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1.0 Executive Summary

This report summarizes non-radiological environmental monitoring

related to Philadelphia Electric Company's Limerick Generating Station

(LGS) conducted in 1987, the third year of plant operation and the

second complete year with a full power license. LGS Unit 1 was shut

down for maintenance between 16 May and 30 August 1987, during which

time only a minimal amount of service water was withdrawn from and

discharged to the Schuylkill River. The Point Pleasant Water

Diversion Project, designed to supply cooling water to LGS during late

spring-early autumn, is under construction and did not operate in

1987. Results of the monitoring programs are summarized in the fol-

lowing paragraphs, including an assessment of the effects of LOS

operation on the aquatic ecology of the Schuylkill River, the only

stream monitored that is currently subjected to LGS operational

influences.

Delaware River

Water quality in the Delaware River in 1987 was similar to that

reported in the EROL and subsequent progress reports. Most new ex-

tremes slightly extended the observed range of values. In the fall

quarter, fourteen new maxima were observed which coincided with the

first period of high flow following an approximate four month period

of generally low flows.
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Pennsylvania DER issued a permit for the Bradshaw Reservoir dis-

charge on 14 July 1988. Comparison of the water quality data for the

Delaware River (which will be the only source of water to the reser-

voir other than direct rainfall) with the proposed effluent limits in-

dicated several permit limit exceedances. The permit limit ex-

ceedances for aluminum, zinc, cadmium, and iron were associated with

two periods of high flow in the Delaware River. The exceedance for

mercury and pH occurred as a single observation during 1987 while the

temperature and fecal coliform exceedances were more common during the

period June through August.

The asiatic clam, a potential biofouling organism capable of

damaging water intakes, was present in the Delaware River between

Washington Crossing State Park (river mile 146.0) and the Betsy Ross

Bridge in Philadelphia (river mile 104.8). The species is believed to

exist even further downstream. Upstream# the limit of distribution is

presently 11 miles below Point Pleasant. Although this limit did not

extend the observed range of the species upstream# population density

at Washington Crossing State Park increased since the 1986 survey.

East...Branch Perkiomen Creek

Extensions of previously observed ranges of a number of water

quality parameters were routinely associated with periods of high or

very low flows. Mean monthly flows were generally less than the

period of record with no observations of zero flow at the gaging
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station. The influence of nutrient loading is evident in the water

quality of the two downstream stations.

Taxonomic composition of the benthic macroinvertebrate community

varied by station but included ubiquitous organisms and taxa unique to

smaller stream reaches. Standing crop (number of organisms/mz)

generally increased with distance from the headwaters and varied by

season, but seasonal differences were not consistent among stations.

Density of many taxa varied considerably among stations. The con-

siderable spatial and temporal variation in community structure is

common for benthic macroinvertebrates in biologically complex warm-

water streams. Although presence of asiatic clam was not directly

assessed, none was found in the East Branch Perkiomen Creek during

sampling.

Seine and electrofishing surveys of fishes agreed with past

descriptions of the abundance and distribution of fishes in this

stream. A pattern of longitudinal zonation from the headwaters to

stream mouth was evident. Collectively, the results indicated a fish

community exhibiting patterns of annual variability superimposed on

one of long-term stability, which is typical of warmwater stream fish

communities not exposed to severe environmental degradation.
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Perkiomen Creek

The flow of Perkiomen Creek was generally near or below previous

observations except for the month of April during which the monthly

mean flow was twice the mean for the period. Significant extensions

for total dissolved solids were established at both stations on the

stream during the year.

The large fish community of Perkiomen Creek, comprised of species

sampled by electrofishing, showed no evidence of any increase in an-

thropogenic stress as species composition, abundance, and distribution

of fishes were consistent with past observations. Collectively,

Perkiomen Creek fish data displayed typical spatial, seasonal, and an-

nual variability resulting from the complex interplay of the physical

and biological factors that regulate fish community structure in warm-

water streams.

Although asiatic clams are present in the Schuylkill River where

it is joined by Perkiomen Creek, they were not collected anywhere in

this major Schuylkill River tributary in 1987.

Schuylkill River

Water quality in the Schuylkill River in 1987 was similar to the

period of record. New minima and maxima were observed during the year

with most associated with the flow regime. A new maximum flow value

was observed in early September that was in excess of 4000 cfs over
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the previous record for the month. The operational year was charac-

terized by an extended shutdown of LOS from mid-May to late August.

Some extensions of the range of water quality concentrations were es-

tablished that were generally related to the flow regime. A com-

parison of downstream water quality with water quality upstream of LOS

indicated no sustained impacts on Schuylkill River water quality at-

tributable to LGS operation.

Benthic macroinvertebrate samples downstream of LOS were subjected

to sedimentation which influenced taxonomic composition and density of

colonizing organisms. Any effects of LOS discharge, if present, were

therefore confounded with effects of sedimentation. However, since

community characteristics observed downstream of LOS were within the

range observed during preoperational sampling, any such real but un-

detected effects were probably small and unimportant to the total

ecological community of the Schuylkill River near LOS.

Population surveys, aspects of the biology of important species,

redbreast sunfish age and growth characteristics, and impingement and

creel surveys were all programs conducted in 1987 to assess possible

station-related effects on resident fish populations near LOS.

Collectively these programs revealed many interesting and ecologically

significant relationships between fishes and their environment, but

found no evidence of a significant impact of LOS operation to date.
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Although asiatic clams have been collected in past years from the

tidal Schuylkill River, none was found downstream of the Strawberry

Mansion Bridge (river mile 11.0) in 1987. However, in 1957 the

species extended its range upstream by at least 1.4 miles, from Black

Rock Dam (the 1986 upstream limit) to the Pennsylvania Route 113

bridge over Black Rock pool between the dam and Cromby Generating

Station. At present, the species has penetrated the system to within

10 river miles of LGS, and has shown consistent upstream expansion

since monitoring was initiated in 1952.
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2.0 Int roduct ion

The aquatic ecology of the Delaware River, Schuylkill River,

Perkiomen Creek, and East Branch Perkiomen Creek has been studied

since 1970 for Philadelphia Electric Company (PECo) by RMC

Environmental Services (formerly Ichthyological Associates) to assess

possible environmental impacts of Limerick Generating Station (IGS)

and its water supply system which includes the proposed Point Pleasant

Water Diversion Project. Along with certain terrestrial ecological

studies, these assessments are collectively referred to as the LOS

Non-radiological Environmental Monitoring Program. Prior to initial

LOS operation in 1985, this program's objective was to document

natural variation in the ecological variables under study, thereby

developing an environmental baseline against which the magnitude and

significance of LGS-related impacts could be assessed. These studies

have continued for a sufficient period of time after LOS operation to

permit detailed environmental impact evaluations of certain components

of the station on the environment.

The various study components of the Non-radiological Environmental

Monitoring Program and the duration of each are listed in Table 2.0-1.

Previous progress reports based on these studies are listed in Table

2.0-2. The results of studies conducted in 1970-1977 were used in

preparation of the Environmental Report: Operating License Stage

(EROL) for LOS, submitted to the Nuclear Regulatory Commission (NRC)

by PECo in 1981.
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This report summarizes non-radiological environmental monitoring

studies conducted for PECo in 1987. The report sections for

Schuylkill River studies focus where appropriate on evaluation of

possible LOS operational impacts. It is important to note that any

potential LOS operational effects are confined to the effects of water

withdrawal from and discharge to the Schuylkill River, since the Point

Pleasant Water Diversion Project (which impacts the Delaware River,

Perkiomen Creek, and East Branch Perkiomen Creek) is not operational.

Studies in 1987 of the Delaware River, Perkiomen Creek, and East

Branch Perkiomen Creek, therefore, are not reported in the same detail

as Schuylkill River studies.

Throughout this report, sample station locations are designated by

a letter ('A' for Delaware River, '5' for Schuylkill River, 'P' for

Perkiomen Creek, and 'E' for East Branch Perkiomen Creek) followed by

a number indicating the distance in meters upstream from a reference

point. Except for the Delaware River, where the reference point was

river mile 150, the reference point was the stream mouth. If a

station was comprised of an area of stream instead of a transect or

single point location, the distance in meters from the reference point

to the downstream edge of the area was used as the station

designation.
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Table 2.0-1. Ecological and water quality studies conducted in relation
to Limerick Generating Station by RMC Environmental Services.

Program 1970 1971 1972 1973 1974 1975 1976 1977 1978

Delaware River
Water quality
Fisheries survey
Macroinvertebrate drift
Larval fish
Asiatic clam

East..Branch Perkiomen Creek
Water quality
Periphyton
Benthic macroinvertebrates X
Larval fish
Seine X
Elect rofishing
Age and Growth
Creel Survey

Perkiomen Creek
Water quality
Phytoplankton
Periphyton
Benthic macroinvertebrates X
Larval fish
Seine X
Electrofishing
Age and growth
Creel survey
Asiatic clam

Schuvykill River
Water quality
Phytoplankton
Periphyton
Macrophytes
Benthic macroinvertebrates X
Larval fish
Seine X
Electrofishing
Trap net
Age and growth
Creel survey
Asiatic clam
Cooling tower bird mortality
Impingement
Entrainment

x x x x x
x
x

x
x

x
x x

x

x

x
x x

x

x
x
x
x

x x x x

x

x
x x

x

x
x

x
x
x

x

x
x

x x x x

x
x x

x
x x

x
x
x
x
x

x
X

x
x
xX

x

X X
K

K
K K X

x

K
K
x

K
K

K
x

X X X X

K
K
.K

K
K
x

K
K
K
K
x

K
K

K

K

x

K

K
x



Table 2.0-1. (continued)

Program 1979 1980 1981 1982 1983 1984 1985 1986 1987

Delaware River
Water quality
Fisheries survey
Macroinvertebrate drift
Larval fish
Asiatic clam

East Branch Perkiomen Creek
Water quality
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Age and Growth
Creel Survey

Ferkiomen Creek
Water quality
Phytoplankton
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrof ishing
Age and growth
Creel survey
Asiatic clam

Schuvlkill River
Water quality
Phytoplankton
Periphyton
Macrophytes
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Trap net
Age and growth
Creel survey
Asiatic clam
Cooling tower bird mortality
Impingement
Entrainment

X x x x
x

x
x

x x x x X.

x
x

x
x

x
x

x
x x

x x x x x

x x x x x
X X X X

x
x
x

x x

x
x

x
x
x
x

x
x
x

x
x
x
x

x
x
x
x

x

xX

iC XX X X X X X X

x
x x x x x x x

x x x x
x

x
x x x x

x x x

x
x

x x x x x x

x x x x x

x
x

x
x x x

x
x x

x
x

x
x
x
x

x
x

x
x
x
x

x
x

x
x
x
x
x

x
x

x
x

x x
x

x x
x x
x x
x



Table 2.0-2. List of progress reports which pertain to non-
radiological environmental monitoring for Limerick
Generating Station, 1970-1986.

Denoncourt, R. F., and C. H. Hocutt. 1971. An ecological study of
the Schuylkill River in the vicinity of Limerick Generating
Station, Pottstown, Pennsylvania. Ichthyological Associates,
Schuylkill Progress Report No. 1. (Part One).

Brett, J. J., and R. F. Denoncourt. 1971. An ecological study of the
Schuylkill River in the vicinity of Limerick Generating Station,
Pottstown, Pennsylvania. Ichthyological Associates, Schuylkill
Progress Report No. 1. (Part Two).

Denoncourt, R. F., C. H. Hocutt, and C. B. Milstein. 1971. An
ecological study of the East Branch of the Perkiomen Creek system
near Pottstown, Pennsylvania. Ichthyological Associates,
Perkiomen Progress Report No. 1. (Part One - Fishes).

Brett, J. J., R. F. Denoncourt, and R. J. Stira. 1971. An ecological
study of the East Branch of the Perkiomen Creek system near
Pottstown, Pennsylvania. Ichthyological Associates, Perkiomen
Progress Report No. 1. (Part Two - Macroinvertebrates).

Harmon, P. L., W. A. Potter, K. W. Knopf, and R. H. Ellis. 1971. An
ecological study of the Schuylkill River in the vicinity of
Limerick Generating Station, Pottstown, Pennsylvania.
Ichthyological Associates, Schuylkill Progress Report No. 2.

Molzahn, R. F. 1971. An ecological study of the East Branch of the
Perkiomen Creek system near Pottstown, Pennsylvania.
Ichthyological Associates, Perkiomen Progress Report No. 2. (Part
One - Fishes).

Knopf, K. W. 1971. An ecological study of the East Branch of the
Perkiomen Creek system near Pottstown, Pennsylvania.
Ichthyological Associates, Perkiomen Progress Report No. 2. (Part
Two - Macroinvertebrates).

Ellis, R. H., T. P. Poe, and D. C. Stefan. 1973. An ecological study
of the Schuylkill River in the vicinity of Limerick Generating
Station, Pottstown, Pennsylvania. Ichthyological Associates,
Schuylkill Progress Report No. 3. (Volume I).



Harmon, P. L., R. F. Molzahn, T. M. Kincaid, A. K. Megay, R. J. Stira,
and R. W. Blye. 1973. An ecological study of the Schuylkill
River in the vicinity of Limerick Generating Station, Pottstown,
Pennsylvania. Ichthyological Associates, Schuylkill Progress
Report No. 3. (Volume II).

Molzahn, R. F., and R. P. Rutter. 1973. An ecological study of the
East Branch Perkiomen Creek system near Pottstown, Pennsylvania.
Ichthyological Associates, Perkiomen Progress Report No. 3.

Harmon, P. L., and Associates. 1974. An ecological study in the
vicinity of Limerick Generating Station, Pottstown, Pennsylvania.
Ichthyological Associates, Inc., Schuylkill Progress Report No. 4.

Harmon, P. L., and Associates, 1974. An ecological study of the East
Branch of the Perkiomen Creek system near Graterford,
Pennsylvania. Ichthyological Associates, Inc., Perkiomen Progress
Report No. 4.

Harmon, P. L., V. M. Douglass, K. R. Fite, T. P. Poe, and Associates.
1976. An ecological study in the vicinity of Limerick Generating
Station, Pottstown, Pennsylvania. Ichthyological Associates,
Inc., Schuylkill Progress Report No. 5.

Harmon, P. L., V. M. Douglass, K. R. Fite, T. P. Poe, and Associates.
1976. An ecological study of the East Branch of the Perkiomen
Creek system near Graterford, Pennsylvania. Ichthyological
Associates, Inc., Perkiomen Progress Report No. 5.

Edinger, J. E., E. M. Buchak, and H. J. Reisinger. 1976. Limerick
Water Chemistry Program. 1974 Annual Report. J. E. Edinger
Associates, Inc., and Ichthyological Associates, Inc.

Harmon, P. L, V. M. Douglass, K. R. Fite, T. P. Poe, H. J. Reisinger,
and Associates. 1978. An ecological study in the vicinity of
Limerick Generating Station, Pottstown, Pennsylvania. Radiation
Management Corporation, Schuylkill Progress Report No. 6.

Harmon, P. L., V. M. Douglass, K. R. Fite, T. P. Poe, H. J. Reisinger,
and Associates. 1978. An ecological study of the East Branch of
the Perkiomen Creek system near Graterford, Pennsylvania.
Radiation Management Corporation, Perkiomen Progress Report No. 6.

RMC Environmental Services. 1984. Progress Report: Hon-radiological
Environmental Monitoring for Limerick Generating Station 1979-
1983. Prepared for Philadelphia Electric Company.



RMC Environmental Services. 1985. Progress Report:
Environmental Monitoring for Limerick Generating
Prepared for Philadelphia Electric Company.

RMC Environmental Services. 1986. Progress Report:
Environmental Monitoring for Limerick Generating
Prepared for Philadelphia Electric Company.

Hon-radiological
Station 1984.

Mon-radiological
Station 1985.

RMC Environmental Services. 1987. Progress Report: Non-radiological
Environmental Monitoring for Limerick Generating Station 1986.
Prepared for Philadelphia Electric Company.



3.0 Delaware River

The Delaware River near Point Pleasant and the Point Pleasant

Pumping Station and Water Diversion Project were described in Section

3.0 of the 1986 progress report to PECo (RMC Environmental Services

1987a). Although construction of several project components continued

in 1987, no instream work was necessary since the intake screens and

pipes leading to the pumphouse are in place.

In 1987 ecological studies of the Delaware River near Point

Pleasant were confined to a water quality study initiated in 1974P

which is summarized in the following report section.
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3.1 Water Quality

Introduction and Methods

Water quality of the Delaware River at Point Pleasant was in-

vestigated from 1974 through 1987 to chemically characterize the river

and to permit comparisons of Delaware River water quality with the

water quality of the streams that will receive water from the

diversion. Results of water quality analyses conducted from 1975

through 1978 were reported in the EROL. Results of water quality sam-

pling on the Delaware River near Point Pleasant in 1987 are reported

herein.

Subsurface grab samples were collected biweekly beginning 14

January 1987 approximately 15 m from the Pennsylvania shore at the

Point Pleasant Canoe Outfitters' boat ramp, station A11760 (Fig. 3.1-

1). Samples were analyzed using analytical procedures approved or ac-

cepted by state and federal regulatory agencies.

Results and Discussion

River discharge measured at the U.S.G.S. gage at Trenton, New

Jersey was low to moderate during most of 1987 (Table 3.1-1, Fig. 3.1-

2). The period of January to March was characterized by mean monthly

flows below the mean monthly flows calculated for the period 1971-1987

(Table 3.1-2, Fig. 3.1-3). The mean daily discharges for 1-20 April

1987 exceeded 20,000 cfs with a maximum discharge of 83,600 cfs on 6
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April 1987. The April 1987 mean monthly discharge exceeded the April

mean monthly discharge for the period 1971-1987 by more than 7,000

cfs. A period of low flow occurred from May through early September

with the exception of a short period of slightly enhanced flow in mid-

July. From 7 September to 8 September 1987, flow increased more than

seven-fold. A period of high flow persisted until early December.

The December 1987 mean monthly flow was less than the mean monthly for

the period of record. Mean monthly flows in 1987 were less than mean

flows in 1986 except for April, July, September, and October. Median

monthly flows in 1987 were less than the median monthly flows for the

overall 1971-1987 period in six months (February, March, May, June,

August, and November). No new minimum or maximum flows were esta-

blished during 1987 as compared to the overall record at Trenton.

Tables 3.1-3 and 3.1-4 provide seasonal summaries of Delaware

River water quality data for the period 1979 through 1987 and for 1987

alone, respectively. New seasonal minimum and maximum values observed

in 1987 are presented in Tables 3.1-5 and 3.1-6, respectively. Three

additional parameters were monitored during 1987. Turbidity values

were monitored beginning on 25 February 1987. In addition, dissolved

iron and dissolved aluminum were monitored beginning on 11 November

1987. Quarterly minimum and maximum values for turbidity were esta-

blished during the year, while minima and maxima for dissolved iron

and dissolved aluminum were established during the winter and fall

quarters. Nickel, aluminum, sulfide, mercury, and cadmium analyses
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began in late 1986. As such, several of the new seasonal minima and

maxima for these parameters reflect the limited database established

in 1986 as well as the fact that cadmium and mercury were not detected

in any of the 1986 surveys.

With the exception of the parameters discussed above nearly all

new minima established in 1987 were related to flow. The major

cations (sodium, potassium, calcium, magnesium) and alkalinity vary

inversely with flow and the dates on which any of these parameters es-

tablished a new minimum coincided with high flow.

New maximum values were established in all quarters and several

were likely flow related. In the winter quarter new maximum values

for pH, potassium, and trichloroethylene (TCE) were observed. The TCE

observation was the first time the compound had been detected in the

winter quarter in Delaware River water. The new potassium maximum

value (6.2 mg/1) exceeded the previous maximum by 0.9 mg/l.

In the spring quarter new maxima for biochemical oxygen demand

(BOD), total alkalinity, total hardness, specific conductance# nitrite

nitrogen, ortho phospate phosphorus, iron, and manganese were

established. With the exception of BOD and iron, the remaining maxima

were observed on 20 May during period of low flow. The BOD maximum

was double the previous maximum.

The summer quarter was characterized by low flow with a brief

period of elevated flow from 15-18 July. Maxima for total suspended
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solids and manganese were observed on 15 July during high flow.

Nitrite nitrogen and total hardness maxima were observed on 17 June

while new maxima for total dissolved solids, potassium, and ammonia

nitogren were observed on various days.

The fall quarter sampling was initiated on 9 September which coin-

cided with the first major high flow since late April. Fourteen of

the 18 new maximum values were observed on 9 September. The new

maximum for total suspended solids (548 mg/l) represents a thirty-fold

increase over the previous fall maximum (18 mg/l). A significantly

elevated suspended solids load on 9 September may well account for the

establishment of the 14 new maximum values in the 9 September sample.

Pennsylvania DER issued a permit for the discharge of Bradshaw

Reservoir water (Delaware River water) to the East Branch Perkiomen

Creek on 14 July 1988. The effluent limits are:

Time-Period ValuJ&

Temperature 2-15 to 7-31 74 F, 23.3 C
8-1 to 2-14 87 F, 30.5 C

Fecal coliform 5-1 to 9-30 200 colonies/100 ml
geometric average

10-1 to 4-30 2000 colonies/100 ml
geometric average

pH All year 6-9 units
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Aluminum, Total
Cadmium
Iron, Dissolved
Iron, Total
Mercury
Nickel, Total
Phenolics, Total
Zinc, Total

Average monthly

0.4
0.00076

1.5
Nondetectable

0.052
0.005
0.10

Maximum daily
mg/1

2.0
0.0022
0.3
7.5

Nondetectable
0.26
0.010
0.5

Several of the proposed effluent limits were exceeded during the 1957

monitoring of the Delaware River. The parameters included:

Temperature
pH
Fecal coliforms
Aluminum, Total

Mercury
Zinc
Iron, Total

Cadmium

June-July
Single exceedance in late February
July-August
Maximum daily exceedance in April
and September
Single detection in May
Single maximum daily exceedance
Maximum daily and monthly average
exceedance in April and September
Maximum daily and monthly average
in September

Of these proposed permit limits the exceedances for aluminum, zinc,

cadmium, and total iron were associated with periods of very high flow

in early May and September. High flow rates were associated with high

suspended solids. Acidification of the samples for total metal

analyses resulted in the digestion of the elevated suspended solids

which in turn resulted in elevated concentrations of total metals.

The dissolved metal concentrations (not the acid digested total metal

concentrations) are the important metal forms that are readily availa-

ble for biological uptake. The single proposed dissolved metal limit
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for iron of 0.3 mg/i (daily maximum) was not exceeded during the

limited period of monitoring (18 November to 31 December 1987).
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Table 3.1-1. Mean daily Delaware River discharge (ft 3 /sec) measured at the Trenton US Geological

Survey gage In 1987.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec
------- ------- ------ -m ------ -- - - -- - - -----lJ. .. .le l -- ------- --- -- ------ ------- --- -- -------mNI l.. .

01
02
03
04
05
06
07
08
09
10
I1
12
13
14
is
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

14300
14200
14100
13100
12100
10600
10400
10100
9960
9550
9870
9480
9070
9600
9560
9880

10400
10700
10600
11100
11000
10600
9660
9030
7550
7500
7580
7200
7870
8540
8580

7200
10122
9880

14300

8190 10200 21800
7850 20300 26700
7920 19200 22800
8690 19500 37400
8820 17700 67100
7980 15200 83600
7440 14000 65700
7540 15200 57300
7240 19200 48900
6630 29400 42300
6500 27800 33600
7190 23100 27900
6820 20400 25900
6240 18100 29800
5940 16000 32500
5370 13600 27600
4420 12500 25200
5050 12200 24000
5500 11600 22300
5660 11300 20600
5590 11500 18800
5540 11400 15900
5420 10100 14300
5200 9830 13600
4940 11400 16500
4930 12300 14800
5080 13400 13000
5110 15200 12000

15400 11500
14200 10500
15900

4420 9830 10500
6386 15714 29463
6090 15200 24600
8820 29400 83600

9840
9280
8580
9450

11500
12200
11200
9980
9220
8470
7680
7290
7020
6460
6230
6230
5880
5610
5540
6270
6490
6540
6260
6170
6780
7010
6820
6340
6010
5800
5890

5540
7550
6780

12200

5340
4850
5410
6460
7120
6030
5790
5080
4550
4450
4650
4660
4460
4190
4660
4410
4560
4340
4090
3990
4010
4500
4810
4220
4010
4680
4630
4450
4340
4120

3a5O
6090
7790
5310
5500
5300
4630
4540
5850
8480
7220
6620
5730
6490

14200
15500
15300
11000
8400
6810
5830
5640
5730
5390
5220
5290
6070
4980
4900
4630
4510

4290
3950
3850
3510
3700
5430
5300
4820
4440
7250
6400
4800
4640
4030
3640
3400
3320
3300
3530
3890
3090
3080
3150
3010
2940
3020
3320
4280
5700
7210
7140

2940
4304
3890
7250

6580
6120

5820
5440
4620
3850
3670
5490

40600
44400
33100
22500
20900
57500
51100
38900
31100
26600
28600
35600
29300
25400
22200
18900
17000
14900
13400
12800
11900
10700

3670
21633
19900
57500

10100 14800
10000 12500
9850 11100

11800 10800
12100 9450
11500 9000
10900 8610
10200 8370
10000 7470
9750 7050
8850 11300
9020 10600
9040 9910
8430 10300
7670 10000
7200 9260
6800 8940
6520 9810
6010 13200
5530 13600
5940 12800
5470 11500
5560 10400
5850 8880
5660 9200
5190 9520
4940 9190
9690 8090

16900 8280
23100 19000
17600

4940 7050
9264 10431
9020 9860

23100 19000

30600
29300
23100
19700
17400
15400
13800
12700
12300
11800
11300
10600
10100
9100
9000

11 900
11500
10800
10100
9300
9160
9440

10400
9880
9220
8590
8500
9070
,8830
8990
7840

7840
12572
10400
30600

Minimum
Mean
Median
MaXILKM

3990 3850
4762 6865
4555 5730
7120 15500

Table 3.1-2. Mean monthly Delaware River discharge (ft 3 /sec) measured at the Trenton US
Geological Survey gage, 1971 - 1987.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Hoy Dec

1971 7639 9936 19719
1972 13032 10602 25448 23560 18699 33460 15396 4866 4055 4152 24992 25010
1973 20006 19376 15878 26680 23626 17852 18497 9157 5544 5111 6306 31066
1974 19442 16362 19255 26380 14616 7594 4826 5729 11695 8570 9254 19699
1975 18638 21507 23461 18120 16841 14764 13753 6694 12170 17679 16611 10473
1976 19774 26831 16448 13415 12665 7490 8610 8007 4800 18019 10800 7476
1977 3755 7511 38406 26528 11277 4454 3723 3515 8275 19926 17242 25552
1978 29116 12350 25049 23202 20596 9669 4.818 6141 4289 4045 4127 8821
1979 34946 15170 30235 18343 19916 10538 5330 4366 9062 15490 14054 11310
1980 7532 4176 20283 26610 11920 4a74 4008 3198 2981 3512 3986 3784
1981 2539 22787 7715 8100 18721 6836 5156 3524 3565 4500 6301 6695
1982 10321 13616 16599 25023 9298 13759 7424 5390 4430 4188 5129 6842
1983 8681 15607 23232 45187 18687 12404 5459 3879 3310 4030 8171 27813
1984 8081 20886 14741 34900 26758 18427 15937 5891 3667 3702 3620 7369
1985 6250 6861 9824 6757 7889 6223 4830 3696 9005 9708 17727 16376
1986 11007 15642 29653 17734 11420 12798 S661 7569 3639 4065 13653 17284
1987 10122 6386 15714 29463 7550 4762 6865 4304 21633 9264 10431 12572

Minimum 1900 2200 3370 4410 3760 3230 2440 2490 2100 2630 2570 2370
Mean 13569 14278 20104 22162 15212 11619 8143 5370 7007 8183 10331 1473S
Median 9590 10350 16100 18450 12300 8205 5580 4525 4055 5175 7275 11000
Maaxium 106000 88000 128000 129000 130000 109000 108000 23900 65400 58200 63100 107000
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Table 3.1-3. Summary of Delaware River water quality at Station AW1760, 20 March 1979 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/l)
Total Organic Carbon (ms/1)
pH
Total Alkalinity (mg/i)
Total Hardness (mg/l)
Specific Conductance (usm/ca)
Turbidity (ntu)
Total Suspended Solids (mg/I)
Total Dissolved Solids (mg/l)
Dissolved Silica (mg/I)
Total Inorganic Carbon (mg/i)
Chloride (mg/i)
Sulfate (mg/I)
Sodium (mg/I)
Potassium (mg/i)
Calcium (mg/l)
Magnesium (mg/I)
Ammonia Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrate Nitrogen (mg/i)
Total Phosphate Phosphorus (mg/l)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/l)
Chromium (mg/1)
Copper (mg/l)
Iron (mg/l)
Lead (mg/l)
Manganese (mg/i)
Nickel (mg/l)
Zinc (mg/1)
Mercury (us/l)
Cyanidep Total (mg/l)
Phenols (mg/l).
Trichloroethylene (ug/l)
Total Coliforms (MF) (c/.11)
Fecal Coliforms (MFI) (c/.11)
Aluminum (mg/l)
Dissolved Aluminum (ms/l)
Dissolved Iron (mg/l)
Fecal Coliforms (MP') (c/.11)
Sulfide (mg/l)
Total Coliforms (MPH) (c/.1l)

Dec, Jan,
Min Med

0.0 2.0
8.2 12.5
0.3 1.7
0.0 9.8
0.0 2.7

7.03 7.57
8.7 35.6

25.4 56.6
81 148

1.5 2.2
0 3

16 106
1.24 2.13
10.1 39.0
0.0 12.5
2.7 23.2

3.72 7.93
0.9 1.4
7.0 14.0

0.00 6.25
0.000 0.140
0.000 0.017

0.29 1.15
0.00 0.08
0.00 0.05

0.000 0.000
0.000 0.004
0.000 0.002

0.00 0.17
0.000 0.000
0.00 0.00

0.000 0.000
0.00 0.03
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
0 788
0 84

0.00 0.16
0.00 0.00
0.00 0.00

46 220
0.00 0.00
1600 2400

Feb
iMax

8.0
15.3
7.8

68.3
15.0
9.09
72.3

128.5
309

10.4
145
224

4.71
75.1
32.8
87.8

19.70
6.2

29.7
13.60
0.700
0. 085
3.48
0.27
0.16

0.002
0.032
0. 048
3.64

0.148
0.46

0.003
0.48

0.0
0.012
0.021

3.0
21500
10000
0.34
0.16
0.30
2400
6.40
2400

Mar, Apr, May
Min Med Max

2.0 10.0 24.0
7.5 11.0 17.2
0.0 1.6 9.2
0.0 10.3 55.1
0.0 2.2 12.1

6.55 7.51 8.79
9.3 29.9 56.2

18.5 46.5 87.7
76 124 310

2.8 6.2 25.5
0 8 35

37 94 158
0.19 1.84 3.40
10.6 30.5 47.0
0.0 9.8 25.3
6.5 21.4 33.2

0.00 6.15 13.70
0.1 1.1 2.5
0.0 9.9 25.3

0.00 4.60 8.80
0.000 0.085 0.270
0.000 0.018 0.090
0.16 0.78 5.90
0.00 0.06 0.20
0.00 0.03 0.12

0.000 0.000 0.001
0.000 0.006 0.060
0.000 0.003 0.056
0.00 0.29 4.52

0.000 0.000 0.032
0.00 0.05 0.44

0.000 0.002 0.011
0.00 0.03 0.44
0.0 0.0 0.4

0.000 0.000 0.008
0.000 0.000 0.012

0.0 0.0 3.1
6 480 32000
0 70 870

0.07 0.24 2.20

Jun, Jul, Aug Sep, Oct,
Min Med Max Mmn Med

14.0 24.0 30.0 5.0 14.5
5.0 8.6 14.0 7.2 10.3
0.1 2.0 7.7 0.0 1.6
0.0 12.3 88.6 0.0 11.3
0.0 3.5 40.6 0.0 3.0

6.78 7.96 9.02 7.15 7.83
9.0 46.4 71.6 0.0 48.3

29.8 67.1 121.2 27.8 67.2
93 171 225 94 178

3.4 5.5 108.0 1.5 3.9
0 8 214 0 3

43 137 380 50 125
1.39 2.07 3.23 0.28 1.38
20.6 48.9 73.5 22.9 51.4
0.0 11.9 19.0 0.0 14.2
5.1 22.8 41.0 8.7 27.4

4.45 8.18 15.40 4.45 9.40
0.6 1.5 6.6 0.4 1.8
0.0 14.6 27.1 8.0 14.2

3.42 7.20 12.05 2.47 8.10
0.000 0.050 0.400 0.000 0.074
0.000 0.038 1.180 0.000 0.045

0.00 0.96 6.11 0.00 1.16
0.00 0.10 1.09 0.00 0.10
0.00 0.06 0.13 0.00 0.07

0.000 0.000 0.001 0.000 0.000
0.000 0.004 0.076 0.000 0.004
0.000 0.003 0.121 0.000 0.002

0.00 0.20 5.42 0.00 0.15
0.000 0.000 0.029 0.000 0.000

0.00 0.05 0.42 0.00 0.00
0.000 0.001 0.004 0.000 0.000

0.00 0.02 0.39 0.00 0.02
0.0 0.0 0.3 0.0 0.0

0.000 0.000 0.013 0.000 0.000
0.000 0.000 0.088 0.000 0.000

0.0 0.0 6.4 0.0 0.0
30 1100 154000 10 1100
3 170 40000 1 80

0.00 0.10 0.57 0.00 0.00
0.00 0.00
0.00 0.00

11 95 1600 7 240
0.00 0.00 0.20 0.00 0.25.49 730 2400 350 2400

Nov
Max

26.0
14.4
35.0
39.5
20.3
9.48
82.7

134.7
373

355.0
548
260

2.74
82.1
49.4
56.9

36.10
9.2

41.0
14.10
0.570
0.101
12.57
0.76
0.26

0.004
0.046
0.058
12.90
0.193
0.99

0.023
0.57

0.0
0.006
0.051

7.7
54000

7000
4.27
0.00
0.10
2400
4.56
5800

# of
Samples

271
244
248
244
241
248
247
247
248
44

248
248

95
142
248
248
248
248
248
248
248
248
248
236
246
74

247
248
288
248
248

73
290
74

246
247
219
264
262
74
8
8

42
56
42

2 120
0.00 0.00

79 2050

920
2.94

16000



Table 3.1-4. Summary of Delaware River water quality at Station A11760, 14 January 1907 through 30 December 1907.

Parameter

Temperature (C)
Dissolved Oxygen (ma/1)
Biochemical Oxygen Demand tms•/)
Chemical Oxygen Demand (mg/D)
Total Organic Carbon (mg/I)
PH
Total Alkalinity (mg/l)
Total Hardness (mg/1)
Specific Conductance (usm/cm)
Turbidity (ntu)
Total Suspended Solids (m3g/1)
Total Dissolved Solids (mg/I)
Chloride (mg/i)
Sulfate (mg/l)
Sodium (mg/I)
Potassium (mg/1)
Calcium (mg/D)
Magnesium (mg/I)
Ammonia Nitrogen (mm/I)
Nitrite Nitrogen (mg/l)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (mg/l)
Ortho Phosphate Phosphorus (mg/I)
Cadmium (mg/I)
Chromium (mg/)
Copper (mg/li
Iron (mw/1)
Lead (mg/l)
Manganese (mg/I)
Nickel (mg/I)
Zinc (mg/l)
Mercury (ug/I)
Cyanide, Total (mg/)
Phenols (mg/)
Trichloroethylene (ug/)
Total Coliforms (HF) (c/.il)
Fecal Coliforms (HF) (c/.11)
Aluminum (mg/i)
Dissolved Aluminum (mg/l)
Dissolved Iron (mg/l)
Fecal Coltforms (MPH) Wr.,1])

Sulfide (mn/l)
Total Coliforms (MPH) (c/.l)

Dec, Jan, Feb
M in hed Max

0.0 4.0 7.0
10.7 13.0 14.6
0.6 0.9 4.0
0.0 0.0 17.2
2.0 2.5 3.2

7.51 7.73 9.09
19.7 37.5 50.6
36.0 65.5 85.9

102 162 214
1.6 4.5 10.4

1 2 9
78 08 133

0.0 13.3 18.6
13.4 19.8 22.0
4.40 8.58 11.00

1.2 1.4 6.2
7.9 17.0 22.2

2.90 6.40 8.86
0.000 0.177 0.330
0.000 0.021 0.041

0.61 1.03 1.51
0.00 0.06 0.11
0.00 0.04 0.05

0.000 0.000 0.002
0.000 0.002 0.004
0.000 0.002 0.003

0.00 0.10 0.40
0.000 0.000 0.004

0.00 0.00 0.11
0.000 0.000 0.001

0.00 0.02 0.04
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 3.0
5 2500 6500
1 22 400

0.00 0.18 0.22
0.00 0.00 0.00
0.00 0.00 0.10

46 350 2400
0.00 0.28 0.70
2400 2400 2400

Mar, Apr, May
Min Med Max

2.5 11.5 17.5
9.7 10.8 12.0
1.6 3.6 9.2
0.0 5.6 15.8
1.6 2.4 3.0

7.17 7.63 8.58
21.4 33.0 56.2
18.9 47.3 87.7
84 135 206
2.8 7.0 25.5

0 7 31
63 103 157

0.0 7.0 11.9
13.6 15.9 18.8
0.00 5.70 7.70

0.1 1.2 1.8
0.0 9.3 14.7

0.00 3.99 5.77
0.000 0.076 0.121
0.011 0.045 0.090
0.63 0.77 1.50
0.00 0.05 0.07
0.00 0.00 0.12

0.000 0.000 0.001
0.000 0.001 0.007
0.000 0.004 0.010
0.00 0.24 4.52

0.000 0.000 0.019
0.00 0.07 0.44

0.000 0.004 0.010
0.01 0.03 0.13
0.0 0.0 0.4

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 2.8
160 1100 2300

0 46 90
0.10 0.22 E.20

2 125 540
0.00 0.00 0.30

79 1660 5400

00

0

0
0

0

0

0

0

0

Juno Jul, Aug Sep, Oct, NoY
Min Med Max Min

25.0 26.3 28.0 10.0
6.5 9.2 12.9 7.6
1.2 2.2 4.6 1.4
0.0 0.0 14.4 0.0
2.4 3.1 3.5 2.6
7.48 8.21 8.94 7.21
9.0 47.5 54.8 0.0

72.8 83.0 121.2 39.0
177 189 221 106
3.9 5.8 108.0 1.5

1 3 140 1
115 137 380 89

13.8 14.4 18.3 0.0
16.7 20.0 24.9 14.1
6.90 8.40 11.40 4.96

1.1 1.5 6.6 0.8
11.2 17.3 23.5 8.0
5.61 6.26 9.00 3.50
0.000 0.080 0.400 0.067
1.030 0.060 1.180 0.013
0.94 1.20 1.70 0.41
0.08 0.11 0.27 0.05
0.00 0.06 0.08 0.04
1.000 0.000 0.001 0.000
0.000 0.000 0.003 0.000
0.000 0.004 0.012 0.002
0.00 0.10 0.58 0.00
0.000 0.000 0.012 0.000
0.00 0.00 0.31 0.00

O.000 0.002 0.003 0.000
0.01 0.02 0.07 0.02
0.0 0.0 0.3 0.0

.000 0.000 0.005 0.000
0.000 0.000 0.000 0.000

0.0 0.0 0.0 0.0
30 220 2500 600

9 110 600 20
0.00 0.07 O.S7 0.00

0.00
0.00

17 79 1600 43
0.00 0.10 0.20 0.00

49 1200 2400 540

Ned

12.0

10.7
1 .8

11.7
3.1

7.44
37.2
63.5

138
3.7

2
102

13.0
17.4
7.32

1.3
12.4
5.41

0.091
0.043
0.80
0.07
0.06

0.000
0.003
0.003

0.16
0.000
0.00

0.001
0.03

0.0
0.000
0.000

0.0
5550

140
0.11
0.00
0.00
240

0.25
4100

Max

20.0
11.7
35.0
30.6
5.2

8.04
67.6
83.2

163
355.0
548
128

17.1
21.5

17.70
4.0

41.0
8.06

0.140
0.094

1.48
0.32
0.26

0.004
0.046
0.058
12.90
0.193
0.99

0.003
0.57

0.0
0.000
0.000

0.0
9900
3360
4.27
0.00
0.00
2400
0.70
5800

* of
Samples

24
24
26
26
26
26
26
26
26
22
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
4
4

22
26
22

I I



Table 3.1-5. New minimum values obseryed for mater quality parameters measured
In 1987 at station A11760 on the Delaware River.

Season

Dec, Jan, Feb

Parameter

Turbidity (ntu)
Aluminum (mw/I)
Dissolved Aluminum (mw/1)
Dissolved Iron (mg/I)
Fecal Coliforms (MPN) (c/.1I)
Total Coliforms (MPN) (c/.1l)

Mar, Apr# May Turbidity (ntu)
Chloride (mw/i)
Sodium (ms/I)
Potassium (mw/i]
Calcium (mg/l)
Magnesium (mg/i]
Cadmium (mg/1)
Iron (mg/I)
Nickel (mw/1)
Mercury (ug/l)
Aluminum (mw/I)
Fecal Coliforms
Fecal Coliforms
Total Coliforms

(MF) (c/.11)
(MPH) (c/.Il)
(MPN) (c/.11)

Value

1.5
0.00
0.00
0.00

46
1600

2.8
0.0

0.00
0.1
0.0

0.00
0.000
0.00

0.000
0.0

0.07
0
2

79

9.0
3.4

0.000
0.00

0.000
0.0

0.00
II
30
49

0.0
I.S
8.0

0.00
0.00

7
350

Date

12/09/87
02/11/87
12/02/87
12/02/87
12/30/87
12/09/87

03/24/87
04/08/87
05/20/87
05/20/87
05/20/87
05/20/87
03/24/87
03/24/87
03/11/87
03/11/87
04/29/87
03/24/87
03/24/87
03/24/87

07/15/87
07/08/87
06/03/87
06/03/87
08/12/87
06/03/87
06/17/87
08/19/87
07/01/87
07/29/87

09/09/87
11/18/87
09/23/87
11/18/87
11/18/87
10/14/87
11/24/87

Jun, Jul, Aum

Sep, Oct, Nov

Total Alkalinity (ms/i)
Turbidity (ntu)
Cadmium (mg/I)
Iron (mg/I)
Nickel (mg/I)
Mercury (ug/1)
Aluminum (mw/I)
Fecal Coliforms (MPH) (c/.1l)
Total Coliforms (MF) (c/.il)
Total Coliforms (MPN) (c/.Il)

Total Alkalinity (mw/l)
Turbidity (ntu)
Calcium (mw/I)
Dissolved Aluminum (ms/i)
Dissolved Iron (mu/I)
Fecal Coliforms (MPH) (c/.1l)
Total Coliforms (MPH) (c/.11)



Table 3.1-6. Hew maximum values observed for water quality parameters measured
in 1987 at station A11760 on the Delaware River.

Season

Dec, Jan, Feb

Mar, Apr, May

Juno Jul, Aug

Sep, Oct, Nov

Parameter

pH
Turbidity (ntu)
Potassium (ms/l)
Cadmium (mg/D)
Nickel (ms/1)
Dissolved Aluminum (mg/I)
Dissolved Iron (mg/I)
Fecal Coliforms (MPH) (c/.11}
Total Coliforms (MPH) (c/.1W)
Trichloroethylene (ug/I)

Biochemical Oxygen Demand (ms/i)
Total Alkalinity (ms/l)
Total Hardness (mu/i)
Turbidity (ntu)
Nitrite Nitrogen (mg/I)
Ortho Phosphate Phosphorus (mg/i)
Cadmium (mg/1)
Iron (mg/i)
Manganese (mn/l)
Nickel (ms/i)
Mercury (us/i)
Aluminum (ms/i)
Fecal Coliforms (MPH) (c/.11)
Total Coliforms (MPH) (c/.WA)

Total Hardness (us/1)
Turbidity (ntu)
Total Dissolved Solids (mg/I)
Potassium (mg/•)
Ammonia Nitrogen (mg/i)
Nitrite Nitrogen (ms/)
Cadmium (mg/i)
Nickel (mg/l)
Mercury (us/l)
Aluminum (mg/i)
Fecal Coltforms (MPH) (c/.1i)
Sulfide (ms/i)
Total Coliforms (MPH) (c/.11)

Biochemical Oxygen Demand (ms/)
Turbidity (ntu)
Total Suspended Solids (ms/i)
Calcium (ms/1)
Ortho Phosphate Phosphorus (ms/I)
Cadmium (mg/l)
Chromium (msil)
Copper (us/l)
Iron (mg/i)
Lead (ma/l)
Manganese (ms/i)
Nickel (ms/I)
Zinc (mg/i)
Aluminum (mg/I)
Dissolved Aluminum (mg/1)
Dissolved Iron (ms/1)
Fecal Coliforms (MPH) (c/.11)
Total Coliforms (MPH) (c/.1l)

Value

9.09
10.4

6.2
0.002
0.003

0.16
0.30
2400
2400

3.0

9.2
56.2
87.7
25.5

0.090
0.12

0.001
4.52
0.44

0.011
0.4

2.20
920

16000

121.2
108.0

380
6.6

0.400
1.180
0.001
0.004

0.3
0.57
1600
0.20
2400

35.0
355.0

548
41.0
0.26

0.004
0.046
0.058
12.90
0.193
0.99

0.023
0.57
4.27
0.00
0.10
2400
5800

Date

02/25/87
12/02/87
01/28/87
12/02/87
01/07/87
12/09/87
12/22/a7
12/02/87
12/02/87
02/25/87

04/22/87
05/20/87
05/20/87
04/08/87
05/20/87
05/20/87
04/08/87
04/08/87
04/08/87
05/27/87
05/06/a7
04/08/87
04/01/87
04/29/87

06/17/87
07/15/87
07/01/87
08/26/87
08/12/87
06/17/87
07/15/87
06/24/87
07/15/87
07/15/87
07/15/87
06/03/87
07/15/87

09/09/87
09/09/87
09/09/87
10/21/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/30/87
09/09/87
09/09/87
11/18/87
11/11/87
09/09/87
09/09/87
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4.0 East Branch Perkiomen Creek

East Branch Perkiomen Creek (EBPC) was described in section 4.0 of

the 1986 progress report to PECo (RMC Environmental Services 1987a).

Upon completion of the Point Pleasant Water Diversion Project. the

EBPC will carry 10-65 cfs of Delaware River water over a distance of

37 km from its headwaters northeast of Sellersville, Pennsylvania,

to its junction with Perkiomen Creek near Schwenksville.

Studies of water quality, benthic macroinvertebrates, and fish

continued in 1987 and are summarized in the following three report

sections (4.1 to 4.3, respectively). These studies add to the

preoperational baseline of information reported on in earlier progress

reports and the EROL. Effects of diversion on the ecology of the EBPC

will be assessed by comparing preoperational and postoperational

information.

Although the EBPC has not been affected by LGS operation, the dis-

charge structure to the stream was built in 1987. This activity

disturbed a small area in the extreme headwaters. Construction ac-

tivities probably added temporarily to the streamts sediment load.

However, much more extensive development in the watershed is presently

occurring from Sellersville upstream. In one instance, a landowner

near Bucks Road channelized approximately 100 feet of stream, built a

gabion dam to partially impound it, and diverted flow into a nearby

pond. Increased construction activity through the upper watershed has

4.0-1



added noticeably to the amount of sediment accumulating in the upper

EBPC.

In 1987 the Pennsylvania Fish Commission stocked the EBPC with

trout for the first time in many years. This activity resulted in

greatly increased fishing pressure between Sellersville and Branch

Road (RMC Environmental Services 1987b). Results of a trout creel

survey and evaluation of the potential effects of water diversion on

stocked trout were presented to PECo in 1987 as separate reports and

are not considered here. However, increased construction activities

and trout stocking were noteworthy events that.distinguished 1987 from

earlier preoperational years. Despite these differences, preliminary

evaluations indicated that ecological conditions described in earlier

progress reports remained generally similar in 1987. Therefore, the

objective of the following three report sections is to briefly sum-

marize the results of 1987 sampling activities.
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4i.1 Water Quality

Introduction and Methods

East Branch Perkiomen Creek (EBPC) water quality was studied from

May 1974 through December 1978 and again from January 1983 through the

present. The results of samples collected in 1987 are summarized

below. The objectives of this program were to monitor existing water

quality conditions on EBPC in order to provide a more extensive

database with which to predict and assess changes associated with

diversion of water from the Delaware River to this stream for LGS

operation, and to provide water quality information for concurrent

aquatic ecological studies.

As in previous years, three sample stations were located within

the study area which extended from the upper reach near Branch Road

bridge to near the confluence with Perkiomen Creek (Fig. 4.1-1).

Station E32300 is immediately downstream of Branch Road and about 4.7

km downstream from the proposed diversion outfall location. Station

E22880 is downstream of Cathill Road and 3.2 km downstream of the

Pennridge Wastewater Treatment Plant. E2500 is upstream of Garges

Road.

Sampling began on 14 January and all stations were sampled once

every 2 weeks. All samples were collected as subsurface grab samples

and were analyzed according to standard, widely accepted methods.
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In 1986, sampling was initiated for aluminum and resumed for

cadmium, nickel, mercury, and total dissolved solids. In 1987 sam-

pling was initiated for dissolved aluminum and dissolved iron at

Station E32300.

Results and Discussion

Low steady flows interrupted by a few high flow events charac-

terized the period of January through early May 1987 (Table 4.1-1 and

Fig. 4.1-2). Flow was extremely low, but steady from mid-May through

late October. Steady flows and several high flow events occurred from

late October through December. Since the U.S.G.S. began monitoring

EBPC discharge at Bucks Road in October 1983, the period of record

(October 1983-December 1987) is short, and daily as well as monthly

minimum and maximum flows were established in 1987 for the month of

March.

Mean monthly flows in 1987 were greater than mean monthly flows

for the period of record only in January, March, and April (Table 4.1-

2 and Fig. 4.1-3). Median monthly flows in 1987 were greater than

median monthly flow for the period of record in January, April,

September, and October. Comparison of mean monthly flow to the 1986

flow data indicates that the mean monthly flow in 1987 exceeded the

1986 values for the months of March-May, July, September, and October.
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Stream flow measured at Bucks Road is only reflective of headwater

conditions above Sellersville. Flow downstream of Sellersville is

augmented by discharge from the Pennridge Wastewater Treatment Plant,

below which permanent flow exists. However, the pattern of flow in

the lower EBPC followed that exhibited in the headwaters.

Almost all of the parameters measured in this study are conser-

vative with respect to flow. The majority of the new minimum values

were observed during periods of high flow while many new maximum

values were observed during periods of low flow.

E32300

Seasonal summaries of water quality data for this headwater

station for 1983-1987 are presented in Table 4.1-3 and for the year

1987 in Table 4.1-4. New minimum and maximum values are presented in

Tables 4.1-5 and 4.1-6, respectively. Some of the new minimum and

maximum values reflect in part the beginning of analysis for dissolved

iron and dissolved aluminum in 1987 as well as the short period of

analysis for aluminum (1986-1987), nickel, cadmium, and mercury.

In the winter quarter new maxima were observed for fourteen

parameters. The maxima for cadmium, nickel, aluminum, dissolved iron,

dissolved aluminum, sulfide, and trichloroethylene represent the first

detection of these compounds during the quarter. The rest of the
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maxima for which the record is greater than one year did not display

significant departures from the previous maximum values.

Five first detections (cadmium, nickel, mercury, aluminum, and

trichloroethylene) accounted for half of the spring quarter maxima.

The remaining new maxima did not represent any significant departures

from previous maxima.

The summer quarter was characterized by extended periods of low to

very low flow which is reflected in seventeen new maximum values. Of

these, cadmium, nickel, mercury, and aluminum represent first detec-

tion values. Seven of the new maximum values (chloride, cadmium,

chromium, copper, iron, lead, and manganese) were observed in a single

sample on 26 August. Although not a new maximum value, the total

suspended solids in the 26 August sample was the maximum value for the

quarter as well as the year of 1987. This indicates a very turbid

sample and may account for the elevated total metal concentrations.

High turbidity was apparently due to a recent channel modification

performed by a landowner a short distance upstream which resulted in a

large increase in sediment load. The chloride maximum on the same day

may be explained by very low flow conditions. Of the new metal maxima

the values for copper, lead, manganese, and zinc depart by at least

one order of magnitude from previous maximum values. The new tem-

perature maximum was 3 C higher than the previous value which could be

a function of sustained very low flow conditions.
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Seventeen new maximum values were established in the fall quarter.

Four of the new values (cadmium, nickel, dissolved iron, and dissolved

aluminum) represent first detections. Three sample dates accounted

for fourteen of the new values, 9 September (five maxima), 7 October

(four maxima), and 21 October (five maxima). Three of the new maxima,

biochemical oxygen demand (DOD), total suspended solids, and total

dissolved solids represented significant change from the previous

values. DOD increased by a factor of 6, total suspended solids by 4,

and total dissolved solids by a factor of 0.5. The new maximum for

DOD was associated with high flow on 9 September. The maxima for

total suspended solids observed on 26 August and total dissolved

solids observed on 1 July were not associated with high flow

conditions. The results could reflect possible stream disturbances

upstream of the sampling point.

Seasonal summaries of water quality data obtained for this station

for 1983-1987 are shown in Table 4.1-7 and the 1987 data are shown in

Table 4.1-8. New minima and new maxima are presented in Tables 4.1-9

and 4.1-10, respectively.

Five new maximum values were established in the winter quarter

with sulfide detected for the first time. The remaining parameters

(cadmium, nickel, chemical oxygen demand, and trichloroethylene) did

not increase to any significant extent.
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Four of the eleven new maxima in the spring quarter represent the

first detection of cadmium, nickel, mercury, and aluminum. Five of

the maxima (potassium, total phosphate phosphorus, ortho phosphate

phosphorus, nickel, and trichloroethylene) were detected in the 24

March sample which was collected during a period of low flow. lone of

the maxima represent any significant increases from the previous

value.

The summer quarter maxima included the first detection of

aluminum, cadmium, mercury, and nickel. Total dissolved solids and

chloride maxima were both more than double the previous maxima. Both

samples were collected at extremely low flow. The remaining new

maxima did not represent a significant increase above previous maximum

values.

Three new maxima were established in the fall representing minor

increases to the previous values. The parameters having new maximum

values were total suspended solids, manganese, and chemical oxygen

demand.

E2800

Seasonal summaries of water quality data obtained for the most

downstream station for 1953 through 1987 are presented in Table 4.1-11

while the 1987 data are presented in Table 4.1-12. New minima and

maxima are presented in Tables 4.1-13 and 4.1-14, respectively. The

4.1-6



new maximum pH values in the spring and summer quarters exceeded the

state water quality standard of 9.0 units.

Two first detections for cadmium and trichloroethylene and a

slightly increased value for the total dissolved solids were the three

new maxima established in the winter quarter.

The spring quarter established fourteen new maxima. Eleven of the

new values were observed on two days (24 March and 20 May) when flow

was reduced. Five first detections in the quarter established new

maxima for aluminum, cadmium, mercury, nickel, and trichloroethylene.

None of the remaining maxima represent any significant increase over

the previous values.

First detection of the metals aluminum, cadmium, mercury, and

nickel were among the new maxima established during the summer

quarter. Eight maxima in addition to the previously mentioned metals

were established. Two of the eight maxima represent significant in-

creases in concentration. These were an approximate doubling of the

chloride maximum and an increase of nitrite nitrogen by a factor of

15. The new nitrite maximum represents the highest concentration of

nitrite observed on the East Branch for any station in any season.

All new maxima in the fall quarter were observed on 9 September.

The new nickel maximum of 9.4 mg/I may be the result of a procedural

error, since the next highest concentration measured at that station

was only 0.01 mg/I. For this reason, the value of 9.4 mg/] is

4.1-7



reported here but will subsequently be deleted from the database. In

addition, neow maxima were established for ammonia and nitrite nitrogen

as well as total and ortho phosphate phosphorus. Both total and ortho

phospate maxima increased by a factor of 2. The nitrite nitrogen had

a minimal increase while the ammonia nitrogen maximum increased ap-

proximately nine times. The increased nitrogen and phosphate concen-

trations observed on 9 September suggests the possibility of some

localized input.

4. 1-8



Table 4.1-I. Mean daily East Branch Perkiomen Creek discharge (ft 3 /sec) measured at the Bucks Road

US Geological Survey gage In 1987.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
------- ------- ------- --- -- ------ -- - - ------- --- -- ------ --- -- ------- ------- ------.. .- ll ll. . . .. . .

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Mini"u
Mean
Median
Maxim&=

2.40 2.90 118.00 6.60 2.20
9.70 4.00 46.00 3.40 1.90

10.00 13.00 22.00 2.60 2.10
6.60 18.00 12.00 142.00 11.00

4.20 10.00 8.00 22.00 9.10
3.20 7.30 7.30 58.00 6.30
3.10 10.00 7.90 19.00 3.50
3.20 9.60 6.80 9.70 2.50
2.90 6.70 5.30 5.70 1.90
5.70 4.20 3.30 4.10 1.50

14.00 3.80 2.50 3.20 1.20
7.50 4.00 2.50 3.00 1.00
9.30 3.00 2.40 4.70 0.79

11.00 2.60 2.00 3.00 0.68
18.00 2.00 1.80 2.50 1.10
8.30 2.10 1.60 2.20 0.87
4.30 1.70 1.40 9.60 0.63

12.00 1.70 1.30 8.00 0.54

33.00 1.60 1.20 4.90 0.53
17.00 1.50 1.30 3.50 1.00

9.90 1.60 1.40 2.90 0.98
6.00 2.10 1.10 2.20 0.63

7.80 3.10 0.92 1.90 0.61
8.10 3.20 0.86 12.00 0.58

11.00 3.20 0.82 31.00 0.44

7.80 3.70 0.82 7.00 0.42
6.20 3.90 0.76 4.20 0.38
5.30 6.50 0.97 4.50 0.39
4.50 0.92 5.70 0.33
3.90 1.10 3.20 0.46
3.60 15.00 0.58

2.40 1.50 .0.76 1.90 0.33
8.37 4.89 9.01 13.08 1.81
7.50 3.45 1.80 4.60 0.87

33.00 18.00 118.00 142.00 11.00

0.52 0.08
0.61 0.10
0.31 0.24
0.27 0.10
0.43 0.12
0.25 0.13
0.19 0.15
0.17 0.19
0.25 4.80
0.15 1.40
0.11 0.46
0.10 0.32
0.10 0.28
0.05 0.40
0.06 0.64
0.06 0.26
0.05 0.26
0.05 0.23
0.05 0.16
0.05 0.10
0.06 0.06
0.51 0.08
0.92 0.09
0.29 0.09
0.18 0.08
0.15 0.09
0.12 0.09
0.15 0.07
0.06 0.08
0.07 0.09

0.09

0.05 0.06
0.21 0.37
0.15 0.12
0.92 4.80

0.08 W/A 0.14 1.10 13.00
0.11 H/A 0.17 1.00 6.30
0.10 0.06 0.98 0.96 4.30

0.07 0.05 2.80 0.93 4.10
0.08 0.04 0.97 0.85 3.10
0.12 0.06 0.61 0.69 2.50
0.10 0.10 1.90 0.63 2.10
0.10 0.16 2.10 0.57 1.90
0.10 0.26 1.30 0.59 1.90
0.10 0.20 0.51 16.00 1.80
0.09 0.13 0.54 31.00 1.80
0.08 0.09 0.57 15.00 1.70
0.07 0.59 0.47 12.00 1.40
0.07 0.41 0.41 6.30 1.20
0.07 0.17 0.43 3.90 13.00
0.07 0.18 0.40 3.00 11.00
0.07 0.33 0.36 2.70 4.50
0.06 1.90 0.38 2.80 3.00
H/A 0.81 0.30 2.20 2.50
W/A 0.54 0.33 2.00 7.00
H/A 0.39 0.54 1.60 5.70
H/A 0.34 0.44 1.30 3.60
H/A 0.30 0.43 1.20 3.20
H/A 0.26 0.43 1.30 2.50
H/A 0.21 0.52 1.20 2.60

W/A 0.20 0.54 1.20 4.20
0.07 0.18 1.00 1.10 3.10
0.11 0.20 11.00 1.10 2.90
WA 0.20 2.50 19.00 2.50
WA 0.19 1.70 86.00 1.70
H/A 1.30 1.40

0.06 0.04 0.14 0.57 1.20
0.09 0.31 1.16 7.31 3.92
0.08 0.20 0.S4 1.30 2.90
0.12 1.90 11.00 86.00 13.00



Table 4.1-2. Mean monthly East Branch Perklomen Creek discharge (ft 3/sec) measured at the bucks Road
US Geological Survey sage, t983 - 1987.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Noy Dec

1983 6.48 13.29 20.91
1984 4.45 19.08 15.73 17.25 20.97 4.72 20.89 0.87 0.19 1.01 1.92 5.81
1985 2.61 11.77 2.21 0.91 3.40 1.24 0.13 0.09 12.95 3.02 14.53 5.01
1986 9.92 15.40 8.83 8.97 0.40 0.25 0.22 0.38 0.03 0.14 10.80 15.33
1987 8.37 4.89 9.01 13.08 1.81 0.21 0.37 0.09 0.31 1.16 7.31 3.92

Minimum 0.42 0.34 0.76 0.36 0.07 0.00 0.00 0.00 0.00 0.06 0.10 0.41
Mean 6.35 12.84 8.94 10.05 6.65 1.61 5.40 0.38 3.42 2.05 9.57 10.20
Median 2.30 4.60 2.50 2.80 0.96 0.29 0.11 0.13 0.06 0.43 1.70 3.60
Maximum 143.00 177.00 118.00 278.00 172.00 70.00 313.00 7.30 372.00 61.00 100.00 169.00



Table 4.1-3. Summary of East Branch Perkiomen Creek water quality at Station E32300, 30 March 1983 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/I)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/I)
pH
Total Alkalinity (mg/])
Total Hardness (mg/i)
Specific Conductance (usm/cm)
Total Suspended Solids (me/l)
Total Dissolved Solids (mg/l)
Dissolved Silica (mg/l)
Total Inorganic Carbon (mg/i)
Chloride (mg/l)
Sulfate (mg/I)
Sodium (mg/l)
Potassium (mg/i)
Calcium (mg/i)
Magnesium (mg/i)
Ammonia Nitrogen (mg/i)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/i)
Total Phosphate Phosphorus (mg/i)
Ortho Phosphate Phosphorus (mg/i)
Cadmium (mg/I)
Chromium (mg/i)
Copper (mg/i)
Iron (mg/I)
Lead (mg/I)
Manganese (mg/I)
Nickel (mg/I)
Zinc (mg/1)
Mercury (ug/1)
Cyanidep Total (mg/I)
Phenols (mg/I)
Trichloroethylene (ug/l)
Total Coliforms (HF) (c/.II)
Fecal Collforms (lF) (c/.1l)
Aluminum (mg/I)
Dissolved Aluminum (m2/1)
Dissolved Iron (mg/I)
Sulfide (mg/l)

Dec, Jan,
Min Med

-1.0 1.0
10.6 11.8
0.0 1.5
0.0 10.9
0.0 2.5

6.86 7.28
0.0 30.9

32.0 69.4
121 189

0 8
26 122

2.44 3.39
23.1 29.1
10.0 20.1
16.1 27.4
6.25 11.20
1.5 2.1
5.8 14.8

5.25 8.63
0.000 0.000
0.000 0.006
0.00 2.30
0.00 0.05
0.00 0.02

0.000 0.000
0.000 0.003
0.000 0.002
0.00 0.26

0.000 0.000
0.00 0.00

0.000 0.000
0.00 0.01
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
0 550
0 84

0.00 0.24
0.00 0.00
0.00 0.00
0.00 0.00

Feb
Max

8.5

17.4
7.2

65.7
25.8
7.82
83.6

110.0
281
431
204

4.21
35.1
43.2
40.6

18.00
7.1

28.5
15.51
0.246
0.030
3.31
0.35
0.12

0.002
0.014
0.018
8.77

0.008
0.38

0.006
0.25

0.0
0.002
0.000

2.6
10500

3100
1 .82
0.24
0.36
1 .00

Mar, Apr, May
Min Med Max

1.0 9.5 22.0
6.1 12.0 15.1
0.2 1.4 4.6
0.0 10.6 41.1
0.0 3.2 13.3

6.33 7.57 8.58
14.6 39.0 84.1
12.7 67.0 114.6

105 181 274
0 4 73

94 136 252
0.67 3.18 3.92
27.2 31.1 59.0
0.0 16.1 25.8

15.1 26.5 37.5
6.58 11.50 14.40

1.4 2.0 3.2
5.7 14.7 25.0

4.46 9.11 14.19
0.000 0.033 0.068
0.000 0.012 0.076

0.00 1.35 2.46
0.00 0.03 0.07
0.00 0.01 0.08

0.000 0.000 0.000
0.000 0.004 0.010
0.000 0.002 0.220

0.00 0.19 1.56
0.000 0.000 0.014

0.00 0.00 0.10
0.000 0.000 0.010
0.00 0.00 0.06
0.0 0.0 0.3

0.000 0.000 0.001
0.000 0.000 0.000

0.0 0.0 13.9
10 480 9000

0 91 2900
0.09 0.21 0.55

0.00 0.00 0.82

Jun, Jul, Aug Sep, Oct, Nov
Min

17.0
3.8
0.2
0.0
0.9

7.04
0.0

47.1
142

0
III

0.87
0.0
7.4

16.3
5.74

1.5
7.0

7.20
0.000
0.000
0.00
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
200

20
0.00

Med

22.0
7.7
1.9

16.1
4.4

7.71
65.8
88.0

247
9

192
2.37
51.2
24.3
29.3

13.31
3.2

18.9
12.30
0.043
0.000
0.00
0.04
0.01

0.000
0.004
0.003
0.26

0.001
0.07
0.002
0.01

0.0
0.000
0.000

0.0
1750

305
0.13

max

29.0
9.9
4.8

223.0
111.8
8.43

106.8
188.7

577
331

2030
4.41
75.4
36.0
93.3

20.60
10.0
31.6

17.00
0.175
0. 135
2.06
0.26
0.26

0.001
0. 080
0.320
19.00
0. 950
0.44

0.160
4. is

0.0
0.001
0.191

6.5
60000
17550
3.90

Min

3.0
3.4
0.0
0.0
1.7

7.12
16.4
61.5

176
0

84
0.48
20.9
12.0
16.6
8.80

2.3
8.2

8.26
0.000
0.000

0.00
0.00
0.00

0.000
0.000
0.001
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
60
18

0.00
0.00
0.00
0.00

Med

12.-3

9.4
1.4

17.4
4.4

7.62
73.2

100.9
267

4
172

0.93
51.2
24.8
33.3

14.09
3.7

23.5
13.43
0.000
0.000
0.31
0.04
0.00

0.000
0.003
0.002

0.14
0.000
0.00

0.000
0.01

0.0
0.000
0.000

0.0
1000

220
0.00
0.00
0.00
0.40

Max

22.0
11.6
34.0
36.6
27.8
8.08

125.6
166.9

362
85

376
4.24
77.2
40.9
77.7

22.60
7.9

35.7
21.80
0.061
0.033
3.88
0.19
0.07

0.000
0.010
0.015
2.83

0.012
0.36

0.004
0.05

0.0
0.002
0.000
4.a

16000
7200
1.64
0.01
0.00
1.10

# of
Samples

149
112
116
117
113
117
117
117
117
118
118
40
20

117
117
117
117
117
117
117
117
117
114
Its

74
117
117
1s8
117
117

73
159
74

117
117
115
128
127
74

6
5

570.00 0.25 0.70

I



Table 4.1-4. Summary of East Branch Perklomen Creek Mater quality at Station E32300, 7 January 1987 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/l)
Total Organic Carbon (ms/I)
pH
Total Alkalinity (mg/I)
Total Hardness (mg/1)
Specific Conductance (usa/cm)
Total Suspended Solids (ms/i)
Total Dissolved Solids (ma/l)
Chloride (ms/I)
Sulfate (mg/I)
Sodium (mg/1)
Potassium (mg/1)
Calcium (mg/I)
Magnesium (mg/l)
Ammonia Nitrogen (ms/i)
Nitrite Nitrogen (mg/I)
Nitrate Nitrogen (mg/l)
Total Phosphate Phosphorus (mg/I)
Ortho Phosphate Phosphorus (m/i)
Cadmium (mg/I)
Chromium (mg/i)
Copper (mg/D)
Iron (ms/i)
Lead (mg/I)
Manganese (ms/i)
Nickel (mW/))
Zinc (mall)
Mercury (ug/l)
Cyanide, Total (ms/I)
Phenols (mg/l)
Trichloroethylene (ug/I)
Total Coliforms (MF) (c/.Il)
Fecal Coliforms (MF) (c/.Il)
Aluminum (mg/I)
Dissolved Aluminum (mg/I)
Dissolved Iron (mg/i)
Sulfide (mg/1)

Dec, Jan,
Min Med

0.0 1.0
10.6 13.0
0.7 1.3
0.0 0.0
2.2 2.5

7.10 7.44
20.7 32.6
63.0 79.7
100 213

0 7
51 131

16.9 20.1
22.7 26.2
9.80 12.60
1.5 3.0

10.6 15.2
7.80 8.98

0.000 0.000
0.000 0.000
0.00 2.25
0.00 0.02
0.00 0.00

0.000 0.000
0.000 0.002
0.000 0.001
0.00 0.20

0.000 0.000
0.00 0.00

0.000 0.000
0.00 0.01
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
100 80o

11 130
0.00 0.20
0.00 0.00
0.00 0.00
0.00 0.38

Feb
Miax

6.0
17.4

3.6
22.0

6.5
7.77
44.0

110.0
281
121
204

43.2
40.6
18.00
4.8

19.1
12.30
0.051
0.023
2.90
0.09
0.06

0.002
0.003
0.003
2.87

0.004
0.10

0.006
0.06

0.0
0.000
0.000

2.6
4900
1150
1.82
0.24
0.36
1.00

Mar, Apr, May
Min Med Max

1.0 9.5 19.0
8.8 11.6 13.3
0.2 2.2 3.1
0.0 5.2 17.5
2.6 3.1 3.6

7.40 7.70 8.58
31.8 42.4 73.8
57.1 70.8 114.6

169 199 274
0 1 7

126 146 198
0.0 16.2 23.2

15.7 26.1 27.8
10.20 11.45 13.30

1.5 2.0 2.9
9.4 16.9 20.0

7.12 9.66 11.80
0.000 0.042 0.065
0.000 0.022 0.033

0.70 1.08 2.29
0.00 0.00 0.07
0.00 0.00 0.08

0.000 0.000 0.000
0.000 0.000 0.008
0.000 0.003 0.008

0.00 0.15 0.37
0.000 0.000 0.002

0.00 0.00 0.10
0.000 0.000 0.010

0.00 0.02 0.03
0.0 0.0 0.3

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 13.9
15 455 6200

0 131 600
0.09 0.21 0.55

0.00 0.00 0.10

J Jnp Jul, Aug
Min Med Max

20.0 24.0 29.0
4.5 8.1 9.2
1.0 2.5 4.8
0.0 0.0 16.7
3.7 3.9 4.3

7.63 7.00 6.29
58.0 93.0 106.8

108.2 138.2 154.0
255 313 342

0 8 109
186 225 2030

24.5 28.1 36.0
19.1 29.2 38.8

I1.80 15.z0 18.00
1.5 3.6 10.0

12.8 22.8 29.9
8.90 14.10 17.00

0.000 0.000 0.130
0.000 0.000 0.030

0.00 0.00 1.34
0.03 0.05 0.17
0.00 0.00 0.07

0.000 0.000 0.001
0.000 0.002 0.080
0.001 0.004 0.320

0.00 0.20 19.00
0.001 0.003 0.950

0.00 0.10 0.44
0.000 0.002 0.160

0.00 0.02 4.15
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0

200 1450 8000
20 190 6000

0.00 0.13 3.90

0.00 0.40 0.70

5ep, Oct, Nov It of
Min

3.0
6.3
1.3
0.0
3.0

7.29
30.8

107.0
233

2
156

27.8
26.4

13.90
2.6

16.4
9.80

0.000
0.000
0.00
0.00
0.00
0.000
0.000
0.002

0.00
0.000
0.00
0.000
0.00

0.0
0.000
0.000

0.0
70
20

0.00
0.00
0.00
0.20

13

01
0

0.
0.
0,
0.
0.
0

0.
0.

0

0.

(0
0

0.

0

Med Max Samples

13.0 22.0 49
10.1 11.5 23
2.2 34.0 26

10.0 25.3 26
4.4 5.3 26

7.63 7.90 26
76.8 91.7 26
34.0 151.0 26
286 357 26

12 85 27
235 376 27

37.1 40.9 26
31.8 33.9 26
5.55 22.60 26
4.6 6.5 26

24.9 32.3 26
5.00 19.40 26
.000 0.000 26
.014 0.033 26
0.77 2.11 26
0.05 0.12 26
0.02 0.07 26
.000 0.000 52
.003 0.010 26
.003 0.015 26
0.17 2.83 53
002 0.012 26
0.00 0.36 26
.000 0.004 51
0.01 0.05 52
0.0 0.0 52
000 0.000 26
000 0.000 26
0.0 -0.0 26
000 7100 40
170 2010 39
1.10 1.33 52
'.00 0.01 6
'.00 0.00 5
.40 1.00 26



Table 4.1-5. New minimum values observed for water quality parameters measured
in 1987 at station E32300 on the East Branch Perkiomen Creek.

Season

Dec, Jan, Feb

Mar, Apr# May

Jun, Julp Aug

Parameter

Nitrate Nitrogen (mg/i)
Chromium (mg/I)
Dissolved Aluminum (mg/i)
Dissolved Iron (mg/1)

Biochemical Oxygen Demand (w/l)
Chloride (mWI)
Cadmium (mg/1)
Chromium (mg/I)
Nickel (ms/I)
Mercury (ug/1)
Aluminum (ma/l)
Fecal Coliforms (MF) (W/.11)

Potassium (mg/1)
Cadmium (mg/1)
Iron (mu/1)
Nickel (mg/i)
Mercury (us/l)
Aluminum (mg/i)
Fecal Coliforms (MF) (c/.11)
Total Coliforms (MF) (c/.11)

Value

0.00
0.000
0.00
0.00

0.2
0.0

0.000
0.000
0.000

0.0
0.09

0

1.5
0.000
0.00

0.000
0.0

0.00
20

200

Date

02/11/87
02/25/87
12/09/87
12/09/87

04/08/87
04/22/87
03/11/87
03/11/87
03/11/87
03/11/87
04/22/87
03/24/87

08/12/87
06/03/87
06/17/87
07/15/87
06/03/87
06/17/87
08/05/87
06/03/87

Sep, Oct# Nov Temperature (C)
Dissolved Aluminum (mg/i)
Dissolved Iron (m'/i)

3.0 11/11/87
0.00 11/11/87
0.00 11/11/87



Table 4.1-6. New maximum values observed for water quality parameters measured
in 1987 at station E32300 on the East Branch Perklomen Creek.

Season Parameter

Dec# Jan, Feb Dissolved Oxygen (ms/l)
Total Hardness (ms/I)
Specific Conductance (usm/cm)
Total Dissolved Solids (mg/i)
Chloride (ms/I)
Sulfate (ms/I)
Sodium (ms/I)
Cadmium (ms/I)
Nickel (ms/i)
Aluminum (ms/I)
Dissolved Aluminum (ms/i)
Dissolved Iron (ms/I)
Sulfide (ms/I)
Trichloroethylene (us/i)

Mar, Apr, May pH
Total Hardness (ms/l)
Specific Conductance (usm/cm)
Ortho Phosphate Phosphorus (mg/I)
Cadmium (ms/i)
Manganese (ms/1)
Nickel (ms/I)
Mercury (us/I)
Aluminum (ms/I)
Trichloroethylene (us/i)

Junw Jul, Aug Temperature (C)
Biochemical Oxygen Demand (mg/I)
Total Alkalinity (ms/i)
Total Dissolved Solids (ms/I)
Chloride (ms/l)
Potassium (ms/I)
Magnesium (mu/1)
Cadmium (ms/I)
Chromium (ms/I)
Copper (ms/i)
Iron (ms/i)
Lead (mg/l)
Manganese (ms/i)
Nickel (ms/1)
Zinc (ms/i)
Mercury (us/1)
Aluminum (mg/I)

Sep, Oct, Noy Biochemical Oxygen Demand (ms/l)
Total Suspended Solids (ms/i)
Total Dissolved Solids (ms/i)
Chloride (ms/l)
Sodium (ms/i)
Nitrite Nitrogen (ms/i)
Ortho Phosphate Phosphorus (ms/i)
Cadmium (mg/l)
Chromium (m/1i)
Copper (ms/I)
Iron (ms/i)
Lead (ms/1)
Manganese (ms/i)
Nickel (ms/i)
Zinc (ms/I)
Dissolved Aluminum (ms/I)
Dissolved Iron (ms/I)

Value

17.4
110.0

281
204

43.2
40.6
18.00
0.002
0.006
1.82
0. Z4
0.36
1.00

2.6

8.58
114.6

274
0.08

0.000
0.10

0.010
0.3

0.55
13.9

29.0
4.8

106.8
2030
36.0
10.0

17.00
0.001
0. 0.80
0.320
19.00
0. 950
0.44

0.160
4.15

0.0
3.90

34.0
85

376
40.9

22.60
0.033
0.07

0.000
0.010
0.015
2.83

0.012
0.36

0.004
0.05
0.01
0.00

Date

02/25/87
12/30/87
02/25/87
02/25/87
02/25/87
12/30/87
02/25/87
12/02/87
1 2/02/87
01/19/87
01/19/87
01/19/87
12/1 6/8 7
02/25/87

03/24/87
05/20/87
05/20/87
05/20/87
05/20/87
04/22/8 7
05/20/87
05/06/87
04/08/87
04/08/87

07/22/87
06/03/87
08/12/87
07/01/87
08/26/87
07/29/87
06/17/87
08/26/87
08/26/87
08/26/87
08/26/8 7
08/26/87
08/26/87
08/26/87
08/05/87
06/03/87
08/05/87

09/09/87
10/21/87
10/21/87
09/09/87
09/09/87
10/07/87
10/07/87
10/07/e7
09/09/87
09/09/87
10/21/87
09/23/87
10/21/87
10/07/87
10/21/87
10/14/87
11/11/87



0
Table 4.1-7. Susmary of East Branch Perklomen Creek mater quality at Station E22880, 30 March 1983 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mu/I)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (w/il)
pH
Total Alkalinity (mu/I)
Total Hardness (mu/i)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/I)
Total Dissolved Solids (m_/i)
Dissolved Silica (mu/I)
Total Inorganic Carbon (mg/1)
Chloride (mu/I)
Sulfate (mu/1)
Sodium (mg/1)
Potassium (mu/)
Calcium (mu/1)
Magnesium (mg/i)
Ammonia Nitrogen (mu/i)
Hitrite Nitrogen (mu/1)
Nitrate Nitrogen (mu/i)
Total Phosphate Phosphorus (mg/I)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/1)
Chromium (mg/I)
Copper (mg/1)
Iron (mu/l)
Lead (mu/i)
Manganese (mu/l)
Nickel (mg/i)
Zinc (ms/I)
Mercury (ug/I)
Cyanidep Total (mu/i)
Phenols (ms/I)
Trichloroethylene (us/1)
Total Coliforms (MF) (W/.1l}
Fecal Colfforms (MF) (W/.11)
Aluminum (mg/i)
Sulfide (mu/i)

Dec, Jan,
Min Med

-1.0 2.0
8.3 11.4
0.1 1.6
0.0 13.0
0.0 3.7

6.94 7.46
12.6 49.1
51.6 92.8

157 283
0 8

93 190
2.91 3.99
20.0 33.2
13.7 38.6
16.6 37.1
9.01 23.47
1.9 4.0

10.1 22.1
6.32 11.49

0.000 0.070
0.000 0.019

1.65 3.35
0.02 0.26
0.02 0.16

0.000 0.001
0.003 0.010
0.004 0.006

0.00 0.23
0.000 0.000
0.00 0.05

0.001 0.002
0.00 0.02
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
0 210
0 12

0.13 0.22
0.00 0.00

Feb
flax

8.5
14.0

7.1
35.0
19.1
8.06
99.6
184.5

576
429
352

4.72
46.3

110.4
80.9
71.48

9.9
41.1

19.95
2.092
0.737
9.23
1.40
1.20

0.003
0.100
0.038
9.54

0.015
0.32

0.014
0.12

0.0
0.016
0.029

4.3
5100
1800
1.60
1.20

6

2;

3.
14

9

5
0.i
0.i

0
0

0.i
0.i
0.4
0

0.4
0
0.
0

0.i
0.0

0
0

Mar, Apr, May
Min Moed

1.0 10.0 20
6.3 10.3 13
0.3 1.3 e
0.0 14.4 31
0.0 3.6 14
.53 7.58 8.
4.6 47.0 83
2.8 94.0 184
148 292 6

0 7
43 194 "

.96 3.41 4.
9.3 42.9 73
0.1 38.4 Wl7
8.1 38.0 97
.78 23.76 76.
1.8 3.3 8
8.1 23.7 51
.46 11.55 20.
000 0.065 1.2
007 0.029 0.1
.14 2.84 7.
.00 0.07 0.
.00 0.04 0.
000 0.000 0.0
002 0.008 0.0
003 0.010 0.0
.00 0.24 2.
000 0.000 0.0
.00 0.00 0.
000 0.007 0.0
.00 0.02 0.
0.0 0.0 0
000 0.000 0.0
000 0.000 0.0
0.0 0.0 12
21 435 105

0 70 61
.03 0.17 0.
.00 0.00 0.

lax

'.0
1.2

4.1
.7

4.7
,25
1.2
•.6

96
99

185
03
1.0
'.4
'.6
40
.7
.4
13
.10
58
82
74
40
'01
35
30
50
07
13
)10
II
.7
07
05
.9
00
00
63
98

Jun, Jul, Aug
Kitn Med Max

18.0 21.0 25.0
4.9 7.4 11.9
0.5 1.4 7.6
0.0 15.0 39.3
0.0 4.9 18.5

7.00 7.63 8.42
40.1 73.8 101.2
70.9 160.0 305.0
174 620 1060

0 7 55
165 445 1650

2.06 3.50 5.37
56.9 65.3 91.4

9.9 102.2 440.7
19.1 66.5 132.0
9.37 67.90 130.00
2.4 7.1 18.1

12.0 36.7 69.9
8.52 16.44 25.10

0.000 0.050 0.136
0.000 0.034 0.233

1.65 7.06 27.20
0.04 0.09 0.30
0.00 0.06 0.29

0.000 0.001 0.006
0.001 0.008 0.193
0.000 0.018 0.110
0.00 0.24 0.86

0.000 0.000 0.010
0.00 0.00 0.31

0.004 0.012 0.024
0.00 0.03 0.58
0.0 0.0 0.0

0.000 0.000 0.003
0.000 0.000 0.039

0.0 0.0 8.3
120 2600 97000

70 495 15000
0.00 0.05 0.87
0.00 0.00 0.70

6
22
7'

3
4:
21

14

8.
0.1
0.0

2,
0O
0,

0.0
0.0
0.0
0.
0.1
0.

0.0
0.
0,

0.0
0.0

0,

0.
0.

Sep, Oct, Nov
lin Med

3.0 13.0 21
5.8 8.7 1
0.1 1.7
0.0 17.5 54
0.0 5.7 2'
.64 7.64 8
2.0 74.8 124
5.3 163.4 36.
211 551 t1
0 4

154 394
.17 5.00 6.
3.4 57.4 8'
1.3 87.5 224
2.9 71.2 29f
.60 63.20 157
3.3 7.5 3'
6.0 35.8 81
.98 17.33 27,
000 0.043 0.<
000 0.036 0.
.02 5.19 29,
.00 0.11 0,
.01 0.08 1
000 0.001 0.1
000 0.009 0.1
003 0.013 0.
.00 0.21 2,
000 0.001 0.
.00 0.06 0,
002 0.009 0.
.00 0.04 0,
0.0 0.0 1
000 0.001 0.
000 0.000 0.1
0.0 0.0 5
50 2300 271

0 285 46
.00 0.00 2.
.00 0.25 1.

lax

2.0
1.9
6.7
0.7

4.3
.08
6.5

3.2

158
45

754
.42
1.9
6.1

8.2
.84
1.7
0.3
.05
900
176
.70
.28
.01
007
20

059
.83
004
.26
138
.09
0.0
Oil
00

5.2
00

700
.12
.40

# of
Samples

118

120
125
125
121
125
125
125
125
125
125
48
20

125
125
125
125
125
125
125
125
125
122
123

32
125
125
125
125
125

32
125

32
125
125
124
123
124

32
57



Table 4.1-8. Summary of East Branch Perktomen Creek water quality at Station E22880# 14 January 1987 through 30 December 1987.

Dec, Jan, Feb
Parameter

Temperature (C)
Dissolved Oxygen (mg/1)
Biochemical Oxygen Demand (mJ/1)
Chemical Oxygen Demand (mg/1)
Total Organic Carbon (mg/i)
pH
Total Alkalinity (mg/I)
Total Hardness (mg/I)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/i)
Total Dissolved Solids (mg/1)
Chloride (mg/l)
Sulfate (mu/i)
Sodium (mu/i)
Potassium (mu/I)
Calcium (mu/i)
Magnesium (mg/l)
Ammonia Nitrogen (mu/i)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/I)
Total Phosphate Phosphorus (mu/1)
Ortho Phosphate Phosphorus (mu/i)
Cadmium (mg/1)
Chromium (mg/l)
Copper (mg/i)
Iron (m/l)
Lead (m2/1)
Manganese (mu/I)
Nickel (m•/l)
Zinc (mg/I)
Mercury (us/i)
Cyanide, Total (mu/l)
Phenols (mu/i)
Trichloroethylene (us/i)
Total Coliforms (HF) (c/.1l)
Fecal Coliforms (HF) (c/.1i)
Aluminum (mg/i)
Sulfide (ms/l)

Min

0.0
10.0

0.4
0.0
2.7

7.28
28.7
84.7

244
1

166
27.4
31.4

16.80
3.3

13.6
8.70

0.000
0.000
1.99
0. 24
0.07

0.000
0.004
0.004
0.00

0.000
0.00

0.001
0.00

0.0
0.000
0.000

0.0
10

0
0.13
0.00

Med

3.0
11.2

2.1
10.4
3.4

7.50
52.9

104.7
334

5
203

45.2
36.5

25.30
5.4

21.1
9.97

0. 035
0.019
2.96
0.34
0.30

0.001
0.006
0.005
0.14

0.000
0.00

0.002
0.02

0.0
0.000
0.000

0.0
140

3
0.20
0.38

Max

7.0
13.2

4.4
35.0
7.3

8.06
66.9

150.0
492
18

310
90.1
65,5

61.00
8.2
32.3

14.10
1.424
0.177
4.19
0.54
0.54

0.003
0.008
0.007
1.20

0.000
0.10

0.014
0.04

0.0
0.005
0.000

4.3
3800
750

1.10
1.20

7
4.
7

2'
14

18

8
0.4
0.i

00.
0
0.4
0.I
0.4

0,
0.0

0
0.4

0.

0.4
0.4

0
0

Mar, Apr, May
Mln Med It

4.0 10.0 16
9.1 11.3 Ui
0.7 2.3 2
0.0 11.5 21
3.0 3.7
.33 7.67 8,
7.0 57.0 8"
7.1 100.4 13<

237 324
0 5

186 235
4.8 42.8 64
8.1 35.0 5'
.30 25.25 76,
2.5 4.0
4.8 24.9 3!
.59 11.50 15,
000 0.092 0.1
020 0.034 0.4
.30 2.44 4,
.00 0.12 0,
.00 0.10 0,
000 0.000 0.4
002 0.004 0.4
004 0.006 0.4
.00 0.16 0.
000 0.000 0.0
.00 0.00 0.
000 0.007 0.
.02 0.04 0.
0.0 0.0 0
000 0.000 0.0
000 0.000 0.C
0.0 0.0 1
21 95 1(

0 7 "
.03 0.17 0.
.00 0.00 0,

lax

'.5

1.7
1.2

.03
3.2
9.9

i67
8

324
0.8
i.8

.40
$.7

1.4
.20
154
090
.54
.74
.40
001
007
012
26
000
.13
010
06
0.7
00
00

2.9

00
30
63

.20

Jun, JulP
Min Med

19.0 22.0
6.4 8.6
0.9 2.1
0.0 11.8
4.0 4.5

7.51 7.63
61.1 77.4

118.1 176.3
323 734

1 5
227 496

39.3 131.2
19.1 34.4

24.00 78.62
4.0 6.3

19.4 36.2
10.60 14.14
0.000 0.050
0.000 0.040

1.78 7.69
0.07 0.11
0.00 0.07

0.000 0.001
0.001 0.002
0.007 0.012
0.09 0.11

0.000 0.001
0.00 0.10

0.004 0.012
0.03 0.06
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
700 2500
70 340

0.00 0.05
0.00 0.40

Aug
Max

23.0
11.9

4.2
16.2

4.9
7.90
91.3

305.0
1060

30
1650

440.7
101.0

104.00
10.0
66.0
18.70
0.100
0.233
13.10
0.26
0.11

0.006
0.019
0.027
0.77

0.006
0.31

0.024
0.08

0.0
0.000
0.007

3.1
8000
2500
0.87
0.70

Sep, Oct, Nov
Min Med Max

11.5 12.8 22.0
7.9 8.6 9.8
1.0 2.2 5.0
0.0 11.4 50.7
3.3 4.9 5.7
7.03 7.64 7.70
65.9 73.2 92.6
134.0 149.0 175.0

349 390 609
0 11 45

162 269 403
49.3 60.4 92.1
42.3 53.4 71.3

28.30 35.45 64.00
4.2 7.0 8.2

23.8 32.9 40.2
11.20 14.55 16.20
0.000 0.000 0.031
0.000 0.023 0.051

2.02 2.72 5.13
0.08 0.12 0.14
0.06 0.10 0.12

0.000 0.001 0.003
0..000 0.005 0.027
0.005 0.011 0.012
0.00 0.26 2.63

0.000 0.001 0.004
0.00 0.00 0.26

0.003 0.008 0.032
0.02 0.04 0.05
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0
1200 4300 6100

10 550 3300
0.00 0.06 0.80
0.20 0.35 1.20

# of
Samples

26
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26



Table 4.1-9. New minimum values observed for water quality parameters measured
In 1987 at station E22880 on the East Branch Perkiomen Creek.

Season
----.---- w----

Des, Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sep, Oct, Nov

Parameter

Aluminum (ma/I)

Sulfate (mg/l)
Total Phosphate Phosphorus (mu/I)
Cadmium (mg•I)
Chromium (mu1/)
Iron (mg/1)
Nickel (mu/i)
Mercury (ug/l)
Aluminum (mu/l)
Fecal Coliforms (MF) (c/.1l)
Total Coliforms ((tF) (W/.11)

Sulfate (mg/I)
Nitrite Nitrogen (mu/1)
Cadmium (mu/i)
Nickel (mu/i)
Mercury (uu/1)
Aluminum (mu/l)
Fecal Coliforms (MF) (C/.11)

Nitrate Nitrogen (me/1)
Cadmium (mu/i)
Chromium (mu/1)

Value

0.13

18.1
0.00

0.000
0.002
0.00

0.000
0.0

0.03
0

21

19.1
0.000
0.000
0.004

0.0
0.00

70

2.02
0.000
0.000

Date

02/11/87

05/20/87
05/06/87
03/24/87
04/08/87
03/11/87
03/11/87
03/11/87
04/22/87
04/08/87
04/08/87

06/03/87
06/17/87
07/01/87
07/15/87
06/03/87
06/17/87
06/17/87

09/09/87
09/23/87
09/23/87

Table 4.1-10. New maximum values observed for water quality parameters measured
In 1987 at station E22880 on the East Branch Perkiomen Creek.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sep, Oct, Nov

Parameter

pH
Cadmium (mu/I)
Nickel (mu/l)
Chemical Oxygen Demand (as/I)
Sulfide (mu/1)
Trichloroethylene (ug/])

Total Alkalinity (mg/l)
Sodium (mg/])
Potassium (mu/l)
Total Phosphate Phosphorus (mu/I)
Ortho Phosphate Phosphorus (mu/I)
Cadmium (m•/I)
Manganese (mu/I)
Nickel (mg/l)
Mercury (ug/1)
Aluminum (mu/I)
Trichloroethylene (ug/1)

Dissolved Oxygen (mu/I)
Total Hardness (mu/I)
Specific Conductance (usm/cm)
Total Dissolved Solids (mu/I)
Chloride (mu/l)
Nitrite Nitrogen (mg/l)
Cadmium (mu/I)
Manganese (mu/l)
Nickel (mg/l)
Mercury (ug/l)
Aluminum (mui/I)
Sulfide (mu/l)

Total Suspended Solids (ms/I)
Manganese (mu/I)
Chemical Oxygen Demand (mu/l)

Value

8.06
0.003
0.014

35.0
1.20
4.3

a3.2
76.40

8.7
0.774
0.40

0.001
0.13

0.010
0.7

0.63
12.9

11.9
305.0
1060
1650

440.7
0.233
0. 006
0.31

0.024
0.0

0.87
0.70

45
0.26
50.7

Date

12/02/87
12/02/87
12/30/87
12/16/87
12/16/87
02/25/87

05/20/87
05/20/87
03/24/87
03/24/87
03/24/87
03/11/87
05/20/87
03/24/87
05/06/87
04/08/87
03/24/87

07/01/87
08/26/87
08/26/87
07/01/87
06/17/87
08/26/87
08/26/87
08/26/87
06/03/87
06/03/87
07/15/87
07/15/87

10/07/87
10/07/87
09/23/87



0

Table 4.1-11. Summary of East Branch Perklomen Creek water quality at Station E2800. 5 January 1983 through 30 December 1987.

Sep, Oct, Noy # ofDec, Jan, Feb
Parameter

Temperature (C)
Dissolved Oxygen (mg/1)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/1)
Total Organic Carbon (mg/l)
pH
Total Alkalinity (mg/1)
Total Hardness (mg/l)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/i)
Total Dissolved Solids (mg/li
Dissolved Silica (mg/l)
Total Inorganic Carbon (mg/l)
Chloride (mg/l)
Sulfate (mg/l)
Sodium (mg/l)
Potassium (mg/1)
Calclum (mg/li
Magnesium (mg/I)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/l)
Nitrate Nitrogen (mg/I)
Total Phosphate Phosphorus (ag/l)
Ortho Phosphate Phosphorus (mg/l)
Cadmium (mg/l)
Chromium (mg/l)
Copper (mg/i)
Iron (mg/l)
Lead (mg/l)
Manganese (mg/l)
NIckel (mg/l)
Zinc (mg/l)
Mercury (us/l)
Cyanide, Total (mg/l)
Phenols (mg/l)
Trichloroethylene (ug/l)
Total Coliforms (MF) (c/.1l)
Fecal Coliforms (MF) (c/.1l)
Aluminum (mg/l)
Sulfide (mg/l)

Min

-1.0
8.1
0.3
0.0
0.0

6.89
0.0

45.1
150

0
96

1 .56
24.6
13.7
14.9
9.26

2.1
8.4

6.22
0.000
0.000
1.90
0.06
0.05

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
0
0

0.14
0.00

Med

1.0
12.2

1.4
11.4

3.4
7.65
51.0

100.1
308

3
207

3.30
49.4
45.3
36.5

25.09
4.0

20.5
11.00
0.192
0.035
3.28
0.19
0.13

0.000
0.006
0.005
0.14

0.000
0.00

0.002
0.01

0.0
0.000
0.000

0.0
300
51

0.26
0.00

Max

8.0
15.2

7.5
44.0
19.4
8.27

104.5
182.2

583
536
319

4.30
65.9

130.7
73.4

69.79
6.7

43.9
19.52
1.268
1.099
6.90
0.59
0.43

0.002
0.051
0.022
10.70
0.019
0.41

0.006
0.30

0.0
0.004
0.000

3.0
17000
8300
4.20
1.10

Mar, Apr. May
Min Med Max

1.0 11.0 21.0
6.1 11.4 14.7
0.1 1.5 5.3
0.0 14.8 46.3
0.0 3.5 10.5

6.69 7.91 9.40
6.0 50.9 94.6

27.3 97.1 168.6
166 319 604

0 2 333
125 220 420

0.46 3.08 4.09
6.6 37.0 61.4

14.3 43.7 130.6
12.2 36.8 75.3

10.58 29.72 74.20
2.1 3.4 8.0
6.1 24.6 40.9

6.56 11.80 17.19
0.000 0.067 0.346
0.014 0.050 0.132

1.20 2.61 4.63
0.00 0.11 0.36
0.00 0.08 0.25

0.000 0.000 0.001
0.000 0.007 0.020
0.001 0.006 0.029
0.00 0.13 6.46

0.000 0.000 0.016
0.00 0.00 0.27

0.000 0.003 0.005
0.00 0.01 0.06
0.0 0.0 0.7

0.000 0.000 0.004
0.000 0.000 0.005

0.0 0.0 2.1
10 270 8300

1 70 6800
0.03 0.13 0.63
0.00 0.00 0.57

Jun, Jul, Aug
Min Med Max

18.0 21.5 26.0
3.9 7.7 13.3
0.4 1.2 5.2
0.0 15.0 88.7
0.0 4.8 14.0

6.97 8.01 9.33
32.4 90.9 116.6
65.3 149.5 192.1

168 547 845
0 2 29

144 404 664
1.01 2.28 4.32
48.6 86.3 109.6

9.0 87.7 366.3
10.3 50.0 90.7
9.06 62.16 118.00
2.2 5.8 13.6
8.7 31.0 103.4

7.58 15.63 22.10
0.000 0.037 0.111
0.000 0.024 1.290

0.00 1.80 3.61
0.00 0.13 0.25
0.00 0.10 0.21

0.000 0.001 0.002
0.000 0.004 0.185
0.000 0.004 0.015
0.00 0.013 0.98

0.000 0.000 0.015
0.00 0.00 0.18

0.002 0.004 0.010
0.00 0.01 0.07
0.0 0.0 0.0

0.000 0.000 0.001
0.000 0.000 0.010

0.0 0.0 7.3
60 900 14000
34 350 9300

0.00 0.03 0.33
0.00 0.00 0.60

Min

2.0
5.4
0.0
0.0
0.0

7.20
17.8
64.3

191
0

153
0.13
30.7
20.0
19.5

14.50
0.0

14.8
8.49

0.000
0.000
0.90
0.00
0.01

0.000
0.000
0.002

0.00
0.000

0.00
0.000

0.00
0.0

0.000
0.000

0.0
90
19

0.00
0.00

Med

13.0
9.5
1.3

15.7
5.1

7.98
89.8

146.6
531

2
370

1 .60
77.3
99.6
57.1

62.28
6.5

30.7
17.62
0. 028
0.027

3.17
0.14
0.10

0.001
0.005
0.006

0.10
0.001

0.00
0. 004
0.01

0.0
0.000
0.000

0.0
1100
310

0.02
0.25

Max

23.5
13.7
5.7

36.1
33.4
8.97

116.6
238.4

905
109
583

4.16
104.2
221.1
126.6

122.00
11.9
65.9

24.10
1. 060
0.152
5.81
0.57
0.47

0.00f
0.014
0.016
4.77

0. 008
0.25

9.410
0.04

0.0
0.002
0.000

0.0
22000
7400
3.64
1.30

Samples

123
128
131
131
126
130
131
130
131
131
131
54
26

131
130
130
131
131
131
131
131
131
125
129

32
131
131
131
131
131

32
131

32
131
131
127
128
129

32
57



Table 4.1-12. Summary of East Branch Perkiomen Creek water quality at Station E2800, 14 January 1987 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/I)
Biochemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mm/I)
pH
Total Alkalinity (mg/l)
Total Hardness (mg/l)
Specific Conductance (use/cm)
Total Suspended Solids (mg/1l)
Total Dissolved Solids (m9/1)
Chloride (mu/I)
Sulfate mg/li)
Sodium (mg/l)
Potassium (mg/1)
Calcium (mg/l)
Magnesium (mg/I)
Ammonia Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrate Hitrogen (mm/l)
Total Phosphate Phosphorus (mu/l)
Ortho Phosphate Phosphorus (mu/I )
Cadmium (mg/i)
Chromium (mg/1)
Copper (mg/I)
Iron (mgs/)
Lead (mg/l)
Manganese (mn/l)
Nickel (mg/1)
Zinc (mg/l)
Mercury (ug/1)
Cyanidep Total (mu/l)
Phenols (mg/l)
Trichioroethylene (ug/l)
Total Coliforms (MF) (c/.Il)
Fecal Coliforms (MF) (c/.ll)
Aluminum (mg/I)
Sulfide (mg/l)

Dec, Jan, Feb
Min Med Max

0.0 1.0 7.0
10.6 11.8 14.5
0.5 1.7 4.4
0.0 11.4 19.2
3.1 3.4 4,5

7.48 7.78 8.00
38.8 51.0 69.8
92.2 106.0 137.3
2a3 344 534

0 5 23
152 206 319

33.6 45.3 86.4
28.0 36.2 49.6
18.70 27.35 47.70

4.6 5.0 6.5
16.6 25.5 35.5
8.00 11.00 14.60

0.031 0.142 1.016
0.000 0.040 0.137
2.31 2.77 4.27
0.16 0.24 0.50
0.05 0.18 0.38

0.000 0.000 0.002
0.002 0.004 0.004
0.002 0.003 0.005

0.00 0.30 1.00
0.000 0.000 0.000

0.00 0.00 0.11
0.000 0.002 0.004
0.00 0.00 0.03
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 3.0
150 400 12500

2 48 2100
0.14 0.25 0.61
0.00 0.00 1.00

14

7.

61

22
1:

17

1'
7

0.
0.
0
0
0

0.
0.
0.

0
0.

0
0.'

0

0.
0.

0
0

Mar, Apr, May
In Med M

3.0 10.5 13
0.2 13.3 14
0.5 2.8
0.0 0.0 2•
2.7 3.3 5
.53 7.99 9,
7.8 61.7 9W
9.6 108.0 15•
229 343

0 0
178 243 9
2.3 47.1 94
2.2 35.1 4Q
.50 38.05 74
2.7 3.2
5.9 26.9 3;
.47 11.90 15
000 0.079 0.:
030 0.056 0.
.20 2.15 3
.04 0.13 0
.03 0.13 0
000 0.000 0.4
000 0.002 0.1
004 0.007 0.'
.00 0.14 0
000 0.000 0.4
.00 0.00 0
000 0.003 0.Q
.00 0.03 0
0.0 0.0
000 0.000 0.4
000 0.000 0.'
0.0 0.0
40 225

I 90
.03 0.13 0
.00 0.00 0

lax

7.0
i.0
'.5
3.4
5.1

.40
•.6
7.0
604

7
i20
0.8
3.5
.20
5.0
2.7
.30
204
132
.10
.36
.25
001
006
009
.51
000
.10
005
.05
0.7
000
000
2.1
800
340
.63
.00

Jun, Jul, Aug
Min Med Max

18.0 22.0 24.0
7.4 9.7 13.3
0.7 1.5 4.6
0.0 11.4 15.7
4.1 4.8 5.2

7.96 8.57 9.33
78.9 97-5 104.0

136.7 170.9 181.5
432 699 845

0 2 15
278 475 664

59.0 127.1 366.3
17.1 47.0 85.0

46.30 85.87 100.00
5.4 7.0 9.5

24.3 31.0 47.0
10.30 15.66 18.00
0.000 0.000 0.100
0.020 0.030 1.290

1.03 1.81 2.39
0.03 0.20 0.24
0.00 0.10 0.19

0.000 0.001 0.002
0.000 0.000 0.002
0.003 0.004 0.009

0.00 0.00 0.39
0.000 0.000 0.003

0.00 0.00 0.13
0.002 0.004 0.010

0.01 0.02 0.07
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0
170 800 2000

66 280 970
0.00 0.03 0.33
0.00 0.20 0.60

Sep, Oct, Nov
Min

11.0
8.1
0.8
0.0
3.5

7.74
66.5

128.0
415

1
257

59.4
40.4

31.00
0.0

25.44
10.60
0.000
0.014
2.62
0.00
0.07

0.000
0.000
0.003
0.00

0.000
0.00

0.001
0.01

0.0
0.000
0.000

0.0
90
19

0.00
0.00

Med

12.8
9.2
1.9
0.0
4.9

7.95
82.5

143.5
508

2
320

80.1
49.0

53.65
5.7

29.7
14.80
0.000
0.030
2.95
0.15
0.17

0.001
0.001
0.003
0.06

0.001
0.00

0.004
0.02

0.0
0.000
0.000

0.0
1300
600

0.00
0.30

Max

23.0
12.1

2.5
19.6
6.7

8.08
103.0
187.0

623
12

437
130.0

72.6
94.40

11.8
50.4

19.50
1.060
0.152
3.50
0.57
0.47

0.001
0.010
0.008
0.30

0.001
0.00

9.410
0.03

0.0
0.000
0.000

0.0
5200
1920
0. 28
0.70

* of
Samples

26
24
26
26
26
26
26
26
26
26
26
26
26
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
25
25
26
26



Table 4.1-13. New minimum values observed for water quality parameters measured
In 1987 at station E2800 on the East Branch Perklomen Creek.

Season

Dec# Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sep* Oct, Nov

Parameter

Nitrite Nitrogen (mg/i)
Ortho Phosphate Phosphorus (ms/I)
Cadmium (mg/1)
Nickel (mg/1)
Aluminum (mu/1)

Sulfate (mg/I)
Nitrate Nitrogen (mg/i)
Cadmium (mg/I)
Chromium (mg/I)
Nickel (mg/1)
Mercury (ug/1)
Aluminum (mu/1)
Fecal Coliforms (MF) (c/.11)

Value

0.000
0.05

0.000
0.000
0.14

12.2
1.20

0.000
0.000
0.000

0.0
0.03

1

0.000
0.002

0.0
0.00

0.0
0.00

0.000
0.000
0.00

19
90

Date

01/28/87
01/14/87
01/28/87
01/14/87
01/28/87

05/20/87
04/22/87
03/11/87
05/20/87
03/11/87
03/24/87
04/22/87
03/11/87

06/03/87
07/15/87
06/03/87
06/17/87

09/09/87
11/18/87
11/18/87
09/23/87
09/23/87
11/04/87
11/04/87

Csdmium (mu/I)
Nickel (mg/i)
Mercury (us/1)
Aluminum (m•/I)

Potassium (mg/I)
Total Phosphate Phosphorus (m/1)
Cadmium (mu/I)
Chromium (ms/1)
Aluminum (ms/i)
Fecal Coliforms (MF) (c/.11)
Total Coliforms (MF) (c/.1l)

Table 4.1-14. New maximum values observed for Water quality parameters measured
In 1987 at station E2800 on the East Branch Perkiomen Creek.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sepp Oct# Nov

Parameter

Total Dissolved Solids (mu/i)
Cadmium (mu/I)
Trichloroethylene (us/i)

pH
Total Alkalinity (mg/i)
Specific Conductance (usm/cm)
Total Dissolved Solids (mu/l)
Sodium (mu/i)
Potassium (msu/)
Nitrite Nitrogen (ms/i)
Total Phosphate Phosphorus (mg/i)
Ortho Phosphate Phosphorus (mu/l)
Cadmium (mg/i)
Nickel (mu/i)
Mercury (ug/i)
Aluminum (mg/l)
Trichloroethylene (us/1)

Dissolved Oxygen (mg/I)
PH
Specific Conductance (usm/cm)
Total Dissolved Solids (ms/1I
Chloride (mg/I)
Nitrite Nitrogen (mg/1)
Cadmium (mu/I)
Nickel (msil)
Zinc (mu/i)
Mercury (us/i)
Aluminum (ms/I)
Sulfide (ms/i)

Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/l)
Total Phosphate Phosphorus (ms/i)
Ortho Phosphate Phosphorus (mu/I)
Nickel (mas/)

Value

319
0.002

3.0

9.40
94.6

604
420

74.20
8.0

0.132
0.36
0.25

0.001
0.005

0.7
0.63

2.1

13.3
9.33
845
664

366.3
1.290
0.002
0.010
0.07

0.0
0.33
0.60

1.060
0.152
0.57
0.47

9.410

Date

02/25/87
12/02/87
02/25/87

03/24/87
05/20/87
05/20/87
05/20/87
05/20/87
03/24/87
03/24/87
03/24/87
03/24/87
03/24/87
04/08/87
05/06/87
04/08/87
03/24/87

07/29/87
07/01/87
08/26/87
07/01/87
06/17/87
06/1 7/87
08/12/87
06/03/87
07/15/87
06/03/87
07/15/87
08/26/87

09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
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FIGURE 4.1-1 LOCATION OF WATER QUALITY SAMPLE STATIONS
ON THE EAST BRANCH PERKIOMEN CREEK, 1987.
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4.2 Benthic Macroinvertebrates

Introduction

The benthic macroinvertebrate community in East Branch Perkiomen

Creek (EBPC) was studied in 1972-1974, 1976, and 1983-1987 to charac-

terize spatial and temporal variation in taxonomic composition and

density of organisms. The 1987 studies, conducted at six stations

(Fig. 4.2-1), add to the preoperational baseline that will be compared

to similar data collected after Delaware River water is transferred to

the EBPC. Sampling stations, frequency, and methods to collect and

summarize benthic macroinvertebrate data were the same as described in

the 1986 progress report to PECo (RMC Environmental Services 1987a).

Studies of EBPC benthic macroinvertebrates reported in the 1970's

(Table 2.0-2), the 1980's (RMC Environmental Services 1984, 1985,

1986, and 1987a), and the EROL showed that the community is relatively

stable, diverse, and typical of small warmwater streams in southeast

Pennsylvania. Rather than discuss in detail the similarities and

differences with results from past years or further generalize

ecological relationships discussed in earlier reports, the purpose of

this report is to summarize 1987 results that will be incorporated

into an evaluation of diversion effects once water is transferred to

the EBPC.

4.2-1



Summary of 1987 Results

*A total of 95 taxa was found in the 1987 EBPC benthic macroinvert-

ebrate collections (Table 4.2-1). Taxonomic composition varied by

station and included both ubiquitous organisms and taxa found only at

a particular station or reach of stream. Number of taxa ranged from

41 at the extreme headwater station (E36985) to 63 taxa near

Sellersville (E22910) and Moyer Road (E12500), the furthest downstream

station.

Mean standing crop ranged from 8,196.7 organisms/mi at E36985 to

35,293.9 organisms/mz at E12500, and generally increased with distance

from the headwaters (Table 4.2-2). Total density usually increased

from winter to spring, declined somewhat in summer, and peaked again

in autumn, but the magnitude and timing of changes were not consistent

among stations.

Although seasonal trends in the density of individual taxa were

not determined, density of many taxa varied considerably among

stations (Table 4.2-3 and 4.2-4). At each station, important taxa

were identified as those comprising more than 2% of the total number

sampled. For these species, mean annual standing crop was computed

for each year, 1983-1987 (Tables 4.2-5 to 4.2-10). Only 4 taxa

(Cheumatoosyche, a caddisfly; Chironomidae, midges; Simuliidae,

blackflies; and Stenelmis, a beetle) were important at all stations,

while ten taxa were uniquely important to a single station.

4.2-2



Considerable spatial, seasonal, and annual variation in community

structure was observed and is common for benthic macroinvertebrates in

biologically complex warmwater streams. An understanding of the

natural and anthropogenic factors related to such variation will be

important when the effects of diversion on benthic macroinvertebrates

are evaluated.

4.2-3



Table 4.2-1. Macroinvertebrate taxa collected In the
East Branch Perkiomen Creek during 1987.

Taxon

Agabus
Allocapnta
Ameletus
Amnilcola
Amphinemura
Anodonta
Argia
Asel lus
Baet is
Berosus
Caenrs
Cambarus
Campeloma
Cecidomyt lida.
Ceraclea
Ceratopogoni dae
Cheumatopsyche
Chimarra
Chi ronomsidao
Choroterpes
Climacia
Corydalus
Curcul ionidae
Dicranota
Dubi raphi a
Dugesi a
Oytiscidae
Ectopria
Empididae
Ephemera
Ephemerel la
Erioptera
Erpobdella
Iferrissia
Gammarus
Gomphi dee
Gomphus
Gyraulus
Hel ichus
Hellsoma
Helobdel la
Helophorus
Hyalella
Hydroporus
Hydropsyche
Hydroptil a
Ironoqul a
Ischnura
Isonychi a
Isoperla
Lampyr i dae
Leucotrichl a
Libellula
Lymnaea
MacronewuI
Macronychus
Microcylloepus
Muscidae
Muscul ium
Mystacides
Neureclipsis
Neurocordul i a
Ntgronta
Odontomyl a
Oeceti s
O1 gochaeta
Optioservus
Orconectes
Paraleptophlebla
Parargyractis
Peltodytes
Perlesta
Physa
Ptlarta
Pts1dtu,

E12500 E23000 E26700 E29910

X X X

X
X

X X x
x x
X X x
x X x
X X X

X x

X

X
X
X
X

X
X
X

X

X
X
X
X
X
X

E36725

X
X
X

X

X
X
X
X

X
X
X
X
X

X
X
X

E36985

X
X
X

X

x

X
X
X

X

X
X
X
X

X

X

X
X
X
X
X

X
x
x x
X x

x
X

x X
x

x x

x
x

X
x xX

X
X
X

X

X
X

X
X
X
X

X
X

X
X

X
X
X

X
X
X
X
X
X
X

X
X

X
X

X
X
X

X
X
X

'C

x
'C
'C

'C

'C
'C

x
X 'C X

X
X'C X

'C
X

x
'C
'C
x
'C
'C
'C
x
x
'C

'C

'C

'C

'C
'C
x
'C
'C
'C
'C
'C
'C

'C

'C
x
'C
'C
'C
'C
'C
'C

'C

X
x

x

x
X

x

x
X
X
x'C
'C

x

X

x
X

X

X
X

X



Table 4.2-1. (continued)

Taxon

Planorbdel la
Polycentropus
Potamanthus
Prostola
Prostoma
Psephenus
Stalls
Sigara
Simul idae
Sphaerlum
Stenacron
Stenelmis
Stenonema
Tabani dae
Taenlopteryx
Tipula
Tortricidae
Tr i aenodes
Tr icorythodes
Wormaldia

Total Humber of Tax&

E 12500

X

x
x
X
X

X
X
X
X
X
X
X

X
X

E23000 E26700

x
E29910

X
X

X

E36725 E36985
------ ------

X
X
X

X
X
X

X X X
X X
X X

X X X
X
X
X

X X X
X
X

X X X

X
X
X
X
X
X
X
X
X

X

X

X

X

X
X

X
X
X

X

X

X

63 46 S5 63 52 41

Table 4.2-2. Total macroinyertebrate standing crop (mean number/mz)
measured in the East Branch Perklowen Creek during 1987.

Date

Jan

E12500 E23000 E26700

- 12690.0

E29910

12610.0

E36725

5190.0

E36985

4716.7

Jan 21173.3 5306.7 - - - -

Mar 41630.0 12206.7 16640.0 39463.3 5923.3 11316.7

May 63426.7 36136.7 64993.3 23233.3 6903.3 9496.7

Jul 25803.3 17403.3 18963.3 18093.3 9536.7 -

SeP 18116.7 28503.3 18933.3 12060.0 - -

Nov 41613.3 8473.3 16433.3 30943.3 14510.0 7256.7

Mean 35293.9 18005.0 24778.9 22733.9 6412.7 8196.7



Table 4.2-3. Macroirtertebrate standing crop (mean number/m2 ) measured
in the East Branch Perklomen Creek during 1987.

Taxon El 2500 E23000 E26700 E29910 E36725 E36985

Agabus - - 2.7 25.8
Allocapnia 6.7 14.4 369.4 723.9 2172.0 1172.5
Ameletus - - - - 1.3 2.5
Anlncola - - 31 .7 1180.6 - -

Amphinemura - - 12.8 10.0 68.7 16.7
Anodonta - - - 0.6 - -
Argia 152.8 132.8 62.2 51.1 - -

Asellus 7.8 - 100.0 - - 1.7
Baetis 501.1 157.8 5.0 52.2 5.3 -
Berosus 177.8 38.9 146.1 757.2 39.3 2.5
Caenis 1010.0 92.2 484.4 1746.7 486.0 36.7
Cambarus - 0.6 0.6 - 1.3 4.2
Campeloma - - - 0.6 - -
Cecidomy!ldae - - - - - 0.8
Ceraclea 1.7 - 1.7 2.2 - -

Ceratopogonidae 31.1 12.8 17.2 40.6 118.7 28.3
Cheumatopsyche 4892.8 4247.8 660.6 535.6 154.0 1.7
Chimarra 1625.6 11.1 23.9 83.3 2.7 0.8
Chtronomidae 8962.8 7501.7 6956.7 8333.9 3324.7 5847.5
Choroterpes - - - 0.6 0.7 -
Climacia 0.6 - - - -

Corydalus 53.9 3.9 - - -
Curculionidae - - - 0.6 - 0.8
Dicranota - - 1.1 - 0.7 -
Dublraphta 20.6 3.9 7.2 64.4 54.7 15.0
Dugesia 353.3 257.2 530.0 13.9 12.0 -
Dytiscidae - - - 0.6 - -

Ectoprla 19.4 2.8 - 3.3 - -
Empidldae 62.2 21.7 177.8 185.0 36.7 33.3
Ephemera - - - 1.1 - -

Ephemerella 2.2 - - - - 0.8
Erioptera - - - - - 0.8
Erpobdella 5.6 1.7 48.3 102.8 2.0 -
Ferrtssla 15.0 148.3 396.7 28.3 4.0 0.8
Gammarus - - 0.6 - - -
Gomphidae 0.6 0.6 1.1 3.9 - -

Gomphus 0.6 - - 3.9 - -
Gyraulus 115.6 49.4 202.8 2.0 6.7
Helichus - - - 2.0 -
Helisoma 2.8 - 4.4 22.8 - -

Helobdella - - 2.8 31.1 - -

Helophorus - - - 1.1 - -
Hyalella 61.7 - 87.8 180.0 136.7 1.7
Hydroporus - 3.9 0.6 47.2 115.3 170.0
Hydropsyche 3281.1 1659.4 10.6 2.2 0.7 0.8
Hydroptlla 91.7 1.7 128.9 12.2 - -
Ironoquta - - - - - 0.8
Ischnura 0.6 1.1 0.6 8.3 3.3 -
Isonychia 5.0 0.6 1.1 15.0 0.7 -

Isoperla - - - - 2.7 2.5
Lampyridae . - - 0.8
Leucotrtchia 52.8 10.0 - - -

Libellula - - - - 0.7 -

Lymnaea 3.3 0.6 6.7 13.3 0.7 -
Macronemum 135.6 0.6 - - -
Macronychus 22.2 -. ...
ricrocylloepus 40.0 .-
tluscidan - - - - 1.7
?luscu luem 72.8 1.1 143.3 11.7 - 5.8
tlystacides 1.1 - 1.7 - - -

Heurecl1psls 63.9 1.1 .- -
Heurocordulta 1.1 - - -

Hlgronia 1.1 0.6 0.6 - 0.7 -
Odontomyla 0.6 0.6 - - -
Oecetis 5.0 0.6 0.6 - - -
Ollsochaeta 120.0 306.7 3174.4 1778.3 566.7 297.5
OptIoseryus 38.9 13.9 5.6 37.2 1.3 -
Orconectes - 1.1 3.3 0.6 - -
Paraleptophlebta 0.6 0.6 4.4 15.6 24.0 30.0
Parargyractis 100.6 292.8 2.2 1.7 1.3 -
Peltodytes - - 0.6 2.2 16.0 -

Perlesta 2.2 0.6 28.9 75.6 128.0 97.5
Physa 151.7 2.2 15.0 211.1 74.7 177.5
PMlaria - - - 4.7 -
Pisidlum 476.7 13.3 228.3 534.4 209.3 20.8



Table 4.2-3. tcontirmod) 2

Taxon El 2500 E23000 E26700 E29910 E3672S E3698S
-- - - - -- - - - - -------lll ------ ------- ------- ------- -------. . I l lm l

Planorbdella 1.7 - 1.1 1.1 - -
Polycentropus - - - 1.1 -
Potamanthus 0.6 - - -

Prostola .- 3.3 6.3
Prostoma 12.8 127.2 25.6 1.1 3.3 5.8
Psepheenus 694.4 30.6 877.8 1941.7 16.0 -
Stal]ls 22.8 5.0 25.0 112.8 43.3 0.8
Sigara - - - - 62.7 1.7
Slmulitdae 5565.6 1497.2 6122.8 1293.3 45.3 144.2
Sphaerlum 108.3 - 593.3 8.3 12.0 -
Stenacron 39.4 - 7.8 44.4 9.3 -
Stenevlmis 5395.0 1372.2 3185.0 2151.1 423.3 16.7
Stenonema 47.2 - - 31.7 --
Tabanldae 1.7 - 0.6 0.7 0.8
Taentopteryx 0.6 - - 0.6 - -
Tipula 1.1 2.8 3.3 11.1 7.3 10.8
Tortrictdae - - - 0.6 - -
Triaenodes 0.6 - - 0.6 2.7 -
Tricorythodes 650.0 7.2 0.6 2.8 -
Normaldla - - - - 4.7

*All Taxa 35293.9 18005.0 24778.9 22733.9 8412.7 8196.7



Table 4.2-4. Percent composition (by nraumber) of macrornvertebrates
collected In the East Branch Perklomen Creek durInr 1967.. Taxon EI2500 E23000 E26700 E29910 E36725 E36985

Agabus - - - + 0.3
Allocapnia I 1.5 3.2 25.8 14.3
Ameletus - - - - + +
Amnicola - - 0.1 5.2 - -

Amphinewura - - + 4 0.8 0.2
Anodonta - - - + - -

Argia 0.4 0.7 0.3 0.2 - -

Asellus + - 0.4 - -

Baetis 1.4 0.9 + 0.2 + -

Berosus 0.5 0.2 0.6 3.3 0.5 +
Caents 2.9 0.5 2.0 7.7 5.8 0.4
Cambarus - 4 + - 4 4

Campeloma - - + - -

CecIdomyldae . .. . +•
Ceraclea + + + -

Ceratopogonldae + + + 0.2 1.4 0.3
Cheumatopsyche 13.9 23.6 2.7 2.4 1.8 +
Chimarra 4.6 + + 0.4 + +
Chtronomidae 25.4 41.7 28.1 36.7 39.5 71.3
Choroterpes - - + + -

Climacta + . . . . .
Corydalus 0.2 + - - -

Curcullonidae - - - -

Dicranota + - + -

Dubitraphta + + + 0.3 0.6 0.2
Dugesia 1.0 1.4 2.1 + 0.1 -
Dytiscida* - - - + - -

Ectoprta + + - + - -
Emptdidae 0.2 0.1 0.7 0.8 0.4 0.4
Epheaera - +- .
Ephemerella + - -• . 4

Erloptoera .- - +
Erpobdella 4 4 0.2 0.5 + -. Ferrissia + 0.8 1.6 0.1 + +
Gammarus - - + - . -

Gomphtdae + + + + . .

Gomphus + - +

Gyraulus 0.3 - 0.2 0.9 + +
Helichus - - - +

Hel]soma + - + 0.1 -

Helobdella - - + 0.1 - -

Helophorus - - . .
Hyalella 0.2 0.4 0.8 1.6 +
Hydroporus - + + 0.2 1.4 2.1
Hydropsyche 9.3 9.2 + + 4 +

Hydroptila 0.3 + 0.5 + -

Ironoquta . . . . . 4
Ischnura 4 + + + + .
Isonychia + + + + +

Isoperla . . . .+•-
Lampyridae . . . . . 4
Leucotrichia 0.1 + . . . .
Libellula -. . . •

Lymnaea + 4 + + +
Macrorneom 0.4 + -. . . .
Macronychus 4 - - - - -

Mlcrocylloepus 0.1 . . . . .
t*usc id ae -....-

Iluscullum 0.2 4 0.6 +-
Mystactdes + - + - . -

HeureclIpsts 0.2 e . . . .
Neurocorduli. + - - - - -

Higronta + + + 4 .
Odontomyla + + . . . .
Oecetils + + + - - -
011gochaeta 0.3 1.7 12.8 7.8 6.7 3.6
Optloservus 0.1 + + 0.2 + -
Orconectes - + + + - -. Paraleptophlebis + + , 4 0.3 0.4
Parargyractis 0.3 1.6 + + + -

Peltodytes - - + + 0.2 -
Perlesta + 4 0.1 0.3 1.5 1.2
Physa 0.4 + * 0.9 0.9 2.2
Pilaria - - - + .
Pisidtiu 1.4 4 0.9 2.4 2.5 0.3



Table 4.2-4. (continued)

Taxon E12500

Planorbdella +
Polycentropus
Potamanthus 4+

Prostolta
Prostoma 4
Psephenus 2.0
Slalls +
Sigara
sImultidae 15.8
Sphaeriut 0.3
Stenacron 0.1
Stenelmts 15.3
Stenonema 0.1
Tabantdae +
Taenlopteryx +
Tipula +
Tortrtctdae
Triaenodes +
Trtcorythodes 1.8
Wormaldia

E23000 E26700 E29910 E36725 E36985

- 4. 4. - -

0.7
0.2

8.3

7.6

0.1

3.5
0.1

24.7
2.4

41
12.9

4.
8.5
0.5

5.7

0.2
9.5
0.1

0.50.2
0.5
0.7

0.5
0.1
0.1
5.0

4.

0.1

1.8

0.2

4.

- - 4. - -

4. 4. 4 4. 0.1
-- - 4. - -

4. 4. 4. - -

- - " -. .

.+ a Less than 0.17

Table 4.2-5. Macrotnyertebrate standing crop (mean number/mZ)
and percent composition of important taxa (>27) at
E12500 In the East Branch Perkiomen Creek,
1983 - 19e7.

Taxon

Baetis
Caents
Cheumatopsyche
Chimarra
Chironouldae
Hydropsyche
Macronewn
Physa
Psephenus
Simullidae
Stenellis

1983
Mean x

724.0 3.0
1121.3 4.7
3913.3 16.3

743.3 3.1
5188.7 21.6
1404.0 5.9
475.3 2.0

2983.3 12.4
532.7 2.2
430.7 1.8

4157.3 17.3

1984
Mean

1915.3
520.7

8084.0
1454.7
8304.0
4630.0

862.7
125.3
379.3

5220.0
5326.0

4.9
1.3

20.9
3.8

21.4
11.9

2.2
0.3
1.0

13.5
13.7

1985
Mean

957.8
666.7

9268.3
2326.1

12080.0
6525.0

482.2
228.3
273.9

7308.9
8013.9

1.9
1.3

18.2
4.6

23.7
12.8

0.9
0.4
0.5

14.4
15.7

1986
Mean

1130.0
1114.4
5822.2
3152.2

13371.7
3932.8

258.9
78.9

591.1
2233.9
5151.1

2.8

2.7
14.2

7.7
32.7

9.6
0.6
0.2
1.4
5.5

12.6

1987
Mean

501.1
1010.0
4892.8
1625.6
8962.8
3281.1

135.6
151.7
694.4

5565.6
5395.0

1.4
2.9

13.9
4.6

25.4
9.3
0.4
0.4
2.0

15.8
15.3



Table 4.2-6. Mai
an
E2
191

Taxon

Cheuuatopsyche
Chi ronomidae
Dugesia
Hydropsyche
Leucotrichia
Parargyracti s
Stmulldee
Stenelmis

croinvertebrate standing crop (mean number/oZ)
d percent composition of Important taxa ()27) at
3000 In the East Branch Perklomen Creek,
53 - 1987.

1983
Mean

5609.3
3036.0

56.0
1041.3

52.0
252.0
62.0

1024.0

47.1
25.5

0.5
8.7
0.4
2.1
0.5
8.6

1984
Mean

2556.0
3030.0

52.7
78.0

2.7
2.0

4281.3
1048.7

22.3
26.4

0.5
0.7
0.0
0.0

37.3
9.1

1985
Mean

11124.4
7023.3

293.9
2874.4

132.2
385.6

21572.8
1256.1

24.3
15.3

0.6
6.3
0.3
0.8

47.0
2.7

1986
Mean

1185.0
5488.9

380.0
1405.0
295.6
294.4

2593.9
1539.4

1987
x Mean X

8.4 4247.8 23.6
39.0 7501.7 41.7
2.7 257.2 1.4

10.0 1659.4 9.2
2.1 10.0 0.1
2.1 292.8 1.6

18.4 1497.2 8.3
10.9 1372.2 7.6

Table 4.2-7. Macroinvertebrate standing crop (mean number/mz)
and percent composition of Important taxa (>2X.) at
E26700 In the East Branch Perklomen Creek,
1983 - 1987.

Taxon

Al locapnta
Amnicola
Caenls
Cheumatopsyche
Chi ronomldae
Dugesi a
Empidldae
Hydropti ]a
Muscul lum
O igochaeta
Physa
Psephenus
Simultidae
SphaertLm,
Stenelmis

Table 4.2-8. Mac
and
E29
198

Taxon

Allocapnia
Amnicola
Baetis
Berosus
Caents
Cheumatopsyche
Chimarra
ChI ronom Idae
Hydropsyche
01 igochaeta
Physa
Pitsidim
Psephenus
Simul idae
Stenelnts

1983
Mean

55.3
732.0
485.3
140.0

4285.3
196.0
68.7
22.0

105.3
3032.7

321.3
305.3
320.0
231.3

1786.7

0.4
5.7
3.8
1.1

33.5
1.5
0.5
0.2
0.8

23.7
2.5
2.4
2.5
1.8

14.0

1984
Mean

1142.2
583.3
418.3

1500.6
13308.9

541.1
913.3

18.3
94.4

760.6
57.8

132.8
3817.2

273.9
3348.3

x

3.9
2.0
1.4
5.1

45.6
1.9
3.1
0.1
0.3
2.6
0.2
0.5

13.1
0.9

11.5

1985
Mean

214.4
748.9
686.1
938,9

8342.2
1291.1
237.8

11.1
825.6
997.8
44.4

375.6
15957.8

755.0
5882.8

x

0.6
1.9
1.8
2.4

21.4
3.3
0.6
0.0
2.1
2.6
0.1
1.0

41.0
1.9

15.1

1986
Mean

185.6
65.0

686.7
597.8

6252.8
399.4
68.9

477.8
392.8

1700.6
103.3

1271.7
3796.7

235.0
3916.1

0.9
0.3
3.2
2.8

29.0
1.9
0.3
2.2
1.8
7.9
0.5
5.9

17.6
1.1

18.1

1987
Mean X

369.4 1.5
31.7 0.1

484.4 2.0
660.6 2.7

6956.7 28.1
530.0 2.1
177.8 0.7
128.9 0.5
143.3 0.6

3174.4 12.8
15.0 0.1

877.8 3.5
6122.8 24.7
593.3 2.4

3185.0 12.9

,rolnyertebrate standing crop (mean number/ 2 )
percent composition of Important taxa (>Z.) at

910 In the East Branch Perkiomen Creek,
13 - 1987.

1983
Mean

1984
7 Mean

98.3 1.4
23.3 0.3
40.8 0.6
26.7 0.4

513.3 7.4
206.7 3.0
41.7 0.6

3654.2 52.4
12.5 0.2

747.5 10.7
49.2 0.7
45.8 0.7

321.7 4.6
82.5 1.2

810.8 11.6

894.7
217.3

2326.0
31.3

1634.7
5734.7

732.7
939a.7
1265.3
1757.3

58.7
139.3
123.3

1292.0
6496.7

1985
X Mean

2.6 815.0
0.6 1161.7
6.7 141.7
0.1 167.5
4.7 3244.2

16.5 2670.0
2.1 655.0

27.0 14942.5
3.6 130.8
5.0 2050.8
0.2 35.0
0.4 830.0
0.4 1385.8
3.7 1160.8

18.7 7549.2

2.1

3.0
0.4
0.4
8.2
6.8
1.7

38.0
0.3
5.2
0.1
2.1
3.5
3.0

19.2

1986
Mean

758.0
187.3
280.7
637.3

2935.3
512.7
198.7

6506.0
22.7

1013.3
738.7
190.0

2167.3
2802.7
2336.0

x

3.4
0.8
1.3
2.8

13.1
2.3
0.9

29.0
0.1
4.5
3.3
0.8
9.7

12.5
10.4

1987
Mean

723.9
1180.6

52.2
757.2

1746.7
535.6
83.3

8333.9
2.2

1778.3
211.1
534.4

1941.7
1293.3
2151.1

x

3.2
5.2
0.2
3.3
7.7
2.4
0.4

36.7
0.0
7.8
0.9
2.4
8.5
5.7
9.5



Table 4.2-9. MacroInrertebrate standing crop (mean number/1 2 )
and percent composition of Important taxa (02Y) at
E36725 in the East Branch Perkiomen Creek,
1983 - 1967.

1983 1984 1985 1986 1987
Taxon Mean X Mean x Mean X Mean x Mean X

Allocapnia 524.7 8.3 3750.0 29.5 4306.7 36.2 1583.3 19.4 2172.0 25.8
AmphInerura 485.3 7.7 415.3 3.3 122.5 1.0 129.2 1.6 68.7 0.8
Caenis 101.3 1.6 329.3 2.6 349.2 2.9 97.5 1.2 486.0 5.8
Cheimiatopsyche 280.7 4.5 545.3 4.3 580.8 4.9 30.0 0.4 154.0 1.8
Chronowmidae 2645.3 42.0 5302.7 41.7 3599.2 30.3 3110.8 38.1 3324.7 39.5
Olgochaeta 164.7 2.6 331.3 2.6 295.8 2.5 536.7 6.6 566.7 6.7
Paraleptophlebla 198.0 3.1 35.3 0.3 54.2 0.5 96.7 1.2 24.0 0.3
Perlesta 104.7 1.7 436.7 3.4 90.8 0.8 667.5 8.2 128.0 1.5
Plstdium 105.3 1.7 126.0 1.0 221.7 1.9 198.3 2.4 209.3 2.5
Stmultidae 84.7 1.3 349.3 2.7 703.3 5.9 547.5 6.7 45.3 0.5
Steneluis 1300.7 20.7 529.3 4.2 625.8 5.3 711.7 8.7 423.3 5.0

Table 4.2-10. Macrolrnertebrate standing crop (mean nur~ber/m2 )
and percent composition of Important taxa (>2Y) at
E36985 in the East Branch Perkiomen Creek,
1983 - 1987.

1983 1984. 1985 1986 1987
Taxon Mean x Mean x Mean y Mean X Mean X
---------------- ------- ---- ------- ---- ------- ---- ------- ---- ------- ----

Allocapnia 2497.3 35.2 2942.7 26.1 3471.7 22.6 1262.5 26.2 1172.5 14.3
Amphtneuura 660.7 9.3 620.0 5.5 280.0 1.8 95.8 2.0 16.7 0.2
Caenis 6.7 0.1 639.3 5.7 227.5 1.5 6.7 0.1 36.7 0.4
Cheumatopsyche 53.3 0.8 115.3 1.0 1302.5 8.5 15.8 0.3 1.7 0.0
Chironomidao 2739.3 38.7 4394.0 38.9 7196.7 46.8 1655.8 34.3 5847.5 71.3
Hydroporus - - 4.0 0.0 137.5 0.9 37.5 0.8 170.0 2.1
Oligochaeta 22.7 0.3 252.0 2.2 313.3 2.0 188.3 3.9 297.5 3.6
Paraleptophlebla 158.0 2.2 194.7 1.7 15.8 0.1 40.0 0.8 30.0 0.4
Perlesta 50.7 0.7 659.3 5.8 250.0 1.6 303.3 6.3 97.5 1.2
Physa 48.0 0.7 36.7 0.3 253.3 1.6 25.8 0.5 177.5 2.2
Simuli1dae 284.7 4.0 746.7 6.6 670.8 4.4 920.8 19.1 144.2 1.8
Stenelmis 384.0 5.4 284.7 2.5 460.0 3.0 85.8 1.8 16.7 0.2
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FIGURE 4.2-1 LOCATION OF BENTHIC: MACROINVERTEBRATE SAMPLE STATIONS
IN EAST BRANCH PERKIOMEN CREEK, 1987.



4.3 Fish

Introduction

Fishes inhabiting the EBPC were studied from 1970-1978 and from

1981-present, to establish a preoperational baseline that will be com-

pared with data collected after diversion of Delaware River water to

the EBPC via the Point Pleasant Water Diversion Project. Objectives

of these fisheries investigations were outlined in previous progress

reports (RMC Environmental Services 1984, 1985, 1986, and 1987a).

Methods to collect, process, and analyze data in 1987 were unchanged

from those reported in the 1986 progress report (RMC Environmental

Services 1987a), except that age and growth of selected species was

not studied in 1987. Station locations for seining and electrofishing

surveys are shown in Figures 4.3-1 and 4.3-2, respectively.

Since the Point Pleasant Water Diversion Project (now under

construction) has not been completed, the objective of this section is

to briefly summarize the information collected in 1987. Less detail

than has appeared in earlier progress reports is warranted because the

primary purpose of the 1987 data collection effort is to add to the

preoperational database that will ultimately be compared with

postoperational data to assess the effects of water diversion. These

data are available for analyses of long-term trends in fish community

characteristics and biology of individual species, which in turn must

be understood in order to assess the effects of water diversion on

resident fishes in the EBPC.

4.3-1



Summary of 1987 Data Collections

Thirty three indigenous (native or established introductions)

species of fish were seined or electrofished from the EBFC in 1987

(Table 4.3-1). Additionally, brown trout and rainbow trout were

stocked between Sellersville and Branch Road. No new species was col-

lected from the stream. Several less abundant species known to occur

in the EBPC were not collected, including chain pickerel, bridle

shiner, creek chub, white catfish, margined madtom, white crappie,

yellow perch• and shield darter.

Sampling efforts did not overlap with the period of time when

stocked trout were most abundant, and only two were collected. A

trout creel survey indicated that most stocked trout were harvested

(RMC Environmental Services 1987b). Species such as muskellunge,

walleye, silvery minnow, and mummichog that have appeared in past col-

lections are likely due to angler introductions.

In total, 6,615 fish of 29 species or hybrids were seined from

seven EBPC stations in 1987 (Table 4.3-1). Catches from individual

seine stations are given in Table 4.3-2. An additional 688 fish of 15

species were seined from Morris Run (an EBPC tributary), while 731

fish of 24 species were collected from Perkiomen Creek in

Schwenksville (Table 4.3-3). These two streams were sampled to

examine the status of minnow populations in streams near the EBPC that

4.3-2



will not be directly affected by water diversion but that are sub-

jected to similar climatological conditions.

In 1987, 13,105 fish of 20 species or hybrids were collected by

electrofishing from seven stations distributed along the EBPC (Table

4.3-1). Data were used to make depletion or mark recapture population

estimates (Van Deventer and Platts 1983, Ricker 1975) depending on

station; results expressed as number of fish per hectare are given in

Table 4.3-4. Population estimates can be converted to estimates of

biomass (kilograms per hectare) but for the purpose of brevity these

calculations are not presented at this time.

The seine and electrofishing results in 1987 agree with past

descriptions of the abundance and distribution of fishes in the EBPC.

Patterns of longitudinal zonation in community composition remained

similar, as did studied aspects of the biology of important species.

Collectively, results display a fish community exhibiting patterns of

year-to-year variability superimposed on a pattern of long-term

stability, which is typical of warmwater stream fish communities not

exposed to severe environmental degradation. Such communities are

regulated by both physical and biological factors (Schlosser 1987).

The relative strength of each type varies from place to place and from

year to year as hydrological, meteorological, and biological con-

ditions change.

4.3-3



Table 4.3-1. Fishes collected from East Branch Perkiomen Creek since 1970,
their status, and relative abundance by sampling method in 1987.

Electrofishing Seining
Species Status N % N %

American eel N 4 0.03 0 0
Brook trout I 0 0 0 0
Brown trout I 0 0 0 0
Rainbow trout I 2 0.02 0 0
Redfin pickerel N 8 0.06 3 0..04
Muskellunge I 0 0 0 0
Hybrid Esox I 0 0 0 0
Chain pickerel N 0 0 0 0
Goldfish I 30 0.23 0 0
Carp I 87 0.66 0 0
Carp x goldfish hybrid N 1 0.01 0 0
Cutlips minnow N X 9 0.14
Golden shiner N 102 0.78 1,211 18.31
Comely shiner N X 521 7.88
Satinfin shiner N X 58 0.88
Bridle shiner N X 0 0
Common shiner N X 680 10.28
Silvery minnow I X 0 0
Spottail shiner N X 64 0.97
Swallowtail shiner N X 78 1.18
Spotfin shiner N X 1,679 25.38
Bluntnose minnow N X 267 4.04
Fathead minnow I X 2 0.03
Blacknose dace N X 27 0.41
Longnose dace N X 24 0.36
Creek chub N X 0 0
Fallfish N 6 0.05 2 0.03
Minnow hybrids N X 0 0
White sucker N 929 7.09 168 2.54
Creek chubsucker N 1,991 15.19 272 4.11
White catfish N 0 0 0 0
Yellow bullhead N 525 4.01 5 0.08
Brown bullhead N 72 0.55 4 0.06
Margined madtom N 0 0 0 0
Banded killifish N X 927 14.01
Mummichog I x 0 0
Rock bass I 1,270 9.69 12 0.18
Redbreast sunfish I 3,300 25.18 156 2.36
Green sunfish I 2,856 21.79 191 2.89
Pumpkinseed N 1,049 8.00 42 0.63
Bluegill I 77 0.59 26 0.39
Hybrid sunfish N 135 1.03 3 0.04
Smallmouth bass I 584 4.46 45 0.68
Largemouth bass I 77 0.59 21 0.32



Table 4.3-1. (continued)

Electrofishing Seining
Species Status N % N %

White crappie I 0 0 0 0
Black crappie I 0 0 3 0.04
Tessellated darted N X 151 2.28
Yellow perch N 0 0 0 0
Walleye I 0 0 0 0
Shield darter N X 0 0

Total 13,105 6,615

Status:

N = Native
I = Introduced
X = Species excluded from electrofishing samples



Table 4.3-2. Total catch and relative abundance of fishes Bected by
seine from East Branch Perkiomen Creek by station in 1987.

E 1890 E 5475 E12440 E22980 E26630 E29810 E36690
Species Catch X Catch X Catch X Catch X Catch X Catch X Catch x

Redfin pickerel - 3 0.2
Cutuips milros - - - - 1 0.1 7 1.0 1 0.1 - - - -

Golden shiner - 5 0.5 50 7.5 10 1.4 69 3.3 1077 63.9
Comely shiner - 242 22.5 43 6.4 2 0.3 233 11.1 1 0.1
Satinfln shiner - - 9 2.8 39 3.6 10 1.5 - - - -

Common shiner 2 2.7 26 8.2 60 5.6 194 29.0 227 31.0 170 8.1 1 0.1
Spottail shiner 3 4.1 6 1.9 9 0.8 - - 26 3.5 20 1.0 - -

Swallowtail shiner - - 1 0.3 6 0.6 2 0.3 42 5.7 26 1.2 1 0.1
Spotfin shiner 21 28.4 147 46.2 506 47.1 198 29.6 98 13.4 704 33.6 5 0.3
Bluntnose minnow - - - - 10 0.9 44 6.6 5 0.7 96 4.6 112 6.6
Fathead minw I - - - - - - - - I 0.1 1 + - -
Blacknose dace 6 8.1 1 0.3 1 0.1 .6 0.9 13 1.8 - -
Longnose dace 6 8.1 2 0.6 8 0.7 7 1.0 I 0.1 - -
Fa]lfish - - 2 0.6 - - - - - -
1hite sucker 2 2.7 8 2.5 I 0.1 9 1.3 17 2.3 69 3.3 62 3.7
Creek chubsucker - - - - 1 0.1 - - 2 0.3 119 5.7 150 8.9
Yellow bullhead - - 1 0.3 - 1 0.1 2 0.3 1 + - -
Bro~ni bullhead - - - - - 4 0.5 - - - -
Banded killiflsh 3 4.1 37 11.6 113 10.5 28 4.2 242 33.0 468 22.3 36 2.1
Rock bass 3 4.1 3 0.9 6 0.6 - - - - - - -

Redbreast sunfish 7 9.5 25 7.9 47 4.4 27 4.0 4 0.5 43 2.0 3 0.2
Green sunfish - - 14 4.4 8 0.7 4 0.6 2 0.3 28 1.3 135 8.0
Pumpkinseed - - 21 6.6 2 0.2 - - 3 0.4 2 0.1 14 0.8
Bluegill - - 5 1.6 4 0.4 - - 7 1.0 3 0.1 7 0.4
Lepomis hybrid - - - . - - - - - 1 0.1 1 + 1 0.1
Smailmouth bass 21 28.4 8 2.5 3 0.3 9 1.3 2 0.3 2 0.1 - -

Largemouth bass - - 2 0.6 2 0.2 3 0.4 II I.5 I + 2 0.1
Black crappie - - - - - - 3 0.4 - - - - - -

Tessellated darter - - - - - - 23 3.4 10 1.4 42 2.0 76 4.5

Total Catch 74 318 1074 668 733 2098 1686
Number of Species 10 18 21 19 23 19 16
Number of Stations 1 1 1 1 I I I

• = Less than 0.1%

I



Table 4.3-3. Total catch and relatlYe abundance of fishes
collected by seine from Morris Run and
Perktomen Creek, and Perklomen Creek In 1987.

Spec I es

Cut•]ps m.inno"
Golden shiner
Comely shiner
Satinfin shiner
Common shiner
Spottail shiner
Smallowtat 1 shiner
Spotfin shiner
Bluntnose mi..w
Blacknose dace
Longnose dace
FallfIsh
White sucker
Creek chubsucker
Brown bullhead
Banded killifish
Rock bass
Redbreast sunfish
Green sunfish
Pumpk i nseed
Bluegill
Smallmouth bass
Largemouth bass
Tessellated darter
Shield darter

Total Catch
Number of Species
NIumber of Stations

Morris Run
Catch

19

95
13
12

124
96
33

189

26
8

2
42

27

Perkiomen Cr
. Catch x

- 1 0.1
- 3 0.4

2.8 16 2.2
- 3 0.4

13.8 6 0.8
1.9 28 3.8
1.7 25 3.4

18.0 539 73.7
14.0 21 2.9
4.8 6 0.8

9 1.2
0.1 4 0.5

- 2 0.3
0.1 - -

- 1 0.1
27.5 12 1.6

- 7 1.0
3.8 9 1.2
1.2 2 0.3

- 2 0.3
0.3 2 0.3
6.1 7 1.0

- 3 0.4
3.9 22 3.0

- 1 0.1

688
15
1

731
24
1

+ a Less than 0.1X



Table 4.3-4. Density (number/hectare) of fishes estimated in spring and fall at seven stations in East Branch Perkiomen Creek in 1987.

Station: E1637 E5650 E12111 E22240 E30700 E36235 E36300

Area(ha): 0.436 2.10 0.562 0.418 0.285 0.034 0.045

Species Season: Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall

American eel

Rainbow trout

Redfin pickerel

Goldfish

Carp x Goldfish hybrid

Carp

Golden shiner

Fall fish

White sucker

Creek chubsucker

Yellow bullhead

Brown bullhead

Rock bass

Redbreast sunfish

Green sunfish

Pumpkinseed

Bluegill

Hybrid sunfish

Smallmouth bass

Largemouth bass

Total

5 0 3 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

0 0 3 2 48 5

0 0 0 0 0 0

28 9 68 49 0 0

0 0 10 1 0 0

5 14 0 0 0 0

30 39 643 98 16 7

0 I01 0 8 7 5

46 101 127 158 146 78

7 7 26 10 0 0

617 1,328 209 376 1,032 269

1,351 1,477 1.144 897 2,685 304

447 573 1,352 1,020 528 130

7 0 799 1,001 55 4

0 0 3 8 2 0
9 7 79 29 52 5

622 647 20 56 149 219

14 96 7 101 4 7

3,188 4,399 4,493 3,814 4,724 1,033

0 0

5 0

0 0

0 0

2 0

0 4

7 0

0 7

0 0

0 0

0 0

0 0

0 118

0 0

0 0

0 0

0 0

44 0

-0 0

0 0

12 10 0 21 0 0 0 0

0 0 35 0 735 588 600 511

0 0 0 0 0 0 0 0

354 505 379 404 765 382 622 133

7 77 4,340 3,642 1,794 147 1,378 622

153 98 211 211 0 0 44 0

7 10 21 32 0 0 0 0

0 0 0 0 0 0 0 0

639 689 600 151 176 0 378 0

514 797 2.740 4,347 1,118 294 2,911 2,600

132 156 211 119 147 0 289 4

24 36 70 102 88 0 0 0

29 38 32 21 29 0 156 0

96 110 14 14 0 0 0 0

5 0 4 14 29 0 44 22

1,979 2,526 8,664 9,089 4,881 1,529 6,466 3,892

I
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5.0 Perkiomen Creek

The reach of Perkiomen Creek between Schwenksville and Graterford,

Pennsylvania, that comprises a portion of the Point Pleasant Water

Diversion Project was described in section 5.0 of the 1986 progress

report to PECo (RMC Environmental Services 1987a). All construction

of the Graterford intake, pumphouse, stabilizer bar, and pipeline was

completed by the end of 1985. Operation of the intake station to date

has been limited to infrequent test withdrawals and backflushing of

the wedgewire screens located in midchannel. Therefore, 1987 data on

water quality and fishes summarized in the following two sections (5.1

and 5.2, respectively) add to the preoperational baseline that will be

compared with similar data collected after water is diverted to and

withdrawn from Perkiomen Creek.

5.0-1



5.1 Water Quality

Introduction and Methods

Investigation of Perkiomen Creek water quality began in May 1974

and continued through 1987. The objectives of this program are to as-

sess impacts of future diversion operation on water quality of the

creek, provide water quality information regarding the consequences to

LGS operation of Perkiomen Creek use as a cooling water source, and to

complement concurrent aquatic ecological programs.

As in previous years, sampling was conducted at two stations on

the mainstem Perkiomen Creek (Fig. 5.1-1). Station P18700 is located

just upstream of the Pennsylvania Route 73 bridge and the confluence

with East Branch Perkiomen Creek. This control station provides water

quality information on a portion of Perkiomen Creek that will be unaf-

fected by diversion. Station P14390 is situated downstream of the

East Branch confluence in the immediate vicinity of the Graterford

Intake. Sampling was conducted once every 2 weeks at both stations.

All samples were subsurface grabs collected at mid-channel, and were

analyzed according to standard, widely accepted methods.

Results and Discussion

Perkiomen Creek is a moderately hard warmwater stream which

receives moderate amounts of nonindustrial pollution inputs as in-

dicated by elevated concentrations of nutrients. The stream appears

5.1-1



to fluctuate between a sulfate and carbonate ionic base and often con-

tains high concentrations of major cations (calcium, magnesium,

potassium, and sodium).

Discharge during 1987 as measured by the U.S.G.S. at Graterford,

Pennsylvania was generally low, particularly in January-March, May-

August, October, and December (Table 5.1-1 and Fig. 5.1-2).

Mean monthly flows exceeded 1970-1987 monthly means only in April,

September, and November (Table 5.1-2 and Fig. 5.1-3). The September

mean was 30 cfs above the record mean while the November mean was less

than 10 cfs above the record mean. The April mean flow was ap-

proximately 860 cfs above the record mean. No new maximum or minimum

flows were observed. Monthly median flows exceeded the record median

flows in January, April-July, and September-October. The November

median was the same as the record median.

Seasonal summaries of water quality data obtained from P18700 and

P14390 for the 1979-1987 period are presented in Tables 5.1-3 and 5.1-

4, respectively, and for 1987 alone in Tables 5.1-5 and 5.1-6,

respectively. Some new minimum and maximum values were recorded for

1987 when compared to the 1983-1987 period of record at P18700 (Tables

5.1-7 and 5.1-8) and at P14390 (Tables 5.1-9 and 5.1-10).

Due to the limited period of analysis, the parameters cadmium,

mercury, nickel, and aluminum appear often on both the new minimum and

maximum tables for both stations. Unless the compound had been
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detected before, or was consistently detected during the course of the

survey year, or exhibited extreme values, no mention will be made of

these four metals in the following discussion.

During the winter quarter a first detection of trichioroethylene

(TCE) at the downstream station was made. TCE was also detected for

the first time at both stations on 24 March. Three additional new

maxima were observed at the upstream station for pH, nitrite nitrogen

and chemical oxygen demand. None of the new upstream maxima re-

presented a significant increase in values. At the downstream station

a new maximum for total phosphate phosphorus was observed. The new

maximum does not represent a major change.

Several new maxima were established at both stations during the

summer quarter. Higher nitrite nitrogen levels were detected at both

stations on 17 June that were approximately I mg/I above previous

maxima. At the upstream station, new maxima for total suspended

solids, total dissolved solids, manganese, and cyanide were esta-

blished but were not significant extensions of their range in

concentration. New summer maxima at the downstream station included

biochemical oxygen demand, total dissolved solids, ammonia nitrogen,

ortho phosphate phosphorus, cyanide, and sulfide. Total dissolved

solids increased by 669 mg/I and sulfide by 1 mg/l over previous

maxima.
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Hew maximum values for sulfide were observed at both stations on

21 October. Both new maxima increased by 5 mg/i. Maximum total dis-

solved solids at the upstream station increased by approximately 700

mg/i over the previous maximum. A slight increase in lead at the dow-

nstream station was observed along with a new maximum for fecal

coliforms on 9 September, which coincided with the second highest flow

of the year (3,070 cfs).

The high flow of 9 September corresponded with new minima at both

stations. New minima were established at both stations for total

alkalinity, sulfate, and magnesium. Also on 9 September, new minima

for the season at the downstream station were established for specific

conductance, sodium, and calcium.

5.1-4



Table 5.1-1. Mean daily Perkiomen Creek discharge (ft 3 /sec) measured at the Graterford US
US Geological Survey sage In 1987.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

335 W/A
579 280
764 489
605 917
455 756
375 534
352 530
339 590
327 486
373 350
898 338
691 317
532 295
549 252
624 228
628 N/A
439 237
472 N/A

1680 180
1550 170

921 164
669 172
569 238
N/A 256
438 252
387 244
410 265
392 261
W/A
W/A
297

297 164
595 352
502 265

1680 917

W/A 2090 1330 W/A 144 125 59 104
N/A N/A 1270 163 246 128 60 89

1970 N/A N/A N/A 734 N/A 57 109
1440 N/A N/A 173 267 132 53 554
1000 N/A N/A 220 N/A W/A 52 275
840 N/A N/A 192 149 240 53 184
767 3030 872 166 W/A 100 69 203
W/A N/A N/A 178 N/A 77 194 203

661 N/A 342 158 210 W/A 3070 142
545 N/A N/A 165 N/A II1 N/A 119
N/A 1550 303 145 N/A 77 223 116
N/A 1460 286 138 N/A N/A 152 119
432 N/A 272 144 N/A 55 N/A 111
390 N/A 265 N/A N/A 52 N/A 98
352 N/A 284 158 N/A N/A N/A 90
321 1270 320 140 336 N/A N/A 85
305 1380 269 N/A 220 53 N/A 91
270 1750 247 131 170 52 N/A 76
262 1470 269 131 149 53 N/A 78
261 1370 341 N/A 137 N/A N/A 78
252 N/A 376 156 141 N/A N/A 121
246 1210 307 N/A 137 N/A N/A 127
N/A N/A 298 902 133 N/A N/A 106
N/A N/A 285 345 138 N/A N/A 99.
N/A N/A 238 226 140 N/A N/A 92
N/A N/A 218 N/A 165 N/A 127 88
N/A N/A 215 179 181 N/A 103 106
N/A 1560 208 176 N/A 101 91 950
223 1520 N/A N/A N/A 80 86 368
223 1400 140 302 75 92 244

1010 124 60 190

223 1210 208 131 124 52 52 76
589 1620 401 206 211 92 284 175
371 1470 286 164 157 77 89 111

1970 3030 1330 902 734 240 3070 950

161 1200
146 655
137 442
134 393
126 338
119 281
11t 240
107 221
105 209
399 204

1900 194
W/A 183
W/A 172
643 148
436 N/A
330 N/A
279 N/A
362 N/A
331 N/A
259 W/A
234 N/A
173 N/A
149 N/A
152 254
155 242
154 291
147 291
141 246
454 242

5000 199
226

105 148
459 312
158 242

5000 1200
. Minimum

Mean
Median
MaxI mum



Table 5.1-2. Mean monthly Perklomen Creek discharge (ft 3 /sec) measured at the Graterford
US Geological Survey sage, 1970 - 1987.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1970 238 871 552 1123 167 240 83 89 64 183 727 395
1971 458 1241 770 467 361 162 116 493 1163 396 672 382
1972 468 691 984 4+82 601 1330 248 75 58 82 1182 1092
1973 719 731 521 1074 541 519 242 172 98 81 114 1311
1974 762 267 730 953 371 171 80 167 416 217 131 696
1975 895 903 836 471 466 790 1076 168 586 534 431 310
1976 1006 723 424 403 199 127 102 103 75 371 168 270
1977 134 710 1243 819 230 98 90 104 70 280 827 1307
1978 1344 278 1525 351 864 191 218 273 133 104 118 704
1979 2071 1186 752 527 733 298 186 143 648 657 661 398
1980 354 156 1043 816 379 112 93 74 80 99 137 83
1981 76 539 209 564 488 173 100 54 73 111 137 331
1982 542 973 387 933 290 946 143 84 58 54 128 217
1903 410 587 1112 1759 542 250 66 63 46 151 734 1491
1984 291 1106 946 1100 1259 557 1286 189 93 125 142 297
1985 195 515 186 128 276 100 68 84 544 217 814 478
1986 644 1025 707 616 183 85 97 193 77 103 601 1011
1987 595 352 589 1620 401 206 211 92 284 175 459 312

Minimum 58 58 83 77 74 48 31 38 28 35 35 58
Mean 622 716 754 762 465 355 251 147 253 219 450 622
Median 287 345 415 400 252 157 89 80 70 102 158 310
Maximum 14602 10000 9440 11399 8350 13300 14800 9000 11900 4430 8080 14300



o
Table 5.1-3. Summary of Perkiomen Creek water quality at Statilon P18700, 20 Mlarch 1979 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (ms/i)
Total Organic Carbon (mg/i)
pH
Total Alkalinity (mg/I)
Total Hardness (mg/I)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/i)
Total Dissolved Solids (mg/i)
Dissolved Silica (mg/l)
Total Inorganic Carbon (mg/I)
Chloride (mu/i)
Sulfate (mg/1)
Sodium (ms/i)
Potassium (mg/I)
Calcium (mg/I)
Magnesium (mg/I)
Ammonia Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrate Nitrogen (mg/i)
Total Phosphate Phosphorus (mg/l)
Ortho Phosphate Phosphorus (mg/I)
Cadmium (mg/I)
Chromium (mg/l)
Copper (mg/l)
Iron (mg/I)
Lead (mu/1)
Manganese (mu/I)
Nickel (mg/I)
Zinc (mg/I)
Mercury (ug/1)
Cyanide, Total (mg/I)
Phenols (mg/l)
Trlchloroethylene (ug/l)
Total Coliforms (IF) (c/.I])
Fecal Coliforms (MIF) (c/.1I)
Aluminum (mg/I)
Sulfide (WI/i)

Deoc Jan,
Min Med

-1.0 1.5
8.7 12.4
0.1 1.7
0.0 11.5
0.0 3.7

7.04 7.69
11.4 48.8
40.3 80.0

126 207
0 3

37 159
2.69 3.94
12.6 52.7
12.1 21.8
15.4 30.8
6.03 12.02
1.7 3.3

10.1 18.5
5.33 8.79

0.000 0.136
0.008 0.022

0.92 2.06
0.00 0.08
0.00 0.04
0.000 0.000
0.000 0.004
0.000 0.002

0.00 0.25
0.000 0.000
0.00 0.00

0.000 0.000
0.00 0.00
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
0 445
1 68

0.00 0.25
0.00 0.19

Feb
Max

8.0
15.8

6.7
123.9
20.2
8.82
99.6

147.2
381
471
275

5,50
102.2
49.3
70.4

26.60
12.2
43.3

14.70
0.940
0.115
4.84
0.38
0.16

0.001
0.026
0.082
10.70
0.020
0.42

0.002
0.59

0.0
0.005
0.030

0.0
18000

3400
1 .00
5.60

6

3,

2

6

4
0.
0.i

0
0
0

0.
0..
0.

0
0.

0
0.

0

0.
0.

0
0

Mar, Apr, May
uln Med M

1.0 9.9 21
6.8 11.1 14
0.0 2.1 5
0.0 13.3 4-
0.0 3.4 i!
.14 7.83 9,
4.7 44.7 6]
9.4 71.5 I1
109 190

0 7
99 148

.72 4.13 5.
5.0 43.1 5]
9.2 17.3 34
2.0 27.1 4(
.09 10.60 17,
1.5 2.8
6.1 17.9 31
.00 7.86 10,
000 0.053 0.
010 0.028 0.
.42 1.40 6,
.00 0.06 0,
.00 0.03 0.
000 0.000 0.4
000 0.005 0.4
000 0.003 0.4
.00 0.27 1
000 0.000 0.4
.00 0.02 0,
000 0.002 0.4
.00 0.00 0.
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0

15 380 344
0 85 84

.09 0.18 0,

.00 0.00 0,

lax

.0

5.0
3.6
5.7
.15
7.2
2.5

239
63

244
.98
7.7
0.5

0.1
.20
6.7

2.9
.80
380
097
.94
.18
.17
000
050
020

.41
015
.15
005
.21
0.6
004
013
7.7
000
600
.71
.5t

1'

7,
24
53

2.

24

4

0.
0.
0,
0
0

0.
0.4
0.4
0

0.
0

0.
0

0.
0.4

0
0.

Jun, Jul, Aug
In Med 3

•.0 22.0 2•
.8 8.2 1;

0.3 1 .6
0.0 11.1 7i

0.0 4.4 1'
.28 7.92 9
0.5 60.9 7
3.6 82.7 12
106 218

0 8
70 177
.83 3.84 5
0.9 61.8 7
1.6 18.1 8
0.0 26.8 7'
.11 11.99 32
1.6 3.9 1,
3.4 18.6 4
.92 8.85 11
000 0.030 0.
000 0.020 1.
.00 0.97 2
.00 0.08 1
.00 0.06 0
000 0.000 0.
000 0.003 0.
000 0.003 0.
.00 0.28 1
000 0.000 0.
.00 0.05 0
000 0.000 0.
.00 0.01 0
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0
120 980 37
50 235 25

.00 0.10 1

.00 0.00 1

lax

7.0
2.7
6.4
6.6
6.0
.19
7.8
3.6
452
40

354
.35
9.3
1.0
6.7
.22
4.8
3.8
.90
ISO
110
.09
.43
.18
000
056
036
.74
049
.22
002
.08
0.0
005
019
0.0
000
000
.00
.20

Sep, Oct, Nov
Min led Max

3.5
6.8
0.1
0.0
0.0

7.37
26.4
53.4

145
0

100
1 .56
37.4
i1.0
14.0
7.53

2.3
12.6
5.19

0.000
0.000

0.00
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
40
22

0.00
0.00

14.0
10.0

1.6
14.5
4.8
8.02
66.7
94.0

243
2

172
3.11
67.2
22.3
32.3

14.00
5.0

21.8
9.90

0.020
0.020

1.03
0.09
0.05

0.000
0.003
0.001
0.21

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
700
155

0.04
0.45

23.5
14.4

7.0
42.1
21 .4
9.09
83.8

179.1
585

83
1190
4.64
85.1
67.1
96.6

50.70
30.5
36.7

22.73
0.570
0.200
4.17
0.37
0.41

0.000
0. 043
0.017
4.26

0.013
0.35

0.002
0.16

0.2
0.004
0.044

0.0
40000
4100
2.86
7.60

# of
Samples

219
225
229
228
222
229
229
228
229
229
229

75
124
229
229
229
229
229
229
229
229
229
219
227
32

228
229
229
229
229

32
229

32
227
228
199
224
223

32
57



Table 5.1-4. Summary of Perklomen Creek water quality at Station P14390, 20 March 1979 through 30 December 19S7.

Parameter

Temperature (C)
Dissolved Oxygen (mg/])
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/l)
Total Organic Carbon (mg/1)
P.
Total Alkalinity (mg/I)
Total Hardness (mg/l)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/I)
Total Dissolved Solids (mg/l)
Dissolved Silica (mg/I)
Total Inorganic Carbon (mg/i)
Chloride (mg/I)
Sulfate (mg/i)
Sodium (mg/i)
Potassium (mg/I)
Calcium (mg/1)
Magnesium (mg/I)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/I)
Nitrate Nitrogen (mg/i)
Total Phosphate Phosphorus (mg/I)
Ortho Phosphate Phosphorus (mg/I)
Cadmium (mg/l)
Chromium (mg/l)
Copper (mg/I)
Iron (mg/I)
Lead (mg/1)
Manganese (mg/i)
Nickel (mg/i)
Zinc (mg/i)
Mercury (ug/i)
Cyanide, Total (mg/I)
Phenols (mg/i)
Trlchloroethylene (ug/l)
Total Coliforms (MIF) (c/.1I)
Fecal Coliforms (HF) (c/.WA)
Aluminum (mg/i)
Sulfide (mg/I)

Dec, Jan, Feb Mar, Apr, Hay
Min Med hax Mn Med Max

Jun, Jul, Aug
Min Med Max

-----. ..............

Sep, Oct, Nov

-1.0
7.6
0.0
0.0
0.0

6.73
16.5
45.0

127
0

62
2.49
18.2
11.4
10.5
7.39

1.9
9.6

6.02
0.000
0.009
0.95
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
0
I

0.10
0.00

1.5

12.3
1.8

12.1
3.8

7.65
47.0
81.9

221
3

156
3.89
54.8
22.8
32.7

13.84
3.6

19.5
9.14

0 .128
0.020

2.21
0.09
0.06

0.000
0.004
0.002
0.22

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
515

95
0.27
0.00

8.0
15.0

7.4
93.4
36.2
9.95

104.2
507.7

411
676
402

5.46
107.8
56.1
72.6

35.20
7.6

41.6
15.00
0.800
0.145
4.01
0.66
0.15

0.001
0.032
0.053
16.49
0.034
0.62

0.002
0.34

0.0
0.005
0. 045

3.3
21000

3100
1.80
1.23

1.0
5.5

0.0
0.0
0.0

6.24
9.3

42.2
116

0
112

2.29
10.0

9.2
16.1
3.20

1.0
6.7

2.90
0.000
0.012
0.37
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
4
0

0.06
0.00

10.7
11.0

2.1
11.7

3.1
7.79
45.3
73.2
198

5
160

4.17
45.5
18.5
29.5

12.10
2.9

18.1
8.19

0.046
0.027

1.50
0.07
0.04

0.000
0. 004
0.003

0.24
0.000

0.00
0.000
0.01

0.0
0.000
0.000

0.0
340

70
0.19
0.00

16.5
5.0

42.6
12.1
9.08
66.2

102.0
279
101
225

6.64
58.7
38.7
44.3

19.41
5.9

34.2
tl .80
0.430
0.111
3.03
0.30
0.20

0.000
0.020
0.031
2.43

0.027
0.12

0.006
0.13

0.0
0.004
0.013
8.7

37000
12500
0.79
0.43

14.0
4.6
0.5
0.0
0.0

7.01
17.8
52.5

123
0

85
2.37
19.2
5.8
0.0

4.88
1.7
7.9

5.00
0.000
0.000
0.00
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
40.
1a

0.00
0.00

23.0
7.8
2.0

12.3
4.6

7.92
64.3
88.1

256
9

190
3.69
64.0
24.4
29.9

15.52
3.9

19.0
9.40

0.040
0.020
0.97
0.10
0.07

0.000
0.002
0.003
0.27

0.000
0.05

0.000
0.01

0.0
0.000
0.000

0.0
950
300

0.03
0.00

28.0
13.4
8.5

135.6
19.2
9.23
79.3

133.0
333
303
953

4.85
78.3
52.2

101.0
34.50
ii.0
32.2

21.20
0.200
0.980
5.00
2.98
0.26

0.000
2.523
0.053
3.88

5.368
0.38

0.006
0.53

0.5
0. 005
0.020

5.5
43000
20000

0.80
I .50

Min

3.0
4.5
0.3
0.0
0.0

7.24
20.1
61.5

144
0

103
0.93
35.2

0.0
14.5
7.70

2.5
9.1

4.71
0.000
0.000

0.00
0.00
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
70
13

0.00
0.00

Med

14.0
9.7
1.7

14.4
4.8

7.99
68.5

100.0
274

3
182

2.82
69.7
29.0
34.7

18.60
5.0

22.3
10.40
0.030
0.018
1.24
0.10
0.06

0.000
0.002
0.002
0.25

0.000
0.00

0.000
0.01

0.0
0.000
0.000

0.0
1045

190
0.10
0.25

Max

24.0
14.2

7.0
164.7
25.8
9.34
89.4

183.2
523
150
327

4.75
90.6

102.4
76.3

48.00
15.5
34 . 9

16.50
0 .*580
0.220
3.77
0.35
0.42

0.000
0.029
0.015
3.96

0.015
0.32

0.003
0.23

0.0
0.003
0.027

5.3
43000

7680
2.75
5.70

# of
Samples

245
225
229
227
222
229
229
228
229
229
255

75
124
229
229
229
229
229
229
229
229
229
219
227

32
254
255
229
255
229
58

255
32

227
228
198
223
225

32
57



Table 5.1-5. Summary of Perklomen Creek mater quality at Station P18700, 14 January 1987 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/I)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mm/I)
pH
Total Alkalinity (mg/I)
Total Hardness (mg/l)
Specific Conductance (use/cm)
Total Suspended Solids (mg/I)
Total Dissolved Solids (mm/i)
Chloride (mg/1)
Sulfate (mm/I)
Sodium (mm/Il
Potassium (mg/I)
Calcium (mm/I)
Magnesium (mg/1)
Ammonia Nitrogen (mg/l)
Nitrite Nitrogen (ms/l)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (ms/l)
Ortho Phosphate Phosphorus (mmg/)
Cadmium (m/l)
Chromium (mm/I)
Copper (mg/i)
Iron (mm/L)
Lead (mm/I)
Manganese (mg/i)
Nickel (mmll)
Zinc (mm/1)
Mercury (us/l)
Cyanide, Total (mm/i)
Phenols (mg/1)
Trichloroethylene (us/])
Total Coliforms (MF) (W/.11)
Fecal Coliforms ((IF) (c/.11)
Aluminum (mg/I)
Sulfide (mg/1)

Dec, Jan, Feb
Min Med Max

0.0 1.5 7.0
10.4 11.8 14.4

0.8 2.1 3.9
0.0 10.6 50.0
2.8 3.4 5.4

7.54 7.78 8.18
41.0 48.6 59.0
76.4 85.5 103.0

189 232 260
1 4 12

90 148 178
15.0 21.5 24.9
20.1 23.5 34.5
8.70 13.40 14.00

1.7 3.3 5.8
15.2 20.4 24.8
6.20 8.78 9.79

0.059 0.179 0.224
0.021 0.027 0.044

1.22 1.88 2.54
0.00 0.06 0.12
0.00 0.02 0.05

0.000 0.000 0.001
0.002 0.003 0.004
0.000 0.001 0.004

0.14 0.24 0.60
0.000 0.000 0.013

0.00 0.00 0.11
0.000 0.000 0.002

0.00 0.00 0.01
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0
280 750 5100

17 59 750
0.10 0.25 0.54
0.00 0.70 1.02

7
4

14

8

5

0.
0.
0
0
0

0.i
O.
0.'
0
0.4
0

0.
0

0.i
0.i

0
0

Mar, Apr, May
Min Med t

3.0 10.0 15
9.7 11.5 1.
1.6 3.2
0.0 8.0 4
2.6 3.4
.60 7.79 9,
0.9 50.7 6;

.8 79.8 91
174 210

2 7
112 156
4.4 16.4 21
6.2 21.8 24
.30 10.35 12,
1.6 2.9
2.4 19.1 2'
.66 7.98 9.
031 0.052 0.
010 0.042 0.4
.75 1.34 2,
.00 0.06 0,
.00 0.00 0.
00o 0.000 0.(
000 0.000 0.(
001 0.004 0.0
.00 0.19 I.
000 0.000 0.0
.00 0.00 0,
000 0.002 0.0
.00 0.02 0,
0.0 0.0 0
000 0.000 0.(
000 0.000 0.0
0.0 0.0
160 690 2(

15 100 3
.09 0.18 0.
.00 0.00 0,

lax

5.5

5.0

'.4
3.6
i.0

.15
2.5
1.8
225
16

203
1.9
6.1

.40
3.2
•.6

.70
060
097
.04
.07
.06
00

002
006
.12
00
.14
00

.04
0.6
00
00
7.7

500
570
.71
.20

Jun, Jul, Aug
Min Med Max

18.0 22.0 24.0
6.9 8.9 11.0
0.8 1.4 5.7
0.0 13.2 30.6
3.2 4.3 5.1

7.70 8.17 8.56
35.4 66.6 75.6
78.8 98.0 103.4
182 223 238

1 4 40
138 172 354

13.6 15.6 17.8
15.0 19.0 22.0
9.31 10.40 13.80

1.6 2.5 5.0
11.2 23.4 25.4
6.40 8.00 10.10

0.000 0.000 0.150
0.000 0.024 1.110
0.27 0.85 1.10
0.09 0.16 0.28
0.00 0.07 0.15

0.000 0.000 0.000
0.000 0.000 0.002
0.000 0.002 0.004

0.00 0.25 1.20
0.000 0.001 0.005

0.00 0.00 0.22
0.000 0.000 0.002

0.01 0.02 0.07
0.0 0.0 0.0

0.000 0.000 0.005
0.000 0.000 0.000

0.0 0.0 0.0
280 1000 3100

90 190 600
0.00 0.10 1.00
0.00 0.40 0.60

Sep, Oct, Nov
Mlin

11.0
8.1
1.5
0.0
4.1

7.55
26.4
72.8

151
2

120
14.6
14.0
8.20

2.7
13.6
5.19

0.000
0.020
0.69
0.07
0.00

0.000
0.000
0.001
0.11

0.000
0.00

0.000
0.01

0.0
0.000
0.000

0.0
600

22
0.00
0.20

Med

12.5

9.4
1.8

10.8
5.1

7.83
60.7
98.0
222

4
147

21.3
25.0

II *.95

3.7
19.4
8.30

0.000
0.029
0.96
0.10
0.07

0.000
0.001
0.003
0.19

0.001
0.00

0.000
0.01

0.0
0.000
0.000

0.0
1750
250

0.02
0.55

Max

22.0
11.9

2.6
26.6

6.2
8.08
73.0

112.0
244

61
1190
26.5
30.0

13.60
4.2

27.8
10.10
0.288
0.050

1.67
0.26
0.22

0.000
0.043
0.016
0.70

0.002
0.27

0.001
0.02

0.2
0.000
0.000

0.0
8000

490
0.88
7.60

# of
Samples

26
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
25
26
26
26
26

I



Table 5.1-6. Summary of Perkiomen Creek Mater quality at Station P14390, 14 January 1987 throusdg 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/1)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/i)
pH
Total Alkalinity (mg/i)
Total Hardness (mg/i)
Specific Conductance (usm/cm)
Total Suspended Solids (ms/l)
Total Dissolved Solids (ms/l)
Chloride (mm/i)
Sulfate (mg/li
Sodium (mg/l)
Potassium (mg/i)
Calcium (mm/1)
Magnesium (mg/1)
Ammonia Nitrogen (mg/i)
Nitrite Nitrogen (mg/I)
Nitrate Nitrogen (mm/I)
Total Phosphate Phosphorus (mg/i)
Ortho Phosphate Phosphorus (mm/I)
Cadmium (mm/i)
Chromium (mm/1)
Copper (mg/l)
Iron (mg/l)
Lead (mg/i)
Manganese (mg/I)
Nickel (mg/i)
Zinc (mu/l)
Mercury (ug/l)
Cyanide, Total (ms/l)
Phenols (mg/I)
Trichloroethylene (ug/l)
Total Coliforms (MF) (W/.11)
Fecal Coliforms (MF) (c/.II)
Aluminum (mm/I)
Sulfide (mg/I)

Dec, Jan, feb
Min Med Max

0.0 1.0 7.0
10.2 12.1 14.5
0.7 2.0 3.3
0.0 0.0 25.2
2.8 3.2 5.2

7.53 7.65 7.99
38.2 47.1 58.5
79.7 90.3 111.0

197 240 275
0 3 22

115 153 175
15.8 22.3 27.7
19.7 26.2 38.6
9.50 14.20 15.50

3.2 4.4 7.5
13.9 20.0 24.8
6.20 8.76 9.70

0.041 0.146 0.213
0.019. 0.025 0.042

1.39 2.03 2.74
0.00 0.12 0.40
0.00 0.03 0.10

0.000 0.000 0.001
0.002 0.003 0.005
0.000 0.001 0.004
0.12 0.20 1.10

0.000 0.000 0.005
0.00 0.00 0.10

0.000 0.000 0.002
0.00 0.00 0.02
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 3.3
290 700 8100
40 100 820

0.11 0.26 1.20
0.00 0.00 0.90

Mar, Apr,
Min Med

3.0
8.8
1.2
0.0
2.9

7.57
41.7
67.1

195
2

132
11.3
16.1

10.60
1 .8

14.8
5.96

0.032
0.012
0.72
0.06
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
130

17
0.06
0.00

10.0
10.8
3.1
0.0
3.5

7.70
51.3
82.0

217
5

161
18.6
24.8

11.60
3.0

19.6
8,74

0.046
0.039

1.41
0.07
0.00

0.000
0.000
0.005
0.16

0.000
0.00

0.000
0.01
0.0

0.000
0.000

0.0
1130
205

0.19
0.00

May
Max

16.5
12.6

3.7
11.7
4.2

8.64
55.3
99.9
261
10

189
28.9
28.7

14.70
3.9

23.4
9.98

0.060
0.102

2.11
0.30
0.05

0.000
0.002
0.007
0.56

0.002
0.12

0.006
0.03

0.0
0.000
0.000
8.7

5000
460

0.79
0.30

Jun, Jul, Aug
Mtn Med Max

20.0 23.5 26.0
6.0 8.4 13.0
0.9 2.3 8.5
0.0 11.8 29.3
3.9 4.4 5.5

7.62 8.10 8.81
22.2 71.7 74.7
80.7 111.6 116.6
185 289 309

1 4 73
158 209 953

15.8 28.2 34.5
18.0 23.7 34.0
9.20 21.49 22.00
2.4 4.2 5.4
7.9 22.6 31.1

5.60 9.40 11.00
0.000 0.039 0.200
0.020 0.040 0.980

0.29 0.74 1.00
0.12 0.16 0.29
0.00 0.09 0.26

0.000 0.000 0.000
0.000 0.000 0.004
0.000 0.002 0,006

0.00 0.14 1.40
0.000 0.000 0.007

0.00 0.10 0.21
0.000 0.001 0.006

0.01 0.02 0.04
0.0 0.0 0.5

0.000 0.000 0.005
0.000 0.000 0.000

0.0 0.0 0.0
190 700 2500
52 150 600

0.00 0.03 0.80
0.00 0.40 1.50

Sep, Oct. Nov
Min Med Max

11.0 13.0 22.0
7.7 9.4 10.6
1.3 1.9 2.2
0.0 11.9 27.0
3.7 5.0 5.7

7.38 7.60 7.76
20.1 60.2 77.2
93.8 108.0 123.0

144 230 268
2 7 80

132 165 189
16.6 21.3 32.6
14.5 26.1 33.0
7.70 13.40 20.90
2.6 3.3 5.6
9.1 19.4 32.2

4.71 8.50 12.40
0.000 0.015 0.215
0.018 0.025 0.061

0.86 1.20 1.54
0.06 0.09 0.32
0.00 0.09 0.24

0.000 0.000 0.000
0.000 0.002 0.017
0.001 0.003 0.013

0.10 0.12 1.20
0.000 0.001 0.015

0.00 0.00 0.26
0.000 0.001 0.003

0.00 0.02 0.02
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0
80 2600 8000
14 675 7680

0.00 0.07 1.42
0.00 0.35 5.70

# of
Samples

25
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26



Table 5.1-7. New minimum values observed for water quality parameters measured
in 1987 at station P18700 on the Perklomen Creek.

Season

Mlar, Apr, May

Jun, Jul# Aus

Sep, Oct, Nov

Parameter

Cadmium (ms/I)
Nickel (ms/i)
Mercury (us/1)
Aluminum (ms/I)

Potassium (ms/I)
Cadmium (ms/1)
Nickel (ms/1)
Mercury (us/I)
Aluminum (ns/l)

Value

0.000
0.000

0.0
0.09

1.6
0.000
0.000

0.0
0.00

26.4
14.0
5.19

22

Date

03/11/87
03/11/87
03/11/87
04/22/87

07/29/87
06403/87
07/01/87
06/03/87
06/17/87

09/09/87
09/09/87
09/09/87
11/04/87

Total Alkalinity (ms/1)
Sulfate (ms/i)
Magnesium (ms/i)
Fecal Coliforms (HF) (c/.1l)

Table 5.1-8. New maximum values observed for water quality parameters measured
In 1987 at station P18700 on the Perkiomen Creek.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul, Aus

Sep. Oct. Nov

Parameter

Cadmium (Um/1)

pH
Nitrite Nitrogen (ms/I)
Cadmium (ms/I)
Nickel (mg/I)
Mercury (us/i)
Aluminum (ms/I)
Chemical Oxygen Demand (ms/I)
Trichloroethylene (ug/I)

Total Suspended Solids (mg/1)
Total Dissolved Solids (mg/I)
Nitrite Nitrogen (ms/i)
Cadmium (ms/I)
Manganese (ms/i)
Nickel (ms/I)
Mercury (us/I)
Aluminum (mg/1)
Cyanide, Total (ms•i)

Total Dissolved Solids (Wm/I)
Cadmium (ms/I)
Chromium (ms/1)
Mercury (us/1)
Sulfide (ma/1)

Value

0.001

9.15
0.097
0.000
0.005

0.6
0.71
43.6

7.7

40
354

1.110
+0.000
0.22

0.002
0.0

1.00
0.005

1190
0.000
0.043

0.2
7.60

Date

12/02/87

03/24/87
03/11/87
03/11/87
05/20/87
05/06/87
04/08/87
03/24/87
03/24/87

07/15/87
07/15/87
06/17/87
06/03/87
07/15/87
06/03/87
06/03/87
08/12/87
08/26/87

09/23/87
09/23/87
09/09/87
11/18/87
10/21/87



Table 5.1-9. Hem minimum values observed for water quality parameters measured
in 1987 at station P14390.on the Perklomen Creek.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sep, Oct, Nov

Parameter

Total Phosphate Phosphorus (ms/l)

Sulfate (mg/I)
Cadmium (mg/I)
Iron (ms/i)
Nickel (mg/1)
Mercury (us/1)
Aluminum (ms/I)

Calcium (ms/1)
Cadmium (mg/1)
Mercury (us/i)
Aluminum (ms/1)

Total Alkalinity (ms/I)
Specific Conductance (usm/cn)
Sulfate (mg/1)
Sodium (ms/l)
Calcium (mg/i)
Magnesium (ms/I)

Value

0.00

16.1
0.000

0.00
0.000

0.0
0.06

7.9
0.000

0.0
0.00

Date

01/14/87

05/20/87
03/11/87
03/11/87
03/11/87
03/11/87
04/22/87

07/1S/87
06/03/87
06/03/87
06/17/87

09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87

20.1
1'44

14.5
7.70

9.1
4.71

Table 5.1-10. Hew maximum values observed for water quality parameters measured
In 1987 at station P14390 on the Perklomen Creek.

Season
.-------------.

Deep Jan, Feb

Mar, Apr, May

Jun, Jul, Aug

Sep, Oct, Nov

Parameter

Cadmium (mg/])
Nickel (ms/i)
Trichloroethylene (ug/I)

Total Phosphate Phosphorus (ms/I)
Cadmium (ms/l)
Nickel (ms/I)
Mercury (us/1)
Aluminum (ms/I)
TrIchloroethylene (us/I)

Biochemical Oxygen Demand (ma/i)
Total Dissolved Solids (ms/i)
Ammonia Nitrogen (ms/i)
Nitrite Nitrogen (ms/l)
Ortho Phosphate Phosphorus (ms/i)
Cadmium (mg/i)
Nickel (ms/i)
Mercury (us/i)
Aluminum (ms/i)
Cyanide, Total (ms/i)
Sulfide (us/1)

Cadmium (ms/i)
Lead (mg/i)
Nickel (mg/I)
Fecal Coliforms (MF) (e/.1l)
Sulfide (ms/i)

Value

0.001
0,002

3.3

0.30
0.000
0.006

0.0
0.79
8.7

8.s
953

0.200
0.980

0.26
0.000
0.006

0.5
0.80

0.005
1.50

0.000
0.015
0.003
7680
5.70

Date

12/02/87
12/16/87
02/25/87

05/06/87
03/24/87
04/08/87
03/11/87
04/08/87
03/24/87

06/03/87
06/03/87
07/15/87
06/1 7/87
06/17/87
07/29/87
06/03/87
07/15/87
07/15/87
07/01/87
07/01/87

09/09/87
09/09/87
11/04/87
09/09/87
10/21/87
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5.2 Fish

Introduction and Methods

Fishes inhabiting a 6-km reach of Perkiomen Creek between

Schwenksville and Graterford, Pennsylvania, were studied from 1970-

1978 and from 1981-present, to establish a preoperational baseline for

comparison with data collected following start-up of the Point-

Pleasant Water Diversion Project. Studies since 1981 have consisted

of monthly seine collections at a station in Schwenksville (reported

on in Section 4.3) and periodic (monthly or bimonthly) electrofishing

surveys at four stations (Table 5.2-1 and Fig. 5.2-1). Stations and

methods were described in RMC Environmental Services (1984).

The objective of this report is to briefly summarize results of

the 1987 electrofishing survey. A more detailed treatment of the data

including that collected in 1987 is planned for the future after water

is diverted to and withdrawn from Perkiomen Creek for consumptive use

at LGS.

Summary of 1987 Results

In 1987, a total of 4,378 fish of 21 species and three hybrids was

collected in 21.7 hours of electrofishing (Table 5.2-2). Annual CPUE,

202 fish/hour, declined for the first time in four years. Four

species exceeded 10% of the annual catch; in decreasing order these

were redbreast sunfish (30.6%), white sucker (14.7%), rock bass

5.2-1



(13.3%), and pumpkinseed (12.6%). Green sunfish and smallmouth bass

comprised 6.5 and 5.9% of the total catch, respectively. Compared to

1986, relative density of white sucker, yellow bullhead, pumpkinseed,

largemouth bass, and brown bullhead increased while relative densities

of rock bass, redbreast sunfish, green sunfish, bluegill, carp, and

smallmouth bass declined. Most differences were small; however,

relative density of smallmouth bass declined from 9.7% in 1986 to 5.9%

in 1987. Catches were distributed relatively evenly among the

stations, except for a somewhat lower catch at P14030, which is con-

sistent with previous data.

For the second year in a row a chain pickerel was collected at

P20035. Although common in Pennsylvania, this species is rare in

Perkiomen Creek. Six target species known or thought to occur in the

stream were not collected in 1987; these were margined madtom, nor-

thern pike, muskellunge and its hybrid with northern pike, brook

trout, rainbow trout, and brown trout. Hybrid northern pike x muskel-

lunge have been collected in small numbers each year since 1981;

several large individuals 0) 5 kg) were caught in 1987. Salmonids are

seasonally stocked upstream of the study area and in tributaries, but

none was collected in 1986.

The large fish community at each station (Tables 5.2-3 to 5.2-6)

appeared similar and composition at each station was similar to that

observed in 1986 (RMC Environmental Services 1987a). Due to the

proximity of stations to each other, station-to-station differences

5.2-2



were probably due more to local differences in habitat rather than a

shift in community structure due to longitudinal zonation.

5.2-3



Table 5.2-1. Summary of the Perkiomen Creek
Creek electroflshinr stations
and months 1961 - 1987.

Station A M J J A 5 0 N Total

P20035 1981 X X X X 4
1982 X X X X 4
1983 X X X X 4
1984 X X X X 4
1985 X X X X 4
4986 X X X X 4
1987 X X X X 4

28

P14540 1981 X X X X 4
1982 X X X X 4
1983 X X X X 4
1984 X X X X 4
1985 X X X X 4
1986 X X X X 4
1987 X X X X 4

28

P14170 1981 X X X X 4
1982 XX X X 4
1983 X X X X 4
1984 X X X X 4
1985 X X X X 4
1986 X X X 3
1987 X X X X 4

27

P14030 1981 X X X X 4
1982 XX X X 4
1983 X X X 3
1984 X X X X 4
1985 X X X X 4
1986 X X X 3
1987 X X X X 4

26

109

I



Table 5.2-2. Annual relative abundance of target fishes from the
Perkiomen Creek electrofished In 1987 (+ a Less than
0.1., CPUE z fish per hour).

Speci es

American eel Catc

CPU

Chain pickerel

Esox hybrid

Goldfish

Carp

Golden shiner

Fallfish

linnow hybrid

WIt•e sucker

Creek chubsucker

White catfish

Yellow. bullhead

Brcwn bullhead

Chamnel catfish

Rock bass

Redbreast sunfish

Green sunfish

Pumpkinseed

Catc

CPU

Catc

CPU

Catc

CPU

Catc

CR.

Catc

CPU

Catc

CPU

Catc

CRU

Cate

CPU

Catc

CPU

Catc

CPU

Catc

CPU

Cate

CPU

Catcl

CPU!

Catce

CPU

Catce

CPUE

Catce

CPUE

Catce

CPUR

P14030 P14170 P14540 P20035 Total
3.00 Hr 4.25 Hr 7.98 Hr 6.47 Hr 21.70 Hr

h - 1 3 3 7
. - 0.1 0.3 0.3 0.2

PE - 0.24 0.38 0.46 0.32

h - - - I
. - - 0.1 +

FE - 0.15 0.05

h - 2 3 6
. 0.1 - 0.2 0.3 0.1

FE 0.33 - 0.25 0.46 0.28

h - I I - 1 2
- 0.1 0.1 - 0.1

JE - 0.24 0.13 - 0.09

h 12 2 35 78 127
y 1.7 0.1 2.9 7.8 2.9
JE 4.00 0.47 4.39 12.06 5.85

h - 5 4 - 9
. - 0.3 0.3 - 0.2

E 1.18 0.50 - 0.41

h - - 3 4 7
- - 0.3 0.4 0.2

E - - 0.38 0.62 0.32

h - - 4 - 4
x - - 0.3 - 0.1
E - - O.SO - 0.18

h 97 88 223 235 643
. 13.6 6.1 18.4 23.5 14.7

E 32.33 20.71 27.94 36.32 29.63

h 2 9 4 2 17
x 0.3 0.6 0.3 0.2 0.4
E 0.67 2.12 0.50 0.31 0.78

- - 2 2 4
. - 0.2 0.2 0.1
E - - 0.25 0.31 0.18

20 70 47 5 142
. 2.8 4.8 3.9 0.5 3.2

E 6.67 16.47 5.89 0.77 6.54

4 23 25 2 54
7 0.6 1.6 2.1 0.2 1.2
E 1.33 5.41 3.13 0.31 2.49

'h I - - 1
. 0.1 - - - +

E 0.33 - - - 0.05

h' 165 198 133 84 580
X 23.1 13.6 11.0 8.4 13.3
E 55.00 46.59 16.67 12.98 26.73

h 264 617 246 214 1341
. 37.0 42.5 20.3 21.4 30.6
E 88.00 145.18 30.83 33.08 61.80

h 22 96 85 81 284
x 3.1 6.6 7.0 8.1 6.5
E 7.33 22.59 10.65 12.52 13.09

h 64 198 204 86 552
y 9.0 13.6 16.9 8.6 12.6
E 21.33 46.59 25.56 13.29 25.44



Table 5.2-2. (continued)

. SpecIesBluesill

P14030 P14170 P14540 P20035 Total
3.00 Hr 4.25 Hr 7.96 Hr 6.47 Hr 21.70 Hr

Catch 6 39 56 94 195
Y 0.8 2.7 4.6 9.4 4.5

CRUE 2.00 9.18 7.02 14.53 8.99

Lepomuis hybrid Catch 3 12 28 22 65
v 0.4 0.8 2.3 2.2 1.5

CPUE 1.00 2.82 3.51 3.40 3.00

Suallmouth bass Catch 45 69 86 56 256
X 6.3 4.8 7.1 5.6 5.9

CPJE 15.00 16.24 10.78 8.66 11.80

Largemouth bass Catch 7 24 16 21 68
x 1.0 1.7 1.3 2.1 1.6

CRIE 2.33 5.65 2.01 3.25 3.13

White crappie

Black crappie

Catch

CPUE

- 0 0
- 0.1 +
- 0.15 0.05

Catch - 1 3 8 12
x - 0.1 0.3 0.8 0.3

CPUE - 0.24 0.38 1.24 0.55

Catch 713 1453 1020 1002 4378

x



Table 5.2-3. Monthly species composition and relative abundance of tartet fishes
electrofished from the Perkiomen Creek at P14030 in 1987 (+ = Less than 0.1O).

Spec I es

Esox hybrid

May Jul
0.58 Hrs 1.08 Hr

1
0.9
1.7

Sep
rs 0.53 Hrs

-- -- -- -

Nov
0.80 Hrs

Carp

White sucker

Creek ch-bsucker

Yellow bullhead

Brown bullhead

Channel catfish

Rock bass

Redbreast sunfish

Green sunfish

Pumpk i nseed

Bluegill

Catch

CR1!

Catch
CPUE

Catch
CPUE

Catch

'.

CPJE

Catch

'CKCPUE

Catch
CPUE

Catch

'C

CPUE

Catch
CPUE

Catch
CPUE

Catch
CPUE

Catch
'C

CPUE

Catch

CPU

CaR1h

2
1.7
3.4

1 9
0.6 5.0
1.9 11.3

8 20 29
6.8 8.3 16.6

13.8 18.5 54.7

40
22.3
50.0

-- -- - 2
- . -- 1.1
-- " -- 2.5

3 3 6 8
2.6 1.2 3.4 4.5
5.2 2.8 11.3 10.0

4
2.2
5.0

53
45.3
91.4

31
26.5
53.4

2
1.7
3.4

4
3.4
6.9

1
0.4
0.9

50
20.7
46.3

104
43.0
96.3

14
5.8

13.0

33
13.6
30.6

5
2.1
4.6

31
17.7
58.5

80
45.7

150.9

11

6.3
20.8

1

0.6
1.9

31
17.3
38.8

49
27.4
61.3

6
3.4
7.5

16
8.9

20.0



. ble 5.2-3. (continued)

Species

Lepowis hybrid Catch

CRJE

May
0.58 Hrs

0.9
1.7

Jul
1.08 Hrs

0.4
0.9

Sep
0.53 Hrs

NoV
0.80 Hrs

1

0.6
1.3

Seal imouth bass

Largemouth bass

Catch
Y

CKJE

Catch

CPUE

12 11 16 6
10.3 4.5 9.1 3.4
20.7 10.2 30.2 7.5

7
3.9
8.8

CPUE a NuLber caught per hour of electroftshins.



Table 5.2-4. Monthly species composition and relative abundance of target fishes
electrofished from the Perklomen Creek at P14170 in 1987 (+ a Less than 0.1').

Species

American eel

May
0.77 Hrs

Jul
1.02 Hrs

Sep
1.22 Hrs

0.2
0.8

Nov
1.25 Hrs

GoldfIsh

Carp

Golden shiner

thi te sucker

Creek chubsucker

Yellow bullhead

Brown bullhead

Rock bass

Redbreast sunfish

Catch

CFUE

Catch
x

CPUE

Catch
x

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPJE

Catch

CPUE

Catch
x

CRUE

Catch

CPUE

Catch
x.

CRUE

-- - -- 1

- - - 0.4
- - - 0.8

0.5 - -

2.6 - -

- 2 2 1
- 0.6 0.5 0.4
- 2.0 1.6 0.8

10 19 49 10
2.3 5.7 12.0 3.5

13.0 18.6 40.2 8.0

1 2 2 4
0.2 0.6 0.5 1.4
1.3 2.0 1.6 3.2

14 17 24 15
3.3 5.1 5.9 5.3

18.2 16.7 19.7 12.0

4 3 6 10
0.9 0.9 1.S 3.5
5.2 2.9 4.9 8.0

79
18.S

102.6

161
37.7

209.1

38 35 46
11.4 8.6 16.1
37.3 28.7 36.8

163
48.8

159.8

182
44.7

149.2

Ii1
38.9
88.8

Green sunfish

Pumpk Inseed

39 26 28 3
9.1 7.8 6.9 1.1

50.6 25.S 23.0 2.4

58 45
13.6 13.5
75.3 44.1

44 51
10.8 17.9
36.1 40.8



I.able 5.2-4. (contInued)

Species 0.

Bluegill Catch

CpUE

Lepomis hybrid Catch
CPUE

Smallmouth bass Catch
CPUE

Largemouth bass Catch
CPUF

Black crappie Catch
CPUE

CRIE a NImber caught per hour

May Jul S
77 Hrs 1.02 Hrs 1.2

22 3
5.2 0.9

20.6 2.9

7 4
1.6 1.2
9.1 3.9

26 11
6.1 3.3

33.8 10.8

4 1
0.9 0.3
5.2 1.0

of electroflshtns.

ep
2 Hrs

12
2.9
9.8

18
4.4

14.8

4
1.0
3.3

Nov
1.25 Hrs

2

0.7
1.6

1
0.4
0.8

14
4.9

11.2

15
5.3

12.0

1

0.4
0.8



Table 5.2-5. Monthly species composition and relative abundance of target fishes
electrofished from the Perkiomen Creek at P14540 In 1987 (+ = Less than 0.1X).

SpecIes

American eel

Esox hybrid

Goldfish

Carp

Golden shiner

FallfIsh

Catchx
CIUE

Catch

CPUE

Catch

CFUE

Catch

CRIE

Catch

CPUE

CatchCRJE

Catch
CR)E

Catch

CPUE

Catch

CPUE

Catch

CRJE

Catch

CRJE

Catch

CPUE

Catch

Catch

Catch
x.

CRJE

May Jul Sep Nov
1.40 Hrs 1.98 Hrs 2.33 Hrs 2.27 Hrs

- 1 2 -
- 0.5 0.7 -
- 0.5 0.9 -

9 11
2.8 5.3
6.4 5.6

9 6
3.3 t.5
3.9 2.6

1
0.3
0.7

1

0.3
0.7

2
0.6
1 .4

2
0.7
0.9

t
0.2
0.4

3
0.7
1.3

Mirwnnm hybrid

White sucker

Creek chubsucker

14hite catfish

Yellow bullhead

Drown bullhead

1 2 1 -

0.3 1.0 0.4
0.7 1.0 0.4 -

41 28 98 56
12.7 13.4 36.3 13.7
29.3 14.1 42.1 24.7

- - 1.5
- - 1.7?

1
0.3
0.7

1
0.4
0.4

12 8 0 19
3.7 3.8 3.0 4.6
8.6 4.0 3.4 8.4

6 5 5 9
1.9 2.4 1.9 2.2
4.3 2.5 2.1 4.0



. able 5.2-5. (continued)

May Jul Sep Noy
1.40 Hrs 1.98 Hrs 2.33 Hrs 2.27 HrsSpecies

Rock bass

Redbreast sunfish

Green sunfish

Pumpkinseed

Oluegill

Lepouls hybrid

Smalluouth bass

Larsemouth bass

Black crappie

Catch

CMUE

Catch

CRJE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

x

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

40
12.4
28.6

67
20.8
47.9

36
11.2
25.7

64
19.9
4S.7

10
3.1
7.1

9
2.8
6.4

18
5.6

12.9

4
1.2
2.9

30.
14.4
15.2

43
20.6
21.7

21
10.0
10.6

35
16.7
17.7

5
2.4
2.5

6
2.9
3.0

11
5.3
5.6

3
1.4
1.5

18
6.7
7.7

47
17.4
20.2

15
5.6
6.4

37
13.7
15.9

4
1.5
1.7

2
0.7
0.9

13
4.0
5.6

4
1.5
1.7

45
11.0
19.8

89
21.8
39.2

13
3.2
5.7

68
16.6
30.0

37
9.0

16.3

11
2.7
4.8

44
10.8
19.4

5
1.2
2.2

3
- 0.7
- 1.3

CPRE = Number caught per hour of electroflshing.



Table 5.2-6. Monthly species coqmos1tion and relative abundance of target fishes
electrofished from the Perkiomen Creek at P20035 In 1907 (+ a Less than 0.1,).

pay Jul
1.55 Hrs 1.95 Hrs

Sep Nov
1.18 Hrs 1.78 HrsSpecies

American eel

Chain pickerel

Esox hybrid

Cam'p

Fallfish

White sucker

Creek chubsucker

White catfish

Yellco bullhead

Bros. bullhead

Rock bass

Redbreast sunfish

Catch 1 2 -
x 0.2 0.8 -

CPUE 0.6 1.0 -

Catch - -
x - - -

Catch I I
7 0.2 0.4

CPUE 0.6 0.5 -

Catch 24 17 2
x 5.4 6.7 1.4

CPUE 15.5 8.7 1.7

Catch 3 - -
x 0.7 - -

CPUE 1.9 - -

Catch 77 51 20
X 17.4 20.1 14.3

CPUE 49.7 26.2 16.9

Catch - - 2
x - - 1.4

CPUE - - 1.7

Catch - - -

CR1 - - -CFRUE -

Catch 2 1 -
x 0.5 0.4 -

CRJE 1.3 0.5 -

Catch - - -
x - - -

CR12 - - -

Catch 42 24 11
x 9.5 9.4 7.9

CRUE 27.1 12.3 9.3

Catch 80 85 43
x 18.1 33.5 30.7

CFUE 51.6 43.6 36.4

1

0.6

0.6

35
21.1
19.7

1
0.6
0.6

87
52.4
48.9

2
1.2
1.1

2
1.2
1.1

2
1.2
1.1

7
4.2
3.9

6
3.6
3.4



. able 5.2-6. (continued)

Species

Green sunfish Catch

Pumpk I rseed Catch

CPUE

Bluegill Catch

CFUE

Lepomis hybrid Catch

CPUE

Sualluouth bass Catch

CPUELargemouth bass Catch

Whlte crapple Catch

CPUE

Black crappie Catch

CPU E

May Jul
1.55 Hrs 1.95 Hrs

46 20
10.4 7.9
29.7 10.3

51 18
11.5 7.1
32.9 9.2

59 15
13.3 5.9
38.1 7.7

12 7
2.7 2.8
7.7 3.6

32 12
7.2 4.7

20.6 6.2

7
1.6
4.5 -

1 -

0.2
0.6

4 1

Sep NoV
1.18 Hrs 1.78 Mrs

11 4
7.9 2.4
9.3 2.2

12 $
8.6 3.0

10.2 2.6

18 2
12.9 1.2
15.3 1.1

3
2.1
2.5

9 3
6.4 1.8
7.6 1.7

8 6
5.7 3.6
6.8 3.4

0.9 0.4 0.7 1.2
2.6 0.5 0.8 1.1

C•UE a Number caught per hour of electroftshlns.
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6.0 Schuylkill River

The Schuylkill River flows 209 km from its source at Tuscarora

Springs in Schuylkill County to its confluence with the Delaware River

at Philadelphia. The river drains a 4,972 kmZ watershed that includes

portions of the Appalachian Mountain, Great Valley, Reading Prong,

Triassic Lowland, Piedmont Upland, and Coastal Plain physiographic

regions in southeast Pennsylvania.

Typically, the river in the vicinity of LOS is 100 m wide, low

gradient (0.5 m/km), and discharges 53 m3/second. Except for a 3-km,

long pool above Vincent Dam, the study area is 95% run habitat over a

gravel-rubble substrate. Riffle and shoal habitats comprise most of

the remaining study area. Few backwaters are present and those that

exist are small in size but can be important reproductive# nursery,

and refuge areas for fish and other aquatic organisms. In most years,

dense stands of aquatic vegetation develop during the warmer months.

Between the blowdown discharge structure and the cooling water intake,

the river is divided into two channels by Limerick Island, the only

substantial, heavily wooded island in the study area.

Ecological studies were conducted from 1970 through 1978 and are

summarized in Section 2.2.2.1 of the LGS EROL (Philadelphia Electric

Company 1981). Additional studies of water quality (1979-1986),

benthic macroinvertebrates (1983-1986) and fish (1980-1986) were

reported in subsequent progress reports (RMC Environmental Services
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1984, 1985, 1986, and 1987a). All non-radiological environmental

monitoring programs conducted in 1986, except for entrainment, were

continued in 1987. Additionally, a creel survey was again conducted

during the 1987 recreational fishing season (April-September).

Ecological studies have focused on a 10-km reach extending upriver

from Vincent Dam (571960) to just above the Hooker Chemical Company

plant (582000) (Fig. 6.0-1). This reach includes an area upriver from

and unaffected by LGS, and areas adjacent to and downriver from LGS

that are potentially affected by the station. Sources of potential

environmental impact include plant-site runoff from areas disturbed by

the ongoing construction of LGS Unit 2, and the effects of water with-

drawal from and-discharge to the Schuylkill River. Discharge from LGS

is comprised of cooling tower blowdown mixed with treated domestic

wastewater, yard, and roof drainage.

An operational history of LGS reveals that 1987 was the third year

of plant operation and the second year of operation in a full-power

commercial mode (Fig. 6.0-2). Consequently, monitoring studies have

provided varying quantities of postoperational data, depending on the

environmental component studied and its potential exposure to impacts

of LOS operation. The objectives of Section 6 are to summarize

results of all 1987 non-radiological environmental monitoring programs

on the Schuylkill River and to evaluate any environmental impacts from

LOS operation that may be evident from comparisons of preoperational

and postoperational data.
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As in previous sections of this report, summaries of 1987 results

are limited to tabular and graphical presentations of 1987 data,

coupled with limited narratives that compare them with previously

reported information. The identification and evaluation of LGS-

related environmental impacts comprise the focus of this report

section. Assessments incorporate appropriate statistical summaries

and analyses of both preoperational and postoperational data.

Emphasis has been placed on concise descriptions of the rationales,

assumptions* methods, and interpretations of these preoperational-

postoperational comparisons. Any potential environmental concerns are

then identified and discussed.
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6.1 Water Quality

Introduction and Methods

Water quality studies of the Schuylkill River near LOS were

initiated in May 1974 and continued through 1987. Data obtained in

1987 are summarized in this progress report. Program objectives were

to monitor ambient water quality, complement concurrent ecological

studies, and evaluate water quality changes in relation to LOS

operation.

Daily river discharge data were obtained from the U.S.G.S. gaging

station in Pottstown, Pennsylvania. Water temperatures were obtained

from daily measurements made at the Pottstown water treatment plant.

Daily flow and temperature records were compiled for 1987 and used to

determine minimum, maximum, mean, and median values for each month of

the year. These values were then compared to similar values deter-

mined over the much longer period of record (1970-1987) for which data

were available.

Schuylkill River water chemistry was monitored biweekly in 1987 at

two stations (Fig. 6.1-1). Station S77660 was located 200 m upstream

of the LGS intake where water quality was considered representative of

ambient conditions as well as intake water withdrawn for use at LOS.

Station S77140 was located 100 m downstream of the LOS discharge.

Water at this location was assumed to be comprised of the combined ef-

fluent from all LOS-related sources (including plant-site runoff en-
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tering Possum Hollow Run) after mixing with one-third of Schuylkill

River flow. It was estimated in the EROL that approximately one-third

of the Schuylkill River is available for immediate mixing because of

the island which splits the channel at the discharge location.

Monitoring for several chemical parameters

initiated in 1986. Monitoring for the heavy metals

and mercury, which were first monitored in 1975-1978

aluminum were continued in 1987.

was resumed or

cadmium, nickel,

for the EROL, and

Field methods consisted of collecting subsurface grab samples near

mid-channel or, in cases of high flow, near the Montgomery County

shore. Samples were preserved and analyzed using standard, widely ac-

cepted methods.

Results and Discussion

Flow and Temperature

U.S.G.S. daily discharge records for the Schuylkill River in 1987

are presented in Table 6.1-1 and Figure 6.1-2; those for the period of

record (1970-1987) are presented in Table 6.1-2 and Figure 6.1-3.

Schuylkill River water temperature data obtained from the Pottstown

water treatment plant are summarized for 1987 in Table 6.1-3 and

Figure 6.1-4 and for the period of record 1970-1987 in Table 6.1-4 and

Figure 6.1-5.
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The period June to early September was characterized by low flow

conditions. A new minimum monthly flow (487 cfs) was established on

20 June. On 9 September a new monthly maximum flow was observed with

a peak flow of 22,900 cfs. The remainder of the year consisted of

moderate flow alternating with periods of high flow.

Mean monthly flows in 1987 were below mean monthly flows for the

period 1970-1987 except for the month of September. Except for the

months of January and September, median monthly flows were below the

median monthly flows for the period of record.

Mean monthly temperatures were warmer than average for the period

of March-August, and December. The September average was one degree

below the 1970-1987 average while January-February and October-

November was the same as the period of record. No new maximum or

minimum values were measured in 1987.

Water Chemistry

Seasonal summaries of water chemistry data for station S77660 for

the period 1979-1987 are presented in Table 6.1-5 and for 1987 in

Table 6.1-6. New maximum and minimum values established in 1987 are

presented in Tables 6.1-7 and 6.1-8, respectively.

Seasonal summaries for station 577140 are presented in Table 6.1-9

for 1979-1987 and Table 6.1-10 for 1987. New maximum and minimum

values are presented in Tables 6.1-11 and 6.1-12, respectively. In
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general, any differences between the upstream station (577660) and the

station below the LGS discharge (577140) were within the normal range

of variability for the parameter.

A number of new maximum values were established at both stations

during the year. Some of the maxima were attributable to the short

period of record for the metals aluminum, cadmium, mercury, and

nickel. In the following discussion these metals will not be included

due to their incorporation as new maxima as being first detected or

slight extensions of the previous limited record.

During the winter quarter new maxima were observed at both

stations for nitrate nitrogen, potassium, and sulfide. Nitrate ni-

trogen maxima were established 21 January at both stations. At the

upstream station the new value represents a 0.2 mg/l increase while at

the downstream station the increase was 1.4 mg/1. The potassium

maxima represent an increase of 2 mg/l upstream and 0.3 mg/l

downstream. The increase in the sulfide maximum was 3.8 mg/l upstream

and 0.7 mg/l downstream. An additional maximum was established down-

stream for sodium that was 36 mg/l higher than the previous maximum

value.

New maxima during the spring quarter common to both stations were

potassium (22 April) and nitrite nitrogen (11 March). The increase

for potassium was 2.9 mg/I upstream and 0.5 mg/l downstream. Nitrite

nitrogen levels increased slightly at both stations with an increase
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of 0.04 mg/1 upstream and 0.02 mg/i downstream. A slight increase in

the total alkalinity maximum of 1.4 mg/I was also observed in the dow-

nstream station.

A number of new maxima were observed during the summer quarter at

both stations, many of which occurred on 15 July. The daily flow

record (Table 6.1-1) indicates a pulse of moderate flow for 14-16 July

following a period of low flow. The summer quarter also coincides

with a period of zero generation at LGS (16 May-30 August).

New maxima for total dissolved solids were established at both

stations on I July which was preceeded by a week of low flow. The in-

crease in the new maximum concentrations was 368 mg/l upstream and

1,500 mg/i downstream. Four new maxima were common to both stations

on 15 July. These included total suspended solids, iron, manganese,

and sulfide. Both the iron and sulfide maxima changed by less than

0.5 mg/I. The iron values increased by approximately 6 mg/l upstream

and downstream. Both stations also had an approximate 60 mg/i in-

crease in total suspended solids. Additional new maxima at the up-

stream station for the quarter included specific conductance and total

alkalinity on 26 August, nitrate nitrogen, cyanide, and sulfide. The

additional upstream maxima were not significantly greater than

previous maxima.

Additional maxima observed at the downstream station include lead,

sulfide, and trichloroethylene on 15 July. The increase in lead and
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sulfide was less than 0.2 mg/I while the trichloroethylene maximum re-

presented a first detection for the quarter.

All the maxima observed during the fall quarter were associated

with the record maximum flow recorded for the date of sampling,

9 September. Maxima common to both stations included total suspended

solids, copper, iron, and manganese. The copper and manganese maxima

were not appreciably different than the previous values. The total

suspended solids increased 183 mg/I upstream and 275 mg/l downstream.

Changes in the iron maxima were 5 mg/I upstream and 10 mg/l

downstream. Additonally, a new maximum slightly higher than the

previous value was established upstream for total phosphate

phosphorus. At the downstream station new maxima for lead and phenol

were observed with less than 0.1 mg/l increase. The chemical oxygen

demand maximum doubled at the downstream station.

Schuylkill River Water Quality Trends and
Limerick Generating Station Operational Effects:

Preoperational-Postoperational Comparisons

Monitoring of Schuylkill River water quality commenced in 1974 and

continued through 1987. Seasonal water quality data for the period

1975-1978 was presented in the EROL. Seasonal water quality data for

the period 1979-1986 were presented in the four previous LGS progress

reports.
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Parameters that were monitored during the preoperational period

included several major cations and anions. These included the cations

sodium, potassium, calcium, and magnesium and the anions chloride,

sulfate, and bicarbonate (based on alkalinity determinations).

Conversion of the reported seasonal median data (mg/1) to the appro-

priate milli-equivalents per liter (meq/l) allows for a stoichiometric

presentation of the data (i.e., one milli-equivalent of a cation will

react with one milli-equivalent of a corresponding anion). Conversion

of the concentrations of major anions and cations and the correspond-

ing plots are called Stiff diagrams. The diagrams are a graphic

presentation of the laboratory reported concentrations. The utility

of the Stiff diagram is that any major differences in water quality

become readily apparent. Stiff diagrams for station 577660 for the

period 1975-1978 and 1979-1985 are shown in Figure 6.1-6. Slight

variations of the calcium and bicarbonate equivalent values especially

in the summer and fall quarters account for the differences in the

figures. Seasonal Stiff diagrams for the upstream and downstream

stations for the year 1987 are presented in Figure 6.1-7. Slight

variations in the observed ionic concentrations were responsible for

the differences depicted.

Comparison of Figure 6.1-6 with 6.1-7 indicated no significant

differences between the preoperational period and the 1987 operational

year, since normal water quality variability could account for the

differences depicted. Note the subtle differences in the June through
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August 1987 diagram which represented conditions observed during a

period of zero generation (16 May-30 August 1987). The remaining

quarterly diagrams for 1987 indicated no major change in water quality

between the upstream and downstream stations for the major ions in-

cluding sulfate which is introduced at LOS as sulfuric acid for pH

control.

Moving average plots of mean seasonal values for 32 parameters

over the period of record for the upstream (C) and downstream (A)

stations are presented in Figures 6.1-8 through 6.1-39. The moving

average method and seasonal (three month intervals) data were employed

to provide an indication of any trends over time in Schuylkill water

quality as well as providing an indication of normal ranges of concen-

trations observed during pre- and postoperation of LOS.

A number of the parameters measured exhibited seasonal

periodicity. They included:

Parameter Fiian

Ammonia nitrogen 6.1-5

Biochemical oxygen demand 6.1-9

Calcium 6.1-11

Chloride 6.1-13

Dissolved oxygen 6.1-16

Fecal coliform 6.1-17

Magnesium 6.1-20
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Manganese 6.1-21

Nitrate nitrogen 6.1-24

Nitrite nitrogen 6.1-25

Ortho phosphate phosphorus 6.1-30

Sodium 6.1-32

Specific conductance 6.1-29

Sulfate 6.1-30

Temperature 6.1-31

Total alkalinity 6.1-32

Total dissolved solids 6.1-34

Total hardness 6.1-38

Total phosphate phosphorus 6.1-37

The seasonal periodicity observed can be attributed to biotic and

abiotic influences. In Figures 6.1-8 to 6.1-39 note that the data are

presented as either a C (Control Station, 577660) or as an A (Affected

Station, 577140).

Several of the parameters exhibited a trend in concentrations over

the period of record. Some of the parameters exhibited a continuous

trend while several exhibited a variable trend. The following

parameters exhibited various trendst
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Parameter

Biochemical oxygen demand

Calcium

Chloride

Manganese

Ortho phosphate phosphorus

Sodium

Sulfate

Total alkalinity

Figoure

6.1-9

6.1-11

6.1-13

6.1-21

6.1-26

6.1-28

6.1-30

6.1-32

Trend/Comment

Increase 1979-1984
Increase 1986-1987

Decrease 1982-1983

Increase 1980-1987

Increase 1981-1987

Decrease 1980-1987

Increase 1980-1987

Decrease 1979-1987

Increase 1975-1987

The trends indicated above were visually interpreted from the

figures cited.

The mean seasonal differences in concentrations between the down-

stream station (S77140) and the upstream station (S77660) for both the

pre- and postoperational time periods for the same 32 parameters is

presented in Figures 6.1-40 through 6.1-71. As presented, a negative

difference value represents an increase in concentration at the down-

stream station compared to the upstream value. The time from the

beginning of the period of record to 1985 is considered preoperational

with the years 1986 and 1987 representing a period of full operation.

The differences observed during the pre-operational period provide an

indication of the normal variability in water quality between the two

stations. Differences during 1986-1987 provide an indication of

operational impacts of LGS on Schuylkill River quality.
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Seasonal parameters were observed to exceed the normal range of

variability in 1986-1987. These included:

Parametgr Figure

Calcium 6.1-43

Chloride 6.1-45

Dissolved oxygen 6.1-48

Iron 6.1-50

Magnesium 6.1-52

Manganese 6.1-53

Sodium 6.1-60

Specific conductance 6.1-61

Sulfate 6.1-62

Total dissolved solids 6.1-66

Of these parameters the values for calcium, dissolved oxygen,

iron, manganese, and magnesium were 1 mg/I or less above the normal

range. Chloride and sodium differences were less than 10 mg/I above

the normal range while the sulfate value was approximately 15 mg/l out

of the normal range. Total dissolved solids and specific conductance

values beyond the normal range were observed in 1986 with dissolved

oxygen, iron, and manganese observed in 1987. New maximum values for

iron and manganese were established in the summer and fall quarter of

1987 at both Schuylkill stations. The new maxima were associated with

high flow conditions. Of interest is the fact that the new maximum
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iron and manganese values in the summer period were established on

15 July 1987 when LGS was not generating.

Based on the long-term (preoperational) period of record and the

1986-1987 data, LGS does not appear to have any sustained impact on

Schuylkill River water quality.
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Table 6.1-1. Mean daily Schuylkill River discharge (ft 3 /sec) measured at the Pottstcea US Geological
Survey gage In 1987.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

01
02
03
04
05
06
07
08
09
10
1I
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

W/A 1460 W/A
WA 1470 W/A

2400 1580 6350
2160 1720 5310
1950 1700 3930
1770 1610 3130
1710 1600 2910
1940 1630 2950
2070 1620 3160
2100 1480 3400
2320 1440 N/A
2200 1430 2410
2090 1420 2360
2020 1350 2110
2080 1290 1970
2320 H/A 1870
2260 1240 1840
2340 N/A 1660
3220 1130 1570
3360 1090 1520
3020 N/A 1440
2580 H/A 1390
2500 1200 W/A
2410 1320 N/A
2320 1290 N/A
2210 N/A N/A
N/A 1110 N/A

1950 1120 N/A
1620 1150
N/A 1130
N/A 1600

1620 1090 1130
2266 1404 2507
2205 1430 2040
3360 1720 6350

2480 1440
N/A 1360
N/A N/A
N/A N/A
N/A W/A
W/A 1820

5280 1620
N/A 1530
N/A 1430
W/A 1360

2980 1320
2780 1270
N/A 1170
N/A 1120
N/A 1210

2070 1200
2170 1070
2290 1040
2080 1430
1940 1660
1770 1740
1680 1460
N/A 1420
N/A 1290
N/A 1200
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A W/A

N/A

1680 1040
2502 1371
2170 1360
5280 1820

N/A
W/A
N/A
882

4540
817
745
718
669
718
626
563
585
627
555
724
574
513
495
487
521
637

1520
1340
802
647
699
859
624
546

487
853
647

4540

810
1450
1210

811
666
594
628
624
761
661
516
N/A
907

1230
1650
1090

793
588
506
485
513
486
410
389
409
805
655
492
N/A
453
445

394 432
415 497
416 474
454 421
480 439
593 494
511 647
442 5590
N/A 22900
588 7590
592 3670
484 2460
408 6520
387 11400
381 6600
H/A 4940
365 3170
360 4200
394 4260
N/A 3530
N/A 3120
N/A 2930
W/A 2520
N/A 2110
N/A 1890
N/A 1710
N/A 1590
731 1490
635 1410
537 1380
409

1370 1090 6790
1380 1020 5070
1360 985 4020
1460 984 3140
1300 966 2680
1220 923 2350
1330 844 2130
1250 821 1980
1170 826 1800
1120 1270 1720
1130 2110 1620
1190 N/A 1530
1120 N/A 1460
1070 1490 1370
1070 1480 W/A
1010 1510 H/A
778 1720 W/A
738 2090 N/A
719 2420 W/A
718 2060 N/A
796 1950 N/A
784 1730 N/A
744 1630 N/A
710 1490 1470
677 1480 1420
673 1410 1510
684 1360 1460

2770 1330 1360
2600 2070 1360
1370 7770 1320
1210 1140

673 821 1140
1146 1672 2214
1120 1480 1575
2770 7770 6790

Minimum
Mean
MedIan
Maximu

389 360 421
725 475 3679
628 442 2490

1650 731 22900



Table 6.1-2. Mean monthly Schuylkill River discharge (ft 3 /sec) measured at the pottstow
US Geological Survey sage, 1970 - 1987.

Year Jan Feb Mar Apr May Jun Jul Auv Sep Oct Nov Dec
------- ------ ------ -- -- --- lm--- ------ ------ ------ ------ ------ ------ ------ ------

1970 982 3717 2217 4889 1613 1175 1459 1045 540 1147 3370 1815
1971 1743 5113 3927 1581 1891 1387 728 2256 1616 1017 2796 2992
1972 2429 2692 4253 2389 2952 7634 2721 825 609 768 3510 4872
1973 3928 3734 2386 4799 3181 3095 2141 1408 1609 1030 1006 4733
1974 3343 2315 2911 4030 1916 1143 843 697 1478 833 766 2660
1975 2962 3402 3718 3249 2645 2500 3189 1399 3433 3348 3263 2025
1976 4953 3619 2588 2556 2002 1686 1562 1124 1033 3870 1716 1428
1977 731 I513 5497 3534 1490 852 795 822 720 2206 3192 5213
1978 5418 1897 5451 2526 3822 1538 1012 1683 949 904 837 2158
1979 7383 4097 4144 2720 2621 1399 991 814 2112 3235 1960 1932
1980 1394 834 3029 3497 2412 1007 611 483 457 487 525 419
1981 316 2933 1101 1675 1687 1230 1080 450 452 505 666 881
1982 1907 2786 2154 3043 1550 4171 1480 993 619 631 936 1320
1983 1392 2807 3535 7820 2654 2169 894 514 357 852 2543 6805
1984 1728 4093 3078 5065 4952 3105 3940 1604 782 743 858 1788
1985 1076 1665 1179 875 1352 826 573 636 1085 856 2301 2511
1986 1747 3603 3763 2658 1356 786 715 973 606 742 2278 3229
1987 2266 1404 2507 2502 1371 853 725 475 3679 1146 1672 2214

MInImw. 250 360 658 533 510 487 326 276 271 328 334 300
Mean 2541 2916 3202 3330 2319 2037 1417 1021 1230 1351 1899 2734
Median 1770 2150 2590 2640 1880 1300 937 812 673 836 1235 1960
Maxtm.m 37800 30865 20600 27400 22600 71200 17100 10488 22900 13000 10400 30100



Table 6.1-3. Daily Schuylkill River temperature (C)
measured at the Pottstown Water
Treatment Plant In 1967.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

01 7 5 7 19 18 24 27 29 24 20 13 16
02 7 5 7 13 16 24 26 29 23 18 13 11
03 7 5 6 14 18 25 26 29 24 19 12 11
04 8 5 6 13 17 23 27 29 23 19 12 11
05 8 5 6 14 16 23 27 29 24 18 12 11
06 7 4 11 13 15 23 26 28 23 18 13 10
07 8 5 11 12 17 23 27 27 23 19 11 9
08 5 6 12 12 16 23 27 27 23 18 10 10
09 8 7 12 13 18 24 27 27 23 17 13 8
10 6 7 11 13 17 22 28 28 22 18 13 8
11 6 7 10 14 18 22 28 27 23 18 15 9
12 7 6 7 14 17 23 28 26 22 17 10 11
13 8 7 8 13 20 22 28 27 22 17 13 11
14 6 7 12 13 19 23 28 27 22 17 9 9
15 9 9 10 13 20 25 27 27 22 18 9 11
16 8 6 9 14 19 25 26 28 22 17 14 10
17 7 6 9 14 19 26 25 29 22 16 14 8
18 7 6 11 15 20 26 26 29 22 18 14 8
19 7 9 11 15 21 26 27 29 22 18 13 8
20 7 7 12 16 19 27 28 28 23 17 13 9
21 7 7 11 16 17 28 29 28 20 17 15 9
22 7 6 10 15 18 27 29 27 21 15 12 9
23 6 6 10 18 19 26 29 26 20 16 8 8
24 6 6 11 16 20 25 29 25 20 16 10 7
25 4 6 12 16 20 25 30 25 20 17 12 7
26 3 6 12 16 20 26 30 24 20 17 12 7
27 3 6 12 16 19 26 29 24 19 16 11 9
28 4 7 15 15 19 25 29 23 20 15 11 10
29 5 15 17 21 25 28 23 20 17 10 10
30 6 13 17 22 26 28 27 21 16 12 8
31 5 14 24 28 24 13 10

Minimum 3 4 6 12 IS 22 25 23 19 13 8 7
Mean 6 6 10 15 19 25 28 27 22 17 12 9
Median 7 6 11 14 19 25 28 27 22 17 12 9
Maxium 9 9 15 19 24 28 30 29 24 20 15 16



Table 6.1-4. Mean monthly Schuylklll River temperature
(C) measured at the Pottstomn Water
Treatment Plant, 1970 - 1987.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

4
5
8
7
7
7
5
4
6
6

5

3
5
6
5
6
9
6

5
6
6
6
6
6
6

7

5
2
S
5

8
6
7
6
7
6

0
6
6

18

7
9
9
10
9
9

10
10
7
7
7
8
9
9
8

11
10
10

0
9
9

15

11 19
14 18
13 18
13 16
13 19
11 18
15 19
14 19
13 15
14 19
12 17
13 17
12 18
10 16
12 15
15 20
14 20
15 19

7 11
13 18
13 18
22 25

23 25
24 27
22 24
22 25
23 26
22 24
24 25
22 27
23 26
22 25
21 25
22 25
20 24
21 25
21 23
23 25
24 26
25 28

26
25
26
26
27
26
25
26
26
26
27
25
24
26
24
26
25
27

25
24
24
24
23
21
22
24
24
23
24
22
22
24
21
23
21
22

19
19
17
19
17
16
16
17
19
17
16
15
17
18
17
17
18
17

14
13
12
13
13
12

9
14
Is
13
10
10
13
11
12
15
12
12

8
10
9

10
8
8
6
7
9
8
5
5
9
a
9
9
8
9

Minimum
Mean
Median
maximum

1
6
5

13

15 19 20 16 10 6
22 25 26 23 17 12

3
8

23 26 26 23 17 12 8
28 30 29 29 23 19 16



Table 6.1-5. Summary of Schuylkill River mater quality at Station 577660, 20 March 1979 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/i)
pH
Total Alkalinity (mg/1)
Total Hardness (mg/I)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/I)
Total Dissolved Solids (mg/1)
Dissolved Silica (mg/I)
Total Inorganic Carbon (ag/1)
Chloride (mg/I)
Sulfate (mg/I)
Sodium (mg/1)
Potassium (mg/I)
Calcium (mg/I)
Magnesium (mg/I)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
Total Phosphate Phosphorus (dg/l)
Ortho Phosphate Phosphorus (mg2/)
Cadmium (mg/])
Chromium (mg/I)
Copper (mg/i)
Iron (mg/1)
Lead (mg/1)
Manganese (mg/I)
Nickel (mg/I)
Zinc (mg/i)
Mercury (ug/1)
Cyanide, Total (mg/I)
Phenols (mg/I)
Trlchloroethylene (ug/i)
Total Coliforms (MF) (c/.il)
Fecal Coliforms (IF) (c/.11)
Aluminum (mg/I)
Sulfide (mg/i)

Dec. Jan, Feb
MIn Med Max

-1.0 2.0 9.0
6.6 11.0 14.4
0.9 2.7 7.1
0.0 11.3 197.5
0.0 3.2 20.9

7.06 7.58 8.20
14.2 64.3 130.6
64.6 124.5 687.1

159 315 537
0 6 238

127 211 388
2.17 3.57 4.40
16.7 65.1 142.1
12.0 23.9 62.0
25.5 56.8 146.0
8.70 16.63 46.90

1.9 3.2 14.4
13.7 29.3 63.6
7.30. 14.36 29.00

0.030 0.390 2.680
0.009 0.040 0.480

1.37 3.07 4.43
0.00 0.18 0.67
0.00 0.12 1.60

0.000 0.000 0.003
0.001 0.007 0.075
0.000 0.006 0.048
0.00 0.31 6.83

0.000 0.001 0.028
0.05 0.23 0.76

0.002 0.004 0.030
0.00 0.04 0.81
0.0 0.0 0.0

0.000 0.000 0.008
0.000 0.000 0.030

0.0 0.0 3.9
4 2700 140000
0 220 61000

0.00 0.22 1.80
0.00 0.00 5.37

6
24
3

I

3

2'
7

14
6
0.i
0.

I

0
0
0.i
0.(
0.i
0
0.4
0
0.'
0

0.'
0.'

0
0

Mar, Apr. May
Min Med t

3.0 11.0 2'
3.2 9.8 1i
1.0 2.8
0.0 11.2 5:
0.0 2.4 I1
.73 7.58 8
8.9 54.6 7
7.0 105.6 154
181 283

0 13
101 218
.74 3.41 4
1.5 57.3 74
0.0 19.2 54
5.9 54.9 1O!
.15 14.27 29.
1.5 2.2
0.8 25.9 41
.30 12.70 19,
o00 0.234 1.
000 0.065 0.
.71 2.54 3,
.04 0.12 2,
.00 0.07 0
000 0.000 0.(
000 0.008 0.1
001 0.007 0.(
.10 0.40 1,
000 0.003 0.1
.09 0.23 0,
003 0.008 0.(
.00 0.03 1.
0.0 0.0
000 0.000 0.4
000 0.000 0.4
0.0 0.0 1
151 3550 1161

10 268 121
.14 0.23 0,
.00 0.00 I

lax

1.5
3.4
6.2
3.9
5.3
.99
7.9
6.4
386
38

346
.30
6.8

0.2
5.9
.30
7.2
1.7
.30
200
228
.59
.45
.33
001
'39
052
.32
041
.68
009
.20
0.0
009
019
6.2
3000

00
.97
.72

Jun, Jul, Aug
Min Med Max

14.0 23.0 30.0
4.9 7.7 15.4
1.1 2.8 7.3
0.0 11.1 46.9
0.0 3.4 19.0

7.16 7.75 9.09
2.7 76.3 111.0

88.7 154.5 786.6
215 369 551

0 9 329
22 305 863

1.70 3.44 4.21
2.9 74.3 108.2
8.8 27.3 79.0

28.0 79.0 141.9
6.43 21.26 38.20
1.4 3.1 7.0
7.9 32.1 47.0

9.10 16.75 25.90
0.000 0.109 0.560
0.000 0.072 2.980

0.00 2.33 3.46
0.04 0.23 3.48
0.00 0.15 0.33

0.000 0.000 0.000
0.000 0.005 0.194
0.000 0.007 0.295

0.00 0.26 9.90
0.000 0.001 0.171
0.00 0.11 0.66

0.000 0.000 0.010
0.00 0.02 8.34
0.0 0.0 0.4

0.000 0.000 0.008
0.000 0.000 0.020

0.0 0.0 8.2
60 5800 82000

3 585 43000
0.00 0.10 6.30
0.00 0.00 0.70

4

7.

1,
15I0

W

26

8.
17

6.
0.0
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.

Sep, Oct, Nov
In Med M

1.0 15.0 24
4.9 8.8 12
0.9 2.1
0.0 13.2 39
0.0 3.8 3C
.08 7.65 8.
0.0 86.6 126
5.6 169.8 255
157 424 I

0 4 2
138 293 4
.10 2.53 4.
5.3 86.9 132
0.8 33.2 51

.0 86.2 209
90 26.20 40.
.2 3.9 8

7.2 33.9 6C
75 19.22 28.
400 0.174 0.1
430 0.086 0.4
00 2.77 9.
00 0.25 0.
00 0.19 0.
400 0.000 0.0
400 0.006 0.1
400 0.006 0.0
00 0.20 8.

400 0.001 0.0
00 0.06 0.

400 0.003 0.0
00 0.02 0.
4.0 0.0 C
000 0.000 0.0
400 0.000 0.0
.0 0.0 9
40 6300 1380
10 445 305
00 0.08 3.
00 0.00 1.

lax

,.0
4.4

9.5
4.6
65
•.9

5.0
;at
265
i25
.00
e.7

.6
4.8
40

1.9
4.4
60

580
420
.96
.52
35

401
04
432
10

428
49
118
.62
4.0
112
s5o

9.5
00

500
63
80

# of
Samples

242
224
229
228
222
229
229
228
229
229
255

75
124
229
229
229
229
229
229
229
229
229
220
227

32
255
256
229
256
229
59

256
32

226
228
200
226
224

32
57



Table 6.1-6. Summary of Schuylkill River water quality at Station 577660, 14 January 1987 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mw/i)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (ms/1)
Total Organic Carbon (ms/1)
pH
Total Alkalinity (mg3/1)
Total Hardness (mg/I)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/l)
Total Dissolved Solids (m•/l
Chloride (mw/l)
Sulfate (mg/l)
Sodium (mg/l)
Potassium (mw/l)
Calcium (mg/l)
Magnesium (mg/l)
Ammonia Nitrogen (mw/I)
Nitrite Nitrogen (mg/li
Nitrate Nitrogen (mw/1)
Total Phosphate Phosphorus (mg/l)
Ortho Phosphate Phosphorus (ms/1)
Cadmium (mg/i)
Chromium (mg/i)
Copper (mg/l)
Iron (mw/l)
Lead (mw/li
Manganese (ms/l)
Nickel (m2/l)
Zinc (sg/1)
Mercury (us/li
Cyanide, Total (ms/l)
Phenols (mw/l)
Trichloroethylene (us/i)
Total Coliforms (HF) (c/.l])
Fecal Coliforms (HF) (c/.Il)
Aluminum (mg/li
Sulfide ("./D

Dec, Jan,
Mln Med

0.0 2.0
9.5 11.6
2.0 2.6
0.0 0.0
2.2 3.1

7.33 7.69
54.3 73.3

110.0 142.0
240 350

2 6
ISO 210

14.6 24.7
29.1 48.5
9.20 18.20
2.6 3.7

21.9 32.8
7.60 14.50

0.154 0.360
0.037 0.040

2.57 3.11
0.09 0.13
0.00 0.07

0.000 0.000
0.001 0.004
0.003 0.004

0.00 0.20
0.000 0.000
0.20 0.26

0.002 0.005
0.02 0.02
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
800 2500

7 100
0.00 0.20
0.00 0.10

Feb
Max

7.0
13.0
4.8
0.0
3.9

7.85
87.4

164.2
415

13
305

36.0
62.3

37.50
14.4
39.5

15.10
0.470
0.480
4.43
0.24
0.14

0.003
0.006
0.006

1.50
0.002
0.30

0.030
0.04

0.0
0.000
0.000

2.4
12200

2060
0.34
5.37

7

8

3'
12

2
8

0.i
0.i

I
0
0

0.'
0.i
0.
0

0.i
0

0.i

0.i
0.

2

0
0

Mar, Apr,
l1n Med

3.0 9.5
7.1 9.0
2.1 4.3
0.0 6.4
2.1 2.4
.42 7.57
8.0 64.3
7.1 133.5
220 319

6 18
166 22U
0.0 18.9
0.1 43.8
.20 14.55
2.0 2.3
1.0 26.7
.34 13.00
000 0.225
000 0.055
.95 2.66
.06 0.10
.00 0.06
000 0.000
000 0.003
002 0.006
.17 0.49
000 0.001
.20 0.25
003 0.008
.01 0.04
0.0 0.0
000 0.000
000 0.000
0.0 0.0
600 8875
33 185

.14 0.23
100 0.20

May
Max

15.0
11.0
5.5
18.3
2.8
7.89
74.4

143.2
353

28
281

23.9
57.9

16.80
7.2

35.4
15.40
0.370
0. 228

3.04
0.14
0.13

0.001
0.010
0.012
0.77

0.005
0.45

0.009
0.06

0.0
0.000
0.000

3.6
21500

700
0.97
1.25

Jun, Jul, Aug Sep, Oct, Nov
Min

19.5
4.9
2.2
0.0
2.7

7.25
42.4

108.4
246

4
22

21.0
35.6

13.20
2.0
7.9

9.10
0.100
0.070

1.84
0.23
0.13

0.000
0.000
0.004

0.00
0.000
0.10

0.004
0.02

0.0
0.000
0.000

0.0
1000

30
0.00
0.00

Med

23.0
6.0
2.8

11.0
3.5

7.56
93.0

175.0
459

12
343

40.7
64.3

29.60
4.0

34.1
15.60
0.180
0.100
2.82
0.33
0.21

0.000
0.002
0.006
0.19

0.001
0.20

0.006
0.03

0.0
0.000
0.000

0.0
5400

460
0.10
0.00

Max

24.0
6.8
5.4

16.3
4.9

7.87
111.0
196. 0

551
329
863

54.1
109.0
32.00

7.0
46.0

17.10
0.260
2.980
3.46
0.39
0.27

0.000
0.011
0.018
9.90

0.027
0.66

0.010
0.07

0.4
0.008
0.000

0.0
8000
6000
6.30
0.70

Min

9.0
4.9
2.5
0.0
2.2

7.08
0.0

78.6
157
5

141
18.3
26.0
8.90

2.6
19.2
6.75

0.128
0.075
1 .46
0.07
0.09

0.000
0.000
0.004

0.15
0.000

0.00
0.000

0.02
0.0

0.000
0.000

0.0
2500

120
0.00
0.00

Med

14.5
7.5
3.1

13.9
3.5

7.35
82.1

154.0
344

8
230

28.2
59.8

16.95
3.7

32.1
12.60
0. 184
0.068
2.73
0.17
0.12

0.000
0.004
0.005
0.27

0.003
0.20

0 .005
0.03

0.0
0.000
0.000

0.0
3300

345
0.09
0.00

Max

21.0
11.1

7.0
37.5

5.7
7.67
94.3

170.0
380
265
259

38.4
79.6

27.00
5.3

43.1
17.00
0.342
0.134
3.02
0.52
0.30

0.001
0.044
0.032
8.10

0.022
0.49

0.018
0.17

0.0
0.000
0.037

0.0
20000
10400
3.63
0.20

# of
Samples

25
24
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
25
26
26
26
26
2626



Table 6.1-7. New minimu values observed for water quality parameters measured
In 1987 at station 377660 on the Schuylkill River.

Season

Dec, Jan, Feb

Har, Aprp May

Jun, Jul, Aug

Sep# Oct. Nov

Parameter

Cadmium (mg/l)
Nickel (m/l)

Temperature (C)
Chloride (ms/1)
Nitrite Nitrogen (ma/l)
Cadmium (ms/l)
Chromium (ms/i)
Nickel (ms/1)
Mercury (us/I)
Aluminum (ms/l)

Dissolved Oxygen (mg/I)
Total Dissolved Solids (ms/i)
Calcium (ms/i)
Magnesium (ms/I)
Cadmium (ms/i)
Mercury (us/1)
Aluminum (ms/i)

Dissolved Oxygen (ma/l)
pH
Total Alkalinity (ms/i)
Total Hardness (ms/i)
Specific Conductance (usm/cm)
Sulfate (mg/1)
Sodium (mg/i)
Masnesium (ms/i)
Cadmium (ms/i)

Value

0.000
0.002

3.0
0.0

0.000
0.000
0.000
0.003

0.0
0.14

4.9
22

7.9
9.10

0.000
0.0

0.00

4.9
7.08

0.0
78.6

157
26.0
8.90
6.75

0.000

Date

12/30/87
12/02/87

03/24/87
04/22/87
04/08/87
04/22/87
03/24/87
03/11/87
03/11/87
05/20/87

06/17/87
06/17/87
07/15/87
07/15/87
06/03/87
06/03/87
07/29/87

09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87

Table 6.1-8. New maximum values observed for water quality parameters measured
In 1987 at station S77660 on the Schuylkill River.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul. Aug

Sep. Oct. NOV

Parameter

Potassium (ms/i)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/i)
Cadmium (ms/1)
Nickel (ms/i)
Sulfide (mw/1)

Potassium (mfs/)
Nitrite Nitrogen (ms/i)
Cadmium (mw/i)
Nickel (ms/l)
Mercury (ug/l)
Aluminum (ms/I)

Total Alkalinity (ms/I)
Specific Conductance (usm/cm)
Total Suspended Solids (ms/I)
Total Dissolved Solids (mg/I)
Nitrite Nitrogen (ms/I)
Nitrate Nitrogen (mg/i)
Cadmium (ms/I)
Iron (ms/I)
Manganese (mg/i)
Nickel (ms/i)
Mercury (us/i)
Aluminum (ms/I)
Cyanide, Total (ms/1)
Sulfide (ms/I)

Total Suspended Solids (ms/I)
Total Phosphate Phosphorus (mW/i)
Cadmium (mg/I)
Copper (ms/i)
Iron (ms/I)
Manganese (mg/1)
Nickel (ms/I)
Aluminum (ms/I)

Value

14.4
0.480
4.43

0.003
0.030
5.37

7.2
0. 228
0.001
0.009

0.0
0.97

111.0
551
329
863

2,980
3.46

0.000
9.90
0.66
0.010

0.4
6.30

0.008
0.70

265
0.52

0.001
0.032
8.10
0.49

0.018
3.63

Date

02/25/87
02/11/87
01/28/87
12/02/87
01/28/87
02/11/87

04/22/87
03/11/87
04/08/87
04/08/87
03/11/87
04/22/87

08/26/87
08/26/87
07/15/87
07/01/87
06/17/87
07/01/87
06/17/87
07/15/87
07/15/87
07/01/87
07/15/87
07/15/87
07/29/87
07/15/87

09/09/87
09/09/87
10/21/87
09/09/87
09/09/87
09/09/87
10/21/87
09/09/87



Table 6.1-9. Summary of Schuylkill River mater quality at Station $77140, 20 March 1979 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mw/i)
Total Organic Carbon (mg/I)
pH
Total Alkalinity (mg/I)
Total Hardness (mu/i)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/l)
Total Dissolved Solids (mg/i)
Dissolved Silica (mg/i)
Total Inorganic Carbon (mg/I)
Chloride (mg/I)
Sulfate (mg/i)
Sodium (mg/Il
Potassium (mg/I)
Calcium (mg/1)
Magnesium (mg/1)
Ammonia Nitrogen (mu/l)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mw/i)
Total Phosphate Phosphorus (mg/I)
Ortho Phosphate Phosphorus (mg/i)
Cadmium (ms/I)
Chromium (mg/I)
Copper (mg/1)
Iron (mg/I)
Lead (mg/i)
Manganese (mg/I)
Nickel (mg/I)-
Zinc (mug/)
Mercury (ug/I)
Cyanide. Total (ms/I)
Phenols (mg/l)
Trichloroethylene (us/i)
Total Coilforms (HF) (c/.11)
Fecal Coliforms (HF) (c/.11)
Aluminum (mg/I)
Sulfide (ms/I)

Dec, Jan,
Mtn Med

-1.0
6.1
0.9
0.0
0.0

7.01
8.9

65.2
156

0
97

2.09
23.2
11.7
24.9
8.50

1.9
14.1
7.00

0.000
0.008
1.40
0.02
0.00

0.000
0.001
0.000

0.00
0.000
0.08

0.001
0.00

0.0
0.000
0.000

0.0
13

0
0.00
0.00

2.0
11.0

2.9
12.8

2.5
7.63
63.8

126.3
316

6
214

3.63
66.7
24.2
57.9

17.31
3.1

29.0
13.90
0.418
0.040

3.15
0.17
0.12

0.000
0.009
0.007
0.28

0.001
0.24

0.004
0.04

0.0
0.000
0.000

0.0
2200

245
0.19
0.00

Feb
Max

9.0

15.0
8.4

196.6
18.7
8.21

172.1
675.2

611
232
509

6.99
184.1
62.4

185.2
98.00

7.3
83.5

35.80
2.470
0.301
6.19
0.85
0.85

0.002
0.060
0.072
7.45

0.025
0.72

0.020
0.70

0.3
0.020
0.035

3.6
69000
55000
3.90
0.80

4.0
3.1
0.7
0.0
0,0
6.62
27.7
51.9

157
0

135
2.01
29.7

0.0
29.1
4.90

0.8
5.9

3.60
0.000
0.000

1.60
0.03
0.00

0.000
0.002
0.001

0.11
0.000

0.07
0.005
0.00

0.0
0.000
0.000

0.0
170
10

0.21
0.00

Har, Apr, May
Min Med Max

Jun,. Jul. Aug
Min Med Max

11.0
10.2

3.0
11.7
2.4

7.61
55.2

107.6
280

12
207

3.38
57.5
19.7
55.2

13.95
2.2

26.5
13.00
0.220
0.067
2.57
0.12
0.07
0.000
0.008
0.007

0.43
0.002
0.24

0.008
0.03

0.0
0.000
0.000

0.0
3250

275
0.34
0.00

21.5
13.9

7.6
56.2
16.3
8.98
74.4

160.6
387

55
338

4.13
74,6
51.3
99.7

29.12
4.8

44.3
20.30
1 .480
0.224
3.63
3.48
0.33

0.000
0.068
0.039

1.54
0.014
0.88

0,016
0.89

0.0
0.009
0.042
4.8

107000
11500
1.58
0.74

14.0
4.7
1.1
0.0
0.0

6.91
4.3

69.2
215

0
160

1.66
4.7
8.8

28.0
6,74
1.4
9.6

8.60
0.000
0.000
0.00
0.04
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.004
0.00

0.0
0.000
0.000

0.0
40

2
0.07
0.00

23.0
7.9
2.8

11.7
4.0

7.76
76.5

154.9
372

9
294

3.37
71.7
26.4
78.0
21,14

3.1
32.3

17.00
0.097
0.073
2.38
0.23
0.15

0.000
0.005
0.006
0.22

0.001
0.11

0.006
0.03

0.0
0.000
0.000

0.0
5200

515
0.18
0.00

30.0
15.0

7.1
64.5
20.0
9.19

131.4
724.9

729
340

2290
4.90
106.0
81.9
187.2
58.00

9.7
84.0

28.93
0.490
3.000
5.83
3.4•
0,35
0.000
0.070
0.055
10.80
0.023
0.68

0.012
2.56

0.0
0.018
0.022
2.4

102000
63000
8.00
0.90

Sep, Oct. Nov
Min Med Max

3.5 15.0 24.5
5.6 8.9 12.6
0.8 2.2 5.8
0.0 12.3 75.9
0.0 3.5 29.3

7.16 7.71 8.67
0.0 87.9 130.7

83.5 171.0 448.0
189 429 667

0 4 357
141 296 453

1.08 2.50 3.35
52.2 87.0 136.1
10.6 33.7 59.5
31.7 85.5 217.7
9.07 26.30 42.80

1.2 4.0 11.1
6.9 35.0 62.4

8.30 20.10 32.30
0.000 0.160 0.580
0.030 0.090 0.900
0.03 2.76 4.68
0.00 0.27 2.24
0.00 0.19 0.37

0.000 0.001 0.001
0.000 0.007 0.036
0.000 0.007 0.044
0.00 0.18 13.80

0.000 0.000 0.039
0.00 0.06 1.15

0.002 0.004 0.006
0.00 0.02 0.16
0.0 0.0 0.0

0.000 0.000 0.008
0.000 0.000 0.043

0.0 0.0 6.8
140 5900 150000
27 400 29000

0.00 0.02 5.27
0.00 0.00 4.40

# of
Samples

z15
225
229
227
221
229
228
227
229
228
228

75
123
228
228
229
229
229
229
229
228
228
219
227

32
228
229
229
229
229

32
229

32
226
227
199
225
225

32
57



/

Table 6.1-10. Summary of Schuyikill River mater quality at Station S77140, 14 January 1987 through 30 December 1987.

Parameter

Temperature (C)
Dissolved Oxygen (mW/)
Biochemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (W/l)
pH
Total Alkalinity (mg/l)
Total Hardness (mg/i)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/i)
Total Dissolved Solids (mm/i)
Chloride (mE/l)
Sulfate (mg/i)
Sodium (mg/l)
Potassium (mg/1)
Calcium (mg/l)
Magnesium (mg/i)
Ammonia Nitrogen (mg/l)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/l)
Total Phosphate Phosphorus (mg/l)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/l)
Chromium (mg/1)
Copper (mg/i)
Iron (mg/l)
Lead (mg/I)
Manganese (mg/i)
Nickel (mg/l)
Zinc (ms/i)
Mercury (ug/l)
Cyanide# Total (mg/l)
Phenols (mg/l)
TrIchloroethylene (ug/l)
Total Coliforms (MF) (c/.Il)
Fecal Coliforms (MF) (c/.11)
Aluminum (mg/I)
Sulfide (mg/l)

Dec, Jan, Feb
Min Med Max

0.0 2.5 7.0
9.9 11.1 12.2
1.2 2.9 4.1
0.0 11.3 16.3
2.1 3.4 3.8

7.42 7.83 7.91
58.0 72.1 89.9

110.0 140.5 171.3
241 346 434

1 8 18
158 190 298

16.9 25.8 37.6
29.1 54.9 65.8
8.50 17.50 98.00

2.6 4.8 7.3
20.6 35.0 49.6
7.00 13.30 16.20

0.143 0.370 0.761
0.036 0.042 0.270
2.47 3.34 6.19
0.06 0.14 0.28
0.00 0.05 0.14

0.000 0.000 0.002
0.001 0.003 0.005
0.002 0.003 0.008
0.10 0.19 0.60

0.000 0.000 0.002
0.11 0.25 0.30

0.001 0.004 0.020
0.00 0.02 0.04
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 2.6
750 2200 14400

9 60 1860
0.00 0.19 0.34
0.00 0.28 0.80

Mar, Apr,
Min Med

4.0 10.0
7.0 9.8
2.0 4.1
0.0 17.9
2.3 2.5

7.38 7.65
48.9 64.3
87.1 134.0

219 326
6 15

159 234
0.0 20.8

29.1 45.2
11.10 15.55

1.9 2.6
20.2 27.2
7.86 13.50

0.000 0.223
0.000 0.048

1.96 2.69
0.04 0.09
0.00 0.05

0.000 0.000
0.002 0.002
0.003 0.007

0.19 0.58
0.001 0.002

0.22 0.26
0.005 0.008

0.01 0.04
0.0 0.0

0.000 0.000
0.000 0.000

0.0 0.0
2400 9750

22 170
0.21 0.34
0.00 0.00

May
Max

15.5
11.1

4.5
19.0
2.8

8.01
74.4

153.4
362

39
278

25.7
62.1

17.00
4.8

37.2
15.40
0.280
0. 224
3.07
0.17
0.14

0.000
0.006
0.012
0.90

0.004
0.53

0.016
0.04

0.0
0.000
0.006

4.0
17000

800
1.58
0.30

I.

7.
43

I06

21
34

11

8.
0.O
0.

1.

0,
0.

0.
0.
0.0
0,

0.O
0.

0.1
0,

0.0
0.0

0
5

0.
0.

Jun, Jui, Aug
In Med t

9.5 23.0 24
S.9 6.7
2.0 3.1
0.0 14.0 2
2.8 3.8
.30 7.66 7
3.8 93.0 11'
6.3 172.4 19
245 463

2 11
200 353 2:
1.7 40.8 5'
*.1 64.3 10
.60 28.00 32
2.6 3.6
9.6 34.1 4'
.60 14.33 17
081 0.161 0.:
070 0.090 3.*
.84 2.83 3
.27 0.32 0
.15 0.22 0
000 0.000 0.
000 0.002 0.4
004 0.005 0.
.00 0.22 10
100 0.001 0.1
.10 0.20 0
104 0.006 0.4
.02 0.03 0
0.0 0.0
O00 0.000 0.1
000 0.000 0.4
0.0 0.0
500 4000 84
90 390 64
07 0.18 8.
.00 0.00 0,

Sep, Oct, Noy
lax

8.0
8.2
6.0

1.4
5.6
.82
1.4
1.0
544
340
290
0.I
7.0
.49
6.7

0.6
.40
220
00O
.45
.40
.28
O00
013
020
.80
023
.68
012
.23
0.0
000
100
2.4

000
000
.00
.90

Min

9.0
6.6
2.6
0.0
2.1

7.16
0.0

87.2
189

4
159

19.2
31.7

10.70
2.6
6.9

8.30
0.121
0.079

1.47
0.12
0.09

0.000
0.000
0.003

0.10
0.000

0.00
0.002
0.03
0.0

0.000
0.000

0.0
700
40

0.00
0.00

Med

14.0
8.2
3.3
0.0
3.3

7.36
82.8

156.5
361

12
244

28.3
63.0

18.55
3.6

34.9
13.60
0. 195
0. 089
2.84
0.16
0.13

0.000
0.003
0.006
0.23

0.002
0.24

0.004
0.03

0.0
0.000
0.000

0.0
4800

275
0.06
0.00

Max

21.0
9.0
5.0

75.9
6.5

7.69
92.6

171.0
381
357
287

37.5
80.6

25.20
* 4.9

40.2
16.10
0.317
0.113
3.03
0.58
0.26

0.001
0.013
0. 044
13.80
0.039

1.15
0.006

0.10
0.0

0.000
0.043

0.0
20000
14200
5.27
0.20

* of
Samples

26
23
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
25
26
26
26
26
26
26



Table 6.1-11. New minimum values observed for water quality parameters measured
in 1987 at station 377140 on the Schuylkill River.

Season

Dec, Jan, Feb

Har, Apr, May

Jun, Jul, Aug

Sept Oct, Nov

Parameter

Sodium (mu/l)
Magnesium (m•/l)
Chromium (ms/1)
Nickel (ms/l)

Chloride (ms/l)
Sulfate (ms/l)
Nitrite Nitrogen (mu/l)
Cadmium (ms/1)
Nickel (mg/l)
Mercury (u-/1)
Aluminum (mu/l)

Value

8.50
7.00

.0.001

0.001

0.0
29.1

0.000
0.000
0.005

0.0
0.21

9.6
8.60

0.000
0.004

0.0
0.07

7.16
0.0
189

31.7
6.9

8.30
0.000
0.002

Date

12/02/87
12/02/87
02/25/87
12/02/87

04/22/87
05/20/87
04/08/87
03/11/87
03/11/87
03/11/87
03/24/87

07/15/87
07/15/87
06/03/87
07/01/87
06/03/87
06/03/87

09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
11/04/87
09/09/87

Calcium (mu/i)
Masnesium (ms/i)
Cadmium (ms/1)
Nickel (ms/1)
Mercury (us/1)
Aluminum (mull)

pH
Total Alkalinity (ms/l)
Specific Conductance (usm/cm)
Sulfate (mu/l)
Calcium (ms/1)
Magnesium (mg/l)
Cadmium (m/1)
Nickel (w/1)

Table 6.1-12. New maximum values observed for water quality parameters measured
In 1987 at station S77140 on the Schuylkill River.

Season

Dec, Jan, Feb

Mar, Apr, May

Jun, Jul# Aug

Sep, Oct, Nov

Parameter

Sodium (mu/l)
Potassium (ms/)l
Nitrate Nitrogen (s/li)
Cadmium (ms/l)
Nickel (ms/li
Sulfide (ms/1)

Total Alkalinity (ms/l)
Potassium (mu/l)
Nitrite Nitrogen (mg/I)
Cadmium (ms/l)
Nickel (ms/1)
Mercury (us/1)
Alumirnm (ms/1)

Total Suspended Solids (mu/l)
Total Dissolved Solids (ms/lI)
Nitrite Nitrogen (ms/l)
Cadmium (ms/l)
Iron (ms/l)
Lead (ms/l)
Manganese (ms/I)
Nickel (mu/1)
Mercury (us/I)
Aluminum (mg/l)
Sulfide (ms/1)
Trichloroethylene (us/1)

Total Suspended Solids (mus/)
Copper (m/li)
Iron (ms/l)
Lead (ms/l)
Manganese (ms/1)
Aluminum (mu/l)
Chemical Oxygen Demand (mg/l)
Phenols (ms/l)

Value

98.00
7.3

6.19
0.002
0.020
0.80

74.4
4.8

0.224
0.000
0.016

0.0
1.58

340
2290

3.000
0.000
10.80
0.023
0.68

0.012
0.0

8.00
0.90
2.4

357
0.0044
13.80
0.039

1.15
5.27
75.9
0.043

Date

12/30/87
02/11/87
01/28/87
12/02/87
01/28/87
12/16/87

05/20/87
04/22/87
03/11/87
05/20/87
04/08/87
03/11/87
04/22/87

07/15/87
07/01/87
06/17/87
06/17/87
07/15/87
07/15/87
07/15/87
07/15/87
06/03/87
07/15/87
07/I5/87
07/15/87

09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
09/09/87
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40000-

30000-

W

2000
0)

L 1

0

U)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
1987

Figure 6.1-2. Schuylkill River mean daily discharge (cfs)
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Figure 6.1-4. Schuylkill River daily temperature during 1987.
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Fig. 6.1-6 (following).

Stiff diagrams of Schuylkill River water quality at station
S77660, 1975-1985.
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Fig. 6.1-7 (following).

Stiff diagrams of Schuylkill River water quality at stations

577660 and 577140, 1987.
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Fig. 6.1-8 to 6.1-39 (following).

Plots of control station (577660 upstream) and affected station
(577140 downstream) water quality measurements near LGS. Plotted
points represent 3-month running averages calculated from six biweekly
samples. See text for additional explanation.



SCHUYLKILL RIVER WATER qUALITY 8I]WEEKLY DATA ANALYSIS PLAN
3 tMO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140

PARAM--Ammonla Nitrogen (mg//)

Figure 6.1-8. Ammonia Nitrogen
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SWKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARAMIBIochemical Oxysen Domn

PLOT OF CONVAL*DATE SYMBOL USED IS C
PLOT OF AFFVAL.DATE SYMBOL USED IS A
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Figure 6.1-9. Biochemical Oxygen Demand
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SCHUYLKILL RIVER HATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MlO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND $77140 Figure 6.1-10. Cadmium
PARAMzCadmhu (ms/1)
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S&LKILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MD./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND 577140 Figure 6.1-11. Calcium

PARAIMCnlcLl (mu/i)
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SCHUYLKILL RIVER WATER QIUALITY B4IEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
fOR 1974 - 1987 AT STATIONS S77660 AND S77140

PARAMI:Cheomcal Oxygen Demand

PLOT OF CtNVALwDATE SYMBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

CONAL I

Figure 6.1-12. Chemical Oxygen Demand
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C C AAA ACAA CCC C A
C CAAA A CCCCC AAC CAC A AA C AC

CCC CCC AAACC CCCC CCC A AAC C AAACACC
CACC C CCCCC C CCA AA C
ACA AC C A C CA C AC C A

A CCA CAA A CCCC C
C CCC C

C CC AA
C
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NOTE1 446 OS8 HAD MISSING VALUES 186 003 HIDDEN



S* LKILL RIVER WATER QUJALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140 Figure 6.1-13. Chloride

PARAM=ChlorIde (ms/l)

PLOT OF CONVAL*DATE
PLOT OF AFFVAL9DATE

SYMDOL USED IS C
SYMBOL USED IS A

CONVAL I
45

Is

40 ÷

35 ,

20 +

15 *

Io

A

C
C

C

A
C
A

AC
C

A

C
C

AC
C

CC
A

C

A

A
C

C

c
cc

Ccc c

C CccCC
AAAA
C A
AC C
CA A

C C
C A

A
C C

C

C
C C A

CC
AA

C
C C

C

C
CCC

C
CC

C
C

CC
C
C

C

C
A
C

A CA
A C
C A
C AC

A
C C

C A C

A
C C

AC
C
C

A
CA
CCC

A C
CC
C C

C

A
AA

C
C
AC
CA

AC
C

A
CC

cc
C
C

C
CA

A C
AA A

A A
C

A AC
C CC

A
C C

C

CC

C
CC

AC A

C

C

A
C

C A C
C C

C CC C CA
A C ACA C

A CC C
C C C CCCC

C C CC
CC

C C
C C

C
CC CC

CCC CA
A A C
CA C
AACA

AC C
C CA
C C

C

C
AC
CC
A
C

C C
C C

A

C C

C A
C

CA
CCA
CC

A
C

CA
C

C

C

A
C

C
A

A

CC
AA

AC A
AC C
C C
AA

CAC
C

A
C
C

C

A
C

C
C

C
C

:A A AC C
XCC C

A AC

C
C
CC

A
C

CC
C

A

C

C

CCC
C

CAA

AA

C C C CC C
AAA C CA

C CCC C C
C CCCCCCA C

CC

CC
A

CC
C

C
A

A
CCC

CA
C
A
C

CC
AC
C

C
C C

CC
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NOTEs 664 OBS HAD MISSING VALUES 271 O55 HIDDEN



0
SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140

PARAtIuChrotlum (mg/1)

PLOT OF CONVAL*DATE SYIMIOL USED I5 C
PLOT OF AFFVAL*DATE SYIMBOL USED 1S A

CGJVAL I

0.08 4

0.08 +

0.05 4

0.04 +

0.03 +

IAA
0.02 + A

Icc cc
IC CCA

I CC C A A
I C CA A

0.01 CC C CACC A
cc CC CCCCCCC CA AMACC c

I CCCCCCC CCC CCCCC C CCC C A CC
IA ACCACCC CCCA CCCCC

Figure 6.1-14. Chromium

C

C
CC

CC

C

C
A
:A

C

A

ACA
A
A A

AAC
CA AC
CC CCC CC

A C AC CCCC
C C AC AC CCC A C CC

CAC C AC CCC CCCCC C CCCC CCC
CC CCC CCCCACC CCCCCCACC C

C CCA AA A CCACCC CAA
CCC CCCCCACC

A

A C
CCA A
AA

AC
AC

AAAC A
A

A
1,AAAA

C AAC
AC

9 CC

0.00 4
-- 4--------- -- -------------------------------------- 4------------ ------------ 4--------------.----------- # .--------- 4 ------------
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DATE

NOTE1 662 083 HAD MISSING VALUES 414 OBS HIDDEIN



S .KILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1./ 6 SAMPLES
FOR 1974 - 1967 AT STATIONS 577660 AND 377140 Figure 6.1-15. Copper

PARAI=Copper (mg/I)

PLOT OF CONVAL*DATE
PLOT OF AFFVAL*DATE

CONVAL I

0.08 4

0.07 +

SYMBOL USED IS C
SYMBOL USED IS A

0.06 *

0.05

0.04i

0.03 +

CC
C

C

AA

A
A

AA

A
A

A
AAA
AA

C
C

0.02 * C C CA
I CCC ACC CCC
I C CC A ACCC CCAC
I C AA C AAC C C CCC A AA
I CC CCCCCCCCCAACCCC CCA

0.01 + A C C C AC Ad
I AA CCCCCA
IC CCA

CC
CCC

AAA
AA

CCA
AA CCAC C
CAACC C A C AC C A CC

AC AC CCC A CC C AAA C C C A
C AC AA C CA A CCC CC AAA A C CA AA
A C CC A AA C CAC CC C C CCC AA A A CCA

AAC A C A A CC C C CCCCAAAC A C AAACC A ACA CC CC
CC C C A AA AC AC CC CCC AC ACC A A CCAAACCCC CC ACC

AA CCCCCCC CCC CCCCAAA ACCCCCC CCCCCCAA C ACC CC
C AA C CC AA AAC CC
C

0.00 +
-------- 4-------4------------4------------4------------4------------4------------4------------4------------4------------4------------4------------4--

OCT74 NOV75 DEC76 JAN78 MAR79 APR60 MAY81 JJN2 JJL83 AUG64 SEP85 OCT66 DEC67

DATE

NOTE a 659 CBS HAD MISSING VALUES 334 065 HIDDEN
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SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MlO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140

PARAMaDIssolved Oxygen (nig/1)

Figure 6.1-16. Dissolved Oxygen

PLOT OF CONVAL*DATE
PLOT OF AFFVAL*DATE

SYM1OL USED IS C
SYMBOL USED IS A

CONVAL I

13 *

+
11 ,

10 +

+

a +

7 +

+

5I 4.

A
CA

C
A

CC
A
C

CC

A
C A

A
C
A
CA

CC
A

CC
A

A
C

C,

j
CC

CA
A
CC

A

C

CC
CC
C

CC

C CA

C CC
AA

A
A C

C C AC
C

C AC

C C CA

C
CC
CA
AC
CA

CA
AC

A
C

A
C

AC
CCAC

C
CCC
C CA

CA
CC

C A

AA
AC
CC

ACC

C
A

A
C

AC
CA
CCi

A

A
AA
AC
CC
CC

C
A

C

C
CC

CCCCCC
A CC A A
C A

4
C C C

A
CC
AA
CAC

AC
C
C
C

C
A
C
A

C

C
A

A
C
A
C

C A
C

AC
C CC
A

C CC

A
C C

C
C A

C C
CA

C CAC
A
CC
CC

C

C A
C A C CC

C AA
A A

C CC CC
C A A

A CAC A C
AC C CA
C C C

C C
CC
CA

C

CCC
A

AA
CC
C
AA

C

A A
C c

AC
AA
CCC
CC

C

C A
C C
A

A
A C C
C

AA
C A

A AA C
C CA

ACC
CC
Cc

C

A
C

C A
C CCA AC

C CC CA
CAA C

C C CCA C
k CCC C C C C
: CACC C C A A

CC C AA
C A ACC C C

C AAAC AA C A
C CAC

C A C A A AC
A CA A A

C AA C C
CA C C

C C C
A A A
C C A
C CA A

A
AC C
CC
CA t

C

CA
A

A
C

LA
AC
A
A

A
AC

C AC
C
C

C

CC
A

AC
C

C
C

CC
C
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SAIILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1O./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140 Figure 6.1-17. Fecal Coliforms

PARAM=Fecal Collforms (MF) (c

PLOT OF C',VAL*DATE
PLOT OF AFFVAL*DATE

SYI•BOL USED IS C
SYMBOL USED IS A

CONVAL I

16000 4

14000

12000 +

10000 +

8000 +

6000 +

A

A
AA
A

AC
A

C
C

C
C

C
C

C
A

C

CA
CCA

A
AA

C
C
C

CAC
AAC
C CCC
A AA C

ACC
C

C AA
AA

C

CCC
CC

C
A

4000 + AA
I cc
I CCC C C C
I AAAA CCC C AA
I AA cc C CC CC A CC

2000 + C CCA AAAAC CCCC C CCCAAA C
I CC CC A AA CC AAACCC CC
I C AAAA AA A AC A AC C AAA C C C
I C ACCCCACCCCC C AAC C CACC ACCCC CC CCCA CCCC C AC
I CCCCC C CC ACA CCCCCC CCC C A AA CCCC CC CCCC

0 + CCC C C CC CCCCCC A C
-- -.. -.. ..- ............ +-......-... - .- .............- 4.-.-4- . .-----
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DATE

HOTEs 449 OBS HAD MISSING VALUES 212 053 HIDDEN



0
SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140

PARAN=Iron (ms/1)

PLOT OF COIVAL*DATE SYIMOL USED IS C
PLOT OF AFFVAL*DATE SYMB2OL USED I3 A

CONVAL I

Figure 6.1-18. Iron

4.0 +

3.5 +

3.0 +

2.0 .

1.0 +

0.5 +

0.0 4

A
A

C
C

C
CC

C

cc
AA

AA
A

AC
C

A

A
AA
Cc
C

C
cc

C
C
cc

C
cc
CA A
A C A

C C
C A

CAA
A

C
A

cc
CA
AC

C
CCA

cc
A
A

CC
AC

cc
C CCCC

CCCC ACCC
CC CA
C

CC
CA
A
ACC

CCC

C
CAC

CCC
A

CC C
C

CC
C

C AA
LA CC

CC
C
A

CC
CC CC CAC

CC - C CCCCC
CC CC CCCC

A

A
CC CC C
C ACC C

C C ACCA CCC
AC C CACC CC

C CC C C AC C
A C C CC CC

CCC CCCC A
ACA CC

A
C

A
CCC
CA

CC C
CCAC

CCC
C

C
AC

CC CC
C

C C C
C AC

C CC
C CC

ACAACC A
CA CC

CC CC AC
CC

CAA
CCC C
CC AC
A
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SW KILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1O./ 6 SAMIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140 Figure 6.1-19. Lead

PARAM=Lead (ms/l)

PLOT OF CO'VAL*DATE SYTBOL USED I5 C
PLOT OF AFFVAL*DATE SYtBOL USED IS A

CONVAL I

0.08 .

0.07 *

0.06*

Icc

I C

0.05 ,

0.04 +

ICcc
0.03 + C

IA
I MAA
I A

0.02 +

IC

I C

I cc

I cc

0.01 + CM C CA cc CC C AC
I C CCC CCC ACCA C AA CA C cc C CCA
I AC cc CAA C CC CCC CAACCCA CCCAACACCCC CCC CCC
IC ACC AC CCCCC CA AC C CACCCC AACC ACC AA CCCCCCCMAAA AC cc CC A C
ICCCCCCCCCC ACCCACC C C C MAA MAA CC CCCA CCAA CC CCC CCCCCCAC CCC CCCC CC

0.00 *C CCCCC CCC ACCA C
------------------------------- 4 --------- + --------- 4 ------------------- 4----------------------------- 4------4--- --------- 4--

SEP73 JAN75 JUl76 OCT77 MAR79 JJL8O NOV81 APR83 AAJG84 JAN86 MAY87 SEP88 FEB90

DATE

NOTE, 662 O0S HAD MISSING VALUES 451 003 HIDDEN



SCIHUYLKILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 HO./ 6 SAMPLES
FOR 1974 - 1967 AT STATIONS 577660 AND 577140 Figure 6.1-20. Magnesium

PARAIIOlagneslum (mu/])

PLOT OF COHVALwDATE
PLOT OF AFFVALWDATE

SYMBOL USED IS C
SYMBOL USED IS A

CGNAL I
24 +

23 +

22 +

21 +

20 +

19 +

18 +

17 +

16 +

Is +

14 +

13 +

12 +

II +

to

A
C

C
A

A
cc

CCC
AC

C
AA A

CC A
CC

C
C
A C
C

A
cc
C
AC

CA

CAC

A
C

A
C

C
A

C A
C

C
C c CC

A

A

AA
AA

A

C
C

CA
A

C
C

CA
C

CA

C
CC

AAA
CA

C

A
C
A
C

A
C

A
C

C
C
cc
C

CA
CC
C

C C
C
C

CI
C
CI
C

C
C

C
A
A

C cc
A A
C CCA
A CC A

C C cc
AA AA

C C
C CA

c
C C

C C A
CC A

C AA
A C

A
C
C C

C

C A

C

A
C

A
C

A

C
A
C

C

C

A
C

A
C
C

A
C

C
A
C
A

c

C
C

C

CA
C
C

C
C

A
CA
A
A

C
A A C

AC A
CC C

CC C
A AC
C C

C AA CC
CCCCCAA

C A C
C C C

CA A
C C

A
CC A

C C
CC A A

CA C C
A C

AA C
CA C

C

C

CC

C

AC

C
A

C A
A CA

C

C AA
AC C

CC A

C
C C

C C
CA

C C (

C c
CA

A C A
C C C

CAC A C
A CCC A
PC ACC C C

AA C A
C CC
C CCC
C CCA

CA

C
A

A
C

CC
CC

C
LA
:C A

C
A

C

A

C A
A C

C CCA
CA CAC

C C AC
CCAA C

C AC
C
C

CA A
A Ci

A

CC
C

C
A
C

AC A C
ACA C
AC A A
cC C
C A

C C CCI
C ACA

CA C
C

CA
C A

CC C
A

C

CC
AA A
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S& ILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140

PARAM--lansanese (mg/l)

PLOT OF C0"tVAL*DATE SYMBOL USED IS C
PLOT OF AFFVALWDATE SYMBOL USED IS A

0.55 +

Figure 6.1-21. Manganese

0.50*

0.45 +

0.40 +

0.35+

0.30 4

CONVALI

0.25 +

0.20 +

0.15 +

0.10 +

0.05 4

0.00 4

A

C
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C
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AAC

A

A
A

A

Cc
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A A
C
C
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C

C
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C C
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C
C
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C

C
A
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C
C

C
C

A
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A
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C

C
A

C C
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C

A
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c

c

c
c
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A

C C
A C
C
C

C
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CA
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A

C

C
AC
CA
AC

A

C
C

C
A

C
A

C
A
C
C
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C

C
A
C
C

C

A
CC C
CCA C C

C C CC
AC AA

Cc
AACAA

AC C
A

A AAM
C C(

C C
A C

C C
A

A

C

A
A

C C
A

AC A
kC C C
CCA C
CAA

C A

C
A

C

C

C
C
A

c
CA
A
A

C
C A

A A
C A A

AA C
CA

A AC ACC
CC

C A A
AC C
C C C
CA C

C CCCA
C A CCA C

CA C AC

A AC. C C
C CA
A CC C

C A A C

C AC A
C CA cC
AA cc A

A
C

C

C

C
c

CC
C
A

A

AA

c CA
C CA
A AC A

A C
C C ACC
A A CC
C C CCCAC

A CC C
C ACC C
A A C

C CCC
AACCC C A
C CAC A

C C CC
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C C
CCA
CC
AC
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C

CA
C
A

C
CC

C

C
C C
A C
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C A
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C
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C

C

C
C

C
C
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C

C
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C
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01

SCHUYLKILL RIVER WATER qJALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1O./ 6 SAMPLES
FOR 1974 - 1907 AT STATIONS S77660 AND 577140

PARAlsMercury (ugs/)

PLOT OF CONVALWDATE S'YMBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

0.55 +

Figure 6.1-22. Mercury

C

0.50 4.

0.45 +

0.40 4

0.35 +

0.30 +

Q1NVAL

0.25 +

0.154

0.10 +

0.05 4

0.00 4

OCT74

C
CC

C
AA

C

A

AA

C
C

CAA
AA

C
CC
C

C
A

AA

A

A C
A C

CA A CA
A CC

cc CCCC
A

C A
C A
C

CC

NOV75

IA
CC

AC

CC AA

k C
A C

CAAA

C C
A A

C CC

DEC76

cC A

A C
C

C

A
C
A

C AC
CCC

A
AA CCA

C C
A AA

AC

JAN78

C

A

C

A

C

C
A CCCC

AA
C

CCCCCAACCC
-------------- 4--
OCT86 DEC87
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DATE
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HOTEs 232 OS HAD MISSING VALUES 102 OBS HIODDEN



S&KILL RIVER WATER QUJALITY BIWEEKLY DATA ANALYSIS PLAN
3 M10./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140 Figure 6.1-23. Nickel

PARAM=NIckol (mg/i)

PLOT OF COWVALWOATE SYMBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

CANVAL I

0.039 + A
0.038 +
0.037. A
0.036 + A
0.035 +
0.034 + A
0.033 +
0.032 

C

0.031 + C
0.030 +
0.029 # CC
0.028 + C

0.027 +
0.026 + A A

.0.025 +
0.024 + AAAAC
0.023 + A
0.022 + C

0.021 + CC
0.020 + CA
0.019 * A
0.018 

C

0.017 + A
0.016 + CC
0.015 +
0.014 + CC
0.013 + C CCCA
0.012 +
0.011 + CC
0.010 + CA CC CAC
0.009 + CC A CAC
0.008 +. CC ACC
0.007 + A A AAAC CCC
0.006 + C C ACCCC
0.005 + C A C
0.004 + CCC A A C A
0.003 + CAA C CCC A

0.002 +
0.001 + AA C CA
0.000 + CC CCCC CAACCCCCCCCCCCC CAA

-------- +------------------4------------+------------+------------4--------------------------------------4------------4---- -------- +------------4--
OCT74 NOV75 DEC76 JAH78 MAR79 APR80 MAY81 JUN48 JUL83 AUG84 SEP85 OCT86 DEC87

DATE

NOTE, 246 08S HAD MISSING VALUES 127 OBS HIDDEN



0 I

SCHUYLKILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 HO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND 577140

PARANI=HItrate Nitrogen (mg/I)

PLOT OF COINAL*DATE SYhDOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

3.9 +

Figure 6.1-24. Nitrate Nitrogen

A
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A
AA

3.6 +

3.3 +

3.0 +

2.7 +

2.4 +

CGNAL I

2.1 +

1.8 +

1.5 +
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0.9 +

C
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CC cc C
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A C C C C

CC AA CA C
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CA C C
C C
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C C CA
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C

C A
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C A
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C C CC
A

AC C
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CA CA

CA C
C

C CCA
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C
A C

AAA
A
C
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:A

C

.C

C
C A AAAAC

C A AC C
CC C CCA C

ACC C A C AA C
CAA AA AA A A AACC C
A A A C AC C CC A CC

k ACC C AAACC A C CC A C A
C A AA C CC C C
C AAACC A CC C AC A C AA CCc

CCCC C A C CCCA AC CC (
A CC C C C C A C C C C CCC

C AC C C C A C AC C C
C C C ACAC CC C C
A C C AC CCC CC

CAC ACC AC AC C
CCC CCC C cc

C CCC

C

CCA

CCC CCC
:CAC C
A CCA

CA
C
C

AC
C

C
CCC

CA
A

C
A A
A

A
A

A

AA

A

0.6 +
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S& . ILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M10./ 6 SAMIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140

PARAtatltritke Nitrogen (msg'l)

PLOT OF COGNAL*DATE SYMBOL USED 1S C
PLOT OF AFFVAL*DATE SYhBOL USED IS A

0.55 +

0.50 +.

0.45

0.40 +

0.35 +

0.30 +

COK9ALI
IAA

0.25 + bAAA

0.20 + A

0.15 + C
IACC
I C
IC

0.10 + AA cc CCCCCCAC
I C cccc C C CCC cc CCCC C
I AC ACCAC C CC CCCC CCC CCA CC CAC C
I C A CCC CCCCAA CCC AA AA C

0.00 * CC C C cc CC

I C

0.00 *

Figure 6.1-25. Nitrite Nitrogen
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0
SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARAM--Ortho Phosphate Phospho

PLOT OF CONVAL*DATE SYMBOL USED IS C
PLOT OF AFFVAL•DATE SYMIOL USED 1S A

COIVAL I

0.40 *

Figure 6.1-26. Ortho Phosphate Phosphorus
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A ILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND S77140 Figure 6.1-27. Phenols

PARAM=Phernols (mg/1)

PLOT OF CONVAL*DATE
PLOT OF AFFVAL*OATE

COVIAL I

0.013 .

0.012 +

0.011 +

SYMBOL USED IS C
SYMBOL USED IS A

A

AA

C A

0.010 +

0.009 4

0.008 ÷

0.007 ÷

0.006 4

0.005 +

0.004 +

CAA

C CA A

CA A

C A

C AC CC A AAA AAAA

CCCCCACC C

CCC C CCAA AAA CCC

0.003 + AA A CC CCC AAA

0.002 + CC C CC A AAA CCC

0.001 + CCA A CC A AACCC CCCC AAAAAAAACCC A

0.000 + C C CCC CCC ACCCC CCCCCCCC CCCCCCCCCCAAACCCCCCCCCCCCCCCCCCCCCCCCC CC
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0 1
SCHUYLKILL RIVER WATER (WJALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARANoSodtum (ag/I)

PLOT OF CONVALWDATE SYMBOL USED IS C
PLOT OF AFFVAL*DATE SYMUOL USED IS A

Figure 6.1-28. Sodium
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SW ILL. RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140

PARA=lSpeclftc Conductance (u

PLOT OF CONVAL*DATE SYMBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

500 4

Figure 6.1-29. Specific Conductance
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0
SCHUYLKILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 IM./ 6 SAIMPLES
FOR 1974 - 1907 AT STATIONS 577660 AND S77140

PARAMSulfate (mg/1)

PLOT OF COGVAL*DATE SYMBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

150 *
IS0 +

140 +

Figure 6.1-30. Sulfate
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SW1JILL RIVER
3 MO./ 6 SAMPLE

4

FOR 1974 - 1987

PARAMnTempratus

PLOT OF COYVAL*1
PLOT OF AFFVAL*I

27.5 f

25.0 +

22.5 +

ko.a +

17.5*

15.0 +

CONYAL

12.5 +

10.0 +

7.5 +

5.0 +

2.5 +

R WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
S

AT STATIONS 577660 AND 377140

ro (C)

)ATE SYMBOL USED IS C
)ATE SYMBOL USED IS A

Figure 6.1-31. Temperature
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SCIHJYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140 Figure 6.1-32. Total Alkalinity

PARAMmTotal Alkalinity (mg/I)

PLOT OF CINVAL*DATE
PLOT OF AFFVAL*DATE

SYMBOL USED IS C
SYMBOL USED IS A
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SC ( ILL RIVER WATER QUALITY BD4EEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140 Figure 6.1-33. Total Coliforms

PARAMsTotal Collforms (MF) (c

PLOT OF CONVAL*DATE SYMIBOL USED IS C
PLOT OF AFFVAL*DATE SYMBOL USED IS A

CONVAL I

80000 +

70000

IC
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IC
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I A A C
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SCHUYLKILL RIVER WATER QUALITY BINEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1907 AT STATIONS S77660 AND $77140 Figure 6.1-34. Total Dissolved Solids

PARA•I=Total Dissolved Solids

PLOT OF CONVAL*DATE
PLOT OF AFFVAL*DATE
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S [,ILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLA4
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND S77140 Figure 6.1-35. Total Hardness

PARAM=Total Hardness (ms/i)

PLOT OF COOVAL*DATE
PLOT OF AFFVALWDATE

SYMBOL USED IS C
SYMBOL USED IS A
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0
SCHUYLKILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1967 AT STATIONS S77660 AND $77140

PARAM--Total Inorganic Carbon

Figure 6.1-36. Total Inorganic Carbon

PLOT OF CCNVAL*DATE
PLOT OF AFFVAL*DATE
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S* ILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSI5 PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140

PARAM:Total Phosphate Phospho

PLOT OF COINAL*DATE SYMBOL USED IS C
PLOT OF AFFVALWDATE SYMBOL USED IS A

CONVAL

Figure 6.1-37. Total Phosphate Phosphorus
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SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND $77140

PARAM=TrIchloroethylene (ug/l

Figure 6.1-38. Trichloroethylene
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5#1•ILL RIVER HATER QUALITY BIHEEKLY DATA ANALYSIS PLAN
3 1t./ 6 SAMPLES
FOR 1974 - 1907 AT STATIONS 577660 AND S77140

PARAK=ZInc (Is/1)

PLOT OF COWVALDATE SYMBOL USED IS C
PLOT OF AFFVALNDATE SYMBOL USED IS A
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Fig. 6.1-40 to 6.1-71 (following).

Difference between control station (577660 upstream) and affected
station (577140 downstream) water quality measurements near LGS.

Plotted points represent the difference between stations in 3-month

running averages calculated from six biweekly samples. See text for
additional explanation.



. LKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND 377140

PARAl:Ammonia Nitrosen (mu/1)

PLOT OF DIFFVAL*DATE LEGENDs A a 1 OBS8, m 2 0BS, ETC.

Figure 6.1-40. Ammonia Nitrogen
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0
SCHUYLKILL RIVER WATER CUALITY BIWEEKLY DATA ANALYSIS PLAN
3 11./ 6 SAM1PLE5
FOR 1974 - 1987 AT STATIONS S77660 AND S77140

PARAM1=Bochesical Oxygen Dema

PLOT OF DIFFVAL*OATE LEGEND. A a I OBS, B = 2 OB5, ETC.

1.00 4

Figure 6.1-41. Biochemical Oxygen Demand
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O 1KILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MOt./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARAtlCadclmum (mg/I)

PLOT OF DIFFVAL*DATE LEGENDs A 1 I 065, B 5 2 OBS, ETC.
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Figure 6.1-42. Cadmium
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SCHUYLKILL RIVER HATER WUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140 Figure 6.1-43. Calcium
PARAMcCalcium (mg/I)

PLOT OF DIFFVAL*DATE LEGEND. A a I 085, B 5 2a0BS, ETC.

DIFFVAL I
5

4

3. +

+

+

0

-1 +

-2 +

-3 +

-4

A
A
A

A

A

A

B
A

A
A

B
AA

A

A A
AB

A
B

A
A

A A
AAA

B

A

A

AA
A

B
A

A
ABA

A BA
BA A A A

B AA A AA
BAA BABD A

C AA
A A BAB

B

BA
AAAA

A A
AA A

A AD

A A
A

AC AS
BAA B

A A
B

A

A

A
A

A

AA
A BAMD A

A B
A AB A AD

A A A
A BSC

AC
AA A

A AA
A BCA BB. J

A
A

A
ABA
AB

AA
MA A

A E

A

A
A

B
A A B
AAAA A

BC BA
A A A

A
AS A

A A A A
B
A

BA

A

A

A

A

AA

AS A
A BA

B

A
A A
B

A
BA

BA
AA

A

LA A
A

A
A 0

A

A

AA
A

A
A A

A A
A
A

AA
A B

55
A

BA
A

A
A
a

A
A

A
A
A

-5

-6

i

I AC

-------- 4-------4------------4------------4------------+------------4------------4------------4------------4------------+------------4------------4-

OCT74 NOV75 DEC76 JAN78 MAR79 APR80 MAY81 JAI2 JUL83 AUG84 SEP85 OCT86 DEC87

DATE

NOTEo 4 oBS HAD MISSING VAWES



& ILL RIVER WATER qJALITY BIDEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAM=Chemical Oxygen Demand

PLOT OF DIZFVAL*DATE LEGEND. A a I 0BSP B = 2 0BS, ETC.

Figure 6.1-44. Chemical Oxygen Demand
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I

$CHUYLKILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MU./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARAM=Chlorlde (maull)

PLOT OF DIFFVALMDATE LEGENDs A a I06BS B = 2 055, ETC.

Figure 6.1-45. Chloride
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,4 . ILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN3 /6 SAIPLES
FOR 1974 - 1987 AT STATIONS $77660 AND 377140 Figure 6.1-46. Chromium

PARAM=ChroIu- (mg/I)

PLOT OF DIFFVALWDATE LEGENDi A = I OBS, B = 2 0BS, ETC.
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0
SCIIUYLKILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAN=Copper (mw•/)

PLOT OF DIFFVALwDATE LEGENDs A z 1 OBS, B x 2 088, ETC.
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Figure 6.1-47. Copper
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* . ILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN3 6 SAMPLES
FOR 1974 - 1907 AT STATIONS 577660 AND 577140

PARAM=ODssolYed Oxygen (mw/f)

PLOT OF DIFFVAL*DATE LEGEND# A c I OS, B = 2 08SP ETC.

DIFFVAL I
1.25 +

Figure 6.1-48.' Dissolved Oxygen
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SCHUYLKILL RIVER HATER EWJALITY BIWEEKLY DATA ANALYSIS PLAN
3 MIO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 377140

PARAMuFecaI Coilforms (Mf) (c

PLOT OF DIFFVAL*DATE LEGEND. A = I OS, B a 2 08, ETC.

Figure 6.1-49. Fecal Coliforms
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SW ILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140 Figure 6.1-50. I ron

PARAIIIron (mg/1)

PLOT OF DIFFVAL*DATE LEGENDo A a 1 05, B = 2 O5, ETC.
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SCHIUYLKILL RIVER WATER QUALMrY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1907 AT STATIOIS 377660 AND S77140

PARAM=Lead (mu/i)

PLOT OF DIFFVAL*DATE LEGENDs A a I OBS, B 2 0BS, ETC.

DIFFVAL I AA
IABB

0.030 +

0.025 *

0.020 .

0.010 +

0.005 +
IA
IAA A

IBA ACBC
I ACA ACA BC A A A

0.000 + ABDBCBAA CD BABCBAADCDC A AA A
IAAACBD 5 ACAC
IACA B A

IA

-0.005 +

I

Figure 6.1-51. Lead
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* ILL RIVER HATER qUALITY BIWEEKLY DATA AHALYSIS PLAN
6 SAMPLES

FOR 1974 - 1987 AT STATION5 577660 AND 577140

PARAM=tlagneshum hag/1)

PLOT OF DIFFVALIDATE LEGENDt A = 1 005, B : 2 0BS, ETC.

Figure 6.1-52. Magnesium
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SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA AHALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAII*Iansarmse (mg/i)

PLOT OF DIFFVAL*DATE LEGEND& A w 1 085. B a 2 08SP ETC.
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Figure 6.1-53. Manganese
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SW ILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 Mo./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS 877660 AND 877140
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SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAMuHickel (mu/1)
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Figure 6.1-55. Nickel
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, ILL RIVER HATER QJALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARAI44lirate Hitrogen (ms/i)
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Figure 6.1-56. Nitrate Nitrogen
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SCHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAMENItrite Nitrogen (m/l)

PLOT OF DIFFVAL*DATE LEGENDs A c 1 085, B a 2 088, ETC.
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Figure 6.1-57. Nitrite Nitrogen
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SW ILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MtO./ 6 SAMIPLES
FOR 1974 - 1987 AT STATIOHS 577660 AND 877140 Figure 6.1-58. Ortho Phosphate Phosphorus
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S
SCIHUYLKILL RIVER WATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M0./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARA/tlPhenois (mg/i)

PLOT OF DIFFVAL*DATE LEGENDo A a I OS, B a 2 OBS0 ETC.
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Figure 6.1-59. Phenols
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SWJILL RIVER HATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 877660 AND 577140

PARAM=Sodtum (wa/1)
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Figure 6.1-60. Sodium
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SCHUYLKILL RIVER WATER QJALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140 Figure 6.1-61. Specific Conductance
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S* KILL RIVER WATER QUALITY BINEEKLY DATA ANALYSIS PLAN
3 IMO./ 6 SAIMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAM=Sulfate (mg/i)

PLOT OF DIFFVAL*DATE LEGENDs A a I 085, B a 2 OBS0 ETC.
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Figure 6.1-62. Sulfate
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SCHUYLKILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAIPLES
FOR 1974 - 1987 AT STATIONS 577660 AND S77140

PARAsmTemperature (C)

PLOT OF DIFFVAL*DATE LEGENDs A a I OBS, B a 2 OBS, ETC.
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Figure 6.1-63. Temperature
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A ILL RIVER WATER QUALITY BIWIEEKLY DATA AHALYSIS PLAN
3 MtO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 577140

PARAI=Total Alkalinity (mu/I)

PLOT OF DIFFVAL*DATE LEGENDi A = I OS, B a 2 08S, ETC.
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Figure 6.1-64. Total Alkalinity
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SCHUYLKILL RIVER WATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1O./ 6 SAMPLES
FOR 1974 - 1987 AT STATIOcS 577660 AND 577140 Figure 6.1-65. Total Coliforms
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S.KILL RIVER HATER Q(JALITY BIWEEKLY DATA ANALYSIS PLAN
3 M10./ 6 SAIPLES
FOR 1974 - 1907 AT STATIONS S77660 AND 577140

PARAt=Total Dissolved Solids

PLOT OF DIFFVAL*DATE LEGENDs A a 1 OB, 5 c 2 OBS, ETC.
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Figure 6.1-66. Total Dissolved Solids
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SCHUYLKILL RIVER HATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 11O./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 577140

PARA11Tota] Hardness (m2/1)

PLOT OF DIFFVAL*DATE LEGEND: A z I OBS, B a 2 0BS, ETC.

Figure 6.1-67. Total Hardness
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SCHUYLKILL RIVER HATER QUALITY BIWEEKLY DATA ANALYSIS PLAN
3 110./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 577660 AND 377140

PARAPITotal Phosphate Phospho

PLOT OF DIFFVAL4DATE LEGENDs A a 10B5, B m 2 0BS, ETC.

Figure 6.1-69. Total Phosphate Phosphorus
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*LKILL RIVER HATER qUALITY BIWEEKLY DATA ANALYSIS PLAN
3 M1O./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS S77660 AND 377140

PARAItTrI chloroethylerm (us/I
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Figure 6.1-70. Trichloroethylene
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6.2 Benthic Macroinvertebrates

Introduction

Benthic macroinvertebrates are aquatic animals without backbones

that live part or all of their lives on or within the substrate and

which are large enough to be retained by a 0.595 mm mesh screen.

Benthic macroinvertebrates include not only such insect groups as the

mayflies, stoneflies, and caddisflies which are familiar to fishermen,

but worms, crustaceans, snails, and clams as well. These species are

important as fish food and, when considered as a community of species,

for their value as a descriptor of water and physical habitat quality.

It is for the latter reason in particular that the benthic ma-

croinvertebrate community in the Schuylkill River in the vicinity of

LGS was studied. Electric generating stations can affect benthic ma-

croinvertebrate communities through reduced river flow due to water

withdrawal for cooling purposes or by thermal enrichment or water

quality changes due to cooling water discharge.

The objective of the macroinvertebrate study was to determine if

LGS operation affected the community in the Schuylkill River down-

stream of plant discharge. To this end, macroinvertebrate samples

were collected at locations upstream and downstream of the plant

before and after operation. In this fashion, a database was assembled

that allowed description of LGS preoperational variation in the ma-

6.2-1
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SCHUYLKILL RIVER WATER Q•UALITY BIWEEKLY DATA ANALYSIS PLAN
3 MO./ 6 SAMPLES
FOR 1974 - 1987 AT STATIONS 377660 AND S77140

PARAI=Zinc (ms/])
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Figure 6.1-71. Zinc
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croinvertebrate community for comparison with variation observed

during plant operation.

Studies of the macroinvertebrate community in the Schuylkill River

near LGS were conducted in 1970-1976 and were resumed in October 1983

through 1987. Data obtained during the earlier period were reported

in the EROL and those obtained in 1983-1986 were reported in sub-

sequent progress reports (RMC Environmental Services 1984, 1985, 1986,

and 1987a). Data obtained in 1987 are reported in the first part of

this report section, which is then followed by an evaluation of the

long term database for the purpose of assessing impacts to benthic ma-

croinvertebrates from LGS operation.

Methods

Four sample stations were located in the Schuylkill River in the

vicinity of LOS: 578620 located 1.3 km upstream, and S77120, 576760,

and S75770 located 0.2, 0.6, and 1.6 km downstream, respectively (Fig.

6.2-1). Three replicate samples were collected quarterly (in 1987 -

7 January, 23 April, 16 July, and 2 October) at each station using

Buried Cylinder Samplers (BCS).

The BCS is a colonization sampler consisting of 5-10 cm diameter

cobbles (similar to the dominant Schuylkill River substrate) contained

in a perforated steel basket. Each BCS was placed into the riverbed

for approximately 90 days prior to retrieval, during which time ma-
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croinvertebrates present in the adjacent river bottom were allowed to

colonize the enclosed substrate materials. This method of sample col-

lection is similar to that described by Coleman and Hynes (1970).

After retrieval, the BC5 were transported to the laboratory and

all cobbles were washed and removed from other substrate materials,

which were then washed through a 0.35-mm mesh sieve. All sample

residue retained by the sieve (substrate and macroinvertebrates) was

preserved with 70Y isopropanol prior to laboratory processing.

Macroinvertebrates were sorted from sample residue in white

enamelled pans without biological stain or magnification. Using a

dissection microscope, all macroinvertebrates were identified to the

lowest taxon practicable, usually genus.

Macroinvertebrate data were reduced to particular parameters to

facilitate analysis and discussion. These parameters included the

total number of taxa collected, the identity of all taxa, the standing

crop (number of individuals/mi) of all taxa combined, the identity and

standing crop of all taxa that individually represented 2 2% of all

macroinvertebrates collected (numerically important taxa), and the

percent composition represented by important taxa. In analysis of

1987 results, these parameters were evaluated by grouping the data on

an annual basis, whereas in comparing data collected during LGS

preoperational and postoperational time periods, they were evaluated
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using the data on a seasonal (per sample date) as well as on an annual

basis.

Summary of 1987 Sampling Results

The macroinvertebrate samples collected at each station were

similar in terms of total number of taxa collected and identity of in-

dividual taxa (Table 6.2-1). Of a total of 80 taxa that were

identified, 33 taxa were collected at three or more stations.

Annual mean standing crop was similar at S75770, 576760, and

577120 and approximately one-third to one-half that measured upstream

at S78620 (Table 6.2-2). Substantial seasonal variation was observed.

Although a large number of taxa was collected, only a few were

sufficiently abundant to be considered numerically important (Table

6.2-3). From 4-9 taxa were important at individual stations. Worms

(Oligochaeta) and midges (Chironomidae) cumulatively represented the

majority of the macroinvertebrates collected at all stations. Midges

were dominant at 575620 and worms were dominant at the three down-

stream stations. The fingernail clam Musculium also was collected in

large numbers upstream of LOS at 578620 and was the only other taxon

to represent more than 10% of the community at any station.

High standing crops of all taxa combined as well as particular

taxa distinguished the community observed at 578620 from those at the

downstream stations. Faster current velocity measured at the former
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station as compared to the downstream stations (2 1.3 ft/sec faster on

all sample dates) encouraged the establishment of large populations of

net-spinning caddisflies (Cheumatoosvche and Hydroysvche), riffle

beetles (5Menelmis), and fingernail clams which prefer such

conditions. Conversely, the worms that thrive in silt and fine sand

substrate were present in larger numbers at the downstream stations

where these sediments accumulate.

Over the past several years, sedimentation has increased at 576760

and 577120 located immediately downstream of the mouths of Brooke

Evans Creek and Possum Hollow Run, respectively. Sediment load in

these streams appeared to be elevated due to increased development in

their watersheds. The result has been deposition of fine sediment

along the downstream Schuylkill River shoreline, including these sam-

ple stations. A sediment sampling program to evaluate differing rates

of sedimentation at all of the macroinvertebrate sample stations was

established in April. The results of measurements of mean weight (in

grams) of fine particle sediment (diameter < 0.35 mm) collected in the

BCS during the April, July, and October sample dates generally in-

dicate that larger quantities of fine sediment are being deposited on

the substrate surface at 576760 and 5771202

S78620 577120 576760 S75770

April 537.3 1403.7 448.0 562.8

July 620.6 1610.4 1217.7 708.3

October 774.5 1057.1 1494.1 989.5
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These fine particle sediment measurements are being continued in order

to determine if increased sedimentation at these stations is a long

term trend.

LGS Operational Impacts

EROL authors observed that "sedentary benthic macroinvertebrates

downriver of the diffuser pipe would be in constant contact with LGS

discharge" and predicted that with exception of a small area im-

mediately downriver of the discharge, no measureable change in com-

munity structure or productivity is expected because of the small tem-

perature difference. This report section will describe the results of

analyses conducted to determine if a measureable impact was observed

during three years of LGS postoperational macroinvertebrate study.

Although data collected throughout the period 1973-1976 and 1984-

1987 are used, emphasis in this section is placed on analysis of the

1984-1987 findings since these data were the most recently collected.

The collection dates used to compare preoperational and

postoperational data are shown in Table 6.2-4. The year 1984 was the

last full year before LOS became operational. The year 1985 was con-

sidered a postoperational period during which LOS operated in a sys-

tems testing mode gradually increasing toward full power operation

following receipt of its full power license from the Nuclear

Regulatory Commission on 8 August.
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Evaluation of LGS operational impacts on the macroinvertebrate

community was conducted by examining the data on both a seasonal (per

sample date) and annual (mean of 4 sample dates) basis. Since the

results of both seasonal and annual data evaluation are essentially

the same, the seasonal evaluation is omitted from further discussion.

The total number of taxa collected at all stations generally in-

creased through the 1970's into the 1980's (Table 6.2-5). With excep-

tion of S76760, the total number of taxa collected at each station

varied little during the period 1984-1987. Taxonomic composition also

was relatively unchanged at all stations in the 1950's (Tables 6.2-6

to 6.2-9).

Macroinvertebrate standing crop measured at all stations increased

greatly from the 1970's to the 1980ts (Table 6.2-10). With exception

of S75770, standing crop varied substantially year to year at each

station during the period 1984-1937. Despite the substantial annual

variation observed at S76760 and 577120, measurements made in 1957

were close to those made in 1984 at these stations.

Standing crop and percent composition of numerically important

taxa (0 2% of total number) indicated that midges (Chironomidae) and

worms (Oligochaeta) were the dominant taxa or among the dominant taxa

at all stations on most, if not all, sample dates (Tables 6.2-11 to

6.2-14). In addition, other taxa were important at individual or

groups of stations on particular sample dates. The dominant taxa at
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individual stations were fairly consistent from year to year, par-

ticularly in the 1980's. However, it is interesting to note the

1970's increase and subsequent 1980's decline in standing crop and

numerical importance of the river snail (Goniobasis).

The comparison of macroinvertebrate data collected during years of

LGS operation (1985-1987) with those obtained earlier (1973-1976 and

1984) indicates little likelihood of any plant operational impact.

The database accumulated over 8 years describes a riverine macroin-

vertebrate community that displays a fair degree of seasonal as well

as annual variability that is superimposed on a framework of long term

stability. This variability is observed upstream as well as down-

stream of LGS water intake and discharge. Furthermore, all fluc-

tuations in community parameters that were observed during plant

operation are within ranges established earli er.

Such variability is inherent in macroinvertebrate data and results

from a number of causes. These include the problem of collecting sam-

ples of organisms that are patchy in their distribution on stream sub-

strata in response to a number of hydraulic and other physical

parameters. In addition, year-to-year fluctuation in water tem-

perature often governs development and ultimately the life cycle of

macroinvertebrates, thereby injecting additional variation into long

term studies.
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Increased sedimentation at 576760 and 577120 contributed to

variation in the benthic macroinvertebrate community downstream.of LGS

during postoperational sampling. Lowered total density and an in-

creased proportion of silt-tolerant organisms distinguished these

stations from the control station upstream# which was not sedimented

to a similar degree. Thus, control and affected stations were not

ecologically similar with respect to an environmental condition capa-

ble of strongly influencing benthic macroinvertebrate colonization of

the sampling device. Because of this unforeseen defect in the sample

design, any real effects from blowdown discharge, if present, could

not be distinguished from the apparent effects of sedimentation with

which they were confounded. However, since postoperational community

characteristics were within the range observed during preoperational

sampling, any such real LGS effects on benthic macroinvertebrates were

necessarily small and unimportant to the aquatic community of the

Schuylkill River near LGS.
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Table 6.2-1. Macrotl
the S•

Taxon

Acroneurt a
Alboglosstphonia
Al locapnia
Allognosta
Amphi nemura
Anodonta
Argia
Asel lus
Baetls
Ba*racobdella
Berosus
Caenis
Cectdoryli dae
Ceraclea
Ceratopogci da.
Cheumatopsyche
Chlimarra
Chi ronomidae
Corydalus
Crangonyx
Curcul tonidae
Dromosompl-us
Dubi1 raphi a
Duses t a
Empididae
Ephemerel Ia
Ephydridae
Erpobdel la
Ferrissta
Gammarus
Goasphus
Gontobasis
Gyraulus
Helisoma
Helobdel la
Helophorus
Hydropsyche
Hydropt Ila
Ischnura
Isonychia
Lampyr i dae
Lepi dos toma
Leucotrichia
Libelluls
Lymnaea
Macromt a
Molophilus
Muscul t1um
Neurecl ipsis
Nisronia
Oecetis
011 gochaeta
Ophlogomphus
Optioservus
Orconectes
Paraleptophlebia
Parargsyracii s
Perlesta
Phassanophora
Physa
Pisidl m
Potamanthus
Prostoma
Protopti la
Psephenus
Sialls
Simullt idae
Sphaerim
Stenacron
Stenelmi s
Stenonema
StrattomY1 idae
Stratiomys

nvertebrate taxa collected in
Iuylkill River during 1987.

575770 576760 577120 S78620

x
X K X
x X X X

x K x
K XK

x K

x X X X
x

K

X x x x

x X

K X X X

K K X X
x x

X X X X

x X

X X

x x

X X
X X

x X

X X

X X

x
x X

K
K

x

x
x
K
K
K
x
K
K

K
K

K

x

x

x
K

x

x
K

K

x

x

x
x

K

x

K

K

K

x
x
x

K

x
x

K
x
x
K
K

x
K
K
K
K
K
K
K
x



Table 6.2-1. (continued)

Taxon S75770

Stygobromus
Tabani dae
Tipula X
Tipulidae
Tortricidae
Triaenodes X
Tricorythodes X

Total Number of Taxa 47

376760 577120

x

378620

x
x x x
x x
x

x x
x x x

39 4'8 53

Table 6.2-2. Total macroirnertebrate standing
crWop (mean number/o 2 ) measured
In the Schuylkill River
during 1987.

Date 575770 576760 S77120 578620

Jan 21355.2 8863.4 15541.0 15344.3

Apr 13786.9 10633.9 25459.0 26737.7

Jul 13043.7 9076.5 2256.8 29606.6

Oct 7792.3 6633.9 8021.9 29322.4

Mean 13994.5 8801.9 12819.7 25252.7



Table 6.2-3. Macroirwertebrate standing crop (mean number/1z) measured In the
Schuylkill Riyer during 1987.

575770 576760 S77120 578620
Taxon Density X Comp Density 7 Comp Density X Comp Density . Comp

Acroneurta - - - 2.7 +
Alboslossiphonia 2.7 + 1.4 + 2.7 -

Allocapnia 1.4 + 1.4 + 8.2 + 2.7 +
Allognosta - - 2.7 + - -.

Amphinemura ..- -. 2.7 +
Anodonta - - - 1.4 +- -

Argta 30.1 0.2 27.3 0.3 8.2 + 285.5 1.1
Asellus - - 30.1 0.3 4.1 + 2.7 +
Baetis 4.1 + 1.4 - - 8.2
Batracobdella 4.1 + - - 1.4 + - -

Berosus 6.8 + 5.5 + 30.3 0.3 24.6
Caenis 1.4 • 2.7 + 1.4 + 10.9
Cec!douylidae - - - 1.4 - -

Ceraclea - - - - 5.5
Ceratopogonidae 6.8 + 10.9 0.1 32.8 0.3 5.5 +
Cheumaatopsyche 80.6 0.6 16.4 0.2 13.7 0.1 975.4 3.9
Chimarra - - 1.4 + - - 4.1 +
Chironomtdae 2892.1 20.7 1389.3 15.8 1561.5 12.2 10039.6 39.8
Corydalus 1.4 + - - - - 5.5 +
Crangonyx 140.7 1.0 457.7 5.2 136.6 1.1 235.0 0.9
Curculionidae - - 1.4 1 4 + - -
Dromogomphus - - - 1.4 + - -
Dubtraphia 105.2 0.8 28.7 0.3 68.3 0.5 34.2 0.1
Dugesia - - - - 4.1 + 23.2 +
Empididae 5.5 4 - - 16.4 +
Ephemerella 1.4 - - 13.7 0.1 2.7 +
Ephydridae - - S,5 + 1.4 4 - -

Erpobdella 1.4 + 4.1 + - - 38.3 0.2
Ferrissia 204.9 i.5 110.7 1.3 312.8 2.4 1332.0 5.3
Gamiarus 691.3 4.9 77.9 0.9 124.3 1.0 1.4 +
Gomphus 2.7 + - - 2.7 + 1.4 +
Goniobalis 704.9 5.0 222.7 2.5 606.6 4.7 491.8 1.9
Gyraulus 1.4 + - - - - -

Helisoma .- - 1.4 + 53.3 0.2
Helobdella 5.5 + 1.4 6.8 + 8.2 +
Helophorus - - - I .4 - -
Hydropsyche 375.7 2.7 43.7 0.5 27.3 0.2 1347.0 5.3
Hydroptila - - - - - - 2.7
Ischnura 4.1 - - 1.4 + - -
Isonychia - - - 4.1 +

Lampyridae 1.4 - - 1.4 -+

Lepidostoma ..- - 1.4 +
Leucotrichia 2.7 + - -..

Libellula - - - 1.4 - -

Lymnaea - - 2.7 1.4 - -

Macromta - - - 2.7 - -
lolophilus - - - 4.1 + - -
Musculium 20.5 0.1 9.6 0.1 - 3736.3 14.8
Heureclipsis 1.4 + - - - - -

Higronia - - - 1.4 1.4 +
Oecetis 1.4 + 2.7 + - - -

O1lgochaeta 8079.2 57.7 6209.0 70.5 9700.8 75.7 2870.2 11.4
Ophtosomphus 2.7 + 1.4 + 1.4 + - -
Optioservus 5.5 - - - - 112.0 0.4
Orconectes 1.4 4 - - - - 1.4 4

Paraleptophleb5a 1.4 +. ... - .
Parargyractis . ..- - 4.1 +
Perlesta . ..- - 2.7 +
Phasganophora 2.7 + - - - 5.5 +
Physa 105.2 0.8 2.7 + 9.6 4 345.6 1.4
Pisidium 97.0 0.7 27.3 0.3 2.7 + 516.4 2.0
Potoamanthus 4.1 + - - - - -

Prostoma - - 4.1 • 9.6 + 1.4 +
Protoptile 2.7 - - - - 28.7 0.1
Psephenus 8.2 + - - 5.5 + 27.3 0.1
Slalis 61.5 0.4 24.6 0.3 9.6 + 86.1 0.3
Simultldae 6.8 + 4.1 - - 582.0 2.3
Sphaerium - - -. 5.5 +
Stenacron 30.1 0.2 - 41.0 0.2
Stenelmts 62.8 0.4 19.1 0.2 58.7 0.5 1853.8 7.3
Stenonema - - - - - - 4.1 +
Strattomylidae - - 2.7 + 2.7 + -



Table 6.2-3. (continued) 2

375770 376760 377120 578620
Taxon Density X Co•p Density X Comp Density X Coop Density X Comp

Stratiomys - 1- - .4 + - -

Stygobro•ius .- - 2.7 +-
Tabanidae - - 8.2 - - -

Tipula 4.1 + 12.3 0.1 6.8 + 9.6 +
Tipulidae - - 2.7 - - 1.4 +
Tortricidae - - 1.4 - - -

Trinenodes 1.4 + - - 2.7 + 2.7 +
Tricorythodes 214.5 1.5 23.2 0.3 6.8 + 45.1 0.2

wALL TAXA 13994.5 W/A 8801.9 W/A 12819.7 W/A 25252.7 W/A

- less than 0.1.



Table 6.2-4. Dates of sample collection in 1973-1976 and
1984-1987 that were used in preoperational
and postoperational data comparison.

Stat ion

St ation
575770

576760

17 Jan
19 Apr
15 Aug
12 Oct

Preo~erational Period
1974 1975

17 Jan --

24 Apr --

13 Aug --

15 Oct --

1976

21 Apr
22 Jul
19 Oct

16
19
15
10

Jan
Apr
Aug
Oct

17 Jan
25 Apr
14 Aug

577120

12
16
14
28

11
15
14
28

11
15
14
28

Feb
Apr
Aug
Oct

Feb
Apr
Aug
Oct

Feb
Apr
Aug
Oct

21
21
22
19

21
21
22
19

21
21
22
19

Jan
Apr
Jul
Oct

Jan
Apr
Jul
Oct

Jan
Apr
Jul
Oct

13 Aug
15 Oct

578620 16
19
16
10

Jan
Apr
Aug
Oct

17
24
13
15

Jan
Apr
Aug
Oct

575770

576760

Preoperational
Period

1984
10 Jan
27 Apr

7 Aug
17 Oct

Postoperational
Period

1985 1986 1987
28 Jan 7 Jan 7 Jan
16 Apr 2 Apr 23 Apr
10 Jul 8 Jul 16 Jul

8 Oct 9 Oct 2 Oct

577120

10
27

7
17

10
27

7
17

10
27

7
17

Jan
Apr
Aug
Oct

Jan
Apr
Aug
Oct

Jan
Apr
Aug
Oct

28
16
10
8

28
16
10
8

29
16
10
8

Jan
Apr
Jul
Oct

Jan
Apr
Jul
Oct

Jan
Apr
Jul

Oct

7
2
8
9

7
2
8
9

7
2
8
9

Jan
Apr
Jul

Oct

Jan
Apr
Jul
Oct

Jan
Apr
Jul
Oct

7
23
16

2

7
23
16

2

7
23
16

2

Jan
Apr
Jul

Oct

Jan
Apr
Jul
Oct

Jan
Apr
Jul
Oct

578620



Table 6.2-5. Total macroinvertebrate taxa collected In
the Schuylkill River during 1973 - 1976
(Selected sample dates only, see Table
6.2-4) and 1984 - 1987.

Preoperational Period
Station 1973 1974 1975 1976 1964

575770 21 45 - 32 50

Operational
Period

1985 1986 1967

48 52 47

576760 39 40 45 44 54 55 53 39

S77120 - 23 45 52 53 55 45 48

M78620 35 38 38 49 51 58 56 53

No samples collected at 377120 in 1973 or S75770 In 1975.'



Table 6.2-6. Macrolnrertebrate taxa collected In the Schuylkill River at
575770 durlrw 1973 - 1976 (Selected sample dates only, see
Table 6.2-4) and 1984 - 1967.

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1967

Agraylea X
Alboglossiphonia X X x
Allocapnia X X X X X X
Ancyronyx X
Antocha X
Argia X X X X X X
Asellus X X X X
Atherix X
Baetis x X
Batracobdella X X X
Berosus X X X X X X
Caenis X X
Cambarus X X
Ceratopogonidae X X X X
Cheumaatopsyche X X X X X X X
Chimarra X X X
Chironomldae X X X X X X X
Corydalus X X X
Crangonyx X X X X X X X
Dolichopodidae X
Dubiraphia X X X X X X
Dugesia X X X X X
Elliptio X X X
Empididae X X X X X X X
Ephemerel la X X
Ephydridae X X
Erpobdella X x X X X X X
FerrIssia ) X X X X X X
Gamarus X X X X
Gomphus x
Goniobasis X X X X X X X
Gyraulus X X X X
HelIsoma X X X X X
Helobdella X X X X X X
Hydroltmax X X X X X
Hydroporus x
Hydropsyche X X X X X X
Hydroptila X x X x X
Ischnura X X X X X
Lamps Its X
Lampyridae x
Lanthus X X X X
Leucotrichia x
Lymnaea X X
tetrobates X
tuscul umau X X X X
Mycetophl•t ldae X
Heureclipsis x
Oecetis X X X X X
Oligochaeta X X X X X X X
Ophlogomphus X X X
Optioservus x X X X X
Orconectes x x X X X
Paraleptophlebi s x
Parargyracti s X X
Phasanophorra X X
Physa X X X X X X X
Pisidium X X X X X X X
Placobdel la X
Polycentropus X
Potamanthus X X X
Prostoma X X ) X X X
Protopti la X X X X
Psephenus X X X X X
Pseudollmraophtla X
Psychoda X X



Table 6.2-6. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987

slalls X X X X X
Simul]idae X X X X X
SphaeriLm X X X X X
Stenacron X X X X
Stenelmis X X X X x x x
Stenonema X X X X X
Stratiomylidae X X
Stygobromus X X
Tabanidae X
Telmatoscopus X X
Tipula X X x x x x
Tr aenodes X X X X
Tricorythodes X X X X X X

Total Rkmber of Taxa 21 45 32 so 48 52 47



Table 6.2-7. MacroInvertebrate taxa collected In the Schuylkill River at
576760 during 1973 - 1976 (Selected sample dates only, see
Table 6.2-4) and 1984 - 1987.

Operational

Preoperational Period Period

Taxon 1973 19774 1975 1976 1904 1985 1986 1987

Actinobdel la X
Alboglossiphonl a X X X
Allocapnta X X X
Allognosta X
Amel etus X
Anax X
Antocha X
Argia X X X X X X X X
Asellus X X X X X X X
Baetis X X X X X
Batracobdella X X
Belostoma X
Berosus X X X X X X X X
Caenls X X X
Ca lopteryx X
Cambarus X
Campeloma X
Ceraclea X
Ceratopogonidae X X X X X X X X
Cheumatopsyche X X X X X X X X
Chimarra X X X X X X
Chironomidae X X X X X X X X
Corydalus X
Crangonyx X X X X X X X X
Curcullonidae X
Dolichopodidae X X X
Dromogomphus X X X
Dubtraphla X X X X X X X X
Dusesia X X X X X
Ectopria X X
Empididae X X X X X X
Ephemera X X
Ephemerella X X
Ephydri dae X
Erpobdella X X X X X X X X
Ferrissta X X X X X X X X
Gammarus X X X X
Gophus X
Gontobasfs X X X X X X X X
Gyraulus X X X
Helichus X
Hellsoma X X X X X
Helobdella X X X X X X X X
Hydrolimax X X X X
Hydroph Ilidae X
Hydroporus X X
Hydropsyche X X X X X X X X
Hydroptila X X X X X
Ischnura X X X X X X
Isonychl a X
Lampsilis X
Lanthus X X X X X
Lepi dostoma X
Leucotrichi a X
Libel lul ida. X
Ltmnophlla X X
Lymrnaea X X X
Macrosi1a X
Manayunki a X
Menetus X
Muscul lum X X X X
Mystaci des X X
Nectopsyche X
Nemotelus X
Neureclipsis X X
Higronia X



Table 6.2-7. (continued)

Taxon

Oecetis
01 t ochaeta
Ophi ogomphus
Optioseryus
Orconectes
Ormosi a
Paraleptophlebla
Pararwyractls
Pet todytes
Phassarophora
Phoridae
Physa
P1sitdum
Placobdel la
Potamanthus
Prostoma
Protopt Ila
Psephenus
Pseudo1limnophi la
Psychoda
Psychomyl a
Pti lostomls
Slalls
Simul ldae
Sphaeri Lum

Stenacron
Stenelml s
Stenonema
Stratiomyt Idae
Stygobromus
Stylurus. Tabanl dae
Taenlopteryx
Telmatoscopus
TIpula
Tipulidae
Tortricidae
Tr aenodes
Trncorythodes

Operational
Preoperatlonal Period Period

1973 1974 1975 1976 1984 1985 1986 1967

x x x x x
x x x x x* x x x

x x
x x x x x x x

x xc x x x x
x

x x
x

x x x
x x x

xx
x x
x x x
x
)( x )(

x

x
x

x
x
x
x

x

x
x
x

x

x
x
x

x
x
x

x
x
x
x

x
x
x
x
x

x

x

x

x
x
x
x
x
x
x

X

x

x
x

x

x
x
x

x
x x
x x

x x
x x

x

x

x x
x x

x

x
x
x

x
x
x
x

x
x
x
x

x

x

xx x x x

x
)( x x x )c

x
x

x x x x
,( x x x x x x
40 45 44 54 55 53 39Total Number of Taxa 39



Table 6.2-8. Macrotnwertebrate taxa collected In the Schuylkill River at
S77120 during 1973 - 1976 (Selected sample dates only, see
Table 6.2-4) and 1984 - 1987.

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987

Acroneuri a
Alasmidonta
Alboglossiphonia
Allocapnia
Ancyronyx
Anodonta
Antocha
Argia
Asel lus
Baetis
Batracobdel la
Berosus
Caenis
Cambarus
Cecidomyl idae
Ceraclea
Ceratopowoni dae
Cheumatopsyche
Chi ronomidae
Crangonyx
Curcul ionidae
Diplectrona
Dol ichopodidae
Dromogomphus
Dubiraphia
ougesi a
Ectopri a
Elliptio
Empididae
Ena 11 agma
Ephemera
Ephemere Ila
Ephydri dae
Erpobdel la
Erythemis
Ferrissia
Gammarus
Giophus
Goniobasts
Gyraulus
Helisoma
Helobdella
Helophorus
Hydroli max
Hydrophi lidae
Hydroporus
Hydropsyche
Hydroptila
Tschnura
Isonychi a
Lampyridae
Lanthus
Lepi dostoma
Leucotrichia
Libellula
Lymnaea
Macromi a
Macronemum
Macronychus
Manayunkia
Molophilus
IhuSscidae
tluscul tu
Neurecl ipsis
HIgroni a
Oecetis

x
x

x

x
x

x x x
x

x
x x x

x

x x
x x x

xx

x x x x
x x x x

x
x x x x
x x x
x

x
x
x x x x
x x x )(
x x x x
x x x x

x
x
x xx x
xx x x

x
x
x

x
x
x
x

x
x
x
x

x
x x K
x x x

K

x
K X

x

x

x
x

'C

x
'C

x

x
x
'C
x
x

x

x
x
x
x
x

x

x

x
x
x
x

x
x

x x
x K

x
x x
x
K K

x

x x
x

x
x K

K )(
x

K K
x

x X

x

x
x
K

x
K

x

K

x
x

x
x

x

K
x

x
x
x
x

x
x
x

x

x

x

x
x
x

x

x

K x K
x

x

x
x x x

x
K X

x x x

x

x

x

'C

x

x

x

Ho samples collected In 1973.



Table 6.2-8. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1965 1986 1987

Oligochaeta X X X X X X X
Ophlicomphus x x
Optioseryus X X X X X
Orconectes X X X X X X
Parargyractis
Pericoma
Phasganophora
Phor Idae
Physa
PIsidium
Placobdel la
Polycentropus
Prostoma
Protopti la
Psephenus
Pseudol imophi la
Psychoda
Psychomyl a
Stalts
Simult Idae
Sphaerium
Stenacron
Stenelmi s
Stenoneima
Stratiomyl Idae
Strattomys
Stygobromus
Tabani dae
Telmatoscopus
Tetragoneurl a
Tipula
Triaenodes
Tricorythodes

Total Number of Taxa

x

x
x
x

x
x
x
x

x x
x x

x
X

'C
'C

'C
'C
'C

'C
'C

'C X

x 'C
x 'C

'C X

x

x
x

x x
X X

x X

X X

x x
x

X
X X

X
x x
X X

X

x X
x x
X X

'C
x

'C
x
'C
x
'C

X

x
' 'X

X

x
x
x

23 45 52 53 55 45 48

No samples collected in 1973.



Table 6.2-9. Macroinvertebrate taxa collected In the Schuylkill River at
578620 durins 1973 - 1976 (Selected sample dates only, see
Table 6.2-4) and 1984 - 1987.

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 19e4 1985 1986 1987

Acroneuri a
Actinobdella
Alboglossiphonia
Allocapnia
Ameletus
Amphinemura
Ancyronyx
Antocha
Argi a
Asel lus
Baetis
Batracobdel la
Berosus
Caenis
Cambarus
Ceraclea
Ceratopogoni dae
Cheumatopsyche
Chimarra
Chi ronomidae
Corydalus
Cran•onyx
Dl neutus
Dolichopodidae
Dromogomphus
D"kI raphia
Dugesiaa
Elliptio
Empididae
Ephemerel la
Ephydri dae
Erpobdella
Ferrlssia
Gammarus
Gomphidae
Gomphus
Gonlobasis
Gyraulus
Helisoma
Helobdella
Hydracarina
Hydrol i max
Hydroporus
Hydropsyche
Hydroptila
Ischnura
Isonychi a
Isoperla
Lanthus
Lepidostoma
Leucotrichia
Limonia
Lymnaea
Macronychus
Manayunkta
tusci dae
Muscul t um
Heureclipsis
Nigronia
Oecetis
Ol igochaeta
Ophlogomphus
Opt ioservus
Orconectes
Parargyracti s
Perlesta

x x x x X

x
x x

x
x
x

x
x

x
x x

x

x
x

x
x
x

x
x x x

x
x x x
x x x

x x
x

x x
x
x x

x
x x

x
x

x x
x
x x

x
x x

x
x
x

x
xX

x
x
XX

XXC

X
x
x
X

X X

X X
X X

X X
X X

x
'C
'C

'C

'C

'C
'C

'C

'C
x
'C

x
'C
x

X
x
Xx
X'C

'C 'C '
x 'C '

'C
'C X X
'C 'C '
'C '
x 'C '
'C 'C '
'C 'C '

'C

X
X
X
X

X X
X X

x x
x
x
x

x
x

x

x

x
'C

'C
x
'C
'C
'C

'C
x
'C
x

x

X
X
X

x

x

'C
x
'C
'C

'C
'C
'C

'C
'C

'C
x

'C
x
'C

x

'C

'C 'C '
x x

'C

'C

x
X

x x

C 'C X
'C

'C '
C 'C X

'C
x

'C '

X

x

X
X

X
'C '

'C

x X

x
'C ' X

'C x x

X X
X

'C

'C
'C
'C
x
x
'C
'C
'C
'C

'C 'C X '

'C 'C '
X
X

X
X
X

X

x

X

x

X
X
X

x

x

X



Table 6.2-9. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987

Phasganophora X X X X
Phori dae X
Physa X X X X X X X X
Piscicolarla X
Pisidlum X X X X X X X X
Polycentropus X X X
Potamanthus X
Prostoma X X X X X X
Protopti la X X X X
Psephenus X X X X X X X X
Pseudocloeon X
Psychoda X
Rhyacophila X
Sialls X X X X X X X
Simul itldae X X X X X X X
Sphaerium X X X X X X
Stenacron X X X X
Stenelmis X X X X X X X X
Stenonema X X X X x x x X
Stygobromus X
Tabani dae X
Taeniopteryx X
Tipula X X X X X X
Tipulidae X X
TP aenodes X X X X
Tricorythodes X "X X X X X X

Total1Number of Taxa 35 38 38 49 51 S8 S6 53



Table 6.2-10. Annual macrotrwertebrate standing crop (mean number/u 2 ),
all taxa combined, In the Schuylkill RiYer during 1973 - 1976
(Selected sample dates only, see Table 6.2-4) and 1984 - 1967.

Operational
Preoperatlonal Period Period

Station 1973 1974. 1975 1976 1964 1905 1966 1987

375770 2288.9 4970.3 - 6397.5 11207.7 12907.1 14694.0 13994.5

376760 3250.0 5•482.2 11107.6 5669.1 10225.4 14806.0 9101.1 8801.9

377120 - 6448.8 7935.5 4200.8 12504.1 20623.0 6606.6 12819.7

S78620 6133.2 8633.2 13573.8 13607.6 35471.3 38754.1 29740.4 25252.7

No samples collected at 577120 In 1973 or at 375770 in 1975.



Table 6.2-11. Annual uacroirinertebrate standIng crop (mean number/mZ) and percent composition of Important taxa
at 575770 in the Schuylkill River during 1973 - 1976 (Selected sample dates only, see Table 6.2-4)
and 1984 - 1987.

Preoperational Period I Operat ional
Period

Taxon
...... ------ ----m

Cheumatopsyche
Chironowidae
Cran-onyx
Ferrissia
Gammarus
Gonlobasls
Hydropsyche
Hydropt Ila
Ol igochaeta
Physa
Pisidlu
3phaeriLum
Stenacron
Stenelmfs
Tricorythodes

1973
Mean V

3.1 0.1
557.4 24.4

9.2 0.4
80.9 3.5

778.7 34.0

58.1 25.7
142.4 6.2

1.0 0.0
32.8 1.4

10.2 0.4

1974
Mean

43.0
647.5
23.6
19.5
5.1

2990.8
1.0

41.0
329.9
235.7

38.9
376.0

16.4
1.0

0.9
13.0

0.5
0.4
0.1

60.2
0.0
0.8
6.6
4.7
0.8
7.6

0.3
0.0

1975
Mean x

1976
Mean V

26.0 0.4
1296.4 20.3
359.3 5.6

1.4 0.0

1338.8 20.9
16.4 0.3

329.2 5.1
1702.2 26.6

53.3 0.8
715.8 11.2
248.6 3.9

20.5 0.3
1.4 0.0

1904
Mean

605.2
2439.9

610.7
247.3

1267.8
213.1

9.6
4041.0

157.1
276.0

4.1
184.4
176.2
117.5

5.4
21.8
5.4
2.2

11.3
1.9
0.1

36.1
1.4
2.5
0.0
1.6
1.6
1.0

1985
Mean

187.2
3061.5
2289.6

110.7
1566.9
1056.0

168.0
2.7

1224.0
1236.3

348.4
24.6

263.7
333.3
140.7

1 .5

23.7
17.7

0.9
12.1
8.2
1.3
0.0
9.5
9.6
2.7
0.2
2.0
2.6
1.1

1986
Mean

568.3
3718.6
692.6
262.3
982.2
758.2
527.3

5.5
5505.5

129.8
98.4

117.5
418.0
362.0

3.9
25.3
4.7
1.8
6.7
5.2
3.6
0.0

37.5
0.9
0.7

0.8
2.8
2.5

1987
Mean

80.6
2892.1
140.7
204.9
691.3
704.9
375.7

8079.2
105.2

97.0

30.1
62.8

214.5

0.6
20.7

1.0
1.5
4.9
5.0
2.7

57.7
0.8
0.7

0.2
0.4
1.5

No samples collected In 1975.



Table 6.2-12. Anmral macroInvertebrate standing crop (mean number/rn2 ) and percent composition of Important taxa
at 376760 in the Schuylkill River during 1973 - 1976 (Selected sample dates only. see Table 6.2-4)
and 1984 - 1987.

Preoperational Period
Operational

Period
--------------------------------------

19",
Taxon Mai

Cheiiatopsyche
Chironomidae
Crangonyx
Ferrissia
Gammarus
Gonlobasis
Hydropsyche
Oligochaeta
Physa
Plsfdlum
Sphaerium
Stenacron
Tricorythodes

2,
829,

53.
50.

172.
2.

1915.
59.
8.

10.

73 1974
in x Mean Y

.0 0.1 17.8 0.3

.9 25.5 785.5 14.3

.3 1.6 26.0 0.5

.2 1.5 66.9 1.2
- - 9.6 0.2
.1 5.3 2881.1 52.6
.0 0.1 2.7 0.0
.0 58.9 864.8 15.0
4 1.8 453.6 8.3

.2 0.3 15.0 0.3

.2 0.3 112.0 2.0

- - 2.7 0.0

Iw.-

17j
181

520
13

285
3

37
2

1975
lean

1976
Mean

1984
Y Mean

1985
Y Mean

.... ---- ---. ...--- ----- -- W------

F8.3 1.6 55.3 1.0 467.2
2.5 16.3 1347.3 23.8 2520.5

97.7 1.8 277.7 4.9 345.6
2.0 0.0 6.1 0.1 564.2

05.9 46.9 1627.0 28.7 2177.6
31.1 1.2 33.8 0.6 270.5
'0.4 25.7 1904.7 33.6 2666.7
31.8 0.3 20.5 0.4 77.9
76.0 3.4 114.8 2.0 151.6
24.6 0.2 77.9 1.4 -

- - - - 140.7
2.0 0.0 1.0 0.0 41.0

4.6
24.6

3.4
5.5

21.3
2.6

26.1
0.8
1.5

1.4
0.4

140.7
3407.1
3251.4

150.3
1945.4
568.3
112.0

2801.1
189.9
513.7

293.7
87.4

1.0
23.0
22.0

1.0
13.1

3.8
0.8

19.5
1.3
3.5

2.0
0.6

113.4 1.2
2192.6 24.1
1105.2 12.1

117.5 1.3
326.5 3.6
475.4 5.2
306.0 3.4

3475.4 38.2
5.5 0.1

17.8 0.2

60.1 0.7
411.2 4.5

1986
X Mean 7

1987
Mean

16.4
1389.3
457.7
110.7
77.9

222.7
43.7

6209.0
2.7

27.3

23.2

0.2
15.8

5.2
1.3
0.9
2.5
0.5

70.5
0.0
0.3

0.3



Table 6.2-13. Annual macroinvertebrate standing crop (mean number/W2 ) and percent composition of Important taxa
at 577120 In the Schuylkill River during 1973 - 1976 (Selected sample dates only, see Table 6.2-4)
and 1984 - 1987.

Preoperational Period
Operational

Period

1985 1986 19871973
Mean x

1974
Mean

1975
Y MeanTaxon

Argia
Cheumatopsyche
Chi rotnomidae
Crangonyx
FerrIssta
Gammarus
GoniobasIs
0l igochasta
Physa
Pisidlum
Sphaeriur
Stenelmis

x
- - 381.1

- - 186.5
- - 118.9
- - 43.0

- - 4711.1
- - 51.2
- - 489.8
- - 20.5
- - 334.0
- - ,4.1

5.9
2.9
1.8
0.7

73.1
0.8
7.6
0.3
5.2
0.1

14.3 0.2
76.8 1.0

1749.0 22.0
125.0 1.6

10.2 0.1

3016.4 38.0
2600.4 32.8

4.1 0.1
80.9 1.0
33.8 0.4

1976
Mean

115.8
43.0

880.1
120.9

1.0
1.0

1547.1
1098.4

25.6
76.8
57.4

2.0

0.0
2.8

1.0
21 .0

2.9
0.0
0.0

36.8
26.1

0.6
1.8
1.4
0.0

3
4

Mean X mean

118.9 1.0 38.3
340.2 2.7 80.6
478.1 11.8 3711.7
603.8 4.8 4374.3
56.0 0.4 113.4

- - 1336.1
468.6 27.7 710.4
•786.9 38.3 7096.4
215.8 1.7 814.2
437.2 3.5 700.8

- - 1.4
353.8 2.8 390.7

V Mean X Mean 7
1984

0.2
0.4

18.0
21.2

0.5
6.5
3.4

34.4
3.9
3.4
0.0
1.9

8.2 0.1
58.7 0.9

1591.5 24.1
434.4 6.6
172.1 2.6
131.1 2.0
695.4 10.5

2676.2 40.5
16.4 0.2
30.1 0.5

221.3 3.3

8.2
13.7

1561.5
136.6
312.8
124.3
606.6

9700.8
9.6
2.7

58.7

0.1
0.1

12.2
1.1

2.4
1.0
4.7

75.7
0.1
0.0

0.5

Ho samples collected In 1973.
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Table 6.2-14. Annual macrotrwertebrate standing crop (mean number/mzr) and percent composition of Important taxa
at 378620 In the Schuylklll River during 1973 - 1976 (Selected sample dates only, see Table 6.2-4)
and 1984 - 1987.

Preoperational Period
Operational

Period

Taxon

Cheumatopsych*
ChIronomtdae
Crangonyx
Ferrissia
Gontobasis
Hellsoma
Hydropsyche
tMuscul. I um
Olisochaeta
Physa
Pistdium
Simutlidae
Sphaerium
Stenacron
Stenelmts

1973 1974
Mean X Mean

156.8 2.6 2417.0
3862.7 63.0 2263.3

84.0 1.4 23.6
87.1 1.4 105.5

6.1 0.1 1229.5
349.4 5.7 1172.1
71.7 1.2 33.8

311.5 5.1 111.7
753.1 12.3 634.2
108.6 1.8 19.5

- - 3.1
198.8 3.2 377.0

20.5 0.3 9.2

28.0
26.2

0.3
1.2

14.2
13.6
0.4

1.3
7.3
0.2
0.0
4.4

0.1

1975
Mean

1223.4
7326.8

155.7
23.6

1837.1
395.5
809.4

780.7
82.0

238.7
1.0

336.1

12.3

9.0
54.0

1.1
0.2

13.5
2.9
6.0

5.8
0.6
1.8
0.0
2.5

0.1

1976
Mean X

3223.4 23.7
5854.5.43.0

105.5 0.8
223.4 1.6

2125.0 15.6

165.0 1.2

228.5 1.7
500.0 3.7
548.2 4.0

10.2 0.1
284.8 2.1

11.3 0.1

1984
Mean

7187.2
7049.2
1140.7
1826.5
2680.3

8.2
2221.3

120.2
4334.7
31•8.5
512.3

2060.1
1.4

892.1
788.3

X.

20.3
19.9

3.2
5.1
7.6
0.0
6.3
0.3

12.2
8.9
1.4
5.8
0.0
2.5
2.2

1985
Mean

3229.5
14696.7
1687.2
676.2
603.8

21.9
647.5
889.3

2169.4
2657.1
1632.5
4557.4

1032.8
1987.7

X.

8.3
37.9
4.4
1.7
1.6
0.1
1.7
2.3
5.6
6.9
4.2

11.8

2.7
5.1

1986
Mean

4319.7
6896.2
1284.2
1625.7
554.. 6

10.9
2127.0
4592.9
1733.6
1019.1

694*. 0
316.9

176.2
3153.0

.4

14.5
23.2
4.3
5.5
1.9
0.0
7.2

15.4
5.8
3.4
2.3
1.1

0.6
10.6

1987
Mean

975.4
10039.6

235.0
1332.0
491..8
53.3

1347.0
3736.3
2870.2
345.6
516.4
582.0

5.5
41.0

1853.8

Y.

3.9
39.8

0.9
5.3
1.9
0.2
5.3

14.8
11.4
1..4
2.0
2.3
0.0
0.2
7.3
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MACROINVERTEBRATES IN THE SCHUYLKILL RIVER, 1987.



6.3 Fish

Introduction

Operation of an electrical generating station may impact fish

populations through the effects of cooling water withdrawal and

discharge. Juvenile, and adult fish may be impinged on cooling water

intake screens and fish eggs and larvae may be entrained within the

cooling system, resulting in a level of mortality that did not exist

before. Changes in water quality from effluent discharge may directly

or indirectly impact fishes, particularly if thermal enrichment

occurs.

Due to their ecological and sociological importance, fish were an

aquatic ecosystem component selected for detailed study. The

Schuylkill River fish community was investigated from 1970-1978 and

from 1980-present. Included in these investigations were population

surveys to determine species composition, abundance, and distribution

of fishes near LOS; examination of life-history characteristics of im-

portant species; and periodic surveys of impingement, entrainment, and

recreational fishing. The overall objective of these studies is to

determine if LOS operation has an ecologically significant effect on

the fish community near the power plant. To meet this objective,

characteristics of the fish community present before LOS operation

were compared to fish community characteristics in the postoperational

period. Comparative techniques are study-specific and are explained

later in this report section.

6.3-1



This report section is divided into six categories each of which

addresses a different component of the fish monitoring program. In

the order presented, these categories are entitled 1) Population

Surveys, 2) Biology of Important Species, 3) Age and Growth of

Redbreast Sunfish, 4) Impingement, 5) Creel Survey, and 6) Impact

Evaluation. The first five categories summarize methods and results

of 1987 monitoring studies, while the sixth section, Impact

Evaluation, draws upon information contained in the long-term database

developed in both the preoperational and postoperational (i.e.,

status) periods of the LGS project.

An important aspect of this study is the assessment of natural

spatial and temporal variation in the ecological variables of

interest. It is against this background of natural variation that any

LGS-induced effects must be recognized. Where possible, a measure of

control over postoperational observations was established to dist-

inguish between natural or anthropogenic events that occur over a wide

area from local effects that may be due to power plant operation.

Two features of the Schuylkill River fish community monitoring

program were important in terms of meeting study objectives. One was

the multi-year sampling effort in both status periods, which permitted

natural year-to-year variation to be assessed within and compared

between the two status levels. Natural variation is usually con-

sidered the best comparative measure of the significance of power

plant effects (Green 1979, 1984). The second important feature was

6.3-2



the use of an upstream reference station to account for area-wide

changes in the fish community that were unrelated to power plant

operation. This approach assumed that the reference (i.e., control)

station was far enough away from the power plant to be unaffected by

it, yet near enough to potentially affected stations that area-wide

environmental influences were the same. Ideally, control and affected

stations should be ecologically similar, the only difference

between them being the presence or absence of power plant influence.

The efficacy of this approach depends in part on how well these as-

sumptions are met.

Population Surveys

Collection and Processing of Fishes

Fishes were collected using two methods, seining and

electrofishing, that together sample most species from the types of

habitat found in the LGS vicinity. 5eine collections were scheduled

at monthly intervals throughout the year (Table 6.3-1), while elec-

trofishing samples were made primarily from April-October; sampling

frequency early in the preoperational period varied more for elec-

trofishing than for seining (Table 6.3-2). Conditions permitting, one

station a short distance upstream and one station just downstream of

the LGS discharge were electrofished in January-March and November-

December of postoperational years to determine if fish were attracted

to the power plant's slightly heated effluent. Collection and

6.3-3



processing methods for each gear type are presented in more detail

below.

Seining

Small fishes including minnows, darters, and the young of larger

species were collected from six near-shore stations (Fig. 6.3-1) with

a 3.2 mm-mesh, 2.4 mm x 1.2 m seine. Effort consisted of six uniform

hauls along 30 m of shoreline at each station. Catches from in-

dividual hauls were pooled to form a composite sample from each

station on each sample date. Specimens were identified and sorted

into 5-mm length intervals in the laboratory, except for occasional

large adult fish and sport fish young which were measured in the field

and released. Since effort remained constant within and between

stations, catch data were intrinsically standardized. Therefore,

catch-per-unit-effort (CPUE) was equivalent to total catch.

Electrofishina

Fishes were collected from four stations (Fig. 6.3-2) with a 240-

volt, pulsed DC electrofishing boat having fixed electrodes suspended

from bow and side booms. Each station was sampled in a downstream

direction at a speed slightly faster than the current within two op-

posing shoreline zones, two adjacent off-shore zones, and one midchan-

nel zone. The amount of time spent fishing a zone was recorded to the
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nearest minute and used to express catch data as CPUE, computed for

each sample as fish/hour.

Fish were identified, measured to the nearest mm FL, weighed to

the nearest gram, and examined for overall appearance while noting the

presence of disease, parasites, and physical abnormalities, broadly

referred to as "disease". Fish smaller than 50 mm FL were excluded to

avoid gear bias against small fish. Furthermore, with the exception

of cyprinid species that grow to a large adult size, most minnows and

darters were also excluded from electrofishing samples.

Summary of 1987 Data Analyses

Species composition and relative abundance of fishes in the

Schuylkill River near LGS were estimated by both seining and

electrofishing. Species composition was best represented by the

species list generated from the combined catch of both gear types,

since neither gear effectively sampled all species known to occur near

LGS. Due to differences in gear selectivity, relative abundance was

determined separately for both gear types as both percent of total

fish captured and as CPUE. Catch data were compiled for individual

stations and time periods to characterize variation in species

relative abundance.
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1987 Sampling Results

Species Composition

In 1957, 34 species and two hybrids from ten families were taken

by one or both gear types (Table 6.3-3). Bowfin, a relict species

rare to the Schuylkill River, was collected for the first time in many

years. No new species for the study area was captured in 1987.

Several species and hybrids appearing in past Schuylkill River

fish samples were not collected in 1987. However, these fishes are

rarely encountered in the river near LGS. Many are introduced game or

forage species (e.g., American shad, which were stocked but not col-

lected in 1987; muskellunge and its hybrid with northern pike;

walleye; trout; fathead minnow) or are more common in tributaries

(redfin pickerel, longnose dace, margined madtom) or impoundments in

the watershed (yellow perch).

Relative abundance: Seining

Seining yielded a total of 8,065 fish of 26 species in 1987. The

three most abundant species in seine collections were spotfin shiner

(53.9% of the 1987 catch), spottail shiner (14.6%), and redbreast sun-

fish (13.5%). All other species each contributed less than 5% to the

total catch for the year.
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Catch rate in 1957 rebounded from the historic low noted in 1956,

due to successful reproduction by spotfin shiner and spottail shiner.

Seine catches for 1987 by sampling station and by sample date are

shown in Tables 6.3-4 and 6.3-5, respectively.

Relative abundance; Electrofishine

In 1937, a total of 6,842 fish of 24 species and 2 hybrids was

collected in 40.58 hours of electrofishing (Table 6.3-6). Total CPUE,

168.6 fish/hour, was considerably less in 1987 than the total CPUE ob-

served in 1956, 369.5 fish/hour. Decreased abundance of the excep-

tionally large 1985 year-class of goldfish and carp was largely

responsible for the lower CPUE in 1987 compared to 1956.

The most abundant species electrofished were rock bass (19% of the

total catch), goldfish (17.6%), redbreast sunfish (15.7%), yellow

bullhead (8.5%), pumpkinseed (B.6%), smallmouth bass (7.5%), brown

bullhead (7.3%), and white sucker (6.5%). Monthly catches at each

electrofishing station are summarized in Table 6.3-7 through Table

6.3-10.

Differences between electrofishing stations were noted in the

relative abundance of the more common species (Table 6.3-6). These

differences appeared to be related to local habitat conditions at each

station. For example, goldfish were 3 to 5 times more abundant (based

on CPUE) at S77640 and S76940 (two stations adjacent to LGS) than at
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579310 (upstream of LOS) or 576440 (downstream of LGS). Carp, brown

bullhead, pumpkinseed, and largemouth bass displayed similar spatial

distributions, reflecting their preference for slower, weedier sec-

tions of the Schuylkill River. These species may concentrate around

weedbeds, small eddies, and backwaters. Both 577640 and 576940 con-

tained more of these habitat types than the other two stations.

In contrast, yellow bullheads, rock bass, redbreast sunfish, and

smallmouth bass tended to be more numerous at either the upstream

station (579310) or both the upstream and downstream (576440)

stations. The upstream station, situated in a river bend, had faster

current and a rockier substrate. Station 576440, although slower,

also contained an area of exposed boulders where these species tended

to congregate.

Based on electrofishing upstream and downstream of the LGS dis-

charge during cold weather, fishes were not attracted to or concen-

trated in the discharge vicinity. Water temperatures at the time of

sampling never differed by more than 1.5 C between ambient areas and

the small area receiving LOS effluent discharge.

Biology of Important Species

Introduction

Several species were chosen for intensive study due to their im-

portance to the Schuylkill River fish community (Table 6.3-11).
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Spatial and temporal changes in relative abundance were used to assess

species-habitat relationships and fluctuations in population density.

Variation in reproductive success plays an important role in the

population dynamics of stream fishes. Time of spawning and relative

year-class strength were two aspects of reproduction determined for

important species. The date that young-of-year (YOY) first appeared

in seine collections indexed the approximate onset of spawning. The

catch of YOY fish in seine collections was used as an index of year-

class strength. For faster growing species, determination of relative

year-class formation Was augmented later in the year by the elec-

trofishing catch of Age-0 fish.

The incidence of disease was determined for the larger important

species collected by electrofishing since disease incidence can re-

flect the degree of pollution and other stresses on a stream ecosystem

(Sinderman 1979). Disease incidence was not assessed for the shorter-

lived small species collected only by seine, or for American eels,

which were not individually examined because they were difficult to

handle.

Species Accounts

American eel

Only ten American eels were captured by electrofishing in 1987,

compared to 21-54 eels taken per year between 1976 and 1986. The de-
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cline in American eel CPUE may indicate a reduction in population den-

sity in the Schuylkill River near LGS. However, the sensitivity of

electrofishing CPUE to changes in the abundance of uncommon species is

probably not great enough to attach much significance to this

observation. In any case, reduced catches of American eels were noted

both upstream and downstream of LOS. The spatial pattern of dis-

tribution in 1987 remained consistent with past observations. More

eels were taken from the farthest upstream and downstream stations

than from the two stations adjacent to LOS. Stations where eels were

more abundant contained greater amounts of rubble and boulder habitat

which this important species appears to prefer.

American shad

The Pennsylvania Fish Commission (PFC) introduced 195,000 postlar-

val American shad in the Schuylkill River on 4 June 1987, as part of

that Agency's shad restoration program. Young American shad were

released below the riffle adjacent to LOS. None of these fish was

recaptured by RMC personnel, unlike 1986 when several fingerling shad

were recaptured in the fall between LOS and Linfield, Pennsylvania.

However, PFC personnel reported catching 11 fingerling shad upstream

of Cromby Generating Station and 32 more between Spring City and

Royersford, Pennsylvania, in September 1987 (Leroy Young, PFC, per-

sonal communication).
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Muskellunas

. Muskellunge or the hybrid cross with northern pike were not

stocked by the PFC in the study area in 1987, and none was collected

by either sampling gear. In the past, a few small specimens were col-

lected following such introductions. Although catches of these

predatory game fish were occasionally reported by anglers, such

reports have not come from the LOS study area for quite some time.

Anglers usually reported taking muskellunge or hybrids from the

tailraces below dams and near the mouths of major tributaries.

Goldfish

Although goldfish ranked second in the elecirofishing catch in

1987, this introduced species was not as abundant as in 1985 and 1986.

Most goldfish taken by electrofishing were Age II fish spawned in

1985, based on length frequency of goldfish captured in the fall (Fig.

6.3-3). Most goldfish were 170-220 mm FL by the end of their third

summer of life.

A total of 49 YOY goldfish were taken by seine, compared to 39q

collected in 1985 when the largest year class on record was produced.
L

Spawning took place in late May or early June, as evidenced by the

capture of 15-30 mm goldfish fry on 22 June 1987.

Goldfish densities were considerably higher at 577640 and 576940

adjacent to LGS than at the extreme upstream (579310) or downstream
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(576440) stations. This pattern of distribution was similar to past

observations and reflected differences among stations in the amount of

preferred habitat as noted previously.

A high percentage (20-40% depending on station) of goldfish in

1987 were infested with anchor worm, a parasitic copepod.

Infestations were noted in the goldfish from all stations, par-

ticularly during the summer months. The heavy infestation was likely

related to the relatively high density of goldfish. Another sign of

stress in goldfish was a high incidence of fin erosion often seen in

conjunction with severe infestations of anchor worm on individual

goldfish.

Swallowtail shiner

Fifty TOY swallowtail shiners were seined from the Schuylkill

River in 1987. Fry first appeared in the June sample. This total was

much greater than the two YOY seined throughout 1986, and over twice

the number seined in 1985. However, the 1987 YOY index was considera-

bly lower than that obtained in any preoperational year except 1975

when only 66 TOY swallowtail shiners were collected.

Despite some successful reproduction, the 1987 seine catch of 172

swallowtail shiners was by far the lowest on record. Given the prior

lack of reproductive success over the last two years and this species'

short life span, such low population density might be expected.
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Although the decline in swallowtail shiner abundance began at the time

LG5 went into operation# the decline has been coincident with greatly

increased predator populations in the study area.

Spotfin shiner

Although this species has remained the most abundant fish in seine

collections for many years, relative abundance had declined to record

low levels during the first two years of LOS operation. Catches in

1987 rebounded, however, and YOY were nearly four times as abundant as

during the previous two years. Greatest recruitment to the sampling

gear occurred in September, although some young were collected as

early as June.

White sucker

A total of 464 white suckers was electrofished in 1987 at a CPUE

of 11.4 fish/hour, the lowest index for any year of the LGS monitoring

program. Catches of white sucker were reduced both upstream and down-

stream of LOS, suggesting that lowered relative abundance was an area-

wide phenomenon. This surmise is supported by the spatial dis-

tribution of white sucker catches which did not change appreciably

despite lowered population density. The CPUE of white sucker was

highest at 579310 upstream of LOS, and second highest at 576940 down-

stream of the LOS discharge. Station 579310 contained much of the

swifter habitat preferred by this species, while schools of white
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sucker were often encountered near the base of the large riffle at

579640, another fast-flowing area.

White sucker electrofishing catches declined steadily from April

through August and rose again in September, suggesting movement

throughout the area, probably to deeper areas during the summer low-

flow period.

Length frequency of white sucker in the fall (Fig. 6.3-4)

delineated at least four and possibly five distinct age groups, plus

one exceptionally large individual of indeterminant age. The bulk of

the population was between 250 and 300 mm FL, and was comprised of

members of the strong 1985 year class. It is unclear whether fish

between 300 and 350 mm were fast growing Age II or slower growing Age

III white suckers. Age I fish spawned in 1986 did not contribute

nearly as much to the 1987 catch as did the 1985 year class to the

1986 catch, further evidence that white sucker reproductive success in

1985 was above average, as it was for many species in the Schuylkill

River. The 1987 seine catch of 156 YOY white suckers was the third

highest on record.

The incidence of disease among adult white suckers was similar in

both 1986 and 1987I about 7%. Body wounds and anchor worms were the

most common maladies, but individual afflictions were seldom severe.
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Brown-bullhead

Characteristics of the brown bullhead population were similar in

1987 to those observed the previous year and reflected the dominance

of the large 1985 year class. Age II brown bullheads comprised the

bulk of the population and were mostly between 180 and 240 mm FL by

the end of their third summer of life (Fig. 6.3-5).

Patterns of spatial distribution were consistent with previous ob-

servations of habitat use, with brown bullheads being more abundant in

the middle two stations near LOS than in the upstream or downstream

stations.

Incidence of disease, 22%, was similar to the 21% rate seen in

1986. Presence of parasitic leeches was the most common disease. Few

very old, large brown bullheads remained in the population, but those

surviving often had cancerous or precancerous lesions on the head and

lips. Contact with bottom sediments contaminated by heavy metals may

have been a primary factor related to the incidence of tumors in brown

bullheads (Reisinger 1981). Given an apparent reduction in pollution

stress in recent years, it will be important to note whether members

of the 1985 year class develop cancer as they grow older.

Four YOY brown bullheads were collected by seine on 22 June 1987

but none was captured by electrofishing. These observations are in-

dicative of a very low level of natural reproduction in 1987.

Production of large year classes by this species in the Schuylkill
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River has been an infrequent and sporadic phenomenon. The 1985 year

class was the first strong year class produced in the vicinity of LOS

since 1977.

Banded-killifish

The total number of banded killifish seined in 1987 was 26, which

was lower than the catch of this species in any other year. However,

catches substantially below average were also recorded in 1975 and

1984 during preoperational sampling. Sixteen of the individuals

seined were judged to be YOY fish based on length and time of capture.

YOY were first collected in June. It appears that the density of this

species can fluctuate widely within the locations sampled. Data were

insufficient to identify any particular reason why population density

was low in 1987. It is conceivable that banded killifish were preyed

upon by the large populations of rock bass and smalimouth bass, but no

data exist to evaluate this hypothesis. Given the patchy distribution

of many small fishes relative to the location of preferred habitat

areas, the unusually low catch might also have been a sampling

artifact.

Pumokinseed

Relative abundance of pumpkinseed in the Schuylkill River has been

exceptionally stable throughout the entire period of record, with an-

nual CPUE values ranging between 8 fish/hour in 1985 and 17 fish/hour
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in 1983 (Table 6.3-12). Relative abundance in 1987 (14 fish/hour) did

not deviate from this range.

YOY pumpkinseed were first seined in July at lengths of 16-30 mm,

and even more were seined in August. The 41 YOY seined indicated suc-

cessful reproduction but possibly not as great as in 1983 and 1985

when 226 and 120 YOY pumpkinseed, respectively, were collected.

Comparison of seine and electrofishing data indicated that the initial

peak (50-70 mm) in the length frequency histogram (Fig. 6.3-6) was

comprised of Age I pumpkinseed.

The incidence of disease, II%, was similar to that seen in 1981-

1986 (7-14%). Mild infestations of blackspot occurred on 6% of

specimens examined and was the most common affliction of pumpkinseed.

Smallmouth bass

Smallmouth bass CPUE in 1987, 12.7 fish/hour, was the highest in-

dex yet recorded (Table 6.3-12). Catch rate was highest at 579310 and

was also somewhat higher at 577640 than at the two stations downstream

of LOS, which were similar (Table 6.3-6).

Length-frequency analysis of the September-October electrofishing

collection (Fig. 6.3-7) agreed with earlier seine results in revealing

the presence of a strong 1987 year class of smallmouth bass. YOY were

first seined in late June, which is consistent with a late-May through

early-June spawning period. Note that the minor rise in river dis-

6.3-17



charge in early June 1987 (see Fig. 6.1-2) did not have the

devastating effect of the 25,000 cfs flood event in late May 1984 that

virtually destroyed that year class of smailmouth bass.

Since a moderate year class of smallmouth bass was produced in

1986, the absence of a third distinct peak in the length-frequency

histogram may indicate considerable size overlap between Age I and Age

II fish, or heavy predation on 1986 smallmouth bass fingerlings by

fish from the abundant 1985 year-class.

Disease incidence in 1987 ranged from 8-11% among individual

stations and averaged 10% for the year. Minor occurrence of blackspot

was the predominant disease of smallmouth bass.

Laroemouth bass

Once more abundant in the Schuylkill River near LGS than the

smallmouth bass (EROL), the largemouth bass was quickly replaced as

the dominant species of Microoterus by smallmouth bass as water and

habitat quality improved during the late 1970's and early 1980's.

Although commonly encountered in the LGS vicinity, largemouth bass

population density has remained low and fairly stable throughout

preoperational and postoperational survey periods.

Annual electrofishing CPUE averaged 1.02 fish/hour/year from 1976-

1983, and 0.90 fish/hour/year since 1985. The 1987 catch rate, 1.6

fish/hour, was the third-highest recorded in any year (Table 6.3-12).
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Most of the largemouth bass electrofished in 1987 came from S76940 and

577640 adjacent to LOS. Only nine YOY were seined in July, but large

numbers of YOY largemouth bass were never collected in the past.

Blackspot or leeches were present on 6% of the individual largemouth

bass examined for disease.

T esselated darter

This small benthic fish species is the only member of the perch

family to maintain an appreciable population in the study area, but it

is much more abundant in tributary streams. Most of the 37 in-

dividuals seined in 1987 were YOY fish, and over half of these were

taken in the June sample, primarily from stations downstream of the

LOS discharge.

Redbreast sunfish

In 1987, this sunfish species was the third-most abundant species

taken by both electrofishing and seining. Most of the redbreast sun-

fish collected by seine were YOY fish which were recruited in late

June. A length-frequency histogram (Fig. 6.3-8) also revealed the

presence of a relatively strong 1987 year class of redbreast sunfish.

The pattern of spatial distribution among sampling stations was

consistent with past observations and demonstrated this speciest

preference for areas with fast current and rocky bottom.
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The overall rate of disease, 15X, was considerably higher than the

5% rate noted in 1986, due to an outbreak of eye flukes in the

population in early spring. The popeye condition caused by these

parasitic flatworms was not seen to any great extent except in April.

Redbreast sunfish was selected for detailed analysis of individual

growth rates. The 1987 age and growth study for redbreast sunfish is

presented in the following subsection of this report.

Age and Growth of Redbreast Sunfish

Introduction and Methods

The scale method (Van Oosten, 1929) was used to determine age-

composition and growth rates of Schuylkill River redbreast sunfish.

The redbreast sunfish is one of the most abundant important species in

the study area. Only one species was chosen for scale analysis

because the method is time-consuming, and it was felt that redbreast

sunfish would always be present in sufficient numbers to permit long-

term study and would tend to reflect trends in growth and year-class

formation characteristic of several other important species.

Specimens were collected by electrofishing in October, after most

annual growth had been completed. Sample stations along a 3 km seg-

ment of the Schuylkill River included one upstream control (579400)

and two downstream stations (577240 and S76440, intake and discharge
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affected, respectively). Goals for sample size were 125 fish at each

station. Only fish greater than 50 mm in length were collected.

Scales were taken from below the lateral line at the tip of the

extended pectoral fin. Scale samples were cross-referenced with FL,

weight, and place and time of collection.

Uniformly shaped, non-regenerated scales were placed on a 1-mm

thick, preheated plastic slide and permanent impressions were made

with a roller press. Scale impressions were viewed at 23X mag-

nification and annuli were identified using the criteria given in

Tesch (1968). Ages were assigned according to the number of annuli

present.

Anterior scale radius and distances between focus and annuli were

measured from one scale from each fish. Five scales from each fish

were used to determine radii for use in a body-scale regression.

Linear regression of body length on scale radius was used to

describe the body-scale relationship. Fork length at each annulus was

back-calculated for each fish, based on the body-scale relationship,

using the formula in Tesch (1968):

L= C + 51/5 (L-C)

where: Ll = length of fish where annulus 'n' was formed
L length of fish when scale sample was obtained
i= scale radius of annulus 'n'

S = total scale radius
C = the intercept of body-scale regression with

the abscissa
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Redbreast sunfish ages determined from scales were validated by

length-frequency analysis of fish collected in September and October.

Length-frequency histograms were used to infer age-composition and

relative mortality rates among age cohorts.

Results and Discussion

Schuylkill River redbreast sunfish collected in 1987 were assigned

to age-groups I-IV on the basis of the number of annuli present. Mean

lengths at annulus back-calculated for 357 fish indicated that

greatest linear growth occurred in the second year of life (Table 6.3-

13). Little difference in growth rate attributable to sampling

station could be detected. Back-calculated mean lengths at annulus

for redbreast sunfish collected in 1987 are compared to similar back-

calculations for fish collected in previous years (Table 6.3-14).

Back-calculated mean lengths at annulus by age (Table 6.3-15) in-

dicated that first-year growth of redbreast sunfish spawned in 1986

was very good, as it had been for fish spawned in 1985. The good

first-year growth coincided with periods of low stable flow and high

water temperatures which occurred throughout the 1986 growing season.

Back-calculated growth for fish collected in 1987 indicated that

overall growth rates of all age-groups remained similar or exceeded

previous years.
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Redbreast sunfish collected from the Schuylkill River in 1987

displayed an age distribution consisting primarily of Age I and II

fish. Only 18 of 357 fish collected (5%) were Age III or IV (Table

6.3-16). The reasons for this distribution were detailed in the 1986

report.

Of primary importance was the continuing predominance of the 1985

year-class. This year-class comprised 89% of the 1986 age and growth

collection and 49% of the 1987 collection. The success of the 1985

year-class was extraordinary, but the 1986 year-class was also

successful. Age I fish (1986 year-class) comprised 46% of the 1987

sample (Table 6.3-16).

Also of importance was the high annual mortality exhibited by

Schuylkill River redbreast sunfish and the poor success of the 1984

year-class. The 1983 year-class was extremely strong in the 1984 and

1985 collections, but its contribution to population numbers plunged

in 1986 and 1987. The 1984 year-class comprised less than 10% of the

1985 collection and less than 4% in the 1986 and 1987 collections.

The dearth of this year-class was previously related to high flow and

low temperatures during spring and early summer of 1984.

A length frequency histogram for redbreast sunfish collected in

September and October 1987 (Fig. 6.3-8) demonstrated the continued im-

portance of the 1985 year-class in the redbreast sunfish population.

These fish were mostly between 115 and 140 mm in length. Most in-
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dividuals from the 1986 year-class reached at least 85 mm after two

summers of growth. Very few individuals 160 mm in length or larger

(Age IV or older) were collected.

Impingement

Introduction and Methods

Fish impingement at the LOS Schuylkill River intake was monitored

periodically throughout 1987. The objective of this study was to es-

timate the number, size, and species of fish impinged at LOS.

Debris from the intake screens was collected in a trash bin, which

was checked at approximately weekly intervals except during periods of

high river flow when it was checked more frequently. A sheet of

plastic was placed over the trash bin to separate the debris of one

survey period from that of another. Each new accumulation of debris

was sorted manually, and except for decomposed specimens, any fish

found was identified and measured to the nearest mm fork length (FL).

Results and Discussion

Fewer fish were impinged in 1987 than in 1986. For the year, 250

fish of 15 species and unidentified Notropis minnows were observed

compared to 1,633 fish of 15 species collected in 1986. Goldfish com-

prised 44% of the annual total, more than any other species. In 1986,

goldfish comprised 89% of the annual total. Redbreast sunfish com-
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prised a higher percentage of total fish impingement in 1987 than in

1986 (15% versus 2%) but the actual number of redbreast sunfish imp-

inged in both years was similar (38 in 1987 versus 31 in 1986). The

observation that colder water temperatures and high river flows con-

tribute to increased impingement (RMC Environmental Services 1985) was

also evident in 1987. Over half (57%) of the fish were impinged

during the first quarter of 1987 (January-March) when the river was

colder and average flow was greater than in the rest of the year.

Several factors contributed to the decrease in the number of fish

impinged in 1987. The extended maintenance shutdown of LS in 1987

and the consequent low volume of water withdrawn helped reduce the

number of fish impinged. During the period June-December 1987, only

two fish were recovered from debris collected by the intake screens.

Most of the fish impinged in 1986 were small Age-I goldfish

spawned in 1985. These 1985 year class goldfish were fewer in number

and larger in size in 1987. Both their reduced population density and

the ability of larger, stronger goldfish to avoid the screens probably

contributed to the decreased impingement observed in LGS in 1987.

With the exception of high flow in September, there was no major

fluctuation in Schuylkill River flow during 1987. It is hypothesized

that high river flow contributes to impingement because many fish move

to shoreline cover to avoid current. A sudden inshore movement in

response to a rapid rise in stream discharge may expose more fish to
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the intake than usual. The rapid increase in discharge that occurred

in September 1987 coincided with the shutdown of LGS, thus, no oppor-

tunity existed to observe impingement coincident with this high flow.

Compared to the composition of 1987 electrofishing samples, the

LGS intake screens appeared to be selective for goldfish and alewife

in that both species comprised higher percentages of the total number

of impinged fishes than they comprised of the total electrofishing

catch. The selectivity of the screens for goldfish may reflect the

intake's proximity to shallow weedy habitat preferred by goldfish.

Since impingement studies began in 1985, consistently more alewives

were taken by the screens than by electrofishing. However, most

alewives were impinged during periods of high flow and low temperature

when no electrofishing was attempted.

Creel Survey

Introduction and Methods

Recreational fishing was surveyed on a 10-km reach of the

Schuylkill River near LGS during April-September 1987 (Fig. 6.3-9).

Similar surveys of the area were made every year since 1980, except in

1986. The 1987 survey area was expanded upstream to include a newly

opened recreation area located approximately 1.5-km upstream from the

original survey boundary.
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A roving creel survey based on a nonuniform probability sampling

design was used to gather data on the recreational fishery (Pfieffer

1966, Malvestuto el al. 1978). Fishery characteristics investigated

were 1) monthly fishing pressure between river meter S71860 (below

Vincent Dam) and 58200 (Towpath Park), 2) locations frequented by

anglers, 3) monthly catch and harvest by species, 4) species preferred

by anglers, 5) access type (shore, boat, or bridge), and 6) age and

sex of anglers.

The objective of the survey was to characterize the recreational

fishery and provide estimates of angler catch and harvest. Angler

harvest can provide a relative measure with which to evaluate the sig-

nificance of fish impingement losses (Mathur &L al. 1977). The creel

survey also provided data to augment other studies of fish populations

in the Schuylkill River near LGS.

Results and Discussion

Fishing Pressure

Monthly estimates of fishing pressure in angler-hours are

presented in Table 6.3-17. A total of 8,910 angler-hours were spent

during April-September 1987. Fishing pressure was greatest in May and

June and lowest in July. Considering the relatively small amount of

fishing effort expended (compared to more intensively fished bodies of

water), fishing pressure estimates were reasonably precise as in-
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dicated by the average monthly coefficient of variation (30%). These

results were in general similar to results from past surveys. Almost

all fishing was from shore at points of convenient access, and little

fishing adjacent to LOS was observed (Table 6.3-18).

Catch and Harvest

Angler catch including fish caught and released was dominated by

smallmouth bass in 1987 (Table 6.3-19). This large catch (and

release) was probably related to the high density of Age II smailmouth

bass less than the legal size limit (254 mm). The large 1985 small-

mouth bass year class should make a substantial contribution to the

recreational fishery for several years.

Lepomis sunfish, catfish (mostly brown bullhead), carp, and rock

bass comprised much of the remaining catch. In total, an estimated

11,752 fish were caught from the study area by anglers in 1987.

Consistent with past years, anglers kept only a small fraction of

the fish they caught. The estimated 1987 harvest of 652 fish was only

5.5% of the estimated total catch. Over one-half of the harvest was

comprised of brown bullhead (Table 6.3-20).

The survey was consistent with earlier ones (RMC Environmental

Services 1984, 1985, and 1986) in demonstrating that the fishery in

the Schuylkill River near LOS is of low intensity and is re-
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creationally oriented rather than oriented toward harvest of fish for

human consumption.

Age, Sex, and Preferred Species

Anglers who fished the Schuylkill River near LOS in 1987 were

grouped by categories of age and by sex (Table 6.3-21), and were not

found to differ substantially in these demographic characteristics

from samples of anglers surveyed in past years.

Although "anything" was the response most often given by anglers

when asked what they were fishing for, almost as many anglers

responded that they were fishing for "bass" (Table 6.3-22), while

"catfish" followed "bass" in order of preference.

Impact Evaluation

Introduction

In this section, the extended preoperational-postoperational

database is analyzed with the objective to answer the question, has

operation of LOS over a three-year period resulted in measurably sig-

nificant change in the Schuylkill River fish community near the power

plant?

Mechanisms of potential environmental impact discussed in the in-

troduction to Section 6.3 imply that some characteristics are more im-
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portant to examine than others. The characteristics chosen for

evaluation at this time include relative weight (a measure of body

condition) of several species, trends in species composition and den-

sity of more abundant species, and age and growth characteristics of

redbreast sunfish. These. evaluations, along with results of

impingement, entrainment, and creel surveys, were then used to assess

the impact of LGS operation.

Historically, environmental impact studies have tried to measure

any environmental change, but such attempts have often been thwarted

by sampling designs that were inadequate to test specific hypotheses,

limited time frames, and small sample size which led to a lack of

statistical power (Green 1979). These problems were often exascer-

bated by the tremendous natural variation characteristic of most

ecological systems and the difficulty in obtaining reliable estimates

of many environmental variables. Failure to apply ecological prin-

ciples or to recognize indirect or cumulative impacts has also been a

problem (Beanlands and Duinker 1984).

To varying degrees, studies reported here have suffered from one

or another of the problems just identified. During the 13-year data

collection period, the techniques and thoughts regarding impact detec-

tion have continuously evolved. Some approaches were attempted and

later found to be inadequate for the purpose originally intended.

Therefore, much thought has been given to exactly what has been

measured, and to how these measurements may be analyzed. In some
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cases, statistical hypothesis testing was considered inappropriate.

Where such techniques have been applied, justification for their use

and an evaluation of underlying statistical and ecological assumptions

is presented.

Of primary importance in an impact analysis is the evaluation of

impact predictions made prior to LGS operation. These predictions,

discussed in the EROL, are briefly presented here. The effects of

impingement and entrainment were predicted to have minimal impact on

resident fish populations for several reasons, including: 1) the

percentage of total river flow withdrawn was small, 2) species most

abundant in the ichthyofaunal drift that would be subject to entrain-

ment are abundant throughout much of the Schuylkill River, and no

unique# critically important spawning areas exist in the vicinity of

LOS, 3) fishes typically reproduce at a level far above what the en-

vironment is capable of supporting, so that populations can compensate

for wide variations in egg mortality through density dependent changes

in growth and survival, 4) indirect effects on fishes through entrain-

ment of food organisms such as zooplankton were not expected because

planktonic organisms are not a major portion of the food web in a

riverine ecosystem, and 5) experience at generating stations located

in similar areas showed that impingement of juvenile fishes is seldom

of concern. Similarly, discharge effects were predicted to be of no

consequence because 1) the use of cooling towers and design of the ef-

fluent diffuser would effectively limit thermal enrichment of the
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Schuylkill River and 2) the chemical composition of the effluent would

be regulated by NPDES permit limitations established to protect down-

stream water quality and designated uses including fish and wildlife

propagation.

Fish Body Condition

Introduction

Body condition refers to the plumpness of a fish. When provided

with an ample food supply, healthy fish in an optimum environment will

be heavier at a given length than fish stressed by lack of food,

disease, or environmental degradation.

Thermal effluents from power plants can impact body condition of

fishes living in heated areas by altering their metabolism and pat-

terns of energy utilization which are strongly regulated by

temperature. Indirect effects on food supplies or from other stresses

could also affect body condition in fishes.

Impacts on fish body condition near LGS were predicted to be

negligible. This prediction was tested by comparing body condition

over time among fishes living near LGS and fishes from an upstream

area unaffected by station operation. All stations were assumed to be

affected similarly by ambient regimes of flow, temperature# and water

quality. However, known differences in habitat and species abundances

between stations may have influenced body condition differently at
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each station, depending on variation in local fish density, food

availability or other factors.

Methods

A modified Relative Weight Index, Wr, was used to quantify body

condition (Wege and Anderson 1978). Wr was computed and compared

among stations over time for the species listed in Table 6.5-23. For

each species, lengths and weights of fishes collected from all

stations in the preoperational period (1976-1984) were natural-log

transformed to linearize the relationship between length and weight.

Individual fish lengths from both preoperational and postoperational

phases were inserted in the species-specific regression equation to

obtain a predicted weight. A Wr value was then calculated for each

fish by expressing its observed weight as a percentage of its

predicted weight.

Values of Wr were averaged within several class variables in-

cluding stations, years, and LGS operational status. For all status

comparisons, the preoperational period was considered both in its en-

tirety and as two separate preoperational periods, early (1976-1978)

and late (1981-1984), due to long-term changes in water quality and

species abundances that occurred.

Analysis of Variance (ANOVA) using SAS-Softwarels General Linear

Models (GLM) procedure was used to assess spatial and temporal
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variation in Wr and test the data for evidence of LGS operational

impacts. The first GLM tested whether trends among stations in mean

Wr remained consistent from one status phase to the next. Subsequent

GLM's were constructed to test whether variation in Wr among status

levels was significantly different from year-to-year variation which

was considered as a random effect nested within the status effect af-

ter the effects of stations were removed. Division of the Type III

(partial) status mean square by the Type III year mean square con-

sidered as a random effect nested within the status effect was used as

an F-test to evaluate the significance of status variation. A sig-

nificant F value (P < 0.05) would indicate that variation in Wr at-

tributed to the change in status was greater than year-to-year

variation in body condition.

Results

Mean values of Wr by species were determined for various com-

binations of class variables. For brevity, only mean Ur values at

each station during early and late preoperational and postoperational

status phases is displayed (Table 6.3-24).

Mean Wr tended to be lower in the postoperational phase than in

either preoperational phases for several species, especially those

that produced exceptionally large year classes in 195. Increased

density and perhaps competition for food may have slightly lowered

condition in these species. Such changes appeared to be caused by
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natural events and not LOS operation because 1) if a decrease in con-

dition occurred at an affected station, a decrease of similar mag-

nitude occurred in the upstream population of fish, and 2) no sig-

nificant difference between status variation and year-to-year

variation was found for any of the species examined.

Since mechanisms that can cause decreased condition in fish,

especially thermal enrichment or reduction in food resources, were not

evident at LOS, the prediction that operation of the power plant would

not noticeably affect body condition appears substantiated based on

the data collected to date. Normal seasonal variation in Wr was

evident due to changes in reproductive status, and body condition of

several species declined after exceptionally large year classes were

produced in 1985. These changes were natural events unrelated to

operation of LOS.

Community Structure

Introduction

A characteristic of large warmwater streams free of major environ-

mental stress is the presence of a diverse, stable fish community. A

community can be impacted by a power plant if its members cannot com-

pensate for the direct effects of mortality or if sublethal effects

alter mechanisms regulating community structure.
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No impact to the Schuylkill River fish community was anticipated

due to the design and operation of LGS. However, LS has not operated

as planned due to the absence of Delaware River diversion water.

Consequently, almost all make-up water has come from the Schuylkill

River. This operational change warrants scrutiny. One reason LOS was

predicted to have negligible impact via impingement and entrainment

was that water would not be withdrawn during the seasonal low flow

period. Subsequent use during that time of year when larval fish are

most abundant has resulted in a somewhat larger-than-anticipated

potential for entrainment that will exist unless and until the diver-

sion is available. To date, Schuylkill River water was withdrawn

during the summer of 1985, but not in 1986 when LOS was refueled, or

in 1987 when the plant was shut down for maintenance (see Fig. 6.0-2).

Met hods

Seine and electrofishing data were evaluated for evidence of LOS

impact using several methods to examine species composition and

relative density of the Schuylkill River fish community. Before these

methods are presented, the sample design, assumptions, and limitations

of the study must be discussed to understand the rationale behind the

impact assessment.

Quantitative fish sampling in rivers is difficult due to variable

sampling efficiency among species, places, and times. Fish dis-

tributional and behavioral changes can obscure changes in abundance.
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Methods to estimate actual population numbers are costly, and

therefore fish abundance is usually indexed by the number of fish cap-

tured with a standard amount of effort. The resulting CPUE index is

assumed to be proportional to population density but can vary indepen-

dently of the number of fish present if the catchability of fish

varies from one time or place to another.

The strategy used to cope with the large variability in fish abun-

dance data was similar in concept to the one used by Purdy ej MI.

(1975) to study the effects of Peach Bottom Atomic Power Station on

several ecosystem components in Conowingo Reservoir on the Susquehanna

River. They made concomittant observations of ecological variables at

potentially affected stations and at one or more control stations as-

sumed to be similar in all respects except for the presence of power

plant influence. If this assumption is met, natural variation can be

accounted for statistically through analysis of covariance (ANCOVA).

A drawback to this approach is that if control-affected relationships

are weak, lack of randomization in the sampling design can preclude

the use of other analytical techniques. Improper choice or the

unavailability of an ecologically similar control station can impair

the efficacy of this experimental design.

Electrofishing CPUE at a station in a given month was a function

of a signal of ecological interest, i.e., the number of fish present,

confounded by a noise component consisting of variation in cat-

chability or patchiness in fish distribution. If signal and noise
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vectors are similar from one station to another, then CPUE should be

positively correlated. If the correlation is high, an equation.can be

established to predict affected station CPUE based on a concomittant

observation at the control station. Then, evidence of a power plant

impact would be if observed CPUE fell outside the confidence interval

around predicted CPUE more often than chance alone would dictate.

Electrofishing stations each covered 3 to 4 hectares, so that the

catch from a station at any given time was in part a function of the

number of fish living within a mosaic of individual microhabitats.

Although not randomly selected, the mosaic of habitats within each

station appeared representative of a longer reach of the river.

Electrofishing was relatively unselective within the group of species

sampled, and it was assumed that most fish movement occurred within

the boundaries of the station or else movements into and out of the

station were balanced. For these reasons use of ANCOVA was attempted.

Development of the model used to test for LGS impacts is presented in

the results of this subsection.

A similar design was intended for the seine survey, but fundamen-

tal differences existed between it and the electrofishing survey. The

seine sampled only near-shore habitat, and each station was so small

that only a fraction of available microhabitats in a stream reach was

sampled at any one station. Since most species tend to congregate

around areas of preferred habitat, the catch at any one station alone

often did not reflect the true character of the local fish community.
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Patchiness in fish distribution tended to increase noise depending on

whether or not a school of minnows happened to be present along one of

the shoreline areas sampled. These factors, plus the fact that

stations were not randomly selected from available microhabitats, pre-

cluded use of the data for making ecologically meaningful hypothesis

tests based on the catches from individual stations. Another problem

with the use of a control-affected station approach is that the up-

stream seine station may not have been far enough from LGS to be com-

pletely free of its influence.

The seine survey provided valuable information amenable to other

types of analysis. Considered in total, stations included most mi-

crohabitat types available, thus the catch from all stations combined

probably represented species richness fairly well. Monthly catches

during warm weather probably caught most of the more abundant species,

while enough effort was expended throughout the year to at least index

presence/absence of all but the rarest species. Use of standard units

of effort probably correctly identified increasing or decreasing

trends in real abundance of many species.

For both seine and electrofishing data, several techniques were

used to describe and compare fish community structure based on annual

CPUE of species present in two-thirds or more of the annual

collections. Nonparametric tests of rank correlation (Seigel 1975)

were used to determine the similarity of rank abundance data among

years as were indices of percent similarity (Whittaker and Fairbanks
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1958) and dissimilarity (Ramsey and Marsh 1984). Clustering tech-

niques (Anderberg 1973) were applied to the outcome of rank

correlation, percent similarity, and raw CPUE data, again to determine

whether patterns in the abundance of certain species existed that

might have been due to LOS operation.

Results

The first step in ANCOVA model development for monthly elec-

trofishing data was to determine the strength of relationships between

CPUE at control and affected stations. Linear correlation of CPUE

data for ten species (Table 6.3-25) resulted in many significant

positive correlations (P < 0.05) for both untransformed and natural

log-transformed data. Transformation did not consistently affect the

degree. of correlation but was found to normalize the error variance

during subsequent model development.

Although statistically significant, CPUE correlations were not

very powerful. Control station CPUE sometimes explained as much as

80%, but more often less than 50%, of the variation in CPUE at an af-

fected station. CPUE correlations for carp, goldfish, white sucker,

yellow bullhead, and rock bass were much stronger for the entire

period of record than for the preoperational period alone. Extremely

high reproductive success in 1985 and high densities thereafter

resulted in considerably higher CPUE at all stations for these species
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than was observed in the preoperational period. This in turn in-

creased the correlation between control and affected station CPUE.

A high frequency of nonsignificant or very weak correlations

between control and affected station CPUE were found for species that

showed marked segregation by habitat type, especially American eel,

carp, goldfish, and pumpkinseed. The latter three species in par-

ticular were relatively uncommon at the control station, but were con-

sistently abundant at one or more of the affected stations, due to

habitat differences. Under such conditions, CPUE would not be ex-

pected to correlate well.

This initial step indicated two things of importance to subsequent

model development. First, electrofishing CPUE appeared capable of

tracking trends in the abundance of most species, and these trends

were similar among stations over time (Fig. 6.3-10). Second, although

trends were similar, inherent sampling variation plus the fact that

the control station was unlike the affected stations in many physical

and biological characteristics introduced so much noise that control

station CPUE was in most cases not correlated well enough to be used

in a predictive equation.

Annual CPUE usually correlated between control and affected

stations better than monthly CPUE. In many cases over 80% of the

variance in affected station CPUE was explained by control station

CPUE (Table 6.3-26). Annual CPUE tended to track strong or weak year
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classes with less noise caused by variation in catchability and random

error. As with the monthly data, control-affected correlations over

the period of record were higher than for the preoperational period

alone for several species that produced an exceptionally large 1985

year class. Small sample size (only seven preoperational and three

postoperational data points) precluded the use of annual CPUE data for

predictive purposes. Based on this analysis, however, density of many

species displayed similar trends over time at all stations, which sup-

ports the hypothesis that density was regulated by natural phenomena

and not by power plant operation.

Rather than use control station CPUE to predict affected station

CFUE, monthly CPUE at each affected station was analyzed by species

with two SAS GLM procedures that tested whether status variation was

significantly different from annual variation. Natural-log trans-

formation of monthly CPUE normalized error and was used in all

analyses.

Without adjusting for the concomittant variation in control CPUE,

status variation in affected CPUE was in many instances significantly

different from annual variation (Table 6.3-27). However, the same was

true for many species at the control station which was unaffected by

LGS. At affected stations, highly significant differences became non-

significant or nearly so when the variation explained by control CPUE

was accounted for, not because of any cause-and-effect relationship

between control and affected CPUE but because both variables were sub-

6.3-42



jected to many of the same natural influences. These results indicate

that changes in relative abundance were natural events unrelated to

LGS operation.

A series of techniques including rank correlation, percent

similarity, dissimilarity, and clustering algorithms were applied to

both seine and electrofishing data sets. Similar clusters of years

were found in all analyses of data from a single gear type; diff-

erences in clustering results between gears were due to selectivity.

Clustering techniques identified long-term trends in species abundance

and effects of record year class production by many species in 1985,

and verified patterns that were evident from data inspection.

Of greatest interest were the results of the dissimilarity

procedure (Tables 6.3-28 and 6.3-29) which was applied to annual CPUE

at individual electrofishing stations and to the combined catch from

all seine stations, with data classified by preoperational and

postoperational periods. The dissimilarity index takes on values

between 0.5 and 1.0. Values close to 0.5 indicate that two samples

are very similar to one another, while an index of 1.0 indicates a

minimum degree of similarity. The procedure also indicated which

species in a sample contributed the most weight to the overall dis-

similarity index.

The results showed that community composition in the

preoperational period was similar to that in the postoperational
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period, although some species abundances changed markedly. These

shifts were consistent among electrofishing stations, with many of the

same species displaying similar trends over time. Since the index is

applied to percentage composition rather than actual density

estimates, in some cases a species contributed highly not because its

abundance changed but because some other species increased in

abundance.

Note that redbreast sunfish tended to contribute more to dis-

similarity in the postoperational phase for the seine data, and in the

preoperational phase for electrofishing. This was because an

unusually large percentage of the 1985 seine catch was comprised of

YOY redbreast sunfish that did not contribute similarly to the elec-

trofishing catch, which focused on larger fish.

Although real changes in fish community structure occurred from

year to year in the Schuylkill River, the sampling programs used were

only able to quantify those changes in relative terms. Variation in

community structure and the abundance of many species was evident and

can be considered ecologically significant. Such variation appears to

result from natural causes; mechanisms likely include the effects of

flow and temperature regimes that regulate reproduction and survival,

modified further by complex biological interactions that are poorly

understood and difficult to measure. Against this background of

natural variability, any effects attributable to LOS operation on fish

community structure were not recognized by the techniques employed.
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However, since the techniques were able to detect trends of ecological

significance that were of natural origin, it can be safely concluded

that any real LGS operational influences on community structure are

unimportant at present.

Age and Growth of Redbreast Sunfish

Introduction and Methods

Discharge of heated power plant effluents into a natural water

body can alter the physiological mechanisms that regulate growth,

sexual maturation, and spawning behavior of fishes living in thermally

enriched areas. Fishes exposed to thermal effluents may spawn earlier

in the year than fish living in ambient areas, thus their young have a

longer period of time in which to grow. Elevated water temperature in

autumn may also extend the growing season of fish living in heated

areas. Early growth may be more rapid due to warmer temperatures.

Due to their larger size, such YOY fish may outcompete YOY fish hat-

ched later in the year from ambient areas. In extreme cases, bimodal

size distributions within an age-class may develop that can be linked

to subpopulation differences in spawning dates and growth rates.

In other extreme cases, fish in thermal areas may become ac-

climated to and forced to remain in water temperatures near their

limit of tolerance. Under such periods of stress, little or no growth

in length may occur, and fish may lose weight to the point they become



emaciated. Indirect effects from alterations in food supplies, pat-

terns of energy utilization, and physiological efficiency can also af-

fect growth rates of fish.

LGS operation was not expected to affect age composition or growth

rates of redbreast sunfish for reasons similar to the lack of

predicted effects on fish body condition. Thermal enrichment, changes

in water quality, and water withdrawal effects were not expected to be

great enough to cause changes in the growth and survival of resident

fishes. To evaluate this prediction, back-calculated lengths at an-

nulus of redbreast sunfish collected before and after LGS began

operation in late 1985 were compared.

Results

Operation of LGS in 1985 had little likelihood of influencing

growth of redbreast sunfish as the fish had completed virtually all of

their annual growth prior to commencement of full power operation.

Thus, growth in 1985 was considered to have occurred in a

preoperational mode.

In 1986, growth was influenced favorably by a generally warm and

stable flow regime. Growth in 1986 calculated from data pooled over

all three sample stations shows that first, second, third, and fourth

year growth was 2, 5, 10, and 1 mm greater than preoperational means

(Table 6.3-30). A similar analysis of pooled data from just stations
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S77240 (near the LGS intake) and 576440 (below the LOS discharge)

showed almost identical positive differences of 2, 4, 11, and 1 mm,

respectively (Table 6.3-31). At the control station 579400 the

relationship between back-calculated growth rates in 1986 and the

preoperational means was similar to that found at S77240 and 576440.

Growth differences in the first, second, and third years of life

between redbreast sunfish collected in 1986 and 1976-1985 were 2, 6,

and 8 mm, respectively (Table 6.3-32). No redbreast sunfish 2 4 years

in age was collected in 1987 from S79400, so fourth year growth could

not be calculated.

Back calculated growth rates for 1987 will not be available until

samples in 1988 or later are collected. However, recruitment of some

Age-0 redbreast sunfish to the electrofishing gear (FL 2 50 mm) by

autumn suggests that first-year growth in 1987 was within the normal

range.

In summary, mean growth of redbreast sunfish was found to vary

from year to year in response to natural causes. Conditions have been

favorable for growth since LGS began operating. Similarity of growth

rates upstream, adjacent to, and downstream of LGS verified the

prediction that redbreast sunfish growth would not likely be affected

by LGS operation.
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Conclusions

Results of fisheries investigations conducted in the Schuylkill

River near LGS have not detected significant operational impacts to

the fish community so far. Results presented here tend to verify

predictions made in the EROL, despite the fact that make-up water has

come solely from the Schuylkill River. Given that LGS was shut down

during much of the spawning season in two out of three years, poten-

tial entrainment was not realized and was not a likely source of

impact. Total impingement in 1957 (estimated at 250 fish) was less

than one-half the number of fish harvested in that year by anglers

(652) throughout a 10-km reach bracketing LOS. Higher impingement in

1986 was comprised mostly of Age-I goldfish. Since LOS start-up,

total impingement represented only a miniscule fraction of the total

fish population. No direct effects of effluent discharge on fishes

were ever noted, and indirect effects are even less likely, based on

evaluation of long-term trends and preoperational-postoperational com-

parisons of water quality.

The U.S. Nuclear Regulatory Commission (USNRC), in its Final

Environmental Statement for the LOS project (USNRC 1984), considered

impacts to the Schuylkill River from LOS operation to be

insignificant, and that the findings of acceptable overall impact af-

firmed by the Atomic Safety and Licensing Board were valid. However,

the USNRC was of the opinion that localized effects to biota could

result from impingement and thermal effluents on a seasonal basis.
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Although minor, these stresses would be an addition to an already

stressed and degraded environment. This study showed that, with the

techniques employed, any such additional stress (if present) was so

small as to be undetectable against the great background of natural

variability. Furthermore, changes in aquatic biota and improvements

in certain water quality conditions over the long term suggest that

the Schuylkill River at present is not degraded to the extent that it

was judged to be at the time data were collected for impact

prediction. Therefore, the significance of any real, albeit

undetectable, LGS impact to Schuylkill River biota is even further

diminished.

Although acute, short-term effects have not been realized, it is

conceivable (although unlikely) that chronic, long-term changes could

be discovered in the future. Realization of potential entrainment ap-

pears at present to be the only mechanism whereby such impacts might

occur. Completion of the Point Pleasant Water Diversion Project would

eliminate this concern. Impingement may be of future concern if ef-

forts to restore American shad to the Schuylkill River are successful,

given the apparent selectivity of the LGS screens for alewife, a

closely related species that enters the Schuylkill River from upstream

reservoirs.
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Table 6.3-1. Sumary of the Schuylkill River
seining stations and months 1961 - 1987.

Station

S78460

377960

1975
1976
1977
1981
1982
1983
1964
1985
1986
1987

1975
1976
1977
1978
1981
1902

1983
1984
1985
19866
1987

J F M

x
x

x x
x x
x xxXx

x

x
x

x
x x

x x
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x
x
x
x
x

x
x
x
x

x
x
x
x
x
x

x
x
x
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x
x
x
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x
x
x
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H
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x
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x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x
x
x

x

4
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x

x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
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x
x
x
x
x
x
x
x
x
x
x

A

x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x-
x

x
x
x
x
x
x
x
x

x
x
X

0

x

x
x
x
x
x
x
x

N

x
x
x
x
x
x
x
x
x

0

x
x
x
x
x
x
x

x

x x

x x

x x

x x

x x

x

xX
x

x

*

377240 1975 X X
1976 X X
1977
1978 X
1981
1982 x
1983 X X
1984 X
1985 X X
1986
1987 X X

x
x
x
x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x

*

x x
x

x x
x x
x x
x x
x x
x x
x x
x x

x x
x

x x
x x
x x
x x
x x
x x
x x
x x

x
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x

Total

12

7
10
11

9
11
12
10
12

105

12
11

7
10
10
11
9

11
12
10
11.

114

12
11

7
10
10
11

9
11

10
12

115

12
11
7

10
10
11
9

11
12
10
12

115

12
11
7

10
10
11

9
11
12
10
12

115

.12
11

7
10
10
11

377220 1975
1976
1 977
1978
1981
1982
1983
1984
1985
1986
1967

S77010 1975
1976
1977
1978
1981
1982
1983
1984
1985
1986
1987

x x
x x

x
x

x x
x
x x
x x

x x
x x

x

x
x
x
x

x
x
x
x

x x

x x

x x
x xx x x
x x x
x x x
X XX

376840 1975
1976
1977
1978
1981
1982

x x
x x

x
x

x x
x

x x
x x
x x

x
x
x
x
x



Table 6.3-1. (contiured)

Station J F M A M J J A 3 0 N D Total

576840 1963 X X X X X X X X X 9
198,4 XX X X XX XXXX X) 11
198 X X X X X X X X X X X X 12

1986 X X X X X X X X X X 10
1987 X X X X X X X X X X X X 12

W115

679



Table 6.3-2. Smmary of the Schuylkill River electroflshlrn
stations and months 1976 - 1987.

. Station379310

J FM A MIJ

1976
1977
1978
1981
1982
1983
1984
1985
1986
1987

x
x
x
x
x
x

x
x
x

x x
x x
x
x x

x x
x x

x

x
x
x
x

x
x
x
x
x

S77640 1976
1977
1978
1981
1982
1983
1984
1985
1986
1987

x x
x x

x
x x
x x
x x
x x

x
x
x

x

x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x

x

A

x
x

x
x
x
x
x
x

x

x
x
x
x
x
x
x
x

X

S

x
x
x

x
x
x
x

x
x
x

x
x
x
x
x

H D

X x
x x

x

x x
x
x x

x
x x
x

x
x x

Total

6
10
8
4
4
6
7
6
5
6

62

6
9
9
4
4
9

10
10
8

10

79

376940 1977
1978
1981
1982
1983
1964
1985
1986 X
1987 X

576440 1976
1977
1978
1981
1 982
1 983
19•4
1985
1 986
1987

xxxx
x x
x
x

x x x

x x
x x

x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

x x
x x
x
x
x x
x x
x x

x
x x

x
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x
x

xxxx
xx
x
x

x
xx
xx
x

x
x
x
x
x
x
x
x

x

x
x
x

x
x
x
x
x

X 9
X X 9

4
4

X 9
X X 10

9
X 8

X X 10

72

X X 6
X X 10
X X 9

4
4
6
7
7
S
6

64

277



Table 6.3-3. List of fishes collected from the Schuylkill River
near LOS since 1970, their status, and relative

abundance by sampling methods used in 1987.

Relative abundance in 19872

Electrofishing Seining

Common name Status' Number % Total CPUE 3 Number % Total

Bowf in
American eel

Alewife%
American shad%
Brown trout
Rainbow trout
Redfin pickerel
Chain pickerel%
Muskellunge
Esox hybrid 5

Goldfish
Carp
Goldfish x Carp
Cutlips minnow
Golden shiner
Comely shiner
Common shiner
Spottail shiner
Swallowtail shiner
Spotfin shiner
Bluntnose minnow
Fathead minnow
Blacknose dace
Longnose dace
Creek chub
Fallfish
Quillback
White sucker
Creek chubsucker
White catfish
Yellow bullhead
Brown bullhead
Channel catfish
Margined madtom
Banded killifish
Rock bass
Unidentified sunfish

I
N

RI
RI

I
I
N
N
I
I
I
I
I
N
N
H

N
N
N
N
N
I
N
H

H
H
N
N
N
H
N
H
I
N
H
I

2 +
10 0.2

1 +

1 +

1,202 17.6
148 2.2

11 0.2
x

172 2.5
x
x
x
x
x
x
x
x
x
x

6 0.1
I +

464 6.8
14 0.2
2 +

602 8.8
500 7.3

1 +

x
1,300 19.0

0.05
0.25
0.02

0.02

29.62
3.65
0.27

4.24

0.15
0.02

11.43
0.34
0.05

14.83
12.32
0.02

32.05

51

6

I

176
38
381

1,177
172

4,348
1

9

2
4

156
I

9
4

26
57

4

0.6

2.2
0.5
4.7

14.6
2.1

53.9
1.9

0.1

0..

1.9
+

0.1
4.

0.3
0.7

4.



Table 6.3-3. (continued)

Relative abundance in 19872

Electrofishing Seining
Common name Status1 Number X Total CPUE 3 Number % Total

Redbreast sunfish N 1,077 15.7 26.54 1,117 13.8
Green sunfish I 110 1.6 2.71 24 0.3
Pumpkinseed N 591 8.6 14.56 48 0.6
Bluegill I 24 0.4 0.59 108 1.3
Sunfish hybrids 11 0.2 0.27 - -

Smallmouth bass I 515 7.5 12.69 99 1.2
Largemouth bass 1 66 1.0 1.63 9 0.1
White crappie I 5 0.1 0.12 - -

Black crappie I 6 0.1 0.15 - -

Tessellated darter N X 37 0.5
Yellow perch N - - - -

Walleye I . . .. .

Totals 6,842 100.0 168.61 8,065 100.0

Number of species and
hybrids by gear 26 26

Total species and
hybrids Historic: 48 In 1987: 36

1Status: N = Native, I = Introduced, RI = Reintroduced native

2"-" = Not collected by gear in 1987; "+" = < 0.1%;
"X" = excluded from electrofishing samples

3CPUE = Catch-per-unit-effort in fish/hour

4Not listed in EROL

5 Northern pike x muskellunge hybrid



Table 6.3-4. Total catch and relative abundance of fishes collected by seine from the Schuylkill
River by station during 1987.

S76840 S77010 577220 S77240 S77960 S78460
Species Catch 7 Catch . Catch X Catch X Catch 7 Catch y

Goldfish 36 3.4 8 0.6 3 0.1 - - 2 0.1 -
Carp 2 0.2 1 0.1 1 * - - 2 0.1 -
Cut] ps miut - - - - - 1 0.1 -
Golden shiner 8 0.7 58 4.3 103 3.1 1 0.4 4 0.2 2 0.5
Comely shiner - 3 0.2 31 0.9 - - 3 0.2 1 0.3
Common shiner 47 4.1 12 0.9 229 6.9 26 11.5 59 3.6 8 2.2
Spottall shiner 82 7.2 236 17.6 655 19.7 3 1.3 195 11.7 6 1.6
Swallomtail shiner 30 2.6 48 3.6 55 1.7 3 1.3 12 0.7 24 6.6
Spotfin shiner 762 67.2 601 44.7 1689 50.7 100 44.1 929 55.9 267 73.0
Blutnose mi.r. - -.. I + - - - - - -
Blacknose dace 6 0.5 - - 2 0.1 - - 1 0.1 - -
Fallfish - - - - 2 0.1 - - - -
Qu illback - - 1 0.1 3 0.1 - - - -
White sucker 81 7.1 3 0.2 69 2.1 3 1.3 - -.
Creek chubsucker - - 1 0.1 - - - - -
Yellow bullhead 3 0.3 - - - - 3 1.3 3 0.2 - -
Brown bullhead 4 0.4 - - - - - - - -
Banded killifish 7 0.6 8 0.6 S 0.2 - - 6 0.4 - -
Rock bass 3 0.3 11 0.8 14 0.4 12 5.3 14 0.8 3 0.8
Lepomis - - - - - - 4 1.8 - - - -
Redbreast sunfish 26 2.3 298 22.2 426 12.8 23 10.1 292 17.6 52 14.2
Green sunfish 3 0.3 10 0.7 5 0.2 - - 6 0.4 - -
Pumpkinseed 10 0.9 6 0.4 6 0.2 - - 25 1.5 1 0.3
Bluesill 5 0.4 19 1.4 18 0.5 2 0.9 62 3.7 2 0.5
Smallmouth bass 6 0.5 1 0.1 10 0.3 43 18.9 39 2.3 - -
Largemouth bass 3 0.3 - - 2 0.1 - - 4 0.2 - -
Tessellated darter 8 0.7 19 1.4 4 0.1 4 1.8 2 0.1 - -

Total Catch 1134 1344 3333 227 1661 366
Number of Species 20 19 22 13 20 10
Nlmber of Stations 1 1 I 1 I 1

+ a Less than 0.1X



0 0
Table 6.3-5. Monthly catch (all stations combined) of fishes collected by seine from the Schuylkill River

during 1987.

1/12 Z/6 3/16 4/22 5/29 6/22 7/17 8/17 9/28 10/23 11/19 12/17 Total
Species Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch

Goldfish - 1 - 1 - 47 1 1 - - 51
Carp -. . . . 3 1 2 - - - 6
Cutltps minnow - I - - 1
Golden shiner - 65 73 13 3 20 2 - 176
Comely shiner - - - 5 - - - 1 1 3 26 2 38
Common shiner - - - 2 - 282 52 27 4 9 2 3 381
Spottatl shiner 2 5 1 2 - 1054 56 4 2 35 7 9 1177
Smallowtall shiner 4 8 4 10 1 21 4 13 12 42 27 26 172
Spotfin shiner 4 10 4 72 24 33 810 938 1259 720 349 125 4348
Bluntnose minnow - - - - - - I - - - - - I
Blacknose dace - I - - - - - - - - - 9
Fallfish - - - - - - - - - - - 2
Quillback - - - - - 3 - - I - - - 4
HhIte sucker - - - - 47 109 .- - - 156
Creek chubsucker - - - - - - I - I
Yellom bullhead - - - - - 6 3 -. . . 9
Bromn bullhead - - - - - 4 - - 4
Banded killifish 2 1 4 1 1 6 6 1 - - 4 26
Rock bass 1 - 1 4 2 17 24 6 1 1 - - 57
Lepomis - - - - 4 - - - - - - 4
Redbreast sunfish - - 2 3 5 641 257 178 19 10 2 - 1117
Green sunfish - 1 I - 3 1 11 7 - - - - 24
Pumpkinseed - - I - 4 1 6 30 2 4 - - 48
BluegIll 2 2 - - 1 1 29 60 8 3 1 1 108
Smallmouth bass - I - 2 1 76 15 3 - I - - 99
Larsemouth bass - - - - - 6 - 3 - - - 9
Tessellated darter 2 - - - 23 9 - - I - 2 37

Total catch 17 30 18 102 93 2404 1366 1284 1315 849 416 172 8065
NIumber of species 7 9 8 10 11 22 19 15 12 12 8 8
Number of stations 6 6 6 6 6 6 6 6 6 5 6 6

+ a Less than 0.1%



Table 6.3-6. Annual relative abundance of target fishes from the
Schuylkill River electrofished In 1987 (+ z Less than
0.IX, CRJE a fish per hour).

Speci es

Dcwf in

American eel

Alei1 fe

Chain pickerel

Goldfish

Carp

Golden shiner

Fallfish

Minnom hybrid

Qut llback

White sucker

Creek chubsucker

W4hite catfish

Yellow bullhead

Brow.n bullhead

Channel catfish

Rock bass

Redbreast sunfish

37644
8.63 H

0
r

1Catch

CPUE

Catch
7

CPUE

Catch
7

CFUE

Catch

CFUE

Catch

CPUE

Ca tch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch
7

CRJE

Catch

x

CPUE

Catch

CRUE

Catch

CPUE

Catch

x

CRJE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

x

CPUE

0.1
0.12

4
0.3

0.46

98
7.4

11.36

22
1.7

2.55

39
3.0

4.52

2
0.2

0.23

74
5.6

8.57

S76940 $77640
1.80 Hr 13.13 Hr

-- - - --- - -1

0.1
0.08

2 1
0.1 +

0.17 0.08

- +

0.08

I
- 4'

- 0.08

375 670
21.4 27.3

31.78 51.03

47 63
2.7 2.6

3.98 4.80

61 72
3.5 2.9

5.17 3.48

3 1
0.2 +

0.25 0.08

5 3
0.3 0.1

0.42 0.23

I
0.1

0.08 -

159 128
9.1 5.2

13.47 9.75

12 2
0.7 0.1

1.02 0.15

0.08

103 189
5.9 7.7

8.73 14.39

195 232
11.1 9.5

16.53 17.67

- I
- 4'

- 0.08

242 328
13.8 13.4

20.51 24.98

165 226
9.4 9.2

13.98 17.21

379310
7.02 Hr

3
0.2

0.43

59
4.5

8.40

16
1.2

2.*28

2
0.2

0.28

1
0.1

0.14

103
7.8

14.67

177
13.4

23.21

9
0.7

1.28

337
25.6

48.01

435
33.0

61.97

Total
40.58 Hr

2
4

0.05

10
0.2

0.25

I
4

0.02

1
+

0.02

1202
17.6

29.62

148
2.2

3.65

172
2.5

4.24

6
0.1

0.15

11
0.2

0.27

1
+

0.02

464
6.8

11.43

14
0.2

0.34

2
+

0.05

602
8.8

14.83

500
7.3

12.32

1

0.02

1300
19.0

32.03

1077
15.7

26.54

I

0.1
0.12

133
10.1

15.41

64
4.9
7.42

393
29.8

45.54

251
19.0

29.08



Table 6.3-6. (continued)

Species

Green sunfish

P•mpk I nseed

Bluegill

Lepomis hybrid

Sma 1lmouth bass

Largemouth bass

White crappie

Black crappie

Catch

CRUE

CatchCIPJE

CatchX

CPUE

Catch

CPJE

Catch

CPUE

CatchCPUJE

Catch

CPUE

Catch

CPUECatch

Catch

CRJ

576440
8.63 Hr

27
2.1

3.13

116
8.8

13.44

9
0.7

1.04

75
5.7

8.69

7
0.5

0.81

2
0.2

0.23

1 318

376940
11.80 Hr

21
1.2

1.78

178
10.2

15.08

14
0.8

1.19

6
0.3

0.51

117
6.7

9.92

36
2.1

3.05

2
0.1

0.17

5
0.3

0.42

10750

577640
13.13 Hr

36
1.5

2.74

293
11.9

22.32

1
4

0.08

3
0.1

0.23

180
7.3

13.71

21
0.9

1.60

1
0

0.08

I

0.08

2455

579310 Total
7.02 Hr 40.58 Hr

26 110
2.0 1.6

3.70 2.71

4 591
0.3 8.6

0.57 14.56

- 24
- 0.4
- 0.59

2 0.
0.2 0.2

0.28 0.27

143 515
10.8 7.5

20.37 12.69

2 66
0.2 1.0

0.28 1.63

- 5
- 0.1
- 0.12

-
6

- 0.1
- 0.15

1319 6842



Table 6.3-7. Monthly species composition and relative abundance of target fishes
electrofished from the Schuylkill River at S76440 In 1987
(+ u Less than 0.1X).

Speci es

American eel

Goldfish

Apr
1.02 Hmrs

Jun
1. 12 Hrs

Jul
1.92 Mrs

Aug
1.45 Hmrs

I

0.7
0.7

Sep
1.63 mrs

Oct
1.50 mrs

Catch

CPU)E

Catch
Y.

CPUE

Catch
Y

CPUE

2
0.7
2.0

1
0.6
0.5

1
0.7
0.7

I1 13 28 33 6 7
4.0 6.3 16.8 21.9 3.4 2.1

10.8 11.6 14.6 22.8 3.7 4.7

Carp

Golden shiner

Mitnnom hybrid

Whi te sucker

Whi te catfish

Yellow bullhead

Browi bullhead

Catch

CPUECatch
.4

CPUE

Catch
Y.

CPUE

Catch
.4

CPUE

Catch
Y.

CPUE

Catch
C.

CRUE

Catch
.,

CPUE

2 7 2
0.7 3.4 1.2
2.0 6.3 1.0

3 3 5
2.0 1.7 1.5
2.1 1.8 3.3

1
0.4
1.0

I
0.6
0.6

I
0.5
0.9

2
1.0
1.8

37
10.9
24.7

1

0.3
0.7

10
2.9
6.7

52
18.8
51.0

3 5 2
1.8 3.3 1.1
1.6 3.4 1.2

-- - 0.7 - -
- - - 0.7 - -

9 38 19 18 29 20
3.2 18.4 11.4 11.9 16.4 5.9
8.8 33.9 9.9 12.4 17.8 13.3

3
1.1
2.9

16 15 6 10 14
7.7 9.0 4.0 5.6 4.1

14.3 7.8 4.1 6.1 9.3

Rock bass Catch 76 96
V. 27.4 46.4

CRJE 74.5 85.7

61
36.S
31.8

37 54 69
24.S 30.5 20.4
25.5 33.1 46.0

Redbreast suntfish

Green sunfish

Pumpklnseed

Catch
Y.

CPUE

Catch
Y.

CPUE

Catch
Y.

CFUE

Catch
Y.

CPUE

Catch
Y.

CPUE

Catch
C.

CRUF

62 24
22.4 11.6
60.8 21.4

21 19 51 74
12.6 12.6 28.8 21.8
10.9 13.1 31.3 49.3

6 2 9 6
2.2 1.0 5.4 4.0
5.9 1.8 4.7 4.1

4
1.2
2.7

21
7.6

20.6

6 5 13 9 62
2.9 3.0 8.6 5.1 18.3
5.4 2.6 9.0 5.5 41.3

Bluegill 9
2.7
6.0

Seallmouth bass

Largemouth bass

32
11.6
31.4

2
1.0
1.8

3 7 11 20
1.8 4.6 6.2 5.9
1.6 4.8 6.7 13.3

I 1 5
0.7 0.6 1.5
0.7 0.6 3.3



Table 6.3-7. (contirted)

SpecIes
--------------------nl

Apr Jun Jul Aug Sep Oct
1.02 Hrs 1.12 Hrs 1.92 Hrs 1.45 Hrs 1.63 Hrs 1.50 Hrs

- - - - - - - 6

..... 0.6
- - - - 1.3

White crapple Catch
X

CPUE

CRUE = Number caught per hour of electroftshlrs.



0

Table 6.3-8. Monthly species composition and relative abundance of tarset fishes
electiofished from the Schuylkill River at 376940 In 1987 (+ = Less than 0.1%).

Species

Bowfin Catch

CPUE

Jan
0. 98 Mrs

Mar
0.63 Mrs

Apr
1.23 Hrs

Jun
1.40 Hrs

Jul
1.23 Mrs

Aug
1 .36 Mrs

Sep
1.40 Hrs

Oct
1.12 Mrs

NoV
1.40 Mrs

Dec
1.02 Mrs

0.9
1.0

American eel

Goldfish

Carp

Golden shiner

Fallfish

Minnow hybrid

Quillback

lhite sucker

Creek chubsucker

Yellow bullhead

Brown bullhead

Catch

CRJE

CatchCPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CRJE

CatchCPUE

Catch

CRJE

Catch
x.

CRUE

.- 0.7 1.0
- - - - 0.8 0.7

62 69 84 69 41 29
37.3 56.1 27.6 26.0 28.7 29.6
63.3 109.5 68.3 49.3 33.3 21.0

3 4 3 8 1 2
1.8 3.3 1.0 3.0 0.7 2.0
3.1 6.3 2.4 5.7 0.8 1.4

11 4 3 3
4.4 2.5 2.2 2.8
7.9 3.6 2.1 2.9

9 3 10 4
3.6 1.9 7.5 3.8
6.4 2.7 7.1 3.9

2
1.2
2.0

4
1.3
3.3

3
1.0
2.4

11 9 1 8 19
4.2 6.3 1.0 3.2 11.8
7.9 7.3 0.7 5.7 17.0

7
5.2
5.0

1 1
0.6 0.8
1.0 1.6

1
0.6
1.0

2
0.8
1.4

1
0.6
0.9

23 3 52 24
13.9 2.4 17.1 9.1
23.5 4.8 42.3 17.1

9
6.3
7.3

I 8 4
1.0 3.2 2.5
0.7 5.7 3.6

21 14
15.7 13.2
15.0 13.7

3
1.8
3.1

1
0.3
0.8

5 1 2
2.0 0.6 1.5
3.6 0.9 1.4

21
12.7
21.4

7 8 17 14 13 5 6 2 10
5.7 2.6 6.4 9.8 13.3 2.0 3.7 1.5 9.4

11.1 6.5 12.1 11.4 9.4 3.6 5.4 1.4 9.8

18 15 8 57 7 9 16 8 15 42
10.8 12.2 2.6 21.5 4.9 9.2 6.4 5.0 11.2 39.6
18.4 23.8 6.5 40.7 5.7 6.5 11.4 7.1 10.7 41.2



Table 6.3-8. (continued)

Species
--------------i-----

Rock bass

Redbreast sunfish

Green sunfish

Pumpkinseed

Catch

CPUE

Catch

CPUE

CatchCPUE

Catch

CPUjECatch

CRJ

Jan
0.98 Hrs

13
7.8

13.3

2
1.2
2.0

1

0.6
1.0

Mar
0.63 Hrs

8.9
17.5

Apr Jun Jul
1.23 Hrs 1.40 Hrs 1.23 Hrs
------.-- -m------- --------

38 27 23
12.5 10.2 16.1
30.9 19.3 18.7

Aug
1. 38 Hrs

23
23.5
16.7

Sep
1 .40 Hrs

49
19.6
35.0

Oct
1.12 Hrs

38
23.6
33.9

NOY
1.40 ilrs

12
9.0
8.6

Dec
1.02 Hrs

8
7.5
7.8

3 44 16 16 10 27 37 6 4
2.4 14.5 6.0 11.2 10.2 10.8 23.0 4.5 3.8
4.8 35.8 11.4 13.0 7.2 19.3 33.0 4.3 3.9

1 10 4
0.8 3.3 1.5
1.6 8.1 2.9

3
2.1
2.4

1

0.4
0.7

1
0.7
0.7

9 1 25 22 15 8 48 13 23 14
5.4 0.8 8.2 8.3 10.5 8.2 19.2 8.1 17.2 13.2
9.2 1.6 20.3 15.7 12.2 5.8 34.3 11.6 16.4 13.7

Blueg I Il

Lepomis hybrid

Smallmouth bass

Larsemouth bass

White crappie

Black crappie

Catch

CPUE

Catch

CRLJE

CatchCPUE

Catch

CPUECatch

CPUECatch

CPUECatch

CPUE

1
0.3
0.8

2
0.7
1.6

4
1.6
2.9

7 1 1
4.3 0.7 0.9
6.3 0.7 1.0

1

0.4
0.7

1
0.7
0.8

2 - - -

0.8 - - -

1.4 - - -

30 17 25 2
12.0 10.6 18.7 1.9
21.4 15.2 17.9 2.0

6 7 21
3.6 5.7 6.9
6.1 11.1 17.1

7 2
2.6 1.4

.5.0 1.6

1
0.6
1.0

1 1 21
0.7 1.0 8.4
0.8 0.7 15.0

3 6 3
1.9 4.5 2.8
2.7 4.3 2.9

2
0.8
1.4

4
1.6
2.9

I
0.8
1.6

CPUE a Number caught per hour of electrofishIng.
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Table 6.3-9. Monthly species composition and relative abundance of target fishes
electrofished from the Schuylkill River at 577640 In 1987 (+ w Less than 0.17).

Spec Ies

American eel

AlemI fe

Jan Mar Apr
1.25 Hrs 1.15 Hrs 1.28 Hrs

- - -- - - - - - - - - - -

Jun

1.33 Hrs

I

0.5
0.8

Jul
1.20 Hrs

Aug
1.68 Hrs

Sep
1.50 Hrs

Oct
I .12 Hrs

Nov
i .63 Hrs

Dec
0.98 Hrs

Chain pickerel

Goldfish

Carp

Golden shiner

Fallfish

MInnom hybrid

White sucker

Creek chubsucker

White catfish

Yellow bullhead

Catch

CPUE

Catch

CPUECatch

CPUE

Catch

CRJE

Catch

CKJE

Catch

CPUE

Catch

CPUE

Catch

X

CPUE

Catch

Y.

CPUE

Catch
Y

CPjE

Catch

CPUE

Catch

Catch

CPUE

Catch
Y,

CRUE

220
50.9

176.0

231
60.2

200.9

63 22 12 13 20 5 53 31
14.0 11.1 36.4 31.0 5.1 8.1 19.7 16.1
49.2 16.5 10.0 7.7 13.3 4.5 32.5 31.6

1
0.3
0.7

4 10 10 8
0.9 2.6 2.2 4.0
3.2 8.7 7.8 6.0

4 10 1
9.5 2.6 1.6
2.4 6.7 0.9

7 9
2.6 4.7
4.3 9.2

1
0.5
1.0

21 1 17 3 1
4.9 0.3 3.8 1.5 3.0

16.8 0.9 13.3 2.3 0.8

16 4 a 1
4.1 6.5 3.0 0.5

10.7 3.6 4.9 1.0

I
0.5
1.0

1 1
0.3 0.2
0.9 0.8

I - - -

0.3 - -
0.7 - - -

30 2 10 17
7.7 3.2 3.7 8.8

20.0 1.8 6.1 17.3

18 27
4.2 7.0

14.4 23.5

22 1 1
4.9 0.5 3.0

17.2 0.8 0.8

2
0.5
1.6

- - - 0.3
- - - - 0.7 -

23 31 11 11 23 2
5.1 15.7 33.3 26.2 5.9 3.2

18.0 23.3 9.2 6.5 15.3 1.0

19 24
4.4 6.3

15.2 20.9

5
1.9
3.1

40
20.7
40.a



Table 6.3-9. (continued)

Species

Brown bullhead

Channel catfIsh

Rock bass

Recbreast sunfish

Green sunfish

Pumpk I rseed

Bluegill

Jan
1. 25 Hrs

13
3.0

10.4

Mar Apr Jun
1.15 Hrs 1.28 Hrs 1.33 Hrs

39 17 23
10.2 3.8 11.6
33.9 13.3 17.3

Jul
1.20 Hrs

4
12.1

3.3

Aug
1.68 Hrs

3
7.1
1.8

Sep
1.50 Hrs

23
5.9

15.3

Oct
1.12 Hrs

10
16.1
8.9

Noy
1.63 Hrs

51
19.0
31.3

Dec
0.98 Hrs

.49

25.4
50.0

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

X

CPUE

Catch

CPUE

Catch

CPUJE

Catch

CPUjE

Catch

CPUE

Catch

x

CRUE

Catch

CPUE

Catch

CPUE

1
0.3
0.7

21 8 89 53 4 4 77 10 52 10
4.9 2.1 19.8 26.8 12.1 9.5 19.6 16.1 19.3 5.2

16.8 7.0 69.5 39.8 3.3 2.4 51.3 8.9 31.9 10.2

5 7 81 25
1.2 1.8 18.0 12.6
4.0 6.1 63.3 18.8

4 3 9 10
0.9 0.8 2.0 5.1
3.2 2.6 7.0 7.5

5 78 5 16 4
11.9 19.9 8.1 5.9 2.1
3.0 52.0 4.5 9.8 4.1

2 5 2
4.8 1.3 3.2
1.2 3.3 1.8

I
0.5
1.0

84
19.4
67.2

22
5.7

19.1

60 13
13.3 6.6
46.9 9.8

58 5 34 17
14.8 8.1 12.6 8.8
38.7 4.5 20.9 17.3

1
0.2
0.8

Lepomis hybrid

Smallmouth bass

Largemouth bass

White crapple

Black crappie

I
0.5
0.8

6
3.0
4.5

2
0.5
1.3

18 10 56
4.2 2.6 12.4

14.4 8.7 43.8

35 14 30 11
8.9 22.6 11.2 5.7

23.3 12.5 18.4 11.2

1
0.2
0.8

1
0.2
0.8

!

0.2
0.8

I 1 1
0.3 0.2 0.5
0.9 0.8 0.8

11 2
2.8 3.2
7.3 1.8

3 1
1.1 0.5
1.8 1.0

CR9E = Number caught per hour of electrofishing.



Table 6.3-10. Monthly species composition and relative abundance of target fishes
electrofished from the Schuylkill River at S79310 In 1987 (+ = Less than 0.1%).

Species
--er---i----eel-
American eel

Goldfish

Carp

FalIfIsh

Mi.Io hybrid

White sucker

Yello] bullhead

Brown bullhead

Rock bass

Redbreast sunfish

Green sunfish

Pumpkinseed

Lepomis hybrid

Suallmouth bass

Largemouth bass

Catch

CPU!

Catch
Y.

CPUE

Catch

CRJE

Catch

CPUE

Catch

CPUE

Catch

CRJE

Catch

CPUE

Catch

CPUE

CatchCatch

CRJE

Catch

Y.

CPUE

Catch

CR3!

Catch

.,

CPUE

Catch

Y.

CPUE

Catch
.,

CRU!

Catch
.4

CRU!

Catch
.,

CPUE

Apr Jun
0.85 H.-- 1.17 Hrs

2
0.9

- 1.7

Jul
1.42 Hrs

Aug
1.18 Hrs

1
0.4
1.2

14 12 7 7 18
6.3 7.7 3.7 3.2 5.9

12.0 8.5 5.9 8.2 11.6

Sep
0.85 Hrs

4 3 1
1.7 1.3 0.6
4.7 2.6 0.7

7 1
3.2 0.3
8.2 0.6

Oct
1.55 Hrs

0.3
0.6

2
0.9
2.4

1
0.4
0.9

39
16.9
45.9

13 8 9 29
5.8 5.1 4.8 13.4

11.1 5.6 7.6 34.1

5
t.6
3.2

15 56 22 21 16 47
6.5 25.1 14.1 11.2 7.4 15.4

17.6 47.9 15.5 17.8 18.8 30.3

1 1
0.4 0.4
1.2 0.9

3
1.4
3.5

4
1.3
2.6

37
16.0
43.5

85
36.8

100.0

69 59 42 52 78
30.9 37.8 22.3 24.1 25.6
59.0 41.5 35.6 61.2 50.3

47 46 72
21.1 29.5 38.3
40.2 32.4 61.0

73 112
33.8 36.7
85.9 72.3

1 4
0.4 1.8
1.2 3.4

5 1s 1
3.2 8.0 0.5
3.5 12.7 1.2

2
0.9
2.4

0.5
0.8

1
0.3
0.6

- 2-
- 1.1-
- 1.7 -

3 19 27
1.9 10.1 12.5
2.1 16.1 31.8

44
19.0
51.8

13
5.8

11.1

37
12.1
23.9

1

0.3
0.6

1
0.5
1.2

CPUE * Number caught per hour of electrofishtns.



Table 6.3-11. List of representative important fish species of
the Schuylkill River.

Common name Scientific name

Freshwater eel family
American eel

Herring family
American shad

Pike family
Muskellunge

Minnow family
Goldfish
Swallowtail shiner
Spotfin shiner

Sucker family
White sucker

Freshwater catfish family
Brown bullhead

Killifish family
Banded killifish

Sunfish family
Redbreast sunfish
Pumpkinseed
Largemouth bass
Smallmouth bassl

Perch family
Tessellated darter

Anguillidae
Anauilla rostrata

Clupeidae
Alosa sapidissima

Esocidae
Asox masquinonav

Cyprinidae
Carassius auratus
Hotropis Procne
Notroois spilogterus

Catostomidae
Catostomus commersoni

Ictaluridae
Ictalurus nebulosus

Cyprinodontidae
Fundul.s diaphanus

Centrarchidae
Lepomis auritus
Lepomis qibbosus

Micropterus salmoides

Micropterus dolomieui

Percidae
Etheostoma olmstedi

1Not considered in EROL, see RMC Environmental Services (1984).



Table 6.3-12. Annual catch-per-unit effort (CPUE) of more abundant
species captured by electrofishing in
River near LGS, 1977-1987.

the Schuylkill

Status phase:

Year-

Effort (hrs):

American
eel

Gold-
fish

Carp

Golden
shiner

White
sucker

Yellow
bullhead

Brown
bullhead

Rock
bass

Redbreast
sunfish

Green
sunfish

Pumpkin-
seed

Smallmouth
bass

Largemouth
bass

Preoperational

1976

20.9

2.6

9.9

1.0

2.4

34.9

0.9

20.1

1.5

34.6

7.3

14.3

0.6

2.0

1977

37.2

1.3

46.0

2.0

1.7

29.2

3.4

27.4

1.7

22.3

3.3

11.1

1.5

0.3

1978 1981 1982 1983

35.6

1.1

12.3

0.5

6.2

22.1

4.4

9.4

2.7

23.6

2.0

9.1

1.7

1.7

15.7

2.3

18.3

1.7

4.9

37.5

7.0

15.9

7.3

87.1

3.7

14.5

6.8

0.4

14.6

2.2

12.1

1.0

4.0

16.2

5.5

5.5

6.8

45.5

1.3

17.9

7.5

0.7

31.6

0.9

42.9

17.1

2.1

25.7

4.4

4.9

8.2

41.8

3.6

17.2

8.1

1.0

1984

34.1

1.0

7.4

3.0

1.0

19.4

5.9

3.5

10.6

32.9

2.9

14.1

6.9

1.1

Postoperat ional

1985 1986 1987

40.4 35.1 40.6

0.9 0.6 0.2

125.3 192.5 29.6

10.0 14.8 3.6

1.4 2.0 4.2

17.8 21.2 11.4

22.6 21.3 14.8

12.6 13.0 12.3

11.4 31.3 32.0

17.5 39.5 26.5

1.6 3.9 2.7

8.0 12.3 14.6

11.3 11.7 12.7

0.2 0.9 1.6



Table 6.3-13. Back-calculated mean lengths (mm)
at annulus for redbreast sunfish
collected from the Schuylkill River
during October 1987.

Mean Length at Annulus
No. of

Year Location Specimens 1 II I11 IV

1987 379400 128 44 95 125 W/A

577240 120 4S 94 131 151

576440 109 42 93 138 W/A

357 43 94 133 151

Table 6.3-14. Back-calculated mean lengths (mm)
at arutulus for redbreast sunfish
collected from the Schuylkill River
during 1973# 1977, 1981, 1983, 1964,
1985, 1986, and 1987.

Mean Length at Annulus
No. of

Year Specimens I II III IV V

1973 S21 38 92 130 144 153

1977 331 44 91 124 131 126

1981 35S 45 97 133 155 156

1983 318 43 95 133 162

1984 39e 41 89 128 153 163

1985 5 39 84 126 153 156

1986 375 43 90 134 161 184

1987 357 43 94 133 151



Table 6.3-15. Back-calculated mean lengths (mm)
at anrulus by age for redbreast sunfish
collected from the Schuylkill River
during 1981P 1983, 1964, 1985, 1986,
and 1967.

Mean Length at Arnulus
No. of

Year Age Specimens I II III IV V

1981 1 252 45
2 44 46 99
3 44 47 96 134
4 14 48 97 131 156
5 1 36 82 120 140 1S6

* 355

1983 1 74 34
2 52 39 83
3 175 48 97 132
4 17 47 106 142 162

318

1984 1 2-98 42
2 29 34 89
3 26 39 83 124
4 39 46 93 129 153
5 6 46 95 132 150 163

398

1965 1 24 30
2 142 40 80
3 53 38 89 125
4 32 45 95 131 156
S 7 37 79 110 143 156

258

1966 1 334 43
2 12 44 94
3 20 41 83 134
4 6 42 91 129 156
5 3 45 115 150 174 184

* 375

1987 1 164 44
2 175 43 95
3 13 41 89 13S
4 5 42 83 126 151

*357



Table 6.3-16. Age composition of redlbreast sunfish
collected from the Schuylkill River
during 1975, 1981, 1983, 1984,
1985, 1966, and 1987.

Vthmber of Specimens
Year Location I II III IV V Total
---------------------------------- -----

1975 377240 20 8 14 1 43

376440 20 14 9 2 45

40 22 23 3 68

1981 S79400

577240

376440

1983 879400

S77240

S76440

1984 S79400

S77240

376440

1965 379400

377240

576440

87 18 14 1 120

61 14 21 11 107

104 12 9 2 1 128

252 44 44 14 1 355

36 15 49 5

27 25 55 8

11 12 71 4

74 52 175 17

105

115

98

318

128 12 3 7 150

87 10 11 15 3 126

83 7 12 17 3 122

298 29 26 39 6 398

12 50 19 12 2 95

4 36 8 6 4 58

8 56 26 14 1 105

24 142 53 32 7 258

121 2 2 125

111 5 116

102 S 18 6 3 134

334 12 20 6 3 375

1966 379400

377240

376440

1987 $79400

377240

576440

44 80 4

63 50 2 5

57 45 7

164 175 13 5

128

120

109

357



Table 6.3-17. Monthly estimates of fishing pressure in angler hours
and coefficient of variation in percent from the LGS

creel survey area on the Schuylkill River in 1987.

Month Angler-hours C.V.-%

April 1,260 39.7

May 2,060 21.1

June 2,492 15.6

July 770 27.8

August 1,008 30.3

September 1,320 46.0

Total 8,910 Average C.V.: 30.0



Table 6.3-18. Distribution of angling parties
creel survey area in 1987.

throughout the LGS

Fishing River Number of N Number of %
area meter parties total anglers total

Towpath park 82000 27 20.5 41 14.7

Sprogles Run 80300 15 13.6 42 15.1

Sanatoga Creek 79100 14 10.6 28 10.1

RMC boat ramp 77700 3 2.3 7 2.5

LOS discharge 77200 3 2.3 8 2.9

Linfield 75400 31 23.5 69 24.8

Home Water Co. 73880 7 5.3 16 5.8

Vincent pool 72500 7 5.3 15 5.4

Vincent Dam 71960 22 16.7 52 18.7

Total 132 278



Table 6.3-19. Fishes caught by anglers from the Schuylkill
River near LGS by month in 1987.

Species Apr May Jun Jul Aug Sep Total

American
eel

Carp

Goldfish

Brown
bullhead

Yellow
bullhead

Channel
catfish

Catfish

9pp.

Trout

spp.

Rock bass

Redbreast
sunfish

Bluegill

Sunfish

5pp.

Black
crappie

Crappie

spp.

Smallmouth
bass

79

171

26

40

76

19

29

33

334

33

42

21

- 441

33

972

73

0.3

8.3

0.6

- - - 441 641 5.5

- - 63 - 29 118 1.0

- 33 126 212 29 440 3.7

79 285 267 400 D 206 1,237 10.5

106

10

399 64

64

- - - 10 0.1

D - 59 628 5.3

19 - - 29 48

64

0.4

0.5

79 989 801 147 - 294 2,310 19.7

13 13 0.1

29 0.2- 9 - - - -

53 1,246 1,468 189 1,592 588 5,136 43.7

646 3,101 3,097 988 1,804 2,116 11,752Total



Table 6.3-20. Fishes harvested by anglers from the Schuylkill
River near LGS by month in 1987 (includes only
fish caught and kept).

Species Apr May Jun Jul Aug Sep Total %

Carp 10 - - - 59 69 10.6

Goldfish - 10 33 - - - 43 6.6

Brown
bullhead 92 19 - - - 255 346 53.1

Yellow
bullhead - - - 21 - 29 50 7.7

Channel
catfish 13 - - 42 - 29 84 12.9

Rock bass - - - 21 - - 21. 3.2

Redbreast
sunfish - 29 29 4.4

Smallmouth
bass - 10 - - - - 10 1.5

Total 105 49 33 84 0 381 652



Table 6.3-21. Percentages of anglers grouped by age and sex who
fished the Schuylkill River near LGS in 1987.

Age

65 or older 2
20-64 yrs. 70
13-20 yrs. 15
12 or younger 13

Sex
Male 89
Female 11

Table 6.3-22. Percentage of angler responses grouped by species
of fish sought by anglers who fished the Schuylkill
River near LGS in 1987.

Preferred species
(grouped by general categories)

%. of
responses

Anything 31
Bass 29
Catfish 22
Carp 10
Sunfish 4
Muskellunge 2
Trout I
American eel 1
Rock bass <1



Table 6.3-23. Least-squares regression coefficients describing the
linear relationship between In-transformed lengths
and weights of selected fishes from the Schuylkill
River near LOS collected in 1976-1984.

Sample Coefficient of
Species size Slope Intercept determination

Goldfish 2,644 3.10460014 -11.05914056 99
Carp 686 2.94723781 -10.40662330 99
White sucker 4,129 2.99114411 -11.16109878 99
Yellow bullhead 549 3.02266071 -11.24023592 98
Brown bullhead 1,668 3.08407761 -11.54300939 97
Rock bass 746 2.97538227 -10.57709883 98
Pumpkinseed 1,606 3.29393415 -11.96256713 98
Redbreast sunfish 6,201 3.24325837 -11.84168988 98
Smallmouth bass 619 3.00366306 -11.09945026 98



Table 6.3-24. Mean Relative Weight (Wr) by species at four station
in the vicinity of LGS determined for early preoper-
ational (1976-1978), late preoperational (1981-1984),
and postoperational (1985-1987) status periods.
Station S79310 was unaffected by LOS operation.

Species Station Status Sample size Mean Wr

Carp 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

10
6
63

18
215
467

14
336
296

8
80

105

48
12

474

496
574

3,402

166
825

4,579

330
195

1,371

95.9
99.6
97. 1

102.7
100.7
99.9

105.6
100.0

98.4

104.7
101.2

98.7

101.3
101.5
100.0

99.8
100.6

96.6

103.1
101.8

97.3

101.5
104.7

99.6

Goldfish



Table 6.3-24. (continued)

Species Station Status Sample size Mean Wr

White sucker 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

563
662
412

472
572
472

167
639
647

664
391
338

99.2
100.8
102.8

100.7
102.6
100.4

102.6
104.4
103.2

99.5
100.4
101.6

Brown bullhead 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

96
46
50

579
201
617

134
206
532

277
130
225

101.1
106.1
93.0

99.5
101.7

94.6

99.8
103.7

97.9

100.5
104.8
100.7



Table 6.3-24. (continued)

Species Station Status Sample size Mean Wr

Yellow bullhead 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

S76440 Early preop
Late preop
Postop

579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

42
89

645

57
99

523

33
79

453

70
81

580

101.5
100.8

95.8

99.1
101.1

94.4

106.7
101.3

92.8

96.8
103.6

96.3

Rock bass 12
66

754

38
159
657

28
258
551

49
137
826

94.1
104.2

99.8

99.3
99.4
96.9

96.4
102.3

95.8

101.0
100.4

97.7



Table 6.3-24. (continued)

Species Station Status Sample size Mean Wr

Redbreast sunfish 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

531
1,374
1,275

483
1,215

543

88
803
524

476
1,232

728

100.2
102.0
106.4

98.6
101.2
106.7

98.7
105.3
107.3

100.2
102.7
107.6

Pumpkinseed 579310 Early preop
Late preop
Postop

577640 Early preop
Late preop
Postop

576940 Early preop
Late preop
Postop

576440 Early preop
Late preop
Postop

56
25
22

231
434
705

48
420
372

250
143
215

106.1
104.8
102.1

96.8
99.1,

101.2

100.6
105.0
103.3

98.1
106.1
105.7



Table 6.3-24. (continued)

Species Station Status Sample size Mean Wr

Smallmouth bass 579310 Early preop 48 106.5
Late preop 105 99.0
Postop 354 96.5

S77640 Early preop 20 94.2
Late preop 165 99.4
Postop 460 94.6

576940 Early preop 5 96.7
Late preop 147 101.7
Postop 243 94.9

576440 Early preop 50 106.0
Late preop 80 104.7
Postop 294 96.9



Table 6.3-25. Pearson product-moment correlation coefficients
between monthly relative abundance indices (CPUE
and natural log transformed data) at 579310 (con-
trol) and three potentially affected stations near
LGS. Correlations calculated separately for the
1976-1987 period of record (POR) and for the 1976-
1984 preoperational (PREOP) period.

S77640 576940 576440
Species Index POR PREOP FOR PREOP FOR PREOP

American eel

Carp

CPUE ns ns
In CPUE 0.28 ns

CPUE 0.55 ns
In CPUE 0.45 ns

CPUE 0.52 ns
In CPUE 0.48 ns

0.38 0.33 0.58 0.58
0.32 ns 0.48 0.51

0.62 ns 0.32 ns
0.50 0.40 0.53 0.29

0.89 0.36 0.72 0.36
0.59 ns 0.70 0.52

Go ldf i sh

White sucker

Brown bullhead

Yellow bullhead

CPUE 0.53 0.47 0.48 0.42 0.43 0.37
In CPUE 0.62 0.50 0.42 ns 0.44 0.39

CPUE 0.58 0.43 0.76 0.79 0.43 0.63
In CPUE 0.53 0.55 0.64 0.69 0.53 0.63

CPUE 0.77 0.79 0.86 0.32 0.91 0.62
In CPUE 0.76 0.70 0.78 0.67 0.83 0.65

Rock bass CPUE 0.81 ns
In CPUE 0.65 ns

0.78 0.43 0.74 0.57
0.73 0.53 0.75 0.54

Redbreast sunfish

Pumpkinseed

Smallmouth bass

CPUE 0.53 0.52 0.43 0.42 0.47 0.46
In CPUE 0.43 0.56 0.47 0.44 0.61 0.61

CPUE ns ns ns ns 0.32 0.38
In CPUE ns ns ns ns 0.42 0.50

CPUE 0.62 0.52 0.44 0.53 0.56 0.42
In CPUE 0.71 0.70 0.62 0.63 0.69 0.63

ns - no significant correlation found



Table 6.3-26. Pearson product-moment correlation coefficients
between annual relative abundance indices (CPUE
and natural long-transformed data) at S79310
(control) and three potentially affected stations
near LGS. Correlations
the 1976-1987 period of
1976-1984 preoperational

calculated separately for
record (POR) and for the

(PREOP) period.

577640 S76940 S76440
Species Index POR PREOP POR PREOP POR PREOP

American eel CPUE ns ns 0.69 ns ns ns
In CPUE ns ns ns ns 0.65 ns

CPUE ns ns ns ns ns ns
In CPUE ns ns ns ns ns ns

Carp

Goldfish CPUE ns ns 0.84
In CPUE 0.76 ns 0.79

ns 0.81 ns
ns 0.77 ns

White sucker

Brown bullhead

Yellow bullhead

Rock bass

Redbreast sunfish

Pumpkinseed

Smallmouth bass

CPUE 0.69 ns 0.84 0.53 ns ns
In CPUE ns ns 0.74 ns 0.72 ns

CPUE 0.87 0.95 0.76 0.82 ns ns
In CPUE 0.81 0.95 0.76 0.90 0.67 0.51

CPUE 0.89 0.80 0.82 ns 0.96 0.92
In CPUE 0.92 0.80 0.80 ns 0.98 0.94

CPUE 0.94 ns 0.82 ns 0.98 0.98
In CPUE 0.93 0.77 0.81 ns 0.97 0.98

CPUE 0.74 0.93 0.75 0.56 0.86 0.88
In CPUE ns 0.89 0.69 0.83 0.77 0.80

CPUE ns ns ns ns ns ns
In CPUE ns ns ns 0.90 ns ns

CPUE 0.90 0.95 ns 0.80
In CPUE 0.96 0.98 0.77 0.93

0.90 0.93
0.92 0.88

ns - no significant correlations found



Table 6.3-27. Significance Probability Level (SPL) of an ap-
proximate F-test, status mean square divided by
the random year (status) mean square, based on
natural-log transformed monthly CPUE, with and
without control station CPUE as a covariate.
Also listed is the coefficient of determination
(rz) between control and affected station CPUE.

Station: 576440 576940

SPL: with without rz with without rz

Rock bass 0.131 0.018 0.56 0.925 0.084 0.53
Brown bullhead 0.043 0.198 0.28 0.475 0.906 0.41
Goldfish 0.834 0.061 0.49 0.629 0.169 0.35

White sucker 0.040 0.015 0.19 0.575 0.065 0.18
Carp 0.580 0.071 0.28 0.833 0.115 0.25
American eel 0.085 0.038 0.23 0.315 0.106 0.10
Pumpkinseed 0.956 0.434 0.17 0.428 0.055 ns
Smallmouth bass 0.101 0.080 0.48 0.717 0.446 0.38
Redbreast sunfish 0.509 0.942 0.37 0.357 0.114 0.22
Yellow bullhead 0.102 0.001 0.69 0.309 0.001 0.61

Station: 577640 579310
(control)

SPL: with Without rz without

Rock bass 0.114 0.027 0.42 0.004
Brown bullhead 0.279 0.430 0.28 0.617
Goldfish 0.618 0.026 0.23 0.183
White sucker 0.627 0.067 0.38 0.031

Carp 0.665 0.018 0.20 0.001
American eel 0.162 0.063 0.08 0.331

Pumpkinseed 0.608 0.766 ns 0.065
Smalimouth bass 0.115 0.072 0.50 0.076
Redbreast sunfish 0.013 0.004 0.18 0.459
Yellow bullhead 0.978 0.006 0.58 0.001

ns = no significant
station CPUE

correlation between control and affected



Table 6.3-28. Results of a dissimilarity index procedure
applied to annual CPUE data from four elec-
trofishing stations near LGS. Dissimilarity
index compared preoperational and post-
operational data sets.

Period of
Dissimilarity Species contributions greatest

Station Index to dissimilarityt abundance

576440 0.575 Rock bass 23.4 Postop
Goldfish 17.4 Postop
Yellow bullhead 13.0 Postop
Pumpkinseed 5.4 Preop
Redbreast sunfish 16.5 Preop
White sucker 17.5 Preop

S76940 0.550 Goldfish 47.3 Postop
White sucker 10.5 Preop
Pumpkinseed 12.3 Preop
Redbreast sunfish 21.6 Preop

577640 0.576 Goldfish 39.5 Postop
White sucker 13.7 Preop
Redbreast sunfish 31.0 Preop

579310 0.613 Rock bass 27.7 Postop
Goldfish 26.4 Postop
Redbreast sunfish 7.0 Preop
White sucker 17.2 Preop

'Only species contributing > 5% listed



Table 6.3-29. Results of a dissimilarity index procedure
applied to annual seine catches combined
from stations near LGS. Dissimilarity
index compared preoperational and post-
operational data sets.

Period of
Dissimilarity Species contributions greatest

index to dissimilarity1  abundance

0.593 Redbreast sunfish 25.0 Postop
Spottail shiner 13.0 Postop
Common shiner 8.7 Postop
Swallowtail shiner 33.0 Preop

IOnly species contributing > 5% listed



Table 6.5-30. Back-calculated fork lengths and annual length
increments (mm) attained by Schuylkill River
redbreast sunfish in the years 1977-1986 (all
sample locations pooled). Sample sizes are in
parentheses.

Length attained at the end of growing season

Year of
growth 1 2 3 4 5

1977 48( 14) 82( 1)
1978 48( 44) 97( 14) 120( 1)
1979 46( 67) 96( 44) 131( 14) 140( 1)
1980 46( 472) 160( 67) 134( 44) 156( 14) 156( 1)
1981 41( 113) 96(221) 140( 23)
1982 35( 162) 87(113) 131(221) 159( 23)
1983 41( 464) 89( 88) 129( 61) 152( 46) 163( 6)
1984 37( 49) 80(167) 125( 59) 157( 35) 156( 7)
1985 43( 507) 92( 25) 132( 25) 155( 6) 184( 3)
1986 44C 164) 95(174) 135( 13) 151( 5)

Mean increment
1977-1985 42(1893) 47(740) 36(448) 24(125) 13(17)

Mean increment
1986 44( 164) 52(174) 46(151) 25( 5)



Table 6.3-31. Back-calculated fork lengths and annual length
increments (mm) attained by Schuylkill River
redbreast sunfish in the years 1977-1986 at
locations 577240 and S76440 (pooled). Sample
sizes are in parentheses.

Length attained at the end of growing season

Year of
growth 1 2 3 4 5

1977 47( 13) 82( 1)
1978 47( 30) 97( 13) 120( 1)

1979 46( 44) 97( 30) 132( 13) 140( 1)
1980 45( 327) 104( 44) 137( 30) 157(13) 156( 1)
1981 41( 83) 97(163) 141( 18)

1982 35( 95) 87( 83) 132(163) 159(18)
1983 40( 285) 88( 57) 127( 46) 154(37) 163( 6)
1984 38( 31) 80(115) 124( 40) 156(23) 160( 5)
1985 44( 308) 92( 19) 134( 23) 155( 6) 184( 3)
1986 44( 120) 94( 95) 139( 9) 151( 5)

Mean increment
1977-1985 42(1217) 48(525) 37(334) 24(98) 13(15)

Mean increment
1986 44( 120) 52( 95) 48( 9) 25( 5)



Table 6.3-32. Back-calculated fork lengths and annual length
increments (mm) attained by Schuylkill River
redbreast sunfish in the years 1977-1986 at
control station 579400. Sample sizes are
in parentheses.

Length attained at the end of growing season

Year of
growth 1 2 3 4 5

1977 55( 1)
1978 49( 14) 94( 1)
1979 48( 23) 93( 14) 125( 1)
1980 46(145) 94( 23) 130( 14) 140( 1)

981 40( 30) 94( 58) 136( 5)
1982 36( 67) 86( 30) 126( 58) 160( 5)
1983 43(179) 91( 31) 134( 15) 142( 9)
1984 34( 18) 80( 52) 128( 19) 159(12) 146(2)
1985 42(199) 91( 6) 112( 2)
1986 45( 4-4) 96( 79) 125( 4)

Mean increment
1977-1985 43(676) 46(215) 34(114) 23(27) 10(2)

Mean increment
1986 45( 44) 52( 79) 42( 4)
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7.0 Asiatic Clam

Introduction and Methods

The distribution of Asiatic clam (Corbicula fluminea) in the

Delaware River, Schuylkill River, and Perkiomen Creek has been sur-

veyed annually since 1982. The results were used to assess the poten-

tial threat of this water system-fouling species to PECo generating

stations, particularly LGS, and are reported in this document and in

previous annual reports (RMC Environmental Services 1984, 1985, 1986,

and 1987a).

Methods employed in the 1987 survey were the same used previously.

The study reaches consisted of the Delaware River from the Commodore

Barry Bridge (river mile 81.8) to Point Pleasant, Pennsylvania (river

mile 157.2); the Schuylkill River from its mouth (river mile 0) to LGS

(river mile 48); and the Perkiomen Creek from its mouth (river mile 0)

to the Schwenksville Road bridge (river mile 12.0). Stations esta-

blished at 2-8 mile intervals in each stream were sampled for the

presence of Corbicula. At locations where water depth permitted, the

river or stream bottom was visually scanned for Corbicula shells.

Samples of bottom substrate were collected at all stations, washed

through a 3.2-mm mesh sieve, and inspected for Corbicula.

7.0-1



Results and Discussion

Sampling in 1987 established continued presence of Corbicula in

the Delaware River (Table 7.0-1). Specimens were collected from

Washington Crossing State Park (river mile 146.0) to the Betsy Ross

Bridge (river mile 104.8). Stations downstream of the Betsy Ross

Bridge yielded no live Corbicula, although the species undoubtedly

exists in this reach.

The presence of Corbicula at Washington Crossing State Park placed

the species approximately 11 miles downstream of the Delaware River

intake for the proposed Point Pleasant Diversion. Although Corbicula

did not extend its range of distribution beyond Washington Crossing

State Park in 1987, relative population density appeared to have in-

creased at this station since the 1986 survey.

Corbic extended its Schuylkill River range of distribution in

1987. Corbicula were discovered in the pool above Black Rock Dam.

Several Corbicula shells and two live specimens were collected near

the Pennsylvania Route 113 bridge (river mile 38.0), 2 miles and 10

miles from CGS and LGS, respectively. Established stations and ad-

ditional stations randomly selected between CGS and Black Rock Dam

were sampled thoroughly, but yielded no more Corbicula. Probably,

Corbicula were introduced by boats or fishermen at this heavily used

public access area. At present, the density of clams is very low, but

could increase rapidly in the future.

7.0-2



Well-established Corbicula populations were present in the

Schuylkill River at all stations between Black Rock Dam (river mile

36.6) and the Strawberry Mansion Bridge (river mile 11.0) (Table 7.0-

2). No specimens were collected in the tidal Schuylkill River down-

stream of Fairmount Dam (river mile 8.5).

Corbicula was not collected at any station in the Perkiomen Creek

despite the species' presence in the Schuylkill River near the

Perkiomen Creek confluence (Table 7.0-3).

The East Branch Perkiomen Creek was not part of the 1987 Corbicula

qualitative survey program. However, the species was not taken at the

six stations that are part of the benthic macroinvertebrate sampling

program (see Section 4.2, Benthic Macroinvertebrates).

Dead Corbicula were found in the Schuylkill River from mid-June to

mid-July 1987. Clam mortality also occurred in June-July 1986. As

before, the population density in 1987 was reduced at three quan-

titative sample stations located near Norristown. Dying Corbicula

were sent to Memphis State University (MSU) and the National Marine

Fisheries Service (HMFS) for microbiological examination. However,

the cause of the Cakicula die-off was not determined from these

examinations (Dr. Steve Klaine, MSU; and Dr. Austin Farely, NMFS, per-

sonal communications).

7.0-3



Table 7.0-1. Presence/absencQ of
1982-1987.

Corbicula in the Delaware River,

Distance from
Location Point Pleasant

(river mile) (miles) 1952 1983 1954 1985 1986 1987

Point Pleasant
canoe livery
(157.2)

Canal Park Footbridge,
Lumberville, NJ
(155.4)

PA Rt. 263 Bridge,
Center Bridge, PA
(151.9)

PA Rt. 179 Bridge,
Hew Hope, PA
(148.7)

Washington Crossing
State Park
(16.0)

100 yds. above
PA Rt. 532 Bridge
(142.0)

0.75 mi. above
1-95 Bridge
(139.7)

Under 1-95
Bridge
(139.0)

0 0 0 0 0 0 0

1.8 0 0 0 0 0 0

5.3

8.5

11.2

15.2

17.5

18.2

0 0 0 0 0 0

o 0 0 0 0 0

0 0 X X X

0. 0 X X X X

0 0 X

x x

Key to Tables 7.0-1 to 7.0-3

X - Corbicula present
0 - Corbicula not found
Blank - no sample taken



Table 7.0-1. (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987

Boat ramp,
Yardley, PA
(138.4)

1.5 mi. below
Yardley boat ramp
(136.9)

Water treatment plant,
Morrissville, NJ
(134. 0)

Below railroad bridge
Trenton, NJ
(133.0)

Between buoys
105 and 106
(131.7)

Biles
Creek
(131.2)

18.8

20.3

0 x X X X X

0

23.2 x x x x

24.2

25.5

26.0

x x

0

x x x x

Buoy
97
(130.6)

Buoy
92
(129.1)

26.6

28.1

x

x

x

x

x

x

0.5 mi. above
Newbold Island
(127.0)

South tip
Newbold Island
(124.9)

30.2

32.3 x x x x x



Table 7.0-1. (continued)

Distance from
Location Point Pleasant

(river milQ) (miles) 1982 1983 1984 1985 1986 1987

Above
1-276 Bridge
(121.3)

Boat ramp,
Florence, NJ
(122.6)

Buoy 45,
Burlington Island
(118.9)

Burlington
Generating Station
(117.0)

1.5 mi. below
Neshaminy Creek
(114.1)

35.9

34.6

38.3

40.2

43.1

x x

x

x

x x x x

x

Rancocas
Creek mouth
(111.1)

0.5 mi. below
Buoy 18
(109.3)

0.5 mi. below
Buoy 15
(108.0)

Tacony
Palmyra Bridge
(107.1)

46.1 x x x x x

47.9 x x

0 X

50.1 0 X 0 X X

Betsy
Ross Bridge
(104.8) 52.4 0 X X 0 0 X



Table 7.0-1. (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987

Northern tip
Petty Island
(103.2)

Richmond
Generating Station
(104.4)

Delaware
Generating Station
(101.1)

Benjamin
Franklin Bridge
(100.2)

Above Walt
Whitman Bridge
(98.0)

Southwark
Generating Station
(97.5)

54.0

52.8

56.1

57.0

59.2

0 0 x 0 0 0

0 0 a 0 0

0 0 0 0 0

0 X 0 X 0

0 0

59.7 0 0 0 0 0

Buoy
46A

(95.0) 62.2 0 X 0 0

Schuylkill River
mouth
(92.5)

Paulsboro,
NJ
(90.0)

Eddystone
Generating Station
(84.3)

64.7

67.2

0 X X 0 0 0

0 0 0

72.9 X X 0 0



Table 7.0-1. (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987

North tip
Tinicum Island
(87.5) 69.7 0 X X 0 0

North tip
Mond's Island
(85.6) 71.6 0 0 0

Above Commodore
Barry Bridge
(81.8) 75.4 0 0 0 0



Table 7.0-2. Presence/absence of
1982-1987.

Corbicula in the Schuylkill River,

Location Distance from
(river mile) LOS (miles) 1982 1985 1984 1985 1986 1987

Limerick
Generating Station
(48.0)

Vincent
Dam
(44.7)

Main Street,
Spring City, PA
(42.1)

0

3.3

5.9

0 0 0 0 0 0

0

0

0 0 0 0

o 0 0 0

0.25 mi. above Cromby
Generating Station (CGS)
(40.3)

Adjacent
to CGS
(40.0)

0.25 mi.
below COS

(39.8)

7.7 0 0 ~ 0 0 0

8.0

8.2

0 0 0 0 0

o 0 0 0 0

Water treatment plant
Phoenixville, PA
(38.2)

PA Rt. 113 Bridge,
Phoenixville, PA
(38.0)

Black
Rock Dam
(36.6)

PA Rt. 29 Bridge,
Phoenixville, PA
(35.6)

0 0 0 0 0

10.0

11.4

0 0 0 0 0 X

0 0 X X X

12.4. 0 X X X



Table 7.0-2. (continued)

Location Distance from
(river mile) LGS (miles) 1982 1983 1984 1985 1986 1987

Pawlings Road Bridge,
Phoenixvi1le,PA
(31.0)

1.0 mi. above
Bet zwood Bridge
(29.3)

0.5 mi. above
Betzwood Bridge
(28.8)

17.0 0 0 0 X

18.7 x

19.2 x x x x

Bet zwood
Bridge
(28.3) 19.7

0.75 mi. above
Abrams Creek
(26.5)

Abrams
Creek
(25.7)

North tip
Barbadoes Island
(25.2)

Barbadoes Generating
Station intake
(24.6)

U.S. Rt. 202 Bridge,
Norristown, PA
(24.3)

Norri stown
Dam
(24.0)

1-276 Bridge,
Swedesburg, PA
(22.5)

21.5

22.3

0 0 X

x x

X X

22.8 x x x x x

23.4 X X

23.7 X I K X K

24.0 X X X X X x

25.5 KX X X X



Table 7.0-2. (continued)

Location Distance from
(river mile) LGS (miles) 1982 1983 1984 1985 1986 1987

Plymouth
Dam
(20.7) 28.0 x x x x

Hear Montgomery/Phila-
deiphia County line
(17.0)

West of Green
Lane Bridge
(14.0)

Pencoyd
Bridge
(12.6)

Strawberry
Mansion Bridge
(11.0)

31.0 x x x x

34.0

35.4

37.0

x x x x

x X 0 X

x x x x

Fai rmount
Dam
(8.5) 39.5 x x X 0 0

Park Drive Bridge,
Philadelphia, PA
(8.2)

Market Street Bridge,
Philadelphia, PA
(7.5)

South Street Bridge,
Philadelphia, PA
(6.8)

Schuylkill Generating
Station (SGS)
(6.5)

0.25 mi.
below SS
(6.3)

39.8 0 0 0

40.5 0 X x

41.2 0 0 0

41.5 0 X X 0 0 0

41.7 0 0 X 0 0



Table 7.0-2. (continued)

Location Distance from
(river mile) LGS (miles) 1982 1983 1984 1985 1986 1987

Passayunk Ave. Bridge,
Philadelphia, PA
(3.6) 44.4 0 0 0

South of
1-95 Bridge
(0.5) 47.5 0 0 0

Schuylkill
River mouth
(0) 48.0 0 X X 0 0 0



Table 7.0-3. Presence/absence of Corbicula in the Perkiomen Creek,
1983-1986.

Location (river mile) 1983 1984 1985 1986 1987

Schwenksville Road
(12.0)0 0 0 0 0

PA Rt. 73
(11.3) 0 0 0 0 0

Ott's Road
(10.5) 0 0 0 0 0

Graterford Road
(9.3) 0 0 0 0 0

PA Rt. 113
(7.3) 0 0 0 0 0

Collegeville Dam
(6.5) 0 0 0 0 0

Yerkes Road
(4.5) 0 0 0 0 0

Indian Road Dam
(2.3) 0 0 0 0 0

Egypt Road
(1.5) 0 0 0 0 0

Below Wetherill's Dam
(0.8) 0 0 0 0 0
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1.0 Executive Summary

This report summarizes non-radiological environmental monitoring related

to Philadelphia Electric Company's (PECo) Limerick Generating Station (LGS)

conducted in 1988, the fourth year of plant operation and the third complete

year with a full power license. With exception of Asiatic clam (Corbicula)

studies which also were conducted in the Delaware River and Perkiomen Creek,

this volume reports only studies conducted in the Schuylkill River. Data for

1988 studies conducted in the Delaware River, Perkiomen Creek, and East Branch

Perkiomen Creek regarding the Point Pleasant Diversion were reported in Brad-

shaw Reservoir NPDES Permit PA-0052221 Reports and Studies prepared by PECo in

1989.

Only LGS Unit 1 operated in 1988; Unit 2 was not operational in 1988.

From 1 January 1988, Unit 1 operated almost continuously at nearly full power

until it was shutdown for maintenance in early April. It resumed operation on

22 April 1988 and continued to operate at approximately 80% full power until

2 September 1988. After this date, plant operation was gradually reduced to

36% of full power by the end of the year.

Schuylkill River water quality in 1988 was little different from that

observed previously. Several new minima and maxima for measured chemical con-

stituents were observed, all probably related to the low river discharge and

high water temperature observed, particularly during early summer through the

rest of the year.

Macroinvertebrate studies indicate the presence of communities similar

to those observed previously at all stations. The effects of sedimentation

continue to be observed at two stations located downstream of the LGS dis-

charge. To determine if sedimentation effects mask the impact of LGS opera-
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tion, samples were collected immediately downstream of the discharge in riffle

habitat similar to that present at the sample station located upstream of LGS.

The results show much similarity between the samples collected at both loca-

tions, thereby confirming little or no observed changes in the Schuylkill

River macroinvertebrate community attributable to LGS operation.

Fisheries studies conducted in 1988 did not detect any effects of LGS

operation. Observed changes in the fish community were judged to be indepen-

dent of plant operation and similar to natural variation observed prior to LGS

operation. Impingement of only a few fish during the warmer months of 1988

indicated that impingement at LGS is a seasonal phenomenon related to near

shore movement of certain species during periods of high river discharge and

low water temperature. Successful recruitment of new year classes of several

species with freely drifting eggs or larvae suggests that entrainment is

unimportant as a regulator of year class formation compared to naturally oc-

curring river physical conditions.

Sampling in 1988 indicated the presence of Asiatic clam (Corbicula) in

the Delaware River from near Easton downstream to Point Pleasant, thereby

placing Bradshaw Reservoir and ultimately the East Branch Perkiomen Creek in

jeopardy of infestation via the Point Pleasant Diversion. Corbicula again was

collected in the Black Rock Pool of the Schuylkill River several miles

downstream of Cromby Generating Station. No evidence of Corbicula infestation

was found in the Schuylkill River near LGS, nor in the Perkiomen Creek.

Small numbers of dead birds were collected in impaction studies con-

ducted at both LGS cooling towers in 1987 and 1988. More specimens and

species were collected in 1988, which may be the result of reduced scavenging

of dead birds by crows. Bird mortality continued to be insignificant compared

to the total number of birds that migrate through the area.
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2.0 Introduction

Aquatic ecology of the Delaware River, Schuylkill River, Perkiomen

Creek, and East Branch Perkiomen Creek has been studied since 1970 for Phila-

delphia Electric Company (PECo) by RMC Environmental Services (formerly

Ichthyological Associates) to assess possible environmental impacts of

Limerick Generating Station (LGS) and its water supply system which includes

the Point Pleasant Water Diversion Project. Along with certain terrestrial

ecological studies, these assessments are collectively referred to as the LGS

Non-radiological Environmental Monitoring Program. Prior to initial LGS oper-

ation in 1985, this program's objective was to document natural variation in

the ecological variables under study, thereby developing an environmental

baseline against which the magnitude and significance of LGS-related impacts

could be assessed. These studies have continued for a sufficient period of

time after LGS operation to permit detailed environmental impact evaluations

of certain components of the station on the environment.

The various study components of the Non-radiological Environmental

Monitoring Program and the duration of each are listed in Table 2.0-1. Pre-

vious progress reports based on these studies are listed in Table 2.0-2. The

results of studies conducted in 1970-1977 were used in preparation of the En-

vironmental Report: Operating License Stage (EROL) for LGS, submitted to the

Nuclear Regulatory Commission (NRC) by PECo in 1981.

This report summarizes non-radiological environmental monitoring studies

conducted for PECo in 1988, the fourth year of LGS operation and the third

complete year with a full power operating license (Unit 1). Unlike previous

reports in this series, this volume describes only studies conducted on the

Schuylkill River, with exception of Asiatic clam studies which also include
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the Delaware River, Perkiomen Creek, and East Branch Perkiomen Creek. It is

important to note that any potential LGS operational impacts are confined to

the effects of water withdrawal from and discharge to the Schuylkill River,

since the Point Pleasant Water Diversion Project was not operational. Studies

of the Delaware River, Perkiomen Creek, and East Branch Perkiomen Creek con-

ducted in 1988 are not reported in this volume. Data for 1988 studies con-

ducted in these streams were reported in Bradshaw Reservoir NPDES Permit

PA-0052221 Reports and Studies prepared by PECo in 1989.

This report presents and discusses data collected in 1988 with qualita-

tive comparison to post-EROL data only. An exception is Section 5.0 - Cooling

Tower Birds in which data collected in 1987 also are presented and discussed

because they did not appear in the previous report (RMC Environmental Services

1988).

Throughout this report, sample station locations are designated by the

letter 'S' for Schuylkill River followed by a number indicating the distance

in meters upstream from the river mouth. If a station was comprised of an

area of the river instead of a transect or single point location, the distance

in meters from the river mouth to the downstream edge of the area was used as

the station designation. As points of reference, the LGS intake is located at

S77540 and the discharge diffuser is located at S77240.
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Table 2.0-1. Ecological and water quality studies conducted in relation to
Limerick Generating Station by RMC Environmental Services.

Program 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

Delaware River
Water quality
Fisheries survey
Macroinvertebrate drift
Larval fish
Asiatic clam

East Branch Perkiomen Creek
Water quality
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Age and growth
Creel survey

Perkiomen Creek
Water quality
Phytopl ankton
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Age and growth
Creel survey
Asiatic clam

Schuylkill River
Water Quality
Phytopl ankton
Periphyton
Macrophytes
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Trap net
Age and growth
Creel survey
Asiatic clam
Cooling tower bird mortality
Impingement
Entrainment

x x x x x x
x
x

x
x

x

x

x
x

x
x x

x

x

x
x x

x

x

x
x
x
x

x x x x
x

x
x x

x
x
x

x
x x

x

x
x

x x x x x

x
x x

x
x x

x
x
x
x
x

x
x

x
x
x

x
x

x

x

x x
x
x

x x x
x

x
x
x
x
x
x
x

x x x xx

x
x
x
x
x
x

x
x
x
x
x

x
x
x
x
x

x

x
x



Table 2.0-1. (continued)

Program 1980 1981 1982 1983 1984 1985 1986 1987 1988

Delaware River
Water quality
Fisheries survey
Macroinvertebrate drift
Larval fish
Asiatic clam

East Branch Perkiomen Creek
Water quality
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Age and growth
Creel survey

Perkiomen Creek
Water quality
Phytoplankton
Periphyton
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Age and growth
Creel survey
Asiatic clam

Schuylkill River
Water Quality
Phytoplankton
Periphyton
Macrophytes
Benthic macroinvertebrates
Larval fish
Seine
Electrofishing
Trap net
Age and growth
Creel survey
Asiatic clam
Cooling tower bird mortality
Impingement
Entrainment

x x xx
x
x

x x x x x x

x
x

x
x

x
x

x
x x x

x x x x x x
x x x x x x

x
xx

x x

x
x

x
x
x
x

xx
x

xx
x
x

xx
x
x

x x
x x

xx x

x x x x x x x x x

x x x x x x x x
x x x xx x

x x x x x

x x x x x x x x x

x x x x x x
x x xx x x
x

x x x
x

x x

x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x
x

x
x

x
x

x x
x

x x
x x
x x
x

xx

x
x
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Table 2.0-2. List of progress reports which pertain to non-radiological
environmental monitoring for Limerick Generating Station,
1970-1987.

Denoncourt, R. F., and C. H. Hocutt. 1971. An ecological study of the
Schuylkill River in the vicinity of Limerick Generating Station,
Pottstown, Pennsylvania. Ichthyological Associates, Schuylkill
Progress Report No. 1. (Part One).

Brett, J. J., and R. F. Denoncourt. 1971. An ecological study of the
Schuylkill River in the vicnity of Limerick Generating Station,
Pottstown, Pennsylvania. Ichthyological Associates, Schuylkill
Progress Report No. 1. (Part Two).

Denoncourt, R. F., C. H. Hocutt, and C. B. Milstein. 1971. An ecological
study of the East Branch of the Perkiomen Creek system near
Pottstown, Pennsylvania. Ichthyological Associates, Perkiomen Prog-
ress Report No. 1. (Part One - Fishes).

Brett, J. J., R. F. Denoncourt, and R. J. Stira. 1971. An ecological
study of the East Branch of the Perkiomen Creek system near
Pottstown, Pennsylvania. Ichthyological Associates, Perkiomen Prog-
ress Report No. 1. (Part Two - Macroinvertebrates).

Harmon, P. L., W. A. Potter, K. W. Knopf, and R. H. Ellis. 1971. An
ecological study of the Schuylkill River in the vicinity of Limerick
Generating Station, Pottstown, Pennsylvania. Ichthyological Associ-
ates, Schuylkill Progress Report No. 2.

Molzahn, R. F. 1971. An ecological study of the East Branch of the
Perkiomen Creek system near Pottstown, Pennsylvania. Ichthyological
Associates, Perkiomen Progress Report No. 2. (Part one - Fishes).

Knopf, K. W. 1971. An ecological study of the East Branch of the
Perkiomen Creek system near Pottstown, Pennsylvania. Ichthyological
Associates, Perkiomen Progress Report No. 2. (Part Two - Macro-
invertebrates).

Ellis, R. H., T. P. Poe, and D. C. Stefan. 1973. An ecological study of
the Schuylkill River in the vicinity of Limerick Generating Station,
Pottstown, Pennsylvania. Ichthyological Associates, Schuylkill
Progress Report No. 3. (Volume I).

Harmon, P. L., R. F. Molzahn, T. M. Kincaid, A. K. Megay, R. J. Stira, and
R. W. Blye. 1973. An ecological study of the Schuylkill River in
the vicinity of Limerick Generating Station, Pottstown, Pennsyl-
vania. Ichthyological Associates, Schuylkill Progress Report No. 3.
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Molzahn, R. F., and R. P. Rutter. 1973. An ecological study of the East
Branch Perkiomen Creek system near Pottstown, Pennsylvania.
Ichthyological Associates, Perkiomen Progress Report No. 3.



Table 2.0-2. (continued)

Harmon, P. L., and Associates. 1974. An ecological study in the vicinity
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3.0 Schuylkill River

The Schuylkill River flows 209 km from its source at Tuscarora Springs

in Schuylkill County to its confluence with the Delaware River at Philadel-

phia. The river drains a 4,972 km2 watershed that includes portions of the

Appalachian Mountain, Great Valley, Reading Prong, Triassic Lowland, Piedmont

Upland, and Coastal Plain physiographic regions in southeast Pennsylvania.

Typically, the river in the vicinity of LGS is 100 m wide, low gradient

(0.5 m/km), and discharges 53 m3/second. Except for a 3-km long pool above

Vincent Dam, the study area is 95% run habitat over a gravel-rubble substrate.

Riffle and shoal habitats comprise most of the remaining study area. Few

backwaters are present and those that exist are small in size, but can be im-

portant reproductive, nursery, and refuge areas for fish and other aquatic

organisms. In most years, dense stands of aquatic vegetation develop during

the warmer months. Between the blowdown discharge structure and the cooling

water intake, the river is divided into two channels by Limerick Island, the

only substantial, heavily wooded island in the study area.

Ecological studies were conducted from 1970 through 1978 and are sum-

marized in Section 2.2.2.1 of the LGS EROL (Philadelphia Electric Company

1981). Additional studies of water quality (1979-1987), benthic macro-

invertebrates (1983-1987), and fish (1980-1987) were reported in subsequent

progress reports (RMC Environmental Services 1984, 1985, 1986, 1987, and

1988). All non-radiological environmental monitoring programs conducted in

1987, except fish age and growth and creel survey, were continued in 1988.

Ecological studies have focused on a 10-km reach extending upriver from

Vincent Dam (S71960) to just above the Hooker Chemical Company plant (S82000)

(Fig. 3.0-1). This reach includes an area upriver from and unaffected by LGS,
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and areas adjacent to and downriver from LGS that are potentially affected by

the station. Sources of potential environmental impact include plant-site

runoff from areas disturbed by construction of LGS Unit 2, and effects of

water withdrawal from and discharge to the Schuylkill River. Discharge from

LGS is comprised of cooling tower blowdown mixed with treated domestic

wastewater, yard, and roof drainage.

An operational history of LGS reveals that 1988 was the fourth year of

plant (Unit 1) operation and the third year of operation in a full-power com-

mercial mode. Consequently, monitoring studies have provided varying

quantities of postoperational data, depending on the environmental component

studied and its potential exposure to impacts of LGS operation. The objec-

tives of Section 3 are to summarize results of all 1988 non-radiological en-

vironmental monitoring programs on the Schuylkill River and to evaluate any

environmental impacts from LGS operation that may be evident in these data.

Secondly, the 1988 data are evaluated for departure from data previously col-

lected.

A short synopsis of LGS Unit l's operation during 1988 is necessary for

proper interpretation of all biological and chemical study data (Fig. 3.0-2).

Except for a short period in February, the plant operated at nearly full power

until April when it was shutdown for 13 days for maintenance. Operation was

resumed on 22 April and continued through I September at approximately 80% of

full power. From 2 September through the end of the year, plant operation was

gradually reduced to 36% of full power.
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3.1 Water Quality

INTRODUCTION AND METHODS

Water quality studies of the Schuylkill River in 1988 consisted of

26 bi-weekly samplings during the period 14 January through 27 December. The

water quality data obtained in 1988 are summarized in this section. Program

objectives were to monitor ambient water quality, complement concurrent

ecological studies, and evaluate the effects on water quality in relation to

LGS operation.

Ambient river water temperature data were obtained from daily measure-

ments at the Pottstown Water Treatment Plant. Daily river discharge data were

obtained from the US Geological Survey (USGS) Pottstown gaging station. Daily

flow and temperature records were compiled based on the above two data sources

to determine the minimum, maximum, mean, and median values for each month of

the year.

Water quality samples were collected at two stations in the Schuylkill

River. Station S77660 was located approximately 200-m upstream of the LGS in-

take and is considered representative of the ambient (background) water quali-

ty as well as the intake water quality for LGS. Station S77140 was located

approximately 100-m downstream of the LGS diffuser bar and represented the

combined flows from all NPDES-permitted LGS discharges added to the flow from

Possum Hollow Run. Sample station locations are presented in Figure 3.1-1.

Conditions permitting, samples were collected at mid-depth near mid-stream.

During periods of high flow, samples were collected near the Montgomery County

shoreline. Sample collection, preservation, and analysis followed US EPA

methodologies.
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RESULTS AND DISCUSSION

1988 River Discharge and Ambient Temperature

The USGS Schuylkill River mean daily discharge records for 1988 are pre-

sented in Table 3.1-1 and Figure 3.1-2. Mean monthly discharges for the peri-

od 1970-1988 are presented in Table 3.1-2 and Figure 3.1-3. Daily Schuylkill

River temperature readings for 1988 at the Pottstown Water Treatment Plant are

presented in Table 3.1-3 and Figure 3.1-4 while the mean monthly temperature

readings for 1970-1988 are presented in Table 3.1-4 and Figure 3.1-5.

The year 1988 was characterized by low precipitation and record high

summer temperatures. The reduced precipitation is reflected in the mean

monthly discharges for 1988 being less than the mean for the period of record

(1970-1988) for the months of January, March, April, and June through Decem-

ber. Of the remaining two months, mean monthly discharge substantially ex-

ceeded the period of record mean only during May, largely the result of

elevated river flow measured late in the month (Fig. 3.1-3).

Mean monthly temperature in 1988 equalled or exceeded the monthly means

for the period of record for all months except September and October when mean

monthly temperatures were 2 C and I C less than the means for 1970-1988,

respectively. Three new daily maximum temperatures were observed in 1988 in

comparison to the period 1970-1987. The new daily maxima were observed on

30 March, 22 June, and 16 August 1988. The March and June maxima represented

single date exceedance of the previous records - the 30 March maximum of 18 C

exceeding the previous record by 3 C and the 22 June maximum exceeding the

previous record by I C. However, the previous period of record August maximum

of 29 C was exceeded during the interval 12 through 17 August with a new
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record maximum (31 C) established on 16 August. During the same general peri-

od, the previous August maximum of 29 C was equaled on 5, 10, 11, and 18 Au-

gust.

1988 Water Quality

Seasonal summaries of the water quality data for S77660 for 1979-1988

are presented in Table 3.1-5 and for 1988 in Table 3.1-6. New minimum and

maximum values observed in 1988 are presented in Tables 3.1-7 and 3.1-8,

respectively. Similar seasonal summaries and new minimum and maximum values

for S77140 are presented in Tables 3.1-9 through 3.1-12.

Several new minimum values were observed at both stations in 1988. Most

of the new minima represent slight reductions from previously observed minima

for 1979-1987. A new minimum dissolved oxygen was observed at both stations

on 24 August 1988. These concurrent minimum dissolved oxygen levels were ob-

served during a period of record high temperature and low flow conditions and

were unrelated to LGS operations.

On 18 May 1988, several new maximum values were established at both sta-

tions. Three new maxima for total suspended solids, aluminum, and iron were

observed at both stations. In addition, new maxima were established at S77140

for cadmium and lead on 18 May. The discharge record for the Schuylkill River

for the period immediately preceding 18 May (Table 3.1-1) indicates measure-

ments well below the monthly mean for early May. Schuylkill River discharge

on 18 May, 3,450 cfs, was twice the previous day's measurement of 1,670 cfs.

Discharge peaked on 20 May at 21,900 cfs. Thus, the samples collected on

18 May could represent a first-flush effect in the immediate watershed which

may explain the new maxima for cadmium and lead observed at both stations as

well as the new maximum total suspended solids concentration.
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New maxima for total coliforms were established at S77660 on 10 August

and at S77140 on 26 July 1988. New total coliform maxima were observed at

both stations on 4 October 1988. The new values at 577660 on 10 August and

S77140 on 26 July represent a 30 to 40-fold increase over the previous maximum

of 8,000 colonies per 100 ml. The concurrent maxima observed on 4 October

represent an 8 to 10-fold increase over the previous maximum of 20,000

colonies per 100 ml. The record temperatures and low river discharges may ac-

count in part for the new total coliform maxima.

Data are missing for trichloroethylene for the period September-November

in Tables 3.1-6 and 3.1-10 because analysis for trichloroethylene was discon-

tinued in the summer of 1988.

Post-EROL Water Quality

Seasonal water quality data for the post-EROL period (1979-1988) are

presented in five previous LGS progress reports (RMC Environmental Services

1984, 1985, 1986, 1987, and 1988). The seasonal water quality summary tables

in this report for both stations (Tables 3.1-5 and 3.1-9) compare the 1988

water year to the post-EROL water quality observations. A discussion of the

maxima and minima observations for the post-EROL period was presented above.

Several major cations and anions were monitored during the post-EROL pe-

riod, including the cations sodium, potassium, calcium, and magnesium and the

anions chloride, sulfate, and bicarbonate (based on alkalinity determina-

tions). Conversion of the reported seasonal median data in milligrams/liter

to the corresponding milli-equivalents per liter enables the data to be ex-

pressed stoichiometrically (i.e., one milli-equivalent of a cation will react

with one milli-equivalent of a corresponding anion). Graphical display of the
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concentrations of major cations and anions expressed in milli-equivalents per

liter is called a Stiff diagram. The utility of a Stiff diagram is that any

major difference in water quality becomes readily apparent.

Comparison of the seasonal Stiff diagrams for the same station provides

an indication of seasonal changes in the concentration of the major ions.

Comparison of seasonal diagrams between stations provides an indication of

spatial changes in ion concentration. In the case of LGS, comparison of

S77660 to S77140 provides an indication of the effects of LGS on the con-

centraion of major ions in the downstream (S77140) sample. Slight variations

in the seasonal diagrams can be attributed to normal water quality

variability, whereas larger changes may require additional explanation or in-

vestigation.

Seasonal Stiff diagrams for 1988 for both stations are presented in Fig-

ure 3.1-6. Figure 3.1-7 presents the seasonal Stiff diagrams for 1987 (RMC

Environmental Services 1988) and Figure 3.1-8 presents the Stiff diagrams for

both stations from 1979-1986. Collectively, Figures 3.1-6, 3.1-7, and 3.1-8

represent the entire post-EROL period up to December 1988. Individually, Fig-

ures 3.1-6 and 3.1-7 represent the LGS sustained full power operational obser-

vations and Figure 3.1-8 presents a summary of conditions prior to sustained

full operation.

Comparison of the three sets of diagrams indicates some expected

variability both among seasons and between upstream and downstream stations.

The variability observed can be a function of flow conditions, randomness,

biological activity, and water temperature. As shown in Figures 3.1-6 and

3.1-7, any effects of LGS operation are not discernible for the ions used to

construct the diagrams. This is of special interest for the sulfate anion

(S04) which is intentionally introduced (as sulfuric acid) into the intake

3.1-5



water for pH control. The June through August 1987 diagrams (Fig. 3.1-7)

also are of interest in that LGS was in cold shut-down for the entire quarter.

The subtle differences observed illustrate natural variability.

Similarly, comparison of the two fully operational diagrams (Figs. 3.1-6

and 3.1-7) to the pre-fully operational post-EROL diagrams (Fig. 3.1-8) indi-

cates no discernible differences for the entire period of 1979-1988.
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Table 3.1-1. Mean daily Schuylkill River discharge (cu ft/sec) measured at the Pottstown US GeologicalSurvey gage in 1988.

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
------------- ------- ------- ------- ------- ------- ---------7----- ------- ------- ------- ------- -------01 1240 1690 2040 1870 1280 2150 617 1390 746 N/A 660 157002 1210 3370 1950 1720 1230 2460 630 1170 628 N/A 560 144003 1100 6500 1820 1660 1030 2340 620 B91 601 874 567 131004 1110 6490 2820 1630 1070 1930 587 813 1390 757 523 124005 1040 5930 4730 1420 1540 1800 582 772 3730 842 507 116006 1150 4310 3820 N/A 2570 1630 672 755 2640 772 1280 N/A07 1480 2970 3450 1660 2460 1590 650 742 2060 723 1040 119008 1650 2740 3550 1990 1980 1510 608 727 1470 712 972 108009 1970 2490 2670 1520 1820 1500 635 703 1160 701 766 121010 1910 2170 N/A 1410 1890 1730 611 673 972 690 692 84011 1670 2080 2590 1230 1910 1370 579 661 895 N/A 657 85412 1770 2560 2380 1270 2030 1150 653 759 946 682 684 75913 1810 2410 2310 1200 1690 1240 699 793 1160 678 749 94014 1790 2020 2310 1130 1680 1140 672 641 1430 664 1160 85415 1480 2040 2210 1170 1460 1010 N/A 584 1010 579 1160 81616 1400 3440 1940 1130 1320 1070 N/A 553 869 550 899 N/A17 1500 3230 1660 1140 1670 965 875 547 791 550 1430 77518 1790 3100 1780 1060 3450 955 1660 746 795 502 1200 69219 1930 3100 1690 1240 15200 896 879 934 772 434 1010 63920 4050 5690 1510 1090 21900 895 N/A 75P 867 446 3670 69'21 4120 5060 1450 982 14000 1050 2220 684 919 482 7190 66222 2880 3890 1500 953 10300 914 N/A 604 706 3160 5580 81123 2220 3450 1610 939 8910 789 1230 587 634 1750 4150 74624 1910 2850 1330 986 6700 748 4390 1030 653 1220 2540 90425 N/A 2490 1340 953 5190 967 2680 1590 734 1390 2150 119026 1770 2370 1800 1010 4770 1100 1950 908 587 1140 1770 1020.27 1610 2000 2960 1040 3810 808 3530 773 578 874 1630 83728 1070 1970 2780 1720 3250 676 2630 699 576 780 2620 111029 1120 1910 2310 1610 2890 668 1900 827 567 679 2170 99230 .1310 2130 1370 2610 638 1560 1630 650 645 1650 85331 1250 2160 2430 1460 1220 645 803

Minimum 1040 1690 1330 939 1030 638 579 547 567 434 507 639Mean 1744 3252 2287 1314 4324 1256 1325 844 1051 854 1721 965Median 1630 2850 2145 1230 2430 1085 699 758 831 696 1160 854Maximum 4120 6500 4730 1990 21900 2460 4390 1630 3730 3160 7190 1570



Table 3.1-2. Mean monthly Schuylkill River discharge (cubic feet/second) measured at the Pottstown US
Geological Survey gage, 1970 - 1988.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1970 982 3717 2217 4889 1613 1175 1459 1045 540 1147 3370 1815
1971 1743 5113 3927 1581 1691 1387 728 2256 1616 1017 2796 2992
1972 2429 2692 4253 2389 2952 7634 2721 825 609 768 3510 4872
1973 3928 3734 2386 4799 3181 3095 2141 1408 1609 1030 1006 4733
1974 3343 2315 2911 4030 1916 1143 843 697 1478 833 766 2660
1975 2962 3402 3718 3249 2645 2500 3189 1399 3433 3348 3263 2025
1976 4953 3619 2588 2556 2002 1686 1562 1124 1033 3870 1716 1428
1977 731 1513 5497 3534 1490 852 795 822 720 2206 3192 5213
1978 5418 1897 5451 2526 3822 !53B 1012 1683 949 904 837 2158
1979 7383 4097 4144 2720 2621 '399 991 814 2112 3235 1960 1932
1980 1394 834 3029 3497 2412 1007 611 483 457 487 525 419
1981 316 2933 1101 1675 1687 1230 1080 450 452 505 666 881
1982 1907 2786 2154 3043 1550 4171 1480 993 619 631 936 1320
1983 1392 2807 3535 7820 2654 2169 894 514 357 852 2543 6805
1984 1728 4093 3078 5065 4952 3105 3940 1604 782 743 858 1788
1985 1076 1665 1179 875 1352 826 573 636 1085 867 2321 2427
1986 1714 3603 3762 2658 1357 794 745 1029 636 742 2278 3229
1987 2266 1404 2507 2502 1371 853 725 475 3679 1173 1694 2237
1988 1744 3252 2287 1314 4324 1256 1325 844 1051 854 1721 965

Minimum 250 360 658 533 510 487 326 276 271 328 334 300
Mean 2498 2934 3155 3223 2426 1997 1414 1014 1222 1329 1893 2638
Median 1770 2190 2550 2525 1900 1290 933 810 687 827 1225 1820
Maximum 37800 30865 20600 27400 22600 71200 17100 10488 22900 13000 10400 30100



Table 3.1-4. Mean monthly Schuylkill River temperature
(C) measured at the Pottstown Water
Treatment Plant, 1970 - 1988.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1970 4 5 7 11 19 23 25 26 25 19 14 B
1971 5 6 9 14 18 24 27 25 24 19 13 10
1972 8 6 9 13 18 22 24 26 24 17. 12 9
1973 7 6 10 13 16 22 25 26 24 19 13 10
1974 7 6 9 13 19 23 26 27 23 17 13 8
1975 7 6 9 11 18 22 24 26 21 16 12 8
1976 5 .6 10 15 19 24 25 25 22 16 9 6
1977 4 5 10 14 19 22 27 26 24 17 14 7
1978 6 5 7 13 15 23 26 26 24 19 15 9
1979 6 2 7 14 19 22 25 26 23 17 13 S
1980 5 5 7 12 17 21 25 27 24 16 10 5
1981 3 5 8 13 17 22 25 25 22 15 10 5
1982 5 8 9 12 18 20 24 24 22 17 13 9
1983 6 6 9 10 16 21 25 26 24 18 11 8
1984 5 7 8 12 15 21 23 24 21 17 12 9
1985 6 6 11 15 20 23 25 26 23 17 15 9
1986 9 7 10 14 20 24 26 25 21 18 12 8
1987 6 6 10 15 19 25 28 27 22 17 12 9
1988 6 8 12 14 18 23 26 27 21 16 14 10

Minimum 1 0 0 7 11 15 19 20 16 10 6 3
Mean 6 6 9 13 16 22 25 26 23 17 12 8
Median 5 6 9 13 18 23 26 26 23 17 13 8
Maximum 13 18 18 22 25 29 30 31 29 23 19 16



Table 3.1-5. Summary of Schuylkill River water quality at S77660. 20 March 1979 through 27 December 1988.

Parameter

Temperature (C)
Dissolved Oxygen (mg/I)
Biochemical Oxygen Demand (mg/1)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/l)
pH
Total Alkalinity (mg/l)
Total Hardness (mg/l)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/1)
Total Dissolved Solids (mg/1)
Dissolved Silica (mg/i)
Total Inorganic Carbon (mg/1)
Chloride (mg/i)
Sulfate (mg/l)
Sodium (mg/1)
Potassium (mg/1)
Calcium (mg/1)
Magnesium (mg/1)
Ammonia Nitrogen (mg/1l)
Nitrite Nitrogen (mg/1l)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (mg/i)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/l)
Chromium (mg/I)
Copper (mg/1)
Iron (mg/1f
Lead (mg/1)
Manganese (mg/I)
Nickel (mg/l)
Zinc (mg/1)
Mercury (ug/i)
Cyanide, Total (mg/1)
Phenols (mg/I)
Trichloroethylene (ug/1)
Total Coliforms (MF) (c/.1l)
Fecal Coliforms (MF) (c/.11)
Aluminum (mg/1)
Sulfide (mg/I)

7
1'
6

2

2
8

7
0.
0.

0
0

0.
0.
0.
0
0.
0

0.
0

0.
0.

0
0

Dec. Jan,
Min Med

1.0 2.0
6.6 11.2
0.9 2.7
0.0 11.0
0.0 3.2
.06 7.58
4.2 64.6
4.6 126.6
159 323

0 5
127 213
.17 3.57
6.7 65.1
2.0 24.2
5.5 56.5
.70 16.63
1.9 3.1
3.7 28.1
.30 14.10
030 0.412
009 0.040
.37 3.09
.00 0. 18
.00 0.12
000 0.000
001 0.007
000 0.006
.00 0.30
000 0.001
.05 0.23
000 0.005
.00 0.04
0.0 0.0
000 0.000
000 0.000
0.0 0.0

4 2700
0 165

'.00 0.19
.00 0.00

Feb
Max

9.0
14.4

7.1
197.5
20.9
8.20

130.6
687.1

537
238
388

4.40
142.1
62.0

146.0
46.90

14.4
63.6

29.00
2.680
0.480
4.43
0.67
1.60

0.003
0.075
0.048
6.83

0.028
0.76

0.030
0.81

0.0
0.008
0.030

3.9
140000
61000

1.80
5.37

M

3
3

0

6.
28
37

1

3.

25

7

11
6

0.i
0.i

0
0

0.i
0.'
0.

0
0.

0
0.

0

0.
0.

0
0

Mar, Apr, May
in Med

3.0 11.0 2
3.2 9.8 1l
1.0 3.0
0.0 11.2 5
o.0 2.5 1'
.73 7.58 8
1.9 55.8 7
7.0 106.5 15
181 289

0 13
101 213
.74 3.41 4
1.5 57.3 7
0.0 20.2 5
5.9 53.5 10
.15 14.55 31
1.5 2.3
0.8 25.9 4
.30 12.50 19
o00 0.240 1.
000 0.065 0.
.71 2.52 3
.04 0.13 2
.00 0.07 0
000 0.000 0.
000 0.008 0.
000 0.007 0.
.10 0.38 2
000 0.003 0.
.00 0.23 0
000 0.008 0.
.00 0.03 1
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0
151 3600 116

10 268 12
.00 0.19 2
.00 0.00 1

Max

1.5

3.4
6.2
3.9
5.3

.99
7.9
6.4
386

72
346
.30
6.8
0.2
5.9
.00
7.2
1.7
.30
200
228
.59
.45
.33
004
139
052
.70
041
.68
040
.20
0.0
009
019
6.2

5000
100
.10
.72

Jun
Min

14.0
3.8
1.1
0.0
0.0

7.16
2.7

88.7
215

0
22

1.70
2.9
8.8

28.0
6.43

1.4
7.9

9.10
0.000
0.000
0.00
0.04
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.000
0.00

0.0
0.000
0.000

0.0
60

3
0.00
0.00

Jul , Aug
Med Max

23.0 30.0
7.6 15.4
2.7 7.3

11.1 46.9
3.5 19.0

7.75 9.09
76.5 111.0
51.3 786.6

373 551
9 329

303 863
3.44 4.21
74.3 108.2
27.6 79.0
73.7 141.9

21.30 38.20
3.1 7.0

33.3 52.0
16.70 25.90
0.117 0.560
0.074 2.980
2.40 3.46
0.21 3.48
0.15 0.33

0.000 0.001
0.005 0.194
0.006 0.295
0.25 9.90

0.001 0.171
0.11 0.66

0.004 0.010
0.02 8.34
0.0 0.4

0.000 0.008
0.000 0.020

0.0 8.2
7200 305000

550 43000
0.10 6.30
0.00 0.70

7

71

1'

2
8

1{

6
0.
0.

0
00

0.0.
0.

0
0.
0
0.
0

0.
0.

0
0

Sep, Oct,
Ain Med

3.0 14.5
4.9 8.8
0.9 2.1
0.0 12.6
0.0 3.8
.08 7.65
0.0 85.3
8.6 168.4
157 421

0 4
138 293
.10 2.53
5.3 86.9
0.8 33.5
6.0 79.7
.90 24. 10
1.2 3.9
6.9 33.5
.75 18.98
000 0. 179
030 0.085
.00 2.78
.00 0.24
.00 0.19
000 0.000
000 0.005
000 0.006
.00 0.22
000 0.001
.00 0.06
000 0.004
.00 0.02
0.0 0.0
000 0.000
000 0.000
0.0 0.0
140 6650

8 400
.00 0.00

'.00 .0.00

Nov
Max

24.0
12.4

9.4
39.5
30.6
8.65

126.9
255.0

581
265
425

4.00
132.7
51.6

209.8
40.40

8.9
60.4

28.60
0.580
0.420

9.96
0.52
0.35

0.001
0. 104
0.032
8.10

0.028
0.49

0.018
0.62

0.0
0.012
0.050

9.5
175000
30500
3.63
1.80

# of
Samp I es

267
246
254
254
248
255
255
254
255
249
280

75
124
255
255
255
255
255
255
255
255
255
246
253

58
281
282
255
282
255

85
282

58
252
254
215
252
250

58
82



Table 3.1-6. Summary of Schuylkill River water quality at S77660, 14 January 1988 through 27 December 1988.

Parameter

Temperature (C)
Dissolved Oxygen (mg/1)
Biochemical Oxygen Demand (mg/i)
Chemical Oxygen Demand (mg/1)
Total Organic Carbon (mg/1I)
pH
Total Alkalinity (mg/1)
Total Hardness (mg/1)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/i)
Total Dissolved Solids (mg/1)
Chloride (mg/I)
Sulfate (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Calcium (mg/I)
Magnesium (mg/I)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (mg/1)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Copper (mg/1)
Iron (mg/1)
Lead (mg/i)
Manganese (mg/1)
Nickel (mg/1)
Zinc (mg/1)
Mercury (ug/1)
Cyanide. Total (mg/1)
Phenols (mg/1)
Trichloroethylene (ug/i)
Total Coliforms (MF) (c/.II)
Fecal Coliforms (MF) (c/.Il)
Aluminum (mg/i)
Sulfide (mg/i)

Dec, Jan,
Min Med

0.0
12.4

1.0
0.0
2.7

7.23
60.0
104.0

270
0

175
22.4
33.2

14.50
2.1

21.4
9.20

0.360
0.025

2.68
0.11
0.06

0.000
0.002
0.002
0.00

0.000
0.10

0.000
0.00

0.0
0.000
0.000

0.0
200

0
0.00
0.00

1.3
12.6

2.0
5.3
3.1

7.61
71 .6

140.3
374

1

240
28. 1
51.9

17. 10
2.e

24.3
11 .90
0.486
0.039

3.12
0.22
0.11

0.000
0.005
0.005
0.20

0.000
0.20

0.005
0.04

0.0
0.000
0.000

0.0
2650

125
0.09
0.00

Feb
Max

3.0
14.0

2.8
23.5

5.2
7.84
84.9

182.0
488

2
300

36.0
B4.7

23.10
3.7

29.4
15.20
0.830
0.083

3.46
0.34
0.16

0.001
0.009
0.011
1.40

0.005
0.30

0.006
0.26

0.0
0.000
0.000

0.0
7400

400
0.85
0.20

7
5:
93

2
3,

14

1;

7
0.
0.
0
0
0

0.
0.
0.

0
0.

0
0.

0

0.
0.

1

0
0

Mar, Apr,
in Med

6.0 11.0
5.9 8.1
2.7 4.4
0.0 7.3
2.8 3.7
.21 7.52
2.9 68.2
3.4 120.0
266 308

8 40
158 178
1.5 23.8
9.2 44.1
.40 17.90
2.3 2.9
7.0 26.7
.60 11.10
210 0.370
031 0.061
.79 2.14
.16 0.17
.06 0.09
000 0.001
000 0.006
000 0.004
.20 0.30
000 0.000
.00 0.15
000 0.006
.00 0.03
0.0 0.0
000 0.000
000 0.000
0.0 0.0
600 5750

19 250
'.00 0.18
.00 0.00

May
Max

17.0
12.1

6.1
40.2

5.5
8.03
74.6

125.0
348

72
220

27.3
53.6

31 .00
3.6

37.6
12.60
0.480
0.104
2.63
0.29
0.20

0.004
0.016
0.013
2.70

0.020
0.30

0.040
0.08

0.0
0.000
0.000

0.0
17500
4150
2.10
0.00

Min

20.0
3.8
1.7
0.0
0.8

7.24
59.4

114.0
271

1

205
17.3
44. 1

11.00
2.4

21 .3
10.00
0.046
0.057

1 .66
0.12
0.00

0.000
0.000
0.000
0.00

0.000
0.00

0.001
0.00

0.0
0.000
0.000

0.0
20000

100
0.00
0.00

Med

25.0
6.9
2.5

10.6
3.9

7.57
86.6

148.0
391

12
293

35.4
55.8

22.00
3.5

37.0
13.70
0.140
0.095
2.62
0.21
0.11

0.000
0.002
0.000
0.23

0.002
0.00

0.004
0.03

0.0
0.000
0. 000

0.0
36000

250
0.04
0.00

Jun, Jul. Aug
Max

26.5
11.8
6.3

17.1
4.7

8.13
103 .0
188.0

446
50

316
38.3
74.0

29.60
5.0

52.0
18.00
0.480
0.117

3.13
0.36
0.27

0.001
0.007
0.009
0.60

0.006
0.20

0.005
0.05

0.0
0.000
0.000

0.0
305000

3500
0.51
0.00

Sep, Oct. Nov
Min Med Max

6.0 11.0 20.0
6:6 8.2 12.0
1.7 2.1 3.2
0.0 0.0 15.1
3.3 3.7 4.3

7.46 7.53 7.88
58.4 83.0 115.0

107.0 160.0 218.0
238 395 533

1 4 30
175 310 366

16.9 33.7 49.4
35.7 62.1 99.8

10.20 22.40 30.00
2.4 3.6 4.5

16.9 33.0 41.0
8.10 15.00 19.06

0,114 0.264 0.477
0.047 0.084 0.126

2.51 3.02 3.11
0.14 0.17 0.33
0.09 0.16 0.22

0.000 0.000 0.001
0.000 0.002 0.014
0.003 0.005 0.012
0.10 0.27 1.20

0.000 0.004 0.007
0.00 0.00 0.20

0.003 0.006 0.008
0.02 0.03 0.04
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

1000 30000 175000
8 290 4800

0.00 0.00 0.00
0.00 0.00 0.00

# of
Samples

25
22
25
26
26
26
26
26
26
20
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
15
26
26
26
25



Table 3.1-7. New minimum values observed for water quality parameters measured
in 1988 at S77660 on the Schuylkill River.

Season

Dec, Jan, Feb

Mar, Apr, May

Parameter

Nickel (mg/I)

Copper (mg/l)
Manganese (mg/1)
Nickel (mg/1)
Aluminum (mg/1)

Value Date

0.000 02/10/88

0.000
0.00

0.000
0.00

04/20/88
04/20/88
03/09/88
04/20/88

Jun, Jul, Aug Dissolved Oxygen (mg/1)

Sep. Oct, Nov Calcium (mg/1)
Cadmium (mg/I)
Fecal Coliforms (MF) (c/.1l)

3.8 08/24/88

16.9
0.000

8

11/29/88
09/21/88
10/19/88



Table 3.1-8. New maximum values observed for water quality parameters measured
in 1988 at S77660 on the Schuylkill River.

Season

Mar. Apr, May

Parameter

Total Suspended Solids (mg/I)
Sodium (mg/1)
Cadmium (mg/1)
Iron (mg/1)
Nickel (mg/1)
Aluminum (mg/I)

Calcium (mg/1)
Cadmiujm 1mg/i)
Total Coliforms (MF) (W/.-11

Value

72
31.00
0.004
2.70

0.040
2.10

Date

05/18/88
04/20/88
04/06/88
05/18/88
04/06/88
05/18/88

Jun. Jul, Aug 52.0 06/29/88
0.001 08/24/88

305000 08/10/88

175000 10/04/88Sep, Oct. Nov Total Coliforms (MF) (c/.l)
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Table 3.1-9. Summary of Schuylkill River water quality at S77140. 20 March 1979 through 27 December 1988.

Parameter

Temperature (C)
Dissolved Oxygen (mg/i)
Biochemical Oxygen Demand (mg/1)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/i)
PH
Total Alkalinity (mg/i)
Total Hardness (mg/1)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/1)
Total Dissolved Solids (mg/1)
Dissolved Silica (mg/i)
Total Inorganic Carbon (mg/1)
Chloride (mg/i)
Sulfate (mg/1)
Sodium (mg/1)
Potassium (mg/I)
Calcium (mg/i)
Magnesium (mg/1)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/1)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (mg/1)
Ortho Phosphate Phosphorus (mg/1)
Cadmium (mg/i)
Chromium (mg/i)
Copper (mg/i)
Iron (mg/i)
Lead (mg/I)
Manganese (mg/1)
Nickel (mg/I)
Zinc (mg/i)
Mercury (ug/1)
Cyanide, Total (mg/I)
Phenols (mg/i)
Trichloroethylene (ug/1)
Total Coliforms (MF) (c/.1l)
Fecal Coliforms (MF) (c/.1l)
Aluminum (mg/I)
Sulfide (mg/i)

M

0

0
0

7.
8

65

2.
23
11

.24

7.
0.
0.

0.
0.
0.

0.O

0.
0

0.0
0.(

0
0

Dec, Jan. Feb
in Med

.0 2.0
,.1 11.2 1,
1.9 2.7
1.0 12.8 191
1.0 3.0 11
01 7.64 8
1.9 64.4 17
5.2 127.4 67'
56 318

0 5
97 217
09 3.63 8

3.2 66.7 18.
1.7 24.2 6
4.9 57.9 18
.50 17.31 98
1.9 3.1
4.1 28.8 8
.00 13.90 35
O00 0.420 2.
008 0.040 0.
.40 3.15 6
.02 0.18 0
.00 0.12 0
D00 0.000 0.
300 0.008 0.
000 0.007 0.
.00 0.28 7
000 0.001 0.
.08 0.23 0
000 0.004 0.
.00 0.04 0
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0

13 2200 69
0 175 55

.00 0.19 3

.00 0.00 0

Max

9.0
5.0
8.4
6.6
8.7
.21
2.1
5.2
611
232
509
.99
4.1
2.4
5.2
.00
7.3
3.5
.80
470
301
.19
.85
.85
002
060
072
.45
025
.72
020
.70
0.3
020
035
3.6
000
000
.90
.80

6
27

5

2
21

21
4

3
0.'
0.

0
0
0

0.
0.
0.

0
0.

0
0.

0

0.
0.

0
0

Mar, Apr, May
Ain Med

1.0 11.0 2
3.i 10.4 1
0.7 3.0
2.0 12.7 5
0.0 2.5 1
.62 7.61 8
7.7 55.7 7
1.9 108.4 16
157 287

0 12
135 206
.01 3.38 4
9.7 57.5 7
0.0 20.5 5
9.1 53.7 9
.90 14.75 29
O.B 2.3
5.9 26.5 4
.60 12.02 20
000 0.236 1.
000 0.067 0.
.60 2.51 3
.00 0.13 3
.00 0.07 0
000 0.000 0.
000 0.007 0.
001 0.006 0.
.11 0.41 4
000 0.002 0.
.00 0.23 0
003 0.008 0.
.00 0.03 0
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0
170 3300 107

10 263 11
.00 0.25 4
.00 0.00 0

Max

1.5
3.9
7.6
6.2
6.3
.98
9.1
0.6
387

72
501
.13
4.6
1.3
9.7
.12

4.8
4.3
.30
480
224
.63
.48
.33
001
068
039
.10
025
.88
050
.89
0.0
009
042
4.8
000
500
,.10
'.74

Jun, Jul, Aug
Min Med Max

14.0 23.0 30.0
4.2 7.9 15.0
1.1 2.8 7.1
0.0 11.5 64.5
0.0 4.0 20.0

6.91 7.76 9.19
4.3 77.5 131.4

69.2 155.7 724.9
215 375 729

0 9 340
160 290 2290

1.66 3.37 4.90
4.7 71.7 106.0
8.8 27.2 81.9

28.0 76.6 187.2
6.74 21.12 58.00

1.4 3.1 9.7
9.6 32.4 84.0

8.60 16.70 28.93
0.000 0.099 0.490
0.000 0.076 3.000
0.00 2.46 5.83
0.04 0.22 3.48
0.00 0.15 0.35

0.000 0.000 0.001
0.000 0.005 0.070
0.000 0.006 0.055
0.00 0.22 10.80

0.000 0.001 0.023
0.00 0.10 0.68

0.002 0.005 0.012
0.00 0.03 2.56
0.0 0.0 0.0

0.000 0.000 0.018
0.000 0.000 0.022

0.0 0.0 2.4
40 7750 235000

2 500 63000
0.00 0.15 8.00
0.00 0.00 0.90

Sep
Min

3.5
5.6
0.8
0.0
0.0

7.16
0.0

83.5
189

0
141

1 .08
52.2
10.6
31.7
9.07

1.2
6.9

8.30
0.000
0.030

0.03
0.00
0.00

0.000
0.000
0.000

0.00
0.000
0.00

0.002
0.00

0.0
0.000
0.000

0.0
140

3
0.00
0.00

Oct, Nov
Med

15.0 2'
8.9 1
2.2

10.3 7'
3.6 2'

7.68 8
87.8 131

172.0 441
425

4
296

2.50 3
87.0 13
34.3 6
81.3 21

25.31 42
4.0 1

35.0 6
19.87 32
0.163 0.
0.087 0.

2.80 4
0.24 2
0.19 0

0.000 0.
0.006 0.
0.007 0.
0.19 13

0.000 0.
0.06 1

0.005 0.
0.03 0

0.0
0.000 0.
0.000 0.

0.0
6050 200

400 29
0.00 5
0.00 4

Max

4.5
2.6
5.8
5.9
9.3
.67
0.7
8.0
667
357
485
.35
6.1
1.7
7.7
.80
1.1
2.4
.30
580
900
.68
.24
.37
001
036
044
.80
039
.15
007
.16
0.0
008
043
6.8
000
000
.27
.40

# of
Samples

239
248
255
253
247
255
254
253
255
248
253

75
123
254
254
255
255
255
255
255
254
254
245
253

58
254
255
255
255
255

58
255
58

252
253
214
251
251

58
82
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Table 3.1-10. Summary of Schuylkill River water quality at S77140, 14 January 1968 through 27 December 1988.

Parameter

Temperature (C)
Dissolved Oxygen (mg/I)
Biochemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/i)
Total Organic Carbon (mg/I)
pH
Total Alkalinity (mg/I)
Total Hardness (mg/1)
Specific Conductance (usm/cm)
Total Suspended Solids (mg/l)
Total Dissolved Solids (mg/1)
Chloride (mg/i)
Sulfate (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Calcium (mg/1)
Magnesium (mg/1)
Ammonia Nitrogen (mg/1)
Nitrite Nitrogen (mg/i)
Nitrate Nitrogen (mg/1)
Total Phosphate Phosphorus (mg/I)
Ortho Phosphate Phosphorus (mg/i)
Cadmium (mg/1)
Chromium (mg/I)
Copper (mg/1)
Iron (mg/i)
Lead (mg/i)
Manganese (mg/1)
Nickel (mg/1)
Zinc (mg/1)
Mercury (ug/l)
Cyanide, Total (mg/1)
Phenols (mg/i)
Trichloroethylene (ug/l)
Total Coliforms (MF) (c/.1l)
Fecal Coliforms (MF) (c/.11)
Aluminum (mg/i)
Sulfide (mg/i)

M

0
12

0
0
2

7.
58

100

2
31

12,

21
9.

0.
0.

2.

0
0

0.
0.I
0.r

0
0.i

0
0.
0

0.
0.(

0
0

Dec, Jan, Feb
in Med

1.0 1.0
2.2 12.8 1
1.9 2.0
1.0 12.2 2:

.8 3.1
50 7.69 7
1.9 71.3 81
0.0 140.7 171
266 382

0 1
176 249
2.7 28.4 3
1.9 53.2 8,
60 18.55 26

2.3 3.2
1.4 24.4 3
.50 12.80 18
320 0.500 0.
026 0.040 0.
.63 3.19 3
.10 0.20 0
.08 0.11 0
000 0.000 0.
000 0.005 0.
002 0.004 0.
.00 0.20 0
000 0.000 0.
.10 0.20 0
O00 0.005 0.
.00 0.02 0
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0
100 2250 9

O 150
.00 0.14 0
.00 0.10 0

Max

3.0
3.9
3.2
3.5
5.0
.95
0.3

8.0
505

4
304
7.9
4.7
.20
3.5
5.3
.40

710
075
.81
.24
.16
001
007
OOB
.50
007
.30
006
.09
0.0
000
000
0.0
100
300
.28
.50

7
53
9:

2
3.

14

1'
9

0.
0.,

1
0
0

0.
0.

0.

00.
0

0.

0.

0
0

Mar, Apr, May
in Med

6.0 11.0 1
5.9 10.6 1
2.6 4.6
0.0 13.6 3
2.6 3.5
.37 7.62 8
3.5 66.3 7
2.4 118.5 13
264 311

5 39
170 182
1.7 24.0 3
7.5 44.4 5
.90 17.80 18
2.3 3.0
5.6 26.3 3
.40 10.00 10
260 0.334 0.
029 0.063 0.
.98 2.12 2
.00 0.17 0
.00 0.08 0
000 0.000 0.
000 0.005 0.
003 0.005 0.
.20 0.35 4
000 0.000 0.
.00 0.15 0
003 0.007 0.
.00 0.04 0
0.0 0.0
000 0.000 0.
000 0.000 0.
0.0 0.0
600 6000 26

18 220 4
.00 0.14 4
.00 0.00 C

Max

5.0

2.3
6.1
2.2
4.5
.56
9.1
7.0
370

72
501
1.3
9.3
.70
3.8
3.8
.80
480
121
.56
.34
.12
001
012
021
,.10
025

). 50
050
1.11
0.0
000
000
0.0

5000
1450
I.10
1.00

Jun, Jul, Aug
Min Med Max

20.0 24.0 28.0
4.2 6.9 10.6
1.9 3.0 5.8
0.0 0.0 31.7
2.2 4.1 4.9

7.39 7.74 8.18
59.4 93.7 106.0

114.0 180.0 194.0
266 438 449

6 21 44
215 288 323

16.6 37.3 43.5
44.5 69.3 72.5
9.80 21.10 29.90

2.0 3.2 5.0
20.6 32.8 47.0
8.70 14.50 16.00

0.050 0.202 0.324
0.062 0.091 0.107

2.27 2.78 3.04
0.07 0.18 0.37
0.00 0.10 0.30

0.000 0.000 0.001
0.000 0.002 0.006
0.000 0.000 0.010
0.00 0.20 3.80

0.000 0.000 0.014
0.00 0.00 0.40

0.002 0.004 0.008
0.00 0.03 0.07
0.0 0.0 0.0

0.000 0.000 0.000
0.000 0.000 0.000

0.0 0.0 0.0
14500 37500 235000

170 400 1900
0.00 0.14 2.20
0.00 0.00 0.00

Sen Oct Nno

Min

7.0
6.6
1.8
0.0
3.6

7.58
51.9

103.0
249

1
168

16.8

33.9
10.90

2.8
18.0
8.30

0.000
0.034
2.52
0.10
0.08

0.000
0.000
0.004

0.10
0.000
0.00

0.004
0.00

0.0
0.000
0.000

2000
3

0.00
0.00

Med

10.5
8.6
2.1
0.0
3.8

7.60
81.7

175.0
421

9
296

35.4
63.3

23.70
3.6

35.0
16.00
0.180
0.078

3.03
0.19
.0. 17

0.000
0.002
0.008
0.30

0.000
0.00

0.005
0.03

0.0
0.000
0.000

23000
240

0.00
0.00

Max

20.0-

11.6
3.1

10.0
4.8

7.92
113.0
283.0

662
37

485
61.7

156.0
42.00

6.1
56.0

21.40
0.362
0.108
4.10
0.34
0.33

0.001
0.013
0.013

1.30
0.008
0.20

0.007
0.05

0.0
0.000
0.000

200000
4300
0.00
0.00

# of
Samples

24
23
26
26
26
26
26
26
26
20
25
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
15
26
26
26
25
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Table 3.1-11. New minimum values observed for water quality parameters measured

in 1988 at S77140 on the Schuylkill River.

Season

Dec, Jan, Feb

Mar, Apr. May

Parameter

Chromium (mg/1)
Nickel (mg/I)

Total Phosphate Phosphorus (mg/l)
Chromium (mg/1)
Manganese (mg/1)
Nickel (mg/i)
Aluminum (mg/i)

Value

0.000
0.000

0.00
0.000

0.00
0.003

O. 00

4.2
0.002
0.00

Date

12/27/88
01/27/88

04/20/88
04/20/88
04/20/88
03/09/88
04/20/88

08/24/88
08/10/88
08/10/88

Jun. Jul. Aug Dissolved Oxygen (mg/i)
Nickel kmg/1)
Aluminum (mg/1)

Sep. Oct, Nov Cadmium (mg/1)
Fecal Coliforms (MF) (c/.1l)

0.000 09/21/88
3 11/01/88
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Table 3.1-12. New maximum values observed for water quality parameters measured

in 1988 at S77140 on the Schuylkill River.

Season

Mar, Apr, May

Parameter

Total Alkalinity (mg/1)
Total Suspended Solids (mg/1)
Total Dissolved Solids (mg/l)
Cadmium (mg/1)
Iron (mg/i)
Lead (mg/1)
Nickel (mg/1)
Aluminum (mg/1)

Value

79.1
72

501
0.001
4.10

0.025
0.050
4.10

Date

05/04/88
05/18/86
04/06/88
05/18/88
05/l1/88
05/18/88
04/06/88
05/18/88

Jun. Jul, Aug Cadmium (nig/1)
Total Coliforms (MF) Lc/.1l)

Sep, Oct, Nov Total Dissolved
Chloride (mg/1)
Nickel (mg/1)
Total Coliforms

Solids (mg/1)

(MF) (c/.11)

0.001 06/15/88
235000 07/26/88

485 10/19/88
61.7 10/19/88

0.007 11/15/88
200000 10/04/88
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3.2 Benthic Macroinvertebrates

INTRODUCTION

Benthic macroinvertebrates are aquatic animals without backbones that

live part or all of their lives on or within the substrate and which are large

enough to be retained by 0.595-mm mesh. Benthic macroinvertebrates include

not only insects such as the mayflies, stoneflies, and caddisflies, but other

invertebrate groups including worms, crustaceans, snails, and clams as well.

These organisms are an important food source for fish and, when considered as

a community of species, a valuable descriptor of water and physical habitat

quality.

It is for the latter reason in particular that the benthic macro-

invertebrate community in the Schuylkill River near LGS was studied. Electric

generating stations can affect benthic macroinvertebrate communities through

reduced river flow due to water withdrawal for cooling purposes or by thermal

enrichment or water quality changes due to cooling water discharge.

The objective of the macroinvertebrate study was to determine if LGS op-

eration affected the benthic community in the Schuylkill River downstream of

plant discharge. To this end, macroinvertebrate samples were collected at

locations upstream and downstream of the plant before and after operation. In

this fashion, a database was assembled that allowed description of LGS

preoperational variation in the macroinvertebrate community for comparison

with variation observed during plant operation.

Studies of the macroinvertebrate community in the Schuylkill River near

LGS were conducted in 1970-1976 and were resumed in October 1983 through 1988.

Data obtained during the earlier period were reported in the EROL and those

obtained in 1983-1987 are reported in previous reports (RMC Environmental Ser-
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vices 1984, 1985, 1986, 1987, and 1988). Data from 1988 are reported in the

first part of this report section, which is then followed by a comparison of

these data with that collected throughout 1984-1987 (post-EROL) for the pur-

pose of evaluating any previously unrecognized changes in the benthic macro-

invertebrate community that may have resulted from LGS operation. Data col-

lected during the 1970's that are listed in the tables were evaluated in RMC

Environmental Services (1988). They enter into discussion in this report only

in a qualitative manner.

METHODS

During 1984-1988, four sample stations were located in the Schuylkill

River near LGS (Fig. 3.2-1). Station S78620 was located 1.3 km upstream of

LGS at the Sanatoga Bridge. Station S77120 was located 0.2 km downstream of

the LGS diffuser. Further downstream, Stations S76760 at the mouth of Brooke

Evans Run and S75770 near Wells Road, were located 0.6 and 1.6 km downstream

of LGS, respectively. Three replicate samples were collected quarterly (in

1988 - 1 February, 25 April, 14 July, and 11 October) at each station using

Buried Cylinder Samplers (BCS).

The BCS is a colonization sampler consisting of 5 to 10-cm diameter cob-

bles (similar to the dominant Schuylkill River substrate) contained in a per-

forated steel basket. Each BCS was placed into the riverbed for approximately

90 days prior to retrieval, during which time macroinvertebrates present in

the adjacent river bottom were allowed to colonize the enclosed substrate

materials. This method of sample collection is similar to that described by

Coleman and Hynes (1970).

After retrieval, the BCS were transported to the laboratory and all cob-

bles were washed and removed from other substrate materials, which were then
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washed through a 0.35-mm mesh sieve. All sample residue retained by the sieve

(substrate and macroinvertebrates) was preserved with 70% isopropanol prior to

laboratory processing. Macroinvertebrates were sorted from sample residue in

white enamelled pans and identified to the lowest taxon practicable, usually

genus.

Macroinvertebrate data included the total number of taxa collected, the

identity of all taxa, the standing crop (number of individuals/m2 ) of all taxa

combined, the identity and standing crop of all taxa that individually com-

prised > 2% of all macroinvertebrates collected (termed important taxa), and

the percent composition represented by important taxa. In analysis of 1988

results, these parameters were evaluated by grouping the data on an annual and

on a sample date basis. Results from 1984-1988 were evaluated on an annual

basis.

In recent years (1984-1987), it has been noted that two sample stations

located downstream of LGS have been changing in terms of physical conditions

so that they no longer are as similar to the upstream station as they were

when established in the 1970's. These stations, S76760 and S77120, are lo-

cated immediately downstream of the mouths of Brooke Evans Creek and Possum

Hollow Run, respectively. Presumably due to increased development within

their watersheds, these streams have transported large quantities of sediment

to the Schuylkill River, forming substantial deltas and thereby creating back-

water conditions at the sample stations. These altered physical conditions

may result in change of macroinvertebrate community structure that could be

misinterpreted as an LGS operational impact. Therefore, an additional sample

station was established in 1988 at S77260 immediately downstream from the LGS

diffuser in an area where the physical habitat resembled that found at S78620

(Fig. 3.2-1).
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Qualitative samples were collected at S77260 on the 14 July and 11 Octo-

ber sample dates by disturbing the substrate in an area of strong current and

allowing the dislodged substrate and macroinvertebrates to wash through a

standard 0.595 mm mesh net. This is a standardized sampling method employed

in aquatic macroinvertebrate studies. A total of ten 10-second duration kicks

was composited into one sample on each sample date. All retained residue was

then preserved and processed in the laboratory in similar fashion to those

from the BCS.

The total number and percent abundance for each taxon collected at

S77260 were calculated and compared to those at S78620 on individual sample

dates and for both dates combined. In order to statistically compare the com-

munities of both stations, a Morisita index was calculated on the combined

data. A Morisita index is a measure of community similarity ranging between

0 (no similarity) and 1 (identical) (Brower and Zar 1977).

RESULTS AND DISCUSSION

1988 Results

The BCS near LGS collected a total of 67 taxa in 1988 (Table 3.2-1).

Taxonomic composition was similar at all stations, although from 10 to 14 more

taxa were collected at $78620 than at any of the downstream stations. Of all

taxa identified, 32 were collected at three or more stations, and of these,

25 were present at all four stations.

Seasonally, nearly the same total number of taxa were collected at

S75770 and S76760, whereas the total collected at $77120 differed with no ap-

parent pattern (Table 3.2-2). The number of taxa collected on each sample
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date was consistently higher at S78620 than the number collected at any of the

downstream stations.

Annual mean standing crop was nearly identical at each downstream sta-

tion and approximately one third that measured upstream at S78620

(Table 3.2-3). Substantial seasonal variation was observed at all stations.

Although a large number of taxa were collected at each station, rela-

tively few were abundant (Table 3.2-4). This was particularly true at the

downstream stations where from 43.2 to 69.7 percent of the samples were com-

prised of worms (Oligochaeta). Midges (Chironomidae) were the only other

abundant taxon collected downstream of LGS, comprising 21.6 to 29.9 percent

of organisms in the samples. Midges were the most abundant taxon at S78620

(31.8%) followed by Oligochaeta, a fingernail clam (Musculium), blackflies

(Simuliidae), and net-spinning caddisflies (Cheumatopsyche and Hydropsyche),

which collectively comprised 82.0 percent of the samples.

High standing crops of all taxa combined as well as of particular taxa

distinguished the community at S78620 from those at the downstream stations.

Faster current velocity measured at S78620 (k 0.75 ft/sec faster on all sample

dates) encouraged the establishment of large populations of fingernail clams,

blackflies, and net-spinning caddisflies which prefer such conditions. Con-

versely, oligochaete worms that thrive in silt and fine sand were present in

larger numbers at the downstream stations where these sediments accumulate.

The amount of interstitial space available as habitat for benthic macro-

invertebrates is an important feature of the physical substrate. The large

amounts of silt observed at S76760 and S77120 can reduce interstitial space

and alter the accessibility of the substrate by organisms. It can also affect

the movement of water and gases through the substrate and the nature of ac-

cumulated organic matter. It is likely that the depressed communities ob-
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served at these downstream stations were largely a result of excessive sedi-

mentation. In order to examine this hypothesis, qualitative kick samples were

collected at S77260 and compared to BCS from S78620. The kick samples were

collected from an area free of any observable sedimentation where current

velocity and substrate resembled those upstream at S78620.

Although comparisons between S77260 and S78620 were limited to two col-

lection dates, the data indicate that similar communities existed at each sta-

tion (Table 3.2-5). This finding was supported by a Morisita index of

0.872 calculated for both sample dates combined. Of particular interest was

an identical percent abundance of Oligochaeta at both stations (7.6%).

Oligochaetes represented a substantially lower percentage of the samples col-

lected at S77260 compared to the other downstream (BCS) stations. Virtually

all taxa that were common at S78620 were also common at S77260, although there

were differences in relative abundance among them attributable to the dif-

ferent sample collection methods used at the two stations (Slack et al. 1976).

Comparison of 1988 and 1984-1987 Data

The purpose of this section is to compare the 1988 data with that col-

lected post-EROL (1984-1987) which was used previously in assessment of LGS

operational impacts (RMC 1988). No detailed reanalysis of these latter data

is attempted.

The total number of taxa collected in 1988 decreased from 1984-1987 at

all stations (Table 3.2-6). Taxonomic composition at all stations remained

similar to that observed previously (Tables 3.2-7 to 3.2-10). Those taxa not

collected in 1988 were present in low numbers during the previous year.

Annual macroinvertebrate standing crop generally was higher in 1988 than

standing crop measured during 1984-1987, particularly at S78620 where the
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highest standing crop during the entire study period was observed

(Table 3.2-11). Standing crop remained nearly unchanged at S75770 in 1988,

whereas the year-to-year variation observed previously at the other stations

continued in 1988.

Standing crop and percent composition of numerically important taxa

(> 2% of total number) clearly indicate that Oligochaeta and Chironomidae con-

tinued to be the dominant taxa at all stations in 1988 (Tables.3.2-12

to 3.2-15). From one to six other taxa were important at individual stations

in 1988. The number and identity of important taxa have remained similar at

S78620 from 1984-1987 to 1988. However, greater variation has been observed

at the downstream stations. The number of important taxa collected at S75770

and S76760 increased in 1988 nearly to levels recorded prior to 1987. In

direct opposition, the number of important taxa collected at S77120 in 1988

continued a downward trend observed since 1985.

Although variable, the standing crop measured for most important taxa

tended to fluctuate consistently both upstream and downstream of LGS. Of the

eight taxa important at all stations during at least one year, only

Oligochaeta and the fingernail clam (Pisidium) exhibited differing trends.

Oligochaeta clearly have increased in numbers at all three downstream stations

while essentially remaining unchanged at S78620. Conversely, numbers of

Pisidium have decreased downstream from LGS while remaining unchanged up-

stream. These differences likely are a function of increased sedimentation

observed at the downstream stations.

The comparison of macroinvertebrate data collected during 1988 with

those obtained earlier (1984-1987) support the previous conclusion (RMC En-

vironmental Services 1988) that operation of LGS does not affect the macro-

invertebrate community of the Schuylkill River. The database accumulated over
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five years describes a riverine macroinvertebrate community with seasonal as

well as annual variability upstream and downstream of LGS water intake and

discharge. Such variability is inherent in macroinvertebrate communities.
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Table 3.2-1. Mae
thi

Taxon

Acroneuria
Alboglossiphonia
Allocapnia
Amphinemura
Argia
Asellus
Baetis
Berosus
Caenis
Cambarus
Campeloma
Ceratopogonidae
Cheumatopsyche
Chimarra
Chironomidae
Corydalus
Crangonyx
Dromogomphus
Dubiraphia
Dugesia
Empididae
Epeorus
Ephemerella
Erpobdella
Eurylophella
Ferrissia
Gammarus
Glossosoma
Gomphus
Goniobasis
Gyraulus
Helobdella
Hexagenia
Hydatophylax
Hydrobius
Hydrolimax
Hydrophilidae
Hydropsyche
Ischnura
Isonychia
Libellulidae
Lymnaea
Macronychus
Muscidae
Musculium
Oecetis
01t.gochaeta
Optioservus
Parargyractis
Perlesta
Phasganophora
Physa
Pisidium.
Prostoma
Protoptila

croinvertebrate taxa collected in
e Schuylkill River during 1988.

S75770 S76760 S77120 S78620

x x
x.
x
x

x x x x
x x x

x x
x x A Y
x x Y x

x
x

x
x
x
x
x

x

x
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x
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x
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x
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x

x
x
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x
x
x
x
x
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X
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Table 3.2-1. (continued)

Taxon

Psephenus
Pseudocloeon
Sialis
SimulIidae
Sphaerium
Stenacron
Stenelmis
Stenonema
Tanyderidae
Tipula
Tricorythooes
Unionidae

Total Number of Taxa

S75 770 S76760 S77120 S78620

x x x
x

x x x x
x x x x

x
x

x x x x

X X X
yXX x x X

Y

x
x

x
x

36 38 40 50



Table 3.2-2. Total macroinvertebrate taxa col-
lected in the Schulykill River
during 1988.

Date S75770 S76760 S77120 S78620

Feb 21 23 16 29

Apr 15 14 21 31

Jul 29 29 29 33

Oct 23 23 14 27

Mean 22 22 20 30



Table 3.2-3. Total macroinvertebrate standing
crop(mean number/m2) measured in
the Schuylkill River during 1988.

Date S75770 S76760 S77120 S78620

Feb 23508.2 5349.7 18666.7 14847.0

Apr 6601.1 7639.3 16535.5 24284.2

Jul 21147.5 28475.4 22710.4 67683.1

Oct 6950.8 9169.4 4174.9 67355.2

Mean 14551.9 12658.5 15521.9 43542.4



Table 3.2-4. Macroinvertebrate standing crop (mean number/m2) measured in the Schuyl-
kill River during 1988.

S75770 S76760 S77120 S78620
Taxon Density % Comp Density % Comp Density % Comp Density % Comp

Acroneuria 1.4 +- - - 1.4 +
Alboglossiphonia .- - 10.9 +
Allocapnia .- 1.4 +
Amphinemura - - - - - - 1.4 +
Argia 60.1 0.4 19.1 0.2 8.2 + 293.7 0.7
Asellus - - 15.0 0.1 6.8 + 5.5 +Baetis - - - - 1.4 + 23.2 +Berosus 17.8 0.1 28.7 0.2 21.9 0.1 58.7 0.1
Caenis 6.8 * 2.7 .4 - 4.1 +
Cambarus - - 1.4 - -
Campeloma - 1. - - -
Ceratopogonidae 4.1 + 2.7 + 5.5 + 4.1 +
Cheumatopsyche 293.7 2.0 183.1 1.4 2.7 4 3453.6 7.9
Chimarra - - - - - 2.7 +
Chironomidae 3150.3 21.6 3789.6 29.9 3359.3 21.6 13855.2 31.8
Corydalus 1.4 + - - - - 10.9 +
Crangonyx 310.1 2.1 519.1 4.1 274.6 1.8 493.2 1.1
Dromogomphus 1.4 + 2.7 + 2.7 + - -
Dubiraphia 15.0 0.1 45.1 0.4 21.9 0.1 8.2 +
Dugesia 46.5 0.3 5.5 + 1.4 + 12.3 +
Empididae 2.7 + 2.7 + 1.4 4 9.6 +
Epeorus - - - - 1.4 +
Ephemerelle - - - - 6.8 +
Erpobdella - - 5.5 + 1.4 + 83.3 0.2Eurylophella - - - - - - 1.4 +
Ferrissia 32.8 0.2 356.6 2.8 47.8 0.3 1098.4 2.5
Gammarus 342.9 2.4 199.5 1.6 254.1 1.6 - -
Glossosoma - - - - - - 2.7 +
Gomphus 1.4 + - - 1.4 + - -
Goniobasis 157.1 1.1 577.9 4.6 383.9 2.5 416.7 1.0
Gyraulus - - 5.5 + - - 1.4 +
Helobdella 19.1 0.1 15.0 0.1 20.5 0.1 6.8 +
Hexagenia - - - - 1.4 + - -
Hydatophylax - - - 1.4 + - -
Hydrobius - 1.4 + - - - -
Hydrolimax 12.3 + 15.0 0.1 8.2 + - -
Hydrophilidae 1.4 + - - - - - -
Hydropsyche 112.0 0.B 226.8 1.8 20.5 0.1 3303.3 7.6
Ischnura - - 2.7 + 2.7 + 1.4 +
Isonychia - - - - 4.1 +
Libellulidee - - - 1.4 + -
Lymnaea - - 2.7 + - - 2.7 +
Macronychus .- -. 1.4 +
Muscidae - - - - 1.4 +
Musculium 159.8 1.1 6.8 + 9.6 + 4688.5 10.8
Oecetis - - - - 1.4 + - -
Oligochaeta 8043.7 55.3 5463.1 43.2 10819.7 69.7 6114.8 14.0
Optioservus 6.8 + 6.8 + 4.1 + 30.1 +
Parargyractis 1.4 + 4.1 + 1.4 + 295.1 0.7
Perlesta - - - 1.4 +
Phasganophora 4.1 + - - - - 19.1 +
Physa 613.4 4.2 252.7 2.0 26.0 0.2 2426.2 5.6
Pisidium 36.9 0.3 20.5 0.2 6.8 + 28.7 +
Prostoma - - -. - 1.4 + -

"+" - less than 0.1%
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Table 3.2-4. (continued)

S75770
Taxon Density

Protoptila 1.4
Psephenus 2.7
Pseudocloeon
Sina1s 64.2
Simuliidae 51.9
Sphaerium
Stenacron
Stenelmis 348.4
Stenonema 2.7
Tanyderidae
Tipula 1.4
Tricorythodes 623.0
Unionidae

576760
% Comp Density

-

577120
% Comp Density

0

0.4
0.4

2.4
4

4.3

1.4

101 .1
27.3

90.2
8.2
1.4

647.5
1.4

+

0.8
0.2

0.7

5.1
+-

17.8
6.8

86. 1

4.1
73.8

S78620
% Comp Density

- 26.0
- 1.4

0.1 43.7
+ 4307.4
- 10.9
- 5.5

0.6 1547.8
+ 230.9

+
0.5 582.0

% Comp

+

0.1
9.9

+

4-

3.6

0.5

1.3

*ALL TAXA 14551.9 N/A

- less than 0.1%

12658.5 N/A 15521.9 N/A 43542.4 N/A



Table 3.2-5. Total numbers and percent abundance of macroninvertebrates in composites of 10 kick samples collectedat S77260 and 3 buried cylinder samples collected at 578620 in 1988.

14 July 11 October
S 77260 S 78620S 77260

Per
Taxa Total

Acroneuria
Alboglossiphonia
Argia
Asellus
Baetis
Berosus
Caenis
Cheumatopsyche
Chimarra
Chironomidae
Coryda 1 us
Crangonyx
Dromogomphus
Dubiraphia
Empididae
Epeorus
Erpobdella
Ferrissia
Gammarus
rjomphus
Goniobasis
Gyrau1us
Helobdella
Hydropsyche
Isonychia
Lymnaea
Muscullum
Oligochaeta
Optioservus
Parargyractis
Phasganophora
Physa
Pisidium
Potamanthus
Psephenus
Pseudocloeon
Sialis
Simuliidae
Stenacron
Stenelmis
Stenonema
Tricorythodes

Total Number
Total Taxa

9

16
51

1482

2
39
12

18
5

93

15
413

4

156

1

24
5

1909

152

1434

cent

0.2

0.3
0.9

25.4

0.0

0.0
0.7
0.2

0.3
0.1

1.6

0.3
7.1
0.1

2.7

0.0
0.0
0.4
0.1

32.7

2.6

24.5

S 78620
Per-

Total cent

1 0.0
2 0.0
2 0.0
3 0.0
2 0.0

2 0.0

989 8.0
2 0.0

5047 40.7
3 0.0

267 2.2

4 0.0
5 0.0
1 0.0

34 0.3
181 1.5

2 0.0
1351 10.9

3 0.0

127 1.0
419 3.4

5 0.0
30 0.2
4 0.0

912 7.4
1 0.0

1 0.0
19 0.2

1883 15.2
1 0.0

657 5.3
6 0.0

420 3.4

Total

59

50

7

2245

1473
2

1
2

2

417

1

261

250
485

27
83
26

6

13

80

260
209

49

Per-
cent Total

6
1.0 194

0.8 14
0.1 42

37.4 1445

24.5 2779
0.0 4

- 12
0.0 -
0.0 2

0.0 8
6.9 562

0.0 -
- 20

- 2
4.3 1044

- 1
4.2 3221
8.1 1471
0.4 11
1.4 185
0.4 -

- 824
0.1 2

0.2 8

- 8
1.3 14

4.3 278
3.5 163
0.8 6

Per-
cent

0.0
1.6

0.1
0.3

11.7

22.5
0.0
0.1

0.0

0.1
4.6

0.2

0.0
8.5

0.0
26.1
11.9
0.1
1.5

6.7
0.0

0.1

0.1
0.1

2.3
1.3
0.0

S

Total

59

5'

11

2291

295'

45,

35

26
89

3
8
2

15

1
2

198

41
20

148

Both Dates Combined
77260 S 78620

Per- Per-
cent Total cent

- 1 0.0
- 8 0.0

9 0.5 196 0.8
- - 3 0.0
9 0.5 16 0.1
7 0.1 42 0.2
6 0.1 2 0.0
6 19.4 2434 9.8
- - 2 0.0
5 24.9 7826 31.7
2 0.0 7 0.0

0.0 279 1.1
0.0 - -

2 0.0 6 0.0
- - 5 0.0
- - 1 0.0
4 0.0 42 0.2
6 3.8 743 3.0
2 0.1 -
1 0.0 - -
8 0.2 20 0.1
5 0.0 -
- - 4 0.0
4 3.0 2395 9.7
- - 3 0.0
- - 1 0.0
5 2.2 3348 13.5
8 7.6 1890 7.6
1 0.3 16 0.1
3 0.7 215 0.9
6 0.2 4 0.0
6 1.3 1736 7.0
6 0.1 3 0.0
1 0.0 - -
4 0.1 8 0.0
4 0.2 1 0.0
5 0.0 27 0.1
9 16.8 1897 7.7
- - 1 0.0
2 3.5 935 3.8
9 1.8 169 0.7
3 12.5 426 1.7

5842 N/A 12386 N/A 6008 N/A 12326 N/A
22 N/A 33 N/A 23 N/A 27 N/A

11850 N/A 24712
32 N/A 37

N/A
N/A



Table 3.2-6. Total macroinvertebrate taxa collected
in the Schuylkill River during 1973 -
1976 and 1984 - 1988.

Preoperational Period
Operational

Period

Station

S75770

1973 1974 1975 1976 1984 1985 1986 1987 1988

21 45 - 32 50 48 52 47 36

S76760 39 40 45 44 54 55 53 39 38

S77120 - 23 45 52 53 55 45 48 40

S78620 35 38 38 49 51 58 56 53 50

No samples collected at 577120 in 1973 or S75770 in 1975.



Table 3.2-7. Macroinvertebrate taxa collected in the Schuylkill River at
S75770 during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

Taxon 1973 197A 1975 1976 1984 1985 1986 1987 1988

Acroneuria X
Agraylea x
Alboglossiphonia X X X
Aflocapnia X X x x X
Ancyronyx Y,
Antocna X
Arpia X x x x x
Asellus x X K
Atherix X
Baetis K x
Batracobdella X X x
Berosus X X X X K X X
Caenis K x X
Cambarus X x
Ceratopogonidae X X X K K
Cheumatopsyche X X x X X X K K
Chimarra X X X
Chironomidae X X X X X X X X
Corydalus X X X X
Crangonyx X X X X X X X X
Dolichopodidae X
Dromogomphus X
Dubiraphia X X X X K K x
Dugesia X X X X X X
Elliptio x X X
Empididae X X X X X X K K
Ephemerella X K
Ephydridae X X
Erpobdella X X x x X X X
Ferrissia X X X X X X X X
Gammarus X X X X X
Gomphus X X
Goniobasis X x X X X X X X
Gyraulus X X X X
Helisoma X X X X X
Helobdella X X X X X X X
Hydrolimax X X X X K X
Hydrophilidae X
Hydroporus x
Hydropsyche X X X X X X X
Hydroptila X X X X X
Ischnura X X X X X
Lampsilii " X
Lampyridae X
Lanthus X X X X
Leucotrichia X
Lymnaea X X
Metrobates X
Musculium K X X K K

No samples collected in 1975.



Table 3.2-7. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

Mycetaphilidae X
Neureclipsis X
Oecetis X X X X X
Oligochaeta X X X X X X X X
Ophiogomphus X X X
Optioservus X X X X X X
Orconectes y X X
Paraleptoohlebta x
Parargyractis X X
Phasganophora X X X
Physa X X X X X X X X
Pisidium X X X X X X X X
Placobdella X
Polycentroous X
Potamanthus X X) X
Prostoma X X X X X XProtoptila X X X x X
Psephenus X X X X X X
Pseudolimnophila X
Psychoda X X
Sialis x x x x ) X
Simultidae X X X X x X
Sphaerium X X X X X
Stenacron X X X X
Stenelmis X X X X X X x
Stenonema X X ) X X X
Stratiomyiidae X X
Stygobromus X X
Tabanidae X
Telmatoscopus x X
Tipula X X X X X X X
Triaenodes x x X X
Tricorythades x X X X X X X

Total Number of Taxa 21 45 32 50 48 52 47 36

No samples collected in 1975.



Table 3.2-8. Macroinvertebrate taxa collected In the Schuylkill River at
S76760 during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

- - - - - - - - - - - - - - - - - - - - - - - - - - - -. - . - - - - - - - - - - - - - - - - - - - -

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

xActinobdella
Alboglossiphonia
Allocapnia
Allognosta
Ameletus
Anax
Antocha
Argia
Asellus
Baetis
Batracobdella
Be6ostoma
Berosus
Caenis
Calopteryx
Cambarus
Campeloma
Ceraclea
Ceratopogonidae
Cheumatopsyche
Chimarra
ChMronomidae
Corydalus
Crangonyx
Curculionldae
Dolichopodidae
Dromogomphus
Dubiraphia
Dugesia
Ectopria
Empididae
Ephemera
Ephemerella
Ephydridae
Erpobdella
Ferrissia
Gammarus
Gomphus
Goniobasis
Gyraulus
Hellchus
Helisoma
Helobdella
Hydrobius
Hydrolimax
Hydrophilidae
Hydroporus
Hydropsyche
Hydroptila

x
x x x

x x

x
x x x

x

x

x
x
x
x
x
x

x

x x
x

x
x
x

x
x
x

x

x
x
x

x
x
x

x
x
x

x
x

x x x
x
x

x x
x x

x x
x x
X x
x x

x x

x x

x x
x

x x
x

x x
x x

x

x x

x x
x x

x x
x x
x x

x x

x
x

x

x
x
x
x
x
x
x

x

x
x
x
x
x
x
x

X
X
X

x
x
x

x
x

x

x

x

x

x

x

x
x
x
xx

x

x

x
x
x
x
x
x

x

x
x

x

x

x
x

X
x

x
x

x
x x
x x

x x x
x x x

x

x x x
x x

x x
x x x
x x x

x
x x

x

x

x
x x
x x
x x

x x
x

x x
x
x

x. x
x

x x x
x x x

x
X

x

x
x

x x
x



Table 3.2-8. (continued)

Operational
Preoperational Period Period

Taxon

Ischnura
Isonychia
Lampsilis
Lanthus
Lepidostomn
Leucotrichia
Libellulidae
Limnaphila
Lymnaea
Macromia
Manayunkia
Menetus
Muscullum
Mystacides
Nectopsyche
Nemotelus
Neureclipsis
Nigronia
Oecetis
Oligochaeta
Ophiogomphus
Optloservus
Orconectes
Ormosia
Paraleptophlebia
Parargyractis
Peltodytes
Phasganophora
Phoridae
Physa
Pisidium
Placobdella
Potamanthus
Prostoma
Protoptila
Psephenus
Pseudolimnophila
Psychoda
Psychomyia
Ptilostomis
Sialis
Simul idae
Sphaerium
Stenacron
Stenelmis
Stenonema
Stratiomyiidae
Stygobromus
Stylurus

1973 1974 1975 1976 1984 1985 1986 1987 1988

x. x x x x x x
x

x
x x x x x

x
x
x

x
x

x

x x

x )(x
x
x

x
x x

x x

xX

x
x
x

x

x x
x x

x
x
x x
x
x x

x
x x

x x
x x

x

x
x
x

x

x

x

x
x
x

x
x
x

x
x
x
x
x

x

x
x
x

x

x

x

x

x
x

x
x
x
x
x

x
x
x
x
x

x
x
x
x

x
x
x
x

X

x

x x x
)( x x

x
x

x
x
x
x
x
x
x

x
x
x

x

x

x

x

x
x
x
x
x
x

x

x

x x
x x

x

x

x
x



Table 3.2-8. (continued)

Preoperational Period
Operational

Period

Taxon

Tabanidae
Taeniopteryx
Tanyderidae
Telmatoscopus
Tipula
Tipulidae
Tortricidae
Triaenodes
Tricorythodes
Unionidae

Total Number of Taxa

1973 1974

X- x

x

x x

1975 1976 1984 1985

x x x

1986 1987

x

1988

x
x

X x x x X X
x
x

x x x x
x x x x x x x x

39 40 45 44 54 55 53 39 38



Table 3.2-9. Macroinvertebrate taxa collected in the Schuylkill River at
S77120 during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

x
x

Acroneuria
Alasmidonta
Alboglossiphonia
Allocapnia
Ancyronyx
Anodonta
Antocha
Argia
Asellus
Baetis
Batracobdella
Berosus
Caenis
Cambarus
Cecidomylidae
Ceraclea
Ceratopogonidae
Cheumatopsyche
Chironomidae
Crangonyx
Curculionidae
Diplectrona
Dolichopodidae
Oromogomphus
Dubiraphia
Dugesia
Ectopria
El1iptio
Empididae
Enal lagma
Ephemera
Ephemerella
Ephydridae
Erpobdella
Erythemis
Ferrissia
Gammarus
Gomphus
Goniobasis
Gyraulus
Helisoma
Helobdella
Helophorus
Hexagenia
Hydatophylax
Hydrolimax
Hydrophilidae
Hydroporus
Hydropsyche

X

)C X X
K. x

x x xx
X

x x X

x x
'C x X

'C
'C

'C 'C X '
x x x x

x
'C X 'C '
'C X X
'C

x
x
C 'C x K
x 'C 'C '
x 'C 'C '
x x 'C '

x
x

'C
K 'C K '
C 'C 'C '

x

x

X
x
X
X

x

x 'C

x

x
x x

X

'C
x

x
x

x
x
'C

'C

'C

X

K X
x CX

x

'C
x
xC

'C
x
'C

x
x
K
x

x
'C
'C

'C

x
'C
x
K
'C

'C

x
K
'C

x
X
X

x

x

x

.x
'C

x

x
x

x
x

x
X
X

'C
'C

'C
x
x
x

'C
'C
x

x

x

x

x

C 'C 'C '
x

'C C 'C X

x x

x
x 'X X x

No samples collected in 1973.



0
Table 3.2-9. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

Hydroptila X X X X
Ischnura X X X X X X X X
Isonychia X X
Lampyridae X
Lanthus X X X X
Lepidostoma X
LeucotrichNa
Libellula X
Libellulidaea
Lymnaea X X X
Macromila x x X X
Macronemum X
Macronychus x
Manayunkia x
Molophilus x
Muscidae
Muscullum X X x X
Neureclipsis X X
Nigronia X X X
Oecetis X X X X X
Oligocheeta X X X X X X X X
Ophiogomphus X X
Optioservus X X X X X X
Orconectes X X X X X X
Parargyractis X X
Perncoma X
Phasganophora X
Phoridae X
Physa X X X X X X X X
Pisidium X X X X X X X X
Placobdella X
Polycentropus X
Prostoma X X X X X X X
Protoptila X X
Psephenus X X X X.
Pseudolimnophi a
Psychoda
Psychomyia X
Sialis .X X X X X X
Simulildae X x X ) x
Sphaerium X X X X
Stenacron X X
Stenelmis X X X X X X X
Stenonema X X X X
Stratiomylidae X X
Stratiomys X )
Stygobromus X X ) X
Tabanidae X
Telmatoscopus X X ( X x

No samples collected in 1973.



Table 3.2-9. (continued)

Operatlonal
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984

Tetragoneuria
Tipula X X X
Triaenodes X X
Tricorythodes X X x X

1985 1986 1987 1988

x
x
x
x

x
x
x

x
x
x

x

x

Total Number of TaKa 23 45 52 53 55 45 48 40

No samples collected in 1975.



Table 3.2-10. Macroinvertebrate taxa collected in the Schuylkill River at
S78620 during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

Acroneuria
Actinobdella
Alboglossiphonia
Allocapnia
Ameletus
Amphinemura
Ancyronyy
Antoc-a
Argia
Asellus
Baetis
Batracobdella
Berosus
Caenis
Cambarus
Ceraclea
Ceratopogonidae
Cheumatopsyche
Chimarra
Chironomidae
Corydalus
Crangonyx
Dineutus
Dolichopodidae
Dromogomphus
Dubiraphia
Dugesia
Ell pt1o
Empididae
Epeorus
Ephemerella
Ephydridae
Erpobdella
Eurylophella
Ferrissia
Gammarus
Glossosoma
Gomph idae
Gomphus
Goniobasis
Gyraulus
Hellsoma
Helobdella
Hydracarina
Hydrolimax
Hydroporus
Hydropsyche
Hydropt11a
Ischnura

X x
x X

K )( K

K

K
K
x

K x

x
K x

X( x

K

K

K

x

x

K
x
K
K

x

X

x
K

x

K

K
K
K

x

K
K
x

x

x
K
K

K

K

K
x

K

K
x

X X

X X

X X

X X

X X

X
x K
x X

x X

K K
K

K K

K K

K K

K X

K K

x
x

X X

K

x

K X

K K

K K
K

K

K

x x x

x x x
x x x
x

x

x x X
x x

x

K
K

K
K

x
K

K

K
K
K x

K

x K
K

K
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Table 3.2-10. (continued)

Operational
Preoperational Period Period

Taxon 1973 1974 1975 1976 1984 1985 1986 1987 1988

Isonychia
Isoperla
Lanthus
Lepidostoma
Leucotrichia
Limonia
Lymnaea
Macronychus
Manayunkia
Muscidae
Muscul um
Neureclipsis
Nigronia
Oecetis
Oligochaeta
Ophiogomphus
Optioservus
Orconectes
Parargyractis
Perlesta
Phasganophora
Phoridae
Physa
Piscicolarla
Pisidium
Polycentropus
Potamanthus
Prostoma
Protoptila
Psephenus
Pseudocloeon
Psychoda
Rhyacophila
Sialis
Simul idae
Sphaerium
Stenacron
Stenelmis
Stenonema
Stygobromus
Tabanidae
Taeniopteryx
Tipula
Tipulidae
Triaenodes
Tricorythodes

x

x

x x x

x
x )(

x x x

x

x

x

x
x
x

x x

x
x x

x x
x
x x
x

x
x
x

x

x x

x

x

x

x
x
x
x
x

x

x

x

x
x
x
x
x
x
x
x
x

x

x

x

x
x

x
x
x
x

x
x
x

x

x

x x

xx x
x

x x
x x
x X

x x

x x(
x x

x
x x(
x xX

x

x x
x x

x

X

X

x

x
x
x

x

x

x
x

x
x
x

x
x

x
x
x

xx

x

56

x

x
x
x
x
x
x
x
x

x
x
x

x

x
x
x
x
x

x

x
x
x

53

x
x
x
x

x

x
x
x
x
x
x

x
x

x
x
x
x
x

x

50

x

x

x
x

xx

x
x

x
x
x
x
x
X

x
x

x

x
Xx
X

58

x x x

x- x x

38 49 51

x

38Total Number of Taxa 35
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Table 3.2-11. Annual macroinvertebrate standing crop (mean number/m2), all taxa combined,

in the Schuylkill River during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

Station 1973 1974 1975 1976 1984 1985 1986 1987 1988

S75770 2288.9 4970.3 - 6397.5 11207.7 12907.1 14694.0 13994.5 14551.9

S76760 3250.0 5482.2 11107.6 5669.1 10225.4 14806.0 9101.1 8801.9 12658.5

S77120 - 6448.8 7935.5 4200.8 12504.1 20623.0 6606.6 12819.7 15521.9

S78620 6133.2 8633.2 13573.8 13607.6 35471.3 38754.1 29740.4 25252.7 43542.3

No samples collected at S77120 in 1973 or at S75770 in 1975.



Table 3.2-12. Annual macroinvertebrate standing crop (mean number/m2) and percent composition of important taxa at 575770 in the
Schuylkill River during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

------ -- -- -- -- -- -- -- - -- -- -- -- -- ---19 7 5- -- -1- - - - - - - - - - - - - - - - - - - - - - - - -

Taxon

Cheumatopsyche
Chironomidee
Crangonyy
Ferrissia
Gammarus
Gonlobasis
Hydropsyche
Hydropt1la
01igochaeta
Physa
Pisidium
Sphaerium
Stenacron
Stenelmis
Tricorythodes

1973 1974
Mean % Mean %

3.1 0.1 43,0 0.9
557.4 24.4 647.5 13.0

9.2 0.4 23.6 0.5
80.9 3.5 19.5 0.4

- - 5.1 0.1
778.7 34.0 2990.8 60.2

- - 1.0 0.0
- - 41.0 0.8

588.1 25.7 329.9 6.6
142.4 6.2 235.7 4.7

1.0 0.0 38.9 0.8
32.8 1.4 376.0 '7.6

10.2 0.4 16.4 0.3
- - 1.0 0.0

1975
Mean

1
M

2
129

35

133
1

32
170

5
71
24

2

976 1984 1985
ean % Mean % Mean

6.0 0.4 605.2 5.4 187.2
6.4 20.3 2439.9 21.8 3061.5
9.3 5.6 610.7 5.4 2289.6
1.4 0.0 247.3 2.2 110.7

- - - - 1566.9
8.8 20.9 1267.8 11.3 1056.0
6.4 0.3 213.1 1.9 168.0
9.2 5.1 9.6 0.1 2.7
2.2 26.6 4041.0 36.1 1224.0
3.3 0.8 157.1 1.4 1236.3
5.8 11.2 276.0 2.5 348.4
8.6 3.9 4.1 0.0 24.6

- - 184.4 1.6 263.7
0.5 0.3 176.2 1.6 333.3
1.4 0.0 117.5 1.0 140.7

1.5
23.7
17.7
0.9

12.1
8.2
1.3
0.0
9.5
9.6
2.7
0.2
2.0
2.6
1.1

1986
Mean

568.3
3718.6

692.6
262.3
982.2
758.2
527.3

5.5
5505.5

129.8
98.4

117.5
418,0
362.0

3.9
25.3

4.7
1.8
6.7
5.2
3.6
0.0

37.5
0.9
0.7

0.8
2.8
2.5

1987
Mean

80.6
2892.1

140.7
204.9
691.3
704.9
375.7

8079.2
105.2
97.0

30.1
62.8

214.5

0.6
20./7

1.0
1.5
4.9
5.0
2.7

57.7
0.8
0.7

0.2
0.4
1.5

1988
Mean

293.7
3150.3

310.1
32.8

342.9
157.1
112.0

8043.7
613.4

36.9

348.4
623.0

2.0
21.6

2.1
0.2
2.4
1.1
0.8

55.3
4.2
0.3

2.4
4.3

No samples collected in 1975.



Table 3.2-13. Annual macroinvertebrate standing crop (mean number/m2) and percent composition of important taxa at S76760 in the
Schuylkill River during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

--------------------------------------------------------------------------- ---------------------------------------------------

Taxon

Cheumatopsycne
Chironomidae
Crangonyx
Ferrissia
Gammarus
Goniobasis
Hydropsyche
Oligochaeta
Dhysa

issidium
Sphaerium
Stenacron
Tricorythodes

197
Mea

2.
829.

53.
50.

172.
2.

1915.
59.

8.
10.

3 1974 1975 1976 1984
n % Mean % Mean % Mean % Mean

0 0.1 17.B 0.3 178.3 1.6 55.3 1.0 467.2
9 25.5 785.5 14.3 1812.5 16.3 1347.3 23.8 2520.5
3 1.6 26.0 0.5 197.7 1.8 277.7 4.9 345.6
2 1.5 66.9 1.2 2.0 0.0 6.1 0.1 564.2
- - 9.6 0.2 - - - - -

1 5.3 2881.1 52.6 5205.9 46.9 1627.0 28.7 2177.6
0 0.1 2.7 0.0 131.1 1,2 33.8 0.6 270.5
0 58.9 864.8 15.8 2850.4 25.7 1904.7 33.6 2666.7
4 1.8 453.6 8.3 31.8 0.3 20.5 0.4 77.9
2 0.3 15.0 0.3 376.0 3.4 114.8 2.0 151.6
2 0.3 112.0 2.0 24.6 0.2 77.9 1.4 -

- - - - - - - 140.7
- - 2.7 0.0 2.0 0.0 1.0 0.0 41.0

4.6
24.6

3.4
5.5

21.3.
2.6

26.1
0.8
1.5

1.4
0.4

1985
Mean

140.7
3407.1
3251.4

150.3
1945.4
568.3
112.0

2881.1
189.9
513.7

293.7
87.4

1.0

23.0
22.0

1.0
13.1

3.8
0.8

19.5
1.3
3.5

2.0
0.6

1986
Mean

113.4
2192.6
1105.2

117.5
326.5
475.4
306.0

3475.4
5.5

17.8

60.1
411.2

1.2
24. 1
12.1

1.3
3.6
5.2
3.4
38.2
0.1
0.2

0.7
4.5

1987
Mean

16.4
1389.3

457.7
110.7
77.9

222.7
43.7

6209.0
2.7

27.3

0.2
15.e
5.2
1.3
0.9
2.5
0.5

70.5
0.0
0.3

1988
Mean

183.1
3789.6

519.1
356.6
199.5
577.9
226.8

5463.1
252.7

20.5

1.4
29.9

4.1
2.8
1.6
4.6
1.8

43.2
2.0
0.2

23.2 0.3 647.5 5.1



Table 3.2-14. Annual macroinvertebrate standing crop (mean number/m2) and percent composition of important taxa at S77120 in the
Schuylkill River during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

-------------------------------------------------------------------------- ---------------------------------------------------

Taxon

Argia
Cneumetoosyche
Chironomidae
Crangonyx
Ferrissia
Gammarus
Goniobasis
01igochaeta
Physa
Disidium
Sphaerium
Stenelmis

1973 1974
Mean % Mean

- - 381.1
186.5

- - 118.9
- - 43.0

- - 4711.1
- - 51.2
- - 489.8
- - 20.5
- - 334.0
- - 4.1

5.9
2.9
1.8
0.7

73.1
0.8
7.6
0.3
5.2
0.1

1975
Mean

14.3
76.8

1749.0
125.0
10.2

3016.4
2600.4

4.1
80.9
33.8

0.2
1.0

22.0
1.6
0.1

38.0
32.8

0.1
1.0
0.4

1976
Mean

115.8
43.0

880. 1
120.9

1.0
1.0

1547.1
1098.4

25.6
76.8
57.4

2.0

2.8
1.0

21.0
2.9

"0.0
0.0

36.8
26. 1

0.6
1.8
1.4
0.0

1984
Mean

118.9
340.2

1478. 1
603.8

56.0

3468.6
4786.9

215.8
437.2

353.8

1.0
2.7

11.8

4.8
0.4

27.7
38.3

1.7
3.5

2.8

1985
Mean

38.3
80.6

3711.7
4374.3

113.4
1336.1
710.4

7098.4
814.2
700.8

1.4
390.7

0.2
0.4

18.0
21.2

0.5
6.5
3.4

34.4
3.9
3.4
0.0
1.9

1986
Mean

8.2
58.7

1591.5
434.4
172.1
131.1
695.4

2676.2
16.4
30.1

221.3

0.1
0.9

24. 1
6.6
2.6
2.0

10.5
40.5

0.2
0.5

3.3

1987
Mean

8.2
13.7

1561 .5
136.6
312.8
124.3
606.6

9700.8
9.6
2.7

58.7

0.1

12.2
1.1
2.4
1.0
4.7

75.7
0.1
0.0

0.5

1988
Mean

8.2
2.7

3359.3
274.6
47.8

254.1
383.9

10819.7
26.0

6.8

86.1

0..1
0.0

21.6
1.8
0.3
1.6
2.5

69.7
0.2
0.0

0.6

No samples collected in 1973.



Table 3.2-15. Annual macroinvertebrate standing crop (mean number/m2) and percent composition of important taxa at S78620 in the
Schuylkill River during 1973 - 1976 and 1984 - 1988.

Operational
Preoperational Period Period

------------------------------------------------------ 7 ----------------- L--- ---------------------------------------------------

1973 1974 1975 1976 1984 1985 1986 1987 1988
Taxon Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean % Mean %

-------------------------- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ---- ------- ----
Cheumatopsyche 156.8 2.6 2417.0 28.0 1223.4 9.0 3223.4 23.7 7187.2 20.3 3229.5 8.3 4319.7 14.5 975.4 3.9 3453.6 7.9
Chironomidae 3862.7 63.0 2263.3 26.2 7326.8 54.0 5854.5 43.0 7049.2 19.9 14696.7 37.9 6896.2 23.2 10039.6 39.8 13855.2 31.8
Crangonyx 84.0 1.4 23.6 0.3 155.7 1.1 105.5 0.8 1140.7 3.2 1687.2 4.4 1284.2 4.3 235.0 0.9 493.2 1.1
Ferrissia 87.1 1.4 105.5 1.2 23.6 0.2 223.4 1.6 1826.5 5.1 676.2 1.7 1625.7 5.5 1332.0 5.3 1098.4 2.5
Goniobasis 6.1 0.1 1229.5 14.2 1837.1 13.5 2125.0 15.6 2680.3 7.6 603.8 1.6 554.6 1.9 491.8 1.9 416.7 1.0
Helisoma 349.4 5.7 1172.1 13.6 395.5 2.9 - - 8.2 0.0 21.9 0.1 10.9 0.0 53.3 0.2 - -
Hydropsyche 71.7 1.2 33.8 0.4 809.4 6.0 165.0 1.2 2221.3 6.3 647.5 1.7 2127.0 7.2 1347.0 5.3 3303.3 7.6
Musculium . 120.2 0.3 889.3 2.3 4592.9 15.4 3736.3 14.8 4688.5 10.8
Oligochaeta 311.5 5.1 111.7 1.3 780.7 5.8 228.5 1.7 4334.7 12.2 2169.4 5.6 1733.6 5.8 2870.2 11.4 6114.8 14.0
Physa 753.1 12.3 634.2 7.3 82.0 0.6 500.0 3.7 3158.5 8.9 2657.1 6.9 1019.1 3.4 345.6 1.4 2426.2 5.6
Pisidium 108.6 1.8 19.5 0.2 238.7 1.8 548.2 4.0 512.3 1.4 1632.5 4.2 694.0 2.3 516.4 2.0 28.7 0.1
Simuliidee - - 3.1 0.0 1.0 0.0 10.2 0.1 2060.1 5.8 4557.4 11.8 316.9 1.1 582.0 2.3 4307.4 9.9
Sohaerium 198.8 3.2 377.0 4.4 336.1 2.5 284.8 2.1 1.4 0.0 ..- 5.5 0.0 10.9 0.0
Stenacron 8 992.1 2.5 1032.6 2.7 176.2 0.6 41.0 0.2 5.5 0.0
Stenelmis 20.5 0.3 9.2 0.1 12.3 0.1 11.3 0.1 788.3 2.2 1987.7 5.1 3153.0 10.6 1853.8 7.3 1547.8 3.6
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3.3 Fish

INTRODUCTION

The fish community in the Schuylkill River near LGS was studied from

1970-1978 and from 1980-present to determine any significant effects of LGS

operation on the fish community near the power plant. Fish have been studied

in detail due to their ecological and sociological importance to the riverine

ecosystem and the opportunity for impingement, entrainment, and cooling tower

blow-down discharge to affect the Schuylkill River fishery resource.

Studies of Schuylkill River fishes in 1988 consisted of periodic sein-

ing, electrofishing, and impingement surveys. Fish species composition, rela-

tive abundance, distribution, and life history data for important species were

obtained by standardized seining and electrofishing surveys. The impingement

survey measured the extent of fish entrapment against the LGS water intake

screens.

This report is divided into subsections describing the results of popu-

lation surveys, the biology of important species, and the result of the im-

pingement survey. These subsections are followed by a discussion that relates

1988 results to the findings of previous Schuylkill River fish community

studies.

POPULATION SURVEYS

Fish Collections

Fish were collected from the Schuylkill River near LGS by seining and

electrofishing, two methods that collectively sample the range of size and

species of fish from habitats found in the study area. Conditions permitting,
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fish were seined once per month throughout the year (Table 3.3-1), while elec-

trofishing collections were made once per month, April-October (Table 3.3-2).

Seining

The seine used measured 2.4 meters in length, 1.2 meters in depth, and

was comprised of 3.2-millimeter mesh netting. Effort consisted of six uniform

hauls along 30 meters of shoreline at each of six near-shore stations

(Fig. 3.3-1). Catches from individual seine hauls were pooled to form a com-

posite sample from each station on each sample date. Catch data were in-

trinsically standardized because effort remained constant within and between

stations.

The seine captured primarily smaller fishes living near shore such as

minnows, darters, and the young of larger species. Larger fishes were cap-

tured only occasionally. Larger fishes and any young sport fish were identi-

fied, counted, measured, and released. Smaller fishes comprising the bulk of

seine collections were preserved and identified, counted, and grouped within

5-millimeter fork length intervals in the laboratory.

Electrofishing

Larger juvenile and adult fishes such as sunfish, bass, catfish, suck-

ers, and other large species that were not appreciably vulnerable to seining

were collected by electrofishing. The gear, a 240-volt pulsed direct current,

boat-mounted electrofisher, did not efficiently take smaller species and life

stages, however. Electrofishing samples, therefore, excluded fish shorter

than 50 millimeters fork length, as well as darters and all species of minnows
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except carp, goldfish, golden shiner, fallfish, and creek chub which usually

grow to exceed 50 millimeters fork length.

Four electrofishing stations were established near LGS (Fig. 3.3-2).

Stations were described in an earlier progress report (RPC Environmental Ser-

vices 1984). All stations were 300 meters to 400 meters in length and were

oriented with respect to LGS as follows. Station S79310 was located approxi-

mately 2 kilometers upriver from LGS and served as a reference station not

subjected to the direct influence of any water withdrawal or discharge ef-

fects. Station S77640, located adjacent to LGS, was just upriver from the

station's pumphouse. Station S76940 was situated directly downstream of the

LGS discharge which enters the Schuylkill River through a diffuser set into a

concrete stream bed stabilizer. Downstream of S76940, a fourth station was

established and designated S76440.

Each station was sampled in a downstream direction at a speed slightly

faster than the current within two opposing shoreline zones, two offshore

zones, and one mid-channel zone. Sampling time was recorded to the nearest

minute and used to standardize catch data-as catch-per-unit-effort (CPUE) in

units of-fish/hour.

Each captured fish was identified, measured to the nearest millimeter

fork length, weighed to the nearest gram, and examined for external evidence

of disease, parasitism, or physical abnormality. Except for an occasional

reference specimen, all fish were released alive.

Summary of Data Analyses

Species composition and relative abundance of fishes in the Schuylkill

River near LGS were estimated based on the seining and electrofishing catches.
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Species composition was best represented by the species list generated from

the combined catch of both gear types, since neither gear alone effectively

sampled all species known to occur near LGS. Due to differences in gear se-

lectivity, relative abundance was calculated separately for each gear type as

CPUE and as the percent of total fish captured. Catch data were compiled for

individual stations and time periods to characterize variation in species

abundances.

Sampling Results

Species Compositlon

In 1988, 32 species of fish from seven families plus hybrid carp x gold-

fish and sunfish hybrids were collected by one or both sampling methods

(Table 3.3-3). The alewife, a member of the herring family stocked as forage

in upstream reservoirs, was not seined or electrofished in 1988 but was found

in impingement samples. American shad, another herring species occasionally

stocked as larvae by the Pennsylvania Fish Commission (PFC), was not intro-

duced to the Schuylkill River near LGS in 1988. Other species and hybrids

collected in the past but not in 1988 included bowfin, brown trout, rainbow

trout, redfin pickerel, chain pickerel, muskellunge and hybrid muskellunge x

northern pike, cutlips minnow, creek chub, margined madtom, creek chubsucker,

and walleye. These fishes have been infrequently collected and are either

stocked in various waters in the Schuylkill River basin or are more abundant

in tributaries.

Unconfirmed reports were received that hybrid striped bass x white bass

were caught from the Schuylkill River near LGS by anglers. These hybrid game

fish are stocked by the PFC in Blue Marsh Reservoir located on Tulpehocken
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Creek upriver from LGS. Reported angler catches indicate that these hybrids

may escape from the reservoir and move downstream. Absence of hybrid striped

bass x white bass from intensive fisheries surveys near LGS suggests that

their rates of reservoir escape and downstream movement are low at present.

Relative Abundance: Seining

In 1988, a total of 6,642 fish was seined from the Schuylkill River near

LGS (Table 3.3-4). For the year, the combined samples contained 26 species;

spotfin shiner comprised 73% of the total number of individuals. Swallowtail

shiner, bluegill, and redbreast sunfish comprised most of the remaining catch.

All other species were represented by fewer than 100 and often less than

50 individuals.

Since only 1.6 kilometers separated the farthest upstream station from

the farthest downstream station, differences in species composition and rela-

tive abundance among stations were relatively minor. Total catch varied by a

factor of five and the ordering of the more abundant fishes was similar among

stations. The minor differences among stations appeared to be related to dif-

ferences in microhabitat features such as substrate type, presence or absence

of cover, and other features that influence the distribution of stream fishes.

The most species (21) and greatest number of individuals (2,160) were col-

lected at S77220 which brackets the confluence of a small tributary. This

station featured abundant cover, several substrate types, and sharp velocity

and depth gradients compared to the more uniform habitat found at other seine

stations.

Monthly seine catches were very low in February and March, but increased

rapidly through the warmer months of the growing season (Table 3.3-5). This
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pattern reflects both the lowered vulnerability of fishes to capture during

colder months and the increased population density from recruitment of a new

year class in late spring and summer.

Considerable year-to-year variation in abundance of most species has

been observed in seine collections (Table 3.3-6). Annual catches have varied

by at least an order of magnitude for most species. Natural variation in

reproductive success is likely responsible for much of the variation in

species abundances in the Schuylkill River and is mediated by weather and flow

regime effects. Sampling artifacts and the patchy distribution of stream

fishes undoubtedly contribute to sample variation, but the consistency of ef-

fort from month to month and from year to year assures that real differences

in population density were quantified at least on a relative basis. In 1988,

nearly all species were collected in numbers that fell within the range ob-

served prior to LGS operation. However, fewer comely shiners, banded kil-

Iifish, and tessellated darters were collected in 1988 than in any other year.

Most likely, the low relative abundance of these fishes is due to successive

years of poor recruitment, perhaps coupled with an increase in predation by

rock bass and smallmouth bass which have increased in abundance. Since kil-

lifishes are known to proliferate in organically enriched waters, reduced

banded killifish abundance may be a sign of the gradual improvement in

Schuylkill River water quality seen in recent years.

Relative Abundance: Electrofishinq

In 1988, a sample of 3,752 fish containing 21 species and two hybrids

was collected in 22.58 hours of electrofishing (Table 3.3-7). Total CPUE,

166.2 fish/hour, was similar to the 1987 catch rate of 168.6 fish/hour. Most
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of the 1988 sample was comprised of redbreast sunfish (24.9%), rock bass

(16.9%), goldfish (11.2%), yellow bullhead (9.3%), smallmouth bass (8.1%)

brown bullhead (7.0%), and pumpkinseed (6.7%). No other species contributed

as much as five percent to the 1988 electrofishing sample.

Differences among stations existed in the relative abundance of several

species (Table 3.3-8 to 3.3-11). American eel, white sucker, yellow bullhead,

redbreast sunfish, and to a lesser extent smallmouth bass and rock bass, were

more abundant at S79310 upstream from LGS. Goldfish, carp, golden shiner,

brown bullhead, pumpkinseed, bluegill, and largemouth bass were more abundant

at one or more of the stations adjacent to or downriver from LGS. Differences

in the relative abundances of these species among stations have remained con-

sistent over time and reflect differences in habitat. Station S79310 is

situated in a river bend where swift currents prevent sediment from being

deposited. Consequently, S79310 has a preponderance of cobble, boulder, and

bedrock substrate and contains few weed beds or shallow, slow-current areas.

Stations near LGS are all fringed by shallow flats having a silty substrate.

Beds of Myriophyllum, Heteranthera, and Elodea grow on these flats in summer,

and may become very dense during periods of low flow.

Many 1988 CPUE values for individual species were similar to average

CPUE observed prior to LGS start-up (Table 3.3-12). For example, relative

abundances of goldfish, carp, golden shiner, brown bullhead, green sunfish,

pumpkinseed, redbreast sunfish, and largemouth bass were indicative of near-

average population levels. Some abundance indices continued along recent in-

creasing trends resulting from production of a dominant year class or several

consecutive successful spawns. Smallmouth bass CPUE, for example, was greater

in 1988 than in any previous year. Rock bass CPUE, although slightly lower

than in 1986 and 1987, was markedly greater than in 1985 or any preoperational
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year. Conversely, abundance of goldfish and carp has declined from the high

level seen in 1985. White sucker has decreased in abundance since 1986. One

other notable occurrence in the 1988 electrofishing survey was the increased

catch of young quillback, an uncommon species of sucker in the Schuylkill

River.

BIOLOGY OF IMPORTANT SPECIES

Introduction

Several species were chosen for closer scrutiny due to their importance

to the Schuylkill River fish community (Table 3.3-13). For these species,

data were examined to establish the following:

a) spatial and temporal changes in relative abundance to assess

species-habitat relationships and fluctuations in population

density.

b) time of spawning and relative year-class strength, and

c) incidence of disease and'parasitism for the large important

species collected by electrofishing.

The results of these analyses compared among stations over time were

then used to identify any potential LGS operational influences warranting

closer study in the future.

Species Accounts

American eel

Twelve American eels were captured by electrofishing in 1988 at an aver-

age rate of 0.53 fish/hour. Compared to the 1987 catch rate of 0.25 fish/
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hour, the 1988 CPUE value may represent an increase in abundance, or an in-

creased concentration of American eels within a sampled area rather than an

increase in numbers. The variation in CPUE noted in Table 3.3-12 simply may

represent the chance outcome of limited sampling of a patchily distributed

population of organisms. Nevertheless, a trend exists in the data which sug-

gests that the number of American eels in the study area has declined between

preoperational and postoperational periods. The average of seven annual CPUE

values determined prior to LGS operation, 1.6 fish/hour, was more than twice

the average of 0.6 fish/hour over the four-year postoperational period. Also,

the highest annual CPUE value for American eel since LGS start-up, 0.9 fish/

hour in 1985, was equal to the lowest annual CPUE value determined prior to

1985. Any such decline is evidently due to causes unrelated to LGS for

several reasons. American eels are catadromous (meaning they migrate to the

ocean to spawn), thus the young are not exposed to entrainment, nor were

larger juvenile and adult American eels Impinged. In every year, almost all

American eels have been taken at S79310 located upriver from LGS, where any

potential water intake or discharge effects are presumably absent.

American shad

No release by the PFC of hatchery reared American shad postlarvae oc-

curred in 1988, nor was this species encountered in the Schuylkill River dur-

ing any LGS-related sampling program.

Muskellunge

Muskellunge or the hybrid cross with northern pike were not stocked by

the PFC in the study area in 1988 and neither was collected by seining or

electrofishing.
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Goldfish

Abundance of goldfish in the Schuylkill River near LGS continued to

decline from the record-levels of 1985-1986 that resulted from production of a

dominant 1985 year class. Goldfish was still the third-most abundant species

in electrofishing samples and comprised nearly 17% of the total number of fish

captured with that gear in 1988. The highest goldfish electrofishing CPUE

among stations occurred just downstream of the LGS discharge at S76940. A few

young-of-year goldfish were captured in September and October 1988, but the

bulk of the population was comprised of individuals from the 1985 year-class

that were longer than 200 millimeters fork length (Fig. 3.3-3).

A majority (59%.) of goldfish captured in April 1988 exhibited fin

damage, and 20% had body sores or wounds. The disease rate, however, dropped

greatly in later months except in August 1988, when 64% of the goldfish exam-

ined were host to one or more parasitic leeches.

Swallowtail shiner

The 1988 catch of 959 swallowtail shiners was considerably greater than

the catch of 172 swallowtail shiners made in 1987. However, fewer swallowtail

shiners were caught in any one postoperational year (1985-1988) than were

caught in any one preoperational year (1975-1984).

The increased catch of swallowtail shiner in 1988 reverses a declining

trend in relative abundance which became evident around the time LGS began op-

erating when the swallowtail shiner catch dropped from 8,837 fish in 1983 to

2,616 fish in 1984. Adult mortality did not appear to increase due to LGS op-

eration since swallowtail shiners were not impinged in appreciable numbers;
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neither did entrainment of eggs and larvae appear to be a factor contributing

to population decline. From 1985 through 1987 as swallowtail shiner abundance

declined, LGS did not operate during most of the late spring and summer when

the early lifestages would be present. Furthermore, swallowtail shiner

abundance increased in 1988 when LGS remained operational through the spring

and summer; young-of-year swallowtail shiners were collected in July 1988 and

contributed to the increased relative abundance for the remainder of the year.

Spotfin shiner

The spotfin shiner is probably the most numerically abundant fish

species in the study area and consistently dominated the seine catch both be-

fore and after LGS start-up. The catch of 4,866 spotfin shiners in 1988 was

the highest since 1983, when 6,502 were collected. In 1988, spotfin shiner

catches peaked in August and September when the young were fully recruited to

the seine; spotfin shiner fry were initially collected in mid-July.

White sucker

Annual seine catches of young-of-year white suckers varied between 6 and

1,222 fish during the preoperational study period. In the postoperational pe-

riod, the catch of young-of-year white suckers by seine ranged between 6 in

1988 and 252 in 1985; the postoperational average was 120 per year. During

the seven-year preoperational period, the average seine catch of young-of-year

white suckers was 239 per year if a dominant 1977 year class is included, but

only 75 per year if the outlying 1977 catch is excluded. The seine data show

that annual recruitment of white sucker in the Schuylkill River is highly var-
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lable, but do not show any trends suggestive of an operational impact on

recruitment.

Electrofishing catches of Juvenile and adult white suckers continued on

a downward trend that became evident in 1987. Only 171 white suckers were

collected at an average rate of 7.6 fish/hour. Although white suckers still

comprised just under 5% of the total electrofishing sample, their catch rate

in 1988 was the lowest determined for the species. The trend toward lower

relative abundance was evident at all stations including S79310 upstream, in-

dicating that the decline in white sucker density is an area-wide phenomenon

having no apparent connection with LGS operation.

Length-frequency data obtained in September and October depicted at

least two and possibly three age-groups of immature white suckers

(Fig. 3.3-4). The adult population was similarly comprised of at least two

and possibly three or more age-groups of older fish. Since growth slows as

fish age and can be quite variable within and between individual year-classes,

considerable overlap may occur in length-frequency distributions, as is evi-

dent in Figure 3.3-4.

The incidence of disease among adult white suckers in 1988 was 7%,

similar to the disease rate seen in 1986 and 1987. Body sores and parasitic

copepods were the most common diseases.

Brown bullhead

Characteristics of the brown bullhead population in 1988 were similar to

those observed in the previous two years. Age III brown bullheads belonging

to the dominant 1985 year class comprised the bulk of the population. Most of

these fish were between 210 millimeters and 250 millimeters in length
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(Fig. 3.3-5). A few larger, older brown bullheads were collected along with

one younger specimen probably spawned in 1987. Data collected during LGS-

related sampling suggest that the brown bullhead population in the Schuylkill

River is largely maintained by the infrequent production of dominant year

classes; only two such year classes (1977 and 1985) have been observed.

Reproduction in intervening years has been very limited.

Brown bullheads were most often collected from S76940 just downstream of

the LGS discharge, where CPUE was approximately three times as great as it was

at the other three stations.

Approximately 16% of brown bullheads examined in 1988 were diseased;

common afflictions included body sores and fin damage. This disease rate was

slightly less than the 21-22% rate observed over the past two years. Brown

bullheads of the 1985 year class have yet to develop tumorous growths that

were commonly seen on large, old individuals collected in the past.

Banded killifish

The 1988 seine catch of 10 banded killifish was the lowest in 12 years

of sampling and confirmed the trend in reduced abundance noted in 1987. Data

were insufficient to identify a cause for the low numbers of banded killifish

in the study area. However, with the exception of spotfin shiner and swallow-

tail shiner, the 1988 seine catches of most small species were less than

catches made in previous years.

Pumpkinseed

Of 76 pumpkinseeds collected by seine in 1988, 56 were young-of-year;

the new year class was recruited to the electrofishing gear by autumn
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(Fig. 3.3-6). Reproductive success and population abundance indices in 1988

were similar in magnitude to values obtained in 1987. This species is

noteworthy in that pumpkinseed abundance has remained more stable over time

than the abundance of most other large fishes in the Schuylkill River near LGS

(Table 3.3-12).

Pumpkinseed abundance at upstream S76310 was considerably lower than at

the three downstream stations near LGS. The observed spatial distribution was

consistent with past observations and reflected differences in habitat charac-

teristics between S79310 and the other stations.

Blackspot and copepod parasites were the most common forms of disease

affecting pumpkinseeds in the Schuylkill River. The overall disease rate in

1988 was 8% which appears normal for this population of sunfish.

Redbreast sunfish

This species is the most abundant sunfish in the Schuylkill River near

LGS. A total of 933 redbreast sunfish were collected by electrofishing in

1988 at an overall rate of 41.3 fish/hour, a rate nearly identical to the

average annual CPUE observed in the LGS preoperational period (Table 3.3-12).

An additional 209 redbreast sunfish, mostly young-of-year, were collected by

seining. Young-of-year redbreast sunfish first appeared in the July seine

collection at lengths of 11-25 millimeters. By the end of summer, many red-

breast sunfish of the 1988 year-class were recruited to the electrofishing

gear; at least four older age-groups were also present in the population,

based on the frequency distribution of lengths observed in September and Octo-

ber 1988 (Fig. 3.3-7).

Incidence of disease and parasitism among redbreast sunfish was greater

in spring than in summer or autumn, due to a higher incidence of eye flukes
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and fin damage in April 1988. Redbreast sunfish were relatively disease-free

through the remainder of the year.

Smallmouth bass

The seine catch of 24 young-of-year smallmouth bass was indicative of

moderately successful reproduction by this important species in 1988. By

autumn, most of these fish had grown in length to 80-90 millimeters. The new

year class is clearly evident as the left-most peak in the length frequency

histogram constructed for smallmouth bass collected by electrofishing in Sep-

tember and October 1988 (Fig. 3.3-8).

Relative abundance as electrofishing CPUE was greatest upstream of LGS

and least at S76940 near the discharge. Catch rates were higher in both April

and October than in other months at S79310. Catch rates rose at all stations

in October when young-of-year smallmouth bass were recruited to the elec-

trofishing gear.

Only 5% of the smallmouth bass examined in 1988 were diseased, compared

to 10% in 1987. Blackspot and damaged fins were the disease types most often

noted.

Larqemouth bass

Although common to the Schuylkill River near LGS, largemouth bass rela-

tive abundance has remained low and fairly stable before and after LGS came on

line. Three young-of-year specimens were collected by seine in 1988, while

41 largemouth bass of various sizes were taken by electrofishing at an overall

rate of 1.8 fish/hour.
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More largemouth bass were collected from the vicinity of the LGS dis-

charge than elsewhere in the study area, probably because of the abundance of

shallow, weedy habitat preferred by largemouth bass which exists on both sides

of the river near the discharge.

Of the 41 largemouth bass examined while electrofishing, none was af-

fected by any visible sign of disease.

Tessellated darter

The catches by seine of many smaller species in the Schuylkill River

near LGS were below average in 1988; only 18 tessellated darters were col-

lected which was one specimen fewer than the 19 collected by seine in 1975.

Sporadic years of low density appear characteristic of the tessellated darter

population in the Schuylkill River. This species is far more abundant in the

small tributaries which feed the Schuylkill River near LGS.

IMPINGEMENT

Introduction

Fish that have grown to a size larger than the smallest slot width

screening a water intake are not subject to entrainment within a power plant's

cooling system, but may be trapped against the screen if they cannot swim

strongly enough to escape the suction of the water intake pumps. Such entrap-

ment is called impingement and may result in a problematic increase in fish

mortality. Therefore, fish impingement at LGS has been studied in every year

since the station became operational in 1985. Objectives of the survey were

to estimate the number, size, and species of fish impinged and relate impinge-
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ment to time of year, water temperature, and river discharge. Results of the

1988 impingement survey are reported here and compared to results from pre-

vious years.

Methods

Debris from the Schuylkill River intake screen was deposited in a trash

bin which was routinely searched for impinged fish. The trash bin was checked

weekly except when Schuylkill River flow exceeded 2,000 feet 3/second, when it

was checked more frequently. The bin was checked less frequently in late sum-

mer when almost no impingement occurred for several consecutive weeks.

During each check of the trash bin, all impinged fish were sorted into

the lowest identifiable taxon, and measured-to the nearest millimeter fork

length, except for badly decomposed or physically damaged specimens. After an

accumulation of debris was searched, a plastic sheet was placed over the

debris to isolate it from the debris to be collected in the forthcoming survey

interval. This survey technique approximates a complete count of fish im-

pinged at LGS.

Impingement totals were determined and examined along with corresponding

Schuylkill River discharge, water temperature, and LGS operational status to

identify any patterns which might aid in determining when and to what degree

impingement occurs at LGS.

Results and Discussion

In 1988, 141 fish representing ten species and one additional genus were

found during the impingement survey (Table 3.3-14). This total was less than

the total number of fish impinged in any previous year; 19B8 was also the
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first year in which goldfish did not comprise the majority of impinged fish.

Instead, more alewives (39% of total) were impinged than any other species.

Although the decline in impingement of goldfish was consistent with the reduc-

tion in their population density throughout the study area, the LGS water in-

take screen was highly selective for alewife, a species not collected by sein-

ing or electrofishing in 1988. Alewives are stocked as forage in upstream im-

poundments and their presence in the Schuylkill River is probably due to

reservoir escape.

Consistent with the past, most impingement occurred in winter during the

first quarter of 1988, a time when river discharge is usually higher and water

temperature is lower than at other times of the year (Figs. 3.1-2 and 3.1-4).

In past years, the significance of impingement during warmer months

could not be fully assessed because LGS was shut down for several weeks in

succession; water withdrawal and hence the opportunity for impingement to oc-

cur were minimal at those times. In contrast, LGS operated near full-capacity

from mid-spring through summer and early autumn in 1988 and typically withdrew

13-16 x 106 gallons of water per day from the Schuylkill River. Even though

water was withdrawn throughout summer 1988, LGS impinged only nine fish.

Although the greatest number of species (at least nine) and individuals

(100) were impinged in the winter quarter, impingement was somewhat higher in

the warmer months for brown bullhead, yellow bullhead, and redbreast sunfish.

However, impingement is clearly not a problematic source of additional

mortality on fish populations in the Schuylkill River near LGS due to the low

number of fish involved.
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CONCLUSIONS

Schuylkill River fisheries studies have not detected any significant im-

pacts to the fish community near LGS attributable to plant operations. In-

spection of the 1988 results reinforces the conclusions drawn from a variety

of statistical comparisons between preoperational data and postoperational

data through 1987 which failed to show any acute, short-term effects at-

tributable to LGS (RMC Environmental Services 1988).

Despite operating continuously through spring and summer, LGS impinged

very few fish during the warmer months of 1988. This observation lends

credence to the hypothesis that impingement at LGS is a seasonal phenomenon

related to the near-shore movement of certain species during periods of high

flow and low temperature. Populations of several species that have freely

drifting eggs or larvae were also exposed to entrainment in 1988, yet success-

ful recruitment of a new year class still occurred, particularly for swallow-

tail shiner and spotfin shiner. Natural river flow and temperature conditions

probably are far more important regulators of year class formation than

entrainment at LGS, especially since the percentage of river flow withdrawn is

low. Entrainment will cease to be a mortality factor in the Schuylkill River

once LGS becomes reliant on the recently completed Point Pleasant diversion

for make-up water during the warmer months of the year.
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Table 3.3-I. Summary of the Schuylkill River seining
stations and dates, 1975 - 1988.

Station J F M A M J J A S 0 N D Total
578460 1975 X X X X X X X X X X X X 12

1976 X X X X X X X X X X X 11
1977 X X X X X X X 7

1981 X X. X X X X X X X X 10
1982 X X X X X X X X X X X 11
1983 X X x X X X X X X 9
1984 X X X X X X X X X X X 11
1985 X X X X X X X X X X X X 12
1986 X X x X X X X X X X 10
1987 X X X Y X X X X ), X X X 12
1988 X X X X X X X x x X 10

115

S77960 1975 X) X XXX X X X X X X X 12
1976 X X X X X X XXX X X 11
1977 X X X X X X X 7
1978 X X X X X X X X X X 10
1981 X X X X X X X X X X 10
1982 X X X X X X X X X X X 11
1983 X X X X X X X X X 9
1984 X XX X X X X X X X X 11
1985 X X X X X X X X X X X X 12
1986 X X X X X X X X X X 10
1987 X X X X X X X X X X X X 12
1988 X X X X X X X X X X 10

125

S77240 1975 X X X X X X X X X X X X 12
1976 X X X X X X X X X X X 11
1977 X X X X X X X 7
1978 X X X X X X X X X X 10
1981 X X X X X X X X X X 10
1982 X X X X X X X X X X X 11
1983 X X X X X X X X X 9
1984 X X X X X X X X X X X 11
1985 X X X X X X X X X X X X 12
1986 X X X X X X X X X X 10
1987 X X X X X X X X X X X X 12
1988 X X X X X X X. X X X 10

125



i~.0
Table 3.3-1. (continued)

Station J F M A M J J A S 0 N D Total

S77220 1975 X X X X X X X X X X X X 12
1976 X X X X X X X X X XX 11
1977 X X X X X _X X 7
1978 X X X X X X X X X X 10
1981 X X.X X X -X X XX X 10
1982 X X X X X X X X X X X 11
1983 X X X X X X X X X 9
1984 X X X XX X X X X X X 11
1985 X X X X X X X X X X X X 12
1986 X X X X X X X X X y 10
1987 X X X X X X X X X X X X 12
1988 X X X X x X X X X 9

124

S77010 1975 X X X X X X X X X X X X 12
1976 X X X X X X X X X X X 11
1977 X X X X X X X 7
1978 X X X X X X X X X X 10
1981 X X X X X X X X X X 10
1982 X X X X X X X X X X X 11
1983 X X X X X X X X X 9
1984 X X X X X X X X X X X 11
1985 X X X X X X X X X X X X 12
1986 X X X X X X X X X X 10
1987 X X X X X X X X X X X X 12
1988 X X X X X X X X X X 10

125

S76840 1975 X X X X X X X X X X X X 12
1976 X X X X X X X X X X X 11
1977 X X X X X X X 7
1978 X X X X X X X X X X 10
1981 X X X X X X X X X X 10
1982 X X X X X X X X X X X 11
1983 X X I X X X X X X 9
1984 X X X X X XX XX X X 11
1985 X X X X X X X X X X X X 12
1986 X I X X X X X X X X 10
1987 X X X X X X X X X X X X 12
1988 X X X X X X X X I X 10

125



0
Table 3.3-2. Summary of the Schuylkill River electrofishing

stations and dates, 1976 - 1988.

Station J F M A M J J A S 0 N D Total

S79310 1976 X X X X X X 6
1977 X X X X X X X X X X 10
1978 X X X X X X X X a
1981 X" X X X 4
1982 X X X X 4
1983 X X X X X X 6
1984 X X X X X X X 7
1985 X X X X X X 6
1986 x x X X X 5
1987 X X X x X X 6
1988 x x x x x 5

67

S77640 1976 x x x x x x 6
1977 X X X X X X X X X 9
1978 x X X X X X X X X 9
1981 X X X X 4
1982 X X X X 4
1983 X X X X X X X X X 9
1984 X X X X X X X X X X 10
1985 X X x x x X x x x x 10
1986 X X X X X X X X 8
1987 X X X X X X X X X X 10
1988 X X X X X 5

84

576940 1977 X X X X X X X X X 9
1978 X X X X X X X X X 9
1981 X X X X 4
1982 X X X X 4
1983 X X X X X X X X X 9
1984 X X X X X. X X X X X 10
1965 X X X X X X X X X 9
1986 X X X X X X X X 8
1987 X X X X X x x X X X 10
1988 X X X X X 5

77



Table 3.3-2. (continued)

Station

S76440 1976
1977
1978
1981
1982
1983
1984
1985
1986
1987
1988

J F M A M J J

X
X X XX X X

X X X X
x x
X. X

X XX
XX X X
X X x X

X X x
X X X
X X

A

X
X
X
X
X
X
X
X

X
X

S

x
X
X

x
x
X
x
x
x

0

x

x
X
X
x
X
X
X
x
x

N D

X x
x IX
X x

Total

6
10

9
4
4
6
7
7
5
6
5

69

6
9
9

24

6

14

S74365 1976
1977
1978

S72885 1976
1977

X XX XX X
X XX X XX X X X

XXX K K X XX K K

X XX XX X
X XX X XX X X



Table 3.3-3. List of fishes collected from the Schuylkill River near LGS
since 1970 and relative abundance by sampling method in 1988.

Relative abundance

Electrofishing Seining

Common name N % CPUE N %

Bowfin 0 0.0 0.00 0 0.0
American eel 12 0.3 0.53 0 0.0
Alewife 0 0.0 0.00 0 0.0
American shad 0 0.0 0.00 0 0.0
Brook trout 0 0.0 0.00 0 0.0
Brown trout 0 0.0 0.00 0 0.0
Rainbow trout 0 0.0 0.00 0 0.0
Redfin pickerel 0 0.0 0.00 0 0.0
Chain pickerel 0 0.0 0.00 0 0.0
Muskellunge 0 0.0 0.00 0 0.0
Hybrid Esox 0 0.0 0.00 0 0.0
Goldfish 420 11.2 18.60 19 0.3
Carp 104 2.8 4.61 24 0.4
Goldfish x carp 11 0.3 0.49 0 0.0
Cutlips minnow - - - 0 0.0
Golden shiner 38 1.0 1.68 15 0.2
Comely shiner - - - 4 +
Common shiner - - - 30 0.5
Spottail shiner - - - 55 0.8
Swallowtail shiner - - - 959 14.4
Spotfin shiner - - - 4,866 73.3
Bluntnose minnow - - - 1 +
Fathead minnow - - - 1 +
Blacknose dace - - 2 +
Longnose dace - - - 0 0.0
Creek chub 0 0.0 0.00 0 0.0
Fallfish 2 0.1 0.09 1 +
Quillback 34 0.9 1.51 16 0.2
White sucker 171 4.6 7.57 6 +
Creek chubsucker 0 0.0 0.00 0 0.0
White catfish 1 + 0.04 0 0.0
Yellow bullhead 348 9.3 15.41 1 +
Brown bullhead 262 7.0 11.60 2 +
Channel catfish 10 0.3 0.44 2 +
Margined madtom 0 0.0 0.00 0 0.0
Banded killifish - - - 10 0.2
Rock bass 634 16.9 28.07 45 0.7
Redbreast sunfish 933 24.9 41.31 209 3.1
Green sunfish 101 2.7 4.47 6 +
Pumpkinseed 251 6.7 11.11 76 1.1
Bluegill 64 1.7 2.83 246 3.7



Table 3.3-3. (continued)

Relative abundance

Electrofishing Seining

Common name N % CPUE N

Hybrid sunfish 2 0.1 0.09 0 0.0
Smallmouth bass 305 8.1 13.51 25 0.4
Largemouth bass 41 1.1 1.82 3 +
White crappie 3 0.1 0.13 0 0.0
Black crappie 4 0.1 0.18 0 0.0
Tessellated darter - - - 18 0.3
Walleye 0 0.0 0.00 0 0.0
Yellow perch 1 + 0.04 0 0.0

Total 3,752

- Excluded from electrofishing samples.
= Less than 0.1% of total catch.



Table 3.3-4. Total
by st

Species

Goldfish
Carp
Golden shiner
Comely shiner
Common shiner
Spottail shiner
Swallowtail shiner
Spotfin shiner
Bluntnose minnow
Fathea8 minnow
Blacknose dace
Fallfish
Ouillback
White sucker
Yellow bullhead
Brown bullhead
Channel catfish
Banded killifish
Rock bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
Tessellated darter

Total Catch
Number of Species
Number of Stations

catch and relative abundance of fishes collected by seine from the Schuylkill River
ation during 1988.

S76840
Catch

5
4
2-

2
35

782 8

8
3

34

17
2
3

6

S77010 S77220 S77240

0.6
0.4
0.2

0.2

3.9
6.4

0.1

0.1

0.9
0.3
3.8

1.9
0.2
0.3

0.7

Catch

13
2

6
5

77
962

2
1

6

28
1

13
20

1

2

% Catch

- 13
1.1 2
0.2 6

- 2
0.5 2
0.4 20
6.8 410

84.4 1396
- I

0.2
0.1

- 6
- 5

0.1 -
- 1

- 2

0.5 12
2.5 48
0.1 5
1.1 30
1.8 187
0.1 7

- 2
0.2 3

0.6
0.1
0.3
0.1
0.1
0.9

19.0
64.6

+

Catch

2
2

138
472

0.3

0.2

0.1
0.6
2.2
0.2
1.4
8.7
0,3
0.1
0.1

1
17

17

11

2

0.

0.1

0.1

0.3
0.3

20.7
70.8

0.1

0.1

0.9
2.5

0.9
1.0
1.6

0.3

S77960
Catch

5
2

3
18
63 1

172 4

5

12
671

3
30

3

2

1.3
0.5

0.8
4.7
6.3
4.4

578460
Catch %

2 0.1
2 0.1

17 1.2
8 0.6

236 17.1
1082 78.2

1.3
0.3

0.3

3.1
7.3

0.8
7.8
0.8

0.5

3

6
15

7

3

0.2

0.1

0.4
1.1

0.5

0.1
0.2

Total
Catch %

19 0.3
24 0.4
15 0.2

4 0.1
30 0.5,
55 0.8

959 14.4
4866 73.3

1 4
1 4

2 +
I +

16 0.2
6 0.1
1 +
2 +
2 .

10 0.2
45 0.7

209 3.1
6 0.1

76 1.1
246 3.7

25 0.4
3 +

18 0.3

905
15

1

1140
16

1

2160
21

1

667
14

I

387
15

1383
13

I

6642

+ = Less than 0.1%



Table 3.3-5. Monthly catch (all stations combined) of
Schuylkill River during 1988.

fishes collected by seine from the

Species

Goldfish
Carp
Golden shiner
Comely shiner
Common shiner
Spottail shiner
Swallowtail shiner
Spotfin shiner
Bluntnose minnow
Fathead minnow
Blacknose dace
Fallfish
Quillback
White sucker
Yellow bullhead
Brown bullhead
Channel catfish
Banded killifish
Rock bass
Redbreast sunfish
Green sunfish
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
Tessellated darter

Total Catch
Number of species
Number of stations

2/11
Catch

3
20

3/23
Catch

6

4/18
Catch

70

2

7

3

6/10
Catch

3
358

4

6

10

4

7/18
Catch

19
23

B

5

41
85

794

16
2
1

2
2

31
106

4
1

13

6

8/18
Catch

7
8

311
1210

5
3

31
3

54
190

7
2
1

9/12
Catch

3
1

11
1

113

1161

26

7
35

3
1
2

10/18
Catch

3
1

222
764

3

26
3
4
9

3

11/18
Catch

2
3
3

188
349

3

2
7

3

12/22
Catch

2
1

34
134

4
1

TOTAL
Catch

19
24
15
4

30
55

959
4866

1
6
2
1

2
2

10
45

209
6

76
246

25
3

18

23
2
6-

6
1
6

84
6
6

387 1162 1834 1365 1040 562
6 21 15 13 12 11
6 6 6 6 6 6

179 6642
9
5

+ = Less than 0.1%



Table 3.3-6. Annual seine catches by species of fishes from the Schuylkill River near LGS. 1975-1988.

1975 1976 1977 1978 1981 1982 1983 1984 1985 1986 1987 1988
Species Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch Catch
---------------------------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Esox hybrid - 1 - - - - - - 2 - - -
Goldfish I 3 273 3 16 1 22 - 394 26 51 19
Carp - - 3 1 - - 1 - 31 3 6 24
Cutlips minnow - 2 2 6 4 2 4 4 is 3 1 -
Golden shiner 258 274 585 58 37 11 153 12 78 25 176 15
Notropis - - 886 - - - - - - - - -

Comely shiner 91 73 16 86 47 107 43 33 44 17 38 4
Common shiner 11 38 41 84 49 16 23 13 298 70 381 30
Spottail shiner 33 346 7286 175 121 34 326 22 2166 474 1177 55
Swallowtail shiner 5025 3057 3008 6579 4465 6472 8837 2616 026 606 172 959
Spotfin shiner 3329 3283 2743 12322 10638 7990 6502 3975 1786 1301 4348 4866
8luntnose minnow 3 7 1 4 2 7 2 4 10 - 1 1
Fathead minnow - - - - - - - I - - -
Blacknose dace 4 49 11 15 4 18 15 24 56 1 9 2
Longnose dace - 5 5 2 - - - 1 - - - -
Creek chub - 7 245 3 1 1 17 5 10 2 - -
Fallfish 1 - 4 1 1 1 4 - 26 1 2 1
Oujilback - 5 4 1 - - - - 4 - 4 16
White sucker 6 227 1222 161 11 7 24 12 272 46 156 6
Creek chubsucker 1 2 2 - - - - - I - 1
White catfish - - 3 2 1 - - - - -
Yellow bullhead 2 4 5 1 1 - 2 - 37 5 9 1
Brown bullhead 8 6 1061 1 2 - 1 1 14 3 4 2
Channel catfish - - - - - 1 - - 1 - - 2
Margined madtom - I - - - - - - - - - -
Banded killifish 45 131 . 615 168 374 169 215 82 353 174 26 10
Rock bass 5 19 56 16 35 39 86 22 382 53 57 45
Lepomis - - 337 - - - - - - - 4 -
Redbreast sunfish 82 405 547 130 480 241 1094 139 2226 330 1117 209
Green sunfish 40 40 180 17 20 15 15 4 13 5 24 6
Pumpkinseed 54 44 118 48 38 43 253 18 125 37 48 76
Bluegill 16 25 11 163 3 170 44 29 53 45 108 246
Lepomis hybrid 7 1 2 2 - 3 - - 2 1 - -
Smallmouth bass - 5 1 6 9 36 23 9 190 53 99 25
Largemouth bass 5 10 - 13 6 2 10 2 3 7 9 3
White crappie 2 16 - 2 3 14 4 5 - - - -
Black crappie 13 11 1 - - - - 6 - - - -

Tessellated darter 19 118 335 234 70 38 62 69 53 27 37 18

Total Catch
Number of Species

9061 8215 19604 20304 16438 15438 17782 7108 9471 3315 8065 6642
24 30 31 29 26 24 26 25 29 24 27 26



Table 3.3-7. Annual relative abundance of target fishes from the
Schuylkill River electrofished in 1988 (+ = less than
0.1%, CPUE = fish per hour).

Species

American eel

Goldfish

Carp

Golden shiner

Fallfish

Carp x goldfish

Quillback

White sucker

White catfish

Yellow bullhead

Brown bullhead

Channel catfish

Rock bass

Catch

CPUE

Catch

CPUE

CatcM

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

5
S76440 S76940 S77640
.77 hr 5.32 hr 6.70 hr

2 1 1
0.3 0.1 0.1

0.35 0.19 0.15

49 206 117
7.7 21.4 11.3

8.49 38.72 17.46

30 33 23
4.7 3.4 2.2

5.20 6.20 3.43

5 17 16
0.8 1.8 1.5

0.87 3.20 2.39

S79310
4.80 hr

8
0.7

1 .67

48
4.3

10.00

18
1.6

3.75

0.1
0.21

3
0.3

0.63

2
0.2

0.42

83
7.4

17.29

-1

0.1
0.19

3
0.5

6
0.9

1.04

28
4.4

4.85

21
2.2

3.95

28
2.9

5.26

1
0.1

0.19

5
0.5

0.75

5
0.5

0.75

32
3.1

4.78

Total
22.58 hr

12
0.3

0.53

420
11.2

18.60

104
2.8

4.61

38
1.0

1.68

2
0.1

0.09

11
0.3

0.49

34
0.9

1.51

171
4.6

7.57

1

0.04

348
9.3

15.41

262
7.0

11.60

10
0.3

0.44

634
16.9

28.07

C

C

C

atch 51 56 96
% 8.0 5.8 9.2

CPUE 8.84 10.53 14.33

eatch 45 126 51
% 7.1 13.1 4.9

CPUE 7.80 23.68 7.61

atch 4 - 3
% 0.6 - 0.3

CPUE 0.69 - 0.45

Catch 128 143 187
% 20.2 14.9 18.0

CPUE 22.18 26.88 27.91

145
13.0

30.21

40
3.6

8.33

3
0.3

0.63

176
15.8

36.67



Table 3.3-7. (continued)

Species

Redbreast sunfish

Green sunfish

Pumpkinseed

Bluegill

Lepomis hybrid

Smallmouth bass

Largemouth bass

White crappie

Black crappie

Yellow parch

S76440 S76940 S77640 S79310
5.77 hr 5.32 hr 6.70 hr 4.BO hr

Catch 149 140 196 448
% 23.5 14.6 18.9 40.1

CPUE 25.82 26.32 29.25 93.33

Catch 8 16 51 26
% 1.3 1.7 4.9 2.3

CPUE 1.39 3.01 7.61 5.42

Catch 63 76 99 13
% 9.9 7.9 9.5 1.2

CPUE 10.92 14.29 14.78 2.71

Catch 5 25 30 4
% 0.8 2.6 2.9 0.4

CPUE 0.87 4.70 4.48 0.83

Catch I -I

% 0.2 - 0.1
CPUE 0.17 - - 0.21

Catch 49 41 120 95
% 7.7 4.3 11.5 8.5

CPUE 8.49 7.71 17.91 19.79

Catch 6 26 7 2
% 0.9 2.7 0.7 0.2

CPUE 1.04 4.89 1.04 0.42

Catch - 2 1 -
%- 0.2 0.1 -

CPUE - 0.38 0.15 -

Catch 3 1 -

% 0.5 0.1 - -
CPUE 0.52 0.19 - -

Catch - - -
% 0.1 - -

CPUE 0.19 -

Total
22.58 hr

933
24.9

41.31

101
2.7

4.47

251
6.7

11.11

64
1.7

2.83

2
0.1
0.09

305
8.1

13.51

41
1.1

1 .82

3
0.1

0.13

4
0.1

0.18

1

0.04

Catch 635
% 16.9

CPUE 110.05

961
25.6

180.64

1040
27.7

155.22

1116 3752
29.7 100.0

232.50 166.16



Table 3.3-8. Mont
Schu
1988

Species

American eel

Goldfish

hly relative abundance of target fishes from the
ylkill River electrofished at S79310 in

(+ = less than 0.1%, CPUE = fish per hour).

Apr
0.97 hrs

Jun
0.80 hrs

4
2.5
5.0

Catch

CPUE

Aug
1.07 hrs

4
1.7
3.7

21
8.8

19.6

Sep
0.97 hrs

9
3.1
9.3

Oct
1.00 hrs

7
3.7
7.0

Catch 1 10
% 0.4 6.3

CPUE 1.0 12.5

Carp

Fal If ish

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

5
2.1
5.2

8
5.0

10.0

5
2.1
4.7

1
0.5
1.0

Carp x goldfish

Quilback

White sucker

Yellow bullhead

Brown bullhead

Channel catfish

Rock bass

Redbreast sunfish

Green sunfish

1
0.6
1.3

2
0.8
1.9

Catch 25
% 10.6

CPUE 25.8

9
5.7

11.3

5
2.1
4.7

- 2
- 1.1
- 2.0

26 18
8.9 9.5

26.8 18.0

27 13
9.2 6.9

27.8 13.0

12 4
4.1 2.1

12.4 4.0

Catch 28 36 41
% 11.9 22.6 17.2

CPUE 28.9 45.0 38.3

Catch 4
% 1.7

CPUE 4.1

10
6.3

12.5

10
4.2
9.3

2
0.8
1.9

Catch

CPUE

Catch

CPUE

1
0.3
1.0

31
13.1
32.0

35
22.0
43.8

Catch 104 39
% 44.1 24.5

CPUE 107.2 48.8

37 59 14
15.5 20.1 7.4
34.6 60.8 14.0

84 127 94
35.1 43.3 49.7
78.5 130.9 94.0

11 9 4
4.6 3.1 2.1

10.3 9.3 4.0

Catch

CPUE

2
0.8
2.1



0
Table 3.3-8. (continued)

Species

Pumpkinseed

Bluegill

Lepomis hybrid

Smallmouth bass

Largemouth bass

Apr Jun Aug Sep
0.97 hrs 0.80 hrs 1.07 hrs 0.97 hrs

Catch

CPUE

Catch

CPUE

Catch

CPUE

5
2.1
4.7

1

0.4
0.9

1

0.4
0.9

9
3.8
B.4

1

0.4
0.9

3
1.0
3.1

1

0.3
1.0

Oct
1.00 hrs

5

2.6
5.0

2
1.1
2.0

Catch 36
% 15.3

CPUE 37.1

7
4.4
8.8

18 25
6.1 13.2

18.6 25.0

Catch

CPUE

1
0.3
1.0



Table 3.3-9.

Species

American eel

Monthly relative abundance of target fishes from the
Schuylkill River electrofished at S77640 in
1988 (+ = less than 0.1%, CPUE = fish per hour).

Apr
1.27 hrs

Catch I
% 0.4

CPUE 0.8

Jun
1.37 hrs

Aug
1.15 hrs

Sep
1.50 hrs

Oct
1.42 hrs

Goldfish Catch

CPUE

Catch

CPUE

36
14.6
28.3

3
1.2
2.4

16 23
6.5 15.1

11.7 20.0

19 23
10.9 10.5
12.7 16.2

Carp 11
4.4
8.0

Golden shiner

Carp x goldfish

Quillback

White sucker

Yellow bullhead

Brown bullhead

Channel catfish

Rock bass

Redbreast sunfish

Catch 2
% 0.8

CPUE 1.6

5
3.3
4.3

1

0.7
0.9

2
1.3
1.7

2
1.1

1.3

3
1.7
2.0

1

0.6
0.7

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

1
0.4
0.8

2
0.9
1.4

10
4.5
7.0

1

0.5
0.7

5
2.3
3.5

14
6.4
9.9

12
5.5
8.5

11
5.0
7.7

1

0.5
0.7

14
5.7

11.0

3
1.2
2.2

1 -

0.7
0.9

9 28
5.9 16.1
7.8 18.7

22 25
8.9 10.1

17.3 18.2

18
7.3

14.2

16
6.5

11.7

2
1.3
1.7

1

0.7
0.9

10
6.6
8.7

32
21.1
27.8

4
2.3
2.7

1

0.6
0.7

59
24.0
46.5

40
16.3
31.5

14
5.7

11.0

70
28.2
51.1

58
23.4
42.3

16 32
9.2 14.5

10.7 22.5

46
26.4
30.7

20
9.1

14.1

7
3.2
4.9

Green sunfish 7 19
2.8 12.5
5.1 16.5

4
2.3
2.7



Table 3.3-9. (continued)

Spec i es

Pumpkinseed

Bluegill

Smallmouth bass

Largemouth bass

White crappie

Apr
1.27 hrs

24
9.8

18.9

Catch

CPU E

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

Jun
1.37 hrs

29
11.7
21.2

7
2.8
5.1

Aug
1.15 hrs

4
2.6
3.5

6
3.9
5.2

Sep
1.50 hrs

20
11.5
13.3

7
4.0
4.7

Oct
1.42 hrs

22
10.0
15.5

10
4.5
7.0

12
4.9
9.4

6 36 19 47
2.4 23.7 10.9 21.4
4.4 31.3 12.7 33.1

1
0.7
0.9

3
1.7
2.0

1

0.6
0.7

3
1.4
2.1



0
Table 3.3-10. Monthly relative abundance of target fishes from the

Schuylkill River electrofished at S76940 in
1988 (+ = less than 0.1%, CPUE = fish per hour).

Species

American eel

Goldfish

Carp

Golden shiner

Fallfish

Quillback

White sucker

White catfish

Yellow bullhead

Brown bullhead

Rock bass

Redbreast sunfish

Green sunfish

Apr
1.37 hrs

Catch

CPUE -

Catch 136
% 54.2

CPUE 99.3

Catch 3
% 1.2

CPUE 2.2

Catch -

CPUE -

Catch 1
% 0.4

CPUE 0.7

Catch -

CPUE -

Catch 10
% 4.0

CPUE 7.3

Jun
0.95 hrs

Aug
1.00 hrs

Sep
1.03 hrs

1
1.0
1.0

Oct
0.97 hrs

i8
6.6

18.9

6
2.2
6.3

11 20 21
6.2 19.2 10.6

11.0 19.4 21.6

1 3 20
0.7 2.9 10.1
1.0 2.9 20.6

- 4 13
- 3.8 6.6
- 3.9 13.4

1
0.7
1.0

2
1.5
2.0

20
10.1
20.6

14
7.1

14.4

1
0.4
1.1

1
1.0
i.0

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

1
0.4
0.7

11
4.4
8.0

15
6.0

10.9

27
10.8
19.7

20 12 12 1
7.3 9.0 11.5 0.5

21.1 12.0 11.7 1.0

18 52 26 15
6.6 38.8 25.0 7.6

18..9 52.0 25.2 15.5

68 3 12 13
32.1 2.2 11.5 6.6
92.6 3.0 11.7 13.4

63 25 14 9
23.0 18.7 13.5 4.5
66.3 25.0 13.6 9.3

8 3 - 2
2.9 2.2 - 1.0
8.4 3.0 - 2.1

Catch 29
% 11.6

CPUE 21.2

Catch

CPUE

3
1.2
2.2



Table 3.3-10. (continued)

Species

Pumpkinseed

Bluegill

Smallmouth bass

Largemouth bass

White crappie

Black crappie

Yellow perch

Apr
1.37 hrs

Catch 1
% 4.4

CPUE 8.0

Catch -

CPUE -

Catch 4
% 1.6

CPUE 2.9

Jun
0.95 hrs

38
13.9
40.0

Aug
1.00 hrs

6
4.5
6.0

3
2.2
3.0

13
9.7

13.0

Sep
1.03 hrs

5
4.8
4.9

3
2.9
2.9

1
1.0
1.0

6
2.2
6.3

5
1.8
5.3

2
0.7
2.1

1

0.4
1.1

Oct
0.97 hrs

16
8.1

16.5

13
6.6

13.4

18
9.1

18.6

21
10.6
21.6

Catch

CPUE

Catch

CPUE

Catch

CPUE

Catch

CPUE

1
0.7
1.0

1

0.7
1.0

2
1.9
1.9

0.1
- 0.5
- 1.0

I
0.5
1.0



Table 3.3-11. Monthly relative abundance of target fishes from the
Schuylkill River electrofished at S76440 in
19BB (+ = less than 0.1%, CPUE = fish per hour).

Species

American eel

Goldfish

Carp

Catch

CPUE

Catch

C PU E

Catch

CPUE

Catch

CPUE

Catch

CPUE

Apr
1.50 hrs

Jun
1. 18 hrs

1

0.4
0.8

Aug
1 . 13 hrs

6
9.2
5.3

A
6.2
3.5

6 29
4.6 12.B
4.0 24.6

-11

4.8
9.3

Sep
0.80 hrs

1.8
1.3

1
1.8
1.3

Oct
1.15 hrs

7
4.5
6.1

"15

9.6
13.0

4
2.5
3.5

1
0.6
0.9

Golden shiner

Carp x goldfish

Oullback

White sucker

Yellow bullhead

Brown bullhead

Channel catfish

I
1.8
1.3

2
0.9
1.7

Catch

CPUE

Catch

CPUE

- 6
- 3.8
- 5.2

8
6.2
5.3

6
2.6
5.1

I
1.5
0.9

2
3.6
2.5

Catch 15 14 10 7
% 11.5 6.2 15.4 12.5

CPUE 10.0 11.9 8.8 8.8

11
7.0
9.6

5
3.2
4.3

9
5.7
7.8

2
1.3
1.7

Catch 5
% 3.8

CPUE 3.3

Catch I
% 0.8

CPUE 0.7

4 7 20
i . 10.8 35.7
3.4 6.2 25.0

01 .5
0.9

Rock bass

Redbreast sunfish

Green sunfish

Catch

CPUE

Catch

CPUE

Catch

CPUE

40 53
30.8 23.3
26.7 44.9

38
29.2
25.3

1
0.8
0.7

75 16 6
33.0 24.6 10.7
63.6 14.2 7.5

14
8.9

12.2

2
1.3
t.7

6 7 22
9.2 12.5 14.0
5.3 8.8 19.1

4
1.8
3.4

1
1.5
0.9



0
Table 3.3-11. (continued)

Species

Pumpkinseed

Bluegill

Lepomis hybrid

Smailmouth bass

Largemouth bass

Black crappie

Apr
1.50 hrs

9
6.9
6.0

Catch

CPUE

Catch

CPUE

Catch

CPUE

Jun
1.18 hrs

13
5.7

11.0

Aug
1. 13 hrs

5
7.7
4.4

Sep Oct
0.80 hrs 1.15 hrs

6 30
10.7 19.1
7.5 26.1

1
0.4
0.8

1

0.4
0.8

4
7.1
5.0

Catch 7
% 5.4

CPUE 4.7

Catch -

CPUE

Catch

CPUE

12 8
5.3 12.3

10.2 7.1

1
1.8
1.3

21
13.4
18.3

5
3.2
4.3

I
0.4
0.8

- 3
- 1.9
- 2.6



Table 3.3-12. Annual catch-per-unit-effort (CPUE) statistics compiled for
the more abundant fishes collected by electrofishing in the
Schuylkill River near LGS, 1976-1988.

Preoperational period Postoperational period
1976-1978, 1981-1984 1985 1986 1987 1988

Minimum Average Maximum Total Total Total Total
Species CPUE CPUE CPUE CPUE CPUE CPUE CPUE

American eel 0.9 1.6 2.6 0.9 0.6 0.2 0.5

Goldfish 7.4 21.3 46.0 125.3 192.5 29.6 18.6

Carp 0.5 3.8 17.1 10.0 14.8 3.6 4.6

Golden shiner 1.0 3.2 6.2 1.4 2.0 4.2 1.7

White sucker 16.2 26.4 37.5 17.8 21.2 11.4 7.6

Yellow bullhead 0.9 4.5 7.0 22.6 21.3 14.8 15.4

Brown bullhead 3.5 12.4 27.4 12.6 13.0 12.3 11.6

Rock bass 1.5 5.5 10.6 11.4 31.3 32.0 28.1

Redbreast sunfish 22.3 41.1 87.1 17.5 39.5 26.5 41.3

Green sunfish 1.3 3.4 7.3 1.6 3.9 2.7 4.5

Pumpkinseed 9.1 14.0 17.9 8.0 12.3 14.6 11.1

Smallmouth bass 0.6 4.7 8.1 11.3 11.7 12.7 13.5

Largemouth bass 0.3 1.0 2.0 0.2 0.9 1.6 1.8



Table 3.3-13. List of representative important fish species of the
Schuylkill River.

Common name Scientific name

Freshwater eel family Anguillidae
American eel Anguilla rostrata

Herring family Clupeldae
American shad Alos sapidissima

Pike family Esocidae
Muskellunge Esox masguinongy

Minnow family Cyprinidae
Goldfish Carassius auratus
Swallowtail shiner Notroois procne
Spotfin shiner Notropis spilopterus

Sucker family Catostomidae
White sucker Catostomus commersoni

Freshwater catfish family Ictaluridae
Brown bullhead Ictalurus nebulosus

Killifish family Cyprinodontidae
Banded killifish Fundulus diaphanus

Sunfish family Centrarchidae
Redbreast sunfish Leoomis auritus
Pumpkinseed LeDomis aibbosus
Largemouth bass Micropterus salmoides
Smallmouth bass 1  Micropterus dolomieui

Perch family Percidae
Tessellated darter Etheostoma olmstedi

INot considered in EROL, see RMC Environmental Services (1984).



Table 3.3-14. Number of fish by
survey by quarter

species found during the LGS impingement
in 1988.

Winter Spring Summer Autumn
January- April- July- October-

Species March June September December Total

Alewife 55 - - - 55

Goldfish 10 3 - - 13

Unidentified minnow 3 - - - 3

White sucker - 2 - - 2

Brown bullhead 4 6 - 1 11

Yellow bullhead 2 7 1 - 11

Unidentified catfish 7 - - -7

Rock bass 3 3 - - 6

Redbreast sunfish 4 5 6 1 16

Pumpkinseed 2 1 - - 3

Unidentified sunfish 1 - - 2

Smallmouth bass 4 - - - 4

Black crappie - 1 - - 1

Unidentified fish 5 2 1 - 8

Total 100 31 9 2 142



COUNTY

CHESTER COUNTY

0 ds IKM.

SCALE IN KILOMETERS

RM~~EN=VJRONMENVTAL SERVICES/AREA

FIGURE 3.3-1 LOCATION OF SCHUYLKILL RIVER SEINE STATIONS, 1988.



COUNTY

CHESTER COUNTY

0 0.5 !KM.

SCALE IN KILOMdETERS

AREA
RMCENVIRONMENTAL SERVICES

FIGURE 3.3-2 LOCATION OF SCHUYLKILL RIVER ELECTROFISHING STATIONS, 1988.



SCHUVLKI RIVER LENGTH-FREQUENCY ANALYSIS
GOLDFISH DURING 198B
MONTHS=SEP + OCT
SEP-OCT LENGTH FREQUENCY HISTOGRAMS
POOLED OVER ALL METERS

SPECIES=CA RIV=S YEAR=1988

FREQUENCY BAR CHART
FREQUENCY

35 + **
I **

{ **

30 ** I **

30 **
J **

25 +**

I 45**

25 5 **

I **** * 4.

J *~~* 4 ** .4

J * *4 4.4.4

20 **** *4 * 4' 5*

15 + *4 4*

I I I I I 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0

LEN MIDPOINT

Figure 3.3-3. Length-frequency distribution of goldfish collected from the Schuylkill River, September-October 1988.



SCHUYLKILL RIVER LENGTH-FREQUENCY ANALYSIS
WHITE SUCKER DURING 1988
MONTHS=SEP + OCT
SEP-OCT LENGTH FREQUENCY HISTOGRAMS
POOLED OVER ALL METERS

SPECIES=CC RIv=S YEAR=1988

FREQUENCY BAR CHART
FREQUENCY

10

17 4

16

15-

14 +

13

12 +

11 4

9 +

*4,

4*

4* 0

4*e 4*4

44 *4t

t44

4*l

4*¢

44l

+

*4

*4~

4*J

*4k

*4t

*4t

44

44k

*4~

4*

*4t

*4

4*

44

*4

a I4*

7 +

I*4 4 * 4 * *4 *4

5.+ 44 *4 4* 4* *4 *4

44 4* 4* *e 4 44 4*

I I I I 1 1 1 1 * 1 2.2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3
0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LEN MIDPOINT

Figure 3.3-4. Length-frequency distribution of white sucker collected from the Schuylkill River, September-October 1988.



0.
SCHUYLKILL RIVER LENGTH-FREQUENCY ANALYSIS
BROWN BULLHEAD DURING 1988
MONTHS=SEP + OCT
SEP-OCT LENGTH FREQUENCY HISTOGRAMS
POOLED OVER ALL METERS

SPECIES=BB RIV=S YEAR=1988

FREQUENCY BAR CHART
FREQUENCY

22 4

21 4

20

19 +

17 +

'6 4

154

14 +

13 4

12 +

11 4

10 +

9 +

8 +

74

*4

*/4

•4

o4

4* t

*4

*4

*4

44

t4*

*4

*4

4*

•4

/4*

4*i

*4/

4*

*4o

*4

4*

t44

*8

4*O

t4*

*8

4*i

4*/

$8*

4*/

44•

/44

44

t48

s*

*4e

*4$

*$

*44

$4*

*4/

44

44/

•4

4*l

$44

*4i

s4*

44/

4*c

4*/

4*i

4*t

8*!

44/

4*$
4$

4*l

*4$

5+ *4 *4 44 4 * 44
4/ * i */4 *t4 *4i 4*/

5+44 44i 44/ *4O /4* *4• 4

4+ *4 40/4 *4 4*/ 44/ 4 *4/ /
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Figure 3.3-5. Length-frequency distribution of brown bullhead collected from the Schuylkill River, September-
October 1988.
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Figure 3.3-6. Length-frequency distribution of pumpkinseed collected from the Schuylkill River, September-October 1988.
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Figure 3.3-7. Length-frequency distribution of redbreast sunfish collected from the Schuylkill River, September-
October 1988.
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Figure 3.3-8. Length-frequency distribution of smalimouth bass collected from the Schuylkill River, September-
October 1988.



4.0 Asiatic Clam

INTRODUCTION AND METHODS

The distribution of Asiatic clam (Corbicula fluminea) in the Delaware

River, Schuylkill River, and Perkiomen Creek has been surveyed annually since

1982. The results are used to assess the potential threat of this water

system-fouling species to PECo generating stations, particularly Limerick Gen-

erating Station (LGS), and are reported in this document and in previous an-

nual reports (RMC Environmental Services 1984, 1985, 1986, 1987 and 1988).

Study areas for both the Schuylkill River and the Delaware River were

extended several miles upstream in 1988. Acting on a tip from the Norristown

office of the Pennsylvania Department of Environmental Resources, the Delaware

River study area was extended to Martins Creek, approximately 37 river miles

upstream of the intake of the Point Pleasant Diversion. Based on the un-

expected discovery of Corbicula throughout nearly this entire reach, it was

deemed prudent to extend the Schuylkill River study area well above LGS. The

Perkiomen Creek study area remained the same.

Methods employed were the same as used previously. Stations established

at less than 10 mile intervals in each stream were sampled for the presence of

Corbicula. At locations where water depth permitted, the river or stream bot-

tom was visually scanned for Corbicula shells. Substrate samples were col-

lected at all stations, washed through a 3.2 mm mesh sieve, and inspected for

Corbicula.

RESULTS AND DISCUSSION

Sampling in 1988 established continued presence of Corbicula in the Del-

aware River and extended the known range of infestation to a point approxi-
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mately 6 miles upstream of Easton, Pennsylvania (Table 4.0-1). Specimens were

collected in close proximity to the Point Pleasant Diversion intake. Cor-

bicula was found as far upstream as Sandt's Eddy (river mile 189.2) and as far

downstream as Delaware Generating Station (river mile 101.1).

The average shell length of the specimens collected in the Delaware

River in 1988 was 12 mm. Very few clams with shell lengths greater than 20 mm

were collected. The largest specimens were collected at Upper Black Eddy

(river mile 167.6), the Yardley Boat Ramp (river mile 138.4), and the Tacony

Palmyra Bridge (river mile 107.1). Very few of the specimens collected

retained larvae in their gills. This may be associated with immaturity or the

time of year when the samples were collected.

The Delaware River range extension of nearly 45 miles upstream of that

observed in 1987 was unexpected. Small numbers were collected, most of them

in the size range less than 14 mm, an indication that the population probably

was established within the past two years. This discovery highlights how

quickly the species can spread.

In the Schuylkill River, Corbicula did not extend its range of distribu-

tion upstream of Black Rock Pool (river mile 38.0), 2 miles and 10 miles

downstream of Cromby Generating Station (CGS) and LGS, respectively

(Table 4.0-2). Relative population density appeared to remain low in the

pool, but could increase rapidly in the future. Stations downstream of

Fairmount Dam yielded no live CorbJcula.

In an effort to locate any Corbicula populations that may exist upstream

of LGS, additional stations as far upstream as Auburn, Pennsylvania (river

mile 109.2) were sampled in the Schuylkill River and its major tributaries,

but no area infested with Corbicula was found upstream.
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Shell lengths of specimens collected in the Schuylkill River were larger

than those collected in the Delaware River; shell lengths greater than 20 mm

were common. Most of these larger Corbicula retained larvae in their gills.

The sample station located at the upstream tip of Barbadoes Island (river mile

25.2) appears to have the highest density of Corbicula.

Corbicula was not collected in the Perkiomen Creek (Table 4.0-3), nor

was it observed in benthic macroinvertebrate samples collected in the East

Branch Perkiomen Creek.
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Table 4.0-1. Presence/absence of Corbicula in the Delaware River, 1982-1988.

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

Martins Creek
(194.2) 37.0 0

Sandts Eddy
(189.2) 32.0 X

Easton (Front Street)
(183.9) 26.7 0

Raubsville
(177.1) 19.9 X

Fry Run
(176.6) 19.4 X

Narrowsville
(169.5) 12.3 0

Upper Black Eddy
(167.6) 10.4 X

Upper Black Eddy/
Tinicum Park
(166.0) 8.8 0

Kingsman Access, NJ
(162.9) 5.7 x

Tinicum Park
(162.9) 5.7 X

Point Pleasant
canoe livery
(157.2) 0.0 0 0 0 0 0 0 X

Key to Tables 4.0-1 to 4.0-3

X - Corbicula present
0 - Corbicula not found
Blank - no sample taken



Table 4.0-1 (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

Bulls Island
Access Area
(156.8)

Canal Park Footbridge,
Lumberville, NJ
(155.4)

PA Rt. 263 Bridge,
Center Bridge, PA
(151.9)

PA Rt. 179 Bridge,
New Hope, PA
(148.7)

Washington Crossing
State Park
(146.0)

100 yds. above
PA Rt. 532 Bridge
(142.0)

Boat ramp,
Yardley, PA
(138.4)

Water treatment plant,
Morrisville, NJ
(134.0)

South tip
Newbold Island
(124.9)

Burlington
Generating Station
(117.0)

Rancocas
Creek Mouth
(111.0)

0.4

1.8

5.3

8.5

x

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 X

0 0 X X X 0

0 0 X X X X 0

0 X X X X X X

11.2

15.2

18.8

23.2

32.3

40.2

x x x x x

x x x x x x

x x x x x x

x x x x46.1 X X



Table 4.0-1 (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

Tacony
Palmyra Bridge
(107.1)

Betsy
Ross Bridge
(104.8)

50.1

52.4

52.8

0 X 0 X X X

0 X X 0 0 X 0

Richmond
Generating Station
(104.4)

Northern tip
Petty Island
(103.2)

Delaware
Generating Station
(101.1)

Benjamin
Franklin Bridge
(100.2)

Southwark
Generating Station
(97.5)

Buoy
46A
(95.0)

Schuylkill River
mouth
(92.5)

0 0 0 0 0 0

54.0

56.1

57.0

59.7

62.2

64.7

0 0 X 0 0 0 0

0 0 0 0 0 X

0 X 0 X 0 0

0 0 0 0 0 0

0 X 0 0 0

0 X X 0 0 0 0

Paulsboro,
NJ
(90.0) 67.2 0 0 0 0

North tip
Tinicum Island
(87.5) 69.7 0 x x 0 0 0



Table 4.0-1 (continued)

Distance from
Location Point Pleasant

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

North tip
Mond's Island
(85.6) 71.6 0 0 0 0

Eddystone
Generating Station
(84.3) 72.9 X X 0 0 0

Above Commodore
Barry Bridge
(81.8) 75.4 X X 0 0 0



Table 4.0-2. Presence/absence of Corbicula in the Schuylkill River, 1982-1988.

Location
(river mile)

Rt. 895 Bridge
Auburn, PA
(109.2)

Mouth of Bear Creek
(108.0)

Little Schuyl kill
River mouth
(102.1)

Kernsville Dam/
Rt. 22 Overpass
(98.6)

Five Points Road
(95.7)

Bridge to Centerport
(92.6)

Leesport Canoe Launch
(86.7)

Abandoned Bridge
(85.9)

Epler Access
(Felix Dam)
(81.8)

Downstream of Penn St.
Bridge, Reading, PA
(75.5)

Reading Water
Treatment Plant
(72.8)

Titus Station
(71.0)

Distance from
LGS

(miles) 1982 1983 1984 1985 1986 1987 1988

61.2

60.0

54.1

50.6

47.7

44.6

38.7

37.9

0

0

0

0

0

0

0

0

33.8 0

027.5

24.8

23.0

0

0



Table 4.0-2 (continued)

Distance from
Location LGS

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

Reading Bone
Fertilizer
(70.5)

Old River Road
(68.5)

Bridge at
Gibraltar
(67.3)

Rt. 82 Bridge,
(63.4)

Monocacy Bridge
(61.0)

Rt. 100 Bridge
(56.6)

Hanover Street Bridge,
Pottstown, PA
(53.5)

Limerick
Generating Station
(48.0)

Vincent
Dam
(44.7)

Main Street,
Spring City, PA
(42.1)

0.25 m1. above Cromby
Generating Station (CGS)
(40.3)

22.5

20.5

19.3

15.4

13.0

8.6

5.5

0.0

3.3

5.9

0

0

0

0

0

0

0

0 0 0 0 0 0 0

0

0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0 07.7



Table 4.0-2 (continued)

Distance from
Location LGS

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

Adjacent
to CGS
(40.0)

0.25 mi.
below CGS
(39.8)

8.0

8.2

0 0 0 0 0 0

0 0 0 0 0 0

0 0 0 0 0 0

Water treatment plant
Phoenixville, PA
(38.2)

PA Rt. 113 Bridge,
Phoenixville, PA
(38.0)

Black
Rock Dam
(36.6)

PA Rt. 29 Bridge,
Phoenixville, PA
(35.6)

Pawlings Road Bridge,
Phoenixville, PA
(31.0)

0.5 mi. above
Betzwood Bridge
(28.8)

North tip
Barbadoes Island
(25.2)

U.S. Rt. 202 Bridge,
Norristown, PA
(24.3)

Norristown
Dam
(24.0)

9.8

10.0

11.4

12.4

0 0 0 0 0 X X

0 0 X X X X

0 X X X X

17.0 0 0 0 X X

19.2

22.8

X X X X X

X X X X X X

X X X X X

X X X X X X

23.7

24.0



Table 4.0-2 (continued)

Distance from
Location LGS

(river mile) (miles) 1982 1983 1984 1985 1986 1987 1988

1-276 Bridge,
Swedesburg, PA
(22.5)

Plymouth
Dam
(20.7)

Near Montgomery/Phila-
delphia County line
(17.0)

25.5

28.0

31.0

x

x

x x x x

x x x x

x x x x

x x x x

x

West of Green
Lane Bridge
(14.0)

Pencoyd
Bridge
(12.6)

Strawberry
Mansion Bridge
(11.0)

34.0

35.4

37.0

x

x X 0 X

x

Fairmount
Dam
(8.5)

Schuylkill Generating
Station (SGS)
(6.5)

Schuylkill
River mouth
(0.0)

x x x x

X 0 0 039.5

41.5

x x

0 X X 0 0 0 0

0 X X 0 0 0 048.0



Table 4.0-3. Presence/absence of Corbicula in the Perkiomen Creek, 1983-1988.

Location (river mile) 1983 1984 1985 1986 1987 1988

Schwenksville Road
(12.0) 0 0 0 0 0 0

PA Rt. 73
(11.3) 0 0 0 0 0 0

Ott's Road
(10.5) 0 0 0 0 0 0

Graterford Road
(9.3) 0 0 0 0 0 0

PA Rt. 113
(7.3) 0 0 0 0 0 0

Collegeville Dam
(6.5) 0 0 0 0 0 0

Yerkes Road
(4.5) 0 0 0 0 0 0

Indian Road Dam
(2.3) 0 0 0 0 0 0

Egypt Road
(1.5) 0 0 0 0 0 0

Below Wetherill's Dam
(0.8) 0 0 0 0 0 0



5.0 Cooling Tower Bird Mortality

INTRODUCTION AND METHODS

Tall man-made structures such as the LGS cooling towers are potentially

lethal obstructions to migrating birds. This was identified early in the en-

vironmental impact review process for LGS (US AEC 1973).

Observations of bird mortality at the LGS cooling towers, initiated in

the fall of 1981 (RMC Environmental Services 1984), have been continued an-

nually during the spring and fall migration periods. Regular visits at

0700-0900 hours were made to both cooling towers on weekdays from April

through June and from August through October 1987 and August through October

1988. In recent years, substantially lower numbers of birds were collected

during the spring migrations, and in 1988 the spring monitoring period was

discontinued and only the fall migration was monitored.

The procedure consisted of examining the concrete decking adjacent to

the vertical tower surface where the bird specimens collect after impact. The

collected specimens were examined for probable cause of death and locations

with respect to the towers were recorded. Other bird activity, evidence of

scavenging by crows, and weather conditions were noted. All specimens were

identified and then transferred to the Academy of Natural Sciences of Phila-

delphia.

RESULTS AND DISCUSSION

A total of 27 birds representing 7 species was found during the 1987

spring and fall monitoring periods; in 1988, 15 species comprising

40 specimens were collected (Table 5.0-1). No waterfowl nor any endangered
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or threatened species were collected in either year. Vireos accounted for the

majority of bird specimens collected during both years.

In 1987, the scavenging activity by common crows that had been observed

previously (RMC Environmental Services 1985) increased with the increase of

construction activity around the cooling towers. Food scraps discarded from

workmen's lunches apparently attracted the crows, which then opportunistically

fed on any bird carcasses that they encountered.

In 1988, scavenging activity occurred with less frequency, which cor-

responded with a decrease in construction activity. Consequently, fewer

specimens were disturbed by crows, which we assume led to an increase in the

number collected.

The overall number of bird mortalities for both years (27 in 1987; 40 in

1988) is an unknown, but undoubtedly miniscule fraction of the number of birds

migrating through the LGS vicinity.
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Table 5.0-1. Birds collected at LGS Cooling Towers in 1987 and 1988.

1987 May August September October
Common Name1  4 u5 u7 2 3 22 23 13 19 Total

Golden-crowned kinglet 1 1
Solitary vireo 2 1 3
Red-eyed vireo 2 1 4 2 5 1 15
Black-throated green warbler 1 1 2
Black and white warbler 1 1
Common yellowthroat 1 1 1 3
Canada warbler 1 1
Unidentified' 1 1
Total 2 2 1 7 1 2 1 9 1 1 27

1988 August September October
Common Name2 9 6 12 14 16 22 29 12 13 17 19 Total

White-eyed vireo 1 1
Solitary vireo 1 1 1 3
Yellow-throated vireo 1 1
Philadelphia vireo 2 1 3
Red-eyed vireo 1 8 9 19
Tennessee warbler 1 1
Northern parula 1 I
Chestnut-sided warbler I I
Black-throated blue warbler 1 1
Blact-throated green warbler 1 1
Black burnian warbler 1 1
Bay-breasted warbler 1 1 1 3
American redstart 1 1
Ovenbird 2 2
Common yellowthroat 1 1
Total 1 9 11 2 1 10 1 2 1 1 1 40

'Common names are from the American2Disposed of 4 January 1988.
Ornitholoqist Union Checklist of North American Birds, Sixth Edition, 1983.
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E2-13: Enclosure 2: Aquatic Ecology, item K

Describe any aquatic surveys conducted at the Bradshaw Reservoir, the Wadesville
Mine Pool and discharge channel, Bedminster Water Processing Facility, and the Still
Creek Reservoir. For example, submit for docketing the response to information need
(AQ-2 from the Audit Information Needs).

Exelon Response

The Bradshaw Reservoir is an upland man-made structure, owned and operated by
Exelon Generation. It is classified by the PADEP as an industrial wastewater treatment
facility. As such, water quality standards do not apply within the Bradshaw Reservoir,
and the NPDES Permit #PA 0052221 requires no aquatic surveys within the reservoir.
Water quality limitations established in the NPDES permit apply at the outfall to the East
Branch Perkiomen Creek. The Delaware River Basin Commission (DRBC) Docket No.
D-79-52 CP, which approved reservoir construction and operation, also requires no
aquatic surveys within the reservoir.

The Wadesville Mine, owned by Reading Anthracite Company, includes an underground
reservoir or pool of water stored in a network of shafts associated with historic coal
mining activities. Other than water quality testing of the mine pool discharge, as
required by NPDES permits and DRBC project approval, no aquatic surveys are
required for the mine pool or discharge channel. Aquatic surveys were conducted
downstream (Norwegian Creek, Schuylkill River) in accordance with DRBC monitoring
requirements associated with the Schuylkill River Augmentation Demonstration Project
started in 2003.

The Bedminster Water Processing Facility consists of a package system that produces
ozone and conveys it into a series of below ground mixing chambers to provide sufficient
contact time with the water flowing through the transmission main. The water essentially
flows through the facility with no aquatic component that could be surveyed.

The Still Creek Reservoir, owned and operated by the Tamaqua Borough Authority (now
Tamaqua Area Water Authority) was in operation for public water supply prior to the
construction of LGS. The reservoir had already been releasing water into Still Creek,
which joins into the Little Schuylkill River. No aquatic surveys associated with Still Creek
Reservoir releases to Still Creek were required relating to the Exelon Generation
contract with TAWA for water storage and release. Aquatic surveys were conducted
downstream (Little Schuylkill River) in accordance with DRBC monitoring requirements
associated with the Schuylkill River Augmentation Demonstration Project started in
2003.



E2-14: Enclosure 2: Aquatic Ecology, item L

Describe the frequency that water is withdrawn from the Schuylkill River compared to
other sources. For example, submit for docketing the response to information need (AQ-
3 from the Audit Information Needs).

Exelon Response

Before 2003 (when a DRBC-sponsored demonstration project was undertaken at the
request of Exelon Generation), the frequency of withdrawal from the approved sources
was approximately 50% of consumptive use and 100% of non-consumptive use from the
Schuylkill River, 4% of consumptive use from Perkiomen Creek natural flow, and 46% of
consumptive use from Perkiomen Creek supplemented by water diverted from the
Delaware River.

Since implementation of the Wadesville Mine Pool demonstration project in 2003, the
frequency of withdrawal has shifted more toward the Schuylkill River, a trend that is
expected to continue into the future, predicated on DRBC approval of LGS's docket
revision. The percent of the time that consumptive use water will be withdrawn from the
Schuylkill River in the future has not been quantified, but is expected to be greater
compared to the pre-demonstration project years.



E2-15: Enclosure 2: Aquatic Ecology, item M

Describe the intake velocity, traveling screens, and any other operational procedures or
structural designs that limit impingement and entrainment at the Point Pleasant Pumping
Station on the Delaware River or at the pumping stations on the Bradshaw Reservoir,
Still Creek Reservoir, or Wadesville Mine Pool. For example, submit for docketing the
response to information need (AQ-5 from the Audit Information Needs).

Exelon Response

The Point Pleasant Pumping Station intake (owned and operated by Forest Park Water
Authority) consists of two rows of fixed cylindrical wedge-wire screens placed in deep
water near mid-channel in the Delaware River. Each row contains 12 screens with each
screen sized at 40-inches diameter and 80-inches of total screened length. The size of
the screen openings is 2 millimeters. As stated in Section 5.3.3.2 of the LGS Final
Environmental Statement of 1984 (NRC, 1984), the average intake velocity at the
maximum pumping rate of 95 mgd is 0.35 feet per second.

The Bradshaw Reservoir Pumping Station withdraws water from the reservoir using no
designs that limit impingement and entrainment. As part of an industrial wastewater
treatment facility, the Bradshaw Reservoir serves a water transfer function not intended
to support aquatic biota.

The Wadesville Mine Pool is located inside the Wadesville Mine several hundred feet
below grade elevation. Pumps installed in a vertical mine shaft facilitate removal of
water from the mine via the pool, and there are no design features that limit impingement
and entrainment. Conditions in an underground mine pool such as at Wadesville are not
conducive for aquatic life.

Water in the Still Creek Reservoir (owned and operated by the Tamaqua Borough
Authority - now Tamaqua Area Water Authority) is released by hydrostatic head through
two pipelines that penetrate the dam; the water flows through an energy dissipater and
into Still Creek. There is no pumping station at this facility and no design features that
limit impingement or entrainment.

It should be noted that, as stated in section 2.1.2 in the LGS License Renewal
Environmental Report, the Wadesville Mine Pool, Pumphouse, and discharge channel,
as well as the Still Creek Reservoir and the Point Pleasant Pumping Station and
combined transmission main to the Bradshaw Reservoir, are facilities and components
of the LGS makeup water supply system not owned or controlled by Exelon Generation.
Exelon Generation has contractual arrangements with the respective owners of these
facilities for services to supply water on behalf of LGS. None of these facilities is subject
to requirements applicable to cooling water intake structures for Phase II existing
facilities under Section 316(b) of the Clean Water Act. The Bradshaw Reservoir is
classified by the PADEP as an industrial wastewater treatment facility (NPDES Permit
PA 0052221). Hence, its pumphouse intake structure also is not subject to requirements
applicable to cooling water intake structures for Phase II existing facilities under Section
316(b) of the Clean Water Act.



E2-16: Enclosure 2: Aquatic Ecoloqy, item N

Describe any impingement or entrainment studies conducted at the Schuylkill or
Perkiomen Pumphouse or at the intakes on the Delaware River or the East Branch
Perkiomen Creek. For example, submit for docketing the response to information need
(AQ-6 from the Audit Information Needs).

Exelon Response

Schuylkill or Pumphouse or Perkiomen Pumphouse

Impingement sampling at the Schuylkill Pumphouse was conducted starting in 1985,
soon after LGS-came on line, until 1988, as described in Section 3.3 of Non-Radiological
Environmental Monitoring for Limerick Generating Station for 1988 (RMC, 1989).

No impingement study was performed at the Perkiomen Pumphouse due to the intake
design. The Perkiomen intake structure consists of a series of 15 fixed cylindrical
slotted (wedge-wire) screens submerged at mid-stream. Each screen is sized at 24-
inches diameter and 72-inches in length. The size of the screen openings is 2
millimeters. The maximum through-slot velocity is less than 0.5 feet per second. This
low intake velocity combined with sufficient bypass current velocity enables fish to avoid
becoming impinged on the screens.

What would be entrained at both pumphouses was inferred from in-stream biological
sampling of the eggs and larvae of fish. No entrainment sampling was done to
determine what was being withdrawn from the streams into the intakes.

Point Pleasant Pumpina Station (Delaware River)

The Point Pleasant Pumping Station intake structure consists of two rows of fixed
cylindrical wedge-wire screens placed in deep water near mid-channel in the Delaware
River. Each row contains 12 screens with each screen sized at 40-inches diameter and
80-inches of total screened length. The size of the screen openings is 2 millimeters.

During the first year of post-diversion operation (1989), the presence of a relatively
healthy, diverse aquatic community that was typical of large warm water rivers in the
mid-Atlantic region was documented (RMC, 1990). In addition, it was determined that
the amount of river flow withdrawn had resulted in negligible changes to physical habitat
and flow regimes in the Delaware River. Hence, based on these conclusions and the
fact that the design of the Point Pleasant Pumping Station intake structure represented
state-of-the-art technology for minimizing impingement, it was determined that the
likelihood of detecting effects of water withdrawal and slight river flow changes were
small, and no subsequent fish sampling in the Delaware River was required.
(Normandeau, 1995) [Normandeau Associates RMC Environmental Services Division,
1995. NPDES Permit PA-0052221, Aquatic Biology Assessment IV, Response to
Special Condition K, Part C, Biennial Report 1993-1994 Monitoring Period. July.]

In 1990, an entrainment study by Environmental Research and Consulting, Inc. (ERC
1991. Post-Operational Ichthyoplankton Studies for the Point Pleasant Pumping Station.
Report prepared for County of Bucks, Pennsylvania.) documented the effectiveness of
intake screens for minimizing entrainment of fish eggs and larvae. RMC (1991).



[NPDES Permit PA-0052221 Aquatic Biology Assessment II, Response to Special
Condition K, Part C, Report for the Second Year of Project Operation (1990). November
1991.] used the results of the entrainment study to estimate total ichthyoplankton
entrainment during 1990, the first complete year of operation of the Delaware River
diversion project during which maximum pumping rates were sustained. These
estimates agreed with the anticipated effects of water withdrawal on the Delaware River
ecosystem based on pre-diversion ichthyoplankton monitoring. Increased mortality of
fishes due to entrainment was not significant from a population dynamics view point for
any species entrained. Furthermore, the low volume of flow withdrawn and the ability to
provide make-up water by releases from the Merrill Creek Reservoir upstream were
determined to minimize potential effects from flow regime alteration, particularly changes
in water quality and habitat characteristics. Based on such conclusions, no Delaware
River ichthyoplankton monitoring was conducted after 1990. [RMC Environmental
Services, Ind., 1994. NPDES Permit PA-0052221 Aquatic Biology Assessment III, 1991-
1992, Section 6.0, "Delaware River Ichthyoplankton, Fish, and Benthic
Macroinvertebrate Studies" at page 6-1. March.]

East Branch Perkiomen Creek

No impingement or entrainment studies were conducted at the East Branch Perkiomen
Creek because there is no intake structure located along this stream.



E2-17: Enclosure 2: Aquatic Ecolocqv, item 0

Describe the extent of a thermal plume as a result of discharges to the Schuylkill River. For
example, submit for docketing the response to information need (AQ-7 from the Audit
Information Needs).

Exelon Response

The response to information need AQ-7 was as follows:
Studies examining the thermal plume from LGS discharges to the Schuylkill River are identified
in the LGS Environmental Report - Operating License Stage of 1984 and NRC's Final
Environmental Statement of 1984.

Exelon Generation is currently conducting an updated thermal modeling analysis of the
discharge from LGS to the Schuylkill River. The study relies on the Cornell Mixing Zone Expert
System (CORMIX) 2 model and will produce an updated analysis for relevant scenarios to
demonstrate compliance with applicable Delaware River Basin Commission (DRBC) water
quality regulations. The results will support ongoing development of a revised, consolidated
DRBC docket for LGS.

Updated information is provided as follows:
The cooling tower blowdown water from each unit's cooling tower is combined and discharged
into the Schuylkill River through a submerged multi-port diffuser pipe, which is designed to
rapidly diffuse the heat and limit the mixing zone size. Characteristics of the diffused discharge
include:

* Thel41-foot long header is on the east channel which distributes the discharge across
the entire east channel.

* There are 283 nozzles, each 1.25-inch diameter, installed 6 inches apart for rapid mixing
and a rapid decline in plume centerline temperature within 50 feet.

* The nozzles are tilted approximately 200 up from the horizontal and installed 3 inches
above the riverbed to provide a positively buoyant discharge near the bottom of the
channel, thus utilizing the entire water column.

* The header is slightly tilted towards the east bank (instead of the main channel), thus the
thermal plume mixes with the west channel after the initial 50-foot mixing length,
providing a zone of passage on the west side

The NRC Final Environmental Statement (FES) for the operation of LGS states that the
predicted downstream temperature rise is normally less than 2.8 'C (5 'F). Consistent with the
FES statement, the Pennsylvania Department of Environmental Protection (PADEP) requires in
the current LGS NPDES permit that, with respect to the thermal impact of the discharge, the
effluent shall not cause more than a 5°F rise above the Schuylkill River ambient temperature
until stream temperature reaches 87°F; the permit also requires no temperature rise when the
ambient temperature is 870 F or above and the ambient temperature not to be changed by more
than 2 0F during any one-hour period.

The updated thermal modeling analysis continues in progress, with its scope developing in
consultation with PADEP and DRBC.



E2-18: Enclosure 2: Aquatic Ecology, item P

In the ER, LGS stated that three species of concern were identified in the Pennsylvania Natural
Diversity Index (PNDI) search for LGS license renewal. However, it was unclear which three
species LGS identified and where the species would occur on the LGS site and at the Bradshaw
Reservoir. Please state these species (AQ-8 from the Audit Information Needs).

Exelon Response

The PNDI search for the main LGS plant site identified three organisms:
1. The Tooth-cup (Rotala ramosior), a state rare plant under jurisdiction of the

Pennsylvania Department of Conservation and Natural Resources (DCNR);
2. A state threatened "sensitive species" under jurisdiction of the Pennsylvania Fish and

Boat Commission (PFBC); and
3. Pizzini's cave amphipod (Stygobromus pizzinfi), a state special concern species under

jurisdiction of the PFBC.

The PNDI search for the Bradshaw Reservoir and Pumphouse also identified a state threatened
"sensitive species" under jurisdiction of the PFBC.

Requests for further information regarding the results of the PNDI search were made by letters
to the DCNR and PFBC dated January 19, 2011 (copies provided in LGS LR-ER Appendix C).

DCNR responded in a letter dated March 9, 2011 (copy provided in LGS LR-ER Appendix C),
identifying the Tooth-cup for the four transmission routes (Limerick to Cromby 230kV
Transmission Line Route, Cromby to North Wales 230kV Transmission Line Route, Cromby to
Plymouth Meeting 230kV Transmission Line Route, and Limerick to Whitpain Meeting 500kV
Transmission Line Route).

PFBC responded in a letter dated February 11, 2011 (copy provided in LGS LR-ER Appendix
C), identifying the eastern redbelly turtle (Pseudemys rubriventris, PA threatened) and a
"globally rare amphipod and/or isopod species".

For species under jurisdiction of the PFBC, it is assumed that the state threatened species
identified in the PNDI search is the eastern redbelly turtle and that the globally rare amphipod
and/or isopod species identified in the letter is Pizzini's cave amphipod.

Therefore, the three species identified by the PNDI search are the 1) Tooth-cup, 2) eastern
redbelly turtle (for both the LGS plant site and the Bradshaw facility), and 3) Pizzini's cave
amphipod.



E2-19: Enclosure 2: Aquatic Ecoloqvy item 0

In addition, discuss the potential location of the three PNDI species of concern on the LGS site
and at the Bradshaw Reservoir and Pumphouse, as discussed on Page 2-44 of the ER (AQ-8
from the Audit Information Needs).

Exelon Response

The PNDI search and subsequent agency consultation for the main Limerick plant identified
three species:

1) The Tooth-cup (Rotala ramosior) under jurisdiction of Department of Conservation and
Natural Resources (DCNR);

2) Eastern redbelly turtle (Pseudemys rubriventris) under jurisdiction of Pennsylvania Fish
and Boat Commission (PFBC); and,

3) Pizzini's cave amphipod (Stygobromus pizzinfi) under jurisdiction of PFBC.

The PNDI search and subsequent agency consultation for the Bradshaw Reservoir and
Pumphouse also identified eastern redbelly turtle (PFBC).

DCNR responded to a request for further information in a letter dated March 9, 2011, identifying
the Tooth-cup and stating that it is known "in a wet wooded stretch along the west side of the
Schuylkill River' along the Limerick to Cromby 230 kV Transmission Line Route and "on an
exposed mud flat and sandy-cobbly shores of seasonally flooded shallows basins" along the
Cromby to Plymouth Meeting 230 kV Transmission Line Route.

PFBC also responded to a request for further information in a letter dated February 11, 2011.
This agency identified eastern redbelly turtle and a globally rare amphipod and/or isopod
species (i.e., Pizzini's cave amphipod) as "known from the vicinity of the project sites." While
the agency provided general habitat descriptions for these taxa, it did not identify specific
locations where they were historically found. As discussed in the following reports, no state- or
federally-listed threatened or endangered terrestrial species were observed at or in the vicinity
of the LGS plant site:

* The Annual Non-Radiological Environmental Operating Reports submitted to the NRC
through 2005 in accordance with the LGS Environmental Protection Plan (PECO, 1999;
PECO, 2000; Exelon Generation, 2001; Exelon Generation, 2002; Exelon Generation,
2003; Exelon Generation, 2004; Exelon Generation, 2005);

* LGS Non-Radiological Environmental Monitoring Reports, 1979-1988, reporting on
cooling tower bird mortality (RMC, 1984; RMC, 1985; RMC, 1986; RMC, 1987); and

* Wildlife Habitat Council's Site Assessment and Wildlife Management Opportunities for
Exelon Corporation's Limerick Generating Station (WHC, 2006).

No surveys targeting eastern redbelly turtle were performed for the Bradshaw Reservoir.

Stygonectes pizzinii, a synonym for Stygobromus pizzinii, or Pizzini's cave amphipod, was
collected from the Schuylkill River between 1970 and 1976 (PECO, 1984). Unidentified
Stygonectes sp. were collected in the Perkiomen Creek and East Branch Perkiomen Creek
during the same time period (PECO, 1984). Unidentified Stygobromus sp. were collected in
1983 from the East Branch Perkiomen Creek (RMC, 1984) and from the Schuylkill River in 1985
and 1986 (RMC, 1986; RMC, 1987). Because individuals were not identified to species, it is
uncertain whether any specimen collected in 1983, 1985 or 1987 was a Pizzini's cave
amphipod. Other studies performed in the mid- to late-1 980s and throughout the 2000s in the



East Branch Perkiomen Creek failed to identify this amphipod genus or species (RMC, 1985;
RMC, 1987; NAI, 2005, 2007, 2008a, 2008b, 2009, 201 Oa, 2010b). Field surveys of the benthic
community in the Schuylkill River (1983, 1984, 1988, 2009) also did not find any individuals of
Pizzini's cave amphipod (RMC, 1984; RMC, 1985; RMC, 1989; NAI, 201 Oc).

In summary, even though state records indicate that certain species listed as threatened or
endangered are known to be present in the area of interest, Exelon Generation has not
encountered any of these threatened or endangered species during surveys that have been
conducted at or near the LGS plant site.

List of reports reviewed for state- or federally-listed threatened or endangered terrestrial
species:

Exelon Generation. 2001. Letter to U.S. Nuclear Regulatory Commission. 2000 Annual

Environmental Operating Report (Non-Radiological). April.

Exelon Generation. 2002. Letter to U.S. Nuclear Regulatory Commission. 2001 Annual
Environmental Operating Report (Non-Radiological). April.

Exelon Generation. 2003. Letter to U.S. Nuclear Regulatory Commission. 2002 Annual
Environmental Operating Report (Non-Radiological). April.

Exelon Generation. 2004. Letter to U.S. Nuclear Regulatory Commission. 2003 Annual
Environmental Operating Report (Non-Radiological). April.

Exelon Generation. 2005. Letter to U.S. Nuclear Regulatory Commission. 2004 Annual
Environmental Operating Report (Non-Radiological). April.

NAI (Normandeau Associates, Inc.). 2005. East Branch Perkiomen Creek Aquatic Biology
Assessment VIII, 2001-2003 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. August.

NAI (Normandeau Associates, Inc.). 2007. East Branch Perkiomen Creek Aquatic Biology
Assessment IX, 2004 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. July.

NAI (Normandeau Associates, Inc.). 2008a. East Branch Perkiomen Creek Aquatic Biology
Assessment X, 2005 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. March.

NAI (Normandeau Associates, Inc.). 2008b. East Branch Perkiomen Creek Aquatic Biology
Assessment Xl, 2006 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. September.

NAI (Normandeau Associates, Inc.). 2009. East Branch Perkiomen Creek Aquatic Biology
Assessment XlI, 2007 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. March.

NAI (Normandeau Associates, Inc.). 201 Oa. East Branch Perkiomen Creek Aquatic Biology
Assessment XIII, 2008 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. May.

NAI (Normandeau Associates, Inc.). 2010b. East Branch Perkiomen Creek Aquatic Biology
Assessment XIV, 2009 Monitoring Period. Prepared for Exelon Nuclear, Limerick
Generating Station. July.



NAI (Normandeau Associates, Inc.). 2010c. Fish and Benthic Macroinvertebrate Community
Composition in the Schuylkill River in the Vicinity of Limerick Generating Station During
2009. February.

PECO (Philadelphia Electric Company). 1984. Environmental Report - Operating License
Stage. Limerick Generating Station Units 1 &2. 5 vols.

PECO (PECO Nuclear). 1999. Letter to U.S. Nuclear Regulatory Commission. 1998 Annual
Environmental Operating Report (Non-Radiological). April.

PECO (PECO Nuclear). 2000. Letter to U.S. Nuclear Regulatory Commission. 1999 Annual
Environmental Operating Report (Non-Radiological). April.

RMC (RMC Environmental Services). 1984. Progress Report, Non-Radiological Environmental
Monitoring for Limerick Generating Station 1979-1983. Prepared for Philadelphia Electric
Company. October.

RMC (RMC Environmental Services). 1985. Progress Report, Non-Radiological Environmental
Monitoring for Limerick Generating Station 1984. Prepared for Philadelphia Electric
Company. December.

RMC (RMC Environmental Services). 1986. Progress Report, Non-Radiological Environmental
Monitoring for Limerick Generating Station 1985. Prepared for Philadelphia Electric
Company. September.

RMC (RMC Environmental Services). 1987. Progress Report, Non-Radiological Environmental
Monitoring for Limerick Generating Station, 1986. Prepared for Philadelphia Electric
Company. November.

WHC (Wildlife Habitat Council). 2006. Site Assessment and Wildlife Management Opportunities
prepared for Exelon Corporation's Limerick Generating Station. 100 pp. Illustrated.
August.



E2-20: Enclosure 2: Hydrology, item A

Submit the last 5-years of monthly records for site groundwater production at all four site supply
wells with outage periods identified.

Exelon Response

Monthly water withdrawal information for Well 1 and Well 3 (Alley Well and Batch Plant Well,
respectively) is contained in the annual water withdrawal reports submitted to the Pennsylvania
Department of Environmental Protection (PADEP). Annual water withdrawal reports for 2006
through 2010 are being provided.

As the LGS License Renewal Environmental Report explains, two additional active groundwater
wells are located on the LGS plant site, but away from the main plant structures, and their
usage is intermittent and limited to domestic purposes. Withdrawal information for these two
minor wells is not recorded.
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Exe loý Nuclear
W Limerick Generating Station

.P.O\Box 2300
Pottstown, PA 19464

Exeke. 1
I www.exeloncorp.com NucleaT

Act 220

August 31, 2007

Commonwealth of Pennsylvania
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555
Harrisburg, PA 17105-8555

Limerick Generating Station (LGS)

Subject: 2006 Annual Water Withdrawal Reports

Dear Sir:

in accordance with Act 220 and DRBC Docket No. D-69-21 0 CP, enclosed is the 2006
Annual Water Withdrawal Report for Limerick Generating Station. The report documents
the following withdrawal locations: Schuylkill River/Delaware River Withdrawal and Well
1 Alley Well. LGS maintains an active well, Well 3 Batch Plant, which is used exclusively
for the fire service water system and is,therefore, exempt.

If you have any questions or require additional information, please contact Bob Alejnikov
at 610-718-2513.

sincerely,/'"--

Thomas Basso
Manager Chemistry/Radwaste, LGS
Exelon Generation Company, LLC

Enclosures: Schuylkill River/Delaware River Withdrawal Report
Well ,1 Alley Well Report

cc: DRBC



ENCLOSURE 1

SchUylkill River/Delaware 
River Withdrawal Report
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.4. Measuring/Metering Device:
Device Brand[I Ol Is J'.i rl o f-5 lN IT I I II I I"I I I I I I I I. I I I I I I I'
Device Model No. Max. Capacity Rating (GPM) Size (inchesl

11 1 ZE ZZPB R 117151010 0 M30.JI
Device Accuracy * Excellent (<5 % Error) 0 Good (0 0 % Error) 0 Fair (<25 % Error) 0 Poor (>25 % Error)

Last Date Tested (MMIDDIYYYY) Tested By:IoT41 /Mo ]/ __ýJ l x lo I E IX JE IL 10I 4 II 11.1 I-IT I7 I I l
Note: If meter has been tested during this report year, a copy of the test report should be attached to this report.

5. ADDRESS CORRECTION - Please* provide comDlete address
Company NameI I I IJ I I I I I I 1I 1. 1 1 1 1 1 1 1 1 1 fI I-I / I I I1 I
Number & Street Address (Primary)

Number & Street Address. (Secondary IN required)

City State ZipCodeIII I Il lll I IIt I II[w ZL__ II. I-ZIII
Did you verify the accuracy of this address change at the United States Postal Service web site
http://www.usps.gov/ncsc/lookups/lookupzip+4.htm?

0 Yes 0 No 0 Not Available

6. Please provide contact information of an individual who can be contacted if questions arise
oi•tra•w your report: ,. Last NameIR1011 •1 BERTI I I II P1 JAjI"I•j~ I jI•I•I TI°I•I I _] I I I I l

Title

JENVYJIRIOINIME NITAILI S E I L S

Phone Number Phone Extension Fax Number

Email Address Please use CAPITAL leters - example Alh.CAPS@EMAIL.ADDRESS

Signature

------------------------------
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LOOP NUMBER: FT-009-103A
LGS UNIT 1,
DESCRIPTION: SCHUYLKILL MAKE-UP
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FT-009-10"3B MUST BE AT MAX OUTPUT VALUE FOR FSL TO SWITCH FROM LOW RANGE TO THE HIGH RANGE XMTR;
SWITCH POINT IS 7,000 GPM.
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

.BUREAU OF WATERSHED MANAGEMENT

ANNUAL WATER WITHDRAWAL REPORT FOR THE
PENNSYLVANIA PORTION OF THE DELAWARE RIVER BASIN

REPORTYEARF2 _

PA Dept of Environmental Protection
Division of Water Use Planning
Po Box 8555
Harrisburg, PA 17105-8555
717-T72.4048 FAX 717-787-9549

NI#OTHERID [E75001-012

MUNIC

=13 WUDSLPFID278SITEID [
NAME or ADDRESS CORRECTIONS Please complete every line in Section 5 on reverse.

1. Withdrawal Location: Source.Name: Well 1 Alley Well

Source Type:
* Well C Spring

o Reservoir Intake
0 Quarry
0 Natural Lake

o Deep Mine .0 Infiltration Gallery 0 River Well 0 Pond 0 River/Stream Intake
O. Interconnection 0 Other (Please describe,

County: MontgomeryCity, Boro, Twp:. Limerick

Complete as Appropriate:
DRBC Docket / Entitlement Number: 00000

Groundwater. Registration Number: 95

PA Water Alocation Number:

DRDC Docket # Correction: ]
GW Reg i, Correction: D]I IJ7

PA Water Allocation if Correction: MA - ZII'I I II I
jJ .Withdrawals. Total Gallons

Feb•- 7 J KY IF 1,1 2
MarE'TI , IT iLL -• -2. 6
rF----•- I-II, E I•,IMay--- ,-- , 5 1 ,1ý i•

-Davs

EE

Total Gallons
Jul,,]• FT- ý4 1• ~ gl 7-

Sep[.,io1- , Z1 i41iE /2 1 4ise,'F -• ,l I1," I L _]' . 21

Nov- ,i-I] 1 I1.1]i11 L 101Z
Dec I I 7 1, I F M3

fear PIIIIIIIiIiIIE 9I~

Days

w 3-1

F on
EL•-

Total Gallons and Days for the

3. Source Status - Please provide the status of the source during the calenadar year.

o Proposed - Not in Service

* Active - Used all year

0 Active - Used partial year

C> Reserve or Standby - Not used during the year
o Abandoned - Not in Service

O Abandoned - Well capped and sealed

For optimum accuracy, please print in capital
letters and avoid contact with tle edge ofthe fA BIC D E F GIH I J .KL MN O
box. The following willseve as an example. iP1Q R sI TtUjV MX~y-1z +"

667 89 0M
Th is form is also available online at
htutp :ww.dep.stiMe.palus/dopideputate~water•rngtWc/apPformshtns.h Water-Aocoato . .

L_ -j
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Act 220

August 1. 2008

Commonwealth of Pennsylvania
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555
Harrisburg, PA 17105-8555

Limerick Generating Station (LGS)

Subject: 2007 Annual Water Withdrawal Reports

Dear Sir:

In accordance with Act 220 and DRBC Docket No. D-69-210 CP, enclosed is the 2007
Annual Water Withdrawal Report for Limerick Generating Station. The report documents
the following withdrawal locations: Schuylkill River; Well 1 Alley Well; Bradshaw
Reservoir; and Perkiomen Greek. LGS maintains an active well, Well 3 Batch Plant,
which is used exclusively for the fire water system. This well is exempt, since withdrawal
rates are less than 10,000 gallons per day during any thirty-day period.
If you have any questions or require additional information, please contact Bob Alejnikov
it 610-718-2513.

Sincerely, .

6/
Christo er Cooney
Manager Chemistry/Radwaste, LGS
Exelon Generation Company, LLC

Enclosures: Schuylkill River Report
Well 1 Alley Well Report
Bradshaw Reservoir Report
Perkiomen Creek Report

cc: DRBC



Bcc: C. Mudrick - GML-5 w/o enclosures
C. Cooney-SSB 2-2 w/o enclosures
R. Alejnikov - SSB 2-2 w/enclosures
R. Kreider - SSB 2-4 w/enclosures
D. Helker - KSA-3N w/o enclosures
J. Toro - SSB 4-2 w/enclosures
T. Siglin - KSA-3N w/enclosures
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Commonwealth of Pennsylvania ACT 220 WATER WITHDRAWAL AND USE
Department of Environmental Protection PRIMARY FACILITY REPORT
Division of Water Use Planning (Non-Public Water Supply)
PO Box 8555
Harrisburg, PA 17105-8555

Please submit one Primary Facility Report per company, business, or operation.

1. WUDS Primary Facility ID 2. Report Year 3. Full-Time Employees (or equivalent)

1Z121715i8i91 L200 I77 LI7 Mu
4. Name of Company, Business, or Operation

5. NAICS Code Please enter a North American Industry Classification System (NAICS) code for your primary facility,

12T12IY1-1,I business or operation relative to your water withdrawals. See instructions for abbreviated list.
Complete list can be found at www.census.govlnaics/2007/NAICODO7.HTM

6. Storage Facilities Number Total Storage Unit of Measure
Capacity Gallons Million Cubic Acre

Gallons Feet Feet

Ponds/Reservoirs I l I I i I ° M 1 °

Storage Tanks e Lr o 0

7. Person Preparing Report

Fas eotn:You, are submit! ofcainrnaoiinyalestmntnthseprisubct to ii

information yu ýs-"ubmitted .is incorrect, notifyVu irm'yey.

I certify that the information presented on this report form is true and
correct to the best of my knowledge, information and belief.

Signature
Date

0O7 M2 WEPj oo 8
First Name Mi. Last Name

Title

Number & Street Address

13114161 ISAINJATIOGIAI ROAID1III1

City State Zip Code

PO11T ITIS ITO101W IN I11 .. ýMA1 1 1WI-i41 6 l4 LIIi
Office Phone Number (Include Area Code) Fax Phone Number (Include Area Code)

Email Address (Please use CAPITAL Letters) Example: ALL.CAPS@EMAIL.ADDRESS

.DO NOT STAPLE FORM DO NOT STAPLE FORM



I- 9768040688
SUMMARY OF WATER DISPOSAL AND CONSUMPTION,:

Percent of
Total DisposalGallons Per Year

8. Incorporation Into Product =I= -i iI L i =II=I i M ii
9. Evaporation ,6T731 7 ,171 i1i,1° i°1 M7 4I I=0M6
10. Off-Site Disposal Z--•,lLIIliIlI EuIB[-

F

11. Waste Stabilization Pond DDL WL Il
12. Irrigation ifEII--L L I L EE
13. Livestock and Dairy Use -- ,W,1 ,W LL.Z•
14. Deep Well Injection LhilliiiiilL ILIIl L-T-I•l[L
15. On-Lot Septic System -,LW- FLM LW.'
16. Discharge to Public Sewage (name up to 3 separate systems)

IPIOITITISITIOIWIooI lFlJll TJ System I DischargeNa~meofSystem I 111W[11°1°1• [I•I°~I°IJ li zuzuz.
Name of System 2

It 1 .1 1 1 1 1 1 1 L I I I I I I 1 1System 3 Discharge

NIoo I, .II -I- -I- , I J ý, I II II I I.II I y t m 3 ic ag
Name of System 3, j¶WfIEL LLIi

17. Direct Discharge to Waterway (Treated or Untreated)

JSJCHJU~YLKJIJLL RIIVIERI Waterway Discharge
Name of Waterway E-,hl E ],i7 1EI 7i, 11 11 I ii2t l'

18. Other Type of Disposal

RJEJLEJAJSEJ ITO EKJIJQMERN Other Disposal

Description [oýU E MI 8 Eo oi [J E M14ii F3

Percent

19. TOTAL Disposal and Consumption (Sum of 8- 18) IiI FIuZE-I-,E Zi°I2 il II°II MIII F 0

DO NOT STAPLE FORM DO NOT STAPLE FORM J
Page 2



9622040687

Agricultural Operations

20. Irrigated Crops Irrigation Method

Spray Trickle Hand Traveling Fixed Ditch
Moved Gun Set

Vegetables L (rounded to nearest acre) 0 0 0 0 0 0

Corn for grain hull] (rounded to nearest acre) 0 0 0 0 0 0

Corn for silage [II i (rounded to nearest acre) 0 0 0 0 0 0

Potatoes j (rounded to nearest acre) 0 0 0 0 0 0

Forage liII (rounded to nearest acre) 0 0 0 0 0 0

Orchard l (rounded to nearest acre) o o o o o O

Nursery L II (rounded to nearest acre) 0 0 0 0 0 0

Other 7_(rounded to nearest acre) C) 0 0 0 0 0

Mushrooms Iitiii (square feet) C 0 0 0 0 0
Greenhouse (square feet) 0 0 0 0 0 0

Golf Operations Mining Operations. -,:

1 21. Acreage Irrigated (round to nearest acre) 23. Type of Operation - Choose all that apply

Acreage % of Total 0 Underground mine
0 Quarry, pit or surface extraction

Tees M jijl] LLJ.L 0 Mill
Greens (D jl . 0 Coal preparation plant

Fairways LT--l] 0---f. 0 Sand and gravel washing/screening

Other II] Ii] 0 Other
(If "Other", describe below)

Totals ,i-l] [ 11l
22. Date Irrigation System Was InstalledW W 'L/JiI I I Snowmaking Operationsii iLivestockOpierat"ons

26. Snowmaking Acres 27. Head Counts
Power Generating 0perations .If]] Dry Cows/Cattle Dairy Cows Hogs/Pigs

24. Total Generation Capacity(MW) 
•I

(round to nearest acre) Chickn Otl e l
Chickens Other

25. Generating Units,_ IZ LLIl L

Log Daite(DEP Use only)

DO NOT STAPLE FORM Page 3 DO NOT STAPLE FORM _J



Enclosure 1

Schuylkill River Report



F 6809104301
3920-FM-WM0299 Rev. 112008

Commonwealth of Pennsylvania
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555
Harrisburg, PA 17105-8555

ACT 220 WATER WITHDRAWAL AND USE
SUB FACILITY REPORT

Only one source per form

1. Report Year 2. WUDS Primary Facility ID 3. WUDS Sub Facility ID

4. Sub Facility Name (source being reported on this form)

SjCHjUYjLK IjLjL IRIIVIERt

MEASURINGIMETERINGOF WATER'

5. Measurement Method 6. Estimated or Calculated Method Used

0 Estimated 0 Calculated V Metered

7. Meter-Last Date Tested 8. Meter Tested ByIM / •14/1 1ol19 IEIXIEI•,IOIN I I I I 1 1 1 1 1 !1 1 1 1 1 1 1 1 1 1 1 1 11
WITHDRAWALS / USE / PURCHASES I.SALES.- FOR, REPORT- YEAR,,',.--

9. Type of Source Being Reported (Only one IIJ type of use may be selected)

(0 Withdrawals (Groundwater, Surface Water, Hauled)

(O Purchases (From a Public Water Supplier) Bi-directional sources needing to report BOTH

(D Sales (To a Public Water Supplier) purchases AND sales for the same report year must

he reported via the internet. See instructions.

10. Monthly Totals

Total

JanM [1J~ ,ii~1 F[T] I iI 8, Mli il6]
Feb o oll =•1I 0M0 I F M

MarF Mo0,I r3[1 7 8F62

Apr ,1 I 1 0000 1' 7 31 3• 71

May0,3,-r•,, 0 0 o -00

Jun[ý Fj[ ][ 4F]

Days

EEI

EEI

Total

Jul -T[,1W [1W2, 1 [1WFM I°M

Aug = , Fs LT313] Lil 3 FF-17, 6ll7

Sep o[o11 l, 15-E 1 , Eli i

Oct [,111, 5=15ZLfI 9 97I7J
Nov F -[ - -I , I [6[12 IF 2 I
Dec 0• , 1ll 11W [1,

Days

3 11

M31 l

3 0

31 11[12h

11. Total Gallons for Year EF P ' 11112 ,Fi I M11 12. Total Daysfor Year 3 1 5L .. ... O N O T S T A P L....E F O R P g . -O .O - --.. .... .. T A... ................ ...... .. . ..... ..... F - ....
L. DO NOT STAPLE FRM Page 1 DO NOT STAPLE FORM _J



F 5263104304

THIS SECTION FORk. PUBLIC.: WATER SUPPLIERS l'i

13. Surface Water/Groundwater Intake (GPD) 14. Yield (GPD) 15. Permit (GPD)

16. Maximum Water Transfer Capability, GPD

From To

17. Double Counted 0 Yes (Is double counted) 0 No (Is NOT double counted)

18. Groundwater Level measured 0 Yes 0 No

THIS SECTION; FORTHOSE OTHEWTHAN PBLIC WATIEWSUPPLIERS'.

19. Potability CD Potable (Drinkable) W Non-Potable (Non Drinkable) CD Both

False Reporting: You are submitting official information. Any false statement in this registration or map you submit

to DEP is subject to civil and criminal penalties, including 18 P.S. § 4904 (unsworn falsification to authorities). If you
discover that the information you submitted is incorrect, notify us immediately.

20. Person Preparing Report I certify that the information presented on this registration form is true

and correct to the best of my knowledge, information and belief.
Signature Date

4_1 07 M28~ iiJi
First Name 1. Last Name1•1° •1 RIT1• I I T I I I I lPJ A l Jl'l Jl Jl Jl Jl Jv l I I I I I
Title

Number & Street Address

City State Zip Code
P OT T STOWN N Jjj~¶3IPI IT ITI I I II l I l l l i I I I I III I TIF I

Office Phone Number (Include Area Code) Fax Phone Number (Include Area Code)

Email Address (Please use CAPITAL Letters) Example: ALL.CAPS@EMAIL.ADDRESS
ROBERT A L EJN IKOV@EX ELONCOR P COM

Log Date (DEPuse• Mon•y)•. . .

DO NOT STAPLE FORM Page 2 DO NOT STAPLE FORM I



Enclosure 2

Well I Alley Well Report



I- 6809104301

3920-FM-WM0299 Rev. 112008
ACT 220 WATER WITHDRAWAL AND USE

Commonwealth of Pennsylvania SUB FACILITY REPORT
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555 Only one source per form
Harrisburg, PA 17105-8555

1. Report Year 2. WUDS Primary Facility ID 3. WUDS Sub Facility IDF2007H -L1 -12IZ71 1 E1I1 11 21I9M2
4. Sub Facility Name (source being reported on this form)IW IE1L1,t Ill AI IL •1•1• IW 1E1,II I I I I I I I I I I I I I I I I I

MEASURiNG/METERING "OF WATERi.-'": . -

5. Measurement Method 6. Estimated or Calculated Method Used

0 Estimated 0 Calculated 0 Metered F
7. Meter-Last Date Tested 8. Meter Tested ByMO7 M25[7jqjý IENSUSI I Mll l IEIT I llllI ~jj~ tllllIII _

WITHDRAALS*,' SENSUS METERING SYSTEMS

, ?:.• i,;:•i;. WITHD I R'ARAAWALSU/.:PUGUSEi I.E iFPURCHPAORSEEASI.SALE'Si~i••;.• FOR REPORT YEARi;,: =~i::!!:•:,

LI

9. Type of Source Being Reported (Only one Jll type of use may be selected)

* Withdrawals (Groundwater, Surface Water, Hauled)

CD Purchases (From a Public Water Supplier) Bi-directional sources needing to report BOTH

C) Sales (To a Public Water Supplier) purchases AND sales for the same report year must
be reported via the internet. See instructions.

10. Monthly Totals

Total Days

Jan ffj W IWI71=FP•.° - Fo oMo , _1 , I d I• •
Fo l l° °,,,1 01 [1 0 6] ý1M7

Mar, =° ,9¶,, • I[: I ]
Apr -MljiliiL] W3
May° 0° I° ,IJI-EZ I ,I I 0 1 1111

Total

Ju 0l0 =,01IFM8 I, F702

Suep Iol -otil Flol 21 • F2•l3

Oct LIEo oWiolo FIEl] M6illY] F
Dec W0 Wi0446 6 1M9i2i2

Sev~l oI Fo ToIl I, I F, IF
Dec U •, I °I, I° F5 M78, I I

Days

WI
M31

F TO

11. Total Gallons for Year OloliI a 81 ,IFTlZi3liZ 12. Total Days for Year F3 M65

L DO NT STAPLE FORM Page 1 DO NOT STAPLE FORM



r- 5263104304

THIS SECTION FOR PUBLIC WATER: SUPPLIERS, -J.
13. Surface Water/Groundwater Intake (GPD) 14. Yield (GPD) 15. Permit (GPD)

L IJLIE IfTL111JLflIW
16. Maximum Water Transfer Capability, GPD

From To

17. Double Counted 0 Yes (Is double counted) 0 No (Is NOT double counted)

18. Groundwater Level measured 0 Yes 0 No

False Reporting: You are submitting official information. Any false statement in this registration or map you submit
to DEP is subject to civil and criminal penalties, including 18 P.S. § 4904 (unsworn falsification to authorities). If you
discover that the information you submitted is incorrect, notify us immediately.

20. Person Preparing Report
I certify that the information presented on this registration form is true
and correct to the best of my knowledge, information and belief.

Date

O7 /M28 / rjFF

First Name - I. Last Name

RTeBERI ALEJN IKOV
Title
ENV I RONM EN TA L S P E C

Number & Street Address

131114161 ISIAINIAITIOIGIAI IRIOIAIDI I I I I I I I I I I I
City State ZIP CodeP 1 0 1 1 TI; fIll M19 416141±I-][7=
Office Phone Number (Include Area Code) Fax Phone Number (Include Area Code)=61 0 M18~il -Jll~• 21 5[11-3] 2T-12T•1
Email Address (Please use CAPITAL Letters) Example: ALL.CAPS@EMAIL.ADDRESS

IRIOIBIEIRITI .IAILIEIJINIIIKIOIVI@IEIXIEILIOINICIOIRIPI .ICýOIMI I

Log Date (DEP use on•y.

DO NOT STAPLE FORM _1Page 2 DO NOT STAPLE FORM



Enclosure 3

Bradshaw Reservoir Report



I

P6809104301
3920.FMWM0299 Rev. 1/2008

Commonwealth of Pennsylvania
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555
Harrisburg, PA 17105-8555

ACT 220 WATER WITHDRAWAL AND USE
SUB FACILITY REPORT

Only one source per form

1. Report Year 2. WUDS Primary Facility ID 3. WUDS Sub Facility ID

- 1-271589111 61- 1
4. Sub Facility Name (source being reported on this form)

BR- AD HA RESE V[OIII R

MEASURING/METERING OF WATER'

5. Measurement Method 6. Estimated or Calculated Method Used

0 Estimated 0 Calculated (9 Metered I

7. Meter-Last Date Tested 8. Meter Tested By

071/ M23 / j I I I E I I I IXELON

WITHDRAWALS / USE / PURCHASES/ SALES', FOR REPORT YEAR:."

9. Type of Source Being Reported (Only one iJ ltype of use may be selected)

(0 Withdrawals (Groundwater, Surface Water, Hauled)

OD Purchases (From a Public Water Supplier) Bi-directional sources needing to report BOTH

CD Sales (To a Public Water Supplier) purchases AND sales for the same report year must
be reported via the internet. See instructions.

10. Monthly Totals

Total

Jan I, II ,11 , IIF M7 I I
FebF 000207 4810M 7

Mar 0 o 2 090,000

Apr o. I0 01 0O2000 M00
May 0 0 2039In 1 7F , ol o ,I
Juno Mo ]I ]2M I 7 MOOI ,II ý

Days

M28

EL I
M31o¸

Total

Aug l, W i,•OO Wi =1
Sep IIi [ii4 O III , I iI
Oct oI Wo8 W5i O iOO]
Nov lTlo1o,I 1 o1oI Elolio
Dec - , ioj I Fa F E I'o EIIo o

Days

M31

Fil

C3111

11. Total Gallons for Year aIgeIFi5 il 12. Total Days for1ear M65

L DO NOT STAPLE FORM Page 1 DO NOT STAPLE FORM-- J



5263104304 -I

O THIS SECTION FOR1t PUbLi WATER SUPPLIERSr ............

1 13. Surface WaterlGroundwater Intake (GPD) 14. Yield (GPD) 15. Permit (GPD)

I~, BWZI LIEiIIFl I1 IIILLLIIE
16. Maximum Water Transfer Capability, GPD

From To

w w b111 w, 1 I FM
17. Double Counted 0 Yes (Is double counted) 0 No (Is NOT double counted)

18. Groundwater Level measured 0 Yes 0 No

THIS. -SECTION FOR-T.HOS~e' OTHER :TH4ANPUBLI.C WATER SUPPLIERS

19. Potability D Potable (Drinkable) M Non-Potable (Non Drinkable) CD Both

False Reporting: You are submitting official information. Any false statement in this registration or map you submit
__ to DEP is subject to civil and criminal penalties, including 18 P.S. § 4904 (unsworn falsification to authorities). If you

discover that the information you submitted is incorrect, notify us immediately.

I certify that the information presented on this registration form is true20. Person Preparing Report and correct to the best of my knowledge, information and belief.

Signature Date

/M/[2 ___0 / i•/j2ioj/oj
First Name I. Last Name

IRIOB EIRITI 7 WAJLEJJNtIJKJOVJ
Title
ENV IRONM ENTAL S PEC

Number & Street Address

City State Zip CodeI TTST IP TA. 19 4641 9•6]IZi
Office Phone Number (Include Area Code) Fax Phone Number (Include Area Code)

610 8] 2_J1 ] 1¶10 -- ~
Email Address (Please use CAPITAL Letters) Example: ALL.CAPS@EMAIL.ADDRESS
ROBERT .ALEJN IKOV@EX ELON CORP pCOM

Log Date. (DEP use bnly

DO NOT STAPLE FORM Page 2 DO NOT STAPLE FORM



I I

Enclosure 4

Perkiomen Creek Report



fl 6809104301

3920-FM-WM0299 Rev. 1/2008

Commonwealth of Pennsylvania
Department of Environmental Protection
Division of Water Use Planning
PO Box 8555
Harrisburg, PA 17105-8555

ACT 220 WATER WITHDRAWAL AND USE

SUB FACILITY REPORT

Only one source per form

1. Report Year 2. WUDS Primary Facility ID 3. WUDS Sub Facility ID

Z•1oo I 1217151lF I IEZ1513 161
4. Sub Facility Name (source being reported on this form)

"-.. MEASURING/METERING OF WATERt

5. Measurement Method 6. Estimated or Calculated Method Used

0 Estimated 0 Calculated * Metered I

7. Meter-Last Date Tested 8. Meter Tested ByM-Ol- / [•]j / I -I0]01 j IEI. ElIl.loIlNlI I I I I I I I

WITHDRAWALS I USE / PURCHASES PSLE OR RPRTYER

9. Type of Source Being Reported (Only one l! ]type of use may be selected)

* (0 Withdrawals (Groundwater, Surface Water, Hauled)

O Purchases (From a Public Water Supplier) Bi-directional sources needing to report BOTH

2 Sales (To a Public Water Supplier) purchases AND sales for the same report year must
be reported via the internet. See instructions.

10. Monthly Totals

Total Days

Jano- 0 I, 00OU 0,IF-I010o 0

Mar I EI , R -0-M2
Apr I O•7 -J ;I I3 Mj I=] 0 3O

Jun 0 o 0 0 M27

Total

Jul =])MJ Lii1iiI 4]FRiýii]111
Aug 0=0 0571 230,00

Sep ,M,iII11h LIEI
Oct 4Th 1 5]I II, W I
Nov ill, 0IZ ,HI ,°°Z
Dec o Iioh o h o 6 34

Days

EEO

WI7

11. Total Gallons for Year jjj° j• ZI' fl2 ° 3 f 12. Total Days for Year 2 9 1

L DO NOT STAPLEFoM Page 1 DO NOT STAPLE FORM J



4, - 4

5263104304

i .THIS SECTION FOR PUBLIC WATER SUPPLIERS,

13. Surface Water/Groundwater Intake (GPD) 14. Yield (GPD) 15. Permit (GPD)

L•,LILEIL IiIThIWI zw zw wz
16. Maximum Water Transfer Capability, GPD

From To

wjIwI w w,wz
17. Double Counted 0 Yes (Is double counted) 0 No (Is NOT double counted)

18. Groundwater Level measured 0 Yes 0 No

THIS SECTIONWFOR THOSE OTHER THAN PUBLICMWATER SUPPLIER~Sl:"•:"

19. Potability C) Potable (Drinkable) W Non-Potable (Non Drinkable) C) Both

False Reporting: You are submitting official information. Any false statement in this registration or map you submit. to DEP is subject to civil and criminal penalties, including 18 P.S. § 4904 (unsworn falsification to authorities). If you
discover that the information you submitted is incorrect, notify us immediately.
20. Person Preparing Report I certify that the information presented on this registration form is true

and correct to the best of my knowledge, information and belief.

Signature Date

First Name U I. Last Name
ROB •ERT •.A LPJ J.EJ.N1 IKO•I I I I

Title

Number & Street Address

City State Zip Code

Office Phone Number (Include Area Code) Fax Phone Number (Include Area Code)

Email Address (Please use CAPITAL Letters) Example: ALL.CAPS@EMAIL.ADDRESS

! Log Date'(DEP use.only).

Do NOT STAPLE FORM Page 2 DO NOT STAPLE FORM -.
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2008 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Primary Facility Report for EXELON LIMERICK GENERATION STA (27589)

REPORT FOR CALENDAR YEAR JAN I TO DEC 31, 2008

Client: EXELON GENERATION CO LLC

Current Address: EXELON LIMERICK GENERATION

STA (27589)

PO BOX 2300

EVERGREEN & SANATOGA RDS

POTTSTOWN, PA 19464-0920

Change of Address: Yes

Revised Address: EXELON LIMERICK GENERATING STATION

3146 SANATOGA ROAD

POTTSTOWN, PA 19464

NAICS: 221113 - Nuclear Electric Power Generation

ConsumptionlRetum Type Gallons Per Year

DISCHARGE TO PUBLIC SEWAGE SYSTEM 6,421,000

POTTSTOWN BORO AUTH-SCHUYLKILL RiV

CONSUMED 11,603,210,644

Consumptive Use Calculation Method: BALANCING EQUATION

DIRECT DISCHARGE TO RECEIVING WATERWAY 3,050,296,986

SCHUYLKILL RIVER

NPDES Permit: PAD0051926

Latitude: 40 13' 13"

Longitude: -750 35' 22"

DIRECT DISCHARGE TO RECEIVING WATERWAY 3,963,920,000

BRADSHAW RESERVOIR TO E BRANCH PERKIOMEN

NPDES Permit: PA00552221

Latitude: 400 25' 45"

Longitude: -750 13' 21"

TOTAL 18,623,848,630

Total generation capacity MW 2,388

Number of Generating Units 2

Sjtorage Facility Number St Units

Ponds and reservoirs 1 29 MILLION GALLONS
(MG)

Storage Tanks 1 1 MILLION GALLONS
(MG)

Report Contact: CHRIS CONROY
ENVIRONMENTAL CHEMIST



2008 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

3146 SANATOGA ROAD
POTTSTOWN, PA 19464
Phone: 610-718-2513
Fax: 610-718-2721
Email Address: CHRIS.CONROY@EXELONCORP.COM

Chris Conroy
3146 Sanatoga Road
Pottstown, PA 19464
Phone: 610-718-2513
Email Address: chris.conroy@exeloncorp.com

Page 2

Report Preparer:



2008 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for BRADSHAW RESERVOIR (53965)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2008

Client: EXELON GENERATION CO LLC
Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use NON-POTABLE

Measure Method METERED
Last Date Tested 01/25/2007 (mm/dd/yyyy)
Tested By EXELON
WlTHDRAWA~l:SOR•USE FOR.REPORtING YEAR 2008 • , •;.;• •,i,-,•o,,•'• -. ,'••-•••?

Month Total Gallons Month
Jan Gallons 209,700,000 Jan Days 31
Feb Gallons 180,400,000 Feb Days 29
Mar Gallons 189,800,000 Mar Days 31
Apr Gallons 217,100,000 Apr Days 30
May Gallons 228,900,000 May Days 31
Jun Gallons 196,000,000 Jun Days 30
Jul Gallons 508,600,000 Jul Days 31
Aug Gallons 692,600,000 Aug Days 31
Sep Gallons 510,520,000 Sep Days 30
Oct Gallons 468,700,000 Oct Days 31
Nov Gallons 333,600,000 Nov Days 28
Dec Gallons 228,000,000 Dec Days 31
Total Gallons 3,963,920,000 Total Days 364

REPOR SUBISSIO INFRMAT'ION~ .

Submitted By: Chris Conroy
Submitted On: 10/30/2009
Submitted By Email: chds.conroy@exeloncorp.com



2008 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for PERKIOMEN CREEK (53966)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2008

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use NON-POTABLE

Measure Method METERED

Last Date Tested 04/16/2002 (mm/ddlyyyy)

Tested By EXELON

Month Total Gallons Month

Jan Gallons 9,030,000 Jan Days 31
Feb Gallons 9,167,000 Feb Days 29
Mar Gallons 345,523,304 Mar Days 30

Apr Gallons 4,702,000 Apr Days 27
May Gallons 4,672,000 May Days 30
Jun Gallons 10,622,000 Jun Days 28
Jul Gallons 286,859,599 Jul Days 31
Aug Gallons 603,710,000 Aug Days 31
Sep Gallons 326,096,000 Sep Days 30
Oct Gallons 230,277,000 Oct Days 29
Nov Gallons 162,519,000 Nov Days 29
Dec Gallons 15,555,000 Dec Days 28
Total Gallons 2,008,732,903 Total Days 353

Submitted By: Chris Conroy

Submitted On: 10/30/2009

Submitted By Email: chrs.conroy@exeloncorp.com



2008 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for SCHUYLKILL & DELAWARE RIVER (2057)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2008

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use NON-POTABLE

Measure Method METERED

Last Date Tested 04/16/2002 (mm/dd/yyyy)

Tested By EXELON

WIT~HDq LtpUEO EPRIGEA2008",
Month Total Gallons Month Di
Jan Gallons 1,037,816,199 Jan Days 31

Feb Gallons 830,507,598 Feb Days 29

Mar Gallons 608,485,209 Mar Days 13
Apr Gallons 1,162,946,593 Apr Days 30

May Gallons 1,180,618,395 May Days 31

Jun Gallons 1,606,212,994 Jun Days 30
Jul Gallons 1,021,337,595 Jul Days 31

Aug Gallons 1,023,891,292 Aug Days 31
Sep Gallons 941,116,978 Sep Days 30
Oct Gallons 958,519,282 Oct Days 31

Nov Gallons 1,230,312,795 Nov Days 30
Dec Gallons 1,043,009,797 Dec Days 31

Total Gallons 12,644,774,727 Total Days 348

Submitted By: Chris Conroy

Submitted On: 10/30/2009

Submitted By Email: chris.conroy@exeloncorp.com



2008 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Page 1

Subfacility Report for WELL I ALLEY WELL (12923)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2008

Client: EXELON GENERATION CO LLC
Primary Facility: EXELON LIMERICK GENERATION STA

PIOTABILITY.OF USE <¾, ,• ••. , . .• •. . :• ........... ..•• . .. , ... , . .

Potability of Use POTABLE

EAUNG/METERING OiFI WTER " "
Measure Method

Last Date Tested

Tested By

METERED

07/30/2008 (mmrdd/yyyy)

METERPRO SERVICE INC.

"VIrHDRAWAI2S OR USE F "R" ,"P9'TING; YEAR

Month
Jan Gallons
Feb Gallons
Mar Gallons
Apr Gallons
May Gallons
Jun Gallons
Jul Gallons
Aug Gallons
Sep Gallons
Oct Gallons
Nov Gallons
Dec Gallons
Total Gallons

Total Gallons

564,262
634,038
997,540
732,152
721,751
823,700
829,270
718,765
639,650
572,381
632,613
814,404

8,680,526

Month
Jan Days
Feb Days
Mar Days
Apr Days
May Days
Jun Days
Jul Days
Aug Days
Sep Days
Oct Days
Nov Days
Dec Days
Total Days

31

29

31

30

31

30

31

31

30

31

30

31

366

REPORT SUBMISSION lNFORM~TIO~~: ~ ~K12~
Submitted By:

Submitted On:

Submitted By Email:

Chris Conroy

10/30/2009
chds.conroy@exeloncorp.com



2008 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for WELL 3 BATCH PLANT (12924)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2008

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use POTABLE

MEASIJRING/MWE.TER'INGOF 0,--WATE> >"WA

Measure Method ESTIMATED (SYSTEM TEST, TANK LEVEL, ESTIMATE)

WITHDRAWAL.S.OR USE FOR REPORTING EAR.2008 .

Month Total Gallons Month

Jan Gallons 16,400 Jan Days 31

Feb Gallons 16,400 Feb Days 29

Mar Gallons 16,400 Mar Days 31

Apr Gallons 90,050 Apr Days 30

May Gallons 16,400 May Days 31

Jun Gallons 16,400 Jun Days 30

Jul Gallons 16,400 Jul Days 31

Aug Gallons 16,400 Aug Days 31

Sep Gallons 16,400 Sep Days 30

Oct Gallons 16,400 Oct Days 31
Nov Gallons 16,400 Nov Days 30

Dec Gallons 16,400 Dec Days 31

Total Gallons 270,450 Total Days 366

Submitted By: Chris Conroy

Submitted On: 10/30/2009

Submitted By Email: chris,conroy@exeloncorp.com



2007 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for SCHUYLKILL & DELAWARE RIVER (2057)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2007

Client: EXELON GENERATION CO LLC
Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use NON-POTABLE

Measure Method METERED

Last Date Tested 04/16/2002 (mm/dd/yyyy)

Tested By EXELON

Month Total Gallons Month

Jan Gallons 1,058,107,004 Jan Days 31

Feb Gallons 952,065,399 Feb Days 28

Mar Gallons 937,619,798 Mar Days 31

Apr Gallons 933,306,090 Apr Days 30

May Gallons 1,163,998,194 May Days 31
Jun Gallons 1,581,718,097 Jun Days 30

Jul Gallons 1,121,769,454 Jul Days 31
Aug Gallons 940,065,199 Aug Days 31

Sep Gallons 758,950,803 Sep Days 30

Oct Gallons 766,027,412 Oct Days 31

Nov Gallons 1,382,250,999 Nov Days 30

Dec Gallons 1,038,274,602 Dec Days 31
Total Gallons 12,634,153,051 Total Days 365

Submitted By: Chris Conroy

Submitted On: 10/30/2009

Submitted By Email: chris.conroy@exeloncorp.com



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220@state.pa.us
Sent: Friday, October 30, 2009 2:18 PM
To: RA-eGovtAct220 @state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2007 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: SCHUYLKILL & DELAWARE RIVER WUDS Sub-Facility ID: 2057

Submission Date: 10/30/2009 14:17:51

1



* .Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220@state.pa.us
Sent: Friday, October 30, 2009 2:18 PM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Primary Facility Report Primary Facility: EXELON LIMERICK GENERATION STA
WUDS Primary Facility ID: 27589

Submission Date: 10/30/2009 14:17:33

I



Conroy, Chrlstopher:(GenCo-Nuc)

From: RA-eGovtAct220@state.pa.us
Sent: Friday, October 30, 2009 2:18 PM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: PERKIOMEN CREEK
WUDS Sub-Facility ID: 53966

Submission Date: 10/30/2009 14:18:15

I



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220@state.pa.us
Sent: Friday, October 30, 2009 2:18 PM
To: RA-eGovtAct220 @state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary
Sub-Facility: BRADSHAW RESERVOIR
WUDS Sub-Facility ID: 53965

Facility ID: 27589

Submission Date: 10/30/2009 14:18:04

I



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @ state.pa.us
Sent: Friday, October 30, 2009 2:18 PM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220 @ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: SCHUYLKILL & DELAWARE RIVER WUDS Sub-Facility ID: 2057

Submission Date: 10/3,0/2009 14:18:26

I



a C!20nroy, Chrlstopher:(GenCo-Nuc)
WFrom:

Sent:
To:
Cc:
Subject:

RA-eGovtAct220 @ state.pa.us
Friday, October 30, 2009 2:19 PM
RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
RA-eGovtAct220 @state.pa.us
DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 1 ALLEY WELL
WUDS Sub-Facility ID: 12923

Submission Date: 10/30/2009 14:18:35

I



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @ state.pa.us
Sent: Friday, October 30, 2009 2:19 PM
To: RA-eGovtAct220@ state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220 @state.pa. us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2008 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 3 BATCH PLANT
WUDS Sub-Facility ID: 12924

Submission Date: 10/30/2009 14:18:46

I
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Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220@ state.pa.us
Sent: Wednesday, June 16, 2010 9:09 AM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Primary Facility Report Primary Facility: EXELON LIMERICK GENERATION STA
WUDS Primary Facility ID: 27589

Submission Date: 06/16/2010 09:09:28

10



Conroy, Christopher: (GenCo-Nuc)

From:
O Sent:

To:
Cc:
Subject:

RA-eGovtAct220@state.pa.us
Wednesday, June 16, 2010 9:11 AM
RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
RA-eGovtAct220 @ state. pa. us
DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: SCHUYLKILL & DELAWARE RIVER WUDS Sub-Facility ID: 2057

Submission Date: 06/16/2010 09:11:01

6



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @ state.pa.us
Sent: Wednesday, June 16, 2010 9:11 AM
To: RA-eGovtAct220@ state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@ state:pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: BRADSHAW RESERVOIR
WUDS Sub-Facility ID: 53965

Submission Date: 06/16/2010 09:10:38

3



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @ state.pa.us
Sent: Wednesday, June 16, 2010 9:11 AM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: PERKIOMEN CREEK
WUDS Sub-Facility ID: 53966

Submission Date: 06/16/2010 09:10:50

2



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @ state.pa.us
Sent: Wednesday, June 16, 2010 9:11 AM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220 @ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 1 ALLEY WELL
WUDS Sub-Facility ID: 12923

Submission Date: 06/16/2010 09:11:11

5



Conroy, Christopher:(GehCo-Nuc)

From:
Sent:
To:
Cc:
Subject:

RA-eGovtAct220@ state.pa.us
Wednesday, June 16, 2010 9:11 AM
RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
RA-eGovtAct220 @state.pa.us
DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2009 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 3 BATCH PLANT
WUDS Sub-Facility ID: 12924

Submission Date: 06/16/2010 09:11:22

1.



2009 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENTOF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Primary Facility Report for EXELON LIMERICK GENERATION STA (27589)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Current Address: EXELON LIMERICK GENERATION
STA (27589)

PO BOX 2300
EVERGREEN & SANATOGA RDS

POTTSTOWN, PA 19464-0920

Change of Address: Yes

Revised Address: CHRIS CONROY

3146 SANATOGA ROAD

SSB 2-1
POTTSTOWN, PA 19464

NAICS: 221113 - Nuclear Electric Power Generation

S " M Y . .. . WAT .... " J . NS>.' "''
Consumption/Return Type Gallons Per Year

DISCHARGE TO PUBLIC SEWAGE SYSTEM 6,000,000
POTTSTOWN BORO AUTH-SCHUYLKILL RIV

DIRECT DISCHARGE TO RECEIVING WATERWAY 2,844,218,641
SCHUYLKILL RIVER

NPDES Permit: PAD0051926

Latitude: 40' 13' 13"

Longitude: -750 35' 22"

DIRECT DISCHARGE TO RECEIVING WATERWAY 2,385,000,000

BRADSHAW RESERVOIR TO E BRANCH PERKIOMEN

NPDES Permit: PA00552221

Latitude: 40' 25' 45"

Longitude: -750 13' 21'

CONSUMED 11,964,878,658
Consumptive Use Calculation Method: BALANCING EQUATION

TOTAL 17,200,097,299

Total generation capacity MW 2,388
Number of Generating Units 2

STRAEFACILITIE A ~~(~ > -I,~

Storage Facility Number Storage Uit

Ponds and reservoirs 1 29 MILLION GALLONS
(MG)

Storage Tanks 1 1 MILLION GALLONS
(MG)

/ 4 , h.kREP~R4 T ONTCT IFORMTIO
Reprt ontct:CHRS CNR,

Report Contact: CHRIS CONROY



2009 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

ENVIRONMENTAL CHEMIST
3146 SANATOGA RD
POTTSTOWN, PA 19464
Phone: 610-718-2513
Fax: 610-718-2721
Email Address: CHRIS.CONROY@EXELONCORP.COM

Chris Conroy
3146 Sanatoga Road
Pottstown, PA 19464
Phone: 610-718-2513
Email Address: chris.conroy@exeloncorp.com

Page 2

Report Preparer:



2009 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for SCHUYLKILL & DELAWARE RIVER (2057)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

PO.TABILITYQ6.qSE i,•••.•• •, ,,"•• • '•.. =

Potability of Use NON-POTABLE

Measure Method METERED

Last Date Tested 04/16/2002 (mm/dd/yyyy)

Tested By EXELON

Month Total Gallons Month

Jan Gallons 1,259,989,799 Jan Days 31
Feb Gallons 1,071,974,281 Feb Days 28
Mar Gallons 954,728,800 Mar Days 31
Apr Gallons 1,197,490,719 Apr Days 30

May Gallons 1,208,760,396 May Days 31

Jun Gallons 1,232,657,197 Jun Days 30
Jul Gallons 1,563,801,786 Jul Days 31

Aug Gallons 1,288,654,395 Aug Days 31
Sep Gallons 1,229,499,681 Sep Days 30

Oct Gallons 1,490,775,658 Oct Days 31
Nov Gallons 1,172,785,201 Nov Days 30
Dec Gallons 1,079,386,396 Dec Days 31
Total Gallons 14,750,504,309 Total Days 365

Submitted By: Chris Conroy

Submitted On: 06/16/2010

Submitted By Email: chris.conroy@exeloncorp.com



/UUU , I n jr J I l_ l • I .VPDIIP" I

DEPARTMENT OF ENVIRONMENTAL PROTECTION
BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for BRADSHAW RESERVOIR (53965)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

17AILIY OF ýUSEr
Potability of Use NON-POTABLE

..M..U"• 1N•. IMETERING WNINA... . . ,

Measure Method METERED

Last Date Tested 01/25/2007 (mm/dd/yyyy)

Tested By EXELON

Month Total Gallons Month Days

Jan Gallons 86,200,000 Jan Days 21

Feb Gallons 214,700,000 Feb Days 28

Mar Gallons 209,300,000 Mar Days 31

Apr Gallons 243,000,000 Apr Days 30

May Gallons 183,500,000 May Days 31

Jun Gallons 188,300,000 Jun Days 30

Jul Gallons 236,200,000 Jul Days 31

Aug Gallons 185,500,000 Aug Days 31

Sep Gallons 188,800,000 Sep Days 30

Oct Gallons 233,000,000 Oct Days 31

Nov Gallons 190,100,000 Nov Days 30

Dec Gallons 226,400,000 Dec Days 31

Total Gallons 2,385,000,000 Total Days 355

Submitted By: Chris Conroy

Submitted On: 06/16/2010

Submitted By Email: chris.conroy@exeloncorp.com



2009 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for PERKIOMEN CREEK (53966)

REPORT FOR CALENDAR YEAR JAN I TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Potability of Use NON-POTABLE

Measure Method METERED

Last Date Tested 04/16/2002 (mm/dd/yyyy)

Tested By EXELON

Month Total Gallons Month Days
Jan Gallons 7,812,000 Jan Days 27

Feb Gallons 11,379,490 Feb Days 28

Mar Gallons 10j753,500 Mar Days 31

Apr Gallons 8,276,000 Apr Days 25

May Gallons 3,488,000 May Days 15

Jun Gallons 7,843,000 Jun Days 30

Jul Gallons 8,661,000 Jul Days 31

Aug Gallons 380,000 Aug Days 7

Sep Gallons 0 Sep Days 0

Oct Gallons 0 Oct Days 0

Nov Gallons 0 Nov Days 0

Dec Gallons 0 Dec Days 0

Total Gallons 58,592,990 Total Days 194

JREPO.Rt. BigSb'NFORMATlON .
Submitted By: Chris Conroy

Submitted On: 06/16/2010

Submitted By Email: chris.conroy@exeloncorp.com



2009 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for WELL I ALLEY WELL (12923)
REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

POTA BILiTYO US E< : ; ••:
Potability of Use POTABLE

MEASURING/METERING ,OF•WATER .. • : • *•;.:,.i.••,'••

Measure Method METERED

Last Date Tested 07/30/2008 (mm/dd/yyyy)

Tested By METERPRO SERVICE INC.

Month Total Gallons Month Days
Jan Gallons 497,410 Jan Days 31
Feb Gallons 525,351 Feb Days 28

Mar Gallons 771,189 Mar Days 31

Apr Gallons 772,779 Apr Days 30

May Gallons 796,009 May Days 31

Jun Gallons 872,714 Jun Days 30

Jul Gallons 813,923 Jul Days 31

Aug Gallons 742,731 Aug Days 31

Sep Gallons 661,893 Sep Days 30
Oct Gallons 586,121 Oct Days 31

Nov Gallons 671,243 Nov Days 30
Dec Gallons 554,185 Dec Days 31

Total Gallons 8,265,548 Total Days 365

Submitted By: Chris Conroy

Submitted On: 06/16/2010

Submitted By Email: chris.conroy@exeloncorp.com



2009 COMMONWEALTH OF PENNSYLVANIA Page 1
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for WELL 3 BATCH PLANT (12924)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2009

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

POJA ilýITYFUýSEý~ KIM'

Potability of Use NON-POTABLE

MEASURING1METERINGIOFWATER

Measure Method ESTIMATED (SYSTEM TEST, TANK LEVEL, ESTIMATE)

JW17THDAAWAL.SO 'ORREPORflNGY R2009." i

Month Total Gallons Month Days
Jan Gallons 16,400 Jan Days 31

Feb Gallons 16,400 Feb Days 28

Mar Gallons 16,400 Mar Days 31

Apr Gallons 63,050 Apr Days 30

May Gallons 16,400 May Days 31

Jun Gallons 16,400 Jun Days 30

Jul Gallons 16,400 Jul Days 31

Aug Gallons 16,400 Aug Days 31

Sep Gallons 16,400 Sep Days 30
Oct Gallons 16,400 Oct Days 31

Nov Gallons 16,400 Nov Days 30

Dec Gallons 16,400 Dec Days 31

Total Gallons 243,450 Total Days 365

REPORT SUBMISSION INFO.RMWATON • .... .

Submitted By: Chris Conroy

Submitted On: 06/16/2010

Submitted By Email: chris.conroy@exeloncorp.com



Page I of 2Water Reporting - Submitted Reports

COMMONWEALTH OF PENNSYLVANIA
10 DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

CHAPTER 110 (formerly ACT 220) AND WATER
ALLOCATION

WATER WITHDRAWAL AND USE REPORTING

Back to Act 220 Water Withdrawal and Use Reporting

Submitted Reports for EXELON LIMERICK GENERATION STA

PRIMARY FACILITY REPORTS

I Report Year II Primary Facility Client

Ii1ew 112010 FEXELON LIMERICK GENERATION STA IFEXELON GENERATION CO LLC

12009 JFEXELON LIMERICK GENERATION STA JFEXELON GENERATION CO LLC

I [e ~12008 LEXELON LIMERICK GENERATION STA JFEXELON GENERATION CO LLC

IUBFAILITY REPORTS ____________________I
Date Re port WUDS II Sbfacility Name

Submittedj Year ID

v~ewl~ll/,/2,1o 12010 115365 JBRADSHAW RESERVOIR _EXELONLIMERICK1P062/21 REER1I 1 ]GENLESATION STA
IIX LONLMERICK

Vel2P06/'24/2011 12010 596IPERKIOMEN CREEK JGENERATON STARIC
v~ol~7oo I, o GENERATION STA

jIvew_ l 20uY20ELKILL & DELAWARE E LIMERICKg [3]10•i6/24/2011 7 20 10 25 . IRIVER GENERATION STA

View4 06/24/2011 2010 12923 WELL 1 ALLEY WELL EIGENE LIMERICK

V 5ew 06/24/2011 20109 WL 3A TH PLANT REIEXELON LIMERICK
____ I_ II _GENERATION STA

E II6/16/2010 12009 13 BRADSHAW RESERVOIR XELON LIMERICK
,__GENERATION STA

VelI0/621 2009 153966 ][ERKIOMEN CREEK ] XELON LIMERICK
[iw][06/16/2010 2009 j2057 1 CUV KL GENERATION STA

________ ____ VER GEEAINSTA

View 06/16/2010 2009 12923 WELL 1 ALLEY WELL FLIMERICK

[ ie 4 1 11GENERATION STA

,------201 .... 1GENERATION STA

Previous. Set' I Next Set
- p

ittps://www.depgreenport.state.pa.us/Act220-Reporting/Act220_Menu.Revortingy.do?evi-.nt rpmnrtc-ch,- j< /,)A Pin I I



Conroy, Christopher: (GenCo-Nuc)

From:
Sent:To:
Cc:
Subject:

RA-eGovtAct220 @ state.pa.us
Friday, June 24, 2011 3:24 PM
RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
RA-eGovtAct220@state.pa.us
DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Primary Facility Report Primary Facility: EXELON LIMERICK GENERATION STA
WUDS Primary Facility ID: 27589

Submission Date: 06/24/2011 15:24:02

1



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @state.pa.us
Sent: Friday, June 24, 2011 3:24 PM
To: RA-eGovtAct220 @state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: BRADSHAW RESERVOIR
WUDS Sub-Facility ID: 53965

Submission Date: 06/24/2011 15:24:24

I



Conroy,.Christopher:(GenCo-Nuc)

From: RA-eGovtAct220@state.pa.us
Sent: Friday, June 24, 2011 3:25 PM
To: RA-eGovtAct220@state.pa.us; Conroy, Christopher: (GenCo-Nuc)
Cc: RA-eGovtAct220@ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: PERKIOMEN CREEK
WUDS Sub-Facility ID: 53966

Submission Date: 06/24/2011 15:24:42

I



Conroy, Christopher:(GenCo-Nuc)

From: RA-eGovtAct220 @state.pa.us
Sent: Friday, June 24, 2011 3:25 PM
To: RA-eGovtAct220 @state.pa. us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: SCHUYLKILL & DELAWARE RIVER WUDS Sub-Facility ID: 2057

Submission Date: 06/24/2011 15:25:01

I



Conroy, Chrlstopher:(GenCo-Nuc)

From: RA-eGovtAct220@ state.pa.us
Sent: Friday, June 24, 2011 3:25 PM
To: RA-eGovtAct220 @state.pa.us; Conroy, Christopher:(GenCo-Nuc)
Cc: RA-eGovtAct220@ state.pa.us
Subject: DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 1 ALLEY WELL
WUDS Sub-Facility ID: 12923

Submission Date: 06/24/2011 15:25:20

1



Conroy, Christopher: (GenCo-Nuc)

. From:
Sent:
To:
Cc:
Subject:

RA-eGovtAct220 @ state.pa.us
Friday, June 24, 2011 3:26 PM
RA-eGovtAct220@state.pa.us; Conroy, Christopher:(GenCo-Nuc)
RA-eGovtAct220@ state.pa.us
DEP Water Resources Reporting Receipt

Thank you for using DEP's web-based system to submit your report. This email confirms
that DEP has received the following report.

Report Type: 2010 Sub-Facility Report
Primary Facility: EXELON LIMERICK GENERATION STA WUDS Primary Facility ID: 27589
Sub-Facility: WELL 3 BATCH PLANT
WUDS Sub-Facility ID: 12924

Submission Date: 06/24/2011 15:25:39

1



2010 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Primary Facility Report for EXELON LIMERICK GENERATION STA (27589)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Page 1

I PRIMARY FACILITY NAME AND MAILING ADDRESS
_ ~ I

Current Address:

Phone:

Facility e-mail:

Change of Address:

Revised Address:

Contact Information:

EXELON LIMERICK GENERATION
STA (27589)

PO BOX 2300

EVERGREEN & SANATOGA RDS

POTTSTOWN, PA 19464-0920

CHEMIST RAD WASTE MGR

610-718-2700

Yes

EXELON GENERATION COMPANY, LLC
LIMERICK GENERATING STATION

3146 SANATOGA RD, SSB 2-1

POTTSTOWN, PA 1.9464

CHRIS CONROY

ENVIRONMENTAL CHEMIST

610-718-2513

CHRIS.CONROY@EXELONCORP.COM

Phone:

Facility e-mail:

NORTH AMERICAN INDUSTRY CLASSIFICATION SYSTEM (NAICS)

NAICS: 221113 - Nuclear Electric Power Generation

WATER CONSUMPTION

Consumption Gallons Per Year
CONSUMED 12,129,520,249

Consumptive Use Calculation Method: BALANCING EQUATION

SUMMARY OF WATER DISPOSALS
No Water Disposal Information Was Reported.

REPORT CONTACT INFORMATION

Report Preparer: CHRIS CONROY

3146 SANATOGA ROAD

POTTSTOWN, PA 19464

Phone: 610-718-2513

Email Address: CHRIS.CONROY@EXELONCORP.COM



2010 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for SCHUYLKILL & DELAWARE RIVER (2057)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Page 1

POTABILITY OF USE

Potability of Use NON-POTABLE

MEASURINGIMETERING OF WATER-

Measure Method METERED

Last Date Tested 04/16/2002 (mm/dd/yyyy)

Tested By EXELON

IWITHDRAWALS OR USE FOR REPORTING YEAR 2010

Month TotalGallons Month QAi
Jan Gallons 1,316,100,719 Jan Days 31

Feb Gallons 1,068,531,001 Feb Days 28
Mar Gallons 997,080,000 Mar Days 31

Apr Gallons 1,189,870,997 Apr Days 30

May Gallons 1,223,433,803 May Days 31

Jun Gallons 1,196,114,001 Jun Days 30
Jul Gallons 1,565,747,956 Jul Days 31
Aug Gallons 1,176,778,501 Aug Days 31

Sep Gallons 762,210,601 Sep Days 30

Oct Gallons 1,421,043,300 Oct Days 31

Nov Gallons 1,093,546,200 Nov Days 30

Dec Gallons 908,842,080 Dec Days 31
Total Gallons 13,919,299,159 Total Days 365

REPORT SUBMISSION INFORMATION
Submitted By: Chris Conroy

Submitted On: 06/24/2011

Submitted By Email: chns.conroy@ex:eloncorp.com



2010 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for WELL 1 ALLEY WELL (12923)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Primary Facility; EXELON LIMERICK GENERATION STA

Page 1

POTABILITY OF USE
Potability of Use POTABLE

MEASURINGIMETERING OF WATER

Measure Method METERED

Last Date Tested 07/16/2010 (mm/dd/yyyy)

Tested By METERPRO SERVICE INC.

WITHDRAWALS OR USE FOR REPORTING YEAR 2010
Month Total Gallons MonthPA

Jan Gallons 631,639 Jan Days 31
Feb Gallons 552,277 Feb Days 28
Mar Gallons 968,553 Mar Days 31
Apr Gallons 941,008 Apr Days 30
May Gallons 717,961 May Days 31
Jun Gallons 793,768 Jun Days 30
Jul Gallons 877,585 Jul Days 31
Aug Gallons 930,210 Aug Days 31
Sep Gallons 886,193 Sep Days 30
Oct Gallons 912,802 Oct Days 31
Nov Gallons 462,293 Nov Days 30
Dec Gallons 451,926 Dec Days 31
Total Gallons 9,126,215 Total Days 365

REPORT SUBMISSION INFORMATION:

Submitted By: Chris Conroy

Submitted On: 06/24/2011

Submitted By Email: chris.conroy@exeloncorp.com



DEPARTMENT OF ENVIRONMENTAL PROTECTION
BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for WELL 3 BATCH PLANT (12924)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

POTABILITY OF USE

Potability of Use NON-POTABLE

MEASURINGIMETERING OF WATER

Measure Method METERED

Last Date Tested 01/24/2011 (mm/dd/yyyy)
Tested By METERPRO SERVICE INC.

WITHDRAWALS OR USE FOR REPORTING YEAR 2010
Month Total Gallons Month

Jan Gallons 466,400 Jan Days 31
Feb Gallons 109,900 Feb Days 28
Mar Gallons 109,900 Mar Days 31
Apr Gallons 16,400 Apr Days 30
May Gallons 16,400 May Days 31
Jun Gallons 16,400 Jun Days 30
Jul Gallons 16,400 Jul Days 31
Aug Gallons 16,400 Aug Days 31
Sep Gallons 16,400 Sep Days 30
Oct Gallons 16,400 Oct Days 31
Nov Gallons 16,400 Nov Days 30
Dec Gallons 16,400 Dec Days 31
Total Gallons 833,800 Total Days 365

REPORT SUBMISSION INFORMATION
Submitted By: Chris Conroy

Submitted On: 06/24/2011
Submitted By Email: chris.conroy@exeloncorp.com



2010 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacllity Report for PERKIOMEN CREEK (53966)

REPORT FOR CALENDAR YEAR JAN I TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Page 1

POTABILITY OF USE

Potability of Use NON-POTABLE

IMEASURINGIMETERING OF WATER

Measure Method METERED

Last Date Tested 04/12/2002 (mm/dd/yyyy)

Tested By EXELON

WITHDRAWALS OR USE FOR REPORTING YEAR 2010

Month Total Gallons Month A
Jan Gallons 0 Jan Days 0
Feb Gallons 0 Feb Days 0
Mar Gallons 251,000 Mar Days 1
Apr Gallons 6,483,000 Apr Days 29
May Gallons 5,347,000 May Days 26
Jun Gallons 6,393,500 Jun Days 28
Jul Gallons 85,282,720 Jul Days 12
Aug Gallons 136,349,000 Aug Days 21
Sep Gallons 511,284,000 Sep Days 30
Oct Gallons 70,661,500 Oct Days 27
Nov Gallons 32,097,000 Nov Days 28
Dec Gallons 110,328,000 Dec Days 31
Total Gallons 964,476,720 Total Days 233

REPORT SUBMISSION INFORMATION

Submitted By: Chris Conroy

Submitted On: 06/24/2011

Submitted By Email: chris.conroyCa)exeloncorp.com



2010 COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

BUREAU OF WATERSHED MANAGEMENT

Subfacility Report for BRADSHAW RESERVOIR (53965)

REPORT FOR CALENDAR YEAR JAN 1 TO DEC 31, 2010

Client: EXELON GENERATION CO LLC

Primary Facility: EXELON LIMERICK GENERATION STA

Page 1

POTABILITY OF USE

Potability of Use NON-POTABLE

MEASURING/METERING OF WATER

Measure Method METERED

Last Date Tested 03/22/2011 (mm/dd/yyyy)

Tested By EXELON

WITHDRAWALS OR USE FOR REPORTING YEAR 2010

Month Total Gallons MnthA
Jan Gallons 197,500,000 Jan Days 31
Feb Gallons 190,400,000 Feb Days 28

Mar Gallons 152,600,000 Mar Days 31

Apr Gallons 257,200,000 Apr Days 30

May Gallons 217,400,000 May Days 31

Jun Gallons 204,400,000 Jun Days 30

Jul Gallons 319,500,000 Jul Days 31

Aug Gallons 343,700,000 Aug Days 31

Sep Gallons 766,700,000 Sep Days 30

Oct Gallons 209,200,000 Oct Days 31
Nov Gallons 217,200,000 Nov Days 30

Dec Gallons 386,800,000 Dec Days 31

Total Gallons 3,462,600,000 Total Days 365

REPORT SUBMISSION INFORMATION

Submitted By: Chris Conroy

Submitted On: 06/24/2011

Submitted By Email: chris.conroyo •exeloncorp.com


