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CHAPTER 7

ENVIRONMENTAL EFFECTS OF ACCIDENTS

7.1 STATION ACCIDENTS INVOLVING RADIOQACTIVITY

The purpose of this section is to consider the potential
radiological effects on the environment of accidental events and
to compare these potential effects with those of normal station
operation and natural background radiation. Radiological effects
that result from normal station operation are discussed in
Section 5.2, and natural background radiation is discussed in
Section 6.4.

A detailed accident and safety analysis is a normal part of the
design and licensing of each power station. The results of this
analysis are presented to the NRC in the form of safety analysis
reports (SARs). These reports contain detailed descriptions of
the facility and station site, as well as a highly conservative
analysis of .the effects of normal and abnormal plant conditions.
In addition to the analysis presented in the SAR, further
examination of the environmental effects of normal and abnormal
station conditions, based upon realistic parameters, is required
to be presented in this Environmental Report. An assessment of
the risks associated with the Limerick plant from accidents more
severe than included in the design bases for the station was
undertaken and is required to be presented in Section 7.1.4.

There are two main aspects of station safety: prevention of
station accidents, and containment of radioactivity in the event
of an accident. Prevention of station accidents begins with
conservative design of the reactor and its control system, and
conservative engineering of the reactor installation. Starting
with this base, the designer seeks to anticipate the possible
sources of malfunction, and to make provisions for mitigating
their effects in the design. A strict quality assurance program
ensures high component and system reliability.

Radioactive materials produced in the core of the reactor are
contained within the station by a number of successive barriers
that are incorporated in the station design. These barriers are
the fuel material, zircaloy fuel cladding, the steel wall of the
reactor vessel, and the primary and secondary containment
systems. Containment of radioactivity in the event of an
accident also involves the incorporation of engineered safety

7.1-1 Rev. 12, 04/83
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features (ESF) in the station design, such as radiation shields,
emergency cooling systems, and air filtration systems.

In considering the environmental effects of postulated station
accidents, several important distinctions must be made from other
station environmental effects. The estimated effects are
potential rather than certain. As a result of measures taken, or
prevention of accident through design, manufacture, and
operation, occurrences of accidental events in operating nuclear
power plants have been rare. The improbability of accidental
events in operating nuclear plants has been maintained at this
low level through design review, operating limits, and quality
assurance procedures. Therefore, the environmental effects of
these potential events must be considered in conjunction with
their probability of occurrence.

7.1.1 APPROACH TO THE ANALYSIS OF CLASS 1-8 ACCIDENTS

In the Federal Register of June 13, 1980 (45FR 40101), the
Nuclear Regulatory Commission published a statement of interim
policy regarding accident considerations. This statement
withdrew the proposed annex to Appendix D of 10CFR50 and
suspended the rulemaking procedures associated with it. It also
put forward the Commission's interim policy that
"...Environmental Impact Statements shall include consideration
of the site-specific environmental impacts attributable to
accident sequences that can result in inadequate cooling of the
reactor fuel and in melting of the reactor core. 1In this regard,
attention shall be given both to the probability of occurrence of
such releases and to the environmental consequences of such
releases.”

Accordingly, Section 7.1.4 describes an analysis of the public
risk associated with these severe accidents.

Although, as is described above, the proposed annex was
subsequently withdrawn, the information for accidents formerly
designated as Class 1-8 is given in Sections 7.1.1 to 7.1.3. The
public risk associated with these accidents is summarized in
Section 7.1.3.9.

The occurrence of abnormal station conditions and accidental
events must be considered in design, licensing, and operation of
nuclear power plants. 1In technical terms, an accident is an
unexpected chain of events (i.e., a process rather than a single
event). In SARs, the basic events involved in various possible

Rev. 12, 04/83 7.1-2
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station accidents are identified and studied with regard to the
adequacy of the performance of the engineered safety features
(ESF). 1In addition, the potential radiological effects of
station accidents are analyzed by the evaluation of physical
factors involved in each chain of events that might result in
radiation exposures to humans. These factors include the
meteorological conditions existing at the time of the accident,
radionuclide uptake rates, and exposure times and distances, as
well as the many factors that depend upon station design and the
mode of operation. In these analyses, the factors affecting the
consequences of each accident are identified and evaluated, and
uncertainties in their values are discussed. Because some degree
of uncertainty always exists in the prediction of these factors,
it has become general practice in SARs to assume conservative
values in making calculated estimates of radiation doses.

As a result of the highly conservative analysis, the radiation
exposure levels calculated in SARs are not actually expected to
be reached, even if the event initiating the accident occurs. 1In
fact, the calculated exposures resulting from a DBA are generally
far in excess of what would be expected, and do not provide a
realistic means of assessing the radiological effects of
postulated station accidents. In the analyses presented here,
the radiation exposures associated with station accidents have
been analyzed on a more realistic basis, as specified in the
proposed annex to Appendix D of 10 CFR Part 50, which is
referenced by NRC Regulatory Guide 4.2, Rev. 2 (Ref 7.1-1). 1In
many cases, the assumptions are still conservative in that the
most probable assumptions would result in even lower radiation
exposure.

The effectiveness of measures that have been taken for accident
prevention is judged by the frequency at which the accident
occurs; that is, the accident probability. The effectiveness of
the measures taken in containment of radioactivity can be judged
by the calculated values of the radiological exposures associated
with each accident. As discussed in the Federal Register (36 FR
22851) for the proposed annex to Appendix D of 10 CFR Part 50,
the determination of the environmental impact - of potential
accidents requires the consideration of both the potential
exposures, and the probabilities of receiving these exposures.

The environmental impact of the postulated accidents is evaluated
for eight accident classes identified in Table 7.1-1. These
classes are defined in the proposed annex to Appendix D of 10 CFR
Part 50.

7.1-3 Rev. 12, 04/83
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7.1.2 MODELS AND DATA USED TO EVALUATE THE ENVIRONMENTAL
CONSEQUENCES OF CLASS 1-8 ACCIDENTS

Maximum individual dose estimates are based upon a receptor
located at the exclusion area boundary. Man-rem dose estimates
are based upon the year 2000 population projections. The
population distribution as a function of distance and sector for
the year 2000 has been estimated, and presented in Section 2.1.
The total population dose was determined by taking the product of
the dose and the number of people receiving that dose in an area
segment defined by a 22.5° sector, at a particular distance from
the station, and summing the product of each 22.5° sector for a
distance out to 50 miles from the station.

7.1.2.1 Radiation Dose quels and Data for Class 1-8 Accidents

The models used are based upon NRC Regulatory Guides 1.3 (Ref
7.1-2) and 1.25 (Ref 7.1-3). The following assumptions are basic
to both the model for the whole-body dose due to immersion in a
cloud of radioactivity, and the model for the thyroid dose due to
inhalation of radioactivity:

a. Direct radiation from the station is negligible compared
to whole-body radiation due to immersion in the cloud of
radioactivity.

b. All radioactive releases are treated as ground level

releases, regardless of the point of discharge.

C. Continuous release atmospheric dispersion factors are
applicable, and cloud depletion due to ground deposition
is assumed to be insignificant.

d. The dose receptor is a standard man, as defined by the
International Commission on Radiological Protection
(ICRP) (Ref 7.1-4).

For all distances and time periods, the semi-infinite cloud model
is used to calculate the whole-body dose. The procedure results
in population exposures that are conservative.

The semi-infinite, whole-body gamma dose is given by the
following equation from TID-24190 (Ref 7.1-5):

Rev. 12,.04/83 ' 7.1-4
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rDoo = (0.25) (X/Q) (Qi) (E1) (7.1-1)

1

o2

1

where:
rDoo = gamma dose from semi-infinite cloud (rad)
X/Q = atmospheric dilution factor (sec/meter3)
N = number of isotopes
Qi = source strength for isotope i (curies)
Ei = average gamma energy for isotope i (MeV/dis)

The thyroid dose for a given time period is obtained from the
following equation:

N
D = (X/Q)(BR) £ (Qi)(DCFi) (7.1-2)
i=1

where:
D = thyroid inhalation dose (rem)
X/Q = atmospheric dilution factor (sec/meter3)
BR = breathing rate (meter3/sec)
N = number of isotopes
Qi = total activity of iodine isotope i released (curies)
DCFi = dose conversion factor for iodine isotope i

(rem/curies inhaled)

Table 7.1-2 lists the physical data for the radiation dose
models. The half-life values were taken from the Meek and Rider
Report (Ref 7.1-6), and are in general agreement with those in
TID-14844 (Ref 7.1-7) and ORNL-2127 (Ref 7.1-8). The values for
the .gamma energies are those given in the Table of Isotopes (Ref
7.1-9). The thyroid dose conversion factors are taken from the
ICRP Committee II Report (Ref 7.1-10), and the breathing rates
used in the calculations of inhalation doses are based upon the
average daily breathing rates assumed in the ICRP Report, which
are also used in the NRC Regulatory Guide 1.3 (Ref 7.1-2).

7.1-5 Rev. 12, 04/83
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7.1.2.2 Source Term Models and Data for Class 1-8 Accidents

It is the purpose of this section to provide the general
information used for accident evaluations.

The inventories of radioactive materials in the fuel pellets and
fuel rod gap spaces in the reactor core depend upon the
following:

a. Core power

b. Plant capacity factor

C. Temperature distribution in the pellets

d. Length of operating time prior to-the accident or
shutdown

e. Diffusion rates of radioisotopes through the fuel pellet
materials.

Fission product inventories for the core and gap are based upon
operation at 3458 MWt for 1000 days. Activity inventories for

the total core, total gap, and gap of one fuel rod are given in
Table 7.1-3. Reactor coolant concentrations are given in Table
7.1-4. These coolant concentrations were calculated using the

methodology of NUREG-0016 (Ref 7.1-11).

7.1.2.3 Atmospheric Diffusion Estimates for Class 1-8 Accidents

Estimates of atmospheric diffusion (X/Q) have been made at the
exclusion area boundary, the outer boundary of the low population
zone (LPZ), and at 0.5, 1.5, 2.5, 3.5, 4.5, 7.5, 15, 25, 35, and
45 miles for each sector. These estimates have been made for
periods of 2, 8, and 16 hours, and 3 and 26 days following a
postulated accident. The sector-dependent model in Draft
Regulatory Guide 1.145 (Ref 7.1-12) has been used.

The calculation procedure used to determine X/Q for the
appropriate time periods following a postulated accident is
described in Draft Regulatory Guide 1.145. The diffusion model
presented in this guide is used to determine X/Q values for the
first 2 hours following the accident. X/Q values for longer time
periods are determined by logarithmic interpolation between the
2-hour accident value and the annual X/Q at each receptor point.

Rev. 12, 04/83 7.1-6
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The annual X/Q values have been calculated using the model
described in Regulatory Guide 1.111 (Ref 7.1-13). The Limerick
emission has been classified as a low-level release, according to
the criteria of Draft Requlatory Guide 1.145. This requires that
the source be treated as ground level. This assumption has also
been made in the annual X/Q calculations.

Meteorological data from Limerick Weather Station No. 1, from
January 1972 through December 1974, have been used in the
diffusion calculations. Lapse rate wind distributions have been
computed using wind speed and direction from the 30-foot level,
and temperature difference from the 266-26 foot height interval.
The lapse rate, wind speed, and wind direction categories are
consistent with the recommendations of Regulatory Guide 1.23 (Ref
7.1-14). The wind distribution used to calculate the 2-hour
accident X/Q values has been normalized by directional sector, in
accordance with Draft Regulatory Guide 1.145. This distribution
is shown in Table 2.3.2-2. 1In each sector, the total frequency
of wind speed and stability categories equals 100%. The
stability classes designated as 1 through 7 in this distribution
refer to the Pasquill classes A through G. A wind distribution
computed in the standard manner is shown in Table 2.3.2-42. This
distribution was used to calculate the annual X/Q values used in
the logarithmic interpolation scheme.

The dispersion parameters developed by Pasquill (Ref 7.1-15) and
Gifford (Ref 7.1-16) have been used in the accident calculations.
Analytical approximations to these curves, developed by Eimutis
and Konicek (Ref 7.1-17), have been used for sigma-y. The
approximations of Busse and Zimmerman (Ref 7.1-18) have been used
for sigma-z. A building wake correction of 2298m2 was used.

This is equal to one-~half the minimum cross-sectional area of the
reactor turbine enclosure complex.

The effective probability level is an adjustment necessary to
equate the directionally dependent approach of Draft Regulatory
Guide 1.XXX with the 50th percentile criterion previously
employed by the NRC in the directionally independent model. This
parameter is calculated as follows:

Pe = P(N/n) (7.1-3)
S
where:
Pe = effective probability level

7.1-7 Rev. 12, 04/83
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P = desired probability level (50%)

N = total number of hours having valid wind and stability
data in the period of record

n = total number of hours having valid wind and stability
data in the directional sector of interest

S = total number of directional sectors (16)

The effective probability levels calculated for each sector at
the Limerick Generating Station are listed in Table 7.1-5.

Cumulative frequency distributions of X/Q for the first 2 hours
following a postulated accident were computed for distances of
interest in each sector. These distributions were then plotted
on a log probability scale. In each plot, the data points were
enveloped by a fitting function, as described by Markee and
Levine (Ref 7.1-19). The accident X/Q values in each directional
sector were then obtained from the intersection of this function
and the effective probability level.

Accident X/Q values for periods of 8 and 16 hours and 3 and 26
days following the accident have been determined by logarithmic
interpolation between the maximum 2-hour and the maximum annual
X/Q at each distance. A complete summation of the estimated X/Q
values for the entire duration of the postulated accident is
given in Table 7.1-6 for distances up to 50 miles for each
sector.

7.1.3 CLASS 1-8 ACCIDENT ANALYSIS

In the following subsections, postulated accidents are identified
and analyzed, and their radiological consequences are estimated.

7.1.3.1 Class 1 - Trivial Accidents Inside Primary Containment

Class 1 accidents are postulated as the release of small
quantities of radioactive material inside the primary
containment. The various mechanisms by which this may occur
include small spills and small leaks from equipment and valve
packing. A low level of continuous leakage from components such
as valve packing stems, pump seals, and flanges, etc, is
expected. Radioactivity release events of this class are
considered as part of normal operating conditions, and analyzed
along with radioactivity releases due to normal operation in
Sections 3.5 and 5.2.

Rev. 12, 04/83 7.1-8
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7.1.3.2 Class 2 - Small Releases Outside Primary Containment

Class 2 events are postulated as the release of small quantities
of radioactive material outside the primary containment. These
include small spills and leaks from equipment outside the primary
containment. A low level of continuous leakage from components
such as valve packing stems, pump seals, and flanges, etc, is
expected. Radioactivity release events of this class are
considered to be minor perturbations of normal operating
conditions, and analyzed as "miscellaneous leakages," along with
radioactivity releases due to normal operation in Sections 3.5
and 5.2.

The events in Classes 1 and 2 represent occurrences that are
anticipated during station operation. Their consequences, which
are small, are considered within the framework of routine
effluents from the station.

7.1.3.3 Class 3 - Radwaste System Failure

Class 3 accidents are postulated to involve the release of
radioactivity to the environment through a failure, or
malfunction, in the radwaste systems.

The most serious radiological consequences will be caused by a
release from the waste sludge tank in the solid radwaste systen,
or from the charcoal delay tank in the offgas treatment system.
A number of combinations of inadvertent operator errors and
equipment malfunctions, or failures, could be identified that
might result in a release of some or all of the radioactivity
stored in the waste sludge tank and the offgas treatment system
charcoal delay tank. Iodine isotopes in the liquid tank are
assumed to become partially airborne after its failure. 1In
general, the amounts of radioactivity that could be released by
any such combination of events are limited in the following ways:

Station Feature Function

Limits on reactor coolant Restricts total curies present
activity in radwaste system tanks
Radiation monitors Allow early detection of

radiocactivity releases,

7.1-9 Rev. 9, 12/82
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allowing operator action to
terminate release

Limits on tank size Restricts total curies present
in any one tank

Isolation valves Allow operator to terminate
radiocactivity releases

Interlock procedures Reduce probability of
inadvertent releases

Charcoal filters Delay tanks are continuously
vented to limit the
accumulation of gases

Three releases of different types have been analyzed to cover the
range of postulated events.

7.1.3.3.1 Class 3.1 - Equipment Leakage or Malfunction

The accident postulated is a failure of equipment in the liquid
radwaste system that would cause the sudden release to the
radwaste enclosure of 25% of the average inventory contained in
the waste sludge tank. This tank is considered because its
failure would result in the largest amount of radioactivity
(iodine) released from the radwaste enclosure by the failure of
any one tank. The radioactivity of the liquid released is based
on the normal accumulation of liquid radwaste over a 6-day
period. -

The parameters and assumptions used in this analysis are as
follows:

a. Twenty-five percent of the average inventory of
accumulated liquid waste will be spilled.

b. An iodine partition factor of 0.01 is used for analysis.
c. Noble gas release as a resultvof the accident is
negligible.
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d. There is no liquid released to the environment.

e. Meteorology for less than 8 hours is used because the
release from this accident is expected to last for less
than 8 hours.

The radiocactivity released to the environment is given in Table
7.1=-7.

7.1.3.3.2 Class 3.2 - Offgas Treatment System Failure

The offgas treatment system has been incorporated in the station
design to reduce the gaseous radwaste release from the station.
It is assumed that, within this system, the first charcoal delay
tank failure would result in the most significant whole-body
dose. The analysis of this event is based on the following
assumptions: -

a. Source term: an offgas release rate of 60,000
microcuries/sec after 30 minutes decay, and maximum
accumulated activity in the first charcoal delay tank
based on 22.5 days buildup time for xenon and 0.98 days
buildup time for krypton.

b. Release of 100% of the noble gas activity contained in
the first charcoal delay tank. The iodine releases are
negligible.

c. Meteorology for less than 8 hours is used because the

release from this accident is expected to last for less
than 8 hours.

The radioactivity released to the environment is given in Table
7.1-8.

7.1.3.3.3 Class 3.3 -~ Release of Waste Sludge Tank Contents

This accident is defined to be the sudden release of 100% of the
average inventory contained in the waste sludge tank. Other
assumptions used in evaluating the consequences of this accident
are identical to those used in the Class 3.1 accident. The
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radiocactivity released to the environment is given in Table
7.1-9.

In making an assessment of the probability of releases of this
type, it is not possible to establish precise numerical values.
Events in Class 3 are not anticipated during station operation.

7.1.3.4 Class 4 - Fission Products to Primary System (BWR)

Class 4 accidents are postulated as those events that release
radiocactivity from the fuel into the primary system.

To demonstrate the potential environmental consequences of these
events, two situations are postulated and evaluated:

a. Fuel cladding defects

b. Off-design transients that induce fuel failures above
those expected (such as flow blockage and flux
maldistributions).

7.1.3.4.1 Class 4.1 - Fuel Cladding Defects

Releases from these events are included and evaluated under
routine releases in accordance with 10 CFR Part 50, Appendix I,
and included in the routine radioactive discharge discussed in
Section 5.2. ,

7.1.3.4.2 Class 4.2 - Off-Design Transients That Induce Fuel
Failures Above Those Expected (Such as Flow Blockage
and Flux Maldistributions)

This accident is assumed to induce fuel failures to the core
above those normally expected. The following assumptions are
postulated for an off-design transient:

a. A release into the reactor coolant of 0.02% of the core
inventory of noble gases and 0.02% of the core inventory
of halogens.
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b. One percent of the halogens and 100% of the noble gases
in the reactor coolant are released into the steam.

C. If the radioactivity release from the core is high, the
radiation monitors in the main steam line will initiate
MSIV closure. MSIV closure will result in the release
of radioactivity to the turbine enclosure by condenser
leakage, and then to the atmosphere. If the
radioactivity level is not high enough to trip the MSL
monitor, the inventory released from the core will be
processed through the offgas treatment system, from
which the eventual release of radioactivity yields a
lower exclusion area boundary (EAB) whole-body gamma
dose than that from condenser leakage. The more
conservative case (radioactivity released through
condenser leakage) is used in this accident analysis.

d. Radioactivity is carried over to the condenser, where
10% of the halogens and 100% of the noble gases are
available for leakage from the condenser to the
environment at 0.5% per day of condenser volume for the
course of the accident (24 hours).

e. Meteorology used is for a 24-hour accident.

The radioactivity released to the environs for the duration of
the accident is given in Table 7.1-10.

7.1.3.5 Class 5 - Fission Products to Primary and Secondary
Systems (PWR)

Analysis of a Class 5 accident is not applicable because the
reactor is a BWR.

7.1.3.6 Class 6 - Refueling Accidents

Class 6 accidents are postulated to include refueling accidents
inside the refueling area. Following the accident, radioactive
material is released to the environs from the refueling area via
the standby gas treatment system. It should be noted that the
refueling area will be automatically isolated on detection of
high radiation levels in the ventilation exhaust air from the
refueling area.
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To demonstrate the potential environmental consequences of this
type of accident, two refueling accidents are postulated and
evaluated:

a. Fuel assembly drop

b. Heavy object drop onto fuel in core.

7.1.3.6.1 Class 6.1 - Fuel Assembly Drop

A fuel assembly drop is postulated to occur as a result of the
mishandling of a spent fuel assembly. The accident is assumed to
result in damage to one row of fuel rods in the assembly. The
subsequent release of radioactivity from the damaged fuel
assembly will bubble through the water covering the assembly,
where most of the radiocactive iodine will be entrained. The
following assumptions are postulated for a fuel assembly drop
accident:

a. The gap activity (noble gases and halogens) in one row
of fuel rods is released into the water. (Gap activity
is 1% of total activity in a rod.)

b. There is a one-week decay time before the accident
occurs.
c. Iodine decontamination factor in water is 500. Noble

gases are not retained by water.

d. Fission products released to the refueling area
atmosphere are mixed by the reactor enclosure
recirculation system. Part of the recirculated flow is
exhausted to the environment via the standby gas
treatment system.

e. The filter efficiency for iodines of the standby gas
treatment system is 99%, that of the reactor enclosure
recirculation and filtration system is 95%.

f. Meteorology for less than 8 hours is used because the
release from this accident is expected to last for less
than 8 hours.
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The activity contained in the fuel rod gap, and that released
from the refueling area is a result of this accident, is given in
Table 7.1-11.

7.1.3.6.2 Class 6.2 - Heavy Object Drop onto Fuel in Core

This accident is assumed to result in damage to an average fuel
assembly. The same assumptions as used in the fuel assembly drop
accident apply, except that 100 hours of decay time is assumed
before the object drop occurs. The radioactivity released to the
pool water, and from the refueling area as a result of this
accident, is given Table 7.1-12.

7.1.3.7 Class 7 - Spent Fuel Handling Accidents

Class 7 accidents are postulated to include spent fuel handling
accidents in the refueling area. Following accidents in the
refueling area, evacuation and isolation of the area will be
initiated by high radiation alarms. The normal HVAC system in
the area will be automatically isolated. The refueling area
atmosphere will then be treated by the reactor enclosure
recirculation system and the standby gas treatment system before
release to the environs. To demonstrate the potential
environmental consequences of this type of accident, three spent
fuel handling accidents are postulated and evaluated:

a. Fuel assembly drop in fuel storage pool
b. Heavy object drop onto fuel rack
c. Fuel cask drop.

7.1.3.7.1 Class 7.1 - Fuel Assembly Drop in Fuel Storage Pool

This accident is defined as the mishandling of a spent fuel
assembly and assumes the same radioactivity release as postulated
for a Class 6.1 accident. The assumptions used in evaluating
this accident, as well as the resultant offsite doses, are
identical to those in Class 6.1 (Section 7.1.3.6.1).
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7.1.3.7.2 Class 7.2 - Heavy Object Drop Onto Fuel Racks

This accident assumes a release of radioactivity from a damaged
fuel assembly, similar to that postulated for the Class 6.2
accident, except that a 30-day decay period before the accident
occurs is assumed. Other assumptions used are identical to those
in Class 6.2 (Section 7.1.3.6.2). Table 7.1-13 lists the
activity release from the fuel assembly to the spent fuel pool
and the activity released to the environment.

7.1.3.7.3 Class 7.3 - Fuel Cask Drop

The spent fuel cask will be equipped with redundant sets of
lifting lugs and yokes compatible with the reactor enclosure
crane main hook, thus preventing a cask drop due to a single
failure. Therefore, the spent fuel cask drop is not considered
to be a credible accident, and no analysis was performed. FSAR
Section 9.1.5 describes the reactor enclosure crane and the
interlocks that prevent moving the spent fuel cask over the fuel
pool.

During fuel handling operations in the reactor enclosure, there
exists the remote possibility that one or more fuel assemblies
will sustain some mechanical damage. There exists an even more
remote possibility that this damage will be severe enough to
breach the cladding and release some of the radioactive fission
products contained therein. Accidents in Classes 6 and 7 are of
similar or lower probability than accidents in Classes 3 and 4,
but are still possible.

7.1.3.8 Class 8 - Accident Initiation Events Considered for
Design Basis Evaluation in the Safety Analysis Report

Class 8 accidents include the loss-of-coolant accident (small and

large pipe breaks), reactivity excursion accident, and steam line
break accident.

7.1.3.8.1 Class 8.1 - Loss~of-Coolant Accidents (LOCA)

A LOCA is defined as a loss of reactor coolant due to a sudden
circumferential rupture of a reactor coolant system pipe, or any
line connected to that system, inside containment.
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To demonstrate the potential environmental consequences of this
type of accident, two LOCAs are postulated and evaluated:

a. Small pipe break (6 inches or less)
b. Large pipe break.
7.1.3.8.1.1 Small Pipe Break (6 inches or less)

The following assumptions and parameters are postulated for
evaluating the environmental consequences of a LOCA for a small
pipe break (6 inches or less):

a. Source term: The average radioactivity inventory in the
primary coolant is released to the primary containment.

b. A reduction factor of 0.2 is used in the source term for
the effects of plateout and the decontamination factor
in the pool.

c. The effects of radiological decay during holdup in the

containment are taken into account.

d. The free iodine and noble gases leak from the primary
containment to the reactor enclosure at a rate of 0.5%
of the contained volume per day.

e. Fifty percent mixing in the reactor enclosure.

f. Negative pressure in the reactor enclosure is maintained
for the duration of the accident, and whatever is leaked
from the enclosure is released through the SGTS.

g. The SGTS exhausts a portion of the air from the reactor
enclosure recirculation and filtration system. Charcoal
filter efficiency for the standby gas treatment filters
is 99% for iodines, and that for the reactor enclosure
filtration system is 95%.
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h. The breathing rate for persons offsite is 3.47 x 10-4
meters3/sec for the first 8 hours. From 8 to 24 hours
following the accident, the breathing rate is
1.75 x 10-4 meters3/sec. Thereafter, the rate is
2.32 x 104 meters3/sec.

i. Meteorology for both short time (<8 hours) and longer
time (8 hours to 30 days) releases is used for this
accident.

The release as a function of time from this accident is given in
Table 7.1-14.

7.1.3.8.1.2 Large Pipe Break

The large pipe break LOCA is assumed to be a sudden
circumferential break of a recirculation line, permitting the
discharge of coolant into the primary containment from both sides
of the break. The assumptions and parameters postulated for
evaluating the environmental conseugences of this accident are
identical to those assumed for the LOCA small pipe break, with
the following exceptions:

a. Source Term: The average radioactivity inventory in the
reactor coolant is released to the containment, plus a
release into the coolant of 0.2% of the core inventory
of halogens and noble gases.

b. Fission product inventories in the core are calculated
at the end of core life (1000 days), assuming fuel power
operation at 3458 MWt.

The release as a function of time is given in Table 7.1-15.

7.1.3.8.1.3 C(Class 8.1(a), Break in Instrument Line From Primary
System That Penetrates the Containment

This accident is postulated to involve lines outside the primary
containment that are not provided with isolation capac1ty inside
the primary containment.
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The followihg assumptions are used for a primary system
instrument line break accident:

a. The average radioactivity inventory in the primary
coolant is based on an offgas release rate of 60,000
microcuries/sec after 30 minutes delay.

b. Total mass release through the failed line is 25,000 1b.

c. The charcoal filter efficiency for the SGTS is 99% for
iodine, and that for the reactor enclosure filtration
system is 95%.

d. A reduction factor of 0.1 in the source term is assumed
from combined plateocut and building mixing.

e. Meteorology for less than 8 hours is used for this
accident.

The activity releases from this accident are given in Table
7.1-16.

7.1.3.8.2 Class 8.2 - Control Rod Accidents

7.1.3.8.2.1 Class 8.2(a), Rod Ejection Accident (PWR)

This claés of accident is not applicable for this analysis.
7.1.3.8.2.2 Class 8.2(b), Rod Drop Accident (BWR)

A rod drop accident is defined as the complete (but not
necessarily sudden) rupture, breakage, or disconnection of a
random fully-inserted control rod drive from its cruciform
control blade, at or near the coupling, in such a way that the
blade becomes stuck at its location (fully inserted). This
assumption sets up a condition where, if the drive were
withdrawn, the stuck blade could later fall from the core,
causing a reactivity excursion accident. The following
assumptions are postulated for a rod drop accident:
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There is a release into the coolant of 0.025% of the
core inventory of noble gases and 0.025% of the core
inventory of halogens.

One percent of the halogens and 100% of the noble gases
in the reactor coolant are released into the condenser.

A high radiation signal in the main steam lines will
automatically close the MSIVs and trip and mechanical
vacuum pump. Activity in the turbine-condenser offgas
systems will leak to the turbine enclosure, and then to
the atmosphere.

Radioactivity is carried over to the condenser, where
10% of the halogens and 100% of the noble gases are
available for leakage from the condenser at 0.5% of the
condenser volume per day for the course of the accident
(24 hours).

Meteorology used is for a 24-hour accident.

activity released to the environs, as a function of time for
duration of the rod drop accident, is given in Table 7.1-17.

.3.8.3 Class 8.3 - Steam Line Break Accidents

.3.8.3.1 Class 8.3(a), Steam Line Breaks (PWR)

This class of accident is not applicable for this analysis.

7.1.3.8.3.2 Class 8.3(b), Steam Line Breaks (BWR)

A steam line break accident is a circumferential break of a main
steam line outside primary containment.

To demonstrate the potential environmental consequences of this
type of accident, two steam line break accidents are postulated
and evaluated:

Rev.

Small pipe break (of 0.25 ft2)
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b. Large pipe break.

For these postulated breaks, considering the most probable
operating conditions prior to the break and using realistic
assumptions, the calculated two-phase mixture level in the
reactor pressure vessel does not reach the steam line before
isolation is complete. Therefore, only steam will issue from
these breaks for the entire transient.

Small Pipe Break (of 0.25 ft2): The following assumptions and
parameters are postulated for evaluating the environmental
consequences of a main steam line break accident for a small pipe
break:

a. The primary coolant activity is based on an offgas
release rate of 60,000 microcuries/sec after 30 minutes
delay.

b. It is assumed that the main steam line will release
coolant for 5 seconds after the isolation signal is
received.

C. The total amount of steam escaping from the break is
2750 1lb. This quantity is the sum of a steam loss for
two time periods, a 0.5-second duration prior to reactor
trip, and a 5-second duration to complete closure of the
MSIVs.

d. Iodine in the fluid released to the atmosphere is at
one-tenth the primary system liquid concentration.

e. Fifty percent of the iodines and 100% of the noble gas
in the fluid exiting through the break are assumed to be
released to the atmosphere.

f. Meteorology for less than 8 hours is used because the
release from this accident is expected to last for less
than 8 hours.

The total activity released to the environs is given in Table
7.1-18.
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Large Pipe Breaks: The assumptions and parameters postulated for
evaluating the environmental consequences of a main steam line
break accident for a large pipe break are identical to those
given for a small pipe break, with the exception that the total
amount of steam escaping from the break is 36,000 pounds. This
quantity is the sum of a steam loss for two time periods, a 0.5-
second duration prior to reactor trip, and a 5-second duration to
complete closure of the MSIVs.

The total activity released to the environs is given in Table
7.1-19,

In making an assessment of the probability of the occurrence of
typical events considered as DBAs in the FSAR, a firm numerical
estimate is not possible because of the extreme rarity of such
events. Quality assurance for design, manufacture, and
operation, and highly conservative design considerations combine
to produce piping and vessels with an extremely low probability
of failure. Therefore, when the consequences are weighted by

| probabilities, the environmental risk is low.

—=7.1.3.9 Summary of Environmental Consequences and Public Risk
of Class 1-8 Accidents

In the preceding discussion, a number of postulated accidents
have been identified and analyzed. These selected events cover

l the full range of accident analyses formerly required in the NRC
guidelines. The resulting estimates of potential station EAB
doses as a result of each postulated accident, along with an
assessment of the likelihood of each event, are listed in Table
7.1-20. ‘

In the column giving the general assessment of the likelihood of
these events and conditions, several categories have been used.
Those events that could be expected to occur at frequencies- of
from once per station lifetime to as often as once per year are

classified "occasional". Those events or conditions that would
be expected to occur at frequencies less than once per station
lifetime are classified "rare". Finally, there are a number of

events that are considered unlikely, with projected probabilities
much less than once per station lifetime. These events have been
classified "extremely rare".

Table 7.1-21 shows the estimated integrated exposure from each
postulated accident to the population within 50 miles of the
station. When considered with the probability of occurrence, the
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annual potential radiation exposure of the population from all
the postulated accidents is a small fraction of the exposure from
natural background radiation and, in fact, is well within
naturally occurring variations in the natural background.

From the results in the accident analysis, several specific
conclusions can be reached concerning offsite doses:

a. The radiation exposures that would result from the
occurrence of accidents are generally lower than those
expected from normal operation, and much lower than that
from natural background radiation.

b. The population exposure from possible station accidents
is negligible when compared to the population exposure
" received from just the variation in natural background
radiation, which overshadows the potential population
exposure from any accident considered.

c. Most of the radiation dose levels are so low as to be
undetectable, even with the most sensitive modern
radiation detection instruments.

d. When these potential exposures are considered in
conjunction with their predicated frequencies of
occurrence, it is judged that Class 1-8 accidents are
small contributors to public risk. This judgment is
based on the Reactor Safety Study (Ref. 7.1-20) and a
published risk assessment of Class 3-8 accidents (Ref.
7.1-21). The Class 3-8 study estimated risk to the
public using methodology that is similar to that used in
the RSS. The results of the study showed that Class 3-8
accidents are small contributors to public risk relative
to postulated more severe accidents.

7.1.4 APPROACH TO THE ANALYSIS OF SEVERE ACCIDENTS

This analysis is being provided at the request of the NRC staff
(EROL Questions E450.1, E450.2, E450.3 and E450.4) to help
provide a response to the Statement of Interim Policy on severe
accident considerations published by the NRC in the Federal
Register on June 13, 1980 (45FR40101).
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The analysis uses a comprehensive probabilistic risk assessment
of the radiological consequences of accidents at the Limerick
site. The assessment includes consideration of both internal and
external initiators and specifically includes contributions from
internal events, earthquakes, and fires. Internal and external
flood, transportation, tornado, and turbine missile initiators
were found to be noncontributors to risk. The analysis involves
highly improbable sequences of failures that are more severe than
those postulated for the design basis for protective systems and
engineered safety features. The analysis treats the frequency of
occurrence of these events in a systematic fashion and includes
an assessment of uncertainty in the frequencies, the
phenomenological analysis, and the consequence analysis. The
focus of the presentation in this section is on the median
results for the radiological consequences of the postulated
events.

The fire analysis consists of an estimate of the frequencies of
fires in various rooms in the plant and models the effects of
fires on various safety-related systems. The seismic analysis
consists of a detailed study of the predicted characteristics of
earthquakes at the Limerick site and of the response of
structures and systems. The earthquakes predicted to cause
accidents at the Limerick plant that are significant contributors
to public risk are highly improbable and of a severity that has
not occurred in the Limerick area in historical times. Given the
occurrence of such an earthquake, it is highly likely that the
public consequences of the earthquake itself directly on the
surrounding area would be considerably more severe than the
consequences of a seismically-induced accident at the plant.

Section 7.1.4.1 contains descriptions of the models and data
employed in the analysis. Section 7.1.4.2 explains how the
analysis was performed. The results are presented in Section
7.1.4.3. Section 7.1.4.4 contains conclusions.

7.1.4.1 Models and Data

Section 7.1.4.1.1 describes the fission product source terms and
their associated frequencies. Section 7.1.4.1.2 contains a brief
outline of the consequence model (the CRAC2 code) and the
necessary input data. Section 7.1.4.1.3 discusses the
uncertainty analysis.
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7.1.4.1.1 Source Term Description and Associated Frequencies

The magnitude and frequency of fission product source terms used
in this assessment are given in Tables 7.1-22 and 7.1-23,
respectively. Source term is defined in this section to mean the
magnitude of the release of fission products to the atmosphere,
together with associated characteristics such as the time of
release, warning time, duration of release, and rate of release
of heat. These source terms have been selected to characterize
the release anticipated from the various events analyzed in this
section. These source terms tend to be conservative estimates
that, for example, exclude deposition in the primary system and
in the reactor enclosure. Detailed descriptions and the basis
for selection of these source terms is given in the Limerick
Generating Station Severe Accident Risk Assessment (Ref. 7.1-22).

a. OXRE -- This source term includes the releases due to
oxidation reactions that occur as a result of an in-
vessel or ex-vessel steam explosion, or a hydrogen
explosion following core melt. Fire is the most
important contributor to this source term, contributing
55 percent of the point estimate frequency of 1.3x10-7
per year.

b. OPREL -- This source term is dominated by gross rupture
of the containment, either as a result of the buildup of
noncondensable gases or a hydrogen burn, following loss
of coolant inventory, core melt and vessel rupture.
Again, fires contribute most significantly to the point
estimate frequency, given 55 percent of the total of
2.0x10-5 per year.

c. C4r -- This source term is for an ATWS sequence ending
in gross rupture of the drywell. Seismic and internal
initiators are roughly equal contributors, and the total
point estimate frequency is 1.3x10-7 per reactor year.

d. C4y' -- This source term is for an ATWS sequence ending
in gross rupture of the wetwell, without loss of the
suppression pool. Seismic and internal initiators are
roughly equal contributors, and the total point estimate
frequency is 1.1x10-7 per reactor year.

e. C4r" -- This source term is for an ATWS sequence ending
in gross rupture of the wetwell, with loss of the
suppression pool. Seismic and internal initators are
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roughly equal contributors, and the total point estimate
frequency is 1.3x10-8 per reactor year.

C1237" -- This source term is for those sequences other
than C4y" that result in a gross rupture of the
containment in the wetwell with loss of the suppression
pool. It has a total point estimate frequency of
1.0x10-¢ per year, to which fires contribute 58 percent.

LEAK1 -- This source term is for core melt sequences in
which the containment leaks relatively slowly without
operation of the standby gas treatment system (SGTS).
The leakage sizes are smaller than for the r failure
modes and preclude gross rupture. These sequences are
small contributors to public risk. The most important
initiator is fire, and the total point estimate
frequency is 3.2x10-6é per year.

LEAK2 -- This source term is for core melt sequences
that are similar to those in LEAK! except that the SGTS
is operating effectively. The most important initiator
is fire, and the total point estimate frequency is
1.8x10-5 per reactor year.

RB -- This source term includes the releases that result
from the collapse of the reactor enclosure as a result
of an earthquake. This leads to failure of the RHR heat
exchanger lateral supports, which is assumed to lead to
failure of the attached piping leading from the
suppression pool. The pool will drain down to the pipe,
leading to an open containment while the core melts.
However, the suppression pool is still available for
fission product scrubbing of the melt release of fission
products.

VR -- This is a source term for the case in which the
reactor vessel fails, and the containment fails shortly
thereafter.

For internal events, this source term is caused by a
spontaneous vessel rupture that can cause immediate
containment failure. 1In this case, VR has a predicted
point estimate frequency of 1.4x10-8 per reactor year.
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For earthquakes, this source term is dominated by events
in which there is failure of the vessel upper lateral
supports, causing rupture of the four main steam lines
while collapse of the reactor enclosure breaks pipework
connected to the suppression pool (as in the case of
source term RB). 1In this seismic case, VR has a
predicted point estimate frequency of 3.7x10-7 per
reactor year.

k. = VRH20 -- This source term is also for the case in which
the reactor vessel fails, and the containment fails _
shortly thereafter. The only difference between this
source term and VR is that, in the case of VRH20,
sufficient water is assumed to remain in the bottom of
the vessel so that fission products are driven rapidly
out into the atmosphere when molten core falls and
causes the generation of steam. 1In the case of VR, the
vessel is assumed to be completely dry, and it takes a
relatively long time to drive the fission products out
into the atmosphere. For spontaneous (internal) vessel
rupture, VRH20 has a point estimate frequency of
1.4x10-8% per reactor year. In the seismic case, VRH20
has a point estimate .frequency of 4.1x10-8 per reactor
year.

The derivation of the point estimate frequencies is
presented in Reference 7.1-22 and a discussion of the
methods employed in the uncertainty evaluation of
frequency is given in Section 7.1.4.1.3.1.

7.1.4.1.2 Consequence Model

The CRAC2 code was used to generate the complementary cumulative
distribution functions (CCDFs) that are the final product of the
analysis (Figures 7.1-2 to 7.1-6). The code is discussed in the
PRA Procedures Guide (Ref. 7.1-23). A schematic outline of CRAC2
is given in Figure 7.1-1. Reference 7.1-23 should be consulted
for discussion of such topics as exposure pathways, dosimetric
and health effects models, and .protective actions. Those parts
of the input data or the coding that were modified to take
account of Limerick specific features are discussed below.
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7.1.4.1.2.17 Curies of Fission Products and Actinides in the Core
at the Initiation of the Accident

The amounts (curies) of each radionuclide released to the
atmosphere for each accident sequence or release category is
obtained by multiplying the release fractions specified in the
definition of the source term (Table 7.1-22) by the amounts that
would be present in the core at the time of the hypothetical
accident. These amounts are shown in Table 7.1-24 for the
Limerick reactor.

7.1.4.1.2.2 Meteorological Data

The CRAC2 input data file for Limerick contains five years of
consecutive hourly values of wind speed, wind direction,
stability class, and precipitation intensity. These were
processed from measurements taken at the Limerick site during the
years 1972 to 1976.

These five years of data were processed by CRAC2 using the bin
sampling technique. This required a minor code modification to
enable CRAC2 to sample from the entire five years of data. The
sampling techniques used by CRAC2 are described in Reference
7.1-23. The use of five years of data and the improved sampling
techniques of CRAC2 yield a more complete and representative
sample than has been possible using the "stratified sampling”
techniques of CRAC. The data are consistent with those used and
presented elsewhere in the EROL.

7.1.4.1.2.3 Population Distributions

The population distribution around the site has been assigned to
a grid consisting of 16 sectors, the first of which is centered
on due north, the second on 22-1/2 degrees east of north, etc.
There are also 34 radial intervals (Table 7.1-24) that contain
the predicted permanent resident population for the year 2000.

The population within 50 miles was taken from Tables 2.1-5 and
2.1-12 and assigned to the finer CRAC2 grid by ratioing by area.
In the 50 to 500 mile range, 1980 U.S. census data were used on a
county-by-county basis, and 1981 Canadian census data were used
in census tracts, which are comparable in size to U.S. counties.
The population within counties or tracts was again assigned to
the CRAC2 population grid by ratioing by area. Extrapolation to
the year 2000 was done by using regional growth rates from the
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Census Department's Bureau of Economic Affairs, for the USA, and
similar regional growth rates for Canada.

7.1.4.1.2.4 Evacuation Modeling and Other Protective Measures

The site-specific offsite emergency response plans are not
complete at this time. Certain features of these plans, however,
are considered to be sufficiently defined so as to be used in
this analysis (e.g., 360-degree evacuation of the EPZ). These
features were combined with a generic evacuation model, which was
developed at Sandia Laboratories, on the basis of U.S. evacuation
experience. It is described in the PRA Procedures Guide. This
evacuation model is used with three alternative evacuation
scenarios; 1-, 3- or S5-hour delay times with relative
probabilities of 30, 40 and 30 percent, and a subsequent
evacuation speed of 10 mph (4.5 m/sec). This is considered to be
‘a "best estimate" model. '

The source terms considered in Tables 7.1-22 and 7.1-23 include
some with contributions from earthquakes. For evacuation for
these sequences, the model was modified to incorporate a 3-hour
delay for the whole population and an effective evacuation speed
of 0.5 m/sec.

The "best estimate" model also includes an estimate of the
response of people beyond the EPZ in the range 10 to 25 miles.
They are assumed to continue their normal activities for 12 hours
after the passage of the cloud, at which time they are rapidly
relocated. 1In the event of an earthquake, this period is assumed
to be 24 hours. Equivalent reductions in predicted dose could be
achieved by other countermeasures such as assuming that people
shelter in their basements or large buildings for a day or two
before relocating; that is, significant reductions in predicted
dose could be achieved by a choice of simple countermeasures.

The outer limit of 25 miles is chosen because, in general,
calculations with CRAC2 show that, even with conservative fission
product source terms, life-threatening acute doses are rarely
predicted beyond this distance, even in the most adverse of
weather conditions.

7.1.4.1.2.5 Economic Costs

The necessary input to the calculation of economic costs in CRAC2
includes several unit costs such as the cost of evacuating or
relocating a person and the cost of decontaminating an acre of
farm land or developed land. These costs are given in Reference
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7.1-20 and have been updated to 1980 to allow for inflation. 1In
addition, land use statistics, farm land values, farm product
values, dairy production, and growing season information are
required by CRAC2. These statistics are provided on a county-
wide basis within 50 miles and on a state-wide basis for larger
distances. The various economic inputs are tabulated in
Reference 7.1-22.

7.1.4.1.3 Uncertainty

Reference 7.1-23 lists 51 modeling assumptions or parameter
variations to which the complementary cumulative distribution
functions (CCDFs) may be sensitive. However, an uncertainty
analysis taking account of all 51 parameters would be
prohibitively time consuming. Instead, four major sources of
uncertainty were chose; (a) the frequencies of the source terms
given in Table 7.1-23; (b) the magnitude and associated
characteristics of the source terms; (c) the evacuation and
sheltering modeling; and (d) the modeling of health effects.

Consideration of this limited set of uncertainties is sufficient
to establish plausible bounds on the CCDFs; that is, more
detailed uncertainty analysis would not be expected to produce
results that are likely to lie outside the bounds established by
the more limited uncertainty analysis. Justification for this
view is given in Reference 7.1-22.

7.1.4.1.3.1 Uncertainty in Frequencies

Probability distributions on the frequencies of the source terms
contributing to the various results were constructed. For
accident sequences originating from internal and seismic
initiating events, distributions were obtained by propagating
uncertainties on input parameters to the fault tree and event
tree analyses through the algebraic expressions for accident
class frequencies in terms of those parameters, using Monte Carlo
methods. The distributions on the input parameters were assigned
in a manner that follows currently accepted practice as
described, for example, in Reference 7.1-23. For initiating
events originating from fires in the plant, the probability
distribution on accident class frequency was constructed on the
basis of a sensitivity analysis of the more important assumptions
and parameters. They are discussed in detail and documented in
Reference 7.1-22.
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7.1.4.1.3.2 Uncertainty in Source Terms

One of the greatest sources of uncertainty in the CCDFs is the
magnitude of the source terms. Sensitivity studies have been
carried out to determine the effect of a range of source term
magnitudes and times of release for: (a) VR and VRH20; (b) C4~,
C47' and C4r" (both seismic and internal); (c) OPREL (latent
effects only); and (d) RB. These source terms were chosen
because, on the basis of runs of CRAC2 carried out with the
source terms and point estimate frequencies given in Table
7.1-23, it was established that they represent the major
contributors to public risk. Details of these sensitivity
studies and their effect on the CCDFs are provided in Reference
7.1-22,

7.1.4.1.3.3 Uncertainty in Evacuation and Sheltering

The CCDF for early fatalities is particularly sensitive to the
choice of evacuation delay time (Ref. 7.1-23). Sensitivity
studies were carried out in which they delay time was varied from
1 to 5 hours. The evacuation velocity was varied from 2.5 to 10
mph. For seismically initiated sequences, it was assumed for the
sensitivity study that evacuation assumptions would be
unaffected.

The 10 to 25 mile sheltering assumptions were changed to simulate
sheltering in basements for 24 hours, followed by rapid
relocation. 1In addition, the outer 25 mile radius was changed to
50 miles. :

The effecf that these variations have on CCDFs is described in
Reference 7.1-22. ‘

7.1.4.1.3.4 Uncertainty in Health Effects Modeling

For early fatalities, Reference 7.1-20 provides dose-response
relationships for minimal, supportive, and heroic medical
treatment. In the sensitivity analysis, each of these was chosen
in turn. The standard dose-response relationship used for latent
cancers in CRAC2, the central estimate, was varied to allow the
simple linear dose-response relationship. The effect that these
variations have on the CCDFs is described in Reference 7.1-22.
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7.1.4.2 Analysis

The first step in the analysis was to use the point estimate
source terms and point estimate frequencies in Tables 7.1-22 and
7.1-23, respectively, in CRAC2 and to produce a single CCDF for
each health or economic effect. This single CCDF is called
"point estimate" because it is obtained using single or point
estimates of each of the important input parameters.  For each
health or economic effect, the significant contributors to risk,
determined by comparing the size of each contributor to the area
under the point estimate CCDFs, were (a) VR and VRH20; (b) RB;
(c) C4y, C4y' and C42"; and (d) OPREL (latent effects only).

In the second step, an uncertainty analysis of the frequency of
each source term was carried out as described in Section
7.1.4.1.3.1.

The third step was to establish a range of conditional CCDFs for
each source term and each of the health or economic effects that
are being considered. Upper and lower estimates on this range
were taken as upper and lower percentiles on a lognormal
distribution. The upper percentiles were chosen as the 95th or
99th, depending on how likely the estimates are expected to be,
and the lower estimate was chosen to be the 5th percentile. This
is sufficent to fix the two independent parameters in the
lognormal distribution.

The fourth step was to use this lognormal distribution in
combination with the uncertainty distribution on frequencies to
given an overall uncertainty distribution on the CCDFs. The
uncertainty distributions are presented in Reference 7.1-22.

The final step was to extract from the uncertainty distribution
the medians that are presented in Section 7.1.4.3.

7.1.4.3 Results’

The results of the analysis are given in Figures 7.1-2 to 7.1-7
and in Table 7.1-26. These results give the total contribution
from all source terms for seismic, internal, and fire initiators.
The CCDFs for individual source terms, as well as upper and lower
estimates and point estimates, are given in Reference 7.1-22.

All of the results presented here are median CCDFs.
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7.1.4.3.1 CCDFs

Figure 7.1-2 contains the median CCDF for the number of people
receiving a bone marrow dose in excess of 200 rems from early
exposure. (Early exposure is confined to that portion of the
radiation dose that is accumulated within 7 days, due to
inhalation of radioactive materials, cloudshine and groundshine.)
This level of dose roughly corresponds to a need for hospital
treatment.

Figure 7.1-3 shows the median CCDF for the total population
exposure in person-rems for the population out to 500 miles (that
is, the probability per reactor year that the total population
exposure will equal or exceed the values given). The figure also
gives a similar CCDF for the population within 50 miles.

Figure 7.1-4 shows the median CCDF for acute fatalities,
representing radiation injuries that would produce fatalities
within about one year after exposure.

Figure 7.1-5 gives the median CCDFs for latent cancer fatalities.
CCDFs for the total population and the population within 80 km
(50 miles) are shown separately, and the latent cancers have been
subdivided into that attributable to exposures of the thyroid and
all other organs.

Figure 7.1-6 shows the CCDF for ex-plant costs in 1980 dollars.
In general, these costs are dominated by decontamination of urban
or agriculatural land. Additional economic costs include
decontamination of the facility itself and the cost of
replacement power. These impacts are discussed in Section
7.1.4.3.2.

7.1.4.3.2 Risk Considerations

The foregoing discussions have dealt with both the frequency (or
likelihood of occurrence) of accidents and their impacts (or
consequences). Because the ranges of both factors are broad, it
is also useful to combine them to obtain average measures of
environmental risk. Such averages can be particularly useful as
an aid to the comparison of radiological risks associated with
accidental releases, or those arising from other accidents.
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A common way in which this combination of factors is used to
estimate risk is to multiplyv the frequencies by the consequences.
The resultant risk is then expressed as the number of consequence
expected per unit time. Table 7.1-26 shows average values of
risk associated with population dose, acute fatalities, latent
fatalities, and costs for protective actions and decontamination.
These average values are obtained by summing the frequency
multiplied by the consequences over the entire range of the
median CCDFs. They are equal to the areas under the
corresponding CCDFs. Because the probabilities are on a per-
reactor-year basis, the averages shown are also on a per-reactor-
year basis.

The acute fatality risk of 4.1x10-5 deaths per reactor year at
the median level may be put into perspective by noting that 60
fatalities from motor vheicle accidents, 24 from falls, 8 from
burns, and 3 from firearms are likely to occur each year within
10 miles of the plant. These figures are based on U.S. averages.

The individual risk of acute fatality as a function of distance
is displayed on Figure 7.1-7. The risk to the average individual
living within one mile of the site boundary is 2.2x10-° per
reactor year. This risk is small. For comparison, the following
risks of fatality per year to an individual living in the United
States may be noted; 2.2x10~4 per year from automobile accidents
and 1.2x10-5 per year from firearms.

The average population exposure is 70 person-rem per reactor
year. This value may be compared with the annual average
population exposures from routine operation given in Tables
5.2-15 and 5.2-17.

The average number of latent cancer fatalities (summing those due
to thyroid dose and those in all other organs) within the
population to 500 miles is 0.013 per reactor year. The
equivalent average latent cancer fatalities for the population
within 50 miles is 0.008 per reactor year. These fiqures may be
put in perspective by noting that, in the population of 8,100,000
that is predicted to live within 50 miles of the Limerick reactor
in the year 2000, there will be about 20,000 cancer fatalities
per year from all causes. This figure was obtained by
multiplying the figure for the population within 50 miles by
2.5x10-3, which, according to the Statistical Abstract of the
United States, is the chance per year that an individual will die
of cancer.
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The ex-plant economic risk, in 1980 dollars, associated with the
Limerick Generating Station is predicated to be $6,000 per
reactor year at the median level. This figure is small compared
with the estimated property damage caused by other accidents
within 50 miles of the Limerick site (e.g., of the order of $10
million per year for automobile accidents. This figure is based
on U.S. average statistics).

There are other economic impacts and risks that are not included
in the calculations discussed above. These costs would be for
decontamination and repair or replacement of the facility, and
for replacement power. Experience with such costs is currently
being accumulated as a result of the Three Mile Island accident.

It is already clear that such costs can equal or exceed the
original capital cost. The cost for decontamination and
restoration is in the region of $2 billion. Replacement power
costs for two units at the Limerick site are estimated at $580
million per year. If it is assumed that both units on the site
are out of operation for 8 years, the total cost of the accident
would be $6.64 billion. The accident sequences considered in
this report and shown in Table 7.1-22 would all lead to core melt
and would-in turn lead to costs of the size described above. The
predicted median frequency of core melt is 3.0x10-5 per year so
that the economic risk due to the accident sequences considered
in this report is predicted to be $200,000 per year. This
estimate is in 1980 dollars.

7.1.4,4 Conclusions

The previpus sections consider the potential environmental
impacts of severe accidents at the Limerick facility. These have
covered a broad spectrum of hypothetical accidental releases and
a range of possible health and economic impacts. The comparisons
in the section on risk considerations show that the public risk
associated with these impacts is small.
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TABLE 7.1-1

CLASSIFICATION OF POSTULATED INCIDENTS

ACCIDENT INCIDENT
CLASS DESCRIPTION
1 Trivial incidents
inside containment
2 Small releases

outside containment

Radwaste system
failure

Fission products to
primary system (BWR)

Fission products to
primary and secondary
systems (PWR)

Refueling accidents

Spent fuel handling
accidents

Accident initiation
events considered in
design basis evaluation
in the safety analysis
report

EXAMPLE(S)

Small spills; small leaks

Small spills, and small leaks
from equipment and valve packing

Equipment leakage or
malfunction; release of waste
gas or liquid

Fuel cladding failures during
normal operations; off-design
transients that induce fuel

failures above those expected

Not applicable

Fuel assembly drop; heavy
object drop onto fuel in core

Fuel assembly drop in fuel
storage pool; heavy object drop
onto fuel rack; fuel cask
drop

Loss of coolant accidents; rod
drop accident - reactivity
excursion; steamline breaks
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TABLE 7.1-2

PHYSICAL DATA FOR RADIATION DOSE MODELS

ISOTOPE

I-131
I-132
I-133
I-134
I-135
Xe-131m
Xe-133
Xe-133m
Xe-135
Xe-135m
Xe-137
Xe-138
Kr-83m
Kr-85
Kr-85m
 Kr-87

- Kr-88

THYROID DOSE

CONVERSION FACTOR
(rem/curie INHALED)

—_ N R -

DECAY GAMMA
CONSTANT ENERGY
(hr—-1) (MeV/dis)
3.59x10-3 3.71x10-1?
3.07x10-1 2.40x10+0
3.41x10-2 4.77x10-1
8.00x10-2 1.94x10+0
1.07x10-? 1.77x10+0
2.45x10-3 3.30x10-3
5.48x10-3 3.00x10-2
1.28x10—2 3.26x10-2
7.58x10-2 2.46x10-1
2.66x10+0° 4.22x10-1
1.07x10+2 1.50x10-12
2.38x10+¢ 2.87x10+0
3.73x10-2 8.00x10~4
7.35x10—¢ 2.10x10-3
1.58x10-* 1.51x10-1
5.47x10-1 1.37x10+0
2.48x10-1 1.75x10+0
BREATHING RATES
Time Period Breathing Rates
(hours) (meter3/sec)
0 to 8 3.47x10—4
8 to 24 1.75x10—4
24 to 720 2.32x10—4

.48x10+6
.25%x10+4
.00x10+5
.50x10+4
.24x10+s
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TABLE 7.1-3
FISSION PRODUCT INVENTORIES IN THE FUEL
(curies)
' GAP RADIOACTIVITY

ISOTOPE CORE(2) GAP(2) PER ROD(3)
I-131 8.57x10+7 8.57x10+5 1.81x10+12
I1-132 1.28x10+8 1.28x10+6 2.70x10+12
I-133 1.97x10+8 1.97x10+6 4.16x10+12
I1-134 2.30x10+8 2.30x10+se 4.86x10+2
I-135 1.80x10+8 1.80x10+6 3.80x10+12
Kr-83m 1.53x10+7 1.53x10¢+s 3.23x10+°
Kr-85m 3.83x10+7 3.83x10+s 8.09x10+0
Kr-85 1.30x10+¢6 1.30x10+4 2.74x10—-2
Kr-87 7.37x10+7 7.37x10+8 1.56x10+2
Kr-88 1.03x10+8 1.03x10+6 2.17x10+2
Kr-89 1.35x10+¢8 1.35x10+s 2.85x10+3
Xe-131m 6.48x10+5 6.48x10+3 1.37x10-2
Xe~-133m 5.01x10+¢6 5.01x10+4 1.06x10+0
Xe-133 1.97x10+8 1.97x10+6 4.16x10+2
Xe-135m 5.30x10+7 5.30x10¢+5s 1.12x10 1?
Xe-135 1.86x10+8° 1.86x10+6 3.93x10+12
Xe-137 1.77x10+8 1.77x10+6 3.74x10+2
Xe-138 1.74x10+8 1.74x10+6 3.67x10+12
(1> Based upon operating power of 3458 MWt.

(2) Equal to 1% of the total core inventory

(Regulatory Guide 4.2).
(3) Based on 764 fuel assemblies in the core, and 62 rods

per assembly.
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TABLE 7.1-4

EQUILIBRIUM PRIMARY
COOLANT RADIOACTIVITY (1)

ISOTOPE

HALOGENS CONCENTRATION(2)

I-131
I-132
I-133
I-134
1-135
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

microcurie/gm

[[SIS N S ROLIE))

.0x10-3
.0x10-2
.0x10~-2
.0x10-2
.0x10-2

NOBLE GAS RELEASE RATE

microcurie/sec(t=0)

VOO = cd o =2 OO ] o= = - LD N

.08x10+3
.59x10+3
.13x10+12
.25X10+4
.25x10+4
.75x10+4
.88x10+0°
.70x10+2
.91x10+3
.59x10++
.36x10+4
.88x10+4
.29x10+4

(1) Based upon an average offgas release rate of
60,000 microcuries/sec after 30 minutes delay.

(2> Based upon reactor coolant water mass of 1.724 x 108 gms.
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TABLE 7.1-5

EFFECTIVE PROBABILITY LEVELS FOR FIFTY PERCENTILE X/Q(1)

Effective
Probability

Sector Level

SSW 80.0

SW 81.0

WSW 52.0

W 39.0

WNW 66.0

NW 75.0

NNW 65.0

N . 47.0

NNE 53.0

NE 75.0

ENE 64.0

E 39.0

ESE 22.0

SE 31.0

SSE 55.0

S 64.0

(1) Calculated using 1972-1974 Tower No. 1, 30-foot lapse
rate wind distribution.
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TABLE 7.1-6

(Page 1 of 6)

FIFTY PERCENTILE ATMOSPHERIC DIFFUSION FACTORS - X/Q (sec/m3)

154

Sector

SSW
Sw

WSW
WNW
NW

NNW
NNE
NE

ENE
ESE

SSE

SSW
Sw

WSW
WNW
NW

NNW
NNE
ENE
ESE

SSE

2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual
DISTANCE 731 METERS (0.45 mi)
4,5x10-5 2.8x10-5 2.3x10-5 1.4x10-5 7.2x10-6 3.2x10-6
5.6x10-5 3.4x10-5 2.7x10-5 1.7x10-5 B8.1x10-6 3.4x10-6
8.8x10-5 5.3x10-5 4.2x10-5 2.5x10-5 1.2x10-5 4.7x10-6
1.1x10-4 6.7x10-5 5.3x10-5 3.2x10-5 1.5x10~-5 6.1x10-6
7.5x10-5 4.6x10-5 3.6x10-5 2.2x10-5 1.0x10-5 4.0x10-6
6.3x10-5 4.0x10-5 3.2x10-5 1.9x10-5 9.3x10-6 3.7x10-6
6.9x10-5 3.6x10-5 3.4x10-5 2.0x10-5 9.5x10~6 3.8x10-6
8.4%x10~-5 5.2x10-5 4.1x10-5 2.4x10-5 1.2x10-5 4.6x10-6
6.1x10-5 3.8x10-5 3.0x10~5 1.8x10-5 9.0x10-6 3.7x10-6
4.3x10-5 2.8x10-5 2.3x10-5 1.4x10-5 7.2x10-6 3.1x10-6
5.1x10-5 3.4x10-5 2.7x10~-5 1.7x10-5 8.3x10-6 3.5x10-6
7.9x10-5 6.1x10-5 4.0x10-5 2.5x10-5 1.2x10-5 5.0x10-6
1.2x10-4 7.3x10-5 5.8x10-5 3.6x10-5 1.8x10-5 7.3x10-6-
1.0x10-4 6.3x10-5 5.0x10-5 2.9x10-5 1.4x10-5 5.6x10~6
6.2x10-5 3.8x10-5 3.1x10-5 2.9x10-5 9.2x10-6 3.8x10-6
6.2x10~-5 3.8x10~-5 3.1x10-5 2.9x10-5 9.0x10-6 3.6x10-6
DISTANCE 805 METERS (0.5 mi)
4.3x10-5 2.7x10-5 2.2x10-5 1.4x10-5 6.6x10-6 2.8x10-6
4.7x10-5 2.9x10-5 2.3x10-5 1.4x10-5 7.0x10-6 2.9x10-6
7.5x10-5 4.7x10~5 3.7x10-5 2.2x10-5 1.1x10-5 4.1x10-6
9.5x10-5 5.8x10-5 4.6x10-5 2.8x10-5 1.3x10~-5 5.3x10~-6
6.4x10-5 4.0x10-5 3.2x10-5 1.9x10-5 8.8x10-6 3.5x10-6
5.8x10-5 3.4x10-5 2.7x10-5 1.6x10-5 7.7x10-6 3.2x10-6
6.4x10-5 3.9%x10-5 3.1x10-5 1.8x10-5 8.3x10-6 3.3x10-6
7.6x10-5 4.7x10-5 3.7x10-5 2.2x10-5 1.0x10-5 4.0x10-6
5.7x10-5 3.5x10~-5 2.8x10-5 1.7x10~-5 7.9x10-6 3.2x10-6
4.0x10~-5 2.6x10-5 2.1x10-5 1.3x10-5 6.4x10-6 2.7x10-6
4.6x10-5 2.9x10-5 2.4x10-5 1.4x10-5 7.1x10-6 3.0x10-6
7.2x10-5 4.7x10-5 3.7x10-5 2.2x10-5 1.1x10-5 4.3x10~-6
1.1x10-4 6.8x10-5 5.4x10~-5 3.2x10-5 1.6x10-5 6.3x10-6
8.9x10-5 5.4x10~5 4.3x10-5 2.6x10-5 1.2x10-5 4.9x10-6
5.7x10-5 3.4x10-5 2.8x10-5 1.7x10-5 8.0x10-6 3.3x10-6
5.6x10-5 3.4x10-5 2.7x10-5 1.7x10-5 7.9x10-6 3.2x10-6
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TABLE 7.1-6 (Cont'd)

(Page 2 of 6)

Sector

SSW
SW

WSW
WNW
Nw

NNW
NNE
ENE
ESE

SE
SSE

SSwW
WSW
WNW
NW
NNW
NNE
ENE
"ESE

SSE

2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual
DISTANCE 2043 METERS (1.3 mi)
1.2x10-5 7.3x10-6 5.9x10-6 3.5x10-6 1.7x10-6 7.2x10-7
1.3x10-5 8.0x10-6 6.5x10-6 3.9x10-6 1.9x10-6 7.6x10-7
2,.2x10-5 1.3x10~-5 1.0x10-5 6.0x10-6 2.8x10-6 1.1x10-6
2.9x10-5 1.7x10-5 1.3x10-5 7.8x10-6 3.6x10-6 1.4x10-6
1.8x10-5 1.1x10-5 8.5x10-6 5.0x10-6 2.3x10-6 9.0x10-7
1.7x10-5 1.0x10-5 7.8x10-6 4.6x10-6 2.2x10-6 8.5x10-7
1.8x10-5 1.1x10-5 8.5x10-6 4.9x10-6 2.3x10-6 8.7x10-7
2.3x10-5 1.3x10-5 1.1x10-5 6.2x10-6 2.8x10-6 1.1x10-6
1.7%x10-5 1.0x10-5 8.0x10-6 4.6x10-6 2.1x10-6 8.4x10-7
1.1x10-5 6.8x10-5 5.4x10-6 3.4x10-6 1.6x10-6 7.1x10-7
1.3x10-5 8.0x10-6 6.4x10-6 3.9x10-6 1.9x10-6 7.8x10-7
2.2x10-5 1.4x10-5 1.1x10-5 6.3x10-6 2.9x10-6 1.1x10-6
3.3x10-5 2.0x10-5 1.6x10-5 9.0x10-6 4.2x10-6 1.6x10-6
2.8x10-5 1.7x10-5 1.3x10-5 7.5%x10-6 3.4x10-6 1.3x10-6
1.6x10-5 9,.8x10-6 7.7x10-6 4.6x10-6 2.2x10-6 8.6x10-7
1.7x10-5 1.0x10-5 7.8x10-6 4.5x10-6 2.1x10-6 8.1x10-7
DISTANCE 2415 METERS (1.5 mi)
1.0x10-5 6.2x10-6 4.8x10-6 2.9x10-6 1.4x10-6 5.7x10-7
1.1x10-5 6.8x10-6 5.4x10-6 3.2x10-6 1.5x10-6 6.0x10-7
2.0x10-5 1.2x10-5 9.0x10-6 5.1x10-6 2.3x10-6 8.3x10-7
2,5x10-5 1.5x10-5 1.2x10-5 6.5x10-6 2.9x10~-6 1.1x10-6
1.7x10-5 9.9x10-6 7.5x10-6 4.3x10-6 1.9x10-6 7.2x10-7
1.5x10-5 9.0x10-6 7.0x10-6 4.0x10-6 1.8x10-6 6.7x10-7
1.8x10-5 1.1x10-5 8.0x10-6 4.4x10-6 1.9x10-6 6.9x10-7
2,1x10-5 1.3x10-5 9.5x10-6 5.3x10~-6 2.3x10-6 8.3x10-7
1.5%x10-5 9.0x10-6 6.9x10-6 3.9%x10-6 1.7x10-6 6.6x10-7
1.1x10-5 6.7x10-6 5.3x10-6 3.1x10-6 1.4x10-6 5.6x10-7
1.1x10-5 6.9x10-6 5.4x10-6 3.2x10-6 1.5x10-6 6.2x10-7
1.9x10-5 1,.1x10-5 8.7x10-6 5.0x10-6 2.3x10-6 8.7x10-7
2.9x10-5 1.7x10-5 1.3x10-5 7.5x10-6 3.5x10-6 1.3x10-6
2.5x10-5 1.5x10-5 1.1x10-5 6.3x10-6 2.7x10-6 1.0x10-6
1.5x10-5 9.0x10-6 7.0x10-6 4.0x10-6 1.8x10-6 6.8x10-7
1.5x10-5 8.9x10~-6 6.8x10-6 3.8x10-6 1.7x10-6 6.4x10-7
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(Page 3 of 6)

Sector

SSW
WSW

WNW
NW
NNW

NNE
ENE

ESE
SE
SSE

SSW
SwW
WSW

WNW
NW
NNW

NNE
NE
ENE

ESE
SE
SSE

2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual
DISTANCE 4025 METERS (2.5 mi)
4.7x10-6 2.7x10-6 2.3x10-6 1.4x10-6 6.6x10-7 2.7x10-7
5.8x10-6 3.6x10-6 2.8x10-6 1.6x10-6 7.5x10-7 2.9x10-7
1.1x10-5 6.3x10-6 4.8x10-6 2.6x10-6 1.1x10-6 3.9x10-7
1.5x10-5 B8.7x10-6 6.5x10-6 3.6x10-6 1.5x10-6 5.2x10-7
8.3x10-6 4.8x10-6 3.6%x10-6 2.1x10-6 9.4x10-7 3.4x10-7
7.2x10-6 4.3x10-6 3.3x10-6 1.9x10-6 8.5x10-7 3.2x10-7
8.5x10-6 4.2x10-6 3.3x10-6 1.9x10-6 8.5x10-7 3.3x10-7
1.2x10-5 6.7x10-6 5.1x10-6 2.8x10-6 1.2x10-6 4.0x10-7
7.3x10-6 4.4x10-6 3.4x10-6 1.9x10-6 8.5x10-7 3.1x10-7
4.3x10-6 2.7x10-6 2.1x10-6 1.3x10-6 6.5x10-7 2.7x10-7
5.5x10-6 3.4x10-6 2.7x10-6 1.6x10-6 7.4x10-7 2.9x10-7
1.1x10-5 6.5x10-6 4.9x10-6 2.7x10-6 1.2x10-6 4.2x10-7
1.8x10-5 1.0x10-5 7.7x10-6 4.2x10-6 1.8x10-6 6.1x10-7
1.5x10-5 B8.5x10-6 6.4x10-6 3.4x10-6 1.4x10-6 4.8x10-7
7.5x10-6 4.4x10-6 3.4x10-6 1.9x10-6 8.7x10-7 3.3x10-7
6.9x10-6 4.2x10-6 3.2x10~-6 1.8x10-6 8.2x10~-7 3.1x10-7
DISTANCE 5634 METERS (3.5 mi)
2.9x10-6 1.8x10-6 1.4x10-6 8.4x10-7 4.1x10-7 1.7x10-7
3.4x10-6 2.1x10-6 1.6%x10-6 9.5x10-7 4.5x10-7 1.8x10~-7
7.2x10-6 4.0x10-6 3.0x10-6 1.7x10-6 7.0x10-7 2.4x10-7
8.7x10-6 5.0x10-6 3.8x10-6 2.1x10-6 9.0x10-7 3.2x10-7
5.6x10-6 3.2x10-6 2.9x10-6 1.4x10-6 5.9x10-7 2.1x10-7
4.9x10-6 2.8x10-6 2.2x10-6 1.2x10-6 5.5x10-7 2.0x10-7
5.6x10-6 3.2x10~-6 2.5x%x10-6 1.3x10-6 5.7x10-7 2.0x10-7
7.7%x10~6 4.4%x10-6 3.2x10~-6 1.7x10-6 7.0x10~-7 2.4x10-7
4.8x10-6 2.8x10-6 2.2x10-6 1.2x10-6 5.3x10-7 1.9x10-7
3.1x10-6 1.9x10-6 1.5x10-6 9.0x10-7 4.3x10-7 1.7x10-7
3.7x10-6 2.2x10-6 1.7x10-6 1.0x10-6 4.7x10-7 1.8x10-7
7.4x10-6 4.3x10-6 3.2x10-6 1.8x10-6 7.6x10-7 2.6x10-7
1.2x10-5 6.7x10-6 5.1x10-6 2.7x10-6 1.1x10-6 3.8x10-7
9.4x10-6 5.3x10-6 4.0x10-6 2.2x10-6 9.0x10~7 3.0x10-7
4.8x10-6 2.8x10-6 2.2x10-6 1.2x10-6 5.4x10-7 2.0x10-7
4.3x10-6 2.6x10-6 2.0x10-6 1.1x10-6 5.1x10-7 1.9x10-7
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TABLE 7.1-6 (Cont'd)
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Sector

SSW
WSwW
WNW
NW

NNW
NNE
NE

ENE
ESE

SSE

SSW
WSW
WNW
NW

NNW
NNE
NE

ENE
ESE

SSE

2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual
DISTANCE 7244 METERS (4.5 mi)
2.1x10-6 1.3x10-6 1.0x10-6 6.2x10-7 2.9x10-7 1.2x10-7
2.4x10-6 1.5x10-6 1.2x10-6 6.9x10-7 3.3x10-7 1.3x10-7
4.9%x10-6 2.8x10-6 2.1%x10-6 1.2x10-6 4.8x10-7 1.7x10-7
6.9x10-6 3.9x10-6 2.9x10-6 1.6x10-6 6.6x10-7 2.3x10-7
4.0x10-6 2.3x10-6 1.7x10-6 9.5x10-7 4.1x10-7 1.5x10-7
3.3x10-6 1.9x10-6 1.5x10-6 8.4x10-7 3.7x10-7 1.4x10~7
3.7x10-6 2.2x10-6 1.7x10-6 9.4x10-7 4.2x10-7 1.5x10-7
4.9x10-6 2.8x10-6 2.1x10-6 1.2x10-6 5.0x10-7 1.7x10-7
3.3x10-6 1.9x10-6 1.5x10-6 8.4x10-7 3.8x10-7 1.4x10-7
1.9x10-6 1.2x10-6 9.6x10-7 5.8x10-7 2.9x10-7 1.2x10-7
2.3x10-6 1.4x10-6 1.1x10-6 6.7x10-7 3.2x10-7 1.3x10-7
5.0x10-6 2.9%x10-6 2.2x10-6 1.2x10-6 5.2x10-7 1.8x10-7
7.8x10-6 4.4%x10-6 3.4%x10-6 1.8x10-6 7.8x10-7 2.7x10-7
7.0x10-6 4.0x10-6 3.0x10-6 1.6%x10-6 6.4x10-7 2.1x10-7
3.3x10-6 2.0x10-6 1.5x10-6 8.5x10-7 3.8x10-7 1.4x10-7
3.0x10-6 1.8x10-6 1.4x10-6 8.0x10-7 3.6x10-7 1.4x10-7
DISTANCE 12073 METERS (7.5 mi)
1.1x10-6 6.8x10-7 5.4x10-7 3.2x10-7 1.5x10-7 6.2x10-8
9,2x10-7 6.0x10-7 4.8x10-7 3.0x10~7 1.5x10~-7 6.5x10-8
3.1x10-6 1.7x10-6 1.3x10-6 6.7x10-7 2.7x10-7 8.7x10-8
4.5x10-6 2.5x10~-6 1.8x10-6 9.3x10-7 3.8x10-7 1.1x10-7
2.4x10-6 1.4x10-6 1.1x10-6 5.6x10-7 2.3x10-7 7.8x10-8
1.7x10-6 1.0x10-6 7.8x10-7 4.4x10-7 1.9x10-7 7.3x10-8
2.0x10-6 1.2x10-6 8.7x10-7 4.8x10-7 2.1x10-7 7.3x10-8
2.7x10~-6 1.5x10-~-6 1.2x10-6 6.0x10-7 2.5x10-7 B.6x10-8
1.8x10-6 1.0x10-6 7.8x10-7 4.4x10-7 1.8x10-7 6.8x10-8
9.6x10-7 6.1x10-7 4.8x10~-7 2.9x10-7 1.4x10-7 6.0x10-8
1.3x10-6 8.0x10-7 6.3x10-7 3.6x10-7 1.7x10-7 6.5x10-8
2.6x10-6 1.5x10-6 1.1x10-6 6.1x10-7 2.6%x10-7 9.2x10-8
4.7x10-6 2.7x10-6 2.0x10~-6 1.0x10-6 4.2x10-7 1.4x10-7
3.7x10-6 2.1x10-6 1.5x10~-6 8.2x10~7 3.4x10-7 1.1x10-7
1.8x10-6 1.1x10-6 8.0x10-7 4.6x10-7 2.0x10-7 7.3x10-8
1.7x10-6 1.0x10-6 7.7x10-7 4.3x10-7 1.9x10-7 6.9x10-8
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Sector 2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual

DISTANCE 24146 METERS (15.0 mi)

SSW 3.9x10-7 2.5x10-7 2.0x1-7 1.2x10-7 5.8x10-8 2.4x10-8
SW 4.5x10-7 2.8x10-7 2.2x10-7 1.3x10-7 6.3x10-8 2.5x10-8
WSW 1.1x10-6 6.2x10-7 4.8x10-7 2.5x10-7 1.0x10-7 3.4x10-8
1 1.8x10-6 9.7x10-7 7.2x10-7 3.8x10-7 1.4x10-7 4.4x10-8
WNW 8.6x10-7 4.9x10-7 3.7x10-7 2.0x10-7 8.5x10-8 3.0x10-8
NW 6.7x10-7 4.0x10-7 3.1x10-7 1.8x10~7 7.8x10-8 2.8x10~9
NNW 7.8x10-7 4.6x%x10-7 3.5x10-7 1.9x10-7 8.0x10~-8 2.8x10-8
N 1.1x10-6 6.2x10-7 4.6x10-7 2.5x10-7 1.0x10-7 3.3x10-8
NNE 6.1x10-7 3.6x10-7 2.8x10-7 1.6x10-7 6.9x10-8 2.6x10-8
E 3.2x10-7 2.1x10-7 1.7x10-7 1.1x10-7 5.5%x10-8 2.4x10-8
ENE 4,2x10-7 2.7x10-7 2.1x10-7 1.2x10-7 6.0x10-8 2.5x10-8
E 1.1x10-6 6.2x10-7 4.7x10-7 2.6x10-7 1.1x10-7 3.6x10-8
ESE 2.1x10-6 1.1x10-6 8.5x10-7 4.4x10-7 1.6x10-7 5.3x10-8
SE 1.7x10-6 9.2x10-7 6.9x10~7 3.5x10-7 1.3x10-7 4.2x10-8
SSE 7.6x10-7 4.4x10-7 3.3x10-7 1.8x10-7 7.8x10-8 2.8x10-8
S 5.8x10-7 3.5x%x10-7 2.7x10-7 1.5x10-7 7.0x10-8 2.7x10-8
DISTANCE 40244 METERS (25 mi)
SSW 1.6x10-7 1.1x10-7 8.5%x10-8 5.3x10~-8 2.7x10-8 1.2x10-8
SW 2.0x10-7 1.3x10-7 1.0x10-7 6.3x10-8 3.1x10-8 1.3x10-~-8
WSW 5.1x10-7 2.9x10-7 2.2x10-7 1.2x10~-7 5.0x10-8 1.7x10-8
W 7.8x10-7 4.3x10-7 3.2x10-7 1.7x10-7 6.7x10-8 2.2x10-8
WNW 3.9x10-7 2.3x10-7 1.8x10-7 9.7x10-8 4.3x10-8 1.5x10-8
NW 3.1x10-7 1.9x%10-7 1.5x10-7 8.3x10-8 3.7x10-8 1.4x10-8
NNW 4.1x10-7 2.3x10-7 1.8x10-7 9.5x10-8 4.0x10-8 1.4x10-8
N 5.3x10-7 3.0x10-7 2.3x10-7 1.2x10-7 4.9x10-8 1.6x10-8
NNE 3.1x10-7 1.8x10-7 1.4x10-7 8.0x10-8 3.6x10-8 1.3x10-8
NE 1.6x10-7 1.1x10~7 8.5x10-8 5.3x10-8 2.7x10-8 1.2x10-8
ENE 2.1x10-7 1.3x10-7 1.0x10-7 6.4x10-8 3.1x10-8 1.3x10-8
E 5.1x10-7 3.0x10-7 2.2x10-7 1.2x10-7 5.2x10-8 1.8x10-8
ESE 9.4x10-7 5.3x10-7 3.9x10-7 2.0x10-7 8.0x10-8 2.6x10~-8
SE 7.1x10-7 4.1x10-7 3.0x10-7 1.6x10-7 6.5x10-8 2.1x10-8
SSE 3.3x10-7 1.9%x10-7 1.5x10-7 8.5x10-8 3.8x10-8 1.4x10-8
S 2.8x10-7 1.7x10-7 1.3x10-7 7.5x10-8 3.4x10-8 1.3x10-8
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Sector 2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual
DISTANCE 56341 METERS (35 mi)
SSW 9.8x10-8 6.4x10-8 5.2x10-8 3.3x10-8 1.7x10-8 7.6x10-9
SW 1.7x10-7 1.0x10-7 7.8x10-8 4.6x10~-8 2.1x10-8 8.0x10-9
WSW 3.4x10-7 1.9x10-7 1.4x10-7 7.7x10-8 3.2x10-8 1.1x10-8
W 5.3x10-7 3.0x10~-7 2.3x10-7 1.3x10-7 5.4x10-8 1.4x10-8
WNW 2.5x10~7 1.3x10-7 1.0x10-7 5.9x10-8 2.6x10-8 9.6x10-9
NW 2.1x10-7 1.3x10-7 9.5x10-8 5.4x10~-8 2.4x10-8 9.0x10-9
NNW 2.5x10-7 1.4x10-7 1.1x10-7 6.0x10-8 2.5x10~-8 8.8x10-9
N 3.3x10~-7 1.5x10-7 1.1x10-7 6.3x10-8 2.7x10-8 1.0x10-8
NNE 2.1x10-7 1.3x10-7 9.5x10-8 5.3x10~-8 2.3x10~-8 8.1x10-9
NE 1.1x10-7 7.2x10-8 5.7x10-8 3.5x10-8 1.7x10~-8 7.4x10-9
ENE 1.3x10-7 8.3x10-8 6.6x10-8 4.0x10-8 1.9x10-8 8.0x10-9
E 3.2x10-7 1.8x10-7 1.4x10-7 7.5x10-8 3.2x10-8 1.1x10-8
ESE 6.4x10-7 3.0x10-7 2.3x10~7 1.2x10~7 5.1x10-8 1.7x10-8
SE 4.8x10~7 2.7x10-7 2.0x10-7 1.0x10-7 4.0x10-8 1.3x10-8
SSE 2.2x10-7 1.3x10-7 1.0x10-7 5.5x10-8 2.4x10-8 8.9x10-8
S 1.9x10-7 1.2x10-7 9.0x10-8 5.0x10~-8 2.3x10~-8 8.4x10-9
DISTANCE 72439 METERS (45 mi)
SSW 7.8x10-8 4.9x10-8 4.0x10-8 2.4x10-8 1.2x10-8 5.4x10-9
SW 1.1x10-7 7.0x10-8 5.4x10-8 3.2x10-8 1.4x10-8 5.7x10-9
WSW 2.4x10-7 1.3x10-7 1.0x10-7 5.4x10-8 2.2x10-8 7.5x10-9
W 3.8x10-7 2.1x10-7 1.5x10-7 7.9%x10-8 3.0x10-8 9.8x10-9
WNW 1.8x10-7 1.1x10-7 8.0x10-8 4.4x10-8 1.9x10-8 6.8x10-9
NW 1.7x10-7 9.8x10-8 7.5x10-8 4.1x10-8 1.8x10~-8 6.3x10-9
NNW 1.8x10~-7 1.0x10-7 7.7x10-8 4.2x10-8 1.8x10-8 6.2x10-9
N 3.2x10-7 1.7x%10-7 1.3x10-7 6.3x10-8 2.4x10-8 7.2x10-9
NNE 1.5x10-7 8.7x10-8 6.7x10~-8 3.6x10-8 1.6x10-8 5.7x10-9
NE 7.2x10-8 4.6x10-8 3.8x10-8 2.3x10-8 1.2x10-8 5.2x10-9
ENE 1.1x10-7 6.7x10-8 5.2x10-8 3.0x10-8 1.4x10-8 5.7x10-9
E 2.4x10-7 1.4x10-7 1.0x10-7 5.6x10-8 2.3x10-8 8.1x10-9
ESE 4.6x10-7 2.6x10~7 1.9%x10-7 9.7x10-8 3.8x10-8 1.2x10-8
SE 3.0x10-7 1.7x10-7 1.3x10-7 6.7x10-8 2.8x10-8 9.4x10-9
SSE 1.6x10-7 9.0x10-8 7.0x10-~8 3.9x10~-8 1.7x10-8 6.3x10-9
S 1.3x10-7 7.7x10-8 6.0x10-8 3.4x10-8 1.6x10-8 6.0x10-9
Rev. 9, 12/82
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TABLE 7.1-7

CLASS 3.1 ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT
OF EQUIPMENT LEAKAGE OR MALFUNCTION
(WASTE SLUDGE TANK)

ISOTOPE

I-131
I-132
I-133
I-134

I-135

RADIOACTIVITY RELEASED TO
THE ENVIRONMENT (curies)

3.
9.

9.

85
58
18

.05
.48

X

X

10-3
10—
10—+
10-8
10—-4

Rev.

9,

12/82
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TABLE 7.1-8

CLASS 3.2 ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF THE FIRST
CHARCOAL BED FAILURE IN THE OFFGAS TREATMENT SYSTEM

RADIOACTIVITY RELEASED

ISOTOPE TO ENVIRONMENT (curies)
Kr-83m 1.90 x 10?2
Kr-85m 4.10 x 102
Kr-85 1.02

Kr-87 7.50 x 101
Kr-88 .1.70 x 102
Kr-89 5.57
Xe-131m 9.53
Xe~-133m 4.73 x 101
Xe-133 3.11 x 103
Xe-135m 1.60 x 102
Xe-135 6.46 x 102
Xe-137 1.01 x 10?
Xe-138 6.22 x 1012

Rev. 9, 12/82




LGS EROL

TABLE 7.1-9

CLASS 3.3 ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF GROSS EQUIPMENT FAILURE
(WASTE SLUDGE TANK)

ISOTOPE

I-131
I-132
I-133
I-134

I-135

RADIOACTIVITY RELEASED TO
THE ENVIRONMENT (curies)

1.54
3.83

4.19
5.91

X

10—-2
10-5
10-3
10-8
10-4

Rev.

9,

12/82




CLASS 4.2 ACCIDENT

LGS EROL

TABLE 7.1-10

RADIOACTIVITY RELEASED AS A
RESULT OF AN OFF-DESIGN TRANSIENT ACCIDENT

ISOTOPE

I-131
I-132
I-133
I-134
I-135

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies)

0-8 hours

2.81 x 102
1.59 x 10-2
5.74 x 10-2
1.20 x 102
4.02 x 10-2
1.62 x 10+°
7.25 x 10+°
4.33 x 10-1
5.52 x 10+9°
1.49 x 10+1
2.14 x 10—
1.58 x 10+0
6.42 x 10+1?
8.28 x 102
4.64 x 10+2
6.92 x 101
3.05 x 10+9

8-24

3.90

hours

M D M ¢ M DD M D N

MO M M M XM

10-2
10-3
10-2
10-5
10-2

10-2
10+0
10-12
10-2
10+0

10-12
10+0
10+2
10-10
10+1

10-8

Rev. 9,

12/82
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TABLE 7.1-11

CLASS 6.1 ACCIDENT

RADIOACTIVITY RELEASED AS A
RESULT OF A FUEL ASSEMBLY DROP ACCIDENT

GAP RADIOACTIVITY

RELEASED TO

RADIOACTIVITY RELEASED

TO ENVIRONMENT

I1SOTOPE POOL WATER (curies) (curies)

I-131 7.92 x 10+t - 2.68 x 10~-6
I-133 1.30 x 10+0° 4.30 x 108
Kr-85 2.20 x 10+o0 6.23 x 10—
Xe-131m 7.26 x 10-1 2.04 x 102
Xe-133m 1.02 x 10+0 2.75 x 10-1
Xe-133 1.33 x 10+2 3.69 - x 10+2
Xe-135 1.01 x 10-3 2.18 x 10-4

Rev. 9, 12/82
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TABLE 7.1-12

CLASS 6.2 ACCIDENT

RADIOACTIVITY RELEASED AS A

RESULT OF A HEAVY OBJECT DROP ONTO FUEL IN CORE

GAP RADIOACTIVITY
RELEASED TO

RADIOACTIVITY RELEASED

TO ENVIRONMENT

1SOTOPE POOL WATER (curies) (curies)

I-131 7.84 x 10+2 2.66 x 10-5
I-133 9.52 x 10+12 3.15 x 10—6
I-135 7.92 x 10—-2 2.47 x 109
Kr-85m 6.88 x 10—5 1.15 x 10-5
Kr-8% 1.70 x 10+2 4.82 x 10+9
Xe-131m 6.64 x 10+0 1.86 x 1Q0+09
Xe-1.3m 1.86 x 10+1 5.02 x 10t¢
Xe-133 1.49 x 10+3 4.14 x 10+=2
Xe-135 1.31 x 10+9 2.83 x 10—

Rev. 9, 12/82




CLASS 7.2 ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT
OF A HEAVY OBJECT DROP ONTO FUEL RACK

LGS EROL

TABLE 7.1-13

RADIOACTIVITY RELEASED TO
ISOTOPE SPENT FUEL POOL (curies)

I-131 8.46 x 10+1
Kr-85 1.69 x 10+1
Xe-131m 1.45 x 10+0
Xe-133m 7.53 x 10-3
Xe-133 4.99 x 10+12

RADIOACTIVITY RELEASED
TO ENVIRONMENT (curies)

2.87 x 10-e
4.79 x 10*°
4.07 x 10-2
2.03 x 10-3
1.39 x 10+2

Rev. 9, 12/82




RADIOACTIVITY RELEASED AS A RESULT OF

TABLE 7.1-14

LGS EROL

CLASS 8.1 ACCIDENT

LOSS-OF-COOLANT ACCIDENT - SMALL PIPE BREAK

RADIOACTIVITY RELEASED TO ENVIRONMENT (éuries)

ISOTOPE 0-8 hrs 8-24 hrs 24-96 hrs 96-720 hrs
I-131 1.14 x 10-° 2.77 x 10—° 1.06 x 10-8 3.05 x 10-¢
I-132 2.06 x 10-* 3.05 x 10—20 2.27 x 10—22 0
I-133 3.99 x 10-* 6.88 x 10—-° 8.61 x 10—-* 7.93 x 10-0
I-134 9.76 x 10-10 3.80 x 1012 1.06 x 10—17 0
I-135 2.95 x 10— 2.50 x 10~-° 5.85 x 10-t0 3.29 x 10-13
Kr-83m 2.38 x 105 4.56 x 106 1.80 x 10—-8 4.47 x 10-20
Kr-85m 9.98 x 10~ 1.06 x 10—+ 1.31 x 10-5 1.69 x 10-10
Kr~85 6.79 x 10-7 3.60 x 10-s 2.19 x 10~-5 1.80 x 10—+
Kr-87 7.96 x 10-5 4.42 x 10— 1.11 x 10-9° 0
Kr-88 2.34 x 10—+ 1.16 x 10—+ 3.31 x 10-6 6.62 x 1014
Xe-131m 5.29 x 10-7 2.72 x 10—¢ 1.49 x 10-8 5.87 x 10-s
Xe~-133m 9.56 x 10— 4.38 x 10—5 1.57 x 10—+ 1.05 x 10—+
Xe-133 2.87 x 10—+ 1.43 x 10-3 6.88 x 10-3 1.36 x 10-2
Xe-135 5.58 x 10—+ 1.30 x 10-3 7.50 x 10—+ 3.37 x 10~e
Xe-135m 5.02 x 10-¢ 4.56 x 10—14 0 0
Xe-137 1.80 x 10-e 0 0 0
Xe-138 2.10 x 10-5 1.73.x 10—22 0 0
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TABLE 7.1-15
CLASS 8.1 ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF
LOSS-OF-COOLANT ACCIDENT - LARGE PIPE BREAK

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies)

ISOTOPE 0-8 hrs 8-24 hrs 24-96 hrs 96-720 hrs
I-131 1.55 x 10-+4 3.75 x 10—+ 1.43 x 10-3 4.14 x 10-3
I-132 6.99 x 10-5 .03 x 105 7.71 x 10-8 1.96 x 10-27
I-133 3.11 x 10—+ 5.37 x 10—+ 6.72 x 10—+ 6.19 x 10-5
I-134 3.56 x 10-5 1.39 x 10-7 3.86 x 10—-13 0

I-135 2.10 x 10—+ 1.78 x 10—+ 4.17 x 10-5 2.34 x 10—-8
Kr-83m 2.62 x 10+0 5.02 x 101 1.98 x 10-3 4.93 x 10~15
Kr-85m 1.60 x 10+1 1.70 x 10+1 2.10 x 10+0 2.70 x 10-5
Kr-85 1.17 x 10¢+0 6.19 x 10+0° 3.77 x 10+12 3.11 x 10+2
Kr-87 7.01 x 10+0° 3.89 x 10— 9.77 x 10-5 0

Kr-88 2.89 x 10+1 1.43 x 10+? 4.09 x 101 8.17 x 10-9
Xe-131m 5.77 x 101 2.97 x 10%+0 1.63 x 10+12 6.41 x 10+
Xe-133m 4.21 x 10+9 1.93 x 10+1 6.94 x 10+2 4.62 x 10+
Xe-133 1.72 x 10*2 8.57 x 10+2 4.13 x 10+3 8.14 x 10+3
Xe-135 1.14 x 10+2 2.65 x 10+2 1.53 x 10+2 6.90 x 10-1
Xe-135m 2.51 x 10-12 2.28 x 10-° 0 0
Xe-137 5.37 x 10-2 0 0 0
Xe-138 1.03 x 10+0° 8.54 x 108 0 0
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TABLE 7.1-16

CLASS 8.1(a) ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF A PRIMARY SYSTEM
INSTRUMENT LINE BREAK ACCIDENT

I1SOTOPE

I-131
I-132
I-133
I-134
I-135

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe~-133
Xe-135m
Xe-135
Xe-137
Xe-138

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies)

1.85
7.54
7.06
8.25
6.40

.21
.58
.93
.25
71

W N e W =

.50
.76
.19
.47
.76
.08
.48

NN = = ON -

M D M X X M O M M M

LI

10-7
10-7
10-7
10-7
10-7

10-3
10-3
10-5
10-3
10-3

10-5
10—+
10-3
10-3
10-2
10-3
10-3

Rev. 9,
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TABLE 7.1-

17

CLASS 8.2(b) ACCIDENT

RADIOACTIVITY RELEASED AS A
RESULT OF A ROD DROP ACCIDENT

ISOTOPE

I-131
I-132
I-133
I-134
I-135

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

NN YON Ut et ] = W

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies)

0-8 hrs

.51
.99
.18
.50
.09

E R ]

.03
.07
.41
.92
.87

M oH X M X

.67
.98
.03
.04
.81
.66
.81

WU =00
M M D D M M X

10-2
10-2
10-2
10-2
10-2

10+0
10+0
10-2
10+0
10+1

10-1
10+0
10+1
10+0
10+1
10-1
10+0

N

Lo AR VS NS
. .

hrs

L LI ]

MO M M MMM

10-2
10-3
10-2
10-5
10-2

10-2
10+0°
10+0°
10-2
10+0°

10-12
10+0°
10+2
10-10
10+1

10-28
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TABLE 7.1-18
CLASS 8.3(b) ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF A
STEAM LINE BREAK ACCIDENT - SMALL PIPE BREAK

RADIOACTIVITY RELEASED

ISOTOPE TO ENVIRONMENT (curies)
I-131 1.25 x 10-8
I-132 7.48 x 10-5
I-133 5.00 x 10-5
I-134 1.25 x 10—+
I-135 5.00 x 10-5
Kr-83m 1.37 x 10-3
Kr-85m 2.37 x 10-3
Kr-85 7.48 x 10—¢
Kr-87 8.23 x 10-3
Kr-88 8.23 x 10-3
Xe-131m 5.86 x 10—¢
Xe-133m 1.12 x 10—+
Xe-133 3.24 x 10-3
Xe-135m 1.05 x 10-2
Xe-135 8.98 x 10-3
Xe~-137 5.86 x 10-2
Xe-138 3.49 x 10—2

Rev.

9,
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TABLE 7.1-19

CLASS 8.3(b) ACCIDENT

RADIOACTIVITY RELEASED AS A RESULT OF A
STEAM LINE BREAK ACCIDENT - LARGE PIPE BREAK

ISOTOPE

I-131
I-132
I-133
I-134
I-135

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88

Xe-131m
Xe-133m
Xe-133
Xe—-135m
Xe-135
Xe-137
Xe-138

RADIOACTIVITY RELEASED
TO ENVIRONMENT (curies)

8.
4.
3.
8.
3.

o i N Ve JN 7S IE Y

Bl e b

15
90
27
15
27

.80
.10
.80
.08
.08

.67
.47
.25
.18
.37
.67
.57

L] M M D M X

B D M M M M M

10—+
10-3
10-3
10-3
10-3

10-2
10-2
10-5
10-12
10-2

10-5
10-3
10-2
1012
10-12
10-12
10-12

Rev.
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TABLE 7.1-20

(Page 1 of 3)

SUMMARY OF MAXIMUM EXCLUSION AREA BOUNDARY DOSES RESULTING

FROM ACCIDENTS

) GENERAL
THYROID WHOLE-BODY ASSESSMENT
ACCIDENT DOSE GAMMA DOSE OF
CLASS DESCRIPTION (millirem) (millirem) LIKELIHOOD
1.0 TRIVIAL ACCIDENTS 1) 1) occasional
INSIDE CONTAINMENT
2.0 SMALL RELEASES 1 1) occasional
OUTSIDE CONTAINMENT
3.0 RADWASTE SYSTEM
FAILURE
3.1 Equipment Leakage 18.8 0.00911 rare
or Malfunction
3.2 Release from offgas Negligible 22 rare
treatment system
first charcoal
delay tank
rupture
3.3 Release of waste 75.2 0.0364 rare
sludge tank
contents
4.0 FISSION PRODUCTS
TO PRIMARY SYSTEM
(BWR)
4.1 Fuel Cladding 1) 1) occasional
Defects
4.2 Off-Design 2.94 1.33 rare

Transients that
Induce Fuel

Failures Above
Those Expected

Rev. 9, 12/82
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TABLE 7.1-20 (Cont'd)

(Page 2 of 3)

GENERAL
THYROID WHOLE-BODY ASSESSMENT
ACCIDENT DOSE GAMMA DOSE OF
CLASS DESCRIPTION (millirem) (millirem) LIKELIHOOD
5.0 FISSION PRODUCTS
TO PRIMARY AND
SECONDARY SYSTEM -
(PWR) = emeee————e Not Applicable-————=—==--
6.0 REFUELING ACCIDENTS
6.1 Fuel Assembly Drop 0.000101 0.0204 rare
6.2 Heavy Object Drop 0.00103 0.231 rare
Over Fuel in Core
7.0 SPENT FUEL
HANDLING ACCIDENTS
7.1 Fuel Assembly 0.000101 0.0204 rare
Drop in Fuel
Storage Pool
7.2 Heavy Object 0.000108 0.0078 rare
Drop onto Fuel
Rack
7.3 Fuel Cask Drop =  ——=————ceeeo Not Applicable--==ececeee--
8.0 ACCIDENT INITIATION
EVENTS CONSIDERED
IN FSAR
8.1 LOSS-OF-COOLANT
ACCIDENTS
Small Pipe Break Extremely
rare
5.19x10-7 1.76x10-5
Large Pipe Break Extremely
rare
6.35x10-2 6.14

Rev. 9, 12/82
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TABLE 7.1-20 (Cont'd)

(Page 3 of 3)

GENERAL
THYROID WHOLE-BODY ASSESSMENT
ACCIDENT DOSE GAMMA DOSE OF
CLASS DESCRIPTION (millirem) (millirem) LIKELIHOOD
8.1(a) Break in Instrument 1.76x10-5 8.99x10-4 rare
Line from Primary
System that
Penetrates the
Containment
8.2 CONTROL ROD ACCIDENTS
8.2(a) Rod Ejection :
Accident (PWR) =  ===—=e——- Not Applicable--=—-=eeu--
8.2(b) Rod Drop Extremely
Accident (BWR) 3.68 1.67 rare
8.3 STEAMLINE BREAK
ACCIDENTS
8.3(a) Steamline
Breaks (PWR) = =  ===—c=e—-- Not Applicable--—--—weue-
8.3 STEAMLINE
Breaks (BWR)
Small Break 0.00131 0.0047 Extremely
rare
Large Break 0.0856 0.0621 Extremely
rare

1)

Iincidents included and evaluated under routine
radioactive releases are contained in Section 5.2.

Rev. 9, 12/82
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TABLE 7.1-21

(Page 1 of 2)

SUMMARY OF POPULATION DOSES RESULTING FROM ACCIDENTS

YEAR 2000
ACCI- POPULATION DOSE
DENT WITHIN 50 MILES
CLASS DESCRIPTION (man-rem)
1.0 TRIVIAL ACCIDENTS INSIDE CONTAINMENT 1)
2.0 SMALL RELEASES OUTSIDE CONTAINMENT 1
3.0 RADWASTE SYSTEM FAILURE
3. Equipment Leakage or Malfunction 0.373
3. Offgas Treatment System First 8.8 x 101
Charcoal Delay Tank Rupture
3. Waste Sludge Tank Failure 1.49
4.0 FISSION PRODUCTS TO PRIMARY
SYSTEM (BWR)
4. Fuel Cladding Defects 1
4. Off-Design Transients that Induce 53.9
Fuel Failures Above Those Expected
5.0 FISSION PRODUCTS TO PRIMARY AND not applicable
SECONDARY SYSTEM (PWR)
6.0 REFUELING ACCIDENTS
6. Fuel Assembly Drop 0.834
6. Heavy Object Drop Over Fuel in Core 9.45
7.0 SPENT FUEL HANDLING ACCIDENTS
7. Fuel Assembly Drop in Fuel Storage Pool 0.834
7. Heavy Object Drop Onto Fuel Rack 0.319
7. Fuel Cask Drop not applicable
Rev. 9, 12/82
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TABLE 7.1-21 (Cont'd)

(Page 2 of 2)

YEAR 2000
ACCI- POPULATION DOSE
DENT WITHIN 50 MILES
CLASS DESCRIPTION (man-rem)
8.0 ACCIDENT INITIATION EVENTS
CONSIDERED IN FSAR
8.1 Loss-of-Coolant Accidents
Small Pipe Break 0.00106
Large Pipe Break 222
8.1(a) Break in Instrument Line From 0.0368
Primary System That Penetrates
the Containment '
8.2 CONTROL ROD ACCIDENTS
8.2(a) Rod Ejection Accident (PWR) not applicable
8.2(b) Rod Drop Accident (BWR) 67.4
8.3 STEAMLINE BREAK ACCIDENTS
8.3(a) Steamline Breaks (PWR) not applicable
8.3(b) Steamline Breaks (BWR)

Small Break
Large Break

0.192
2.54

(1) Incidents included and evaluated under routine
radioactive releases are contained in Section 5. 2.

Rev. 9, 12/82




CRAC 2
Input

GRGUP

OXRE
OPREL
Cuvy
Ci~y?
Cly"
C123y"
LEAK 1
LEAK 2
RB(8)
VR(9)

VRH20C10)

LGS EROL
TABLE 7.1-22

SOURCE TERM CHARACTERISTICS - POINT ESTIMATE(1)

-~ - — v e e Prp—,

T €2) T (3) T Ca)
r d w

(hr) (hr) (hr)

4.0 0.5 3.0
7.0 2.0 6.0
1.5 2.0 1.0
1.5 2.0 1.0
1.5 2.0 1.0
7.0 2.0 6.0
7.0 2.0 6.0
7.0 2.0 6.0
1.5 3.0 1.5
0.25 3.5 0.25
0.34 0.65 Q.34

RADIONUCLIDE RELEASE FRACTIONS

hes) QCe) XE QI I, Cs Te Sk
{m) (cals/sec)

27 8.4(6)C7) 1.0 3(-4) 0.20 0.06 0.50 0.007
27 8.4 (6) 1.0 3¢(-4) 0.11 0.09 0.016 0.01

27 7.0 (4) 1.0 3(=4) 0.261 0.202 0.434 0.029
27 7.0 (W) 1.0 3(-4) 0.07 0.09 0. 20 0.016
10 7.0 (8) 1.0 3(-4) 0.73 0.70 0.55 0.09

10 7.0 (4) 1.0 3¢-4)y 0.13 0.17 0.50 0.02
27 7.0 (4) 0.73 3¢-4) 1.9(-2) 9.8(-3) 4.6(-2) 1.6¢-3)
27 7.0 ¢4) 0.73 3(-4) 2.7¢-3) 9.8(-5) 4.6(-4) 1.6(5)
10 8.4 (6) 1.0 3(4) 0.05 0.09 0.09 4.0 (-3)
10 1.4 (4) 1.0 3¢(-4) 0.1 0.33 0.33 0.15
10 2 (6) 1.0 3¢(-4) 0.5 0.73 0.75 0.35

0.40
3(-3)
0.095
0.008
0.12
0.08
3.2¢(-3)
3.2(-5)
0.02
0.04
0.07

1.0 (-5)
3 9
5.2(=3)
5.0(3)
7.0(-3)
6.2(-3)
5.8(-4)
5.8(-=6)
5.0(-3)
0.02

0.05

(1) The final CCDFs given in Fiqures 7.1-2 through 7.2-6 are medians and are obtained from an uncertaintvy analvsis
the source term characteristics.

on
2) 7T

r
3)

da

T
(ad) T
w
h

¢s)
t6) g

time of release
duration or release
warning time

height of release

rate of release of enerqy
(72 8. 4(6) = 8.4 x 106

(3) Reactor building failure
(9) Vessel rupture without water in vessel
(10) vessel rupture with water in vessel

Rev,

12, 04/83




CRAC 2

INPUT INTERNAL
GROUP

OXRE 4.4 (-8)
OPREL 7.0(-6)
Cuy 6.4 (-8)
C4y?* 5.6 (-8)
C4y" 6.4 (-9)
c123y" 3.6 (-7)
LEAK 1 1.1(-6)
LEAK 2 6.1(-6)
RB 0

VR 1.4 (-8)
VRH20 1.4 (—8)

LGS EROL

TABLE 7.1-23

FREQUENCIES OF TABLE 7.1-22 SOURCE TERMS

i e D e e e e s e i S e . el e

SEISMIC

—— o e,

1.3(-8)
2.0(-6)
6.3(-8)
5.6 (-8)

6.3 (-9)

1.0 (-7)

3.3(-7)
1.7(-6)
1.2(-6)
3.7¢(-7)

4.1(-8)

POINT ESTIMATE (YR—1)

FIRE

6.9(-8)

1.1(-5)

5.8¢(-7)
1.8(-6)

9.9(-6)

MEDIAN(YR™1)

INTERNAL SEISMIC
3.3(-8) 7.5(=10)
5.3 (=6) 1.2(-7)
6.4 (-8) 2.0(-9)
5.6 (-8) 9.0(-10)
6.2 (<9) 1.0(-10)
2.8 (-7) 6.3(~9)
8.8(-7) 2.0(-8)
4.6 (-6) 1.1¢-7)
0 7.6(-9)
5.0 (-9 <1(-10)
5.0 (=9) <1(-10)

FIRE

2.6(-8)
4.2(-6)

2.2(-17)
6.8(-7)
3.7¢(06)
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TABLE 7.1-24 (Cont'd)

(Page 2 of 2)

Radioactive inventory Half-life
Group/radionuclide (million of Curies) (days)
COBALT AND NOBLE METALS
Cobalt-58 0.0 71.0
Cobalt-60 0.0 1,920
Molybdenum-99 166 2.80
Technitium-99m 143 0.25
Ruthenium-103 114 39.5
Ruthenium-105 67 0.185
Ruthenium-106 42 366
Rhodium-105 60 1.5

@

RARE EARTHS, REFRACTORY 6‘0"\ e
OXIDES AND TRANSURANICS = 4/)}’ }f,/”v
VEtrium-90 (504) e 2.67
Yttrium-91 ot 59.0
Zirconium-95 152 65.2
Zirconium-97 156 0.71
Niobium-95 145 35.0
Lanthanum-140 166 1.67
Cerium-141 151 32.3
Cerium-143 148 1.38
Cerium-144 90 284
Praseodymium-143 147 13.7
Neodymium-147 61 11.1
Neptunium-239 1,670 2.35
Plutonium-238 0.036 32,500
Plutonium-239 0.02 8.9x10€
Plutonium-240 0.024 2.5x106
Plutonium-241 5.5 5,350
Americium-241 0.0034 1.6x105
Curium-242 1.1 163
Curium-244 0.013 6,630
Note: The above grouping of radionuclides corresponds to that

in the Reactor Safety Study

Rev.

12, 04/83
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TABLE 7.1-24

ACTIVITY IN THE LIMERICK REACTOR
CORE AT 3293 MWt

(Page 1 of 2)

Radiocactive inventory Half-life
Group/radionuclide (million of Curies) (days)
NOBLE GASES
Krypton-85 0.57 3,950
Krypton-85m - 28 0.183
Krypton-87 55 0.0528
Krypton-88 77 0.117
Xenon-133 184 5.28
Xenon-135 34 0.384
IODINES
Iodine-131 83 8.05
Iodine-132 128 0.0958
Iodine~133 183 0.875
Iodine-134 202 0.0366
Iodine-135 172 0.280
ALKALI METALS
Rubidium-86 0.061 18.7
Cesium-134 5.7 750
Cesium-136 1.9 13.0
Cesium-137 5.6 11,000
TELLURIUM-ANTIMONY
Tellurium-127 5.8 0.391
Tellurium=127m 0.79 109
Tellurium-129 21.8 0.048
Tellurium-129m 5.8 34.0
Tellurium-131m 11.4 1.25
Tellurium-132 122 3.25
Antimony-127 6.0 3.88
Antimony-129 23.2 0.179
AKALINE EARTHS
Strontium-89 102 52.1
Strontium-90 4.8 10,300
Strontium-91 130 0.403
Barium-140 163 12.8

Rev. 12, 04/83
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TABLE 7.1-25

PERMANENT RESIDENT POPULATION FOR THE LIMERICK SITE

Sector Direct ion
tmiles) N NNE NE tNE T £S5t St S5 S SSW SW WoW ] W\W NW NNW
0-0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.5-1.0 61 141 27 32 23 73 0 18 5 0 88 67 65 10 24 1"
1.0-1.5 308 110 40 38 60 70 - 222 204 259 305 123 136 33 45 199 M
1.5-2.0 432 153 55 53 84 97 311 286 362 427 173 190 46 63 278 444
2.0-2.5 243 151 128 159 183 192 675 949 175 207 M 3¥ " 2.083 1,537 565
2.5%-3.0 297 184 157 194 223 23a 826 1,160 213 254 142 414 874 2,%6 - 1,878 690
3.0-3.5 316 214 191 218 281 172 2,622 2,669 50 232 208 293 720 7,310 4,029 572
3.%-4.0 365 246 220 252 32% 199 3,025 3,079 57 268 29 339 853 8,435 4,648 661
4.0-4.5 472 92 187 109 227 198 745 1,126 253 168 200 713 1,197 2,232 960 434
4.5-5%.0 527 102 210 1F4) 253 2 833 1,258 283 187 223 796 1,3%2 2,494 1,073 486
5-6 1,306 585 559 3a% 2,248 2,692 598 5,913 944 472 745 261 60 1,724 164 1,032
6-7 1,544 691 660 407 2,657 3,182 107 6,989 1,115 550 880 309 70 2,038 193 1,219
7-8.5 2,761 1,236 1,181 729 4,751 5,691 1,264 12,499 1,995 998 1,574 552 126 3,645 346 2,181
8.5-10 3,295 1,476 1,410 870 5,671 6,192 1,508 14,918 2,81 1,191 1,879 659 150 4,350 413 2,603
10-12.5 1,280 4,7)9 6,146 9,828 12,472 31,605 21,922 7,194 17,907 8,376 1,211 2,068 - 24,907 t,578 1,986
12.5-1% 1,565 9,792 7,512 12,012 15,243 38,629 26,794 8,792 21,887 10,237 1,481 2,520 901 30,442 1,928 2,428
15-17.% 1,850 6,845 8,877 14,197 18,018 45,652 31,666 10,391 25,866 12,098 1,750 2,987 1,065 35,976 2,279 2,869
17.5-20 2,134 7,897 10,243 16,381 20,786 52,615 36,537 11,990 29,846 13,960 2,019 3,887 1,229 41,511 2,629 3,310
20-235 20,829 97,040 10,714 27,827 63,086 336,450 563,411 121,367 17,609 17,078 23,8)9 10,670 8,012 34,626 8,212 71,096
25-30 25,457 118,604 15,091 34,010 77,0% 411,217 688,613 148,337 21,523 20,873 29,137 13,041 9,793 42,320 10,037 8,673
30-35 21,16 85,094 14,738 11,780 122,464 324,681 336,351 16,314 202,552 24,450 6,281 34,785 23,142 9,833 6,615 2,663
35-40 25,057 98,186 16,999 13,592 141,305 374,632 368,097 18,823 233,714 28,212 7,287 40,136 26,703 10,884 7,632 3,072
an-45 11,888 17,743 24,911 18,800 225,218 49,936 67,649 13,997 11,762 32,128 9,777 71,801 ‘37,361 12,542 24,250 13,994
45-5(0) 13,286 19.801 27,841 21,010 251,715 95,811 75,607 15,643 13,146 35,907 10,927 80,248 41,7% 14,017 27,103 15,640
50-55 6.886 32,970 30,854 53,592 187,792 49,511 161,447 30,528 53,899 8,247 27,223 34,766 32,841 22,3507 20,197 22,346
$5-60 17,057 16,913 64,100 105,293 174,828 59,913 102,131 39,055 68,362 9,516 42,384 36,859 44,7157 31,575 23,085 45,025
60-65 30,623 17,742 66,292 171,163 162,803 72,760 47,391 34,900 53,574 9,18% 50,422 43,002 49,577 45,230 19,869 47,911
65-70 35,151 19,206 62,170 272:8%8 160,844 78,672 55,195 32,108 18,030 5,570 40,968 58,190 46,595 62,210 21,365 39,144
70-85 15%,810 36,828 296,821 2,001,226 351,49% 177,523 128,551 69,479 57,227 22,168 730,546 206,022 116,878 74,437 72,049 141,117
85-100 114,867 53,596 456,449 6,070,038 0 0 0 27,737 61,571 43,637 942,506 101,937 110,012 41,030 59,928 20,755
100-150 271,093 258,729 1,244,443 5,114,985 0 0 0 8,231 209,523 362,873 2,739,529 1,062,112 238,115 295,032 140,775 182,%6%
150-200 482,802 568,895 1,153,835 1,802,514 1] 0 0 0 %2,207 166,772 329,908 © 287,951 520,%17 164,714 142,422 324,640 -
200-3%50 1,650,580 1,194,147 3,569,922 4,813,485 0 0 n 0 %2,89) 3,071,062 1.R79,393 1,030,760 4,504,7U4 5,425,319 6,677,693 2,105,064
3150-500 818,581 5,156,991 949,375 0 0 0 0 o 31,99 2,056,392 4,558,303 2,849,465 6,084,539 9,035,347 504,911 306,549
Rev. 12, 04/83
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TABLE 7.1-26
AVERAGE VALUES OF ENVIRONMENTAL RISKS

DUE TO ACCIDENTS PER REACTOR-YEAR

Environmental Risk Average/RY
(Median)

Population exposure

Person~rems within 50 miles 40
Total person-rems ' 70
Acute fatalities 4.1 x 10-5

Latent cancer fatalities

All organs excluding thyroid ’ 0.012
Thyroid only 0.001
Cost of protective actions $6,000

and decontamination

Rev. 12, 04/83
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7.2 TRANSPORTATION ACCIDENTS INVOLVING RADIOACTIVITY

The transportation of fuel and waste to and from Limerick
Generating Station is within the scope of Paragraph (g) of

10 CFR 51.20. The environmental risks from accidents involving
the transportation of radioactive materials to and from each unit
are as set forth in Summary Table S-4 of 10 CFR 51, shown as
Table 7.2-1 in this section.

In accordance with Regulatory Guide 4.2 and 10 CFR 51, no further
discussion is necessary.
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TABLE 7.2-1

SUMMARY TABLE S-4 - ENVIRONMENTAL IMPACT OF TRANSPORTATION OF FUEL AND WASTE
TO AND FROM ONE LIGHT-WATER-COOLED NUCLEAR POWER REACTOR!

NORMAL CONDITIONS OF TRANSPORT

Environmental impact

Heat (per irradiated fuel cask in transit) « « « « « & « « « « 250,000 Btu/hr

Weight (governed by Federal or State restrictions) . . . . . . 73,000 1bs per truck;
100 tons per cask per
rail car.

Traffic density:
TPUCK & c o o o e o o o o e o o« s 2 s o s a s s » o « o« » Less than 1 per day.
Rail & ¢ ¢ ¢ o ¢ o e o o o e o s 6 s 0o s 0900+« Less than 3 per month.

Estimated Range of do;es to Cumulative doses to

Exposed population number of individuals exposed population
persons (per reactor year) {per reactor year)
exposed .

Transportation workers . . .. .. . 200 0.01 to 300 mitlirem . . . . . 4 man-rem.
General public: .

Onlookers e e o e s e e e e« 1,100 0.003 to 1.3 millirem ... )

Along Route « « « « « « . . . 600,000 0.0001 to 0.06 millirem . , )3 man-rem.

ACCIDENTS IN TRANSPORT
Environmental risk

Radiological effects Sma114.

Common (nonradiological) causes . .. .« . . . 1 fatal injury in 100 reactor years:
nonfatal injury in 10 reactor years;
$475 property damage per reactor year.

lpata supporting this table are given in the Commission's “Environmental
Survey of Transportation of Radioactive Materials to and from Nuclear Power
Plants" WASH-1238, December 1972, and Supp. I NUREG-75/038, April 1975.

2The Federal Radiation Council has recommended that the radiation doses
from all sources of radiation other than natural baground and medical exposures
should be 1imited to 5,00 millirem per year for individuals as a result of occ-
pational expossure and should be limited to dose to individuals due to average
natural background radiation is about 140 millirem per year.

3Man-rem is an expression for the summation of whole body doses to indi-
viduals in a group. Thus, if each member of a population group of 1,000 people
were to receive a dose of 0.5 rem (500 millirem), or if 2 people were to receive
rem (500 millirem) each, the total man-rem dose in each case would be 1 man-rem.

4A]though the environmental risk of radiological effects stemming from
transportation accidents is currently incapable of being numerically quanti-
fied, the risk remains small regardless of whether it is being applied to a
single reactor or a multireactor site.
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7.3 OTHER ACCIDENTS

This section discusses the measures employed for the prevention
of significant environmental effects resulting from
nonradiological accidents. The accidents considered are those
concerned with the storage and use of o0il, condensate water,
acid, caustic, alum, and chlorine, and other compressed gases.

7.3.1 STORAGE AND USE OF OIL

Five 150 gpm oil interceptors are installed in yard areas to
intercept accidental oil spills near the points of o0il storage
and use. Each interceptor has a sediment bucket, baffle, surface
oil draw-off tube, bottom-connected water outlet, and an inlet
flow contreol to achieve maximum efficiency. The interceptor
operates by gravity with the light oil rising to the surface
slightly above the operating water level. The o0il drains through
a stationary draw-off tube into a 500 gallon waste oil storage
tank associated with each interceptor. The o0il interceptors and
waste oil storage tanks are located in concrete pits. Effluent
from the oil interceptors, as well as other normal waste
drainage, is routed to the holding pond via two parallel 750 gpm
oil separators.

Two parallel 750 gpm gravity differential oil separators, located
immediately upstream of the holding pond, treat all flows
entering the holding pond except for floor drainage from the
holding pond treatment enclosure. These o0il separators each have
an oil capacity of 8000 gallons as well as an oil drain line to a
common 6000 gallon underground storage tank. The oil-free water
drains to the holding pond.

Outdoor diked areas south of the Unit 2 reactor enclosure contain
several aboveground tanks which include one 200,000 gallon
residual (No. 6) fuel o0il storage tank, and one 50,000 gallon
diesel (No. 2) fuel oil storage tank. To prevent water pollution
from a tank leak or rupture, the storage tanks are installed on
impervious asphalt bases and enclosed within earthen dikes
capable of containing 110% of the contents of the largest tank.
The enclosed areas around the tanks are sloped to catch basins,
which can be drained by gravity through normally closed
manually-operated valves and then through an oil interceptor to
the holding pond via the oil separators. Rainwater that collects
within the enclosed area is drained under operator supervision.

Eight underground diesel oil storage tanks (each with a capacity
of 41,500 gallons) are located south of the Unit 1 reactor
enclosure. To prevent water pollution from a tank leak or
rupture, the storage tanks are encased with a lean mixture of
cement and sand that is contained within an impervious membrane.
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Two outdoor o0il unloading areas, one for the aboveground tanks
and one for the underground tanks, are paved depressions that can
contain at least 7000 gallons. Each depression is drained by a
catch basin leading to an isolation valve, which can be closed
during truck unloading operations to prevent possible water
pollution from an oil unloading accident. The isolation valves
are normally left open allowing rainwater to drain through oil
interceptors to the holding pond via the oil separators.

Thirteen oil-filled outdoor transformers are located north of the
turbine enclosures. The transformer oil contains approximately
0.2% by weight of di-tertiary butyl para cresol. There are four
main transformers for Unit 1, each containing 7880 gallons; three
main transformers for Unit 2, each containing 10,600 gallons; one
auxiliary transformer for each unit containing 4740 gallons; one
safequard transformer for each unit containing 3550 gallons; and
one circulating water pump structure service transformer for each
unit containing 1310 gallons. To prevent water pollution from a
transformer leak or rupture, the outdoor transformers are located
on concrete slabs with curbs. Drains in the slabs will convey
rainwater, or fire deluge water in the case of a fire, through an
0il interceptor to the holding pond via the o0il separators.

To prevent water pollution from a leak or rupture of indoor
piping, tanks, and transformers, various floor drains (exclusive
of the oily waste system in the turbine enclosures) are routed
through oil interceptors to the holding pond via the oil
separators. Floor drainage from the auxiliary boiler enclosure
and the lube oil storage enclosure is routed through an oil
interceptor to the holding pond via the o0il separators. Floor
drainage from the eight diesel-generator enclosures (each of
which contains an 825 gallon diesel o0il day tank and a 250 gallon
lube o0il makeup tank within curbed areas) is routed through an
oil interceptor to the holding pond via the oil separators. The
drainage from the fuel oil transfer enclosure and from pits and
trenches containing oil pumps, piping, and valves is routed
through an oil interceptor to the holding pond via the oil
separators. Floor drainage from the circulating water pump
structure (which contains a 550 gallon diesel oil tank, within a
curbed area, for the diesel engine-driven fire pump) is routed
through an oil interceptor to the holding point via the oil
separators.

Each turbine enclosure contains three 16,000 gallon lube oil
storage tanks, an 11,200 gallon main turbine lube o0il reservoir,
an 1100 gallon M-G set fluid drive (lube o0il), three 1000 gallon
reactor feed pump turbine lube 0il reservoirs, a generator
hydrogen seal o0il tank holding approximately 530 gallons, and a
turbine electro-hydraulic control (EHC) reservoir holding

800 gallons of fire resistant hydraulic fluid consisting of
straight triaryl phosphate ester which is heavier than water.
These 0il containers are located within curbed areas which are

7.3-2
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drained through oily waste plumbing to the oily waste sump. Oily
waste from each turbine enclosure oily waste sump passes through
an oil interceptor. Samples are collected from the tanks and
monitored for radioactivity. If no measurable amounts of
activity are found, the tank contents will be pumped into a truck
and delivered to the auxiliary boiler fuel oil tank. 1If no
measurable amounts of activity are found in the oil free water,
the water is then pumped to the holding pond. While the
potential for radiocactive contamination is low, provisions are
made so that contaminated o0il can be transferred to suitable
containers and solidified for disposal. Likewise, contaminated
water shall be processed, used in conjunction with other
radioactive waste in solidification or processed through the
radwaste system.

7.3.2 STORAGE OF CONDENSATE AND REFUELING WATER

An outdoor diked area south of the Unit 2 reactor enclosure
contains one above ground 200,000 gallon condensate storage tank.
A common outdoor diked area west of the Unit 1 reactor enclosure
contains another above-ground 200,000 gallon condensate storage
tank and an above ground 550,000 gallon refueling water storage
tank. To prevent water pollution from a tank leak or rupture,
the storage tanks are installed on impervious asphalt bases
within earth dikes capable of containing 110% of the contents of
the largest tank. The enclosed areas around the tanks are sloped
to catch basins, which can be drained by gravity through normally
closed manually-operated valves to either the radwaste system or
to the holding pond. Rainwater that collects within the enclosed
areas will be drained under operator supervision.

7.3.3 STORAGE AND USE OF ACID AND CAUSTIC

A 4000 gallon sulfuric acid storage tank and a 4000 gallon sodium
hydroxide storage tank are located inside of the water treatment
enclosure within areas that are surfaced and curbed to contain
110% of the capacity of the tanks. The water treatment enclosure
also contains a 200 gallon caustic tank, a 200 gallon alum tank,
a 100 gallon hypochlorite tank, a 50 gallon chlorine solution
tank, a 56 gallon caustic day tank, and a 33 gallon acid day
tank, all of which are located in areas that drain to a

2100 gallon chemical waste sump. The acid and caustic waste in
the chemical waste sump (resulting from accidental spills, leaks,
and tank ruptures as well as from normal regeneration of the
demineralizers) will be pumped to either of two 15,000 gallon
neutralizing tanks for pH adjustment before being routed through
the waste water settling basins. Other floor drainage in the
water treatment enclosure is routed through waste water settling
basins to the holding pond. The neutralizing tanks are located
outside in a surfaced and curbed area which drains to the holding
pond.
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Two 10,000 gallon storage tanks provide the sulfuric acid which
is used to maintain a nearly neutral pH of the circulating water
and service water in the cooling towers. The storage tanks have
no drain connections and are located inside of enclosures which
are surfaced and curbed to contain 110% of the capacity of the
tanks. Four 50 gallon acid feed tanks provide acid to the
circulating water from the storage tanks. The feed tanks are
located at the cooling tower basin and inside enclosures which
are surfaced and curbed to contain at least 110% of tank
capacity. The acid piping is contained within concrete trenches
which drain to sumps for transfer to the holding pond, cooling
tower basins, or portable tankage.

Water treatment chemicals are also stored in the holding pond
treatment enclosure. Dry alum and sodium hydroxide are stored in
bags on pallets. Sulfuric acid and polyelectrolytes are stored
in drums no larger than 55 gallons. The chemicals are mixed in
four 210 gallon solution tanks when needed. Floor drains in the
holding pond treatment enclosure are routed to the holding pond.

7.3.4 STORAGE AND USE OF CHLORINE

Liquid chlorine is supplied to the chlorination equipment from a
single-unit railroad tank car equipped with excess-flow valves
designed to close when the flowrate of liquid chlorine exceeds
about 7000 lbs per hour. A separate rail siding used only for
chlorine tank cars is provided with de-rails, signs and safety
equipment recommended by the Chlorine Institute for unloading
chlorine. Gas masks are provided in convenient locations to
facilitate expeditious corrective action in the event of a
chlorine leak. Chlorine detectors alarm the presence of chlorine
in the chlorine storage area.

Piping from tank cars to chlorine evaporators is run to chlorine
equipment located in a separate room in the circulating water
pump structure. Liquid chlorine evaporators and vacuum type gas
chlorinators are provided for operation and control of the
chlorine system. Chlorine gas lines from the chlorinators are
operated under vacuum to the point of use areas to minimize the
leakage potential of chlorine gas and concentrated chlorine

solutions.
7.3.5 STORAGE AND USE OF COMPRESSED GASES

Carbon dioxide is stored as a bulk liquid in three refrigerated
tanks. The tanks are provided with high and low pressure alarms.
These alarms detect loss of refrigeration or tank leakage.

Carbon dioxide is used for purging the generator hydrogen system,
and as part of the fire protection system.
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Hydrogen is stored onsite in a battery of high pressure
containers (bottles). Each bottle is equipped with a pressure
relief device and is mounted in a rack to restrain its movement.
The bottles are individually valved to a withdrawal (transfer)
manifold which is equipped with relief valves. The hydrogen
storage area at the station is located remote from the main
building.

Hydrogen is used to cool the generator.

No adverse environmental effects are anticipated from the storage
of compressed gases.

7.3.6 SUMMARY

To prevent water pollution from a leak or rupture of o0il and
chemicals, potential spill areas are either drained to the
turbine enclosure oily waste system or drained through oil
separators to the holding pond. The holding pond effluent is
continuously monitored, while discharging, for pH and turbidity,
and the effluent is automatically stopped if excessively acid,
alkaline, or turbid water is detected. The holding pond water is
then treated using a portable oil skimmer, disposable oil
sorbents, acid, caustic, alum, or polyelectrolytes as necessary
until the water is suitable for discharge. Due to the protection
provided by the oil separators, the large reserve capacity of the
holding pond, and the standby treatment available at the holding
pond, it is concluded that accidental spills of o0il and chemicals
would not cause significant environmental effects.
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CHAPTER 8
ECONOMIC AND SOCIAL EFFECTS OF STATION CONSTRUCTION AND

OPERATION

Construction and operation of the Limerick Station affects both
the social and economic conditions of residents of Montgomery,
Berks and Chester counties, Pennsylvania, and to a lesser degree
the entire nation. This chapter assesses both the beneficial and
adverse effects of operation of the Limerick Station, and where
possible, places a monetary value upon them. All monetary values
are expressed in 1990 dollar values unless otherwise noted.

8.1 BENEFITS
8.1.1 PRIMARY BENEFITS

Limerick Station is a nominal 2110 MWe (net) two-unit station.
Unit 1 is scheduled for commercial operation in 1985 and Unit 2
in 1988. The net average annual energy generation of the
station, calculated at a 70% capacity factor, is 12.9 billion
kwh.

The energy delivered by the station is divided into four
categories--residential, small commercial and industrial, large
commercial and industrial, and other. System losses reduce the
net annual energy delivered to customers to 12 billion kWh. The
1990 demand for electrical energy is expected to be distributed
to the Applicant's customers as shown on the following summary:

Million kWh

Small Commercial and Industrial 1440
Large Commercial and Industrial 6480
Residential 3600
Other 480
Total 12000

The price of electricity is the basis used to determine the
station output's value to society since it reflects the value
that users place on electricity. However, this market price
provides only the minimum value of the output, since many
customers are prepared to pay more for electricity than they are
actually being charged. The average price for electricity in
1990 is estimated to be approximately 12.9 cents per kWh for all
users described above.

The value of station output in its first full year of two-unit
operation is therefore $1.55 billion. This aggregate value is
based on the value of sales to all users: residential,
commercial, and industrial.

8.1-1 Rev. 13, 05/83
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It would be impractical to enumerate the specific uses of
electricity and evaluate how these contribute to a rising quality
of life at home and at work. One illustration which may be worth
noting in this context is the use of household appliances. The
Applicant's projections show that between 1982 and 1992, the
saturation ratio (number of appliances as percent of total
residential customers) of clothes dryers will rise from 44% to
50%; dishwashers from 37% to 39%; and freezers from 30% to 35%.
Clearly, many families that do not use these and other appliances
can be expected to acquire them as they seek to improve their
living standards. An analysis of the sources of growth in
electricity usage reveals that the rate of growth of residential
usage is substantially faster in low income sections of the City
of Philadelphia than the higher income sections of the City and
in the suburban areas served by the Applicant.

The importance of Limerick Station in providing an adequate and
reliable power supply for the Applicant and for the Pennsylvania-
New Jersey-Maryland (PJM) Interconnection is discussed in

Chapter 1. That discussion describes capacity reserve conditions
based on current demand projections. Chapter 1 indicates that
benefits from the Limerick Station capacity are substantial. For
example, if Limerick Station were delayed one year, to 1986-89,
the Applicant's energy costs will increase $400 million. If
delayed two years, to 1987-90, energy costs would increase $830
million.

Operation of Limerick Station will provide substantial savings of
oil. The value of nuclear capacity has become increasingly
evident in the recent past as a result of imported oil price
increases, embargoes, natural gas shortages and coal strikes.

No sale of steam or other products or services from the station
is currently anticipated.

8.1.2 OTHER SOCIAL AND ECONOMIC BENEFITS

8.1.2.1 Tax Revenues

When completed and operational, the station will provide added
tax revenues to state, federal and local governments. While tax
revenues are treated as benefits in this discussion, it is
recognized that such revenues are essentially transfer payments.
For this analysis, taxes are apportioned on the basis of current
rates and corporate financing plans and reflect the values of:
(a) stock allocated to finance the station, (b) projected net
income allocated to the station, (c¢) anticipated gross receipts
allocated to the energy sales, made possible by station output,
and (d) the value of that portion of the station applicable to
realty taxes. All monetary values are expressed in 1990 dollars
and assume two unit operation. It is of course recognized that
these values are, at best, only estimates of what may actually

Rev. 14, 07/83 8.1-2
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Changes in tax laws, for example, could produce results

that differ substantially from today's estimated values.

8.1.2.1.1

a.

State Taxes
Capital Stock Tax
This is a 1% annual tax on the value of capital stock of

corporations which are incorporated in the Commonwealth
of Pennsylvania. The tax is levied against all

. outstanding stock of all classes, common and preferred.

The average annual capital stock tax is estimated to be
approximately $26 million.

Corporate Net Income Tax

Pennsylvania levies an annual corporate net income tax
which is an excise or privilege tax levied against all
corporations "doing business" in Pennsylvania or "having
capital or property employed" in the state. The tax
rate is 10.5% of net income allocated to Pennsylvania,
which in the Applicant's case is all its net taxable
income.

The average annual corporate net income tax is projected
to be approximately $35 million.

Gross Receipts Tax

Public utility corporations doing business in
Pennsylvania are subject to a 4.5% tax on the gross
receipts from utility services rendered. 1In the
Applicant's case the tax is levied on gross receipts
from energy sales.

The average annual gross receipts tax is estimated to be
about $70 million.

Public Utility Realty Tax

Public utilities do not pay local property taxes in
Pennsylvania. The Commonwealth of Pennsylvania levies a
public utility realty tax in lieu of local property
taxes, and redistributes this tax according to a
specified formula. The public utility realty tax is 3%
of the state's taxable value of public utility realty.

The public utilities realty tax average annual liability

for Limerick Station is estimated to be approximately
$27 million.
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e. Total State Tax

The average annual state tax liability attributable to
Limerick Station is estimated to be approximately
$158 million.

8.1.2.1.2 Federal Income Tax

The Applicant will incur a federal income tax liability for
income increases resulting from the Limerick Station contribution
to energy sales. The federal income tax, as well as the
previously discussed state income tax, was developed based on the
Applicant's projected rate of return, after taxes, on invested
capital necessary to cover costs of equity capital (recognizing
effects of investment tax credit and tax basis depreciation
deductions). The analysis assumes that energy sales will cover
debt service, operating costs and the projected rate of return on
invested capital.

The average annual federal income tax is estimated to be
$144 million.

8.1.2.1.3 Miscellaneous Taxes

Local governments and school districts levy various personal and
wage taxes on residents and persons who work within their
jurisdictions. Most of the operating staff of Limerick Station
will reside near the station and thus contribute to these tax
revenues. Because of the fluid nature of these taxes their value
to the local governments have not been estimated. However, many
taxing bodies levy a.1% earned income (wage) tax. Based on
Subsection 8.1.2.2 this could produce approximately $440,000
annually.

The Commonwealth of Pennsylvania levies a 2.2% earned income tax
on residents and employees in Pennsylvania. This tax (based on
projected 1987 operating salaries) would be approximately
$968,000 annually.

8.1.2.2 Payrolls and Employment

Expenditures for the operation of the station represent an
addition to the national as well as regional income.

Approximately 724 people are expected to staff the Limerick
Station. The annual payroll in 1990 dollars, for the operating
staff, is expected to be about $44 million.

Because the bulk of the operating labor force for the station is

drawn from the local area, the impact is and continues to be on
regional employment.
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8.1.2.3 Incremental Increase in Regional Product

The incremental increase in regional product due to operation of
Limerick Station is the value of the electric energy produced by
the station less the personal income that would have been
produced by the family units that previously resided in the area
required for station construction and operation. The value of
this personal income is estimated to be less than $1 million
annually. This loss in regional product is considered to be
negligible compared to the value of the electrical energy. The
incremental increase in regional product is therefore, equal to
the value of the electrical energy produced.

8.1.2.4 Public Parks and/or Recreational Areas

Recreation potential of the floodplain area adjacent to the
station site is determined by its physical features, together
with planned station uses on the site and existing industrial
activity in the surrounding community.

The river is relatively shallow at the site and the use of
motorboats is dependent on the river level. Canoes and other
similar craft are more likely to be used under the existing
conditions. '

8.1.2.5 Improvement of Local Roads and Transportation
Facilities

Two existing township roads were rehabilitated by the Applicant
in connection with plant construction. A 2-1/2 mile section of
Longview Road was relocated and repaved. Evergreen Road, the
main access to the plant, was upgraded for approximately one
mile.

8.1.2.6 Research and Environmental Monitoring

A number of environmental baseline studies and monitoring
programs are being conducted by the Applicant. These include the
water chemistry, thermal data, and aquatic and terrestrial
biological monitoring programs. These efforts provide meaningful
information for use in assessing environmental changes imposed on
the local area by operation of the Limerick Station. To the
extent these programs contribute to a better understanding and
prediction of environmental interrelationships, they are
considered research efforts. 1In addition, since the detailed
documentation developed on the species and abundance of local
terrestrial and aquatic organisms serves to strengthen the store
of scientific information concerning the area, the programs under
which this information was developed can also be defined as
research. The Applicant has estimated that in excess of

$5.5 million has been spent for research at the Limerick Station
as of December 31, 1982.
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8.1.2.7 Educational Center

The Applicant constructed an "Energy Information Center" as part
of the overall nuclear education program. Located on Longview
Road just southeast of Limerick Station, the center offers formal
programs and provides exhibit material for visitors. The center
includes energy conservation information in addition to current
information relevant to nuclear issues.

8.1.2.8 Annual Savings of 0il for Power Generation

Operation of Limerick Station provides a substantial contribution
to the national interest by reducing the need for consuming large
amounts of oil. Operation of the Limerick Station is expected to
replace fossil fuel equivalent to about 20 million barrels of o0il
per year on the PJM interconnection.

Rev. 14, 07/83 B.1-6
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8.2 COSTS
8.2.1 INTERNAL COSTS

Costs are expressed in 1990 dollars, with the exception of
capital dollars. Capital dollars are actual and proposed
expenditures expressed in the year the expenditure would occur.

Following are the primary internal costs associated with the
operation of the station:

a.

The site of approximately 595 acres contains about
87 acres for the station and environs with the remainder
open area.

The cost of land acquisition and improvements and
facility construction associated with the station
amounts to about $5.82 billion. Table 8.2-1, Cost
Information for Limerick Station, shows construction
cost details. The levelized annual carrying charges on
the capital cost are estimated to be $1.129 million.

The cost to complete both Limerick units was estimated
at $2.2 billion on December 31, 1982. On a cost to
complete basis the annual carrying charges are $427
million. The cost to complete estimate does not include
AFUDC on money spent prior to December 31, 1982.

Recognizing the requirements of the Delaware River Basin
Commission (DRBC) that compensation (augmentation) is
required for consumptive water use at the Limerick
Station at designated low flow periods, the Applicant is
actively pursuing alternatives to provide the required
augmentation to low flow. Typical projected costs for
this augmentation are conservatively estimated at about
$13 million annually.

The capital cost of the bulk power transmission system
including switchyards associated with Limerick Station
is about $91 million. The estimated annual carrying
charges on this capital cost is $17.7 million.

The annual fuel costs for Limerick are estimated to be
$130 million. This is a 10-year levelized estimate of
fuel costs for two-unit operation. Table 8.2-2,
Estimated Costs of Electrical Energy Generation, shows a
breakdown of these costs in mills/kWh.

The annual operating and maintenance costs are estimated
to be $140 million.

8.2-1 Rev. 13, 05/83
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g. Station decommissioning alternatives are discussed in
detail in Section 5.8. Because of the uncertainty
surrounding regulatory requirements no commitment by the
Applicant to any alternative can be made at this time.
However projected decommissioning costs in 1990 dollars
range from $13 million to about $160 million. The
annual cost for the $160 million scenario is estimated
to be $31 million.

h. To the extent that needs can be anticipated, research
and development costs associated with potential
improvement of the facility and its operation and
maintenance are inherently included in the cost of the
station in (b) above. Also included in the station
costs are the Applicant's overhead costs, which include
the costs of the environmental studies.

The total primary internal costs for the station, exclusive of
fees to the NRC, are estimated to be $1.46 billion annually on a
total cost basis and $759 million annually on a cost to complete
basis.

8.2.2 EXTERNAL COSTS

Temporary external costs associated with the operation of the
station are discussed below.

No shortages of housing are anticipated as a result of operation
of the Limerick Station. The number of permanent employees for
operation of the station is approximately equal to the number of
non-manual employees that had been transferred to the area by the
architect/engineer/constructor. The permanent staff is expected
to have no measurable impact on housing, health, and school
facilities. Whatever modest increase in services that might be
required by the permanent staff is more than offset by taxes paid
to local municipalities.

Station operation has no impact on local water and sewer
facilities. A permanent sewage treatment plant has been
constructed, and the effluent from this plant is piped to the
nearby Schuylkill River. The domestic water supply for the
station is from the river.

Operation of the station is not expected to have any material
adverse effects on recreational, aesthetic, or scenic values, and
will not degrade or restrict access to areas of historic or
cultural interest. While it is obvious that because of the
station, aesthetic, scenic and other changes occur, it is the
view of the Applicant that, on balance, these changes are within
acceptable limits.
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The operation of Limerick Station, apart from its contribution to
adequate regional electrical supply, is not expected to influence
the industrial development of the area.

Overall, the Applicant believes that the economic and social
benefits associated with the operation of the station will be
substantial at the local, regional and national levels, while the
external social and economic costs will be minimal.

8.2-3 Rev. 13, 05/83



LGS EROLS

TABLE 8.2-1

(Page

COST INFORMATION FOR LIMERICK GENERATING STATION

1 of 2)

Direct Costs

. Applied interest
rate during
construction

. Length of
construction

workweek

. Estimated site
labor require-

ment

4.
7.0-10.0%/year
40 hr/wk
5.
26 .7 manhours/
kWe

Average site labor
pay rate (including
fringe benefits)
Effective at month
and year of start

POWER STATION COST
THOUSAND DOLLARS

a. Land and land rights

b.

Indirect Costs

Structures and site facilities

Turbine plant equipment not including

. Reactor plant equipment

heat rejection systems

Subtotal

. Heat rejection system
. Electric plant equipment
. Miscellaneous equipment

. Contingency allowance

a. Construction facilities, equipment

b. Engineering and construction management

C.

and services

Other costs

of construction 11.32/hr
Escalation rates
Site labor 7%/year
Materials 7%/year
Composite rate 7%/year
Unit 1 Unit 2
6,000 -
253,000 262,000
336,000 349,000
99,000 104,000
51,000 52,000
52,000 54,000
51,000 53,000
80,000 115,000
928,000 989,000
162,000 178,000
490,000 523,000
132,000 102,000
Rev. 13, 05/83
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TABLE 8.2-1 (Cont'd)

d. Interest during construction 965,000 1,349,000 |
Subtotal 1,749,000 2,152,000 |
Unit cost 2,677,000 3,141,000 |

Station cost 5,818,000 |

Rev. 13, 05/83
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TABLE 8.2-2
ESTIMATED COST OF ELECTRICAL ENERGY GENERATION

Fuel Cycle Costs (1) Unit 1 Unit 2
mills/kWh
Cost of U304 3.32 5.71
Cost of Conversion 0.25 0.34
Cost of Enrichment 3.16 3.76
Cost of Fabrication 1.37 1.59

Cost of Processing Spent Fuel(2) - -
Cost of Waste Disposal (2) - -
Credit for Plutonium or U-233(2) - -

Total 8.10 11.40

Cost of Operation and Maintenance(3) 10.9 10.9

(1) Fuel cycle cost are levelized for 10 years

(2)> Not applicable because fuel costs are calculated on the basis
of zero-net salvage. The 1 mill/kWh disposal charge of the
Nuclear Waste Policy Act of 1982 has not been included.

(3> 70% capacity factor

Rev. 13, 05/83



LGS EROL

CHAPTER 9

ALTERNATIVE ENERGY SOURCES AND SITES
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CHAPTER 9

ALTERNATE ENERGY SOURCES AND SITES

Alternate Energy Sources and Sites were discussed in Section 8.1
and 8.2 of the Environmental Report - Construction Permit Stage
and Chapter 10 of the Final Environmental Statement. The subject
of alternate sites is not discussed further, in accordance with
10 CFR 51 and Regulatory Guide 4.2. 1In early 1983, construction
of Unit 1 and common was 83% complete; Unit 2 was 30% complete.
The only alternative to completing construction of Units 1 and 2,
with commercial operation scheduled for 1985 and 1988,
respectively, considered worthy of examination at this time is to
cease construction and restore site to pre-construction

appearance.

9.1 TERMINATE CONSTRUCTION AND RESTORE SITE

9.1.1 REPLACEMENT OF REQUIRED CAPACITY

As stated in Chapter 1 long term capacity purchases are not
feasible to meet the Applicant's requirements.

When Limerick 1 and 2 are placed in service 1272 MW of oil fired

capacity will be retired.

This will reduce the Applicant's oil

consumption in accordance with current national energy policy.
The Applicant estimates that retirement of these o0il fired units
will save 7.4 million barrels of oil per year and air pollution
will be reduced by 24,420 tons SOx and 9,320 tons NOx per year.

Delaying the retirement of

older oil-fired units is not

considered practical. When the Limerick units are placed in
service 796 MWe of oil-fired intermediate steam capacity will be
retired. The average age of this equipment will be 40 years in
1988. This equipment is old and ready for retirement.
Maintenance problems compounded by metal fatigue problems would

increase the forced outage

rates of these units such that they

would not be capable of being base loaded units.

When Limerick Unit 1 is placed in service, 476 MWe of oil-fired

peaking combustion turbine
equipment was installed in
turbines to be retired are
fuel costs, and abnormally
were not designed for base

capacity will be retired. This

the late 1960's. The combustion
characterized by high heat rates, high
high maintenance costs. These units
load operation and their high forced

outage rates preclude their use as base load units.
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COSTS ASSOCIATED WITH TERMINATING LIMERICK GENERATING
STATION

The following costs are associated with terminating the
construction of the Limerick Generating Station:

Rev.

a.

14,

As of March 1983, the sunk capital cost of the Limerick
project was about $2.7 billion. The annual revenue
requirement associated with amortizing this investment
over a 20 year period would amount to about $540 million
per year. This annual amount assumes the accounting for
the sunk capital would be treated as an in-service plant
in all aspects, including return of capital on a
straight line basis, return on capital not recovered,
taxes based on tax depreciation at a normal 1.5%
Declining Balance/Straight Line (DB/SL) basis over an
Accelerated Cost Recovery System (ACRS) life of 16 years
and retention of the investment tax credit. The
Applicant's projected lack of taxable income in the near
future would preclude it from using any potential tax
loss .that might result from such a termination.

The estimated capital cost to restore the site to its
pre-construction appearances is about $200 million. The
annual revenue requirement associated with amortizing
this investment over a 20 year period would amount to
about $40 million per year. This annual amount assumes
the accounting for the sunk capital would be treated as
an in-service plant in all aspects, including return of
capital on a straight line basis, return on capital not
recovered, taxes based on tax depreciation at a normal
1.5 DB/SL basis over an ACRS life of 16 years and
retention of the investment tax credit. The Applicant's
projected lack of taxable income in the near future
would preclude it from using any potential tax loss that
might result from such a termination.
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9.2 CONCLUSIONS |

The completion of Limerick is the preferred course of action.

The adverse consequences of termination of construction are (1)
an increase in customer costs, (2) a failure to pursue the
national energy policy of reducing oil usage and (3) a generating
capacity deficit which cannot be reliably supplied by older
marginal steam units.

9.2-1 Rev. 13, 05/83 |
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CHAPTER 10
STATION DESIGN ALTERNATIVES

10.1 ALTERNATIVE CIRCULATING SYSTEMS (Exclusive of Intake and
Discharge)

The circulating water systems and the associated natural draft
cooling towers for the Limerick Generating Station are described
in Section 3.4. Alternatives to the natural draft cooling towers
are discussed in Section 8.4.1 of the Environmental Report-
Construction Permit Stage, and Section 11.1 of the Final
Environmental Statement. In accordance with 10 CFR 51 and NRC
Regulatory Guide 4.2, no further discussion of circulating system
alternatives is necessary.

10.1-1
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10.2 ALTERNATIVE INTAKE SYSTEMS

10.2.1 SCHUYLKILL RIVER INTAKE STRUCTURE

The intake system for the LGS is described in Section 3.4. The
Schuylkill River intake structure is being constructed under
Corps of Engineers Permit No. NAPOP-N-00-888, and Pennsylvania
Department of Environmental Resources Water Obstruction Permit
No. 19616. The adverse environmental effects on the Schuylkill
River intake have been found to be minimal, as discussed in
Section 5.1.3.

10.2.2 PERKIOMEN INTAKE STRUCTURE

Alternative designs considered for the Perkiomen Creek Intake
structure included a man-made infiltration gallery consisting of
buried perforated-pipe, natural infiltration galleries, several
schemes of shoreline intakes with traveling water screens, and an
inshore pump structure with submerged stationary wedge-wire
screens.

The buried perforated-pipe intake structure was discounted during
the conceptual design phase. It was determined that siltation
would affect the efficiency of the intake. 1In addition, the
efficiency of the perforated-pipe intake was determined to be
unreliable during seasonal low flows.

Similarly, the natural infiltration gallery concept was
discounted during the preliminary design phase. The permeability
of the natural soils is not sufficient to transmit the required
quantity of water to the gallery under the existing head
conditions. .

Several schemes utilizing the conventional vertical traveling
screen were investigated thoroughly. The primary arrangement
utilized a structure with an onshore intake bay. The intake bay
consisted of the following: floating trash boom, trash rack, and
vertical traveling screen. The face of the traveling screen was
placed flush with the normal shoreline. A fish bypass in advance
of the traveling screen was provided.

The width of the intake, size of traveling screen, and screen
mesh openings were designed to maintain a maximum intake velocity
approaching the face of the screen of 0.5 fps at low water. The
combination of low intake velocity and fish bypass would provide
a means of egress for small fish. -

The selected intake design consists of an on-shore pumping

station that is gravity fed by three intake lines supplied by
intake wedge-wire screens located in the surface water source.

10.2-1
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Openings in the intake screens are oblong, with a 2-mm clear
opening. Inlet velocities through the screen openings are
designed for 0.5 fps maximum. The potential angle of safety, or
escape from the screen approach, is almost 360 degrees.

The screens are located sufficiently high above the bottom of the
stream to minimize effects on bottom-dwelling organisms. The
screens are located near the mid-channel area, away from the
near-shore, shallow water zones where aquatic life is most
abundant, and where much of the aquatic reproduction occurs.

The adverse environmental effects of the Perkiomen Creek intake
have been found to be minimal, as discussed in Section 5.1.3.

The intake structure is described in section 3.4 and shown in
Figures 3.4-11 through 3.4-15.

10.2-2
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10.3 ALTERNATIVE DISCHARGE SYSTEMS

The diffuser discharge system for the Limerick Generating Station
is described in Section 3.4, and the environmental effects
associated with the discharge are discussed in Chapter 5 of this
report. Additionally, information was provided in Section 11.3
of the Final Environmental Statement. The diffuser is being
constructed under U.S. Army Corps of Engineers Permit

No. NAPOP-N-00-888, Pennsylvania Department of Environmental
Resources Water Obstruction Permit No. 19616, and Delaware River
Basin Commission (DRBC) Water Use Approval No. D-69-210CP
(Final). The discharge system will not cause the Schuylkill
River water temperature to be raised more than 5°F outside of, or
exceed a rate of change greater than 20F per hour at the boundary
of, a mixing zone equal to one-half of the river width and

3500 feet in length as specified by the DRBC. 1In accordance with
10 CFR 51 and NRC Regulatory Guide 4.2, no further discussion of
discharge system alternatives is necessary.
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10.4 ALTERNATIVE CHEMICAL WASTE SYSTEMS

The chemical waste system for the Limerick Generating Station is
described in Section 3.6. The system will produce an effluent
meeting U.S. Environmental Protection Agency standards

(40 CFR 423). Additional discussion of alternatives is provided
in Section 11.4 of the Final Environmental Statement. In °*
accordance with 10 CFR 51 and NRC Regulatory Guide 4.2, no
further discussion of chemical waste system alternatives is

necessary.
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10.5 BIOCIDE TREATMENT ALTERNATIVES

The biocide treatment system for the Limerick Generating Station
is described in Section 3.6. The system will produce an effluent
meeting U.S. Environmental Protection Agency standards

(40 CFR 423). Additional discussion of alternatives is provided
in Section 11.5 of the Final Environmental Statement. 1In
accordance with 10 CFR 51 and Regulatory Guide 4.2, no further
discussion of biocide treatment alternatives is necessary.
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10.6 ALTERNATIVE SANITARY WASTE SYSTEMS

The sanitary waste system for the Limerick Generating Station is
described in Section 3.7. The system has been installed and is
being operated in accordance with U.S. Environmental Protection
Agency NPDES Permit No. PA 0024414 and Water Quality Management
Permit No. 4672437 issued by the Pennsylvania Department of
Environmental Resources. No discussion of sanitary system
alternatives is necessary.

10.6-1
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10.7 ALTERNATIVE LIQUID RADWASTE SYSTEMS

The liquid radwaste system is described in Section 3.5.
Alternatives were discussed in Section 8.4.3.1 of the
Environmental Report-Construction Permit Stage and Section 11.7
of the Final Environmental Statement. No further consideration
has been done to formulating liquid radwaste system design since
analysis indicates that liquid radioactive effluents from
Limerick will be within the "as low as reasonably achievable"
numerical guides for design objectives and limiting conditions of
operation set forth in Appendix I of 10 CFR 50 and will 'satisfy
the guides for design objectives proposed in the concluding
statement of position of the Regqulatory Staff in Docket RM-50-2.

REV. 1, 9/81 10.7-1
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10.8 ALTERNATIVE GASEOUS RADWASTE SYSTEMS

The gaseous radwaste system is described in Section 3.5. No
further consideration has been given to formulating alternative
gaseous radwaste system designs since analysis indicates that
gaseous radioactive effluents from LGS will be within the "as low
as reasonably achievable" numerical guides for design objectives
and limiting conditions of operation set forth in Appendix I of
10 CFR 50 and will satisfy the guides for design objectives
proposed in the Concluding Statement of Position of the
Regulatory Staff in Docket RM-50-2.

REV. 1, 9/81 10.8-1
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10.9 ALTERNATIVE TRANSMISSION FACILITIES

As discussed in sections 3.2 and 5.4 of the Environmental Report
- Construction Permit Stage and section 3.7 of the Final
Environmental Statement, transmission requirements were a
significant factor in the selection of the Limerick Site, because
the necessary rights-of-way were already established. In

section 3.7 of the Final Environmental Statement, the NRC Staff
concurred with the Applicant in finding "...that grouped systems
within fewer transmission corridors, rather than a growth in the
number of corridors, are a better approach to land planning".

Consistant with the finding, the routing of transmission
facilities not previously described was selected so as to utilize
existing rights-of-way exclusively. Specifically, the Cromby to
North Wales and Cromby to Plymouth Meeting 230 kV lines described
in section 3.9 of this report will be constructed entirely on
previously existing transmission line and railroad rights-of-way.
Alternative routings for these lines would require the
acquisition of new private rights-of-way with attendant adverse
environmental impacts, and are therefore not evaluated further.

REV. 1, 9/81 10.9-1
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CHAPTER 11
SUMMARY BENEFIT-COST ANALYSIS

The importance of the Limerick Generating Station (LGS) in
providing an economic and reliable power supply for the Applicant
and the PJM Interconnection was demonstrated in Chapter 1. The
economic and social effects of station construction and operation
were discussed in Chapter 8. Other benefit-cost information has
- been provided throughout this report. It is the purpose of this
chapter to summarize and weigh the overall benefits and costs of
operating the completed station. This final balancing must, of
necessity, be qualitative, since it is not possible to quantify
all of the station's benefits and costs in comparable units of
measure. All monetary values are expressed in 1990 dollar values
unless otherwise noted.

11.1 BENEFITS
11.1.1 DIRECT BENEFITS

The primary benefits resulting from operation of LGS are those
inherent in the value of the generated electricity which will be
delivered to meet customer needs. The station will provide an
average annual generation of 12.9 billion kWh based on a 70%
capacity factor for the 2110 MWe station. Distribution of the
energy based on projected 1990 demand is: 3.6 billion kWh -~
Residential, 7.92 billion kWh - Commercial and Industrial,
0.48 billion kWh - Other and 0.9 billion kWh -~ System Use and
Losses. As noted previously, the actual value of this energy
cannot be readily monetized, since its true worth relates to
customer needs, safety, convenience, etc., that it provides.
Based on an average $0.129 per kWh for all users, the value of
station output in its first full year of two-unit operation is
$1.55 billion. ‘

As discussed in Chapter 1, delays from current in-service
schedules for the station are likely to add substantially to the
Applicant's overall cost of service. For example, if both the
units were delayed one year, the Applicant's cost of energy is
estimated to increase by about $32C million, and plant cost is
estimated to increase by about $650 million. Furthermore, it has
also been noted that station operation will conserve oil.

11.1.2 INDIRECT BENEFITS
The indirect benefits to be realized from the construction of LGS

include over $460C million paid annually in taxes (essentially
transfer payments) to the state and federal governments.

11.1-1 Rev. 14, 07,783
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Operating staff for LGS is projected to about 724 persons with an
expected average annual payroll of $44 million. The bulk of

these employees will be drawn from the local area thus enhancing
the local economy.

Rev. 13, 05/83 11.1=-2
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11.2 COSTS INCURRED

The costs of the project include economic costs, in terms of
dollars, and environmental costs, expressed in a variety of
units. As detailed in Chapter 8, the total station primary
internal costs are estimated to be approximately $1.46 billion
annually on a total cost basis and $759 million annually on a
cost to complete basis.

The environmental effects are discussed below with respect to the
three major divisions of the biosphere: the aquatic, atmospheric
and terrestrial regions. The environmental impact (costs) must
be considered for both absolute magnitude and degree of
importance. 1In the following discussions of environmental costs,
an attempt has been made to evaluate these factors.

11.2.1 AQUATIC

The aquatic environmental effect of the station includes the
effect on surface waters and on ground water. 1In both instances
the physical effects of the station water intake and the
chemical, radiological, thermal and physical effects of liquid
discharges must be considered.

11.2.1.1 Surface Water

Water for cooling and domestic used for LGS is withdrawn from the
Schuylkill River and Perkiomen Creek.

The cooling water for the station is passed through the
condensers into cooling towers where rejected heat is dissipated.
Make-up for water lost by evaporation, drift and blowdown is
withdrawn from the Schuylkill River and Perkiomen Creek in
accordance with Docket Decision D-69-210 (final) issued by the
Delaware River Basin Commission on November 5, 1975.

The cooling tower blowdown is returned to the Schuylkill River.
The blowdown is treated and monitored to maintain chlorine
residuals and dissolved solid concentrations within the
applicable water quality standards of the Commonwealth of
Pennsylvania.

Liquid radioactive wastes are treated in a separate system. The
calculated exposure from LGS are well within limits of Appendix I
to 10 CFR 50.

Domestic water is supplied via the clarified and domestic water
systems. Appropriate treatment and storage is provided.

The station is served by a sewage treatment plant. The effluent
from the treatment plant is discharged to the Schuylkill River.

11.2-1 Rev. 13, 05/83
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Intake structures are located on the Schuylkill River, and
Perkiomen Creek. Water intake velocity is limited to minimize
the effect on the biota.

The discharge into the Schuylkill River will be by means of a
diffuser pipe located at the river bottom.

11.2.1.2 Groundwater

The operation of LGS will have no adverse effect on groundwater.
The wells supplying water for the construction of the station
will be capped subsequent to station operation.

11.2.2 ATMOSPHERIC

The atmospheric environment is affected by the routine operation
of LGS through discharge of gaseous effluents from the station
and the evaporation of water and drift from the cooling towers.

Gaseous releases from the station are from vents located on the
reactor enclosure roof. The gaseous radwaste system monitors,
processes and controls the release of radioactive gases from the
station. The estimated individual and population ingestion
exposures resulting from the release of radioactive nuclides to
the atmosphere and direct radiation from radiocactive materials at
LGS are discussed in Section 5.2. These exposures are based on
conservative models and consequently reflect maximum potential
exposure rather than that which might be expected. The
calculated exposures from LGS are well within limits of

Appendix I to 10 CFR 50.

The cooling tower effluent carries moisture due to evaporation of
the circulating water and entrained water droplets (drift). The
effluent forms a plume, visible at times, as it drifts away from
the towers. The cooling tower plume is emitted at about 500 feet
above the ground, therefore, the plume should not cause any
impact on surface conditions, i.e., fogging, icing, etc.

The plume should have little or no impact on aircraft operations
in the vicinity. Dissolved solids contained in the drift will
settle to the ground under the plume. Annual salt deposition
rates due to cooling tower operation have been calculated and
shown to be well below natural deposition rates in the Limerick
region. Thus, the impact of these salts both on and off-site is
considered insignificant.

11.2.3 TERRESTRIAL
The LGS site occupies approximately 595 acres. Approximately 87
acres have been disturbed by facilities which occupy the site.

While some existing flora and fauna have been displaced no
permanent effect on either is anticipated. No unusual or

11.2-2
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endangered species are known to exist in the area. The flora and
fauna of wooded open areas will be preserved as is consistent
. with use.

11.2-3
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11.3 CONCLUSIONS

It is the considered judgment of the Applicant that, within the
the limits of todays's fuel and technology constraints, the
aggregate benefits derived from operation of LGS will
substantially exceed the combined economic and environmental
costs of its construction and operation. This has resulted from
a balancing of environmental and economic costs which in the view
of the Applicant properly reflects both the importance of
environmental protection and the basic societal judgment that
adequate supplies of relatively economic electricity must be
maintained.

It is the belief of the Applicant that the operation of LGS as
designed satisfies all applicable benefit-cost criteria and that
the benefits to be derived far outweight the economic and
environmental costs involved.

Table 11.3-1 provides a summary of the primary benefits and costs
of operating LGS.

11.3-1
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TABLE 11.3-1

Page 1 of 4

SUMMARY BENEFITS-COSTS; LIMERICK GENERATING STATION

Item

Expected Average Annual
Generation and Approxima
Value

Proportional Distribution

of Electric Energy (1990

Average Annual Federal
and State Taxes

Direct Station Employmen

Public Facilities

Annual Savings of Equiva
0il for Power Generation

Averagé Annual Federal
and State Taxes

Item

Total Capital Cost

(Land and Station)
Capital Cost to Complete

Capital Cost (Associated
Transmission System)

Decommissioning Cost (3>

10-Year Levelized Annual
Fuel Cost

Annual Operation and
Maintenance Cost

Annual Low Flow
Augmentation Cost

Benefits(1)

12.9 billion kWh

te $1.5 billion(2)

66% Industrial

) and Commercial
30% Residential
_4% Other

100% Total

$460 million
t 724
An Energy Informa-

tion Center
is provided

lent 20 million barrels
$460 million
Costs

$5,820 million

$2,200 million

$91 million

$160 million

$130 million
$140 million

$13 million

Rev.

Reference

Section 8.1

Section 8.1

Section 8.1
Section 8.1
Sections 2.1,
8.1

Section 8.1
Section 8.1
Reference

Section 8.2

Section 8.2

Section 8.2

Section 8.2

Section 8.2

Section 8.2

Section 8.2

14, 07/83
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TABLE 11.3-1 (cont'd) Page 2 of 4
Item Costs Reference
8. Aquatic Costs
a. Surface Water 32.8 MGD Section 3.3
° Average Consumptive
Use
b. Ground Water 0.0 MGD Section 2.4
C. Biota
Impingement and Entrainment Section 5.1
e Phytoplankton Minimal
° Zooplankton Minimal
° Meroplankton Minimal
° Larval Fish Minimal
d. Radioactive Releases -
Liquid Effluents Section 5.2
L Biota other than
man Table 5.2-10
mrad/yr/2 units
SPECIES INTERNAL EXTERNAL
Fish 5.9 0.014
Invertebrates 39.0 1.1
Aquatic Plants
and Algae 18.0 0.017
Muskrat 28.0 3.2
Raccoon 1.1 2.4
Heron 99.0 2.1
Duck 26.0 4.8
. Individual Man mrem/yr/2 units
Total Any Table 5.2-18
Body Organ
Liquid Effluents 1.02 1.78

(Adult) (Adult-bone)

Rev. 13, 05/83
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TABLE 11.3-1 (cont'd) Page 3 of 4
Item Costs Reference
Atmospheric Costs
a. Radiocactive Releases-

Gaseous Effluents

° Biota other than
man
mrad/yr/2 units Table 5.2-10
SPECIES INTERNAL EXTERNAL
Raccoon 0.0 1.3
Heron 0.0 1.3
Duck 0.0 1.3
Terrestrial Vege-
tation 0.38 1.6
Squirrel 1.4 1.9
Robin 0.0 1.9
Mockingbird 0.0 2.5
Deer 2.3 1.2
° Individual Man --/yr/2 units Table 5.2~18

1) Noble gases
Gamma Dose in

Air 0.86 mrad
Beta Dose in .

Air 0.59 mrad
Total Body

Dose 0.46 mrem
Skin Dose 0.90 mrem

2) Radioiodines
and Particu-

lates Any
Organ _
(all pathways) 10.55 mrem (Infant-thyroid)
b. Cooling Towers
° Evaporation 32.4 MGD Section 3.3
] Drift 0.4 MGD Section 3.3
° Salt Deposition Variable with Section 5.1

distance, sector

Rev. 17, 02/84
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TABLE 11.3-1 (cont'd) Page 4 of 4

10. Terrestrial
a. Site 595 acres Section 2.1
b. Station Facilities 87 acres Section 2.1

(1> Monetized benefits - costs in 1990 dollars, unless otherwise
noted.

(2> First year of 2-unit operation (1989)

(3) Based on projected costs for prompt removal/dismantling;
1990 dollars.

Rev. 13, 05/83
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CHAPTER 12

ENVIRONMENTAL APPROVALS AND CONSULTATION
12.1 PERMITS
12.1.1 FEDERAL PERMITS

The following is a listing of the Federal permits and their
status for Limerick Generating Station:

Permit

. Nuclear Plant Construction-

Unit 1
Nuclear Plant Construction-
Unit 2

Nuclear Plant Operating
License

Special Nuclear Material
License

. By-Product Material License

. Dredging and Encroachments

Schuylkill River Intake
Facilities and Discharge
Diffuser

. NPDES for Construction

Discharges

. No Hazard to Air Navigation

Determination

Agency

U.S. Nuclear
Regulatory
Commission (NRC)

NRC

NRC

NRC

NRC

U.S. Army Corps
of Engineers (COE)

U.S. Environmental
Protection Agency
(EPA)

Federal Aviation
Administration
(FAA)

12.1-1

Status

Received

Received

Not Received

Not Received

Not Received

Received

Received

Received
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12.1.2 STATE PERMITS

The following is a listing of the State permits and their status
for Limerick Generating Station:

Permit Agency Status
1. 401 Water Quality Certif- Department of Received
ication - Construction Environmental
Permits and Operating License - Resources (DER)
Units 1 and 2 - (NRC)
2. Deleted
3. 401 Water Quality Certif- DER Received

ication - Dredging and
Encroachments Permit -
Schuylkill River Facilities-
(COE)

4. 401 Water Quality Certif- DER Received
ication - NPDES Permit for
Construction Discharges -

(EPA)

5. Industrial Waste Discharge DER Received
Permit

6. NPDES Permit for Plant DER Not Received
Operating Discharges

7. Sanitary Waste Discharge DER Received
Permit

8. Air Pollution Permit for . DER Received

Auxiliary Boilers

9, Air Pollution Permit for DER Received
Construction of BWR's

10. Air Pollution Permit for DER Received
Concrete Batch Plant

11. Air Pollution Permit for DER Received
Concrete Batch Plant Boiler

12. Intake and Discharge DER Received

Structure for Schuylkill
River Facilities

Rev. 18, 06/84 12.1-2
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

LGS EROL

Permit

Intake Structure for
Perkiomen Creek Facilities

Dredging and Encroachments
Permit - Possum Hollow Creek

Water Obstruction-Electrical
Conduit - Possum Hollow Creek

Water Obstruction - Culvert -
Possum Hollow Creek

Water Obstruction - Culvert -
Brook Evans Creek

Plan Approval - Temporary
Construction Buildings

Agency
DER

DER

DER

DER

DER

Department of
Labor & Industry
(DL&I)

Plan Approval - Turbine, Reactor, DL&I
Control and Radwaste Buildings
Plan Approval - Sewage DL&I
Treatment Building
Plan Approval - Circulating DL&I
Water Pump and Water Treatment
Buildings
Plan Approval - Auxiliary DL&I
Boiler and Lube 0il
Storage Building
Plan Approval - Schuylkill DL&I
River Pumphouse
Plan Approval - Diesel DL&I
Generator Building
Plan Approval - Spray DL&I
Pond Pumphouse
Plan Approval - Administration DL&I
Building
Plan Approval - Perkiomen Creek DL&I
Pumphouse

12.1-3

Rev,

Status

Received
Received
Received
Received
Received

Received

Received
Received

Received

Received

Received
Not Received
Not Received
Received

Received |

4, 07/82
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29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

Rev.

LGS EROL

Permit

Flammable Liquids Storage and
Handling for Eight Underground
Fuel 0il Tanks

Flammable Liquids Storage and
Handling for Two Above Ground
Fuel 0il Tanks

Flammable Liquids Storage and
Handling for Temporary Above
Ground Fuel 0Oil Tank

Highway Crossing Permit -
Perkiomen Creek Pipeline

Railroad Crossing Agreement -
Schuylkill River Cased Pipes

Railrocad Crossing Agreement -
Schuylkill Road at Grade

Deleted

Certificate of Necessity

Notification of Airway
Obstruction

52 PA Code CH57

Transmission Siting Permit

for Limerick to Cromby, 220-60
(230 kV) line

52 PA Code CH57

Transmission Siting Permit
for Limerick to Cromby, 220-61
(230kV) line

52 PA Code CH57

Transmission Siting Permit

for Cromby to Plymouth Meeting,
220-63 (230 kV) line

4, 07/82

Agency
State Police

State Police
State Police

Pennsylvania
Department of
Transportation
(PennDOT)

Conrail
(Reading Div.)

Conrail

Public Utility
Commission (PUC)

Bureau of
Aviation

Public Utility
Commission (PUC)

Public Utility
Commission (PUC)

Public Utility
Commission (PUC)

12.1-4

Status

Received

Received

Received

Not Received

Received

Received

Received

Received

Not Received

Not Received

Not Received
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12.1.3 LOCAL PERMITS

The following is a listing of Local permits and their status for
Limerick Generating Station:

Permit Agency Status
1. Building Permits Limerick Township Received

12.1.4 INTERSTATE PROJECT APPROVALS

The following is a listing of Interstate Project approvals and
their status for Limerick Generating Station:

Permit Agency Status
1. Approval for Surface Delaware River Received
Water Use Basin Commission
(DRBC)

12.1-5
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12.2 LAWS AND ORDINANCES FOR TRANSMISSION LINES

The laws and ordinances for the transmission lines are listed in
Section 12.1, PERMITS.

12.2-1
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12.3 WATER QUALITY CERTIFICATION

Water quality certification under Section 401 of the Federal
Water Pollution Control Act, as amended, has been requested and
received for each of the Federal permits received thus far, and
are listed in Section 12.1, PERMITS. Water quality certification
for the remaining Federal permits or licenses will be requested
from the Pennsylvania Department of Environmental Resources (DER)
at the time of submittal of the application.

The DER has received authority to administer the National
Pollutant Discharge Elimination System (NPDES) program in
Pennsylvania. The Applicant will submit a NPDES permit
application for the plant operating discharges to the DER.
Because of the DER now having this authority, the water quality
certification will not be required for issuance of the NPDES
permit.

REV- l, 9/81 12-3-1
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12.4 ADDITIONAL CONSULTATION

A listing of Federal, State, local and regional planning
authorities that were contacted or consulted is as follows:

12.4.1 FEDERAL AUTHORITIES

Department of Agriculture

Department of Health, Education and Welfare
Department of Housing and Urban Development
Department of the Interior

Federal Aviation Administration

U. S. Army Corps of Engineers

U. S. Environmental Protection Agency

U. S. Food and Drug Administration

U. S. Nuclear Regulatory Commission

12.4.2 STATE AUTHORITIES

Conrail

Pennsylvania Bureau of Aviation

Pennsylvania Department of Environmental Resources
Pennsylvania Department of Health

Pennsylvania Department of Labor and Industry
Pennsylvania Department of Transportation
Pennsylvania Environmental Council

Pennsylvania Environmental Quality Board
Pennsylvania Fish Commission

Pennsylvania Game Commission

Pennsylvania Legislative Committee on Conservation
Pennsylvania Public Utility Commission
Pennsylvania State Planning Board

Pennsylvania State Police

12.4.3 REGIONAL AUTHORITIES

Delaware River Basin Commission

Delaware Valley Regional Planning Commission
Environmental Information and Planning Center
Green Valleys Association

Neshaminy Water Resources Authority

Perkiomen Valley Watershed Association

12.4.4 LOCAL AUTHORITIES

Borough of Norristown

Bucks County Division of Natural Resources
Bucks County Planning Commission

Chester County Commissioners

Chester County De -rtment of Health
Chester County We .er Resources Authorities

12.4-1
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East Coventry Township Supervisors
Limerick Township Planning Commission
Limerick Township Supervisors
Limerick Township Zoning Officer
Lower Pottsgrove Planning Commission
Lower Pottsgrove Township Supervisors
Montgomery County Commissioners
Montgomery County Planning Commission
Philadelphia Air Management Service
Philadelphia Civil Defense
Philadelphia Department of Public Health
Philadelphia Water Department

12.4-2
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CHAPTER 13

REFERENCES FOR THE ENVIRONMENTAL REPORT - OPERATING
LICENSE STAGE

13.0 REFERENCES FOR THE EROL

All references are sited at the end of the respective
sections.

13.1-1
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APPENDIX A

ENVIRONMENTAL TECHNICAL SPECIFICATIONS
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1. DEFINITIONS, ABBREVIATIONS, AND SYMBOLS

Frequently used terms, abbreviations, and symbols are explicitly
defined so that a uniform interpretaion of these specifications
may be achieved.

1.1 DEFINITIONS

Accuracy: The deviation of the mean result obtained by a
particular method from the value accepted as true.

Annually: Once each calendar year, at intervals of approximately
12 calendar months, plus or minus 30 days.

Bimonthly: Once every 2 months, plus or minus 30 days.
Biweekly: Once every 2 weeks, plus or minus 7 days.
Calibration: The adjustment, as necessary, of an instrument

output so that it responds with the necessary range and accuracy
to a known value of the parameter that the instrument monitors.

Combined Chlorine: The chlorine that reacts with ammonia or other
nitrogen compounds in water.

Commercial Operation: The date that the Applicant accepts the
unit from the architect engineer.

Composite Sample: A combination of individual samples collected
at regular intervals during a specified period of time. Either
the volume of each individual sample is proportional to the flow
rate discharge at the time of sampling, or the number of equal
volume samples is proportional to the time period used to produce
the composite.

Environmental Deviation: An environmental deviation is said to
occur whenever a protection limit or reporting level is exceeded,
or whenever, in the opinion of the plant superintendent, an
unusual event involving a significant environmental impact has
occurred.

Free Chlorine: Chlorine that remains in the water as molecular
chlorine, hypochlorous acid, or hypochlorite ion after water has
been treated with chlorine.

Functional Test: The verification of instrument operability by
performing all specified functions using the parameter(s) that
the instrument sensor or device monitors.

Grab Sample: A single sample that is collected in less than 15
minutes.
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Instrument Calibration: An instrument calibration means the
adjustment of an instrument signal output so that it corresponds,
within acceptable range and accuracy, to a known value(s) of the
parameter that the instrument monitors.

Monitoring Requirement: The method, frequency, location,
accuracy, and sensitivity of the measurement of a given
parameter.

Monthly: Once each calendar month, at intervals of approximately
30 days, plus or minus 15 days.

Normal Power Operation: Plant operation between 2 and 100% of
rated thermal power in a nonemergency situation, using normal
operating procedures.

Normal Power Increase or Decrease: The increase or decrease in
plant power as the result of scheduled plant startup or shutdown,
or changes in electrical load while at normal power operation.

NPDES Permit: The National Pollutant Discharge Elimination System
Permit, to be issued by the Environmental Protection Agency to
the Applicant. This permit will authorize the Applicant to
discharge controlled wastewater from Limerick Generating Station
into the waters of the Commonwealth of Pennsylvania.

Precision: The reproducibility of measurements within a data set;
that is, the scatter or dispersion of a set about its central
value (mean).

Protection Limit: A numerical limit on a plant effluent or
operating parameter that, when not exceeded, should not result in
an unacceptable environmental impact.

Quarterly: Once in each 3-month period of a calendar year
beginning in January, at intervals of approximately 13 weeks,
plus or minus 4 weeks.

Rated Thermal Power: Rated thermal power refers to operation at a
reactor power of 3293 MWt.

Report Level: The numerical level of an environmental parameter,
below which the environmental impact is considered reasonable on
the basis of available information.

Semimonthly: Twice each calendar month, at intervals of
approximately 15 days, plus or minus 7 days.

Special Study Program: An environmental study program designed to
evaluate the impact of plant operation on the environmental
parameter.
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Total Residual Chlorine: The sum of the free chlorine and the
combined chlorine.

Weekly: Once in each calendar week, at intervals of approximately
7 days, plus or minus 3 days.

1.2 - ABBREVIATIONS

BWR: Boiling Water Reactor

10 CFR Part 50: Code of Federal Regulations;
Title 10 - Atomic Energy
Part 50 - Licensing of Production and
Utilization Facilities

FSAR: Final Safety Analysis Report

IRC: Independent Review Committee

LGS: Limerick Generation Station

NEPA: National Environmental Policy Act
MPC: Maximum Permissible Concentration
MSL: Mean Sea Level

NRB: Nuclear Review Board

NRC: Nuclear Regulatory Commission
POR: Plant Operations Review

PMF : Probable Maximum Flood

PSAR: Preliminary Safety Analysis Report
USGS: United States Geological Survey
WSP: Water Supply Paper (USGS)

1.3 SYMBOLS

Btu/hr: Heat transfer rate, British thermal units

per hour
oC: Temperature, degrees Celsius
cfs: Water flow, cubic feet per second
OF: Temperature, degrees Fahrenheit

A-3 Rev. 20, 09/84
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Volume, cubic feet

Speed, feet per second

Speed, feet per minute

Liquid flow, gallons per day

Liquid flow, gallons per minute
Weight flow rate, pounds per day
Speed, meters per second
Concentration, milligrams per liter
Liquid flow, million gallons per day
Speed, miles per hour

Power, megawatts of thermal power

2. LIMITING CONDITION FOR OPERATION

2.1 NONRADIOLOGICAL LIMITS

Not Applicable.

3. NONRADIOLOGICAL MONITORING

a.

Initiation and Duration of Monitoring Programs

The aquatic environmental monitoring program described
in this section will commence at the onset of commercial
operation, except as specified under each program. It
will continue until modified or terminated, normally 2
years after commercial operation of Unit 2, as provided
in these ETS. .

Delays in.Sample Collection

1f sample collection cannot be undertaken on the
scheduled date, due to unusual conditions such as
equipment failure, or an act of nature (meteorological
and/or hydrological) that prevents the sample from being
obtaired or analyzed, the factual basis will be
recorded, and collections will commence on the first
practical date following the scheduled date.
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3.1 ABIOTIC
3.1.1 THERMAL CHARACTERISTICS OF COOLING WATER DISCHARGE

3.1.1.1 Monitoring Requirement and Bases

Will be conducted as required by the NPDES Permit to be issued
under Section 402 of PL-92-500, Federal Water Pollution Control
Act Amendments of 1972.

3.1.1.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES Permit.

3.1.2 pH

3.1.2.1 Monitoring Requirement and Bases

Will be conducted as required by the NPDES Permit to be issued
under Section 402 of PL-92-500, Federal Water Pollution Control
Act Amendments of 1972.

3.1.2.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES Permit.

3.1.3 BIOCIDE

3.1.3.1 Monitoring Requirement and Bases

Will be conducted as required by the NPDES Permit to be issued
under Section 402 of PL-92-500, Federal Water Pollution Control
Act Amendments of 1972.

3.1.3.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES Permit.

3.1.4 OTHER CHEMICALS THAT MAY AFFECT WATER QUALITY

3.1.4.1 Monitoring Requirements and Bases

Will be conducted as required by the NPDES permit to be issued
under Section 402 of PL-92-500, Federal Water Pollution Control
Act Amendments of 1972.
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3.1.4.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES.

3.2 AQUATIC
3.2.1 CREEL SURVEY

3.2.1.1 Monitoring Requirement

Creel surveys of the Schuylkill River, Perkiomen Creek, and East
Branch of the Perkiomen Creek are to be conducted to estimate the
fishing pressure, harvest, and number of people utilizing these
river bodies for recreational activities.

Data collection and analysis will be performed in accordance with
the procedure prepared by the Applicant as per Section 5.6.

The monitoring program commences at commercial operation of
Unit 1, and terminates either 1 year after the commencement of
commercial operation of Unit 2, or 4 years after the start of
commercial operation of Unit 1, whichever comes first.

3.2.1.2 Bases

Impacts to the fishes community in the above river bodies may
result from the mechanical, thermal, and biological effects of
LGS and water diversion operation. The aquatic impacts of LGS
operation are expected to be minor, and to be restricted to a
small area downriver of the diffuser discharge on the Schuylkill
River, and downriver of the Perkiomen intake. Diversion will
affect all of the East Branch Perkiomen Creek to varying degrees.
The detection of plant-induced impacts requires rigorous
sampling, which includes adequate frequency of sampling, as well
as a reasonably good predictive relationship between control and
affected areas. The comparison of angling effort will provide a
relative indication of the magnitude of diversion effects.

The data from baseline programs support the position that the
baseline programs, which utilize sample sizes so as not to impact
the river bodies, can at best only detect changes of great
magnitude. Thus, comparison of angling mortality with average
daily impingement and entrainment losses will provide a relative
indicator of the magnitude of plant effects.

3.2.1.3 Action
The results of the monitoring conducted under this program are to

be summarized, analyzed, interpreted, and reported with the
impingement (Section 3.2.3) and entrainment (Section 3.2.4)

A-6
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programs as required by the NPDES.
3.2.2 FISHERIES

3.2.2.1 Monitoring Requirement

Collections are to be made at control and affected stations on
the Schuylkill River, Perkiomen Creek, and at affected stations
on East Branch of the Perkiomen Creek. These collections will
provide estimates of species composition, distribution, and
abundance. Length-weight-age relationships for a selected
species, all as related to the operational period.

Collection and analyses will be performed in accordance with the
procedures prepared by the Applicant as per Section 5.6.

This monitoring program commences at commercial operation of
Unit 1, and terminates either 1 year after the start of
commercial operation of Unit 2, or 5 years after the start of
commercial operation of Unit 1, whichever comes first.

3.2.2.2 Bases

Impacts to the fishes in the above river bodies may result from
the mechanical, thermal, and biological effects of LGS and water
diversion operation. The aquatic impacts of LGS operation are
expected to be minor and restricted to a small area near the
intake structure and the diffuser discharge on the Schuylkill
River, and near of the Perkiomen intake. The detection of small
plant-induced impacts requires rigorous sampling, which includes
adequate frequency of sampling, as well as a reasonably good
predictive relationship between control and affected areas.
Diversion will affect the East Branch Perkiomen Creek to varying
degrees.

The comparison of relative abundance, species composition,
length-weight-age relationships between the preoperational and
postoperational years will provide an indication of the magnitude
of effects due to LGS and diversion operation.

3.2.2.3 Action
Description of the program, summarized results and analyses, and

interpretation of the analyses are to be reported on an annual
basis.
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3.2.3 IMPINGEMENT OF ORGANISMS

3.2.3.1 Monitoring Requirement and Bases

Will be conducted as required by the NPDES Permit to be issued
under Section 402 of PL-92-500, Federal Water Pollution Control

Act Amendments of 1972.

3.2.3.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES Permit.

3.2.4 ENTRAINMENT OF LARVAL FISH

3.2.4.1 Monitoring Requirement and Bases

Will be conducted as required by the NPDES Permit to be issued
under Section 402 of PL-92~500, Federal Water Pollution Control
Act Amendments of 1972.

3.2.4.2 Action

The results of the monitoring conducted under this program are to
be summarized, analyzed, interpreted, and reported as required by
the NPDES Permit.

4. SPECIAL STUDIES

Special studies will be conducted as required by the NPDES Permit
to be issued under Section 402 of PL 92-500, Federal Water
Pollution Control Act Amendments of 1972.

5. ADMINISTRATIVE CONTROL

The administrative and management controls established by the
Applicant to implement the environmental technical specifications
are described in this section. Included are the assignment of
responsibilities, organizational structure, operating procedures,
review and audit functions, reporting specifications, and record
retention.

5.1 REPONSIBILITY AND ORGANIZATION

a. The plant superintendent is responsible for the
operation of the facility, and to ensure that the
facility operates within the limits set forth in the
environmental technical specifications.

b. In all matters pertaining to operation of the facility,
and to the environmental technical specifications, the

A-8
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plant superintendent shall report to, and consult with
the Superintendent, Nuclear Section of the Generation
Division or, in his absence, to the superintendent,
Fossil and Hydro Section of the Generation Division.
The management organization is shown in Figure A 5-1.

5.2 STATE AND FEDERAL PERMIT AND CERTIFICATES

Section 401 of the Federal Water Pollution Control Act requires
any Applicant for a federal license or permit to conduct any
activity that may result in any discharge into navigable waters
to provide the licensing agency with a certification from the
state having jurisdiction that the discharge will comply with
applicable provisions of Sections 301, 302, 306, and 307 of the
FWPCA. Section 401 further requires that any certification
provided under this section will set forth any effluent
limitations, and other limitations and monitoring requirements
necessary to ensure that any Applicant for federal license or
permit will comply with the applicable limitations. Accordingly,
the Applicant will comply with the requirements set forth in the
Section 401 certification. Subsequent revisions to the
certifications are accommodated in accordance with the provisions
of Section 5.8.2.

5.3 REVIEW AND AUDIT

Committees for review and audit of plant operations are described
below.

In addition to the responsibilities specified in Appendix A to
the Operating License, the committees will have the following
responsibilities concerning the environmental impact of the
plant:

a. Plant Operations Review Committee (PORC)

1. Review proposed onsite tests and experiments and
results thereof, when such tests have environmental
significance.

2. Review proposed changés to the environmental

technical specifications.

3. Review operating instructions as specified in
Section 5.5.

4. Review environmental deviations as specified in
Section 5.4.
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Nuclear Review Board (NRB)

1. Review proposed changes to the environmental
technical specifications.

2. Review proposed changes or modifications to plant
systems, or equipment that may affect the
environmental impact of the plant.

3. Review all reported environmental deviations.
Independent Review Committee

An Independent Review Committee (IRC) will review the
following aspects pertaining to the environmental impact
of the station:

1. Objectives, effectiveness, and results from the

environmental monitoring programs, prior to
submittal to the NRC.

2. Proposed changes to the environmental technical
specifications, and the evaluated impact of the
changes.

3. Proposed changes or modifications to station

systems, or equipment to determine the
environmental impact of the changes.

4. Proposed written procedures and changes as
described in Section 5.6, and proposed changes
thereto, that affect the environmental impact of
the station.

5.4 ACTION TO BE TAKEN IF A PROTECTION LIMIT OR REPORT
LEVEL IS EXCEEDED, OR IF HARMFUL EFFECTS ARE DETECTED

Rev.

a.

20,

For the purpose of this specification, an environmental
deviation is defined as stated in Section 1.1.

Any environmental deviation shall be reported to the
superintendent, Nuclear Section of the Generation
Division or, in his absence, to the superintendent,
Fossil and Hydro Section of the Generation Division, and
reviewed by the PORC. This committee shall prepare a
separate report for each environmental deviation. This
report will include an evaluation of the cause of the
deviation, extent and magnitude of the impact, and
recommendations for appropriate action to prevent or
reduce the probability of such a deviation.

09/84 A-10
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Copies of all such reports will be submitted to the
superintendent, Nuclear Section of the Generating
Division, and to the chairman of the NRB for review and
approval of any recommendations.

The superintendent, Nuclear Section of the Generation
Division will report the circumstances of any
environmental deviation to the NRC, as specified in
Section 5.7.2.

If harmful effects or evidence of irreversible damage
not considered in the Final Environmental Statement are
detected by the monitoring programs, the licensee will
provide to the NRC staff an analysis of the problem and
a plan of action to be taken to eliminate, or
significantly reduce the detrimental effects or damage

5.5 UNIT OPERATING PROCEDURES

a.

Plant personnel will have instructions available for use
in operation of the plant components and systems that
could have an impact on the environment.

Instructions and appropriate checkoff lists will be
provided for the following:

1. Normal startup operation and shutdown of systems
and components involving the environmental aspects
of the plant.

2. Actions to be taken to correct specific and
potential malfunctions of systems or components
involving the environmental aspects of the plant.

3. Surveillance and testing requirements of
environmental monitoring equipment associated with
the monitoring required by these ETS.

All instructions described under 5.5.a and 5.5.b and
changes thereto, will be reviewed and approved by the
plant superintendent prior to implementation.

Temporary changes to instructions that do not change the
intent of the original instruction may be made, provided
such changes are approved by the shift superintendent
and at least one other member of the plant staff
knowledgeable in the areas(s) affected by the procedure.
Such changes will be documented and subsequently
reviewed by the plant superintendent.

A-11 Rev. 20, 09/84
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5.6 [ENVIRONMENTAL PROGRAM DESCRIPTION DOCUMENT

The Applicant will prepare an environmental program description
document describing the programs that are required by these ETS.
These program descriptions will be submitted to the NRC after
approval of these ETS, and subsequent modifications to these
programs will be made by the Applicant in conformance with
Section 5.6.3.

5.6.1 PROCEDURES

Detailed written procedures, including applicable checklists and
instructions, will be prepared and followed for activities
involved in carrying out the ETS. Procedures will include
purpose(s), objective(s), program duration, experimental design,
milestone (to indicate objectives have been fulfilled, are being
fulfilled, or cannot be fulfilled), sampling, data processing
including storage, instrument calibration, measurements,
analyses, rationale for interpreting analyses, and actions to be
taken when limits (where appropriate) are exceeded.

5.6.2 PROGRAM RESULTS

Procedures will be established to ensure that the nonradiological
program results are accomplished, including analytical
measurements. The procedures will document the program in policy
directive, designate a responsible organization or individuals,
include purchased services (e.g., contractual laboratory or other
contract services), provide for audits of results and procedures
by Applicant personnel or designated personnel, and systems to
identify and correct deficiencies, investigate anomalous or
suspect results, and review and evaluate program results and
reports.

Procedures will be established, as required by the NPDES Permit,
to ensure the quality of nonradiological program results.

5.6.3 CONSISTENCY WITH INITIALLY APPROVED PROGRAMS

Modifications to, or changes in the initially approved programs,
developed in accordance with Section 5.6, will be governed by the
need to maintain consistency with previously used programs so
that direct comparisons of data are technically valid. Such
modifications or changes will be justified and, as appropriate,
supported by comparative sampling programs (or studies)
demonstrating the comparability of results, or provide a basis
for making adjustments that permit direct comparisons.

A-12
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5.7 PLANT REPORTING REQUIREMENTS

5.7.1 ROUTINE REPORTS

In addition to the environmental monitoring information, required
by Appendix A to the Operating License, the following information
will be submitted in an annual report:

a. Records of special study programs data, and analysis
thereof

b. Record of changes to the plant that affect the
environmental impact of the facility, and

c. Records of changes to environmental permits and
certificates.

5.7.2 NONROUTINE REPORTS
a. Environmental Deviation Reports

In the event of an environmental deviation, as defined
in the environmental technical specifications,
notification will be made within 24 hours by telephone
or telegraph to the Director of the NRC Regional
Inspection and Enforcement Office. A written report
will follow within 10 days to the Director, Office of
Nuclear Reactor Regulation (copy to the Director of
Regional Inspection and Enforcement Office).

The written report on an environmental deviation and, to the
extent possible, the preliminary telephone and telegraph
notification, should: (a) describe, analyze, and evaluate
implications, (b) indicate the cause of the occurrence, and (c)
indicate the corrective action (including any significant changes
made in procedures) taken to preclude repetition of the
occurrence, and to prevent a similar occurrence involving similar
components or systems.

b. Reporting of Changes to the Plant or Permits

A written report, including an evaluation of the
environmental impact resulting from a change, will be
forwarded to the Director, Office of Nuclear Reactor
Regulation (copy to the Director of the Regional
Inspection and Enforcement Office) in the event of:

1. Changes to the plant that affect the environmental
impact evaluation contained in the Environmental
Report or the Environmental Statement. This
requirement does not preclude making changes, on
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short notice, that are minor in terms of
environmental impact.

2. Changes or additions to permits and certificates
required by federal, state, local, and regional
authorities for the protection of the environment.
When submittals of changes are made to the
concerned agency, a copy will be submitted to the
NRC.

3. Request for changes in environmental technical
specifications.

5.8 CHANGES IN ENVIRONMENTAL TECHNICAL SPECIFICATIONS
AND PERMITS

5.8.1 CHANGES IN ENVIRONMENTAL TECHNICAL SPECIFICATIONS

Requests for changes in environmental technical specifications
will be submitted to the NRC for review and authorization, per 10
CFR 50.90. The request will include an evaluation of the
environmental impact of the proposed change, and a supporting
justification.

5.8.2 CHANGES IN PERMITS AND CERTIFICATIONS

Changes or additions to required federal, state, local, and
regional authority permits and certificates for the protection of
the environment will be reported to the NRC within 30 days of
issuance.

5.9 RECORDS RETENTION

5.9.1 RECORDS RETAINED FOR 5 YEARS

Records and/or logs relative to the following items, as they
impact the environment, will be kept in a manner convenient for
review, and will be retained for 5 years, unless a longer period
is required by applicable regulations:

a. Records of principal maintenance activities of equipment
pertaining to environmental impact.

b. Records of environmental deviations.

c. Records of periodic checks, inspections, and/or

calibrations performed to verify that environmental
surveillance requirements are being met.

d. Records of any special study programs specified in
Section 4 of this Appendix.



LGS EROL
e. Records of changes made to operating procedures,
equipment, permits, and certificates.
5.9.2 RECORDS RETAINED FOR THE LIFE OF THE CORPORATION

The following records and/or logs will be retained for the life
of the corporation:

a. Records of offsite environmental monitoring surveys.
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QUESTION E100.1

In addition to other requested information, provide a summary and
brief discussion, in table form, by section, of differences
between currently projected environmental effects (including
those that would degrade and those that would enhance
environmental conditions) and the effects discussed in the
environmental report and environmental hearings associated with
the construction permit review. On a similar basis, indicate
changes in plant or plant component design, location or operation
that have been made or planned since the construction permit
review. '

RESPONSE

Table E100.1-1 lists plant differences that have been made or
planned between the ERCP and the EROL which could be significant
relative to environmental impact. Changes in plant or plant
component design, location, or operation that have been made or
planned since the construction permit review are summarized in
FSAR Table 1.3-8.

E100.1-1 Rev. 5, 08/82
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TABLE E100. 1-1

SIGNIFICANT ENVIRONMENTAL EFFECT CHANGES FROM ERCP TO EROL

ITEM

Spray pond

Radiological monitors

Transmission lines

Gaseous waste management
system

CHANGE

Spray pond constructed
Upgraded instrumentation

230 kv lines from Cromby to
North Wales and from Cromby
to Plymouth Meeting will be
constructed

Changed offgas treatment system

REASON

Ensure adegquate supply of
emergency cooling water

Provide greater sensitivity
and broader range

Improved transmission reliability

Increased reliability and
maintainability

EROL SECTION IN WHICH
SUBJECT IS DISCUSSED

4.1.2, 5.1.2, 5.1.4.3,
5.3.2, 6.1.2.1
6.1.5.2

3.9, 10.9

3.5.3

Rev. 5, 08/82



QUESTION E100.2

Provide a copy of the Environmental Report, with amendments,
submitted to the Delaware River Basin Commission addressing the
Point Pleasant Diversion, Bradshaw Reservoir, and associated water
transmission facility.

RESPONSE

Two Environmental Reports addressing the diversion system were
submitted to the Delaware River Basin Commission (DRBC). One report
addressed the Point Pleasant Pumping Station, Combined Tramsmission
Main, and public water supply components and was submitted February,
1979, by Neshaminy Water Resources Authority (NWRA). The NWRA has
provided counsel for the regulatory staff with copies of all

NWRA applications to the DRBC. The second report, submitted July,
1979, by Philadelphia Electric Company, addressed Bradshaw Reservoir,
the transmission main to the East Branch Perkiomen Creek, and the
East Branch and Main Stems of Perkiomen Creek. This report is
provided as Exhibit E100.2~1.
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BRADSHAW RESERVOIR, TRANSMISSION MAIN, EAST BRANCH PERKICMEN,
AND PERXIOMEN CREEXS

ENVIRONMENTAL REPORT

SUMMARY

This Report provides informatiom on the Philadelphia Electric
Company (PECO) portion of the Neshaminy Watar Resources Authority Water
Supply Project (Point Pleasant Diversion); specifically, the Bradshaw
Reservoir and the transmission main from the Reservoilr to the East
Branch of the Perkiomen Creek. The PECO portion of the Point Pleasant
Diversion Plan was reviewed by the DREC as part of its review of the
inclusion of the Point Pleasant Diversion Plan in the DRBC's Compreshensive
Plan. A Final Envirommental Impact Statement was preparad by the DRBC
in February, 1973, in connection with its Comprehensive Plan review.
The PECO porticn of the Point Pleasant Diversion Plan was also reviewaed
by DRBC in counnection with Sectiom 3.8 approval of PECo's Limerick
Generating Station (Docket No. D=69-210-CP).

This Report provides informationm supplementing the analyses contained
in the DRBC Fipal Environmental Impact Statement (EIS) on the Point
Pleasant Diversicn Plan, Bucks and Montgowery Countiss, datad February,
1973. The information in this Report is presented topiczally in areas
whara aithar additional suppoitive information or clarification appeared
appropriate. In areas not sgpecifically discussed hereia, it was not
considered necessary to provide additicmal information or clarification
since no significant changes in these areas have ceccurrad sinces the
original report. Our evaluation of the information contained in the

"1973 DRBC EIS together with the supplemental information provided herein
indicates that the supplemental information has no signficant impacst on
the conclusions stated in the 1973 EIS.

The follo;ing sections are included in this report:

SECTION I - PROJECT DESCRIPTION - BRADSHAW RESERVOIR

The Bradshaw Reservoilr was evaluated in the 1973 DRBC EIS. The
references and conclusions regarding the reservoir are still valid with
the following exception. The reservoir size has been Iincreased from 44
MGD to 70 MGD. The increased size provides for an adequate cperating
capacity, emargency storage and space for silt buildup. The information
presented in this Section provides a more complate description of the
facility and discusgses altermatives considered specifically for the
reservolr.



SECTION II - PROJECT DESCRIPTION -~ PERKTOMEN TRANSMISSION MAIN

The Perkiomen Transmission Main and the envirommantal irpacts
associated with it were included in the 1973 DRBC EIS. The main was
degscribed as one of the facilities comprising the proposed acticn. The
environmental impacts of this main wer= reviewed togather with the
impacts of the other proposed pipelines. The raferences and conclusions
regarding the transmission main are still valid. The information presented
in this Section is intended to provide a more complete deseription and
to discuss altermatives considered specifically for the route of the
transmission main, :

SECTION IIT - ALTERNATIVES TO PROPOSZED PLAN

Altermatives to the proposed plan to supply water 2o the Limerick
Generating Station were discussed in the 1973 DR3C EIS. The coneclusions
reached in connection with each of the five altermatives covered in the
1973 DRBC EIS are still wvalid. The material presented in this Section,
in addition to expanding on several of the previous altarnatives, describes
~ seven pipeline alternatives which wers comsidered to supply omly PECO's

water requirsments.

SECTION IV __ FLOWS

Supplemental flow and meteorological data from 1974 to 1977 wers
evaluated and summarized. The information is shown in Table 1 of Section
IV. Also included is a summary of the estimated augmentation and flow,
by months, if the diversion had been in operation during this same time
period. The estimated number of weeks of simulatad augmentation is less
than the number of weeks of withdrawal at the Perkiomen intake sinca
augmentation was agssumed to be curtailed if Perkiomen natural flow
excaeded 450 cfs in order that natural flooding not be aggravatad.
Detailed supplemental flow information compiled by E. H. Bourguard
Associates 13 also presented in Section IV.

SECTION V - WATER QUALITY

The general conclusions of the 1973 DRBC EIS regarding water quality
remain valid. Table 3 (Page 17) of the 1973 DRBC EIS prasented basic
water quality information. This table was composed to present data to
characterize the water quality of each of the Diversion component streams.
It is based on data collected in 1967 and 1968 by Broadfoot et al.
Comparison of the data with more recent data indicates that the medians
are similar but the extremes are diffarent. The extremes ars different
because data wers collected over a longer period of record and at more
fraquent intervals and thus, include a greater variety of physical
conditions. Additional data from four stations show that East Branch
Perkiomen Creek quality varies from source to mouth. The upstream
reach has watar quality similar to that of the Delaware, the middle
reach i3 organically and inorganically eariched, and the lower reach is
recovering from degradatiom.

Supplementary water quality information is presentsd in Séction v.



-SECTION VI - WATZR TEMPERATURE

Supplementary water temperature iofermation is pregeantad in Section
vI. ' ‘

SECTION VII - AQUATIC BIOLOGY

In general, the conclusions and predictioms of the 1973 DRBC EZIS
remain essentially corract.

. Increased flow will provide a relative improvement in aquatic lifa.
The increased flow will not improve fish production uniformly sinca some
areas ars already quite productive. 1In addition, incresased flow will
likely enhance the aesthetics of fishing sites.

There will be some loss of aquatic 1ife., However, the leoss will

not be significant, and the overall cresk is expected to improve with
time.

The results of an extensive aquatic biology program by RMC - Ecological
Division are presented in Section VII.

SECTION VIII - TERRESTRIAL BIQLOGY

. The site of the Bradshaw Reservoilr and three altermate ﬁipeline
routes were surveyed by RMC - Ecological Divisionm in April, 1979. The
results of that survey are presented in Sectionm VII.

Sectionr IX - HISTORICAL AND ARCIEQLOGICAL INTFORMATION

The possibility that places of historical or archeclogical importance
would be disturbed by the proposed action was considersd in the 1973
DRBC EIS. The conclusion was that the Bradshaw Reserveoir and the Perkiomen
Transmission Main would not affect any properties of significanca. Thils
conclusion is still valid. The information presented in this Appendixz
supplements previously submitted information and details a study and
investigation conducted in 1978.



" SECTION. I

BRADSEAY RESERTOIR




Bradshaw Regervoir

General  Although final design work such as the preparation of detailed
construction drawings and specifications has not besn ccxmplated,
desigzrn has mrogressed sulficiantly o mrovide informasion
adequate to define the purpcse, locaticn, sxtermal arpearance,
approximate size and anticipated effects of the proposed
Bradshaw Reservoir.

Pur=ose The Bradshaw Reservoir i3 the final point of discharge for +the
combined quantity of water pumped from the Delaware River by
and through the combined facilities comsisting of the Point
Pleasant intake, the pumping station, and the combined
Wransmission main. At this reservoir the water will be divided
and flow either by gravity to the North Branch of the Neshaminy
Creek or under pump pressure to the East Branch of the Perikicmen

. reek,

The two main purposes of the reservoir are the distribution of
the water to the counties and €0 Philadelphia Electric Campany
(PECo.) and the accammcdation of the different purping rates
of the Point Pleasant purping station and the Bradshaw pumps.

The distribution of the watar pumped from the Delawzre River

40 the reservoir will vary greatly over the life of the project.r«
During the imitial few years of operation, approximately 753 of
the water pumped to meet the forecasted water needs (63 MiED
maximm) will be delivered to the East Branch of the Perkicmen
Creek for use by PECo. As the years pass, the growing poerulation
will require additional water so that by year 2010 the water
supply needs of the public mzy be expectad to exceed PECo.

needs. In 2010, slightly over 51% of the maximm forecasted
wvater (95 MED) delivered %o the reservoir will be routad o the
North Branch of the Nesharriny Creek. It is plammed to use the
gated gravity ocutlet and the multiple pumps installed at ths
Bradshaw Reservoir +to make the distribution of the combixmed
inflow to the reservoir.

The accommodation or balancing of the different discharges flow
rates at Point Pleasant and at Bradshaw will be satisfied by
providing a volume in the reserveir between pre-established
-elevations suitable for storing water when the inflow exceeds
outflow and capable of supplying water for short time periods
when cutflow is greatsr than inflow.

Two other purposes of the reserveir which may mxrove very beneficial
are the emergency water supply provided and the gilt settling
basin effect. Sufficient water gtoraze capacity will be provided
+0 enable PECo,'s maximm flow requirement 40 be met for one day. :
This emergency storage would be used in the event cf the wmavailapility
~of the Point Plaasant facilities for +this period ¢f tme. The
settling basin effect results fom the relatively lcng detention
- time for stored watar., Most of the suspended material in the
water purped from the Delaware River, whick izcludes silis and
alays, sbould sewhils ocut in the reserveoir. Dixing periods wnen.
pumpage i3 limdted to the mircmum flow requirsmen+ts of ibe Zast
Brazch of the Pericomen Creek, the theoretical dstarxticr time
will be ixm excess of two days.



Location The Bradshaw Reservoir is to be located in Pliums®ead Township,
Bucks County, Pennsylvania, at the intersection of Bradshaw zzd
Myers Roads. The site is about 2.5 miles southwest of ths
Point Pleasant Pumping Station and the Delaware River. Tra
reservoir is near the drainage divide betiween the North Zranch
of the Neshaminy Creek ard 4he South Branch of Geddes Run., I
will occcupy a mindimm of land, abcut 28 aecres, and will have no
drainage area. I{ will not significantly resduce the natural
flow or rumoff to either streanm.

Deserintion of Proiect

The Bradshaw Reservoir will be created in an open area by the
construction of compacted earthen dikes (Figure Mo. 1), The
&ikes will form a2 square reservoir about 900 fest on a side.

The project will be essentdally s balanced cut and £ill <Type
operation. The area to be the reservoir botitem will be excavated
down to such an elevation that the removed impervious matarizl
will be sufficient to form the required dikes. The bottom of

the reservoir will be a minimm of either 3 feet of existing
impervicus material or 2 feet of a compacted material supplied
to the site frem an extermal source. The dikes will be made by
compacting the excavated material and will vary in height Zrom
about § feet to 20 feet due to the existing -contours of the
existing ground. The slcping faces of the &kes will be gentle
with a rise of 1 foot in a horizontal run of 2.75 feet and 3

feet for the cutside and waterside slopes respectively. The
cutside surface will be evenly graded and seeded with a grass

or arprorriate ground cover to provide for erosion rrotecticn.
The waterside surface will be faced with stone riprap to mhiigzte
ercsion due to the fluctuating watser levels.

Control of the quality of all materials will be closely monitored
as will the compaction methods used during construction so that
the water tighimess of the reservoir will be assured.

Built into the westerm dike of the reservoir there will be a
structure (Figure No. 2) which will contain the gated cutlet
feeding the gravity transmrission main leading to the North
Branch of the Neshaminy Creek. The structire also will house
five 11.5 MDD electric motor driven, vertical twurbine-type
pumps, one of which will be considered a spare. These pumps
will deliver PECo.'s needs to the Eas®t Eranch of the Perikicmen
Creek., Vertical pumps were selected over centrifugal pumps Pecause
of their compact design and non-priming characteristic. The
pumps are identical to each other to simplify operaticn and
reduce spare part inventories. Four pumps will carry the
maximm demand, and partial loads will be pumped efficiently
with a reduced number of mumps. Removable trash racks will be
installed at ths entrance 4o the structure to prevent any
debris that may have gofTten into the reserveir from fouling the
purps or being passed to 2ither of the creeks supplied. A slot
in the stuctire will be rrovided for the installaticn of stop
logs so that dewaterizg can be accomplished if mairntenance is
required. ‘



Size

High water level in the reserveoir, which can cccur due to

pumping at Point Pleasant or excessive rainfall, will be comizollad
in several ways. Redundant autcmatic controls will be provided to
shutdown any operating supply pumps when a predetermined high
water level occurs. Signals will be included to inform the
pumping station operators of reservoir elevations sco that they
may take early action priocr to autcmatic shutdown to regulate
pumping rates. To lower reservoir water levels and accommodate
excesgive rainfall, water will be withdrawn by opening the gated
cutlet to the gravity main feseding the Neshaminy Creek or by
starting the Bradshaw pumps to deliver water to the Periciomen
Creek.

A fence will swwround the reservoir property to prohibit
wmauthorized access and the unused area of the property will Be
landscaped in a marmer compatible with the surrounding area.

The capacity of the Bradshaw Reservoir will be approximately
70 million gallons (M3). The reservoir was sized, to meet
mipimm operating requiremsnts, to provide a limited amount of
storage for emergencies and to accammodate silt buildup. The
capacity breakdown is as follows:

18 MG for cperating capacity
L6 MG for emergency storage
_6 Mz for silt buildup

70 MG total capacity

The operating capacity is the equivalent of cne day's mnimmm
pumping rate (27 efs) as established in the Delaware River
Basin Commission's docket proceedings for the profection of
aquatic life in the Pericicmen Creek and its East EBrapch
throughout the normal low f£flow season. The emergeney storage is
sufficient to supply the maximm one day requirement of PECo.
for power pwrposes (65 cfs). The capacity reserved for silt
buildup amounts to a depth of 1% feet. Based on the results

of water sample tests taken f£rom the Delaware Piver at Point
Pleasant and USGS water quality records at Morrisville, it is

-expected +o be more than 25 years before silt settling ocut in
the reservoir will reach this depth.

The reservoir is aporoximately 900 feet square and has a watar

surface of about 18 acres.

Y



Alterma+ives €0 Specific Paciliitr Prouosad

Alternatives to the overall water supply systenm proposed in +his
application are presented in Section ITI. t is the purpose at this
point to provide an analysis of altermatdves for only the specific
component of the system herein described, the Bradshaw Reservoir.

The first alternatives considered wers reservoirs at other sites.

Like the Bradshaw Reservoir site, two altermative sites were considered
along the Neshaminy Water Resources Authority's 34 mile pipeline route
from the Point Pleasant pumping station to the North Branch of the
Neshaminy Creek. The Bradsnaw Reserveir is located on the high ground
where the pipeline crosses from one watershed to another, the
alterpnative sites would be on each side of the watsershed divide, cn
existing streams at lower elevations. OQOne altermative reserveir was
on the headwater of a tributary of Geddes Run and the other reservoir
was on the headwater of the North Branch of the Neshaminy Creek. IZach
cf these two alternatives would be created by the construction of a
dam, complete with spiliway and ocutlet works, across an exdisting
stream. The perimeter of each reservoir wouwld be established by the
existing terrain and consequently would be irregular in shape requiring
the use of a greater land area than required by the Bradshaw Reservoir.
The Geddes location would requize about 40 acres, the North Branch
site would exceed 50 acres, while the Bradshaw Reservoir will occupy
about 28 acres. Siznce the water level in any reservoir constructed
will rise and fall regularly, it will not be suitabnle for recreation
and the puhlic will be prchibited Zrom using it for reasons of

safety (Figuze No. 3).

The altermative reservoirs, since they would be located on existing
streams, would be subject to siltation arnd pelluticn cuze Lo the

wter rmoff from the swrrownding drainage area, Later transfer

of this water to another watershed, whether it is the Neshaminy o

the Perkicmen, would have a detrimental effect. The EBradshaw
Reservoir will not have a drainage area ¢f its own and sc will

not be polluted or silted by local rmmoff, thus minimizing detrimental
envircrmmental effects.

A further objection to the use of either low level, reservoir
alternative is the added cost necessary 0 deliver the water to the
counties ¢r to PECo. A reserveir on the tributary to Geddes Rum would
require the installation of pumps to deliver water tc the Noxrth
Branch of the Neshaminy Creek or the ccstly excavation of a2 deep
trench to contirue to use gravity flow since the terminal points would
be separated by the watershad divide. A resexvoir on the North

Branch of Neshaminy Creek would significantly increase the pumping
head to the East Branch of the Perikicmen Creek thus raising the system
cperating costs.



A fipal altermative was corsidared which azssumed no reservoir a2t

all. Tkis would be possible, btut a bifurcaticn or a2 tee connecticn
would be required in the large, 66 inch diameter combined transmission
main extending from Point Pleasant., The distribution of water to the
Nesnaminy and to the Perkicmen watsersheds would be controllsd by the
use of gates or valves. The added equirment, necessary if the
reservoir is eliminated, would increase the system complexity,
increase equirment maintenance and reduce the. reliability of the
water supply. A further, significant objection to the elimination
of any reserveir is the loss of the cne day emergency water storaze.
The added asswrance of continued water supply provided by the

stcrage in a reserveir is beneficial.

The alternatives to the Bradshaw Reservoir do not have any recognized
advantages and, as indicated in the foregoing discussion, have
envirommentally less desirable features, so the decision was mads to
insorporate the Bradshaw Heservoir in the proposed water supply systenm.
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SECTION II

PERKIOMEN TRANSEISSIPH MAIN



General

Purpese
= - -]

Location

Parikd omen Transmission Main

Although final design work such as the preparation of detailed
construction drawinzs and specifications has not besn completed,
design has progressed sufficiently to provide informatisn
adsquate to define the puwrpese, location, extermal appearance,
approximrate size and anticipated effects of the proposed
Periccmen Transmission Main.

The Perkicmer Transmissicn Main is the connecting link of the
proposed gystem for wransporting Delaware River water f£rom the
Bradshaw Reservoir to the East Branch of the Periicmen Creek for
Power Company use. Its purpose is solely to convey water in a
safe, ecopomical mammer with mindmmm effect on the envirormment.

The Perkicmen Transmission Mair (Figure No. 1) is an underground
pipeline extending due west almost 7 miles from its inlet at the
Zradshaw Reservoir £o its outlet into the East Branch of the
Perkdomen Creek. The main is parallel to and forms a cammon
pipeline corridor with an existing pipeline right-of-way of the
Texas Eastern Transmission Corporation. The initial 40% of the
main is in Plumstead Township and the remaining 6C% is in
Bedminster Township, becth townships beinz politdcal subdivisions
of Bucks County, Pemmsylvania. The main will not czoss any
significant streams or rivers. The only m2jor road crossing is
U. S. Highway No. 611 which the main crosses about 0.7 miles
north of Plumsteadville. The outlet will discharge intc the
creek about 0.4 miles upstream from the Elephant Rcad crossing.

Deseripticn of Project

The Pericdomen Transmissiorn Main design proposes a reinforced
concrete pressure pipe having an inside diameter of 42 inches,
The main is 4o be buried with 2 minimm depth of cover cf 3
feet for its entire 35,400 foot (6.7 miles) lemgth. To aveid
deep trench excavations, the pipeline grade will geperally
follow the ground swrface. The minimum soil cover will provide
rotection from extermal loading and frost action. AT all road
and stream crossings, the main will be installed in a steel
casing or encssed in additional concrete. Air relief control
and blow=off valves will be provided where needed along the
main. These will be enclosed in reinforced concrete vaults.
Surge control equipment will also be provided as required.

No water treatment facilities are rroposed in comnmection with
the transfer of water from the Delaware River through the
transmission main to the Bast Branch of the Perikiomen Creek.
Studies have shown the waters to be compatible.

4An impact type energy dissipator will be ccnstructed at the
cutlet end of the main for water velocity reducwion *o minmimize
possible erosicn of the creek bed and side slopes (Figure XNo.

2). The energy dissipator will be a reiaforced concrete bax into
woich the water discharges. The discharge will be directed at a -
concrete baffle so the velocity energy will be axhaustad in the
box before the water flows cut into a spur czarmel off the East
Branch ¢ +he Periciomen Cresk. The spur channel will be
riprarped ¢n the sides and the bottom to Zurther dissipate the
water energy and to resist erosion. The Zissipator itseld will
be about 15 feet lorg, 11 feet wide, and extend almost 12 Zset
velow existing grade To establisk a fir= Sfouwnmdason.



Studies which are presently underway indicate that the pipe matarizl
could be coated steel or reinforced fiberglass and that a more
econcmical size might be 48 inches inside diameter., The wWlimimate
decisicn on thzse items will depend iz part on material costs ard
construction labor cests at the time of bidding +the work.

Alternatives .

Consideration was given to three altermative routes (Figure No. 3)
for the Peritomen Transmission Main before the selection ¢f the
proposed route (Line B) was made. The three routes 2ll began at the
same point but differed slightly in their paths and discharge points.

The three routes were originally callied Lines 4, B, and C and can be
deseribed as follows:

Lire "A", This route was developed as the most feasible routs on the
basis of preliminary hydraulic design and construction
cost estimates. t generally rerresents the ghortest
distance between the Bradshaw Reservoir sifte and the
East Brapch, yet takes into account the topographic
featires of the area and constwuetion factors that mizht
be encountered. With the possible exception of ease of
right-cf-way acquisiticn, this routs was found to combine
the best of all features ir the preliminary exartnations.

Line "B", This route extends along an existing wipelire right-of-way
of the Texas Basterm Transmission Corporation ytiich runs
nearly parallel to and a2t a distance of approximately 2000
feet south of the above menticned Line "A". The Texas
Eastern right-of-way i3 125 feet wide, sufficiesnt to

- install four pipelines at 25~foot spacing. Three pipes, a
24=inch, 30-inch, and 36-inch, have already been installed,
and installation of the fourth pipe of 42-inch diameter is
scheduled for the pear future.

A pipeline along this route would be about the same length
ag Line "A", Although such a line would be located on
higher ground than Line "A" and thus would have higher
pumping costs, its location adjacent to an existing pipeline,
forming a commeon pipeline corridor, will minirmize detrimental
envircmmental and land use effects.

line "C"., This routa, which would utilize the abandoned Tuscaroxra

‘pipeline right-of-way, would have a pipeline lemgth about
2400 feet longer and a static pumping head about 15 feet
greater than Line "A". The sole advantage of this route
appeared ¢ be lessg difficult problems in commection with
right=of=way acquisition. The Buckeye Pipeline Company and
the Eumbls 0il Campany were contacted to determine the
resent gtatus of the right-of-way along Line "C". It
became eviidsnt that renegotiations would probably be
rnecessary with each property ouwner and so the right-ol-wey

- situation thus aprears complex. Any advantage this route
might have had dizappeared.



Other featiures regarding the three routes were reviewed and found <o be
quite sizdlar. ALl lines pass through soil with nearly the same rroperties.
The geoclogical formatiors are nearly identdical, sSo no sevsre excavation
rroblems are expected on any rouse.

The total area required for right—~of-way would be similar for all routes.
Esthetically there should be no significant difference between routes
gince after comsttuction the right—ocf-way will be graded and reseeded

go that it will essentially be returned to the matural condition. Finally
a review was made of the area involved to determine the presence of any
historic or archeclogical features of importance. The routes were
congidered equally acceptable by this review. (See Section IX.)

Line "B" was selected from the altermatives as the best route to develop
primarily because the acquisition of the rizht—of-way would have the least
impact or the public since it would utilize an existing pipeline corridor.
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Alcernatives to Proposed Plan

A mumber of a.l..er'za'u:.vns to the provosed water supply systam for the

© limerick Generating St on bave been considered. The provosed nlan is
based upon others d.e..:’.veri.g Delaware River water to the Bradshaw Reservoir,
a facility to be built, owned and opcra. ted by PECo., and the subsequent
rurping of the water by PECo. through its own transmissicn mair to +the

East Brznch of the Perkdcmen Creek.

The altermatives investigated include: Zfour different pipelines
originating at different poirnts on the Delaware River but each delivering
water t0 the East Branch of the Perkiomen Creek, two different pipelines
originating at the Delaware River and following different routes to a
booster pumping station on the Perkicmen Creek near Graterford, a pipeline
‘from the Philadelphia Northeast Sewage Treatment Plant to a booster pumping
station on the PeriSomen Creek near Graterford, reservoirs in the Schuyliill
River Basin and groundwater wnderlying the area nesr the generating station.

Several significant differences exist between the altermatives as a
group and the proposed plan. Under the proposed plan others will construct
a new intake/pumping station capable of delivering sufficient water +o
meet future public water supply requirements and to supply the needs of
the Limerick Generating Station. The altermatives assume PECo. would act
alone and construct facilities to supply only its own needa. Thesge facilities
would not be readily expandable in the future to serve the public. There
would be no Bradshaw Reservoir constructed as part of a.ny of the azltermative
plans.

Pipelinag from Delaware Riwver to Zast Branch Perkiomesn

Altermative A - A pipeline, approximately 9.2 miles long and 42 inches in
diameter, would convey water inland from an intake/pumping station located
on the Delaware River, north of Tohickon Creek near Walls Island (about
River Mile 160), to 't:h.e East Branch of the Perld.omen Creek nez> Elephant
Mad.

Altermative B - A pipeline, approximately S.1 miles long and 42 inches in
d:.ame'ber, would convey water inland from an intakes/pumping station located
on the Delaware River at Point Pleasant (about River Mile 157) to the East
Branch of the Perkiomen Creek near Elephant Road. This altermative is
sirilar to the proposed joint Point Pleasant proposal which would serve
the water needs of both Bucks and Montzomery Counties and PECo., but it
would be sized to meet only the PECo. requirements. The ‘ransmissiocn main
would follow the proposed route of the combined main and the main to the
East Branch of the Perkicmen. There would be no Bradshaw Reservoir.

Alternative C - A pipeline, approximately 12.8 miles long and 48 inches

in diameter, would corvey water inland from an irtake/pumping staon

locatad cn the Delaware River near Hendrick Island (about River Mile 153)
to the Eagt Branch of the Perkicmen Creek nsar Elephan®t Road.

Altermative D - A pipeline, aprroximately 14.8 miles long and 48 inches
in diameter, would ccnvey water inland frem an inm“ake/murping staticn
lccased on the Zeliaware River north of New Hope (aocn..‘ River Mile 150)
to the East Branaoh of the Perkicmen Creek near Zleprar®™ Road.



Pipelines frcm Delaware River» to Graterford

Alterpmative E - A pipeline, approximately 34.8 miles long and 54 inches in
diameter, would convey water inland from an intaks/purping station located
on the Delz.ware River north of New Hope (about River Mile 150) at the site
of the 500 KV electric transmission line river crossing to a booster:
paming station on the Perikiomen Creek near Graterford.

Alternative F - A pipeline, approximately 32.8 miles long and 54 inches in
diameter, would comvey water inland from an intake/purming station located
on the Delaware River north of New Eope (about River Mile 145.5) at the
site of the 220 KV electric transmissior line river crossing to a booster
pumping station on the Peridomen Creek near Graterford.

Pipeline from Sewage Treatment Plant to Graterford

Altermative G - A pipeline, approximately 48 miles long and €0 inches in
diameter, would convey the effluent from the City of Philadelphia Nertheast
Sewage "'.beatnen‘b Plant (about River Mile 104) to 2 booster pumping station
on the Perkicmen Creek near Graterford. The pipeline would go north £rom
the treatment plant approximately 8 miles through a heavily developed area
of the city, turm northwest and parallel Route 63 to the pumping staticn.

A.nal;zsm of Pineline Altermatives

The cost, envirommental impact, and land use impact of an wnderground
pipelire are closely related to the pipeline length and the population
density along the right-of-way.

Alternatives A, B, C, and D are similar in envirommental effect and cost
in that they withdraw water from the same reach of the Delaware River; pass
through a primarily rmrxral area with scattered suburban develorments; and
discharge water at the same point into the East Branch of the Perkicmen
Creek. Pipeline B is slightly more atixractive than Altermative A since it
would parallel the Texas Easternm Transmission Corporaztion right-of-way,
minimizing the exvircoomental and land use effects by using the common
corridor principle. Pipeline B is prefarred over Altermatives C and D
since it is shorter, thus less costly and requires less land. '

Alternatives E, F, and G woukd have sigmificantly greater impacts than
Altermatives A, B, C, and D. Altermatives E, P, and G are cormsiderabply
lenger thus increasing the envirormental impacts, occupying more land area
apd raising the costs. Alternatdive G would have sigrnificant adverse effecis
due to its passing through the densely populated Northeast Philadelphia and
subwrban areas of Lower Bucks and Montgomery Counties. In addition, these
latter altermatives will not utilize the Eag®t Branch of the Pexiciomen

Creek and will not benefit the East Eranch by providing a substantial
minimm flow of water dxring the low flow periocd of the year. Since
Alternatives E, F, and G are clearly less preferable than the others, the
additional envirormental problems and cogts associated with these altermatives,
pariicularly with the sewage treatment plant effluent, as a makeup water
source have not been evaluataed.
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SECTION III

ALTERNATIVES TO PROPOSED PLAN
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Altermative B, which would serve alonme and which is indicated above +o

be the most desirarle ¢f the alternative pipelines, and separate facili“des
%o supply Bucks County were compared with the proposed jeoint water surply.
facilities in the Feasgibility Study mrepared by E. E. Bowrquard Associazes
in 1970. This study, done for the IREC, Bucks County and PECo., was
referenced in the 1973 IR3C EIS. The comparison indicated that the

joint facilities would result in ammual cost savings of more than 20% for
Bucks County and 10% for PECo. as well as providing advantages in operating
flexibility and reliabilifty. Since the joint project alse requires 2
fewer miles of total right-of-way than the combined individual facilities,
the proposed mroject is superiocr to the most preferred altermate pipeline
route.

Reservoir Altermatives in the Schuyllcill River Bagin

Existing or Plarmed IREC Reservoir - No existing reservoir in the
Schuylicdll Biver Basin has sufficient stecrage available for use as a water
sowrce for Limerick. Storage in the Blue Marsh Reservoir, recently
eonstructad by the U.S. Army Corps of Engineers, has been assigned o
other uses., Plammed reserveirs will not be available in time €0 meet
Limerick Generating Station needs.

Company Owned Regerwvoir in the Schuylicsill Basin - A mmber of potenitdial
reservoir sites have been identified in the Schuylikill Basin as a result
of map and field studies by the Corps of Engineers and utility company
consultants. Ten of these sites received extensive prelisdnary reviews,
and the two mest promising sites were the subject of detailed engineexing
and envircrmental study.

Analysis of Reservoir Altermative - A reservoir would have a greater
envirommental impact than the proposed pipeline system. At the most
envirommentally acceptable Schuylkill Basin site, about 2000 acres of
land would have to be purchased and relocation of more than 60 households
would be required to allow reservoir comstruction and operaticn. About
770 acres of land would be immdated or covered by embankments. The cost
of a reserveir is also significantly higher than the proposed pipeline
system.

Groundwater Alternative

The groundwater resowrces in much of Montgcomery County are already used at
or in excess of their d&rought recharge capability. The use of. groundwater
for maksup to Limerick Generating Station, therefore, is not feasible. A4s
evidence of the critical nmature of groundwater supplies, it only needs to
be noted that the recent studies of the IREC indicate problems in sustainming
adequate yields to meet cwxrent demands. The problem is so critical that
public hearings have recently been held to receive camments on rroposed
regulations to protect groundwater sources.



Surmar-

The proposed joint water supply system, designed to supply the needs of
Bucks and Montgomery Counties and PECo., is considerably less envircnmentally
harmful, requires less land and results in lower costs than any of the ’
alternatives studies. When campared to the pipeline altermatives, it
results in only one intake/pumping station on the Delaware River to serve
several users rather than a series of stations, each having a single
purpose. A new reservoir in the Schouylkill River Basin would have a
greater envirommental impact, larger land use, and higher cost than the
proposed pipeline system. The use of groundwater or existing reservoirs
is not feasible since insufficient supplies of water to meet PECo. needs
are available.



SECTION IV

FLOWS



Mlow Information

A report entitled "Investigation of the EZffect of Proposed Pumpages on
Sizeam Flows of Zast Branch Periciamen Creek and North Branch Neskarmi>y Creek”
by £. H. Bourquard Asscciates, Inc., dated July 8, 1570, was included in the ’
1973 IREC ZIS as Appendix 8. Subsequent to the mreparation of the repore,
changzas were mad2 in the proposed pumping rates to the ;E‘.as": Zranch Parikdomen
Creek., Therefore, a thorough review has been made to determine what effects
would result £oom the c.ha.nges.' A discussion of this review is presented below,
and the porticns of the criginal repcrt referring to the Zast Zranch Periciomen
Cresk are updatad accc:jdd.nsly. Paragraph headings are as used in the original
report.

Introduction. No change.

Puroose of Investigation.. No change.
Parii omen- Creek, For this updata, the East Branch Perluomen Creek chapmel

was re-exarrined on March 26, 1979, by Robert E. Steacy, Semior Hydraulic

Enginser of this office, and A. Richard Diederich, Civ:'.l Enginger, of Philadelphia
Electic. Each of the 15 stream charmel sites was visited, pictures ware

taken, and the dsscriptive'conmants made regarding any changes since the 1570

and 1972 investigations. A copy of these camments is attached hersto. At

each site, new estimates were mads of typical chamel bottam widths and of

Manning "n" values.

Re—examiration of the East Branch revealed cnly minor changes in charmel
aligrments and sections since the prior eza:n:’.ﬁa.tz‘.ons. The only constructdon
change was replacement of the steel truss bridge at Elephant Road with a nsw
single-span reinforced ccncrete structurs. Also, the stream chammel was

yd.daaed and reshaped in the vicinity of the new bridge.



Neshaminy Creek, Updated in NWSS EIR.

Method of Investigation. The same method of investigation was employed.

Hom-evgr, the Perkiomen Creek computations were redone, using a pro-
grammable calculato.z:' and revised values of channel flow, channel width, and .
Manzning’s "a''., The changes in channel flows resulted from the reduction

in the estimated average rate of pumping into Perkiomen Creek, and from
usage of 2 more recent analys?'.s 6:5 low flows. As mentiocned previously,

the revised channel widths and "n' values were from a field examination

of the East Branch on March 26, 1979. The new flood flow computations
tock into account overbank flow E;ut channel velocites are used for the com-

. parison with the originally estimated velocities.

Selected Low, Median and Flood Flows. Same procesdure was followed

as {or the original computations, except that the low and median flows were

recomputed using a publicatién with 3 more recent analysis of stream flows,

namely, PaDER's Water Resources Bulletin No. 12, "Low Flow Character-

istHcs of Pennsylvania Streams™ 1977. The flood flows of the original com-

puiations were not revised.

Low Flows. Revised per PaDER Water Resources. Bulletin No. 12.

Median Flow. Revised per PaDER Water Resources Bulletin No. 12.

Average Stream Flow., Not conszdered meaningful so was not nsed

One Year Flood. No c.'pange.

" Mean An:m:.al T-"Iood No change.

Five Year and szty Year Fleoods, No”t:hange.

.

Delzaware River Pumpage. The average rate of pumping Delaware River
.water into the East Branch af Psrkiomen Creek was estimated to be 35 MGD

(54 cfs) in the originzl Study. With the more recent stream flow analyses of

the Schuylkill River and Perkiomen Creek, the average pumping rate is now
estitnated at 22. 3 MGD (34 cfs), not including water losses in transit. This



rate was used in the revised computations. The masdmum Perkiomen

Creek pumping rate of 42 MGD (65 cfs) remains the samae.

Fir.xdings on Perkiomen Creek, Tables Nos. 1 and 2, attached, show the
_values of discharges (Q), flow depths (D), and flow ;rélocities (), which
were deveioped in the original Study and used to evaluate the effects of the
various flows on the East Branch stream channel. These are listed under

the "Orig. " column for the 7-Day, 2-Year low flow and the median flow,

- each for three conditions: (1) no pumpage {rom the Delaware River, (2)
pumping at the estimated average rate, and (3) pumping at the maximum
anticipated rate. All of these values have been recomputad to reflect
é‘!:a:;ges in estimated pumpages and in stream-channel characteristics;
the revised values are shown on Tables Nos, 1 and 2 under the "New?
column, e | | .

Table No. 3 shows the effects on flood flow characteristics for the.
original and the reviséd estimates of strearn channel cl;arac_teristics_. A
major change {rom the .origina.l hydraulic computations was taking of over-
bank flow into account; t.'n:.s bad not been done in the origirnal computations.

Low Flow Periods, - With a lower average pumping rate and some
revision of stream channel characteristics, there are minor changes in
" depths and velocities at the various channel sites. However, these changes
are insignificant and do not a.lter the originai ﬁndings' regarding the effects
o.f pumpages during low flow periods, ' :

Median Stream Flow. There were no appreciable changes as a

re#ult of the updated pumping rates and stream cha.;:ﬁel characteristics,
The only major change was in the period when‘a minimum pumpage of 27
cfs is to be maintained into the East Branch. Originally, it bad been
assumed to be year-arocund. The pre;ent concept is to maintain this min-
imum from the ﬁ:st‘day each year that the Schuylk.:’ll River and Perkiomen
Creek are unable to sup'ply the cooling water needs of the Limerick Plant



to the day in late f3ll and early winter when the two streams are akle to
stupply these needs on a contiruing basis. Analyses of stream flow data
i:dicate t‘hé.t, with this criteria, the minimum purnpage rate of 27 cis

will be maintained from mm-Apnl to mid-November under average strez=
ﬂcw conditions. ' During this period, pumpages mto the East Branch would

be halied whenever floods occurred on this stream.

A

Flood Flows. 'I.'be primary purpose of presenting data on tie varicus
flood flows was to show that the stream channel is subject to much creat--

flow rates, depths and velocities by natural flood flows than by the pro-
posed pumpages from the Delaware River. This was emphasized by givizg
the ratio of the flow rates » depths and velocities of the flood flows to these
sarne features of the pumpages during low flow periods, and with mediaxz
flow. Now that the estimated average pumpage Tate has been reduced from
24 cf3 to 34 ;:fs, these ratios are greatar than those originally calcxlated,
Lccordingly, the effects of the pumnages on the stream chaznel should be
even less than had been originally anticipated.

Zindings of Neshaminy Creek. The latest findings on Neshaminy -Creek are

STresented in the NWSS EIR of 1979, and are not duplicated here.

Coeration of Pumning Station.: No change.

Generzl Conclusions.  No change. Elimination of the 27 cfs minimmur
pummpage rate into the East Branch of Perkiomen Creek dun'::.gv the late wixtex
and early spring period is not expected to adversely affect the ecology of this
stream. It is during this period when natural stream flows are greatest and

#he needs of the stream biota are at a m:.mmum.



TABLE 1

STMOLATION OF

ESTIMATZED WEEXLY WATER WITHDRAWALS DURING TWO UNIT,

FULL PO0WER GENE%AIIQN,

1974=1977

Tatal WEEKS WATER WITHDRAWN FRCM Estimatad Withdrawal
Month Weeks Schuylkill Perkiomen Dalawara From Delawara, CTS
January 16 18 Q Q Q
February 16 18 0 0 0
March 17 17 0 0 0
April 19 18 Q 1l 43.5
May 16 6§ 4 8 23.8
June 17 3 Q 14 46.2
July 19 Q 3 16 39.4
August 16 Q 0 16 45.1
September 20 Q 3 17 40.7
October 16 3 3 10 27.5
November 16 12 1 3 37.5
Decamber 20 20 Q 0 Q
TOTAL = 208 111 14 83

%2 of Total 1002 532 7% 402
Msan, Weeks/

Yaar 28 3 21

lBasnd on veekly means of 1) daily Perkioman Craek flows (Gratarford), 2) daily.
Schuylkill River flows and temperatures (Pottstown), and 3) hourly mataorology
from LGS Tower Yo.
percant of circulating watar and servics watar flows.

Concentration factor equals 3.34 and drift equals 0.017
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COMPARISON OF ORIGINAIL, AND NEW STRIAM ].:[.OW__DA’I‘Aﬁ

Straam 1 Day « 2 Yaar Low Flow in East Deanch Pavkiomen Greek withy
Channol No Pumpaga Avarapge Dumpaga Maxinaun Pumpape i
sita Q in cfa Dinft, V in (pa Qincls | Dinft, V in fpn Q in cfa Dinft, 1Vinifps !
Nao, OvigINew [Orvig.|New [Ovig I New | Ovig.|New Ovig.)Naew {Ovip, Nu}v Ovrig|New |OvipgINew |Ovig)New
1 1.0611.24]0.06}0.09f0.19}0.20 | 55.0|35.2]0.59]0.66 0.‘)8 0.81 | 66.1]66.2]0.65]0.89 1,071,113
2 | 0_3 1,20}10.05)0.05]0,22]0.17 | 55.0}35.2)0.51]0.37)1.14}0.7) 66.1]66.210.56}0.49]1.24 0. 99!
3 0.95]1.,11)0.040.05]0.28}0.25 | 55.0}35.1]0.43]0.37|1.49]1.05 66,0]66.1]0.48]0.50]1,.60]1,46
4 0.9211,07}0,04]0.05]|0.22]0.22 | 55.0|35.1}0.40]0.35]1.34 0.94 | 66.0}66.1}0.45/0.48]1.43]1.31
5 i 0.86{1.00{0,03}0.04{0.22{0.19 | 55.0 35.0]10.3610.31{1.150.82 | 65.9(66.0]0.40}0.421.24{1.15
6 0.77]0.90{0.04)0.04]0.21}0.18 | 54.8 |34.9]0.44]0.31 1.,3210.82 | 65.8(65.9]0.490.42]1.42]1.15
7 0.7110.83]0,0410.05|0.190.19 | 54.8|34.8]0.48]0.46{1.19]0.89 | 65.8]65.8]0.53 0.62{1.29]1, 24
8 0.65]0.76]0,05]0.06]0.17}0.16 | 54.7|34.8]0.61 0.51}1.,18)0.80 | 65.7]|65.8|0.68(0.69]1.27 l.lZl
9 0.52]0.6110,03}0.06}0.21 0.23 | 54.634.6]0.47}0.60]1.40]1.25 | 65.6]65.6]0.52|0.82 132 1. T4
10 0,40}0.46}0,03]0.06)0.17]0.20 | 54.4 |34.5]0.54 0.7211,31]1,19 | 65,.4}165.5]0.61]0.98]1.39}1.65
10A 0,32)10.38}0,03]0.06]0.17]|0.21 | 54.3 |34.4]0.60 0.84]1.40)1.30 | 65.3}65.4]0.67]|1.14}1.50]1.80
11 0.29]0.3410,04]0.05}0.19}0.19 | 54.3 |34.3]0.83 0.76|1.71 |1.22 | 65.3]65.3}0.93]1.03(1.82]1.70
12 0.17}0.20(0.030.05|0.14|0.18 | 54.2 [34.2 0.7910,96|1.661.40 | 65.2]|65,210.88(1.30]1.79 1.93
13 0.1110.13}0.020.03}0.13}0.16 | 54,1 |34.1]0.65]0.70]2.00 1.56 | 65.1)65,1]0.74]0.95]|2.14]2,17
14 0.05]0.05/0,01}0.02|0.15]0.17 | 54.1|34.0 0.7-1 0.95]12.4512.18 | 65.1}65.0}0.79]1.2812.64]3.00
Average 10.590.69]0.04 {0.05 0.19]0.19 5;1.6 34.710.5610.59)1,45|1.13 | 65,6]65.7|0.630.80]1.56 1.57]
Notes;

1. Original (Orig.) data are from Report dated July 8, 1970, titled “Investigation of the Effects of

Proposcd Pumpages on Strear
Neshaminy Creek", '

n Flows of East DBranch Perkiomen Crcck and North Dr;mch of

2. HNew (Ncw) data are from cornputations made in April 1979 using updated basic intnvmation,

MATIT D MIN 4



COMPAR.ISON OF ORIGINAL AND NEW STREAM FLOW DATA

Stroam Modian Stronm Flaw in East Branch Porkiomon Creok with;

Chamnol No Pumpago Avorago Pumpapgo Maximum Pumpage

Site Q in cfs D in ft. V in ipa "Q in cfa D in ft, V in fps Q in cfs D in ft, V in fpa
No, Orig,|New |Orig.INew |OrigINew | Orig)Now |Orig)Now |OrigINew | Orig|New Orig.]New ] Oripg. I New
1 31,9 ]33.6]0,42]0.69 Jo.80|0.74 | 85.9]|67.6]0.76]0.90]1.19]1.13 | 96.9]98.6}0.82 }1.13 1.i4 1,31
2 30,8 |32.5 0,36 0,37 |0,90|0.64 | 84.87]66.5]0.65|0.49]1.37]0.99 | 95.8]97.5 0,.70 0,6211.44]1.15
3 28,6 130.20.29]0.36 |1,16]0.92 '} 82,6]64.2]0.54]/0,49|1,78|1.44 | 93.6]95.2]0.59 |0.62]1.85 |1.68
4 27.5129.110.27]10.3411,000.82 | 81,5]63.1]0.51]0,46]1.56 1.2;) 92.5]94.110.55 }0.59]1,.64|1,51
5 25,6 [27,1[0.23]0.29 Jo,84[0.69 | 79,6]61.1]0.44]0,40]1.36|1.11 | 90.6]92.1]0.48 Jo.52 (1. 42 {1.31
6 23,2 124.5]0.26 {0.2710.95 0.67.' .7'1.2 58,5]0.53 6.39 1.54]1.09 | 88,2 89._5 0,58 ]0.51]1,60]1.30
1 21,3 |22.5 |0.27]0.38 f0.83}0.70 | 75.3|56.5 |o.58]0.56]1.35]1.17 | 86.3 87,.510,6310.73)1,43{1,139
8 19.4120.510.33 {0.40]0.78(0.61 | 73,4]54.5}0.73|0.62]1,32)1.04 | 84.4}85.5]0.79 }0.81[1. 40 1.24
9 . 15.7116,5]0.23 |0.41 |0.83}0.87 | 69.7]50.5|0.54|0.70]1.56]1.57 | 80.7 81,510,5910.93]1,65]1.89
10 11.9]12.510.22 10.42 |0.71 |0, 74" | 65.9]46.50.61]0.80|1.40{1,45 | 76.9]77.5]0.67 {1.08]1.49]1.76
10A 9.7|10.3)0.22}0.44 ]0.69)0.76 | 63,7]44.3)0.610.91|1.49]1.56 | 74.7]75.3]0. 73 1.24 |1.57]1. 90
11 8.6 9.1]0.28|0.36]0.82}0.68 | 62.6]43.1 0.96 :0.80 1.81]1.45 | 73,6174.1]1.00 |1, 11 }1,91|}1,78
12 5.11 5,4]0.20]0,.34]0.64]0.64 | 59.1}39.4]0.83 ;0.9'1 1.7311.60 | 70.1]70.4}0.92 |1.07{1,84 1,74
13 3,2]3.4]0.13]0.19)0.62]|0.60 | 57,2137.416.69}0.69}2.02]1.76 | 68.2|68.4}0.76 J0.98]2.18 2,21
14 1.4| 1.4]0.08]0.15 |o.56|0.61 | 55.4]35.4]0.72]0.90|2.47|2.41 [ 66.4|66.4[0.80 [1,30]2.66 3. 02

Average | 17.6 |18.6 |0.25 [0,36 Jo.81]0. 70 | 71.6|52.6{0.64]0.67]1.60]1.40 | 82.683.6]0.71 [0.88|1.9]1. 8

Notes;

1. Original (Orig.) data are from Report dated July 8, 1970, titled “Investigation of the Effects of

Proposed Pumpages on Stream Flows of Eaut Branch P
Neshaminy Creek",

erkiomen Creek and North Branch of

New (New) data are from computationa made in April 1979 ueing updatcd basic information,
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SECTION ¥

WATER QUALITY



Perkioman Cr2ek Warzar Quality

Water quality studies of the Perkiomen Creek wers initiatad in May,
1974, Table l is a summary of Perkiomen Crzek watar quality data covering
1975 through 1977. These data wera collaeted at P1l4390 (See Table 2 for
description of sampling locations). The data ars reflective of a
moderataly hard warmwatar sfream that recsives moderatas amounts of
pollution. The mainstem Perkiomen Creek has an ionic base which fluctuates
between sulfate and carbonata, and lika the Schuylkill contains high
concentrations of major cations and anions. The major cations and
anions ara at their highest concantrations July through November (Tablae
1). All transirion series eleamants. ara found in low concesantrations
(Table 1l).

Perkiomen East Branch - Water Ouality

Water quality studies of thae East Branch wers initiated in May, )
1974. While data wers collactad at four statioms, only two, the upper
B32300, and the lower, E2300, will be used in this discussion. Tabla 3
i3 a summary of watar quality data from E32300 covering the period 1975
through 1977, and Tablae 2.4=9 13 a2 summary of data from 22300 covering
the same pericd. The watar quality of the East 3Braunch ranges from good
at 232300 to highly degraded at E280Q0. This ghift in quality i3 a
result of allochthonous inputs from sourca to mouth. The lonic base of
the Upper East Branch i3 carbonata and shifts to sulfate in the lower
reaches. The East Branch has high concentrations of major dcions and
anions in the middly and lower reaches (Table 4); especially July through
November when flow becomes intermittent. The lower reaches also have
high concentrations of the ions considersd essential plant nutrients and
of cartain transition saries slemsnts (i.e. irom, manganase, zinc,
copper, and chromium). The quality of the Upper Zast Branch is not
unlike that of tha Delawara River at Point Pleasant while the quality of
the Lower East Branch is similar to that of the Schuylkdll.

Delaware River - Water Quality

Watar quality studies of the Delawars River wera initiated iz May,
1974. The water quality of the Delawara (1975 through 1977) is summarized
in Table 4. Data Iin this table was collacted at All253 and depict a
moderataly hard warmwatar stresm with a carbonata ionic base. The
quality of Delawars watar i3 rslatively good in that it is well buffered
and does not contain excessively high concenmtracions of major cations
and anions or ions considersd essential plant nutrients (Tablas 4). Laad
and zinc are the gnly transition sarias elements present in significane
quantities. While temporal changes in Delawars water quality do oecur,
thay ara oot as severa as the shifts on smaller streams because of the
greatar flow.
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TABLE 2 - SAMPLING LOCATIONS

STATION LOCATION

Pl4390% Perkiomen = Graterford Intake

E32300 East Branch - Headwaters

E2800 East 3ranch - Mouth

All1263 Delaware River - Point Pleasant
Intake :

* Rivaear metar



s e A W RS & St e A oun ¥y e

000°0
000°0
0ove0
000
- 00°0
S00°0
000°0
050°0
0009
000°9
000,
20°0
6000
000°0
00°0
00°0
0990
00°90
000
9y
056
(744 |
1y
1 5d B
00°9
0612
4

0

2°t
N
$°ot
e°0
el
112
18°9
000
0°y
0°Q
0°s

1 3]

P e T T TP

000°0  QUQ°*Q
0Us*Y  DUO°D
9Y0°0  ¢00°D
000°0  ©00°0
10°0  ©o°D
YYc0 2t0°0
Z10°0  100°0
Y01°2  ¥£2°0
920°0  sUO°Q
900°0  100°0
Y00°0 0000
2*o 1%
U00‘0  000°0
000°0  QUO*0
si°0  z0°0
¥E*0 Y00
2°  Iveo
60°0  10°0
90°0  00°0
Yie9L  yoc 2
E1°iE 09°02
16°LY  66°2
SO°gt  1£°0%
t°28  eerg
t3*0  01°0
YLy gece?
192 LT
s 3
o°0LL  2°Y
298 Yy?
0°2Y8  L1°26
£ s f.
1°6  1°29
oSOt 2°19
61°8  9y°¢
§$°2  10°0
1°62 331
£°9 "
g°2t 0%
vz o
1) CED
AON 1190

HiW
*d3s

009y
g00°02
TEV*0
000°0
10°0
s
6090
1te°0
1190
Y00°0
S00°0
Y0
000°0
Q000
0°0
1144 ]
$s*y
gre
"o
£2°n
os*eg
14 A1
LR}
98¢
97°0
Lo LY
12
113
0°*0¢
FX 1

1 A4 %4
o°L¢
g°se
0'se
96°¢
16°0
Yt
£°y
g°s
€%

iy

0000
000°0
2000
0000
vo*0
610°0
£00°0
ostto
$00°0
100%0
0u0°0
60°0
0go*o
000°0
W0
0°0
$t°0
10°0
00°0
s
ogcee
99°2
ot°
Lozt
o1°0
113 3 14
111}

¢

L 3]
792
L8
0t
969
ML
£9°2
1o
9°e

1 ad
(24

b 3l £/

9

0000
000°0
000°0
0000
00°0
210°0
0uo°o
i
200°0
oo
000°0
00°0
00o°g
0o0°0
L1110 ]
t0°0
00°0
0G0
00°0
1110 }
0958
18°4
e
6°12
00°0
15°8
044

0

"
191
g9
reg
6°9?
6°62
[ 134
00°0
0*0
LAl
6oy
gest

100°0
00s°0
oiveo
000°0
£0°0
05y
$20°0
s15°0
120°0
$00°0
$00°0
92°0
000°0
QUo*0
$0°0
99°0
28°2
¥0°0
$1°0
3]
01°82
g
teen
1°0Y
11°0
oz°st
0s2
3¢
0°9ee
162
6%l
09
4409
$°99
1133
90°2
N
Les
9°51
nec?

oo o oo o

vy ¢Inr NNl

YN

S£61 HONOUNE SL6L ALSVYND WILVYA N3IIND NINOINYIL NINVED ASVI JO ANYRHRS ¢

100°0
0000
010°0
000°0
00°0
$£0°0
200°0
122°0
100°9
100°0
0oo°0
01°0
000°0
000°0
£0°0
Y0°0D
ozei
10°0
10°0
0L°s
02° 9
68°4
'
0t
200
024
6l

’

13l
el
i
e
vees
331
1l
v6°0
N
184 )
peot
06

000° 0
000°0
000°0
009°0
00°0
00p°0
000°0
9900
000°0
000°0
0000
90°0
000°0
0ug*0
00°0
10°0
00°0
00°0
00°0
Lsey
18t

134

s
£°02
00°0
oL
0

1
A
46
et
10
DeEs
1344
18°9
t0°0
20
g
59
L

AYH cudY *uvd

100°0
066y
050°0
0000
£0°0
00t*D
%1°0
13454
000°0
$00°0
100°0
£2°0
000°0
0600°0
60°0
$2°0
g0y
1¢°0
Y0
r6° ¢4
99°02
09°%
teoes
0°%y
0y°o
Or°s0
1 {14
133
0*002
1 1.3

1 3 i)
0°g
rn
il
!
L2t
en
s
*n
1 3 1

Ryu

000°0
uoo°Q
10°0
000°0
000
150°0
100°0
0v2°0
4000
100°0
000°0
11°0
000°0
0000
20°0
10°0
1334
10°0
go*o
86
ese
nee
$9°6
eess
10°0
1 9r°02
it
s
L 384
L6t
1°0e
1 3¢ 4
1A 11
107
szt
"o
1°0
LAL
"
0*0

aIn
834 eNvP

000°0
000°0
000°0
000°0
00°0
120°0
000°0
41040
1000
000°0
909°0
00°0
000°0
000°0
00°0
10°0
19°0
000
00°0
$9°s
2?0t
”mo-
'L
yeol
Q0°0
oL
o
0
2
0 44)
96y
0°4
0ot
0%
mee
€1%0
0°0
00
6
o°‘o

LIL)
330

AL LI NARITTE)

t790) Awnywyu

€M) Intt

CVoN) WalNYI3e

Y ER) 13401

CU9M) FTINVYINYM

C179%) uvat

CWony novwi

CW M) ¥1d40)

CI/9N) HNEMQEN)

CI79%) WNINgY)

t/73u) nopuge

CU9N) HNLTIAYTO

CWIYM) n3sey

C1/9%) SNUONISONd ILVHASONS QHIYD
CV/9U) TNUOHISONE J1YHISONE T¥19L
CV79u) NIJ0UIIN JIVNLEN
TV79%) NAsowlin Iflulin
CI/79M) wI0NLIN-YINOHNY
CWIH) MNILINTTH

S TL LTI TERTE]

tW/94) unissviod

¢ 9%y upidos

C1794) 33v3Ins

LI79) 30lwony

. CI79n) 30190M)
t1/79%) s0)108 93A0S810 IVi0l
CW79%) sal10s 0IONIIENS Triod
_ _ tNAr) Agjoleunt
{NI70gNy IINVEINONOD 21482348
, (I796) $SINOYYH Triol
€179 3002080 Nolyyd 5394
CU/9%) ARTNIWYNTY Va0l
C1734) NORNYI IETNYSEONT Tvaold
4

t843) novy

(1/794) NOQY¥YD JINVYINO Tvipl
tWIN) ONVNIO NINARO IVIuINIULY
CI794) NIAR0 QINT0S8 40

€3) JenivyIdnsg

T L T N e e Y P e

w3l tvuvd

00£2f 3 MoOllvis

£ 314vd



= e A an 44 Tas
ER SN - o’ ton

0o*o
00s°0
9Y0°0
L LR
00
125°0
100
1918
tZo*o
970°0
$t0°0
0s°0
000°0
900°0
2t
"W
19°t
1o
si°0
00°22
092y
0°e
82
sl
weo
01°%0
L1
134
0°¢08
15e
6°2%2
L 3 4
ton
86
(TR ]
o2t
6°12
£
0°st
0°t2

[

VN

M)
090°0
600°0
Quo*o
000
£20°0
100°0
g21°0
600'Q
Y00°0
$00°0
910
0000
000°0
SY'Q
$s°0
L ZAL
209
20°0
L9y
080t
as°y
0922
$°19
neo

I 06°0S
162
Y
"t
1 22
0°0Y1
6°t
29
1°00
£0°8
62°0
9y
1
veot
0°21

0
AoN *1J0

. 0000
000°0
000°0
000°0
00°0
000°0
000°0
900°0
100°0
0v0°*0
000°*0
000
000°0
000°0
£2°0
$2°0
00°0
000

! go0
L TAL S
TT3EA)
69°?
TR
1°9¢
o0
0s° 22
691

0
L0
i
0°9¢
0°0
L 2k 41
9°8¢
A
00°0
0°0
0°0
!
gt

T

nin
¢ 438

000°0
00¢°0
0Y5°0
00040
s2°0
0s2°0
090°0
069°¢
e
110°0
600°0
£2°1
000°0
100°0
994
Ty
vEe?
11°0
29°0
10°91
09°29
si°g
9029
Lo
1v°0
046l
011
151
veon
1Y
geae
0°9
311
R
13°s
T
yout
0°y
1o1
0°82

0000
000°0
Yoo
000°0
00°0
400
£00*0
X204 )
600°0
£00%0
oo
£2°0
000°0
000°0
L1%°0
U
61°0
20*0
00°0

-eec

e
1"°s
13821
UAS 3]
61°0
s1°9¢
ee2

L

0°Y
"1y
6° %1
0t
190
L
si°e
80
9°1t
”e
0’8
g2

LEL

000°0
000°0
000°0
o00°0
00°0
000°0
000°0
$00°0
¥00°0
000°0
000°0
10°0
000°0
000°0
vi*o
$2°0
v0°0
00°0
00°0
oL
01°9¢
90°S
021t
gez2
£0°0
TR
1]

0

1"
111
8°s9
0°0
toyy
y°9y
€91
00°0
0°0
£°0
0°Y
gost

100°¢ O0U°C  COU°Q
0oy*0 QO0°0 ©DQ°D
260°0 O10°0C 000D
U000  00O*D 00D
£0°0 0g°0 00%9
40%°0  0I0°0 000°b
LW 100°0 00p°0
f00°8  {Y1°0 0000
601°0 U0*0  $00°0
450°0 $00°0 190°0
00°0C  100°0 000°0
L0 20 010
0000 0000 000°0
900°0 0000  000°0
12°0 £2°0 fi*9
0ol L0 {0°0
g9t m FEAL)
920 £0%0 9°0
$2°9 19%0 09°0
gi°9%  €9°6 1§24
88°St  s°1? el
P0°¢ t6°? 06°y
65°9yY Q°sd 619
0y do0g gest
12°0 60°9 00°0

000°0
0o0s°4
£$0°0
000°0
$0°0
L61°0
010°0
$L6°2
v20°0
020°0
900°0
25°0
000°0
£00°0
T
v0°2
ocey
vt°0
ve't
912
Tt
£5°9
Tl
6°66
$7°0
00°0
099
11
0012
ey
sev6l
']
te2cy
gorl
go°e
fien
9°86
2ot
st
s

0uo°g
000°0
810°0
000°0
00°0
00
1000
4910
6000
700°0-
100°0
6140
000°0
0000
$£°0
210
y0°2
30°0
1%
12321
recde
s
1334 1.
0°Ly
49°0
t ooy
s02
Y
(33
ne
14601
g2
v°0¢9
0°te
8%
os°t
L4
t A4 )
e
0°9

—enthaoes chhocoe beowvwaba ceecocnw ccceccen SCaecceme

MY INC AP

D2eee 022 Qi*wt
[¥1) 1)
| 0
ey ”
134 1 4]}
0°06 42y
0 00
134 ) 1 384 )
ve9y L 341}
"t "t
Hee 0z*o
0°e g*0
1”8 £°0
°41 L 2 )
0°0L 00

N oI L1

AVH *hdV ‘uvM

A

(4] ]

000°0
000°0
000°0
0000
J90°0
Y000
000°0
gto0°0
£00°0
000°0
000°0
900
000°0
000°0
$0°0
80°0
"y
10°0

e
mcen
el
é1°0t
1AL
00°0
et
L0t
0
0*2
"
¢$°s9
L e
0°r2
64
14 3¢ ]
"o
9°q
0
9°6
0°0

- -

€34 *NYF *330

tV94) 21333

tI79N) Ayniasd

¢y ML

(79u) wnin313s

(3N VNN

LI/3%) ISINVONTM

C1I79M) ova

CIron) wovl

(79%) w34d0)

CHoN) UNnENuLH)

C79n) Nntuavd

CIrn) Nowoge

C790) unl ¥ Ay3e

tW/3u) IINISHY

L1790) SNUOHASONd JIVH4EONd OHIWD
CU79H) SNUOHISONd ILVHITONd Tvigh
CI79M) NI0NLIN JpVRlIN
CI179) NI0NLIN IMindin
CV79%) NIN0NLIN-VINQwNY
tVu) HAlSINIYN

CIW79N) uni3 )

CV/ou) HNIsSviong

(W79 untgos

W%y 3ivsmns

(WoN) 30jwonys

_ CWVaH) 30199 W)

t9%) 801108 337108810 Wvigl
t /73Ky saltos 030ONIAENG viod
. tniry Agtaletal
CadzigN) $INYEINGN0D I131D348
) -CWINY SSINOUYH ol
Ci79d) 3010000 WpByyY) 3y
CWVo) ALINITYNTY Tviol
CI79%) NROGUYD JIINVONONE Tviot
L)

(SM)) av s

CU/73H) HoBuY) Jinvoyy Vejot
CI79%) ONYNIO NIARO TVIINIHI0IY
CW/79%) NIJAXQ TIATOSSIHO

(3) Jenivaidanst

D M s —— - o s I By O ——

 RIRLIRY 2

0082 3 wolgvis

861 HINOYHL S261 ALITVNO WILVA N3IJWI NIHOENNIS MINYNE ISYI JO ABvuNns °© % A4V



-

P N

000
00Y*y
$12°0
000°0
90°0
£9v°0
109
966°2
1200
900°0
£00°0
02°0
0000
U00°0
Lien
82°0
1
10°0
62°0
026
00° 22
60°¢
"% 01
s* 8¢
92°0
10°2¢
1ne
98
0°cy
22
g9
£y
$°29
0°99 .
2ve8
e
6° 28
oy
2
0°y2

XVYH

0030
000°0
200
0000
o0*0
150°0
00°0
6520
L00°0
200°0
000°0
80°0
gooto
000°0
L0°y
€10
si0
Yg*o
90°0
gi°s
9 gl
1201
g0°¢
LAR ] 4
200
29t
st

8

s°t
£yt
6°0S
0°2
g°9¢t
"y
5%
892
9K
'
Y6
0°st

a3n

000°0
0v0°0
800°0
0U0*0
00°0
s0o*0
gop*o
050°0
000°0
U000
0000
ua*Q
000°0
000°*0
£0°0
$0°0
1o
10°0
00°0
s 2
15°¢
9l
SO°E
e
00°0
AL
L A4

0

$°0
111}
yous
0°0
Yui
9°22
921
96
0°0
0°0
02
0°2

Aon ¢g30 *d43s

000°0
000°0
v100°0
000°0
000
t£0°0
0000
£iv°0 -
100°0
000°*0
0000
00°0
000°0
000°0
20°0
90°0
9c 0
109
vo°0
oveg’
ol
1344 )
68°y
1°1
00°0
102
16

0

e
24
sy
0°0
peol
[ AL X4
sl
141}
0°0
£°0

t Al A8
o

o 4 b up -

100°0 ©00°0
00Y*0 000°0
960°0 920%0
000°0  000°0
0o°0 00°0
9$2°0 £10°0
0"y YOU°'OD
006°t  292°0
120°0  900°0
110°0  100°0
0t0*0  000°0
92°0 80°0
0000 ©000°0
0v0°0 0U0°0
ti1°0 90°0
12°0 20
1144 } 96°0
90°0 ¥9°0
90 £0°0
tv°s 66°9
06°4%  s6° 00
(YA ] 1344
62°61 SD°L
1 381 gLl
190 oL°0
aL°st  gl*'n
on 1
£é ]
0°¢c tad ]
13114 (1]
pree 1402
0L 130 )
£°0Y ”ey
%9 g8
12 A1) se°e
1 34 1£1
0°if 6t
0°'s o2
M1 L |
062 0°¢g?
NN LEL
aMmy enr

Niw
sNRr

100°0

007°0.

1100
0000
10°0
1si°0
oto0°0
90°2
Y20°0
Y00°0
f£00°0
12°0
000°0
0oD°0
$0°0
aH°o
1201
$0°0
00°¢
6v°¢L
71°68
0°2
gy
$° 02
o1°0
6L°9t
131
66
LA A
$02
r*oe
s°t
6°sy
14°1y
18t
19
4°%t
2
0°€1
1 3t 44

Ve

000°0
000°0
160°0
000°0
00°0
9900
t09*o
j92%0
2000
100°0
0000
LU
000°0
009°0
Y00
40°0
yeeo
20°0
1)
"y
11384
1234 )
198
0°02
£0°0
40°6
16

é

L ha ]
(24}
76y
1 34}
L9
Lok 1
1 43¢}
(13
L

| 34
10
t 5

L EL

v00*y
290°0
510°0
000°0
00°0
1209
900°0
neeeo
1000
200°0
700°0
to°0
7000
009°0
100
0°0
%0
10°0
00°0
19°2
e

$6%0

(224 1

'yl

00°0 .
T

]

0
"
4
M1
$°0
gyl
badl
1
"”e
00
£°0
91
0'0

AYH THd4Y ‘uvNH

£00°0
L0 )

ks1°0.

000°0
$0°0
0EE°0
900°0
296°1
1900
$00°0
£00°0
95°0
000°0
000°0
£2°0
£1°0
st
Y0'0
$$70
vt
19°0s
012
veo0
T
0%
12e22
991
%
0°12
”"e
$eveL
oeg
0°vs
el
AN
299t
261
geg
vent
113

XyM

0000
000°0
0900
000°0
00°0
690°0
100°0
9120
Y00°0
100°0
.000°0
Lo
000°0
000°0
00
60°0
69°0
t0°0
72°0
se°s
10°n
"
0s°?y
11t
19°0
m"®eun
oot

4

e
131
6°9s
1 38
oot
9°0Y
1 238
e
g2
0t
et
LAl ]

LEL

000°C
000°3
4300
900°u
00°0
$00°0
000°0
080°0
£00"0
0009
0090
00°0
000°0
000°0
20°0
$0°0
6s°0
10°0
40°0
1331
£6°'9
10°
7"t
g
00°0
e
'3

0

L AR 4
(14
9evE
$°0

A ot 1-
$°82
1"
141
0°0
0°0
it
0°0

(VI8 1IvsY)

LWeN) R8N 4)A

tvanr 12

tWa4) wnln3iss

CI79%) 1IN

TN ITINYINIH

C179N) ava

(79%) wnowit

tI/79N) wI4a0)

CI72H) sntHoNN)

t W79y wntwav)

t79%) mowoOw

TN NN 1IN se

, CI79%) IINISHY
CI/9%) BNBOHASOHY JLYNISONd OHINWYD
CWIN) SNUpHJISONA 3LVYHESONd Tvigl
1V/9H) NIouULIN I2vullN

C1/79%) nIJ0uitN ILNuLIN

C/3M) NINOULEN-VENDUNY

CWIH) HATEINIYN

CI79M) WNiIIV)

UMY HNESSEAQS

&AL LITT T

CIN 3tV sins

C(V794) 30i¥001s

. . (V7a%) 39tvo )

CV9H) 801708 03A108810 viol
t794) 301708 03IONISSNS Tviol
N1ITY Agl0leune

tHIZ7HSN) FINVLIINONGD ID141D348

C V7 9R) $SaNOUYH triol

tW79%) 2011910 Nolyy) 3149

. CU79M) ALINDIYEYY Yvaod
CI734) NORUYS IEINeIVONT TrioOd
nd

, . tINI) aoVs

. AWsH) nowNYD IINYIND Telgl
C179K4) ONYNIO NISARO VWD ININ)IOIG
L/79h) NIARD OIATOSSHO

(3) 3univedgnsd

Cnm TR W e > > - - 02 g 0n Be e e 22 o D B ap  woma

934 *NYF €330

. gitinenvd

924y v nolavis

861 HINOWNL €261 ALEIVNO W3IZYA WIALN INYAVIIQ 40 AWYNEAS * € F'IAVL



SECTION VI

WATER TEMPERATURE



WATER TEMPERATURE OF THE DELAWARE RIVER, EAST BRANCH OF THE
PERKIOMEN CREEX AND THE PERXIOMEN CREEX '

Supplemantary Matarials Preparad for the Delaware River
Basin Commission

Hourly water temperature raadings have been obtained
from four thermographs located along the Limerick wataer
transfer route. The thermograph referted to as TEMP_J in
the attached tables is located on the Delaware River near
the Point Pleasant water transfer intakas, Temp_4 is oun the
 East Branch of the Perkiomen upstream of the Bucks: Road
bridge near the inflow point of the transfer pipeline,
Temp_3 is located on the East Branch beneath the Garges Road
bridge and Temp_2 is on the main stem Perkiomen Creek at the
site of the Gratarford iatake.

The attached tablas ara analyses of data recorded from
July 31, 1974 to June 2, 1977 and are based on daily avarage
tempaeratures, '

Table ﬂ gives the N size, mean, standard deviation,
ainimum value and maximum value for all years combined and
for each year iadividually for the months of diversion,
#ay=-=-Octobar. A Duncan's multiple rangae test for differance
between location means showed that for all years combined

the mean temperatures for the Delaware River, lower East

Branch and Perkiomen locations were not significantly different.

Table 2 shows the same statistics as Table 1, except that
-the. period of interast is Jaanuary--Decamber. Table 3 presents
. the moanthly meaas for all years combined. :



THERMQGRAP» TEMP_2 TS GON
WP_4& ARE GON THE EAST BRANCH
N THE DELAWARE

THE PERKIOMEN, TEMP_3 AND T
AND TEMP > IS

MAY=CCTOEET, 1974=1977

VARIABLE N MEAN STiNDARD MINIMUM MAXIMG

DEVIATION VALUE YaLUE I

TEMP_2 430 20 54 b5 6.25 za.ézf

TEMP_B 443 19.35 S.01 S5.45 «03 |

TEMO_& 279 16.77 P ¢ 4.57 °s o il

TEMP_5 398 18.99 4439 5.72 26,53

.

!

YEAR=T4 f

VARIASLE N MEAN STANDARD MINIMUM MAX IMUM !

DEVIATION vaLue YALUE g

TEMP_2- &8 21.93. T 3.83 11.47 47.‘2
TEMP_3 93 18.19 6007 5.96 0297
TEMP_4 52 15425 3.96 8.99 23.32°
TEMP_S 93 18.83 S«97 7.88 25455

YEAR=TS i

TEMP_2 165 20.61 4016 9.57 29,62
TEMP_3 181 20,09 4,30 7.81 29.05!
TEMP_& 48 16.20 3494 6.05 J4.1
TEMP_¢& 97 18.7% Y-VN 11.08 35443

' YEAR=T6 .

TEMP_? 124 20.41 4495 6485 27.35 1

TEMP_3 156 19.20 5,22 5.45 27774
TEMP _4& 128 17.16 5.10 »e57 25 oC’J‘

TEMP_S 173 19.31 4,91 672 26.270

I

YEAR=TT )

TEMP_? 33 19.3% 3.45 12.74- 26.02;
TEME_3 33 19.13 3.62 12.26 26.201
TEMP 4 ‘23 17.29 3.47 9.93 22.07
TEMP_S 23 18.50 3.86 12.84 23,97

I¥ixXt] . 4
——-

}.




TABLE 2

THERMOGRAFR TEMP_2Z IS ON
THe PERXIOMEN,T=MP_3 ANU TEMP_4 ARE GN THE EAST BRANCH
AND TeMP_5 1S OGN THE UELAWARE

1976=1977
VAR LABLE N MEAN STANDARD MINIMUM MAXLMUM
UEVLIATLON VALUE vALUE
TeMP_2 . ° 946 12.41 9.0b 0.00 28.82
leMp_3 100% 1l.72 8.7G - 0.0 29 405
leMP_o . &le 3e91 745 G.02 25 W0
TeMp .3 294 11.50 8el7 Oez3 659
| YEAR=T4 '
lYmKLGELE N MEAN STANGARD MINIMUM MAX LMUM
i : UEVIAT1IGN T yALUE VALUE
T leMp_2 123 l4els 933 . 1.28 27.22
1oME_3 134 "12 .44 Ee52 025 2129
feMr_é& 113 . 1005 7e32 Q.65 23432
TeMp_5 154 13.71 8el7 le93 - 2059
.- e e YEAR=TS
: }

e 2 326 - i3 U6 Be75 .20 284562
leMF_o 265 12457 5e537 0.10 29.05
TeMe_5 <19 lle86 . N 0e37 - 25 .40
- v YRARST &
1eMF_¢ . 3al 12.77 9.26 027 ¢T7e35
TeMe_3 333 11 <51 896 0.02 22.77
TeMF_a 302 9 .83 8.12 GelZ 25400

*TuMp_5 357 1le%1 858 Ge23 28427

‘- — : YEARST?

lEME_2 136 636 8«07 0.02 24402

C TeMr_3 157 91U . 6.08 0.03 - 24420
TEMP_» - low 807 7.22 Q.07 22 .07

TeMF_5 loe 807 Tela Qe3> ase97



THeRMUGRAPH . MP_2 1S QN
THE PEXALUMEN,TEMP_5 AND Tei:?_4 ARE UON Tk EAST sRaNCH
ANC TeMP_5 1S G THe OELAWARE

1974=.977
MOCNTR=L
VAR lABLE N MEAN STANDARD MINIMUM MAAIFUM‘
' OBVIATION vaLue Vallc
[eMP_2 94 L.08 , le25 0.02 L B.ia
TeMP_3 94 1.05 . led2 0.06 S 7.22
TeMP_e - 94 0.90 1-31 0.05 . 8.20
TeMP_5 85 1.2% . 1.06 : Qa7 5.07
MONTh=2
TEMP_2 . 8z 180 1.80 0.00 6.40
TeMP_3 83 leal 2423 | G.03 © Tede
TEM [ 83 1.37 1l.85 Q.02 8.064
TeMP_S 57 2<58 . 1l.89 Q33 Sel%
MONTR=3
TeMe_2 50 | 7.18 2e9L 1.77 14.07
TeMP_3 a5 6410 3423 1.25 15.77
TEMB_& To Se.d% Serle Qa9 . © 146 +485 :
TEMP_5 71 53l 2.14 1.25 . 10eal
MONTH= ,
1eMP_2 82 11.77 . 4.09 PP 2178
TEMF_3 101 12488 4430 . 3.80 22.80
TeMP_a 101 11 .46 . #.27 3.13 . Z1.53
[EMP_5 101 . 1lelz 389 3425 20.30
— MONTH=S ;
TeMP_2 94 1859 3.18 . 11.51 24,02
TeMpP_3 94 18.43 3024 11.72 2420
1EMP_4 45 lhe38 . 3eQ7 9.93 22.07
1eMP_5 85 168473 : 3.19 . 12.12 23.97
MONTH=6
TEMF_Z 53 22425  3.03 16426 27.55
TEMP_3 sl 22 o406 2497 17.06 27.77
TeMP_o 33 21.49 ie95 laeldd i5eu0
TEMP_> &7 21.97 2.22 17.67 25.18
- MCNTHR=T
TEMP_2 a2 2044 ' 1.30 21.04 27.<2
TEMP_3 36 - 29e22 Led? . 20e73 . 27.29
1eM6_o 3 21.67 1.25 19.00 23.52

TeMP_S5 81 - 2355 la1%9 <004 28459




TABLE 3 ilontianued)

THEXMUGRAPH @ MP_2 1S ON
Tre PERKIOMENTEMP_3 ANO Ter- _& ARE ON Tre £AST BRANCH
AND TeMP_5 1S QM "He ODELAWARE

1974=~1v77
MUNI =0
VAR LlABLEZ N MEAN STANDARD MINIMUM MAKLwUM -
OEVIATLON VALUE VALSZE
TeMb_2 94 29e57 lea2 20.71 _ 28.02
TeMP_3 Yo 23.98 le77 19«11 ¥ .U3
TEMP_& R §1 <l .89 1.79 ' 17.40 . 4%e Lo
TeMr_5 o9 2238 1.40 20.90 25.27
MUNT =9
TeMp_2 o9 20.05 Zolé 15415 25.02
TEMP_3 85 1875 : 245 12.87 2494
1eMP_4 19 1814 2.93 12 .45 22.u5
T2MP_5 ol 19.72 , Zel8 15.50 . 24eal
MGNTR=10
TeMe_2 Y 1345 T 2e78 8485 18.36
TeMP_3 93 . 12420 3.13 - 5,45 18.35
[EMP_% 93 12.73 3405 &e57 ‘ S 17.74 .
TEMP_S 93 12.73 - 2.77 6472 17,49
MONTH=11 :

18_2 85 7.68 3085 l.s2 15.23
TeMP_3 %0 - 5458 e 34 Gezb 16,17
TeMp_s - 91 755 3.4l - 2.38 14 .36

MONTH=12
TeMP_o 93 2.26 1.76 Gola 7.48
TeMP_3 93 1.51 1462 0.02 1.38
TEMF_o 93 - 1.87 1.2 ' Qe1ll T.03

JEMP_S 93 Le78 ' . lebb Qe23 S5.97




SECTION VII

AQUATIC BIOLOGY



PERXIOMEN CREEZEX



PERRIOMEN CREZX

Pexkiomen Creek is located in the Triassic Lowland
section of the Piedmont phyvsiogravhic zrovince, 2 rich
farming area of rolling hills. It is a major Schuylkill
tributary in this rrovince and drains 938 km2 of Lehigh,
Berks, Bucks, and Montgomery counties.

The aguatic community of the Perkiomen Creek system has
been influencad by man's long history of activities in the
watershed. Water guality and flcws have been altered,
habiza® changed or eliminated, and the species complex
dizectly manipulated. Although these activities have
procably reduced diversity somewhat, the ccmmmunity ramadins
relatively stable and healthy.

The creek downstream of the East Branch confluence will
be impacted by water diversion; water withdrawal will occurs
at Graterzford. The Pexkicmen Creek study area includes that
strecch from Soring Mount Road bridge downstream +o below
C.Se 113 bridge (Fig. 1). Sample stations are designated by
common name and by the letter *P' Zollowed by 2 number which
indicates distance in metezs from the mouvth of the Creek.
where stations include sevexral meters of sts2am, site
numbers desicnate the downstream end of the station. A
sampling history by progrem is given in Tables 1 and 2.

No mador population centers coccur within its relatively
rural watershed which contains a number of small berosughs.
Mogst surrounding land is residential or used for
agriculeure. Low base flows and Z-egquent spates
characterize an extremely variable flow regime. Spring
£lows arze generally hich due to snow melt and precipitation;
late summer and early antumn flows are very low but subjece
o rapid fluctunation dne to local thunderstorms.

water guality near Graterford is relatively good with
notrient locading being the mest sexious stress. Nutrients
' enter the stream f£rom both point and nonpeoint scurces and
fxom Green lLane Resezveoir. Pzrimary point sources are
nunicipal sewage treatment plants. Nonpoint sourcs
nutrients originate L£rom on-site sewage treatment facilities
and from agricultural runoff. Green lLane Reserveir alse
receives pcoint and nonpeoint source nutrients. Cf 17
Pennsylvania lakes inventoried by the EPA's National
Eutrophication survey in 1973 and 1974, Green Lane was found
+o be most entrophic (DVREPC and Chester—3e+t= Ingineers



1977) . Water released fzxom the hysolimnion during summex
stratification is anoxic and highly enriched witk nutrients.



?hyeoplankton

A gualitative study of phytoplankton in 1974 yielded 54
taxa (Table 3). Diatoms were represented by 22 genera and
were found thrcughout the year., Green and blne-green algae
were represented by 25 and 6 genexra, respectively, and weze
‘Sound preuomznantly in summer and early fall. Seascnal
succession of these three groups in Pexkiomen Creek followed
seasonal changes in water temperature.

T™he benthic diatom Navicula was the most commen
phytoplankter and coccurced throughout the year; it was
past=icularly abundant in winter. The plankicnic diatom
Melosira was abundant in late summexr. Three genexa
(Ankistrodesmus, Scenedesmus, Pediastrum) of grzen algae
were abundani phytoplankters; all wers present in low
numbers in winter and spring, and increased in summer.
Anabaena was the only abundant genus of blne—green algae and
was mesSt common in sumer., .

In general, phytoplankton densities in Perkiocmen Creek
appeared &0 be low, and most abundant ghytoplankters were of
pexiphytic origin. For these reasons Perkiomen Creek was
censidered €0 be an area of low potential impact fox
phytoplankton. .

Periphyton

Perizhyeton, an important primary producer in Pexkicmen
Creek, was studied from Ju.y .n:ounn Decemper 1973,
Taxonomic composition was very similar to that in the East
Branch and was almest exclusively diatoms. Maximum
standing crop biomass (106 mg dry wt/dm2) and production
rate (8 mg dry wes/dm2/day) were recorded in October; lowest
values for both parameters cccurred in December (Table 4).

Macrophytes

Maczophytas were not studied on Perkicmen Creek.
Qualitative obsezrvations indicated that macrorhytes were not
common and they were therefore coansidered to De of low
potential impact.



Zooplankton

Zooplankton was not studied in Perkiomen Creek because
it was considered to ke of low potential impact. Studies
csonductad in other temperate small streams have shown that
zcoplankton is typically low in density.

Macroinvertebrates

Benthic macroinvertebrates play an impozrtant functicnal
role in most lotic ecosystams by converting allochthoncus
and autochthonous materials into temporaxry storage within
their own tissue, thus ultimately becoming an essential
compenent in the food web. Maczoinvertebrates also shred
ccarse organic material (e.g., leaves) into finer particles
that can be utilized bv smaller macroinvertebrates.

A pilot study was conducted on Perkiomen Creek and East
Branch Perkicmen Creek from June 1970 throuvgh December 1971.
Datz collected during this period were used o develop
experimental design for a precoperational guantitative
progzam which began in Janwary, 1972, and was continued in
1973, 1873, and 1976. Only the riffle bioctope was sampled
cuantitatively; it was common in the creeks and invertetzata
diversity and preduction are typically highest in this
habitat «ype. DPilot study data, because gualitative, were
used only in the compilation of a species list.

™0 locations were sampled on Perkiomen Creek (Spring
Mount - P22000, above <«he East Branck confluence; Rahns -
213600, below), and six on East Branch Pexrkiomen Creek
(Slephant - 236728, Branch ~ £32200, Sellersville - E26700,
Cathill - E23000, Mover - Z12500, WaWa - ES600). For a
summary of Zast Branch Perkiomen Creek macroinvertebrate
sample history see Tables 1 & 2 in the following section eon
the East Branch.

SPECIES INVINTORY

A species list (Table 5) of macrocinvertabrates
collected by all methods (i.e., Penthos quantitative and
qualitative, drift; see references above) indicated that
both creeks were characterized bv a diverse
macsoinvertesrate assembliage. Rerresentztives 0f all major



orders of acuatic insects were collected between June 1970
and December 1976, as were planarians, annelids, iscrpods,
amphipods, decapods, molluscs, and others. The more diverse
groups were Axrthropoda (82% of total taxa, primarily insects
98%), Annelida (8%; leeches 38%, worms 32%), and Molluseca
(6%; snails 58%, clams 42%). The more diverse inssct crders
were Diptera, Coleoptera, Trichoptera, and Ephemezrcrtera.
Diptera was represented by the greatest number of families
and one family, Chironomidae, contained the greatest number
of genera. Of the 301 taxa collected, 15 were considered
abundant, 65 common, 97 uncommon, and 128 rare.

COMMUNITY DESCRIPTION

Based on guantitative sampling of the riffle biotope it
was apparent that longitudinal changes in macrobenthos on
Zast Branch Perkiomen Creek were st-ongly influenced by
intermitrent £low in ¢he hReadwaters and degraded water
guality in the middle secticn. 3enthic invertsbrates
exhibited 2 high degree of resiliency in resconse to shors-
term phencmena such as spates and localized channelization.
There were no major anthropogenic stresses operating on that
gsection cf Perkiocmen Creek included in the study arez and
diversity (richness) was greater heze than on the Zast
2ranch.

Faunal pattezrns, with few exceptions, were relatively
constant as relative atundance data showed little variation
among vears. All forms of feeding mechanisms were
represented among the dominant invertebrates as were
primary, secondary, and tertiary consumers. Macrobenthos
comrunizies in both creeks were diverse and productive.

Standing Czop Numbers and Biomass

For both’ Creeks numerical and biomass standing czop
datz were highly variable among sites in the same month, and
among months within year for the same site. When data from
all months were combined and averaged by year, spatial
tzends in abundance were apparent (Table 6§). Intermittent
£flow and degraded water gquality reduced standing cTop
numbers on the upper (Elephant 4~-yr mean, 5736 organisms/m2;
Branch 8339/m2) and middle East Branch (Sellersville
8277/m2, Cathill 6578/m2), zespectively. Recovery, in tezrms
of increases cdensity, was evident in the lowez section



(Moyer 15%,925/m2, wawWwa 23,781/m2). Standing crops cn
Perkiomen Crszek averaged 14,996/m2 at Spring Mount upstseam
of =he confluence and 12,906/m2 at Rahns downstream of the
confluence. Spatial trends in bicmass demrsity on both
Creeks were like those for numbers; biomass at Cathill was
particularly low in 1973 and 1974 due tc the preponderance
cf small-size chironomid larvae.

In general Perkicmen Creek stations (Table §) and the
East Branch, all stations combined (Tables 7 and 8), showed
an increase in bethic density in all consecutive sample
vears. The marked increase in mean density on the East
Branch between 1974 and 1976 was due largely to the increase
in the fingermail clam Sphaerium rhomicideum at WaWa.
Although 1972 was the year of Tropical Storm Agnes (greatest
flocd of record), invertebrate density was reduced below
normal only in June and there was little effect on the
annual mean.

Within=year trends in total standing crop largely -
reflectaed the population dynamics of dominant organisms
described below under *Important Speciest'. 1In general total
numbers and biomass were greatest in f£all (Table 9).

Richness

Taxonomic diversity, riciness component, of riffle
benthos was high in both creeks throughout the year. On
East Branch Pezikiomen Creek annual diversity (Table 6) was
Richest at upstyeam stations (Elephant 4-yT mean, 59 taxa;
Branch 53), dezreased at Sellersville (52), and reached a
low midooint on the Creek at Cathill (32). Diversity +hen
increased witlh increasing distance downstream (Mover 4§,
Wawa 87) but did not recover +o levels found in the
headwaters. -

Bigh ricimess at Elephant was due in large part o
intermittent flow which typically occurred in late summer
and fall. Surface flow often ceased during this reriod and
riffle habitat was replaced temporarily by isolated pools
maintained by subsurface percolation. This change ¢ ool
habitat, still effectively sampled, was accompanied by an
invasion of '‘cquiet water' species, primarily cf the gzoups
Semiptera and Coleoptera. The relatively large fluctuaticns
in total taxa collected between years at Elepbant and
perhaps Branch may have been related to the intensity and
duration ¢of discontinuous flow.



Diversity at Sellersville was below that at Rranck but
was still relatively high. This station was sporadically
subjectad to storm sewer discharge f£rom twe pires under the
Main Street Bridge. Q titative sampling transected the
entire chammel directly downstream of the Bzidge at this
site and both affected and unaffected areas weze sampled.
The relatively high diversity here may not indicate an
entirely healthy environment but rather a diverse set of
water guality conditions. ‘

The reduction in benthic rickness at Cathill was due
to the station's continual exposures to the Sellersville
Borough sewage tweatment plant effluent, A zcne of recovery
extended the remaining length of Creek.

The annual total number of taxa collected on the Zast
Branch, all stations combined, decreased slightly f£rom 1872
to 1978 but increased ¢o a maximum in 1976 (Table 7). This
variability reflected (1) annual variation in the intensity
of perturbations already discussed (i.e., intezmittency,
efflunent degraded water guality), as well as short tezm
stresses such as spates at all stations, stormwater input at
Sellersville, channelization at Branch in June 1974, etc.,
(2) decrease in sample size fzem S5 to 4 replicates in July
1973; in general more uncommon ta2xa are collected as 'n!
inczeases, and {3) absence of sampling in wineter 1978. The
June 1972 flood had little effect on annual diversity.

Benthic diversity was greater on Perkicmen Creek than
on the East Branch, and slightly greater above the
confluence (Spring Mount 68} than below it (Rabns €3) (Table
6). Flow at Sprinc Meount was near torrential, substoate was
mixed rubble and surperted an epilikthic algal commuity for
much of the vear. Flow at Rahns was more laminar and the
compacted sandé-gravel substrate (overlain by few large
rocks) was susceptible ¢o scouring during hich water
periocds.

Similarity Between Statiocms

Monthly computation of Morisiea's index of ovexlap
crovided a single value denoting benthic community
similazity between selected pairs of stations in texrms of
taxoncmic composition and abundance; the higher the value
(range 0-1) the more similar. Yearly means were determined
by averacing all monthly valmnes within the year. Similarity
be=ween adjacent sites on Iast Eranch Perkiomen Creek,
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excluding Chircnomidae, ranged Srom lews of 0.426 and 0.431
(4=-v= means) between Zlerhant, Branch, Cathill and Moyer
respectively, t0 0.675 between Mover and Waka (Taktle §).
Mean index values for t¢he East Branch, all stations
combined, were very similar in all years but 1576. Monthly
variability was high. Similaxity tetween the two Perkicmen
Creek stations was highex (0 727) than that £for any East
3ranch na;:.

In addition to computing Morisita's index of coverlap
between adjacent stations, all East Branch sites were
compared individually with Moyer station. The Bast 2ranch
shows proncuncad longitudinal diffsrences in macrobenthes
due primarily to intermittent flow in the headwatess and
degraded water guality midpoint on the Creek., Mover is
considered on the basis of flow regime, substxrate
- composition, faunal assemblage, and magnitude of stress to
be the site which presently is most indicative ¢f wbhat more
(in terms of length of stream) benthos may be like after
Diversien. East 2ranch pairings with Moyer gave the
following 4-~yr mean values, in decreasing oriar; wWaWa
{(0.675, most similar), Branch (0.598), Sellersville (0.4%3),
Cathill (0.425), and Elephant (0.267, least similar}. It is
expected that similazity between staticons will increase
fcollowing Diversicn as flow and water guality condiciens
become more similar througbout the Creek.,

Overlap values which included Chironomidae (rnot shown)
. were higher in all instances ¢&re’ 4z tha actumndance ¢f this
gyoup at all sites. These values cverestimated similazity
in one sense because the taxonomic composition of
Chironomidae was xnown to &iffer, in some ca2ses maxikedly,
between stationse.

IMPORTANT SPECIZES

Within-year and between-year trends in standing cTop
lazgely reflected the population dynamics of dominant
organisms. Dominant species (taxa in this case since not
all macroinvertebrates were identified to species) aze
defined as those organisms, collected in guantitative
benthic samples, which comprised 2% or greater of the total
number or biomass for the station and year under
consideration. BREecause of their high relative and absoclute
abundance, they were largely responsible for bictic -
interactions within the community and hence were considez=d
'important' to existing communisy structure, function, and



stability. Deominant (impozrtant) taxa were selected for each
station, as well as for the East Branch all stations
combined, because fenthic communities differed along the
Creeks and a gradational spatial resvonse to Diversion is
anticipated. '

Taxa meeting this criterion were (1) numbers only -
Caenis sp., T-icorythodes sp., Perlesta placida, and
Legeotrichia pictives, (2) biomass only - Ezcobdella
punctata, Cambarus bartoni, Orconectes limesus, Argia SPP..
Corvdalus cornutuas, and Tipula sSpP., and (3) numbers and
biomass = Dugesia spr., Oligochaeta, Eohemerslla spp.,
2aexis spp., Stenonema sSYr., Allocarnia sSTR., Corixidae,
Psepnenus herxricki, Stenelmis spp., Chimar=a STD.,
Crheumatopsyche SpPe., Svarovsvche spr., Simuliidae,
Chironomidae, Phvsa acuta, and Scvhaerium spp. These 26 taxa
represented 19% of the total number (139) of taxa collected
in quantitative benthic samples during the 4-yr study
periocd.

The temporal (Table 9) and spatial (numbers, Table 10:
biomass, Table 11) distribution of these taxz durxing the
f-yr study period are discussed in phylogenetic order below.

Dugesia sSpp.: Two species of this flatworm were found
in the Creeks, D. dorctocesnhala and D. ticrina, with the
fcrmer by far the more abundant. D. dorctocsrhala is
eurythermic, tolerant of moderate organic polluzion, and has
an ecological preference f£or headwaters. D. tigzina is a
eurythermic species cccurring in the lower stretches of
sivers. Both species are carnivorcus andéd feed on living,
dead, or crushed animal matter.

In the creeks Dugesiz (primaxrily D. gorotocevhala) was
present in all months but attained maximum densities in
August through November. It was dominant at EBranch,
Sellersville, Moyer, and WaWa (the staticn of maximum
numbers and biomass) and essentially absent at Cathill.

De. tigrina was found in Perkiomen Creek and was dominant at
Spring Mount.

Cligochaeta: Four families comprised the magjoriey of
numbers or tiomass of benthic oligochaetes; Lumbriculidae,
Naididae, Tubificidae, and Lumbricidae. The first three are
strictly aguatic whereas Lumbricidae is almost entirely
terrestrial. Lumbricids were taken in samples f£rom all



stations only occasionally but their zrelatively laxse size
made them important coneributors <o «otal worm biomass.

Lumbriculids were common at all staticns except
Zlephant and Cathill and their density appeazred to be
inversely correlated with tubificid densit tv. TwWo types were
encountered, cne with simple setae (commen) and one with
£ifid setae (rarej. This family was more abumdant on
Perkicmen Creek than on the East Branch. They are
intermediate in size between Lumbricidae and Tubificidae,

Naididae was found principally at Sellersville and to a
lesser extent Cathill. Species identified were Orhidcnais
serzentina, Nais communis, Pristina breviseca, and
2. fozeli. These worms were periodically abundant in
bentrhic samples but because of their small size (abcocut 3 mm)
contributed little to standing czop biomass.

Tabificids (‘sludge-worms®) were found at all stations
but cccurzed in greatest abundance at Sellarsville and
Cathill. Species identified were Limnodrilus hoffmeistexi,
L. claparedianus, Zranchivea sowersvi, Peloscolex farox
(Zlepnant station only), and Auiodrilus limmopius.

Increased numbers cf tubificids in tne vicinity or organic
effluents is well documented and can be attributed mainly €0
<he adaptation of the respiratory chysiology of the worms o
very low oxygen concentrations or even anaercbic conditions.
Some tuzkificids ‘including L. hoffmeistaxri) have high
tolerance limits for lead and zinc in soclution. Riffle is
not coptimum habitat for either Tubificidae or Naididae since
both prefer fine sediments in which tc burzow and feed.

In the Creeks, cligochaetes were dominant at all sites
but WwaWwa and reacihed maximum densities at Sellersville.
They were collectaed year=rounc and there were no obvicus
seasonal <rends in apundance. Excert for day-active
Naididae, oligochaetss were not often collected in drife.
As a group cligochaertes are sediment ingestors deriving most
if not all of their nutrition fxrom bacteria.

Exzobdella punctata: This is one of the most commenly
encountered and widely distributed species of freshwater
leeches in North America. It is both predator (crimazily
oclicochaetes and inseect lazvae) and scavenger. This leech
is associated with polluted conditions. It was found in low
numbers at all stations and was domdinant in terms of rtiomass
only at Sellersville. Individuals were present year—rsund
wish kichest numpers present in sumres and Zzll.
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Cambarms baztoni and Crconectes limosus: Craviish are
princizpally cmnivorous scavencers, selcdom zredacecus. They
were most numerous and meost often collected at Elerhant
station and were taken sporadically and in low numnbers at
other stations. OCnly 1, 2, and 3 individuals were collected

« Cathill, Wawa, and Rahns stations, respectively, in the
study vericd. <C. bartoni was the abundant species in «he
uprer 10 kn of East E2ranch Perkicmen Creek whereas
C. limosus was essantially the only species inhabiting
riffle habitat in the lower 26 km and on Perkicmen Creek,
Crayfish were not abundant numerically but weres often
important contributors £o biocmass, particulazxly at uprer
Zast 3ranch stations.

Discontinuous flow was less severe in 1573 and 1974 and
thig may account for the higher crayfish densities in these.
vears at Elephant station. The sampling methed provided
reliable estimates of crayfish density in =iZZfle habitat;
crayfish prefer to secrete themselves during the day under
stones, and stones Qf appliciable size wers routinely
inclnded within the sampling unit.

Caenis sp.: NoO key to the immatures of this maysly
genus exists but only one species appeared to be . present.
Caenis aprears 0 be more tolerant of low dissolved oxygen
concentration than any cther myfly. Like Tricorvthodes it
preferTed habitat is those aruas of streams which have
greatly reduced current Or no cuxrent, s their abundancs in
the Creeks is probably greatest in non=riffle habitat.
FTeeding habits of nymphs azxe like those of Tzicorvthodes.
Caenis was found at all stations but was dominant cnly at
3ranch. Maximum densities occurred in SepteEmber throuch
November.

Tricorvthodes sSp.: NO key to the immatures of this
mayfly genus exists but only cne species appearesd %o ke
present. Nymphks are fairly common among gravel in permanent
streams. Nymphs are detritivore-herbivore (active
scrapers). Tricorvthodes was a night—-active drifter. It
was rarely collected on the East Branch but was numercus on
Pexkicmen Creek, particularly at Rahns. Generally it was
found only in June through October and was most abundant in
September.,

Ephemerella SPP.: Three species of this mayfly were
found in the Creeks btut only Z. delficiens was common. It is
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associated with vegetation in rocky, swift, uncolluted
streams. Nymphs are herbivorous. Rarely taken on the Zast
Branch, Ephemerella was dominant at both Perkicmen Qreek
stations. It was present in all months but attained highest
densities in May and July through December. :

Baetis Spr.: At least five species of Baetis mayflies
weze Iound in the Creeks. The only numerous species keyed
to B. intercalaris in Burks (1953). (Raetis is ccmmon in
shallow zunning water under stones or among debris or
emergent vegetation along the banks of broeks or creeks.
With few exceptions nymphs are heriivores or scavengers,
living on vegetable detritns and minute aguatic organisms,
principally diatoms. 2Raetis spp. were dominant at all
stations except Ilephant and Cathill (essentially absent),
and Moyer, Maximum densities occurred in May through
September, Bagetis spp. werse commonly collect=ed in érift
samples and wezre night-active.

Stenconema sSpp.: Elght species of Stenonema mayflies
were found, three of which were commonly caollec=ed;
Stenonema (=Stenacron) interounctatum at EZlephant, and
S. neootellum and S. rubrum on Perkiomen Creek. The
Se. (=Stenaczon) interruonctatum complex is at present only
superficially known and contains several subspecies; ours
appears to be S. (=sStenacron) interzunctatum heterotarsale.
All thvee species are considered facultative and 2
herbivorcus. Maximum densities occuzred in f£fall. Stencnema
was common in &rift and night-active.

Arcia sSpp.: No recicnal key tc srecies based on the
immature stage is available, Dut agparently at least two
species Qf thisg damselfly were present, one of whick was
rare, The common species keyed to A. 3ricalis in Walker
(19S3) . The cazrnivorous nymphs occur commonly in stTeams
where they cling to zrocks and debris in the current. Arwia
was collected at all stations and was dominant at Branch
(numbers ané biocmass). Maximum densities cesurred in fall.

Allocarnia sSrp.: Several species of Allcocarnia were
recorded fZom the Creeks fut the commen one was A. vivizara,
found in greatest numbers at Elephant. It is a small, dark,
brachyptercus stonefly that emerges in mid-winter (hence the
coemmon name 'winter! stonefliesg). It can be abundant in
temporazry streams, and feeds (chewing) on detritus and algae
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anéd is mest abundant in allochtkonous debris. Allocarnia
was found in the upper IZast 3ranch and on Pexkiomen Creek.
Greatest densities occurzed at Elezhant in Novembexr thwough
February. Rymphs were uncommen in April through Octsber.

_ Perlesta placida: This stonefly has a wide tolerance
for dizferent types of streams, including intermittent cnes.
It is also cne of the few stoneflies that emerges in mid and

+2 summer, £ is strictly carnivorous (chewing) and feeds
principally on Chironomidae, Ephemeroptera, and other
insects. P. placida was found in the upper E2st Branch and
on Perkicmen Creek. Greatest densities were at Elephant in
April through June. Nymphs wewxe essentially absent the rast

of the year.

Corixidae: The preferred lotic habitat of corixids, or
twater boatmen!, is pools and. quiet regicns of streams.
Thev were collected in high numbers in guantitative samples
only at Elerhant during extremely low flow pexriods when
ziffle habitat was temporarily replaced by standing water.
All instars of Sigarz modesta were often abundant in these
pools coexisting with small numbers gof Txichocorixa caiva, a
species with which it is commonly found. As herbivores
corixids are unigue among aguatic Eemiptera.

Corvdalrs carnutne: €. cornutus (adult commonly called
the tdobsonfly', larva the *hellgrammite?) is asscociated
with larger components of substrate in riffle-run areas of
well aerated streams. Trhe larva is large (¢o 80 mm) and an
active macrocpredator that feeds mainly on Simuliidae,
Bvéropesychidae, and Chironamidae. It was rare in Zast
Branch Perkicmen Creek but dominant (bicmass) in Perkiomen
Creek. Numerical densities were sSimilar and low throuchout
the year. :

‘Psenhenusg herricki: Larvae of this beetle, known as
twater rennies'! because of their flat and highly streamlined
form, are acuatic and actively feed on algae and
microcTustaceans. They exhibit a very strong positive
chigmotaxis and prefer riffle habitat. It was collected at
all staticns in the study pericd but was mest numerons in
the lower East Branch and at Rahns (station of maximum
density) on Perkicmen Creek. Maximuom larval densities
occerred in October and December and adulis weze colleched
ingciden+tallv in June +hwoughk September,
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Stenelmis spp.: Three species of this Peetle were found
in the Creeks but only cne was abundant, probably
S. czsnata, Stenelmis is commeon in gravel substratz of
streams, and both larvae and adults are aguatic herbivores.
aAdulets, unlike larvae, showed a propensity €o dxrift and
exhibited a nocturmal behavioral periodicity. S. crgnata
has been recorded as tolerant of chlorides but sensitive o
sewage and phosphate wastas.

Stenelmis was abundant in the creeks and was docminant
at all bot Cathill and Spring Mount. Larvae were present in
high densities Arpil through November., Adults, like larvae,
were cgollected year—romnd but were mosSt numewrous in June
throuch November.,

Chimarra spr.: Two species of this caddisfly occcur~sed
in the Creeks; C. aterrima was rare and C. gbscura was
abundant. C. obscura is the most widely distzibuted of the
genus. It inhabits flowing water and constructs, on the
undersides of rocks in xiffles, f£ixed retreats that consist
of elongate, saclike capture nets in which the larvae dwell
and trap drifting food particles, generally smaller-sized
particles than. co=existing Bydropsychidae (e.G.,
Cheumatovsvehe and Bvdropsvche).

Chimarra was abundant in the Creeks and was dominant at
most staticns. It was tneommon at Elevhant and Cathill.
Larvae were2 most numerous in lzate summer and £zll; pupae
were collected from April throuch Decsmber and peak mumbers
occurred in July through Septembexr. At least scme instars
drifted and exhibited a nocturmal pericdicity.

Cheumatopsvche spr. and Zvéroposveihe STth.: These two
closely related genexrz ©f pet-puilding caddisfilies (family
Eydropsychidae) are perhaps the most abundant and widesgread
caddisfly genera. The two genera are easily separable
except for very early instars. Each genus in the Creeks
contained multiple species. No key €0 lazrval Cheumatorsvche
is available but adults of at least three species
(C. 2nalisg, C. sordida, C. campvla) were taken in a light
trap collecticn at Spring Mount.

Seven species of Evéropsvche occurred in the Creeks,
based largely on the key to larvae by Ross (1984) and
determinations by the Applicant!s consultant which weze
based mainly on larval head capsule color patisrns. Commen
species weze 'A', 'CY', and 'Z'. Species 'A' larvae were
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largest and found principally in the lower East Branch and
Perkicmen Creek. Species 'C' was numercous on both Creeks,
" Species 'E' was restricted primarily to Sellersville and
Cathill.

The larvae are omnivorous and can be found in almest
every stream that is not severely polluted. Eere they build
lcose stone retreats and capture nets where current speed is
suitable for efficient focd (seston) gathering. BEoth genera
were commonly collected in drift samples and exhibited an
increase in density during darkness.

Although closely related the +two genera exhibit
differances in tolerance to organic enrichment and
intermittent flcw as evidenced by their contrasting spatial’
pattezrns in East Eranch Perkicmen Craek., Chsumatorsvche was
dominant at all stations in relatively high numbers whereas
Zvdrocpsvche was abundant at meost stations but essentially
apsent £rom Elephant (discontinuous flow) and Sellersville
and Cathill (degraded water cuality). On Bast Branch
Perkiocmen Creek Eydwpmsvche outnumbered Cheumatopsvche only
at WaWa. In Perkiomen Creek annual mean standing ¢zZop of
Cheumatopsvche was roughly twice that of EBEvéroosvche.
Cheumatopsvche in this system cleaxly had the competitive
advantage. Larvae of both generaz were mesSt abundant in
summer and f£all and pupae were present Zrcm April through
October.

Leuncstrichia pictipes: L. pictices is an easily
recognizable, fast-water micro-caddisfly intolerant of
ocrganic polluticn. Its case adheres tightly to the upper
surface of stones and for this reason its mumbers are
cer=zainly underestimated. It actively feeds on surrounding
algae and associated detritus. It was essentially absent
Zrom urrer and middle East EBranch Pexkiomen Creek, dominant
in the lower EZast Branch (Moyer and Wawa) , anéd common but
not dominant on Berkicmen Creek. Highest larval numbers
occurzed in late summer and £all.

Tipula spp.: This is the largest cranefly genus and
several species were collected in the Creeks. No key to the
immatures is zvailable. The only commenly encountered
species was cuite large (up to 70 mm extended) and on this
basis was provisicnally called T. abdominalis. It was
collected most fregquently in the urper East Branch.
Preferzed habitat is submerged vegetative matter in riffles,
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runs, Cr pools. They are detritivorous. Numerical
densities were low and gzreatest in winter.

Simuliidae: Two genera of blackflies were identified
from 4he Creeks, Prosimulimm (rave) and Simlicm (abundant) .
It is difficult <o key larval Sinulium to species but on the
basis of pupze, S. ¥ittatum was the most common species in
the Creeks and is also one of.the most cocomon species in the
U.S. Blackfily larvae are found in the shallows of streams
where current is swift, their cephalic fans sgcreening
passing water for food particles. Some species of Simmliumm
are very tolerant of organic pallution and c¢an beccme
abundant in partially colluted streams.

Simulilidae was abundant in the Creeks and was dominant
at all stations. Larval standing crops were high throughout
the year with peaks in May, September, and November. Pupae,
also present in all months, were mest numercus in May and
June. Ilazvae were ofiten abundant in érift and exhibited a
noctuznal periodicity.

Chircnomidae: The 4rue midges werz %the most abundant
and éiverse group af invextebrazes in the Creeks, comprising
at least 37 genera (Table S). Midge larvae and pupae were
apundant a2t all staticns througbout the I-yr study pericd.
Lazvae often representad the highest percentage of totsl
aguatic drift but &id not exhibit any periodicity at the
family level.

Four midge taxa were dominant in the Creeks; Cricstorus
spp. (sutfamily Orthocladiinae), Polvredilum sps. and
Tanyzarsind (swofamily Chironominae), and Pentanewrini
{(subfamily Tanvrodinae). Larvae of the trile Pentaneurini
&0 not build cases and ares predaceous; other insesct lazvae
form a large portion ¢f their diet. They were numerous in
the upper East RBranch, peaked in abundance at Cathill, and
were much reduced in number farzther downstream and in
Pexikiomen Creek,

Larvae of Tanytarsini (Micrcrsectra and Tanvtarsus)
wezre found at all staticons in varying numobers but were
present in maximom densities at Spring Mommt where pear
torrential flow and rubble substrate were evidently
conducive to the suppert of large populations. lLarvae of
stream species characteristically construct a3 fixed case and
net that strains food particles from the current.
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Two species ¢f Polvevedilum wer= found in the Creeks, P.
£allax and 2. illincense. 2. fzllax was rare. The genus
was found at all stations buvt maxzimum numpers cccurred in
the lower East Branch in summer. Larvae construct Zlimsy
tutes, and food is derived £rom seston caught on temporary
nets extending across the lumen of the tube or Srom actively
grazing sediment. Other important taxa in the tribe
Chironomini were Chironomus SpP., Dicroctendires sp.,
Microtendives tarsalis, and Stictochironcmus Ste
Chironomini was not abundant on Perkiomen Creek,

Czicotorus spp. dcminated the chironomid community at
all but Elephant station and were most abundant at Spring
Mount. Severzl species of this genus were raccgnized bt
only two could be identified with any degzree of cerztainty,
C. bicinctus and C. sp. 1 (Roback 1957). Roback (1957)
found C. bicinctus «o be the most common Cricotoous srecies
in southeast Pennsylvania. It has been collected from
intermittent streams and is particularly cesistent to
organic enrichment, low dissolved oxygen concentraticn, and
at least some heavy metals.

Most Crthocladiinae are either algal or algal-dewrital
feeders, anéd larvae probably seek ont and ingest their fcod
directly from the substrate on which they live. In genexal
the supfamily is more abundant in colder months.
Cardiocladins cbscurus was present in relatively high
- numbers at WawWa, Spring Momnt, andé Reius. From £ield
observation Crthocladius rivulorum was at times present in
large numbers at Spring Mowmt inbabiting flexible tubes
attached at one end to substrate surfaces.

In 19783 chironomid diversity was highest a2t Ilezhant
probably because this station displaved the most varied Slow
conditions waich ranged from intermittent (static) to £flccd.
Fewest taxa were collected at WaWa. '

Physa acuta: DShvsa snails collected from all stations
on cne date in 1977 were identified as P. acuta by William
J. Clench (pers. comm.). The Applicant's consultant has
often obsexrved this snail ocut of water on zocks near +the
aizr-water interface althouch it probably cannct tolerate
drying. Like most Phvsa species it is tolerant of organic
enrichment and, by use of atmospheric oxygen for
respiration, can exist in anaexobic waters for extended
periods.
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Phvsa is a scavenger and essentially cmivorous. The
coating of living algae which covers most submerged suzfaces
forms the chief f£ood, but dead planmt and animal mate:;al is
frecuently incested.

2. acuta was collected from all stations in the study
period but was most numerous in the middle East BEranch where
cn some occasions it was extremely abundant on all types of

substrate. It was present in all months but reached maximum

densgities in late summer and fall.

Sphaerium sSpB.: At least two species of Snhaexium
(£ingernail clams) were found in the Creeks, S. st-iatinum
and S. zhomtoideun. The former was commen at Sellexsville,
the latter aoundant at Wawa. The family is considered to be
tolerant of polluted conditicons. Sphaerium was collected
year-round and was present in greatest density (due to hRigh
numbers of young) in late summer and £all. Schaerium soo.
are sessile and utilize as a food souzce organic ses=ten,
Ziltered Irom the water brought in through the incurrent
siphon.

DRIFT

MacToinvertebrate dxrift refexrs ¢o the downstream
transport cf benthic macroinvertebrates in freshwater
streams. Stream drift is utilized as a food source by many
fishes and may play an important role in recolonization of
depopulated areas and redistriduticn of benthos.

A pilot 240=n a:--- study was conducted on Perkiomen
Creek at GraterforxZ in August 1972, following wiiica studies
‘were conducted concurTently on the East EBranch and Pexkiomen
Creeks once per montk, April throuch October 1973 and Apzil
through September 1578. Study periods corresponded to the
period when flow aucmentation may have been reqguizred during
plant operation. Concurrent sampling allowed a comparative
assessment cf drift between Creeks.

Acuatic drif: densities on both creeks weres variable
over the study pericd and ranged £rom 471 €0 11,012
animals/1000 m3 on Zast Branch Pexrkicmen Creek and 321 to
11,822/1000 m3 on Perkiomen Creek (Table 12). Al*hough mean
monthly numerical drift densities averaged 812% greater on
Perkiomen Creek in the 13-mo study vexricd, they werz cften
similar to those zecorded on the Zast Zranch. 2iomass
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(mg &ry wt/1000m3) ranged from 22 to 253 and £rom 43 to 629
on East Branch and Perkicmen CTeek, respectively. Monthly
bicmass densities wera often similar between CIeseks and
averaged 14% greater in Perkiomen Creek. Mean menthly dxrift
densities, numbers and biomass, wers significantly

(? £ 0.10) corzelated (Spearman's rank corzeslation
coefficient) between streams. 7Total drift per unit time was
cenzistently greater on Perkiomen Creek due o gzeater
velocity (2.0-3.7 times greater on Pexkiomen Creek}) and
discharcge,

Drift densities varied, scmetimes mazrkedly, from month
tc month on the same Creek, and appeared tc {luctuate in
response to short-tarm phencmena which essentially precluded
extrarolaticn of results to the entire month or even
several days.

Sixty—-cone and §2 taxa were collected in drift samples
£rom East EBranch Perkiomen Creek and Perkicmen Creek,
respectively, in the study pexriod. When Jdrxift studies were
compined by year within Creek it was evident that chircnomid
larvae and pupae dominated drift nummerically in both Creeks
(Table 12), focllowed by Raexis, Hvérovsvche, and
Cheuomatopsvche. These organisms were also zrelatively
abundant in mest months. Naididae was dominant on Perkicmen
Creek but was taken in high numbers only in May 197%.

Mora taxz were collected in Perkiomen Creek samples in
all months. This reflected the greater benthic ricaness of
Perkicomen Craek and the higher velocities which rasulted in
#he chance capture of more organisms mncommon in the drift
over an egual sampling pexiod.

Generally the aguatic ccmponent a2ctounted for the
greatest percentage of total drift; emergent &rifters were
«he nex: moOSTt numerous. Input £rom strictly terrestrial
sources wag smallest although certain insects weze
occasicnally abundant.

. Based on monthly estimates in 1573 the proporticn cof
benthos in the arift ranged fzpm 0.0009 +o 0.0099% con the
East Branch and 0.0020 to 0.1316% on Perkicmen Creek.

Eigher percentages would be expected at certain times in the
life histories of individual porulaticns. For example, a
hich proporticn of pupal Cxicotopus (midge) may e in the
water column prior to eclosicon.

Mean monthly densities of aguatic drifters per 1000 m3
in Perziomen Creek were compared withk benthic densities per
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m2 at Rahns (790 m downstream} in corresponding months.
Although benthos, like dyift, was cominated by Diztera angd
Trichoptera there was no <Clear or consistent propertiocnal
relationship between DBenthic standing cror and drifs
density. Note that benthic values were based on ziffle
habitat wherzas &rift crganisms originated primarily fzom
run habitat.

Sampling every 2 h provided data on diel pericdicity of
aguatic drift. Total densities varied markedly, but _
scmewhat predictably over a 26—k period. Maximum demsities
(numbers and biomass) in both Creeks oczurred as+er sunset
since mest drifters exhibitad 2 noctutnal behavioral
pericdicity (Table 13), a phencmencn apparsntly unaffected
by dissolved oxygsn concentraticn, water tamperatuze, o
velcocity as measured in this study. This relaticnship
between invertebrate &rift and changes - in light intensity
has been well documented (Waters 1972).

Cominant £t organisms (Table 12) tha+ &id not
display a behavicoral noctuznal drift were CQhironomicdae (no
apparent periodicity) and Naididae (daywactive).

Chironomids as a gzoup rarely exhihit a diel pericdicity.
This is not surprising since these insects are commonly
diverse in lotic systems and their treatment at the family
level may cbscure any discrete but overlagoing periodicities
cthat may cotherwise Le evident at the genus or species level.
Chironcmidae was the most diverse fzmily in tic study area,
comprising at least 37 genera. The number of taxa which
drifted was also greatest during darkness (Table 13).

Tish

The fish community of Perkiomen Creek was typical of
those found in othexr lotic systems of similax size in
southeastern Pennsylwvania. In general the fish fauna ranged
£zcm minnows, important as both primary consumers and forage
for top-level carnivores, to the pike and sunfish families
which aze socioclogically important for reczesation and
ecologically significant as key predatars. With few
exceptions the species were indigenous and reproducsd
iccally.

Eistorically man bas influencad the fish comummity of
Perkicmen Creek by altering water gquality, changing
morphelogy and £low pattezns with dams and reservoirs, and
intreducsine or mainkainine species by stocking. Creration
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of 1GS may affect the existing fish commumnity due to
PDiversion and water withdrawal (en‘ainment and
impingement). In order to evaluate these impacts the f£ish
community has been intensively sampled primasily by seine
and electrofishing for 7 years.

SPECIZES INVERTCORY

A list of species collected £rom the Creek from 1970
throungh 1976 is presented in Table 18. Qualitative
abundance was established by subdjective comparison of recent
catch statistics. Zight Samilies including 40 species were
inventoried as well as hybrids of Esocidae, Cyprinidae, and
within=-genus lecomis. This was a relatively large numbar of
svecies considering the limited area sampled and the
historic and geologic factors that have reduced the number
of species in mid-Atlantic streams. None cf the species in
Perkicmen Creek is considered commercsially valuable, or rare
or endangered by either Federal or State resgulatery
agencies. The american eel is the only true nigratory
srecies. Z2Erook trout cannct maintain itsell in Perkicmen
Creek due to high water temperaturs, but has often been
stocked in downstream tributaries by the Pennsylvania Fish
Commission. Muskellunge was also stocked althouch the
capture of one young individunal in 1977 indicated limited
natural reproducticon had occurred.

COMMUNITY DESCRIPTION
Larval Pisk

Lazrval £ish drift in the area of the proposed
Graterford intake (P18390) on Perkicmen Creek wWas
investicated from 1973 through 1975. larvae inhabiting the
shoreline were studied using traps in 1975. Relative
abundance of drifting larvae was similar among years (Table
15). C2rp and minnows were f£irst and second in abundance,
respectively, while lLercomis spr. was usually thizd and whita
sucker Sfour+th., With exception ¢f carp, relative abundance
of shoreline larvae was sipdlar to that of drifting larvae;
minnows were most abundant followed by white sucker and
Leromis spp. (Table 16).
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Spawning ex%ended Irom Marsh thrzough 3ugust. Lazrval

rift densities were low throuvgh April, peaked in late May
or early June, peaked slightly again in eaxly July ox
August, and deczeased through September. These variaticms
were caused by species—speciliic spawning pericds (Table 17).
The perch family and white sucker spawned primarily in May.
Two peak. spawnings (early and mid-summer) cccurzed for Loth
Notroois spr. and lecomis spp. Spawning times varied
scmewbat among years due ¢o environmental conditions.

Diel fluctuation in drift occurred regularly in
Perkicmen Creek. Most larvae were collected Letween sunset
and sunrise, and peak densities usually occur~ed Letween
2200 and 0400 h.

A horizontal gradient in abundance of drifting larvae
was present in 1974 and 1975 with highest densities usually
eccurzing near shore (Table 18). Eorizontal distributicon of
individual taxa is discussed in followince sections. Tokzal
drift densicy did not vary between chammels in 197S although
diffarences did occur for some faxa (Table 19). -

Minnows and Ycung

*wenby-n;ne species and lLemomizs hybzids were collected
"bg.sezne in 1975 and 1976 (Table ZUj. MOSt were minncws and
young of larger species. The most abundant species (1375
and 1976 combined) were spotfin shiner (69% of total cateh),
spottail shinexr (10%), satinfin shiner (4#%), ccomely shiner
(2%), and white sucker (3%). Zach ¢f the remzining species
comprised less thap 2% cf total. Relative abundance of
dominant species varied bewween 1975 and 1976. Minnows and
voung were generally more abundant in 1576 than in 197S.
Within=-vear catches were highest in summer and f£all montks
reflecting «he appearance of yocung-of-year fishes (Table
22).

Redbreast sunfish and green sunfish dominated the
electrofishing catch in 1975 and 1976; relative abundance cf
young swnfish was simdilar between years (Table 21).

Spotfin shiner was the most numercus speciesgs in each
site for both years combined (Table 20). Relative abundance
of other dominant species (spottail shiner, satinfin shiner,
comely shiner, white sucker) varied little among sites.
7otal mean catch per net sween was similar ameng sites.

22



Relative abundance of young sunfish was significantly
correlated among sitaes in both years.

The number of specias captured per seine csllecticn was
used as an index of species diversity. Diversity was
significantly greater in 1976 than in 1975 and significantly
greataer in summer and £all than in winter and spring due to
the appearances of young=-af-year f£ishes during the former
periocd (Tables 20 and 22). Spatial vazriakility in diversity
was due primarily to a signficantly greater number of
species at P13580. ‘

Adults

Twenty—-one species of large fish were collected by
elecerofishing in 1974, 1975, and 1976 (Table 23). Z=socid,
Cveorinid, and levomis hybrids wers alsc captursd. lazrge
£ish porulations were relatively stable in Perkicmen Creek
as total catch was similar at the same sits among vears, and
zatcsh of the 16 most abundant species was significantly
correlated among years and among Sites. Redbreast sunfish
was the dominant srecies at all sites in all vears,
comprising 49% o the +<otal catch. ite suckexr (12%) and
smallmouth bass (11%) were the next mest abundant species
followed by pumrkinseed, carp, green sanfisk, and rock bass
(each about 5% of total).

IMPQRTANT SPECIES

Incortant f£ishes seleczed for Perkiomen Creek togetier
with applicable cxiteria are presented in Table 24.
Generally this diverse grow includes the more sensitive
£ish of direct use to man and species important to %the
stzucture and function of the ecosystem. Those chosen are
also likely to be affected by operaticn cf Graterford
intake. Tkhe local biclogy of important species is described
below.

. American Shad: American shad (Alcosa sapidissima) was
not found in Perkicmen Creek and its introcduction is

dependent on results of the Pemnsylvania Fish Commissicon's

program to provide £ish passage-ways at dams downriver of

> -
aus.
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Muskellunge: Young muskellunge (Esox mascuinonav) and
its sterile hybrid with the northern pike (Esox lucius) were
unconmon in Perkicmen Creek. Three individuals were taken
in three annual electrofizshing surveys at four sites (Table
23). Monthly electrofishing yielded four in 1977. ¥No yomg
were taken by seine in monthly sampling in 1975 and 1976;
however one small (30 mm TI) individual captared in May 1977
indicated that limited natural reproduction had occurzed in
the Creek. Adults were alsc mcommon. Cne immature adult
was captured in 1976 and one large (330 mm FL]) individaual
was captured on three separate occasions in 1977.
Populations have been primarily maintained by Peansylvania
Fish Commission stocking programs.

Carp: Spawning of cazp (Cvorinus carwic) in Perkiomen
Creek took place in May of kborh 1974 and 1975 at
temperatures of 18 to 24 C. Abundance of &rifting cary
larvae varied scmewhat among 1973, 1878, and 1975 althourch
it was always the most abundant species (Table 15). Mean
drift densities were (0.1126 individumals/m3 (S0% of total
dxrift) in 1973, 0.3328 individuals/m3 (80%) in 1978, and
0.1269 individuals/m3 (86%) in 1975. It ranked £if+th in
abundance of trap catches cf shoreline larvae (Table 16).
Maximum dxif+ densities shifted from July in 1973 to May in
1978 and 1875 (Table 17). Carp freguently drifted during
<he day in May, but was always mores numercus at night. <Carp
was generally more abundant iz dilit near mid-stream than
near shore (Table 18). Post—=larvae and Jjuveniles inhatited
shelterad areasgs of gquiet water.

Yumerically carp comprised a zelatively small
percentage 0f the elechkrofishing catel in all years (1574~
1978} at all sites. Adnl:t caxp ranged £rxrom 1% of total
cateh at P18164 im 1975 wo 9% at P20000 in 1976.
Differences in relative abundance were slight at the same
site among years. Carp was more abundant upstTeam of the
intake site at P20000 (131 £ish/ha) and P143%0 (67), due
primazily to akundance of preferred hakitat (Table 26).

Carp was an important contributor to bicmass at all ¢
sites and dominated at P18390 in 1978 and 1978. It zranked
second at cther sites where its abondance was estimated.
Bicmass estimates varied beceh temporally and spatially in
the same manner as numerical estimates. Maximmum length of
carp collected in Perkiomen Creek was 680 mm FL. A
recreational fishery for carp exists on Pexrkicmen Creek
because of the fish's size and fighting abkility.
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Comely Shiner: In late July 1975 andéd 1976 young ccmely
shinexr (Notrovis azmoenus) appearad in seine catches frem
guiet, sheltered backwater arsas downstream of runs and
riffles. It ranked fourth in overall abundance in Pexkicmen
Creek seine catches (Takle 20) and tamporal and spatial
variation was not significant. Tcozal mean catsh per net
sweep inczeased slightly from 398 in 1975 €o 437 in 197s.

The longest comely shiner collected was 85 mm Fl. - The
length-weight relationship was significantly different
between 1975 and 1976, and among sites. Fish were heavier
in 19738 than 1976 (Table 28). TFish gained proporticnately
more weicht per unit increase in length in an upstrseam

Spottail shiner: Sgawning of this species (Nosroris
hudsonius) in Perkiomen Creek cccurred from May tarougn JSune
in 1974 and 197S. Larvae were idemtified in d=if:.

Spottail shiner ranked second in overzll arundance in seine
catches (Table 20). Adults were mest often collected in
slow=-moving watexr over gravel shoals. Total mean catsh per
net sweep was significantly greater in 1976 (24#44) than 1975
(189) and catches were highest in early summer when young
appeared (Table 22). ist—Sbution of individuzls was meore
clumped in winter, Dbut spatial variation of catch among
sites was not significant.

Maximom leagth was S7 mm FlL. The spott2il shiner
lengeh=weight relationship was significantly different
between vears and among sites. Increase in weight with
lencth was greatay in 1875 «han 1976 (Table 28). Paster
growth in 1575 may have been dune +o reduced competition
within the smaller popularicne.

Spotfin sShiner: Based on larval collections spotliin
shiner (Notzovis spilcooterus) spawned in mid-August 1973 and
July through August 1975 at temperatures between 25 and 29 C
It was the’ dominant species taken by seine comprising 6§3% of
the total catch for 1975 and 1976 combined (Table 20). It
apreared to have stable porulations in Perkiomen Creek with
ne sicnificant wvariation rbetween years cr among Sites.
Spotfin skiner total mean catch of spotfin shiner per net
sweep was, howewver, significantly higher in late summer and
£3ll than at other times (Table 22). Length-weight
relationshirs were similar between vears but significantlw
different among sites (Table 28).
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White Suckexr: White sucker (Catostomus commersondi
spawned early since drifting larvae were collected caly in
May. Larvae frecuently drifted during the day but were
always more numerous at night. Densities c¢f drifting larvae
were similar among years (1973-1975) (Table 15). ite
sucker usually ranked fourth in abundance and ranged £rom 1%
of catch in 1974 €0 5% in 1973. It ranked seccnd in
abundance (8%) in shoreline trap catches in 1975. In° 1975
drif+ing larvae at P148390 weres more abundant in the east
Tather than west channel

Seine catch of voung white sucker increased f£zom §
individuals rer net sweep in 1975 to 811 individuals per net
sweep in 1976 (Table 20). Largest catches occurTed at the
axtreme upstream and downstr=am seine sites in 1875 and 1876
cembined. Mean catch per net sweep was 11 a+ P13580, 134 at
219775, and p*og:ess-velv declined £rcm each extreme to 1 at
P148S5,.

Wnite sucker was the second mest abundant large £1i
in Perkicmen Creek (Table 23). Differences in abundance
between vears was variable depending on sits. ZEstimates at
P14390 wers not statistically different between 1574 and
1976, but estimates were higheyr in 1976 €han in 1973 at
214020 and P14200 (Table 26). Spatial variation was alsc
inconsistent. All three sites in 1978 had similar estimates
of abuadance. In 1976 abundance was less at P14390 and
P14020 (139 and 258 fisnsha, respectively) than at P20000
and P14200 (318 and 338 fish/ha).

wWhite sucker was the most impozrtant contsibutor +o
biomass at all sites exeept PI4390 where it was exceeded by
carz. Spatial and temporal trends were similar for bicmass
ané numper egtimates . Most groweh occurred in the Ssost
vear ¢f life (Table 29). White sucker at PT8020 was
significantly smallexr at age II than individuals at other
sites. No general +trend in.growth pattern was evident £cr
lengt=h ¢f white sucker in the area of Perkiomen Creek
studied. A significant difference in length-weight
regression coefficients existed among four sites in 1976.
Fish gained proportiocnately more weight per unit increase in
length in a downstream direction (Tabkble 30).

Pedbreast Sunfish: Larvae grouped as Lecomis spo. were
thizd in overall drift abundance., The majority were
protably redbreast sunfish because this species is the
dominant adult in Perkicmen Creek, and most larval sunfish
callect=ed in 197% were idenzified 2s wnis species. Lazomis
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spr. comprised a consistent percentage of drift catch from
1973 to 1975 (4=-8%) . Composition of trap samples of
shoreline larvae was similar (Table 16). Peak drif:
densities of leromis occurred in July 1973, mid=-June 19731,
and late June 1975. Larval sunfish were generally more
abundant in samples taken closer to shore in 197S.

Redbreast sunfish young ranked eighth in overall
abundance in the seine catch. 2Annual variation in abundéance
was not gresat; total mean catsh per net sSweep increased from
86 (1% of total catch) in 1975 to 1871 (1% in 1876 (Table
20). Electrofiskting estimates of redbreast sunfish
exhibived a similar trend (Table 21). Spatial variation
among the six seine sites was slight. Redbrmast sunfish
comprised 1% of total catch at sites P14130 and P197735 and
averaged 2% at all cther sites. Electrofishing estimates
varied from 284 fish per 20 m of shoreline at P14225 to 75
£ish per 20 m at P14690 in 1976.(Table 25)

Redbreast sunfish was consistently the most abundant
lazrge £ish in Perkicmen Creek (Table 23). It ranged frcm
36% cf <+total catch at P20000 &o 61% at PI4200 in 197€.
annual variation Sor the total population was slight.
Although estimatas of age I were significantly lower in
1976 compazed €o 1978 at most sites, estimates of clder age-
gToups were always similar (Table 27). Estimates by age
group revealed that 1975 was a relatively weak year-class
compared €t 1573. Spatial variation in number of £ish pex
hectare was great (Table 26). Site P18200 had the greatest
density of redbreast sunfish both years (2026/ha in 1978,
1387/ha in 1976) followed by P18020 (897, S11), P20000 (81S
in 1976), and P143%0 (437, 338).

Maximum age in 1973 was V (Takle 29). Greatest growsh
in length occuzTed in the second year. In 1976 zempozral and
spatial variation was evident among lengths at annulus.

Fish were generally smaller at each annulus at P20000,
larger at P14390, and approximately egqual at P14020 and
?14200. .

Smallmouth Bass: Smallmouth bass (Miczovterus
dolomieni) larvae (unlike juveniles) rarely occurzed in
Perkicmen Creek drif+«, VYoung bass were relatively low in
abundance (1% of total seine casch) although they comprised
the second most abundant member of the sunfish familye.
Abundance varied annually, inczeasing from 27 f£ish per net
sweep in 1975 (2% of ¢total) to 142 (1%) in 1976. This
species was mere afundant a2t P14320, P20500, ané P1S77S
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where it accounted for roughly 2% of total catch. At other
sites it averaged 1% of total,

Smallnouth bass was the third most abumdant large £ish

(11% of total) based on 3 yr of elechzofishing in Perkicmen
Cxeek. Relative abundance remained constant within site
between years. Population estimates were similar hetween
1975 and 13976 at P14200 but different between 1974 and 1976
.at P14390. Estimates of abundance were larger at downstream
sites, In 1976 site P14200 contained 203 £ish per ha
ccmpared to 84 f£ish per ha at P14390.

Smallmouth bass ranked fourth in bicmass at sites wheze
abundance ¢f all important species could te estimated.
Bicmass was greatest at sites where numerical abundancz was
greatest. Bass appeared to weigh less in 1975 than 19765 due
to smaller size stzucture of the populaticn. Individuals
ranged uwp to 469 mm FL. An age and growth study in 1373
revealed that the oldest specimen was ace III (Tzable 29).
Most growel (39% of total) octurred in the first year of
life. The 1970 yeazx=-class exhibited the highest growth
rate. Significant spatial variation occcurred for fish
length at each annulus. Age structure indicatsd dominans
age=groups I and II and a weak age-group IIZ. Smallmouth
bass was actively sought by f£ishermen in Perkiomen Creek.

Shield Darterx: Peak spawning of szhield dazter (Pexcina
peltata} occurred in May. Larval catches were consistently
low in drift and trap samples. Number per m3 ranged £rom
0.2% of total in 1974 £o 1.0% in 1973 and 197S. shield
darrters drifted during the day but were more numezrous at
nighbt. Spatial distribution acTosgs the stream was faisly
consistent (Table 18). Shield dar=er comprises 1% of the
zotal seine cazel in 1975 and 1976. Total mean catok pex
net sweep showed little temporal or spatial variation.
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HUMBER OF SAMPLES BY VEAR,

TABLE 1

PROGIAM,

AHD SITE

COLLECTED FROM PERKIOMEN CREEK, 1972-1977,9

(Page 1 ot 2)

1971 ..

1311

197y

1375

1976

191

Hatar gYuallty
PI8700
214390

I'ny=oplankton
P1a190

Pariphyton
PINI90

benthlc Hacrolinvartabrates
P22000
pll600

Hacrolnvagtsabrate Drift
P14390

lacval rish Drife
P40

lagval Flah ¥rap
(28311

Seine
PI19775
P163500
P1aASS
PI8220
AT
P13%40

Small rish vopulation Petimatas
P14830
Pinéda
P18%0s
P14228
PlU2L0

12
10

12
17

79
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LI S B T |

72

L]
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[ I T T I |

ts

S08

- |

24

"
"
10
"
"
1"

w el ww

24
24
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TABLE | (Cont ) (Page 2 ot 2)

1377

Projram/sitag 1912 131} 1374 1915 1376
Large Flalh Population Estimates
p20000 - - - -
P1976S - - - -
14190 - - s -
PIG160 - - ) 2
+14020 - - 2 -
Ay wnd Growth
20000 -
Uhita sucker - - - 49
Rodbreast sunflash - - - (1)
219860
fisdbreaast sunlioah - St - -
Greon sunflsh - 3o - -
Smallmouth basa - 9 - -
#17800
Raodbroast sunfish - 50 - -
Sxallmouth hass - 24 - -
PIN)90
Uhite suckax - - - 1)
Rodbreast sunfiah - 5 - S
Gxeon sunflah - 1 - -
Smallmouth bass - %0 - -

(21311
Hhlte sucker
Redbreast sunfish

o
'
1

oa

re

P14020
White suchex - - - 13
Rodbraast sunflsh - - - 56
»13340
Readhireast sunfish - n - -
Green suntish - (1] - -

Snallnouth basse - s - -

~ SN s

[

[N I T |

11

$3¢es foatnotes in Table 2.3.3-V for definition of what constitutea one sample.
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Table 3 {Page | of 2)

WAiThed PELERATIVE LINTING OF PHYTOPLAHKTON GEHELA COLLBCTED AT PV 390 0 PIRKIOMEN CREEK IH 1974,
VALUES ARE RECORDED As FOLLOW3: X = PFESENL, € = COMHON, A = ABUHDANT.
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TABLE 5 {Cont'd)

ARTHROPODA™
Hemiptora
Gasrl daa
Gergls gemiqla (C. D)
defyobatey apomalus (S,7)
Bheuzatolates g lcxl [P/
{ epchates gubpitjdug (€,7)
veliidae
L-auovel 3 wp. |[C,18)
iorsl 3 up- (A, 20)
Lnr xidae
ilﬂhocorlnn calya (u,40)
[1e) aodegse ic,'n)
iaﬂCOI X3 8p. (R,20)
sald

220190015 sp. (U,37)
uia ep. {(U,1))
Notonact]daa
BOIOD°“Q? 8p. (R, 28)
pelostomatlidae
slogtomy ap. (R,11)
Hegaloptexa
8lalldao

Coryaltrd
coyydajug cognutug (c 20)
Ularenla sexricornis (R, 27)
Coleoptern
Ballplidae
ts todykey Qnuaa«luuunszs;us w, n
fu; cys (R, 1
iilelus fesciatus )

‘ahlJn sp. (R,13)
apgug attlu;s tr,01)
g3bug gagqateg fc,1V)
My (onoiua nouula g (c.n
f. ep. ")
ﬂ!dielsi'! 09- {n,28)
Laccopbilus praxleye (c,11)
QOUsztua alyphicny @,y
Gyr n
Irans anally (R, V1)
R ney ur arpll (. 10)
ilydrophl lidae
Begogus peyegqeipya (C, 1)
8. atrfatye (0, 11§
Epochrug nvjuaasg CedNy
E- pegplexug (0,10 .
g. ¢ nectus {c,25)
fledoghorua Jacustelg (v, 11)
Laccoblua aqlllg (C,11)
Pagacyinyg ungupfeu! {C, 1)
Troplaternua qlabeg (0, V1)

ep. (C,28)

ARTIROPODA {cont.)
Caleoptera fcont.)
Nydrophl 14dae (cont.)
I- lét°Ia} g c. 1)
lueseena mbaty (C,010)
9phﬂ0[ dium spp. (U,)7)
Jx goblua polaequa (R, V1)
Ny vacnldaa
Hydgaena ep. (U,37)
Oghthebjus ep. (4,37
uydroacaphldae
Uydgogcacha parang (R,IT)
Puephen dao

gseihﬁu“; herricki €., M
t dae

Ectoprla peryosa (u,3)
Deyopldae
H0510hu! ap. {U,3)
Eimldae
Anc KOBK yarlegata (®,31)
Du liy 3y stata (R ]]

acy s
D- qu3 inOEsss {h,3)
Hlc osu aepyy nalllus {c, 1)

Qet 09 [!u! tll ttatys {C, 1))
Q. oya .3
ftepeln crsn-ts ",

§- ep. B (R,}

n!c on chus g ah:n ug (R, 33)
l:; ygeulug (R,3))

Chrynoma
qalex sslla puaphagag (U, 04)
Popacia placatylix v, 1)
Neugoptera
Slayridase
Elluasla areolaxly (U,20)
Trichoptera
alossogonatidae
919:201 3 sp. {B,31)
rhyacophli ! .
ato - (R,31
mlfosoriald, o o2
chim2xga 9b:§ux1 (A, 31),
G- !t I=ay (0,30
[ 2] E! aos!tsn {v,39)
Payc cuy

UXQSIQPBVIQI xn!xlin! (R, 14)
H. sp. A {R,14)
Folyceptgopys sp. (U, 18)
laurec) loala sp- (d,10)

Phryganae dae
!tlloitﬂnlg sp. (R, 1)

Lisneghi)idaa
Heophylax ap. (R, 1Y)

(Page 2 of 3)

" “ARTIIROPODA™ (cont.)

Trichagtera {cont.)
Leptocetldao
Ceraclea trangyerya (R,29)
C. sp. A {U,139)
Occells spp. (U,11)
uxstecljes !enulchr%lls (R, 31)
Trlaenod i ap. {R,]
Bydropaych
chaugntoggyc[e spp. (A, N}
livdropgyche Lettenl (u,21)
ehalexata (R,31)
u. sp. A {(C,)9
B- sp. B {R,)9)
n- ap. C ‘A.”’
sp. D (U,39)
op. B {C,)9)
i {oneas gebpatum (C, 1)
Diple % 003 podesta (R, 3W)
uyd:opti

fisi e

1. spatulaty lc.ll|

H- agpmaty (90,11)

II- wanbeg] ns lR i1}

feycatgichia cs%asa A, 31)

Rarayl -p-

gnxeth I3 sp. ln 12)
Lapldopteca

Pyralididae
tagscavcactls sp. (C,30)
Diptera
Tlpulldao
fuoenlla sp. (R.JTI
fus sp. (R,37)
lcx!nﬂts sp. (8,17
¥cloptaxy sp- l" l1l
Antachy ep. lﬂ
ieudi 1!09991 ; Ip. {u,20)
.p.
Si ¢lehony c~-p- ln.17|
hopeza ap- ln. U
f“
8imu

.PP- (0,31
8lpy lJi yittatum (A, 30)

l-'.-"ﬂ

xeglouljye sp. {U,17)
chlrononldse

tysstxslsnvnnl Q¥-rl n,30)

IEBYFJ; ap.
t{oc adjy tlesilug (u, 30)
1abeapyia augjensia l“.30l
Pentaneut nl spp. (A,23)
Tanytaraslnl (A) lnclulln;

Hicrapsectya gmundensia {20)



TABLE 5 {Cont )

SPTHROPMODA (conk.) N
YMytera (cant.}
Chilvonomidae (cont.)
Iauytagaug exiguya 3]0)
I- querla (30), an
1. a \L[agcaﬂg 120)
pueudochirononug Sulglventele (v00)
Chironomug spp.
PrvntochT:OLomﬁs lnlxag (1,30
o‘nx o, )
E ua (u.IO|
!ndnvh [onomug ap. (U,23)
Iribeloy sg. (0,23
[crn&en! ¢4 modestus (U,30)
v-ﬁ!en aes sp. {0,23)
Pﬂ ypesijum | &lneeuag (A, 30)
£- !allﬂs {n,
ga;arladn.e|E, op. (R,23)
flﬂlgudib is:ﬂﬂllz (c,30)
Pajalauterbornle (R, 23)
raratendipes sp- 21})
Bt CtQCE Lenopug -p- {v,23)
Stenochlronomug ep. (0,2))
Pagaclilyonomug ap. (U,2))
Phaenagpsectyy sp. (0,23)
¥enoch ;ai,gus -%nglgb%g {R,30)
Q nmesa niyoriunc
ca « ocla ] ohnvg; |C,)0)
G: sntgen’ ! Inctug (a,10)
€. sp.
Othot g cotonug spp. IC,2))
ﬁ?oc 2 91 ylyvlogua (0,10)
12 spp. (U,2))
i]choc 3 lug sp. u,23)
elecie s cLlS(lgas ;".305
Pasctrocladius sp.
pelifia s (R20
Hetricopepye sp. (R,23)
Corynoneyra xena (R,30)

=t

ARTIROPODA (cont.)
Diptera {coat.)

Chicononidae (cont.)
Neterotrigsaclading ap. (U,23)
Thigaemannieiia op. (v.20)

paycholidae
fgychody se. (u,20)
beglcomy wp. (R,20)
*slgesgggenga ap. (R,29)

lleleldae
Palpomyia spp. (C,30)
Pagyl JG{E‘ ap. (R,17)
Aty vhqn.son pecegginuy (R, 36)
5. ap. A 39)
. sp. R,l’)

obe sia sp. (R,D6)
an sp. (R,)6)
!np loo
Clipocery sp. (U, 17)
ase oatgglg sp. (C,WT)
sphydcldae
. Brachydeutega aggentaty {8,370
gcsi 1a-Heggcatella sp. (R,37)
cullcidaa

chachorug sp- (8.17)

Anecheley ep. (¥, 20)
Nua:l ae

tispa *p. (R,20)
Hycetgphllldao {R.20)
polichopodldae

eE agylug ep. (¥,20)
Ta a\e

Chyysops ep. (U,20)

{; bay l -p. ‘R.IO'
8c

omyzi4

Rlctya sp. (R,17)
gtxatlonm lfdan n, l))
Rhaglonldae

Atherlx vaxleqata (®,30)

{Page 3 of 3)

Hymenopteca
nlaprifdae
Teichopela sp- (P.17)
Mymaridae
Capaphgagtuy sp. (Y,37)
HOLUMSCA
Gastropoda
ohysidae
Physg acuta (A,9)
L.ymnaaldae

Lxunaea bumillg (c,16)
{dae

Planorh
yraulug pa C, 16}
iIsoms telv 'i la (R, 16)
q. a QQE! {n,18
!ncyl
:xlgﬂl! tagda (A, ¥6)
vi vlpar
Campelom ﬂgglss (R, 16)
Pleuroceyx

b 15
“vgggl%rigig ylegiplca (R,16)

Ampicola limosa (U, 16)
valvatidae
Yalya&s nls.ln.llg (R, 16)
Polecypada
Sphaeriidae
Husculium gecurjs jﬂ «5)
Sphaegjup :homeb.gie.g €.5)
)

sl e

uy spp. (CeS
Angdgnsn ;stacse (u,8)
A- -, cills (R,8)
Ejliptlo ggnelanstua (w,8)
b Liqumla pasyta (R, 8)

A s abundant, C » comnon, U » UnCommon, B ® CArS.

sstjumbesrs yeler to tha tasonomic ceferences listed balow.

. Priqham (1973)

2. Brinkhucst (1972)

). Broun (1972

3. burch {1975a)

3. Burch {19750}

8. DBurku (195))

1. Calabhreae {Pera. Comm.})
3. Clarke and Berg (1959)
L. Clench {Pers. Coon.)

V3, cucry (1938)

. nillon and Difllon (1961)

. Flmunluon (1959)

1L Fliut (1560)

Vi Fllat {1964)

15. Gibson and Hooxe (1976)
6. Ragwman and Bexg (1974)
13. silleanhioft {1970)

0. ulltunen 1972)

19. holelinger (1972)

20. Johapnoen {19384-37)

). Renk (Porxa. Cauu.'_

12. Lowis (197)

23, Mason (1973)

N, Ne{nr {1936}

23, 1ilex (Porse. Comm.)
316.  Heodham and veatfall {1955)
27. Heuwnzlg (1966) :

ror gomplete cltation sae the Litevature Clied section.

18. Ponnak (195))

19. Resh (l!?(g

30. Roback {1957)

3t. Ross (1934)

32. Sawyep (1972)

. sluclalt {196a)

38, Stone (1964)

35. Surdick and Kim |‘916)
¥&. Thomsen (1917)

3. Nalager {1956)

10, ullliama (4970)

39. Consultantta deslignator
40. Bobb (1974)
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PANT RRANCH
ELErUANT
A
SELLERGVEILLE
cavusee,
HOVEN
WAHA

PERKIDNEN
nANNG

Siepua aoenr

1974
No.y

NT. /

50Q. WEr. SQ.MET.

6066.7
Thuy, §
8669, 2
S8, 6
10719

20054, 7

1"aNnLs

160 10,9

2.313)
2.2460
2.2199
0.9791
5. 7547

8.1566

1.0059
1.507%

TABLE 6

(coney)

HORISEITAS IWDRX

or ovVERLAP

TOTAL ADJACENT WITI HOYER
TAEA  STATIONS STATION

TR e e P W e W e g P G ey Y W =

(1]
L]
5)
28
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