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INTRODUCTION

PPL Susquehanna, LLC (PPL) contracted Ecology Ill, Inc. to conduct
nonradiological monitoring of the Susquehanna River in the vicinity of the Susquehanna
Steam Electric Station (Susquehanna SES) in 2003. The Susquehanna SESis a nuclear
power station with two boiling water reactors, each with a net electrical generating capacity
of approximately 1,115 megawatts. It is located on a 1,700-acre site in Salem Township,
Luzerne County, 5 miles northeast of Berwick, Pennsylvania. PPL owns 90 percent of the
station and the Allegheny Electric Cooperative owns 10 percent.

The objective of the nonradiological environmental monitoring programis to assess
the impact of operating the Susquehanna SES on the Susquehanna River water quality
and relative abundance of fishes. This was accomplished in 2003 by comparing data at
control and indicator stations and by evaluating results of preoperational (1971-82) and
operational (1983-2003) studies. Monitoring was done at sites within a control station
(SSES) upriver from the Susquehanna SES river intake structure and indicator stations
(Bell Bend and Bell Bend |) downriver from the discharge diffuser.

To more objectively assess the impact of operating the Susquehanna SES on the
Susquehanna River, a statistical procedure called BACI (Before-After:Control-Impact)
analysis was applied to preoperational and operational monitoring data.

This report presents results of water quality and fishes studies.
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WATER QUALITY

PROCEDURES

Water quality of the Susquehanna River relative to operation of the Susquehanna
SES was monitored throughout 2003 at two control sites, the Susquehanna SES
Environmental Laboratory and SSES; and two indicator sites, Bell Bend | and Bell Bend.
River flow and temperature were monitored continuously at the Environmental Laboratory
which is located on the west river bank, 1,620 feet upriver from the Susqquehanna SES river
intake. Water quality samples were collected at the SSES, Bell Bend |, and Bell Bend river
sites. SSES is 750 feet upriver from the intake; Bell Bend | and Bell Bend are 1,310 feet
and 2,260 feet downriver, respectively, from the Susquehanna SES blowdown discharge
(Fig. 1). Methods of analysis and references are listed in "Water Quality" (Ecology Ill, Inc.
1998a). Samples were collected once per week from April through September and twice
per month for the other six months. Water quality samples have been collected at SSES,
Bell Bend, and Bell Bend | since 1972, 1978, and 1985, respectively.

A cooling tower blowdown sample and SSES and Bell Bend river samples were
collected once each quarter (three months) in 2003. Blowdown is river water used in the
Susquehanna SES cooling cycle and is discharged back to the river. It has high
conductivity and dissolved solids concentrations because of evaporative loss in the cooling
towers (10,000 gallons/minute/tower evaporation during operation). In 2003, the daily
average blowdown ranged from 5.6 to 27.5 cubic feet per second (cfs). These samples
were analyzed by the Chemical Laboratory at the PPL Systems Facility Center, Hazleton,

Pennsylvania (PA). Temperature, dissolved oxygen, field pH, and field conductivity were
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measured by Ecology lll. Blowdown samples have been collected as part of this program
since 1991.

Water quality data were statistically analyzed to document changes in the river.
Friedman's nonparametric two-way analysis of variance test determined if year-to-year
changes occurred at the SSES control site, and Page's distribution-free test for ordered
alternatives analyzed if these year-to-year changes established a trend (Hollander and
Wolfe 1973). These tests were based on monthly mean data for parameters that have
been continually monitored for the last 30 years. The BACI (Before-After:Control-Impact)
model tested if the Susquehanna SES blowdown had a significant effect on downriver
water quality. Individual parameters are tested to determine if there has been asignificant
change in the data since operation of the Susquehanna SES began. The BACI test was
initiated in 1989 (Ecology llf, Inc. 1990) and has continued on an annual basis. A 5%

probability level was used for significance.

RESULTS AND DISCUSSION

River Flow and Temperature

In 2003, Susquehanna River flow was above average every month except February,
April, and May (Fig. 2). The annual precipitation at Avoca, PA was 49.93 inches, the
highest annual total on record since 1955. Monthly precipitation was above average from
June through December. September with 8.35 inches was the wettest September on
record. June with 7.54 inches was the third wettest and October with 5.32 inches was the
fifth wettest. Daily mean river flow ranged from 3,000 to 121,000 cfs (Table 1). An

estimated 696 billion cubic feet of water passed by the Susquehanna SES Environmental
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Laboratory in 2003 (Fig. 3). This was the third highest flow in the last 43 years, only the
flows of 1996 and 1972 were higher.

Daily mean river temperature was collected only through 21July . A lightning strike
during a thunderstorm terminated the recorder. We were unable to get another recorder

on-line in 2003, but expect to collect data again in 2004.

River Water Quality at the Susquehanna SES

The basic quality of this section of the Susquehanna River continues to change for
the better. A reduction of mine drainage pollutants and improvements to waste treatment
upriver from the Susquehanna SES have caused this change. The concentration of total
iron, sulfate, and acidity has decreased greatly at four major mine effluents monitored by
the Pennsylvania Department of Environmental Protection (PADEP). The pH and alkalinity
has increased at these drainages. Since our studies began in 1972, new wastewater
facilities were constructed, existing facilities were upgraded, and more communities were
connected to these facilities.

In 2003, pH, conductivity, sulfate, total solids and dissolved solids were below the
preoperational and operational averages (Tables 2 and 3). Dissolved oxygen was above
the preoperational and operational averages. High precipitation through the second half
of the year affected the turbidity, total iron, suspended solids, and total alkalinity data, as
they fell within the preoperational and operational averages. There were no new 2003

minimums or maximums in the database.
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Control and indicator data were compared to PADEP water quality criteria (2 002).
The parameters encompassed by the criteria were alkalinity, ammonia nitrogen, diss olved
oxygen, fluoride, total and dissolved iron, manganese, nitrate, pH, sulfate, temperature,
and total dissolved solids.

Data for all parameters except total iron fell within the criteria for the year at both the
control and indicator sites. The total iron average for the months of March, August,
September and October exceeded the 1.5 mg/L 30-day average criteria in 2003, but none
were caused by operation of the Susquehanna SES. For each sample set where the
indicator data exceeded the criteria, the control data also exceeded the criteria. The
source of metals to the river is drainage from abandoned coal mines in northeast
Pennsylvania. The elevated concentrations that exceeded the criteria were caused by high
river flows, which flushed deposited iron downriver.

The most significant change in the last 30 years of this water quality prograrm has
been the decrease of total iron in the Susquehanna River. This decreaseis associated
with the termination of anthracite coal mining upriver from the Susquehanna SES after
Tropical Storm Agnes in 1972. In 1973, the annual mean concentration was 423 mg/L
(Ichthyological Associates, Inc. 1974). The PADEP criterion for the river, 1.5 mg/L, was
reached in only 42 of 575 samples collected in the 1970's. Priorto 1984, the annual mean
concentration did not go below 2.0 mg/L. But in the 1980's concentrations began to
decrease; in the beginning of the decade about 20% of the samples met the criterion and
by the end of the decade almost 60% met the criterion. In the 1990's, more than 77 % of
the samples were within the criterion. In our 31-year database, the lowest concentration,

0.21 mg/L, and the lowest annual mean, 0.78 mg/L, occurred in 1999 . The annual mean
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concentration of total iron has been <1.5 mg/L for the period 1997 through 2002, however
the 2003 mean concentration was 1.58 mg/L. This rise is related to 6 periods of high flow
throughout the year which flushed iron from the upstream subdstrate, producing
concentrations >3.0 mg/L in the river.

Significant water quality trends continued at the Susquehanna SES site based on
the Friedman-Page statistical tests. For the period 1973 through 2003, there was a
significant decreasing trend in turbidity, sulfate, total iron, and total suspended solids; and
a significant increasing trend in pH, total alkalinity, and dissolved oxygen. These were first
documented in 1976 (lchthyological Associates, Inc. 1977). Each of these trends is
associated with the termination of upriver coal mining and the decrease of iron in the river.

No significant trends were found for river flow, conductivity, total solids, or total dissolved

solids.

Control and Indicator Site Comparisons

Control and indicator water quality data were similar in many respects. The range
of data for all parameters was similar between the control and indicator sites (Table 2). In
many samples, the control and indicator values were equal (Table 4). Indicator data for
conductivity, sulfate and total solids were usually higher than control data in a majority of
samples (Table 4).

Higher values at both indicator sites are due to the high concentrations of solids in
the blowdown. This relationship is evident in the quarterly samples collected at SSES, Bell

Bend, and the blowdown (Tables 5 and 6).
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Based on the mass balance of total mineral solids (tms),
Q:Cr + QC; = Q3C5
where: @y =River flow at Environmental Lab
C,=SSES tms
Q. = Blowdown flow
C, = Blowdown tms
Q:=Qs+ Q2
the concentration is expected to be higher at the indicator sites, especially during low river
flow.

In 2003, the measured tms at the indicator site was within 2.1 mg/L of the expected
tms for the quarterly samples (Table 5). Mass balancing has been used since 1991 to
check the measured vs. expected tms concentration at the Bell Bend indicator site. The
average difference between the measured and calculated concentrations in these 12 years
has been 1.3 mg/L.

An inverse relationship exists between river flow and parameters associated with
mineral solids concentrations (Fig. 4). Historically, mineral solids concentrations and
conductivity are above average at the indicator sites when river flow is less than 5,000 cfs
and noticeably higher when flow is less than 2,000 cfs (Ecology lll, Inc. 1996). There have
been samples when indicator conductivity was 50 umhos/cm higher than the control and
when the indicator dissolved solids concentration was 30 mg/L higher. However, these
indicator concentrations are usually no more than 10% higher than control values during
these low river flows.

BACI analysis of the water quality database from 1978 through 2003, showed that

statistically, the conductivity (P<0.000), sulfate (P=<0.000), total alkalinity (P<0.007), total

solids (P<0.001), total suspended solids (P<0.010), total dissolved solids (P=0.001),
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dissolved oxygen (P>0.018) and turbidity (P<0.028) were significantly higher at Bell Bend.
Conductivity was also highly significant in the original BACI analysis (Williams and
Thorarinsson 1988) and in each annual analysis since (Ecology Ill, Inc. 1990-2003).

Sulfate and total dissolved solids were significant for the thirteenth consecutive year. This
is the ninth consecutive year that total solids was significant, the sixth consecutive year for
total alkalinity and the fifth consecutive year for total suspended solids. These parameters
continue to be significant because of the higher concentrations of mineral solids in the
Susquehanna SES blowdown. These higher concentrations are within design limitations
and have not caused any river water quality parameters to exceed PADEP criteria at either

of the indicator sites. This is the first year that turbidity has been significant in the BACI

model.

Conclusion

Susquehanna River flow was above average in 2003; it was the third highest flow
in the last 43 years. Water quality at the Susquehanna SES site continued to statistically
improve with respect to acid mine drainage. Control and indicator data were similar
throughout the year, with indicator data relative to the mineral concentrations in the
Susquehanna SES blowdown somewhat higher. The higher indicator values, even though

statistically significant, were within PADEP criteria for the river and design limitations of the

Susquehanna SES.
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FISHES

W

PROCEDURES

Electrofishing

Electrofishing samples were collected once each month in April, June, July, August
and October in 2003. Sampling was done at four sites, and each site was approximately
1,100-yards long and parallel to the river shoreline. These sites are the same areas that
have been sampled since 1976. Two sites were located upriver from the Susquehanna
SES river intake structure along each bank of the river, and two sites were downriver from
the intake (referred to as SSES and Bell Bend locations, respectively; Table7, Fig.1).

Our electrofishing boat was operated with a 5-KW generator (direct current) with a
variable-voltage pulsator. The unit was mounted on an 18-foot flat-bottomed boat, similar
to the design of Novotny and Priegel (1974). In the interest of continuity, this same
electrofishing unit has been used since the inception of this sampling program.

During sampling, the boat was driven parallel to the shoreline usually within 30 feet
of the riverbank. For purposes of safety and sampling efficiency, all sampling was done
at river levels less than 493.1 feet above mean sea level (msl; equivalent to 10.1 feet) as
measured at the environmental laboratory. Electrofishing was done only in the evening
and sampling began about one hour after sunset. Two observers stood in the bow of the

boat and identified and counted fish during each sample. Data were recorded using a

cassette tape recorder.
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Seining

Shoreline fishes were collected by seine during June and August at four seine sites
in 2003. Sampling was done when river levels were less than 490.2 feet above msl
(equivalent to 7.2 feet at the Environmental Laboratory). An October sample was not
collected in 2003 because of high-water conditions throughout the month. Similar to the
electrofishing sampling sites, two seine sites were above the Susquehanna SES river
intake structure along each shoreline and two were below (Table 7, Fig. 1).

To sample, one end of the 25-foot bag seine (0.25-inch mesh) vwas kept stationary
on the riverbank while we extended the other end about 20 feet into the river. The seine
was then pulled upriver and onto shore. Two hauls were made in the same location at
each site, and the catches from both hauls were combined and considered one unit of
effort. Captured fish were placed in 10% formalin in the field and returned to the
laboratory. After at least two weeks in formalin, the fish were rinsed with water, identified,

enumerated, and finally preserved in 40% isopropanol.

Statistical Analysis

A statistical analysis known as the Before-After:Control-Impact (BACI), was applied
to the electrofishing (1976-2003) and seining (1978-2003, Ecology lil, Inc. 1990). Twenty
species or categories of fish were analyzed from the electrofishing data, as were 12
species from the seining data. These species or groups were chosen based on their

abundance during the years before Susquehanna SES operation.



-11-

Two different electrofishing data sets were analyzed. The first set included all
months sampled by electrofishing through the years, and is referred to as the al-months
data set. The second set included only the months from June through October to reflect
a reduced monitoring effort since 1986. The seining data set analyzed by the BACI
represents all months sampled through the years.

Williams and Thérarinsson (1990) recommended that future BACI analyses of SSES
data use September 1982 through February 1985 as the demarcation between
preoperational and operation data. This reflects the time period between startup of Unit
1 (September 1982) and Unit 2 (February 1985). To date, operational data have been
defined as those samples collected after Unit 1 reached criticality during September 1982.
Therefore, the electrofishing data sets were analyzed using both the traditional September
1982 date, as well as the extended time period (the 19 months between the startup dates

were not used in the second BAC! analysis).

RESULTS AND DISCUSSION

Electrofishing

Electrofishing at the SSES and Bell Bend locations in 2003 resulted in the
observation of 1,076 fish of 21 species (Tables 8 through 10). The above average flow
throughout 2003 is thought to be responsible for the decline in total number of fish
observed in comparison to previous years. The total numbers of fish collected at both sites
for the year were generally similar, as were most of the monthly totals. The range of
sample sizes among the months at SSES was 77 fish, while the range at Bell Bend was

130 fish. Maximum sample sizes occurred during June at both SSES and Bell Bend.
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Smalimouth bass was the most abundant species observed at SSES and Bell Bend
overall in 2003 (35% and 39% of the total, respectively). Rock bass, smallmouth bass and
walleye collectively represented 55% of the fish observed at SSES and 59% of those at
Bell Bend. Smallmouth bass was the most abundant species in the months of June, July
and October at both sampling stations. Quillback was the most abundant species in April
at both stations, as were rock bass at SSES and quillback at Bell Bend in August.

Seventeen species were observed at both SSES and Bell Bend d uring electrofishing
in 2003. Species richness per sample was greatest during the October sample at SSES
(12) and July sample at Bell Bend (13). Sucker and sunfish species dominated species

richness in all months during 2003.

Seining

Seining at the SSES and Bell Bend locations in 2003 resulted in the capture of
1,436 fish of 15 species (Tables 8 and 11). Spotfin shiner was the most abundant species
captured at SSES (72%) and Bell Bend (65%). Spotfin shiner plus spottail shiner
comprised 97% and 92% of the fishes collected at SSES and Bell Bend, respectively.

Similar to previous years, the number of fishes captured at SSES was a fraction
(71%) of those collected at Bell Bend. A similar discrepancy in fish numbers between the
sites also occurred among the monthly samples. This likely reflects the growing disparity
between the upriver and downriver sites, particularly the SSES location on the west bank
of the river. In the past few years this site has become overgrown with vegetation,
including the exotic invasive plant, purple loosestrife. Thick vegetation during higher water

levels at this site sometimes presents obstacles that can affect sampling efficiency.
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Ten species were collected at SSES and twelve species were collected at Bell
Bend. At both stations, species in the minnow and sunfish families predominated. Species
richness was greatest at both SSES and Bell Bend during August. Species numbers in a
given month at SSES ranged from six to nine, while those at Bell Bend ranged from eight
to ten species. One unusual occurrence was the capture of a brown trout inJune at the
Bell Bend site on the east bank. This fish, a species commonly stocked in state streams

by the Pennsylvania Fish and Boat Commission, probably entered the river from a trib utary

during high water.

BACI Results: Electrofishing

Of the 20 species or categories of fish for which data were tested with the BACI
analysis with a 1982 plant start-up, nine species from the data set of all months sampled
and seven species from the June through October data showed significant differences in
the numbers of fishes above versus below the power plant discharge (FP<0.05, Table12).
Species in the all-months data set that indicated significant declines in theirnumbers at
the Bell Bend locations included quillback, white sucker, northern hog sucker, shorthead
redhorse, muskellunge, rock bass, smallmouth bass, and unidentified fish. Brown bullhead
was also significantly different; however, its numbers showed significant increase at Bell
Bend compared to the upriver sites. The June through October data set demonstrated
declines in all of the same species, except white sucker and brown bullhead.

Changing the time period demarcating preoperational and operational data from
1982 to 1985 made little difference in the outcome of the BACI analysis. The 1985 all-

months data set was identical to the 1982 all-months data set of the species indicated by
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the BACI to have significant differences below the discharge pipe. The only difference in
the June through October data sets was the loss of significance for northern hog sucker
from the 1985 data set.

The BACI analysis compares differences in the numbers of species between the
SSES and Bell Bend locations. As explained in previous reports, these differences can
occur when numbers at SSES increase more or decrease less than increases or
decreases occurring at Bell Bend (Ecology IlI, Inc. 2003). Additionally, differences can also
occur if SSES numbers increase while Bell Bend numbers hold steady or decrease, or
SSES numbers can hold steady while Bell Bend numbers decrease. Analysis of the
annual catches per unit effort of significant species indicates that the relative “declines” in
northern hog sucker, rock bass, smallmouth bass and unidentified fish were due to greater
increases in numbers of these species at SSES than numbers at Bell Bend. Conversely,
the declines in white sucker, shorthead redhorse, and muskellunge were due to greater
decreases in numbers at Bell Bend than decreases at SSES. Quillback was the only
exception, demonstrating an increase at SSES while holding steady at Bell Bend. Finally,
the relative increase in brown bullheads at Bell Bend is actually caused by a greater

decrease in bullhead numbers at SSES than their decrease at Bell Bend.

BACI Results: Seining

The results of the 12 seined species tested by BACI analysis indicated that none
of the species tested were significant (P>0.05). This has been the general pattern for

these results since BACI analysis was begun among seining data.
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Table 1

Daily mean flow (cfs) of the Susquehanna River at the Susquehanna SES
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Environmental L aboratory, 2003.

DATE  JAN FEB  MAR  APR  MAY JUN JUL AUG SEP OCT NOV  DEC
. 17700 8260 15500 51800 14900 24600 9180 7450 3230 16200 52600 35200
5 37300 7510 14400 49300 13500 52600 7780 6800 7780 14400 40200 31300
5 56000 6930 13800 49500 21300 39500 7120 14000 25200 12300 31300 26900
4 44600 7150 12900 48300 19700 26900 6180 16200 47800 10700 25700 23500
5 34600 8080 12200 44600 19200 22300 5880 19700 47000 10700 22900 20200
6 28800 10800 12300 62700 16700 21300 5500 18700 35900 10300 22300 18700
S 25200 13300 11600 64900 14900 25400 5020 18200 24600 11500 21300 18200
8 22000 13600 11000 52000 13500 25900 4740 15300 17700 11900 19200 16700
o 21800 12300 11800 44000 13100 23500 4740 13500 13100 10300 17200 15300
10 21800 10600 12400 38200 11900 20700 4480 14400 10700 8820 15300 14400
{4 22000 9950 13000 37200 11100 17200 4480 26000 8820 7780 14000 22300
12 21300 8510 11800 39400 11100 16200 7780 36600 7780 7120 13100 83400
13 18700 8290 11500 36700 11500 14900 6490 26300 6800 6490 13100 90900
14 17200 7270 11300 32400 13100 17200 6180 23500 6180 6180 12700 64800
16 14000 6720 11800 28700 17200 20700 5590 16700 5880 9540 12700 30200
16 14400 6560 13900 25700 16200 21300 5020 13500 7450 12700 13100 38700
17 12700 6220 31900 23500 14400 17200 4480 12300 7780 14900 12700 33200
18 10700 5150 63800 21300 13500 14400 3710 9910 7450 18200 11900 31900
1o 9180 5640 88200 19200 13100 12300 3470 8470 9180 15300 12700 30600
o0 17800 6180 88300 17700 11900 11900 3710 7450 8120 12300 31300 28800
o1 15800 6830 109000 16200 10300 33800 3960 6800 7120 11100 71400 25700
5> 14000 7220 121000 15800 9540 85500 6180 6180 6180 11500 65800 22300
53 14300 9630 112000 15800 8820 76300 16700 5560 13100 10700 51800 20200
54 13700 15200 102000 15300 8820 48500 43100 4740 22900 9910 37300 25700
%5 12500 23200 92100 15300 9180 32600 37300 4210 23500 9180 31300 57700
6 12100 23300 78900 15800 13100 22900 33900 3710 21300 8820 28100 75300
57 11400 20100 70500 16700 15300 17700 22300 3710 14900 10300 25700 60300
58 10200 17700 63600 17200 14900 14400 16200 3470 14500 30000 24000 47000
29 9480 55500 17700 14400 12300 12700 3000 17100 63000 26300 35900
30 9580 51600 17200 14000 10300 11100 3000 21300 73400 33900 30600
31 9020 52400 12300 8820 3230 65800 28800
MEAN 19400 10400 44600 31700 13600 26700 10400 12000 15700 17100 27000 36300
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Summary of water quality data collected from the Susquehanna River at SSES,

Blell Bend, and Bell Bend |, 2003.

PARAMETER N  MINIMUM MAXIMUM  MEAN SE
SSES

Turbidity (NTU) 38 3.2 55 12 2.2
pH 38 6.9 8.0 73 004
Conductivity (umhos/cm) 38 116 350 224 9.2
Analysis (mg/t)

xygen

Dissolved 38 7.20 15.00 10.96 0426

Percent saturation 38 84 125 102 1.7
Total alkalinity 38 22 86 54 2.2
Sulfate 38 1 52 26 1.9
Total iron 38 0.54 5.96 1.58 0.234
Solids

Total 38 117 267 171 6.1

Total suspended 38 1 144 23 53

Total dissolved 38 89 257 148 6.3

BELL BEND

Turbidity (NTU) 38 3.3 55 13 2.3
pH 38 6.9 8.0 73 004
Conductivity (upmhos/cm) 38 115 355 226 9.3
Analysis (mg/L)

xygen

Dissolved 38 7.20 15.00 1098 0418

Percent saturation 38 84 124 102 1.7
Total alkalinity 38 22 87 55 2.2
Sulfate 38 2 54 27 2.0
Total iron 38 0.53 6.42 161 0.246
Solids

Total 38 119 271 174 6.3

Total suspended 38 1 164 25 58

Total dissolved 38 84 260 150 6.3

BELL BEND |

Turbidity (NTU) 38 3.3 57 13 2.3
pH 38 6.9 8.0 74 0.04
Conductivity (umhos/cm) 38 117 367 228 9.6
Analysis (ma/l)

xygen

Dissolved 38 7.20 15.00 1096 0422

Percent saturation 38 84 126 102 1.7
Total alkalinity 38 22 91 55 2.3
Sulfate 38 1 54 27 2.0
Total iron 38 0.52 6.35 1.54 0237
Solids

Total 38 122 274 175 6.3

Total suspended 38 1 152 24 5.6

Total dissolved 38 88 264 151 6.5
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Comparison of water quality data collected from the Susquehanna River at SSES and Bell Bend during

preoperation (1978-82) and operation (198

3-2003) of the Susquehanna SES.

PREQPERATION QPERATION
PARAMETER N MIN  MAX MEAN SE N MIN MAX MEAN SE
SSES
Turbidity (NTU) 373 33 450 17 1.8 912 1.6 440 12 0.8
pH 375 6.6 9.0 7.5 0.02 913 68 9.0 7.5 0.01
Conductivity (umhos/cm) 375 76 540 293 54 913 90 520 275 32
Analysis (ma/l.
Oxygen
Dissolved 375 5.20 14,70 1026 0.098 006 5.40 1520 10.42 0.089
Percent saturation 375 60 145 100 0.8 906 66 182 101 0.6
Total alkalinity 375 16 87 55 07 908 16 a0 57 0.5
Sulfate 373 8 158 63 1.8 913 1 150 48 0.9
Total iron 374 0.96 22.00 230 0.105 911 0.21 35.20 1.65 0.065
Solids
Total 372 106 736 222 42 912 104 822 210 2.4
Total suspended 375 1 658 26 3.0 912 1 708 21 15
Total dissolved 374 61 363 194 3.8 912 54 381 189 2.3
BELL BEND
Turbidity (NTU) 373 31 450 17 1.8 g12 1.6 460 12 0.8
pH 375 6.6 8.9 75 0.02 813 638 9.0 7.5 0.01
Conductivity (umhos/cm) 375 74 525 293 5.4 913 A 540 281 34
Analysis (mg/L.
Oxygen
Dissolved 375 5.00 1450 10.31 0.099 806 530 15.40 10.39 0.090
Percent saturation 375 58 157 100 0.8 906 65 160 100 0.6
Total alkalinity 375 16 88 55 07 908 16 97 58 0.5
Sulfate 373 9 158 62 1.8 913 1 152 49 0.9
Totaliron 374 072 22.50 222 0104 911 023 35.10 1.61 0.064
Solids
Total 371 107 710 224 472 912 104 826 215 25
Total suspended 375 1 649 26 2.9 912 1 758 21 1.5
Total dissolved 373 55 366 195 3.8 912 59 393 193 2.4




Table 4

A comparison of 38 water quality sample sets collected from the Susquehanna River at the SSES (S)
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control and Bell Bend (B) and Bell Bend | (Bl) indicator sites in 2003. S>, B>, and BI> denote the number
of times a respective sample had a higher value, = denotes equal values at the compared sites.

SSES vs. Bell Bend

SSES vs. Bell Bend |

Bell Bendvs Bell Bend |

PARAMETER S>B B>S S=B S>Bl BI>S S=BI B=>Bl BPB B=BI
Turbidity 6 16 16 9 19 10 11 10 17
pH 5 13 20 3 21 14 3 14 21
Conductivity 3 26 9 1 34 3 2 27 9
Dissolved oxygen 6 7 25 8 10 20 6 4 28
Oxygen percent saturation 7 24 8 10 20 6 5 27
Total alkalinity 3 13 22 2 19 17 2 15 21
Sulfate 8 19 11 4 23 11 7 12 19
Total iron 20 16 2 27 7 4 25 8

Total solids 28 4 9 25 4 13 22

Total suspended solids 22 11 14 15 17 14
Total dissolved solids 22 1 14 15 17 14

Table 5

Comparison of measured and calculated total mineral solids (tms) concentrations at Bell Bend on the

Susquehanna River, 2003. Data from SSES and blowdown samples were mass balanced to calculate the

Bell Bend concentration.

DATE SSES BLOWDOWN BELL BEND DIFFERENCE
Flow tms Flow tms Measured Calculated tms %
(cfs) (mg/L) (cfs) (mg/L) tms tms (mg/L.)
(mg/L) (mg/L)
26 Mar 78900 731 13.4 2016 75.2 73.1 2.1 2.8
19 Jun 12300 116.2 17.8 469.4 114.8 116.7 -1.9 -1.7
27 Aug 3710 200.4 26.8 591.6 202.9 203.2 03 -0.2
19 Nov 12700 1355 16.9 5732 136.9 136.1 0.8 06
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Water quality data collected quarterly from the Susquehanna River and the Susquehanna SES blowdown, 2003. River sites
were SSES (control) and Bell Bend (indicator). Analyses were performed by the PPL Chemical L_aboratory, Hazleton, PA.

N.D. = Not Detected N.M. = Not Measured

BLOW BELL BLOW BELL

PARAMETER UNITS SSES DOWN BEND SSES DOWN BEND
Date 3/26/2003  3/26/2003  3/26/2003  6/18/200 6/19/2003  6/19/2003
Time 9:.07 7:43 9:11 9:02 757 9:06
Temperature c 55 18.5 55 20 24 20
pH, field 7.01 7.89 7.01 7 8.4 7
Conductivity, field pmho 126 333 126 202 774 206
Turbidity, field NTU 33 98 33 7.2 34 7
Dissolved oxygen mg/L N.M. N.M. N.M. 7.8 6.8 7.9
pH, lab 7.23 8.22 7.26 7.42 8.78 7.5
Conductivity, lab pumho 134 357 133 217 821 218
Total alkalinity mg/L 25 65 26 50 201 50
Phenolphthalein alkalinity mg/L 0 0 0 0 13 o]
Total suspended solids mg/L 64.6 189 62 15.5 59 12.5
Ammonia as N mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Silicon dioxide mg/L 424 11.92 432 37 14.87 3.75
Bicarbonate as CaCO3 mg/L 305 79.3 3.7 61 214 61
Carbonate by calculation mg/L 0 0 0 (o] 15.8 o
Chiloride mg/L 11.8 37.8 12.7 17.5 722 16.9
Fluoride mg/L N.D. 0.2 N.D. 0.1 0.2 0.1
Nitrate as NO3 mg/L 4.3 11.9 4.7 27 9.6 2.7
Nitrate ion as N mg/L 1 2.7 1.1 0.6 22 0.6
Phosphorus as PO4 mg/L 0.534 3.408 0.503 0.224 3.282 0.221
Sulfate mg/L 12.4 31.1 12.9 21.4 77.8 20.9
Aluminum, dissolved ug/L N.D. <50 N.D. N.D. <50 N.D.
Aluminum, total ug/L 1450 4510 1530 350 1130 300
Rarium, total ug/L 3 a5 32 34 118 34
Calcium, dissolved mg/L 13.2 34.3 13 223 89.9 22.1
Calcium, total mg/L 134 35.8 13.3 225 90.8 225
Copper, dissolved ug/L N.D. <10 N.D. N.D. 11 N.D.
Copper, total ug/L. N.D. 18 N.D. N.D. 17 N.D.
Iron, dissolved mg/L 0.04 0.1 0.03 0.2 0.29 0.2
Iron, total mg/L 2.85 9.13 2.97 1.15 3.62 1.05
Magnesium, dissolved mg/L 255 6.67 2.51 513 18.4 5.1
Magnesium, total mg/L 2.97 8.07 2.97 524 19.8 5.26
Manganese, dissolved ug/t 27 15 27 81 26 77
Manganese, total ug/L 134 481 135 128 327 122
Nickel, total ug/L N.D. <20 N.D. N.D. <20 N.D.
Potassium, dissolved mg/L 1.28 3.48 1.27 1.34 6.24 1.33
Potassium, total mg/L 1.49 4.05 1.51 1.4 5.51 1.41
Silver, total ug/l N.D. N.D. N.D. N.D. N.D. N.D.
Sodium, dissolved mg/L 8.29 253 8.19 12.1 588 12
Sodium, total mg/L 7.25 22.4 7.24 11.9 55 12
Strontium, total ugll. 37 113 37 86 326 86
Vanadium, total ug/L N.D. N.D. N.D. <10 <10 N.D.
Zinc, dissolved ugfL N.D. N.D. N.D. N.D. N.D. N.D.
Zinc, total ug/L. 10 42 10 N.D. 18 N.D.
Beryllium, total ug/L N.D. N.D. N.D. N.D. N.D. N.D.
Cadmium, total ug/l. <1 N.D. N.D. N.D. N.D. N.D.
Chromium, total ug/L N.D. <10 N.D. N.D. N.D. N.D.
Lead, total ug/L <3 8 <3 N.D. <3 N.D.
Thallium, total ug/L N.D. N.D. N.D. N.D. N.D. N.D.
Arsenic, total ug/l 1.6 4.8 1.5 <1.0 3.4 <1.0
Selenium, total ug/L N.D. <1.0 N.D. N.D. <1.0 N.D.
Antimony, total ug/L N.D. N.D. N.D. N.D. N.D. N.D.
Total mineral solids mg/L 73.06 201.57 75.19 116.18 469.41 114.78
Calcium hardness (C) mg/L 33 85.6 325 55.7 2245 55.2
Total hardness (C) mg/L 457 123 454 77.8 308 77.8
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BLOW BELL BLOW BELL

PARAMETER UNITS SSES DOWN BEND SSES DOWN BEND
Date 8/27/2003 812712003 8/27/2003  11/18/2003 11192003 11/19/2003
Time 9:33 8:36 9:37 915 8:15 919
Temperature o} 235 27 235 8.5 285 85
pH, field 7.6 8.6 7.7 7.4 8.6 7.4
Conductivity, field pmho 345 898 347 229 855 234
Turbidity, field NTU 7 24 6.8 38 28 4.1
Dissolved oxygen mg/L 82 8.3 6.6 12.3 7.2 12.2
pH, lab 8.07 8.82 8.07 7.39 8.93 7.51
Conductivity, lab umho 367 955 371 245 913 247
Total alkalinity mgfl 87 250 88 63 254 64.5
Phenolphthalein alkalinity mg/L 4] 2 0 (¢] 2.5 0
Total suspended solids mg/L 12.5 33 12 2.2 55 <1.0
Ammonia as N mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Silicon dioxide mg/L 2.38 8.99 2.42 4.6 18.3 4.8
Bicarbonate as CaCO3 mg/L 106 251 107 76.9 245 78.7
Carbonate by calculation mg/L 0 26.4 0 o 3.8 0
Chiloride mg/L 30.9 945 31.4 19.6 90.8 19.6
Fluoride mg/L 0.07 0.26 0.08 0.06 0.25 0.05
Nitrate as NO3 mg/L 1 4.9 1.1 3.1 14.4 3.1
Nitrate ion as N mg/L 0.2 1.1 0.2 0.7 33 0.7
Phosphorus as PO4 mg/L 0.178 2.752 0.196 0.11 2773 0.126
Sulfate mg/L 447 130 453 242 102 24
Aluminum, dissolved ug/L N.D. N.D. N.D. N.D. N.D. N.D.
Aluminum, total ug/L 228 575 215 <100 952 <100
Barium, total ug/L 35 122 36 28 134 29
Calcium, dissolved mg/L 38 111 38.4 26.9 109 27.2
Calcium, total mg/L 38 111 384 27.3 112 27.2
Coppe(, dissolved UQI’L N.D. N.D. N.D. N.D. <10 N.D.
Copper, total ug/L N.D. <10 N.D. N.D. 11 N.D.

Iron, dissolved mg/t. 0.06 0.16 0.07 0.23 0.39 0.28

{ron, total mg/L 1.05 2.33 1 0.66 3.84 0.69

Magnesium, dissolved mg/L 9.86 27.9 9.96 578 232 5.86

Magnesium' total mglL 9.98 28.2 10 5.89 24 5.89

Manganese, dissolved ug/l 52 20 43 86 39 88

Manganese, total ug/L 150 276 144 95 272 96

Nickel, total ug/L N.D. <20 N.D. N.D. <20 N.D.

Potassium, dissolved mg/L 2.01 5.91 2.04 1.51 6.12 1.51

Potassium, total mg/L 2.09 6.05 21 1.53 6.19 1.54

Silver, total ug/L N.D. N.D. N.D. N.D. N.D. N.D.

Sodium, dissolved mg/L 19.3 58.4 19.5 12 57 12.1

Sodium, total mg/L 19.1 58.1 19.3 11.9 57 12

Strontium, total ug/L 176 483 176 o8 413 100

Vanadium, total ugfL N.D. <10 N.D. N.D. N.D. N.D.

Zinc, dissolved ug/L N.D. N.D. N.D. N.D. N.D. N.D.

Zinc, total ug/L N.D. N.D. N.D. N.D. <20 N.D.

Berylfium, total ug/l N.D. N.D. N.D. N.D. N.D. N.D.

Chromium, total ug!L N.D. N.D. N.D. N.D. <10 N.D.

Lead, total ug/L N.D. <3 N.D. N.D. <5 N.D.

Thallium, total ug/l N.D. N.D. N.D. N.D. N.D. N.D.

Arsenic, total ug/t 1.1 27 1 <1.0 28 <1.0

Selenium, total ug/l N.D. <1.0 N.D. N.D. <1.0 N.D.

Antimony, total ugfL ND. N.D. N.D. N.D. N.D. N.D.

Total mineral solids mg/L 200.35 591.6 202.92 135.49 573.22 136.87

Calcium hardness (C) mgl/L 949 277.2 959 67.2 272.2 67.9

Total hardness (C) mg/L 136 393 137 92.4 378 92.2
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Table 7

Description of electrofishing (EL) and seining (SN) sites at SSES and Bell Bend on the Susquehanna River,

2003. '

SITE LOCATION

SSES (Control)

EL-1 East bank, 426 feet upriver from gas-line crossing to 1,082 feet upriver from a point opposite the
center of the Susquehanna SES intake structure

EL-2 West bank from gas-line crossing to a point 820 feet upriver from the center of the Susquehanna
SES intake structure

SN-1 East bank, 1,837 feet upriver from a point opposite the center of the Susquehanna SES intake
structure (33 feet upriver from the mouth of Little Wapwallopen Creek)

SN-2 West bank, 1,312 feet upriver from the center of the Susquehanna SES intake structure (328 feet
downriver from the boat dock at the Susquehanna SES Environmental L.aboratory)

BELL BEND (Indicator)

EL-3 East bank, 1,279 feet downriver from a point opposite the Susquehanna SES intake structure to
a point 1,640 feet upriver from the mouth of Wapwallopen Creek

EL-4 West bank, 1,246 feet downriver from the Susquehanna SES intake structure (558 feet downriver
from the discharge diffuser) to a point near the southeastern boundary of PPL’s Wetlands Nature
Area

SN-3 East bank, 8,528 feet (1.6 miles) downriver from a point opposite the Susquehanna SES intake
structure, at the launching ramp of the Berwick Boat Club

SN-4 West bank, 4,264 feet (0.8 miles) downriver from the Susquehanna SES intake structure, near

the southeastern boundary of PPL's Wetlands Nature Area




Table 8

Fish species that were observed whil
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e electrofishing or collected by seining at SSES and Bell Bend ©n the

Susquehanna River, 2003. Names of fishes and order of listing conform to Nelson et al. (2004).

COMMON NAME

SCIENTIFIC NAME

Herrings
Gizzard shad

Carps and Minnows
Spotfin shiner
Common carp
Spottail shiner
Bluntnose minnow
Fallfish

Suckers
Quillback
White sucker
Northern hog sucker
Shorthead redhorse

North American Catfishes
Yellow bullhead
Brown bullhead
Channel catfish

Pikes
Northern pike
Muskellunge

Trouts
Brown trout

Topminnows
Banded killifish

Sunfishes
Rock bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Bluegill
Smalimouth bass
White crappie
Black crappie

Perches
Tessellated darter
Yellow perch
Walleye

Clupeidae
Dorosoma cepedianum

Cyprinidae
Cyprinella spiloptera
Cyprinus carpio
Notropis hudsonius
Pimephales notatus
Semotilus corporalis

Catostomidae
Carpiodes cyprinus
Catostomus commersonii
Hypentelium nigricans
Moxostoma macrolepidotum

Ictaluridae
Ameiurus natalis
Ameiurus nebulosus
Ictalurus punctatus

Esocidae
Esox lucius
Esox masquinongy

Salmonidae
Salmo trutta

Fundulidae
Fundulus diaphanus

Centrarchidae
Ambloplites rupestris
Lepomis auritus
Lepomis cyanellus
Lepomis gibbosus
Lepomis macrochirus
Micropterus dolomieu
Pomoxis annularis
Pomoxis nigromaculatus

Percidae
Etheostoma oimstedi
Perca flavescens
Sander vitreus




Table 9

Number, mean, and percent total of fish observed while electrofishing at SSES on the Susquehanna River, 2003.

SPECIES 28 Apr 18 Jun 29 Jul 30 Aug 13 Cct OVERALL

East West Mean % Total East West Mean % Total East West Mean % Total East West Mean % Total East West Mean % Total Mean % Total
Gizzard shad 0 0 0.0 0.0 o 0 0.0 0.0 2 0 1.0 3.2 0 0 0.0 0.0 0 ¢ 0.0 0.0 02 0.4
Common carp 3 3 3.0 57 3 3 3.0 43 2 0 1.0 32 0 0 0.0 0.0 4 0 2.0 4.3 1.8 3.9
Fallfish o 0o 00 00 1 O 05 07 3 0 15 48 0 0 00 00 0O 0 00 0.0 04 089
Quillback 9 14 115 21.7 0 2 10 1.4 0 3 15 4.8 4 3 35 10.4 7 4 55 11.8 46 95
White sucker 3 6 45 8.5 0 3 1.5 2.2 0 0 0.0 0.0 2 0 1.0 3.0 0 1 0.5 1.1 1.5 32
Northern hog sucker 2 2 2.0 3.8 0 0 0.0 0.0 0 0 0.0 0.0 0 1 0.5 1.5 o 7 35 7.5 1.2 26
Shorthead redhorse 5 12 8.5 16.0 15 2 85 12.2 1 0 05 1.6 6 5 55 16.4 1 3 20 43 5.0 10.7
Sucker spp. 0 0 0.0 0.0 0 0 0.0 0.0 c 0 c.0 0.0 1 0 0.5 1.5 0 0 0.0 0.0 0.1 0.2
Yellow bulthead 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.0 0.0 1 0 0.5 1.1 0.1 0.2
Brown bulthead 0 0 0.0 0.0 1 0 0.5 0.7 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.0 0.0 0.1 0.2
Channel catfish 0 o} 0.0 0.0 0 0 0.0 0.0 1 0 0.5 1.6 0 0 0.0 0.0 2 0 1.0 2.2 0.3 0.6
Muskellunge 1 1 1.0 1.9 0 0 0.0 0.0 1 0 0.5 1.6 0 0 0.0 0.0 0 0 0.0 0.0 0.3 0.6
Rock bass 4 2 3.0 5.7 2 2 2.0 2.9 2 2 20 6.5 5 18 115 343 9 3 6.0 129 4.9 10.5
Redbreast sunfish 0 0 0.0 0.0 0 0 00 0.0 0 0 00 0.0 0 0 00 0.0 1 0 05 1.1 0.1 02
Pumpkinseed 0 0 0.0 0.0 1 0 0.5 0.7 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.0 0.0 0.1 0.2
Smalimouth bass 16 3 9.5 17.9 56 19 375 54.0 25 6 155 50.0 10 5 7.5 22.4 19 5 120 25.8 16.4 35.1
White crappie 0 0 0.0 0.0 0 0 00 0.0 0 0 00 0.0 0 0 00 0.0 1 0 05 1.1 0.1 0.2
Sunfish spp. 0 0 0.0 0.0 0 1 0.5 0.7 0 2 1.0 3.2 0 0 0.0 0.0 0 0 0.0 0.0 0.3 0.6
Walieye 5 0 2.5 4.7 10 7 8.5 12.2 5 1 3.0 9.7 0 0 0.0 0.0 14 0 7.0 15.1 4.2 9.0
Fish (unidentified) 8 7 7.5 14.2 6 5 55 7.9 2 4 3.0 9.7 3 4 3.5 10.4 6 5 55 11.8 50 10.7
TOTAL 56 50 53.0 95 44 695 44 18 31.0 31 36 335 65 28 465 46.7

..QZ-



Table 10

Number, mean, and percent total of fish observed while electrofishing at Bell Bend on the Susquehanna River, 2003.

SPECIES 28 Apr 18 Jun 29 Jul 30 Aug 13 Oct OVERALL

East West Mean % Total East West Mean % Total East West Mean % Total East West Mean % Total East West Mean % Total Mean % Total
Common carp 8 14 110 17.5 4 1 2.5 29 0 0 00 0.0 0 0 00 0.0 1 1 1.0 1.2 29 4.8
Falifish 0 Q 0.0 0.0 0 0 0.0 0.0 0 1 0.5 1.1 0 0 0.0 0.0 2 0 1.0 1.2 03 05
Quillback 13 11 120 190 1 2 15 1.7 4 3 35 76 8 0 40 182 3 5 40 46 5.0 8.2
White sucker 1 1 1.0 16 1 2 15 17 1 0 05 11 0 0 00 0.0 0 2 10 12 08 13
Shorthead redhorse 7 2 45 71 0 1 05 0.6 0 0 0.0 0.0 0 0 0.0 0.0 0 0 0.0 0.0 1.0 1.6
Sucker spp. 1 0 0.5 0.8 0 0 00 0.0 0 1 0.5 1.1 0 0 00 0.0 1 0 05 0.6 0.3 0.5
Brown bullhead 1 0 0.5 0.8 0 0 00 0.0 0 0 00 0.0 0 0 00 0.0 1 0 05 06 02 03
Channel catfish 1 1 1.0 1.6 2 0 1.0 1.1 0 2 1.0 2.2 0 0 0.0 0.0 2 0 1.0 1.2 0.8 1.3
Northern pike 0 0 0.0 0.0 Q 0 0.0 0.0 1 0 0.5 11 0 0 0.0 0.0 1 2 1.5 1.7 04 0.7
Muskellunge 0 1 0.5 0.8 0 0 0.0 0.0 0 1 0.5 1.1 0 0 0.0 0.0 0 2 1.0 1.2 04 0.7
Rock bass 8 1 35 56 10 4 7.0 8.0 1 6 3.5 7.6 4 3 3.5 15.9 9 20 145 16.8 6.4 10.5
Redbreast sunfish 0 0 0.0 0.0 0 0 0.0 0.0 1 0 0.5 1.1 0 1 0.5 23 0 0 0.0 0.0 0.2 0.3
Green sunfish 0 0 0.0 0.0 0 0 00 0.0 0 1 0.5 11 0 0 00 0.0 0 0 00 0.0 0.1 0.2
Pumpkinseed 0 0 0.0 0.0 0 0 00 0.0 5 0 25 5.4 0 0 00 0.0 0 0 00 0.0 0.5 0.8
Bluegill 0 o} 0.0 0.0 0 1 05 0.6 4 0 20 4.3 3 2 25 11.4 0 0 00 0.0 1.0 1.6
Smalimouth bass 12 10 11.0 17.5 90 15 525 60.3 32 17 245 53.3 4 2 3.0 13.6 22 36 290 335 24.0 394
Sunfish spp. 0 0 0.0 0.0 1 0 05 0.6 3 0 15 33 2 2 20 9.1 0 1 05 06 09 1.5
Yellow perch 0 0 00 0.0 0 0 060 0.0 0 0 00 0.0 0 0 00 0.0 1 0 05 06 0.1 02
Walleye 3 5 4.0 6.3 8 11 95 10.9 0 1 0.5 1.1 0 0 0.0 0.0 15 15 15.0 17.3 58 9.5
Fish (unidentified) 17 10 13.5 21.4 10 10 10.0 11.5 5 2 3.5 7.6 7 6 6.5 29.5 15 16 155 17.9 9.8 16.1
TOTAL 70 56  63.0 127 47 87.0 57 35 46.0 28 16 220 73 100 86.5 60.9

_.ZZ-
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Table 11

Number, mean, and percent total of fish captured by seining at SSES and Bell Bend on the Susquehanna River, 2003.

SPECIES 30 Jun 31 Aug OVERALL
East West Mean % Total East West Mean % Total Mean % Total
SSES
Spg{ﬁn shiner 314 51 182.5 76.4 46 15 305 51.7 106.5 71.5
Spottail shiner 88 21 54.5 22.8 14 28 21.0 356 37.8 25.3
Bluntnose minnow 0 1 0.5 0.2 0 0 0.0 0.0 0.3 0.2
Falifish 1 0 0.5 0.2 1 0 0.5 0.8 0.5 0.3
Channel catfish 4] 0 0.0 0.0 1 o] 0.5 08 0.3 0.2
Rock bass 0 0 0.0 0.0 2 2 2.0 34 1.0 0.7
Green sunfish 0 1 0.5 02 2 0 1.0 1.7 0.8 0.5
Pumpkinseed 0 0 0.0 0.0 0 2 1.0 1.7 0.5 0.3
Bluegill 0 0 0.0 0.0 0 1 0.5 0.8 0.3 0.2
Tessellated darter 1 ¢] 0.5 0.2 4 0 2.0 34 1.3 0.8
TOTAL 404 74 2390 70 48  59.0 149.0
BELL BEND

Spotfin shiner 180 182 181.0 61.4 35 147 910 72.8 136.0 64.8
Spottail shiner 69 120 94.5 320 19 21 20.0 16.0 57.3 27.3
Bluntnose minnow 9 2 55 1.9 2 3 25 2.0 4.0 1.9
Fallfish 1 5 3.0 1.0 6] 1 0.5 0.4 1.8 0.8
White sucker 12 0 6.0 2.0 0 10 5.0 4.0 55 2.6
Brown trout 1 0 0.5 0.2 0 0 0.0 0.0 0.3 0.1
Banded killifish 2 0 1.0 0.3 0 0 0.0 0.0 0.5 0.2
Rock bass 0 7 3.5 1.2 0 2 1.0 0.8 2.3 1.1
Bluegill 0 0 0.0 0.0 4 0 2.0 1.6 1.0 0.5
Smallmouth bass 0 0 0.0 0.0 0 1 0.5 0.4 0.3 0.1
Black crappie 0 0 0.0 0.0 2 0 1.0 0.8 0.5 0.2
Tessellated darter 0 0 0.0 0.0 1 2 1.5 1.2 0.8 0.4
TOTAL 274 316 285.0 63 187 1250 210.0




Table 12

p-values for fish species deemed si
Columns depict the p
represents all months sampled, Summer
dates represent the peginning operation 0

data set).

SPECIES
Quillback

White sucker

Shorthead redhorse

Brown bulthead”

Muskellunge

Rock bass

Smallmouth bass

Unidentified fish
L

*Brown bullhead numbers increased at Bell Bend relative to those collected

—values associ

gnificant by the BACI analy
ated with the four temporal categori
Data denotes samples collecte
f SSES (ns indicates that a speci

_09-

sis, 1976-2003 (a = 0.05).

es of data analyzed: AllData

d from June through Octeber,
es was not significantin th at

Northern hog sucker

ALL DATA SUMMER DATA ALL DATA SUMME R DATA
1982 1982 1985 1985
0.008 0.004 0.011 0.003
0.037 ns 0.036 ns
0.004 0.042 0.016 ns

<0.0001 0.0008 <0.0001 0.0006
0.009 ns 0.029 ns
0.003 0.010 0.011 0.010
0.005 0.026 0.002 0018
0.023 0.001 0.019 0.001
0.016 0.001 0.022 0.002

at SSES.
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Fig. 1

Sampling sites for water quality, electrofishing (EL), and seining (SN) at SSES and Bell Bend on

the Susquehanna River, 2003.
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Fig. 2

The 2003 monthly mean flow of the Susquehanna River at the Susquehanna SES
Environmental Laboratory compared to the forty-two year (1961-2002) mean. The
means were calculated from U.S. Geological Survey and Environmental Laboratory data.
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1961-2003. The volumes were calculated from U.S. Geological Survey and Environmental

Laboratory data.
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Fig. 4

The relationship of conductivity, total dissolved solids, and sulfate to Susquehanna River
flow at the SSES (control) and Bell Bend | (indicator) sites for 2003 water quality samples.
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