 1,103 85 3,470 0 1,160 6,769 7,929 11,399 

85% 0 2,156 1,041 80 3,277 0 1,096 6,393 7,489 10,765 

80% 0 2,029 980 75 3,084 0 1,031 6,017 7,048 10,132 

75% 0 1,902 919 71 2,891 0 967 5,641 6,608 9,499 

70% 0 1,775 858 66 2,699 0 902 5,265 6,167 8,866 

65% 0 1,648 796 61 2,506 0 838 4,889 5,727 8,232 

60% 0 1,522 735 56 2,313 0 773 4,513 5,286 7,599 

55% 0 1,395 674 52 2,120 0 709 4,137 4,846 6,966 

50% 0 1,268 613 47 1,928 0 645 3,761 4,405 6,333 

45% 0 1,141 551 42 1,735 0 580 3,384 3,965 5,699 

40% 0 1,014 490 38 1,542 0 516 3,008 3,524 5,066 

35% 0 888 429 33 1,349 0 451 2,632 3,084 4,433 

30% 0 761 368 28 1,157 0 387 2,256 2,643 3,800 

25% 0 634 306 24 964 0 322 1,880 2,203 3,166 

20% 0 507 245 19 771 0 258 1,504 1,762 2,533 

15% 0 380 184 14 578 0 193 1,128 1,322 1,900 

10% 0 254 123 9 386 0 129 752 881 1,267 

5% 0 127 61 5 193 0 64 376 441 633 

           
a100% represents adult equivalent losses for 90% of species entrained (white sucker, yellow perch, family Cyprinidae, family Centrarchidae) as estimated on a monthly 
and seasonal basis for maximum capacity flows at Unit 1.   
 
Assumptions: 
Unit 1 maximum capacity flow of 0.32 MCM/day. 
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Attach. 6, Table 6-8. Monthly and seasonal adult equivalent losses due to entrainment for Unit 2 at 
maximum capacity flows (100%) and for each sequential 5% flow reduction. 

  Monthly and Seasonal Reductions in Adult Equivalent Losses due to Entrainment 
  May06 Jun06 Jul06 Aug06 Sep06 Year 1 Apr07 May07 Jun07 Year 2 Total 

100% a 4,847 6,200 283 0 0 11,330 666 724 6,105 7,495 18,825 

95% 4,605 5,890 269 0 0 10,764 633 688 5,800 7,120 17,884 

90% 4,362 5,580 255 0 0 10,197 599 652 5,495 6,746 16,943 

85% 4,120 5,270 241 0 0 9,631 566 615 5,189 6,371 16,001 

80% 3,878 4,960 226 0 0 9,064 533 579 4,884 5,996 15,060 

75% 3,635 4,650 212 0 0 8,498 500 543 4,579 5,621 14,119 

70% 3,393 4,340 198 0 0 7,931 466 507 4,274 5,247 13,178 

65% 3,151 4,030 184 0 0 7,365 433 471 3,968 4,872 12,236 

60% 2,908 3,720 170 0 0 6,798 400 434 3,663 4,497 11,295 

55% 2,666 3,410 156 0 0 6,232 366 398 3,358 4,122 10,354 

50% 2,424 3,100 142 0 0 5,665 333 362 3,053 3,748 9,413 

45% 2,181 2,790 127 0 0 5,099 300 326 2,747 3,373 8,471 

40% 1,939 2,480 113 0 0 4,532 266 290 2,442 2,998 7,530 

35% 1,696 2,170 99 0 0 3,966 233 253 2,137 2,623 6,589 

30% 1,454 1,860 85 0 0 3,399 200 217 1,832 2,249 5,648 

25% 1,212 1,550 71 0 0 2,833 167 181 1,526 1,874 4,706 

20% 969 1,240 57 0 0 2,266 133 145 1,221 1,499 3,765 

15% 727 930 42 0 0 1,700 100 109 916 1,124 2,824 

10% 485 620 28 0 0 1,133 67 72 611 750 1,883 

5% 242 310 14 0 0 567 33 36 305 375 941 

            
a100% represents adult equivalent losses for 90% of species entrained (white sucker, yellow perch, family Cyprinidae, family Centrarchidae) as estimated on a monthly 
and seasonal basis for maximum capacity flows at Unit 2.   
 
Assumptions: 
Unit 2 maximum capacity flow of 0.76 MCM/day. 
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Attach. 6, Table 6-9. Summary of potential reductions in impingement mortality and 
entrainment at Merrimack Station with closed-loop cooling at Unit 1 and 
operational measures to reduce cooling water flow in combination with an 
upgraded fish return system at Unit 2, expressed as adult equivalents per 
year (assuming spring outages for Unit 2 and fall outages for Unit 1): 

 

Unit Type of impact 

Maximum 
flow with 
existing 
sluice 

Maximum 
flow with 
upgraded 

sluice 

Reduced 
flow with 
upgraded 

sluice 

Percent 
reduction 

due to 
reduced 

flow alone 

Total 
percent 

reduction
Unit 1 Impingement mortality 371 202 22 89.3 94.2 

Entrainment 7,167 7,167 437 93.9 93.9 
Total 7,537 7,368 459 93.8 93.9 

Unit 2 Impingement mortality 282 141 79 44.1 72.1 
Entrainment 10,027 10,027 4,958 50.5 50.5 

Total 10,308 10,167 5,037 50.5 51.1 
Both units 
combined 

Impingement mortality 653 342 100 70.7 84.6 
Entrainment 17,193 17,193 5,396 68.6 68.6 

Total 17,846 17,536 5,496 68.7 69.2 
 
 
Attach. 6, Table 6-10. Summary of potential reductions in impingement mortality and 

entrainment at Merrimack Station with closed-loop cooling at Unit 2 and 
operational measures to reduce cooling water flow in combination with an 
upgraded fish return system at Unit 1, expressed as adult equivalents per 
year (assuming spring outages for Unit 1 and fall outages for Unit 2): 

 

Unit Type of impact 

Maximum 
flow with 
existing 
sluice 

Maximum 
flow with 
upgraded 

sluice 

Reduced 
flow with 
upgraded 

sluice 

Percent 
reduction 

due to 
reduced 

flow alone 

Total 
percent 

reduction 
Unit 1 Impingement mortality 371 202 152 24.4 58.9 

Entrainment 7,167 7,167 4,604 35.8 35.8 
Total 7,537 7,368 4,756 35.5 36.9 

Unit 2 Impingement mortality 282 141 12 91.7 95.9 
Entrainment 10,027 10,027 453 95.5 95.5 

Total 10,308 10,167 465 95.4 95.5 
Both units 
combined 

Impingement mortality 653 342 164 52.1 74.9 
Entrainment 17,193 17,193 5,057 70.6 70.6 

Total 17,846 17,536 5,221 70.2 70.7 
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Attach. 6, Table 6-11. Summary of potential reductions in impingement mortality and 
entrainment at Merrimack Station with closed-loop cooling at Unit 1 and 
Unit 2, expressed as adult equivalents per year (assuming spring outages 
for Unit 2 and fall outages for Unit 1): 

 

Unit Type of impact 

Maximum 
flow with 
existing 
sluice 

Maximum 
flow with 
upgraded 

sluice 

Reduced 
flow with 
upgraded 

sluice 

Percent 
reduction 

due to 
reduced 

flow alone 

Total 
percent 

reduction 
Unit 1 Impingement mortality 371 202 22 89.3 94.2 

Entrainment 7,167 7,167 437 93.9 93.9 
Total 7,537 7,368 459 93.8 93.9 

Unit 2 Impingement mortality 282 141 11 92.1 96.1 
Entrainment 10,027 10,027 241 97.6 97.6 

Total 10,308 10,167 253 97.5 97.6 
Both units 
combined 

Impingement mortality 653 342 33 90.4 95.0 
Entrainment 17,193 17,193 679 96.1 96.1 

Total 17,846 17,536 711 95.9 96.0 
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Attach. 6, Table 6-12  Impingement mortality reduction potential for operational measures that 
reduce intake flows at Units 1 and 2 of Merrimack Station in combination with 
an upgraded fish return sluice (recommended Best Technology Available 
option), assuming existing intake screens. 

  

June 2005-June 2006 July 2006-June 2007 June 2005-June 2007 

Estimatedd
Adult 

Equivalentse Estimatedd
Adult 

Equivalentse Estimatedd
Adult 

Equivalentse

UNIT 1       
Number of fish impinged at maximum flowa 1,775 648 365 93 2,141 742 

Number of fish impinged at reduced flowb 1,350 480 282 71 1,632 551 
Impingement reduction (%) 23.9 26.0 22.8 23.9 23.8 25.7 

Screen  survival (#)c 823 275 174 42 997 317 
Screen  survival (%) 60.9 57.3 61.9 59.5 61.1 57.6 

Screen + upgraded sluice survival (#)f 627 226 125 26 752 251 
Upgraded sluice survival (%)  76.3 82.1 71.7 60.3 75.5 79.2 
       
Total mortality reduction (%)g, h 59.3 60.8 57.1 51.2 58.9 59.6 

UNIT 2       
Number of fish impinged at maximum flowa 5,460 367 941 197 6,400 564 

Number of fish impinged at reduced flowb 2,897 221 671 133 3,568 354 
Impingement reduction (%) 46.9 39.8 28.7 32.7 44.3 37.3 

Screen  survival (#)c 1,905 172 493 98 2,398 270 
Screen  survival (%) 65.8 77.9 73.5 73.8 67.2 76.3 

Screen + upgraded sluice survival (#)f 1,577 116 409 80 1,986 196 
Upgraded sluice survival (%)  54.4 52.7 61.0 60.1 55.7 55.5 
       
Total mortality reduction (%)g, h 75.8 71.5 72.2 73.1 75.3 72.1 

 
aNumbers impinged estimated from 24-hour sample collections (June 2005-June 2007, adjusted for collection efficiency; Normandeau 2007) and based on maximum 
Merrimack Station intake flow. 

bFlow reductions include (1) head loss due to river level fluctuation, (2) maintenance outages for Unit 2 in the spring and Unit 1 in the fall, (3) single-pump operation 
at Unit 2 during 15 December-15 March, and (4) recirculation of 8 MGD at Unit 1 and 13 MGD at Unit 2 during 15 December-15 March. 

cBased on average seasonal latent 24-hour screen survival tests using golden shiner (Normandeau 2007). 
dEstimated impingement calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, 
yellow perch, spottail shiner; Normandeau 2007) 

eAdult equivalents calculated for species representing 90% of total impingement at Merrimack Station (bluegill, black crappie, pumpkinseed, largemouth bass, yellow 
perch, spottail shiner; Normandeau 2007) 

fReturn sluice counts adjusted for survival based on results of Indian Point sluice survival test (See sluice survival table). 
gPercent reduction in mortality rates resulting from operational measures to reduce flow in conjunction with installation of an upgraded fish return sluice at Merrimack 
Station, compared to impingement at maximum flow with the existing fish return sluice, based on Merrimack Station impingement rates for June 2005 to June 2007. 

hAssumes an existing sluice survival rate of zero. 
 
ASSUMPTIONS 
Existing screens operated continuously during April-December with a state-of-the-art fish return system.  Impingement mortality 100% during January-March due to 
ice preventing operation of fish return system.  Cooling water pumping rate reduced to 48,000 gpm at Unit 1 and to 130,000 gpm at Unit 2 due to head loss resulting 
from river level fluctuations.  Unit 1 maintenance outages of 4 weeks in October every 2nd year, with every 3rd biennial outage extended 4 additional weeks in 
September.  Unit 2 maintenance outages ending 15 June every year, 4 weeks long except 8 weeks long every 5th year.  Unit 2 operated at 50% flow (1 circulating 
water pump off) during 15 December-15 March each year.  River withdrawal reduced by 8 MGD at Unit 1 and by 13 MGD at Unit 2 during 15 December-15March 
each year by recirculating discharge flow into the intake. 

Normandeau (Normandeau Associates Inc.). 2007.  Entrainment and Impingement Studies at Merrimack Generating Station: Draft Report June 2005-June 2007.  
September 2007. 
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Attach. 6 Table 6-13. Summary of potential reductions in impingement mortality and 
entrainment at Merrimack Station Unit 1 and Unit 2 with maintenance 
outages scheduled to reduce cooling water flow during peak entrainment 
periods, in combination with an upgraded fish return system, expressed as 
adult equivalents per year. 

 

Unit Type of impact 

Maximum 
flow with 
existing 
sluice 

Maximum 
flow with 
upgraded 

sluice 

Reduced 
flow with 
upgraded 

sluice 

Percent 
reduction 

due to 
reduced 

flow alone 

Total 
percent 

reduction
Unit 1 Impingement mortality 371 202 194 3.7 47.7 

Entrainment 7,167 7,167 7,167 0.0 0.0 
Total 7,537 7,368 7,361 0.1 2.3 

Unit 2 Impingement mortality 282 141 125 11.1 55.6 
Entrainment 10,027 10,027 5,340 46.7 46.7 

Total 10,308 10,167 5,465 46.3 47.0 
Both units 
combined 

Impingement mortality 653 342 319 6.8 51.1 
Entrainment 17,193 17,193 12,506 27.3 27.3 

Total 17,846 17,536 12,826 26.9 28.1 
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Attach. 6 Table 6-14. Summary of potential reductions in impingement mortality and 
entrainment at Merrimack Station Unit 1 and Unit 2 with single-pump 
operation of Unit 2 during 15 December-15 March, in combination with an 
upgraded fish return system, expressed as adult equivalents per year. 

 

Unit Type of impact 

Maximum 
flow with 
existing 
sluice 

Maximum 
flow with 
upgraded 

sluice 

Reduced 
flow with 
upgraded 

sluice 

Percent 
reduction 

due to 
reduced 

flow alone 

Total 
percent 

reduction 
Unit 1 Impingement mortality 371 202 202 0.0 45.6 

Entrainment 7,167 7,167 7,167 0.0 0.0 
Total 7,537 7,368 7,368 0.0 2.2 

Unit 2 Impingement mortality 282 141 105 25.2 62.6 
Entrainment 10,027 10,027 10,027 0.0 0.0 

Total 10,308 10,167 10,132 0.3 1.7 
Both units 
combined 

Impingement mortality 653 342 307 10.4 53.0 
Entrainment 17,193 17,193 17,193 0.0 0.0 

Total 17,846 17,536 17,500 0.2 1.9 
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Figure 1a. Weekly total impingement of fish at Units 1 and 2 of Merrimack Station based on 

average daily impingement estimates from late-June 2005 through late-June 2007.  
Brackets represent maximum estimated impingement for 3, 4, 5, and 6 consecutive 
weeks. Note week 52 represents last 8 days of a year. 
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Figure 1b (Unit 1). Estimated weekly entrainment of fish eggs (top) and larvae* (bottom) at Unit 1 from 

April through mid-September at Merrimack Generating Station.  Brackets indicate 
maximum entrainment for periods of 3, 4, 5, and 6 consecutive weeks. 

* includes yolk-sac larvae, post-sac larvae, young-of-the-year, and unidentified.  

Note:  Entrainment is assumed to be zero or negligible during other months due to the 
absence of larval stages of local fish species. 
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Figure 1b (Unit 2). Estimated weekly entrainment of fish eggs (top) and larvae* (bottom) at Unit 2 from 

April through mid-September at Merrimack Generating Station.  Brackets indicate 
maximum entrainment for periods of 3, 4, 5, and 6 consecutive weeks. 

 * includes yolk-sac larvae, post-sac larvae, young-of-the-year, and unidentified. 

Note: Larval entrainment is assumed to be zero or negligible during other months due 
to the absence of larval stages of local fish species.   
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Construction Schedule 
Conversion Of Both Units At Merrimack Station To Closed-Loop Cooling 

 
The construction schedule on the following page is based on a one year overall 
construction timeframe and a seven week two-unit plant outage.  Although the one year 
construction time period is somewhat arbitrarily due to inherent flexibility in man-
loading, the seven week outage time period is considered largely inflexible due to the 
severe complexities and man-power loading restrictions associated with the outage 
critical-path activities, including tying-in the circulating water return piping to the 
existing cooling water intake structures (CWISs).   

These complexities partly stem from the fact that the circulating water return flows for 
each unit must split shortly before reaching their respective CWISs so that both pumps in 
each CWIS are supplied an equal amount of flow.  This task is further complicated by the 
fact that the Unit 1 54” circulating water return piping and another large bore pipe 
carrying half the circulating water return flow for Unit 2 must pass under the existing 
large bore Unit 2 circulating water piping.  In addition, half of the Unit 1 circulating 
water return flow must pass under the existing large bore Unit 1 circulating water piping.  
This excavation and undermining of the existing large bore piping cannot be performed 
while the units are on line.   

Other tasks at the intakes that must be performed while offline are the cutting of 
penetrations into the sides of the CWISs for final tie-in, creating a leak-tight tie-in of the 
circulating water return piping to the new penetrations, upgrading the existing sluice 
gates that isolate the pumps from the river, and installing tower makeup pumps and 
valves that will draw makeup water from the river and into the pump wells.  Some 
preparatory work at the CWISs such as sheet piling coffer dam creation and dewatering 
can be performed in the period leading up to the outage. 

Additional tasks that must be completed during the seven week two-unit outage include: 

• High-voltage tie-ins at each Unit’s switchyard to supply the new substations. 

• Condenser tube-cleaning system tie-ins 

• Installation of face/bypass valves on the circulating water discharge lines to 
supply the new booster pumping station 

• Testing of newly installed components at the CWIS and booster pumping station 
prior to placement into service 

It is believed that the 7 week outage duration is conservative, representing best-case 
construction scenarios, and that emergent issues and/or weather based delays may extend 
the projected outage duration considerably.  Likewise, it is believed that the proposed 
overall construction schedule may extend beyond the duration indicated, as it is based on 
heavy man-loading and best-case construction conditions. 
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