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1.0 INTRODUCTION

The New England Regional office of the United States Environmental Protection Agency (“EPA”)
sent an information request letter (“308 Letter”) to Public Service Company of New Hampshire
(“PSNH”) on 3 July 2007. In this 308 Letter, EPA requested certain technology and water quality
information to facilitate their evaluation of thermal discharge requirements and cooling water intake
structure (“CWIS™) limits at Merrimack Station regarding re-issuance of their National Pollutant
Discharge Elimination System (“NPDES”) Permit No. NH-0001465 (“the NPDES Permit™), which
was last renewed by Region 1 of the United States Environmental Protection Agency (USEPA) on 25
June 1992. PSNH owns and operates two separate generating units, Unit 1 and Unit 2, known
together as “Merrimack Station™ in Bow, New Hampshire. Merrimack Station is located on the west
bank of the Merrimack River adjacent to Hooksett Pool, approximately 2.9 miles upstream from the
Hooksett Dam and Hydroelectric Station and about 2.9 miles downstream from the Garvins Falls
Dam. The River in Hooksett Pool is fresh water. Merrimack Station withdraws and discharges once-
through cooling water from the Merrimack River subject to and with the benefits of their NPDES
Permit. Unit 1, which became operational in 1960, generates at a rated capacity of 120 MW, and
withdraws once-through cooling water from the waters of the Merrimack River using a cooling water
intake structure (“CWIS”) located in a bulkhead at 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 Merrimack River using a separate CWIS located in a bulkhead approximately
120 feet downstream from the Unit 1 CWIS.

The final regulations implementing §316(b) of the CWA at existing electricity-generating stations
cooling water intake structures (the “Phase II Regulations™), among other things, established a
working definition of baseline conditions and performance standards for the reduction of
impingement mortality by 80 to 95 percent and, under certain circumstances, for the reduction of
entrainment by 60 to 90 percent (See 69 Fed. Reg. 41576 dated July 9, 2004). The applicability of
these performance standards was to be determined by several factors, including the type of water
body from which a plant withdraws cooling water and the plant’s capacity utilization factor. Under
the Phase Il Regulations, applicable performance standards could be met by design and construction
technologies, operational measures, restoration measures, Or some combination of these compliance
alternatives. In a ruling issued January 25, 2007, the Second U.S. Circuit Court of Appeals remanded
several key provisions of the Phase II Regulations. A memorandum from Benjamin Grumbles of
EPA dated March 20, 2007 directed EPA to prepare NPDES permits for Phase II Facilities like
Merrimack Station based on Best Professional Judgment (BPJ) as a result of this Circuit Court
ruling.

The now suspended Phase II Regulations required submission of a Proposal for Information
Collection (“PIC”) in certain circumstances. In a December 30, 2004 letter to PSNH, the 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. After
discussions with EPA, PSNH’s PIC for Merrimack Station was supplemented in October 2006 to add
an entrainment abundance and survival sampling program to complement the already imp lemented
two-year (June 2005 through June 2007) impingement abundance and survival sampling program.
Seasonal entrainment studies at Merrimack Station began in late May 2006 and continued through
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September 2006, and then resumed in April 2007 and are planned to continue for a second year
through September 2007, however the second year of entrainment data 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.

Sections 7 and 8§ of the 308 letter sent from EPA to PSNH made the following requests for
impingement and entrainment data from Merrimack Station.

7. Please provide all fisheries data collected during entrainment and impingement sampling
conducted from 2005 to 2007, including all data collected in support of Merrimack Station’s Proposal
for Information (PIC). Specifically, EPA requests the following for each sampling event that was
conducted:

a. Number of eggs of each fish species collected.

b. Number of larvae of each fish species collected.

c. Number of fish (juvenile and adult) of each species collected.

d. Duration of sampling event (in hours).

e. The location and method of sampling.

f.  The in-stream temperature(s) measured during the sampling event.
8. Provide the following, based on the data described above in item 7.

a. The estimated average number of eggs entrained per calendar month for each species,
and the estimated annual total number of eggs entrained for each species, based on
Merrimack Station’s typical recent water withdrawal rate for each calendar month;

b.  The estimated average number of larvae entrained per calendar month for each species,

and the estimated annual total number of larvae entrained for each species, based on
Merrimack Station’s typical recent water withdrawal rate for each calendar month;

¢.  The estimated average number of fish (juveniles and adults) of each species impinged
per calendar month, and the estimated total number of each species impinged, based
on Merrimack Station’s typical recent water withdrawal rate and operations for each
calendar month; and

d.  The estimated adult equivalent of fish of each species lost to entrainment and
impingement for each calendar month, and an annual adult equivalent total for each
species, based on Merrimack Station’s typical recent water withdrawal rate and
operations for each calendar month.

e. All assumptions, methods, and calculations for each of these estimates of entrainment
and impingement effects.”

This report describes the results of the recent entrainment and impingement sampling programs

conducted as specified in the PIC for Merrimack Station from June 2005 through June 2007.

20 METHODS

The Merrimack Station entrainment and impingement studies were conducted following the policies
and procedures set forth in the Quality Assurance Plan and Standard Operating Procedures for
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Entrainment (Normandeau 2006) and Impingement (Normandeau 2005) Monitoring that were
supplied to EPA with the PIC for Merrimack Station.

2.1 Entrainment Sampling

During 2006, entrainment sampling was conducted at both Units 1 and 2 from late-May through mid-
September. Figure 2-1 presents the locations of the entrainment sampling tanks at Units 1 and 2 of
Merrimack Station. The scheduled sampling was weekly from late May through August (15
sampling weeks) and bi-weekly during the first half of September (1 sampling week). Sampling
restarted during early April of 2007 and continued through June 2007. The scheduled sampling was
biweekly from early- April to mid May (4 sampling weeks) and weekly during the remainder of the
2007 period (9 sampling weeks). Entrainment sampling was not conducted at an individual unit on
days when one or both of the two circulating pumps were not operating. On each sampling day, one
daytime sample and one nighttime sample was 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 plant site. Nighttime was defined as occurring between one hour after local sunset
and one hour before local sunrise as observed at the plant site. Tables 2-1 and 2-2 provide the
achieved sampling design for entrainment sampling at Units 1 and 2 along with the extrapolation
periods for each sample.

Entrainment samples were collected through a 0.300 mm mesh plankton net suspended over a barrel
sampler located outside of the pumphouses at Units 1-and 2 (Figure 2-2). Water was supplied to each
tank from a 3-inch raw-water tap drawing un-chlorinated ambient cooling water from the condenser
supply line at a point after the supply (discharge) lines from each intake pump have joined into a
common line within the CWIS (Figure 2-3). Water in the 3-in. tap at ambient condenser pressure
(15-22 psig) flowed from the condenser supply line located in the basement of each pumphouse, up
and out through the upper floor of the pumphouse in a rigid 3-inch PVC pipe to the sampling tank
located at ground level. Flow was calculated for each sample using a timed volumetric method to
insure that a sample volume of at least 100m’> was filtered and collected. The timed volumetric
method of calculating flow volume for each sample was done by opening the 3-inch ball valve and
filling to the overflow ports a sampling tank of known volume (the outer barrel sampler tank holds
320 gallons to the overflow). The time required to fill the tank until it begins to overflow was
recorded to the nearest 0.1 second. The observed flow rate (calibration gpm) was calculated as
follows:

calibration gpm = volume of calibration tank in gallons / (calibration seconds/60)
The sampling time required to obtain a 100 m’ entrainment sample was then calculated as follows:

Sampling time in decimal minutes = 26,420 gallons / calibration gpm.

For example, if it takes 80.0 seconds to fill the 320 gallon sampling tank to the overflow, then the
calibration gpm = 320/(80/60) = 320/1.33 = 240.6 gpm, and the sampling time is 26,420/240.6 =
109.8 minutes or 1 hour and 49.8 minutes.

Samples were preserved in 10% buffered-formalin and stored until processing in the laboratory.
Water temperature, conductivity and dissolved oxygen were recorded for each entrainment samp le.
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2.1.1 Laboratory Processing of Entrainment Samples

Preserved entrainment samples were processed in Normandeau’s biological laboratory in Bedford,
New Hampshire. Entrainment samples were manually sorted and eggs and larvae were identified to
the lowest distinguishable taxon and enumerated. Samples with high abundances were subsampled in
the laboratory using a plankton splitter such that a minimum of 200 eggs and larvae were analyzed. If
numbers of eggs and larvae were low but the amount of detritus in the sample was high (more than
400 ml settled volume) then a maximum of one-half of the sample was sorted. 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 individuals of each ichthyoplankton
life stage (except eggs) per sample. If more than 30 ichthyoplankton larvae were present in a sample,
a random selection of 30 specimens was measured. The sorted contents of all entrainment samples
will be retained in storage until the Comprehensive Demonstration Study is accepted by the
regulatory agencies.

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-standard) 1235B (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 QC procedure used was the CSP-1 continuous sampling plan, which was conducted in two
modes as follows:

Mode 1. Reinspect one hundred percent of the samples until “i” consecutive samples passed.

s Mode 2. After “i” consecutive samples have passed QC reinspection, randomly choose
(using a random numbers table) the fraction “f” of the samples for reinspection. If any
QC sample fails then return to Mode 1.

For this application of CSP-1, i=8 and £=1/7, because the total number of samples analyzed by an
individual was less than 500

Within the sort QC process, a sample was considered defective if the sorter failed to remove 10
percent of the total organisms in the sample (or subsample). Percent error was calculated as follows
(where “QC count” denotes the number missed by the sorter):

% error = 100% x QC count/(sorter’s count + QC count)

When the total count (sorter’s plus QC) was <20, then the sample was considered defective only if the
sorter missed more than two organisms.

Within the species identification, life stage determination and counting QC processes, a sample was
considered defective if an error of 10 percent or more was made in identifying, assigning a life stage,
or counting any species. In determining whether a sample was defective, analyzer and QC results
were compared within each taxon/life stage combination. '

For each taxon (or for a life stage within a taxon) the percent error was calculated as follows (except
where the QC count is <20, the percent error was considered to be zero if analyzer and QC counts
differ by no more than two organisms):

% error = 100% x | analyzer count — QC count | /QC count
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A sample with a percent error of greater than or equal to 10% for any life stage for any taxon was
considered defective.

For each defective sample, a resolution was determined in which a third person reanalyzed the sample
(resolution value). The error for each species and life stage was then calculated using the resolution
counts as the divisor. This was done for both identification and QC counts:

% error = 100% x | identifier count — resolution count | / resolution count
% error = 100% x | QC count — resolution count | / resolution count

If the resolution vs. identifier error was <10 percent, the sample passed. If they were not, the sample
failed and identifier counts were replaced by QC counts for all cases, provided the QC vs. resolution
error was <10 percent. If the resolution vs. identifier and the resolution vs. QC errors were both 10
percent or more, the sample was thoroughly reviewed by all three people and the identifier’s sample
processing did not continue until agreement was reached on the identification of the sample.
Subsequent samples were reanalyzed by the QC person until eight consecutive samples passed.

A summary of this laboratory QC process and the results for entrainment sampling can be found in
Appendix C of this report.

2.1.2 Entrainment Survival Studies

Entrainment survival studies were performed at Merrimack Station during the expected peak period
of ichthyoplankton abundance of 2007 to estimate the survival of entrained ichthyoplankton that have
passed into the condenser cooling system through the CWIS. Entrainment survival samples were
collected using a barrel-type reverse flow entrainment sampler (modified from EA 1982) which was
set up at the screen house for each Unit. The entrainment survival sampler consisted of two nested
cylindrical tanks and was fitted at the bottom with a funnel that tapered and protruded through the
floor of the outer tank (Figure 2-4). Entrainment survival samples were collected after one hour of
sampling through the section of tubing passing out of the bottom of the outer tank. The walls of the
inner tank were covered with 0.300 mm mesh Nitex plankton netting. The supply water outlet was
oriented at a tangential angle to the inner tank so that the incoming water would swirl slowly to
disperse the incoming energy throughout the tank. In addition, the swirling motion caused solids (i.e.
fish eggs and larvae) to concentrate towards the center of the tank so that they were not subjected to
abrasion against the netting covering the walls of the inner tank. The water level in the barrel was
maintained by an overflow system so that the water velocity of the supply line was dispersed over the
entire inner tank, minimizing the possibility of net abrasion of ichthyoplankton. Supply water was
terminated and the stand pipe was removed, allowing the tank to drain while the sample was
passively drained down within the Nitex netting and concentrated within the bottom funnel. The
sample was then drained from the bottom funnel through a ball valve and into sorting trays for
processing.

In addition to the entrainment survival sampling tanks at Units 1 and 2, a smaller version of the tank
(without the supporting structure allowing it to stand freely on the ground) was suspended from a
boom off of a boat located just upstream from Merrimack Station (Figure 2-5). Water was drawn into
this control tank by pumping in a reverse-flow direction to provide an equipment control so that the
effects of being drawn into the tank and swirled through the survival collection process could be
quantified to allow adjustment (removal) of the sampling mortality from the total entrainment
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mortality (sampler plus CWIS) observed from the samples collected concurrently in the water from
the condenser supply line at Unit 1 or Unit 2.

The entrainment survival studies were staffed continuously during the collection and observation
periods, and sufficient volume of water was filtered through the entrainment collection device to
insure that at least 200 fish eggs or larvae (in aggregate) were collected and available for the initial
(0-hour) survival observations, and at least 100 of these were available for latent (24-hour) survival
observations, or 8 hours of sampling had occurred. These entrainment survival samples were sorted
in the field into six categories (initial alive, initial stunned, initial dead, latent alive, latent stunned and
latent dead) and observed in the field for entrainment survival.

22 Impingement Sampling

Impingement sampling was conducted at the Merrimack Station Unit 1 and Unit 2 CWIS’s beginning
on 29 June, 2005 and continuing for two years through 28 June, 2007. Impingement sampling was
conducted one day per weekly 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, 24-hour impingement samples were collected one day evey other week (14 sampling weeks).

Weekly impingement sampling consisted of one 24-hour sample followed by one six-day sample, and
biweekly sampling will 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.

Tables 2-3 and 2-4 provide the achieved sampling design for impingement sampling at Units 1 and 2
along with the extrapolation period for each raw 24-hour sample. In addition, the dates of collection
efficiency tests are noted along with the associated weeks to which their results were applied.

2.2.1 Impingement Sampling Procedures

Impingement sampling at each Merrimack Station CWIS was conducted by placing a basket in the
fish and debris return sluice of Unit 1 and Unit 2 to catch all fish and debris washed off of the
operating traveling screens during the sampling interval (Figures 2-1; 2-6). The basket mesh was
constructed from the same mesh as the traveling screens, standard 3/8-inch (0.3 75-inch) square
stainless-steel wire. The baskets were placed in sampling position and removed using a davit and
chainfall installed and operated by PSNH specifically for impingement sampling.

Merrimack Station 24-hr impingement collections were taken from approximately 0930 on _
Wednesday to 0930 on Thursday (24 total hours) at both Units 1 and 2 in each weekly or biweekly
period. Normandeau personnel were present for the pre-wash and post-wash of all 24-hr samples.
During periods of low debris loading, each 24-hour impingement sample typically represented the
contents of screenwashes performed by the PSNH operators once every eight hours and accumulated
for 24 hours in each collection basket. During periods of high debris loading (spring and fall), the
travelling screens required more frequent washing than once every eight hours to prevent the
collection basket from overflowing. Each of these multiple screenwashes conducted during the 24-hr
sample was bagged by Merrimack Station Operators and held on ice for subsequent processing by
Normandeau. This was done to minimize sample loss due to collection basket clogging and
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subsequent overflow during periods when Normandeau was not present on site. Valid 24-hour
samples were collected on the dates shown in Table 2-5. The number of valid 24-hour samples
collected at Merrimack Station over the two year study period was 80 at Unit 1 and 76 at Unit 2.

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., 290% of samples are within specified quality control tolerance
limits). Separate QC inspection plans were applied for each individual processor within three
categories of data: (1) sorting of fish from debris in a sample; (2) identification, counts, and weights
by species; and (3) length and condition of individual fish. For sorting, a QC sample consisted of one
complete 24-hour sample at one unit. For the count/weight data and the length/condition data, the
term “sample” for the purposes of QC inspections meant QC sample and was not the same as an
entire 24-hour impingement sample. For identification/count data, one QC sample consisted of one
line of data on the Impingement Count Data Sheet, including the taxon, total weight, and total count
recorded on that line. All data appearing on a line selected as a QC sample for inspection must be
within tolerance. If any of those values on the line fails, then that QC sample (data line) will fail. For
length/condition data, a QC sample consisted of the length and associated condition for one fish.

The QC sampling plan was conducted in two modes as described below.

Mode 1. Reinspected one hundred percent of the QC samples until “i” consecutive samples passed.
(The value of the parameter “i”” depended on the anticipated size of the data set, differing among the
three types of data, shown in the table following the description of Mode 2).

Mode 2. After “i consecutive samples passed QC reinspection, the fraction “f* of QC samples for
reinspection were randomly chosen (using a random numbers table). (The value of the parameter “f”
depended on the anticipated size of the data set, differing among the three types of data, as shown in
the table below.) If any QC sample failed during a Mode 2 inspection, then the employee returned to
Mode 1.

QC inspection plan parameters for Merrimack Station impingement

QC Plan i f

Sorting 6 1/4
count/weight 7 1/5
length/condition 8 1/7

A qualified person other than the original processor conducted quality control reinspections. All QC
reinspections were performed “blindly,” i.e., the individual doing the QC reinspection had no
knowledge of the original processor’s results. The tolerance for each task was

10% of the total fish count for sorting

4+10% for count when the QC count >20

+2 for count when the QC count <20

+3% for weight when the QC weight >33 g
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+1 g for weight when the QC weight <33 g
+3% for length when the QC length >33 mm
+1 g for length when the QC length <33 mm
no difference for condition (must agree)

The percent error was calculated as
% error = 100% x (original value — QC value)/QC value

For the sorting task, the QC value for this calculation was the total of the number of fish found by the
original processor plus any additional fish found by the QC inspector. A resolution value may be
determined for any QC sample found to exceed tolerance. Any person who made an incorrect
identification of his/her error was advised and provided with help. If any discrepancies between the
original value and the QC value exceeded the acceptance criteria, the data sheet reflected the
corrected value. A summary of this laboratory QC process for impingement sampling can be found in
Appendix C of this report.

Each fish taxon collected during the Merrimack Station impingement program was represented in the
general reference collection at Normandeau’s Bedford office. That reference collection was
supplemented as needed by removing specimens from Merrimack Station impingement samples and
preserving them in formalin. Each jar was labeled with external and internal labels containing the
scientific name, date of capture, and capture location. A list of species collected through
impingement at Merrimack Station and held in the Normandeau reference collection is provided in
Appendix C. These specimens are available for viewing upon request.

In addition to each weekly 24-hr sample, all debris washed from operating screens during the interim
periods was collected by PSNH operators, placed in labelled bags, and held on ice for subsequent
processing by Normandeau. This debris comprised the long interval samples and provided 6 days
worth of debris to process during the weekly sampling periods and 13 days worth of debris to process
during the two-week sampling periods. A subsampling protocol was initiated for long interval
samples during the season of highest debris loading at Merrimack Station. Long interval samples
during the subsampling period comprised one randomly selected hour of debris collected on each of
the long interval days (6 or 13 one-hour subsamples).

Water quality parameters were recorded at both the Unit 1 and Unit 2 intakes. Temperature (°C),
dissolved oxygen (mg/L), and conductivity (uS) were measured using calibrated electronic meters at
the water’s surface. Water quality measurements were recorded at the beginning and end of each 24
hour and long interval (6 or 13 day) impingement collection period.

2.2.2 Impingement Collection Efficiency Studies

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 impinged on the
operating intake screens and their collection in the sampling device. A lot of 100 stained dead fish
representative of the species and size range that had been observed in impingement samples during
the previous sampling events was introduced immediately in front of a randomly selected operating
intake screen at each Unit. Fish for release were placed in an injection tank located on the deck of
each Unit’s CWIS and flushed through a flexible 3-inch hose with running water (Figure 2-7). The
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discharge end of the hose released test fish at mid-depth below the surface and immediately in front
of a stationary screen near the mid-point of the 24-hour collection interval. Col lection efficienct test
fish were recovered during the next screen wash for each Unit. PSNH employees were responsible
for screenwash and bagging of debris loads from the screen wash containing the stained fish.
Normandeau employees removed stained fish from debris during the following day’s sorting and
enumerated them. The number of stained fish subsequently recovered in the collection device at the
end of the sampling period, divided by the number released, represents the impingement collection
efficiency for that period. 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.

2.2.3 Impingement Survival Studies

Impingement mortality 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. Using the same
injection setup as for collection efficiency (Figure 2-7), live fish held in an injection tank located on
the upper deck of each Unit’s CWIS were flushed through a flexible 3-inch hose with the outlet held
in front of a rotating screen at mid-depth by running water. Following their trip through the
screenwash procedure, impinged fish were collected by a dip net held immediately in front of the
impingement collection basket for each Unit. All survival test fish collected were separated from the
debris, gently removed and placed into holding tanks set up on the deck of each CWIS, and their
initial (time 0) survival status was determined as alive, stunned, or dead. All alive or stunned fish
from time 0 were held to determine latent (24-hour) mortality. Fish used for survival tests were
purchased at a local bait dealer and trucked to Merrimack Station. An additional 50 randomly selected
control fish were handled exactly as the test subjects, except they were transferred directly into the
holding facility to quantify the handling mortality associated with transportation. An additional 50
randomly selected control fish were marked and introduced through the injection table directly into
the concrete sluiceway and processed in the same manner as impinged fish to quantify mortality from
the injection process and separate it from impingement mortality due to the traveling screens and
screen wash process.

2.2.4 Impingement Laboratory Procedures

Impinged fish and debris were taken in fresh condition to the processing trailer located on-site at
Merrimack Station and were analyzed immediately. All fish were identified to species and
enumerated. A maximum of 50 individuals per species per sample were measured to the nearest
millimeter total length and weighed to the nearest gram. Any individual fish that could not be
identified to species in the field was taken to the laboratory in Bedford, NH for taxonomic
identification by microscopic examination.

The amount (number of gallons) and general characterization of debris (aquatic, terrestrial, etc.)
collected in each impingement sample were also determined as part of the sample processing

protocol.
2.3 Analytical Procedures

Most data analyses were conducted using the Statistical Analysis System (SAS) software (SAS 1989).
No rounding of data was done prior to the final step in each analysis. This prevented introduction of
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rounding error in the final result, and may present the appearance in a table that a column of data does
not sum exactly to the total shown in the last row.

2.3.1 Entrainment

Each entrainment sample collected was assigned a Use Code (1, 2, or 5) that defined its collection
status and subsequent use in analytical tasks. Use Code 1 samples were entrainment collections from
which valid data were collected and no sampling problems were encountered. A use code 1
entrainment sample had no loss of any ichthyoplankton from the sample, and no interruption of
circulating water flow during the collection interval. Use Code 1 entrainment samples were used for
all analytical tasks. Use Code 2 samples were collections in which there were sampling problems
encountered relating to either the accurate measurement of sample duration or volume, but
ichthyoplankton were caught. For example, if an unknown part of the sample was spilled when
transferring it from the collection cup into a sample jar, or the sample volume was unknown, this
sample would be classified as Use Code = 2. Use Code 2 samples were excluded from calculations
involving density estimates (number per unit volume) but retained for determination of species
richness. Use Code 5 samples were void samples where the entire contents of the sample was lost.
Use Code 5 samples were excluded from all analysis.

Entrainment samples from Unit 1 and Unit 2 at Merrimack Station were collected weekly (with
occasional exceptions) during the months of May through September 2006, and again weekly during
April through June of 2007 (Tables 2-1; 2-2). Counts of eggs and larvae in entrainment samples were
converted to densities for each taxon, based on actual sample duration and the flowrate in each
sample. Equation 1 was used to calculate entrainment density per sample:

Density = (# Collected in Sample) / (Sample Duration in minutes*Gallons/minute) (Eq. 1)

Densities were corrected to the number per 100 m’ for presentation in tables and figures. For time
periods when samples were not collected, interpolation using estimates from the preceding and
succeeding sampling periods provided appropriate estimates for the missing samples. Weekly
densities for each Unit (#/100 m’) were calculated by taking the average of the two diel (one day and
one night) density estimates for the samples from that week.

Actual plant CWIS flows were obtained from PSNH records, and weekly plant flows were derived
from these data for Unit 1 and Unit 2. Weekly entrainment abundance estimates (number of fish eggs
or larvae) were calculated from observed weekly densities and actual weekly plant flows. Weekly
entrainment abundance estimates were summed to obtain monthly abundance estimates. In the case
where weeks were divided between two sequential months, the weekly entrainment was assigned to
the month which contained the Sunday.

2.3.2 Impingement

Each impingement sample collected was assigned a Use Code (1, 2, or 5) that defined its use in
analytical tasks. Use Code 1 samples were impingement collections from which valid data were
collected and no sampling problems were encountered. Use Code 1 impingement samples were used
for all analytical tasks. Use Code 2 samples were collections in which fish were captured, but
sampling problems were encountered. Use Code 2 samples were excluded from calculations
involving catch per unit of effort and length-frequency distribution, but in the case of the long-
interval samples, could be useful for reporting the presence or absence and relative abundance of key
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migratory fish species. Use Code 5 samples were Use Code 2 samples where no fish were caught.
Use Code 5 samples were void and excluded from all analysis.

Fish impingement was estimated from the 24-hour sample collections, which ranged in duration
between 22.2 to 27.7 hours (24.1 £0.1 h; mean +£95% confidence interval). The total number of fish
impinged from 29 June 2005 through 27 June 2007 was estimated from Use Code 1 samples and Use
Code 2 samples if volumes could be corrected. Fish counts per sample volume were used to provide
a fish impingement density or rate assumed to be representative of the daily impingement rate within
a week. Because samples were collected from morning of the first day through the morning of the
following day instead of midnight to midnight and daily cooling water flow volumes were not
constant due to power outages, sample volumes in million cubic meters were estimated using
Equation 2 under the assumption that water flow was proportional to pump hours (i.e. constant flow
rate).

2ph 2ph
o 1 [CBYear-tam]| ([t
N W e———— (Vl +(V2 ” (Eq.2)
264.18 Mg ty 0
Where: V, = sample volume, in million cubic meters (Mm"'),
Vi = total daily volume in million gallons (Mg) of cooling water pumped through
screens on day i (midnight to midnight),
t, = total duration of cooling water pump hours (ph) on on-line for both pumps on day i,
t, = sample duration in hours on day i,
ty; = total duration in cooling water pump hours (ph) were off-line for both pumps

during sampling on day i,
1 Mm®’ = 264.18 Mg,
and 2 pump hours (ph) equivalent to 1 hour of the sample.

For example, sample 53 was collected from 0925 on 28 August 2005 through 0914 on 29 August
2005 with 14.58 hours of sampling on the first day and 9.23 hours on the second day. The two pumps
at Unit 2 were on for the entire first day of sampling with a daily flow volume of 181.261 million
gallons, but one of the two pumps was shut off for 1.567 hours during sampling. Daily flow volume
on 29 August was 187.201 million gallons. After substituting this information into Equation 2,
sample volume is estimated as 0.6805 million cubic meters as shown below.
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[(%3]04.533) . .567] [[%}(9.233 h)-0 ph]
+(187.201 Mg

46.433 ph 48.00 ph

B ll\rlm3
* | 264.18Mg

(181.261 Mg

V, =0.6805 Mm®

Fish impingement rate in number of fish impinged per million cubic meters was estimated using
Equation 3 as shown below.

[=N/V, (Eq.3)
where [ = impingement rate in number of fish per million cubic meters,

N = number of fish collected in a sample, and V is as defined in Eq.2.

Following the example of sample 53 from above, a count of 3 black crappie and the sample volume
previously shown was substituted into Equation 3 to estimate impingement rate for black crappie as
shown below.

I = 3 black crappie/0.6805 Mm® = 4.4087 black crappie per million cubic meters

This calculation of impingement rate was equivalent to adjusting the fish count in a sample for an
exact 24-hour sample duration and dividing by the daily flow volume, when pumps ran 24 hours in
consecutive days at the same rate. However, Equations 2 and 3 also provided an impingement
estimate when flow volumes were inconsistent or when pumps were off during portions of the
sampling interval by using actual fish count in the sample and estimated actual sample volume in the
calculation.

Screen collection efficiency tests were performed periodically (ca. monthly) to provide an adjustment
factor for the number of fish that might have been lost and not counted during the impingement
sampling interval. Each screen collection efficiency coefficient (c), expressed as the proportion (1 0
= 100%) of the fish released in front of the screen (e.g. 100 fish) that were collected in the sample,
was applied to sample estimates and assumed to be representative within a period defined
approximately by mid-points between consecutive test dates as well as for all species (Table 2-2).
Due to screen collections efficiencies less than 100%, impingement rates were expanded higher using
Equation 4.

ladj =1/c . (Eq 4)
Where: I,; = impingement rate adjusted for screen collection efficiency expressed in fish
impinged per million cubic meters.
I =  impingement rate in number of fish per million cubic meters (from Eq. 3), and
c = screen collection efficiency coefficient as a proportion.

An example is provided for sample 53 using the impingement rate previously calculated and a screen
collection efficiency of 0.73 (=73%).
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. = 4.4087/0.73 = 6.0393 black crappie per million cubic meters

For those weeks with void samples due to outages or skipped samples due to a biweekly collection
schedule (Tables 2-3; 2-4), impingement rates were linearly interpolated in proportion to the time
after the previous known rate and before the next known rate. Daily impingement was then estimated
by multiplying the estimated impingement rate, adjusted and unadjusted for screen collection
efficiency, by the daily volume. Weekly impingement estimates were calculated as the sum of daily
impingement estimates. Fish impingement was also estimated for each calendar month as the sum of
daily impingement estimates.

An impingement survival rate was calculated using Abbot’s formula (Equation 5).

Ps24 = Pt24 / Pc24 (Eq. 5)
Where: Ps24 = the 24 hour survival rate
Pc24 = the fraction of control organisms alive at the 24 hour observation

Pt24 = the fraction of test organisms alive at the 24 hour observation

For an example of this calculation, consider a scenario where a total of 100 fish (test fish) are
recovered in the screen wash of Unit 2 following release through the injection table onto a
continuously rotating screen during the month of October. Of those 100 fish, 70 show no sign of
injury, 15 are physically injured and 15 are dead at the initial observation (t,). An additional 100 fish
(control fish) are released through the injection table directly into the nets collecting the screenwash.
These 100 individuals serve as a control to remove the effects of net handling and the injection
process so that only the stresses encountered during the impingement process on the screen are being
examined. Of the 100 control fish, 98 show no sign of injury while the remaining 2 are physically
injured at t,. The live fish (85 test fish and 100 controls) are held for 24 hours and are then re-
examined. At the 24-hour check (t,4) of test fish, 60 show no sign of injury, 10 are injured and an
additional 15 have died. At the 24-hour check of control fish, 95 show no sign of injury, 2 are injured
and an additional 3 have died.

To calculate Pt24, divide the total number of fish at t, (100) by the fraction of them which are alive
with no injury at t,s. For this study, it was assumed that an injured fish would die upon reintroduction
to Hooksett Pool to provide a conservative estimate of survival. In this scenario, Pt24 would equal
100/60 or 0.60. To calculate Pc24, divide the total number of control fish alive at t, (100) by the
fraction of them which are alive with no injury at ty4. In this scenario, Pc24 would equal 100/95 or
0.95.

The impingement survival rate (Ps24) of fish in this test can be calculated by dividing Pt24 by Pc24.

Ps24 = Pt24 / Pc24
=0.60/0.95
=(.63 or 63%

The impingement survival rate for this scenario is 63 %. This survival rate from this scenario can be
applied to the estimated impingement catch for Unit 2 during the month of October. For example,
assume that the estimated impingement for Unit 2 during the test month of October at Unit 2 was 200
fish. Based on the survival rate obtained from Abbot’s formula, 126 of those fish would survive the
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impingement process. These results are based on the assumption that all fish were alive at the time
they were initially impinged. '

2.3.3 Equivalent Adult Losses

The impingement and entrainment abundance of fish at each Unit of Merrimack Station was
evaluated at a common life stage (i.e., at the adult age of first reaching sexual maturity) by equivalent
adult loss analysis (Saila et al. 1997, EPRI 1999). Entrainment losses (primarily eggs and larvae) and
impingement losses (mainly juveniles and adults) are not directly comparable because of the very
high natural mortality that is typical of early life stages of fish. The loss of relatively few juveniles or
adults is the equivalent of losing much higher (typically order of magnitude higher) numbers of eggs
or larvae, in terms of the effect on the population, because eggs and larvae naturally experience high
mortality before they reach juvenile or adult age. By expressing all entrainment and impingement
losses in terms of a common life stage (i.e., adult), the overall impact of the CWIS can be presented
as a single and comparable number for each species or taxon. Lifestage-specific estimates of
mortality rates were used to estimate the number of sexually mature adult fish that would have
survived if they had not been killed by entrainment or impingement during a different life stage.

Adult equivalents were estimated for the most commonly entrained and impinged species at
Merrimack Station because it is not always possible to obtain sufficient mortality rate information for
all taxa. Species comprising the upper 90% of individuals enumerated in the combined annual data
sets from both years were selected for equivalent adult loss analysis from each of the entrainment or
impingement programs. Adult equivalent losses were estimated for white sucker, yellow perch, carp
and minnow family and sunfish family representing 90% or more of the individuals entrained at
Merrimack Station (both units combined). Adult equivalent losses were estimated for bluegill,
spottail shiner, black crappie, largemouth bass, yellow perch and pumpkinseed representing 90% or
more of the individuals impinged at Merrimack Station (both units combined). Life stage-specific
mortality rates were obtained from the literature for each species selected. These mortality rates are
typically obtained from a variety of data for the various life stages of development from egg to
through the completed adult lifespan. The mortality rates can represent life stages, length classes, or
age classes, depending on the information available. For each life stage of each fish species or taxon,
the number of adult equivalents was calculated from the total instantaneous mortality rates for the
developmental intervals between the age at entrainment or impingement and sexual maturity:

Ne= N, exp[-Ziai (Z)] (Equation 6)
where N,= the number that would have survived to stage a (age 1), if they had not been
entrained or impinged during life stage j,

N;= the number entrained or impinged during life stage j, and

Z,= total instantaneous mortality during life stage i.

Most impinged fish were young-of-the-year (YOY), but adults (equal to or older than age at first
reproduction) of some species were also impinged. Total loss of mature fish due to impingement was
estimated as the sum of the number of mature fish impinged and the number of immature fish
equivalent to age of first maturity for each species. Numbers of impinged fish equal to or older than
age of first maturity were not back-calculated to the number at age of first maturity because the
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estimate represents actual age distribution of mature fish lost due to impingement. Ages of larger
impinged fish were estimated based on the size frequency distribution of measured specimens.

Each life stage or age entrained or impinged of a fish species or taxon typically includes individuals
from the full spectrum of development from the beginning to the end of the stage. Entrained larvae,
for example, often include not only recently hatched larvae, but also late-stage post yolk-sac larvae
that are nearly juveniles. The survival potential of a newly-hatched larva is far lower than the
survival potential of a larva ready to transform into a juvenile. To adequately represent the wide
range of survival potential within each entrained or impinged life stage, the mortality rate for that
stage was adjusted by a formula adapted from EPRI (2004):

Zu= Z+In(1+e”)-In2 (Equation7)

where Z,;= adjusted instantaneous mortality for the entrained life stage (stage j in the previous
equation), corresponding to the interval between the time of entrainment and the end of that life stage,
and

Z=  instantaneous mortality from the beginning to the end of that life stage.

The adjusted mortality was only used for the entrained or impinged life stage; unadjusted Z values
applied to all stages between that stage and age 1.

Tables 2-6 through 2-14 provide the life history parameters used in this report to estimate adult
equivalent losses due to impingement and entrainment of each species at Merrimack Station Unit 1
and Unit 2. These tables present the instantaneous mortality rate (Z), survival rates at life stage i (S)
and the adjusted survival rate at life stage i (Si)

Mortalities for largemouth bass are those provided by the EPA (EPA 2004; Table 2-6). Length at age
data used to partition the length frequency distribution of impinged largemouth bass into age classes
was obtained from the average of three populations of fish from a study in Maine (Beamesderfer and
North 1995). Age at sexual maturity for largemouth bass was conservatively estimated at 4 years for
females (Scott and Crossman 1973).

Mortalities for pumpkinseed are those provided by the EPA (EPA 2004; Table 2-7). Length at age
data used to partition the length frequency distribution of impinged pumpkinseed into age classes was
obtained from a Michigan population (Scott and Crossman 1973). Age at sexual maturity for
pumpkinseed is 2 years (Scott and Crossman 1973).

Mortalities for bluegill are those provided by the EPA (EPA 2004; Table 2-8). Length at age data
used to partition the length frequency distribution of impinged bluegill into age classes was obtained
from a Michigan population (Beamesderfer and North 1995). Age at sexual maturity for bluegill was
conservatively estimated at 3 years (Scott and Crossman 1973).

Mortalities for black crappie are from Barnthouse (2005; Table 2-9). Length at age data used to
partition the length frequency distribution of impinged black crappie into age classes was obtained
from a Canadian population (Scott and Crossman 1973). Age at sexual maturity for black crappie
was conservatively estimated at 2 years (Scott and Crossman 1973).

Mortalities for spottail shiner are those provided by the EPA (EPA 2004; Table 2-10). Length at age
data used to partition the length frequency distribution of impinged bluegill into age classes was
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obtained from a Wisconsin population (Becker 1983). Age at sexual maturity for spottail shiner is 2
years (Becker 1983).

Mortalities for yellow perch are from Barnthouse (2005; Table 2-11). Length at age data used to
partition the length frequency distribution of impinged yellow perch into age classes was obtained
from a Canadian population (Scott and Crossman 1973). Age at sexual maturity for yellow perch is 4
years (Scott and Crossman 1973).

Mortalities for white sucker are those provided by the EPA (EPA 2004; Table 2-12). Age at sexual
maturity for white sucker was conservatively estimated at 4 years (Scott and Crossman 1973).

Mortalities for carp and minnow family are those provided by the EPA (EPA 2004; Table 2-13). Age
at sexual maturity for the carp and minnow family was based on that of the spottail shiner. Spottail
shiner are abundant within Hooksett Pool (Normandeau 2007) and were the dominant minnow
species impinged at Merrimack Station. Age at sexual maturity for spottail shiner is 2 years (Becker
1983).

Mortalities for the sunfish family are those provided by the EPA (EPA 2004; Table 2-14) for bluegill.
It is assumed that bluegill larvae are the most dominant in Hooksett Pool based on their dominance of
both impingement catches (see Section 4.2 of this report) and electrofish catch (Normandeau 2007)
from Hooksett Pool. Age at sexual maturity for the sunfish family was conservatively estimated at 3
years based on the values of bluegill, the most dominant species of fish observed in the impingement
catches at Merrimack Station.
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Merrimack River
Flow

Unit 1 Traveling Screens

Unit 1 Entrainment Tank [J} Unit 1 Imp. Collection Basket

Facility
Building

Unit 2 Entrainment Tank -

Unit 2 Traveling Screens

Unit 2 Imp. Collection Basket

Unit 1 & 2 Debris Pit

Figure 2-1.  Site view showing the location of entrainment samplers and impingement
collection baskets relative to the CWIS at Units 1 and 2 of Merrimack Station.
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X AN

Figure 2-2.  Locations of entrainment tank samplers at Units 1 (top) and 2 (bottom) of
Merrimack Station.
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Figure 2-3.  Location of the 3-in. tap supplying condenser flow into the entrainment sampling
tanks from the main condenser supply lines withing the CWIS at Merrimack
Station Unit 1(top) and Unit 2 (bottom).
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Figure 2-4.  Diagram of Merrimack Station entrainment sampler showing flow patterns
through tank. A: Intake flow to sampling tank. B: Flow path for water during
entrainment survival test — bottom fill to swirl water around in cylindrical net. C:
Flow path for water during regular entrainment sampling — top fill filters down
through conical net and sample is collected in cod end. D: Drain line connected
to tank stand pipe. E: Drain line for use during entrainment survival test which
draws sample out of conical collection area at base of inner tank.
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Figure 2-5.  Control sampling tank for entrainment survival studies at Merrimack Station.
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Figure 2-6.  Impingement sample baskets at downstream end of debris sluice at Units 1 (top)
and 2 (bottom) of Merrimack Station.
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Figure 2-7.  Injection device (bottom panel) and fish holding facility (upper panel) used at
Units 1 and 2 of Merrimack Station for the release of fish onto the traveling
screens associated with collection efficiency and impingement survival testing.
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Table 2-1.  Achieved sampling schedule for entrainment at Unit 1 of Merrimack Station.
May-06 Aug-06
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
| o o 4 & 6 B R T R
7 8 9 10 11 12 13 6 Zi 8 9 10 11 12
21 22 23 24 25 26 27 20 21 22 23 24 25 26
28] 20| 3o 3 L 27| 2o 26| 30| s
Jun-06 Sep-06 _
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon [ Tue | Wed | Thu | Fri | Sat
it gl | ool
3 4 5 6 i 8 g
10 11 12 13 14 15 16
17 18 19 20 21 22 23
24 25 26 27 28 29 30

Jul-06

Sun

Mon

Tue | Wed

Thu

Fri

Sat
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Table 2-1. (Continued)

Apr-07 _ Jul-07
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed [ Thu | Fri | Sat
1 2 3 4 8 6 i 1 2 3 4 5 6 7
8 ‘9 10 11 12 13 14
15 16 17 18/ 19| 20f 21
22 23 24 25| 26| 27| 28
29 30 31
May-07 Aug-07
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2 3 4 5 1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30
Jun-07 Sep-07
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
| iy | o
3 4 5 6 ¥ 8 9 3 4 5 6 7 8 9
| | S S| | o 11| vo] o e 5| e
17 18 19 20 21 22 23 17 18 19 20 21 22 23
s s s | oo o] | 1| s 29

Bolded dates represent paired diel samp'les‘ The yellow and blue shaded weeks represent the corresponding periods of
extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
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Table 2-2.  Achieved sampling schedule for entrainment at Unit 2 of Merrimack Station.
May-06 Aug-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu Fri Sat
1 2 3 4 5 6
7 8 9 10 11 12 13 6 7 8 9 10 11 12
14 15 16 17 18 19 20
28 29 30 31 27 28 29 30 31
Jun-06 Sep-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
1 2 3 1 2
_ sl <l s il 7l sl o
11 12 13 14 15 16 17
25 26 27 28 29 30 24 25 26 27 28 29 30
Jul-06
Sun | Mon | Tue | Wed | Thu Fri Sat

10

11

12

13

14

|

15

23

24

25

26

27

28

29
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Table 2-2. (Continued)

Bolded dates represent paired diel samples. The yellow and blue shaded wee

Apr-07 Jul-07
Sun Wed | Thu | Fri Sat Sun | Mon | Tue [ Wed | Thu | Fri | Sat
1 2 3 4 5 6 7
8 9 10 11 12 13] 14
15 16 17 18] 19| 20| 21
22 23 24 25| 26| 27| 28
29 30 31
May-07 Aug-07
Sun Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2 3 4
5 6 7 8 9 10/ 11
12 13 14 15 16 17 18
20 23 24 25 26 19 20 21 22| 23] 24| 25
Lol ol xl 3ol s o o 2z x| w
Jun-07 Sep-07
Sun Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri [ Sat
1 2
3 6 7 8 9 3 4 5 6 7 8 9
I | ol 1] 12] 31 14l 15[ 16
17 20 21 22 23 17 18 19 20] 21 22| 23

ks represent the corresponding periods of

extrapolation for that sample. Weeks with alternating blue and yellow blocks are the préduct of a weighted average of the
two weeks on either side of that particular time period.
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Table2-3.  Achieved sampling schedule for impingement at Unit 1 of Merrimack Station.

Oct-05
Sat Tue | Wed

30 31
Nov-05

Sun | Mon | Tue | Wed | Thu Fri Sat
CE

28 29 30 31

Sep-05
Sun | Mon | Tue | Wed | Thu Fri Sat

Normandeau Associates, Inc.
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Table 2-3. (Continued)

Jan-06
Sun | Mon | Tue | Wed | Thu Fri Sat
CE

CHIE i U

2 ‘ Bk
i AT
U (e

TRty h-J;’._s;
1 sz‘—; .
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Table 2-3. (Continued)

Jul-06 Oct-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
CE .
2 3 4 5 6 7 8 8 ol 10 11| 12| 13 14
o 171 18| 19| 20| 21| 22 oo 23| 24| 25| 26| 27| 28
30| 31

CE
27 28 29 30 31
Sep-06
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2
d B OE K B K K
10 11 12 13 14 15 16 10 11 12 13| 14 15| 16
17 18 19 20 21 22 23 17 18 19 201 21 22 23
24 25 26 27 28 29 30

20885 Merrimack IE Final Report.doc 10/30/07

Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 2-3. (Continued)

Apr-07
Sun | Mon | Tue | Wed | Thu | Fri Sat

Sun | Mon | Tue | Wed | Thu Fri Sat

Bolded dates represent 24-hour samples. The yellow and blue shaded weeks represent the corresponding periods of
extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
CE represents a collection efficiency test. The alternating light gray and white areas represent the corresponding periods of

extrapolation covered by that particular test result.
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Table 2-4.  Achieved sampling schedule for impingement at Unit 2 of Merrimack Station.

Jun-05 Oct-05
i Tue | Wed

30 2l
Nov-05

Sun | Mon | Tue | Wed | Thu | Fri Sat
CE

13 14 15 16 17 18 19

Sep-05
Sun | Mon | Tue | Wed | Thu Fri Sat
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Table 2-4. (Continued)

Jan-06
Sun | Mon | Tue | Wed | Thu Fri Sat
CE
1 2 3 4 5 7
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Table 2-4. (Continued)

Jul-06 Oct-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
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Table 2-4. (Continued)

Jan-07 Apr-07
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
i) 2 3 4 5 6
21| 22| 23| 24| 25| 26| 27
28 29 30 31
Feb-07
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
1 2 3
18 19 20 21 22 23 24
25 26 27 28 27 28 29 30 31
Jun-07
Sun | Mon | Tue | Wed | Thu | Fri | Sat

Bolded dates represent 24-hour samples. The yellow and blue shaded weeks represent the corresponding periods of

extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
CE represents a collection efficiency test. The alternating light gray and white areas represent the corresponding periods of

extrapolation covered by that particular test result.
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Table 2-5. Sampling dates' for 24-hour impingement monitoring at Merrimack Station Unit 1

and Unit 2 from June 2005 through June 2007.

Unit Unit | Unit Unit

Sampling Date 1 | 2 |Sampling Date 1 | 2 |Sampling Date 1 | 2 |Sampling Date 1|2
29-30 Jun 05 X | X |4-5Jan 06 X | X |5-6Jul06 X | X [10-11 Jan 07 XX
6-7 Jul 05 X | X |18-19 Jan 06 X | X [12-13 Jul 06 X | X |24-25Jan 07 XX
13-14 Jul 05 X | X |1-2Feb 06 X | X |19-20 Jul 06 X | X |7-8Feb 07 XX
20-21 Jul 05 X | X |15-16 Feb 06 X | X [26-27 Jul 06 X | X [21-22Feb 07 X[ X
27-28 Jul 05 X | X |1-2 Mar 06 X | X |2-3 Aug06 X | X |7-8 Mar 07 X | X
3-4 Aug 05 X | X |15-16 Mar 06 X | X [9-10 Aug 06 X | X |21-22 Mar 07 X3
10-11 Aug 05 X | X [22-23 Mar 06 X | X |16-17 Aug 06 X | X |28-29 Mar 07 XX
17-18 Aug 05 X | X |29-30 Mar 06 X | X |23-24 Aug 06 X | X |4-5 Apr07 X | X
24-25 Aug 05 X | X |5-6 Apr 06 X | X |30-31 Aug 06 X | X [11-12 Apr 07 XX
31 Aug-1 Sep 05 X | X [12-13 Apr 06 X | X |6-7 Sep 06 3 | X |18-19 Apr 07 3|3
7-8 Sep 05 X | X |19-20 Apr 06 X | 3 |13-14Sep 06 3 | X |25-26 Apr 07 X |3
14-15 Sep 05 X | X |26-27 Apr 06 X | 3 |20-21Sep 06 3 | X [2-3 May07 X|3
21-22 Sep 05 X | X |3-4 May 06 X | 3 |27-28 Sep 06 3| 3 |9-10 May 07 X3
28-29 Sep 05 X | X [10-11 May 06 X | 3 |4-50ct06 X | X |16-17 May 07 X113
5-6 Oct 05 X | X [17-18 May 06 X | 3 |[11-120ct 06 X | X |23-24 May 07 X | X
12-13 Oct 05 3| 3 |24-25 May 06 3 | X |18-190ct 06 X | X |30-31 May 07 XX
19-20 Oct 05 X | X [31May-1Jun06 | X | X |25-26 Oct 06 X | X |6-7 Jun 07 X | X
26-27 Oct 05 X | X |7-8 Jun 06 X | X |1-2 Nov 06 X | X |13-14 Jun 07 X | X
2-3 Nov 05 X | X |14-15 Jun 06 X | X |15-16 Nov 06 X | X |20-21 Jun 07 X | X
9-10 Nov 05 X | X |21-22 Jun 06 3 | X |29-30 Nov 06 X | X |27-28 Jun 07 XX
16-17 Nov 05 X | X |28-29 Jun 06 X | X |13-14 Dec 06 36 || 2
22-23 Nov 05 XX 27-28 Dec 06 X | X
30 Nov-1 Dec 05 31X
7-8 Dec 05 XX
14-15 Dec 05 XX
21-22 Dec 05 X | X

X= Valid 24-h impingement sample collected (i.c. Use Code =1)
3 = Voided sample period. No sample collected due to outage, etc. (i.e. Use Code =5)
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Table 2-6.  Table of parameters for determination of adult equivalent losses for largemouth

bass.

Instantaneous Length at Age
| Stage (i) | Mortality (Z) * S Si (mmtl)
Egg 1.9 0.149568619 | 0.260216949
Larvae 2.7 0.067205513 | 0.125946712
YOY 0.446 0.640183772 | 0.780624443
Age 1+ 0.86 0.423162082 | 0.594678691 82
Age 2+ 1.17 0.310366941 188
Age 3+ 0.755 0.470010615 266
Age 4+°¢ 1.05 0.349937749 326

* shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-3) (EPA
2004)

b Average from three populations in Maine, Beamesderfer and North 1995.

¢ Conservative value for the age at sexual maturity for females is 4 years, Scott and
Crossman 1973.

Table 2-7.  Table of parameters for determination of adult equivalent losses for pumpkinseed.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl) °
Egg 1.71 0.180865793 | 0.306327432
Larvae 0.687 0.503083057 | 0.66940154
YOY 0.687 0.503083057 | 0.66940154
Age 1+ 1.61 0.199887614 | 0.333177227 74
Age2+° 1.61 0.199887614 104

* shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-30) (EPA 2004)
b Taken from a population in Michigan, Scott and Crossman 1973.

¢ Age at sexual maturity for pumpkinseed is 2 years, Scott and Crossman 1973.

Table 2-8.  Table of parameters for determination of adult equivalent losses for bluegill.

Instantaneous Length at Age

Stage (i) | Mortality (Z) * S Si (mmtl) °
Egg 1.73 0.17728441 | 0.301175159

Larvae 0.576 0.562142445 | 0.719707024

YOY 4.62 0.009852796 | 0.019513331

Age 1+ 0.39 0.677056874 | 0.807434601 79
Age 2+ 0.151 0.859847699 | 0.92464313 109
Age 3+° 0.735 0.479505459 137

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-7) (EPA 2004)

b Taken from a population in Michigan, Scott and Crossman 1973.

¢ Conservative value for age at sexual maturity for bluegill is 3 years, Scott and Crossman 1973.
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Table 2-9.  Table of parameters for determination of adult equivalent losses for black crappie.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl) ®
Egg 0.5 0.60653066 | 0.755081338
Larvae 3.6 0.027323722 | 0.053193987
YOY 1.8 0.165298888 | 0.28370213
Age 1+ 3.65 0.025991129 | 0.050665406 115
Age2+°© 0.6 0.548811636 173

*shaded box denotes age at sexual maturity a - Taken from Barnthouse 2003.

b Taken from a population in Ontario, Canada, Scott and Crossman 1973. Converted
from fork length (TL = 1.02792*FL).

¢ Conservative value for age at sexual maturity for black crappie is 2 years, Scott and
Crossman 1973.

Table 2-10. Table of parameters for determination of adult equivalent losses for spottail shiner.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl)°
Egg 1.9 0.149568619 | 0.260216949
Larvae 4.61 0.009951818 | 0.019707511
YOY 0.777 0.459783294 | 0.629933629
Age 1+ 0.371 0.690043942 | 0.816598817 84
Age 2+°¢ 4.61 0.009951818 99

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-24) (EPA 2004).
b Taken from a population in Wisconsin, Becker 1983.

¢ Age at sexual maturity for spottail shiner is 2 years, Becker 1983.

Table 2-11. Table of parameters for determination of adult equivalent losses for yellow perch.

Instantaneous Length at Age

Stage (i) | Mortality (Z) * S Si (mmtl) ”
Egg 27 0.067205513 | 0.125946712

Larvae 3.67 0.02547647 | 0.049687088

YOY -2.48 0.083743226 | 0.154544404

Age 1+ 0.36 0.697676326 | 0.821919132 S

Age 2+ 0.69 0.501576069 | 0.668066146 91

Age 3+ 1.2 0.301194212 | 0.462950433 131

Age 4+° 1.2 0.301194212 150

*shaded box denotes age at sexual maturity

a Taken from Barnthouse 2005

b Taken from a population in Canada and measurements converted from fork length
to total length (TL = FL*1.05838), Scott and Crossman 1973.

¢ Age at sexual maturity for females is 4 years, Scott and Crossman 1973.
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Table 2-12. Table of parameters for determination of adult equivalent losses for white sucker.

Instantaneous

Stage (i) | Mortality (Z) 3 S Si

Egg 2.05 0.128734904 | 0.228104763
Larvae 2.56 0.07730474 | 0.143515085
YOY 2.3 0.100258844 | 0.182245922
Age 1+ 0.274 0.760332075

Age 2+ 0.274 0.760332075

Age 3+ 0.274 0.760332075

Age 4+ s 0.274 0.760332075

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table
H1-3) (EPA 2004)

b Conservative value for age at sexual maturity for white sucker is
4 years, Scott and Crossman 1973.

Table 2-13. Table of parameters for determination of adult equivalent losses for the carp and
minnow family.

Instantaneous
Stage (i) | Mortality (Z) 2 S Si
Egg 1.9 0.149568619 | 0.260216949
Larvae 461 0.009951818 | 0.019707511
YOY 1.39 0.249075305 | 0.398815514
Age 1+ 0.13 0.878095431
Age 2+ 0.13 0.878095431

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values
(Table H1-9) (EPA 2004).

b Conservative estimate of age at sexual maturity based on
values for spottail shiner (abundantly present in Hooksett
Pool).

Table 2-14. Table of parameters for determination of adult equivilant losses for the sunfish

family.
Instantaneous

Stage (i) | Mortality (Z) * S Si

Egg 1.73 0.17728441 0.301175159
Larvae 0.576 0.562142445 | 0.719707024
YOY 4.62 0.009852796 | 0.019513331
Age 1+ 0.39 0.677056874 | 0.807434601
Age 2+ 0.151 0.859847699 | 0.92464313
Age 3+ 0.735 0.479505459

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table
HI1-7) (EPA 2004).

b Conservative estimate of age at sexual maturity based on value
for bluegill (dominant sunfish species present in Hooksett Pool).
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3.0 ENTRAINMENT RESULTS

A total of 48 valid entrainment samples were collected at Unit 1 and 47 at Unit 2 from 21 May 2006
through 25 June 2007. As requested in the EPA 308 letter to PSNH, this section will present the
number of eggs and larvae collected and the physical and env ironmental parameters collected in
conjunction with each sample. Table 1 of Appendix A presents the duration, volume and recorded
water quality parameters for each entrainment sample.

3.1 Species Composition

Seven fish species belonging to five families were identified from Merrimack Station entrainment
samples (Table 3-1). The additional three taxonomic categories in Table 3-1 represented specimens
that were either too badly damaged to identify or were in a life stage or size range in which two or
more locally occurring species cannot be reliably distinguished (i.c., Centrarchidae, Clupeidae, or
Cyprindae).

Among the total raw or numerical count of individual fish entrained at Merrimack Station (Units 1 &
2 pooled over 2006 and 2007), 89% were post yolk-sac larvae (PYSL). PYSL are defined as the
transitional life stage of larval development occurring from the time when a complete functional
digestive system has been fully developed to the time when the organism transforms into a fully
formed juvenile fish. Yolk-sac larvae (YSL), defined as the transition stage from hatching through
the development of a complete, functional digestive system, represented 6.2% of the total entrained.
Young of year (YOY), defined as the stage from completed transformation into a juvenile fish to Age
1 (12 months), represented 1.4 % of the total entrained at Merrimack Station Units 1 and 2 combined.
A total of just four eggs were entrained among the two years of sampling at Merrimack Station Units
1 and 2, representing 1.1% of the total count of entrained organisms. The remainder (2.3%) were
larvae that could not be identified to family or staged due to the damaged condition of the individuals
in the sample. '

Among PYSL entrained at Merrimack Station (Units 1 and 2 combined), white sucker was the most
abundant taxon and the carp and minnow family ranked second, together accounting for 73% of all
PYSL (Table 3-2). Other commonly found species included yellow perch and sunfish family. Yolk-
sac larvae were mostly of the carp and minnow family (61%; Table 3-2). Sunfish family and
tessellated darter made up the remainder of the entrained YSL. Entrained young-of-year fish included
white sucker, spottail shiner and margined madtom (Table 3-2). Of the four eggs entrained during
sampling, one belonged to the carp and minnow family while the remainder could not be identified to
family (Table 3-2). As would be expected, the most abundantly entrained species had the highest
mean densities (# per 100 m’; Table 3-3).

Species composition of entrained larvae was similar at Units 1 and 2 for the season. White sucker,
carp and minnow family, sunfish family, and yellow perch were the four most abundant taxa
decreasing in order of abundance within the entrained PYSL at both Units 1 and 2 (Table 3-2). The
carp and minnow family, sunfish family, and tessellated darter constituted 100% of the yolk sac
larvae entrained at both Units 1 and 2 (Table 3-2). Unit 1 entrained a total of four YOY and three
eggs while Unit 2 entrained a total of one YOY and one egg during the season (Table 3-2).
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3.2 Sizes of Entrained Fish

The mean, range, and length frequency distribution (in 1 mm length classes) of each fish species
entrained at Merrimack Station is presented in Table 3-3. The lengths of entrained fish ranged from
3.7 mm (Cyprinidae) to 24.2 mm (white sucker). Peak abundances of entrained larvae occurred
within the length classes of 5.0-5.9, 10.0-11.9 and 14.0-16.9 mm (Figure 3-1). Larvae within the 5.0-
5.9 mm length class comprised members of the family Centrarchidae (sunfishes and black crappie)
and Cyprinidae (minnow species). The peak abundance within the 10.0 - 11.9 mm length classes
comprised white sucker and cyprinids, while the abundance within the 14.0 to 16.9 mm length classes
was dominated by white sucker.

Among the dominant species entrained, 78.8% of entrained white sucker larvae were between the
lengths of 10.0 and 16.9 mm (range = 6.0-24.9 mm). Among the entrained members of the sunfish
family, 81.8% were within the range of 5.0 to 6.9 mm (range = 4.0-13.9 mm). Of the 94 entrained
cyprinids, more than half (52.1%) were within the 4.0-5.9 mm length classes (range = 3.0-17.9 mm).
Entrained larvae of yellow perch ranged from 6.0 to 14.9 mm with the highest abundance (39.2%)
within the 7.0 to 7.9 mm length class.

33 Seasonal Abundance Patterns

The abundance of entrained larvae (YSL and PYSL pooled) at Merrimack Station (Units 1 and 2
pooled) varied seasonally with a primary peak in late-May and early-June (Figure 3-2). This spring
peak occurred during both the 2006 and 2007 sampling years, and coincides with the time required
for development into the larval stages from eggs spawned in early- or mid-May. Densities of
entrained fish larvae peaked during first week of June in 2006 and 2007 reflecting similar year to year
timing of spawning and larval development. Mean densities entrained during the early June peak
observed were 0.89 per 100 m’ in 2006 and 2.01 per 100 m’ in 2007. A secondary peak in
entrainment was observed in late-June of each year. Mean densities of larvae (YSL and PYSL
pooled) entrained during the secondary peaks were 0.54 per 100 m’ in 2006 and 0.75 per 100 m’ in
2007. As would be expected given the life history strategies of resident fish species, mean densities
during the summer months of July, August, and September and the early spring period of April
showed lower levels of entrainment because little spawning occurs in then. White sucker accounted
for 93% of the 2006 and 75% of the 2007 peak in larval entrainment that was observed during the
late-May and early-June (primary) period. The carp and minnow family and sunfish family
contributed significantly to the secondary peak in entrainment mean densities observed during the last
week of June.

Egg entrainment at Merrimack Station (Units 1 and 2 combined) occurred during late-May and early-
August in 2006 and during mid-June in 2007 (Figure 3-3). The 2007 peak was eggs from the carp
and minnow family and unidentified. The eggs of the 2006 peaks could not be identified to species.
It is possible that some of the unidentified eggs may have been unfertilized and extruded from
impinged fish.

When examined separately by Unit at Merrimack Station, seasonal patterns of larval entrainment at
Units 1 and 2 were similar to the overall pattern for both Units combined (Figure 3-2). During 2006
and 2007, larval entrainment at Unit | peaked during the first week of June, with mean densities of
0.59 per 100 m’ and 3.15 per 100 m’, respectively. Larval entrainment at Unit 2 peaked during the
last week of May in 2006 (1.31 per 100 m’) and first week of June in 2007 (0.86 per 100m®). A
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secondary larval peak during late-June was present in the larval entrainment collection at both Units 1
and 2 during 2006 and 2007.

Due to the low number (4) of eggs observed in entrainment samples collected at Units 1 and 2 of
Merrimack Station (combined), peaks in seasonal abundance of eggs occur when any were present in
the sample (Figure 3-3). At Merrimack Station, a peak in egg entrainment occurred in 2006 during
the week of 28 May (one egg at Unit 2, or 0.02 eggs per 100 m°) and during the week of 6 August
(one egg at Unit 1, or 0.02 per 100m’). A peak in egg entrainment occurred at Merrimack Station
during the week of 25 June 2007 with a mean density of two eggs at Unit 1, or 0.05 per 100 m’.
There were no eggs entrained at Unit 2 during the 2007 season.

34 Diel Patterns

For the two most abundant taxa, their occurrence of PYSL in Merrimack Station entrainment samples
was significantly more abundant at night than during the day (Table 3-5). The mean density

# 100m”) of entrained white sucker (Wilcoxon — two sample test, p=0.003 84) and the carp and
minnow family (Wilcoxon — two sample test, p=0.00398) were greater during night samples than
those during daylight hours. Mean densities of white sucker observed during night samples were 8.8
times those observed during daytime samples while the carp and minnow family mean densities were
4.7 times greater at night than during the day. There were no significant differences observed in the
mean densities between day and night samples for the YSL stage of any species.

When examined by individual Unit at Merrimack Station, PYSL of the carp and minnow family
(Wilcoxon — two sample test, p=0.02296) entrained at Unit 1 and PYSL of the white sucker
(Wilcoxon — two sample test; p=0.02257) entrained at Unit 2 showed si gnificantly greater mean
densities during night samples than those taken in during the day (Table 3-5). Yolk-sac larvae did not
show any significant differences in mean density (#/ 100m’) in night versus day samples at either Unit
1 or2.

35 Estimated Entrainment Abundance

The total estimated entrainment abundance (total number of entrained fish obtained from the product
of entrainment density and CWIS flow for the relevant period) over the 17-week 2006 season and the
13-week 2007 season reflected not only the densities of eggs and larvae per unit volume of water but
also the volume of water withdrawal by Merrimack Station during periods of larval abundance in
Hooksett Pool. Although circulating water pumps operated 100% of the time in many weeks, there
were occasional weeks when the pumped volume was lower than normal due to brief changes or
interruptions in the operations of the pumps.

The total number of fish larvae entrained at Merrimack Station (both Units combined) during the
period of 21 May through 16 September 2006 was 2.8 million, and during the period of 1 April to 30
June 2007 was 2.4 million (Table 3-6). Unit 1 entrained 25 % during 2006 and 64% during 2007.
During 2006, the dominant taxa among the larvae were white sucker (1.2 million, or 42%), carp and
minnow family (1.0 million, or 36%) and sunfish family (0.4 million, or 14%). During 2007, the
dominant taxa among the larvae were white sucker (1.1 million, or 46%), carp and minnow family
(0.6 million, or 24%) and yellow perch (0.4 million, or 18%). Within the two sampling periods,
larvae entrainment peaked during the month of June during both years (1.6 million in 2006 and 1.8
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million in 2007; Table 3-7). Units 1 and 2 entrained their highest numbers of larvae during the month
of June during both years of sampling (Table 3-7).

Total estimated entrainment abundance of fish eggs during 21 May through 16 September 2006 was
33,989 (Table 3-8). When separated by Unit, the total abundance for that same time period were
9,141 eggs at Unit 1 and 24,848 eggs at Unit 2. Total estimated entrainment abundance of fish eggs
during 2 April to 30 June 2007 was 15,797 (Table 3-8). Entrainment of eggs occurred only at Unit 1
during the 2007 period. One half of the eggs entrained during 2007 belonged to members of the carp
and minnow family. The remainder could not be identified to the family level. Within the two
sampling periods, egg entrainment peaked in 2006 during the month of May (24,848 eggs) and in
2007 during the month of June (15,797 eggs; Table 3-7).

Tables A-2 and A-3 in Appendix A provide the estimated entrainment abundance for each species on
a weekly and monthly basis. These entrainment abundance data are presented for Unit 1, Unit 2 and
for both Units combined at Merrimack Station for each sample week during 2006 and 2007.

3.6 Entrainment Survival

Entrainment survival tests were performed at Units 1 and 2 of Merrimack Station during the spring of
2007. Entrainment survival sampling was conducted on 25 May 2007 and 18 June 2007 when larval
abundances in Hooksett Pool were expected to be highest based on observations in the weekly
entrainment samples. However, due to the overall low densities of larvae in Hooksett Pool, no larvae
were collected for survival evaluation at either Unit 1 or Unit 2 during eight hours of continuous
sampling on both test dates. There were no eggs or larvae observed in the samples collected during
eight hours of pumping in the control tank either.

20885 Merrimack IE Final Report.doc 10/30/07 43 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

*£007 dun( y3noy 900z AR ‘UONEIS NOBWILLIDA] JO 7 PUE | SJIU[) WOIJ YSLj [BAIR] PAUIBNUS JO uonnquisip Asuanbaiy yigua

{wuw) ssepn yjbuen

6'vc 6€Z 62 61l 661 68L 6LL 69 661 6¥L 6€L 6CL 61l 60

6'6

68

6L

6'9

6'G

6% 6¢

-0'¥Z -0'€Z -02Z -0'lec -06L -0'8L -0°ZL -0'9L -0'GL -O¥l -0°€L -0¢CL -0'LL -00} -06 -08 -0L -09 -0 -Ov -0¢

-0l

0¢

o€

o

- 09

- 09

0L

“1-¢ QN3

aeAJET] pauleslu] Jo JaquInN

NORMANDEAU ASSOCIATES, INC.

44

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

Entrainment Larvae
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Figure 3-2.  Mean larval density (#/ 100m’) by week for entrainment samples collected at
Merrimack Station from May 2006 through June 2007 at Units 1 and 2 (upper
panel) and both Units combined (lower panel).
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Entrainment Eggs
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Figure 3-3.  Mean egg density (#/1 00m’) by week for entrainment samples collected at
Merrimack Station from May 2006 through June 2007 at Units 1 and 2 (upper

panel) and both Units combined (lower panel).
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Table 3-1.  Fish species entrained at Merrimack Station, May 2006 through June 2007.
Family Common Name Scientific Name
Catostomidae | White sucker Catostomus

commersonii

Centrarchidae | Rock bass Ambloplites rupestris

Sunfish family Centrarchidae
Clupeidae Herring family Clupeidae
Cyprinidae Spottail shiner Notropis hudsonius

Carp and minnow family Cyprinidae
Ictaluridae Brown bullhead Ameiurus nebulosus

Margined madtom Noturus insignis
Percidae Tessellated darter Etheostoma olmstedi

Yellow perch Perca flavescens
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Table 3-2.  Total count and percent composition by species of icthyoplankton present in
entrainment samples at Merrimack Station, May 2006 through June 2007.
Count Percent Composition
Unknown | Eggs | YSL | PYSL | YOY [Unknown Eﬁs YSL | PYSL [ YOY
Unit 1 Brown bullhead 2 1.0
Carp and minnow family 1 8 47 33.3]57.1 | 229
Margined madtom 1 0.5 | 25.0
Rock bass 5 24
Spottail shiner 1 0.5 50.0
Sunfish family 2 33 143 | 16.1
Tessellated darter 4 2 28.6 1.0
Unidentified 6 2 100.0 66. 7
White sucker 89 434 | 25.0
Yellow perch 25 12.2
Total 6 3 14 | 205 100.0 |100.0 {100.0 [100.0 | 100.0
Unit 2 Brown bullhead 2 1.8
Carp and minnow family 6 37 75.0 | 33.6
Herring family 1 0.9
Margined madtom 1 0.9
Sunfish family 2 7 25.0 6.4
Tessellated darter 2 1.8
Unidentified 2 1 100.0 |100.0
White sucker 57 51.8 |100.0
Yellow perch 3 2.7
Total 2 1 8 | 110 100.0 | 100.0 [100.0 |100.0 | 100.0
Unit 1 and |Brown bullhead 4 1.3
Unit 2 Carp and minnow family 1 14 84 25.0 | 63.6 | 26.7
Herring family 1 0.3
Margined madtom 2 0.6 | 20.0
Rock bass 5 1.6
Spottail shiner 1 03 | 40.0
Sunfish family 4 40 18.2 | 12.7
Tessellated darter 4 4 18.2 1.27
Unidentified 8 3 100.0 75.0
White sucker 146 46.4 | 40.0
Yellow perch 28 8.9
Total 8 4 22 | 315 100.0 |100.0 [100.0 [100.0 | 100.0
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Table 3-4.

Overall mean density (#/100m”) of icthyoplankton entrained at Merrimack Station,
Units 1 and 2 combined, May 2006 through June 2007.
Mean Density
Unknown Eggs YSL PYSL YOY
Unit 1 Brown bullhead 0 0 0| 0.045447 0
Carp and minnow family 0 0.022708 0.18166 1.070741 0
Herring family 0 0 0 0 0
Margined madtom 0 0 0 0.022686 0.022711
Rock bass 0 0 0 0.113594 0
Spottail shiner 0 0 0 0.01387 0.045421
Sunfish family 0 0 0.045372 0.740946 0
Tessellated darter 0 0 0.0914 0.036613 0
Unidentified 0.136604 0.045395 0 0 0
White sucker 0 0 0 2.023077 0.022708
Yellow perch 0 0 0 0.56497 0
Unit 2 Brown bullhead 0 0 0 0.046379 0
Carp and minnow family 0 0 0.139448 0.857687 0
Herring family 0 0 0 0.02345 0
Margined madtom 0 0 0 0.023248 0
Rock bass 0 0 0 0 0
Spottail shiner 0 0 0 0 0
Sunfish family 0 0 0.046389 0.162359 0
Tessellated darter 0 0 0 0.04651 0
Unidentified 0.045827 0.0233 0 0 0
White sucker 0 0 0 1.32367 0.023239
Yellow perch 0 0 0 0.070082 0
Units 1 and 2 Brown bullhead 0 0 0 0.045908 0
Combined Carp and minnow family 0 0011484 | 0.160797 | 0.965439 0
Herring family 0 0 0 0.01159 0
Margined madtom 0 0 0 0.022964 0.011486
Rock bass 0 0 0 0.05745 0
Spottail shiner 0 0 0 0.007015 0.022972
Sunfish family 0 0 0.045875 0.454978 0
Tessellated darter 0 0 0.046225 0.041505 0
Unidentified 0.091737 0.034475 0 0 0
White sucker 0 0 0 1.677393 0.02297
Yellow perch 0 0 0 0.32037 0
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Estimated total entrainment abundance by species for fish larvae entrained at

Table 3-6.
Merrimack Station, May 2006 through June 2007.
2006 2007

Species Unit 1* Unit 2° Both Units Unit 1°¢ Unit2° | Both Units
Brown bullhead 18,311 49 461 67,772 0 0 0
Carp and minnow family 165,914 839,808 1,005,722 343,337 | 241,396 584,733
Herring family 0 0 0 0 25,009 25,009
Margined madtom 9,140 24,794 33,934 0 0 0
Rock bass 57,729 0 57,729 0 0 0
Spottail shiner 0 0 0 4,762 0 4,762
Sunfish family 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated darter 22,944 0 22,944 32,387 49,602 81,989
Unidentified 0 0 0 0 0 0
White sucker 171,333 988,703 1,160,036 665,804 | 455,125 1,120,929
Yellow perch 0 49,671 49,671 418,741 25,009 443750

Total 685,637 2,100,646 2,786,283 1,559,356 | 889,912 2,449,268

a- Week of 28 May through Week of 27 August, 2006
b - Week of 21 May through Week of 10 September, 2006
¢ - Week of 2 April through Week of 24 June, 2007

Table 3-7 Estimated total entrainment abundance of fish eggs and larvae by month and
developmental stage for Merrimack Station, May 2006 through June 2007.
2006 2007
Unit Unit
Month Stage Unit 1 Unit 2 Both Units Unit 1 Unit 2 Both Units
April Eggs NS NS NS 0 0 0
May Eges 0 24,848 24,848 0 0 0
June Eggs 0 0 0 15,797 0 15,797
July Eggs 0 0 0 NS NS NS
August Eggs 9,141 0 9,141 NS NS NS
September Eggs NS 0 0 NS NS NS
April Larvae NS NS NS 0 59,724 59,724
May Larvae 0 742,481 742.481 556,360 65,726 622,086
June Larvae 351,603 1,234,410 1,586,013 1,002,996 764,462 1,767,458
July Larvae 306,731 123,754 430,485 NS NS NS
August Larvae 27,304 0 27,304 NS NS NS
September Larvae NS 0 0 NS NS NS
April Other NS NS NS 0 0 0
May Other 0 0 0 36,457 0 36,457
June Other 21,250 48.872 70,122 0 0 0
July Other 27,489 0 27,489 NS NS NS
August Other 0 0 0 NS NS NS
September Other NS 0 0 NS NS NS
April YOY/Older NS NS NS 0 0 0
May YOY/Older 0 0 0 0 0 0
June YOY/Older 31,648 0 31,648 7,899 24,783 32,682
July YOY/Older 0 0 0 NS NS NS
August YOY/Older 0 0 0 NS NS NS
September YOY/Older NS 0 0 NS NS NS
April Total NS NS NS 0 59,724 59,724
May Total 0 767,330 767,330 592,818 65,726 658,544
June Total 404,501 1,283,283 1,687,784 1,026,692 789.245 1,815,937
July Total 334,220 123,754 457,974 NS NS NS
August Total 36,445 0 36,445 NS NS NS
September Total NS 0 0 NS NS NS
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Table 3-8.  Estimated total entrainment by species for fish eggs entrained at Merrimack

Station, May 2006 through June 2007.

2006 2007

Species Unit 1* Unit 2° Both Units Unit 1° Unit2° | Both Units
Brown bullhead 0 0 0 0 0 0
Carp and minnow family 0 0 0 7,899 0 7,899
Herring family 0 0 0 0 0 0
Margined madtom 0 0 0 0 0 0
Rock bass 0 0 0 0 0 0
Spottail shiner 0 0 0 0 0 0
Sunfish family 0 0 0 0 0 0
Tessellated darter 0 0 0 0 0 0
Unidentified 9,141 24,848 33,989 7,899 0 7,899
White sucker 0 0 0 0 0 0
Yellow perch 0 0 0 0 0 0

Total 9,141 24,848 33,989 15,797 0 15,797

a - Week of 28 May through Week of 27 August, 2006
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4.0 IMPINGEMENT RESULTS

A total of 80 valid 24-hour impingement samples were collected at Merrimack Station Unit 1 and 76
at Unit 2 from 29 June 2005 through 28 June 2007 among 89 total 24-hour impingement sampling
dates. Nine (9) 24-hour impingement samples were considered void and not analyzed from Unit 1,
and 13 24-hour samples were considered void and not analyzed from Unit 2 (see Table 2-5).

As requested in the EPA 308 letter to PSNH, this section will present the number of fish (juvenile and
adult) collected and the physical and environmental parameters collected in conjunction with each
sample. Table 1 of Appendix B provides the water quality parameters (temperature, dissolved
oxygen, conductivity) recorded at the beginning and end of each 24 hour sample at Merrimack
Station Units | and 2. Table 2 of Appendix B provides the volume of debris (gallons) and dominant
debris type (terrestrial or aquatic) for each 24-hour and long interval sample at Units 1 and 2 of
Merrimack Station.

4.1 Proportion of Flow Sampled

Valid 24-hour impingement collections were obtained from 80 sampling dates at Merrimack Station
Unit 1 and from 76 sampling dates at Unit 2 during the two-year study period from June 2005 through
June 2007. A cumulative total of 622.3 million cubic meters of cooling water flow was sampled on
these dates, representing 11.8% of the total cooling water flow through the plant during the entire
year (Table 4-1). The full month with the smallest percentage of flow sampled was December 2006
(7.2 %) and the month with the highest percentage of flow sampled was August 2005 (17.5 %). The
proportion of cooling water flow that was sampled at individual units was 11.7 % at Unit 1 and 11.9
% at Unit 2 during the June 2005 through June 2007 time period.

4.2 Species Composition

Twenty-one species of fish, representing nine families were collected in the 24-hour impingement
samples from June 2005 through June 2007 at Merrimack Station Units 1 and 2 (Table 4-2). An
additional four species in the carp and minnow family were collected exclusively in low abundance in
the long-interval (6-day and 13-day) samples; bridled shiner (Notropis bifrenatus, 3 individuals),
common shiner (Luxilis cornutus, 15 individuals), eastern silvery minnow (Hybognathus regius, 3
individuals), and emerald shiner (N. atherinoides, 3 individuals). The total number of impinged fish
collected in 24-hour samples during this two-year period was 679 fish for both Units combined
(Table 4-2). Bluegill was the most commonly collected fish species, accounting for 62.6% of the
total number of impinged fish in 24-hour samples during this two-year period for both Units
combined. Spottail shiner was the second most abundant fish taxa and they accounted for 7.4% of the
fish impinged in 24-hour samples during this two-year period for both Units combined.. 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 in 24-hour samples during the two years of sampling at
Merrimack Station for both Units combined.

Most of the fish species collected in this study were resident fish impinged in low numbers and
collected infrequently at Merrimack Station Units 1 and 2 (Table 4-3). The only fish taxon collected
in more than half of the 25 months consecutively sampled during June 2005 through June 2007 was
bluegill (20 months). Other taxa collected in at least 7 months included black crappie (11 months),
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largemouth bass (10 months), pumpkinseed (10 months), spottail shiner (10 months), golden shiner (8
months), margined madtom (8 months), smallmouth bass (7 months) and yellow perch (7 months).
All other species were collected in four or fewer months. Ten of the twenty-one species of fish
observed in the Merrimack Station impingement samples were represented by five or fewer
individuals among the 25 months of sampling at Unit 1 and Unit 2 combined. No anadromous
species (alewife, blueback herring, American shad, or Atlantic salmon) were observed in any
impingement samples. One individual American eel, a catadromous species, was impinged during
February 2007.

4.3 Sizes of Impinged Fish

The mean, range and size distribution of impinged fish length measurements are presented by species
for each month and for the entire two-year sampling period by Unit and for both Units 1 and 2
combined at Merrimack station (Table 4-4). The lengths of impinged fish ranged from 26 mm
(largemouth bass) to 880 mm (American eel). With the exception of two smallmouth bass and two
white sucker, the lengths of impinged fish were less than 249 mm and the majority (91%) of the
lengths were less than 125 mm, representing to overall predominance of young of the year (YOY)
fishes in the impingement collections from Merrimack Station Units 1 and 2.

The 425 bluegill impinged during the two-year study had a mean total length of 61 mm (range 35-235
mm; Table 4-4). YOY bluegill in the 50-74 mm size class comprised 62.2% of their total impinged.
Spottail shiner, the second most abundant impinged species with 50 individuals impinged, had a mean
total length of 92 mm (range 27-135mm); fish in the 100-124 mm size class (Age 2+) accounted for
56% of their total count. The majority of the 36 black crappie (72.2%) and largemouth bass (54.8%)
were contained within the 50-74 mm size class representing YOY fish. Black crappie impinged at
Merrimack Station had a mean total length of 71 mm (range (37-114 mm) while largemouth bass had
a mean total length of 65 mm (range 24-110 mm among 31 fish). The mean length of impinged
yellow perch was 128 mm (range 36-235 mm). Yellow perch in the 100-124 mm (Age 2+) and 125-
149 (Age 3+) mm size classes accounted for 57.1% of the 28 yellow perch impinged.

4.4 Annual Estimated Impingement Counts and Rates

This section presents the impingement counts compiled from all valid 24-hour samples for each
species impinged at Merrimack Station Units 1 and 2 that have been expanded into monthly or annual
total abundance using the volumetric extrapolation methods described in Section 2.3.2. Complete
summaries of the estimated weekly and monthly impingement rates and total estimated impingement
abundance are presented in Appendix B, Tables B-3 and B-4.

4.4.1 Total Estimated Impinged Fish

Figure 4-1 presents the raw counts of impinged fish for each month of sampling at Units 1 and 2 of
Merrimack Station. A total of 80 valid 24-hour samples were obtained from Unit 1 and 195 fish were
collected among these samples. A total of 76 valid 24-hour samples were obtained from Unit 2, with
484 fish collected. The annual raw total count of all impinged fish collected from 29 June 2005
through 30 June 2006 summed together for both Units was 580. The annual raw total count of all
impinged fish collected from 1 July 2006 through 28 June 2007 summed together for both Units was
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99. A total of 679 fish were collected in the valid 24-hour samples summed among both units in both
years.

Fish count (number) per CWIS flow (volume) in each 24-hour sample represented the impingement
sampling unit as a density or rate. Each impingement sampling unit was assumed to be representative
of the daily impingement rate for the other unsampled dates within each week or two-week period.
The unsampled volume in each week or two-week period represented by the impingement sampling
was used to expand the sample unit up to a weekly or biweekly impingement abundance value.
Monthly estimates of fish impinged were calculated for Units 1 and 2 of Merrimack Station by
summing the impingement abundance for each weekly or two-week period occurring in each month.
Annual impingement abundance were similarly obtained by summing each of the 12 months within
each “year”. These monthly and annual total impingement abundance values are presented in Table
4-5 and Figure 4-2. The estimate for total fish impingement at Merrimack Station, derived from all
valid 24-hour samples at Unit 1 and Unit 2 combined, was 5,032 fish for the two-year period of 29
June 2005 through 28 June 2007. The annual total impingement abundance estimate for the first
sampling year (29 June 2005 through 30 June 2006) was 4,137 fish. The annual total impingement
abundance estimate for the second sampling year (1 July 2006 to 28 June 2007) was 895 fish. Annual
estimated impingement was higher at Unit 2 during both years of sampling. During the June 2005
through July 2006 first year, a total of 1,392 fish were estimated to be impinged at Unit 1 compared
to a total of 2,745 fish at Unit 2. During the second sampling year of July 2006 through June 2007, a
total of 289 fish were estimated to be impinged at Unit 1 compared to a total of 607 fish impinged at
Unit 2.

The mean and 95% confidence interval of daily (24-hour) impingement rate for Merrimack Station,
Units 1 and 2 combined, was 9.03 (+ 4.89, 95% C.I.) fish per Mm® for the two-year period of 29 June
2005 through 28 June 2007 (Table 4-6). During the same two-year time period, the mean
impingement rate for Unit 1 was 9.41 (= 5.04, 95% C.L) fish per Mm® and for Unit 2 was 8.63 (+
8.66, 95% C.1.) fish per Mm’. When examined on an annual basis, the mean impingement rate at
Merrimack Station (both Units pooled) during the first year of sampling (29 June 2005 to 30 June
2006) was 14.07 (+ 8.98, 95% C.1.) fish per Mm?® and during the second year of sampling (1 July
2006 through 28 June 2007) was 3.15 (£ 1.1, 95% C.L) fish per Mm’.

4.4.2 Seasonal Patterns of Total Estimated Impinged Fish

Figure 4-2 presents the estimated number of impinged fish by month for Merrimack Station Units 1, 2
and both Units combined. Seasonal peaks in estimated impingement abundance were observed
during the late-fall to early-winter months of October, November, December and January and also
during the spring and early-summer months of May, June and July. The month with highest
estimated impingement abundance was June 2006 when an estimated 2,345 fish were impinged at
both Units combined for Merrimack Station, representing 46.6% of the total estimated impingement
abundance over the two years of sampling (Figure 4-2). The month with the second highest estimated
number of fish impinged was December 2005 (515 fish; 10.2% of total). Of the remaining 22 months
of impingement sampling, 20 months had estimates of fewer than 200 fish impinged per month with
11 of those months having an estimate of fewer than 100 fish impinged per month for both Units
combined.

The monthly pattern of impingement abundance observed for both Units combined at Merrimack
Station (Figure 4-2, Table 4-5) is the same when examined for each Unit separately, with seasonal
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peaks present during the late-fall/early-winter and spring/early-summer months (Figure 4-2).
Monthly values for total estimated impingement abundance at Unit 1 ranged from a high of 338 fish
impinged during December of 2005 to a low of 0 fish impinged during August of 2005 (Figure 4-2;
Table 4-5). During September of 2006, no fish were also estimated to have been impinged at Unit 1.
However, during that month, no 24-hour samples were collected due to the annual outage and
maintenance of that Unit by PSNH. Of the 25 months sampled at Unit 1, five had a monthly
estimated impingement greater than 100 fish. Those months were October 2005 (103 fish; 6.1% of
total), December 2005 (338 fish; 20.1% of total), March 2006 (167 fish; 9.91% of total), May 2006
(210 fish; 12.4 % of total), and June 2006 (296 fish; 17.6% of total). Unit 2 monthly values for total
estimated impingement ranged from a high of 2,048 fish impinged during June 2006 to a low of 7 fish
impinged during August of 2006 (Figure 4-2; Table 4-5), excluding the estimate of six for June 2005,
which was not a full month’s estimate. The month of June 2006 accounted for 61.1% of the total
estimated fish impinged for the entire two-year sample period at Unit 2 from 29 June 2005 to 28 June
2007. Of the remaining 23 months of impingement sampling at Unit 2, five additional months
(October 2005, November 2005, December 2005, July 2006, and November 2006) had a monthly
estimated impingement count of 100 or more fish (Figure 4-2, Table 4-5).

Monthly mean impingement rates during the first annual period of sampling (June 2005 through June
2006) for Units 1 and 2 combined ranged from a high of 81.04(= 104.82, 95% C.1.) fish per Mm’
during June 2006 to a low of 0.44 (+ 0.71, 95% C.1.) fish per Mm® during August (Table 4-6).
Monthly mean impingement rates during the second annual period of sampling (July 2006 through
June 2007) for Units 1 and 2 combined ranged from a high of 6.42 (+ 7.84, 95% C.L) fish per Mm®
during May and a low of 0.47 (x 2.03, 95% C.1.) fish per Mm’® during September (Table 4-6). Unit 1
mean monthly impingement rates were highest during December (55.19 fish per Mm®) and lowest
during February and August (0 fish per Mm®) during the first year of sampling. During the second
year of sampling, the mean monthly impingement rate was highest during May (6.82 fish per Mm’)
and lowest during August (0.77 fish per Mm?®). The mean monthly impingement rate at Unit 2 was
greatest during the month of June 2006 (105.07 fish per Mm’) and lowest during March (0.71 fish per
Mm®) during the first year of sampling. During the second year of sampling, the mean monthly
impingement rate was highest during November (6.5 fish per Mm®) and similar to Unit 1, lowest
during August (0.29 fish per Mm®). The seasonal trends in impingement rates were similar to those
observed in the estimated impingement abundance, with the highest rates occurring during the late-
fall/early-winter and spring/early-summer months (Table 4-6).

4.4.3 Impingement Collection Efficiency Adjustment

Factors such as excess space at the bottoms or sides of traveling screens, plugged or misaligned spray
headers, or fish becoming entangled in debris that adheres to the screens can result in impingement
collections that underestimate the actual number of fish impinged on the traveling screens at
Merrimack Station Unit 1 and Unit 2. Impingement collection efficiency tests were conducted
monthly for the period of 29 June 2005 through 28 June 2007 (Table 4-7). The impingement
collection efficiency values obtained from the two years of monthly tests ranged from 53% to 97 %
for Unit 1 (mean = 80%) and from 15% to 94% for Unit 2 (mean = 61%). The mean collection
efficiency values for Merrimack Station Unit 1 and Unit 2 were significantly less than 100% (paired
t-test; Unit 1 p<0.0001; Unit 2 p<0.0001).
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Adjusted estimates of the numbers of fish impinged, corrected for collection efficiency, were
calculated for Merrimack Station Units 1 and 2 (Figure 4-3; Table 4-5). When adjusted for collection
efficiency, an estimated 2,008 fish were impinged at Unit 1 and an estimated 5,999 fish were
impinged at Unit 2, resulting in a total of 8,007 fish impinged at Merrimack Station during the two
year sampling period. Therefore, the collection efficiency adjustment expanded the estimated total
impingement abundance summed across the two years of sampling at both Unit 1 and Unit 2
combined by 2,075 total fish to 8,007 fish (Table 4-5). When examined on an annual basis, an
adjusted total of 6,736 fish were impinged during the first season of sampling (June 2005 through
June 2006) and an adjusted total of 1,271 fish were impinged during the second season of sampling
(July 2006 through June 2007). Unit 2 impinged a higher number of fish during both annual periods
that at Unit | when impingement estimates were corrected for collection efficiency (5,133 fish versus
1,603 fish during year one and 866 fish versus 405 fish during year two). Figure 4-3 presents the
monthly estimates of fish impingement abundance at Merrimack Station Units 1 and 2 (and both
Units combined) when corrected for collection efficiency. The overall seasonal patterns observed in
the estimated monthly impingement abundance (Figure 4-2) are maintained throughout the two years
of sampling when the monthly impingement abundance estimates have been adjusted for collection
efficiency.

Impingement rates also increased when the estimated monthly impingement abundance was adjusted
for collection efficiency (Table 4-6). The overall Merrimack Station impingement rate for the first
annual period increased from 14.07 (+ 8.98, 95% C.1.) fish per Mm’ to 20.83(x 14.42, 95% C.L.) fish
per Mm’ while the second year increased from 3.15 (+ 1.1, 95% C.L) fish per Mm® to 4.58(x 1.7, 95%
C.L) fish per Mm®. The overall impingement rate was significantly higher for the estimated values
corrected for collection efficiency than those simply estimated from the raw 24-hour counts (paired t-
test; Unit 1 p<0.0001; Unit 2 p=0.0472).

4.4.4 Adjusted Monthly Impingement Abundance for Each Fish Species

The monthly estimated impingement abundance for each taxon of fish impinged, adjusted for
collection efficiency, is presented in Table 4-8. When raw catch is corrected for total Merrimack
Station CWIS flow (both Units combined) and adjusted for collection efficiency, bluegill, spottail
shiner, black crappie, largemouth bass and yellow perch were the five most abundant fish species
impinged during the two years of sampling at Merrimack Station. Bluegill was the dominant species
observed in impingement collections at Merrimack Station, representing 62.4% of the total adjusted
catch for the two-year sampling period. Of the 4,993 impinged bluegills, 88.9% of those were
impinged during the months of May, June and July 2006. A combination of high numbers of age 1+
bluegill present in Hooksett Pool and the observed trend of those small fish being impinged during
high Merrimack River flow events during those three months led to the increased impingement rates
during that time period. Although bluegill were not impinged at as high a rate during the months of
May, June, and July of 2005 and 2007 as they were during 2006, they were still the most abundant
species observed in those monthly impingement samples. An adjusted total of 605 spottail shiners
were impinged at Merrimack Station during the two years of study, and the majority (79.0%) were
impinged between the winter months of November 2005 through March 2006. An adjusted total of
447 black crappies were impinged at Merrimack Station during the two years of sampling. Black
crappie showed a seasonal pattern of being impinged when the young-of-year were abundant during
the fall months (September through December) and again during high water events in the spring
(April through June). Largemouth bass were 4.4% (356 fish) of the adjusted total number of fish

20885 Merrimack [E Final Report.doc 10/30/07 58 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

observed in the impingement collections from Merrimack Station. Similar to black crappie, the
impingement of largemouth bass was highest during the months of October through December.
During this late-fall early winter period prior to ice cover, young-of- year largemouth bass would be
abundant in Hooksett Pool. An adjusted total of 335 yellow perch were impinged during the two
years of sampling at Merrimack Station. The majority of the yellow perch were impinged during the
fall and winter months of 2005-2006. Small numbers of yellow perch were observed in spring
samples during both years of sampling.

4.5 Impingement Survival for the Existing Traveling Screens

Impingement survival tests were conducted at Units 1 and 2 of Merrimack Station from February
2006 through July 2007. The purpose of these tests was to estimate the potential survival rates of fish
that become impinged on the existing traveling screens at each Unit, if these screens were operated
with a continuous wash cycle. The results from these tests represent survival, which when added to
the survival from an effective fish return sluice, would provide an combined estimate of total
impingement survival that could be achieved with the existing traveling screens at Merrimack Station.
The current fish return for impingement at Units 1 and 2 ends in a pit that is located on the Merrimack
River bank above the normal water elevation, and therefore does not typically return fish to Hooksett
Pool. Three tests were conducted during the winter and spring of 2006 when suitable numbers of
golden shiner could legally be obtained from local bait dealers. Monthly testing at both Units began
during January of 2007 and continued through July of 2007. The January 2007 to July 2007 survival
tests were conducted using golden shiner purchased from a wholesale bait distributor in
Massachusetts. A total of nine survival tests were conducted at Unit 1 with a range in survival rate
from 40.4% t0 99.7% (mean = 59.6%; Table 4-9). 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%; Table 4-9).

The traveling screen survival rates obtained from testing at Units 1 and 2 (Table 4-9) were applied to
the monthly and annual impingement abundance estimates (adjusted for collection efficiency) for
Merrimack Station Unit 1 and Unit 2, based on the following assumptions. The first assumption is
that the survival of golden shiner during impingement is representative of all other species impinged
at Merrimack Station. Impingement survival testing was limited to using fish supplied by bait dealers
(golden shiner) because numerous attempts to obtain sufficient (at least 300 fish) live wild fish from
Hooksett Pool were unsuccessful; relatively few fish were caught and those that were caught (by
electrofishing) experienced high latent mortality. In addition, there was limited availability of other
species for testing from bait and fish dealers licensed and approved by the State of New Hampshire.

It was also assumed that the test conditions were representative of the untested months (i.e. water
levels, temperatures, debris) when calculated survival rates from the tested months were applied to
the monthly estimated impingement abundance values from the untested months to estimate annual
total survival. Seasonal survival rates were compiled by averaging the test percentages for months
within each season. Seasons were defined by the following month groups: winter (December,
January, February), spring (March, April, May), summer (June, July, August), and fall (September,
October, November). Survival tests were not conducted during the fall season during 2006 due to the
low availability of shiner at the local bait shops. As a result, no fall seasonal estimate for
impingement survival is currently available for Units 1 or 2 at Merrimack Station. To compensate for
this, survival rates from the summer and winter months were averaged to provide an estimated value
for this season until testing can be conducted as planned during the fall of 2007. Seasonal survival

20885 Merrimack [E Final Report.doc 10/30/07 59 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

rates for Merrimack Station Unit 1 were estimated as 55.0% (winter), 57.8% (spring), 70.2%
(summer), and 62.7% (fall). Seasonal survival rates for Merrimack Station Unit 2 were estimated at
88.3% (winter), 84.2% (spring), 60.1% (summer), and 74.2% (fall).

Table 4-10 presents the monthly estimated impingement survival potential for Merrimack Station
Units 1 and 2 when seasonal survival rates were applied to the monthly estimated impingement
abundance (corrected for collection efficiency). These potential impingement survival numbers
assume that all fish that were impinged on Merrimack Station screens were initially alive. With the
assumption that 100% of fish were initially alive upon being impinged, it was estimated that 973 of
the 1,603 fish impinged at Unit 1 and 3,319 of the 5,133 fish impinged at Unit 2 during the first year
of the study would have survived impingement on the existing traveling screens at Merrimack Station
if those screens were continuously rotated. It was estimated that 249 of the 406 fish impinged at Unit
1 and 628 of the 877 fish impinged at Unit 2 during the second year of the study would survive
impingement.

4.6 Long Interval Impingement Samples

A comparison of estimated impingement abundance derived from the valid 24-hour samples and from
the raw number of fish observed from the comparable long-interval samples is presented for
Merrimack Station Units 1 and 2 in Table 4-11. The estimated total impingement abundance was

" calculated based on the valid 24-hour samples for each weekly or biweekly sampling period
throughout the two-year program for each Unit as described in Section 4.4.1 and Table 4.5. However,
the estimated impingement abundance values presented in Table 4-11 are based on a Wednesday
through Tuesday week to be comparable to the timing of the long-interval samples collected. Table
4-11 also presents the comparable weekly or biweekly raw impingement abundance based on the sum
of the raw 24-hour collection and the corresponding raw six or thirteen day sample for Units 1 and 2.
All values in Table 4-11 were not adjusted for collection efficiency. There was a significant
difference between the impingement abundance estimated from valid 24-hour samples and the
abundance estimated from the actual total counts at Merrimack Station Units 1 and 2 for the two-year
sampling period. Impingement abundance estimated from the valid 24-hour samples at Unit |
produced an estimated 1,674 impinged fish over the two years that was significantly higher than the
total raw impingement count of 1,111 fish derived from the sum of the 24-hour and long interval
sample in each week or two-week period (paired t-test; p=0.0028). A significantly higher total
impingement abundance was estimated from the valid 24-hour samples at Unit 2 compared to the
abundance derived from the sum of 24-hour and long interval samples, where an estimated 3,341 fish
were impinged based on the 24-hour samples compared to the total raw impingement count of 1,959
fish derived from the sum of the 24-hour and long interval sample in each week or two-week period
(paired t-test; p=0.0359). When examined on an annual basis, the estimated total impingement was
significantly greater when derived from the 24-hour samples than from the sum of the 24-hour and
long interval samples at Unit 1 but not Unit 2 for the time period of June 2005 through June 2006
(paired t-test; Unit 1 p=0.0048; Unit 2 p=0.1695). For the period of July 2006 through June 2007, the
estimated total impingement from the 24-hour samples was significantly greater than the total raw
impingement count at Unit 2 but not so at Unit 1 (paired t-test; Unit 1 p=0.0867; Unit 2 p=0.0039).
This evaluation demonstrates that the valid 24-hour samples provide the most reliable and perhaps a
conservative estimate of monthly or annual total impingement abundance at Merrimack Station Unit
1 and Unit 2 during the period of 29 June 2005 through 28 June 2007.
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Figure 4-1.  Monthly raw total number of fish impinged in 24-hour samples taken at
Merrimack Station for Units 1 and 2 and pooled, June 2005 through June 2007.
Number of 24-hour samples included in each monthly total is shown in
parentheses above each bar.
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Figure 4-2.  Estimated monthly total impingement abundance at Merrimack Station based on
24-hour samples collected at Units 1, 2 and both Units combined, June 2005
through June 2007 (not adjusted for collection efficiency).
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Figure 4-3.  Estimated monthly total impinge.ment abundance based on 24-hour samples
collected at at Merrimack Station Units 1, 2, and both Units combined that were
adjusted for CWIS flow and collection efficiency, June 2005 through June 2007.
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Table 4-1. Monthly total plant flow and flow sampled for impingement at Merrimack Station,
June 2005 through June 2007.
Unit 1 Unit 2 Units 1 and 2 Combined
Total Unit Flow Percent of | Total Unit Flow Percent of | Total Unit Flow Percent of

Flow Sampled Flow Flow Sampled Flow Flow Sampled Flow
Month (Mm®) | (Mm®) | Sampled | (Mm®) | (Mm®) | Sampled | (Mm®) | (Mm®’) | Sampled
Jun 05 0.52 0.26 499 1.42 0.71 50.0 1.94 0.97 50.0
Jul 05 8.10 1.05 13.0 21.97 2.85 13.0 30.06 3.90 13.0
Aug 05 7.42 1.29 174 20.31 3.55 17.5 27.73 4.84 17:5
Sep 05 7.83 1.06 13.6 21.24 2.83 133 29.07 3.89 134
Oct 05 7.44 0.76 10.2 15.07 1.73 11.5 22,51 2.49 11.1
Nov 05 7.33 1.05 14.3 21.25 3.53 16.6 28.58 4.57 16.0
Dec 05 7.69 0.78 10.1 21.97 2.13 9.7 29.65 2.90 9.8
Jan 06 7.70 0.52 6.7 21.96 1.40 6.4 29.66 1.91 6.4
Feb 06 6.76 0.41 6.1 17.33 1.39 8.0 24.08 1.80 75
Mar 06 8.11 1.05 13.0 21.97 2.87 13.1 30.08 3.92 13.0
Apr 06_ 6.82 0.78 11.5 (13.01 1.43 11.0 19.84 2.21 112
May 06 6.46 1.06 16.3 7.85 1.38 17.6 14.30 2.44 17.0
Jun 06 6.57 0.80 12.2 21.23 291 13.7 27.80 3.7 133
Jul 06 8.11 1.04 12.8 21.96 2.82 12.8 30.07 3.86 12.8
Aug 06 8.11 1.31 16.2 21.96 3.56 16.2 30.07 4.87 16.2
Sep 06 1.32 0.00 0.0 18.38 2.13 11.6 19.71 213 10.8
Oct 06 7.28 1.05 14.5 21.93 283 12.9 2921 3.89 13.3
Nov 06 7.36 0.53 7.2 21.25 2.17 10.2 28.61 2.69 94
Dec 06 7.19 0.52 2 19.45 1.41 73 26.65 1A% 7.2
Jan 07 8.11 0.52 6.4 18.13 1.43 7.9 26.24 1.94 7.4
Feb 07 7.31 0.52 7.1 18.62 1.40 7.5 25.93 1.92 7.4
Mar 07 7.29 0.79 10.9 21.71 1.43 6.6 29.01 2.22 7.7
Apr 07 7.84 0.78 10.0 12.02 1.45 12.1 19.85 224 113
May 07 8.11 1.32 16.3 8.40 1.12 13.3 16.51 2.44 14.8
Jun 07 6.54 1.09 16.7 18.63 2.90 15.6 2517 4.00 159
Total 173.3 20.35 11.7 449.0 5333 11.9 622.3 73.69 11.8
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Table 4-2.  Species composition® of fish in 24-hour impingement collections at Merrimack
Station, Units 1 and 2 combined, June 2005 through June 2007.

Scientific Name Common Name Count
Anguillidae eels

Anguilla rostrata American eel 1
Cyprinidae carps and minnows

Notemigonus crysoleucas golden shiner 10

Semotilus corporalis fallfish 3

Notropis hudsonius spottail shiner 50
Catostomidae suckers

Catostomus commersonii white sucker 2
Ictaluridae bullhead catfishes

Ameiurus natalis yellow bullhead 2

Ameiurus nebulosus brown bullhead 4

Noturus insignis margined madtom 18
Esocidae pikes

Esox niger chain pickerel 1
Osmeridae smelts

Osmerus mordax rainbow smelt 12
Moronidae temperate basses

Morone americana white perch 2
Centrarchidae sunfish family

Ambloplites rupestris rock bass 2

Enneacanthus obesus banded sunfish 4

Lepomis auritus redbreast sunfish 5

Lepomis gibbosus pumpkinseed 27

Lepomis macrochirus bluegill 425

Micropterus dolomieu smallmouth bass 7

Micropterus salmoides largemouth bass 31

Pomoxis nigromaculatus black crappie _ 36

unidentified centrarchid unidentified sunfish 3
Percidae perches

Etheostoma olmstedi tessellated darter 6

Perca flavescens yellow perch 28

* Species (count) collected in extended sampling periods not represented by 24-hour samples were Notropis bifrenatus,
bridle shiner (3); Luxilis cornutus, common shiner (15); Hybognathus regius, eastern silvery minnow (3); and V.
atherinoides, emerald shiner (3).
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Table 4-5. Monthly total impingement abundance of fish at Merrimack Station Units 1 and 2,
and for both Units combined, from June 2005 through June 2007. Impingement
data is presented as Raw counts (Raw) in 24-hour samples, impingement abundance
estimates (I) based on the product of 24-hour sample density and CWIS volumes,
and adjusted impingement abundance estimates (Adj-I) representing the abundance
values (I) expanded for screen collection efficiency.

Unit 1 Unit 2 Both Units
Month | Raw | I | Adj-1|Raw | 1 |AdjI|Raw | I | Adj-I
Jun 05 | 2 3 3 6 8 4 8 11
Jul 05 4 30 40| 10 76 | 103| 14| 106 | 143
Aug 05 0 0 0 3 22 29 3 22 29
Sep 05 3 18 25 6 40 63 9 58 88
Oct 05 1| 103 10| 13| 121 | 176| 24| 224 | 286
Nov 05 5 88 97| 17| 100| 147| 22| 1838 | 244

Dec05 | 42| 338| 371| 24| 177| 209| 66| 515| 581
Jan 06 70 96| 112 68| 102| 12| 164]| 214
Feb 06 0 18 23 25 | 141 2| 44| 163
Mar06 | 20| 167 | 200 21 ss| 22| 188 256
Apr 06 3 21 31 21 84 5 48 | 115
May06 | 26 | 210 | 231 19 76| 29| 229| 307
Jun 06 39| 296 | 359 | 329 |2,048 | 3,941 | 368 | 2,345 | 4,300
Year1 | 161 | 1,392 | 1,603 | 419 | 2,745 | 5,133 | 580 | 4,137 | 6,736

W ||

Jul 06 4 31 36 10 105 179 14 136 215
Aug 06 1 7 9 1 7 9 2 14 17
Sep 06 0 0 1 10 11 1 10 11
Oct 06 1 11 15 8 94 119 9 105 134
Nov 06 2 22 29 14 105 132 16 127 161
Dec 06 2 28 33 5 61 68 7 89 102
Jan 07 2 29 35 2 27 32 4 56 67
Feb 07 1 14 16 2 26 32 3 40 48
Mar 07 2 18 28 2 31 37 4 49 66
Apr 07 3 26 41 1 10 16 4 36 57
May 07 9 56 90 7 51 85 16 107 174
Jun 07 7 45 74 12 81 146 19 126 220
Year 2 34 289 405 65| 607 860 99 895 | 1,271

Total 195 | 1,681 | 2,008 | 484 | 3,351 | 5,999 [ 679 | 5,032 | 8,007
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Table 4-6. Monthly mean 24-hour impingement rates (No./million m’) of fish unadjusted and
adjusted for screen collection efficiency at Merrimack Station, June 2005 through
June 2007.
Unit 1 Unit 2 Both Units
Month | N | Unadjusted Adjusted | N | Unadjusted Adjusted N | Unadjusted Adjusted
Jun05 | 1 3.83 5.1 1 423 5.72 4.03 £2.56 541439
Julos | 4| 383505 511674 | 4| 3542535 478723 8| 3.68+2353 494434
Aug05| 5 0 0 5| 0.88+1.64 1.18+2.22 10| 044 0.71 0.59 +0.96
Sep05 | 4| 281574 | 368678 | 4 21643 34462 8| 248225 3.5442.82
Oct05 | 3| 143643124 | 154943341 | 3| 111423864 | 15575232 | 6| 1275+134 | 1553+16.59
Nov 05| 4| 485+11.81 | 552£1342 | 5| 4.85£4.52 7.19 £7.47 9| 485402 6.45 £5.19
Dec 05 | 3]55.192212.84 | 60.65+233.89 | 3| 11.26+37.04 | 132424357 | 6| 3322463 | 36.95+69.16
Jan 06 | 2| 13.81+17547 | 162520643 | 2| 3.62+28.05 544187 4| 871+2044 | 10.82+23.73
Feb 06 | 2 0 0 2| 1451838 | 8.04+102.1 4| 072£23 4.02+12.79
Mar06 | 4| 19.1+1945 | 22.85423.71 | 4| 0.71£225 1.86 £5.91 8| 991062 | 12.35£1259
Apr06 | 4| 286582 | 3334676 | 2| 142£1799 | 5.66+71.97 6| 2384321 411526
May 06 | 4| 24425205 | 270745594 | 2| 2.1929.94 8.77439.75 6| 17.01+29.19 | 20.97+3032
Jun06 | 3| 49+127.88 |[35936+157.14 | 4 105.07+236.69 | 201.43 +386.28 | 7| 81.04£104.82 | 140.54 £176.85
Year1 | 43| 14.3929.15 | 16.61£1037 | 41| 13.74216.16 | 2526+28.1 | 84| 14.07+8.98 | 20.83:14.42
Jul06 | 4| 39+88 4674951 | 4| 356+297 6.03 +5.03 8| 373432 5.3543.75
Aug06 | 5| 077£2.14 | 095+265 | 5| 0292079 0.35 £0.98 10| 05309 0.65=1.11
Sep06 | 0 NS NS 3| 0472203 0.5+2.16 3 047203 0.5+2.16
0ct06 | 4| 093£297 1214386 | 4| 2.82+4.04 3534527 8| 187+1.92 2374247
Nov06 | 3| 4.18+10.79 | 535+14.04 | 3| 6542503 824 +32.27 6| 534274 6.79 49.55
Dec06 | 2| 3.85:07 461092 | 2| 3544849 401265 4| 3.69+092 4.31+0.87
Jan07 | 2| 3.89+153 | 4574249 | 2| 142029 1.71 £0.36 4| 264229 3.14 2,64
Feb07 | 2| 19742505 | 2222814 | 2| 1.45+18.36 1.76 £22.4 4 1714321 19937
Mar 07 | 3| 2.48+10.68 4217.23 2| 1411793 1.724+21.86 5| 2.05+4.04 3.09 £6.46
Apr07 | 3| 3651573 | 5892536 | 2| 0.688.61 1.13 £14.34 5| 246+595 3.99 49,58
May 07| 5| 682126 | 10694206 | 2| 543618 8.99 +60.3 7| 642+7.84 | 10211281
Jun07 | 4| 67+14.12 | 10662394 | 4| 426+6.52 7.91+10.16 8| 548+546 9.28 +9.03
Year2 | 37| 3.63+1.84 | 5224292 |35| 2.65:1.24 3.9+1.79 72| 3.15+L.1 4.58£1.7
Total |80| 941504 | 1134577 |76| 8.6348.66 1542 £15.08 | 156| 9.03+4.89 13.33+7.83
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Impingement collection efficiency adjustment values obtained from Normandeau
releases of dead fish onto the traveling screens at Units 1 and 2 of Merrimack

Table 4-7.

Station, June 2005 through June 2007.

Unit 1 Percent (%) Unit 2 Percent (%)
Sample Start Date Efficiency Efficiency
8/10/2005 75% void
8/17/2005 no sample " 74%
8/31/2005 53% 50%
9/28/2005 97% 73%
11/2/2005 88% 59%
12/7/2005 91% 85%
1/4/2006 85% 67%
2/1/2006 74% 18%
3/1/2006 82% 38%
4/5/2006 no sample ° 25%
4/12/2006 86% no sample &
5/3/2006 93% no sample
5/31/2006 82% void ©
7/5/2006 94% 59%
7/26/2006 62% void ¢
8/30/2006 81% 81%
9/20/2006 no sample ° 94%
10/18/2006 7% 78%
11/29/2006 81% 93%
12/27/2006 86% 15%
1/24/2007 84% void ©
2/21/2007 89% 82%
3/28/2007 62% void "
5/2/2007 73% no sample °
6/6/2007 60% 60%
6/20/2007 89% 41%

* Efficiency test interupted by pump shut down. Voided

b No sample conducted due to Unit offline.

* ©EENC 06-061 - Observation of screenwash conducted without sample

basket in place - sample voided.

d EENC 07-015 - Based on actions observed on 5/31/06 the results of this
test suggest that screenwash was again conducted without basket in

place.

¢ EENC 07-009 - Miscommunication between NAI and PSNH led to fish
release onto north screen at U2 which was offline at that time.

fFEENC 07-010 - Collection basket was allowed to overflow by PSNH
employee during screenwash process

& Unit 2 sample conducted during previous week

" Unit 1sample conducted during previous week
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 4-9. Summary of percent (%) survival observed for live fish (golden shiner) released and
impinged on the traveling screens at Unit 1 and Unit 2 of Merrimack Station. (Note:
A blank cell in this table means no survival test was preformed on that date.)
UNIT 1 UNIT 2
N (fish Standard N (fish Standard
Date % Survival recaptured) Error (+/-) % Survival recaptured) Error (+/-)
2/9/2006 58.6 70 10.7
3/9/2006 70.6 109 4.4
5/11/2006 66.7 26 9.5
1/16/2007 48.7 160 49 86.0 176 4.9
2/26/2007 57.8 180 3.7 90.6 171 2.2
3/26/2007 575 152 5.5 100.0 126 5.1
4/10/2007 64.8 88 5:1 82.1 106 37
5/21/2007 42.2 73 6.8
6/25/2007 40.4 24 16.5 20.2 8 23.0
7/30/2007 99.7 21 9.8 100.0 7 71.4
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 4-11. Comparison of raw (24-hour or long-interval samples) and estimated total
impingement (from 24-hour samples, unadjusted for screen collection efficiency) for
each week or two-week period at Merrimack Station Unit 1 and Unit 2, June 2005

through June 2007.
Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw
L. Raw Impingement Count Raw Weekly Impingement
Beginning Date of | g, | 6.or13- | (24-h Rate |(Z24-h+6or| Raw | 6-or13- | Impingement Count
Sanple beriod 24-h day X £ Daily 13-day 24-h | day |(Z24-hRateX |(24-h+6 or 13-
(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | = Daily Flow) | day Sample)
29 Jun035 1 13 10 14 3 7 24 10
6 Jul0s 2 7 11 9 4 10 31 14
13 Jul05 1 4 4 5 5 6 23 11
20 Jul05 0 4 3 4 1 6 4 7
27 Jul05 1 2 4 3 0 3 0 3
3 Aug05 0 1 0 1 0 2 6 5
10 Aug05 0 1 0 1 2 6 11 8
17 Aug0s 0 2 0 2 1 7 4 8
24 Aug05 0 0 0 0 0 0 0 0
31 Aug05 0 3 0 3 0 3 6 3
7 Sep05 0 6 3 6 2 5 8 7
14 Sep05 1 0 4 1 0 5 3 5
21 Sep05 0 3 6 3 1 2 13 3
28 Sep05 2 4 8 6 3 8 15 11
5 Oct05 0 27 5 27 1 30 12 31
12 Oct05 56 27 56 89 38 89
19 Oct05 6 10 40 16 10 30 43 40
26 Oct05 5 8 33 13 2 3 30 5
2 Nov05 4 23 19 27 7 11 34 18
9 Nov05 1 5 3 6 2 4 11 6
16 Nov05 0 9 0 9 1 ) 19 6
23 Nov05 24 58 24 7 26 7
30 Nov05 22 153 22 2 5 68 7
7 Dec05 39 27 164 66 20 27 92 47
14 Dec05 1 8 10 9 4 4 16 8
21 Dec05 & 28 Dec05 2 51 15 53 0 34 7 34
4 Jan06 & 11 Jan06 0 34 41 34 1 30 34 31
18 Jan06 & 25 Jan06 7 26 54 33 4 13 31 17
1 Feb06 & 8 Feb06 0 6 0 6 0 12 13 12
15 Feb06 & 22 Feb06 0 10 18 10 2 4 12 6
| Mar06 & 8 Mar06 3 26 80 29 0 14 13 14
15 Mar06 9 1 42 10 2 6 8 8
22 Mar06 2 3 26 5 0 1 0 1
29 Mar06 6 13 24 19 0 9 0 9
5 Apr06 0 1 6 1 0 4 6 4
(continued)
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Table 4-11. (Continued)

Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw
L. Raw Impingement Count Raw Weekly Impingement
Bgl;:llngE:t:d of | paw | 6-ori3- | (24-h Rate | (Z224-h+6or| Raw | 6-or13- Impingement Count
24-h day X Z Daily 13-day 24-h day (Z 24-h Rate X | (24-h + 6 or 13-
(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | Z Daily Flow) | day Sample)
12 Apr06 2 18 11 20 2 0 14 2
19 Apr06 1 6 4 7 0 1 0
26 Apr06 0 1 0 1 0 0 0
3 May06 0 4 1 4 0 0 0
10 May06 1 27 60 28 0 0 0
17 May06 19 35 110 54 30 6 30
24 May06 26 34 26 2 79 11 81
31 May06 6 39 108 45 1 73 90 74
7 Jun06 28 60 137 88 29 519 808 548
14 Jun06 9 26 42 35 263 123 930 386
21 Jun06 17 9 17 3 12 117 15
28 Jun06 2 2 17 4 34 22 152 56
Yoo 1 161 701 1,404 862 a4 | 1273 2792 1.687
(29Jun05-28 Jun06)
5 Jul0é 3 10 12 13 4 7 22 11
12 Jul06 0 6 0 6 2 10 17 12
19 Jul06 0 5 3 5 3 4 15 7
26 Jul0e 1 0 4 1 1 1 4 2
2 Auglo 0 1 0 1 0 1 0 1
9 Aug06 0 3 3 3 0 2 3 2
16 Aug06 1 4 4 s 1 1 4 2
23 Auglb 0 0 0 0 0 1 0 1
30 Auglé 1 0 1 0 2 0 2 =
6 Sepl6 0 0 0 0 1 0 1
13 Sep06 0 0 0 0 2 3 2
20 Sep06 0 0 0 1 0 3 1
27 Sep06 0 0 0 5 7 5
4 Oct06 0 3 0 3 1 3 13 4
11 Oct06 0 6 0 6 3 7 12 10
18 Oct06 0 5 3 4 0 12 12 12
25 Oct06 1 5 g 6 4 7 54 11
1 Nov06 & 8 Nov06 1 8 14 9 13 4 96 17
15 Nov06 & 22 Nov06 0 24 7 24 0 42 6 42
20 Nov06 & 6 Dec{]_ﬁ 1 18 10 19 1 24 L 25
13 Dec06 & 20 Dec06 1 8 14 9 3 6 27 9
27 Dec06 & 3 Jan07 1 3 14 2 22 4
10 Jan07 & 17 Jan07 | | 14 2 1 11 1
(continued)
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Table 4-11. (Continued)

Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw

. Raw Impingement Count Raw Weekly Impingement

B%';';'l':gplzrifd"f Raw | 6-or13- | (24h Rate |(224-h+6or| Raw |6-ori3. | Impingement Count
24-h day X Z Daily 13-day 24-h day (Z 24-h Rate X |(24-h + 6 or 13-

(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | Z Daily Flow) | day Sample)
24 Jan07 & 31 Jan07 1 1 8 2 1 2 6 3
7 Feb07 & 14 Feb07 0 1 7 1 0 0 12 0
21 Feb07 & 28 Feb07 1 5 8 6 2 2 15 4
7 Mar07 & 14 Mar07 0 4 13 4 0 3 9 3
21 Mar07 2 6 4 8 8 11 8
28 Mar(7 0 13 13 2 7 11 9
4 Apr07 3 13 11 16 1 4 4 5
11 Apr07 0 7 0 7 0 4 3 4
18 Apr07 0 0 0 0 0 0
25 Apr07 0 11 9 11 0 0 0
2 May07 3 6 12 9 0 0 0
9 May07 0 6 0 6 0 0 0
16 May07 0 8 18 8 4 20 4
23 May07 6 2 24 8 6 8 29 14
30 May07 0 3 16 3 1 4 27 5
6 Jun07 5 13 23 18 7 7 34 14
13 Jun07 1 2] 3 4 2 6 10 8
20 Jun07 0 3 2 1 4 10 5
27 Jun07 1 1 1 2 2 2
P Julc};ﬁ; iunm) 34 215 277 249 65 207 560 272
Total 195 916 1,681 L1t 479 | 1,480 3,352 1,959
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5.0 ADULT EQUIVALENCY

As requested by the EPA 308 letter, this section presents the monthly and annual numbers of adult
equivalents for those fish species contributing to the upper 90% of the totals entrained (Table 5-1) and
impinged (Table 5-2) at Merrimack Station.

White sucker exhibited the highest number of adult equivalents entrained at Merrimack Station (both
Units combined) during 2006 (7,337 adult fish representing 55% of the total 2006 entrainment; Table
5-1), and larvae (PYSL) comprised all of white sucker entrainment. Unit 2 contributed 85% (6,253
adult fish) of white sucker adult equivalents entrained in 2006 at Merrimack Station. Members of the
carp and minnow family exhibited the second highest proportion (33%) and number (4,335 adult fish)
of adult equivalents entrained at Merrimack Station (both Units combined) during 2006 (Table 5-1).
The entrainment of larvae (YSL and PYSL) comprised all of the carp and minnow family entrained
during 2006, and Unit 2 contributing most (3,620 or 84%) to the combined entrainment at Merrimack
Station. The sunfish family exhibited the third highest proportion (12%) and number (1,604 adult
fish; Table 5-1) of adult equivalents entrained at Merrimack Station (both Units combined). Unit 1
entrained 62% of the sunfish family equivalent adults at Merrimack Station during 2006. Yellow
perch exhibited the fourth highest proportion (0.1%) and number (22 adult fish) of adult equivalents
entrained at Merrimack Station (both Units combined) during 2006 (Table 5-1); all were derived from
the PYSL lifestage, and all were entrained at Unit 2.

Similar to 2006, white sucker exhibited the highest proportion (74%) and number (9,707) of adult
equivalents entrained at Merrimack Station (both Units combined) during 2007 (Table 5-1). White
sucker equivalent adults were entrained equally between Units 1 (4,844 or 50%) and 2 (4,864 or 50%)
during 2007. Members of the carp and minnow family exhibited the second highest proportion (19%)
and number (2,525 adult fish) of adult equivalents entrained at Merrimack Station (both Units
combined) during 2007 (Table 5-1). Adult equivalents entrained for the carp and minnow family
include contributions from both the egg and larval lifestages, with the majority (59%) of adult
equivalents entrained at Unit 1 of Merrimack Station during 2007 (Table 5-1). The third highest
proportion (6%) and number (777 adult fish) of adult equivalents entrained at Merrimack Station
during 2007 was the sunfish family, with Unit 1 (50% and 389 adult fish) and Unit 2 (50% and 387
adult fish) contribuing equally to the combined adult equivalents entrained in that year (Table 5-1).
Yellow perch exhibited the fourth highest proportion (1%) and number (195 adult fish) of adult
equivalents entrained at Merrimack Station (both Units combined) during 2007, with 94% (184) of
the total adult equivalents entrained for yellow perch occuring at Unit 1 (Table 5-1).

Spottail shiner exhibited the highest proportion (55%) and number (436) of adult equivalents
impinged during the first year (late June 2005 through June 2006) of impingement at Merrimack
Station (both Units combined and based on monthly abundance estimates adjusted for collection
efficiency; Table 5-2). Impingement at Unit 1 accounted for 232 of the spottail shiner adult
equivalents impinged (53%) and impingement at Unit 2 accounted for 204 of the adult equivalents
impinged (47%) during the first year of impingement monitoring (Table 5-2). Young-of-year, Age
1+ and adult fish contributed to the adult equivalentsimpinged for spottail shiner during 2006.
Bluegill exhibited the second highest proportion (17%) number 138 adult fish) of adult equivalents
impinged at Merrimack Station during the first year, and most (69% or 95 adult fish) of the bluegill
were impinged at Unit 2 (Table 5-2). Bluegill from the young-of-year and Age 1+, Age 2+ and adult
age classes contributed to the adult equivalents impinged for 2006. Yellow perch exhibited the third
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highest proportion (14%) and number (110 adult fish) of adult equivalents impinged at Merrimack
Station during 2006, with the majority of the adult equivalents impinged (97% or 107 adult fish)
occurring at Unit 1 (Table 5-2). A total of 103 adult equivalent pumpkinseed representing (13%) of
the total were impinged at Merrimack Station (both Units combined) during the first year, and 92%
(94 adult fish) were impinged at Unit 1. Largemouth bass and black crappie exhibited 10 or fewer
adult equivalents impinged at Merrimack Station (both Units combined) during the first sample year.

Bluegill were impinged in the highest proportion (57%) and abundance (135 adult fish) of adult
equivalent fish at Merrimack Station (both Units combined and based on monthly abundance
estimates adjusted for collection efficiency) during the second year (July 2006 through June 2007) of
impingement sampling (Table 5-2). The bluegill adult equivalents due to impingement at Merrimack
Station were represented by a comination of YOY, Age 1+, Age 2+ and older fish that had already
reached adulthood. Unit 2 exhibited the highest proportion (62%) and number (84 adult fish) of adult
equivalents from impingement compared to Unit 1 (51% and 48 adult fish) during the second year
(Table 5-2). Spottail shiner exhibited the second highest proportion (18%) and number (43 adult fish)
of adult equivalents impinged at Merrimack Station (both Units combined) during the second year
(Table 5-2). Young of year spottail shiners were the only age group which contributed to the
impingement losses for this species at Merrimack Station during the second year, and the majority
(72% or 31 adult fish) were impinged at Unit 2. The annual numbers of adult equivalents due to
impingement at Merrimack Station for yellow perch 13% or 31 adult fish), pumpkinseed (8% or 18
adult fish), and black crappie (0.4% or 1 adult fish) were all lower during the second year of sampling
than observed for these species during the first year (Table 5-2). One more adult equivalent
largemouth bass (10 adult fish) was impinged during the first year of the study than was during the
second year (9 adult fish).

Table 5-3 presents a comparision of the relative contribution of impingement and entrainment to the
adult equivalents at Merrimack Station for the two-year period of June 2005 through June 2007.
Monthly values of adult equivalents for impinged fish (Table 5-2) were summed for the entire two
year period to obtain the values presented in Table 5-3. To obtain the entrainment adult equivalents
presented for the comparable time period as impingement in Table 5-3, it was assumed that
entrainable eggs and larvae could be present in Hooksett Pool in any month from April through
September based on the life histories of the species present, and that ichthyoplankton would not be
found during the months of October through March. Weekly species-specific entrainment rates fron
the sampled weeks were applied to Station flows for the missing weeks from April through
September of each year to provide a set of entrainment adult equivalent losses for the comparable two
year period of impingement sampling (i.e., June 2005 through June 2007). Also, for comparative
purposes in Table 5-3, impinged fish species were pooled to represent the taxonom ic groups defined
by the entrainment data. Entrainment data for the family Cyprinidae is compared to the impingement
for spottail shiner and entrainment data for the family Centrarchidae is compared to the impingement
for bluegill, pumpkinseed and black crappie. These species were the dominant members of their
respective families present in Merrimack Station impingement catches. Adult equivalent values for
white sucker and yellow perch were available on a species level for both impingement and
entrainment.

Adult equivalent values at Merrimack Station were greater for entrainment than impingement for each
dominant species/family examined (Table 5-3) during the two year study (June 2005 through June
2007). Adult equivalent values for yellow perch were three times greater due to entrainment than
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impingement. Adult equivalent values for Cyprinidae and Centrarchidae were 23 and 11 times higher
due to entrainment than impingement. White sucker showed the greatest difference with adult
equivalent values due to entrainment 973 times greater than those values due to impingement.

5.1 Maximum Capacity Operation

The Unit 1 CWIS at Merrimack Station has two intake pumps, each with a design intake capacity of
29,500 gpm (65.73 cfs), resulting in a combined design intake capacity for both pumps at Unit 1 of
59,000 gpm (131.45 cfs). The Unit 2 CWIS also has two intake pumps, each with a design intake
capacity of 70,000 gpm (155.96 cfs), and a combined design intake capacity for both circulating
water pumps at Unit 2 of 140,000 gpm (311.92 cfs). When converted to millions of cubic meters
(MCM), the maximum daily capacity for Unit 1 was 0.32 MCM and for Unit 2 was 0.76 MCM.
Table 5-4 presents the predicted monthly impingement, with and without the correction for collection
efficiency for Units 1 and 2 of Merrimack Station using the maximum (design) flow for each Unit.
Had the Unit 1 and Unit 2 CWISs at Merrimack Station been operating at maximum (design) intake
flows continuously throughout the entire period of June 2005 through June 2007, an estimated 9,806
fish would have been impinged in this period (both Units combined), when adjusted for collection
efficiency (Table 5-4). The predicted number of 9,806 fish impinged if the plant CWISs operated at
design flows during the two year study at Merrimack Station compares to an estimated total
impingement of 8,007 fish based on the actual intake flows during the same period (Table 4-5),
representing an 18% reduction in impingement abundance. Based on the predicted annual
impingement abundance using design flows, Unit 1 could have impinged 2,139 fish in the first year
and 509 fish in the second year of the study (Table 5-4) compared to the actual impingement
abundance of 1,603 fish and 405 fish, respectively (Table 4-5). Based on the predicted annual
impingement abundance using design flows, Unit 2 could have impinged 6,016 fish in the first year
and 1,133 fish in the second year of the study (Table 5-4) compared to the actual impingement
abundance of 5,133 fish and 866 fish, respectively (Table 4-5). The actual operation flows observed
at Merrimack Station during that two year period resulted in a reduction in the number of impinged
fish at Unit 1 of 24.4% and at Unit 2 of 16.1%.

The predominant species of fish impinged (90% of total individuals) at Merrimack Station were black
crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner and yellow perch, and the adult
equivalent values for these six species are presented for the two years of impingement sampling at
Merrimack Station based on design intake flows (Table 5-5). An adult equivalent of 331 bluegill
could have been impinged during the two years of sampling at Merrimack Station (both Units
combined) if Unit 1 and Unit 2 each operated at design intake flows on every day throughout the two
year period. Based on the predicted adult equivalent values for this theoretical maximum intake flow
scenario, bluegill would have had the greatest adult equivalents due to impingement during the
second year of sampling (165 fish), while spottail shiner would have had the greatest loss of adult
equivalents due to impingement during the first year of sampling (550 fish; Table 5-5). The predicted
number of 8,541 bluegill, spottail shiner, black crappie, largemouth bass, yellow perch and
pumpkinseed impinged if the plant CWISs operated at design flows during the two year study at
Merrimack Station (Table 5-5) is reduced to 1,305 adult equivalent fish lost for both Units combined
(Table 5-5). The predicted equivalent adult fish lost of 1,305 fish (Table 5-5) impinged if the plant
CWISs operated at design flows during the two year study at Merrimack Station compares to an
estimated adult equivalent value of 1,033 fish (bluegill, spottail shiner, black crappie, largemouth
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bass, yellow perch and pumpkinseed) based on the actual intake flows during the same period (Table
5-2), representing a 21% reduction in adult equivalent losses. Therefore, by operating at less than
design intake flows, Merrimack Station prevented the impingement losses of 270 adult fish from
Hooksett Pool over the two-year study period (Table 5-5).

Table 5-6 presents the predicted monthly entrainment abundance for Units 1 and 2 of Merrimack
Station based on the maximum (design) pumping capacity for each Unit applies continuously during
the entire sampling period. Had Merrimack Station been withdrawing cooling water continuously at
maximum capacity during the time period of 21 May 2006 through 10 September 2006, an estimated
3,194,874 larvae and 37,996 eggs would have been entrained (Table 5-6). Similarly, a total of
3,058,010 larvae and 22,492 eggs would have been entrained during the time period of 2 April 2007
through 25 June 2007 had Merrimack Station been operating at design intake flows (Table 5-6).
Entrainment abundance based on actual intake flows at both Units combined during the 2006 period
for Merrimack Station were a total of 2,786,283 larvae (Table 3-6) and 33,989 eggs (Table 3-8).
Entrainment abundance based on actual intake flows at both Units combined during the 2007 period
for Merrimack Station were a total of 2,449,268 larvae (Table 3-6) and 15,797 eggs (Table 3-8).
Compare to design intake flows, the entrainment abundance for the actual operating flows at
Merrimack Station (both Units combined) resulted in a reduction of potential entrainment abundance
for 2006 of 13%, and for the 2007 period a reduction of 20 %.

The predominant fish species entrained (90% of total individuals) at Merrimack Station were white
sucker, family Centrarchidae, family Cyprinidae, and yellow perch (Table 3-3). The annual total
entrainment abundance and adult equivalence losses for these two species and two families are
presented for the two years of entrainment sampling at Merrimack Station based on design intake
flows (Table 5-7). Assuming that Merrimack Station was operating at maximum intake flows during
the 2006 entrainment season, an adult equivalent of 4,850 cyprinids, 2,264 centrarchids (bluegill and
pumpkinseed), 8,354 white sucker and 23 yellow perch would have been lost from Hooksett Pool due
to entrainment at Units 1 and 2 combined (Table 5-7). The actual CWIS flows for Merrimack Station
during the period of 21 May 2006 through 10 September 2006 reduced the loss of adult equivalents
(from maximum capacity numbers) due to entrainment by 10.6% for cyprinids, 29.2% for
centrarchids, 12.2% for white sucker, and 4.3% for yellow perch. Assuming that Merrimack Station
was operating at maximum capacity during the 2007 entrainment season, an adult equivalent of 2,967
cyprinids, 1,198 centrarchids (bluegill and pumpkinseed), 11,774 white sucker and 238 yellow perch
would have been lost from Hooksett Pool due to entrainment at Units 1 and 2 combined (Table 5-7).
The actual CWIS flows for Merrimack Station during the period of 2 April 2007 through 25 June
2007 reduced the loss of adult equivalents (from maximum capacity numbers) by 14.9% for
cyprinids, 35.1% for centrarchids, 17.6% for white sucker, and 18.1% for yellow perch.
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Table 5-3.  Adult equivalence losses of fish species impinged or entrained at Units 1 and 2 of
Merrimack Station for the June 2005 to June 2007 time period.
Unit Taxon Impingement (I) | Entrainment (E) Ratio of AE losses (E:I)

Unit 1 White sucker 11 7,328 666:1
Yellow perch 109 323 3:1
Cyprinidae* 243 2,967 12:1
Centrarchidae* 192 2,424 13:1

Unit 2 White sucker 10 13,111 1311:1
Yellow perch 32 41 1:1
Cyprinidae* 235 8,284 32:1
Centrarchidac* 204 1,688 8:1

Both Units White sucker 21 20,439 973:1
Combined | Yellow perch 141 366 A
Cyprinidae* 478 11,251 23:1
Centrarchidae* 396 4,112 10:1

*Cyprinidae represented by spottail shiner and Centrchidae represented by bluegill, pumpkinseed and black crappie for
impingement adult equivalence.
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Table 5-4. Predicted monthly total impingement abundance of fish based on design intake
flows at Merrimack Station Units 1 and 2, and for both Units combined, from June
2005 through June 2007. Impingement data is presented as Raw counts (Raw) in
24-hour samples, impingement abundance estimates (I) based on the product of 24-
hour sample density and design CWIS volumes, and adjusted impingement
abundance estimates (Adj-I) representing the abundance values () expanded for
screen collection efficiency. Note: design (maximum) daily CWIS flows were 0.32
million cubic meters for Unit 1 and 0.76 million cubic meters for Unit 2.

Unit 1 Unit 2 Both Units Combined

Month Raw I Adj-1 Raw I Adj-1 Raw I Adj-I
Jun 05 1 2 3 3 6 9 4 9 12
Jul 05 4 37 49 10 82 110 14 118 159
Aug 05 0 0 0 3 23 31 3 23 31
Sep 05 3 23 30 6 43 68 9 65 98
Oct 05 11 135 145 13 278 390 24 413 535
Nov 05 5 132 146 17 107 158 22 239 304
Dec 05 42 453 498 24 190 225 66 643 723
Jan 06 7 124 146 5 73 109 12 197 255
Feb 06 0 23 28 2 31 171 2 53 199
Mar 06 20 204 245 2 23 59 22 226 304
Apr 06 3 33 39 2 48 191 5 81 230
May 06 26 302 333 3 65 259 29 367 591
Jun 06 39 394 477 329 2,202 4,236 368 2,596 4,713
Year 1 161 1,862 2,139 419 3,169 6,016 580 5,031 8,155
Jul 06 4 37 44 10 113 192 14 150 236
Aug 06 1 9 11 1 8 9 2 16 20
Sep 06 0 0 | 1 15 16 1 15 16
Oct 06 1 17 22 8 101 128 9 118 150
Nov 06 2 31 40 14 112 142 16 144 182
Dec 06 2 38 46 ] 75 84 7 113 130
Jan 07 2 36 42 2 34 42 4 70 84
Feb 07 1 18 20 -2 29 35 3 47 55
Mar 07 2 27 42 2 33 41 4 60 83
Apr 07 3 32 50 1 35 59 4 67 109
May 07 9 69 110 7 135 225 16 204 335
Jun 07 7 56 91 12 88 159 19 145 251
Year 2 34 370 519 65 780 1,133 99 1,150 1,651
Total 195 2,232 2,657 484 3,949 7,149 679 6,181 9,806
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Table 5-5.  Predicted annual total impingement abundance and adult equivalent losses for six
abundant species of fish (representing 90% of the fish impinged) based on design
intake flows at Merrimack Station Units 1 and 2, and for both Units combined, from
June 2005 through June 2007.

Unit
Unit 1 Unit 2 Both Units Combined
Annual Adult Annual Adult Annual Adult
Impingement | Equivalent | Impingement | Equivalent | Impingement | Equivalent

Month Species Stage Estimate Estimate Estimate Estimate Estimate Estimate
Year 1 Bluegill YOY 701 8 4338 49 5038 57
| Age 1+ 0 0 13 9 13 9
| Age 2+ 39 36 26 24 64 60
Adult 15 15 26 26 40 40
Total 754 58 4402 108 5156 166
Spottail shiner| YOY 67 29 77 33 144 63
| Age 1+ 0 0 9 7 9 _ 7
Adult 292 292 188 188 480 480
Total 359 321 274 229 633 550
Black crappie | YOY 80 1 389 3 470 3
Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 80 1 389 3 470 3
Largemouth YOY 20 1 276 13 296 14
bass Age 1+ 0 0 18 2 18 2
Age 2+ 0 0 0 0 0 0
| Age 3+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 20 1 293 15 313 16
Yellow Perch | YOY 0 0 13 <1 13 <1
Age 1+ 31 4 11 1 43 5
Age 2+ 187 38 9 2 196 39
Age 3+ 56 26 0 0 56 26
Adult 73 73 0 0 73 73
Total 347 140 33 3 380 143
Pumpkinseed | YOY 51 7 69 9 120 16
Age 1+ 65 22 0 0 65 22
Adult 99 99 0 0 99 99
Total 215 127 69 9 283 136
Year 2 Bluegill YOY 141 2 323 4 464 3
Age 1+ 0 0 43 30 43 30
Age 2+ 41 38 30 28 71 66
Adult 32 32 32 32 64 64
Total 214 72 428 94 642 165
Spottail shiner| YOY 32 14 106 46 138 60
| Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 32 14 106 46 138 60
Black crappie | YOY 58 <1 196 1 254 2
| Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 58 <1 196 1 254 2
Largemouth | YOY 20 1 108 5 128 6
bass | Agel+ 0 0 47 4 47 4
| Age 2+ 0 0 0 0 0 0
| Age 3+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 20 1 155 9 175 10

(continued)
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Table 5-5. (Continued)

Unit Both Units Combined
Unit 1 Unit 2
Annual Adult Annual Adult Annual Adult
Impingement | Equivalent | Impingement | Equivalent | Impingement | Equivalent
Month Species Stage Estimate Estimate | Estimate Estimate Estimate | Estimate

Year 2 Yellow Perch | YOY 0 0 0 0 0 0
(cont'd) Age 1+ 0 0 0 0 0 0
Age 2+ 12 2 0 0 12 2

| Age 3+ 0 0 0 0 0 0

Adult 0 0 31 31 31 31

Total 12 2 31 31 43 34

Pumpkinseed | YOY 29 4 10 1 39 5

Age 1+ 0 0 0 0 0 0

Adult 0 0 14 14 14 14

Total 29 4 24 16 53 19

TOTAL Bluegill YOY 842 10 4660 53 5502 63
| Age 1+ 0 0 56 39 56 39

Age 2+ 80 74 56 52 136 126

Adult 47 47 58 58 104 104

Total 968 130 4830 201 5798 331

Spottail shiner| YOY 100 43 183 80 283 123

Age 1+ 0 0 9 7 9 7

Adult 292 292 188 188 480 480

Total 391 335 380 275 771 610

Black crappie | YOY 139 1 585 4 724 5

Age 1+ 0 0 0 0 0 0

Adult 0 0 0 0 0 0

Total 139 1 585 4 724 5

Largemouth | YOY 40 2 383 18 423 20

bass | Age 1+ 0 0 65 6 65 6

Age 2+ 0 0 0 0 0 0

Age 3+ 0 0 0 0 0 0

Adult 0 0 0 0 0 0

Total 40 p 448 24 488 26

Yellow Perch | YOY 0 0 13 <l 13 <l

Age 1+ 31 4 11 1 43 5

Age 2+ 199 40 9 2 208 42

Age 3+ 56 26 0 0 56 26

Adult 73 73 31 31 104 104

Total 359 142 64 35 423 177

Pumpkinseed | YOY 80 11 79 11 158 21

Age 1+ 65 22 0 0 65 22

Adult 99 99 14 14 113 113

Total 243 131 93 25 337 156
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Table 5-6. Predicted monthly total entrainment abundance of fish (all species) by lifestage
based on design intake flows at Merrimack Station Units 1 and 2, and for both Units
combined, from May 2006 through June 2007. (Note: a blank cell in this table
means no sample was taken).

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# Entrained | # Entrained | # Entrained | # Entrained | # Entrained | # Entrained
Month 0 0 0
April Total |Eggs 0 0 0
YSL 0 79,443 79,443
PYSL 0 53,408 53,408
YOY/Older 0 0 0
Unknown 0 0 0
Total 0 132,852 132,852
May Total |Eggs 0 26,760 26,760 0 0 0
YSL 0 0 0 11,290 26,481 37,771
PYSL 0 800,515 800,515 672,617 105,538 778,155
YOY/Older 0 0 0 0 0 0
Unknown 0 0 0 44,815 0 44,815
Total 0 827,274 827,274 728,723 132,019 860,741
June Total |Eggs 0 0 0 22492 0 22,492
YSL 11,308 80,234 91,543 112,638 106,716 219,355
PYSL 507,773 1,251,158 1,758,931 1,168,991 720,888 1,889,878
YOY/Older 50,615 0 50,615 11,246 26,689 37.936
Unknown 34,080 52,632 86,711 0 0 0
Total 603,776 1,384,024 1,987,800 1,315,367 854,293 2,169,661
July Total |Eggs 0 0 0
YSL 22471 0 22,471
PYSL 354,578 133.273 487.851
YOY/Older 0 0 0
Unknown 33,791 0 33,791
Total 410,840 133,273 544,113
August | Total |Eggs 11,236 0 11,236
YSL 0 0 0
PYSL 33,563 0 33,563
YOY/Older 0 0 0
Unknown 0 0 0
Total 44,800 0 44,800
September | Total |Eggs 0 0
YSL 0 0
PYSL 0 0
YOY/Older 0 0
Unknown 0 0
Total 0 0
Total Total [Eggs 11,236 26,760 37,996 22,492 0 22,492
YSL 33,779 80,234 114,014 123,928 212,641 336,569
PYSL 895,915 2,184,945 3,080,860 1,841,608 879,834 2,721,441
YOY/Older 50,615 0 50,615 11,246 26,689 37,936
Unknown 67,871 52,632 120,502 44,815 0 44,815
Total 1,059,416 2,344,571 3,403,987 2,044,090 1,119,164 3,163,254
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APPENDIX A

Merrimack Station Entrainment
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Appendix Table A-1. Entrainment sample duration, sample volume and associated water
quality parameters as collected at Merrimack Station, June 2006 — June
2007. (Note: NS means no sample was collected on that date.)

1000 - 1600 1600 - 2200
- Dis. Dis.
Duration| Volume | Temp. | Oxy. | Cond. |Duration| Volume | Temp. | Oxy. | Cond.
(hr.) (Gal.) (°C) |(mg/L)|(uS/em)| (hr.) (Gal) | (°C) | (mg/L) [(nS/cm)
Unit 1| 31-May-06 4.5 26656 173] 10 73.9 4.6 26386 18.6 10.1 62.7
7-Jun-06 17 26520 16.8 9.2 708 21 26296 16.4 9.1 73.4
14-Jun-06 1.8 25920 17.5 9.6 56 1.7 26520 17.8 8.7 59.2
28-Jun-06 2.0 26437 21.8 8.6| 717 2.0 26437 219 84| 75
5-Jul-06 22 | 26400 224 7.8 72.1 2.2 26400 229 i) 75.4
20-Jul-06 3.7 24024 26.2 54| 832 3.9 26419 255 5.5 86.7
26-Jul-06 5.4 26438 23.5 7.7] 629 6.3 26422 24 64| 657
2-Aug-06 5.6 26421 26.8 7 .93.3 6.7 26466 27.1 6.9 909
9-Aug-06 5.3 26607 24.5 6.6 91.6 5.3 26464 25 7.3 95
16-Aug-06 5.2 26815 22.9 8.5 5.1 26383 24.3 6.4
23-Aug-06 4.9 26431 223 70 12.7 4.7 26432 233 73] 111
30-Aug-06 4.1 26528 194 8.7) 113.6 4.1 26462 20.9 6.9
4-Apr-07 2.7 28684 3.6 12.8)] 626 | NS
5-Apr-07 NS 2.5 26670 2.1 15.3 85.6
18-Apr-07 2.1 28804 1.8 13.2| 413 1.8 26500 2.1 13.2] 407
2-May-07 2.8 27733 9.7 6.5 689 2.7 26362 10.1 102] 69.8
16-May-07 3.2 26423 14.7 94| 843 33 26660 13.6 7.7| 88.7
23-May-07 2.8 26400 13 9.8] 38.1 2.6 26381 143 9 64
30-May-07 2.8 26400 20.7 45| 822 2.6 26339 20.5 8.1 82
6-Jun-07 2.3 26880 19.1 3.2 76.2 25 26235 174 8.6 72.1
13-Jun-07 3.5 27860 19.7 8 774 3.2 26429
20-Jun-07 3.3 26911 22.2 4.6 031 5.1 43287 229 7.3 92.7
27-Jun-07 8.3 26300 25.1 7.6 102.7 6.4 26441 24.7 3.1] 1028
2-Jul-07 6.5 26442 224 6.2] 117.5 4.4 26500 21.6 6 109
11-Jul-07 35 26752 23.5 8 923 3.8 26423 232 74| 97.7
Unit2| 25-May-06 3.6 26378 12.9 02 48.9 3.6 26378 13.2 9.8 50
31-May-06 43 26368 174 99| 723 3.9 26448 18.5 99| 646
7-Jun-06 4.1 26425 16.7 8.4 59.4 3.6 26429 16.4 9.1 73.4
14-Jun-06 34 17545 17.5 74| 592 3.8 26332 17.6 8.7] 573
21-Jun-06 4.8 26391 21.7 8 85 4.8 26391 224 8.2 81.9
28-Jun-06 3.8 26813 21.7 82| 72 3.8 26813 21.8 79 741
5-Jul-06 44 26492 224 7.8] 721 4.4 26492 229 7.1 75:2
12-Jul-06 4.4 26426 234 5.8 4.4 26426 235 63| 95
19-Jul-06 4.9 26365 26.3 59| 775 4.9 26455 26.5 64| 819
26-Jul-06 3.9 26426 234 79| 618 4.5 26470 24 74| 643
2-Aug-06 4.7 26505 26.6 6.8 422 4.4 26494 272 6.9 894
9-Aug-06 4.1 26528 24.6 6.7 911 4.1 26420 24.8 6.8] 932
16-Aug-06 5.0 26460 229 8.2 996 5.0 26460 245 7.9
30-Aug-06 8.1 26438 194 8.2 1094 8.1 26438 20.7 1.4
13-Sep-06 10.8 26445 17.9 6.3 121.9 10.5 25830 183 7.3
4-Apr-07 6.6 26645 33 74| 63 NS
5-Apr-07 NS 5.5 26400 2.1 10.3 86
23-May-07 8.0 26426 12.9 85| 623 7.6 26423 14.5 9.5| 625
30-May-07 3.0 | 7120 21 6.5| 80.5| NS
6-Jun-07 8.2 27071 17.7 5.1/ 943 7.7 26380 17.5 8.1 71.5
13-Jun-07 71 26199 19.6 73| 77 8.1 26395
20-Jun-07 11.0 26400 233 5.8 87 1.2 26437 228 75| 89.2
27-Jun-07 7.9 26418 25.1 5.6| 985 7.3 26465 247 54| 100.6
2-Jul-07 6.5 26500 222 5.6| 109.9 6.5 26423 21.5 52| 107.9
11-Jul-07 11.8 17837 23.5 54| 833 14.9 26492 23.5 5.1 93
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. Monthly and annual estimated entrainment abundance for each species
and lifestage observed at Units 1 and 2 of Merrimack Station, June 2006
— June 2007(Note: a blank cell in this table means no sample was taken).

Month

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#

Entrained

#
Entrained

#
Entrained

#

Entrained

#
Entrained

April

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

ClOCCOOICO OO O IC O OO OO DO O|ICOOOOITOOD O

42,083

42,083

=== === ===l === ==l === ==l === =l ===l = =]

42,083

(=~

42,083

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

COoOO0OOQICOCOOCOLCLOOOOLCOLOLLOLOOLO OO OO OO (CoOo O D/COoDO Do

Qoo oo OO O

17,641
0
0
17,641

SO D ODOD|OO OO DO

=
b
S -

0
17,641
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

Month

2006

2007

Unit

Unit 1

Unit 2

Both
Units
Combined

Unit

Unit 1

Unit 2

Both
Units
Combined

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

April
(cont'd)

Yellow
perch

Eggs
Larvae

Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

May

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

oo oooococ oo oo oooooooo o oo o oo

24,773

24,773

=] =28 <R o o i o} e i e e e B o e i e e o e B s Y e Y o | s Y . A o e s} o Y e 0 s B8

24,773

[—5 ]

24,773

5\.}
[av]
S oONOooOoCc o oD oo oo oo o oo

(o]
i
b
(]

s

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total
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9,184
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0
9,184
0
0
0,184
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007

Unit Both Unit Both

Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined

# # # H # #

Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
May Unidentified Eggs 0 24,848 24,848 0 0 0
{cont'd) Larvae 0 0 0 0 0 0
Unknown 0 0 0 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 36,457 0 36,457
White Eggs 0 0 0 0 0 0
sucker Larvae 0 692,860 692,860 137,434 44,126 181,560
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 692,860 692,860 137.434 44,126 181,560
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 24,848 24,848 409,742 0 409,742
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 409,742 0 409,742
Total Eggs 0 24,848 24.848 0 0 0
Larvae 0 742,481 742,481 556,360 65,726 622,086
Unknown 0 0 0 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 0 767.330 767,330 592,818 635,726 658,544
June Brown Eggs 0 0 0 0 0 0
bullhead Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and Eggs 0 0 0 7.899 0 7.899
minnow Larvae 78,904 815,041 893,945 343,337 221,918 565,255
family Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 78.904 815,041 893,945 351,235 221,918 573,154
Herring Eggs 0 0 0 0 0 0
family Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined Eggs 0 0 0 0 0 0
madtom Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 10,549 0 10,549 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 21,099 0 21,099 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 21,099 0 21,099 0 0 0
Spottail Eggs 0 0 0 0 0 0
shiner Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762

(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
¥ # # # # ¥
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
June Sunfish Eggs 0 0 0 0 0 0
(cont'd) family Larvae 71,068 123,435 194,503 94,325 49,566 143,892
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 71,068 123,435 194,503 94,325 49,566 143,892
Tessellated Eggs 0 0 0 0 0 0
darter Larvae 9.199 0 9,199 23,203 49,602 72,804
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,199 0 9,199 23.203 49,602 72,804
Unidentified Eggs 0 0 0 7,899 0 7.899
Larvae 0 0 0 0 0 0
Unknown 21,250 48,872 70,122 0 0 0
YOY/Older 0 0 0 0 0 0
Total 21,250 48,872 70,122 7,899 0 7.899
White Eggs 0 0 0 0 0 0
sucker Larvae 171,333 271,111 442,444 528,370 393,359 921,728
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 271,111 442 444 536,269 418,142 954,410
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 24,823 24,823 8,999 25,009 34,008
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 8,999 25,009 34,008
Total Eggs 0 0 0 15,797 0 15,797
Larvae 351,603 1,234,410 | 1,586,013 | 1,002,996 764,462 | 1,767,458
Unknown 21,250 48,872 70,122 0 0 0
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 404.501 1,283,283 1,687,784 | 1,026,692 789,245 1,815,937
July Brown Eggs 0 0 0
bullhead Larvae 18,311 49,461 67,772
Unknown 0 0 0
YOY/Older 0 0 0
Total 18,311 49,461 67,772
Carp and Eggs 0 0 0
minnow Larvae 77,868 24,767 102,635
family Unknown 0 0 0
YOY/Older 0 0 0
Total 77,868 24,767 102,635
Herring Eggs 0 0 0
family Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined Eggs 0 0 0
madtom Larvae 9,140 24,794 33,934
Unknown 0 0 0
YOY/Older 0 0 0
Total 9.140 24,794 33,934
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
July Rock bass Eggs 0 0 0
(cont'd) Larvae 27,489 0 27.489
Unknown 0 0 0
YOY/Older 0 0 0
Total 27,489 0 27,489
Spottail Eggs 0 0 0
shiner Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish Eggs 0 0 0
family Larvae 160,178 0 160,178
Unknown 0 0 0
YOY/Older 0 0 0
Total 160,178 0 160,178
Tessellated Eggs 0 0 0
darter Larvae 13,745 0 13,745
Unknown 0 0 0
YOY/Older 0 0 0
Total 13,745 0 13,745
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 27.489 0 27,489
YOY/Older 0 0 0
Total 27.489 0 27,489
White Eggs 0 0 0
sucker Larvae 0 24,733 24,733
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,733 24,733
Yellow Eggs 0 0 0
perch Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 306,731 123,754 430,485
Unknown 27,489 0 27,489
YOY/Older 0 0 0
Total 334,220 123,754 457,974
August Brown Eggs 0 0 0
bullhead Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and Eggs 0 0 0
minnow Larvae 9,142 0 9,142
family Unknown 0 0 0
YOY/Older 0 0 0
Total 9,142 0 9,142
(continued)
20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07 A-8 Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
August Herring Eggs 0 0 0
(cont'd) family Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined Eggs 0 0 0
madtom Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 9,141 0 9.141
Unknown 0 0 0
YOY/Older 0 0 0
Total 0,141 0 9,141
Spottail Eggs 0 0 0
shiner Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish Eggs 0 0 0
family Larvae 9,021 0 9,021
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,021 0 9.021
Tessellated Eggs 0 0 0
darter Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Unidentified Eggs 9,141 0 9,141
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,141 0 9,141
White Eggs 0 0 0
sucker Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow Eges 0 0 0
perch Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 9,141 0 9,141
Larvae 27.304 0 27.304
Unknown 0 0 0
YOY/Older 0 0 0
Total 36,445 0 36,445
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

Month

2006

2007

Unit

Unit 1

Unit 2

Both
Units
Combined

Unit

Unit 1

Unit 2

Both
Units
Combined

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

September

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White
sucker

Eggs
Larvae
Unknown
YOY/Older
Total
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month : Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
September Yellow Eggs 0 0
(cont'd) perch Larvae 0 0
Unknown 0 0
YOY/Older 0 0
Total 0 0
Total Eggs 0 0
Larvae 0 0
Unknown 0 0
YOY/Older 0 0
Total 0 0
Total Brown " Eggs 0 0 0 0 0 0
bullhead Larvae 18,311 49,461 67,772 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,311 49,461 67,772 0 0 0
Carp and Eggs 0 0 0 7,899 0 7,899
minnow Larvae 165,914 839,808 | 1,005,722 343,337 241,396 584,733
family Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 165,914 839,808 1,005,722 351,235 241,396 592,631
Herring Eggs 0 0 0 0 0 0
family Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined Eggs 0 0 0 0 0 0
madtom Larvae 9,140 24,794 33,934 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 19,650 24,794 44,483 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 57,729 0 57,729 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 57,729 0 57,729 0 0 0
Spottail Eggs 0 0 0 0 0 0
shiner Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762
Sunfish Eggs 0 0 0 0 0 0
family Larvae 240,268 148,208 388,476 94,325 93,772 188,097
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated Eggs 0 0 0 0 0 0
darter Larvae 22,944 0 22,944 32,387 49,602 81,989
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 22,944 0 22,944 32,387 49,602 81,989
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-2. (Continued)

2006 2007

Unit Both Unit Both

Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined

# # # # # #

Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Total Unidentified Eggs 9,141 24,848 33,989 7,899 0 7.899
(cont'd) Larvae 0 0 0 0 0 0
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 57,880 73,721 131,601 44,356 0 44 356
White Eggs 0 0 0 0 0 0
sucker Larvae 171,333 988,703 1,160,036 665,804 455,125 1,120,929
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 988.703 1,160,036 673,703 479,908 1,153,611
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 49,671 49,671 418,741 25,009 443,750
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 49,671 49,671 418,741 25,009 443,750
Total Eggs 9,141 24,848 33,989 15,797 0 15,797
Larvae 685,637 2,100,646 | 2,786,283 | 1,559,356 889,912 | 2,449,268
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 775,166 2,174,366 2,949,532 | 1,619.510 914,695 2,534,205
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. Weekly and annual totals of estimated entrainment for each species and
lifestage observed at Units 1 and 2 of Merrimack Station, June 2006 —
June 2007. (Note: a blank cell in this table means no sample was taken).

Week"

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#

#

Entrained | Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

2-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older

Total

Carp and minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total
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Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

24,590

24,590

[
=
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24,590

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total
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2 Weeks are labeled by the Sunday beginning the week in 2006 (weeks in 2007 began one date earlier, e.g. the week labeled
21 May began on 20 May in 2007).

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07

A-13

(continued)

Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1 Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

# #
Entrained | Entrained

&
Entrained

#

Entrained

#
Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

ce oo o oo o o0 o

24.590

24,590

oo 0 OO0 Ol oo

24,590

24,590

9-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

[ T B e Y e B o ) [ o T e Y e O o I - e O e Y e [ e B e ) e B == B = = e ) e e B e e - [T o e e e [ e e T e e e e = =0 L= I
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

7
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

0
12,295
0
0
12,295

0
12,295
0
0
12,295

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

=l =R ==

== == R

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

12,398

12,398

12,398

12,398

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

oo © o o O

24,693

24,693

oo o O o O

24,693

24,693

16-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

C oo O oo o oo O oo OO oo O oo o000 Co|leoc o COolcoc o ool o o0
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

ol o o ol oo |l oo o

5,198

5,198

=l k=R == = = === — I~ ]

5,198

5,198

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

(=) L=l i I L= = =]

wn
[
=
3%

L]

o o

5,242

oo o O O Oloo 0o 0

5,242

5,242

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

[ T e T e T e S e e SO e T e S e B e I e S e Y e T e I e ) o S e B T - Y e o S e R e e I o ) [ e e T e I e e ) [ e [ o i Y o i R e
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10,441
0
0
10,441
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10,441
0
0
10,441
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

23-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

OO OO QOO0 O 0o COOIO0COoO oo oo OO 0O OO0 oC0|Oo 0L Lo o oo
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined [ Unit 1 Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
30-Apr Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Egegs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
. Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1

Unit 2

Combined

#
Entrained

#
Entrained

#
Entrained

#

#

Entrained | Entrained

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

7-May

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

coocoocooclcocococlocococo oo oo C|loOC OO O|ICOCOCOOCOO O OO OO0 0 oo
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined| Unit1 Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Tessellated darter Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0| 0 0
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 18,229 0 18,229
White sucker Eggs 0 0 0
Larvae 9,074 0 9,074
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,074 0 9,074
Yellow perch Eggs 0 0 0
Larvae 191,117 0 191,117
Unknown 0 0 0
YOY/Older 0 0 0
Total 191,117 0 191,117
Total Eggs 0 0 0
Larvae 200,190 0 200,190
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 218,419 0 218,419
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Unit 1

Unit 2

Both Units

Combined

#

#

Entrained | Entrained

#
Entrained

#

B

Entrained | Entrained

#
Entrained

14-May

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

clocoocooclocoocoocclocooc oo ool oo oo Cc o

2,122

2,122

clocoococoocjlcococooloooco ool ool S oo 0 o OO

2,122

2,122

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae

Unknown
YOY/Older
Total

18,229

18,229

colcccocoocloocoocoococ|locococ|loco o ool o o|O0C o0 OO0 oo D O oo
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=
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit 1 Unit2 | Combined
# # # # # #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 9,074 2,140 11,214
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,074 2,140 11,214
Yellow perch Eggs 0 0 0
Larvae 191,117 0 191,117
Unknown 0 0 0
YOY/Older 0 0 0
Total 191,117 0 191,117
Total Eggs 0 0 0
Larvae 200,190 4,263 204,453
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 218,419 4,263 222,682
21-May Brown bullhead Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Herring family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Margined madtom Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 |Combined
# B # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Tessellated darter Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Unidentified Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
White sucker Eggs 0 0 0 0 0
Larvae 23,981 23,981 55,018 22,508 77,526
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 23,981 23,981 55,018 22,508 77,526
Yellow perch Eggs 0 0 0 0 0
Larvae 0 0 27,509 0 27,509
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 27,509 0 27.509
Total Eggs 0 0 0 0 0
Larvae 23,981 23,981 82,526 22.508 105,034
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 23,981 23,981 82.526 22,508 105,034
28-May Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 19.478 19.478
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 19.478 19.478
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007

Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 |Combined

# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 0 24,773 24,773 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,773 24,773 0 0 0
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 9,184 0 9.184
Unknown 0 0 0 0 0 0
- YOY/Older 0 0 0 0 0 0
Total 0 0 0 9,184 0 9,184
Unidentified Eggs 0 24,848 24,848 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 0| 668879 668,879 64,269 19,478 83,747
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 668.879 668,879 64,269 19,478 83.747
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 24,848 24,848 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 0 0 0
Total Eggs 0 24,848 24,848 0 0 0
Larvae 0] 718,501 718,501 73,454 38,955 112,409
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0| 743,349 743,349 73.454 38,955 112,409
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# & # # = #

Week" Entrained | Entrained | Entrained | Entrained | Entrained Entrained
4-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 36,797 370,897 407,694 119,868 73,244 193,112
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 36,797 370,897 407,654 119,868 73,244 193,112
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 18,321 74,176 92,497 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,321 74,176 92,497 0 0 0
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 9,199 0 9,199 18,441 0 18,441
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,199 0 9,199 18,441 0 18.441
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # ) # # H# #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0 0 0 0
Larvae 54,807 197,802 252.609| 488.251| 393,359 881,609
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 54,807 197,802 252,609| 488,251 393,359 881,609
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 0 0 8,999 0 8,999
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 8,999 0 8,999
Total Eggs 0 0 0 0 0 0
Larvae 119,124 642.875 761,999| 635,560| 466,603 1,102,162
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 119,124| 642,875 761,999| 635,560 466,603| 1,102,162
11-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 9.063 24,823 33.886 73,224 49,645 122,869
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,063 24,823 33,886 73,224 49,645 122,869
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# & # # H #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 0 0 0 0 0
Larvae 0 24,823 24,823 18,306 0 18,306
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 18,306 0 18,306
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 ] 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 9,273 0 9,273 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,273 0 9,273 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 73,555 0 73,555 27.459 0 27,459
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 73,555 0 73.555 27,459 0 27,459
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 24,823 24,823 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 0 25,009 25,009
Total Eggs 0 0 0 0 0 0
Larvae 82,619 74,468 157,087 118,988 99,663 218,651
Unknown 9,273 0 9,273 0 0 0
YOY/Older 0 0 0 0 0 0
Total 91,892 74,468 166,360 118,988 99,663 218,651
18-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 5,593 248,268 253,861 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 5,593 248,268 253,861 0 0 0
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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Appendix Table A-3. (Continued)

2006 2007

Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined

# # # # # #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 1,399 0 1,399 0 0 0
Total 1,399 0 1,399 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 2,799 0 2,799 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 2,799 0 2,799 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 2,799 0 2,799 0 0 0
Total 2,799 0 2,799 4,762 0 4,762
Sunfish family Eggs 0 0 0 0 0 0
Larvae 6,997 0 6,997 4,762 49,566 54,328
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 6,997 0 6,997 4,762 49,566 54,328
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 49,602 54.363
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 4,762 49,602 54,363
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 2,827 0 2,827 0 0 0
YOY/Older 0 0 0 0 0 0
Total 2,827 0 2,827 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 15,520 0 15,520 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 24,783 24,783
Total 15,520 0 15,520 4,762 24,783 29,545
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Total Eggs 0 0 0 0 0 0
Larvae 30,910| 248,268 279,178 19.046 99,168 118,214
Unknown 2,827 0 2,827 0 0 0
YOY/Older 4,198 0 4,198 0 24,783 24,783
Total 37.935| 248,268 286,203 19,046 123,951 142,997
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # # & # &
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
25-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 7,899 0 7.899
Larvae 27,450 171,054 198.504 150,245 99,029 249,274
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 27,450 171,054 198,504 158,144 99,029 257,172
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Margined madtom Eges 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 9,150 0 9,150 0 0 0
Total 9,150 0 9,150 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 18,300 0 18,300 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,300 0 18,300 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 18.300 0 18,300 0 0 0
Total 18,300 0 18,300 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 45,750 24,436 70,186 71,258 0 71,258
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 45,750 24,436 70,186 71,258 0 71,258
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Unidentified Eggs 0 0 0 7,899 0 7,899
Larvae 0 0 0 0 0 0
Unknown 9,150 48,872 58,023 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,150 48,872 58,023 7.899 0 7,899
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # & # # #

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained

White sucker Eggs 0 0 0 0 0 0

Larvae 27,450 73,309 100,759 7,899 0 7.899

Unknown 0 0 0 0 0 0

YOY/Older 0 0 0 7,899 0 7.899

Total 27,450 73,309 100,759 15,797 0 15,797

Yellow perch Eggs 0 0 0 0 0 0

Larvae 0 0 0 0 0 0

Unknown 0 0 0 0 0 0

YOY/Older 0 0 0 0 0 0

Total 0 0 0 0 0 0

Total Eggs 0 0 0 15,797 0 15,797

Larvae 118,950 268.799 387,749 229,401 99,029 328430

Unknown 9,150 48,872 58,023 0 0 0

YOY/Older 27.450 0 27.450 7.899 0 7.899

Total 155,551 317,671 473,222 253,098 99,029 352,126
2-Jul Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 36,652 0 36,652
Unknown 0 0 0
YOY/Older 0 0 0
Total 36,652 0 36,652
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 18,326 0 18,326
Unknown 0 0 0
YOY/Older 0 0 0
Total 18,326 0 18,326
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit1 Unit2 | Combined
H # # # # =

Week Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 ] 0
Larvae 9.163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,163 0 9,163
Tessellated darter Eggs 0 0 0
Larvae 9,163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9.163 0 9,163
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 18,326 0 18,326
YOY/Older 0 0 0
Total 18,326 0 18.326
White sucker Eggs 0 0 0
Larvae 0 24,733 24,733
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,733 24,733
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 73.304 24,733 98,037
Unknown 18,326 0 18,326
YOY/Older 0 0 0
Total 91,630 24,733 116,363
9-Jul Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 22,904 0 22,904
Unknown 0 0 0
YOY/Older 0 0 0
Total 22,904 0 22,904
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined | Unitl Unit2 | Combined
# # # # # &

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0
Larvae 0 24,794 24,794
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,794 24,794
Rock bass Eggs 0 0 0
Larvae 9,163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,163 0 9,163
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish family Eggs 0 0 0
Larvae 22.895 0 22,895
Unknown 0 0 0
YOY/Older 0 0 0
Total 22,895 0 22,895
Tessellated darter Eggs 0 0 0
Larvae 4,582 0 4,582
Unknown 0 0 0
YOY/Older 0 0 0
Total 4,582 0 4,582
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 9,163 0 9,163
YOY/Older 0 0 0
Total 9,163 0 9,163
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 59,543 24,794 84,337
Unknown 9,163 0 9.163
YOY/Older 0 0 0
Total 68,706 24,794 93,500

(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# 4
Entrained | Entrained

#
Entrained

16-Jul

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

9,157

9,157

oo o o o o
oo o o o o

24,767

24,767

===~

33,923

33,923

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

36,626

36,626

clocococo oo oo oo oo © OO

clococooc ool oo oo oo o O OO

36.626

36,626

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

coooococlocooocococ|locoocc|loc oo oo oo Do oD OO
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined | Unit 1 Unit2 | Combined
# # # # # #

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 45,783 24,767 70,549
Unknown 0 0 0
YOY/Older 0 0 0
Total 45,783 24,767 70,549
23-Jul Brown bullhead Eggs 0 0 0
Larvae 18,311 0 18,311
Unknown 0 0 0
YOY/Older 0 0 0
Total 18.311 0 18,311
Carp and minnow family Eggs 0 0 0
Larvae 9,155 0 9,155
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,155 0 9,155
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

73,214

73.214|

0

0
0

0
73,214
0
0
73.214

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eges
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

100,680

100,680

oclcoocooc o oo O O oo O O COoOlCo o oo

oclococococooc|jlooc oc ol OO0 Qo0 00O

100,680
0
0
100,680

30-Jul

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

clocococoococloocooo oo ool ool OO oo O oo

49.461

49,461

0
49,461
0
0
49,461

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

oo o oo o ool © o C
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# #
Entrained | Entrained

#
Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

9.1

o
o

0
40
0

<
==

0
9.140
0
0
9,140

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eges
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

oo o o o ojleooc © O O

18,280

18,280

cloocooc o ocjlooc oo O

18,280

18,280

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

cloocococ|looocooc|jloc o o oo © 0O

27,420

27420

slococcc|loococo o o|loccooloco ool oD o000 o OO0 0o oo o0 oo

49461

49,461
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76,882

76,882
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1 Unit 2

Combined

Unit

Both Units

Unit 1

Unit 2

Combined

#

#

Entrained | Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

6-Aug Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eges
Larvae
Unknown
YOY/Older
Total

93

9:

Sl oo ool o O O|IC o oo oo o oo

141

141

Sl o o o|leoo 0 0 ol OO0 O o oo o

9,141

9,141

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

=

=

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

[ R B e R o B o o e e~ 2 L~ = =]

oo O o ol o D o o oo

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

oo oo oo O o O

o O O oo © O O O

o

Total

Eggs
Larvae
Unknown
YOY/Older
Total

o
—_
ES
r—

EL

9:

18.282

141

9,141
9,141

18,282

13-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

oo o ccloocoococoo|loccocococloo oo oo ool oo C O OO oD oo O oo
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#

Entrained

B

Entrained

#
Entrained

#

Entrained | Entrained

#

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

9,021

9,021

0

0
0

0
9,021
0
0
9,021

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

=

[=]

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

9,021

9,021

CcC|looo oo oo o ool oo oo o oo

S| Cc o O oo © o O o0 o o oo o oo

9,021

9,021

20-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

=]

f=1

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae

Unknown
YOY/Older
Total

O OO0 OCCO|Io OO OO oo DO
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1

Unit2 |Combined

#

#

Entrained | Entrained

#
Entrained

#

# #

Entrained | Entrained | Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown

YOY/Older

Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

OOOGOOC’DOOOOOOOOOOODDOOOOOOOOOOOODDOOOOOOOOGOO
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1 Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#

Entrained

i

Entrained

# #
Entrained | Entrained

#
Entrained

27-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

91

=l
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[

2

ol © © O

142
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N

oo o o o O

142

iy
.
o o

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YQY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# #
Entrained | Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

o
i
s
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]
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=
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o
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2

3-Sep

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eges
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1 Unit 2

Combined

Unit

Unit 1

Unit 2

Both Units
Combined

# B
Entrained | Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

Sunfish family

Eges
Larvae

Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvas
Unknown
YOY/Older
Total

Total

Eggs
~ Larvae
Unknown
YOY/Older
Total

10-Sep

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units Unit

Both Units

Combined | Unit1

Unit2 | Combined

#

Entrained

#

Entrained

# #

# #

Entrained | Entrained | Entrained | Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit I Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Total Brown bullhead Eggs 0 0 0 0 0 0
Larvae 18,311 49.461 67,772 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,311 49,461 67,772 0 0 0
Carp and minnow family Eggs 0 0 0 7.899 0 7,899
Larvae 165914 839,808| 1,005,722| 343337 241,396 584,733
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 165,914 839,808| 1.005,722 351,235 241,396 592,631
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined madtom Eggs 0 0 0 0 0 0
Larvae 9,140 24,794 33.934 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 19,690 24.794 44,483 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 57,729 0 57,729 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 57,729 0 57,729 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762
Sunfish family Eggs 0 0 0 0 0 0
Larvae 240,268 148,208 388,476 94,325 93,772 188,097
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 22,944 0 22,944 32,387 49,602 81.989
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 22,944 0 22,944 32,387 49,602 81,989
Unidentified Eggs 9,141 24,848 33,989 7.899 0 7,899
Larvae 0 0 0 0 0 0
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 57.880 73,721 131,601 44,356 0 44356
(continued)
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined | Unit 1 Unit2 | Combined
# # # # # #
Week* Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0 0 0 0
Larvae 171,333 988.703| 1,160,036 665,804 455,125 1,120,929
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 988,703 | 1,160,036 673,703 479,908 1,153,611
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 49,671 49,671 418,741 25,009 443,750
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 49,671 49,671 418.741 25,009 443,750
Total Eggs 9,141 24,848 33,989 15,797 0 15,797
Larvae 685,637| 2,100,646| 2,786,283| 1,559,356 889.912| 2.449.268
Unknown 48,739 48.872 97,611 36.457 0 36,457
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 775,166| 2,174,366| 2,949,532| 1,619,510 914,695 2.534,205
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APPENDIX B

Merrimack Station Impingement
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table B-1. Recorded water quality parameters from start and end of each 24-hr
and long interval impingement sample at Merrimack Station, June 2005-
June 2007. (Note: a blank cell in this table means no sample was taken).

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date | Unit (°C) (mg/L) (nS/cm) (°C) (mg/L) (nS/cm)
06/29/05 1 237 1.3 94.5 225 6.9 88.5
2 23.7 7.3 94.5 225 6.9 88.5
07/06/05 1 237 7.0 96.3 224 6.9 93.0
2 23.6 7.0 943 225 6.9 91.3
07/13/05 1 22.8 7.3 75.8 236 6.7 90.5
2 22.6 6.9 73.3 235 7.2 875
07/20/05 1 26.5 6.3 99.9 26.3 6.3 97.1
2 264 7.1 97.4 26.1 6.0 95.7
07/27/05 1 26.3 7.0 139.3 25.0 73 120.9
2 255 7.1 109.1 255 7.2 109.7
08/03/05 1 24.6 7.0 122.4 25.0 7.4 118.1
2 24.6 6.9 116.0 25.0 7.3 114.8
08/10/05 1 258 7.2 126.8 26.9 6.2 131.3
2 255 6.4 129.8 27.7 5.6 127.9
08/17/05 1 244 6.0 129.0 23.6 5.7 125.8
2 242 6.0 127.9 237 5.9 124.1
08/24/05 1 233 6.3 123.8 23.1- 6.9 125.2
2 232 5.4 122.2 234 6.2 119.1
08/31/05 I 233 6.8 122.7 23.0 6.5 113.4
2 233 5.7 120.1 229 52 111.7
09/07/05 1 20.9 72 81.1 21.6 7.1 87.8
2 20.8 6.2 72.4 213 5.8 81.6
09/14/05 1 21.5 7.1 99.0 22.5 7.7 100.8
2 21.5 5.6 97.8 22.6 7.4 101.6
09/21/05 1 NS NS NS 20.1 7.5 109.0
2 NS NS NS 19.9 6.0 106.8
09/28/05 1 17.1 8.4 115.8 17.7 7.8 105.3
2 17.2 7.2 115.5 17.5 7.4 102.3
10/05/05 1 17.2 7.9 99.8 17.3 7.5 98.0
2 17.2 84 97.1 17.5 T3 97.0
10/19/05 1 11.7 8.9 445 11.2 8.6 32.8
2 11.8 10.4 442 11.1 9.8 323
10/26/05 1 8.4 10.9 66.0 8.0 10.7 37.7
2 8.5 11.2 66.0 8.4 11.9 37.8

(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (uS/cm) (°C) (mg/L) (nS/em)
11/02/05 1 8.8 9.6 65.8 8.4 10.8 72.0
2 9.4 10.3 64.4 8.4 10.8 71.1
11/09/05 1 8.5 10.5 - 79.0
2 8.7 10.1 74.5
11/16/05 1 6.9 11.8 70.9 73 11.8 70.0
2 7.1 12.0 68.3 7.2 12.1 67.5
11/22/05 1 5.8 10.6 65.1 5.1 13.2 65.1
2 5.9 11.0 63.3 5:2 12.8 64.3
11/30/05 2 5.4 144 435 4.7 13.2 36.7
12/07/05 | 1 2.6 12.2 67.5 1.4 12.9 38.2
2 3.0 129 66.0 2.1 13.0 374
12/14/05 1 0.8 15.4 43.4
2 1.7 15.3 49.3 1.4 15.0 459
12/21/05 1 23 13.5 49.9 22 13.6 50.6
2 29 14.4 49.3 2.6 14.8 49.8
01/04/06 1 1.0 14.4 38.7 1.0 14.9 40.5
2 1.4 154 41.8 1.3 15.6 36,6
01/18/06 1 1.2 153 34.8 12 14.0 38.6
2 1.6 15.8 332 1.6 15.4 379
02/01/06 1 1.6 15.5 48.0 2.0 14.1 50.1
2 1.8 15.1 394 22 15.1 45.9
02/15/06 1 0.2 14.8 53.8 0.5 135 56.2
2 0.0 14.6 55.5 0.5 13.6 559
03/01/06 1 -0.6 13.7 62.4 0.8 14.4 65.4
2 0.0 14.4 594 -0.5 14.9 60.6
03/15/06 1 1.6 12.9 58.3 0.5 13.5 513
2 22 13.3 57.6 1.1 13.9 51.0
03/22/06 1 s 14.0 57.2 2.0 12.7 107.3
2 1.9 14.8 55.0 2.1 14.1 57.3
03/29/06 1 5.6 11.8 67.4 6.8 10.4 105.8
2 5.6 11.9 68.0 6.8 10.4 105.8
04/05/06 1 5.0 12.0 83.7
2 6.4 10.3 89.4 5.2 12.3 82.9
04/12/06 1 6.8 10.3 88.3 8.4 11.7 88.7
2 7.2 10.6 85.1 8.8 111 86.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (nS/em) (°O) (mg/L) (uS/cm)
04/19/06 1 11.4 9.8 90.9 12.2 114 88.0
04/26/06 1 9.5 10.7 85.0 9.7 10.3 83.7
05/03/06 1 10.9 10.1 99.4 12.4 10.2 76.6
05/10/06 1 14.6 93 79.5 14.6 9.0 79.2
05/17/06 1 10.7 10.7 51.2 11.6 10.8 46.5
05/24/06 2 12.0 10.9 483 12.1 10.7 474
05/31/06 1 17.3 10.0 73.9
2 174 99 72.3
06/07/06 1 16.7 9.3 69.5 15.7 9.1 73.8
2 16.8 9.4 67.9 15.8 9.4 73.4
06/14/06 1 17.2 8.6 56.1 175 8.7 60.0
2 173 9.1 53.5 17.9 7.9 61.8
06/21/06 2 21.7 8.0 85.0 21.6 8.4 83.1
06/28/06 1 21.7 8.8 71.8 20.7 8.0 68.6
2 21.8 8.2 70.9 20.7 7.7 68.2
07/05/06 1 225 T 75.3 222 7.0 79.2
2 224 7.8 72.1 222 6.7 76.9
07/12/06 1 23.6 7.1 224 6.8 103.7
2 234 6.7 225 6.5 102.2
07/19/06 1 26.5 6.5 81.1 25.8 5.4 86.7
2 26.3 5.9 71.5 26.3 5.2 81.3
07/26/06 1 23.5 7.7 62.9 24.1 7.6 68.4
2 234 79 61.8 24.0 7.7 66.1
08/02/06 1 26.8 7.3 89.6 27.0 6.8 90.7
2 26.4 7.0 86.8 26.8 6.9 88.7
08/09/06 1 249 6.8 91.9 24.7 7.4 94.4
2 24.7 7.5 90.4 24.5 7.1 92.6
08/16/06 1 229 85 105.6 232 7.6 107.0
2 229 8.2 99.6 23.0 5.5 103.7
08/23/06 1 223 7.6 113.4 21.8 6.1 111.2
2 224 5.6 110.5 21.7 53 108.1
08/30/06 1 19.5 9.2 115.0 19.6 5.5 114.7
2 19.5 7.6 113.0 19.5 6.1 111.1
09/06/06 2 19.4 8.5 109.7 195 42 111.9
09/13/06 2 18.1 7.0 126.0 18.0 6.4 121.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date | Unit ©C) (mg/L) (nS/em) °C) (mg/L) (nS/cm)
09/20/06 2 209 6.6 119.2 19.5 5.1 108.4
10/04/06 1 15.5 6.3 112.6 15.7 T 111.2
2 15.5 6.7 112.4 15.7 8.0 108.3
10/11/06 1 14.6 6.6 105.7 14.3 8.7 103.5
2 14.7 7.4 103.9 14.5 8.0 100.7
10/18/06 1 11.2 9.0 85.3 12.3 7.7 76.7
2 11.3 94 82.7 12.2 8.1 74.9
10/25/06 1 8.6 10.6 49.6 8.7 10.4 53.0
2 8.6 10.7 49.4 8.8 10.3 48.5
11/01/06 1 7.9 12.5 44.7 7.6 12.6 48.0
2 7.8 12.1 44.4 7.6 12.6 48.0
11/15/06 1 8.9 12.6 58.0 9.4 12.6 50.0
2 8.9 12.0 58.0 9.3 12.4 50.0
11/29/06 1 5.6 13.7 73.0 6.1 13.0 75.0
2 5.6 13.6 71.0 6.1 133 72.0
12/13/06 1 2.1 15.7 78.0 3.1 14.5 84.0
2 2.1 15.9 77.0 2.3 15.7 78.0
12/27/06 1 2.8 14.8 65.0 24 15.0 62.0
2 27 14.5 58.0 23 15.1 59.0
01/10/07 1 2.3 15:7 50.0 1.1 15.9 53.0
2 2.3 15.1 49.0 1.1 15.9 49.0
01/24/07 1 1.0 13.7 45.4 1.9 14.4 48.3
2 1.0 15.3 42.7 0.4 15.4 442
02/07/07 1 1.4 14.3 54.3 I 15.6 54.5
2 0.1 15:7 50.1 0.2 15.9 50.4
02/21/07 1 1:1 15.0 67.4 0.5 14.7 67.0
2 -0.5 14.9 61.9 -0.6 15.2 62.7
03/07/07 1 )2 12.2 69.1 1.6 13.9 71.1
2 -0.7 15.0 275 -0.6 14.7 65.8
03/21/07 1 -0.1 12.6 524
03/28/07 1 22 14.4 68.0 1.6 15.5 332
2 2:2 15.1 515 1.7 15.6 322
04/04/07 1 F5 10.9 61.7 2.6 13.4 63.7
2 3.5 13.1 60.6 2.7 14.6 60.3
04/11/07 1 3.8 12.4 79.7 4.8 12.6 83.7
2 37 14.0 77.8 4.8 13.1 78.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (nS/em) °C) (mg/L) (1nS/cm)
04/25/07 1 7.4 11.3 59.4 7.5 12.2 58.4
05/02/07 1 9.1 11.2 68.0 9.2 11.0 70.5
05/09/07 1 127 9.9 86.1 13.1 ] 84.3
05/16/07 1 14.4 9.0 86.7 12.7 8.6 86.1
05/23/07 1 13.0 9.8 63.5 14.0 8.8 61.6
2 12.9 9.9 62.5 14.0 8.2 61.6
05/30/07 1 19.5 6.3 83.3 19.8 6.3 85.9
2 19.4 7.4 79.9 19.9 6.0 81.8
06/06/07 1 17.1 8.1 78.2 17.2 8.3 69.9
2 17.1 8.1 713 17.0 8.7 67.3
06/13/07 1 19.6 7.5 7.8
2 19.6 7.5 7.6
06/20/07 1 21.8 7.0 92.7 21.7 8.0 95.0
2 21.8 6.0 89.8 21.7 7.2 91.4
06/27/07 1 23.8 6.8 102.8 248 5.5 102.9
2 23.9 6.2 99.0 249 54 101.8
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Appendix Table B-2. Recorded volume and dominant type of debris in 24-hour and long
interval impingement samples at Merrimack Station, June 2005 through
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June 2007.
nginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/29/05 1 24-hour 11 Terrestrial
2 24-hour 63 Terrestrial
06/30/05 1 6-day 11 Terrestrial
2 6-day 135 Terrestrial
07/06/05 1 24-hour 9 Aguatic
2 24-hour 11 Aquatic
07/07/05 1 6-day 31 Aquatic
2 6-day 169 Aquatic
07/13/05 | 24-hour 7 Aquatic
2 24-hour 26 Aquatic
07/14/05 1 6-day 32 Aquatic
2 6-day 96 Aquatic
07/20/05 1 24-hour 10 Aquatic
2 24-hour 20 Agquatic
07/21/05 1 6-day 30 Aquatic
2 6-day 65 Agquatic
07/27/05 1 24-hour 6 Aquatic
2 24-hour 9 Aquatic
07/28/05 | 6-day 31 Aquatic
2 6-day 62 Aquatic
08/03/05 1 24-hour 10 Aquatic
2 24-hour 20 Aquatic
08/04/05 1 6-day 33 Aquatic
2 6-day 106 Aquatic
08/10/05 1 24-hour 15 Aquatic
2 24-hour 21 Aquatic
08/11/05 1 6-day 64 Aquatic
2 6-day 128 Agquatic
08/17/05 1 24-hour 12 Aquatic
2 24-hour 20 Aquatic
08/18/05 1 6-day 30 Aquatic
2 6-day 91 Aquatic
08/24/05 1 24-hour 10 Aquatic
2 24-hour 18 Agquatic
(continued)
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Appendix Table B-2. (Continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type

08/25/05 1 6-day 43 Aquatic
2 6-day 35 Aquatic
08/31/05 1 24-hour 12 Aquatic
2 24-hour 16 Aquatic
09/01/05 1 6-day 44 Aquatic
2 6-day 224 Aquatic
09/07/05 1 24-hour 25 Agquatic
2 24-hour 25 Aquatic
09/08/05 1 6-day 39 Aquatic
2 6-day 170 Agquatic

09/14/05 1 24-hour 14 Terrestrial
: 2 24-hour 44 Aquatic
09/15/05 1 6-day 16 Aquatic
2 6-day 80 Aquatic

09/21/05 1 24-hour 1 Terrestrial
2 24-hour 4 Agquatic

09/22/05 1 6-day 18 Terrestrial

2 6-day 48 Terrestrial

09/28/05 1 24-hour 8 Terrestrial

2 24-hour 8 Terrestrial

09/29/05 1 6-day 15 Terrestrial

2 6-day 32 Terrestrial

10/05/05 1 24-hour 4 Terrestrial

2 24-hour 25 Terrestrial

10/06/05 1 6-day 32 Terrestrial

2 6-day 153 Terrestrial

10/12/05 1 6-day 70 Terrestrial

10/14/05 2 6-day 135 Terrestrial

10/19/05 1 24-hour 30 Terrestrial

2 24-hour 64 Terrestrial

10/20/05 1 6-day 80 Terrestrial

2 6-day 240 Terrestrial

10/26/05 1 24-hour 50 Terrestrial

2 24-hour 108 Terrestrial

(continued)
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Appendix Table B-2. (Continued)

Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
10/27/05 1 6-day 28 Terrestrial
2 6-day 62 Terrestrial
11/02/05 1 24-hour 58 Terrestrial
2 24-hour 125 Terrestrial
11/03/05 1 6-day 48 Terrestrial
2 6-day 48 Terrestrial
11/09/05 1 24-hour 26 Terrestrial
2 24-hour 37 Terrestrial
11/10/05 1 6-day 37 Terrestrial
2 6-day 59 Terrestrial
11/16/05 1 24-hour 27 Terrestrial
2 24-hour 44 Terrestrial
11/17/05 1 6-day 32 Terrestrial
2 6-day 32 Terrestrial
11/22/05 1 24-hour 10 Terrestrial
2 24-hour 42 Terrestrial
11/23/05 1 6-day 52 Terrestrial
2 6-day 45 Terrestrial
11/30/05 2 24-hour 25 Terrestrial
12/01/05 2 6-day 80 Terrestrial
12/02/05 1 6-day 64 Terrestrial
12/07/05 1 24-hour 11 Terrestrial
2 24-hour 25 Terrestrial
12/08/05 1 6-day 60 Terrestrial
2 6-day 84 Terrestrial
12/14/05 1 24-hour 15 Terrestrial
2 24-hour 10 Terrestrial
12/15/05 1 6-day 135 Terrestrial
2 6-day 15 Terrestrial
12/21/05 1 24-hour 5 Terrestrial
2 24-hour 2 Aquatic
12/22/05 1 13-day 60 Terrestrial
2 13-day 148 Terrestrial
01/04/06 1 24-hour 5 Terrestrial
2 24-hour 15 Terrestrial
(continued)
20885 MERRIMACK [E FINAL REPORT.DOC 10/30/07 B-9 Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table B-2. (Continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
01/05/06 1 13-day 62 Terrestrial
2 13-day 115 Terrestrial
01/18/06 1 24-hour 36 Terrestrial
2 24-hour 50 Terrestrial
01/19/06 1 13-day 85 Terrestrial
2 13-day 180 Terrestrial
02/01/06 1 24-hour 5 Terrestrial
2 24-hour 20 Terrestrial
02/02/06 1 13-day 85 Terrestrial
2 13-day 121 Terrestrial
02/15/06 1 24-hour 2 Terrestrial
2 24-hour 20 Terrestrial
02/16/06 1 13-day 128 Terrestrial
2 13-day 112 Terrestrial
03/01/06 1 24-hour 3 Terrestrial
2 24-hour 5 Terrestrial
03/02/06 1 13-day 80 Terrestrial
2 13-day 158 Terrestrial
03/15/06 1 24-hour 20 Terrestrial
2 24-hour 48 Terrestrial
03/16/06 1 6-day 20 Terrestrial
2 6-day 30 Terrestrial
03/22/06 1 24-hour 8 Terrestrial
2 24-hour 12 Terrestrial
03/23/06 1 6-day 8 Terrestrial
2 6-day 12 Terrestrial
03/29/06 1 24-hour 1 Terrestrial
2 24-hour 2 Terrestrial
03/30/06 1 6-day 10 Terrestrial
2 6-day 84 Terrestrial
04/05/06 1 24-hour 25 Terrestrial
2 24-hour 30 Terrestrial
04/06/06 1 6-day 10 Terrestrial
) 6-day 62 Terrestrial
(continued)
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Appendix Table B-2. (Continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
04/12/06 1 24-hour 15 Terrestrial
2 24-hour 29 Terrestrial
04/13/06 1 6-day 30 Terrestrial
2 6-day 28 Terrestrial
04/19/06 1 24-hour 3 Terrestrial
04/20/06 1 6-day 25 Terrestrial
04/26/06 1 24-hour 5 Terrestrial
04/27/06 1 6-day 30 Terrestrial
05/03/06 1 24-hour 5 Terrestrial
05/04/06 1 6-day 25 Terrestrial
05/10/06 1 24-hour 2 Terrestrial
05/11/06 1 6-day 60 Aquatic
05/17/06 1 24-hour 12 Terrestrial
05/18/06 1 6-day 25 Terrestrial
05/20/06 2 6-day 32 Terrestrial
05/24/06 2 24-hour 13 Terrestrial
05/25/06 2 6-day 128 Terrestrial
05/26/06 1 6-day 94 Terrestrial
05/31/06 1 24-hour 5 Terrestrial
2 24-hour Terrestrial
06/01/06 1 6-day 60 Terrestrial
2 6-day 148 Terrestrial
06/07/06 1 24-hour 20 Terrestrial
2 24-hour 25 Terrestrial
06/08/06 1 6-day 15 Terrestrial
2 6-day 96 Terrestrial
06/14/06 1 24-hour 5 Terrestrial
2 24-hour 15 Terrestrial
06/15/06 1 6-day 42 Terrestrial
2 6-day 175 Terrestrial
06/21/06 2 24-hour 20 Terrestrial
06/22/06 2 6-day 125 Terrestrial
06/25/06 1 6-day 45 Terrestrial
06/28/06 1 24-hour 12 Terrestrial
2 24-hour 32 Terrestrial
(continued)
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Appendix Table B-2. (Continued)

Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/29/06 1 6-day 35 Terrestrial
2 6-day 160 Terrestrial
07/05/06 1 24-hour 12 Aquatic
2 24-hour 28 Aquatic
07/06/06 1 6-day 42 Terrestrial
2 6-day 128 Terrestrial
07/12/06 1 24-hour 12 Aquatic
2 24-hour 25 Aquatic
07/13/06 1 6-day 25 Terrestrial
2 6-day 123 Terrestrial
07/19/06 1 24-hour 4 Aquatic
2 24-hour 7 Aquatic
07/20/06 1 6-day 75 Aquatic
2 6-day 175 Aquatic
07/26/06 1 24-hour 10 Terrestrial
2 24-hour 46 Terrestrial
07/27/06 1 6-day 50 Aquatic
2 6-day 110 Aquatic
08/02/06 1 24-hour 15 Terrestrial
2 24-hour 60 Terrestrial
08/03/06 1 6-day 30 Aquatic
2 6-day 120 Agquatic
08/09/06 1 24-hour 3 Terrestrial
2 24-hour 10 Aquatic
08/10/06 1 6-day 30 Other
2 6-day ' 75 Terrestrial
08/16/06 1 24-hour 13 Terrestrial
2 24-hour 25 Aquatic
08/17/06 1 6-day 50 Aquatic
2 6-day 116 Aquatic
08/23/06 1 24-hour 5 Aquatic
2 24-hour 5 Agquatic
08/24/06 1 6-day 30 Aquatic
2 6-day 30 Aquatic
(continued)
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Beginning Sample Date | Unit Sample Duration Gallons of Debris Dominant Debris Type
08/30/06 1 24-hour 5 Aquatic
2 24-hour 15 Aquatic
08/31/06 | 6-day 23 Aquatic
2 6-day 50 Aquatic
09/06/06 2 24-hour 10 Aquatic
09/07/06 2 6-day 116 Aquatic
09/13/06 2 24-hour 7 Aquatic
09/14/06 2 6-day 96 Aquatic
09/20/06 2 24-hour 30 Terrestrial
09/28/06 2 6-day 192 Terrestrial
10/04/06 1 24-hour 12 Terrestrial
2 24-hour 30 Terrestrial
10/05/06 1 6-day 24 Terrestrial
2 6-day 75 Terrestrial
10/11/06 1 24-hour 15 Terrestrial
2 24-hour 20 Terrestrial
10/12/06 1 6-day 148 Terrestrial
2 6-day 48 Terrestrial
10/18/06 1 24-hour 16 Terrestrial
2 24-hour 28 Terrestrial
10/19/06 1 6-day 55 Terrestrial
2 6-day 116 Terrestrial
10/25/06 1 24-hour 60 Terrestrial
2 24-hour 80 Terrestrial
10/26/06 1 6-day 16 Terrestrial
2 6-day 191 Terrestrial
11/01/06 1 24-hour 10 Terrestrial
2 24-hour 48 Terrestrial
11/02/06 1 13-day 76 Terrestrial
2 13-day 96 Terrestrial
11/15/06 1 24-hour 12 Terrestrial
2 24-hour 17 Terrestrial
11/16/06 1 13-day 96 Terrestrial
2 13-day 96 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
11/29/06 1 24-hour 30 Terrestrial
2 24-hour 20 Terrestrial
11/30/06 1 13-day 64 Terrestrial
2 13-day 184 Terrestrial
12/13/06 1 24-hour 15 Terrestrial
2 24-hour 20 Terrestrial
12/14/06 1 " 13-day 78 Terrestrial
2 13-day 110 Aquatic
12/27/06 1 24-hour 15 Terrestrial
2 24-hour 25 Terrestrial
12/28/06 1 13-day 92 Terrestrial
2 13-day 112 Aguatic
01/10/07 1 24-hour 16 Terrestrial
2 24-hour 17 Aquatic
01/11/07 1 13-day 87 Terrestrial
2 13-day 64 Terrestrial
01/24/07 1 24-hour 5 Terrestrial
2 24-hour 1 Terrestrial
01/25/07 1 13-day 25 Terrestrial
2 13-day 25 Terrestrial
02/07/07 1 24-hour 1 Terrestrial
2 24-hour 1 Terrestrial
02/08/07 1 13-day 10 Aquatic
2 13-day 2 Agquatic
02/21/07 1 24-hour 2 Aquatic
2 24-hour 2 Aquatic
02/22/07 1 13-day 12 Terrestrial
2 13-day 15 Terrestrial
03/07/07 1 24-hour 1 Terrestrial
2 24-hour 2 Terrestrial
03/08/07 1 13-day 20 Terrestrial
2 13-day 25 Terrestrial
03/21/07 1 24-hour 5 Terrestrial
03/22/07 1 6-day 30 Terrestrial
2 6-day 145 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
03/28/07 1 24-hour 30 Terrestrial
2 24-hour 32 Terrestrial
03/29/07 1 6-day 62 Terrestrial
2 6-day 64 Terrestrial
04/04/07 1 24-hour 15 Terrestrial
2 24-hour 15 Terrestrial
04/05/07 1 6-day 64 Terrestrial
2 6-day 48 Terrestrial
04/11/07 1 24-hour 4 Terrestrial
2 24-hour 10 Terrestrial
04/12/07 1 6-day 64 Terrestrial
2 6-day 144 Terrestrial
04/19/07 1 6-day 44 Terrestrial
04/25/07 1 24-hour 15 Terrestrial
04/26/07 1 6-day 144 Terrestrial
05/02/07 1 24-hour 18 Terrestrial
05/03/07 1 6-day 30 Terrestrial
05/09/07 1 24-hour 10 Terrestrial
05/10/07 1 6-day 32 Terrestrial
05/16/07 1 24-hour 10 Terrestrial
05/17/07 1 6-day 27 Terrestrial
2 6-day 110 Terrestrial
05/23/07 1 24-hour 10 Terrestrial
2 24-hour 30 Terrestrial
05/24/07 1 6-day 35 Terrestrial
2 6-day 200 Terrestrial
05/30/07 1 24-hour 10 Terrestrial
2 24-hour 32 Terrestrial
05/31/07 1 6-day 64 Terrestrial
2 6-day 256 Terrestrial
06/06/07 1 24-hour 15 Terrestrial
2 24-hour 65 Terrestrial
06/07/07 1 6-day 35 Terrestrial
2 6-day 180 Terrestrial
(continued)
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Appendix Table B-2. (Continued)

Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/13/07 1 24-hour 15 Terrestrial
2 24-hour 20 Agquatic
06/14/07 1 6-day 57 Terrestrial
2 6-day 96 Terrestrial
06/20/07 1 24-hour 5 Aquatic
2 24-hour 15 Terrestrial
06/21/07 1 6-day 48 Terrestrial
2 6-day 96 Terrestrial
06/27/07 1 24-hour 30 Aquatic
2 24-hour 30 Aquatic
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APPENDIX C

Merrimack Station Quality Control
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Appendix Table C-1. Species present in Normandeau Associates fish reference collection from
Hooksett Pool of the Merrimack Station observed during impingement

sampling.
Specimen

Scientific Name Common Name Available
Anguillidae freshwater eels

Anguilla rostrata American eel X
Cyprinidae carps and minnows

Hybognathus regius eastern silvery minnow

Luxilis cornutus common shiner

Notemigonus crysoleucas golden shiner

Notropis atherinoides emerald shiner

Notropis bifrenatus bridle shiner

Notropis hudsonius spottail shiner

Semotilus corporalis fallfish
Catostomidae suckers

Catostomus commersonii white sucker X
Ictaluridae North American catfishes

Ameiurus natalis yellow bullhead X

Ameiurus nebulosus brown bullhead

Noturus insignis margined madtom X
Esocidae pikes

Esox niger chain pickerel X
Osmeridae smelts

Osmerus mordax rainbow smelt X
Moronidae temperate basses

Morone americana white perch X
Centrarchidae sunfishes

Ambloplites rupestris rock bass X

Enneacanthus obesus banded sunfish X

Lepomis auritus redbreast sunfish X

Lepomis gibbosus pumpkinseed X

Lepomis macrochirus bluegill X

Micropterus dolomieu smallmouth bass X

Micropterus salmoides largemouth bass X

Pomoxis nigromaculatus black crappie X
Percidae perches

Etheostoma olmstedi tessellated darter X

Perca flavescens yellow perch

20885 Merrimack IE Final Report.doc 10/30/07 Cc-2 Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table C-2. Summary of QC effort for Merrimack Station impingement and
entrainment programs.

Number of
Sample Type Task Inspections # Passed # Failed
Impingement Sort 63 63 0
Impingement Identification/Count 83 83 0
[mpingement Fish length 105 102 3
Entrainment Sort 27 27 0
Entrainment Count 8 8 0
Entrainment Identification 21 20 1
Entrainment Life Stage 21 20 1
Determination
20885 Merrimack IE Final Report.doc 10/30/07 C-3 Normandeau Associates, Inc.
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Merrimack River
Flow

Unit 1 Traveling Screens

Unit 1 Entrainment Tank [J} Unit 1 Imp. Collection Basket

Facility
Building

Unit 2 Entrainment Tank -

Unit 2 Traveling Screens

Unit 2 Imp. Collection Basket

Unit 1 & 2 Debris Pit

Figure 2-1.  Site view showing the location of entrainment samplers and impingement
collection baskets relative to the CWIS at Units 1 and 2 of Merrimack Station.

20885 Merrimack IE Final Report.doc 10/30/07 17 Normandeau Associates, Inc.
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X AN

Figure 2-2.  Locations of entrainment tank samplers at Units 1 (top) and 2 (bottom) of
Merrimack Station.

20885 Merrimack IE Final Report.doc 10/30/07 18 Normandeau Associates, inc.
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Figure 2-3.  Location of the 3-in. tap supplying condenser flow into the entrainment sampling
tanks from the main condenser supply lines withing the CWIS at Merrimack
Station Unit 1(top) and Unit 2 (bottom).

20885 Merrimack [E Final Report.doc 10/30/07 19 Normandeau Associates, Inc.
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Figure 2-4.  Diagram of Merrimack Station entrainment sampler showing flow patterns
through tank. A: Intake flow to sampling tank. B: Flow path for water during
entrainment survival test — bottom fill to swirl water around in cylindrical net. C:
Flow path for water during regular entrainment sampling — top fill filters down
through conical net and sample is collected in cod end. D: Drain line connected
to tank stand pipe. E: Drain line for use during entrainment survival test which
draws sample out of conical collection area at base of inner tank.

20885 Merrimack IE Final Report.doc 10/30/07 20 Normandeau Associates, Inc.
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Figure 2-5.  Control sampling tank for entrainment survival studies at Merrimack Station.

20885 Merrimack IE Final Report.doc 10/30/07 21 Normandeau Associates, Inc.
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Figure 2-6.  Impingement sample baskets at downstream end of debris sluice at Units 1 (top)
and 2 (bottom) of Merrimack Station.

20885 Merrimack IE Final Report.doe 10/30/07 22 Normandeau Associates, Inc.
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Figure 2-7.  Injection device (bottom panel) and fish holding facility (upper panel) used at
Units 1 and 2 of Merrimack Station for the release of fish onto the traveling
screens associated with collection efficiency and impingement survival testing.

20885 Merrimack IE Final Report.doc 10/30/07 23 Normandeau Associates, Inc.
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Table 2-1.  Achieved sampling schedule for entrainment at Unit 1 of Merrimack Station.
May-06 Aug-06
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
| o o 4 & 6 B R T R
7 8 9 10 11 12 13 6 Zi 8 9 10 11 12
21 22 23 24 25 26 27 20 21 22 23 24 25 26
28] 20| 3o 3 L 27| 2o 26| 30| s
Jun-06 Sep-06 _
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon [ Tue | Wed | Thu | Fri | Sat
it gl | ool
3 4 5 6 i 8 g
10 11 12 13 14 15 16
17 18 19 20 21 22 23
24 25 26 27 28 29 30

Jul-06

Sun

Mon

Tue | Wed

Thu

Fri

Sat

20885 Merrimack [E Final Report.doc 10/30/07
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Table 2-1. (Continued)

Apr-07 _ Jul-07
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed [ Thu | Fri | Sat
1 2 3 4 8 6 i 1 2 3 4 5 6 7
8 ‘9 10 11 12 13 14
15 16 17 18/ 19| 20f 21
22 23 24 25| 26| 27| 28
29 30 31
May-07 Aug-07
Sun | Mon | Tue | Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2 3 4 5 1 2 3 4
5 6 7 8 9 10 11
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30
Jun-07 Sep-07
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
| iy | o
3 4 5 6 ¥ 8 9 3 4 5 6 7 8 9
| | S S| | o 11| vo] o e 5| e
17 18 19 20 21 22 23 17 18 19 20 21 22 23
s s s | oo o] | 1| s 29

Bolded dates represent paired diel samp'les‘ The yellow and blue shaded weeks represent the corresponding periods of
extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
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Table 2-2.  Achieved sampling schedule for entrainment at Unit 2 of Merrimack Station.
May-06 Aug-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu Fri Sat
1 2 3 4 5 6
7 8 9 10 11 12 13 6 7 8 9 10 11 12
14 15 16 17 18 19 20
28 29 30 31 27 28 29 30 31
Jun-06 Sep-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
1 2 3 1 2
_ sl <l s il 7l sl o
11 12 13 14 15 16 17
25 26 27 28 29 30 24 25 26 27 28 29 30
Jul-06
Sun | Mon | Tue | Wed | Thu Fri Sat

10

11

12

13

14

|

15

23

24

25

26

27

28

29

20885 Merrimack [E Final Report.doc 10/30/07
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Table 2-2. (Continued)

Bolded dates represent paired diel samples. The yellow and blue shaded wee

Apr-07 Jul-07
Sun Wed | Thu | Fri Sat Sun | Mon | Tue [ Wed | Thu | Fri | Sat
1 2 3 4 5 6 7
8 9 10 11 12 13] 14
15 16 17 18] 19| 20| 21
22 23 24 25| 26| 27| 28
29 30 31
May-07 Aug-07
Sun Wed | Thu | Fri | Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2 3 4
5 6 7 8 9 10/ 11
12 13 14 15 16 17 18
20 23 24 25 26 19 20 21 22| 23] 24| 25
Lol ol xl 3ol s o o 2z x| w
Jun-07 Sep-07
Sun Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri [ Sat
1 2
3 6 7 8 9 3 4 5 6 7 8 9
I | ol 1] 12] 31 14l 15[ 16
17 20 21 22 23 17 18 19 20] 21 22| 23

ks represent the corresponding periods of

extrapolation for that sample. Weeks with alternating blue and yellow blocks are the préduct of a weighted average of the
two weeks on either side of that particular time period.
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Table2-3.  Achieved sampling schedule for impingement at Unit 1 of Merrimack Station.

Oct-05
Sat Tue | Wed

30 31
Nov-05

Sun | Mon | Tue | Wed | Thu Fri Sat
CE

28 29 30 31

Sep-05
Sun | Mon | Tue | Wed | Thu Fri Sat

Normandeau Associates, Inc.
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Table 2-3. (Continued)

Jan-06
Sun | Mon | Tue | Wed | Thu Fri Sat
CE

CHIE i U

2 ‘ Bk
i AT
U (e

TRty h-J;’._s;
1 sz‘—; .
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Table 2-3. (Continued)

Jul-06 Oct-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
CE .
2 3 4 5 6 7 8 8 ol 10 11| 12| 13 14
o 171 18| 19| 20| 21| 22 oo 23| 24| 25| 26| 27| 28
30| 31

CE
27 28 29 30 31
Sep-06
Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri | Sat
1 2
d B OE K B K K
10 11 12 13 14 15 16 10 11 12 13| 14 15| 16
17 18 19 20 21 22 23 17 18 19 201 21 22 23
24 25 26 27 28 29 30

20885 Merrimack IE Final Report.doc 10/30/07
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Table 2-3. (Continued)

Apr-07
Sun | Mon | Tue | Wed | Thu | Fri Sat

Sun | Mon | Tue | Wed | Thu Fri Sat

Bolded dates represent 24-hour samples. The yellow and blue shaded weeks represent the corresponding periods of
extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
CE represents a collection efficiency test. The alternating light gray and white areas represent the corresponding periods of

extrapolation covered by that particular test result.

20885 Merrimack IE Final Report.doc 10/30/07 31 Normandeau Associates, Inc.
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Table 2-4.  Achieved sampling schedule for impingement at Unit 2 of Merrimack Station.

Jun-05 Oct-05
i Tue | Wed

30 2l
Nov-05

Sun | Mon | Tue | Wed | Thu | Fri Sat
CE

13 14 15 16 17 18 19

Sep-05
Sun | Mon | Tue | Wed | Thu Fri Sat

20885 Merrimack IE Final Report.doc 10/30/07 32 Normandeau Associates, Inc.
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Table 2-4. (Continued)

Jan-06
Sun | Mon | Tue | Wed | Thu Fri Sat
CE
1 2 3 4 5 7

20885 Merrimack [E Final Report.doc 10/30/07

May-06
Sun | Mon | Tue | Wed | Thu | Fri Sat
21 22 23 24 25 26 21
26 27 28
Mar-06
Sun | Mon | Tue | Wed | Thu Fri Sat
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Table 2-4. (Continued)

Jul-06 Oct-06
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
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Table 2-4. (Continued)

Jan-07 Apr-07
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
i) 2 3 4 5 6
21| 22| 23| 24| 25| 26| 27
28 29 30 31
Feb-07
Sun | Mon | Tue | Wed | Thu Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat
1 2 3
18 19 20 21 22 23 24
25 26 27 28 27 28 29 30 31
Jun-07
Sun | Mon | Tue | Wed | Thu | Fri | Sat

Bolded dates represent 24-hour samples. The yellow and blue shaded weeks represent the corresponding periods of

extrapolation for that sample. Weeks with alternating blue and yellow blocks are the product of a weighted average of the

two weeks on either side of that particular time period.
CE represents a collection efficiency test. The alternating light gray and white areas represent the corresponding periods of

extrapolation covered by that particular test result.
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Table 2-5. Sampling dates' for 24-hour impingement monitoring at Merrimack Station Unit 1

and Unit 2 from June 2005 through June 2007.

Unit Unit | Unit Unit

Sampling Date 1 | 2 |Sampling Date 1 | 2 |Sampling Date 1 | 2 |Sampling Date 1|2
29-30 Jun 05 X | X |4-5Jan 06 X | X |5-6Jul06 X | X [10-11 Jan 07 XX
6-7 Jul 05 X | X |18-19 Jan 06 X | X [12-13 Jul 06 X | X |24-25Jan 07 XX
13-14 Jul 05 X | X |1-2Feb 06 X | X |19-20 Jul 06 X | X |7-8Feb 07 XX
20-21 Jul 05 X | X |15-16 Feb 06 X | X [26-27 Jul 06 X | X [21-22Feb 07 X[ X
27-28 Jul 05 X | X |1-2 Mar 06 X | X |2-3 Aug06 X | X |7-8 Mar 07 X | X
3-4 Aug 05 X | X |15-16 Mar 06 X | X [9-10 Aug 06 X | X |21-22 Mar 07 X3
10-11 Aug 05 X | X [22-23 Mar 06 X | X |16-17 Aug 06 X | X |28-29 Mar 07 XX
17-18 Aug 05 X | X |29-30 Mar 06 X | X |23-24 Aug 06 X | X |4-5 Apr07 X | X
24-25 Aug 05 X | X |5-6 Apr 06 X | X |30-31 Aug 06 X | X [11-12 Apr 07 XX
31 Aug-1 Sep 05 X | X [12-13 Apr 06 X | X |6-7 Sep 06 3 | X |18-19 Apr 07 3|3
7-8 Sep 05 X | X |19-20 Apr 06 X | 3 |13-14Sep 06 3 | X |25-26 Apr 07 X |3
14-15 Sep 05 X | X |26-27 Apr 06 X | 3 |20-21Sep 06 3 | X [2-3 May07 X|3
21-22 Sep 05 X | X |3-4 May 06 X | 3 |27-28 Sep 06 3| 3 |9-10 May 07 X3
28-29 Sep 05 X | X [10-11 May 06 X | 3 |4-50ct06 X | X |16-17 May 07 X113
5-6 Oct 05 X | X [17-18 May 06 X | 3 |[11-120ct 06 X | X |23-24 May 07 X | X
12-13 Oct 05 3| 3 |24-25 May 06 3 | X |18-190ct 06 X | X |30-31 May 07 XX
19-20 Oct 05 X | X [31May-1Jun06 | X | X |25-26 Oct 06 X | X |6-7 Jun 07 X | X
26-27 Oct 05 X | X |7-8 Jun 06 X | X |1-2 Nov 06 X | X |13-14 Jun 07 X | X
2-3 Nov 05 X | X |14-15 Jun 06 X | X |15-16 Nov 06 X | X |20-21 Jun 07 X | X
9-10 Nov 05 X | X |21-22 Jun 06 3 | X |29-30 Nov 06 X | X |27-28 Jun 07 XX
16-17 Nov 05 X | X |28-29 Jun 06 X | X |13-14 Dec 06 36 || 2
22-23 Nov 05 XX 27-28 Dec 06 X | X
30 Nov-1 Dec 05 31X
7-8 Dec 05 XX
14-15 Dec 05 XX
21-22 Dec 05 X | X

X= Valid 24-h impingement sample collected (i.c. Use Code =1)
3 = Voided sample period. No sample collected due to outage, etc. (i.e. Use Code =5)
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Table 2-6.  Table of parameters for determination of adult equivalent losses for largemouth

bass.

Instantaneous Length at Age
| Stage (i) | Mortality (Z) * S Si (mmtl)
Egg 1.9 0.149568619 | 0.260216949
Larvae 2.7 0.067205513 | 0.125946712
YOY 0.446 0.640183772 | 0.780624443
Age 1+ 0.86 0.423162082 | 0.594678691 82
Age 2+ 1.17 0.310366941 188
Age 3+ 0.755 0.470010615 266
Age 4+°¢ 1.05 0.349937749 326

* shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-3) (EPA
2004)

b Average from three populations in Maine, Beamesderfer and North 1995.

¢ Conservative value for the age at sexual maturity for females is 4 years, Scott and
Crossman 1973.

Table 2-7.  Table of parameters for determination of adult equivalent losses for pumpkinseed.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl) °
Egg 1.71 0.180865793 | 0.306327432
Larvae 0.687 0.503083057 | 0.66940154
YOY 0.687 0.503083057 | 0.66940154
Age 1+ 1.61 0.199887614 | 0.333177227 74
Age2+° 1.61 0.199887614 104

* shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-30) (EPA 2004)
b Taken from a population in Michigan, Scott and Crossman 1973.

¢ Age at sexual maturity for pumpkinseed is 2 years, Scott and Crossman 1973.

Table 2-8.  Table of parameters for determination of adult equivalent losses for bluegill.

Instantaneous Length at Age

Stage (i) | Mortality (Z) * S Si (mmtl) °
Egg 1.73 0.17728441 | 0.301175159

Larvae 0.576 0.562142445 | 0.719707024

YOY 4.62 0.009852796 | 0.019513331

Age 1+ 0.39 0.677056874 | 0.807434601 79
Age 2+ 0.151 0.859847699 | 0.92464313 109
Age 3+° 0.735 0.479505459 137

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-7) (EPA 2004)

b Taken from a population in Michigan, Scott and Crossman 1973.

¢ Conservative value for age at sexual maturity for bluegill is 3 years, Scott and Crossman 1973.
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Table 2-9.  Table of parameters for determination of adult equivalent losses for black crappie.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl) ®
Egg 0.5 0.60653066 | 0.755081338
Larvae 3.6 0.027323722 | 0.053193987
YOY 1.8 0.165298888 | 0.28370213
Age 1+ 3.65 0.025991129 | 0.050665406 115
Age2+°© 0.6 0.548811636 173

*shaded box denotes age at sexual maturity a - Taken from Barnthouse 2003.

b Taken from a population in Ontario, Canada, Scott and Crossman 1973. Converted
from fork length (TL = 1.02792*FL).

¢ Conservative value for age at sexual maturity for black crappie is 2 years, Scott and
Crossman 1973.

Table 2-10. Table of parameters for determination of adult equivalent losses for spottail shiner.

Instantaneous Length at Age
Stage (i) | Mortality (Z) * S Si (mmtl)°
Egg 1.9 0.149568619 | 0.260216949
Larvae 4.61 0.009951818 | 0.019707511
YOY 0.777 0.459783294 | 0.629933629
Age 1+ 0.371 0.690043942 | 0.816598817 84
Age 2+°¢ 4.61 0.009951818 99

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table H1-24) (EPA 2004).
b Taken from a population in Wisconsin, Becker 1983.

¢ Age at sexual maturity for spottail shiner is 2 years, Becker 1983.

Table 2-11. Table of parameters for determination of adult equivalent losses for yellow perch.

Instantaneous Length at Age

Stage (i) | Mortality (Z) * S Si (mmtl) ”
Egg 27 0.067205513 | 0.125946712

Larvae 3.67 0.02547647 | 0.049687088

YOY -2.48 0.083743226 | 0.154544404

Age 1+ 0.36 0.697676326 | 0.821919132 S

Age 2+ 0.69 0.501576069 | 0.668066146 91

Age 3+ 1.2 0.301194212 | 0.462950433 131

Age 4+° 1.2 0.301194212 150

*shaded box denotes age at sexual maturity

a Taken from Barnthouse 2005

b Taken from a population in Canada and measurements converted from fork length
to total length (TL = FL*1.05838), Scott and Crossman 1973.

¢ Age at sexual maturity for females is 4 years, Scott and Crossman 1973.
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Table 2-12. Table of parameters for determination of adult equivalent losses for white sucker.

Instantaneous

Stage (i) | Mortality (Z) 3 S Si

Egg 2.05 0.128734904 | 0.228104763
Larvae 2.56 0.07730474 | 0.143515085
YOY 2.3 0.100258844 | 0.182245922
Age 1+ 0.274 0.760332075

Age 2+ 0.274 0.760332075

Age 3+ 0.274 0.760332075

Age 4+ s 0.274 0.760332075

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table
H1-3) (EPA 2004)

b Conservative value for age at sexual maturity for white sucker is
4 years, Scott and Crossman 1973.

Table 2-13. Table of parameters for determination of adult equivalent losses for the carp and
minnow family.

Instantaneous
Stage (i) | Mortality (Z) 2 S Si
Egg 1.9 0.149568619 | 0.260216949
Larvae 461 0.009951818 | 0.019707511
YOY 1.39 0.249075305 | 0.398815514
Age 1+ 0.13 0.878095431
Age 2+ 0.13 0.878095431

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values
(Table H1-9) (EPA 2004).

b Conservative estimate of age at sexual maturity based on
values for spottail shiner (abundantly present in Hooksett
Pool).

Table 2-14. Table of parameters for determination of adult equivilant losses for the sunfish

family.
Instantaneous

Stage (i) | Mortality (Z) * S Si

Egg 1.73 0.17728441 0.301175159
Larvae 0.576 0.562142445 | 0.719707024
YOY 4.62 0.009852796 | 0.019513331
Age 1+ 0.39 0.677056874 | 0.807434601
Age 2+ 0.151 0.859847699 | 0.92464313
Age 3+ 0.735 0.479505459

*shaded box denotes age at sexual maturity

a Taken from Inland Region Life History Parameter Values (Table
HI1-7) (EPA 2004).

b Conservative estimate of age at sexual maturity based on value
for bluegill (dominant sunfish species present in Hooksett Pool).
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3.0 ENTRAINMENT RESULTS

A total of 48 valid entrainment samples were collected at Unit 1 and 47 at Unit 2 from 21 May 2006
through 25 June 2007. As requested in the EPA 308 letter to PSNH, this section will present the
number of eggs and larvae collected and the physical and env ironmental parameters collected in
conjunction with each sample. Table 1 of Appendix A presents the duration, volume and recorded
water quality parameters for each entrainment sample.

3.1 Species Composition

Seven fish species belonging to five families were identified from Merrimack Station entrainment
samples (Table 3-1). The additional three taxonomic categories in Table 3-1 represented specimens
that were either too badly damaged to identify or were in a life stage or size range in which two or
more locally occurring species cannot be reliably distinguished (i.c., Centrarchidae, Clupeidae, or
Cyprindae).

Among the total raw or numerical count of individual fish entrained at Merrimack Station (Units 1 &
2 pooled over 2006 and 2007), 89% were post yolk-sac larvae (PYSL). PYSL are defined as the
transitional life stage of larval development occurring from the time when a complete functional
digestive system has been fully developed to the time when the organism transforms into a fully
formed juvenile fish. Yolk-sac larvae (YSL), defined as the transition stage from hatching through
the development of a complete, functional digestive system, represented 6.2% of the total entrained.
Young of year (YOY), defined as the stage from completed transformation into a juvenile fish to Age
1 (12 months), represented 1.4 % of the total entrained at Merrimack Station Units 1 and 2 combined.
A total of just four eggs were entrained among the two years of sampling at Merrimack Station Units
1 and 2, representing 1.1% of the total count of entrained organisms. The remainder (2.3%) were
larvae that could not be identified to family or staged due to the damaged condition of the individuals
in the sample. '

Among PYSL entrained at Merrimack Station (Units 1 and 2 combined), white sucker was the most
abundant taxon and the carp and minnow family ranked second, together accounting for 73% of all
PYSL (Table 3-2). Other commonly found species included yellow perch and sunfish family. Yolk-
sac larvae were mostly of the carp and minnow family (61%; Table 3-2). Sunfish family and
tessellated darter made up the remainder of the entrained YSL. Entrained young-of-year fish included
white sucker, spottail shiner and margined madtom (Table 3-2). Of the four eggs entrained during
sampling, one belonged to the carp and minnow family while the remainder could not be identified to
family (Table 3-2). As would be expected, the most abundantly entrained species had the highest
mean densities (# per 100 m’; Table 3-3).

Species composition of entrained larvae was similar at Units 1 and 2 for the season. White sucker,
carp and minnow family, sunfish family, and yellow perch were the four most abundant taxa
decreasing in order of abundance within the entrained PYSL at both Units 1 and 2 (Table 3-2). The
carp and minnow family, sunfish family, and tessellated darter constituted 100% of the yolk sac
larvae entrained at both Units 1 and 2 (Table 3-2). Unit 1 entrained a total of four YOY and three
eggs while Unit 2 entrained a total of one YOY and one egg during the season (Table 3-2).
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3.2 Sizes of Entrained Fish

The mean, range, and length frequency distribution (in 1 mm length classes) of each fish species
entrained at Merrimack Station is presented in Table 3-3. The lengths of entrained fish ranged from
3.7 mm (Cyprinidae) to 24.2 mm (white sucker). Peak abundances of entrained larvae occurred
within the length classes of 5.0-5.9, 10.0-11.9 and 14.0-16.9 mm (Figure 3-1). Larvae within the 5.0-
5.9 mm length class comprised members of the family Centrarchidae (sunfishes and black crappie)
and Cyprinidae (minnow species). The peak abundance within the 10.0 - 11.9 mm length classes
comprised white sucker and cyprinids, while the abundance within the 14.0 to 16.9 mm length classes
was dominated by white sucker.

Among the dominant species entrained, 78.8% of entrained white sucker larvae were between the
lengths of 10.0 and 16.9 mm (range = 6.0-24.9 mm). Among the entrained members of the sunfish
family, 81.8% were within the range of 5.0 to 6.9 mm (range = 4.0-13.9 mm). Of the 94 entrained
cyprinids, more than half (52.1%) were within the 4.0-5.9 mm length classes (range = 3.0-17.9 mm).
Entrained larvae of yellow perch ranged from 6.0 to 14.9 mm with the highest abundance (39.2%)
within the 7.0 to 7.9 mm length class.

33 Seasonal Abundance Patterns

The abundance of entrained larvae (YSL and PYSL pooled) at Merrimack Station (Units 1 and 2
pooled) varied seasonally with a primary peak in late-May and early-June (Figure 3-2). This spring
peak occurred during both the 2006 and 2007 sampling years, and coincides with the time required
for development into the larval stages from eggs spawned in early- or mid-May. Densities of
entrained fish larvae peaked during first week of June in 2006 and 2007 reflecting similar year to year
timing of spawning and larval development. Mean densities entrained during the early June peak
observed were 0.89 per 100 m’ in 2006 and 2.01 per 100 m’ in 2007. A secondary peak in
entrainment was observed in late-June of each year. Mean densities of larvae (YSL and PYSL
pooled) entrained during the secondary peaks were 0.54 per 100 m’ in 2006 and 0.75 per 100 m’ in
2007. As would be expected given the life history strategies of resident fish species, mean densities
during the summer months of July, August, and September and the early spring period of April
showed lower levels of entrainment because little spawning occurs in then. White sucker accounted
for 93% of the 2006 and 75% of the 2007 peak in larval entrainment that was observed during the
late-May and early-June (primary) period. The carp and minnow family and sunfish family
contributed significantly to the secondary peak in entrainment mean densities observed during the last
week of June.

Egg entrainment at Merrimack Station (Units 1 and 2 combined) occurred during late-May and early-
August in 2006 and during mid-June in 2007 (Figure 3-3). The 2007 peak was eggs from the carp
and minnow family and unidentified. The eggs of the 2006 peaks could not be identified to species.
It is possible that some of the unidentified eggs may have been unfertilized and extruded from
impinged fish.

When examined separately by Unit at Merrimack Station, seasonal patterns of larval entrainment at
Units 1 and 2 were similar to the overall pattern for both Units combined (Figure 3-2). During 2006
and 2007, larval entrainment at Unit | peaked during the first week of June, with mean densities of
0.59 per 100 m’ and 3.15 per 100 m’, respectively. Larval entrainment at Unit 2 peaked during the
last week of May in 2006 (1.31 per 100 m’) and first week of June in 2007 (0.86 per 100m®). A

20885 Merrimack [E Final Report.doc 10/30/07 41 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

secondary larval peak during late-June was present in the larval entrainment collection at both Units 1
and 2 during 2006 and 2007.

Due to the low number (4) of eggs observed in entrainment samples collected at Units 1 and 2 of
Merrimack Station (combined), peaks in seasonal abundance of eggs occur when any were present in
the sample (Figure 3-3). At Merrimack Station, a peak in egg entrainment occurred in 2006 during
the week of 28 May (one egg at Unit 2, or 0.02 eggs per 100 m°) and during the week of 6 August
(one egg at Unit 1, or 0.02 per 100m’). A peak in egg entrainment occurred at Merrimack Station
during the week of 25 June 2007 with a mean density of two eggs at Unit 1, or 0.05 per 100 m’.
There were no eggs entrained at Unit 2 during the 2007 season.

34 Diel Patterns

For the two most abundant taxa, their occurrence of PYSL in Merrimack Station entrainment samples
was significantly more abundant at night than during the day (Table 3-5). The mean density

# 100m”) of entrained white sucker (Wilcoxon — two sample test, p=0.003 84) and the carp and
minnow family (Wilcoxon — two sample test, p=0.00398) were greater during night samples than
those during daylight hours. Mean densities of white sucker observed during night samples were 8.8
times those observed during daytime samples while the carp and minnow family mean densities were
4.7 times greater at night than during the day. There were no significant differences observed in the
mean densities between day and night samples for the YSL stage of any species.

When examined by individual Unit at Merrimack Station, PYSL of the carp and minnow family
(Wilcoxon — two sample test, p=0.02296) entrained at Unit 1 and PYSL of the white sucker
(Wilcoxon — two sample test; p=0.02257) entrained at Unit 2 showed si gnificantly greater mean
densities during night samples than those taken in during the day (Table 3-5). Yolk-sac larvae did not
show any significant differences in mean density (#/ 100m’) in night versus day samples at either Unit
1 or2.

35 Estimated Entrainment Abundance

The total estimated entrainment abundance (total number of entrained fish obtained from the product
of entrainment density and CWIS flow for the relevant period) over the 17-week 2006 season and the
13-week 2007 season reflected not only the densities of eggs and larvae per unit volume of water but
also the volume of water withdrawal by Merrimack Station during periods of larval abundance in
Hooksett Pool. Although circulating water pumps operated 100% of the time in many weeks, there
were occasional weeks when the pumped volume was lower than normal due to brief changes or
interruptions in the operations of the pumps.

The total number of fish larvae entrained at Merrimack Station (both Units combined) during the
period of 21 May through 16 September 2006 was 2.8 million, and during the period of 1 April to 30
June 2007 was 2.4 million (Table 3-6). Unit 1 entrained 25 % during 2006 and 64% during 2007.
During 2006, the dominant taxa among the larvae were white sucker (1.2 million, or 42%), carp and
minnow family (1.0 million, or 36%) and sunfish family (0.4 million, or 14%). During 2007, the
dominant taxa among the larvae were white sucker (1.1 million, or 46%), carp and minnow family
(0.6 million, or 24%) and yellow perch (0.4 million, or 18%). Within the two sampling periods,
larvae entrainment peaked during the month of June during both years (1.6 million in 2006 and 1.8
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million in 2007; Table 3-7). Units 1 and 2 entrained their highest numbers of larvae during the month
of June during both years of sampling (Table 3-7).

Total estimated entrainment abundance of fish eggs during 21 May through 16 September 2006 was
33,989 (Table 3-8). When separated by Unit, the total abundance for that same time period were
9,141 eggs at Unit 1 and 24,848 eggs at Unit 2. Total estimated entrainment abundance of fish eggs
during 2 April to 30 June 2007 was 15,797 (Table 3-8). Entrainment of eggs occurred only at Unit 1
during the 2007 period. One half of the eggs entrained during 2007 belonged to members of the carp
and minnow family. The remainder could not be identified to the family level. Within the two
sampling periods, egg entrainment peaked in 2006 during the month of May (24,848 eggs) and in
2007 during the month of June (15,797 eggs; Table 3-7).

Tables A-2 and A-3 in Appendix A provide the estimated entrainment abundance for each species on
a weekly and monthly basis. These entrainment abundance data are presented for Unit 1, Unit 2 and
for both Units combined at Merrimack Station for each sample week during 2006 and 2007.

3.6 Entrainment Survival

Entrainment survival tests were performed at Units 1 and 2 of Merrimack Station during the spring of
2007. Entrainment survival sampling was conducted on 25 May 2007 and 18 June 2007 when larval
abundances in Hooksett Pool were expected to be highest based on observations in the weekly
entrainment samples. However, due to the overall low densities of larvae in Hooksett Pool, no larvae
were collected for survival evaluation at either Unit 1 or Unit 2 during eight hours of continuous
sampling on both test dates. There were no eggs or larvae observed in the samples collected during
eight hours of pumping in the control tank either.
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Entrainment Larvae
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Figure 3-2.  Mean larval density (#/ 100m’) by week for entrainment samples collected at
Merrimack Station from May 2006 through June 2007 at Units 1 and 2 (upper
panel) and both Units combined (lower panel).
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Entrainment Eggs
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Figure 3-3.  Mean egg density (#/1 00m’) by week for entrainment samples collected at
Merrimack Station from May 2006 through June 2007 at Units 1 and 2 (upper

panel) and both Units combined (lower panel).
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Table 3-1.  Fish species entrained at Merrimack Station, May 2006 through June 2007.
Family Common Name Scientific Name
Catostomidae | White sucker Catostomus

commersonii

Centrarchidae | Rock bass Ambloplites rupestris

Sunfish family Centrarchidae
Clupeidae Herring family Clupeidae
Cyprinidae Spottail shiner Notropis hudsonius

Carp and minnow family Cyprinidae
Ictaluridae Brown bullhead Ameiurus nebulosus

Margined madtom Noturus insignis
Percidae Tessellated darter Etheostoma olmstedi

Yellow perch Perca flavescens
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Table 3-2.  Total count and percent composition by species of icthyoplankton present in
entrainment samples at Merrimack Station, May 2006 through June 2007.
Count Percent Composition
Unknown | Eggs | YSL | PYSL | YOY [Unknown Eﬁs YSL | PYSL [ YOY
Unit 1 Brown bullhead 2 1.0
Carp and minnow family 1 8 47 33.3]57.1 | 229
Margined madtom 1 0.5 | 25.0
Rock bass 5 24
Spottail shiner 1 0.5 50.0
Sunfish family 2 33 143 | 16.1
Tessellated darter 4 2 28.6 1.0
Unidentified 6 2 100.0 66. 7
White sucker 89 434 | 25.0
Yellow perch 25 12.2
Total 6 3 14 | 205 100.0 |100.0 {100.0 [100.0 | 100.0
Unit 2 Brown bullhead 2 1.8
Carp and minnow family 6 37 75.0 | 33.6
Herring family 1 0.9
Margined madtom 1 0.9
Sunfish family 2 7 25.0 6.4
Tessellated darter 2 1.8
Unidentified 2 1 100.0 |100.0
White sucker 57 51.8 |100.0
Yellow perch 3 2.7
Total 2 1 8 | 110 100.0 | 100.0 [100.0 |100.0 | 100.0
Unit 1 and |Brown bullhead 4 1.3
Unit 2 Carp and minnow family 1 14 84 25.0 | 63.6 | 26.7
Herring family 1 0.3
Margined madtom 2 0.6 | 20.0
Rock bass 5 1.6
Spottail shiner 1 03 | 40.0
Sunfish family 4 40 18.2 | 12.7
Tessellated darter 4 4 18.2 1.27
Unidentified 8 3 100.0 75.0
White sucker 146 46.4 | 40.0
Yellow perch 28 8.9
Total 8 4 22 | 315 100.0 |100.0 [100.0 [100.0 | 100.0
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Table 3-4.

Overall mean density (#/100m”) of icthyoplankton entrained at Merrimack Station,
Units 1 and 2 combined, May 2006 through June 2007.
Mean Density
Unknown Eggs YSL PYSL YOY
Unit 1 Brown bullhead 0 0 0| 0.045447 0
Carp and minnow family 0 0.022708 0.18166 1.070741 0
Herring family 0 0 0 0 0
Margined madtom 0 0 0 0.022686 0.022711
Rock bass 0 0 0 0.113594 0
Spottail shiner 0 0 0 0.01387 0.045421
Sunfish family 0 0 0.045372 0.740946 0
Tessellated darter 0 0 0.0914 0.036613 0
Unidentified 0.136604 0.045395 0 0 0
White sucker 0 0 0 2.023077 0.022708
Yellow perch 0 0 0 0.56497 0
Unit 2 Brown bullhead 0 0 0 0.046379 0
Carp and minnow family 0 0 0.139448 0.857687 0
Herring family 0 0 0 0.02345 0
Margined madtom 0 0 0 0.023248 0
Rock bass 0 0 0 0 0
Spottail shiner 0 0 0 0 0
Sunfish family 0 0 0.046389 0.162359 0
Tessellated darter 0 0 0 0.04651 0
Unidentified 0.045827 0.0233 0 0 0
White sucker 0 0 0 1.32367 0.023239
Yellow perch 0 0 0 0.070082 0
Units 1 and 2 Brown bullhead 0 0 0 0.045908 0
Combined Carp and minnow family 0 0011484 | 0.160797 | 0.965439 0
Herring family 0 0 0 0.01159 0
Margined madtom 0 0 0 0.022964 0.011486
Rock bass 0 0 0 0.05745 0
Spottail shiner 0 0 0 0.007015 0.022972
Sunfish family 0 0 0.045875 0.454978 0
Tessellated darter 0 0 0.046225 0.041505 0
Unidentified 0.091737 0.034475 0 0 0
White sucker 0 0 0 1.677393 0.02297
Yellow perch 0 0 0 0.32037 0
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Estimated total entrainment abundance by species for fish larvae entrained at

Table 3-6.
Merrimack Station, May 2006 through June 2007.
2006 2007

Species Unit 1* Unit 2° Both Units Unit 1°¢ Unit2° | Both Units
Brown bullhead 18,311 49 461 67,772 0 0 0
Carp and minnow family 165,914 839,808 1,005,722 343,337 | 241,396 584,733
Herring family 0 0 0 0 25,009 25,009
Margined madtom 9,140 24,794 33,934 0 0 0
Rock bass 57,729 0 57,729 0 0 0
Spottail shiner 0 0 0 4,762 0 4,762
Sunfish family 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated darter 22,944 0 22,944 32,387 49,602 81,989
Unidentified 0 0 0 0 0 0
White sucker 171,333 988,703 1,160,036 665,804 | 455,125 1,120,929
Yellow perch 0 49,671 49,671 418,741 25,009 443750

Total 685,637 2,100,646 2,786,283 1,559,356 | 889,912 2,449,268

a- Week of 28 May through Week of 27 August, 2006
b - Week of 21 May through Week of 10 September, 2006
¢ - Week of 2 April through Week of 24 June, 2007

Table 3-7 Estimated total entrainment abundance of fish eggs and larvae by month and
developmental stage for Merrimack Station, May 2006 through June 2007.
2006 2007
Unit Unit
Month Stage Unit 1 Unit 2 Both Units Unit 1 Unit 2 Both Units
April Eggs NS NS NS 0 0 0
May Eges 0 24,848 24,848 0 0 0
June Eggs 0 0 0 15,797 0 15,797
July Eggs 0 0 0 NS NS NS
August Eggs 9,141 0 9,141 NS NS NS
September Eggs NS 0 0 NS NS NS
April Larvae NS NS NS 0 59,724 59,724
May Larvae 0 742,481 742.481 556,360 65,726 622,086
June Larvae 351,603 1,234,410 1,586,013 1,002,996 764,462 1,767,458
July Larvae 306,731 123,754 430,485 NS NS NS
August Larvae 27,304 0 27,304 NS NS NS
September Larvae NS 0 0 NS NS NS
April Other NS NS NS 0 0 0
May Other 0 0 0 36,457 0 36,457
June Other 21,250 48.872 70,122 0 0 0
July Other 27,489 0 27,489 NS NS NS
August Other 0 0 0 NS NS NS
September Other NS 0 0 NS NS NS
April YOY/Older NS NS NS 0 0 0
May YOY/Older 0 0 0 0 0 0
June YOY/Older 31,648 0 31,648 7,899 24,783 32,682
July YOY/Older 0 0 0 NS NS NS
August YOY/Older 0 0 0 NS NS NS
September YOY/Older NS 0 0 NS NS NS
April Total NS NS NS 0 59,724 59,724
May Total 0 767,330 767,330 592,818 65,726 658,544
June Total 404,501 1,283,283 1,687,784 1,026,692 789.245 1,815,937
July Total 334,220 123,754 457,974 NS NS NS
August Total 36,445 0 36,445 NS NS NS
September Total NS 0 0 NS NS NS
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Table 3-8.  Estimated total entrainment by species for fish eggs entrained at Merrimack

Station, May 2006 through June 2007.

2006 2007

Species Unit 1* Unit 2° Both Units Unit 1° Unit2° | Both Units
Brown bullhead 0 0 0 0 0 0
Carp and minnow family 0 0 0 7,899 0 7,899
Herring family 0 0 0 0 0 0
Margined madtom 0 0 0 0 0 0
Rock bass 0 0 0 0 0 0
Spottail shiner 0 0 0 0 0 0
Sunfish family 0 0 0 0 0 0
Tessellated darter 0 0 0 0 0 0
Unidentified 9,141 24,848 33,989 7,899 0 7,899
White sucker 0 0 0 0 0 0
Yellow perch 0 0 0 0 0 0

Total 9,141 24,848 33,989 15,797 0 15,797

a - Week of 28 May through Week of 27 August, 2006
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4.0 IMPINGEMENT RESULTS

A total of 80 valid 24-hour impingement samples were collected at Merrimack Station Unit 1 and 76
at Unit 2 from 29 June 2005 through 28 June 2007 among 89 total 24-hour impingement sampling
dates. Nine (9) 24-hour impingement samples were considered void and not analyzed from Unit 1,
and 13 24-hour samples were considered void and not analyzed from Unit 2 (see Table 2-5).

As requested in the EPA 308 letter to PSNH, this section will present the number of fish (juvenile and
adult) collected and the physical and environmental parameters collected in conjunction with each
sample. Table 1 of Appendix B provides the water quality parameters (temperature, dissolved
oxygen, conductivity) recorded at the beginning and end of each 24 hour sample at Merrimack
Station Units | and 2. Table 2 of Appendix B provides the volume of debris (gallons) and dominant
debris type (terrestrial or aquatic) for each 24-hour and long interval sample at Units 1 and 2 of
Merrimack Station.

4.1 Proportion of Flow Sampled

Valid 24-hour impingement collections were obtained from 80 sampling dates at Merrimack Station
Unit 1 and from 76 sampling dates at Unit 2 during the two-year study period from June 2005 through
June 2007. A cumulative total of 622.3 million cubic meters of cooling water flow was sampled on
these dates, representing 11.8% of the total cooling water flow through the plant during the entire
year (Table 4-1). The full month with the smallest percentage of flow sampled was December 2006
(7.2 %) and the month with the highest percentage of flow sampled was August 2005 (17.5 %). The
proportion of cooling water flow that was sampled at individual units was 11.7 % at Unit 1 and 11.9
% at Unit 2 during the June 2005 through June 2007 time period.

4.2 Species Composition

Twenty-one species of fish, representing nine families were collected in the 24-hour impingement
samples from June 2005 through June 2007 at Merrimack Station Units 1 and 2 (Table 4-2). An
additional four species in the carp and minnow family were collected exclusively in low abundance in
the long-interval (6-day and 13-day) samples; bridled shiner (Notropis bifrenatus, 3 individuals),
common shiner (Luxilis cornutus, 15 individuals), eastern silvery minnow (Hybognathus regius, 3
individuals), and emerald shiner (N. atherinoides, 3 individuals). The total number of impinged fish
collected in 24-hour samples during this two-year period was 679 fish for both Units combined
(Table 4-2). Bluegill was the most commonly collected fish species, accounting for 62.6% of the
total number of impinged fish in 24-hour samples during this two-year period for both Units
combined. Spottail shiner was the second most abundant fish taxa and they accounted for 7.4% of the
fish impinged in 24-hour samples during this two-year period for both Units combined.. 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 in 24-hour samples during the two years of sampling at
Merrimack Station for both Units combined.

Most of the fish species collected in this study were resident fish impinged in low numbers and
collected infrequently at Merrimack Station Units 1 and 2 (Table 4-3). The only fish taxon collected
in more than half of the 25 months consecutively sampled during June 2005 through June 2007 was
bluegill (20 months). Other taxa collected in at least 7 months included black crappie (11 months),
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largemouth bass (10 months), pumpkinseed (10 months), spottail shiner (10 months), golden shiner (8
months), margined madtom (8 months), smallmouth bass (7 months) and yellow perch (7 months).
All other species were collected in four or fewer months. Ten of the twenty-one species of fish
observed in the Merrimack Station impingement samples were represented by five or fewer
individuals among the 25 months of sampling at Unit 1 and Unit 2 combined. No anadromous
species (alewife, blueback herring, American shad, or Atlantic salmon) were observed in any
impingement samples. One individual American eel, a catadromous species, was impinged during
February 2007.

4.3 Sizes of Impinged Fish

The mean, range and size distribution of impinged fish length measurements are presented by species
for each month and for the entire two-year sampling period by Unit and for both Units 1 and 2
combined at Merrimack station (Table 4-4). The lengths of impinged fish ranged from 26 mm
(largemouth bass) to 880 mm (American eel). With the exception of two smallmouth bass and two
white sucker, the lengths of impinged fish were less than 249 mm and the majority (91%) of the
lengths were less than 125 mm, representing to overall predominance of young of the year (YOY)
fishes in the impingement collections from Merrimack Station Units 1 and 2.

The 425 bluegill impinged during the two-year study had a mean total length of 61 mm (range 35-235
mm; Table 4-4). YOY bluegill in the 50-74 mm size class comprised 62.2% of their total impinged.
Spottail shiner, the second most abundant impinged species with 50 individuals impinged, had a mean
total length of 92 mm (range 27-135mm); fish in the 100-124 mm size class (Age 2+) accounted for
56% of their total count. The majority of the 36 black crappie (72.2%) and largemouth bass (54.8%)
were contained within the 50-74 mm size class representing YOY fish. Black crappie impinged at
Merrimack Station had a mean total length of 71 mm (range (37-114 mm) while largemouth bass had
a mean total length of 65 mm (range 24-110 mm among 31 fish). The mean length of impinged
yellow perch was 128 mm (range 36-235 mm). Yellow perch in the 100-124 mm (Age 2+) and 125-
149 (Age 3+) mm size classes accounted for 57.1% of the 28 yellow perch impinged.

4.4 Annual Estimated Impingement Counts and Rates

This section presents the impingement counts compiled from all valid 24-hour samples for each
species impinged at Merrimack Station Units 1 and 2 that have been expanded into monthly or annual
total abundance using the volumetric extrapolation methods described in Section 2.3.2. Complete
summaries of the estimated weekly and monthly impingement rates and total estimated impingement
abundance are presented in Appendix B, Tables B-3 and B-4.

4.4.1 Total Estimated Impinged Fish

Figure 4-1 presents the raw counts of impinged fish for each month of sampling at Units 1 and 2 of
Merrimack Station. A total of 80 valid 24-hour samples were obtained from Unit 1 and 195 fish were
collected among these samples. A total of 76 valid 24-hour samples were obtained from Unit 2, with
484 fish collected. The annual raw total count of all impinged fish collected from 29 June 2005
through 30 June 2006 summed together for both Units was 580. The annual raw total count of all
impinged fish collected from 1 July 2006 through 28 June 2007 summed together for both Units was
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99. A total of 679 fish were collected in the valid 24-hour samples summed among both units in both
years.

Fish count (number) per CWIS flow (volume) in each 24-hour sample represented the impingement
sampling unit as a density or rate. Each impingement sampling unit was assumed to be representative
of the daily impingement rate for the other unsampled dates within each week or two-week period.
The unsampled volume in each week or two-week period represented by the impingement sampling
was used to expand the sample unit up to a weekly or biweekly impingement abundance value.
Monthly estimates of fish impinged were calculated for Units 1 and 2 of Merrimack Station by
summing the impingement abundance for each weekly or two-week period occurring in each month.
Annual impingement abundance were similarly obtained by summing each of the 12 months within
each “year”. These monthly and annual total impingement abundance values are presented in Table
4-5 and Figure 4-2. The estimate for total fish impingement at Merrimack Station, derived from all
valid 24-hour samples at Unit 1 and Unit 2 combined, was 5,032 fish for the two-year period of 29
June 2005 through 28 June 2007. The annual total impingement abundance estimate for the first
sampling year (29 June 2005 through 30 June 2006) was 4,137 fish. The annual total impingement
abundance estimate for the second sampling year (1 July 2006 to 28 June 2007) was 895 fish. Annual
estimated impingement was higher at Unit 2 during both years of sampling. During the June 2005
through July 2006 first year, a total of 1,392 fish were estimated to be impinged at Unit 1 compared
to a total of 2,745 fish at Unit 2. During the second sampling year of July 2006 through June 2007, a
total of 289 fish were estimated to be impinged at Unit 1 compared to a total of 607 fish impinged at
Unit 2.

The mean and 95% confidence interval of daily (24-hour) impingement rate for Merrimack Station,
Units 1 and 2 combined, was 9.03 (+ 4.89, 95% C.I.) fish per Mm® for the two-year period of 29 June
2005 through 28 June 2007 (Table 4-6). During the same two-year time period, the mean
impingement rate for Unit 1 was 9.41 (= 5.04, 95% C.L) fish per Mm® and for Unit 2 was 8.63 (+
8.66, 95% C.1.) fish per Mm’. When examined on an annual basis, the mean impingement rate at
Merrimack Station (both Units pooled) during the first year of sampling (29 June 2005 to 30 June
2006) was 14.07 (+ 8.98, 95% C.1.) fish per Mm?® and during the second year of sampling (1 July
2006 through 28 June 2007) was 3.15 (£ 1.1, 95% C.L) fish per Mm’.

4.4.2 Seasonal Patterns of Total Estimated Impinged Fish

Figure 4-2 presents the estimated number of impinged fish by month for Merrimack Station Units 1, 2
and both Units combined. Seasonal peaks in estimated impingement abundance were observed
during the late-fall to early-winter months of October, November, December and January and also
during the spring and early-summer months of May, June and July. The month with highest
estimated impingement abundance was June 2006 when an estimated 2,345 fish were impinged at
both Units combined for Merrimack Station, representing 46.6% of the total estimated impingement
abundance over the two years of sampling (Figure 4-2). The month with the second highest estimated
number of fish impinged was December 2005 (515 fish; 10.2% of total). Of the remaining 22 months
of impingement sampling, 20 months had estimates of fewer than 200 fish impinged per month with
11 of those months having an estimate of fewer than 100 fish impinged per month for both Units
combined.

The monthly pattern of impingement abundance observed for both Units combined at Merrimack
Station (Figure 4-2, Table 4-5) is the same when examined for each Unit separately, with seasonal
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peaks present during the late-fall/early-winter and spring/early-summer months (Figure 4-2).
Monthly values for total estimated impingement abundance at Unit 1 ranged from a high of 338 fish
impinged during December of 2005 to a low of 0 fish impinged during August of 2005 (Figure 4-2;
Table 4-5). During September of 2006, no fish were also estimated to have been impinged at Unit 1.
However, during that month, no 24-hour samples were collected due to the annual outage and
maintenance of that Unit by PSNH. Of the 25 months sampled at Unit 1, five had a monthly
estimated impingement greater than 100 fish. Those months were October 2005 (103 fish; 6.1% of
total), December 2005 (338 fish; 20.1% of total), March 2006 (167 fish; 9.91% of total), May 2006
(210 fish; 12.4 % of total), and June 2006 (296 fish; 17.6% of total). Unit 2 monthly values for total
estimated impingement ranged from a high of 2,048 fish impinged during June 2006 to a low of 7 fish
impinged during August of 2006 (Figure 4-2; Table 4-5), excluding the estimate of six for June 2005,
which was not a full month’s estimate. The month of June 2006 accounted for 61.1% of the total
estimated fish impinged for the entire two-year sample period at Unit 2 from 29 June 2005 to 28 June
2007. Of the remaining 23 months of impingement sampling at Unit 2, five additional months
(October 2005, November 2005, December 2005, July 2006, and November 2006) had a monthly
estimated impingement count of 100 or more fish (Figure 4-2, Table 4-5).

Monthly mean impingement rates during the first annual period of sampling (June 2005 through June
2006) for Units 1 and 2 combined ranged from a high of 81.04(= 104.82, 95% C.1.) fish per Mm’
during June 2006 to a low of 0.44 (+ 0.71, 95% C.1.) fish per Mm® during August (Table 4-6).
Monthly mean impingement rates during the second annual period of sampling (July 2006 through
June 2007) for Units 1 and 2 combined ranged from a high of 6.42 (+ 7.84, 95% C.L) fish per Mm®
during May and a low of 0.47 (x 2.03, 95% C.1.) fish per Mm’® during September (Table 4-6). Unit 1
mean monthly impingement rates were highest during December (55.19 fish per Mm®) and lowest
during February and August (0 fish per Mm®) during the first year of sampling. During the second
year of sampling, the mean monthly impingement rate was highest during May (6.82 fish per Mm’)
and lowest during August (0.77 fish per Mm?®). The mean monthly impingement rate at Unit 2 was
greatest during the month of June 2006 (105.07 fish per Mm’) and lowest during March (0.71 fish per
Mm®) during the first year of sampling. During the second year of sampling, the mean monthly
impingement rate was highest during November (6.5 fish per Mm®) and similar to Unit 1, lowest
during August (0.29 fish per Mm®). The seasonal trends in impingement rates were similar to those
observed in the estimated impingement abundance, with the highest rates occurring during the late-
fall/early-winter and spring/early-summer months (Table 4-6).

4.4.3 Impingement Collection Efficiency Adjustment

Factors such as excess space at the bottoms or sides of traveling screens, plugged or misaligned spray
headers, or fish becoming entangled in debris that adheres to the screens can result in impingement
collections that underestimate the actual number of fish impinged on the traveling screens at
Merrimack Station Unit 1 and Unit 2. Impingement collection efficiency tests were conducted
monthly for the period of 29 June 2005 through 28 June 2007 (Table 4-7). The impingement
collection efficiency values obtained from the two years of monthly tests ranged from 53% to 97 %
for Unit 1 (mean = 80%) and from 15% to 94% for Unit 2 (mean = 61%). The mean collection
efficiency values for Merrimack Station Unit 1 and Unit 2 were significantly less than 100% (paired
t-test; Unit 1 p<0.0001; Unit 2 p<0.0001).
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Adjusted estimates of the numbers of fish impinged, corrected for collection efficiency, were
calculated for Merrimack Station Units 1 and 2 (Figure 4-3; Table 4-5). When adjusted for collection
efficiency, an estimated 2,008 fish were impinged at Unit 1 and an estimated 5,999 fish were
impinged at Unit 2, resulting in a total of 8,007 fish impinged at Merrimack Station during the two
year sampling period. Therefore, the collection efficiency adjustment expanded the estimated total
impingement abundance summed across the two years of sampling at both Unit 1 and Unit 2
combined by 2,075 total fish to 8,007 fish (Table 4-5). When examined on an annual basis, an
adjusted total of 6,736 fish were impinged during the first season of sampling (June 2005 through
June 2006) and an adjusted total of 1,271 fish were impinged during the second season of sampling
(July 2006 through June 2007). Unit 2 impinged a higher number of fish during both annual periods
that at Unit | when impingement estimates were corrected for collection efficiency (5,133 fish versus
1,603 fish during year one and 866 fish versus 405 fish during year two). Figure 4-3 presents the
monthly estimates of fish impingement abundance at Merrimack Station Units 1 and 2 (and both
Units combined) when corrected for collection efficiency. The overall seasonal patterns observed in
the estimated monthly impingement abundance (Figure 4-2) are maintained throughout the two years
of sampling when the monthly impingement abundance estimates have been adjusted for collection
efficiency.

Impingement rates also increased when the estimated monthly impingement abundance was adjusted
for collection efficiency (Table 4-6). The overall Merrimack Station impingement rate for the first
annual period increased from 14.07 (+ 8.98, 95% C.1.) fish per Mm’ to 20.83(x 14.42, 95% C.L.) fish
per Mm’ while the second year increased from 3.15 (+ 1.1, 95% C.L) fish per Mm® to 4.58(x 1.7, 95%
C.L) fish per Mm®. The overall impingement rate was significantly higher for the estimated values
corrected for collection efficiency than those simply estimated from the raw 24-hour counts (paired t-
test; Unit 1 p<0.0001; Unit 2 p=0.0472).

4.4.4 Adjusted Monthly Impingement Abundance for Each Fish Species

The monthly estimated impingement abundance for each taxon of fish impinged, adjusted for
collection efficiency, is presented in Table 4-8. When raw catch is corrected for total Merrimack
Station CWIS flow (both Units combined) and adjusted for collection efficiency, bluegill, spottail
shiner, black crappie, largemouth bass and yellow perch were the five most abundant fish species
impinged during the two years of sampling at Merrimack Station. Bluegill was the dominant species
observed in impingement collections at Merrimack Station, representing 62.4% of the total adjusted
catch for the two-year sampling period. Of the 4,993 impinged bluegills, 88.9% of those were
impinged during the months of May, June and July 2006. A combination of high numbers of age 1+
bluegill present in Hooksett Pool and the observed trend of those small fish being impinged during
high Merrimack River flow events during those three months led to the increased impingement rates
during that time period. Although bluegill were not impinged at as high a rate during the months of
May, June, and July of 2005 and 2007 as they were during 2006, they were still the most abundant
species observed in those monthly impingement samples. An adjusted total of 605 spottail shiners
were impinged at Merrimack Station during the two years of study, and the majority (79.0%) were
impinged between the winter months of November 2005 through March 2006. An adjusted total of
447 black crappies were impinged at Merrimack Station during the two years of sampling. Black
crappie showed a seasonal pattern of being impinged when the young-of-year were abundant during
the fall months (September through December) and again during high water events in the spring
(April through June). Largemouth bass were 4.4% (356 fish) of the adjusted total number of fish
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observed in the impingement collections from Merrimack Station. Similar to black crappie, the
impingement of largemouth bass was highest during the months of October through December.
During this late-fall early winter period prior to ice cover, young-of- year largemouth bass would be
abundant in Hooksett Pool. An adjusted total of 335 yellow perch were impinged during the two
years of sampling at Merrimack Station. The majority of the yellow perch were impinged during the
fall and winter months of 2005-2006. Small numbers of yellow perch were observed in spring
samples during both years of sampling.

4.5 Impingement Survival for the Existing Traveling Screens

Impingement survival tests were conducted at Units 1 and 2 of Merrimack Station from February
2006 through July 2007. The purpose of these tests was to estimate the potential survival rates of fish
that become impinged on the existing traveling screens at each Unit, if these screens were operated
with a continuous wash cycle. The results from these tests represent survival, which when added to
the survival from an effective fish return sluice, would provide an combined estimate of total
impingement survival that could be achieved with the existing traveling screens at Merrimack Station.
The current fish return for impingement at Units 1 and 2 ends in a pit that is located on the Merrimack
River bank above the normal water elevation, and therefore does not typically return fish to Hooksett
Pool. Three tests were conducted during the winter and spring of 2006 when suitable numbers of
golden shiner could legally be obtained from local bait dealers. Monthly testing at both Units began
during January of 2007 and continued through July of 2007. The January 2007 to July 2007 survival
tests were conducted using golden shiner purchased from a wholesale bait distributor in
Massachusetts. A total of nine survival tests were conducted at Unit 1 with a range in survival rate
from 40.4% t0 99.7% (mean = 59.6%; Table 4-9). 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%; Table 4-9).

The traveling screen survival rates obtained from testing at Units 1 and 2 (Table 4-9) were applied to
the monthly and annual impingement abundance estimates (adjusted for collection efficiency) for
Merrimack Station Unit 1 and Unit 2, based on the following assumptions. The first assumption is
that the survival of golden shiner during impingement is representative of all other species impinged
at Merrimack Station. Impingement survival testing was limited to using fish supplied by bait dealers
(golden shiner) because numerous attempts to obtain sufficient (at least 300 fish) live wild fish from
Hooksett Pool were unsuccessful; relatively few fish were caught and those that were caught (by
electrofishing) experienced high latent mortality. In addition, there was limited availability of other
species for testing from bait and fish dealers licensed and approved by the State of New Hampshire.

It was also assumed that the test conditions were representative of the untested months (i.e. water
levels, temperatures, debris) when calculated survival rates from the tested months were applied to
the monthly estimated impingement abundance values from the untested months to estimate annual
total survival. Seasonal survival rates were compiled by averaging the test percentages for months
within each season. Seasons were defined by the following month groups: winter (December,
January, February), spring (March, April, May), summer (June, July, August), and fall (September,
October, November). Survival tests were not conducted during the fall season during 2006 due to the
low availability of shiner at the local bait shops. As a result, no fall seasonal estimate for
impingement survival is currently available for Units 1 or 2 at Merrimack Station. To compensate for
this, survival rates from the summer and winter months were averaged to provide an estimated value
for this season until testing can be conducted as planned during the fall of 2007. Seasonal survival
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rates for Merrimack Station Unit 1 were estimated as 55.0% (winter), 57.8% (spring), 70.2%
(summer), and 62.7% (fall). Seasonal survival rates for Merrimack Station Unit 2 were estimated at
88.3% (winter), 84.2% (spring), 60.1% (summer), and 74.2% (fall).

Table 4-10 presents the monthly estimated impingement survival potential for Merrimack Station
Units 1 and 2 when seasonal survival rates were applied to the monthly estimated impingement
abundance (corrected for collection efficiency). These potential impingement survival numbers
assume that all fish that were impinged on Merrimack Station screens were initially alive. With the
assumption that 100% of fish were initially alive upon being impinged, it was estimated that 973 of
the 1,603 fish impinged at Unit 1 and 3,319 of the 5,133 fish impinged at Unit 2 during the first year
of the study would have survived impingement on the existing traveling screens at Merrimack Station
if those screens were continuously rotated. It was estimated that 249 of the 406 fish impinged at Unit
1 and 628 of the 877 fish impinged at Unit 2 during the second year of the study would survive
impingement.

4.6 Long Interval Impingement Samples

A comparison of estimated impingement abundance derived from the valid 24-hour samples and from
the raw number of fish observed from the comparable long-interval samples is presented for
Merrimack Station Units 1 and 2 in Table 4-11. The estimated total impingement abundance was

" calculated based on the valid 24-hour samples for each weekly or biweekly sampling period
throughout the two-year program for each Unit as described in Section 4.4.1 and Table 4.5. However,
the estimated impingement abundance values presented in Table 4-11 are based on a Wednesday
through Tuesday week to be comparable to the timing of the long-interval samples collected. Table
4-11 also presents the comparable weekly or biweekly raw impingement abundance based on the sum
of the raw 24-hour collection and the corresponding raw six or thirteen day sample for Units 1 and 2.
All values in Table 4-11 were not adjusted for collection efficiency. There was a significant
difference between the impingement abundance estimated from valid 24-hour samples and the
abundance estimated from the actual total counts at Merrimack Station Units 1 and 2 for the two-year
sampling period. Impingement abundance estimated from the valid 24-hour samples at Unit |
produced an estimated 1,674 impinged fish over the two years that was significantly higher than the
total raw impingement count of 1,111 fish derived from the sum of the 24-hour and long interval
sample in each week or two-week period (paired t-test; p=0.0028). A significantly higher total
impingement abundance was estimated from the valid 24-hour samples at Unit 2 compared to the
abundance derived from the sum of 24-hour and long interval samples, where an estimated 3,341 fish
were impinged based on the 24-hour samples compared to the total raw impingement count of 1,959
fish derived from the sum of the 24-hour and long interval sample in each week or two-week period
(paired t-test; p=0.0359). When examined on an annual basis, the estimated total impingement was
significantly greater when derived from the 24-hour samples than from the sum of the 24-hour and
long interval samples at Unit 1 but not Unit 2 for the time period of June 2005 through June 2006
(paired t-test; Unit 1 p=0.0048; Unit 2 p=0.1695). For the period of July 2006 through June 2007, the
estimated total impingement from the 24-hour samples was significantly greater than the total raw
impingement count at Unit 2 but not so at Unit 1 (paired t-test; Unit 1 p=0.0867; Unit 2 p=0.0039).
This evaluation demonstrates that the valid 24-hour samples provide the most reliable and perhaps a
conservative estimate of monthly or annual total impingement abundance at Merrimack Station Unit
1 and Unit 2 during the period of 29 June 2005 through 28 June 2007.
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Figure 4-1.  Monthly raw total number of fish impinged in 24-hour samples taken at
Merrimack Station for Units 1 and 2 and pooled, June 2005 through June 2007.
Number of 24-hour samples included in each monthly total is shown in
parentheses above each bar.
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Figure 4-2.  Estimated monthly total impingement abundance at Merrimack Station based on
24-hour samples collected at Units 1, 2 and both Units combined, June 2005
through June 2007 (not adjusted for collection efficiency).
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Figure 4-3.  Estimated monthly total impinge.ment abundance based on 24-hour samples
collected at at Merrimack Station Units 1, 2, and both Units combined that were
adjusted for CWIS flow and collection efficiency, June 2005 through June 2007.
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Table 4-1. Monthly total plant flow and flow sampled for impingement at Merrimack Station,
June 2005 through June 2007.
Unit 1 Unit 2 Units 1 and 2 Combined
Total Unit Flow Percent of | Total Unit Flow Percent of | Total Unit Flow Percent of

Flow Sampled Flow Flow Sampled Flow Flow Sampled Flow
Month (Mm®) | (Mm®) | Sampled | (Mm®) | (Mm®) | Sampled | (Mm®) | (Mm®’) | Sampled
Jun 05 0.52 0.26 499 1.42 0.71 50.0 1.94 0.97 50.0
Jul 05 8.10 1.05 13.0 21.97 2.85 13.0 30.06 3.90 13.0
Aug 05 7.42 1.29 174 20.31 3.55 17.5 27.73 4.84 17:5
Sep 05 7.83 1.06 13.6 21.24 2.83 133 29.07 3.89 134
Oct 05 7.44 0.76 10.2 15.07 1.73 11.5 22,51 2.49 11.1
Nov 05 7.33 1.05 14.3 21.25 3.53 16.6 28.58 4.57 16.0
Dec 05 7.69 0.78 10.1 21.97 2.13 9.7 29.65 2.90 9.8
Jan 06 7.70 0.52 6.7 21.96 1.40 6.4 29.66 1.91 6.4
Feb 06 6.76 0.41 6.1 17.33 1.39 8.0 24.08 1.80 75
Mar 06 8.11 1.05 13.0 21.97 2.87 13.1 30.08 3.92 13.0
Apr 06_ 6.82 0.78 11.5 (13.01 1.43 11.0 19.84 2.21 112
May 06 6.46 1.06 16.3 7.85 1.38 17.6 14.30 2.44 17.0
Jun 06 6.57 0.80 12.2 21.23 291 13.7 27.80 3.7 133
Jul 06 8.11 1.04 12.8 21.96 2.82 12.8 30.07 3.86 12.8
Aug 06 8.11 1.31 16.2 21.96 3.56 16.2 30.07 4.87 16.2
Sep 06 1.32 0.00 0.0 18.38 2.13 11.6 19.71 213 10.8
Oct 06 7.28 1.05 14.5 21.93 283 12.9 2921 3.89 13.3
Nov 06 7.36 0.53 7.2 21.25 2.17 10.2 28.61 2.69 94
Dec 06 7.19 0.52 2 19.45 1.41 73 26.65 1A% 7.2
Jan 07 8.11 0.52 6.4 18.13 1.43 7.9 26.24 1.94 7.4
Feb 07 7.31 0.52 7.1 18.62 1.40 7.5 25.93 1.92 7.4
Mar 07 7.29 0.79 10.9 21.71 1.43 6.6 29.01 2.22 7.7
Apr 07 7.84 0.78 10.0 12.02 1.45 12.1 19.85 224 113
May 07 8.11 1.32 16.3 8.40 1.12 13.3 16.51 2.44 14.8
Jun 07 6.54 1.09 16.7 18.63 2.90 15.6 2517 4.00 159
Total 173.3 20.35 11.7 449.0 5333 11.9 622.3 73.69 11.8
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Table 4-2.  Species composition® of fish in 24-hour impingement collections at Merrimack
Station, Units 1 and 2 combined, June 2005 through June 2007.

Scientific Name Common Name Count
Anguillidae eels

Anguilla rostrata American eel 1
Cyprinidae carps and minnows

Notemigonus crysoleucas golden shiner 10

Semotilus corporalis fallfish 3

Notropis hudsonius spottail shiner 50
Catostomidae suckers

Catostomus commersonii white sucker 2
Ictaluridae bullhead catfishes

Ameiurus natalis yellow bullhead 2

Ameiurus nebulosus brown bullhead 4

Noturus insignis margined madtom 18
Esocidae pikes

Esox niger chain pickerel 1
Osmeridae smelts

Osmerus mordax rainbow smelt 12
Moronidae temperate basses

Morone americana white perch 2
Centrarchidae sunfish family

Ambloplites rupestris rock bass 2

Enneacanthus obesus banded sunfish 4

Lepomis auritus redbreast sunfish 5

Lepomis gibbosus pumpkinseed 27

Lepomis macrochirus bluegill 425

Micropterus dolomieu smallmouth bass 7

Micropterus salmoides largemouth bass 31

Pomoxis nigromaculatus black crappie _ 36

unidentified centrarchid unidentified sunfish 3
Percidae perches

Etheostoma olmstedi tessellated darter 6

Perca flavescens yellow perch 28

* Species (count) collected in extended sampling periods not represented by 24-hour samples were Notropis bifrenatus,
bridle shiner (3); Luxilis cornutus, common shiner (15); Hybognathus regius, eastern silvery minnow (3); and V.
atherinoides, emerald shiner (3).
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 4-5. Monthly total impingement abundance of fish at Merrimack Station Units 1 and 2,
and for both Units combined, from June 2005 through June 2007. Impingement
data is presented as Raw counts (Raw) in 24-hour samples, impingement abundance
estimates (I) based on the product of 24-hour sample density and CWIS volumes,
and adjusted impingement abundance estimates (Adj-I) representing the abundance
values (I) expanded for screen collection efficiency.

Unit 1 Unit 2 Both Units
Month | Raw | I | Adj-1|Raw | 1 |AdjI|Raw | I | Adj-I
Jun 05 | 2 3 3 6 8 4 8 11
Jul 05 4 30 40| 10 76 | 103| 14| 106 | 143
Aug 05 0 0 0 3 22 29 3 22 29
Sep 05 3 18 25 6 40 63 9 58 88
Oct 05 1| 103 10| 13| 121 | 176| 24| 224 | 286
Nov 05 5 88 97| 17| 100| 147| 22| 1838 | 244

Dec05 | 42| 338| 371| 24| 177| 209| 66| 515| 581
Jan 06 70 96| 112 68| 102| 12| 164]| 214
Feb 06 0 18 23 25 | 141 2| 44| 163
Mar06 | 20| 167 | 200 21 ss| 22| 188 256
Apr 06 3 21 31 21 84 5 48 | 115
May06 | 26 | 210 | 231 19 76| 29| 229| 307
Jun 06 39| 296 | 359 | 329 |2,048 | 3,941 | 368 | 2,345 | 4,300
Year1 | 161 | 1,392 | 1,603 | 419 | 2,745 | 5,133 | 580 | 4,137 | 6,736

W ||

Jul 06 4 31 36 10 105 179 14 136 215
Aug 06 1 7 9 1 7 9 2 14 17
Sep 06 0 0 1 10 11 1 10 11
Oct 06 1 11 15 8 94 119 9 105 134
Nov 06 2 22 29 14 105 132 16 127 161
Dec 06 2 28 33 5 61 68 7 89 102
Jan 07 2 29 35 2 27 32 4 56 67
Feb 07 1 14 16 2 26 32 3 40 48
Mar 07 2 18 28 2 31 37 4 49 66
Apr 07 3 26 41 1 10 16 4 36 57
May 07 9 56 90 7 51 85 16 107 174
Jun 07 7 45 74 12 81 146 19 126 220
Year 2 34 289 405 65| 607 860 99 895 | 1,271

Total 195 | 1,681 | 2,008 | 484 | 3,351 | 5,999 [ 679 | 5,032 | 8,007
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Table 4-6. Monthly mean 24-hour impingement rates (No./million m’) of fish unadjusted and
adjusted for screen collection efficiency at Merrimack Station, June 2005 through
June 2007.
Unit 1 Unit 2 Both Units
Month | N | Unadjusted Adjusted | N | Unadjusted Adjusted N | Unadjusted Adjusted
Jun05 | 1 3.83 5.1 1 423 5.72 4.03 £2.56 541439
Julos | 4| 383505 511674 | 4| 3542535 478723 8| 3.68+2353 494434
Aug05| 5 0 0 5| 0.88+1.64 1.18+2.22 10| 044 0.71 0.59 +0.96
Sep05 | 4| 281574 | 368678 | 4 21643 34462 8| 248225 3.5442.82
Oct05 | 3| 143643124 | 154943341 | 3| 111423864 | 15575232 | 6| 1275+134 | 1553+16.59
Nov 05| 4| 485+11.81 | 552£1342 | 5| 4.85£4.52 7.19 £7.47 9| 485402 6.45 £5.19
Dec 05 | 3]55.192212.84 | 60.65+233.89 | 3| 11.26+37.04 | 132424357 | 6| 3322463 | 36.95+69.16
Jan 06 | 2| 13.81+17547 | 162520643 | 2| 3.62+28.05 544187 4| 871+2044 | 10.82+23.73
Feb 06 | 2 0 0 2| 1451838 | 8.04+102.1 4| 072£23 4.02+12.79
Mar06 | 4| 19.1+1945 | 22.85423.71 | 4| 0.71£225 1.86 £5.91 8| 991062 | 12.35£1259
Apr06 | 4| 286582 | 3334676 | 2| 142£1799 | 5.66+71.97 6| 2384321 411526
May 06 | 4| 24425205 | 270745594 | 2| 2.1929.94 8.77439.75 6| 17.01+29.19 | 20.97+3032
Jun06 | 3| 49+127.88 |[35936+157.14 | 4 105.07+236.69 | 201.43 +386.28 | 7| 81.04£104.82 | 140.54 £176.85
Year1 | 43| 14.3929.15 | 16.61£1037 | 41| 13.74216.16 | 2526+28.1 | 84| 14.07+8.98 | 20.83:14.42
Jul06 | 4| 39+88 4674951 | 4| 356+297 6.03 +5.03 8| 373432 5.3543.75
Aug06 | 5| 077£2.14 | 095+265 | 5| 0292079 0.35 £0.98 10| 05309 0.65=1.11
Sep06 | 0 NS NS 3| 0472203 0.5+2.16 3 047203 0.5+2.16
0ct06 | 4| 093£297 1214386 | 4| 2.82+4.04 3534527 8| 187+1.92 2374247
Nov06 | 3| 4.18+10.79 | 535+14.04 | 3| 6542503 824 +32.27 6| 534274 6.79 49.55
Dec06 | 2| 3.85:07 461092 | 2| 3544849 401265 4| 3.69+092 4.31+0.87
Jan07 | 2| 3.89+153 | 4574249 | 2| 142029 1.71 £0.36 4| 264229 3.14 2,64
Feb07 | 2| 19742505 | 2222814 | 2| 1.45+18.36 1.76 £22.4 4 1714321 19937
Mar 07 | 3| 2.48+10.68 4217.23 2| 1411793 1.724+21.86 5| 2.05+4.04 3.09 £6.46
Apr07 | 3| 3651573 | 5892536 | 2| 0.688.61 1.13 £14.34 5| 246+595 3.99 49,58
May 07| 5| 682126 | 10694206 | 2| 543618 8.99 +60.3 7| 642+7.84 | 10211281
Jun07 | 4| 67+14.12 | 10662394 | 4| 426+6.52 7.91+10.16 8| 548+546 9.28 +9.03
Year2 | 37| 3.63+1.84 | 5224292 |35| 2.65:1.24 3.9+1.79 72| 3.15+L.1 4.58£1.7
Total |80| 941504 | 1134577 |76| 8.6348.66 1542 £15.08 | 156| 9.03+4.89 13.33+7.83
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Impingement collection efficiency adjustment values obtained from Normandeau
releases of dead fish onto the traveling screens at Units 1 and 2 of Merrimack

Table 4-7.

Station, June 2005 through June 2007.

Unit 1 Percent (%) Unit 2 Percent (%)
Sample Start Date Efficiency Efficiency
8/10/2005 75% void
8/17/2005 no sample " 74%
8/31/2005 53% 50%
9/28/2005 97% 73%
11/2/2005 88% 59%
12/7/2005 91% 85%
1/4/2006 85% 67%
2/1/2006 74% 18%
3/1/2006 82% 38%
4/5/2006 no sample ° 25%
4/12/2006 86% no sample &
5/3/2006 93% no sample
5/31/2006 82% void ©
7/5/2006 94% 59%
7/26/2006 62% void ¢
8/30/2006 81% 81%
9/20/2006 no sample ° 94%
10/18/2006 7% 78%
11/29/2006 81% 93%
12/27/2006 86% 15%
1/24/2007 84% void ©
2/21/2007 89% 82%
3/28/2007 62% void "
5/2/2007 73% no sample °
6/6/2007 60% 60%
6/20/2007 89% 41%

* Efficiency test interupted by pump shut down. Voided

b No sample conducted due to Unit offline.

* ©EENC 06-061 - Observation of screenwash conducted without sample

basket in place - sample voided.

d EENC 07-015 - Based on actions observed on 5/31/06 the results of this
test suggest that screenwash was again conducted without basket in

place.

¢ EENC 07-009 - Miscommunication between NAI and PSNH led to fish
release onto north screen at U2 which was offline at that time.

fFEENC 07-010 - Collection basket was allowed to overflow by PSNH
employee during screenwash process

& Unit 2 sample conducted during previous week

" Unit 1sample conducted during previous week
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 4-9. Summary of percent (%) survival observed for live fish (golden shiner) released and
impinged on the traveling screens at Unit 1 and Unit 2 of Merrimack Station. (Note:
A blank cell in this table means no survival test was preformed on that date.)
UNIT 1 UNIT 2
N (fish Standard N (fish Standard
Date % Survival recaptured) Error (+/-) % Survival recaptured) Error (+/-)
2/9/2006 58.6 70 10.7
3/9/2006 70.6 109 4.4
5/11/2006 66.7 26 9.5
1/16/2007 48.7 160 49 86.0 176 4.9
2/26/2007 57.8 180 3.7 90.6 171 2.2
3/26/2007 575 152 5.5 100.0 126 5.1
4/10/2007 64.8 88 5:1 82.1 106 37
5/21/2007 42.2 73 6.8
6/25/2007 40.4 24 16.5 20.2 8 23.0
7/30/2007 99.7 21 9.8 100.0 7 71.4
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 4-11. Comparison of raw (24-hour or long-interval samples) and estimated total
impingement (from 24-hour samples, unadjusted for screen collection efficiency) for
each week or two-week period at Merrimack Station Unit 1 and Unit 2, June 2005

through June 2007.
Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw
L. Raw Impingement Count Raw Weekly Impingement
Beginning Date of | g, | 6.or13- | (24-h Rate |(Z24-h+6or| Raw | 6-or13- | Impingement Count
Sanple beriod 24-h day X £ Daily 13-day 24-h | day |(Z24-hRateX |(24-h+6 or 13-
(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | = Daily Flow) | day Sample)
29 Jun035 1 13 10 14 3 7 24 10
6 Jul0s 2 7 11 9 4 10 31 14
13 Jul05 1 4 4 5 5 6 23 11
20 Jul05 0 4 3 4 1 6 4 7
27 Jul05 1 2 4 3 0 3 0 3
3 Aug05 0 1 0 1 0 2 6 5
10 Aug05 0 1 0 1 2 6 11 8
17 Aug0s 0 2 0 2 1 7 4 8
24 Aug05 0 0 0 0 0 0 0 0
31 Aug05 0 3 0 3 0 3 6 3
7 Sep05 0 6 3 6 2 5 8 7
14 Sep05 1 0 4 1 0 5 3 5
21 Sep05 0 3 6 3 1 2 13 3
28 Sep05 2 4 8 6 3 8 15 11
5 Oct05 0 27 5 27 1 30 12 31
12 Oct05 56 27 56 89 38 89
19 Oct05 6 10 40 16 10 30 43 40
26 Oct05 5 8 33 13 2 3 30 5
2 Nov05 4 23 19 27 7 11 34 18
9 Nov05 1 5 3 6 2 4 11 6
16 Nov05 0 9 0 9 1 ) 19 6
23 Nov05 24 58 24 7 26 7
30 Nov05 22 153 22 2 5 68 7
7 Dec05 39 27 164 66 20 27 92 47
14 Dec05 1 8 10 9 4 4 16 8
21 Dec05 & 28 Dec05 2 51 15 53 0 34 7 34
4 Jan06 & 11 Jan06 0 34 41 34 1 30 34 31
18 Jan06 & 25 Jan06 7 26 54 33 4 13 31 17
1 Feb06 & 8 Feb06 0 6 0 6 0 12 13 12
15 Feb06 & 22 Feb06 0 10 18 10 2 4 12 6
| Mar06 & 8 Mar06 3 26 80 29 0 14 13 14
15 Mar06 9 1 42 10 2 6 8 8
22 Mar06 2 3 26 5 0 1 0 1
29 Mar06 6 13 24 19 0 9 0 9
5 Apr06 0 1 6 1 0 4 6 4
(continued)
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Table 4-11. (Continued)

Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw
L. Raw Impingement Count Raw Weekly Impingement
Bgl;:llngE:t:d of | paw | 6-ori3- | (24-h Rate | (Z224-h+6or| Raw | 6-or13- Impingement Count
24-h day X Z Daily 13-day 24-h day (Z 24-h Rate X | (24-h + 6 or 13-
(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | Z Daily Flow) | day Sample)
12 Apr06 2 18 11 20 2 0 14 2
19 Apr06 1 6 4 7 0 1 0
26 Apr06 0 1 0 1 0 0 0
3 May06 0 4 1 4 0 0 0
10 May06 1 27 60 28 0 0 0
17 May06 19 35 110 54 30 6 30
24 May06 26 34 26 2 79 11 81
31 May06 6 39 108 45 1 73 90 74
7 Jun06 28 60 137 88 29 519 808 548
14 Jun06 9 26 42 35 263 123 930 386
21 Jun06 17 9 17 3 12 117 15
28 Jun06 2 2 17 4 34 22 152 56
Yoo 1 161 701 1,404 862 a4 | 1273 2792 1.687
(29Jun05-28 Jun06)
5 Jul0é 3 10 12 13 4 7 22 11
12 Jul06 0 6 0 6 2 10 17 12
19 Jul06 0 5 3 5 3 4 15 7
26 Jul0e 1 0 4 1 1 1 4 2
2 Auglo 0 1 0 1 0 1 0 1
9 Aug06 0 3 3 3 0 2 3 2
16 Aug06 1 4 4 s 1 1 4 2
23 Auglb 0 0 0 0 0 1 0 1
30 Auglé 1 0 1 0 2 0 2 =
6 Sepl6 0 0 0 0 1 0 1
13 Sep06 0 0 0 0 2 3 2
20 Sep06 0 0 0 1 0 3 1
27 Sep06 0 0 0 5 7 5
4 Oct06 0 3 0 3 1 3 13 4
11 Oct06 0 6 0 6 3 7 12 10
18 Oct06 0 5 3 4 0 12 12 12
25 Oct06 1 5 g 6 4 7 54 11
1 Nov06 & 8 Nov06 1 8 14 9 13 4 96 17
15 Nov06 & 22 Nov06 0 24 7 24 0 42 6 42
20 Nov06 & 6 Dec{]_ﬁ 1 18 10 19 1 24 L 25
13 Dec06 & 20 Dec06 1 8 14 9 3 6 27 9
27 Dec06 & 3 Jan07 1 3 14 2 22 4
10 Jan07 & 17 Jan07 | | 14 2 1 11 1
(continued)
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Table 4-11. (Continued)

Unit 1 Unit 2
Estimated Total Raw
Weekly Impingement Estimated Total Raw

. Raw Impingement Count Raw Weekly Impingement

B%';';'l':gplzrifd"f Raw | 6-or13- | (24h Rate |(224-h+6or| Raw |6-ori3. | Impingement Count
24-h day X Z Daily 13-day 24-h day (Z 24-h Rate X |(24-h + 6 or 13-

(Wed-Tue) Sample | Sample Flow) Sample) |Sample| Sample | Z Daily Flow) | day Sample)
24 Jan07 & 31 Jan07 1 1 8 2 1 2 6 3
7 Feb07 & 14 Feb07 0 1 7 1 0 0 12 0
21 Feb07 & 28 Feb07 1 5 8 6 2 2 15 4
7 Mar07 & 14 Mar07 0 4 13 4 0 3 9 3
21 Mar07 2 6 4 8 8 11 8
28 Mar(7 0 13 13 2 7 11 9
4 Apr07 3 13 11 16 1 4 4 5
11 Apr07 0 7 0 7 0 4 3 4
18 Apr07 0 0 0 0 0 0
25 Apr07 0 11 9 11 0 0 0
2 May07 3 6 12 9 0 0 0
9 May07 0 6 0 6 0 0 0
16 May07 0 8 18 8 4 20 4
23 May07 6 2 24 8 6 8 29 14
30 May07 0 3 16 3 1 4 27 5
6 Jun07 5 13 23 18 7 7 34 14
13 Jun07 1 2] 3 4 2 6 10 8
20 Jun07 0 3 2 1 4 10 5
27 Jun07 1 1 1 2 2 2
P Julc};ﬁ; iunm) 34 215 277 249 65 207 560 272
Total 195 916 1,681 L1t 479 | 1,480 3,352 1,959
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5.0 ADULT EQUIVALENCY

As requested by the EPA 308 letter, this section presents the monthly and annual numbers of adult
equivalents for those fish species contributing to the upper 90% of the totals entrained (Table 5-1) and
impinged (Table 5-2) at Merrimack Station.

White sucker exhibited the highest number of adult equivalents entrained at Merrimack Station (both
Units combined) during 2006 (7,337 adult fish representing 55% of the total 2006 entrainment; Table
5-1), and larvae (PYSL) comprised all of white sucker entrainment. Unit 2 contributed 85% (6,253
adult fish) of white sucker adult equivalents entrained in 2006 at Merrimack Station. Members of the
carp and minnow family exhibited the second highest proportion (33%) and number (4,335 adult fish)
of adult equivalents entrained at Merrimack Station (both Units combined) during 2006 (Table 5-1).
The entrainment of larvae (YSL and PYSL) comprised all of the carp and minnow family entrained
during 2006, and Unit 2 contributing most (3,620 or 84%) to the combined entrainment at Merrimack
Station. The sunfish family exhibited the third highest proportion (12%) and number (1,604 adult
fish; Table 5-1) of adult equivalents entrained at Merrimack Station (both Units combined). Unit 1
entrained 62% of the sunfish family equivalent adults at Merrimack Station during 2006. Yellow
perch exhibited the fourth highest proportion (0.1%) and number (22 adult fish) of adult equivalents
entrained at Merrimack Station (both Units combined) during 2006 (Table 5-1); all were derived from
the PYSL lifestage, and all were entrained at Unit 2.

Similar to 2006, white sucker exhibited the highest proportion (74%) and number (9,707) of adult
equivalents entrained at Merrimack Station (both Units combined) during 2007 (Table 5-1). White
sucker equivalent adults were entrained equally between Units 1 (4,844 or 50%) and 2 (4,864 or 50%)
during 2007. Members of the carp and minnow family exhibited the second highest proportion (19%)
and number (2,525 adult fish) of adult equivalents entrained at Merrimack Station (both Units
combined) during 2007 (Table 5-1). Adult equivalents entrained for the carp and minnow family
include contributions from both the egg and larval lifestages, with the majority (59%) of adult
equivalents entrained at Unit 1 of Merrimack Station during 2007 (Table 5-1). The third highest
proportion (6%) and number (777 adult fish) of adult equivalents entrained at Merrimack Station
during 2007 was the sunfish family, with Unit 1 (50% and 389 adult fish) and Unit 2 (50% and 387
adult fish) contribuing equally to the combined adult equivalents entrained in that year (Table 5-1).
Yellow perch exhibited the fourth highest proportion (1%) and number (195 adult fish) of adult
equivalents entrained at Merrimack Station (both Units combined) during 2007, with 94% (184) of
the total adult equivalents entrained for yellow perch occuring at Unit 1 (Table 5-1).

Spottail shiner exhibited the highest proportion (55%) and number (436) of adult equivalents
impinged during the first year (late June 2005 through June 2006) of impingement at Merrimack
Station (both Units combined and based on monthly abundance estimates adjusted for collection
efficiency; Table 5-2). Impingement at Unit 1 accounted for 232 of the spottail shiner adult
equivalents impinged (53%) and impingement at Unit 2 accounted for 204 of the adult equivalents
impinged (47%) during the first year of impingement monitoring (Table 5-2). Young-of-year, Age
1+ and adult fish contributed to the adult equivalentsimpinged for spottail shiner during 2006.
Bluegill exhibited the second highest proportion (17%) number 138 adult fish) of adult equivalents
impinged at Merrimack Station during the first year, and most (69% or 95 adult fish) of the bluegill
were impinged at Unit 2 (Table 5-2). Bluegill from the young-of-year and Age 1+, Age 2+ and adult
age classes contributed to the adult equivalents impinged for 2006. Yellow perch exhibited the third

20885 Merrimack [E Final Report.doc 10/30/07 83 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

highest proportion (14%) and number (110 adult fish) of adult equivalents impinged at Merrimack
Station during 2006, with the majority of the adult equivalents impinged (97% or 107 adult fish)
occurring at Unit 1 (Table 5-2). A total of 103 adult equivalent pumpkinseed representing (13%) of
the total were impinged at Merrimack Station (both Units combined) during the first year, and 92%
(94 adult fish) were impinged at Unit 1. Largemouth bass and black crappie exhibited 10 or fewer
adult equivalents impinged at Merrimack Station (both Units combined) during the first sample year.

Bluegill were impinged in the highest proportion (57%) and abundance (135 adult fish) of adult
equivalent fish at Merrimack Station (both Units combined and based on monthly abundance
estimates adjusted for collection efficiency) during the second year (July 2006 through June 2007) of
impingement sampling (Table 5-2). The bluegill adult equivalents due to impingement at Merrimack
Station were represented by a comination of YOY, Age 1+, Age 2+ and older fish that had already
reached adulthood. Unit 2 exhibited the highest proportion (62%) and number (84 adult fish) of adult
equivalents from impingement compared to Unit 1 (51% and 48 adult fish) during the second year
(Table 5-2). Spottail shiner exhibited the second highest proportion (18%) and number (43 adult fish)
of adult equivalents impinged at Merrimack Station (both Units combined) during the second year
(Table 5-2). Young of year spottail shiners were the only age group which contributed to the
impingement losses for this species at Merrimack Station during the second year, and the majority
(72% or 31 adult fish) were impinged at Unit 2. The annual numbers of adult equivalents due to
impingement at Merrimack Station for yellow perch 13% or 31 adult fish), pumpkinseed (8% or 18
adult fish), and black crappie (0.4% or 1 adult fish) were all lower during the second year of sampling
than observed for these species during the first year (Table 5-2). One more adult equivalent
largemouth bass (10 adult fish) was impinged during the first year of the study than was during the
second year (9 adult fish).

Table 5-3 presents a comparision of the relative contribution of impingement and entrainment to the
adult equivalents at Merrimack Station for the two-year period of June 2005 through June 2007.
Monthly values of adult equivalents for impinged fish (Table 5-2) were summed for the entire two
year period to obtain the values presented in Table 5-3. To obtain the entrainment adult equivalents
presented for the comparable time period as impingement in Table 5-3, it was assumed that
entrainable eggs and larvae could be present in Hooksett Pool in any month from April through
September based on the life histories of the species present, and that ichthyoplankton would not be
found during the months of October through March. Weekly species-specific entrainment rates fron
the sampled weeks were applied to Station flows for the missing weeks from April through
September of each year to provide a set of entrainment adult equivalent losses for the comparable two
year period of impingement sampling (i.e., June 2005 through June 2007). Also, for comparative
purposes in Table 5-3, impinged fish species were pooled to represent the taxonom ic groups defined
by the entrainment data. Entrainment data for the family Cyprinidae is compared to the impingement
for spottail shiner and entrainment data for the family Centrarchidae is compared to the impingement
for bluegill, pumpkinseed and black crappie. These species were the dominant members of their
respective families present in Merrimack Station impingement catches. Adult equivalent values for
white sucker and yellow perch were available on a species level for both impingement and
entrainment.

Adult equivalent values at Merrimack Station were greater for entrainment than impingement for each
dominant species/family examined (Table 5-3) during the two year study (June 2005 through June
2007). Adult equivalent values for yellow perch were three times greater due to entrainment than
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impingement. Adult equivalent values for Cyprinidae and Centrarchidae were 23 and 11 times higher
due to entrainment than impingement. White sucker showed the greatest difference with adult
equivalent values due to entrainment 973 times greater than those values due to impingement.

5.1 Maximum Capacity Operation

The Unit 1 CWIS at Merrimack Station has two intake pumps, each with a design intake capacity of
29,500 gpm (65.73 cfs), resulting in a combined design intake capacity for both pumps at Unit 1 of
59,000 gpm (131.45 cfs). The Unit 2 CWIS also has two intake pumps, each with a design intake
capacity of 70,000 gpm (155.96 cfs), and a combined design intake capacity for both circulating
water pumps at Unit 2 of 140,000 gpm (311.92 cfs). When converted to millions of cubic meters
(MCM), the maximum daily capacity for Unit 1 was 0.32 MCM and for Unit 2 was 0.76 MCM.
Table 5-4 presents the predicted monthly impingement, with and without the correction for collection
efficiency for Units 1 and 2 of Merrimack Station using the maximum (design) flow for each Unit.
Had the Unit 1 and Unit 2 CWISs at Merrimack Station been operating at maximum (design) intake
flows continuously throughout the entire period of June 2005 through June 2007, an estimated 9,806
fish would have been impinged in this period (both Units combined), when adjusted for collection
efficiency (Table 5-4). The predicted number of 9,806 fish impinged if the plant CWISs operated at
design flows during the two year study at Merrimack Station compares to an estimated total
impingement of 8,007 fish based on the actual intake flows during the same period (Table 4-5),
representing an 18% reduction in impingement abundance. Based on the predicted annual
impingement abundance using design flows, Unit 1 could have impinged 2,139 fish in the first year
and 509 fish in the second year of the study (Table 5-4) compared to the actual impingement
abundance of 1,603 fish and 405 fish, respectively (Table 4-5). Based on the predicted annual
impingement abundance using design flows, Unit 2 could have impinged 6,016 fish in the first year
and 1,133 fish in the second year of the study (Table 5-4) compared to the actual impingement
abundance of 5,133 fish and 866 fish, respectively (Table 4-5). The actual operation flows observed
at Merrimack Station during that two year period resulted in a reduction in the number of impinged
fish at Unit 1 of 24.4% and at Unit 2 of 16.1%.

The predominant species of fish impinged (90% of total individuals) at Merrimack Station were black
crappie, bluegill, largemouth bass, pumpkinseed, spottail shiner and yellow perch, and the adult
equivalent values for these six species are presented for the two years of impingement sampling at
Merrimack Station based on design intake flows (Table 5-5). An adult equivalent of 331 bluegill
could have been impinged during the two years of sampling at Merrimack Station (both Units
combined) if Unit 1 and Unit 2 each operated at design intake flows on every day throughout the two
year period. Based on the predicted adult equivalent values for this theoretical maximum intake flow
scenario, bluegill would have had the greatest adult equivalents due to impingement during the
second year of sampling (165 fish), while spottail shiner would have had the greatest loss of adult
equivalents due to impingement during the first year of sampling (550 fish; Table 5-5). The predicted
number of 8,541 bluegill, spottail shiner, black crappie, largemouth bass, yellow perch and
pumpkinseed impinged if the plant CWISs operated at design flows during the two year study at
Merrimack Station (Table 5-5) is reduced to 1,305 adult equivalent fish lost for both Units combined
(Table 5-5). The predicted equivalent adult fish lost of 1,305 fish (Table 5-5) impinged if the plant
CWISs operated at design flows during the two year study at Merrimack Station compares to an
estimated adult equivalent value of 1,033 fish (bluegill, spottail shiner, black crappie, largemouth
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bass, yellow perch and pumpkinseed) based on the actual intake flows during the same period (Table
5-2), representing a 21% reduction in adult equivalent losses. Therefore, by operating at less than
design intake flows, Merrimack Station prevented the impingement losses of 270 adult fish from
Hooksett Pool over the two-year study period (Table 5-5).

Table 5-6 presents the predicted monthly entrainment abundance for Units 1 and 2 of Merrimack
Station based on the maximum (design) pumping capacity for each Unit applies continuously during
the entire sampling period. Had Merrimack Station been withdrawing cooling water continuously at
maximum capacity during the time period of 21 May 2006 through 10 September 2006, an estimated
3,194,874 larvae and 37,996 eggs would have been entrained (Table 5-6). Similarly, a total of
3,058,010 larvae and 22,492 eggs would have been entrained during the time period of 2 April 2007
through 25 June 2007 had Merrimack Station been operating at design intake flows (Table 5-6).
Entrainment abundance based on actual intake flows at both Units combined during the 2006 period
for Merrimack Station were a total of 2,786,283 larvae (Table 3-6) and 33,989 eggs (Table 3-8).
Entrainment abundance based on actual intake flows at both Units combined during the 2007 period
for Merrimack Station were a total of 2,449,268 larvae (Table 3-6) and 15,797 eggs (Table 3-8).
Compare to design intake flows, the entrainment abundance for the actual operating flows at
Merrimack Station (both Units combined) resulted in a reduction of potential entrainment abundance
for 2006 of 13%, and for the 2007 period a reduction of 20 %.

The predominant fish species entrained (90% of total individuals) at Merrimack Station were white
sucker, family Centrarchidae, family Cyprinidae, and yellow perch (Table 3-3). The annual total
entrainment abundance and adult equivalence losses for these two species and two families are
presented for the two years of entrainment sampling at Merrimack Station based on design intake
flows (Table 5-7). Assuming that Merrimack Station was operating at maximum intake flows during
the 2006 entrainment season, an adult equivalent of 4,850 cyprinids, 2,264 centrarchids (bluegill and
pumpkinseed), 8,354 white sucker and 23 yellow perch would have been lost from Hooksett Pool due
to entrainment at Units 1 and 2 combined (Table 5-7). The actual CWIS flows for Merrimack Station
during the period of 21 May 2006 through 10 September 2006 reduced the loss of adult equivalents
(from maximum capacity numbers) due to entrainment by 10.6% for cyprinids, 29.2% for
centrarchids, 12.2% for white sucker, and 4.3% for yellow perch. Assuming that Merrimack Station
was operating at maximum capacity during the 2007 entrainment season, an adult equivalent of 2,967
cyprinids, 1,198 centrarchids (bluegill and pumpkinseed), 11,774 white sucker and 238 yellow perch
would have been lost from Hooksett Pool due to entrainment at Units 1 and 2 combined (Table 5-7).
The actual CWIS flows for Merrimack Station during the period of 2 April 2007 through 25 June
2007 reduced the loss of adult equivalents (from maximum capacity numbers) by 14.9% for
cyprinids, 35.1% for centrarchids, 17.6% for white sucker, and 18.1% for yellow perch.

20885 Merrimack [E Final Report doc 10/30/07 86 Normandeau Associates, Inc.



2005-2007 Merrimack Station Entrainment and Impingement Studies

e

(ponunuod)

081 rL'e0b |0 0 081 rL'e0r |11 8PR'PT 11 8Y8'PT 0 0 18101,

0 0 0 0 0 0 0 0 0 0 0 0 1PIO/AOA

081 wL'e0r |0 0 081 Thi'60F |11 8r8FT 11 88T 0 0 JeAseT]

0 0 0 0 0 0 0 0 0 0 0 0 §887| uosad mojax
8PI'I 095°181  |6LT 9Z1'bh 698 PEF'LEL | ZIBE'Y 098'769 | T8€'V 098°769 |0 0 w01,

0 0 0 0 0 0 0 0 0 0 0 0 1PIO/AOA

syl 095181 |6LT 9ZI'b¥ 698 vEV'LET  |T8EY 098°769 | T8Et 098°269 |0 0 seAe

0 0 0 0 0 0 0 0 0 0 0 0 s38g| Jovjons anym
6 Wi 6 e 0 0 41! ELLYT 0L ELL'PT 0 0 [Bog,

0 0 0 0 0 0 0 0 0 0 0 0 19P10/AOA

6 4444 6 W' 0 0 701 ELLFT 0L ELLYT 0 0 agAre]

0 0 0 0 0 0 0 0 0 0 0 0 s33g | Ajwey ysyung
¥8 8LP'61 ¥8 8LP61 0 0 0 0 0 0 0 0 jBlo],

0 0 0 0 0 0 0 0 0 0 0 0 1PIO/AOA

¥8 8LY 61 v8 8L'61 0 0 0 0 0 0 0 0 9BAIET | ey mouuiw
0 0 0 0 0 0 0 0 0 0 0 0 s389 pue dre)| Avpy
0 0 0 0 0 0 o],

0 0 0 0 0 0 1PIO/AOA

0 0 0 0 0 0 SBAIRT

0 0 0 0 0 0 $383| yosad MO[JaA
I I¥9'L1 zI P9°LT 0 0 [w0]

0 0 0 0 0 0 19PIO/AOA |-

AT 1#9°L1 zil 1¥9°L1 0 0 JBAlRT]

0 0 0 0 0 0 389 | Jo3ons auYm
LI £80°ZF pLL £80°TH 0 0 810,

0 0 0 0 0 0 19P1I0/AQA

pLI £80°CY PLI £80°TY 0 0 seAse]

0 0 0 0 0 0 $387 | Apurej ysyung
0 0 0 0 0 0 B0

0 0 0 0 0 0 PPO/AOA

0 0 0 0 0 0 SBAIRT | KRy mouuTw
0 0 0 0 0 0 339 pue dre)| pdy

Newpsy | Newysy | Avwnsy | Newnsy | yevmysy | Aewnsy | Avwnsy | aswnsyg | Aewpnsy | Newpsy | Nvwysy | vwnsy g sapadg Uuogy

3| juaw Julj Ju3m TET] Juaw Judp Judin ITET] judm 1G] U
-gamby | -menuy | -samby -menuy | -eamby -urenyuy | -eamby | -mesuy | -vamby -menuy | -wamby | -uenug
npy enuuy nnpy [enuuy NPy [enuny nnpy jenuuy nnpy [enuuy Nnpy [enuuy
zaun [RIIT T hup) [ yupy
paulquo)) spu() yog nup) paulquio)) sjiug) yrog )
LOOT 900T
*(uayel sem sjduwmes

OU SUBIU I[QE) SIY) Ul [[39 YUB[ € :930N) *L00Z duUne Y3noay) 9gQz A\ U] pue dudk ‘sa103ds Aq palios (son[eA [enuue pue

AJqjuou) Hone)S YIRWLLIIJA] }B POUlRI}ud [Ssiy JO J3quinu jusjeainba jnpe Surpuodsaiiod o) pue duUBPUNGE JUdWUIRNUY  “[-§ QB[

87 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(penunuod)

0 0 0 0 0 0 [T
0 0 0 0 0 0 13pIO/AOA
0 0 0 0 0 0 aBAIET]
0 0 0 0 0 0 $884| yosad mojjox
95T EELYT 951 £ELYT 0 0 w0,
0 0 0 0 0 0 IPIO/AOA
951 £ELVT 961 £ELVT 0 0 JeAIE]
0 0 0 0 0 0 S859| 1oyans ayMm
199 8LI09T [0 0 199 8LI'091 Bog,
0 0 0 0 0 0 IPIO/AOA
199 8LI09T |0 0 199 8L1°091 dBAIET]
0 0 0 0 0 0 s884 | K|y ysyung
wr SEOTOL | LOY LOLYT 9¢e 898°LL |,
0 0 0 0 0 0 I3PIO/AOA
(444 SE9°T01 L01 LILYT 9¢€ 898°LL QBAIRT | {jrurey mouunu
0 0 0 0 0 0 339 puedie)| Amp
€1 800°PE 11 600°ST 4 6668 A £T8'PT I £78'PT 0 0 18I0 L
0 0 0 0 0 0 0 0 0 0 0 0 BPIO/AOA
Sl 800°F€ 1 600°ST ¥ 6668 1 £28°vT 11 £T8FT 0 0 aeAIET]
0 0 0 0 0 0 0 0 0 0 0 0 s88g| yosad mojjpA
8rY's 0IF'YS6  |ELY'P FI'BIF | PLG'E 69T9ES  [B6L'T rrr'TEy | SIL'T TTI°ILT | #8O°T £ECTLI eo],
819°C 789°C¢ $86°1 €8LPT ££9 668°L 0 0 0 0 0 0 1PI0/AOA
0£8'S 8TLIT6  |88F'T 6SE°E6E | THEE 0LE°8TS  |86LT Py TRy |SILL L | 180°1 £ELTILL QBAIE]
0 0 0 0 0 0 0 0 0 0 0 0 S35 | 1oyons anym
b6S T68°€kl | S0T 995"6¥ 68€ STE'6 £08 £0S'P61 | OIS SEP'EIT | €67 890°1L €10,
0 0 0 0 0 0 (] 0 0 0 0 0 1PIO/AOA
r6S 68°ERl  |S0T 99561 68€ STEY6 £08 €0S'p61  |01S SEFETl | €6 890°1L SBAIRT] _
0 0 0 0 0 0 0 0 0 0 0 0 839 | Ajnuej ysyung
1P PST'ELS | LS6 816'1TT | P8Y'L SETISE | £s8'€ SKG'E68 | €IS'E IP0's18  |0pE F06'8L [T
0 0 0 0 0 0 0 0 0 0 0 0 PIO/AOA
9EH'T SST'69S LS 8161 |08l LEEERE | €S8 SHE'E68  |EISE I+0°S18 | 0F€ $06°8L SBAIET | ey mouu
¥ 668°L 0 0 ¥ 668°L 0 0 0 0 0 0 5339 pue dipy| aunp
ANewnsy | Newysy | Newnsy | NewnNsy | AvWHsY | NPWHSH | NEWHST | NBWHSY | AVWNSY | NBWNHSH | NBWHSH | AJBWNST agelg sanadg PUopy
FLTET] Judum JuIf JuIm FLET] FUETI FLIET| judm JuI| juaum JLIET] juaw
-gamby | -menuyg | -wamby -urenuy | -sammbyy -ueapuy -eamby | -urenyuyg | -eambyg | -wenuy | -samby | -wenuyg
nnpy [enuny Nnpy |enuuy npy [enuuy NPV [enuny unpy [enuuy }npy [enuuy
znup I yup Taup I 31u)
paulquio]) sy} og nup) pauquwo) sy yog nup
LO0T 9002

(ponunuo)) *1-¢ 3qeL

88 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



es

i

Entrainment and Impingement Stud

e

on

k Stat

rrirmac

2005-2007 Me

(panunuoo)

w0,

1BPIOYAOA

aeAIRT]

s889

yosad moj[a A

1E}O ],

13PIO/AOA

SBAIRT

$3849

12aNS NYM

180,

12PIO/AOA

aeAIR]

s859

Ajuwey ysyung

18I0,

12PIO/AOA

2BAIRT

s839

Aiweg
Mmouuiu
pue dre)

SRquydag

B0 ],

12PIO/AOA

2BAIRT]

s889

p1ad Mmo[[a A

1E}0,

JPIO/AOA

ABAID]

IR E I LI A A A A R e e

o|lo|lo|m|o|o|e| e

(=1 =1 E=HE—] =] =] L= ]

5399

13YONS ANYA

£

120°6

-
Lar]

120°6

180,

ol=|olojlo|laic|lojoc|s|s|e|e|e|s|ls|e = ee R ==2 e

0

=]

0

HPIOJAOA

™~
[an]

1706

-
e

120°6

2BAIRT]

]

0

=

0

s889

ey ysyung

=)
-~

‘s

=l
far

wi'e

[El0L,

=

0

=

0

1RPIOJAOA

o
o

Ti'e

(=)
o

16

BAIRT

0

0

R EEERE R R EE L LRI R A R e e
FEIE R R EE I E L L A L R R R e e e e e

0

0

s859

Ajruuy
MOULTIUE
pue die)

sndny

JPEWOSH
jJu3)
-eambyy
nnpv

NRWYST
JuIw
-y
[Bnuny

ABWNSH
Ju|
-gamby
nnpy

ppwnsy
Juaw
-ureauy
[enuuy

ABWNST

-gainby

AeWnSH
juaw
-urRug
[enuny

Aewnsg

FLIE] |

-eamby
npy

Jeunsy
Juaw
=ul Buy
[enuuy

Newnsy
{LE]]
-eamnbyg
nnpy

Aewsy
U
-ulenuyg
Jenuuy

AewNsy
|
-gamby
Hnpy

aBunsy
JuIm

BN |

[enuny

pauiquio) syuf) yog

T

13U

nun

pauiquoy) spup) yrog

L

1 3tup)

upy

LOOT

9007

EE1HTS

sanadg

T

(ponunuo)) °1-S dqeL

89 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

S6l osL'sry |11 600°ST #81 IPL'81F  |TT 1L9°6¥ i 1L9'6¥ 0 0 [Bl0L
0 0 0 0 0 0 0 0 0 0 0 0 19pPI0/AOA
S61 osL'ery |11 600°6T P81 IPL81F  |TT 1L9°6% w 1L9°6Y 0 0 aBAIRT]
0 0 0 0 0 0 0 0 0 0 0 0 s887| yosad mojjoA
LOLG TI9€SIT | P98'Y 806'6LF | P8P £OL'ELY  |LEE'L 9E00911 | £ST9 £0L'886  |PBO'T €EE'ILI oL
819°C 789°T¢E $86°1 E8LFT ££9 668°L 0 0 0 0 0 0 JPIO/AOA
680°L 6T60TIL  |8L8'T sTI'SSy | 11T v08°'699  |LEEL 9€00911 |€5T9 £0L°886 | 801 EEETILI sAIR]
0 0 0 0 0 0 0 0 0 0 0 0 S8 |  19yons AYM
LLL L60'S8T | L8E TLL'EG 68€ SIE'P6 F09°1 9LV'S88E  |TI9 B0T'BFI | 766 89705 [®0L
0 0 0 0 0 0 0 0 0 0 0 0 13pI0/AOA
LLL L60°881 | L8E TLL'E6 68¢ STEY6 #09°1 9Lt'98E  |TI9 8078Vl | T66 89T 0FT JeAIET]
0 0 0 0 0 0 0 0 0 0 0 0 s884 | AJiwej ysyung
STS'T I€9°T68 | 0F0°1L 96E° IV | P8FL SET'ISE  |SEEY TTLSO0L | 0T9°E 808°6£8  |SIL P16°S91 ®oL,
0 0 0 0 0 0 0 0 0 0 0 0 JPIO/AOA
0Z8'C CELP8S | OFO°I 96E°TFT | 08F'1 LEC'EFE  |SEEY TTLSO0T  |0T9'E 808'6£8  |SIL F16'691 ABAJE | £ruey mouur
¥ 668°L 0 0 4 668°L 0 0 0 0 0 0 s389 pue diep| ®I0L
NrWNSE | NRWNST | NRWYST | VRWNST | NRWNSH | NBWHSY | NBWRSY | ABWYSY | NBWNST | AVWHST | NEWHST | Newysy ade)g saadg uogy
3 STTETIT JLIET] SLIETH] Jua| JuIEm 3 FLUETH] FLIET] Juam 3 Juaum
-eamby | -menuy | -eamby | -menug | -vambg -meayuy | -eamby | -uenuy | -eamby | -uwenuy | -eamby | -ueaug
nnpy [enuuy NNpY [enuuy npy [enuuy Inpy [enuuy Inpy [enuuy Jnpy jenuuy
g [ g T [ aun
paulquio) s)iufy yrog mun pauiquio)) spup) yrog nun
L00T 9007

(panunuo)) ‘1-s3qeL

NORMANDEAU ASSOCIATES, INC.

90

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



es

i

k Station Entrainment and Impingement Stud

rrimac

2005-2007 Me

(ponunuod)

0 0 0 0 0 0 [ejo ]
0 0 0 0 0 0 Hopy
0 0 0 0 0 0 +] 98y
0 0 0 0 0 0 AOA paasunyduing
0 0 0 0 0 (1} [elo L
0 0 0 0 0 0 Hnpy
0 0 0 0 0 0 +€ 93y
0 0 0 0 0 0 +7 98y
0 0 0 0 0 0 +[ 98y
0 0 0 0 0 0 AOA [alad MO A
0 0 0 0 0 0 |ejo ],
0 0 0 ) 0 0 0 nnpy
0 0 0 0 0 0 +€ 98y
0 0 0 0 0 0 +g 98y
0 0 0 0 0 0 +] 98y
0 0 0 0 0 0 AOA sseq (ynowodre
0 0 0 0 0 0 8301,
0 0 0 0 0 0 Hnpy
0 0 0 0 0 0 +[ 93y
0 0 0 0 0 0 KOA arddero oerg
0 0 0 1] 0 0 1810,
0 0 0 0 0 0 nnpy
0 0 0 0 0 0 +[ 98y
0 0 0 0 0 0 AOA Jounys [repods
I= € > € 0 0 [BI0 L,
0 0 0 0 0 0 ynpy
0 0 0 0 0 0 +z 28y
0 0 0 0 0 0 +| 98y
> € 1> £ 0 0 AOA [mdenig So-ung
EYCITT T | aeuwnsy ajewsy ewsy BWSH ewsy a8u1g sapdadg puoy
juapeamnby yusmrdduduy juajeainby yuswadurdury yudfsainby juawadurdurg
Jnpy [enuuy npy |enuuy NPy [enuuy
Tnun [ g
paurquio) spun yog nun
‘(uayje) sem dydues
ou SuBIW I[qv} SIY) Ul [[30 Jue[q & :930N) "L00T dung g8noay) ooz sunp ‘yru) pue Jeaf ‘sardads Ag pajios (sanfeA [enaue pue
Ajqppuow) uope)S YILWLLISTA 18 padurduy ysiy Jo Joquinu yuapeamba ynpe suipuodsariod ) pue duEpUNqE joowdduidwry  *Z-S dqEL

NORMANDEAU ASSOCIATES, INC.

91

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

—

(panunuoo)

0

(L2 UAR

Hnnpy

+1 93y

AOA

paasupjduing

{810,

Hnpy

+£ 98y

+z 93y

oclolo|oc|e|le|e| e

[=1E=2k=0 =K1 {=} =0 =4k ]

+1 93y

v

v

AOA

U1 MOJ[2A

(=]

LU

=]

npy

=]

+¢€ 28y

=]

+7 98y

—|lo|o|o| e

v

%

+] 33y

AOA

sseq ynowagie|

[L2UA R

Hnpy

=3 E=2N—1 E=N k-0 §=1 k=0 F=H ] §= 4 o} o o) Fo ] el Ry =) K d

(=3 E=E—1 E=NF- N E=1 k=1 F=0 N} k=) f=7] E=} fo J- H_] R i L= )

+] 98y

o0
o

=)
—

AOA

arddero yoelg

=]

=

w10

=

=

+] 98y

[ E=RN—1 Ro' § f=0R=0E—] k=]

o0
ol

=B R N = L) Rl = ==}

=)

AOA

Joutys [renodsg

>

-
-

v

-
Lag]

=

w01

0

=1

=

=

=] R =1 =1 E=0 =1 E=T E= F— =Y E=RE—1 £ k=] =0 k=0 E=0—1 E=0 L= =] k=)

NPy

0

=

=}

=

(=]

+7 28y

0

0

=}

0

=]

+[ 28y

[>

1y

[

§3

(=2

e === Y Y = = = - = = =A== - E=A R =a =0 =] = R ] Rl =) Rl

AOA

ndanig

so-inp

apwnsy
juajeanby
nnpy

RewnsH
jusmraBurdwy
[enuuy

ArwnSH
juajeamby
npy

Jeusy
Juawadurduy
|enuuy

Neulsy
juajeainbyg
Hnpy

I)BWNSH
Juawasuidu
jenuuy

aselSg

sanadg

YIuoA

pauIquIo) sy yog

Znun

I jup)

nun

(ponunuo)) ‘z-¢9qe],

NORMANDEAU ASSOCIATES, INC.

92

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(ponunuod)

ejoL

Nnpy

+1 98Y

AOA

passunyduing

(LAUAR

Hnpy

+¢ 98y

+7 3By

+1 98y

AOA

ya1a MOJ[3A

830

NPy

+¢€ 23y

+¢ 9By

+1 93y

AOA

sseq ynowagie]

(L2

Npy

+] 98y

AOA

arddeso yoerg

fejo L

Hnpy

+] 28y

oclojloic|oc|o|oe|oIo|co|o|oe|oc|c|e|oie|e | e|e| e

AOA

Jauys [repodg

I

EN = = = = = = A = = = = = A B = E=a R = = =R R A= R

—

16101

!

Hnpy

+g 98y

+] 98y

OOO\OECOOOODDOOOODDOOOOQOODOOQ

= =1 = =1 = = = = A == = = == == =i = == =R = D= e = =R =

DD D
—

=== = = = = ) A = R k= = =R = R =R Y R =2 E =R R = A=A E=A R E=R = E= R

I = =1 = = = =) =R R = =0 T E=A L= k=2 =R k=1 k] =R =R k=] k= k=14 k] E=R L] A=g

AOA

néanig

S0-8ny

ArwWnsSH
yudjeainby
nnpy

Jjewnsy
Juawadurduy
|enuuy

ESCITTREG |
juajeainby
Hnpy

ewnsy
yuamaduiduy

[enuuy

eun)sy
yudjeainby
Nnpv

Jjewnsy
Juawdduiduy
[enuuy

adwig

sapadg

Puoy

pauiquio)) syu() yjog

zaun

1 3up)

nup

(panunuo)) ‘z-§AqeL

NORMANDEAU ASSOCIATES, INC.

93

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



es

i

t Stud

t and Impingemen

inmen

jon Entrai

k Stat

rrimac

2005-2007 Me

(panunuos)

0

€101

Hnnpy

+] 23y

AOA

passurydwing

w30

nnpy

+¢ 98y

+C 98y

+] 98y

AOA

Y219 MO[[QA

1810

Hnpy

+€ 28y

+7 93y

+] 98y

(=1 R==j feel el foo ) f ) Heoll fe ol =R E =R R0 =0 R L)

(=) R} o] fol i §—) Rl fol fal fo ol f—) Fo) fo ) fo B E—]

o|Cc|o|o|o|e|o|o|o|o |0 || |o|e

C|o|o|o|o|e|c|o|o|o oo | oo e

oo |o|o|e ||| |Io|e|Io|o o

ACA

$sBQ Ynowagie|

-
V'

-
v

w
Lo

ot
v

1ej0,

=

=

Hnpy

=

+] 28y

Wy
o

AOA

ardders youg

=

€101

=

npy

=

+1 98y

0

=

AOA

Jaunys [renodg

Pl

14!

iwoy

14!

Pl

Hnpy

0

0

+7 98y

0

0

oo |cv|c|o|ee|v|Ioc|o|v|o|eo|o|o||eeoe|o|e|e| oo e

+] 23y

1>

0

>

K=

AOA

[118onig

50-deg

Aewnsy
jusjeamnby
Hnpy

Newnsyg
juawaduidwy
[enuuy

Nuwsy
juajeamnby
Hnpy

ewnsy
yuawaduiduy
jenuuy

ewnsy
juajeainby
unpy

apewsy
yuawddurdury
[enuuy

EFLaTS

saradg

Huoy

paulquio)) spun yog

)

13

yur)

(panupuo)) -7-sdqe],

94 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuod)

IS

-
o

b

=
=

€10,

o0
=t

o0
=+

el
=+

Inpy

+[ 98V

AOA

paasunjdwng

8oL

Hnpy

+£ 98y

+7 98y

+] 98y

=1 E=RE=dE=RR=RE=0 bl A=0 =

(=] Rl fae ) faly lanly N =1 Kol F ol

AOA

UoIad MO[[B A

[ g
k=]

=
—

[CILN

=

=]

Hnpy

(=1

<

+¢ 23y

=

=]

+7 98y

(=}

+] 28y

i E=A k=R =0 =001 ] k=N F-=} k=3 =] =l F—} [ o § =il Qo |

—|o|lo|lo|o|~c|o|c|c |||~

E

AOA

sseq ynowagie ]

-
v

-
v

~
(|

€101,

=

=

Nnpy

+1 98y

AOA

arddern xoelg

w30,

ole|l~locle=~|T|Cc|o|o|C|F|C ||| | |S|n]|—

PV
+] 98y

oo

clolc|e|n|o|e
(o]

AOA

Jouiys [repodg

ot}
-

gL

=]

Nnnpy

[l

(=]

+7 28y

0

=

+1 28y

1=

¥

=2

I

1>

£l

AOA

[denig:

S0-1P0

ewsH
yuajeainby
nnpy

NBWNSH
yudwaguidwy
[enuuy

ewnsy
juajeamnby
Hnpy

jewiysy
Juawaguiduwy
jenuuy

Aewsy
juajeanbyg
Hnpyv

Aewsy
JuawdBuidury
jenuuy

=
ERTSTS

saadg

PUOfy

nun

130

paurquio) syur) yog

ynupn

(panupuo)) 7-5 AL

NORMANDEAU ASSOCIATES, INC.

95

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuoo)

01

sl

(=
—

1

1ejo,

npy

+1 23y

AOA

paasupjdung

1830,

Hnpy

+€ 28y

+7 23V

+] 93y

fen]) Ren B lanyflan ) lan ) —J) Lol o b el —)

QoM o|m| e |o|m|ee

AOA

ya19d MOJ[2 &

=]
uy

-
\

[eso,

=

=

npy

=

=

+€ 28y

=

=1

+7 98y

oo

+1 98y

M=o |omoomn|o|m|e|lo|m| e

WMDDDQOOH‘DMI“-OMW
wy - —

N=|oo|omMmo|o oo |lo|se|le

(=)
-+

AOA

sseq ynowagie|

v

—
v

o]
L=l

1610,

=1

=

=

Hnpy

=

=

=

+] 93y

v

3]
o

AOA

arddess yoerg

(o]

1830,

<

nnpy

=]

+[ 08y

AOA

Jourys [renodg

>

w0

0

Hnpy

0

+7 98y

0

Siloc|@®|n oo

+] 98y

4!

=

=l

AOA

ndanig

SQ-AON

Aewnsy
Jju3jeAInby
nnpy

ajewysy
yuswaBuidurg
enuuy

eunsy
juajeamnbsy
Inpy

ajewnsy
Juswadurduy
[enuuy

ewrsy
juajeammby
nnpy

aewsy
juawddurduy
[enuuy

EETETY

saadg

Yoy

pauIquio) sy yiog

cuun

[ up)

nupn

(ponunuo)) *z-¢ s[qey,

96 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuoo)

4!

Ll

4!

Ll

101,

6

(=]

npy

£

=)}

+] 88y

=]

ACA

paasunjdung

-
-

611

(=]
-
-

€10,

(=]
o4

=]
ol

=]
ol

npy

=

+€ 23y

=
>

-
°0

+7 93y

=

+1 93y

=

DIow|o|Io|@| oo | D=

AOA

yoaod MOJ[2A

b=l
_—

=]

B30,

nnpy

+¢€ 28y

+7 28y

—IO D || .o (DO

— | S|o|lo=|S (SN |ICSIN|O | O |T |

+1 23y

—
v

AOA

SSBQ Inowagie|

v

[vI0L

(=]

nnpy

=]

+] 28y

v

W oo OO | o

W o o|w|w || ololo

(=N R0 E==} .-} [} -} fo ] Lo o —] fenl Lo}

(=R R=JK=RE—] E=14 E=-} f] R ] B §—J o= g o]

AOA

aidders yoepg

89T

$8T

8LI

€81

w30,

61T

6T

SL1

Wy
-~

npy

L

8

0

(=]

+] 28y

Cl

6¢

L4

>

AOA

Jourys [renodg

(4%

e

(43

=
L]

[e10],

6

6

6

=)}

nnpy

£T

§C

£C

Wy
ol

+7 23y

0

0

S|o|o|@|onr-

0

=

+1 98y

0

0

0

0

0

AOA

[n8anig

S0-22d

d)BWIISH
juajeamby
nnpy

ewnsy
yudwdgurd wiy
[enuuy

sy
juajeainby
npy

Jewsy
juswBuiduy
[enuuy

AeWSH
juajeamnby
Hnpy

NewWSH
JuawdBurdurg
[enuuy

agelg

sanadg

Ypuoy

pauIquio)) syup yiog

nun)

I nun

)

(penupuo)) ‘-5 dqEL

NORMANDEAU ASSOCIATES, INC.

9/

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(ponunuos)

0

810,

Hnpy

+1 98y

=
oc|o|o|e

AOA

paasunydwng

I~
(o]
Lar]

-

€10 L

HNpY

oD
—

+¢ 23y

=]
—

+7 23y

+] 28y

AOA

U213 MO[[O A

[T

Hnpy

+¢ 28y

+g 98y

+1 93y

AOA

sseq yinowade|

#10L

Hnpy

+] 98y

S|Ioio|Is|Io|o|o|e|lo|e|o|omn~ o= IS |2

olc|o|e|Io|co|o o |o|e|e D

oclo|o|@|o|o|Io|Io|o|e|c|Io|c|o|Io|e|e|c|e|e

oio|loc|lo|lo|lo|loc|io|o|e|Ic|lc|lc|o|o|s|e|lc|e e

clolo|le|Io|lo|o|lc|e|e(m oMo =o | o | T2

Ccloo|e|o(e|co|o|o|o|o

AOA

aidders youg

-+
—

(o)
far]

18301,

=}

o

npy

=1

=

+] 28Y

AOA

Jaumys [renodsg

®I0L

nnpy

+7 93y

oc|o|o|S

oo e

+] 93y

0

0

AOA

[118onig

90-uer

sguunsy
juajeainby
Hnpy

Jewisy
yuswaBurdurg
[enuuy

apewsy
juadjeainby
nnpy

ewnsy
juawdupduy
Jenuuy

a)BuwISH
juajeAainby
nnpyv

2)BUINST
udwadurdwy
[enuuy

a8e1g

sapadg

YU

paulquioy) syun ylog

g

1 un

nup

(panunuo)) ‘z-s3Aqe]

NORMANDEAU ASSOCIATES, INC.

98

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(penunuoo)

0

1ejo ],

nnpy

+] 23y

oo|lo|e

oo |e|e

AOA

paosupydung

L'g]
=

w
=

1630,

Hnpy

+¢ 28y

+7 98V

+] 98y

AOA

U013 MOJ[B A

€30,

Hnpy

+€ 98y

+7 98y

+1 93y

AOA

sseq ymowage|

1m0,

Hnpy

+[ 98V

olo|lo|e|o|o|o|o(o|@|oo|mon]|o|o|C

olocio|s|lolo|c|c|o|@|o|O|w| (x| o

olo|lo|lo|lolc|c|lcio|o|o|o|c|Ic|c|o|o|o|@|@®

o|lo|lo|le|lo|o|o|c|lo|o|o|Io|o|e|o|e|Io o2 e

AOA

aiddess yoejg

LA R

Hnpy

+] 93y

ACA

Jounys [repodg

o,

npy

+ 2By

+[ 98y

olo|lcloc|e|locjo|lole|e|lo|o|le|o|lc|o|o|o|@|o|oam|eo|n|o|c|o|@

o|lo|lo|o|o|lo|o|o|o|c|o|D|e|C|c ||| |S|o|T|x|wW (O

AOA

[idanig

90-q434

Ijewnsy
Juajeainbgy
Hnpy

ewnsy
juawagurd wy
[enuuy

IBWNST
juajeainby
nnpy

WSy
yuawdduduy
jenuuy

ajewi)sy
juajeanby
nnpy

ANBWSH
yuawadurdwy
|enuuy

ade1g

sapadg

Yo

pauiqwo) syup) yiog

ZITT

I nun

nun)

(ponupuo)) 'z-s dqe]L,

NORMANDEAU ASSOCIATES, INC.

99

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(penunuoos)’

I

&30,

Inpy

+] 98y

AOA

paasupydwng

w01

Inpy

+¢ 23y

+7 98y

+] 23y

AOA

YoIad MO[[2 A

€30

Nnpy

+€ 23y

47 28y

+] 23y

AOA

sseq yinowadie |

18100,

npy

+1 23y

cio|lo|e|oc|lc|e|oe|o|mn| T o

o|oclole|o|oo|lo|o| |2

o|lo|o|@|o|lolo|io|o ||| oioio e es oo e

olo|o|o|lo|o|o|o|o || oo|Io|Io|e|e|o|o e

AOA

arddeso yoejg

ol
—

-l
o~

=~
—

o0
o

[e30],

=

=

<

<=

Nnpy

=1

=

=]

=]

+] 98y

o~
—

o0
ol

OOOQODDQDOOOOOCM'd'OME’—'DO—'

(=R =] F=R ] E=0 K] E= k] f=j K= f<] K] fa) f— o)

AOA

Jaupys jrenodg

v

[t
]

-
v

L)
Lt

®10L

=

=]

=}

=]

Hnpy

=

=]

=

=]

+2 98V

0

=]

c|Io|e | @

S| oo e

=

=]

+1 98y

=

€€

0

0

1>

£t

AOA

[18ang

90-1EN

ewnsy
juajealnby
Inpy

ajewnsH
jusuadurdy
[enuuy

AewISHY
juajeainby
Hnpy

Newnsy
JuawdBurdug
[enuuy

ewnsy
juajeainby
Hnpy

JBWSH
juamaduiduny
jenuuy

aselg

sa1adg

JJuop

paulquio) syup) yiog

7 nup

I 3uq)

nup

(penupuo)) ‘7-s dqeEL

100 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



—

2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuoo)

0

180,

Hnpy

+] 98y

AOA

paasunyduing

[€301,

Nnpy

+¢ 08y

+g 28y

+[ 98y

S ioclo|c|co|e|e|e|e

olooc|c|Io|e|lc|lc|o| e

AOA

Yoo MO[[3 A

e
\'

v

feloL

=

=

nnpy

=1

=

+€ 93y

=

=

+7 93y

+1 98y

o|lo|lo|oc|lo|o|c|io|c|o|c|e|lo oo e

AOA

sseq ynowade|

-
v

1ej0L,

=1

Nnpy

(=1

+] 28y

[l k=R R0 o f=13 b J k=) k=0 k=T § f=-] f=3 L) k=l f= § <) f= ) f =) R =R

v

= | oo o |c|Io|oe|Ie ||| |o| e

AOA

aidders yoeg

=]
—

=]
—

w0,

=

=1

=

=]

npy

+1 98y

o
—

°

AOA

1aumys renodg

wy
-

1810

Wy
—

nnpy

=]

+7 98y

=]

D|o|lo|s|~ o S|

S| oo e

+] 28y

0

OOOV‘aﬂOODQﬂ'OOWOﬂ'ODOVDDOOOQOQDO

=

0

AOA

[118anig

Lo-uep

ajBuINSH
juajeanby
Hnpy

apewnsy
jusuraguid g
[enuuy

ABUINSH
juajeainbqy
Hnpy

gewnsy
JuawaBuidury
lenuuy

gewnsy
juajeamby
Nnpy

NBWNSH
yuamaSuiduy
[enuuy

EETET

sapadg

Puo

pauiquio) syuf) yjog

cun

I 3upn

nun

(panunuo)) ‘z-gdqe],

111 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuos)

0

[L2UA R

Hnpy

+] 98y

AOA

paosupydwng

1e10L

Hnpy

+€ 23y

+ 98y

+1 98y

(== == =l e e = Kae el Rl =4

c|o|o|o|o|e|o|c| e e

(=] f=-i fou) fool fon ) K Kool fonl) Bl ]

AOA

YoIad MO[[B A

=]
~

s
-

-
-

1830,

=

Hnpy

=]

+€ 98y

=]

+7 93y

=]

+] 28y

=
[}

AOA

sseq Unowagie |

830,

Hnpy

+] 98y

AOA

arddero youlg

[ej0],

INpy

+[ 98y

ACA

Jautys jrenodg

1e10],

Hnpy

+7 98y

olo|lo|@|—locleo=|lo|lolo|s|— oo ||| =|c|oo|o oo ||

oo N Do NS |D|o | S

QCOOOOIOQOODO—'ODDD—!DOOOOQOQQO

fa=j ==} == L) el R R R bR R = R =R = R gl = ) ey )

o|lo|o|le|—|oo~|S|o|o|e|— S o oo m|o|o | |C|Ie|Ie|e|Ie|e | e

C|lo|eIn|o|eon|o | ool |Io|o|e| e

+1 08y

=

=

=

=}

=

<

AOA

[[18anig

L0924

ewnsy
juajeainby
nnpy

sewsy
jusmwaduidwy
jenuuy

apBWnSH
juajeainby
unpy

ABwnsy
juawodudury
[enuuy

ABWSY
juajeamnby
unpy

jew)sy
JuawdBupdwg
jenuuy

RS

saadg

U0y

pauiqwio) syuf) yrog

zun

Inun

nupn

(ponunuo)) ‘z-s3yqef,

NORMANDEAU ASSOCIATES, INC.

112

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(penurjuoo)

0

[eloL

npy

+[ 08y

AOA

paasurydung

[N

nnpy

+€ 93y

+7 23y

+] 28y

oclioc|io|o|o|s|e|e| e

(= =l ] fool f ] Ko faug Rl —)

(=3 E=l Fae} ool ol N} el e el

AOA

Yo13d MO[[2X

—
v

-
W

—
v

&0,

=

=}

npy

=

=]

+¢ 98y

=

=

+7 98y

=

=

+1 28y

%

Ll b= k=2 k=2 k=]

v

v

AOA

sseq yInowagie|

€10

NPy

+] 98y

AOA

arddess youg

&0,

Hnpy

+] 98y

olo|o|e|lc|o|o|e

oo |o|e|leo|o|e e

AOA

Jaurys jiepodyg

(s
-

il
-

I

[E30L

=

= = = = = =N =R ) B R =R R =2 R =N =1 b k=R K1 [ =} =} E—) =R R L= f )

=

clmlo|lojlole|lojlo|oc|lo|n|o|o|o|o|a|o|o|o|c|o|@e|e @@

Hnpy

ol
—_

£l

ol
—

Lad]
2

+7 98y

=

0

o|Io|Ic|e|o|e|o|e|o|o(e| e

=

=]

+] 98y

0

0

=

= =1 = =1 = = = = = =R =0 = K= L R =R k=A== Ko § =R E=a K =A =0 E=T K] E=3 I=0 E=g

0

0

AOA

[n8anig

LO-IBJA

ewsy
juajeambyg
Nnpy

ewnsy
juswaduidury
[enuuy

BWHSH
juajeamnby
nnpy

jewnsy
juaudupduy

[enuuy

ABWISH
juajeainbry
nnpy

BUINSH
judwadurduny
[enuuy

aselg

sapedg

Ypuo

pauIquio) sHuf) yog

nan

I nun

nun

(ponunuo)) -6 9Aqe],

NORMANDEAU ASSOCIATES, INC.

113

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panuijuoo)

0

IL2UN R

NPy

+1 28y

AOA

paasupydwn

[L2UN )

Nnpy

+£ 98y

+7 98y

+] 98y

AOA

Uo1a MO[[SA

1810,

Hnpy

+€ 99y

+7 93y

+] 98y

olojls|o|oe|o|o|—|o|e|=|oe|=

AOA

sseq yInowagdie |

v

>

1e10],

=

npy

=

+1 23y

v

e = =1l I= = = =N =1 B =R = =R = R s =

W

AOA

airddesn yorlg

—
v

v

1810L

=

=]

npy

=

=

+| 98y

v

%

AOA

Jourys prepodg

v

-
v

=

[L2UA

=]

(=1

nnpy

=

=

+7 98V

=

=

+] 98y

==

=1 =110 = =1 R B R =R R = o | E=R k=t =T f=B = R K= A= Kag} R=0 =4 K. ] E=F R =l

>

clololelal—|loclo=|la|lc|loa|lojo|o|o|o|e|o|o|o|e|o|s|e | ee|e

—lolo|lo=|loloc|o|lcolo|e|le|o|o|o|o|e|c|o|—|C|@|~|c|e =@

=

=1 =1 = == == = === E=R =R k=R =R E=0 k] E=R k=R Lo} R= K= R A=2 L=l Rl g

AOA

[18anyg

Lo-1dy

Jyeunsy
judjeAIby
nnpy

AewnSY
yuswaguid wy
[enuuy

aewisy
juajeanby
npy

dBwSy
yuswaBurdury
j[enuuy

ewsy
juajeainbyg
Hnpy

Neunsy
yuswadurdwy
[enuuy

el

sanadg

UoI

paulquio)) syun yiog

Tnun

I yupn)

nun

(panunuo)) z-s 3AqBL

114 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK |E FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuod)

[4

(4}

(s
—

0],

=]

Nnpy

=

+] 28y

o
—

—

AOA

poaasunydung

1e0L

nnpy

+¢ 93y

+7 98y

+ 28y

AOA

o1 MOJ[IA

w01,

Hnpy

+¢ 28y

+2 93y

+] 98y

ol|lo|o|o|c|e|o|o|—|o|e=INS | o

o|ICcloo|oIs|eo|Imo ||

o|lc|lolo|o|e|o|lo|o|o|e|e|e|m o=

[=IE=AE= =3 F=Y K] R-=F [} R0 =] =} N = fug) f=m )

AOA

sseq inowagie ]

-
v

e

Lar]

-
v

e
”

L2 AR

=

=

=

=}

npy

=

=]

=

=}

+] 98y

W
=g
o

v

D
Lag}

AOA

arddero yorig

o~
-

w;

(=)
—_—

1ej0,

=

=1

=

Hpy

=

=]

=

+] 98y

ol
—

o~

o|lo|loc|lojlo|ojoc|o|o|c|o|c|o|@|c|o|rD|QINN|ID O

AOA

Jounys [renodg

uy
b=

-+
(o]

v

=
-

wIoL

=

=

=

npy

(=

=

+¢ 93y

<

=

0

+1 28y

el E=1 k=2 R=R 0 1 LR k=R k=01 ¢]

€9

=

¥C

e = =1 =1 =1 =1 k=1 E=R k=1 =2 I E= =R E=R k=R K=R K} =R K2 L} =R =0 K} Ea NE=N {=4 k.|

s

I

AOA

J113anig

LO-KBN

ewnsy
juajeanbry
Hnpy

NBWNSH
juswdduidwy
[enuuy

rwinsy
juajeainbyg
Hnnpy

ajewnsy
yuswaduidwy

[enuuy

ew)sy
juajeainby
nnpy

B LNST
juswagduiduy
[enuuy

adelg

sapadg

HIuofy

pauiquio) syup) yiog

nun

1 nun

nun)

(penupuo)) ‘7-s IqEL

NORMANDEAU ASSOCIATES, INC.

115

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(penunuod)

¢

o1
—

1e0L

nnpy

+] 93y

o |Io|o| e

AOA

poasunjdung

=)
o1

[LLAR

=]
o

NPV

+€ 28y

+7 93y

+] 93y

AOA

[o19d MO[IPA

1oL

NnpV

+€ 93y

+7 23y

+] 23y

AOA

sseq ynowadie]

B0

npy

+1 93y

AOA

aiddeso yoelg

(4

un

T

S

B0l

=1 == = = = = = == =l =t e

clele|loclole|lo|c|c|ojo|e|o|C|@| @

npy

(=

slolalolclole|lo|olo|o|o|e|oo|e |2

=]

oclolalololo|o|o|o|o|o|o|e|e|e|e|=

+] 93y

o
™~

[=p)
[Ta

el
ol

k=)
vy

AOA

Jowys [renodg

=
b=

et
v

()
-

-

TEI0 L

=}

=

=

Hnpv

=

=

=

+7 98V

=]

=

0

OOOWODOQDOOOOODOOOOOOOOO{:OO

+1 39y

— || ™

09

1=

cl

—-@C;O—'ODQQDOOOOODOOOODDQOONOON

oo
-+

AOA

[18ang

Lo-unp

ewnsy
yuajeamnby
nnpy

Aewnsy
juawaBdurduy
|enuuy

djewnsy
juajeainby
nnpy

ajewnsy
yuamwaduiduy
enuuy

ajewnsy
judjeainby
nnpy

ajewnsy
yuawadurduy
jenuuy

paurquio) syup) yiog

zaun

13

nug

aBu1S

sanadsg

YO

(panupuo)) *7-S3AqeL

NORMANDEAU ASSOCIATES, INC.

116

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

(panunuod)

8I 9% Sl £7 € 7 110,
€l €1 €1 €l 0 0 npy
0 0 0 0 0 0 +] 93y
¥ 13 I 6 € ¥C AOA passupjdwung
|13 6€ 67 67 7 01 o
6C 62 6T 6C 0 0 npy
0 0 0 0 0 0 +¢ 98V
z 01 0 0 z 01 +7 98y
0 0 0 0 0 0 +] 98y
0 0 0 0 0 0 AOA Yo19d MO[[RA
6 8SI 8 1 1 91 leio],
0 0 0 0 0 0 npy
0 0 0 0 0 0 +¢ 28y
0 0 0 0 0 0 +7 98y
v Tr ¥ T 0 0 +] 38y
9 911 S 001 I 91 AOA $seq YInowagie |
1 orl I 001 > 1 e0],
0 0 0 0 0 0 npy
0 0 0 0 0 0 +[ 28y
1 A I 001 1> It AOA arddesn youig
e 86 I€ i I 97 #1101,
0 0 0 0 0 0 Nnpy
0 0 0 0 0 0 +] 98y
£ 86 It 7L Il 9z AOA Jaupys [renods
SE1 10§ ¥8 PEE IS L91 (€30,
s 49 6T 6C €T €T npy
9 9¢ ¥T 9z LT 6T +7 93y
8T oy 8T oF 0 0 +1 98y
¥ 33 € 6€T 1 Sl AOA [18anig 7 A8
BT | NBUWNSH JeWSH Newnsy vuIsy aewnsy ERTITS sapadg YIUOA[
judjeainby Juawasurdwy juajeainby juawaBurdu judjeainby JudwaBurdwy
nnpy jenuuy Inpv [enuuy nnpy [enuuy
F41LT] [ 3un
pauiquio) spun yiog nun

(panunuo)) -6 dqe],

117 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

“Bep a3e-1e-(nFua| Jo uoneorjdde ap woiy saouaiagyip Fuipunol o1 onp g- dqe ], ul pajuasaid asoy woly APYSiIS IP LeW s[RI0) [enuuy,

0z1 897 €7 98 L6 781 lelo ],
L8 L8 | €l YL bL nnpy
91 Ly 0 0 91 Ly +| 98y
81 €€l 01 €L 8 19 AOA passupdwng
vl SEE 3 09 601 SLT 800,
8 ¥8 6T 6T ¢ s unpy
1z 94 0 0 1z 54 +£ 98Y
43 851 T 8 0€ 0S1 +7 98y
¥ 9¢ 1 01 £ 9z +] 98y
[> zl > zl 0 0 AOA yo1ad MOJPA
61 95¢ 81 £7¢€ 4 € 0],
0 0 0 0 0 0 nnpy
0 0 0 0 0 0 +¢ 98y
0 0 0 0 0 0 +7 98y
< 8¢ S 8< 0 0 +[ 23y
14! L6T €l €9t 4 A AOX sseq yinowage|
€ Ly¥ € 8¥E I 66 [ejo],
0 0 0 0 0 0 unpy
0 0 0 0 0 0 +1 98y
£ Lt £ 8be I 66 AOA arddens yoerg
8L¥ S09 S€T LIE €hZ L8T lejo],
SLE SLE 99] ] 991 60Z 60T npy
L 8 L 8 0 0 +1 98y |
96 17T 79 £rl e 8L AOA Jautys [renodg
wT £66% 8LI Y9z¥ v6 6L w0
98 93 €S €6 133 £€ npy
L6 $01 £ 9 ¥ 8¢ +7 93y
9¢ (49 9¢ s 0 0 +[ 98y
¥ ISLY Ly €LY L 8€9 AOA [n8onig 8101,
JBWST jewnsy jBWsSY JpBwnsy JBWHSH uwsy EETSTS saadg IUo 4]
wdeAainby juawadurdw yuajearnby yuawagurduy judjeainby juawasuidwy
Hnpy [enuuy }npy [enuuy nnpy [enuuy
Znun Iy
pauiquo) syup yiog yup

(panunuo)) °z-s Iqe

118 NORMANDEAU ASSOCIATES, INC.

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07



2005-2007 Merrimack Station Entrainment and Impingement Studies

Table 5-3.  Adult equivalence losses of fish species impinged or entrained at Units 1 and 2 of
Merrimack Station for the June 2005 to June 2007 time period.
Unit Taxon Impingement (I) | Entrainment (E) Ratio of AE losses (E:I)

Unit 1 White sucker 11 7,328 666:1
Yellow perch 109 323 3:1
Cyprinidae* 243 2,967 12:1
Centrarchidae* 192 2,424 13:1

Unit 2 White sucker 10 13,111 1311:1
Yellow perch 32 41 1:1
Cyprinidae* 235 8,284 32:1
Centrarchidac* 204 1,688 8:1

Both Units White sucker 21 20,439 973:1
Combined | Yellow perch 141 366 A
Cyprinidae* 478 11,251 23:1
Centrarchidae* 396 4,112 10:1

*Cyprinidae represented by spottail shiner and Centrchidae represented by bluegill, pumpkinseed and black crappie for
impingement adult equivalence.
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Table 5-4. Predicted monthly total impingement abundance of fish based on design intake
flows at Merrimack Station Units 1 and 2, and for both Units combined, from June
2005 through June 2007. Impingement data is presented as Raw counts (Raw) in
24-hour samples, impingement abundance estimates (I) based on the product of 24-
hour sample density and design CWIS volumes, and adjusted impingement
abundance estimates (Adj-I) representing the abundance values () expanded for
screen collection efficiency. Note: design (maximum) daily CWIS flows were 0.32
million cubic meters for Unit 1 and 0.76 million cubic meters for Unit 2.

Unit 1 Unit 2 Both Units Combined

Month Raw I Adj-1 Raw I Adj-1 Raw I Adj-I
Jun 05 1 2 3 3 6 9 4 9 12
Jul 05 4 37 49 10 82 110 14 118 159
Aug 05 0 0 0 3 23 31 3 23 31
Sep 05 3 23 30 6 43 68 9 65 98
Oct 05 11 135 145 13 278 390 24 413 535
Nov 05 5 132 146 17 107 158 22 239 304
Dec 05 42 453 498 24 190 225 66 643 723
Jan 06 7 124 146 5 73 109 12 197 255
Feb 06 0 23 28 2 31 171 2 53 199
Mar 06 20 204 245 2 23 59 22 226 304
Apr 06 3 33 39 2 48 191 5 81 230
May 06 26 302 333 3 65 259 29 367 591
Jun 06 39 394 477 329 2,202 4,236 368 2,596 4,713
Year 1 161 1,862 2,139 419 3,169 6,016 580 5,031 8,155
Jul 06 4 37 44 10 113 192 14 150 236
Aug 06 1 9 11 1 8 9 2 16 20
Sep 06 0 0 | 1 15 16 1 15 16
Oct 06 1 17 22 8 101 128 9 118 150
Nov 06 2 31 40 14 112 142 16 144 182
Dec 06 2 38 46 ] 75 84 7 113 130
Jan 07 2 36 42 2 34 42 4 70 84
Feb 07 1 18 20 -2 29 35 3 47 55
Mar 07 2 27 42 2 33 41 4 60 83
Apr 07 3 32 50 1 35 59 4 67 109
May 07 9 69 110 7 135 225 16 204 335
Jun 07 7 56 91 12 88 159 19 145 251
Year 2 34 370 519 65 780 1,133 99 1,150 1,651
Total 195 2,232 2,657 484 3,949 7,149 679 6,181 9,806
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Table 5-5.  Predicted annual total impingement abundance and adult equivalent losses for six
abundant species of fish (representing 90% of the fish impinged) based on design
intake flows at Merrimack Station Units 1 and 2, and for both Units combined, from
June 2005 through June 2007.

Unit
Unit 1 Unit 2 Both Units Combined
Annual Adult Annual Adult Annual Adult
Impingement | Equivalent | Impingement | Equivalent | Impingement | Equivalent

Month Species Stage Estimate Estimate Estimate Estimate Estimate Estimate
Year 1 Bluegill YOY 701 8 4338 49 5038 57
| Age 1+ 0 0 13 9 13 9
| Age 2+ 39 36 26 24 64 60
Adult 15 15 26 26 40 40
Total 754 58 4402 108 5156 166
Spottail shiner| YOY 67 29 77 33 144 63
| Age 1+ 0 0 9 7 9 _ 7
Adult 292 292 188 188 480 480
Total 359 321 274 229 633 550
Black crappie | YOY 80 1 389 3 470 3
Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 80 1 389 3 470 3
Largemouth YOY 20 1 276 13 296 14
bass Age 1+ 0 0 18 2 18 2
Age 2+ 0 0 0 0 0 0
| Age 3+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 20 1 293 15 313 16
Yellow Perch | YOY 0 0 13 <1 13 <1
Age 1+ 31 4 11 1 43 5
Age 2+ 187 38 9 2 196 39
Age 3+ 56 26 0 0 56 26
Adult 73 73 0 0 73 73
Total 347 140 33 3 380 143
Pumpkinseed | YOY 51 7 69 9 120 16
Age 1+ 65 22 0 0 65 22
Adult 99 99 0 0 99 99
Total 215 127 69 9 283 136
Year 2 Bluegill YOY 141 2 323 4 464 3
Age 1+ 0 0 43 30 43 30
Age 2+ 41 38 30 28 71 66
Adult 32 32 32 32 64 64
Total 214 72 428 94 642 165
Spottail shiner| YOY 32 14 106 46 138 60
| Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 32 14 106 46 138 60
Black crappie | YOY 58 <1 196 1 254 2
| Age 1+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 58 <1 196 1 254 2
Largemouth | YOY 20 1 108 5 128 6
bass | Agel+ 0 0 47 4 47 4
| Age 2+ 0 0 0 0 0 0
| Age 3+ 0 0 0 0 0 0
Adult 0 0 0 0 0 0
Total 20 1 155 9 175 10

(continued)
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Table 5-5. (Continued)

Unit Both Units Combined
Unit 1 Unit 2
Annual Adult Annual Adult Annual Adult
Impingement | Equivalent | Impingement | Equivalent | Impingement | Equivalent
Month Species Stage Estimate Estimate | Estimate Estimate Estimate | Estimate

Year 2 Yellow Perch | YOY 0 0 0 0 0 0
(cont'd) Age 1+ 0 0 0 0 0 0
Age 2+ 12 2 0 0 12 2

| Age 3+ 0 0 0 0 0 0

Adult 0 0 31 31 31 31

Total 12 2 31 31 43 34

Pumpkinseed | YOY 29 4 10 1 39 5

Age 1+ 0 0 0 0 0 0

Adult 0 0 14 14 14 14

Total 29 4 24 16 53 19

TOTAL Bluegill YOY 842 10 4660 53 5502 63
| Age 1+ 0 0 56 39 56 39

Age 2+ 80 74 56 52 136 126

Adult 47 47 58 58 104 104

Total 968 130 4830 201 5798 331

Spottail shiner| YOY 100 43 183 80 283 123

Age 1+ 0 0 9 7 9 7

Adult 292 292 188 188 480 480

Total 391 335 380 275 771 610

Black crappie | YOY 139 1 585 4 724 5

Age 1+ 0 0 0 0 0 0

Adult 0 0 0 0 0 0

Total 139 1 585 4 724 5

Largemouth | YOY 40 2 383 18 423 20

bass | Age 1+ 0 0 65 6 65 6

Age 2+ 0 0 0 0 0 0

Age 3+ 0 0 0 0 0 0

Adult 0 0 0 0 0 0

Total 40 p 448 24 488 26

Yellow Perch | YOY 0 0 13 <l 13 <l

Age 1+ 31 4 11 1 43 5

Age 2+ 199 40 9 2 208 42

Age 3+ 56 26 0 0 56 26

Adult 73 73 31 31 104 104

Total 359 142 64 35 423 177

Pumpkinseed | YOY 80 11 79 11 158 21

Age 1+ 65 22 0 0 65 22

Adult 99 99 14 14 113 113

Total 243 131 93 25 337 156
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Table 5-6. Predicted monthly total entrainment abundance of fish (all species) by lifestage
based on design intake flows at Merrimack Station Units 1 and 2, and for both Units
combined, from May 2006 through June 2007. (Note: a blank cell in this table
means no sample was taken).

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# Entrained | # Entrained | # Entrained | # Entrained | # Entrained | # Entrained
Month 0 0 0
April Total |Eggs 0 0 0
YSL 0 79,443 79,443
PYSL 0 53,408 53,408
YOY/Older 0 0 0
Unknown 0 0 0
Total 0 132,852 132,852
May Total |Eggs 0 26,760 26,760 0 0 0
YSL 0 0 0 11,290 26,481 37,771
PYSL 0 800,515 800,515 672,617 105,538 778,155
YOY/Older 0 0 0 0 0 0
Unknown 0 0 0 44,815 0 44,815
Total 0 827,274 827,274 728,723 132,019 860,741
June Total |Eggs 0 0 0 22492 0 22,492
YSL 11,308 80,234 91,543 112,638 106,716 219,355
PYSL 507,773 1,251,158 1,758,931 1,168,991 720,888 1,889,878
YOY/Older 50,615 0 50,615 11,246 26,689 37.936
Unknown 34,080 52,632 86,711 0 0 0
Total 603,776 1,384,024 1,987,800 1,315,367 854,293 2,169,661
July Total |Eggs 0 0 0
YSL 22471 0 22,471
PYSL 354,578 133.273 487.851
YOY/Older 0 0 0
Unknown 33,791 0 33,791
Total 410,840 133,273 544,113
August | Total |Eggs 11,236 0 11,236
YSL 0 0 0
PYSL 33,563 0 33,563
YOY/Older 0 0 0
Unknown 0 0 0
Total 44,800 0 44,800
September | Total |Eggs 0 0
YSL 0 0
PYSL 0 0
YOY/Older 0 0
Unknown 0 0
Total 0 0
Total Total [Eggs 11,236 26,760 37,996 22,492 0 22,492
YSL 33,779 80,234 114,014 123,928 212,641 336,569
PYSL 895,915 2,184,945 3,080,860 1,841,608 879,834 2,721,441
YOY/Older 50,615 0 50,615 11,246 26,689 37,936
Unknown 67,871 52,632 120,502 44,815 0 44,815
Total 1,059,416 2,344,571 3,403,987 2,044,090 1,119,164 3,163,254
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Merrimack Station Entrainment
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Appendix Table A-1. Entrainment sample duration, sample volume and associated water
quality parameters as collected at Merrimack Station, June 2006 — June
2007. (Note: NS means no sample was collected on that date.)

1000 - 1600 1600 - 2200
- Dis. Dis.
Duration| Volume | Temp. | Oxy. | Cond. |Duration| Volume | Temp. | Oxy. | Cond.
(hr.) (Gal.) (°C) |(mg/L)|(uS/em)| (hr.) (Gal) | (°C) | (mg/L) [(nS/cm)
Unit 1| 31-May-06 4.5 26656 173] 10 73.9 4.6 26386 18.6 10.1 62.7
7-Jun-06 17 26520 16.8 9.2 708 21 26296 16.4 9.1 73.4
14-Jun-06 1.8 25920 17.5 9.6 56 1.7 26520 17.8 8.7 59.2
28-Jun-06 2.0 26437 21.8 8.6| 717 2.0 26437 219 84| 75
5-Jul-06 22 | 26400 224 7.8 72.1 2.2 26400 229 i) 75.4
20-Jul-06 3.7 24024 26.2 54| 832 3.9 26419 255 5.5 86.7
26-Jul-06 5.4 26438 23.5 7.7] 629 6.3 26422 24 64| 657
2-Aug-06 5.6 26421 26.8 7 .93.3 6.7 26466 27.1 6.9 909
9-Aug-06 5.3 26607 24.5 6.6 91.6 5.3 26464 25 7.3 95
16-Aug-06 5.2 26815 22.9 8.5 5.1 26383 24.3 6.4
23-Aug-06 4.9 26431 223 70 12.7 4.7 26432 233 73] 111
30-Aug-06 4.1 26528 194 8.7) 113.6 4.1 26462 20.9 6.9
4-Apr-07 2.7 28684 3.6 12.8)] 626 | NS
5-Apr-07 NS 2.5 26670 2.1 15.3 85.6
18-Apr-07 2.1 28804 1.8 13.2| 413 1.8 26500 2.1 13.2] 407
2-May-07 2.8 27733 9.7 6.5 689 2.7 26362 10.1 102] 69.8
16-May-07 3.2 26423 14.7 94| 843 33 26660 13.6 7.7| 88.7
23-May-07 2.8 26400 13 9.8] 38.1 2.6 26381 143 9 64
30-May-07 2.8 26400 20.7 45| 822 2.6 26339 20.5 8.1 82
6-Jun-07 2.3 26880 19.1 3.2 76.2 25 26235 174 8.6 72.1
13-Jun-07 3.5 27860 19.7 8 774 3.2 26429
20-Jun-07 3.3 26911 22.2 4.6 031 5.1 43287 229 7.3 92.7
27-Jun-07 8.3 26300 25.1 7.6 102.7 6.4 26441 24.7 3.1] 1028
2-Jul-07 6.5 26442 224 6.2] 117.5 4.4 26500 21.6 6 109
11-Jul-07 35 26752 23.5 8 923 3.8 26423 232 74| 97.7
Unit2| 25-May-06 3.6 26378 12.9 02 48.9 3.6 26378 13.2 9.8 50
31-May-06 43 26368 174 99| 723 3.9 26448 18.5 99| 646
7-Jun-06 4.1 26425 16.7 8.4 59.4 3.6 26429 16.4 9.1 73.4
14-Jun-06 34 17545 17.5 74| 592 3.8 26332 17.6 8.7] 573
21-Jun-06 4.8 26391 21.7 8 85 4.8 26391 224 8.2 81.9
28-Jun-06 3.8 26813 21.7 82| 72 3.8 26813 21.8 79 741
5-Jul-06 44 26492 224 7.8] 721 4.4 26492 229 7.1 75:2
12-Jul-06 4.4 26426 234 5.8 4.4 26426 235 63| 95
19-Jul-06 4.9 26365 26.3 59| 775 4.9 26455 26.5 64| 819
26-Jul-06 3.9 26426 234 79| 618 4.5 26470 24 74| 643
2-Aug-06 4.7 26505 26.6 6.8 422 4.4 26494 272 6.9 894
9-Aug-06 4.1 26528 24.6 6.7 911 4.1 26420 24.8 6.8] 932
16-Aug-06 5.0 26460 229 8.2 996 5.0 26460 245 7.9
30-Aug-06 8.1 26438 194 8.2 1094 8.1 26438 20.7 1.4
13-Sep-06 10.8 26445 17.9 6.3 121.9 10.5 25830 183 7.3
4-Apr-07 6.6 26645 33 74| 63 NS
5-Apr-07 NS 5.5 26400 2.1 10.3 86
23-May-07 8.0 26426 12.9 85| 623 7.6 26423 14.5 9.5| 625
30-May-07 3.0 | 7120 21 6.5| 80.5| NS
6-Jun-07 8.2 27071 17.7 5.1/ 943 7.7 26380 17.5 8.1 71.5
13-Jun-07 71 26199 19.6 73| 77 8.1 26395
20-Jun-07 11.0 26400 233 5.8 87 1.2 26437 228 75| 89.2
27-Jun-07 7.9 26418 25.1 5.6| 985 7.3 26465 247 54| 100.6
2-Jul-07 6.5 26500 222 5.6| 109.9 6.5 26423 21.5 52| 107.9
11-Jul-07 11.8 17837 23.5 54| 833 14.9 26492 23.5 5.1 93
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Appendix Table A-2. Monthly and annual estimated entrainment abundance for each species
and lifestage observed at Units 1 and 2 of Merrimack Station, June 2006
— June 2007(Note: a blank cell in this table means no sample was taken).

Month

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#

Entrained

#
Entrained

#
Entrained

#

Entrained

#
Entrained

April

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

ClOCCOOICO OO O IC O OO OO DO O|ICOOOOITOOD O

42,083

42,083

=== === ===l === ==l === ==l === =l ===l = =]

42,083

(=~

42,083

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

COoOO0OOQICOCOOCOLCLOOOOLCOLOLLOLOOLO OO OO OO (CoOo O D/COoDO Do

Qoo oo OO O

17,641
0
0
17,641

SO D ODOD|OO OO DO

=
b
S -

0
17,641
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Appendix Table A-2. (Continued)

Month

2006

2007

Unit

Unit 1

Unit 2

Both
Units
Combined

Unit

Unit 1

Unit 2

Both
Units
Combined

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

April
(cont'd)

Yellow
perch

Eggs
Larvae

Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

May

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

oo oooococ oo oo oooooooo o oo o oo

24,773

24,773

=] =28 <R o o i o} e i e e e B o e i e e o e B s Y e Y o | s Y . A o e s} o Y e 0 s B8

24,773

[—5 ]

24,773

5\.}
[av]
S oONOooOoCc o oD oo oo oo o oo

(o]
i
b
(]

s

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total

C OO0 OO OO O OO OO0 OO OO o oD o OO

=

oo oo

cCoooo
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o
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9,184
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0
9,184
0
0
0,184
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Appendix Table A-2. (Continued)

2006 2007

Unit Both Unit Both

Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined

# # # H # #

Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
May Unidentified Eggs 0 24,848 24,848 0 0 0
{cont'd) Larvae 0 0 0 0 0 0
Unknown 0 0 0 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 36,457 0 36,457
White Eggs 0 0 0 0 0 0
sucker Larvae 0 692,860 692,860 137,434 44,126 181,560
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 692,860 692,860 137.434 44,126 181,560
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 24,848 24,848 409,742 0 409,742
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 409,742 0 409,742
Total Eggs 0 24,848 24.848 0 0 0
Larvae 0 742,481 742,481 556,360 65,726 622,086
Unknown 0 0 0 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 0 767.330 767,330 592,818 635,726 658,544
June Brown Eggs 0 0 0 0 0 0
bullhead Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and Eggs 0 0 0 7.899 0 7.899
minnow Larvae 78,904 815,041 893,945 343,337 221,918 565,255
family Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 78.904 815,041 893,945 351,235 221,918 573,154
Herring Eggs 0 0 0 0 0 0
family Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined Eggs 0 0 0 0 0 0
madtom Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 10,549 0 10,549 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 21,099 0 21,099 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 21,099 0 21,099 0 0 0
Spottail Eggs 0 0 0 0 0 0
shiner Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762

(continued)
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Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
¥ # # # # ¥
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
June Sunfish Eggs 0 0 0 0 0 0
(cont'd) family Larvae 71,068 123,435 194,503 94,325 49,566 143,892
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 71,068 123,435 194,503 94,325 49,566 143,892
Tessellated Eggs 0 0 0 0 0 0
darter Larvae 9.199 0 9,199 23,203 49,602 72,804
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,199 0 9,199 23.203 49,602 72,804
Unidentified Eggs 0 0 0 7,899 0 7.899
Larvae 0 0 0 0 0 0
Unknown 21,250 48,872 70,122 0 0 0
YOY/Older 0 0 0 0 0 0
Total 21,250 48,872 70,122 7,899 0 7.899
White Eggs 0 0 0 0 0 0
sucker Larvae 171,333 271,111 442,444 528,370 393,359 921,728
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 271,111 442 444 536,269 418,142 954,410
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 24,823 24,823 8,999 25,009 34,008
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 8,999 25,009 34,008
Total Eggs 0 0 0 15,797 0 15,797
Larvae 351,603 1,234,410 | 1,586,013 | 1,002,996 764,462 | 1,767,458
Unknown 21,250 48,872 70,122 0 0 0
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 404.501 1,283,283 1,687,784 | 1,026,692 789,245 1,815,937
July Brown Eggs 0 0 0
bullhead Larvae 18,311 49,461 67,772
Unknown 0 0 0
YOY/Older 0 0 0
Total 18,311 49,461 67,772
Carp and Eggs 0 0 0
minnow Larvae 77,868 24,767 102,635
family Unknown 0 0 0
YOY/Older 0 0 0
Total 77,868 24,767 102,635
Herring Eggs 0 0 0
family Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined Eggs 0 0 0
madtom Larvae 9,140 24,794 33,934
Unknown 0 0 0
YOY/Older 0 0 0
Total 9.140 24,794 33,934
(continued)
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Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
July Rock bass Eggs 0 0 0
(cont'd) Larvae 27,489 0 27.489
Unknown 0 0 0
YOY/Older 0 0 0
Total 27,489 0 27,489
Spottail Eggs 0 0 0
shiner Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish Eggs 0 0 0
family Larvae 160,178 0 160,178
Unknown 0 0 0
YOY/Older 0 0 0
Total 160,178 0 160,178
Tessellated Eggs 0 0 0
darter Larvae 13,745 0 13,745
Unknown 0 0 0
YOY/Older 0 0 0
Total 13,745 0 13,745
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 27.489 0 27,489
YOY/Older 0 0 0
Total 27.489 0 27,489
White Eggs 0 0 0
sucker Larvae 0 24,733 24,733
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,733 24,733
Yellow Eggs 0 0 0
perch Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 306,731 123,754 430,485
Unknown 27,489 0 27,489
YOY/Older 0 0 0
Total 334,220 123,754 457,974
August Brown Eggs 0 0 0
bullhead Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and Eggs 0 0 0
minnow Larvae 9,142 0 9,142
family Unknown 0 0 0
YOY/Older 0 0 0
Total 9,142 0 9,142
(continued)
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Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
August Herring Eggs 0 0 0
(cont'd) family Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined Eggs 0 0 0
madtom Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 9,141 0 9.141
Unknown 0 0 0
YOY/Older 0 0 0
Total 0,141 0 9,141
Spottail Eggs 0 0 0
shiner Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish Eggs 0 0 0
family Larvae 9,021 0 9,021
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,021 0 9.021
Tessellated Eggs 0 0 0
darter Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Unidentified Eggs 9,141 0 9,141
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,141 0 9,141
White Eggs 0 0 0
sucker Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow Eges 0 0 0
perch Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 9,141 0 9,141
Larvae 27.304 0 27.304
Unknown 0 0 0
YOY/Older 0 0 0
Total 36,445 0 36,445
(continued)
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Appendix Table A-2. (Continued)

Month

2006

2007

Unit

Unit 1

Unit 2

Both
Units
Combined

Unit

Unit 1

Unit 2

Both
Units
Combined

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

September

Brown
bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and
minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring
family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined
madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail
shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish
family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated
darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White
sucker

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-2. (Continued)

2006 2007
Unit Both Unit Both
Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined
# # # # # #
Month : Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
September Yellow Eggs 0 0
(cont'd) perch Larvae 0 0
Unknown 0 0
YOY/Older 0 0
Total 0 0
Total Eggs 0 0
Larvae 0 0
Unknown 0 0
YOY/Older 0 0
Total 0 0
Total Brown " Eggs 0 0 0 0 0 0
bullhead Larvae 18,311 49,461 67,772 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,311 49,461 67,772 0 0 0
Carp and Eggs 0 0 0 7,899 0 7,899
minnow Larvae 165,914 839,808 | 1,005,722 343,337 241,396 584,733
family Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 165,914 839,808 1,005,722 351,235 241,396 592,631
Herring Eggs 0 0 0 0 0 0
family Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined Eggs 0 0 0 0 0 0
madtom Larvae 9,140 24,794 33,934 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 19,650 24,794 44,483 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 57,729 0 57,729 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 57,729 0 57,729 0 0 0
Spottail Eggs 0 0 0 0 0 0
shiner Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762
Sunfish Eggs 0 0 0 0 0 0
family Larvae 240,268 148,208 388,476 94,325 93,772 188,097
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated Eggs 0 0 0 0 0 0
darter Larvae 22,944 0 22,944 32,387 49,602 81,989
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 22,944 0 22,944 32,387 49,602 81,989
(continued)
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Appendix Table A-2. (Continued)

2006 2007

Unit Both Unit Both

Units Units
Unit 1 Unit 2 Combined Unit 1 Unit 2 Combined

# # # # # #

Month Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Total Unidentified Eggs 9,141 24,848 33,989 7,899 0 7.899
(cont'd) Larvae 0 0 0 0 0 0
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 57,880 73,721 131,601 44,356 0 44 356
White Eggs 0 0 0 0 0 0
sucker Larvae 171,333 988,703 1,160,036 665,804 455,125 1,120,929
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 988.703 1,160,036 673,703 479,908 1,153,611
Yellow Eggs 0 0 0 0 0 0
perch Larvae 0 49,671 49,671 418,741 25,009 443,750
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 49,671 49,671 418,741 25,009 443,750
Total Eggs 9,141 24,848 33,989 15,797 0 15,797
Larvae 685,637 2,100,646 | 2,786,283 | 1,559,356 889,912 | 2,449,268
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 775,166 2,174,366 2,949,532 | 1,619.510 914,695 2,534,205
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. Weekly and annual totals of estimated entrainment for each species and
lifestage observed at Units 1 and 2 of Merrimack Station, June 2006 —
June 2007. (Note: a blank cell in this table means no sample was taken).

Week"

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#

#

Entrained | Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

2-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older

Total

Carp and minnow
family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Clococ oo o oo oo oo Qoo o oooo oo oo o oo

OO OO O OO O C O DO DD OO OO DO

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

24,590

24,590

[
=
Lh
=)
= o O

24,590

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

C OO OO OO OO OO QOO OO OO OO DO DO O DO OO DO

=

c oo oo oo oo

=

== =)

2 Weeks are labeled by the Sunday beginning the week in 2006 (weeks in 2007 began one date earlier, e.g. the week labeled
21 May began on 20 May in 2007).
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1 Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

# #
Entrained | Entrained

&
Entrained

#

Entrained

#
Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

ce oo o oo o o0 o

24.590

24,590

oo 0 OO0 Ol oo

24,590

24,590

9-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

[ T B e Y e B o ) [ o T e Y e O o I - e O e Y e [ e B e ) e B == B = = e ) e e B e e - [T o e e e [ e e T e e e e = =0 L= I

OO O OO0 OO0 OO0 0 0o|Ieo 0o Coo o COoO|eC o oo

0

OO0 OO0 O OO OO OO OO |ICL OO Lo OO R0 o0 o O
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

7
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

0
12,295
0
0
12,295

0
12,295
0
0
12,295

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

=l =R ==

== == R

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

12,398

12,398

12,398

12,398

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

oo © o o O

24,693

24,693

oo o O o O

24,693

24,693

16-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

C oo O oo o oo O oo OO oo O oo o000 Co|leoc o COolcoc o ool o o0

Lo Lo oo o oo o oo

=

[ T e B e i e | e e i e T e B = - e B ]
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

ol o o ol oo |l oo o

5,198

5,198

=l k=R == = = === — I~ ]

5,198

5,198

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

(=) L=l i I L= = =]

wn
[
=
3%

L]

o o

5,242

oo o O O Oloo 0o 0

5,242

5,242

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

[ T e T e T e S e e SO e T e S e B e I e S e Y e T e I e ) o S e B T - Y e o S e R e e I o ) [ e e T e I e e ) [ e [ o i Y o i R e

S|l oo o O

10,441
0
0
10,441

==

10,441
0
0
10,441
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#
Entrained

#
Entrained

#
Entrained

#

Entrained

#

Entrained

#
Entrained

23-Apr

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

OO OO QOO0 O 0o COOIO0COoO oo oo OO 0O OO0 oC0|Oo 0L Lo o oo

OO O OO0 OO0 000000000 000000000000 Oe0COo0eo o0 oCco o o0

0

OO 0 0O 0000 OO0 OO0 OO0 0000000000000 000000 O C OO0 o C O
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined [ Unit 1 Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
30-Apr Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Egegs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
. Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1

Unit 2

Combined

#
Entrained

#
Entrained

#
Entrained

#

#

Entrained | Entrained

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

7-May

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

coocoocooclcocococlocococo oo oo C|loOC OO O|ICOCOCOOCOO O OO OO0 0 oo
cc oo olococoococoloc oo ococ|loco oo o|loco oo ocloc o oS0 o O o000 OO0 0o O

oo oo oclcococococlcoccc|loc oo oo OO 0OCCcCOoOoOCC OO0 00 oo0 o o0
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined| Unit1 Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Tessellated darter Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0| 0 0
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 18,229 0 18,229
White sucker Eggs 0 0 0
Larvae 9,074 0 9,074
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,074 0 9,074
Yellow perch Eggs 0 0 0
Larvae 191,117 0 191,117
Unknown 0 0 0
YOY/Older 0 0 0
Total 191,117 0 191,117
Total Eggs 0 0 0
Larvae 200,190 0 200,190
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 218,419 0 218,419
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Unit 1

Unit 2

Both Units

Combined

#

#

Entrained | Entrained

#
Entrained

#

B

Entrained | Entrained

#
Entrained

14-May

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

clocoocooclocoocoocclocooc oo ool oo oo Cc o

2,122

2,122

clocoococoocjlcococooloooco ool ool S oo 0 o OO

2,122

2,122

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae

Unknown
YOY/Older
Total

18,229

18,229

colcccocoocloocoocoococ|locococ|loco o ool o o|O0C o0 OO0 oo D O oo

(= R R == = =

=

o o0 OO0 o O

18,229
0
18,229
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit 1 Unit2 | Combined
# # # # # #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 9,074 2,140 11,214
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,074 2,140 11,214
Yellow perch Eggs 0 0 0
Larvae 191,117 0 191,117
Unknown 0 0 0
YOY/Older 0 0 0
Total 191,117 0 191,117
Total Eggs 0 0 0
Larvae 200,190 4,263 204,453
Unknown 18,229 0 18,229
YOY/Older 0 0 0
Total 218,419 4,263 222,682
21-May Brown bullhead Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Herring family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Margined madtom Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 |Combined
# B # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Tessellated darter Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
Unidentified Eggs 0 0 0 0 0
Larvae 0 0 0 0 0
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 0 0 0
White sucker Eggs 0 0 0 0 0
Larvae 23,981 23,981 55,018 22,508 77,526
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 23,981 23,981 55,018 22,508 77,526
Yellow perch Eggs 0 0 0 0 0
Larvae 0 0 27,509 0 27,509
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 0 0 27,509 0 27.509
Total Eggs 0 0 0 0 0
Larvae 23,981 23,981 82,526 22.508 105,034
Unknown 0 0 0 0 0
YOY/Older 0 0 0 0 0
Total 23,981 23,981 82.526 22,508 105,034
28-May Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 19.478 19.478
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 19.478 19.478
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007

Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 |Combined

# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 0 24,773 24,773 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,773 24,773 0 0 0
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 9,184 0 9.184
Unknown 0 0 0 0 0 0
- YOY/Older 0 0 0 0 0 0
Total 0 0 0 9,184 0 9,184
Unidentified Eggs 0 24,848 24,848 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 0| 668879 668,879 64,269 19,478 83,747
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 668.879 668,879 64,269 19,478 83.747
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 24,848 24,848 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,848 24,848 0 0 0
Total Eggs 0 24,848 24,848 0 0 0
Larvae 0] 718,501 718,501 73,454 38,955 112,409
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0| 743,349 743,349 73.454 38,955 112,409
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# & # # = #

Week" Entrained | Entrained | Entrained | Entrained | Entrained Entrained
4-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 36,797 370,897 407,694 119,868 73,244 193,112
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 36,797 370,897 407,654 119,868 73,244 193,112
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 18,321 74,176 92,497 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,321 74,176 92,497 0 0 0
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 9,199 0 9,199 18,441 0 18,441
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,199 0 9,199 18,441 0 18.441
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # ) # # H# #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0 0 0 0
Larvae 54,807 197,802 252.609| 488.251| 393,359 881,609
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 54,807 197,802 252,609| 488,251 393,359 881,609
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 0 0 8,999 0 8,999
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 8,999 0 8,999
Total Eggs 0 0 0 0 0 0
Larvae 119,124 642.875 761,999| 635,560| 466,603 1,102,162
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 119,124| 642,875 761,999| 635,560 466,603| 1,102,162
11-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 9.063 24,823 33.886 73,224 49,645 122,869
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,063 24,823 33,886 73,224 49,645 122,869
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# & # # H #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 0 0 0 0 0
Larvae 0 24,823 24,823 18,306 0 18,306
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 18,306 0 18,306
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 ] 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 9,273 0 9,273 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,273 0 9,273 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 73,555 0 73,555 27.459 0 27,459
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 73,555 0 73.555 27,459 0 27,459
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 24,823 24,823 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 24,823 24,823 0 25,009 25,009
Total Eggs 0 0 0 0 0 0
Larvae 82,619 74,468 157,087 118,988 99,663 218,651
Unknown 9,273 0 9,273 0 0 0
YOY/Older 0 0 0 0 0 0
Total 91,892 74,468 166,360 118,988 99,663 218,651
18-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 0 0 0
Larvae 5,593 248,268 253,861 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 5,593 248,268 253,861 0 0 0
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
(continued)
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007

Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined

# # # # # #
Week" Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 1,399 0 1,399 0 0 0
Total 1,399 0 1,399 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 2,799 0 2,799 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 2,799 0 2,799 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 2,799 0 2,799 0 0 0
Total 2,799 0 2,799 4,762 0 4,762
Sunfish family Eggs 0 0 0 0 0 0
Larvae 6,997 0 6,997 4,762 49,566 54,328
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 6,997 0 6,997 4,762 49,566 54,328
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 49,602 54.363
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 4,762 49,602 54,363
Unidentified Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 2,827 0 2,827 0 0 0
YOY/Older 0 0 0 0 0 0
Total 2,827 0 2,827 0 0 0
White sucker Eggs 0 0 0 0 0 0
Larvae 15,520 0 15,520 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 24,783 24,783
Total 15,520 0 15,520 4,762 24,783 29,545
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Total Eggs 0 0 0 0 0 0
Larvae 30,910| 248,268 279,178 19.046 99,168 118,214
Unknown 2,827 0 2,827 0 0 0
YOY/Older 4,198 0 4,198 0 24,783 24,783
Total 37.935| 248,268 286,203 19,046 123,951 142,997
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # # & # &
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
25-Jun Brown bullhead Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Carp and minnow family Eggs 0 0 0 7,899 0 7.899
Larvae 27,450 171,054 198.504 150,245 99,029 249,274
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 27,450 171,054 198,504 158,144 99,029 257,172
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Margined madtom Eges 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 9,150 0 9,150 0 0 0
Total 9,150 0 9,150 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 18,300 0 18,300 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,300 0 18,300 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 18.300 0 18,300 0 0 0
Total 18,300 0 18,300 0 0 0
Sunfish family Eggs 0 0 0 0 0 0
Larvae 45,750 24,436 70,186 71,258 0 71,258
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 45,750 24,436 70,186 71,258 0 71,258
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 0 0
Unidentified Eggs 0 0 0 7,899 0 7,899
Larvae 0 0 0 0 0 0
Unknown 9,150 48,872 58,023 0 0 0
YOY/Older 0 0 0 0 0 0
Total 9,150 48,872 58,023 7.899 0 7,899
(continued)
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unitl Unit2 | Combined
# # & # # #

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained

White sucker Eggs 0 0 0 0 0 0

Larvae 27,450 73,309 100,759 7,899 0 7.899

Unknown 0 0 0 0 0 0

YOY/Older 0 0 0 7,899 0 7.899

Total 27,450 73,309 100,759 15,797 0 15,797

Yellow perch Eggs 0 0 0 0 0 0

Larvae 0 0 0 0 0 0

Unknown 0 0 0 0 0 0

YOY/Older 0 0 0 0 0 0

Total 0 0 0 0 0 0

Total Eggs 0 0 0 15,797 0 15,797

Larvae 118,950 268.799 387,749 229,401 99,029 328430

Unknown 9,150 48,872 58,023 0 0 0

YOY/Older 27.450 0 27.450 7.899 0 7.899

Total 155,551 317,671 473,222 253,098 99,029 352,126
2-Jul Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 36,652 0 36,652
Unknown 0 0 0
YOY/Older 0 0 0
Total 36,652 0 36,652
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 18,326 0 18,326
Unknown 0 0 0
YOY/Older 0 0 0
Total 18,326 0 18,326
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit1 Unit2 | Combined
H # # # # =

Week Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Sunfish family Eggs 0 ] 0
Larvae 9.163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,163 0 9,163
Tessellated darter Eggs 0 0 0
Larvae 9,163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9.163 0 9,163
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 18,326 0 18,326
YOY/Older 0 0 0
Total 18,326 0 18.326
White sucker Eggs 0 0 0
Larvae 0 24,733 24,733
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,733 24,733
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 73.304 24,733 98,037
Unknown 18,326 0 18,326
YOY/Older 0 0 0
Total 91,630 24,733 116,363
9-Jul Brown bullhead Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Carp and minnow family Eggs 0 0 0
Larvae 22,904 0 22,904
Unknown 0 0 0
YOY/Older 0 0 0
Total 22,904 0 22,904
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)

20885 MERRIMACK [E FINAL REPORT.DOC 10/30/07 A-31 Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined | Unitl Unit2 | Combined
# # # # # &

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Margined madtom Eggs 0 0 0
Larvae 0 24,794 24,794
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 24,794 24,794
Rock bass Eggs 0 0 0
Larvae 9,163 0 9,163
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,163 0 9,163
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Sunfish family Eggs 0 0 0
Larvae 22.895 0 22,895
Unknown 0 0 0
YOY/Older 0 0 0
Total 22,895 0 22,895
Tessellated darter Eggs 0 0 0
Larvae 4,582 0 4,582
Unknown 0 0 0
YOY/Older 0 0 0
Total 4,582 0 4,582
Unidentified Eggs 0 0 0
Larvae 0 0 0
Unknown 9,163 0 9,163
YOY/Older 0 0 0
Total 9,163 0 9,163
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 59,543 24,794 84,337
Unknown 9,163 0 9.163
YOY/Older 0 0 0
Total 68,706 24,794 93,500

(continued)
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# 4
Entrained | Entrained

#
Entrained

16-Jul

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

9,157

9,157

oo o o o o
oo o o o o

24,767

24,767

===~

33,923

33,923

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

36,626

36,626

clocococo oo oo oo oo © OO

clococooc ool oo oo oo o O OO

36.626

36,626

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

coooococlocooocococ|locoocc|loc oo oo oo Do oD OO
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined | Unit 1 Unit2 | Combined
# # # # # #

Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Yellow perch Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Total Eggs 0 0 0
Larvae 45,783 24,767 70,549
Unknown 0 0 0
YOY/Older 0 0 0
Total 45,783 24,767 70,549
23-Jul Brown bullhead Eggs 0 0 0
Larvae 18,311 0 18,311
Unknown 0 0 0
YOY/Older 0 0 0
Total 18.311 0 18,311
Carp and minnow family Eggs 0 0 0
Larvae 9,155 0 9,155
Unknown 0 0 0
YOY/Older 0 0 0
Total 9,155 0 9,155
Herring family Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Margined madtom Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Rock bass Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0
Spottail shiner Eggs 0 0 0
Larvae 0 0 0
Unknown 0 0 0
YOY/Older 0 0 0
Total 0 0 0

(continued)
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

73,214

73.214|

0

0
0

0
73,214
0
0
73.214

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eges
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

100,680

100,680

oclcoocooc o oo O O oo O O COoOlCo o oo

oclococococooc|jlooc oc ol OO0 Qo0 00O

100,680
0
0
100,680

30-Jul

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

clocococoococloocooo oo ool ool OO oo O oo

49.461

49,461

0
49,461
0
0
49,461

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

oo o oo o ool © o C
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# #
Entrained | Entrained

#
Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

9.1

o
o

0
40
0

<
==

0
9.140
0
0
9,140

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eges
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

oo o o o ojleooc © O O

18,280

18,280

cloocooc o ocjlooc oo O

18,280

18,280

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

cloocococ|looocooc|jloc o o oo © 0O

27,420

27420

slococcc|loococo o o|loccooloco ool oD o000 o OO0 0o oo o0 oo

49461

49,461

Scloococo ool © 0 oo OO0 o0 0 O oo

76,882

76,882
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1 Unit 2

Combined

Unit

Both Units

Unit 1

Unit 2

Combined

#

#

Entrained | Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

6-Aug Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eges
Larvae
Unknown
YOY/Older
Total

93

9:

Sl oo ool o O O|IC o oo oo o oo

141

141

Sl o o o|leoo 0 0 ol OO0 O o oo o

9,141

9,141

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

=

=

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

[ R B e R o B o o e e~ 2 L~ = =]

oo O o ol o D o o oo

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

e}
—
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e
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141

9,141

9.141
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

oo oo oo O o O

o O O oo © O O O

o

Total

Eggs
Larvae
Unknown
YOY/Older
Total

o
—_
ES
r—

EL

9:

18.282

141

9,141
9,141

18,282

13-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

oo o ccloocoococoo|loccocococloo oo oo ool oo C O OO oD oo O oo
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Unit 1

Unit 2

Both Units
Combined

#

Entrained

B

Entrained

#
Entrained

#

Entrained | Entrained

#

#
Entrained

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

9,021

9,021

0

0
0

0
9,021
0
0
9,021

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

=

[=]

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

9,021

9,021

CcC|looo oo oo o ool oo oo o oo

S| Cc o O oo © o O o0 o o oo o oo

9,021

9,021

20-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

=]

f=1

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae

Unknown
YOY/Older
Total

O OO0 OCCO|Io OO OO oo DO

coc oo oclocooc ool oloc ool ool O o OO0 OO O|lOC OO

oo 0 O oo O o o ol o o o

20885 MERRIMACK IE FINAL REPORT.DOC 10/30/07

A-39

(continued)

Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1

Unit 2

Combined

Unit

Both Units

Unit 1

Unit2 |Combined

#

#

Entrained | Entrained

#
Entrained

#

# #

Entrained | Entrained | Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown

YOY/Older

Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total

OOOGOOC’DOOOOOOOOOOODDOOOOOOOOOOOODDOOOOOOOOGOO
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1 Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#

Entrained

i

Entrained

# #
Entrained | Entrained

#
Entrained

27-Aug

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

91

=l
—_
Ja
[

2

ol © © O

142

- o

9:

N

oo o o o O

142

iy
.
o o

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YQY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units
Combined

Unit

Both Units

Unit 1 Unit 2

Combined

#

Entrained

#
Entrained

#
Entrained

# #
Entrained | Entrained

#
Entrained

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total
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3-Sep

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total

Margined madtom

Eges
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Both Units

Unit 1 Unit 2

Combined

Unit

Unit 1

Unit 2

Both Units
Combined

# B
Entrained | Entrained

#
Entrained

#
Entrained

#
Entrained

#
Entrained

Sunfish family

Eges
Larvae

Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvas
Unknown
YOY/Older
Total

Total

Eggs
~ Larvae
Unknown
YOY/Older
Total

10-Sep

Brown bullhead

Eggs
Larvae
Unknown
YOY/Older
Total

Carp and minnow family

Eggs
Larvae
Unknown
YOY/Older
Total

Herring family

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

Week®

2006

2007

Unit

Unit 1

Unit 2

Both Units Unit

Both Units

Combined | Unit1

Unit2 | Combined

#

Entrained

#

Entrained

# #

# #

Entrained | Entrained | Entrained | Entrained

Margined madtom

Eggs
Larvae
Unknown
YOY/Older
Total

Rock bass

Eggs
Larvae
Unknown
YOY/Older
Total

Spottail shiner

Eggs
Larvae
Unknown
YOY/Older
Total

Sunfish family

Eggs
Larvae
Unknown
YOY/Older
Total

Tessellated darter

Eggs
Larvae
Unknown
YOY/Older
Total

Unidentified

Eggs
Larvae
Unknown
YOY/Older
Total

White sucker

Eggs
Larvae
Unknown
YOY/Older
Total

Yellow perch

Eggs
Larvae
Unknown
YOY/Older
Total

Total

Eggs
Larvae
Unknown
YOY/Older
Total
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 |Combined| Unit I Unit2 | Combined
# # # # # #
Week® Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
Total Brown bullhead Eggs 0 0 0 0 0 0
Larvae 18,311 49.461 67,772 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 18,311 49,461 67,772 0 0 0
Carp and minnow family Eggs 0 0 0 7.899 0 7,899
Larvae 165914 839,808| 1,005,722| 343337 241,396 584,733
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 165,914 839,808| 1.005,722 351,235 241,396 592,631
Herring family Eggs 0 0 0 0 0 0
Larvae 0 0 0 0 25,009 25,009
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 0 0 0 25,009 25,009
Margined madtom Eggs 0 0 0 0 0 0
Larvae 9,140 24,794 33.934 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 10,549 0 10,549 0 0 0
Total 19,690 24.794 44,483 0 0 0
Rock bass Eggs 0 0 0 0 0 0
Larvae 57,729 0 57,729 0 0 0
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 57,729 0 57,729 0 0 0
Spottail shiner Eggs 0 0 0 0 0 0
Larvae 0 0 0 4,762 0 4,762
Unknown 0 0 0 0 0 0
YOY/Older 21,099 0 21,099 0 0 0
Total 21,099 0 21,099 4,762 0 4,762
Sunfish family Eggs 0 0 0 0 0 0
Larvae 240,268 148,208 388,476 94,325 93,772 188,097
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 240,268 148,208 388,476 94,325 93,772 188,097
Tessellated darter Eggs 0 0 0 0 0 0
Larvae 22,944 0 22,944 32,387 49,602 81.989
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 22,944 0 22,944 32,387 49,602 81,989
Unidentified Eggs 9,141 24,848 33,989 7.899 0 7,899
Larvae 0 0 0 0 0 0
Unknown 48,739 48,872 97,611 36,457 0 36,457
YOY/Older 0 0 0 0 0 0
Total 57.880 73,721 131,601 44,356 0 44356
(continued)
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Appendix Table A-3. (Continued)

2006 2007
Unit Both Units Unit Both Units
Unit 1 Unit2 | Combined | Unit 1 Unit2 | Combined
# # # # # #
Week* Entrained | Entrained | Entrained | Entrained | Entrained | Entrained
White sucker Eggs 0 0 0 0 0 0
Larvae 171,333 988.703| 1,160,036 665,804 455,125 1,120,929
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 7.899 24,783 32,682
Total 171,333 988,703 | 1,160,036 673,703 479,908 1,153,611
Yellow perch Eggs 0 0 0 0 0 0
Larvae 0 49,671 49,671 418,741 25,009 443,750
Unknown 0 0 0 0 0 0
YOY/Older 0 0 0 0 0 0
Total 0 49,671 49,671 418.741 25,009 443,750
Total Eggs 9,141 24,848 33,989 15,797 0 15,797
Larvae 685,637| 2,100,646| 2,786,283| 1,559,356 889.912| 2.449.268
Unknown 48,739 48.872 97,611 36.457 0 36,457
YOY/Older 31,648 0 31,648 7,899 24,783 32,682
Total 775,166| 2,174,366| 2,949,532| 1,619,510 914,695 2.534,205
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APPENDIX B

Merrimack Station Impingement
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2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table B-1. Recorded water quality parameters from start and end of each 24-hr
and long interval impingement sample at Merrimack Station, June 2005-
June 2007. (Note: a blank cell in this table means no sample was taken).

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date | Unit (°C) (mg/L) (nS/cm) (°C) (mg/L) (nS/cm)
06/29/05 1 237 1.3 94.5 225 6.9 88.5
2 23.7 7.3 94.5 225 6.9 88.5
07/06/05 1 237 7.0 96.3 224 6.9 93.0
2 23.6 7.0 943 225 6.9 91.3
07/13/05 1 22.8 7.3 75.8 236 6.7 90.5
2 22.6 6.9 73.3 235 7.2 875
07/20/05 1 26.5 6.3 99.9 26.3 6.3 97.1
2 264 7.1 97.4 26.1 6.0 95.7
07/27/05 1 26.3 7.0 139.3 25.0 73 120.9
2 255 7.1 109.1 255 7.2 109.7
08/03/05 1 24.6 7.0 122.4 25.0 7.4 118.1
2 24.6 6.9 116.0 25.0 7.3 114.8
08/10/05 1 258 7.2 126.8 26.9 6.2 131.3
2 255 6.4 129.8 27.7 5.6 127.9
08/17/05 1 244 6.0 129.0 23.6 5.7 125.8
2 242 6.0 127.9 237 5.9 124.1
08/24/05 1 233 6.3 123.8 23.1- 6.9 125.2
2 232 5.4 122.2 234 6.2 119.1
08/31/05 I 233 6.8 122.7 23.0 6.5 113.4
2 233 5.7 120.1 229 52 111.7
09/07/05 1 20.9 72 81.1 21.6 7.1 87.8
2 20.8 6.2 72.4 213 5.8 81.6
09/14/05 1 21.5 7.1 99.0 22.5 7.7 100.8
2 21.5 5.6 97.8 22.6 7.4 101.6
09/21/05 1 NS NS NS 20.1 7.5 109.0
2 NS NS NS 19.9 6.0 106.8
09/28/05 1 17.1 8.4 115.8 17.7 7.8 105.3
2 17.2 7.2 115.5 17.5 7.4 102.3
10/05/05 1 17.2 7.9 99.8 17.3 7.5 98.0
2 17.2 84 97.1 17.5 T3 97.0
10/19/05 1 11.7 8.9 445 11.2 8.6 32.8
2 11.8 10.4 442 11.1 9.8 323
10/26/05 1 8.4 10.9 66.0 8.0 10.7 37.7
2 8.5 11.2 66.0 8.4 11.9 37.8

(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (uS/cm) (°C) (mg/L) (nS/em)
11/02/05 1 8.8 9.6 65.8 8.4 10.8 72.0
2 9.4 10.3 64.4 8.4 10.8 71.1
11/09/05 1 8.5 10.5 - 79.0
2 8.7 10.1 74.5
11/16/05 1 6.9 11.8 70.9 73 11.8 70.0
2 7.1 12.0 68.3 7.2 12.1 67.5
11/22/05 1 5.8 10.6 65.1 5.1 13.2 65.1
2 5.9 11.0 63.3 5:2 12.8 64.3
11/30/05 2 5.4 144 435 4.7 13.2 36.7
12/07/05 | 1 2.6 12.2 67.5 1.4 12.9 38.2
2 3.0 129 66.0 2.1 13.0 374
12/14/05 1 0.8 15.4 43.4
2 1.7 15.3 49.3 1.4 15.0 459
12/21/05 1 23 13.5 49.9 22 13.6 50.6
2 29 14.4 49.3 2.6 14.8 49.8
01/04/06 1 1.0 14.4 38.7 1.0 14.9 40.5
2 1.4 154 41.8 1.3 15.6 36,6
01/18/06 1 1.2 153 34.8 12 14.0 38.6
2 1.6 15.8 332 1.6 15.4 379
02/01/06 1 1.6 15.5 48.0 2.0 14.1 50.1
2 1.8 15.1 394 22 15.1 45.9
02/15/06 1 0.2 14.8 53.8 0.5 135 56.2
2 0.0 14.6 55.5 0.5 13.6 559
03/01/06 1 -0.6 13.7 62.4 0.8 14.4 65.4
2 0.0 14.4 594 -0.5 14.9 60.6
03/15/06 1 1.6 12.9 58.3 0.5 13.5 513
2 22 13.3 57.6 1.1 13.9 51.0
03/22/06 1 s 14.0 57.2 2.0 12.7 107.3
2 1.9 14.8 55.0 2.1 14.1 57.3
03/29/06 1 5.6 11.8 67.4 6.8 10.4 105.8
2 5.6 11.9 68.0 6.8 10.4 105.8
04/05/06 1 5.0 12.0 83.7
2 6.4 10.3 89.4 5.2 12.3 82.9
04/12/06 1 6.8 10.3 88.3 8.4 11.7 88.7
2 7.2 10.6 85.1 8.8 111 86.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (nS/em) (°O) (mg/L) (uS/cm)
04/19/06 1 11.4 9.8 90.9 12.2 114 88.0
04/26/06 1 9.5 10.7 85.0 9.7 10.3 83.7
05/03/06 1 10.9 10.1 99.4 12.4 10.2 76.6
05/10/06 1 14.6 93 79.5 14.6 9.0 79.2
05/17/06 1 10.7 10.7 51.2 11.6 10.8 46.5
05/24/06 2 12.0 10.9 483 12.1 10.7 474
05/31/06 1 17.3 10.0 73.9
2 174 99 72.3
06/07/06 1 16.7 9.3 69.5 15.7 9.1 73.8
2 16.8 9.4 67.9 15.8 9.4 73.4
06/14/06 1 17.2 8.6 56.1 175 8.7 60.0
2 173 9.1 53.5 17.9 7.9 61.8
06/21/06 2 21.7 8.0 85.0 21.6 8.4 83.1
06/28/06 1 21.7 8.8 71.8 20.7 8.0 68.6
2 21.8 8.2 70.9 20.7 7.7 68.2
07/05/06 1 225 T 75.3 222 7.0 79.2
2 224 7.8 72.1 222 6.7 76.9
07/12/06 1 23.6 7.1 224 6.8 103.7
2 234 6.7 225 6.5 102.2
07/19/06 1 26.5 6.5 81.1 25.8 5.4 86.7
2 26.3 5.9 71.5 26.3 5.2 81.3
07/26/06 1 23.5 7.7 62.9 24.1 7.6 68.4
2 234 79 61.8 24.0 7.7 66.1
08/02/06 1 26.8 7.3 89.6 27.0 6.8 90.7
2 26.4 7.0 86.8 26.8 6.9 88.7
08/09/06 1 249 6.8 91.9 24.7 7.4 94.4
2 24.7 7.5 90.4 24.5 7.1 92.6
08/16/06 1 229 85 105.6 232 7.6 107.0
2 229 8.2 99.6 23.0 5.5 103.7
08/23/06 1 223 7.6 113.4 21.8 6.1 111.2
2 224 5.6 110.5 21.7 53 108.1
08/30/06 1 19.5 9.2 115.0 19.6 5.5 114.7
2 19.5 7.6 113.0 19.5 6.1 111.1
09/06/06 2 19.4 8.5 109.7 195 42 111.9
09/13/06 2 18.1 7.0 126.0 18.0 6.4 121.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date | Unit ©C) (mg/L) (nS/em) °C) (mg/L) (nS/cm)
09/20/06 2 209 6.6 119.2 19.5 5.1 108.4
10/04/06 1 15.5 6.3 112.6 15.7 T 111.2
2 15.5 6.7 112.4 15.7 8.0 108.3
10/11/06 1 14.6 6.6 105.7 14.3 8.7 103.5
2 14.7 7.4 103.9 14.5 8.0 100.7
10/18/06 1 11.2 9.0 85.3 12.3 7.7 76.7
2 11.3 94 82.7 12.2 8.1 74.9
10/25/06 1 8.6 10.6 49.6 8.7 10.4 53.0
2 8.6 10.7 49.4 8.8 10.3 48.5
11/01/06 1 7.9 12.5 44.7 7.6 12.6 48.0
2 7.8 12.1 44.4 7.6 12.6 48.0
11/15/06 1 8.9 12.6 58.0 9.4 12.6 50.0
2 8.9 12.0 58.0 9.3 12.4 50.0
11/29/06 1 5.6 13.7 73.0 6.1 13.0 75.0
2 5.6 13.6 71.0 6.1 133 72.0
12/13/06 1 2.1 15.7 78.0 3.1 14.5 84.0
2 2.1 15.9 77.0 2.3 15.7 78.0
12/27/06 1 2.8 14.8 65.0 24 15.0 62.0
2 27 14.5 58.0 23 15.1 59.0
01/10/07 1 2.3 15:7 50.0 1.1 15.9 53.0
2 2.3 15.1 49.0 1.1 15.9 49.0
01/24/07 1 1.0 13.7 45.4 1.9 14.4 48.3
2 1.0 15.3 42.7 0.4 15.4 442
02/07/07 1 1.4 14.3 54.3 I 15.6 54.5
2 0.1 15:7 50.1 0.2 15.9 50.4
02/21/07 1 1:1 15.0 67.4 0.5 14.7 67.0
2 -0.5 14.9 61.9 -0.6 15.2 62.7
03/07/07 1 )2 12.2 69.1 1.6 13.9 71.1
2 -0.7 15.0 275 -0.6 14.7 65.8
03/21/07 1 -0.1 12.6 524
03/28/07 1 22 14.4 68.0 1.6 15.5 332
2 2:2 15.1 515 1.7 15.6 322
04/04/07 1 F5 10.9 61.7 2.6 13.4 63.7
2 3.5 13.1 60.6 2.7 14.6 60.3
04/11/07 1 3.8 12.4 79.7 4.8 12.6 83.7
2 37 14.0 77.8 4.8 13.1 78.4
(continued)
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Appendix Table B-1. (Continued)

Initial Final
Beginning Initial Water Dissolved Initial Final Water Dissolved Final
Sample Temperature Oxygen Conductivity | Temperature Oxygen Conductivity
Date Unit (°C) (mg/L) (nS/em) °C) (mg/L) (1nS/cm)
04/25/07 1 7.4 11.3 59.4 7.5 12.2 58.4
05/02/07 1 9.1 11.2 68.0 9.2 11.0 70.5
05/09/07 1 127 9.9 86.1 13.1 ] 84.3
05/16/07 1 14.4 9.0 86.7 12.7 8.6 86.1
05/23/07 1 13.0 9.8 63.5 14.0 8.8 61.6
2 12.9 9.9 62.5 14.0 8.2 61.6
05/30/07 1 19.5 6.3 83.3 19.8 6.3 85.9
2 19.4 7.4 79.9 19.9 6.0 81.8
06/06/07 1 17.1 8.1 78.2 17.2 8.3 69.9
2 17.1 8.1 713 17.0 8.7 67.3
06/13/07 1 19.6 7.5 7.8
2 19.6 7.5 7.6
06/20/07 1 21.8 7.0 92.7 21.7 8.0 95.0
2 21.8 6.0 89.8 21.7 7.2 91.4
06/27/07 1 23.8 6.8 102.8 248 5.5 102.9
2 23.9 6.2 99.0 249 54 101.8
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Appendix Table B-2. Recorded volume and dominant type of debris in 24-hour and long
interval impingement samples at Merrimack Station, June 2005 through
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June 2007.
nginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/29/05 1 24-hour 11 Terrestrial
2 24-hour 63 Terrestrial
06/30/05 1 6-day 11 Terrestrial
2 6-day 135 Terrestrial
07/06/05 1 24-hour 9 Aguatic
2 24-hour 11 Aquatic
07/07/05 1 6-day 31 Aquatic
2 6-day 169 Aquatic
07/13/05 | 24-hour 7 Aquatic
2 24-hour 26 Aquatic
07/14/05 1 6-day 32 Aquatic
2 6-day 96 Aquatic
07/20/05 1 24-hour 10 Aquatic
2 24-hour 20 Agquatic
07/21/05 1 6-day 30 Aquatic
2 6-day 65 Agquatic
07/27/05 1 24-hour 6 Aquatic
2 24-hour 9 Aquatic
07/28/05 | 6-day 31 Aquatic
2 6-day 62 Aquatic
08/03/05 1 24-hour 10 Aquatic
2 24-hour 20 Aquatic
08/04/05 1 6-day 33 Aquatic
2 6-day 106 Aquatic
08/10/05 1 24-hour 15 Aquatic
2 24-hour 21 Aquatic
08/11/05 1 6-day 64 Aquatic
2 6-day 128 Agquatic
08/17/05 1 24-hour 12 Aquatic
2 24-hour 20 Aquatic
08/18/05 1 6-day 30 Aquatic
2 6-day 91 Aquatic
08/24/05 1 24-hour 10 Aquatic
2 24-hour 18 Agquatic
(continued)
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Appendix Table B-2. (Continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type

08/25/05 1 6-day 43 Aquatic
2 6-day 35 Aquatic
08/31/05 1 24-hour 12 Aquatic
2 24-hour 16 Aquatic
09/01/05 1 6-day 44 Aquatic
2 6-day 224 Aquatic
09/07/05 1 24-hour 25 Agquatic
2 24-hour 25 Aquatic
09/08/05 1 6-day 39 Aquatic
2 6-day 170 Agquatic

09/14/05 1 24-hour 14 Terrestrial
: 2 24-hour 44 Aquatic
09/15/05 1 6-day 16 Aquatic
2 6-day 80 Aquatic

09/21/05 1 24-hour 1 Terrestrial
2 24-hour 4 Agquatic

09/22/05 1 6-day 18 Terrestrial

2 6-day 48 Terrestrial

09/28/05 1 24-hour 8 Terrestrial

2 24-hour 8 Terrestrial

09/29/05 1 6-day 15 Terrestrial

2 6-day 32 Terrestrial

10/05/05 1 24-hour 4 Terrestrial

2 24-hour 25 Terrestrial

10/06/05 1 6-day 32 Terrestrial

2 6-day 153 Terrestrial

10/12/05 1 6-day 70 Terrestrial

10/14/05 2 6-day 135 Terrestrial

10/19/05 1 24-hour 30 Terrestrial

2 24-hour 64 Terrestrial

10/20/05 1 6-day 80 Terrestrial

2 6-day 240 Terrestrial

10/26/05 1 24-hour 50 Terrestrial

2 24-hour 108 Terrestrial

(continued)

Normandeau Associates, Inc.




2005-2007 Merrimack Station Entrainment and Impingement Studies

Appendix Table B-2. (Continued)

Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
10/27/05 1 6-day 28 Terrestrial
2 6-day 62 Terrestrial
11/02/05 1 24-hour 58 Terrestrial
2 24-hour 125 Terrestrial
11/03/05 1 6-day 48 Terrestrial
2 6-day 48 Terrestrial
11/09/05 1 24-hour 26 Terrestrial
2 24-hour 37 Terrestrial
11/10/05 1 6-day 37 Terrestrial
2 6-day 59 Terrestrial
11/16/05 1 24-hour 27 Terrestrial
2 24-hour 44 Terrestrial
11/17/05 1 6-day 32 Terrestrial
2 6-day 32 Terrestrial
11/22/05 1 24-hour 10 Terrestrial
2 24-hour 42 Terrestrial
11/23/05 1 6-day 52 Terrestrial
2 6-day 45 Terrestrial
11/30/05 2 24-hour 25 Terrestrial
12/01/05 2 6-day 80 Terrestrial
12/02/05 1 6-day 64 Terrestrial
12/07/05 1 24-hour 11 Terrestrial
2 24-hour 25 Terrestrial
12/08/05 1 6-day 60 Terrestrial
2 6-day 84 Terrestrial
12/14/05 1 24-hour 15 Terrestrial
2 24-hour 10 Terrestrial
12/15/05 1 6-day 135 Terrestrial
2 6-day 15 Terrestrial
12/21/05 1 24-hour 5 Terrestrial
2 24-hour 2 Aquatic
12/22/05 1 13-day 60 Terrestrial
2 13-day 148 Terrestrial
01/04/06 1 24-hour 5 Terrestrial
2 24-hour 15 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
01/05/06 1 13-day 62 Terrestrial
2 13-day 115 Terrestrial
01/18/06 1 24-hour 36 Terrestrial
2 24-hour 50 Terrestrial
01/19/06 1 13-day 85 Terrestrial
2 13-day 180 Terrestrial
02/01/06 1 24-hour 5 Terrestrial
2 24-hour 20 Terrestrial
02/02/06 1 13-day 85 Terrestrial
2 13-day 121 Terrestrial
02/15/06 1 24-hour 2 Terrestrial
2 24-hour 20 Terrestrial
02/16/06 1 13-day 128 Terrestrial
2 13-day 112 Terrestrial
03/01/06 1 24-hour 3 Terrestrial
2 24-hour 5 Terrestrial
03/02/06 1 13-day 80 Terrestrial
2 13-day 158 Terrestrial
03/15/06 1 24-hour 20 Terrestrial
2 24-hour 48 Terrestrial
03/16/06 1 6-day 20 Terrestrial
2 6-day 30 Terrestrial
03/22/06 1 24-hour 8 Terrestrial
2 24-hour 12 Terrestrial
03/23/06 1 6-day 8 Terrestrial
2 6-day 12 Terrestrial
03/29/06 1 24-hour 1 Terrestrial
2 24-hour 2 Terrestrial
03/30/06 1 6-day 10 Terrestrial
2 6-day 84 Terrestrial
04/05/06 1 24-hour 25 Terrestrial
2 24-hour 30 Terrestrial
04/06/06 1 6-day 10 Terrestrial
) 6-day 62 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
04/12/06 1 24-hour 15 Terrestrial
2 24-hour 29 Terrestrial
04/13/06 1 6-day 30 Terrestrial
2 6-day 28 Terrestrial
04/19/06 1 24-hour 3 Terrestrial
04/20/06 1 6-day 25 Terrestrial
04/26/06 1 24-hour 5 Terrestrial
04/27/06 1 6-day 30 Terrestrial
05/03/06 1 24-hour 5 Terrestrial
05/04/06 1 6-day 25 Terrestrial
05/10/06 1 24-hour 2 Terrestrial
05/11/06 1 6-day 60 Aquatic
05/17/06 1 24-hour 12 Terrestrial
05/18/06 1 6-day 25 Terrestrial
05/20/06 2 6-day 32 Terrestrial
05/24/06 2 24-hour 13 Terrestrial
05/25/06 2 6-day 128 Terrestrial
05/26/06 1 6-day 94 Terrestrial
05/31/06 1 24-hour 5 Terrestrial
2 24-hour Terrestrial
06/01/06 1 6-day 60 Terrestrial
2 6-day 148 Terrestrial
06/07/06 1 24-hour 20 Terrestrial
2 24-hour 25 Terrestrial
06/08/06 1 6-day 15 Terrestrial
2 6-day 96 Terrestrial
06/14/06 1 24-hour 5 Terrestrial
2 24-hour 15 Terrestrial
06/15/06 1 6-day 42 Terrestrial
2 6-day 175 Terrestrial
06/21/06 2 24-hour 20 Terrestrial
06/22/06 2 6-day 125 Terrestrial
06/25/06 1 6-day 45 Terrestrial
06/28/06 1 24-hour 12 Terrestrial
2 24-hour 32 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/29/06 1 6-day 35 Terrestrial
2 6-day 160 Terrestrial
07/05/06 1 24-hour 12 Aquatic
2 24-hour 28 Aquatic
07/06/06 1 6-day 42 Terrestrial
2 6-day 128 Terrestrial
07/12/06 1 24-hour 12 Aquatic
2 24-hour 25 Aquatic
07/13/06 1 6-day 25 Terrestrial
2 6-day 123 Terrestrial
07/19/06 1 24-hour 4 Aquatic
2 24-hour 7 Aquatic
07/20/06 1 6-day 75 Aquatic
2 6-day 175 Aquatic
07/26/06 1 24-hour 10 Terrestrial
2 24-hour 46 Terrestrial
07/27/06 1 6-day 50 Aquatic
2 6-day 110 Aquatic
08/02/06 1 24-hour 15 Terrestrial
2 24-hour 60 Terrestrial
08/03/06 1 6-day 30 Aquatic
2 6-day 120 Agquatic
08/09/06 1 24-hour 3 Terrestrial
2 24-hour 10 Aquatic
08/10/06 1 6-day 30 Other
2 6-day ' 75 Terrestrial
08/16/06 1 24-hour 13 Terrestrial
2 24-hour 25 Aquatic
08/17/06 1 6-day 50 Aquatic
2 6-day 116 Aquatic
08/23/06 1 24-hour 5 Aquatic
2 24-hour 5 Agquatic
08/24/06 1 6-day 30 Aquatic
2 6-day 30 Aquatic
(continued)
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Beginning Sample Date | Unit Sample Duration Gallons of Debris Dominant Debris Type
08/30/06 1 24-hour 5 Aquatic
2 24-hour 15 Aquatic
08/31/06 | 6-day 23 Aquatic
2 6-day 50 Aquatic
09/06/06 2 24-hour 10 Aquatic
09/07/06 2 6-day 116 Aquatic
09/13/06 2 24-hour 7 Aquatic
09/14/06 2 6-day 96 Aquatic
09/20/06 2 24-hour 30 Terrestrial
09/28/06 2 6-day 192 Terrestrial
10/04/06 1 24-hour 12 Terrestrial
2 24-hour 30 Terrestrial
10/05/06 1 6-day 24 Terrestrial
2 6-day 75 Terrestrial
10/11/06 1 24-hour 15 Terrestrial
2 24-hour 20 Terrestrial
10/12/06 1 6-day 148 Terrestrial
2 6-day 48 Terrestrial
10/18/06 1 24-hour 16 Terrestrial
2 24-hour 28 Terrestrial
10/19/06 1 6-day 55 Terrestrial
2 6-day 116 Terrestrial
10/25/06 1 24-hour 60 Terrestrial
2 24-hour 80 Terrestrial
10/26/06 1 6-day 16 Terrestrial
2 6-day 191 Terrestrial
11/01/06 1 24-hour 10 Terrestrial
2 24-hour 48 Terrestrial
11/02/06 1 13-day 76 Terrestrial
2 13-day 96 Terrestrial
11/15/06 1 24-hour 12 Terrestrial
2 24-hour 17 Terrestrial
11/16/06 1 13-day 96 Terrestrial
2 13-day 96 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
11/29/06 1 24-hour 30 Terrestrial
2 24-hour 20 Terrestrial
11/30/06 1 13-day 64 Terrestrial
2 13-day 184 Terrestrial
12/13/06 1 24-hour 15 Terrestrial
2 24-hour 20 Terrestrial
12/14/06 1 " 13-day 78 Terrestrial
2 13-day 110 Aquatic
12/27/06 1 24-hour 15 Terrestrial
2 24-hour 25 Terrestrial
12/28/06 1 13-day 92 Terrestrial
2 13-day 112 Aguatic
01/10/07 1 24-hour 16 Terrestrial
2 24-hour 17 Aquatic
01/11/07 1 13-day 87 Terrestrial
2 13-day 64 Terrestrial
01/24/07 1 24-hour 5 Terrestrial
2 24-hour 1 Terrestrial
01/25/07 1 13-day 25 Terrestrial
2 13-day 25 Terrestrial
02/07/07 1 24-hour 1 Terrestrial
2 24-hour 1 Terrestrial
02/08/07 1 13-day 10 Aquatic
2 13-day 2 Agquatic
02/21/07 1 24-hour 2 Aquatic
2 24-hour 2 Aquatic
02/22/07 1 13-day 12 Terrestrial
2 13-day 15 Terrestrial
03/07/07 1 24-hour 1 Terrestrial
2 24-hour 2 Terrestrial
03/08/07 1 13-day 20 Terrestrial
2 13-day 25 Terrestrial
03/21/07 1 24-hour 5 Terrestrial
03/22/07 1 6-day 30 Terrestrial
2 6-day 145 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
03/28/07 1 24-hour 30 Terrestrial
2 24-hour 32 Terrestrial
03/29/07 1 6-day 62 Terrestrial
2 6-day 64 Terrestrial
04/04/07 1 24-hour 15 Terrestrial
2 24-hour 15 Terrestrial
04/05/07 1 6-day 64 Terrestrial
2 6-day 48 Terrestrial
04/11/07 1 24-hour 4 Terrestrial
2 24-hour 10 Terrestrial
04/12/07 1 6-day 64 Terrestrial
2 6-day 144 Terrestrial
04/19/07 1 6-day 44 Terrestrial
04/25/07 1 24-hour 15 Terrestrial
04/26/07 1 6-day 144 Terrestrial
05/02/07 1 24-hour 18 Terrestrial
05/03/07 1 6-day 30 Terrestrial
05/09/07 1 24-hour 10 Terrestrial
05/10/07 1 6-day 32 Terrestrial
05/16/07 1 24-hour 10 Terrestrial
05/17/07 1 6-day 27 Terrestrial
2 6-day 110 Terrestrial
05/23/07 1 24-hour 10 Terrestrial
2 24-hour 30 Terrestrial
05/24/07 1 6-day 35 Terrestrial
2 6-day 200 Terrestrial
05/30/07 1 24-hour 10 Terrestrial
2 24-hour 32 Terrestrial
05/31/07 1 6-day 64 Terrestrial
2 6-day 256 Terrestrial
06/06/07 1 24-hour 15 Terrestrial
2 24-hour 65 Terrestrial
06/07/07 1 6-day 35 Terrestrial
2 6-day 180 Terrestrial
(continued)
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Beginning Sample Date Unit Sample Duration Gallons of Debris Dominant Debris Type
06/13/07 1 24-hour 15 Terrestrial
2 24-hour 20 Agquatic
06/14/07 1 6-day 57 Terrestrial
2 6-day 96 Terrestrial
06/20/07 1 24-hour 5 Aquatic
2 24-hour 15 Terrestrial
06/21/07 1 6-day 48 Terrestrial
2 6-day 96 Terrestrial
06/27/07 1 24-hour 30 Aquatic
2 24-hour 30 Aquatic
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APPENDIX C

Merrimack Station Quality Control
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Appendix Table C-1. Species present in Normandeau Associates fish reference collection from
Hooksett Pool of the Merrimack Station observed during impingement

sampling.
Specimen

Scientific Name Common Name Available
Anguillidae freshwater eels

Anguilla rostrata American eel X
Cyprinidae carps and minnows

Hybognathus regius eastern silvery minnow

Luxilis cornutus common shiner

Notemigonus crysoleucas golden shiner

Notropis atherinoides emerald shiner

Notropis bifrenatus bridle shiner

Notropis hudsonius spottail shiner

Semotilus corporalis fallfish
Catostomidae suckers

Catostomus commersonii white sucker X
Ictaluridae North American catfishes

Ameiurus natalis yellow bullhead X

Ameiurus nebulosus brown bullhead

Noturus insignis margined madtom X
Esocidae pikes

Esox niger chain pickerel X
Osmeridae smelts

Osmerus mordax rainbow smelt X
Moronidae temperate basses

Morone americana white perch X
Centrarchidae sunfishes

Ambloplites rupestris rock bass X

Enneacanthus obesus banded sunfish X

Lepomis auritus redbreast sunfish X

Lepomis gibbosus pumpkinseed X

Lepomis macrochirus bluegill X

Micropterus dolomieu smallmouth bass X

Micropterus salmoides largemouth bass X

Pomoxis nigromaculatus black crappie X
Percidae perches

Etheostoma olmstedi tessellated darter X

Perca flavescens yellow perch
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Appendix Table C-2. Summary of QC effort for Merrimack Station impingement and
entrainment programs.

Number of
Sample Type Task Inspections # Passed # Failed
Impingement Sort 63 63 0
Impingement Identification/Count 83 83 0
[mpingement Fish length 105 102 3
Entrainment Sort 27 27 0
Entrainment Count 8 8 0
Entrainment Identification 21 20 1
Entrainment Life Stage 21 20 1
Determination
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