
·>;. ~----------......... 

Environmental Report 
Operating License Stage . 

• 

Limerick Generating Station 

Units 1 & 2 

PHILADELPHIA ELECTRIC COMPANY 

Vol~·····4 



LGS EROL 

SUMMARY TABLE OF CONTENTS 

Section Title Volume 

1 PURPOSE OF LIMERICK GENERATING STATION AND 
ASSOCIATED TRANSMISSION ............................. 1 

1.1 System Demand and Reliability .................. ! 

1.2 Another Objective .............................. 1 

1.3 Consequences of Delay .......................... ! 

1.1A Conservation of Energy Programs ................ 1 

1.lB Energy Forecasting Methodology ................. I 

1.1C Annual Peak Demand Forecasting Method .......... ! 

2 THE SITE AND ENVIRONMENTAL INTERFACES ............... ! 

2.1 Geography and Demography ....................... ! 

2 • 2 Eco logy ........................................ I 

2.3 Meteorology ....•............................... I I 

2.4 Hydrology ...................................... I I 

2.4A Appendix 2.4A - DRBC Approval .................. !! 

2 • 5 Geo logy. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I I 

2.6 Regional Historic, Archaeological, and 
Natural Features ............................... !! 

2.7 Noise .......................................... !! 

3 THE STATION 

3. 1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

External Appearance ......... " ................... I I 

Reactor and Steam-Electric System .............. !I 

Station water Use .............................. 11 

Heat Dissipation System .................. ~ ..... 11 

Radwaste Systems and Source Term ............... 11 

Chemical and Biocide Wastes .................... II 

Sanitary and Other Waste Systems ....... · ........ 11 

i 



Section 

3.8 

3.9 

4 

LGS EROL 

Title Volume 

Reporting of Radioactive Material Movement ..... II 

Transmission Facilities ........................ 11 

ENVIRONMENTAL EFFECTS OF SITE PREPARATION, STATION 
CONSTRUCTION, AND TRANSMISSION FACILITY 
CONSTRUCT ION ........................................ I I I 

4.1 Site Preparation an~Station Construction ...... III 

4.2 Transmission Facilities Construction ........... III 

4.3 Resources Committed During Construction ........ III 

4.4 Radioactivity .................................. !II 

4.5 Construction Impact Control Programs ........... III 

5 ENVIRONMENTAL EFFECTS OF STATION OPERATION .......... 111 

5.1 Effects of Operation on Heat Dissipation 

5.2 

5.2A 

5.2B 

5.2C 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

5.9 

System ......................................... 111 

Radiological Impact from Routine Operation ..... II! 

Radiological Dose Model - Liquid Effluent ...... 111 

Radiological Dose Model - Gaseous Effluent ..... 111 

50-Mile Population and Contiguous Population 
Dose Model ..................................... I I I 

Effects of Chemical and Biocide Discharges ..... III 

Effects of Sanitary waste Discharges ........... 111 

Effects of Operation and Maintenance of the 
Transmission Systems ........................... 111 

other Effects .................................. 111 

Resources Committed ............................ 111 

DecommiSSioning and Dismantling ................ 111 

The Uranium Cycle .............................. 111 

ii 



LGS EROL 

Section Title Volume 

6 EFFLUENT AND ENVIRONMENTAL MEASUREMENTS AND 
MONITORING PROGRAMS ................................. 111 

6.1 Applicant's Preoperational Environmental 
Programs ....................................... I I I 

6.2 Applicant's Proposed Operational Monitoring 
Program ........................................ I I I 

6.3 Related Environmental Measurement and 
Monitoring Programs ............................ 111 

6.4 Preoperational Environmental Radiological 
Mon i tor i ng Data ................................ I I I 

7 ENVIRONMENTAL EFFECTS OF ACCIDENTS .................. IV 

7.1 Station Accidents Involving Radioactivity ...... IV 

7.2 Transportation Accidents Involving 

7.3 

8 

8. 1 

8.2 

9 

10 

10. 1 

10.2 

10. 3 

10.4 

10.5 

10.6 

10.7 

10.8 

REV. 1, 9/81 

Radioactivity .................................. IV 

Other Accidents ................................ IV 

ECONOMIC AND SOCIAL EFFECTS OF STATION 
CONSTRUCTION AND OPERATION .......................... IV 

Benef i ts ....................................... IV 

Costs .......................................... IV 

ALTERNATIVE ENERGY SOURCES AND SITES ................ IV 

STATION DESIGN ALTERNATIVES ......................... IV 

Alternative Circulating Systems ................ IV 

Alternative Intake Systems ..................... IV 

Alternative Discharge Systems .................. IV 

Alternative Chemical Waste Systems ............. IV 

Alternative Biocide Treatment Systems .......... IV 

Alternative Liquid Radwaste Systems ............ IV 

Alternative Liquid Radwaste Systems ............ IV 

Alternative Gaseous Radwaste Systems ........... IV 

iii 



Section 

10.9 

1 1 

11. 1 

1.1 • 2 

11.3 

12 

13 

.A 

LGS EROL 

Title Volume 

Alternative Transmission Facilities ............ IV 

SUMMARY BENEFIT-COST ANALySIS ....................... IV 

Benef its ....................................... IV 

Costs Incurred ................................. IV 

Conclusions .................................... IV 

ENVIRONMENTAL APPROVALS AND CONSULTATIONS ........... IV 

REFERENCES .......................................... IV 

ENVIRONMENTAL TECHNICAL SPECIFICATIONS .............. IV 

iv 



Section 

7. 1 
7. 1. 1 
7.1.2 

7.1.2.1 

7.1.2.2 
7.1.2.3 

7. i. 3 
7 . 1 .3. 1 

7.1.3.2 

7.1.3.3 
7.1.3.3.1 
7.1.3.3.2 
7.1.3.3.3 
7.1.3.4-
7.1.3.4.1 
7.1.3.4.2 
7.1.3.5 

7.1.3.6 . 
7.1.3.6.1 
7.1.3.6.2 
7.1.3.7 
7.1.3.7.1 
7.1.3.7.2 
7.1.3.7.3 
7.1.3.8 

7.1.3.8.1 
7.1.3.8.2 
7.1.3.8.3 
7.1.3.9 

7. 1 .4 
7.1.4.1 
7.1.4.1.1 
7.1.4.1.2 

LGS EROL 

CHAPTER 7 

ENVIRONMENTAL EFFECTS OF ACCIDENTS 

TABLE OF CONTENTS 

Title 

STATION ACCIDENTS INVOLVING RADIOACTIVITY 
Approach to the Analysis of Class 1-8 Accidents 
Models and Data Used to Evaluate the Environmental 
Consequences of Class 1-8 Accidents 
Radiation Dose Models and Data for Class 1-8 
Accidents 
Source Term Models and Data for Class 1-8 Accidents 
Atmospheric Diffusion Estimates for Class 1-8 
Accidents 
Class 1-8 Accident Analysis 
Class i-Trivial Incident Inside Primary 
Containment 
Class 2 - Small Releases Outside Primary 
Containment 
Class 3 - Radwaste System Failure 
Equipment Leakage or Malfunction 
Offgas Treatment System Failure 
Release of Waste Sludge Tank Contents 
Class 4 - Fission Products to Primary System {BWR} 
Fuel Cladding Defects 
Off-Design Transients that Induce Fuel Failure 
Class 5 - Fission Products to Primary and Secondary 
Systems {PWR} 
Class 6 - Refueling Accidents 
Fuel Assembly Drop 
Heavy Object Drop onto Fuel in Core 
Class 7 - Spent Fuel Handling Accidents 
Fuel Assembly Drop in Fuel Storage Pool 
Heavy Object Drop onto Fuel Racks 
Fuel Cask Drop 
Class 8 - Accident Initiation Events Considered 
Design Basis Evaluation in Safety Analysis Report 
Loss of Coolant Accidents (LOCA) 
Control Rod Accidents 
Steam Line Break Accidents 
Summary of Environmental Consequences and Public 
Risk of Class 1-8 Accidents 
Approach to the Analysis of Severe Accidents 
Models and Data 
Source Term Description and Associated Frequencies 
Consequence Model 

7-i Rev. 12, 04/83 



Section 

7.1.4.1.3 
7.1.4.2 
7.1.4.3 
7.1.4.3.1 
7.1.4.3.2 
7.1.4.4 
7.1.5 

7.2 

7.3 
7.3. 1 
7.3.2 
7.3.3 
7.3.4 
7.3.5 
7.3.6 

LGS EROL 

CHAPTER 7 

TABLE OF CONTENTS (Cont'd) 

Uncertainty 
Analysis 
Results 
CCDFs 

Title 

Risk Considerations 
Conclusions 
References 

TRANSPORTATION ACCIDENTS INVOLVING RADIOACTIVITY 

OTHER ACCIDENTS 
Storage and Use of Oil 
Storage of Condensate and Refueling Water 
Storage and Use of Acid and Caustic 
Storage and Use of Chlorine 
Storage and Use of Compressed Gases 
Summary 

7-ii Rev. 12,04/83 



No. 

7. 1-1 

7. 1-2 

7. 1-3 

7. 1-4 

7. 1-5 

7. 1-6 

7. 1-7 

7. 1-8 

7.1-9 

7.1-10 

7.1-11 

7.1-12 

7.1-13 

7.1-14 

7.1-15 

7.1-16 

LGS EROL 

CHAPTER 7 

TABLES 

Title 

Classification of Postulated Incidents 

Physical Data for Radiation Dose Models 

Fission Product Inventories in the Fuel 

Equilibrium Primary Coolant Radioactivity 

Effective Probability Levels for Fifty Percentile 
X/Q 

Fifty Percentile Atmospheric Diffusion Factors -
X/Q (sec/m 3 ) 

Class 3.1 Accident - Radioactivity Released as a 
Result of Equipment Leakage or Malfunction 

Class 3.2 Accident - Radioactivity Released as a 
Result of First Charcoal Bed Failure in the Offgas 
Treatment System 

Class 3~3 Accident - Radioactivity Released as a 
Result of Gross Equipment Failure 

Class 4.2 Accident - Radioactivity Released as a 
Result of an Off-Design Transient Accident 

Class 6.1 Accident - Radioactivity Released as a 
Result of a Fuel Assembly Drop 

Class 6.2 Accident - Radioactivity Released as a 
Result of a Heavy Object Dropped onto Fuel in Core 

Class 7.2 Accident - Radioactivity Released as a 
Result of Heavy Object Dropped onto Fuel Rack 

Class 8.1 Accident - Radioactivity Released as a 
Result of Loss of Coolant - Small Pipe Break 

Class 8.1 Accident - Radioactivity Released as a 
Result of Loss of Coolant - Large Pipe Break 

Class 8.1(a) Accident - Radioactivity Released as a 
Result of a Primary Systems Instrument Line Break 

7-iii Rev. 9, 12/82 



No. 

7.1-17 

7.1-18 

7.1-19 

7.1-20 

7. 1-21 

7. 1-22 

7. 1-23 

7. 1-24 

7.1-25 

7.1-26 

7.2-1 

LGS EROL 

CHAPTER 7 

TABLES (Cont/d) 

Title 

Class 8.2(b} Accident - Radioactivity Released as a 
Result of a Rod Drop Accident 

Class 8.3(b} Accident - Radioactivity Released as a 
Result of Steam Line Break ~ Small Pipe 

Class 8.3(b} Accident - Radioactivity Released as a 
Result of a Steam Line Break - Large Pipe 

Summary of Maximum Exclusion Area Boundary Doses 
Resulting From Accidents 

Summary of Population Doses Resulting From 
A~:idents 

Source Term Characteristics - Point Estimate 

Frequencies of Table 7.1-22 Source Terms 

Activity in the Limerick Reactor Core at 3293 MWt 

Permanent Resident Population for the Limerick Site 

Average Values of Environmental Risks Due to 
Accidents Per Reactor-Year 

Environmental Impact of Transportation of Fuel and 
Waste 

7-iv Rev. 12, 04/83 



No. 

7. 1-1 

7.1-2 

7. 1-3 

7.1-4 

7. 1-5 

7. 1-6 

7 • 1-=7 

LGS EROL 

CHAPTER 7 

FIGURES 

Title 

Schematic Outline of Consequence Model 

Median CCDF of Bone Marrow Dose Greater than 200 
Rem 

Median CCDF of Population Exposure 

Median CCDF of Acute Fatalities 

Median CCDF of Latent Cancer Fatalities 

Median CCDF of Ex-Plant Costs 

Median Individual Risi of Early Fatality as a 
Function of Distance 

7-v Rev. 12, 04/83 



LGS EROL 

CHAPTER 7 

ENVIRONMENTAL EFFECTS OF ACCIDENTS 

7.1 STATION ACCIDENTS INVOLVING RADIOACTIVITY 

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 
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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. In this regard, 
attention shalf 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. In 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 
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station accidents are identified and studied with regard to the 
adequacy of the performance of the engineered safety features 
(ESF) . In 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 inclu.de 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 a'ctually expected to 
be reached, even ·if the event initiating the a~cident occurs. In 
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). In 
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. 
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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 0 sector, at a particular distance from 
the station, and summing the product of each 22.5 0 sector for a 
distance out to 50 miles from the station. 

7.1.2.1 Radiation Dose Models 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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N 
rDoo = (0.25) (X/Q) L (QU (EU 

i=1 

gamma dose from semi-infinite cloud (rad) 
atmospheric dilution factor (sec/meter 3 ) 
number of isotopes 

(7.1-1) 

source strength for isotope i (curies) 
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) L ( Q i ) (DCF i ) 

i=1 
(7.1-2) 

where: 

D = 
X/Q = 
BR = 
N = 
Qi . = 
DCFi = 

thyroid inhalation dose (rem) 
atmospheric dilution factor (sec/meter3) 
breathing rate (meter 3/sec) 
number of isotopes 
total activity of iodine isotope i released (curies) 
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). 
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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/a) have been made at the 
exclusion area boundary, the outer boundary of the low population 
zone (LPZ), and at O. 5, 1. 5, 2. 5, 3. 5, 4. 5, 7. 5, 1 5, 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/a 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/a values for the 
first 2 hours following the accident. X/a values for longer time 
periods are.determined by logarithmic interpolation between the 
2-hour accident value and the annual X/a 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 Regulatory 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. In 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-yo 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-s~ctional 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 
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desired probability level (50%) 
total number of hours having valid wind and stability 
data in the period of record 
total number of hours having valid wind and stability 
data in the directional sector of interest 
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/a 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/a values in each directional 
sector were then obtained from the intersection of this function 
and the effective probability level. 

Accident X/a 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/a at each distance. A complete summation of the estimated X/a 
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. 
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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 r~dwaste systems. 

The most serious radiological consequences will be caused by a 
release from the waste sludge tank in the solid radwaste system, 
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. In 
general, the amounts of radioactivity that could be released by 
any such combination of events are limited in the following ways: 

Station Feature 

Limits on reactor coolant 
activity 

Radiation monitors 

7.1-9 

Function 

Restricts total curies present 
in radwaste system tanks 

Allow early detection of 
radioactivity releases, 
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Limits on tank size 

Isolation valves 

Interlock procedures 

Charcoal filters 

LGS EROL 

allowing operator action to 
terminate release 

Restricts total curies present 
in anyone tank 

Allow operator to terminate 
radioactivity releases 

Reduce probability of 
inadvertent releases 

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 
anyone 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 result of 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 radioactivity 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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radioactivity 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 
radioactivity 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 radioactive 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 

meters 3 /sec for the first 8 hours. From 8 to 24 hours 
following the accident, the breathing rate is 
1.75 x 10- 4 meters 3 /sec. Thereafter, the rate is 
2.32 x 10- 4 meters 3 /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 conseuqences 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 Class 8.1(a), Break in Instrument Line From Primary 
System That Pen~trates the Containment 

This accident is postulated to involve lines outside the primary 
containment that are not provided with isolation capacity inside 
the primary containment. 
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The following 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 lb. 

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 plateout 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 class 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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a. 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. 

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

c. 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. 

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 at 0.5% of the 
condenser volume per day for the course of the accident 
(24 hours). 

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

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

7.1.3.8.3 Class 8.3 - steam Line Break Accidents 

7.1.3.8.3.1 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: 

a. 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 lb. 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. 

1- -1. 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 
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 glvlng 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 1 ifetime to as often as on,ce 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 0F 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 fr~quencies, the 
phenomenological analysis, and the consequence a~alysis. 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 earthq~ake, 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. C4y -- 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.lx10-7 per reactor year. 

e. C4y" -- 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 1.3xlo-a per reactor,year. 

C123y" -- 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 
1.0xl0-6 per year, to which fires contribute 58 percent. 

LEAK 1 -- 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 y 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- 6 per year. 

LEAK2 -- This source term is for core melt sequences 
that are similar to those in LEAK1 except that the SGTS 
is operating effectively. The most important initiator 
is fire, and the total point estimate frequency is 
1.8xl0-5 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. In this case, VR has a predicted 
point estimate frequency of 1.4x10-a 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). In 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. In 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.~ 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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7.1.4.1.2.1" 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 ti~e o~ 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 modi~~cation 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 5-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. In 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 
pr~duct 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. In 
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 

Probabili.ty 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) C4y, 
C4y' and C4y" (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 
co~tributors 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. In addition, the outer 25 mile radius was changed to 
50 miles. 

The effect 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) C47, C47' and C47"; 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 
16gnormal 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 multiply the frequencies by th~ 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 4.1xl0- 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 2.2xl0- 9 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; 2.2xl0-4 per year from automobile accidents 
and 1.2xl0-5 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 figures 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 
2.5xl0- 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 wou-ld-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 previous 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 

3 Radwaste system 
failure 

4 Fission products to 
primary system (BWR) 

5 Fission products to 
primary and secondary 
systems (PWR) 

6 Refueling accidents 

7 

8 

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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ISOTOPE 

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

LGS EROL 

TABLE 7.1-2 

PHYSICAL DATA FOR RADIATION DOSE MODELS 

DECAY 
CONSTANT 

(hr- 1 ) 

3.59x10-3 
3.07x10-1 
3.41xl0-z 
8.00x10-1 
1.07x10-1 
2.45x10- 3 
5.48xl0-3 
1.28xl0-z 
7.58xl0-z 
2.66xl0+o 
1.07x10+ 1 
2.38xl0+o 
3.73x10-1 
7.35x10-6 
1.58xl0-1 
5.47xl0-1 
2.48x10- 1 

GAMMA 
ENERGY 

(MeV/dis) 

3.71x10-1 
2.40x10+ o 
4.77xl0-1 
1.94xl0+o 
1.77x10+o 
3.30x10-3 
3.00x10-z 
3.26xl0-z 
2.46x10-1 
4.22x10-1 
1.50xl0-1 
2.87x10+o 
8.00x10-4 
2.10x10- 3 

1.51x10-1 
1.37x10+ o 
1.75x10+o 

BREATHING RATES 

Time Period 
(hours) 

o to 8 
8 to 24 

24 to 720 

Breathing Rates 
(meter 3/sec) 

3.47x10-4 
1.75xl0-4 
2.32x10-4 

THYROID DOSE 
CONVERSION FACTOR 
(rem/curie INHALED) 

1.48xl0+6 
5.25xl0+ 4 
4.00x10+ 5 
2.50xl0+4 
1.24xl0+5 

Rev. 9, 12/82 



LGS EROL 

TABLE 7.1-3 

FISSION PRODUCT INVENTORIES IN THE FUEL 
(curies) 

ISOTOPE CORE(I) GAP(2) 

1-131 8.57x10+7 8.57x10+ 5 
1-132 1.28xl0+ 8 1.28xl0+6 
1-133 1.97xl0+8 1.97xl0+6 
1-134 2.30xl0+ 8 2.30x10+ 6 
1-135 1.80x10+ 8 1.80xl0+6 
Kr-83m 1.53xl0+7 1.53xl0+5 
Kr-85m 3.83xl0+ 7 3.83x10+ 5 
Kr-85 1.30xl0+6 1.30x10+4 
Kr-87 7.37xl0+7 7.37xl0+5 
Kr-88 1.03xl0+8 1.03xl0+6 
Kr-89 1.35xl0+ 8 1.35x10+6 
Xe-131m 6.48xl0+5 6.48xl0+3 
Xe-133m 5.01xl0+6 5.01xl0+ 4 
Xe-133 1.97xl0+8 1.97x10+ 6 

Xe-135m 5.30xl0+7 5.30x10+ 5 
Xe-135 1.86xl0+8 ' 1.86x10+6 
Xe-137 1.77x10+8 1.77x10+6 
Xe-138 1.74x10+8 1.74xl0+6 

(I) Based upon operating power of 3458 Mwt. 

(2) Equal to 1% of the total core inventory 
(Regulatory Guide 4.2). 

GAP RADIOACTIVITY 
PER ROO(3) 

1.81xl0+1 
2.70xl0+ 1 
4.16xl0+1 
4.86xl0+1 
3.80x10+ 1 
3.23xl0+ o 
8.09x10+ o 
2.74xl0-1 
1.56xl0+ 1 
2.17xl0+1 
2.85x10+1 
1.37xl0-1 
1.06xl0+ o 
4.16xl0+1 
1.12x10 1 
3.93xl0+ 1 
3.74xl0+1 
3.67xl0+ 1 

(3) Based on 764 fuel assemblies in the core, and 62 rods 
per assembly. 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
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 

LGS EROL 

TABLE 7.1-4 

EQUILIBRIUM PRIMARY 
COOLANT RADIOACTIVITY(l) 

HALOGENS CONCENTRATION(2) 
microcurie/gm 

NOBLE GAS RELEASE RATE 
microcurie/sec(t=O) 

5.0x10-3 
3.0x10-2 
2.0x10-2 
5.0x10-2 
2.0x10-2 

2.08x10+ 3 
3.59x10+3 
1.13x10+1 
1.25x10+4 
1.25x10+4 
7.75x10+4 
8.88x10+ o 
1.70xl0+2 
4.91xl0+3 
1.59xl0+4 
1.36x10+4 
8.88xl0+4 
5.29xl0+ 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 10 8 gms. 
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LGS EROL 

TABLE 7.1-5 

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

Sector 

SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 

Effective 
Probability 
Level 

80.0 
81.0 
52.0 
39.0 
66.0 
75.0 
65.0 
47.0 
53.0 
75.0 
64.0 
39.0 
22.0 
31.0 
55.0 
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) 

Sector 

SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 

SSW 
SW 
WSW 
W 
WNW 
NW 
NNW 
N 
NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 

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 
5.6x10-5 3.4x10-5 2.7x10-5 1.7x10-5 8.1x10-6 
8.8x10-5 5.3x10-5 4.2x10-5 2.5x10-5 1.2x10-5 
1.lxl0-4 6.7xl0-5 5.3xl0-5 3.2x10-5 1.5xl0-5 
7.5xl0-5 4.6x10-5 3.6x10-5 2.2xl0-5 1.0x10-5 
6.3x10-5 4.0~10-5 3.2x10-5 1.9x10-5 9.3x10-6 
6.9xl0-5 3.6x10-5 3.4x10-5 2.0x10-5 9.5x10-6 
8.4x10-5 5.2xl0-5 4.1x10-5 2.4xl0-5 1.2x10-5 
6.1x10-5 3.8xl0-5 3.0x10-5 1.8x10-5 9.0x10-6 
4.3x10-5 2.8x10-5 2.3xl0-5 1.4xl0-5 7.2xl0-6 
5.1x10-5 3.4x10-5 2.7x10-5 1.7xl0-5 8.3xl0-6 
7.9xl0-5 6.1x10-5 4.0x10-5 2.5x10-5 1.2xl0-5 
1.2xl0-4 7.3xl0-5 5.8xl0-5 3.6xl0-5 1.8x10-5 
1.0x10-4 6.3x10-5 5.0x10-5 2.9x10-5 1.4xl0-5 
6.2x10-5 3.8x10-5 3.1x10-5 2.9x10-5 9.2xl0-6 
6.2xl0-5 3.8x10-5 3.1x10-5 2.9x10-5 9.0x10-6 

DISTANCE 80S METERS (O.S mi) 

4.3x10-S 2.7x10-S 2.2x10-S 1.4xl0-S 6.6x10-6 
4.7xl0-S 2.9x10-S 2.3xl0-5 1.4x10-S 7.0x10-6 
7.5x10-5 4.7x10-5 3.7x10-5 2.2x10-5 1.1x10-5 
9.5xl0-5 S.8x10-S 4.6xl0-5 2.8x10-5 1.3x10-5 
6.4x10-S 4.0x10-5 3.2x10-5 1.9x10-5 8.8x10-6 
5.8x10-S 3.4xl0-S 2.7xl0-S 1.6x10-S 7.7xl0-6 
6.4x10-5 3.9x10-5 3.1x10-S 1.8xl0-5 8.3xl0-6 
7.6xl0-S 4.7x10-5 3.7x10-S 2.2x10-5 1.0xl0-5 
S.7x10-S 3.5xl0-5 2.8xl0-5 1.7x10-S 7.9x10-6 
4.0xl0-S 2.6x10-5 2.1xl0-5 1.3x10-5 6.4x10-6 
4.6x10-5 2.9x10-5 2.4x10-5 1.4x10-5 7.1x10-6 
7.2x10-5 4.7x10-5 3.7x10-5 2.2x10-5 1.1x10-5 
1.1xl0-4 6.8x10-S 5.4xl0-5 3.2xl0-S 1.6xl0-S 
8.9x10-5 5.4xl0-S 4.3xl0-5 2.6x10-S 1.2x10-5 
5.7x10-S 3.4x10-5 2.8xl0-5 1.7x10-5 8.0x10-6 
5.6x10-5 3.4x10-5 2.7x10-5 1.7x10-S 7.9x10-6 

3.2x10-6 
3.4x10-6 
4.7x10-6 
6.1xl0-6 
4.0x10-6 
3.7x10-6 
3.8x10-6 
4.6x10-6 
3.7x10-6 
3.1x10-6 
3.5x10-6 
S.Ox10-6 
7. 3x 1 0-6-<--
5.6x10-6 
3.8xl0-6 
3.6x10-6 

2.8x10-6 
2.9x10-6 
4.1x10-6 
5.3x10-6 
3.5x10-6 
3.2x10-6 
3.3x10-6 
4.0xl0-6 
3.2x10-6 
2.7x10-6 
3.0x10-6 
4.3xl0-6 
6.3x10-6 
4.9x10-6 
3.3x10-6 
3.2x10-6 
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TABLE 7.1-6 (Cont'd) (Page 2 of 6) 

Sector 2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual 

DISTANCE 2043 METERS ( 1 .3 mi) 

SSW 1.2x10-5 7.3x10-6 5.9xl0-6 3.5xl0-6 1.7xl0-6 7.2x10-7 
SW 1.3xl0-5 8.0xl0-6 6.5xl0-6 3.9xl0-6 1 .. 9xl0-6 7.6xl0-7 
WSW 2.2xl0-5 1.3xl0-5 1.0x10-5 6.0xl0-6 2.8xl0-6 1 . 1 xl 0-6 
W 2.9xl0-5 1.7xl0-5 1.3xl0-5 7.Bxl0-6 3.6xl0-6 1.4xl0-6 
WNW 1.8xl0-5 1.1xl0-5 8.5xl0-6 5.0xl0-6 2.3xl0-6 9.0xl0-7 
NW 1.7xl0-5 1.0xl0-5 7.Bx10-6 4.6xl0-6 2.2xl0-6 8.5xl0-7 
NNW 1.8xl0-5 1.lxl0-5 8.5xl0-6 4.9xl0-6 2.3xl0-6 8.7xl0-7 
N 2.3xl0-5 1.3xl0-5 1.1xl0-5 6.2xl0-6 2.8xl0-6 1 . 1 xl 0-6 
NNE 1.7xl0-5 1.0xl0-5 8.0xl0-6 4.6xl0-6 2.1xl0-6 8.4xl0-7 
NE 1.1xl0-5 6.8xl0-5 5.4xl0-6 3.4xl0-6 1.6xl0-6 7.1xl0-7 
ENE 1.3x10-5 8.0xl0-6 6.4xl0-6 3.9xl0-6 1.9xl0-6 7.8xl0-7 
E 2.2xl0-5 1.4xl0-5 1.1xl0-5 6.3xl0-6 2.9xl0-6 1.1x10-6 
ESE 3.3xl0-5 2.0x10-5 1.6x10-5 9.0xl0-6 4.2xl0-6 1.6x10-6 
SE 2.8xl0-5 1.7xl0-5 1.3x10-5 7.5xl0-6 3.4xl0-6 1.3xl0-6 
SSE 1.6x10-5 9.Bxl0-6 7.7x10-6 4.6x10-6 2.2x10-6 8.6xl0-7 
S 1.7xl0-5 1.0xl0-5 7.Bxl0-6 4.5xl0-6 2.1x10-6 B.lxl0-7 

DISTANCE 2415 METERS (1.5 mi) 

SSW 1.0xl0-5 6.2xl0-6 4.Bxl0-6 2.9xl0-6 1.4xl0-6 5.7xl0-7 
SW 1.lx10-5 6.Bxl0-6 5.4xl0-6 3.2xl0-6 1.5x10-6 6.0xl0-7 
WSW 2.0xl0-5 1.2x10-5 9.0xl0-6 S.lxl0-6 2.3x10-6 B.3x10-7 
W 2.5xl0-S 1.5xl0-5 1.2x10-5 6.5xl0-6 2.9x10-6 1 . 1 xl 0-6 
WNW 1.7xl0-5 9.9xl0-6 7.Sx10-6 4.3xl0-6 1.9xl0-6 7.2x10-7 
NW 1.Sx10-5 9.0xl0-6 7.0xl0-6 4.0xl0-6 1.8xl0-6 6.7xl0-7 
NNW 1.8x10-5 1.1xl0-5 8.0xl0-6 4.4xl0-6 1.9xl0-6 6.9xl0-7 
N 2.1x10-5 1.3x10-5 9.5xl0-6 5.3xl0-6 2.3x10-6 B.3x10-7 
NNE 1.5x10-5 9.0x10-6 6.9xl0-6 3.9xl0-6 1.7x10-6 6.6x10-7 
NE 1.lxl0-5 6.7xl0-6 S.3xl0-6 3.1x10-6 1.4x10-6 5.6xl0-7 
ENE 1 . 1 xl 0-5 6.9xl0-6 5.4x10-6 3.2xl0-6 1.5x10-6 6.2x10-7 
E 1.9x10-5 1.lxl0-5 8.7x10-6 5.0xl0-6 2.3x10-6 B.7x10-7 
ESE 2.9x10-5 1.7x10-5 1.3xl0-5 7.5xl0-6 3.5xl0-6 1.3x10-6 
SE 2.5xl0-5 1.5x10-5 1.1xl0-S 6.3xl0-6 2.7xl0-6 1.0x10-6 
SSE 1.Sx10-S 9.0x10-6 7.0xl0-6 4.0xl0-6 1.Bx10-6 6.8x10-7 
S 1.5x10-5 8.9x10-6 6.8xl0-6 3.8x10-6 1.7x10-6 6.4x10-7 
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TABLE 7.1-6 (Cont'd) (Page 3 of 6) 

Sector 2 Hour 8 Hour 16 Hour 72 Hour 624 Hour Annual 

DISTANCE 4025 METERS (2.5 mi) 

SSW 4.7x10-6 2.7x10-6 2.3x10-6 1.4x10-6 6.6x10-7 2.7x10-7 
SW 5.8x10-6 3.6x10-6 2.8x10-6 1.6x10-6 7.5x10-7 2.9x10-7 
WSW 1.lx10-5 6.3x10-6 4.8x10-6 2.6x10-6 1 . 1 x 1 0-6 3.9x10-7 
W 1.5xl0-5 8.7xl0-6 6.5x10-6 3.6x10-6 1.5xl0-6 5.2xl0-7 
WNW 8.3x10-6 4.8x10-6 3.6x10-6 2.1x10-6 9.4x10-7 3.4x10-7 
NW 7.2xl0-6 4.3x10-6 3.3x10-6 1.9x10-6 8.5x10-7 3.2xl0-7 
NNW 8.5xl0-6 4.2x10-6 3.3x10-6 1.9x10-6 8.5xl0-7 3.3x10-7 
N 1.2x10-5 6.7x10-6 5.1x10-6 2.8x10-6 1.2x10-6 4.0xl0-7 
NNE 7.3x10-6 4.4x10-6 3.4x10-6 1.9xl0-6 8.5xl0-7 3.1x10-7 
NE 4.3x10-6 2.7x10-6 2.1x10-6 1.3xl0-6 6.5x10-7 2.7x10-7 
ENE 5.5x10-6 3.4x10-6 2.7x10-6 1.6x10-6 7.4xl0-7 2.9x10-7 
E 1.1x10-5 6.Sx10-6 4.9x10-6 2.7xl0-6 1.2x10-6 4.2xl0-7 
ESE 1.8x10-S 1.0xl0-S 7.7xl0-6 4.2xl0-6 1.8xl0-6 6.1xl0-7 
SE l.Sxl0-5 8.Sx10-6 6.4x10-6 3.4x10-6 1.4xl0-6 4.8xl0-7 
SSE 7.Sxl0-6 4.4xl0-6 3.4x10-6 1.9xl0-6 8.7x10-7 3.3xl0-7 
S 6.9x10-6 4.2x10-6 3.2x10-6 1.8x10-6 8.2xl0-7 3.1xl0-7 

DISTANCE 5634 METERS (3.5 mi) 

SSW 2.9x10-6 1.8x10-6 1.4x10-6 8.4x10-7 4.1x10-7 1.7xl0-7 
SW 3.4xl0-6 2.1xl0-6 1.6xl0-6 9.5x10-7 4.5x10-7 1.8xl0-7 
WSW 7.2xl0-6 4.0x10-6 3.0x10-6 1.7x10-6 7.0xl0-7 2.4x10-7 
W 8.7x10-6 5.0x10-6 3.8x10-6 2.1x10-6 9.0x10-7 3.2x10-7 
WNW 5.6x10-6 3.2x10-6 2.9x10-6 1.4xl0-6 S.9x10-7 2.1xl0-7 
NW 4.9xl0-6 2.8xl0-6 2.2x10-6 1.2xl0-6 5.5xl0-7 2.0xl0-7 
NNW S.6xl0-6 3.2xl0-6 2.5x10-6 1.3xl0-6 5.7x10-7 2.0x10-7 
N 7.7xl0-6 4.4x10-6 3.2x10-6 1.7xl0-6 7.0xl0-7 2.4x10-7 
NNE 4.8xl0-6 2.8xl0-6 2.2x10-6 1.2xl0-6 5.3xl0-7 1.9xl0-7 
NE 3. 1x 1 0-6 1.9xl0-6 1.Sxl0-6 9.0xl0-7 4.3x10-7 1.7xl0-7 
ENE 3.7xl0-6 2.2xl0-6 1.7xl0-6 1.0xl0-6 4.7xl0-7 1.8xl0-7 
E 7.4xl0-6 4.3xl0-6 3.2x10-6 1.8xl0-6 7.6xl0-7 2.6xl0-7 
ESE 1.2x10-5 6.7x10-6 5.1x10-6 2.7xl0-6 1.lxl0-6 3.8x10-7 
SE 9.4x10-6 5.3x10-6 4.0x10-6 2.2xl0-6 9.0x10-7 3.0x10-7 
SSE 4.8x10-6 2.8x10-6 2.2xl0-6 1.2x10-6 S.4x10-7 2.0x10-7 
S 4.3xl0-6 2.6xl0-6 2.0x10-6 1 . 1 x 1 0-6 5.1xl0-7 1.9xl0-7 
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TABLE 7.1-6 (Cont'd) (Page 4 of 6) 

Sector 2 Hour S Hour 16 Hour 72 Hour 624 Hour Annual 

DISTANCE 7244 METERS (4.5 mi) 

SSW 2.1x10-6 1.3x10-6 1.0x10-6 6.2x10-7 2.9xl0-7 1.2x10-7 
SW 2.4xl0-6 1.5x10-6 1.2xl0-6 6.9xl0-7 3.3x10-7 1.3x10-7 
WSW 4.9x10-6 2.Sxl0-6 2.1x10-6 1.2x10-6 4.8x10-7 1.7xl0-7 
W 6.9xl0-6 3.9x10-6 2.9x10-6 1.6xl0-6 6.6xl0-7 2.3xl0-7 
WNW 4.0xl0-6 2.3xl0-6 1.7x10-6 9.5x10-7 4.1xl0-7 1.5xl0-7 
NW 3.3xl0-6 1.9xl0-6 1.5xl0-6 S.4xl0-7 3.7xl0-7 1.4xl0-7 
NNW 3.7xl0-6 2.2xl0-6 1.7xl0-6 9.4xl0-7 4.2xl0-7 1.5xl0-7 
N 4.9xl0-6 2.Sxl0-6 2.1xl0-6 1.2xl0-6 5.0xl0-7 1.7xl0-7 
NNE 3.3xl0-6 1.9xl0-6 1.5xl0-6 S.4xl0-7 3.Sxl0-7 1.4xl0-7 
NE 1.9x10-6 1.2xl0-6 9.6xl0-7 5 .. Sxl0-7 2.9xl0-7 1.2xl0-7 
ENE 2.3x10-6 1.4xl0-6 1 . 1 xl 0-6 6.7xl0-7 3.2xl0-7 1.3xl0-7 
E 5.0x10-6 2.9xl0-6 2.2x10-6 1.2x10-6 5.2xl0-7 1.Sxl0-7 
ESE 7.Sxl0-6 4.4xl0-6 3.4xl0-6 1.Sx10-6 7.Sxl0-7 2.7xl0-7 
SE 7.0xl0-6 4.0xl0-6 3.0xl0-6 1.6xl0-6 6.4x10-7 2.1x10-7 
SSE 3.3xl0-6 2.0x10-6 1.5xl0-6 S.5xl0-7 3.Sxl0-7 1.4x10-7 
S 3.0x10-6 1.Sxl0-6 1.4xl0-6 S.Oxl0-7 3.6xl0-7 1.4xl0-7 

DISTANCE 12073 METERS (7.5 mi) 

SSW 1.1xl0-6 6.Sx10-7 5.4x10-7 3.2xl0-7 1.5x10-7 6.2xl0-S 
SW 9.2xl0-7 6.0xl0-7 4.Sxl0-7 3.0xl0-7 1.5xl0-7 6.5x10-S 
WSW 3.1xl0-6 1.7xl0-6 1.3x10-6 6.7xl0-7 2.7xl0-7 S.7xl0-S 
W 4.5x10-6 2.5xl0-6 1.Sxl0-6 9.3x10-7 3.Sxl0-7 1.1xl0-7 
WNW 2.4xl0-6 1.4xl0-6 1.1x10-6 5.6xl0-7 2.3xl0-7 7.Sxl0-S 
NW 1.7xl0-6 1.0xl0-6 7.Sx10-7 4.4xl0-7 1.9xl0-7 7.3xl0-S 
NNW 2.0xl0-6 1.2xl0-6 S.7xl0-7 4.Sxl0-7 2.1xl0-7 7.3xl0-S 
N 2.7xl0-6 1.5xl0-6 1.2xl0:'-6 6.0xl0-7 2.5xl0-7 S.6xl0-S 
NNE 1.Sxl0-6 1.0xl0-6 7.Sxl0-7 4.4xl0-7 l.Sx10-7 6.Sx10-S 
NE 9.6xl0-7 6.1xl0-7 4.Sxl0-7 2.9xl0-7 1.4xl0-7 6.0xl0-S 
ENE 1.3xl0-6 S.Oxl0-7 6.3xl0-7 3.6xl0-7 1.7xl0-7 6.5xl0-S 
E 2.6xl0-6 1.5xl0-6 1 . 1 x 1 0-6 6.1xl0-7 2.6xl0-7 9.2xl0-S 
ESE 4.7xl0-6 2.7xl0-6 2.0xl0,...6 1.0xl0-6 4.2xl0-7 1.4xl0-7 
SE 3.7xl0-6 2.1xl0-6 1.5xl0-6 S.2xl0-7 3.4xl0-7 1.1xl0-7 
SSE 1.Sxl0-6 1.lxl0-6 S.Oxl0-7 4.6xl0-7 2.0xl0-7 7.3xl0-S 
S 1.7xl0-6 1.0xl0-6 7.7x10-7 4.3x10-7 1.9xl0-7 6.9xl0-S 
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TABLE 7.1-6 (Cont'd) (Page 5 of 6) 

Sector 2 Hour S Hour 16 Hour 72 Hour 624 Hour Annual 

DISTANCE 24146 METERS ( 15.0 mi) 

SSW 3.9x10-7 2.5x10-7 2.0xl-7 1.2x10-7 5.Sx10-S 2.4x10-S 
SW 4.5x10-7 2.Sxl0-7 2.2xl0-7 1.3xl0-7 6.3xl0-S 2.5xl0-S 
WSW 1 . 1 x 1 0-6 6.2xl0-7 4.Sxl0-7 2.5xl0-7 1.0xl0-7 3.4xl0-S 
W 1.Sxl0-6 9.7xl0-7 7.2xl0-7 3.Sxl0-7 1.4xl0-7 4.4xl0-S 
WNW S.6xl0-7 4.9xl0-7 3.7xl0-7 2.0xl0-7 S.5xl0-S 3.0xl0-S 
NW 6.7xl0-7 4.0x10-7 3.1xl0-7 1.Sxl0-7 7.Sxl0-S 2.Sxl0-9 
NNW 7.Sxl0-7 4.6x10-7 3.5xl0-7 1.9xl0-7 S.Ox10-S 2.Sx10-S 
N 1.1xl0-6 6.2xl0-7 4.6xl0-7 2.5xl0-7 1.0xl0-7 3.3xl0-S 
NNE 6.1x10-7 3.6x10-7 2.Sxl0-7 1.6x10-7 6.9x10-S 2.6xl0-S 
E 3.2x10-7 2.1xl0-7 1.7xl0-7 1.lxl0-7 5.5x10-S 2.4x10-S 
ENE 4.2xl0-7 2.7xl0-7 2.1xl0-7 1.2xl0-7 6.0xl0-S 2.5xl0-S 
E 1.lxl0-6 6.2xl0-7 4.7xl0-7 2.6xl0-7 1.1xl0-7 3.6x10-S 
ESE 2.1xl0-6 1.lxl0-6 S.5xl0-7 4.4xl0-7 1.6xl0-7 5.3x10-S 
SE 1.7xl0-6 9.2xl0-7 6.9xl0-7 3.5x10-7 1.3xl0-7 4.2xl0-S 
SSE 7.6xl0-7 4.4xl0-7 3.3xl0-7 1.Sxl0-7 7.8xl0-8 2.Sxl0-S 
S 5.8xl0-7 3.5xl0-7 2.7xl0-7 1.5xl0-7 7.0xl0-8 2.7xl0-S 

DISTANCE 40244 METERS (2S mi) 

SSW 1.6xl0-7 1.1xl0-7 S.Sxl0-8 S.3xl0-8 2.7xl0-8 1.2xl0-S 
SW 2.0xl0-7 1.3xl0-7 1.0xl0-7 6.3xl0-S 3.1xl0-S 1.3xl0-S 
WSW S.lxl0-7 2.9xl0-7 2.2xl0-7 1.2xl0-7 S.Oxl0-8 1.7xl0-S 
W 7.8x10-7 4.3x10-7 3.2xl0-7 1.7xl0-7 6.7xl0-8 2.2xl0-S 
WNW 3.9xl0-7 2.3xl0-7 1.Sxl0-7 9.7x10-8 4.3x10-S 1.Sx10-S 
NW 3.1x10-7 1.9x10-7 1.Sx10-7 S.3x10-8 3.7x10-S 1.4x10-S 
NNW 4.1xl0-7 2.3xl0-7 1.8xl0-7 9.5x10-8 4.0x10-S 1.4x10-S 
N S.3xl0-7 3.0xl0-7 2.3xl0-7 1.2xl0-7 4.9x10-S 1.6x10-S 
NNE 3.1xl0-7 1.Sxl0-7 1.4xl0-7 S.Oxl0-S 3.6xl0-S 1.3x10-S 
NE 1.6x10-7 1.lx10-7 S.Sxl0-S S.3xl0-S 2.7x10-S 1.2xl0-S 
ENE 2.1xl0-7 1.3x10-7 1.0xl0-7 6.4x10-S 3.1x10-S 1.3xl0-S 
E S.lxl0-7 3.0xl0-7 2.2xl0-7 1.2xl0-7 S.2xl0-S 1.Sxl0-S 
ESE 9.4x10-7 5.3x10-7 3.9xl0-7 2.0x10-7 S.Ox10-S 2.6x10-S 
SE 7.1xl0-7 4.1x10-7 3.0xl0-7 1.6x10-7 6.5x10-S 2.1x10-S 
SSE 3.3x10-7 1.9xl0-7 1.Sxl0-7 S.5xl0-S 3.Sx10-S 1.4x10-S 
S 2.Sxl0-7 1.7x10-7 1.3xl0-7 7.Sxl0-S 3.4x10-S 1.3xl0-S 
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TABLE 7.1-6 (Cont'd) (Page 6 of 6) 

Sector 2 Hour S Hour 16 Hour 72 Hour 624 Hour Annual 

DISTANCE S6341 METERS (3S mi) 

SSW 9.Sxl0-S 6.4xl0-S S.2x10-S 3.3xl0-S 1.7x10-S 7.6x10-9 
SW 1.7x10-7 1.0xl0-7 7.Sx10-S 4.6x10-S 2 .. 1 x 1 O-S S.Ox10-9 
WSW 3.4xl0-7 1.9x10-7 1.4xl0-7 7.7xl0-S 3.2xl0-S 1 . 1 x 1 O-S 
W S.3x10-7 3.0x10-7 2.3x10-7 1.3xl0-7 S.4x10-S 1.4x10-S 
WNW 2.Sx10-7 1.3x10-7 1.0x10-7 S.9xl0-S 2.6x10-S 9.6x10-9 
NW 2.1xl0-7 1.3x10-7 9.Sx10-S S.4xl0-S 2.4x10-S 9.0x10-9 
NNW 2.Sx10-7 1.4xl0-7 1.1xl0-7 6.0xl0-S 2.Sx10-S S.Sx10-9 
N 3.3x10-7 1.Sxl0-7 1.1xl0-7 6.3xl0-S 2.7x10-S 1.0x10-S 
NNE 2.1xl0-7 1.3x10-7 9.Sx10-S S.3x10-S 2.3x10-S S.lxl0-9 
NE 1.lxl0-7 7.2xl0-S S.7xl0-S 3 .. Sxl0-S 1.7xl0-S 7.4xl0-9 
ENE 1.3xl0-7 S.3xl0-S 6.6xl0-S 4.0xl0-S 1.9xl0-S S.Oxl0-9 
E 3.2xl0-7 1.Sx10-7 1.4xl0-7 7.Sxl0-S 3.2xl0-S 1.1x10-S 
ESE 6.4xl0-7 3.0xl0-7 2.3xl0-7 1.2xl0-7 S.lxl0-S 1.7xl0-S 
SE 4.Sxl0-7 2.7xl0-7 2.0x10-7 1.0x10-7 4.0x10-S 1.3x10-S 
SSE 2.2x10-7 1.3xl0-7 1.0x10-7 S.Sx10-S 2.4xl0-S S.9x10-S 
S 1.9xl0-7 1.2xl0-7 9.0x10-S S.Oxl0-S 2.3xl0-S S.4xl0-9 

DISTANCE 72439 METERS (4S mi) 

SSW 7.Sxl0-S 4.9xl0-S 4.0x10-S 2.4x10-S 1.2xl0-S S.4x10-9 
SW 1 . 1 x 1 0-7 7.0xl0-S S.4x10-S 3.2x10-S 1.4x10-S S.7x10-9 
WSW 2.4x10-7 1.3x10-7 1.0x10-7 S.4x10-S 2.2x10-S 7.Sxl0-9 
W 3.Sxl0-7 2.1xl0-7 1.Sxl0-7 7.9xl0-S 3.0xl0-S 9.Sx10-9 
WNW 1.Sx10-7 1.lxl0-7 S.Ox10-S 4.4xl0-S 1.9xl0-S 6.Sxl0-9 
NW 1.7x10-7 9.Sx10-S 7.Sxl0-S 4.1x10-S 1.Sx10-S 6.3x10-9 
NNW 1.Sx10-7 1.0xl0-7 7.7x10-S 4.2x10-S 1.Sxl0-S 6.2x10-9 
N 3.2xl0-7 1.7x10-7 1.3x10-7 6.3xl0-S 2.4x10-S 7.2x10-9 
NNE 1.Sxl0-7 S.7xl0-S 6.7xl0-S 3.6xl0-S 1.6xl0-S S.7x10-9 
NE 7.2xl0-S 4.6xl0-S 3.Sx10-S 2.3x10-S 1.2x10-S S.2x10-9 
ENE 1.1x10-7 6.7xl0-S S.2xl0-S 3.0xl0-S 1.4xl0-S S.7x10-9 
E 2.4x10-7 1.4xl0-7 1.0x10-7 S.6xl0-S 2.3xl0-S S.lx10-9 
ESE 4.6xl0-7 2.6x10-7 1.9xl0-7 9.7x10-S 3.Sxl0-S 1.2xl0-S 
SE 3.0xl0-7 1.7xl0-7 1.3xl0-7 6.7xl0-S 2.Sx10-S 9.4x10-9 
SSE 1.6x10-7 9.0xl0-S 7.0x10-S 3.9xl0-S 1.7x10-S 6.3x10-9 
S 1.3x10-7 7.7xl0-S 6.0xl0-S 3.4xl0-S 1.6x10-S 6.0xl0-9 
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ISOTOPE 

1-131 

1-132 

1-133 

1-134 

1-135 

LGS EROL 

TABLE 7.1-7 

CLASS 3.1 ACCIDENT 

RADIOACTIVITY RELEASED AS A RESULT 
OF EQUIPMENT LEAKAGE OR MALFUNCTION 

(WASTE SLUDGE TANK) 

RADIOACTIVITY RELEASED TO 
THE ENVIRONMENT (curies) 

3.85 x 10- 3 

9.58 x 10-6 

9.18 x 10- 4 

1 .05 X 10- 8 

1.48 x 10- 4 
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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 1 

Kr-85m 4.10 x 10 1 

Kr-85 1. 02 
Kr-87 7.50 x 10 1 

Kr-88 .1.70 x 10 2 

Kr-89 5.57 
Xe-131m 9.53 
Xe-133m 4.73 x 10 1 

Xe-133 3. 11 X 10 3 

Xe-135m 1.60 x 10 1 

Xe-135 6.46 x 10 2 

Xe-137 1. 01 x 10 1 

Xe-138 6.22 x 10 1 
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TABLE 7.1-9 

CLASS 3.3 ACCIDENT 

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

RADIOACTIVITY RELEASED TO 
ISOTOPE THE ENVIRONMENT (curies) 

1-131 1.54 x 10-2 

1-132 3.83 x 10-5 

1-133 3.67 x 10- 3 

1-134 4. 19 x 10- 8 

1-135 5.91 x 10- 4 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

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

LGS EROL 

TABLE 7.1-10 

CLASS 4.2 ACCIDENT 

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

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies) 

0-8 hours 8-24 hours 

2.81 x 10-2 5.36 X 10-2 

1.59 x 10-2 1.48 X 10- 3 

5.74 x 10-2 7.68 X 10-2 

1. 20 x 10-2 1. 99 ~ 10-5 

4.02 x 10-2 2.42 X 10-2 

1. 62 x 10+ 0 8.64 X 10-2 

7.25 x 10+ 0 2.64 x 10+ 0 

4.33 x 10- 1 8.64 X 10- 1 

5.52 x 10+ 0 7.02 X 10-2 

1.49 X 10+ 1 2.34 x 10+ 0 

2.14 x 10- 1 4.15 X 10- 1 

1.58 x 10+ 0 2.71 x 10+ 0 

6.42 X 10+ 1 1. 20 X 10+ 2 

8.28 x 10- 1 4.54 X 10-10 

4.64 X 10+ 1 3.90 X 10+ 1 

6.92 x Ht,:1 0 
3.05 x 10+ 0 1.69 x 10-1 
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ISOTOPE 

1-131 
1-133 

Kr-85 

Xe-131m 
Xe-133m 
Xe-133 
Xe-135 

LGS EROL 

TABLE 7. 1 -1 1 

CLASS 6.1 ACCIDENT 

RADIOACTIVITY RELEASED AS A 
RESULT OF A FUEL ASSEMBLY DROP ACCIDENT 

GAP RADIOACTIVITY RADIOACTIVITY RELEASED 
RELEASED TO TO ENVIRONMENT 

POOL WATER (curies) (curies) 

7.92 X 10+ 1 2.68 X 10-6 

1.30 x 10+ 0 4.30 X 10- 8 

2.20 x 10+ 0 6.23 X 10- 1 

7.26 x 10- 1 2.04 X 10- 1 

1. 02 x 10+ 0 2.75 X 10- 1 

1. 33 X 10+ 2 3.69 X 10+ 1 

1. 01 X 10- 3 2. 18 X 10- 4 
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ISOTOPE 

1-131 
1-133 
1-135 

Kr-85m 
Kr-8~ 

Xe-131m 
Xe-1 ... 3m 
Xe-133 
Xe-135 

LGS EROL 

TABLE 7.1-12 

CLASS 6.2 ACCIDENT 

RADIOACTIVITY RELEASED AS A 
RESULT OF A HEAVY OBJECT DROP ONTO FUEL IN CORE 

GAP RADIOACTIVITY RADIOACTIVITY RELEASED 
RELEASED TO TO ENVIRONMENT 

POOL WATER (curies) (curies) 

7.84 X 10+ 2 2.66 lC 10-5 

9.52 X 10+ 1 3. 15 X 10-6 

7.92 x 10-2 2.47 X 10-9 

6.88 x 10- 5 1 . 15 X 10-5 

1 .70 X 10+ 1 4.82 x 10+ 0 

6.64 x 10+ 0 1. 86 x 10+ 0 

1. 86 X 10+ 1 5.02 x 10+ 0 

1.49 X 10+ 3 4. 14 X 10+ 2 

1. 31 x 10+ 0 2.83 X 10- 1 
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ISOTOPE 

I-131 

Kr-85 

Xe-131m 
Xe-133m 
Xe-133 

LGS EROL 

TABLE 7.1-13 

CLASS 7.2 ACCIDENT 

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

RADIOACTIVITY RELEASED TO RADIOACTIVITY RELEASED 
SPENT FUEL POOL (curies) TO ENVIRONMENT (curies) 

8.46 X 10+ 1 2.87 X 10- 6 

1.69 X 10+ 1 4.79 x 10+ 0 

1. 45 x 10+ 0 4.07 X 10- 1 

7.53 x 10- 3 2.03 X 10- 3 

4.99 X 10+ 1 1. 39 X 10+ 1 

Rev. 9, 1 2/82 



ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

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

LGS EROL 

TABLE 7.1-14 

CLASS 8.1 ACCIDENT 

RADIOACTIVITY RELEASED AS A RESULT OF 
LOSS-OF-CooLANT ACCIDENT - SMALL PIPE BREAK 

RADIOACTIVITY RELEASED TO ENVIRONMENT (curies) 

0-8 hrs 8-24 hrs 24-96 hrs 96-720 

1. 14 x 10-' 2.77 x 10-' 1.06 x 10-1 3.05 x 
2.06 x 10-' 3.05 X 10-10 2.27 X 10-1Z 0 
3.99 x 10-' 6.88 x 10-' 8.61 x 10-' 7.93 X 
9.76 x 10-10 3.80 X 10-12 1.06 X 10-17 0 
2.95 x 10- 1 • 2.50 x 10-' 5 .. 85 X 10-10 3.29 X 

2.38 x 10-5 4.56 X 10-6 1. 80 x 10- 1 4.47 x 
9.98 x 10-5 1.06 X 10- 4 1. 31 X 10-5 1. 69 X 
6.79 x 10-7 3.60 X 10-6 2. 19 X 10-5 1. 80 X 
7.96 x 10-5 4.42 X 10-6 1. 11 x 10-' 0 
2.34 x 10-4 1.16 X 10- 4 3.31 X 10-6 6.62 X 

5.29 x 10-7 2.72 X 10-6 1.49 X 10-5 5.87 X 
9.56 x 10-6 4.38 X 10-5 1. 57 X 10- 4 1. 05 X 
2.87 x 10-4 1.43 X 10- 3 6.88 X 10- 3 1. 36 X 
5.58 x 10- 4 1.30 X 10- 3 7.50 X 10- 4 3.37 X 
5.02 x 10-6 4.56 X 10-14 0 0 
1. 80 x 10-6 0 0 0 
2. 10 X 10-5 1. 73. x 10-12 0 0 

hrs 

10- 1 

10-10 

10-13 

10-20 

10-10 

10-4 

10-14 

10-5 

10-4 

10-z 
10-6 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

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

LGS EROL 

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) 

0-8 hrs 8-24 hrs 24-96 hrs 96-720 

1. 55 x 10-4 3.75 X 10-4 1.43 X 10- 3 4.14 X 

6.99 x 10-5 1. 03 X 10-5 7.71 X 10- 8 1.96 X 

3. 11 X 10-4 5.37 X 10-4 6.72 X 10- 4 6. 19 X 
3.56 x 10-5 1.39 X 10-7 3.86 X 10-13 0 
2.10 x 10-4 1. 78 X 10- 4 4. 17 X 10-5 2.34 X 

2.62 x 10+ 0 5.02 X 10- 1 1. 98 X 10- 3 4.93 X 
1.60 X 10+ 1 1 .70 X 10+ 1 2. 10 x 10+ 0 2.70 X 
1. 17 x 10+ 0 6.19 x 10+ 0 3.77 X 10+ 1 3. 11 X 
7.01 x 10+ 0 3.89 X 10- 1 9.77 X 10-5 0 
2.89 X 10+ 1 1.43 X 10+ 1 4.09 X 10- 1 8. 17 X 

5.77 x 10- 1 2.97 x 10+ 0 1. 63 X 10+ 1 6.41 X 

4.21 x 10+ 0 1. 93 X 10+ 1 6.94 X 10+ 1 4.62 X 
1.72 X 10+ 2 8.57 X 10+ 2 4. 13 X 10+ 3 8. 14 X 

1.14 X 10+ 2 2.65 X 10+ 2 1. 53 X 10+ 2 6.90 X 

2.51 x 10- 1 2.28 X 10-9 0 0 
5.37 x 10-2 0 0 0 
1. 03 x 10+ 0 8.54 X 10- 8 0 0 

hrs 

10-3 

10-17 

10-5 

10- 8 

10-15 

10- 5 

10+ 2 

10-9 

10+ 1 

10+ 1 

10+ 3 

10- 1 
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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 

ISOTOPE RADIOACTIVITY RELEASED TO ENVIRONMENT (curies) 

1-131 1.85 x 10-7 

1-132 7.54 x 10-7 

1-133 7.06 x 10-7 

1-134 8.25 x 10- 7 

1-135 6.40 x 10-7 

Kr-83m 1. 21 x 10- 3 

Kr-85m 3.58 x 10- 3 

Kr-85 1.93 x 10-5 

Kr-87 5.25 x 10- 3 

Kr-88 9.71 x 10- 3 

Xe-131m 1.50 x 10-5 

Xe-133m 2.76 x 10- 4 

Xe-133 8. 19 X 10- 3 

Xe-135m 1. 47 x 10- 3 

Xe-135 1. 76 x 10-2 

Xe-137 2.08 x 10- 3 

Xe-138 5.48 x 10- 3 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

Xe-131m 
Xe-133m 
Xe-133 
Xe-135m 
Xe-135 
Xe~l3} 
Xe-138 

LGS EROL 

TABLE 7.1-17 

CLASS 8.2(b) ACCIDENT 

RADIOACTIVITY RELEASED AS A 
RESULT OF A ROD DROP ACCIDENT 

RADIOACTIVITY RELEASED TO ENVIRONMENT 

0-8 hrs 8-24 hrs 

3.51 x 10-2 6.71 X 10-2 

1.99 x 10-2 1. 85 X 10- 3 

7. 18 X 10-2 9.61 X 10-2 

1. 50 x 10-2 2.49 X 10-5 

5.09 x 10-2 3. 18 X 10-2 

2.03 x 10+ 0 1. 08 X 10- 1 

9.07 x 10+ 0 3.30 x 10+ 0 

5.41 x 10- 1 1. 08 x 10+ 0 

6.92 x 10+ 0 8.79 X 10-2 

1. 87 X 10+ 1 2.93 x 10+ 0 

2.67 x 10- 1 5. 18 X 10- 1 

1. 98 x 10+ 0 3.39 x 10+ 0 

8.03 X 10+ 1 1. 50 X 10+ 2 

1. 04 x 10+ 0 5.70 X 10-10 

5.81 X 10+ 1 4.88 X 10+ 1 

8.66 x 10- 1 0 
3.81 x 10+ 0 2.12 X 10-8 

(curies) 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

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

LGS EROL 

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 
TO ENVIRONMENT (curies) 

1.25 x 10-5 

7.48 x 10-5 

5.00 x 10-5 

1.25 x 10- 4 

5.00 x 10-5 

1.37 x 10- 3 

2.37 x 10- 3 

7.48 x 10- 6 

8.23 x 10- 3 

8.23 x 10- 3 

5.86 x 10-6 

1. 12 x 10- 4 

3.24 x 10- 3 

1.05 x 10-2 

8.98 x 10- 3 

5.86 x 10-2 

3.49 x 10-2 
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ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-135 

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

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

LGS EROL 

TABLE 7.1-19 

CLASS 8.3(b) ACCIDENT 

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

RADIOACTIVITY RELEASED 
TO ENVIRONMENT (curies) 

8. 15 X 10-4 

4.90 x 10- 3 

3.27 x 10- 3 

8.15 x 10- 3 

3.27 x 10- 3 

1.80 x 10-2 

3.10 x 10-2 

9.80 x 10- 5 

1. 08 x 10- 1 

1.08 X 10- 1 

7.67 x 10-5 

1.47 x 10- 3 

4.25 x 10-2 

1.18 x 10- 1 

1. 37 x 10- 1 

7.67 x 10- 1 

4.57 x 10- 1 
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TABLE 7.1-20 (Page 1 of 3) 

SUMMARY OF MAXIMUM EXCLUSION AREA BOUNDARY DOSES RESULTING 

FROM ACCIDENTS 

THYROID 
ACCIDENT DOSE 

CLASS DESCRIPTION (millirem) 

1.0 TRIVIAL ACCIDENTS (1) 

INSIDE CONTAINMENT 

2.0 SMALL RELEASES (1) 

OUTSIDE CONTAINMENT 

3.0 RADWASTE SYSTEM 
FAILURE 

3.1 Equipment Leakage 18.8 
or Malfunction 

3.2 Release from offgas Negligible 
treatment system 
first charcoal 
delay tank 
rupture 

3.3 Release of waste 75.2 
sludge tank 
contents 

4.0 FISSION PRODUCTS 
TO PRIMARY SYSTEM 
(BWR) 

4.1 Fuel Cladding 
Defects 

4.2 Off-Design 
Transients that 
Induce Fuel 
Failures Above 
Those Expected 

(1 ) 

2.94 

WHOLE-BODY 
GAMMA DOSE 
(millirem) 

(1) 

(1) 

0.00911 

22 

0.0364 

(1) 

1. 33 

GENERAL 
ASSESSMENT 

OF 
LIKELIHOOD 

occasional 

occasional 

rare 

rare 

rare 

occasional 

rare 

Rev. 9, 12/82 



LGS EROL 

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) ----------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 ----------Not Applicable-----------

8.0 ACCIDENT INITIATION 
EVENTS CONSIDERED 
IN FSAR 

8. 1 LOSS-OF-COOLANT 
ACCIDENTS 

Small Pipe Break Extremely 
rare 

5.19xl0- 7 1.76x10- 5 

Large Pipe Break Extremely 
rare 

6.35x10-2 6. 14 
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TABLE 7.1-20 (Cont'd) 

THYROID 
ACCIDENT DOSE 

CLASS DESCRIPTION (millirem) 

8.1(a) Break in Instrument 1.76xl0-5 
Line from Primary 
System that 
Penetrates the 
Containment 

8.2 CONTROL ROD ACCIDENTS 

WHOLE-BODY 
GAMMA DOSE 
(millirem) 

8.99xl0-·4 

(Page 3 of 3) 

GENERAL 
ASSESSMENT 

OF 
LIKELIHOOD 

rare 

8.2(a) Rod Ejection 
Accident (PWR) ----------Not Applicable-----------

8.2(b) Rod Drop 
Accident (BWR) 

8.3 STEAMLINE BREAK 
ACCIDENTS 

8.3(a) Steamline 
Breaks (PWR) 

8.3 STEAMLINE 
Breaks (BWR) 

Small Break 

Large Break 

3.68 1. 67 
Extremely 
rare 

----------Not Applicable-----------

0.00131 

0.0856 

0.0047 

0.0621 

Extremely 
rare 
Extremely 
rare 

(1) Incidents included and evaluated under routine 
radioactive releases are contained in Section 5.2. 

Rev. 9, 1 2/82 
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TABLE 7.1-21 (Page 1 of 2) 

SUMMARY OF POPULATION DOSES RESULTING FROM ACCIDENTS 

ACCI­
DENT 
CLASS DESCRIPTION 

1.0 

2.0 

TRIVIAL ACCIDENTS INSIDE CONTAINMENT 

SMALL RELEASES OUTSIDE CONTAINMENT 

3.0 RADWASTE SYSTEM FAILURE 

3.1 Equipment Leakage or Malfunction 

3.2 Offgas Treatment System First 
Charcoal Delay Tank Rupture 

3.3 Waste Sludge Tank Failure 

4.0 FISSION PRODUCTS TO PRIMARY 
SYSTEM (BWR) 

4.1 Fuel Cladding Defects 

4.2 Off-Design Transients that Induce 
Fuel Failures Above Those Expected 

5.0 FISSION PRODUCTS TO PRIMARY AND 
SECONDARY SYSTEM (PWR) 

6.0 REFUELING ACCIDENTS 

6.1 Fuel Assembly Drop 

6.2 Heavy Object Drop Over Fuel in Core 

7.0 SPENT FUEL HANDLING ACCIDENTS 

YEAR 2000 
POPULATION DOSE 
WITHIN 50 MILES 

(man-rem) 

(1 ) 

(1) 

0.373 

8.8 x 10- 1 

1. 49 

(1) 

53.9 

not applicable 

0.834 

9.45 

7.1 Fuel Assembly Drop in Fuel Storage Pool 0.834 

7.2 Heavy Object Drop Onto Fuel Rack 0.319 

7.3 Fuel Cask Drop not applicable 

Rev. 9, 12/82 



ACCI­
DENT 
CLASS 

LGS EROL 

TABLE 7.1-21 (Cont'd) 

DESCRIPTION 

8.0 ACCIDENT INITIATION EVENTS 
CONSIDERED IN FSAR 

8. 1 Loss-of-Coolant Accidents 
Small Pipe Break 
Large Pipe Break 

8.1(a) Break in Instrument Line From 
Primary System That Penetrates 
the Containment 

8.2 CONTROL ROD ACCIDENTS 

8.2(a) Rod Ejection Accident (PWR) 

8.2(b) Rod Drop Accident (BWR) 

8.3 STEAMLINE BREAK ACCIDENTS 

8.3(a) Steamline Breaks (PWR) 

8.3(b) Steamline Breaks (BWR) 
Small Break 
Large Break 

(Page 2 of 2) 

YEAR 2000 
POPULATION DOSE 
WITHIN 50 MILES 

(man-rem) 

0.00106 
222 

0.0368 

not applicable 

67.4 

not applicable 

O. 192 
2.54 

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

Rev. 9, 12/82 



CRAC 2 
Input 

GROUP 

OXRE 
OPREL 
C4T 
C4.,.' 
C4T" 
C123T" 
LEAK 1 
LEAK 2 
RB(8) 
VR(9) 

VRH20(lO) 

LGS EROL 

TABLE 7.1-22 

SOURCE TERM CHARACTERISTICS - POINT ESTIMATE(l) 

T (2) T (3) T (.) h(5) Q(6) 

r d w 

(hr, 

4.0 
7.0 
1.5 
1. 5 
1.5 
7.0 
7.0 
7.0 
1.5 
n .• 25 
0.34 

(hr) 

0 .• 5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
3.0 
3.5 
0.65 

(hr) 

3 .. 0 
6.0 
1.0 
1.0 
1.0 
6.0 
6.0 
6.0 
1.5 
Oa25 
Q .. 34 

(m) 

21 
21 
21 
27 
10 
10 
21 
21 
10 
10 
10 

(cal/sec, 

8.4(6)(7) 
8.4(6, 
1.0(4) 
1 .. 0 (4) 
1.0(4) 
7.0 (4) 
7.0(4) 
7.0 (4) 
8.4(6) 
1.4(4) 
2 (6) 

XE 

1.0 
1.0 
'.0 
1.0 
1.0 
1 .. 0 
0.73 
0 .. 73 
1.0 
1.0 
1.0 

3 (-4) 
3 (-4) 
3 ( .... 4) 
3 (-4) 
3 (-4) 
3 (-4) 
3 (-4) 
3 (-4) 
3 (-4) 
3 (-4) 
3 (-4) 

RADIONUCLIDE RELEASE FRACTIONS 

0.20 
0.11 
0.261 
0.07 
0 .. 13 
0.13 
1.9(-2) 
2.1(-3) 
0.05 
0 .. 1 
0.5 

Cs 

0.06 
0.09 
0.202 
0.09 
0.10 
0.11 
9.8(-3) 
9.8(-5' 
0.09 
0.33 
0.13 

Te 

0.50 
0 .. 016 
0.434 
0.20 
0.55 
0.50 
4.6(-2) 
4.6(-4) 
0.09 
0 .. 33 
0 .. 15 

Sr 

0.007 
0.01 
0 .. 029 
0.016 
0.09 
0.02 
1.6(-3) 
1.6(-5) 
4 .. 0 (-3) 
0 .• 15 
0.35 

._-- --------

Ru 

0 .• 40 
3 (-3) 
0.095 
0.008 
0.12 
0.08 
3.2(-3) 
3.2(-5' 
0 .. 02 
0.04 
0.01 

1.0(-5) 
3 (-4) 
5.2(-3) 
5.0(-3) 
1 .. 0 (-3) 
6.2(-3) 
5 .• 8(-4) 
5.8(-6) 
5.0(-3) 
0 .. 02 
0.05 

(1) The final CCDFs qiven in Fiqures 7.1-2 throuqh 7.2-6 are medians and are obtained from an uncertainty analysis 
on the source term characteristics. 

(2) T = time of release 
r 

(3) T = duration or release 
d 

(.) T = warninq time 
w 

(5) h = height of release 
(6) Q = rate of release of enerqy 
(7) 8.4(6) = 8.4 x 10 6 

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

Rev. 12. 04/83 
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TABLE 7.1-23 

FREQUENCIES OF TABLE 7.1-22 SOURCE TERMS 

-_ .... --------------------------------_._-----------_._------------------------------------_._--_._--------
CRAC 2 POINT ESTIMATE (YR-l) MEDIAN (YR-l) 

INPUT !NT~~ §!?!§~~ !,!g~ INTERNAL SEISMIC FIRE ._------ -------
GROUP 

OXRE 4.4(-8) 1.3 (-8) 6.9 (- 8, 3.3(-8) 7.5(-10) 2.6(-8) 

OPREL 7.0(-6) 2.0(-6) 1.1 (-5) 5.3(-6) 1.2(-7) 4.2(-6, 

C41' 6.4(-8) 6.3(-8) 0 6 .• 4(-8) 2.0(-9) 0 

C41" 5 .. 6 (-8) 5.6(-8) 0 5.6(-8) 9.0(-10) 0 

C41''' 6 .• 4(-9) 6.3 (-9) 0 6 .• 2(-:-9) 1.0(-10) 0 

C123y" 3.6(-7) 1.0(-7) 5.8(-7) 2.8(-7) 6.3(-9, 2.2(-7, 

LEAK 1 1.1 (-6) 3.3(-7) 1.8(-6) 8.8(-7, 2.0(-8) 6 .• 8(-7) 

LEAK 2 6. , (-6) 1.7(-6, 9.9(-6' 4.6(-6, 1 .. 1 (-7, 3.7(-6) 

RB 0 1.2(-6) 0 0 7.6(-9) 0 

VR 1.4(-8) 3 .. 7 (-7) 0 5 .. 0 (-9) <1 (-10) 0 

VRH20 1 ... 4 (-8, 4.1(-8) 0 5 .. 0 (-9) <1 (-10) 0 

Rev. 12. 04/83 



LGS EROL 

TABLE 7.1-24 (Cont'd) 

Group/radionuclide 

COBALT AND NOBLE METALS 
Cobalt-58 
Cobalt-60 
Molybdenum-99 
Technitium-99m 
Ruthenium-l03 
Ruthenium-l05 
Ruthenium-l06 
Rhodium-l05 

RARE EARTHS, REFRACTORY 
OXIDES AND TRANSURANICS 
Yttrium-90 
Yttrium-91 
Zirconium-95 
Zirconium-97 
Niobium-95 
Lanthanum-140 
Cerium-141 
Cerium-143 
Cerium-144 
Praseodymium-143 
Neodymium-147 
Neptunium-239 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 
Americium-241 
Curium-242 
Curium-244 

Radioactive inventory 
(million of Curies) 

0.0 
0.0 

166 
143 
114 

67 
42 
60 

152 
156 
145 
166 
151 
148 

90 
147 

61 
1,670 

0.036 
0.02 
0.024 
5.5 
0.0034 
1.1 
0.013 

(Page 2 of 2) 

Half-life 
(days) 

71.0 
1,920 

2.80 
0.25 

39.5 
0.185 

366 
1 .5 

2.67 
59.0 
65.2 

0.71 
35.0 

1. 67 
32.3 

1. 38 
284 

13.7 
11. 1 
2.35 

32,500 
8.9xl0 6 

2.5xl0 6 

5 350 
1~6xl05 

163 
6,630 

Note: The above grouping of radionuclides corresponds to that 
in the Reactor Safety Study 

Rev. 12, 04/83 



LGS EROL 

TABLE 7.1-24 

ACTIVITY IN THE LIMERICK REACTOR 

CORE AT 3293 MWt 

Radioactive inventory 
Group/radionuclide (million of Curies) 

NOBLE GASES 
Krypton-85 0.57 
Krypton-85m 28 
Krypton-87 55 
Krypton-88 77 
Xenon-133 184 
Xenon-135 34 

IODINES 
Iodine-131 83 
Iodine-132 128 
Iodine-133 183 
Iodine-134 202 
Iodine-135 172 

ALKALI METALS 
Rubidium-86 0.061 
Cesium-134 5.7 
Cesium-136 1.9 
Cesium-137 5.6 

TELLURIUM-ANTIMONY 
Tellurium-127 5.8 
Tellurium-127m 0.79 
Tellurium-129 21.8 
Tellurium-129m 5.8 
Tellurium-131m 11.4 
Tellurium-132 122 
Antimony-127 6.0 
Antimony-129 23.2 

AKALINE EARTHS 
Strontium-89 102 
Strontium-90 4.8 
Strontium-91 130 
Barium-140 163 

(Page 1 of 2) 

Half-life 
(days) 

3,950 
O. 183 
0.0528 
b. 117 
5.28 
0.384 

8.05 
0.0958 
0.875 
0.0366 
0.280 

18.7. 
750 

13.0 
11,000 

0.391 
109 

0.048 
34.0 

1. 25 
3.25 
3.88 
0.179 

52.1 
10,300 

0.403 
12.8 

Rev. 12, 04/83 
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TABLE 7.1-25 

PERMANENT RESIDENT POPULATION FOR THE LIMERICK SITE 

~p('tor Direct inn 
lmiles) .. ,."'[ Nr [F~r r [~r ~[ S~[ ~ ~SW § '1SA 5i W~ .. NW N~W 

0-0.'> ° ° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
O. '>-1.0 b1 141 27 l2 2) 7J 0 18 S 0 88 67 6~ 10 24 11 
1.0-1. '> '08 110 40 )8 60 70 . 222 . 2011 2')9 )0') 12) 136 " ".,> 199 J17 
1. '>·2.0 4)2 1C;} S~ H 84 97 311 286 362 427 173 190 46 6) 278 1144 
2.0-2.'1 241 ,." 128 ,.,9 '8) 192 61') 949 17') 207 117 ))9 "., 2 .1l8, 1 ,~17 ~6~ 
2.'>-'.0 291 184 1'>1 194 22J 2)4 826 1,160 21J 2')4 142 . ,. 87 • 2,')46 1,878 690 
.1.0-L'> 116 214 '91 2'8 28' 112 2,622 2,669 SO 2J2 208 29) 740 7, "0 .,029 ')72 
J.'I.4.0 )6~ 2~6 220 2')2 12~ '99 ),025 ),019 57 268 2)9 ))9 8~) B,.)S .,648 66' 
4.0·4.'> 412 92 187 109 227 198 745 ',126 25) 168 200 71) 1,197 2,2l2 960 4)4 
4.~-'>.0 ~21 102 210 121 2'>} 221 8H 1,2'>8 28} '87 22) 796 1,))7 2,494 1 ,07) 486 
'>-b 1, )06 '>8') S0,9 )4'> 2,248 2,692 ~98 ~,91J 944 672 74S 261 60 1,724 164 1,0'2 
6-1 1,')44 691 660 .07 2,6'>7 ),182 707 6,989 1,1'~ S58 880 )09 70 2,OJ8 19' 1,219 
7-8.') 2.761 ',n6 1,181 n9 4,7S1 S,691 1,264 12,499 1,99S 998 , ,S7. SS2 126 ',,,4S '46 2 ,181 
8. '>-10 },29~ 1,476 1.410 870 .S ,67' 6.792 " ')08 14.918 2,181 1,191 , ,879 6S9 1SO 4.~'>0 413 2,60) 
10-12.,) 1,280 4,7)9 6,146 9,8Z8 12,672 " ,60S 2',922 7,194 17 ,907 8,)76 , ,211 2,068 737 24,907 1, S78 1,986 
12.'>-1S 1,,)6~ 5,792 7,'>12 '2,012 'S,21\} l8,629 26,794 8,792 21,887 m,n7 1,481 2,S28 901 )0.442 1,928 2,428 
n-17. ~ 1,8'>0 6,84S 8,877 '4,197 18,014 4~,6~2 " ,666 10,'" 2~,866 12,098 ',no 2,987 1,06~ )~,976 2,279 2,869 
17. ,>·ZO 2,tl4 7,897 '0,243 16, )81 20,786 S2,675 )6,5H 11,990 29,846 1J,96O 2,019 ',467 1,229 .',S11 2,629 ),)10 
ZU-2'> 20.829 97,040 10.71' 27,827 61,046 )}6,4,)0 S6J,411 121,}67 11,609 17,078 2),8)9 10,670 8,012 )4,626 8,2'2 7,096 
2'1·'0 2",4'>7 118,604 1J,09' ). ,010 77,0'>6 411,211 688,61) 148,Jn 21,S2J 20,873 29,137 13,041 9,791 42,320 10,OH a,6" 
)O·)~ 21,716 8'>.09. 14,7H 11,780 122,464 )24,681 JJ6, )S1 '6, )14 202,5S2 24,4SO 6,281 )4,78S 21,142 9,AH 6,6n 2.661 
)'>.40 2~,OH 90,186 16,999 " ,592 14' ,lOS )74,6)2 )88.097 18,8n 2)),71A 28,2'2 7 ,2U AO,136 26,70' 10,884 7,612 J,072 
40-4S 11,888 '7,74' 24,911 18,800 22S,218 119,9}6 67,649 ",997 11,762 )2,128 9,777 71,801 ·H,161 '2,'142 24,2'>0 11,994 
4"-SO ",2A6 19.811 27,84' 21,011 2"',71') ~,>,81' 7~,hU7 1~,64) 1J ,146 )5,907 10,927 80,2118 1I1,7~6 '4,017 27,101 1~,640 
~O-'>S 6.886 -'2,970 'O,8S4 ~),S92 187,792 49,S11 161,447 )0,S28 S},899 8,247 27,221 34,7.66 )2,84' 22, J07 20,197 22, J46 
5.,-60 17.0.,7 16.9" 64,100 10S ,29) 17A ,828 59,91} 102, n, }9.0SS 68,162 9,516 42,)811 16,8S9 44,757 )',Sn 2J.08S 4.,,02~ 
60-6~ 10.62) 17,742 66,292 171,163 162,80) 12,760 67, )91 )4,900 ~}, ~74 9,185 ~O,t\22 4),002 49.~77 4'>,210 19,869 47,9" 
6'>·70 ,'> , 1 ~, '~.206 62,170 272 ~{t~8 160,844 78,672 5'>,'95 12 ,108 1B,Om S,HO 40,968 ~8,190 A6,S9S 42,210 21, )65 19,144 
70-85 '''S,810 }6,828 296,821 2,001,226 'S1,491 '77,S2} 128,5S1 69,la79 57,227 22,168 nO,SA6 206,022 116,878 74,4n 72 ,049 141,117 
8"-100 11:.1,867 S".,96 4~6,449 6,070,O}8 0 0 0 27,717 61,';71 U,617 942,S06 101,9J7 110,012 41,010 59,928 211,755 
10ll-1S0 271,091 2'>8,729 1,244,44) ~ ,114,585 0 0 0 8,2" 209,~2) 362,871 2,n9,529 ',062,112 2.18,11') 295,0-'2 140,775 182,"6S 
1'>0-200 4A2,II02 ~6IJ,B9" , .1~ ~,8H 1,802,"'4 0 0 0 0 ~2,287 166.772 }29,908 287,951 520,J17 164,71~ 142,422 )2:' ,640 . 
WlI- ,.,0 1,6'>0."OU l,lq~,147 },Sb9,922 4 ,8H ,48., 0 0 ° 0 "42,O'H ),071,062 1.879, )9} 1.0l0,760 4."04,7U4 5,4:!'> , "9 6,671,69) 2,10",U64 
}~IJ-"IJO 818,.,81 5,1 Sb, '191 949, H~ 0 0 0 0 0 " ,9'>9 2,0)6,)92 4,5"8,'0) 2,849,46" 6,044,"19 9,O'~, ).:.7 S04,911 }Ob,54Q 

Rev. 1 2, 04/83 
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TABLE 7.1-26 

AVERAGE VALUES OF ENVIRONMENTAL RISKS 

DUE TO ACCIDENTS PER REACTOR-YEAR 

Environmental Risk 

Population exposure 
Person-rems within 50 miles 
Total person-rems 

Acute fatalities 

Latent cancer fatalities 
All organs excluding thyroid 
Thyroid only 

Cost of protective actions 
and decontamination 

Average/RY 
(Median) 

40 
70 

4. 1 x 10-5 

0.012 
0.001 

$6,000 

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. 

7.2-1 
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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 1 

NORMAL CONDITIONS OF TRANSPORT 

Environmental impact 

Heat (per irradiated fuel cask in transit) ••••• 
Weight (governed by Federal or State restrictions) • 

250,000 Btu/hr 
• 73,000 lbs per truck; 

100 tons per cask per 
rail car. 

Traffic density: 
Truck 
Rail 

Exposed population 

Transportation workers 
General public: 

Onlookers 

Estimated 
number of 
persons 
exposed 

Range of do~es to 
individuals 
(per reactor year) 

Less than 1 per day. 
Less than 3 per month. 

Cumulative doses to 
exposed population

3 (per reactor year) 

• • •• 200 0.01 to 300 millirem ••• 
• 0.003 to 1.3 millirem • 

• • 4 man-rem. 

) 
Along Route •••••• 

• • •• 1,100 
600,000 0.0001 to 0.06 millirem )3 man-rem. 

ACCIDENTS IN TRANSPORT 

Radiolo~ical effects 
Common (nonradiological) causes ••• • •••• 

Environmental risk 

Smal14• 
1 fatal injury in 100 reactor years: 
nonfatal injury in 10 reactor years; 
$475 property damage per reactor year. 

1Data 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 limited 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. 

4Although 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 oil, 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 oil storage 
and use. Each interceptor has a sediment bucket, baffle, surface 
oil draw-off tube, bottom-connected water outlet, and an inlet 
flow control to achieve maximum efficiency. The interceptor 
operates by gravity with the light oil rising to the surface 
slightly above the operating water level. The oil drains through 
a stationary draw-off tube into a 500 gallon waste oil storage 
tank associated with each interceptor. The oil 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 oil 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 oil 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. 

7.3-1 
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Two outdoor oil unloading areas, one for the ~boveground 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 
safeguard 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 
oil interceptor to the holding pond via the oil 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 oil separators. Floor 
drainage from the eight diesel-generator enclosures (each of 
which contains an 825 gallon diesel oil day tank and a 250 gallon 
lube oil 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 oil reservoir, 
an 1100 gallon M-G set fluid drive (lube oil), three 1000 gallon 
reactor feed pump turbine lube oil reservoirs, a generator 
hydrogen seal oil tank holding approximately 530 gallons, and a 
turbine electro-hydraulic control (EHe) reservoir holding 
800 gallons of fire resistant hydraulic fluid consisting of 
straight triaryl phosphate ester which is heavier than water. 
These oil containers are located within curbed areas which are 
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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. If 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 radioactive contamination is low, provisions are 
made so that contaminated oil 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 conta~ning 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 sto~age tanks provide the sulfuric acid which 
is used to maintain a nea~ly neut~al pH of the circulating water 
and service water in the cooling towers. The sto~age tanks have 
no drain connections and a~e located inside of enclosures which 
a~e su~faced and cu~bed to contain 110% of the capacity of the 
tanks. Fou~ 50 gallon acid feed tanks p~ovide acid to the 
ci~culating wate~ from the storage tanks. The feed tanks are 
located at the cooling towe~ basin and inside enclosures which 
a~e su~faced and curbed to contain at least 110% of tank 
capacity: The acid piping is contained within conc~ete t~enches 
which d~ain to sumps for t~ansfe~ to the holding pond, cooling 
towe~ basins, o~ po~table tankage. 

Wate~ t~eatment chemicals are also sto~ed in the holding pond 
treatment enclosure. Dry alum and sodium hyd~oxide are sto~ed in 
bags on pallets. Sulfu~ic acid and polyelect~olytes a~e sto~ed 
in d~ums no large~ than 55 gallons. The chemicals a~e mixed in 
four 210 gallon solution tanks when needed. Floo~ d~ains in the 
holding pond t~eatment enclosu~e a~e routed to the holding pond. 

7.3.4 STORAGE AND USE OF CHLORINE 

Liquid chlo~ine is supplied to the chlo~ination equipment f~om a 
single-unit railroad tank ca~ equipped with excess-flow valves 
designed to close when the flow~ate of liquid chlo~ine exceeds 
about 7000 Ibs per hou~. A separate rail siding used only for 
chlo~ine tank ca~s is provided with de-rails, signs and safety 
equipment ~ecommended by the Chlo~ine Institute fo~ unloading 
chlorine. Gas masks are provided in convenient locations to 
facilitate expeditious co~rective action in the event of a 
chlo~ine leak. Chlo~ine detectors alarm the presence of chlo~ine 
in the chlo~ine storage a~ea. 

Piping f~om tank cars to chlo~ine evaporato~s is ~un to chlo~ine 
equipment located in a separate ~oom in the ci~culating wate~ 
pump st~uctu~e. Liquid chlo~ine evapo~ators and vacuum type gas 
chlo~inato~s a~e provided fo~ operation and cont~ol of the 
chlo~ine system. Chlo~ine gas lines f~om the chlorinato~s are 
ope~ated unde~ vacuum to the point of use areas to minimize the 
leakage potential of chlo~ine gas and concent~ated chlorine 
solutions. 

7.3.5 STORAGE AND USE OF COMPRESSED GASES 

Ca~bon dioxide is sto~ed as a bulk liquid in th~ee ~ef~ige~ated 
tanks. The tanks a~e provided with high and low pressu~e alarms. 
These ala~ms detect loss of ~ef~igeration o~ tank leakage. 

Ca~bon dioxide is used fo~ pu~ging the gene~ato~ hyd~ogen system, 
and as pa~t of the fi~e protection system. 

7.3-4 
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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 oil 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 oil 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: 

Small Commercial and Industrial 
Large Commercial and Industrial 
Residential 
Other 
Total 

Million kWh 
1440 
6480 
3600 

480 
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. 
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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 ess~ntially tr~nsfer 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 
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occur. Changes in tax laws, for example, could produce results 
that differ substantially from today's estimated values. 

8.1.2.1.1 State Taxes 

a. 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. 

b. 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. 

c. 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. In 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. 

d. 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 ineome 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 
Longvie~ 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. In 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 Applic~nt 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 Oil 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 oil 
per year on the PJM interconnection. 
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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. 

b. 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. 

c. Recognizing the requirements of the Delaware River Basin 
Commission (ORBC) 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. 

d. 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. 

e. 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. 

f. The annual operating and maintenance costs are estimated 
to be $140 million. 
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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. 
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TABLE 8.2-1 

COST INFORMATION FOR LIMERICK GENERATING STATION 

1. Applied interest 4. Average site labor 
rate during pay rate (including 
construction 7.0-10.0%/year fringe benefits) 

Effective at month 
2. Length of and year of start 

construction of construction 
workweek 40 hr/wk 

5. Escalation rates 
3. Estimated site Site labor 

labor require- Materials 
ment 26.7 manhours/ Composite rate 

kWe 

POWER STATION COST 
THOUSAND DOLLARS 

Direct Costs 

a. Land and land rights 

b. Structures and site facilities 

c. Reactor plant equipment 

d. Turbine plant equipment not including 
heat rejection systems 

e. Heat rejection system 

f. Electric plant equipment 

g. Miscellaneous equipment 

h. Contingency allowance 

Subtotal 

Indirect Costs 

a. Construction facilities, equipment 
and services 

b. Engineering and construction management 

c. Other costs 

Unit 1 

6,000 

253,000 

336,000 

99,000 

51,000 

52,000 

51,000 

80,000 

928,000 

162,000 

490,000 

132,000 

11.32/hr 

7%/year 
7%/year 
7%/year 

Unit 2 

262,000 

349,000 

104,000 

52,000 

54,000 

53,000 

115,000 

989,000 

178,000 

523,000 

102,000 
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TABLE 8.2-1 (Cont'd) 

d. Interest during construction 

Subtotal 

Unit cost 

Station cost 

(Page 2 of 2) 

965,000 1,349,000 

1,749,000 2,152,000 

2,677,000 3,141,000 

5,818,000 
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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 U3 0 8 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 
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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. In 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 oil 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 capacity will be retired. This 
equipment was installed in the late 1960's. The combustion 
turbines to be retired are characterized by high heat rates, high 
fuel costs, and abnormally high maintenance costs. These units 
were not designed for base 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: 

a. 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. 

b. 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. 
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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. 
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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. In 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. 
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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. 
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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-OO-BBB, 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 50 F outside of, or 
exceed a rate of change greater than 20 F 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. In 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 disc~ssion 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. In 
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. 
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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 Appendi x I of 10 CFR 50 and wi 11 'satisfy 
the guides for design objectives proposed in the concluding 
statement of position of the Regulatory Staff in Docket RM-50-2. 
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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. 
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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. 
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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 $320 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 $460 million paid annually in taxes (essentially 
transfer payments; to the state and federal governments. 
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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. 
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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. In 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. In 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 0-69-210 (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. 
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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 radioactive 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 
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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. 
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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. 
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TABLE 11. 3-1 Page 1 of 4 

SUMMARY BENEFITS-COSTS; LIMERICK GENERATING STATION 

Item 

1. Expected Average Annual 
Generation and Approximate 
Value 

Benefits(l) 

12.9 billion kWh 
$1.5 billion(2) 

Reference 

Section 8.1 

2. Proportional Distribution 
of Electric Energy (1990) 

66% Industrial Section 8.1 
and Commercial 

30% Residential 
4% Other 

100% Total 

3. Average Annual Federal $460 million 
and State Taxes 

4. Direct Station Employment 724 

5. Public Facilities An Energy Informa­
tion Center 
is provided 

6. Annual Savings of Equivalent 20 million barrels 
Oil for Power Generation 

7. Average Annual Federal $460 million 
and State Taxes 

1. Total Capital Cost 
(Land and Station) 

2. Capital Cost to Complete 

3. Capital Cost (Associated 
Transmission System) 

4. Decommissioning Cost(3) 

5. 10-Year Levelized Annual 
Fuel Cost 

6. Annual Operation and 
Maintenance Cost 

7. Annual Low Flow 
Augmentation Cost 

Costs 

$5,820 mil~ion 

$2,200 million 

$91 million 

$160 million 

$130 million 

$140 million 

$13 million 

Section 8. 1 

Section 8. 1 

Sections 2. 1 , 
8. 1 

Section 8. 1 

Section 8. , 

Reference 

Section 8.2 

Section 8.2 

Section 8.2 

Section 8.2 

Section 8.2 

Section 8.2 

Section 8.2 
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TABLE 11.3-1 (cont'd) Page 2 of 4 

Item Costs 

8. Aquatic Costs 

a. 

b. 

Surface Water 32.8 MGD 
• Average Consumptive 

Use 

Ground Water 0.0 MGD 

c. Biota 

Impingement and Entrainment 

• Phytoplankton Minimal 
• Zooplankton Minimal 
• Meroplankton Minimal 
• Larval Fish Minimal 

d. Radioactive Releases -
Liquid Effluents 

• Biota other than 
man 

mrad/yr/2 
SPECIES INTERNAL 

Fish 5.9 
Invertebrates 39.0 
Aquatic Plants 

and Algae 18.0 
Muskrat 28.0 
Raccoon 1.1 
Heron 99.0 
Duck 26.0 

• Individual Man mrem/yr/2 
Total 
Body 

Liquid Effluents 1. 02 
(Adult) 

Reference 

Section 3.3 

Section 2.4 

Section 5.1 

Section 5.2 

Table 5.2-10 

units 
EXTERNAL 

0.014 
1.1 

0.017 
3.2 
2.4 
2. 1 
4.8 

units 
Any Table 5.2-18 
Organ 

1. 78 
(Adult-bone) 
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TABLE 11.3-1 (cont'd) 

Item 

9. Atmospheric Costs 

a. Radioactive Releases­
Gaseous Effluents 

• Biota other than 
man 

Costs 

mrad/yr/2 units 

Page 3 of 4 

Reference 

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 

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 

Table 5.2-18 

(all pathways) 10.55 mrem (Infant-thyroid) 

b. Cooling Towers 

• 
• 
• 

Evaporation 
Drift 
Salt Deposition 

32.4 MGD 
0.4 MGD 

Variable with 
distance, sector 

Section 3.3 
Section 3.3 
Section 5.1.4 

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 

1. Nuclear Plant Construction­
Unit 1 

2. Nuclear Plant Construction­
Unit 2 

3. Nuclear Plant Operating 
License 

4. Special Nuclear Material 
License 

5. By-Product Material License 

6. Dredging and Encroachments 
Schuylkill River Intake 
Facilities and Discharge 
Diffuser 

7. NPDES for Construction 
Discharges 

8. No Hazard to Air Navigation 
Determination 

Agency Status 

U.S. Nuclear Received 
Regulatory 
Commission (NRC) 

NRC Received 

NRC Not Received 

NRC Not Received 

NRC Not Received 

U.S. Army Corps Received 
of Engineers (COE) 

U.S. Environmental Received 
Protection Agency 
(EPA) 

Federal Aviation Received 
Administration 
(FAA) 

12.1-1 
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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 

1. 401 Water Quality Certif­
ication - Construction 
Permits and Operating License -
Units 1 and 2 - (NRC) 

2. Deleted 

3. 401 Water Quality Certif­
ication - Dredging and 
Encroachments Permit -
Schuylkill River Facilities­
(COE) 

4. 401 Water Quality Certif­
ication - NPDES Permit for 
Construction Discharges -
(EPA) 

5. Industrial Waste Discharge 
Permit 

6. NPDES Permit for Plant 
Operating Discharges 

7. Sanitary Waste Discharge 
Permit 

8. Air Pollution Permit for 
Auxiliary Boilers 

9. Air Pollution Permit for 
Construction of BWR's 

10. Air Pollution Permit for 
Concrete Batch Plant 

11. Air Pollution Permit for 
Concrete Batch Plant Boiler 

12. Intake and Discharge 
Structure for Schuylkill 
River Facilities 

Rev. 18,06/84 

Agency 

Department of 
Environmental 
Resources (DER) 

DER 

DER 

DER 

DER 

DER 

DER 

DER 

DER 

DER 

DER 

12. 1-2 

Status 

Received 

Received 

Received 

Received 

Not Received 

Received 

Received 

Received 

Received 

Received 

Received 
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P~rmit 

13. Intake Structure for 
Perkiomen Creek Facilities 

14. Dredging and Encroachments 
Permit - Possum Hollow Creek 

15. Water Obstruction-Electrical 
Conduit - Possum Hollow Creek 

16. Water Obstruction - Culvert -
Possum Hollow Creek 

17. Water Obstruction - Culvert -
Brook Evans Creek 

la. Plan Approval - Temporary 
Construction Buildings 

19. Plan Approval - Turbine, Reactor, 
Control and Radwaste Buildings 

20. Plan Approval - Sewage 
Treatment Building 

21. Plan Approval - Circulating 
Water Pump and Water Treatment 
Buildings 

22. Plan Approval - Auxiliary 
Boiler and Lube Oil 
Storage Building 

23. Plan Approval - Schuylkill 
River Pumphouse 

24. Plan Approval - Diesel 
Generator Building 

25. Plan Approval - Spray 
Pond Pumphouse 

26. Plan Approval - Administration 
Building 

27. Plan Approval - Perkiomen Creek 
Pumphouse 

Agency 

DER 

DER 

DER 

DER 

DER 

Department of 
Labor & Industry 
(DL&I) 

DL&I 

DL&I 

DL&I 

DL&I 

DL&I 

DL&I 

DL&I 

DL&I 

DL&I 

12. 1-3 

Status 

Received 

Received 

Received 

Received 

Received 

Received 

Received 

Received 

Received 

Received 

Received 

Not Received 

Not Received 

Received 

Received 
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Permit 

28. Flammable Liquids Storage and 
Handling for Eight Underground 
Fuel Oil Tanks 

29. Flammable Liquids Storage and 
Handling for Two Above Ground 
Fuel Oil Tanks 

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

31. Highway Crossing Permit -
Perkiomen Creek Pipeline 

32. Railroad Crossing Agreement -
Schuylkill River Cased Pipes 

33. Railroad Crossing Agreement -
Schuylkill Road at Grade 

34. Deleted 

35. Certificate of NecesSity 

36. Notification of Airway 
Obstruction 

37. 52 PA Code CB57 
Transmission Siting Permit 
for LimerLck to Cromby, 220-60 
(230 kV) line 

38. 52 PA Code CB57 
Transmission Siting Permit 
for Limerick to Cromby, 220-61 
(230kV) line 

39. 52 PA Code CH57 
Transmission Siting Permit 
for Cromby to Plymouth Meeting, 
220-63 (230 kV) line 

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) 

Rev. 4, 07/82 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 

1. Approval for Surface 
Water Use 

12. 1-5 

Agency 

Delaware River 
Basin Commission 
(DRBC) 

Status 

Received 
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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. 1, 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 

12.4.2 

12.4.3 

12.4.4 

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 

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 

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 

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 Wa ,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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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 Reguirement: 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 uays. 

1.2· ABBREVIATIONS 

BWR: Boiling Water Reactor 

lQ 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 

~: 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 
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ft 3 : Volume, cubic feet 

fps: Speed, feet per second 

fpm: Speed, feet per minute 

9.P9,: Liquid flow, gallons per day 

9E!!l: Liquid flow, gallons per minute 

lb/da:l: Weight flow rate, pounds per day 

m/sec: Speed, meters per second 

mg/liter:Concentration, milligrams per liter 

Mgd: Liquid flow, million gallons per day 

mph: Speed, miles per hour 

Mwt: 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. 

b. Delays in .. Sample Collection 

If 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 
obtair.ed 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 qnd 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) 
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programs as required by the NPDES. 

3.2.2 FISHERIES 

3.2.2.1 Monitoring Reguirement 

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 
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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 navig~ble 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 changes 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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b. 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. 

c. 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 

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

b. 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 PORCo 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. 
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c. 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. 

d. 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. 

e. If harmful effects or evidence of irreversible damage 
not considered in the Final Environmental Statement are 
detected by the monitoring programs, the licensee will 
pro~ide 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. 

b. 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. 

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

d. Temporary chan~es 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. 
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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 'I", 

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. 
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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 Dir~ctor 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. 
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Records of changes made to operating procedures, 
equipment, permits, and certificates. 

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 El00.1 

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 



Spray pond 

Radiological monitors 

Transmission lines 

Gaseous waste mandgement 
system 

LGSEROL 

TABLE E100.1-1 

SIGNIFICANT ENVIRONMENTAL EFFECT CHANGES FROM ERCP TO EROL 

CHANGE 

Spray pond constructed 

Upgraded instrumentation 

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

Cbanged offgas treatment system 

REASON 

Ensure adequate 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 
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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 Transmission 
Main, and public water supply components and was submitted February. 
1979, by Neshaminy Yater 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 RES~"ttVOL"tt, 'l'!U..~SHISSION MAIN, EAST BRA..'iCE PERI{ICMEN, 
AND PER..,{IOMEN CREEKS 

SUMMARY 

This Report provides 1nferma~ion en the Philadelphia Elec~ric 
Ccmpany (PECe) portian 'Of the Neshaminy Wa~er Resources Au~hor1ty Wa~er 
Supply Prejec~ (Pein~ Pleasan~ Diversian); specifically, the Bradshaw 
Reserveir and the transmissian main from the Reservoir ta the Eas~ 
Branch of the Perkiemen Creek. The PECe partian of the P'Oin~ Pleasant 
Diversion Plan was reviewed by the DRBe as part of its review of the 
inc~usion 'Of the Po1n~ Pleasan~ Diversion Plan in the DRBC's Comprehensive 
Plan. A Final Environmen~al Impac~ Statement was prepared by the DRBC 
in February, 1973, in counec~ion with its Comprehensive Plan review~ 
The PECa portion of the Poin~ Pleasan~ Diversian Plan was also reviewed 
by DRBC in counee~1on with Sec~ion 3.8 approval 'Of PECo's Limerick 
Generating Statian (Docke~ No. D-69-210-c?). 

!his Report provides infarmation supplementing the analyses contained 
in the DRBC Final Environmental Impact Statemen~ (EIS) on the Poin~ 
Pleasant Diversion Plan~ Bucks and Montgomery Coun~ies, dated February, 
1973. !he inf'Ormatien in this Report is presented topically in a:t'eas 
wh~~~ ~i!h~r additional suppo~~ive inf'Ormation or clarification appeared 
appropriate. !n areas nat specifically discussed herein, i~ was no~ 
considered necessary ta provide additional information or clarification 
since no significant changes in these areas have occurred since the 
original report. Our evalua~ion 'Of the information con~ained in the 

. 1973 DRBC !IS tagether with the su~plemental infarmation pravided herein 
indicates tha~ the supplemental infarmatian has na signficant 1mpac~ on 
the conclusians stated in the' 1973 ElS. 

!he follawing see~ious are included in this report: 

SECTION I - PROJECT DESCRIPTION - BRADSHAW RESERVOIR 

The Bradshaw Reservoir was evaluated in the 1973 DRBC !IS. !he 
references ~ conclusions regarding the reservoir are still val~d with 
the followilli excep tia11. !he reservoir sue has been increased f::,om 46 
MGD to 70 MGD. The increased sue provides far an adequate operating 
capacity, emergency storage and s9ace for silt buildu~. The information 
presented in this Sec~1on ~rov1des a more eample'te deSCription of the 
facility and disc:u.sses alternatives considered. Sl'ee1£ically for the 
reservoir. 



SECTION II - PROJECT DESCRIPTION - PERK~OMEN TRANSMISSION ~~IN 

The Perkiomen Transmission Main and the environoen~al i:pac~s 
associated wi~h it were included in the 1973 DRBC ElS. The inain was 
descrtbed as one of the facili ~ies comprising the proposed action. The 
environmental impacts of this main were revie~ed together with the 
impacts of the other proposed pipelines. The references and conclusions 
regarding ~he transmission main are still valid. The informa~ion presented 
in this Section is intended to provide a more complete description and 
to discuss alternatives considered specifically for the route of the 
transmission main. 

SECTION III - ALTERNATIVES TO PROPOSED PLAN 

Alternatives to the proposed plan to supply water to the Limerick 
Generating Station were discussed in the 1973 O~C ElS. !he conclusions 
reached in connection with each of the five alternatives covered in the 
1973 ORBC EIS are still valid. The material presented in ~~is Section, 
in addition to expanding on several of the previous alternatives, describes 
seven pipeline alternatives which were considered to supply only PECO's 
water requirements. 

SECTION IV FLOWS 

Su~plemental flow and meteorological data from 1974 to 1977 were 
evaluated and summarized. !he infor.:ation 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 d~ring this same time 
penod. !he estimated number of weeks of simulated ,1:!~ntation is less 
than the number of weeks of wi~hdrawal at ~he Perkiomen intake since 
augmentation was assumed to be curtailed if Perkiomen natural flow 
exceeded 450 cis in order that natural flooding not be aggrava~ed. 
Detailed su~plemental flow information c~iled by E. ~. Bourquard 
Associates is also presented in Section IV. 

SECTION V - WA1'ER QUALIl'Y 

The general conclusions of the 1973 ORBC !IS regarding water quali~ 
remain valid. Table 3 (Page 17) of the 1973 ORBC !IS presented basic 
water quality informa~ion. This table was composed to present data to 
characterize the water qualiry of each of the Diversion c~onent st~eams. 
It is based on data collected in 1967 and 1968 by Broadfoot et ale 
Comparison of the data wi~h more recent data indicates tha~~e ~d1ans 
are similar but the extremes are different. The extremes are di£feren~ 
because data were eollec~ed over a longer period of record and at more 
frequen~ intervals and ~us, inclade a greater variety of physical 
condj,t1ons. Addit10ual data f~o1D. four stations show that East Brauch 
Perk10meu Cresk qaa.Uty varies fr01ll source to mouth. The upstream 
reach bas water quality siJDilar to that of the Delaware. the middle 
reach is organically and 1norgan1cally enriched, and the lower reach is 
recovering from degradation. 

Su~~lementary water quali~y information is presented in Sectiou V. 



Supplementary ~ater temperatura iciot':latioll is presen'tad in Sec'tion 
VI. 

SECTION VII - AOUATIC BIOLOGY 

In general~ the conclusions and predictions of the 1973 DRBC EIS 
remain essentially correct. 

Increased flow will 'Prcvid~ a relative improvement in aquatic life. 
The increased flow will not improve fish production uniformly since some 
areas are already quite productive. !n addition~ increased flow -Jill 
likely enhance the aesthetics of fishing sites. 

There will be some loss of aquatic life. However, the loss will 
not be significant, and the overall creek is expected to improve with 
time. 

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

S!C'l'ION VII! - 'l"ElUtES'l"RIAL BIOLOGY 

The site of the Bradshaw Reservoir and three alternate pipeline 
routes were surveyed by &MC - Ecological Division in April, 1979. The 
results of that survey are presented. in Section VII. 

Sectio~ IX - HISTORICAL AND ~~CEEOLOGICAL L~O&~TION 

The possibility that places of historical or archeological importance 
would be disturbed by the proposed action was considered in the 1973 
DlmC as. The conclusion was that the Bradshaw Reservoir and the Perkiomen 
Transmission Main would not affect any properties of significance. This 
conclusion is still valid. The information presented in this Append!: 
supplements previously submitted infor.nation and details a s'tUdy and 
investigation conducted in 1978. 
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Bradshaw Rese:ovoi= 

General .Al though tiDal design work such as tl:J.e preparation or deta.iJ.ed 
constr..lCtiOD. draw.iIlgs and S}:jecL:'icatioIlS has not bean c c::::pJ.e "ted , 
design b.a.s prog::-essed SU::-riciantiy ~ pro"ti.de i "'--:lr.:::a::::'oD. 
adequate to derine tl:J.e p"u.""Pose, location, e..r..a~",i appea::-ance, 
approzima~ size and anticipated etfects or ~e proposed 
Brad.sbaw Rese..-.ovoir. 

p-...l...~ose The Brad.sl:law Rese..-rnir is the :':i.:::la.l point or discharge to:- the 
comeilled quantity or water pumped from tl:J.e DeJ.a:ware Riyer by 
and tbrough tl:J.e combined fac'; J'; ties consut:i.Dg or tlle Point 
Pleasant intake, the pumping sta;t:ion, a.n.d. tb.e combined 
transmi ssion main. At tb.:is reservoir the water ldll be di:tided 
a.n.d. flow either by granty to the North Bra.nch or the Nesbamjny 
Creek or under pump pressure to tile East Bra.ncb. or tb.e PerkiCI:leD. 
Creek. 

'lhe to..ro main purposes or tb.e reservoir are the dis t-:ibution or 
the leter to tb.e cotmties and to Phi J adelpllia. Elect.r:ic Company 
(PECo.) and. the accommoda.tion or tb.e dj fterent pumping rates 
of tb.e Point Pleasant pu::!'IPi!lg ata;tion and tb.e Brad.sh2.w pumps. 

'lhe distribution of tb.e water pumped from tb.e Delaw..re River 
to the rese..--roir will vary greatly over the life of "the project." 
Dur:iI1g the i.n:i tial few years of operation, appro:x:i.cately 75% of 
the water pumped to meet the forecasted water needs (63 MZD 
maTinnnn) w.ill be delivered to the East Branch of the Perk:iomen 
Creek for use by PECo. ..A13 the years pass, the g::-owi..l:g popuJ.a.tion 
will require add;itional ~ter so that by year· 2010 tb.e water 
supply needs or the public may be expec"ted to e:tceed PECo. 
·needs. In. 2010, slightly over 51% of the maDrm;tc, forecasted 
water (95 MiD) delivered to tl:J.e reservoir w.ill be routed to the 
North Era.n.ch of tl:J.e Nesbamj n'S Creek. It is pl.a:c:o.ed to use the 
gated gra"tity outle"e and the multiple pumps ';T'stalled at the 
Bradshaw Rese..-voir to make the distribution of the ccmjb:j:.ed 
1nt'J.ow to the reservoir. 

'lhe accom:tlCdation or balanci ng of the diUerent discharge flow 
rates at Point Pleasant and at Bra.d.sl:J.a.w wil.l be satisfied by 
pro"tid:i.l:lg a voltJme in the reservoir between pre-estaJ:llished 
·elevations su:itable tor storing letar lodlen the inflow exceeds 
outtlow and ea.pal:)le of supply'i:lg water for short time periods 
when outtlow is greater than illfiow. 

Two o-tl:ler purposes ot the reservoir 'W:b:ic.h may prove ve.."""Y' bendicia.! 
are the emergency wa.ter supply IJrO"tided a:ad. ~e sUt set;"-..li:lg 
basin etiec:t. SuU;icj.ent le ter storage capaci ty will be prov:ided 
to enabJ.e PECo. 's maTi:mnn now reqtJi.remen.t to be n::et tor one da.y. 
'nl:!..s emergency sto..-a.ge wtr.lld be used in the evant of the l.ma:va.:Ua.b';''; t:; 
~ tlle Poi::rt PJ.easant faa, 1 j ties tor tbi.s penoe:!. ct t::i.:l:Ie. Tb.e 
settJ.:illg 'ou:i.n e~ect results tran the :rela.t:i'Vl"'....ly lCllg detention 
t:i.me tor steree. water. Most o~ the SUS'P~..ec. ::Iate:.-'..a.l in t.b.e 
wa.ter puc:ped :f::'~ t!le Delaware P.,iYe.r, wl:::i.cl:. i:c.cluees s:": ts and 
:lays , sl:..o,~d. sa"':'"..!e out in the reservoir. Dl='" 'l"" g :;:e..-.e:i,ods ..men. 
;n.=page :'s l..:.::::ti '".:-ed to the mj r rm::m. flow requ;i:'~~-3 of -:':'e East 
Bra:lCh ot "the Per::c.omau Creek, tb.e theore't:l.c.aJ. d,~--=_c::. time 
w:i.ll 'oe 1;:, e:o"'e3S ~ two days .. 
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Lcca:tion The Bradshaw Reservoir is to be locatad in. ?lij"'j1s-:ead Too..m.ship, 
Bucks County, :?e""""syl va""'~ "', at ~e in"te:osectiOIl o:t 3rad..s.ha.w a:::.c. 
Myers Roads. 'The si ta is abou-: 2. 5 ~es souti"l"'""est o:f the 
Poillt ?leasa.:o.t ?-.;m::ping S7.at:.on and me Delaware 3:i7ez'. Tl::.e 
resa.-voi.r is Ilear the draiDage d:i. vi.de bet-..oeen the North 3:-ancb. 
of me Nesbauri ny Creek a.nd tb.e Sou-th Bra::.c.h of Geddes Run. ::t 
w...ll occupy a .,-; """'::m::n ot la.::.d, about 28 ac='es, a:J.d w::i"1 i have :10 

draiDage area. It will :aot sigD.i.:ficantly :-educe tile !la"t"..lral 

fJ.ow or rune:f:! to e:.. ther stream. 

Desc--i~t:ion o;f Project 

The Brad.sha.w Reservoir w.ill be c:-eated in an open area by me 
COIlStruct:i.on o:f compacted ea..-tb.en dj,kes (figure No.1). The 
dikes will ;for:: a square reservoir about 900 feet OIl a side. 
The project 1dll be esse,r;Ltially a ba.latlced cu-e and ti.ll type 
operat:i.on. The area to be the resa."""YOir bot-..,cm wi.l1 be e:ccava.ted 
do\tm to su.cll an el.eva.t:i.on. that the removed impa."'"'Vi.ous llla:ta..-:ia.l 
will be suf':!:ic:ient to :for:: tb.e required dj,kes. The bo't"'"..om of 
the rese..'"VOir will be a mj pixrnrn o:f e:i ther 3 feet of e:d.st:ing 
imperv:i.ous mate.."""i.a.l or 2 :feet of a compacted mater"'..a.l supplied 
to the site frem an e::::+-werna.l source. The dikes will be made by 
compact:ing the ezcava.ted ma.;te.."'"ia.l and will vary in hei.ght :f::ocm 
about 5 feet to 20 feet due to the exis"t:in.g· conto\lI's of me 
e::d.st:ing grou:ld. The slop:in.g faces of the dikes will be gentle 
w.ith a rise o:f 1 foot ill a horizontal run of 2.7S feet aM 3 
feet for the outsi.de and wa. tersi.de slopes respecti. vel], • '!he 
outside surface w'-ll be evenly graded and s~ded w.i. -:b. a. grass 
or appropzi.ate g:"o'UllCi cover to protide for erosion protect:i.on. 
The Wcl.terside surface will be faced w.i. th stone riprap to ::ti. t"igata 
erosion due to the !'J.uct-..J.a. t:in.g wa tar levels. 

Control of the cr.:i.3l.i't7 of all lll2:t .. ..r'...a.ls w.Ul be closely mo::::i. tored 
as will the compact:i.on. metb.od3 used dlJr"i-llg COIlStruct:i.on so tb.a.t 
the water tighttless o:f the reservo¥" w.ill be asS1lred. 

Bl.lil t into the western dike o:f the reservoir there wi-ll be a 
structul'e (Fi.gure No.2) idl:i.ch will con.ta.in the gated outlet 
:feedi:ag the gra:n ty' transmi ssi.on main. lea.di.n.g to the North 
Branch o:f the Neshanriw Creek. The structure Uso will house 
five 11.5 MID eleotric motor dr:iven, vertical turb:i.:c.e-type 
pumps, one Ot' wb:i.ch will. be coIlSi.dered a s~e. 'Iilese pumps 
will deliver PECo. 's needs to the East Branch of tb.e Perkiomen 
Creek. Vertical pumps were selected over oen:L....:....~ pumps because 
o~ tb.e:ir' compac"t desi.go. and. ncn-pr:im:i.ng cha..."'"ao~-s-:;"c. The 
ptJmPs are identical to each otb.er to simp'; fy o:.9e..~tion and. 
reduce spare part i:mmtori.es. FoUl:" PlmIPS will ca...-r'3" the 
wn"ivn1'Tl demand, and. partia.l loads will be ptJmped e1".f:ic:i.ently 
wi. th a redllced number ~ ~s. Remcvable trash racks w.lll be 
il:lS~ed at the ent;ran.ce to the struct'oJre .to prevent aP.'7 
debrUs that 'J1Ja7 b.a:v"E! gc.t:tan illto the reservoir from foulln,g the 
ptmIPs or be:i.ng p33seci. tc d. ther of the c.-eeks supplied. A slot 
in tb.e s't::"ucture W:.l:'. be prand.ed. for tb.e il:lstallat:i.on of stop 
logs so tb.a.t d..owa.te...~""g can be accomplished i:f ma:i.n:tenance is 
required.. . 
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Eigb. 'Water level i:l the reservoir, wi::li.ch. can occur due to 
pumpi.Ilg a.t Point Pleasant or ~=t"'ess:ive ra.iIl:f'~, w.i i i be con"t:rolled 
in several 'Ways. Rechmdant automatic controls nil be prov:ided to 
shutc1c'Wll a:rJ.Y opera. t:ing supply pumps wIlen a predetermined h:igh. 
water level occurs. Signa] s will 'be i.n.c~ud.ed to :ini:orm the 
pumpi:c.g station operators o~ reservo:ir elevations so tb.a.t they 
may take ear~y a.ct:i.on pr:ior to automa. tic shutdc'Wll to regula. te 
P1Jmpi:c.g rates. To lower reservoir water leve~s and. accommodate 
axe esn va ra.i:c.t'all, wa -cer wi.ll 'be w:i. tb.dra.'Wll 'by openil:lg the ga. ted 
outlet to the grav:i t;y' maj".n feed:i.ng the Nesharrd ny Creek or 'by 
starting the Bradshaw pumps to deliver water to the Perkiome!l 
Creek • 

.A. fence will sur:-otmd. the reservo:ir prope--..ty to prol:ti.bl. t 
unautb.otized access and. the u::.used area of the property wi..ll be 
l.aJ:ldscaped in a manner compa.t:i.b~e w:i. th the SlJl:'rO'mdi rg area. 

The capa.c:i t;y' o~ the Era.dsha.w Rese.."'"V'o:ir will. be appro:d..ma. tely 
70 rrd] 1 j on gallons (m). 'llle reservo:ir 'WaS nzed.. to meet 
minimlm operating requi,remsnts, to prov:ide a limited amount of 
storage for emergenc:ies and to a.ccomnodate silt o-u.:Ud1...--P. The 
capa.c:i t;y' brea.kd.own is as follows: 

18 m for operating capac:it;y' 
46 ID for emergency storage 
6 m for sU t 'bil:ild.up 

70 MJ total capacl. t;y' 

'!!lle operat::i.l:lg capa.c:i. t;y' is the equivalent o~ one day I S m: vi mtml 
prmping rate (2.7 ds) as established in the Delaware River 
Basin Com:lliss:i.on I s docket proceedi.ngs for the protection of 
aquatic lUe in the Perkicmen. Creek and. its East Branch 
tJ::Iroughout the n.or.na.l low now season. 'nle emergency storage is 
su:f1"j,c:i.en.t to supply the maTi mlml one day requ:i.rement of PECo. 
fer power purposes (65 c~s). '!he eapaci ty reserved for silt 
buil.dup am::nmts to a d.eptn o~ 1-: feet. Based on tne results 
of wa. tar samp~e tests taken from the DeJ.a.ware P.i ver at Point 
Pleasant and. USGS water q:ua.l:i. ty records at Mcrr-Sv.i.lle, i. t is 
expected to 'be mere tl:lan. 2.5 years 'before silt se;:-wllng out in 
the reservd.r will ra.ch tl:l.is d.eptn. 

'!!lle nservoir is apprc%i::la.tely 900 teet square and has a water 
stJrfa.ce of abOU't 18 acres. 



- "f. -

llternatives to the over",l' watar su-;~lY' systeI:l pro~osed ill t=.:Ls 
applicati.on are prese!l:~ed in Section I I !. It is the purpose at tbi.s 
~oi:l.t to protide an a.tJ.alysis o~ al tern.a ti. ves· tor oruy the s~eci.!ic 
component o~ the system herein described, the Brad.sb..aw B.eservo~. 

~e first a.lterna.ti.ves considered were reservoirs at other sites. 
Like the Bradshaw Rese..-VOir site, two alternative sites w~e considered 
alODg the Nesbamny Water Resources Authority's 3t mile pipeline route 
from the Point Pleasant P'1lmpillg station to the North Branch of the 
Nesbamny Creek. 'l:b.e Bra.dshaw Rese..~oir is located on the h:!.gb. ground 
~erethe pipeline crosses £.rom one watershed to anotb.er, tb.e 
altern.a.tive sites would be on each side of the watershed divide, on 
existing streams at lower elevations. One alte..""'!lative reservoir was 
.on the headwater of' a tribu-eary of' Geddes Run and. the other reservoir 
was on the headwater of' the North. Branch of the Nesbamny Creek. Each 
of these two altarna.tives would be created by the constructi.on of a 
dam, complete wi tb. spillway and. outlet works, across an existi:lg 
stream. ~e per-metar of ea.ch rese..~oir would be established by tlle 
existing terra.i:l and. cOllSequen:tly would be i...-.regu.lar in shape requi.-i:lg 
the use of a grea.ter land area tb.an required by tlle Bradsb.aw Rese..~oir. 
The Geddes loca:t:.on would requ:ire about 40 acres, the North Branch 
site would exceed 50 acres, ".oli::Jile t!le BradslJ.a.w R.ese.."'"V'O'"...r will occupy 
about 28 acres. Since the water level. in a:IlY rese....,..,.oir constr.lCted 
will rise and fall regularly, it will not be sm tabJ.e for recreation 
and the public w.::!" "oe prom.bi ted I'rom usiI:g it for reasons of 
satetj" (F"'...g'.:-e No. :;). 

~e al te.."'"llative rese..-voirs, since they would be loca.ted on exis"tin.g 
streams 7 would be S\ll:)ject to si.l ta.tiOll and pollution dlle to- the 
loater r.m.off' from the su:r!'o'md"; ng d..-a.:i.nage area. Later transfer 
of tb.is wa.ter to another watershed, ~ether it l.s the Nesbaminy or 
th.e Perk:iome:l., would have a de~...mental ef'f'ect. The E.-a.dshaw 
Reservoir will not have a drain.age area of its O'WIl and. so 'Wi.ll 
not be polluted or ail ted by local ru:cc~t', thus mj nj mj.zing det:r'i ... men:ta..l 
env:Lrol:lmenta.l etiec~. 

A f'urther oojeet::l..on to the use of' ei tb.er low leve~, reservoir 
alter!la.t:ive. is the a.dd.ed cost necessary to deliver the water to tlle 
counties or to l'ECo. A reservoir on the tributa...~ to Geddes ram would 
require th.e install.a.tiOll ot' pumps to del.iver 'Water to the North 
Br:m.ch of the Nesbaminy Creek or the costly e:teava:t:ion of a. deep 
trenclJ. to cont::i:nle to use g:-avi ty :now s:ince the te......,,; na' poin~ would 
be separated by the watershed d1'Vide. A rese..-rovoir on the North. 
Branch o:f Nesbami ny Creek wculd sigl::ri....4Oj.can'tly il:lc:"ease the :ptmpj ng 
head to the East 3ranch o:f the Perkicmen Creek tb.tla raisitlg the system 
operating costs. 



.A. !i.rlal a.l te:-...a t:i. ve '...as consi.c"' .... eci witicb. ass'''i''ed no rese.."'"VOir at 
all. Thi.s wouJ.d be possib~e, but a. bi.. ~ca. t:i.C:l or a. tee co:cnection 
wouJ.d be required in t!le large, 66 inch. diameter combined tra..nsm:i.sSiOll 
ma.i.::l. erlJ9!ldi:::lg !::-om Point Pleasant. The dis"t:d.'bution ot water to the 
Nesbamj ny and to the Perk:iomen watersheds wouJ.d be controlled by the 
use at ga.tes or valves. The added equj.pment, necessary i.t the 
reservoir is e1 ';"minated, would. increase the system compJ.e:d:ty, 
:increase equipment maintenance and. reduce the " reliabill'ty ot the 
water suppl.y. .A. fur'th.er, sj"gnj.fj.cant objection to the e1 .; mi nat:i.on 
ot a:ny reservoir is the loss ot the one day emergency water storage. 
The added assurance ot continued wa tar supply pro-v;,.d.ed by the 
storage in a. reservo:i.r is beneficial. 

The alternatives to the Bradshaw Reservo:i.r do not lla.ve an::; reco¢z.ed 
advantages and, as iIlcti.ca.ted in the foregoing disc'l.lSsion, lla.ve 
environmentally less desirable features, so the decision was made to 
incorporate the Bradsha.w Reservoir i:l the proposed water supply system. 
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P erki omen Tran.sm:is si on :Main. 

General ..u though f:ina.l design. work such as the preparation of detailed 
construction drav.""L ~s and spec:i.=':i.ca;cj.oI:..S b..a..9 not been ccm:ple"Cad, 
d.es:i.gc. has progressed su::'!'ic:i.en"tly to prov:ide i.::Z'ormat:i.on 
adeq"..late to define the p-.r;:cse, locatio::., e..~er-~ appeuaIlCe, 
approx::ima.te size and anticipated etiects o:f tlle proposed 
Perkiomen. Tra.:l.St!l:i.ssion Main. 

Pu-~ose The Perkiome::. TraIlSmissicn Ma.in is tlle cOn::J.ectiIlg l:i.IJk of the 
proposed system for tI-ansporting DeJ.a.ware River water from the 
Brad.sl:law Reservoir to the East Branch ot the Perkiomen Creek for 
Power Compa:c.y use. Its purpose is solely to convey water in a 
sa.!e, economical ma.ml.er w.ith nriniTm!T!l et::f'ect on tlle env-'::-OIml.e:J:t. 

Location The Perkiomen TranSJ7lj ssion Mai::::. (ngure No.1) is an UIldergroUIld 
p:ipel.iIle e:ct:endiIlg due west almost 7 mDoes from its inJ.et at tlle 
Bradslla.w Reservoir to its outlet uto the East Branc.b. o:f tlle 
Perki.omen Creek. The main is parallel to and. for.ns a ~om:non 
p:ipel.iIle corr:.clor w.i tll an e::d.sUn,g pipeline ngb:t-of-way ot the 
Tuas Eastern Tra:c.smiss:ion Corporation. The i:a:i. U.a.l. 40% ot" the 
main :is in Plumstead Townsl:l:ip and tb.e rem,. i .... j ng 60% :is in 
Eed::c:illster T~p, both tolmsh:ips beiJ:lg poll tical subd:i v:iS:ioIlS 
~ Bucks Co-unty, PemlSYl van:i.a.. The main w.ill not cross a:ny 
s:igci.f.:icant streams or r:ivers. The only major road crossi.:cg :is 
U. S. B:ighwa.y No. 611 whi.ch tlle main crosses about 0.7 m:iles 
ncrth ot Plumstea.dv:ille. The outlet w.ill d:ischa.rge into tb.e 
creek about 0.4 mi.les upstream from the Elephant Road cross:ing. 

Descti.'ction ot" Project 

The Perk:iomen Transm:iss:ion ~~ des:ign proposes a ~e:inIorced 
concrete pressure p:ipe having an ins:ide ctia.meter ot" 42 inches. 
'!he main is to be buried w:i th a m; n; UD'm depth o:f' cover ot" 3 
feet tor :its entire 35, 40Q foot (6.7 mDoes) len.gtb.. To avo:id 
deep trench excavat:iOIlS, tlle p:ipeline grade w.ill generally 
follow the ground. surt'ace. The m;n~Imm! so:il cover w.ill provide 
protect:i.on from ex-..er.ca.l loa.di.n.g and. :frost action. At all road 
ancl stream crossings, tb.e main. w.ill be installed in a steel 
cas:ing or encased in a.ddi. t:iona.J. concrete. Aj,r ~elle:f' control 
ancl. bl.ow-ott" valves w.ill be prov:id.ed where needed along tlle 
ma.:in. '!hese will be enclosed in r~oreed concrete va.ul ts. 
SlJrge centrol equ:i.;ment will &lso be ~ded as !"equi.red. 

No water trea.tment fac:Ui. ties a...'"'9 proposed in ccmnec-::ion w:i tb. 
the tran.sfe%' of water trom the Delaware River tb.~ tb.e 
transmi ss:i.on mai.n. to the East Bra.:c.ch ot" the Perkiomen. Creek. 
Stu.d:Les have sllO'wn the wa-:ars to be ccmPa;t:ibJ.e. 

An impact type energ;r d:issipa.to.r w.ill. be constr-..lCted. at the 
outlet enci of the mai.n. for water veloci "::7 r~dnc-::ion ~ nri n; mj :z:e 
possible erosion of the creek bed 8.l:ld. ude slopes (F:igure No. 
2). 'tlle enel"g;r d:i.ssipator w.ill. be ~ rei.:ziPor~ed concrete box into 
;.mch the wa. ~ d:isclla.rge~. 'lb.e diaclla.rge ...r-lJ. be do; .... ected at a 
concrete ba.t:rle so the velQci ty ene.re:r w.ill be e.."l:b.austed in tb.e 
'00: befon tlle water flows out into a. spt:r ..... a-el o£~ tb.e East 
Bra:c.cl:l. ot" ~e Per.ld.omen CreP.k. The spur c!umle: will be 
r:i;::-a.p";)Ed. 011 "';be s:ides and tb.e bot-'"..om to ~..b.er d.:i.3sipa te the 
wa-:er el:I!!"D" aJlCi. to ~esist eros:ion. The =-.ss:i.pa:tcr i tselt w:P J 
be a.b~ 15 teet 10:cg1. 11 teet w.i.de, a.::.d. ;r'-.,.:;n.d ?..l.:::los~ 12 fee"C 
~~ow e::d.sting ira.de ~ establish a. t:i..-:: :!'O-..:::lC.a '=.cn. 



- 2 -

Stu.dJ.es ·Ilhich are presently under-HaY indicata tb.a.t tb.e 'Ci::le mata."""iaJ. 
could be coated s~el or ~e~n~orced !~berglass and ~rat a more 
economicaJ. size m:i.ght be 48 oj ""'rhes .; rs~de ~ter. T!le u.l-.; "'ata 
dec~sioll all these items w::i" depend.:i.::. pa...-t all mater..aJ. costs a.::..d. 
construction labor costs at tb.e time or bicic:l±:g tb.e work. 

A1 terna~ ves 

COIlSicieration was given to 'tb:ree alte.."'"':la.t:i.ve routes (Figure No.3) 
for tb.e Perkiamen Transmission Main before the selection of the 
proposed route (Line B) was made. '!he tb:ree routes all began. at tb.e 
same point but d"'; tiered slightly in their paths and cD..sc.b.a.rge points. 

'!he t.bree routes were origi ""ally called Lines A, B, and C an.d can. be 
described as follows: 

Lille "A". This route was developed as t.b.e most feasible route on tb.e 
basis of preliminary hydraulic design and construction 
cost estima;tes. It generally represents the shortest 
diata.nce between the Brad.s.b..a.w Reservoir site and the 
East Branch, yet takes into accotmt the topograpllic 
features of tb.e area and. cons"trUCtion factors tb.a.t might 
be encotmtered. With the possible e:tOept:i.on ot 'ease or 
r:Lgb.t-of-way acquisition, tl:li.s route was fo-ond. to combine 
the best of all features in t.b.e pre1 inrirary examinations. 

Line "B':. fT"hi s route e:c'"...ands along an. exis t;:i.ng 1-ipeJ..ir.e r; .. gh'i".-o'f'-way 
or the Te::x:a.s Eastern T:ansmi ssion Corporation -;.m:Lch rtm.s 

nearly parallel to and at a distance of appro%:i.I:la.tely 2000 
teet soU'tb. 01' the above ment:i.onecl. L:i.ne "A". Tile Teza.s 
Eastern r...gb.t-o:f'...way is 125 feet loO.de, sufficient to 
install tour pipelines at 25-foot spacing. ~ee pipes, a 
24-inch, 3D-inch, and. :;6-:Lnch, b.a.ve a.l:eady been installed, 
a.nd. installa. tion of the fo'Ur'tb. pipe ot 42-incb. diameter is 
scheduled for the near future. 

A pipeline alollg tJ:J:i.s route 'WOUld be about the same length 
as Line "A". ..u~ such a line would be located on 
h:i..gb.er ground. than Line "A" and thus would.have ltigb.er 
pumping costs, its location adjacent to an. existing pipel.ine, 
tormiIlg a common pipeline cor:idor, will mj noj m; ze d.etr"'i-mentaJ. 
eJ::J:ti..-oImIelli:a.l and. land. use eft'ects. 

Line "C". This route, wZ:rich wo"W.d ut:U.1ze the a,l:)and.oned Tusca.rera. 
'pipeline ngnt-01:-way, would have a p:Lpelin.e lengtb. a,l:)ou"t 
2400 teet longer ana. a sta.tic pumping head. a,l:)out 15 teet 
greater 'than Line "Aft. '!he sole a.d:va.:c.ta.ge 01: tb:i.s route 
a.ppe&r9d ";0 be less di.tficul t problems in Comlection 100. tb. 
r-&h"t-('l!'-wa.y a.cquis:i. tion. n:,.e Buckeye Pipeline Compa:c.y o»-d 
the ~!e Oil C~ were contacted to detar:c:ine tb.e 
prese:c:: sta. t'.l.S 01: the rigb,t-of-way along Line "C". !t 
became e'V:i:ient tb.a.t renegotiations would. probably be 
necessary iG. t..:l. ea.ch prepe..--ty O\mer and so tb.e ngnt-of-wa:y 
s:i. tua;t:i,on tb.us aPl=ears complex. .AJ:.y a.civa.n~e tb:i.s route 
migb.-r. have b.ad d:..sa.:;lpeared. 
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Other tea~ures reg~~ the three routes were reviewed and found to be 
quite s-;:::j J a.... .Al.l lines pass thr011gb. soil w.i. th nearly the SaJIle properties. 
'!he geological !Or.:l.atio:cs are nearl:r identical, so no severe excavation 
problems are expected on a=y route. 

The total. area required for r:i.gb.ii-of-way wciJl.d be si:I:ilar tor all routes. 
Esthetically there s.b.oiJl.d be no sigIti.;f'ica.nt di.f£erence bet"..reen routes 
since ~ter construction the rigb.t-cf-way will be graded alld. reseeded 
so t.ba.t it will essentially be returned to the natural condition. fl.Da.liy 
a review was made of the area involved to determ:::Ule the ~esen.ce of a::r::; 
histor:i.c or archeological features of importance. '!he routes were 
considered equally acceptable by 'thO; s review. (See Section II.) 

Line ''E'' was selected from the al:terna.tives as the best route to develop 
pr-i....marily because the" acquisition of the r:i..gh.i:-of-way wcw.d ha.ve the least 
impact on the public since it wcw.d utilize an e:d.st:i.J:l.g pipeli:::le co.!.!idor. 
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Alte..""na.ti.ves to P:::-o'Cosed Plan 

A m.lmber ot alte..~t:.ves to tile proposed wa"";e:::- st."PP1:,- systam fer the 
Lime:::-i.c.k Generat:i=.g Station b.a.ve been considered. r::r:::b.e proposed ~ is 
based upon ot!:lers delivering Delaware ?.ive:::- waur to the Brad.s.b.a.w Rese::-voi.:', 
a ta.ci.llty to be bui.lt, owned and. operated by PECo., and tile subsequen'"C 
purcping at tile water by PECo. tb.rougb. ita own tr~.ssion T"a ~,.., to tile 
East Branch ot the Perkicme:J. Creek. 

The alter.ca.tl.ves iJIvest:iga.ted include: tour ~;f'erent pipelines 
orj ginatiIlg at d:ifi"erent points on the Delaware R:i.ver but each deliver-i-ng 
water to tbe East Bra.n.c.h o;f' tlle Perkiomen Creek, two ~;f'erent pj.pelines 
or; ginatiIlg at tlle DeJ.aware R:i.ver and followiIlg ~;f'erent routes to a 
booster ptJIrIping statl.on on the Perld.omen Creek near Graterford, a pipeline 
from tile P!D.ladelpb.:ia Northeast Sewage Treat:len.~ Plant to a booster pumping 
s1:a.tl.on on tlle Perkiomen Creek near Gratetiord, reservoirs in tile Sc.b.uylkill 
R:i.ver Basin and. g:-otm.dWcI.ter 1.:l:ld.erlyi:g the area near tile generati.:,g station. 

Several sign; ticant d:L.~erences exist between the a.l ter.ca.tl.ves as a 
group and tb.e proposed plan. UDder tlle proposed plan others will constr.lCt 
a new intake/pumping statl.on capable o;f' delivering s~i.cient water to 
meet future pUclic water su:ppJ.y requirements and to supply the needs of 
tb.e Limerick Generating Statl.on. The alternatl.ves asS1lCle PECo. would act 
alone and construct taci.li ties to sllPl'ly only its own needs. These taci.l.i ties 
would not be readily e:pandable 1:1 the future to serve tlle pUclic. There 
would be no Bradshaw Rese."'"VOir constructed as part ot any ot tile a.lte..~tive 
plans. 

Pi'Oel:i.:les :':rom Delaware F.iver to 2St E::-anch Perk::.omen 

Alterna.tl.ve A - A pj.peline, approximately 9.2 mlles long and. 42 i.nc.hes iIl 
di.ameter, would cOIIVey water in' and from an intake/pumping statl.on located 
on tlle Delaware R:i. ver, north. ot Tohickon Creek ncar Wa.l.la Isl.an.d. (a.bout 
River Mile 160), to tlle East Bra.n.c.h ot tlle PerJd..omen Creek nea: Elephant 
Read. . 

Al tern.a tl. ve B - A pi.peline, appre:z::ima. tely 9. 1 miles long and 42 inches i.n 
d:l.ameter, would COIIVey water in' and from an intake/pumping station located 
on tlle DeJ.aware R:i.ver at Point Pleasant (about R:i.ver Mile 157) to the East 
Bra.n.c.h ot the Perkio:en. Creek near Elephant Road. Tll:i.s al te...""Da. t::. ve is 
siT"iJ ar to tlle proposed joint Point Pleasant proposal l\lhich would se..-re 
the water needs o~ both Bucks and lA..cntgomery Counties an.d PECo., but it 
would be sJ.,zed to meet cmly the PEeo. requi.remen.ts. ~e transmi ssion main. 
would tollow the ~osed route ot the combined ma.i::l and. the ::w.in. to the 
East Bran.ch ot the Perkicmen. There would be no Bra.d.s.baw Rese.~oir • 

.u terna;t:!. ve C - A pipeline, approxima taly 12.S· miles long and 48 i:l.c.hes 
in d:i.ameter, would convey .. ter i n J and from an il:::take/pt;mp; ng station 
located on the Delaware River near Rendr:ick Isl.an.d. (about River Mile 153) 
to the East·Era.n.c.h o~ the Perkio:nen Creek near Elepba,n-: Roa.d.. 

Alter::la.tive D - A pipe.li.:le, approximately 14.S miles lo:.c.g and 48 in.c.hes 
in. di.ameter, would. convey .. ter in' and from an in.-...ake/~:tQi'Og station 
lcca~d Oll tlle ~ela:wa...""e River nortb. ot New Bope (abou-: ?.i.ver Mile 150) 
to the East Bra:cll ot the Perkiomen Creek near El!pi'..ar:.~ Road. 
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Pi'Oe1i.nes :f'=-cm Delaware Rive!' to Gratetiord 

.Ute::-....a.tive E - A pipeline, app!'o:x::..:::a.tely 34.8 miles long a:J.d 54 ~""cb.es i.:l 
c±i.ame.ter, would convey water iIlland. from an iIl'U!.ks/pu::::pi:l.g S-:a.tiOIl located 
on the Del.aware River north. ot New liope (about River rA'.ile 150) at the site 
ot the 500 KV electric transmission line rive::- crossing to a booste!' 
pt.:epiIlg station on the Pe!'ldcmen Creek. near Grate.-...z'ord • 

.Alternative F - A pipeline, approx:i.ma.tely 32.8 miles long and 54 inches in 
d:iameter, would cOl'IVey water in' and f:toom an intake/pucping station located 
on tlle Delaware R:i ver n.crtb. ot New Bope (about.R:i ver Mile 149.5 ) at the 
site ot the 220 r::v electric transmission l!ne river crossing to a booster 
pumping station on tlle Perldomen. Creek near Gra:te.rt'ord. 

Pi::Jeline from Sewa .. e Trea:tment Plant to Gratetiord 

Al term. ti ve G - A pipeline, appro::d.I!la. taly 48 mi.J.es long and 60 inclles in 
diameter, would cOIIVey the eti'luent f:::oom the Ci ty ot Phil.a.delpbia Northeast 
Sewage Treat:nent Plant (about B.:i.ver Mile 104) to a cooster pumping station 
on the Perkiomen Creek near Grate.-""1'ord. '!he pipeline would go nor..b. r:om 
the t:'eatnen.t plant appro;d.ma.te.ly 8 miles through. a heav"..J.y developed area 
ot the city, tur:l. nortb:west and parallel Route 63 to the pumping station • 

.AnaJ.ysis of Pi'Oeli.:c.e .A.l te...."":latives 

The cos-c, env.l:oJ:lI:lental iJ:::;lact, an.d l.a.n.d. use impact of an. undergro\md 
pipel~~e are closely related to the pipeli~e length and the population 
den.si t;y along tr.a righ,t-ot-w-ay. 

Alternatives A, B, C, and D are s';miJar in environmental et:f'ect and cost 
in tb.a..t tb.ey w.i thdraw water f:ra:n the same rea.ch of the Dela.wa..~ River; pass 
tbrougb. a primarily I"Jral area. w:i. th scattered suburban develo-pmen.ts; and 
disc.ba.rge water at the same point into the East Bran.c.b. of the Perldcmen 
Creek. Pipeline B is sllgb.tly mere attractive tl:la.n llta."""l:la.ti.ve A si:c.ce· it 
would parallel the Texas Easte..""'%l 'Ira-:csmi ssion Corporation rigb.t-of-way, 
minim; tMng the eJ:IV'ircmmen.tal and lan.d. use effects by using the common 
cOJ:lidor pri-IlCiple. Pipeline B is pre£erred over .llte..~tives C and D 
since it is shorter, thus less costly and. requires less land.. 

Alternatives S, F, and G woui.d have sj.gc:L..""'icantly greater :i.mpa.cts tl:la.n 
Alternatives A, S, C, and D. Alte.."""l:la.tives S, F, and. G are considerably 
longer thus increa.si.n.g the e:rv:l:0l:mle.tI.t.al il:Ipacts, occupyiIlg more land area 
and raisi::c.g the costs. .ute.."""l:la.tive G would :c.a.ve significant .a.dverse et'!ec"ts 
due to i -:.s passing tbrougb. the densely populated Northeast Philadelph.i.a. and. 
suburban areas ot Lower Bucks and Montgomery Counties. In a.cl.d:l tion, these 
latter al ter:mtives w1ll not ut:Ll.:!.%e the East Bra.n.ch ot the Perkiomen 
Creek al'ld will not benefit the East Bra.nch by provid1n.g a substantial 
mj ni l7jlm:t flow ot water d:url.:l.g the low f'l.ow per:.od of the year. Since 
.Alter:la.tives S, F, a:c.d G are clearlY' less preferable tba.n. the others, the 
add:i.tiOIl2.l emi...-ermlental ~blems a:o..d costs assoc:i.atad with. these alter""...at.ves, 
particularly with the sewage trea"t:!le.nt pla.n.t eti'luent, as a makeup 1N2.ter 
so'tlrCe have not been evalua.tad. 
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Al te.."'":la. ti ve B, winch would serve alone and. ~ch is indicated above to 
be the most deSirable of the aJ."':e..-native pipel:.nes, and separa.te fac:Ui "=i.es 
to supply Bucks County were cccpared wj. th tile proposed joint water s~lj". 
facilities in the Feasibi' ~ ~ Study prepared by E. E. Bourquard. As socia. yes 
in 1970. 'D::l:Ls study, done for the DEBe, Bucks County and. PEeo., was 
referenced in tb.e 1973 DEBC EIS. l:he comparison indica.ted tllat tb.e 
joint faci.li ties would result in annua 1 cost saV"i..ngs or IOOre tb.a.n 20% -!or 
Bucks County and. 10% for PECo. as well as pronCiDg advanya,ges in opera;-;'; ng 
:f'le:d.bil:i. ty and. rel.:i.a.bil.i ty. Since the join-t projec-t also requj,res 2 
fewer m:iles of 1:otal right-of-way than the combined indi nd:ua.l faci.l;i ties, 
the proposed projec-t is super:i.or to the mes-t preferred a.l tern.a.te pipeline 
rouu. 

Reservoir J.l te..""":l.atives in the Schuylkill R:iver Basin 

Existing or Pla:cned DREC Reservoir - No ensti.n.g rese..--roir in the 
Schuylkill R:i.ver Basin has ~ticien-t storage availa.ble for use as a water 
source for L:i.me-"'":ick. Storage in the Blue Marsh Reservoir, recen"tly 
constructed by me U.S • .Ar!!J:J Corps of Eng; neers, has been assigned to 
other uses. Pl.a:cned rese.."'"VOirs wi.ll net be available in tj,me to meet 
Limerick Genera.til::lg Station needa. 

Comca.ny Owned Reservei.:' in me Schuylkill Basi=. - A mmlber of poten'":ial 
reservoir sites ba.ve been identified in the Schuylkill Ba sj D. as a result 
of map and. field stucnes by me Corps of Eng; nears and. util.i ty compa.:c.y 
consul tan-ts. Ten of tllese sites received extensi "1e pre1 '; m; nary renews, 
and the t-wo most promisi:cg sites were tb.e subject of deta.:iled eng:i.:lee..-i:lg 
and. env-i-ronmental study. 

AnalysiS of Rese..~oir Alternative - A reservoir would have a greater 
en'tiromaental. impact than tb.e proposed pipel.ine systen. At tlle most 
~-ronmentally a.ccepta.Ole Scll.uyJ kj 11 Basin site, about 2000 acres of 
land would have 1:0 be purcila.sed and relocation of mere tb.a.n 60 households 
would be required 1:0 a.llow reservoir construction and. opera. tion. .,u,out 
770 a.cres of la.nd. would be i rnmda."ted or covered by e=b8.TJkments. 'nle cost 
of a. reservoir is a..lso ngni ti can."tlyo h:i.g!ler than. the proposed pipeline 
system. . 

Groundwa"ter Al terna. t1 ve 

'!he graundwa"ter resources ill much ~ MaQ:tgcmery CO'IJll'ty are already used a.t 
or in excess of their droU6llt recJ:.a.rge capa.bil.i ty. '!he use of. grO'1.lUCtwater 
fer make"Up to L:imerick Gen.era:t:i:l.g Station, there~on, is net fe~ble. .As 
ev1c1enc:e of the c...~ t1cal nature o~ graundwater supplies, it only' needs to 
be nc"ted that the recm-t stud:1es o~ the DaEC ind.icate problems in sustaining 
adaqua:te yields to mae-t C\U"l"ent demands. 'nle problem is so crl t1ca.l tha.-t 
publ1c hear.in.gs hAve recezrt:lyo been held 1:0 rece:t. ve comments on proposed 
regul.a.t1ons to pro-tec-t gr~-ter sources. 
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The proposed joint t-later supply system, d.esi.gc.ed to S"..IPPly the needs o~ 
Bucks and Montgomery Counties and. PECo., is cons:i.d.eraOly less entirOIlIllent.a.lly 
ha.rmful, requires less land and. results in lower costs tb.an a:tJ.Y' of the 
al te...""'llS. t:i. ves stu.d:i.es. When compared to the p:i.pelille al terna. t:i. ves, :i. t 
results in only one intake/p'llmp; ng station on the Delaware R:i. ver to serve 
several users ra.ther than a series of stations, each haVi...ng a s:ingle 
purpose. A new reservo:i.r in the Schuylkill P.:iver Basin ~..rould have a 
greater enviroDmental impact, larger land use, and. l:U.gb.er cost tb..a:.n the 
proposed p;.pelille system. The use of g:rotJJ:ldwa. ter or e:d..stil:lg reservoirs 
:i.s not feas:i.ble s:i.nce ins1J:U:i.c:i.ent supplies of water to meet PECo. needs 
are a.va.:i.l.a.ble. 



S!C'rION IV 



?low !:o:for.na.tio:c. 

4 :-sport enti tleci "!:ves'tiga;d..en o~ tlle ~ec't o~ ~poseci ?~a.ges c:l. 

S"t::-eam ?lows o~ Zast Era.ncil Perkicmen Creek and. Ncrt!l Era.ncil N'eshaMi ... y Creek'" 

'by E. g. Eourquard. Assod.a;tes, Inc., da;ted. Jul7 8, 1970, was illcl.ud.eci in t.:l.e 

1913 I:R:!C ~ as A.ppe%1d.ix 8. Sul::lseqwmt to the prepara:d..en o~ t.he ~ort, 

chcgas w-el"e :::ada in the proposed ptmtping ra.tes to the East 3,.. ..... -tI.Cll Pa:-kio:nen 

Creek. Ther-4cre, a. tb.orougll review J:las 'been made to deter.:C.ne ..mat U:f'ec'ts 

would. result f:oom the chazlges. A di.sc:uss:i.cn. o~ t1ns re-tiew is ~sentad beJ.ow, 

and. the port::i.cns ~ the or.:! gi na J report ~err:il:lg to tl:1e Zast B.ra.:::.cl'l Perld.cmen 

Creek are upcia:ted a.cccrd:iJ::lgl;r. Paragraph hea.ci:il:l.gs are a.s used. in the or.: gina l 

report. 

I:t:-cduct:i.on. No al:w:1ge. 

Puroose o~ Invest:i.ga.t:i.en. No cl:w:1ge. 

Perkiomen" Creek. Fer tC:i.s update, the East .Branch Perkiomen Creek channel 

was re xarnined. en March 2.0, 1979, 'by Rebert E. Steacy, Samar H;rdra.ulic 

Engineer r4 this o~ce,and. A. R:icha.rd Diederich, Cj,'nl Engineer, o~ Philad.elphia 

Elec~c. Each o~ the 15 si::"eam channel Sl;tes was tisited, pictures ware 

i:2kIm, and. the deSc."'":i.ptive CCllJlDl!llts macia regarding a:tr:T c:hanges since the 1970 

and. 1972 il:::nstiga.t::i.cns. A copy o~ these cClllDel::l.'ts is a.1:ta.ched. hereto. At 

each s:f. te, :ew estima. tes were macia o~ typica.l channel 'bottcm 'ld.citl:ls a.n.d. ~ 

Manning "n" 'Values. 

Re exami nat::i.en ~ the East Branch. revealed. Olll;r m:in.cr changes in channel 

aligm"":t.s and. secticns slJ:ce the prj.or examinat:i.cms. 'nle Ollly ccmst:"tlct::i.on. 

a.hanp laS replacement ~ the steel. truss 1n"1d.ge a.t Elephant Road. w:i th a. new 

s1ngle-apan ~orced. concrete S~tcre. ..uso, the si::"esm clotann.J was 

w:idened. and. reshaped. in the vl.cin:L ty o~ the new bridge. 
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Neshaminv Creek. , Updated in NWSS EIR.. 

Method of Il'lvestis:ation. The same method of investigation was employed. 

HO'Vo·ever. the Perkiomen Creek computations were redone, using a. pro­

gr:unable ca.lcula.to.r and revi~ed values of cha.mlel .flow, channel width, and 

Manning's linn. The changes in c.~am1el .o.ows :-esulted 1r01%1 the reduction 

in the estilnated average rate of pumpmg into Perldomen Creek, and irmn 

usage of a. lnore recent analys~s of low ilows~ As mentioned previously .. 

the revised cha.m:1el widths .a.lld "nit values were from a field examination 

of the East Branc:ll on March 26, 1979. The new :flood :£low computations 

toolC into account overbank.flow but channel velocites are used for the CO%%1-

parisen with the originally estinlated velocities. 

Selected Low, Median and Flood Flows.· Sa.%Xle procedure wa.s fonowed 

as for the origmal computations, exc:ept that the low and median .flows were 
. . 

reco%%1p1:ted usmg a publication with a more recent analysis of strea:z:n flows .. 

na.:nely, PaDElt·s Wa.ter R.esources Bulletin No. 12, "Low Flow Character­

istics of Pennsylvania Streams" 1977. The ilood .o.ows of the original COln­

putz.tions were net revised.. . 

Low Flows. Revised per FaDER Water Resources-Bulletin No. 12~ 

Median Flow. Revised per FaDER. Water iLesources Bulletin No. 12 • 

.Average Stream Flow. Not considered meaningful so was not used. 

One Yea.r Flood. No change. 
-f 

Mean Ammal Flood. No change. 

Five Year and FUty Year Fl ood s. No change. 

Dela.~:"e River P1lm~age.· The. average .rate of pumping Delaware River 

water mto the- East Branch 0:£ Perkiomen C reek was estilnated to be 35 MOD 

(54: cis) in the original Study. With the more recent stream flow analyses of 

the Sclmylldll R.iver and Perkiomen Creek, the average ?1lmpmg rate is :lOW 

esthnated at Z2.3 MeD (34 cis). not including water losses in transit.. '!'his , 
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rate was used in the revised computanons. '!"he maximUln Perklomeu 

Creek pumping rate of 42 MGD (65 c:fs) remains the sa:rne. 

Findmgs on Perkiomen Creek. Tables Nos. 1 and 2, attached, show the 

. values o:f discharges (0), :flow de'pths (D), and :flow velocities M, whiclt 

were developed in the ~rlginal Study and used to evaluate 'the effects of the 

varlous :flows OD the East Branch 'stream cha.m::tel. These are listed under 

the "Orlg. n column for the 7-Day, Z-Year low flow and the %lledian :flo~, 

each for three conditions: (ll no pumpage [rom the Delawar~ River, (2) 

.pu:cnpmg at the estlmated average rate. and (3) pamping at the ma.:dx:rlu:n 

anticipated rate. :All of these values have been rec:c~puted to reflect 

changes in estimated p12mpages and in stream·c:bannel characteristics; 

the revised values are shown on Tables Nos. 1 and Z under the 'tNewU 

I 

Table No. 3 shows th~ e:f:£ec:ts on :flood flow characteristics [or the. 

original and the revised. est:im.a.tes of streCWl channel c:J:.arac:teristic:~. A 

major ch.a::ge [raIn the original hydraulic: computations was ta.ki:lg of over­

b&l:lk :flow into acc~t; this had not been. done in. the origillal computations. 

LoW Flow Periods. With a lower average pumping rate and some 

. revisi.on 0:£ stream. cha.m::tel c::harac:teristic:s, there are minor changes in. 

. depths and velocities at the various c:hannel. sites. However, these changes 

a:oe insipificant and do not ~er the original findings regarding the e:f:!ed:s . ' 

of pmnpages during low flow periods. 

, . 
Median Sb:'ea.xn Flow. Ther~ were no appreciable changes as a 

result of the 'Updated pmnpmg rates 'and stream c:ha:nnel characteristics. 

1'l1e only major change ?as in the period when a. minimum. puD'lpage of Z 7 . . 
c::fs i. to be main:tained uito the East Branch. O?=iginally, it had been. . 
assumed to be year-.around. 'l'l1e presen.t c:oncept !s to mamt..aln this lnl:a.-

hn=n from the first day each year that the Sc:huylldll River and Perkiomen 

Creek are u=able to supply the cooling water needs- of the Lil:aeric:k Plant 
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to the day in late [all and early winter when the t7vo streams ,a.re a.ble to 

s~?ply these ueeds ou a. co:ntlr.umg oasis. A:lalyses of stream flow data. 

i:~cate tha.t., with this cr..ter..a., the minhnum. pumpage rate Qf 27 cis 

will be maintain~d from mid-April to ::cid-November under a.verage stre~­

fIaw ccnd!tia:s. 'During this period, pumpages mto the East Branch would . 
be hal..-=ed whenever floods oCc:urTed on this stream. 

Flood Flows. 'I'lle prll:c.a.ry purpose of presenting data on the varlO"CS 

£lood flaws was to show that the stream ,channel is subject to much. greate= 

flaw ra!es, depths and velocities by natural flood flows than.'by the pro­

posed pmnpages from the Delaware. River. Tl:ds was emphasued bj- givi-g 

the ratio of the :flow rates, depths and velocities of the flood flows to the 5 e 

sa=ce features of the pu:::npages durmg low :flow periods. a.:td with m~dia.: 

1law. Now that the estimated a.verage pumpage'rate has bee::. recuced i:O:c:::L 

:4 c:f:s to 34 as, these ratios are greater than. those originally calccla.ted. 

_~cco1:'dmgly, the effects of the pmnpages all the saeam cha.::::nel should be 

even l~ss than had been originally .. '.nticipated. 

:mdbgs'of Neshaminy Creek. T:he latest findings ~11 Nesha.min.y.Creek are 

p:-esen.ted in the NWSS Em. of 1979# a.:td are not dupllca.ted here. 

O~eration of ~:ing Station.: No c::ha.nge. 

Cie:erzl Co'nclusions. No change. El;m;natiol1' ot the 27 ds ~ 

pta:::r.pa.ge rat .. into the East Branch of Perkiomen Creek during the We ~~e: 

a::d early sprmg period is . nat e:pected to advers ely meet the ecology of this 

stream.., It is d't1%':b:tg this period when natural stream flows a.re gTe3.te st and 

:e needs of the stream biota. are at a. minlm~ 



Mon:th 

January 
1ebRa:Y 
Harch 
April 
May 
Juna 
July 
AIlIUS~ 
S~1:emDer 
Oc:tober 
November 
necamber 

'1'OTAI. 

% o-f 'raul 

~9 tJe.u/ 
Year 

'l'ABU 1 

S~ON OF 
ESTDW:ZD WttlCLY lolUER lolI'!'l1DRAtJALS DURING 'l'lolO tmI'r 9 

rotL ~WEIt GL'I~~ON, 
1914-1911 

'raul W!!XS lolATU WI'I'HDRAWN' FBOM Es~~ed tJ1~drawal 
r.Jeeks SC.:1UYlk1l1 Peritiomen Delaware From Delaware. crs 

16 16 0 0 a 
16 16 0 0 0 
11 11 0 0 0 
19 18 a 1 43 • .5 
16 6 4 6 Z3.S 
11 3 0 14 46.2 
19 0 3 16 39.4 
16 0 0 l6 45.1 
20 0 3 11 40.1 
16 3 3 10 21.6 
16 U 1 3 31 • .5 
20 20 0 0 0 -

- 208 111 14 83 

100: 5.3: 7% 40: 

28 3 21 

~ OIl w.ekly MIIII8 al 1) . d.a:Uy rerJd.oman Creek flows (Gra:ar.fori) t 2) U:Uy_ 
SchuylkUl I:1ver nov. aad tllllPG'a1:U%'8S (P01:u:owa) t and 3) hourly lIIII1:aorology 
f:oa LGS 'rowelr No. 1. Co1J.I:aD~%'ad.o1l fac~Dr ~ 3 • .34 and d:d..f~ equal.s a.al1 
percan~ o'f d.:cul..a'C.1nc waUl:' aDd. samea wa1:ar flon. 
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' Stl'oiun 
Ch" au,,) \ 

Sito 
No. 

1 

2 

3 

4 

5 

6 

1 

8 

') 

10 

IDA 

11 

12 

13 

14 

Average 

Notes; 

-- . 

I _ .:-1.B!,...y...- Z 'Yna,:.!!!,J.Y J?lo\'t tn J·~tU'!..!!.~!"\nch p~~·!~t.!!..~n C ~..!!!ilil 
Mn raumpl\Jlu _ _. Avnl'al'~ ~llUnpaHu . M"xh~.!_! .. !l ... PIl.!.1ln~J~c - -. 

Clinch o in It. V In (11ft o in c{fI D in ft. V In (011 n In clll JUll ft. V in fps I 

Dri". l'!cw I o l·l,c. Ncw OdJ!. ~ ° l'in. Nel.'ll 01·11~. New ooOdu. Nmv O'-ttl. Nu\V ° l'if(. N,:w Odr,. New 

1. 06 1. 24 0.06 0.09 O. 1'.) 0.20 55.0 35.2 0.59 0.66 0.'.)8 0.81 66. 1 66.2 0.65 0.89 1. 07 1. 13 
.. 

1.03 1.20 0.05 0.05 0.22 0.17 55.0 35.2 0.51 0.37 1. 14 0.71 66. 1 66.2 0.56 0.49 1. 24 
I 

0.99j 

0.')5 1. 11 0.04 0.05 0.28 0.25 55.0 35. 1 0.43 0.31 1.49 1.05 66.0 46.1 0.46 0.50 1. 60 1. 461 
0.92 1.01 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 

0.86 1.00 0.03 0.04 0.22 0.19 55.0 35,0 0.36 0,31 1. 15 0.82 ~5.9 66.0 0.40 0.42 1. 24 1. 15 

0.17 0.90 0.04 0.04 0.21 O. 18 54.8 34.9 0.44 0,31 1. 32 0.82 65.8 65.9 0.49 0.42 1. 42 1. 15 

O. 11 0.83 0.04 0.05 0.19 o. 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 

0.65 Q.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 1. 12 i 
0,52 0.61 0.03 0.06 0.21 0.23 54.6 34.6 0.47 0.60 1. 40 1. 25 65.6 65.6 0.52 0.82. 1. 52. 1. 74' 

0.40 0.46 0,03 0.06 0.17 0.20 54.4 34.5 0.·54 0.72 1. 31 1. 19 65.4 65.5 0.61 0.98 1. 39 1. 65 

0.32 0.38 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 

0.29 0.34 0.04 0.05 0.19 0.19 54.3 34.3 0.83 0.76 l. 71 l. 22 65.3 65.3 O. 93 l. 03 1. 82 1. 70 

0.17 0.20 0.03 0~05 0.14 0.18 54.2 34.2 0.79 0.96 1. 66 1.40 65.2 65.2 0.88 1. 30 1. 79 1. ~3 

0.11 O. 13 0.02 0.03 0.13 o. 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, 

0.05 0.05 0.01 0.02 O. 15 0.17 54. 1 34.0 0.71 0.'.)5 2.45 2.. 18 65.1 65.0 0.79 1.28 2.64 3.001 
0.59 0.69 0.04 0.05 o. 19 o. 1 '.) 54.6 34.7 0.56 0.59 1.45 1. 13 65.6 65.1 0 .. 63 0.80 1. 56 1. 57j 

1. Original (OdG.) data are hom Rcport dated July 8, 1970, tUled IIInvestiGation 'oC the Effects oi 
Proposcd PumpaaCB on Stl'eill;rt Flows of East lll'ancb Pcrldomcn Creck and NOlooth Dranch of 
Neshaminy C,"eelc: lI • 

2. Hew (~c\v) data arc Cram computations made in April 197'1 ullinU upuult.al Lilii;'C iru; ... "n-,;,li0fi. 

'''~n'PH'' 1 

~ 
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! Stl'oam 
I Channal 

Slto 
I No. 

1 

2 

3 

4 

Ii 

6 

7 

8 

9 . 
.. -

10 

lOA 

11 

12 

13 

14 

AveragQ 

Notesa 

, 
• 

" 

COMPAR.ISON OF ORIGINAL AND NEW STREAM FLOW DATA ----- ---- ._----- --- -- -....-

Modlnn Stronm Flow In Ea8t Drnnch Porklomon Croolc with; 
No Pumpago Avor!lHo ~meaRo M nxlmu!!lJl\\l-n~ IJ 0 

o In ela D in ft. V in f~8 . 0 in ela D in ft. _ V in Ipa o in cia D In It. V in ips 
Orlll. Now Drill. Now Drill Now o rill. Now Oria. No,¥_ Or~ll. New Oris: New Oris. New Orin. -
31.9 33.6 0:42 0.69 0.80 0'.74 85.9 67.6 0.76 0.90 1.19 1.13 96.9 98.6 0.82 1. 13 J. 24 

0~64 
.' 

30.8 32.5 0.36 o.:n 0.90 84.8 66.5 0.65 0.49 1~37 0.99 95.8 97.5 0,70 0.62 1. 44 

28.6 30.2 0.29 0.36 1.16 O. 9~ , 82.6 64.2 0.54 0.49 1.18 1.44 93.6 95.2 0.59 0.62 1.85 

27.5 29.1 0.27 0.34 1.00 0.82 81.5 63.1 0.51 0.46 1.56 1.29 92.5 94.1 0.55 0.59 1.64 

25.6 27.1 0.23 0.29 0.8~ 0~69 79.6 61.1 0.44 0,40 1.36 1.11 90.6 92.1 0.48 0.52 1. 42 
. . 

23.2 24.5 0.26 0.2'7 0.95 0.67 . 77.2 58.5 0.53 0.39 1.54 1.09 88.2 89.5 0.58 0.51 1. 60 

21.3 22.5 0.27 0.38, 0.83 0.70 75.3 56.5 0.58 0.56 1.35 1. 17 86.3 87.5 0.63 0.73 1. 43 

19.4 20.5 0.33 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 

15.7 16.5 0.23 0.41 0.83 0.87 69.7 50.5 0.54 0.70 1.56 1.57 80.7 81.5 0~59 0.93 1. 65 

11.9 12.5 0.22 0.42 0.71 0.74' 65.9 46.5 0.61 0.80 1.40 1,45 76.9 77.5 0.67 1.08 1.49 
. 

9.7 10.3 0.22 0.44 0.69 0.'76 63~7 44.3 0.61 0.91: 1.49 1.56 74.7 75.3 0.73 1.24 .1. 57 

8.6 9.1 0.28 0.36 0.82 0.68 62.6 43.1 0.90 ·0.80 1.81 1.45 73.6 74.1 1.00 1. 11 1. 91 

5.1 5.4 0.20 0.34 0.64 0.64 59.1 39.4 0.83 0.91 1.73 1.60 70.1 70.4 0.92 1.01 1. 84 

3.2 ,3.4 0.13 0 •. 19 0.62 0.60 57.2 11.4f69 0.69 2.02 1. 76 68.2 68.4 0.76 0.98 2. 18 

1.4 1.4 0.08 0.15 0.56 0.61 55.4 ~5.4 0.72 0.90 2.47 2.41 ~6.4 66.4 0.80 1. 30 2.66 
• 

17.6 18.6 0.25 0,36 0.81 0.7i 71.6 52.6 0.64 0.67 1.60 1.40 82.6 83.6 0.71 O. ij8 1. 69 
~ ------ ---- ---

1. Original (Orlg.) data are from Report dated July 8; 1970, titled "Investigation of the Effects of 
Proposed Pumpagea.on Stroam Flows of Eaut Brancl~ POl')domen Creek and North Branch of 
Noobaminy Creolcu• 

2. New (New) data iU'O from computation a made In April 1979 uaing updated haole information. 

New 

1. 31 

1. 15 

1. 68 

1.51 

1. ·31 

1. 30 

1. 39 

1.24 

1. 89 

1.76 

1. 90· 

1.78 

1.74 

2,21 

3.02 
-
J.68 

I 
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SEC'!ION V 
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~ater qual.:1.ty S1:Ud1es of the Perid.omen Creek. were in:f.tj"a,ted in ~y, 
1974. 'table 1 is a summary of Perid.omen Creek "Jatar qual:1.t:y uta covering 
1975 through 1917. '!hese uta were collec'ted. at 1'14390 (See 'table 2 for 
ciescri-PUon of s~ling loca1::1.ous). '!he ciau. are raflect:1.ve of a 
moderately hard. warmw&ter stream that reca:1.ves lIIIQcierate amaunts of 
polluU01l. 'l'he ma1:Iataa Perki01ll8U C:nek has asi iaa:1.c base wh:1.ch fluc'tUates 
be~ sulfate 'and. ca:bou.ata" and. Uka me Schuyl1d.ll C011tains h:igh 
coz:u:antr&t:1.aus of major c.at:iaus and. am.aus. '!he major cauous and 
au:Lou are at the:1.r 1U.ghest CC11Cantrat:f.ous July mrough November ('tab le 
1) • All ttansitiau series elements, ara found in low concentrations 
crable 1). 

PerX:1.amell East Bnnch - '1Ha1:er Oualin 

water qual:f.ty s1:Ud1es of the !out Branch were in:f.t1.a.ted in May, 
1974. Wh:f.l.e data vere collected at four stations, only two" the Ut'-per 
D2300" md the l.o1Nr, !2800" wUl be used. in m:f.s <H.sc:.uaeion. 'tab 161 3 
1.3 a SUIIIIII&%'Y of vater qual.:1.ty da1:.a hoa !:32300 c:overtng the penoci 1975 
~p 1971, and. 'l'~l. 2.4-9 is a sammary of data trOll !2S00 covering 
me same penaci. !he watar qual.:f.ty of the Eas1: Branch ranges froa gooci 
at D2300 1:0 1U.ghly ciesracied a1: moo. '!his sh.i.ft in quallt:y, is a 
result of alloc:.tu:hotlCUS 1nlNts from source to lIIQu1:h. '!he iouic base of 
the TJ'-p-pu !a8t Branch 1.3 carbonate ,and sh.i.f1:S to sulfate in the lower 
naches. 'the!.a.81: Brauch bas bigh eoucen~ti.ous of majol: :::.&e10118 and 
am.aua in the tliddly and lower reac..b.es ('l'abla 4); BSlted.ally July through 
November when flow beCCDU 1l1tenrLttl!!u:. 'the 1,Qver reaches also haVe 
h:f.3h c:QI1C8!1t%'ad.ou of the ioue c:on.sidenci eseent1.a.l pl.am: !1U1:rlen1:s and 
of cana:1n tta12Si.'t:f.ou sad.as elemauts (i.e. iron" maqanese.. nnc, 
COt'l'u.. aDd c!:u:CII:f.mI). '!he qu.al:f.ty of the TJ'-Pl'er !a.st Branch is aot 
uDUke that of the OeU1rarll 1:f.ver at Point Pleasant while the qu.al.it:y of 
me ~r !a8t Brauch ~ s1m:Uar ta that of the Schuyllc:Ul. 

Oel..aware 1:f.ver - W'a1:er Oual1n 

W'a1:U qualJ.:y s~.. at the Oelaan I1ver vera 1:l:f.t:f.ated in May, 
1914. tha _ter qaal:f.:y at the OeLaware (1915 thraugh 1911) is S1DIIIIar1zeci 
in 'l'.able 4. Data in tb:Ls table ... collected. a1: ll1263 and depict a 
mcluataly hard. ~1:.r StrUa with a carboua~. icm:1.c baae. !he 
qual.ity of OeJ.awara wa~.r is raLau.vely gooci in that it is Rll buffered 
am does I10t c:QI1ta:Ul acaa1vely 1U.gh ~d.o1ls of _jor cati.ous 
aDCl aa:!..ou = ioue C01UIidend esact1al pJ..mc 11U1:riau ('l'abla 4). t.aaci. 
cd. d.D4 are the O1UY 1:%'aZW1d.a1:r. sad.as el-.nu pruesl1: in s:ip:1.f:Lcant 
qumu:1.a. ;JUle tempo1:'al e!:1aups 1:. Oel.&van watar qual.:f. t:y cio occur. 
they are a.ot .. savare .. the sh:f.lu = smaller strums because of the 
Iftaur flow. 
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, 

STATION 

1'14390* 

!32300 

!2800 

Al1263 

* l.1.ve: me~e: 

tABLE 2 - SAMPL!~G LOCAt!ONS 

LOCATION 

1'e:kiollleJ1 Gra~.rfora IJ1~aka 

!as~ Branch - aeadva~er3 

!as~ Branch - Mou~h 

nelava:a a1.ver - Poin~ Pleasan~ 
In~ak. 
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WATER rEMPERATURE OF rHE DELAWARE RIVER, EAST BRANca OF raE 
PERXIOMEN CREEK AND rHE PERXIOMEN CREEK 

-
Supplementary Materials Prepared for tne Delaware River 
Basin COUlmissiol1 

Routly wate~ temperature readings bave been obtained 
from four tb~rmograpbs located along the Limerick water 
transfer route. rhe tbermogra~b referred to as TEMP S in 
tbe attached tables is located 011' the Delaware R,iver-ne·ar 
the Point Pleasant vater transfer intake, temp 4 is au tbe 
East Branch of the Perkiomen upstream of the Bucks.Road 
b~idge near the inflow point of the transfer pipeline, 
temp 3 is loca~ed on the East Branch beneath the Garges Road 
bridge and temp_4 is au the main stem .Perkiomen Creek at the 
site of the Graterford intake. 

the attacned tables a~e analyses of data recorded from 
July 31, 1974 to June 4, 1977 and are based 011 daily average 
t.emperatures. 

table ~ gives the N size, mean, standard deviatiou, 
=inimum va~ue and maximum value for all year~ cOUlbined and 
for each year individually for the mouths of diversion, 
~ay--octob~r. A Duncan's multiple range test for difference 
between location means snowed that for all years combined 
the mean temperatures for the Delaware River, lover East 
Branch and Perkiomen locations were aat s.ignif1c=an-ely di!f erent. 
Table 4 shows the same statistics as Table l, except that 

·the. period of interest is January--De~ember. Table 3 presents 
.the aonthly means for all years combined • 
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VARIAoLE 

iE?-41' _2 
iEMI'_3 
r;::MQ 4 

.' -
T~"'P _5 

VARIA9Le 

T·~MP_Z· 
TEMP_3 
i~MP_4 
T::~P_5 

• .un J. ---
THERMOG~AP~ TEMP_Z IS ON 

THe PEP'I(IOMEN,TEMP_3 AND 1 '·'P_1. ARE ON THE EAST BRANCH 
ANO T~MP_5 rs N THE DELAWARE 

N 

450 
463 
279 
396 

N· 

08 
93 
52 
93 

MAY-CCToeE~: 1974-1977 

MEAN 

20.64 
19.35 
16.17 
18.99 

21.93. 
18.19 
16.25 
18.83 

ST!NC~RC 

OEVIATION 

YEAR:74 

4.45 
5.01 
4.47 
4.99 

STANOARO 
oeVIATION 

3.83 
6.0-1 
3.96 
5.97 

M!NIMUM 
VALUE 

0.!5 
5.45 
4.57 
6.72 

MINIMUM 
VALue 

11.67 
5.96 
8.99 
7.S8 

'1;4lUE: I: 
! ,! 

;. , 
I 

i' 
MA):U4UM! 
\fj~l.U e \ 

! 
~7.Z2; 
·~?29 .; 
:'3.32'· 
:!Q.SC:, , 

YEAR=75 -------.-------------j: 
TEMP_2 
TE"'P_3 
TEMP_I.. 
T~MP_: 

16~ 
ISl 
68 
9; 

20.61 
20~09 
16.20 
18.75 ; 

~--------------------------------- YEAR=76 

TEMP_( le4 
T!MP_3 156 
T;~P_4 126 
T!=M P _5 1 73 

20.41 
19.20 
11.16· 
19.31 

-----------------------------YeAA~77 
T~MP_? 33 
T!=~F_3 33 
T:~P_4 ·33 
T~MP_' ;3 

19.3' 
19.18 
17.29 
l8.S0 

9.57 
7.81 
6.05 

11.08 
-

, 
:1~.':Z: 

- 29.05 1 

~4.l~ 

:!s. 4? i 

---------------------------------. 
4.95 
5.?? 
s.to 
4.91 

0.85 
'.45 
4.57 
6.12 

I­
:! 

"7 1-!· ... ..,,:1 i: 

:? 7.7·7:; 
25.00: 
:!~.Z7i; 

I: 

-----------------------------------1 
3.45 
3.62 
3.47 
3.84 

1Z.74· 
12.24 
9.93 

12 .84· 

., /; 
2 4 .02 :' 
~ t.. 20 l. 
2.Z.07 
:!3.q7 



VAX J.Ae 1.1:: 

Tcl1"'_~ 
Ii:M~_3 

I~M"_ .. 
T ~14'" ;.~ 

: '1,..x.~"~f: ~~ 

I 

"lc;Mfo_, 
l~MF_:; 

!c.:"tr_~ 
1 cMI-..!I 

. .,.....-.-

!~~-" 
I CoI'1'; _~ " 

T E:Mt- _~:' 
1 eM,.. _~ 

----
1 t:J11=_iI! 
ll:~"'~ 
1 t:M;'_" 

: 11:~1'4 to _ ~ 

. ... _._-
II:M~~ 
lcMt-...;.J 
i=M .. ..;. .. 
j eM ... _5 

"0 
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TABLE 2 

" 
Tn~RMOG~AFh T~M?_Z IS ON 

1 He: iJE:RX..lOMf:J'I", T eM;; _3 ANU 1 E:MP _~ ARl: ON THE E::AS T eRAI'-lCl-t 
ANO TcMP_S l~ tN Tl-tE U~~~AR~ 

1<1i't-l977 

N" MC:AN ~TAAOARO .... IN 1 .... \JI'" 
Ot:v.&.All0N VAl-UI: 

• 9'toO 12.~1 9.0b O.QO 
100\0 11.7~ &.70 0.04 

ole:» ~.91 -'.ItS O.{J~ 

Qct~ 11.!;O 0.17 O.~3 

't:AK:a11to 

."'eA .... ~TANOARO MLNIMlJH 
ueVIATION VAl-Ui: 

~~ 14.14 9.33 1.~S 
Ij,. . 12. .l:S~ b.52. 0.~5 
11~ 10.uS 01.3, 0.6.5 
l!>J.,. 13."11 0.17 1.73 

Y~f\:75 

3~o 13.(lo a.75 o.;:a 
~c!5 12..~7 & • .57 0.10 
4:.': 1 &.02 0.02. 0.11 
4.19 11.00 7 .... 0.~7 

-- . . . Y~Ak.:a7 0 

301 12..77 9.26 0.2.7 
~3~ 11.51 8.96 0.0, 
~u" ~.O~ &.u ".Y~ 
~.s7 11.~1 ~.5~ o.u 

- Y~ic.:II77 

136 &.34 b.07 O.O~ 

157 ~.l" &.00 O.O~ 

o lb'" 8.07 7.2..2. O.Ji 
10" i.Q7 7. lito 00.J.~ 

''''AX.lMUM 
VAL,Wc 

2b.c~ 
2.~.u5 
4S .uO 
~o.5~ 

.'1AX !l'1\JM 
VA,-Uc 

~7.2.2. 
,7.",9 
~.32 

'Q.~9 

~a.oz 
",9.05 
~4.l'" 
2~.~ 

47.~5 
27-.77 
~s.uO 
2o.~7 

~A.O~ 
.z.~.2.0 
U.U7 
~.'t7 



T I1I:RMOGkAfot"'l M?_~ l~ ON 
TH= ~cK~luM~N,r;MP_~ ANa 11:.1 :"'_'" ARE UN TH*: cAST ~RANC.i1 

ANO Tt:!'1P~ l~ Cr. '7l-tt: OELAWARli: 
1914-.'177 

MCNln-1, 
" 

'IAklAbl..E. r.. MeArt ~lANOARO 
i 

,,,\ !I'd j~ \.Jilt j"'lA..:c.l1i~ . " 

Of::.V .iAT ION VA4.I..It: '1.t.. 4.. L.. c: . i 

I 1:.11P_2- SI .... l.OS 1.2.5 0.02 6.':' .. 
:1 

li:MP..3 94- 1.05 1..42- 0.00 7 - .. 'i • 44 
11:Jo\ P _'to 9~ 0.90 1.31 o.o~ b.2.0 

I;: 

I, 
TcJ4P-, as 1.2.~ 1.00 O.~7 5.07 . 

:! 

MONTH=4, t; 

i 

TEM,,_, 84;. 1.SO 1.ao Q.OO b.cO j' 

It:MP_~ b3 1.~1 ~.23 u.Q3 7.:'~ 
TEMfo_':" 03 1.~7 1.as o.oa· a.oo 
T~MP-' ~7 2.50 1.09 Q.33 Q:1~ 

- - MONTk=l 

lcMfo_l 00 7.1& Z,.91 1.77 L4.07 
1 cMP_':' bS 6.10 3.23 1.25 l.S.77 
laJtl~_ ... 70 S.~4 ~.it4 0.92- . 10.03 
T~MP-' 71 5.il1 l.l'" 1.1·5 IQ.~l 

--- MOl\&TI1~ 

li:MP_4 a4 ll.n· 4.09 ' ' ., I 2.J..7a .,. ..... 
Tl:iH'_l 101 lZ.o8 •• 30 3.00' " .. cO 
TI:.MP_'" 101 11.ltO It.27 3.13 ~1.!:5~ 

r CJot~_~ 101 11.12 l.S9 l.26 2.u.30 " , 
i. 

I! MONlt-t=S 

TcMP~ 9~ 18.~9 , 3.1~ 11.91 Z4-.02 l: 
T~~P-.3 9~ 18.43 3.44 11.7" Z4-.lCl 
li:MP_4 C$~ 16.~a ~.Q7 9.93 2.2.07 
11:1"\P _5 a~ lob.73 3.19 12..12 U.91 I' 

i' 

- - - MCI~lH=4 

TcM~_~ Q~ U.2' ~.Ol l~.2.Q Z7"j5 
TcMP~ 61 " ... 0 2..97 17.00 ~1.j1 

Tl:M~_ .. ~~ 2.1.U9 ,.95 1~.34 4~.UO 

TI:JIII~~ 47 2.1.97 ~.zz l7.07 .a.5 .La 

. -- MeNtH-7 

TI:MP~ 02. 2"".4,4 1.30 21.04to ~1.42 
TcMP_3 .30 2. ... ~ 1 ... 7 2.0.73 21.2.9 
1 eMF-';' .. 3 .. 21..b7 1.2.5 19.00 2.l.6~ 
Tc14P-S 6.1. U.~! l.19 4:.Q.04 ~o.':''9 

~. 



TABLE 3 '. :;on t inued) 

T Hc:<Mu(;kAPt-t I ,'1i-'_2. lS ON 
11-1t: j:#t:"Klc..I~f.:N,TcM~_3 A,-"O Tc:f'·~_';" Akf:: ON Ti'tt: cA~T bK~Nc..H 

AND fE:."1P-S lS a".; "'He OELAWAKf:: 

VA"- lAbl..c 

TC:l"tP _'" 
Ti:MP~ 
t~P_" 
r t:~ .. _5 

Z",.57 
23 .. 9S 
2.1.69 
2 ... ~a 

1,'174-1.'111 
Me,.Nll"'l-o 

SlANOARO 
Oi::'11AT1CJN 

1 .... , 
1.77 
1.79 
1.40 

---------------------------------- MUN1H:9 

TC:M~_I. 

Tt:MP_l 
1 cM'-_4 
T=~P.-5 

c,~ 

1:15 
19 
01 

1.0.05 
la.7S 
1&.10 
19.1, 

2.1"-
2,.45 
~.9~ 

'.lfJ 

---------------------------------- MQ~lM=lO 
T eMF-" 
TIi:MP_3 
'cM~_4 
T~!"~~ 

13.65 
12.4.0 
14.73 
U.13 

2.78 
3.13 
~.OS 
l.77 

----------------------------------- MO~TH=11 
IP_" 

1 E:M~_3 
TcM~_4 

T:M"'_,:) 

7.08 
~.5a 
a • .i7 
7.aS 

.-
l.oS 
4.Jito 
4.70 
3."'J. 

j"1rNl.MUI~ 

VA LoU1=; 

ZO.11 
1.9.11 
17".40 
~0.90 

1!J .15 
12..&7 
~2.45 
1:>.50 

0.85 
5.45 
.... 57 
Q.12. 

1.oi 
O •. ~· 
0.a9 
2..30 

MA~d.,·,UM 

V j},I..~ I: 

::..a.02 
2.:'.0.3 
4'-'.J.4 
2b.~7 

2~.Q2 
24.94 
'2.~o 
~4.Q2 

la.3b 
l.a.35 
1.1.74 
\7 .~9 

lS. e.3 
lb. 1.7 
la.47 

" 
I 

.; 
oj 
I. 

, . 
:' 

L4.~Q·1 :; 
t· 

--------------------------------- MONTM=J.2 ----------------------------------
TcMP_.! 
T~P~ 
rE:M;' _'" 
.lCMP_5 

,.20 
1.9-1 
1.a7 
~.7o 

1.70 
1.&2. 
1.1, 
l.o!) 

0.14 
0.02. 
0.11 
O.~ 

----" .-----------------------------------------------------------------

7.48 
l.~a 
7.o~ 
0 • ..,7 

/; .. 
i 
'. t, 
1· 
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Perk:i.omen ~k is loc:a-:ed in t!le T::'assl.c Lowland 
se«:-..:ion of '!:be pj"edmont p.l:lysl.ograplli.c proVince p a rio 
fa:ming area of rollinq hills. It is a major Sc!luylk:ill 
t..-;'.butary in th:is proVince and . drains 938 kmZ of Le.l:l.:i.ghp 

Berks. Baas. and Montgomery counties. 

'!'he aquatic com.mmi. ty of the Pe:ki.omen Creek system has 
been influenced .by man' s long h:i.story of ac:ti Vi Ues in the 
watersned. water qu~ty and flows have Qe--n alt~redp 
ha.bi. ta-e. cb.anaed or ellmi.nat.ed p and the s'Oecl.es cczm:le: 
n:act.ly manipuJ.ated. Altllougil ~hese ac:t:.ivities nave 
pro~l y reduced di versi ty somewhat. the c:c:m:rcni ty. remains 
relatively stable and healthy. 

'!'be creek downstream of tile !:ast E=andl confluence w:.~l 
be impacted by water diversion; water W'i'tllC.--awal ~-ll oc=ur 
at Graterford. The Perkicmen creek study area includes that 
st:etct1 from Spnng Mo'tmt Road bri.dge downst::'eam to Oelow 
O'.S. 113 bridge (Fig. 1). Sample s-...ati.ons are designated by 
common name and by tile let-:e: 'P' :o~~owed by a number wtUdl 
indicates distance in mete:s from the lnOuth of the Creek. 
whe:e stations include seve:al mete:s of st:::eam. 'site 
ntlDlCers designate t!le downstream end of the stati.on. A 
SamplJ •. l'lq !:is'::Cry by proqr2ln is g1 van i.."l Ta.bles 1 and 2. 

No ll1ajor popuJ.ation centers o~ wit1l:in its relatively 
r.:zral watershed whic.h. contains a n1lDl.ber of small bcrouqbs. 
MOst surr~ding land i.s res;idential or used for 
agrtc:ul =e. Low !:lase flows and ::eqaent S'pates 
chara~eri:e an er..:emely varj.a..b~e f~ow =~...:ne. spr:.nq 
flows a:e genera.l.ly hign due to snow mel. t and. prec:i.pitat::i.on.; 
late summer and early autumn fJ.ows are very low Out stmject 
to rap~d fluctuation due to loc:a.l thtmderstor.ns. 

W'ater quality near Graterford is relatively good witb. 
ntlt%i.ent loading bfting the most se::ious st...-ess. Nut....-j,ents 
enter t:.h.e stream frOal .bot.h. point and nonpoint sources and 
f:om :;reen Lane Rese:vci:. ?:j.mary point sources are 
m'tlnicipal sewaqe treatment plants. Nonpoi,:'1t source 
nut:ients otiqinate f:.:om on~it;e sewage t:eatment faci..l.ities 
and COal aqr:.c:u..ltural ~off. Green Lane Rese:vci: also 
rec:ei ves point and" nonpoi.nt source nut:d.ents. Of 17 
pennsyl van:.a lues i..'"1ve!1totied .by the EPA's National 
Eutrophicati.on Survey in 1973 and 197f;, Green tane was fOllr.d 
to ~e InOS-: ent--op:ie {tlVRPC and Ches-:e:-3e: ~"lq:'nee=s 

1 



1S77}. Wa~er re~eased ::om tae hypolimn~on during summer 
st--ati!i.cation is anoxic and higil~y en,..-j.c:."led Wi-:h nntrien-:s. 
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A qua~i. tati ve study of phytoplankton in 197'~ yie~ded 54 
taxa (Tal:lle 3). Diatoms were re~resented ':Jy 22 gene:a and 
were fOWld t.h:ouqJ:lOut the yea.l:. Green and blue-sreen aJ.gae 
were represented by 2S and 6 genera. respe<:-..:i ve~y, and were 
':ound predominantly l.n S'WZUfte:' and early fall. Seascna~ 
succession of these tbree gro1:ps in Pe:nomen Creek followed 
seasonU chanqes in water temperat:e. 

The benth:ic d:iatcm Navicula was the most ccmmon 
pbytoplankter and oc:::u:::ed t:.nrougnout the year~ it was 
pa.-=:i.c:u.lar~y abundant in winter. ':'he plank-...cnic dl.atom 
Melosira. was ~dant in late summe:. 'rhree genera 
(Ann s-t::'odesmus. Seenedesmus, Pediast=tmt) of green a~gae 
were abundant pbyeoplankters; a.l~ were present in low 
n~e::s in wi.nte: and ~rl.ng, and inc::eased in summer. 
Anabaena was the onJ.y a=unciant genus of blue-qreen aJ.gae and 
was mos~ common in summer. 

In general,phy--cplank:on densities in Perkiomen c:eex 
appeared t.o be low, and most aoundant ph:rtoplankters were of 
peripny-..ic orig:i.n. For these reasons Perkiomen Creek was 
considered. to l:le an area of low po-eent:1.al. ilnpa=' for 
phyt:oplankton. 

petiphyton, an important p:ima--y producer in Pernomen 
=:eek~ was studi.ed from Ju.ly 't"h~ougn Oecem.be: '973. 
Ta.:onoati.c: composition was ve~ simi] ar t::l t1:lat in t:le East 
l:ranch and was almOS1:. axcl tm:1:vely Q.atoms. Ma.:d.mam 
standing c:op Diomass (106 mq dry wt/dmZ ) and production 
rate (8 mg dry wtldmz/aay, were recorded in Oc:totler; lowest 
va.J.nes for both parameters oc:~ed in Oece:neer ('ra..ble ~). 

~ac::opb.ytes 

Macropbytes were not studi.ed on ~k:i.c::nen C:eek. 
Qual.i.tati.ve OCS4!-.-vati.ons inciicated that mac::ophy-ees we~ not 
eommcn and they were therefore ecnsi.dered to ~e of low 
potential. impact. . 

3 



Zoo~~ank:on 

Zooe~ankton was not studied in Perk:i.omen Cree.lt l:lecause 
it was eenSidered to be 0: low potential impact. St:udies 
conducted in other temperate small streams have sbown tnat 
:oo~~ankton is typie~y ~ow in density. 

3enthi.e mac:roinve:tel:rates pJ.ay an impo:-..ant =':'.o:C:--..:i.cr.al 
role in me st lotic ecosystems by c:cnvertinq alloc::-:!lonacs 
and a 1l1:Oc::hthcnoas mater-us into tempora:y storaqe Wl. thin 
the1: own tl.ssue .. t:hus ul.timately be<:om:i.nq an essential 
component in t!le food web. Mac=oinve..-te.t:rates also sil--ed 
coarse organic material (e .. g., leaves) into finer part1c:.les 
Qat can l:le ut:i.ll::ed by sma.l~er tnae=d.nVerte.brates. 

A piJ.ot study was condnc:ted. on Per.kiomen Creek and East 
3ranen Perkioznen c:::eek from June 1970 t.!l..-o~.n Oecemtler 1971. 
Data collected cim:j,na tm.s 'Ce.--±od were used-to develo'C 
e:peri.mental design for a· ~eoperational. qnantitati'Ve­
proqram wilidl beqan in Jan-aary, 1972, and was eonti.nued in 
1973.. 197~, and 1976. Onl.y the d.f:fle biotope was sa~led 
quantitatively; l.t was eozrunon in -t:he ~ks and :invert~"'-:2 
dj.vers:.ty and p:cdUC'd.on a....-e typl.c:al.l.y llignest in th;is 
habitat type. PUot study data,. l:lecause qaalltative .. we..-e 
ased only in the ecmp:Uauc:m of a spec::l.es list. 

'!'WO locations were sampled on Perkiomen Creek (S9:-'.nq 
Mount - P22000 r a..Qove oe East Bran::ll eon:Elue.'lee; Rahns -
P13600, below) rand su on !:ast Brandl Pe::ki.omen Creek 
enepilant - !:3672S r !:anc!l - 022001' Selle..~lle - !:26700, 
cathi~ - E23000, Moyer - Z12S00, Wa~a - EScOO}. For a 
SllDlmary of !:ast Brandl Pe::,kiomen. C:ee.k mac:ro:i.nverte.crate 
sample bl.story see Tables 1 & 2 in the fo~lowi.nq see-..:ion on 
tlle . East Branc::n. 

SPECIZS INv£NTORY 

A sped.es llst (,!,a.ble S) of mac:::cinvert,el:lrates 
collectea by all. met!xlds (i.e., klent..bos qaanti.tat:.ft and 
qua.l.itat1'Ve r d:i.f1:; see references above) indl.cated that 
both e:ee..~s were cnarac:ter:i.:ed ~y a d.i ?erse 
ma==oL~ve~e~=a~e ass~~aqe. Re~rese.~~a~ives of al~ major 
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omers of aquatic insee":.S were ccllected bet·",een June '970 
and Oecember '976, as were p~anariar.s, annellds, iSopoc!s, 
amphi.pods, decapods, molluscs, and ot.:lers. The more dive-.1"'Se 
grou~s were A-""t.!:l-~poda (S2~ of total taxa, primati~y insects 
96~), Annel~ (S~; leeches ~a~, warms 32~), and Mollusca 
(6~; snails 5a~1' cl.ams "2~). 'the more d:i.ve:se insect. orde:s 
were Oiptera, colecpte:a. 'rr1dloptera. and. E';meme:optera. 
Oipte:a was re~resented Dy tlle greatest nmnber of families 
and one fam:i.ly, CllironODddae, eontai.nec1 t:.he greatest n~ 
of genera. Of the 301 taxa collected. 15 were considered 
abundant. 65 common.. 97 uncommcn.. and 124 rare. 

Based on quantitat:i ve sampling of the n:fJ.e biotope it 
was apparen1: tilat lonq:.tudinal changes in mac:obenthos on 
~ast Branch Perkiomen creek we~ strongly influenced by 
inte:::ni ~~nt flow in t.he headwaters and dS13=aded water 
aualltv in t.~e m:i.dcUe sec-..ion. 3enthic invertel:)rates 
e~ited a high degree of res~ency L~ response to sh~­
te-~ phenomena suCh as spates and loeali:ed c~eli·ation. 
'!'here were no major anthropogenic stresses operating' on that 
sec-...:ion of Perki.omen Creek inc::luded in t!leo study ° area and 
diversity (ri.c!mess) was greater be:-e t:.han on tile East 
3ranc::h. 

Faunal patte:ns. with few exceptions, were relatively 
constant as relative a.bandanc::e data showed li.tUe varution 
among years. All fo::ms of feed:ing mec!lanisms were 
~presented among the dOmi.nant inverte.t::ates as were 
t:Jtimarv, seconaL-v, and te:ti.arv c:::m.sumers. Mac::obe.Ylthos 
com::unl-:ies inl;)otb c=eeJts were· <ll verse and produ.c--,.i:ve. 

Stand.inq c::op Numbers and Biomass 

For botJ:l" Cree.~s numerical and biomass standing c=op 
data were h:ig.tlly varj.,u,le amcng sites in the same month~ and 
among months witb:i.n year for the same site. w"1len data f=om 
all mont!ls were =mbj.ned and averaged i::y year, spatial 
t-..-ends in actmdanc~ were apparent ('table 6). Inter.n:i.ttent 
flow and deq:-aded water quali.ty redttced stand:inq c::"Op 
n~rs on the upper (nepllant "-yr mean. 5736 orqanisms/mz ; 
Branch S339/mZ) and midcUe East Branch (Sellersville 
S 277/m2, CatJ:l:.J.l 657 s/m2), respect:. vely • Recovery, in te.-~ 
o!' in::=eas~ c"'"':s:i .. ~y, .--as encient in tne lowe: sec--:.0 r .. 
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(Moyer ,~,925/m2, ~a~a 23,781/m2). Standina e:o~s on 
?erkiomen Creek averaaed '~,996/m2 at Spring Mount ~?st:e~ 
of the con:luence and-'2,906/m2 at Rahns downs~eam of tbe 
confluence. Spatial t:ends in biomass density on both 
Creeks were like those for numbe--s; biomass at Ca~~ was 
partiCUlarly low in 1973 and 197~ due to the preponderance 
of smal~-si%e ehi--onomid larvae. 

In general Perncmen creek stati.ons (':al:lle 6) and the 
East Branch, all stations combined ('raJ:)les 7 and 8), snowed 
an increase in betJl:i.c density in aU consectlt:i ve sample 
yea..-s. The marked inc::ease in mean density on the East 
Branch between 197~ and 1976 was due largely to tbe i.nc:::ease 
in the finqe:na.il clam S~haerimn rhom!:oi.de~ at WaWa. 
A~ thOuqh 1972 was the year of ':ropical Stom Agnes (greatest. 
flood of record), invertebrate density was reduced. Oelow 
no:ma~ only in June and there was 11 t--le eff act on the 
annua~ mean. 

Wi·h'in-year tre:lcls in total. standing c:rop large~y 
reflected 'tlle popul.ation dynamics of doml..'"1ant orqan:isms 
dese:i~ed be~ow ander '~cr--ant SpeCies'. In general total 
n~e:'S and bi.omass were greatest in faJ.l. (Table 9). 

lti.c:mess 

'!'aXOnomic diversit:{, ric!mess component, of ri.!f~e 
benthos was high in both creeks t!l..~uq:lout the year. On 
East Branch P~-k:iomen creek annnal di.~si.ty (T~l.e 6) was 
ru.gnest at llpst.-eam stations (Elephant ~-r- mean, 59 ~; 
Branch 55), decreased at Sellerstille (52) r and :-eac:ned. a 
l.ow m:id?oin~ on the C::-eek at Cat.tUll (32). Divern-:y"to!ler.. 
inc:easec wi. ~ in=easinq C:i.s-..ance cio'lmStream (Mo~ ~6, 
WaW'a. ~7) b~ di.d not recover to leve~sfound. in t:e 
headwaters. 

£.iqh tic!mess at Elepllant was due in large part. to 
:intermi.ttent fJ.ow whic,h typ:icaJ.l.y OCC'1ll::'ed in la-ee summer 
and fall. Surface flow often ceased during th:is pertod and 
r4-ffle habitat was replaced temporarily by isolated peols 
ma:intained :,y S'CJ:lsurface perco.l.aticn. T~s oange to pool 
habi.tat, sti.lJ. ef:ec--i ve~y sampled. was accompanied by an 
:inTclSion of 'qa:i.et water· species, prima.ri~y of the g:OU'ps 
Semiptera and coleoptera. '!'he relatively larqe fluctuations 
in total taxa collected l:)etween years at Elephant and 
pe:d1a.ps Branc:h may have tleen related to the intensity and 
:=at:ion of eis::cntinnotlS !:low. 
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Diversity at Sellersvil.le was below tllat at Eranc:.: but 
was st:.ll re~ati vely lUgil. '!h:iS station was sporadica~~y 
subjected to storm sewer Qi.sc:!la:ge from two pipes tmder tlle 
Main St:'e9t Bridge. Quantitative sampllng t=ansected 't.he 
entire channel directly downstream of be ~d9'e at t:U.s 
si te and ooth affected and 'Ilnaffeeted areas were sam;J led. 
The nJ.atively high divers;.ty here may not indd.cate an 
entire.ly heal tlly environment l:nrt rather a di. ve:se set of 
wate= qttall ty c:ond:i t;.ons. 

'!'he reduc::tj.On i.n klenthic tidmess at cath l11 was clue 
to the stat;.on' s continual e:r;:,QS1l%'e to the SellerS'Vi.lle 
Borough sewage t:eatment plant effluent. A zone of recovery 
extended the remaj,:ting length of C-""eek. 

The annual. total ntmLber of ta:ca cclle=ed on the East 
Branch, all stat;.ons C:ODtbined,. decreased sllgh~y from 1972 
to 197~ but increased. to a maximmn in 1976 r:a.cle 71. ':!tis 
va..-j.a.ci.lity reflected (1' annual va::i.ation in ttle intenSi.ty 
of perttlr.oations already discussed (i.e., inte:=Uttency, 
ef:fluent degraded water qaaJ.j.ty). as well as snort te--:n 
stresses such as spates at all stations, S'tO%mWater input at 
Selle:sville, cba.nnetization at B:anch in June 197 ~,. etc., 
(2, decrease in samp~e sue f:cm 5 to " repllcates in Jt1J.y 
1973; in general more Wlcommon taxa a..-e c:olleet.ec. as tn' 
inc::eases, and (3) absence of sampJ..ing in winter 197". '=he 
June '1972 flood had l.it-~e effect on annual dive:nty. 

Benthic d.i versi ty was greater on Perkiomen Creek than 
on the East Branc:h. and sligiltly greater above the 
eonfluenc:e (Spring Mo~t 68~ tilan below it (Rabns 63) (Table 
6). F~ow at Spring MOunt was nea: tor.:entia~. subst=ate was 
mixec. rUo.cle anc. suppor:ec. an ep:ill't.tl;.c a~ga.l eouum:m:i.~ :c: 
mu::h of the yea:. Fl.ow a~ Rahns was more lamUla: anc. tlle 
eompac:ted. sanc:i-9='avel subs:ate <ove:~al.n ::y few large 
:oc:ks) was susc::ept:Lble to scou:j.ng during high water 
petiods. 

S.1mi.larj. ty Between Stati ens 

Monthly ~omputatj.on of Mcr-sita's index of ove:lap 
provided a single va~ue denoting bent!ti.c commmti.ty 
simUa..'""ity be~n se~ected pairs of stations in te-..-:ns of 
taxonODlic: eomposition and aJ:rondance; the ltigiler to!le value 
(range 0-'1' the more si.mil.ar. Yearly means were dete:m:i.ned 
by averaging all monthly values within the yea:. Sim:Uari.ty 
be":Neer. ac.ja::en-: si ~as or.. Zas":. ==anc!J. Perkj"omen C:eek~ 
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exc~uding C:~onomidae. ranged from lows of O.~26 and O.~31 
(~-r- means) ~etwegn =:lephant. Branch. Cathill and Move: 
resoec--:ivelv, te 0.615 between Moye: and Wawa ('!'al:le 6). 
Mean index VaJ.lles fer the East Branch,. all stations 
eombj.ned, were VL-y sL'"Ii.lar in all years but 1976. Mont.b.ly 
va...-iaCi.lity was h.i.gh. Si.m:Ua..~ty :et'Ween ce two Pe:ki.c:::nen 
C~k stations was higher (0.727) 'than that for any East 
Branch paj.:. 

In addi d.cn to computing Mcr:in ta • s index of overJ.ap 
between adjacent stations,. aJ.l East :sranc:h s:ites were 
compared indi tidua.ll.y With MOyer station. nle East Brandl 
sllows pron01mced lonc;:.tud:inal" di..fferences in mac::o.bent±:los 
due pr..ma.::.ly to inte.-..-m.ttent flow in be heachia:ee:s and 
deqraded water qaality mj.dpci.nt on the Creek. !-!O?e: is 
cons:idered on the ~asis of flow re~e,. gubstrate 
eomposl.t:.ion, falma.l assenClage,. and mac;n.itude of stress tc 
be the si. te which presently is most ~dicati ve of what more 
(in te:ms of lengtl1 of st:'eam) ben-=os may .be li.ke after 
Dj.versicn. East 3ranc:h pai.~qs Wi.~ Mayer gave the 
following 4-r- mean vaJ.ues. in dec:easinq or:er; wawa 
(0.675, most s~ar" Branch (0.598),. Selle-~lle (O.QS3), 
Cathill (O.a25), and Elephant (0.367, least sj.milar). It is 
e:mectee t±lat sim:il.a--j.~ between stat:ions wUl i.nc:ease 
foilow:inq Dj.versi.on as flow and water quality conditions 
become more sim:Uar th..-ougbotrt: tlle C:eek. 

overlap values witi.d1 inc:luded Oironom:idae (not shown) 
were higher in all instanc:es C:.!e· ~= -:!:~ a....~danc:e of t!l.i.s 
group at all si.tes.. These values overesti.lnated sim:Uarity 
in one sense because the taxonomi.e eompositi.on of 
Ch:ircnomi.dae was known to differ, in some cases marked1.y, 
~etween suti.ons. 

¥ii th:in-yea: and. l:let'Weel-year trends :in r..andinq ercp 
largely reflec-..ed the populatj.Qn dynamics of dominant 
orqanisms. Dominant species (t.a%a ill this ease Sl.lle8 not 
all mac:ro:invertebrates were ident:ified to sped.es) a..-e 
de£ined as those orqan:isms,. collected in qaanutative 
oent::ic samples. wbich eo~i.sed 2~ ar qrea1:e:' of t!le tct.al 
numbe: or bi.omass for the stati.on and yea: under 
eonsi.deration. Because of tlleir hic;n relative and absolute 
a.bm1danc:e,. they were lar qely respons:i.cle for }:)'iotie 
interae-...ions w:L thin the commmity and hence were eonsi.de--ed 
'l.mpor-...ant' to existi.nq eouuznm:ity st~ure, f'tlnc:tion .. and 
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stal:lillty. Dominant (important) taxa. were selected for each 
s't:ation, as well as for tile East Brandl all stations 
combined, because bentnic communities differed alonq the 
Creeks and a qradational spatial response to Oiversion is 
anticipated. 

Taxa meetinq th1s c::j.terion were (1) m:llnbe....-s only -
Caenis $p., Trieorvthodes $p., Perles-~ ~laeida, and 
Leucot...-ichia ~iet1~es, (2) momass only - Eroobdel-la 
~llnetata, C~arus bartoni, Oreonectes limosus, Artria spp., 
corvdalus eornutus, ana T:i.t:ltlla sl?P., and. (31 nlllni:e-.~ and 
lJiomass - Duaesia s-pp., Olj,godlaeta, E=hemerella spp., 
Baet:i.s spp., Stenonema spp., Alloea-er.ia spp., Ccr T' dae, 
?se-chenus herrie.~i, St!!..'lelmis spp., c."l.ima=a ~., 
C!:eumato~S'Vc:he spp., Evdro-csvdle Sl?P., SimuJ..lldae, 
C!:U-..-onomi.ciae, Phvsa ac:uta, and S-ehaeri'Cllt spp. These 26 ta:a. 
represented '9~ of the total num.ber (139) of taxa collected 
in qaan-c. tati ve bentll:i.c samples d~.-nq tile ~-r- st-ady 
per.iod. 

'!'he temporal (Ta.t::lle 9) and spatial (nmnbe.-s, Table '0; 
biomass, Table '1) dist.ri.bution of these ta:::a du..-j.nq the 
~-yr study per.iod are d:1.sc:ussed in phylogenetic orde: below. 

nucesia spp.: 'l"WO speci.es of tltis flatwo~ were found 
in the C--eeks, Q. dorotoee-chala and ]2. ll.S!'~, with the 
fo:me: oy fa: the mere al:r.lndant. .Q.. doroeoc1!-chala is 
eurythermie, tolerant of moderate orqanic po~lu-...i.on, and has 
an ecological pre£e:enea for headwaters. .Q.. tianna is a 
ew=ythemic speci.es oe.:urrinq in tlle lower s--=e-e:bes of 
ri. verse Both speeies are c:a.--ni vorous and feed on 1.:. v:.n;, 
dead, or c::us~ed an:imal ma~e:. 

In the e:eeks Due-esia (p:1ma=iJ.y Q_ dcr.:~::::::f!!'!:)ha~a) was 
present in all mones but attained ma:dJ:mlm cien~:i. t~es in 
Allqust t.!:lrollgh November. It was dcminant at Branch, 
Sellersville, Moyer, and 'WaWa (tbe S""..a.ti.on of maxlJmlm 
n~:s and biomass) and ess~~a~ly absent at Cathil~. 
o. ti c:rina was fotmd in Perkl.omen creek and was dominant at 
Spring MOunt. 

Oliqodlaeta: !o~ families comprtsed t!le majority of 
n1lJN:)ers or b:i.omass of bent.!:ie ollqod:laetes; Lmnbric:uJ..iaae, 
Na:ididae, 'l"aJ:)ifid.dae .. and Lnmt:i.d.ciae. 'rhe first three are 
stri.ctly aquatic wnereas Ll2Dtbnd.dae is almcS1: ent:i..'""ely 
te.:..!estr.i.a~. Ltmlbri.d.ds were taken in sa.mpl.es f=om all 
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stations only oc:asiona~ly but thei: rela:tively la..-ge s:i.:e 
made t!lem impor-...ant c:ontr~uto:s to total wor.n oiomass. 

Lmrtbricul.ids were common at all stat:i.ons exce~ 
~le~bant and Cathill and thei= dens:i.tv a~~ea:ed to-be 
inversely cQr.=e~ated with tubif:i.=id density. Two types we:-e 
encounte:ed. one nth s~le setae (common) and one Wi.t:l 
bl.::i.d setae (raret. Th:i.s fa.m:il.y was more ablmdant on 
Perkiomen ~ than on the East Branch. They are 
:i.nte:mediate in s:i..:e .between Laml:lr:i.d.aae and 'I'tLbif:i.d.dae. 

Nud:i.dae was found princ:ipa.lly at Sellersville and to a 
lesser extent Cath:i.ll. S~ec:ies identl.::i.ed were O~hidonais 
se~enti.na. ~ cOtnmtlr.i.s: Pti~--i.na breviseta, ana z. fort=ll. These wontS we:e per:i.od.ic:al..ly ~llndant in 
bent!lic samples bat because of their small size (about 3 II'Gl) 
contributed II ttle to stand:i.nq crop .b:i.omass. 

TO.bifi.ci.ds (' sllldge-wor.ns· ) we:-e fO'C%ld at all stations 
but oc:u--=e~ in greatest abandance at Se~le:sville and 
Ca~ll. Species identi£i.ed were Limnodr1lns hof=~e:i.st~, 
L. elaoaredianus, E:an~i~a sower~, Peloseole: fero: 
(Zlepnan~ sea~:i.on on~y), ana Aulod~~us limno~ius. 
Inc::eased numbers of tutlui,ci.ds in the Vie:i.n:i. ty 0: o:gar.:ic: 
effluents is well docmnented and can be at~-i.!::llted mainl v to 
-:.he adaptation of the respi.:atcry pOySi.olocn 0:: the' wormS to 
verI low oxygen c:oncentrati.ons or even anaero.bi.c condi t.i.ons. 
Some t:.!:ific:i.ds ~incltld:i.nq~. hoffmeister:i.) have h:i.g!l 
toleranca Limi.ts for lead and ~c in so~ation. R:i.f~le is 
not optimum h.a..Oi tat for either TUl:ific:idae or Naid:i.dae s:inca 
both prefer f.ine sedilnents in Wili c:h to !:ttr_ow and feed. 

In the c:-eaJ:s r ollqochaetes were domi.nant at al.~ sites 
b~ WaWa anc. reached ma::im1lll\ denSities a-o::. selle:sv'"~~e. 
Thev we:e col~~ed vear-round and ~e:e were no oDvicus 
seasonal ,::ends in afmnaance. ~xcept for day-ae-..:ive 
Naid.idae,. ollgoc:laetes were not often collected in d-~t. 
As a 9r01rE' ollgocnaetes are sediment inqestors den'ti.nq most 
if not all of the:ir nut::ition from bacteria. 

E...-;,obde~la t)'Ilnctata: Thi.s is cne of the most commonl.y 
encountered and Wide~ v cUstri...buted s'CeCies of f:eshwater 
leeelles i!l Nor--=. America.. It is bot:h predator (ptima.::i.ly 
ollqoc!la.etes and inseC'1: la--n.e) and sc:avenge:. Th:i.s leedl 
is assoc:iat.ed. with polluted c:ondi.t:i.ons. It was found in low 
ntz:lDi:)ers at all statj,ons and was dominant i..'"l te:ms of biomass 
only at Sellersvi.lle. Ind.ividua~s were prese.~t yea--::~d 
wi~ highest n~~er~ present ir. s~er and fal:. 
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camb~""'tlS ba..-t.oni and Orc:one~es limosus: crayfish are 
p~-ncipa~ly omnivorous scavengers, seldom predaceous. ~ey 
were most rmmero'tlS and most often c:o~~eeted at Elemant 
station and were taken sporadi.cal.ly and in low nu:n.bers at 
othe: stations. only 1, 2, and 3 inttividuals were co~~ected 
at Cat""; 11, waWa, and RallnS stauons, resp~vely, in ce 
study penod. '£.. ba..-toni was the a.bundant s~ec:ies in the 
'Il~er 10 ]an of East =ranch ?erJti.omen creek wile....-eas 
Q:·limosns was essentially the only species in!labi~q 
ri.£!le ha.tlitat in the lower 26 km and on P-erlC-cmen C:~. 
Cl:ayf:i.s.tl were not aJ:nmdant nmnerically l::nlt were often 
important eont...~rs to ~omass, particula:ly at ~r 
~ast Branch stations. 

Discontinuous flow was less severe in 1973 and 197" and 
this may account for the l:l:iqher crayfish dens~ties in these 
years at Elephant station. '!'he sampl.inq metbod provided 
reliable es-.imates of crayfish densi~y in :i!:le habitat; 
crar-~sh prefer to sec:;:ete themse.l ves dun.nq tbe day llncer 
stones, and stones of applici.a.ble ti:e were rO'll':.inely 
included witilin the sampllnq o:n.it. 

caenis sp.: No key to the immatures of t±1is mayfly 
genus eXists but only one sped-as appeared to be, present. 
caeni.s appears to be more tolerant of low ~ssol ved oxygen 
concent--ation than any other mayfly_ Like Tric:o~~odes i:s 
'Qrefer=ed habitat is those a:'t.!a5 of streams wilidl have 
g.reat.l.y reduced c:o:rrent or no c:tzrrent, so their a..blmdance in 
the C:ee.ks is proba.bly greatest in non-riffle ha.l:itat. 
Feeding' habits of nymphs are like those of T:icorvt..~odes. 
Caen±s was found at all stations b~ was ciomj.r.ant only at 
Branch. ~~um ci~sities occ~_ed in september tM-ouqh 
November. 

~ieorvthodes ~.: NO key to the immatures of this 
mayfly genus exiSts ~ only one species appea.~d to be 
p:esent. Nymphs are fa:i.:ly CODUnon amonq q:avel in permanent 
streams. Nymphs are detrit:1vore-herbivore (ac:tive 
sc:apers). Tricorvthodes was a night-ac--ive d-~ter. It 
was rarely col~ected on the East Branch but was numerous on 
?erkiomen c...-eek, pa.r--icularly at Ralms. Generuly it was 
f01md only j.n JUne -rbroug'h oc:to.ber and was most al::m'laant in 
September. ' 

E:lhe!fterella spp.: 
f ounc! 1:: tlle C~ei"..s b-::t 

Thre1! sped.es of t!:U.s m.ayf~y were 
onl~ ~. de=i:iens was common. :~ ~~ . -
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associated with vegetation in rock7, sWi:!t,. unpolluted 
st::eams. Nympns are he:.bi'VOrous. Rarely taken on t!le ~st 
B-..-a.nCll,. E~heme~lla was domnant at both ~e::kiomen c.=eek 
stations. It was cresent in all montl:ls but attained tianest 
densi~es in May and July througn Oec~e:. -

Baetis ~.: At least fi'Ve species of Baetis mayflles 
we..9"!! found. in the c:reeks. The only ntmler01lS species keyed 
-eo ~. in1:ercalari.s :in B1l:,ks (19531. Baetis is ccmmcn in 
shallow r'!llln1nq water lmder stones or amcnq debtis or 
emerqent vegetation alonq the banks of .brooks or c:eeks. 
w:i th few exceptions n~bs are ller:n. vores or scavenge--s,. 
llvinq on veqe1:able detritus and minute aquatj,c orqan:isms, 
prinej,pally di.atcms. :3aetis spp. were dominant at all 
stations excepe !:lephant and. cath:il.l (essent:1.ally absent),. 
and ~..oyer. Maxilmlm dens:it:i.es oc~ed in May throuqil 
Septem.ber. Baetis spp. were commonly collee:ed in drift 
samples and were nignt-act:ive. 

Stenonetna spp.: E1qilt species of stenonema mayfl.ies 
were f01lnd,. tl:Jree of wi:li.c:h were commonly collee:ee; 
Stenonema (=Stena~n) int8-~1lnctatnm at Elephant,. and 
s. netlOtellwn and. S. r'1mr:lIn on Pernomen Q:ee.w;. The 
§. (=Stena~on' l.nte~C:atnm complex :is at present only 
supe:nd.ally mown and ccnt2ins several su.bspeeies; ours 
appea:s to be g. (=Stenacron) inte~'Ilnctat't:l1 heterotarsale. 
AJ.l J~ S1:ed.es are considered. fac:ultatj,ve and 
her!nvorcus: Ma:d.mum densi:ties oc=ed. in fall. Stgnonema 
was common :in ~ft and n:.gl:lt-ac:tive. 

Arcria S"O'C.: No reg:i.onal key to sped.es .based on ~e 
immatn:e staqe is avai)a~~er OUt apparently a~ least two 
s~ci.es 0: -0'; s damse.l!l v were· 'Cresent,. one of wtUc:. vas 
rare. 'I'!le c:ouunon ~ies keved· to A. aoicalis :in Y;al.ker 
(1953). The Carnl.vOrous nymphs occW:: commonly in st::eams 
wnere t.b.ey cling -eo rocks and del:Iris l.n -ehe c:ur:ent. A-""O'i.a 
was collected at aU. stations and was dominant at Brandl 
(n1lDU:le..~ and l:)iomass). Maxim'am ciensiti.es oc:=ec. in £aJ.l.. 

AU.oc21:mia spp.: seve..-a..l sped.es of Alloea-c:ia we.....-e 
recorded com tlle C=e-J:s l:ut the common one was A. Vi vi :a.ra, 
fetmd in greatest nnmoers at Elepnant. It:is a im~f' da:dt,. 
tI:achnrterous stonefJ.y tbat ene-goes in m:id-wj.nter (hence the 
ccmmcn name 'winter' stonefJ.i.es). It can l::)e abundant in 
temporary s-...reams,. and feeds (dlewing) on det..,-j.tus and algae 
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and is most abtmdant in a.l~oc!lt.:onous del:rts. Al.~oca'Cl"'-i.a 
was found in the upper ~aS': Bra..'"'ldl and on Pe:.ki.omen Creek. 
Greatest densities occ:::z:=ed at El.e:±ant in Noveml:e: th-oag!l 
~e.brtlary. Nymphs were uncommon !.n Apr-l t!l-~ugn Oc:toJ:)er. 

?erlesta ~~aeida: This stonefly has a wice tolerance 
fOr d:'::feren~ tn'es of streams, including inte..~t'tent cnes. 
It is also one of the few stcnefl:'es tJ:1a1: emerqes in m:i.d and 
late summer. It is st:i.ctly· c::a.rnj:vorous (dlewing) and feeds 
pr'..nci.pal.J.y on Ch:i.ronomi.aae,. Epbemeroptera. and other 
insects. ? t)lac:ida was found in the U'C1:IerEaS1: Branch and 
on ?e:Jticmen Creek. Greatest densities-wert! at ne1:Cant in 
A.prj.l throug.b. J1me. Nymphs were essem::i.a.J.ly a.t:sent - the rest 
of the year. 

ccn:.cidae: T!le prefer.::'ed lotic: habitat of c:oc..:::.ds,. or 
• water boatmen', is pools and. qtli.et reqj.cns of streams. 
':.'he? were c:ol~~ed in hig.b. numJ::)e-..-s :ion quan'd.tati. ve samples 
only at Elephant cluri.nq ext..:eme~y low flow pe:j.ods Wilen 
r:'::le ~itat was tempora:.ily replaced. by standinq wate:. 
~.J.l insta.:'s of Siaara modes-ea were often aimnc.ant in these 
pocls ec~j,nq nth small m:r.m.bers of '!'tidloecri:xa calva,. a 
species with w1l1c:h it is common~y folll'la. AS her.bivores 
cori:ids are anique among aquatic: aem:ipte:a. 

corvdalt:s ~~~s: £ .. c:ornutus (ad:~lt commonly "c:a.ll.ed 
the • dobsonfly', larva the • hellq:amm:ite") is associated 
wi-:.!l larqer components of suJ:)strate in nf:El.e-run areas of 
well aerated s~-eams. Tlle larva is larqe (to eo mm) and an 
a c:-~ ve ma.c:op~dator that fe~...s main~y on Silmlll:'dae, 
Evc:..'"'"Ot)SV'Ch:i.aae,. and C!lironC%tidae. It was rare in East 
Bi:ancb ?erkiomen C::eek b1r.: aominant (bj.cMa.ss) in Per.r.:icDI!n 
c~. Numeric:al. densj.tj.es we=e sim:i.la: and lew trrouqbollt 
the yea:. 

Pset)henus h~ic:3d.: I.a.rvae of th:1.s beetle, kncwn as 
Iwata: peruti.es' because Qf tlle.ir flat and highly st:eamllned. 
form,. a.--e aquatic: and ac:tj.vely feed on a~qae and 
mie:"Oc::"CStac:eans. They exhi bit a v.!-ry stronq positive 
t.!l:i.gmotaxis and prefer ri;f£le habitat. It was colleeeed at 
all r..aticl'lS in tile study period == was MOS1: numerous in 
tile lower East Brandl and at Ralms (station Qf ma.x:i..Dtmn 
denn t7' cn PerX:iomen creek. Maximam larval densi. ties 
oc:c:::r:ed in Oeto~er and December and adul.1:S were collected 
incidentall~ i~ June ·h~uq: Septembe:. 
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Stene~s s~p.: Th=ee species of t:~s ceetle w~e found 
in' the Creeks Cut only one was abmldant .. p:o.ea.bly 
S. c:renata. Stenelmi.s is common in g::avel suCs---:ata of 
st--eams, and l:)0'dl la...-va.e and a<iuJ. ts o a...-.ae aquati.c: he::=i vores. 
Adults, unl.ike la...-vae .. showed a p:cpensj.ty to d:tit and 
e:h:i.tlj.ted a nOd:urna.l ~ellaVi.Or="-l. pe:j.odl.c:j.ty.. ~. e:-enata 
has been recorded as to~~ant of c:!1lo:i.des l:)ut sens~t~ve to 
sewage and pbosphate wastes. 

S1:enelmis was abundant in the c::eeks and was dominant 
at al.l .but cathiJ..l andSprinq Mclmt. Larvae were present in 
h:igh densities Aipl.l t:rouqh Nov@m~. Adults .. l.ike lar1ae, 
were c:oUected year-rClmd l:at were most n:ame:ollS in June 
tl:lr01lqh November. 

Chimar:ra ~.: Twc species of this eadd.:'sfly oecu:c:ecl 
in the C:reeks; C. ate~ma was rare and C. obsc:nra was 
alxlndant. £. o"bsc:nra is the most wi.dely - cnst:=.:cuted of the 
genus. 'It; n ba 0i. ts floWing water and ecnstruc:-...s, on ce 
undersides of rocks in rl.£fies, fi.xed retreats that eonSi.st 
of el.ongata, sac:.like capture nets in wi:ti.d:1 the la.--vae dwell 
and t..-ap d..~fting food pa..-ti.c:les, qenera.l~y. smal..le:-si.:ed 
par-...:1.eles t!lan. ~ng ByaropsydUaae (e. q. , 
Chettmato~svehe and Bvd--o~svche). 

Chima=a was abundant in the C:reeks and was domi.nant at 
most stati.ons. 'It was alcommon at ElE!;lbant and cat"b~ ~~. 
Larvae were most ntmle:::'Otls in late smnmer and fal.~: pupae 
were c:ollec-..ad from Apri..l tnrottc;n Deeem..ber and peak rmmbers 
oecm: ... ed in July tllrouqb septemeer. At least some instars 
d-~ftecl and exhi.Di.ted a noc:tu:nal ?!--.oj.odj,city. 

Chemrratot)svc!le stm. and 3va::~svdle S'Ctl.: 'nlese two 
elosely re~a~ed genera-Of ne~-o~~aing cacdisflies (=~y 
Byd..-opsyehidae, are perJla.ps the most abundant and· widespread 
eaddi.S:ly genera. 'rhe two genera are eanly separable 
except for very early instars. Eac= genus in the C-..-eeks 
contained multiple species. No key to la~ ~ettmato~~e 
i~ avai 1 aQle 1:)ut adults of at. least tb:ee sped.es 
(£. analis .. S- sordida .. £a eamnla) were taken in a tiqnt 
t..-ap c:cllection at Spri.nq Meant. 

seven sped.es of Bvc:oesve!le oc=ea in t!le CZ'eeks .. 
based largely on the kay to larvae Dy Ross ('9~4) and 
dete:m:inations ey the Appllcant' s consultant whidl were 
based mainly on larval nead eapsule C:C~Qr pat:erns. Common 
species were 'A', • C', and 'E'. Species' A' larvae were 



la:gest and found prind.pa.l.ly in the lower East Branch and 
Perkiomen <:=eek.. Sped-es 'e' was numerous on both C=ee.~. 
sped..es 'E' was rest...-j.C'ted. pr...ma.::1ly to Selle:sville and 
Cat!l:i.ll. 

The larvae a--e omnivorous and can be found in aJ.most 
every st.:eam that is not severely polluted.. Sere they bd.ld 
loose stone retreats and ca~t~e nets where =ent s'CeeQ is 
su:i ta.ble for effici.ent food - (seston) qathennq. Both - genera 
were c:ommonly collected in drift samples and e::hjJ:ited an 
increase in density dn,:j.nq darkness. 

Althouqn closely related the two gene-.~ emi.:lit 
dUferences in toleranc:e to orqanie enr1c:hment and 
inte:mittent flow as evidenced ~ t±lei: eont...-ast:.nq spatial' 
t)atte..-.ons in East :!.ranc:!l Per.ld.omen cree.lt. OeumatO't:SVche was 
dominant at all stat:ions :in rEUati vely high nUl%Ujers whereas 
~vcL-o'CSV'Che was a.b1mdant at most ~..a.tions ant essentially 
absen1: from Elephant (d:iscont:.nucus flow) and Sellersvi.lle 
and Cathill (de9="aded water quality). On East Brandl. 
~e:ld.omen Q:'e<ek :evCL-o'Osvche ou-...nUDti:ered Chewnato'Osvche only 
at ¥laW'a. In Pe=kiomen creek annual mean s~ding c::op of 
Chenmato'Csvche was roughly ~ce tha~ of H~Cr~~s~che. 
Cheumato'Osvche :in this s~em c:J.ea:ly had t:le eompeti t:i ve 
advantage. I.ar1ae of both genera were most a..tnmdant in 
SUJmrler and ful and. ~e were present f:om Apti~ t!lrouqh 
Oc:to.ber. 

Lencot::'i c:hia 'Oi C'ti 'Ces: .&- '0:1. eti. 'Ces is an easily 
recognizable. fast-water micro-c:addisfly intolerant of 
or;aru.c: pol~'tltion. Its case adhe:es tiq.b:-:'~y to the a.~e: 
s~.ac:e of stones and for this =eason its nambe:s are 
eer-..ainly underes-::i.ma'eec.. I-:. ac::L vely feeds on s=:oa.n:-:i.nq 
algae and associa~~ d~~~tus. It was essentially absent 
:=m uppe= and miciclle East Branch ?e:'tiomen c::ee~. dom:i...~r.t 
in the lowe:' ~ast Brandl (Moyer and 'WaSoi'a), and c:ommon but 
not dominant on ~=kiomen Creek. Highest la--va.l numbers 
oc:cu:::~ed in late summer ana fall. 

'!'1 t)Ula sp~.: Th:is is tJle largest c::anefly genus and 
several species were c:ol~ed:ed. in the C=eeks. NO key to the 
ilnmat'Cr.!S is ava; 1 able. 'rne on.ly c:ommonly enc:oun1:ered 
sped.es was quite large ('tlp to 10 DIm exr:enaed} ana on tl:i.s 
!)as1s was provisionally called I.. ~dom:inal.:is. It was 
c:ollec:ted most frequently .in the upper Eas~ Branc:!l. 
P:efer.:ed haCi tat is sut:merged veqeeati ve matter in ~fles. 
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runs. or pools. T!ley are det...~ti voroos. Numerical. 
densities we:e low and g:ea't:.est in winte:. 

S.imUJ..ij.dae: Two genL"""2l of ~la~t::lles were ident.i=ied. 
::t:Iln =e c=eeks. ?:~si~i'tl:!n (ra:e) and Simulimn (a.cundant). 
It is <ti.f£:icult "::0 key la...-vaJ. Simulium to species tlU1! on t:::.e 
tlas:L.s of pupae, ~. Vi~..atum was tbe most common spec::ies :in 
the Creeks and i-5 aJ.so one of. tbe most common spec:ies in ttle 
o.s. Black:ly larvae. are found in the shallows of st:eams 
where ~ent is swi.f't, thei.r cephallc fans sc:een:i.ng 
passing' water fer food par-..:i.cles. Some sped.es of SUmlimn 
are ve---I tolerant of orqanic: pol.~llt:i.on and can l:)ecome 
a.cundant in. p~..iuly pol.lllted st:eams. 

S:ima.l.i.idae was a.btmdan1! in the Creeks and was dom:inant 
at all stations. I.a.r7al standing crops were lUgh thrOllqbcut 
the yea: wi ttl peaks in May. september, and Nove:nl:)e:. PUpae, 
also present in all mcnths. were most numerous in May and 
June. r..a.~e were often aDtmdant in d.,""j.ft and e:hi.bited a 
n o::=:nal petiocnd., ty. 

c::i.:'onomiaae: ':he t:'Ue &dges we...-e the most a.cundant 
and ctive:se group of inVL~e1:rates in the C:eeJcs, c:omptisi."lq 
at least 37 genera C,!,a.bl.e 5}. ~dqe la..-vae and pupae were 
alJundant at ~ r..ations tnrollghout the ~-y: study per.ioci. 
La..--:ae often' rep:esented the h:i.qhest. perce.~tage of total 
aquatic: ~.ft tlut end not exhi.bit any pe:iodi.c:ity· at t!le 
family level. 

FoUl:' IIddge taxa were dominant in the C:ee.ks; CtiCOi:ot:'.lS 
spp. (su.:::am:.ly O:--hoc:ud.i..i:lae" ~lvcedi.l1m sp;I. and 
":any-:a:sj.ni (sucfa.m:ily C~.; =onomnae), and ?entane~-ni. 
(suefaD".i.lyTanypodinae). i.a:-vae of the t--:J:e Pentane1l:'l.n:. 
do no~ ~~d cases ana are -ore<iac:eous; other insect la..-vae 
fOl:n a la..~ portj.on of t!lei" C;iet. ':!ley we:e n'Cme--ous ::""'1 
the upper East !ranch, peaked in ammdance at C3thill, and 
W'L..-e much reduced in nwnl:er fa..~er downstream and in 
Pe..-kiomen c:eek. 

Larvae of 'I'anyta:rsi.ni (M:1.c::reese~_-a. and Tanvta.:sus) 
wa...-e f01lnd at aU. stations in varying numbers but 'Ne:"e 
present in maxilrtam denSities at Spring Moant wilere near 
to::ential flow, and r::l.bt)le s't2J:)St%a'1:.e were ev:icent.ly 
condu~ ~ to t!le support of. large popul.atians. I.arvae of 
st:'!!am speeies e!la--ac:te:isuc:ally const..-uc:t a fixed case and 
net t.hat st-~s food partic:les com t!le c::-a:rrent. 
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'!".ro speeies of ?olV':)ed.i.lwn we:e found in ce C:~~, I. 
:allax and ? illinoense. ? fallax was rare. ~e aenus 
was found at all stati.ons bUt ma:timllm n'tlml:lers occu::e-a in 
t.~e lower East Branch in s'llnUfter. I.a-~e c:onst--u~ fl.imsv 
t=es r and food is dui ved f::om seston cauqilt on tempora..ry 
nets er...e..'lding ac:oss the lmnen of the tul:le or from aC""-:l.vely 
g:annq sediment. Other important taxa. i:n the ~.be 
Chir'onomin:i were Ch:ironoDnls spp., Oic:::'Otendi-ces sp. r 
Mi.e:ctendi~s tarsal-is, and Stictochi.-'9"Onc:mms sp. 
Cll.i.rOnomil:U was not aJ::n:mdant on Per.k:i.omen C=eek. 

c:::ic:otO'OtlS spp. dom.1nated the ehi:::onomid commanity at 
all but Elephant station and were most abundant at Sp:j,.ng 
Mount. several speCies of tlli.S qenus were recognued but 
onJ.y two cCll.ld be identi.fi.ec1 with any cieqree of cer-...a.i.nty, 
£.. bieinetus and S. sp. 1 ~omck 1957). ltODac:k (1957) 
found C. bi.ei.nc::tus to be the most common C:i.eoto1:ro.S s~<:'es 
in southeast pennsylvania. It has been c:o~e~ed t=om 
intermittent S1:::reams and is pa..-eic:ula.:ly :esiS't.ent to 
o=ganic enrichment r low d~ssolved oxygen concent--ation, and 
at least some heavy .l1'letals. 

Most O:-...l:loc:.ladl.inae are eithe: a~qal or alqal-de~ita.l 
feeders r and la..~e probably seek 01l't. and ingest t:le'; r food 
dL.~ct.ly from the subst:ate on whic::l they II ve. In gene::al 
the suCfami.~y is more at"mdant in colder months. 
Cardiocladins obseu--u5 was present in relatively hiqh 
numbers at Wawa, Sprinq Mount r and Rc ... .;:;lS. F:'om fi.eld 
obse-~tion Orthocladius riVtilorum was at times present in 
large numbers at $prinq Mount :i.nllaJ:it:i.'"lg fle:ti.!:lle tubes 
attached at one end to substrate s~aces. 

In197~ c:hirono~~ dive.-s~ty was biqnest at ~~epQant 
proba~ly because -Mis station displayed the most varied :low 
conditions wn:L:h =angec. f::om intermit":ent (s-..a,:~c) to flood. 
Fewest taxa were eol~eeted at Wa~a. . 

Phvsa acuta: Phvsa snails collected from all stations 
on one date in 1977 were ide~~ed as P. a~a by Wil~m 
J. Clench (pars. comm.). '!.he Applic:ant t s consultant has 
often obse--Ted thiS snail out of water on :oc:ks nea%' the 
ai--water interface although it· pro.cably ca:mot tolerate 
d:-ying. Like most Phvsa species it is tole-~t of organic: 
en%'iemnent and, by llse of atmosphe-"'":iC: oxygen for 
reS¢ration. can exist in anaerobj.c: waters for extended 
periods. 
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?hvsa is a scavenger and essenti.ally o:n:U vorous. '!'he 
coa~ng of living algae w~ch covers most ~merged surfaces 
forms ~~e c~ef food, but dead plant and animal mater~al is 
freqaently ingested. 

I. acnta was collec:ed £.rom all stations in t!:le s'Oldy 
oenod tlut was IT10st numero'CS in the midCJ.e East Branc:!l wilere 
On some occasions it was er...relNUy abundant on all t11?es of 
subst--ate. It was present in all montils .but reaciled ma:d..mt:m 
densi ties in late summer and faJ.J.. 

Sohaeri'tlm S"flP.: At least two species of S't)haeri.um 
(fUlqernaj.l c.lams) were fOlmd ~ the C:ee.ks,. S. st=i.at:L'"ltlln 
and [. =~omboideum. The former was common at-Selle.-sville, 
the latte:- a.cundant at Wawa. Tbe fam:i.ly is c:onside....-ed to tle 
tolerant of polluted conditions. SChaerium was collected 
year-rotmd and was present ~ greatest density (due to C:iqn 
n1lIltbe:s of young) in late summer and faJ.l. S't)haerium~. 
are sessile and 1ltlli:::e as a food source organi.c seston, 
filte::-ed. f=om the water .b:ongne in t!lrougn the inc:u::::'ent 
s~phon. 

ORIF"l' 

Mac::oinvertebra:ee d--i..ft refers to tile dowr.st.rearn 
tran~rt of oenth:Lc mac::oinve:tetl'rates in f:esnwate:r 
st--eams. St:::'eam drift is utill:::ed asa food source tl1' many 
fishes and may play an important role in ::-ecolor.; -ati.cn of 
depopulated areas and redi~..!mtion of tlerr-..nos. 

A pilot 2Q,-b. d:=-~ st.:? was conducted. on '?erk:i.omen 
C:ee..~ at G::ate::ord in August 1972. follOWing wili.ch studies 

. we::-e condue:ed c::mC"tl::'en-:.lv on tne :::a.st :Brandl and Pe:ki.omen 
Creeks once pe::- month, April. thrQuq!l Oc:to.be::- 1973 anci Ap=i.l 
th--ougn SeptemDer 1S7Q. Study periOds corresponded to the 
period when flew augmentation may nave ~een :-equi:ed d~ng 
plant operation. ConC'll::'ent samp~inq a..ll.owed a ccmpa.:a.ti. ve 
assessment of dr.i.ft ~et'Ween c:eeks. . 

Aquatic d::'!': densj.ties on t:oth c:ree.lt:s we..-e varial:)le 
over the s-e-:ld1' ~od and ranged from ~ 71 to , 1 ,012 
an:Unals/1000 111. 3 on Ease Brandl Perkiomen Creek and 321 to 
11 ,492/1000 In 3 on PerJd.omen creek (Table 12). Al. though. mean 
monthly nwne..-.oic:a.l drift densities ave::-aqed 4l2~ qreate::- on 
?erki.omen creek in tbe 13-mo study pe.ri.OQ, they were often 
silnila: to tilose recorded on the ::ast Branch. ~iomass 
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(mq dry wt/i 00 Om 3 ) ranqed f::'om 22 to a53 and :from q3 to 629 
on !:as: Branch and ?erkiomen c=eek, respec--:'vely. Mont:lly 
biomass densities were orten si!ni.la: l:et".;iee:l C:e~~ and· 
ave-~qed 1q~ g:eater in Pe:k:iomen creek. Mean mcnti::.ly dr:t.ft 
densi. ties, n1JIlti::)ers and .biomass, were si~icantiy 
(P SO. 10) cor=elated (Spearman f s =ank e:Jr=elation 
coe::ficient, l::letw~ st:'eams. Total. d:j.ft per mti.t time was 
consistently q:eater on Pe:kiomen C:eek due to q:eate: 
veloc:i ty (Z. 0- 3. 7 tl,mes qreater on Pe:k:i.omen c:re1!k) and 
dl.schar;e. 

Drift densit:i.es varied. scmetilnes markediy, from mcnth 
to month on tbe same c:re1!k. and a~ar9d to fln..-t-uate in 
:eSl:)onse to short-ts-~ ohenotnena wb:i.c:1l essenti.~ v t:)re-:luded 
e~~lation of results to the en"eUe mom:.n or even 
several days. 

Sixty-one and 92 taxa were collected in drift samcles 
from Ea.st Branch ?erkiomen Crgek and ~rk:.cmen C:ee..it;, -
respec:---i vely, in the st:udy PE!-~od.. When c=..rt stud:i.es we:e 
comcined by year with:Ul creek it was evi.dent that c:!li:onomid 
larvae and pupae dominated drUt n'CZnerically in l::lae. Crs--ks 
'~le 12), fo~owed .by Eae~s, Hvdroosvche, and 

Cbenmatoosvche. These org~~ were also relatively 
a.c'tlnciant Ul mcst mont!ls. Ntididae was dominant en Pe:kicmen 
C:e--k .bu't. was t:aken in m.qhntmLbe:s only in May 197~ • 

. More ta:a we:1! c:cl.lected in Perkiomen C--ee.k :::;amples in 
all montlls. Th:is reflected the greater .benthic riQness ot 
Pe:k:i.omen ~k and the b.:i.gher velod. ties wh:l.cn rasul ted in 
the c:!'lanc:e c:apttIre of more organisms tmcommon in t.!le dri.!t 
over an equal sampl:inq period. 

Generally the aqua.tic: ccmponen't. ac::om:-:e<! :0: the 
c::::eates-: "Oe:een-:aae 0: total d..~.ft; eme:tren-: C:i..:"ters were 
~e ner.:. moS': numerous. Inpm: from s~~e-:.ly te:res-c:i.aJ. 
sct:z:rCes was smallest alt.l:1oUC]ll ce..~ insec:-..s were 
oc:casionally ablmdant. 

Based. on monthl.y est:imates in 1973 the proportion of 
bentbos in the d--ift ranged ~m 0.0009 to 0.0099~ on the 
East Branc:h and 0.0020 to 0.·1316S on Perkiomen cree.1e. 
aighe: percentaqes would .be e:peeted at c:ertain times in the 
life h:i.stones of ind.iv.idual ?OPu.J.ati.ons. :'0: example, a 
higil proportion of p~a.l Crl,coto-cus (midge, may be in the 
water c:ol'Clml ptior to eclos~on. 

Mean monthlY' densities of aqaatic: d..-i.:ters per 1000 m3 
i.n PerY-iomer. C=eeJ': were e:Jmpa.:ee wit':: be.."l·~;:: densi-::i.ee per 
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mZ at Ranns (190 m dcwr~t:eam, ~n cor:espon:inq mcnt:s. 
A.l-:.!lough be.."1"tllos. ll.ke d:::i.::t, was c.ominated by ~ipte:a and 
':':i.c.b.optera t.":e:e was no c~ear or oonsi.ste."11: p:ccpor-..j.onal 
relationshi.p Oetween tient.i:lj.c stand.:i.nq c:::'op and ~-=t 
densi.ty. Note Qat; ben-::!li.c values were based on n=:le 
habitat whereas d...-j.;ft organisms or:i.~-llated p:::ima:':iJ.y from 
ran ha.ci. tat. 

SClmpl.ing eve..-Z 2 h provi.dea data on di.e~ pen oC!:i. d. ty of 
aquatic drift. TOtal dens:i.ties vari.ed ma.r.xed:Ly, lMt 
somewhat prediC:-...aDly over a 2tJ-!l period. ~ densities 
(nmntlers and b:i.oDlaSs) in both creeks oecurred a:-:er sunset 
since most dr:i.fters exbib:i.tea a noet~l :eha~oral 
penod:ic:ity (Tacle 131, a pl:lenomenem a~pa:ently unaf:ec-..ed. 
by d.issol ved oxygen c:onc:ent:ati.on, wa. ter tem;:erat=e, or 
velocity as meaS't%%'ed 1.:1 thiS study. This relat:i.onshl.p 
between invertebrate dti.ft and cnanges· in light intensi.ty 
has ceen well doc:t1Dlented (vwaters '972). 

OOm:i.nant ~ft organ:i.sms ('l'a~le 12) tb.a-: di.d not 
d.i~la..., a behavioral noc:tu:nal d:"i!'t were C!U:onom:i.c:iae (no 
a"C1:luent ~er:i.od:ic:itv) and Nai.diciae (dav-ac:ti ve, • 
chl.~nomids as a grOup rarely e:bihit a. <tiel petiodic:i.ty_ 
":'ms is not sarptiSUlq sines t!lese insects are commonly 
d.iverse in lctic systems and ;:!leu t:-eatment at the fam:Uy 
leveJ. ma:r obs=e any ~sc:rete b~ ove:lappi.ng periodid.t:ies 
that may othe:w:i.se be evident at the genus or species level. 
Chironom1.dae was the most di ve..-~e fami..ly ill t.C~ st-.ldy area. 
comprising at least 37 genera. ':'!le nt!mJ::)er of ta::a witi.c:: 
drifted was usc ~eatest durinq darkness ('!'~le 13). 

::'ish. 

'l'!le !:.sh c:ommmt:i. t7 of ?erJdomen C:-eek was "::vc:Lcal of 
'chose found in otner lot:i.c systems of si.m:i.l.a: si.:e in 
southeastern Pennsyl vanl.a. In qene:ru the fisn fauna ranged 
f:cm m:i.nncws, important as both primary C:OUS1lme:S and. forage 
for top-le"'1el. ca:ni vc:es, to the pike and sunfish families 
which are sod.oloqicaJ.J.y important for rec:eat:ion and 
ecoloqically siqn:i.~cant as key predators. With. few 
e:cc!!pti:)r1s t!le s-Pef!ies were indigenous and reproducee 
loc::al.ly_ 

aistorica.lly man has in£luenc:ed the fish commaW."ty of 
Perkiomen creeJc by. alter~q water quality, c!lanqinq 
lI'l~holoC"V and flow ~atte:ns wi. "tll dams and :es~o~"""S, and 
int:ed~eL;q 0= ma:i.n~;~~~nq s?~es b; stoer~~. cpera~~or. 
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of LGS may a£fec: the existing fj"sll comInlmity due to 
Oi version and· water wi tbdrawal (en:ai:l:nent anc. 
impinqement) • In order to evaJ.ua.te these :.mpac--s the fish 
commtmi. t:::l has beo-n intensively sampled pri.ma--i.ly l:y saine 
and elec-~£ishing for 7 years. 

AO llst of sped-es c:oll.eeted from the Creek from 1970 
tllrouqJl 1976 is presented in '!'al:)J.e 14. QUal.itauve 
abandance was est.a.J:Jlj"shed by sal:j ed:i ve comparison of recent 
catch staust::.cs. z:l.qnt famll.ies including "0 spec:i.es were 
inventor.ied as well as hybrids of !Sod.dae. C",yp:'in:i.dae, and 
wi th:in-qenus Let:lOmis. T.hi.s was a relatively large nl:llnl:e:r of 
speQes c:onsj,dering the l.:iDti.ted area sampled and the 
ll:istcric and geologic factors that have redt1ced the numbe: 
of species in md-Atlantic streams. None 0: tlle species in 
Perkiomen creek is c:onsidered c:cmme:::-:i.al.ly valna.:Ole, or ra-~ 
or endangered .by e:f. ther Federal or State regulatory 
agencies. Tlle American eel is the only t--ue migratory 
s"Oeel.es. Brook t:out cannot ma:in-:.ai.nitself in Pe:nomen 
Creek due to m.qh water tempera-eure. but has ofte.~ Oee..~ 
stoc:.ked in dcwnst=eam t=i!:)l%taries by the Pennsylvania ?:isll 
Commissi.on. MUSJcelllmqe was .aJ.so· stocked al-:.houg!l the 
capture of one yoang individual ill 1971 indicated li.mi ted 
natm:al re-prodUC"'"...ion had occu:~ ed .. 

COMMuNI'n OES~ON 

La-""'Val fistl drift :in the area of the proposed 
- G:rater:crd intake (1"4390) on p1!rkiomen Creek was 

ingestiqated from 1973 through 1915. Larvae inbaoiting the 
shoreline were studied usina t:a'Cs in 1975. Relative 
abandance of d..,.-j,ftj.ng larvae was - similar among years ('!'able 
15) • Carp and minnows were first and second in ammdancs. 
respec--i vely, wtrile Le'!lOmi.s ~. was usua.J.ly ~d and wtl:i.-:e 
sucker fcrar-...Jl. ~it.h exception of C3-~r relative abundance 
of shoreline lar:ae was simi~ar to tilat of d..~--ei.ng larvae~ 
mi.nnows were most aDlmdant followed by whi.te sucker and 
Le~omis spp. (~able 16). 

21 



Spawning er-ended f:om Ma:--!l ... \o: .... ouq.b Auqust. La-.~ 
d':::'!~ de.P1siti.es were low through Aprj.~, peaked in late. May 
or early J'Clle r peaked s~j,ght~y again ill ea.:ly Ju~y or 
Auqust r and dec:eased. t!lrougil sept~er. ':hese vL-i.at.i.ons 
wers caused .by spe<:ies-spee.:j.c: spawning periods ('!'al:lle 17). 
'!'he perc:h fam:Uy and white suc:.ker spawned primati.ly in May. 
'I"WO peak. spawninqs (ear~y and md-summer) oc=ed for .bot:l 
Not-.-oms spp. and LetlOm:is spp. spawning tilnes varied 
scmewhat amonq !"!ars due to en-.nrO%mlen~ c:onditj.ons. 

Oie~ fillCtUation in dr:.ft ocC'CC'ed. requl.ar~y in 
Perkiomen creek. MOst lar:ae were collected .l:etween ~et 
and S1m-~se, and peak densities usually oc=:a:=ed between 
2200 and O~OO il. 

A llcn.:cntal gradient in a=undance of drl..~inq la:vae 
was present in 1971+ and 1975 with hiqnest densitj,es usual.ly 
occu:::'-:'nq near snore ('l'able , S) • Eori%ontal di.st:i..l:ration of 
inC:ividuaJ. taxa is cnsc:ussed. in follow:inq see-..:ions. To-..al 
d~:t. d.ensity dj.d. not vary .cetwe1an dlannels in 1975 a.~t!lcug!l 
di.!!erences did occur for some ta-:a (Table 191 •. 

!Unnows and YOtmq 

'!'Wenty-ni.."1e species and ~.~ hy!:rids were c:oliec:ed 
by, seine in 1975 and 1976 rraj;lle 2ut. Most were minnows and 
younq of la-.-qer species. ,!,~e most abar~nt species (1975 
and '976 c:oml::ti.ned) were spot£i.n shiner (69~ of total catc!l), 
~tta:.l. shine: ('O~), satiDZin sbiner (I+~l, c:omely shiner 
(3~), and whi te suc:..~e: (3~1. Zac:!l of 'tile remai.rdnq speci.es 
c:omctised less tJlan 2~ of tctaJ.. Rel.a.ti.ve a.bu:ndance of 
dominant spe:i.es va:~ed ~een 1975 and 1976. ~QWs an~ 
younq we=e gene:al~y mere al:undant in 1976 than in 1975. 
Wi. t"" n-yea: c:a "eches were hignest in s'Cmmer and fall mont::!s 
re£l.ee-...1.ng ~e appearance of yaanq-ef-yea:: fishes (Table 
22) • 

Redbreast ~j.sjl and q:een sun£isb dominated the 
eleetrofj.s.tlinq catcn in 1975 and 1976; relative abtmdance of 
yOtmq sun!!.sn was sim:Uar l:etween yea..-s ('rable 21). 

Spct!i!l sniner was t!le most nt:merous speci.es i..~ ea= 
Site for .beth years c:cmt2ined (Table 20). Relat:i.ve abundance 
of ether deDti.nant speci.es (spcttall s.b.l.ner r saunf:.n shiner, 
c:omely shiner, , white sucker) varied littl.e amonq sites. 
'!'otal mean catch per net S'W~ was s:imilar amonq si.tes. 
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~elati ve abunciance of young sun.:!isb was signj.!ican-:!y 
cor.rela-:ed among si~es in both yea-~. 

The n-amber of species captured pe: seine collection was 
used as an inde:t 0: spec:i-es ctive:'sity. Diversity was 
signi.fic:antly greater in 1976 than in. 1975 and siqn:i.!icantly 
greater in summer and faJ.l than in wUlter and spring due to 
the appearance of young-cf-yea: fj.s1les du...-inq the former 
period ('ra~es 20 and 22). Spatl.al va::l.al:li.J.j,ty in d.l.ve.....-sl.ty 
was dne primarl.ly to a signfj.cantly greater number of 
spec:l.es at P13SBO. . 

Adul.ts 

'tWenty-one sped.es of large fish were c:ellec:ted .by. 
elec:-__ -ofisning in 197~, 1975, and 1976 (Table 23). Esoeid, 
CVO:inid, and Let:lomi.s hybrids we:e aLso capeure!i. I.a--qe 
fish popttlations were reJ.ativel.y stable in ro-rkicmen c..-eek 
a s total catch was si~a.: at tbe same site among yea-...-s, and 
catch of the 16 most abundant species was ~gni.:ficantiy 
correlated among years and among sites. ~edbreast sunfish 
was the dominant spec:i.es at all Sl.tes in all. years, 
comprj.sing q9~ of t:be -total catd:.. White suc:.ke:' (12~) and 
smalllnOuth ~ss (., '~l we~ the next most atro:ndant s?!cies 
followed by ~kinseed., carp, g:-een s;mf ish (0 and roc:x .bass 
(each about 5 ~ of total.). 

Impc:-...ant fisnes'sel.ec:ed :or Perki.cmen C:eek "T:oge-...ne:' 
with amllica.ble c::::.teri.a a--e .:resented in 'ra.ble 2". 
Generaiiy t!li.s di verse g:'oup incl uces t:be more sensitive 
fi.sh of di--ect use to man and species important to the 
st:uc:ture and f"anc:tion of' t!le ecosystem. '!!lose c:hose.."l are 
also ll..kely to be affected .by operation of Graterford 
intake. T~ local ~iology of important species is desc:i~ed 
below. 

Ame-~c:an Shad: American snad (Alosa sa~idissima' was 
not found in P~.kiomen creek and its introcuC"tion is 
dependent on results of the pennsyl~a Fish CommisSion's 
proqram to provide :ish passage-wa!S at dams downri ve: o£ 
:.~S. 
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Muskel.lunge: Young muskellunge (=:so: masau:i.l'lono-v) and 
its ster!..le hytlrld witll the nor-..he:n pj..~e (Esox luc:ius) were 
unCCDUllon in Perkiomen Creek. 'I'b:'ee indi vi.a~ were taken 
in three annual elec-...rof:ish:i.nq surveys at four si.tes (Tatlle 
23) • Monthly eJ.ec-...:of:isll.:i .... 'lq yie~ded feu%' in 1977. 'No yotlng 
were taken Dy sej.ne in mcnth.ly samplinq j.n '975 and 1976; 
however one sm~ (30 mm 'l'L) ind:itidual ea~ in May 1977 
illc:tic:ated that lim:ited nat'tlral reproduction had occw::ed in 
the c::ee..~. Adults we:e also -anCCDUnOn. one ilnmature adult 
was captared in 1976 and one .large (330 mm FI.) indiVidual 
was captured on t.l:lree separate oec:.asi.ons in 1977. 
~opulatl.ons have been primarUy maintained by ?<a:msyl van.:i.a 
Fish comm:Lssi.on stoc:.u.ng proq:a.ms. 

carp: Spawni.ng o£ ea.-p (~inus ear=io) in Per.ki.omen 
Creek took place in May of eo~ 197~ and 1975 at 
tempera-:n:es of 18 to 2" c. Abandanee' of dri!tinq c:a~ 
lL-7a.e varied somewhat among 1973, 1971;, and 1975 a.l:~O'Ugh 
it was always t%le most al:::I:mdant speci.es (Ta%:le 15). Mean 
d::ift densities were 0.1126 indi.Vi.duals/m3 (50~ of total 
d:i-~) in 1973, O.~32a indi.Vi.duals/m3 (80~) in 197~, and 
0.1269 indi.vi.auals/m3 .(Z;6~) :in 1975. It ranked fift:l in 
~danee of t.:'ap c:atdleS' of si:orel.:i.ne la..-va.e (Tal:)le 16). 
Ma.x:imum d---j.ft densi.ties sCi ::ted f=om July in 1973 to May in 
197~ and 1975 (Table"). carp f:e:;uen'Uy d:L~ed du..-j..'"lq 
the day in May, b1lt w:as always mere numerous at ni.q.llt. ca." 
was generally more al:.o:ndw:t i: d....-:...c.e nea: mi.d-st:eam than 
near snore rrable 181. Post-larvae and juven.iles in.lla::~ted 
sheltered areas of qtti.et water. 

NUme:i.cally ca.--p compr-sed. a :elati.ve~y small 
pe..-centage 0: the e~e<:"""..:ofi..sil:in9' catc!l :in a..l:l. years (197110-
1976) at all s:ites. AduJ.t ca..-p ranged :rOlJl ,~ 0: total. 
eaten a-e P'~'60 in 1975 to 9-;; at P20000 in 1976. 
Oi.fferenees in relative a=-andanee were sliqilt at the same 
si. te amonq 1'!ar's. Carp was more al::tmdant ttpstream of the 
intake site at P20000 (131 fish/ha) and P'43~0 (67), due 
p:d.ma.tily to aJ::undanc:e of pre:fe=ed ha.bi.tat ('!'able 26). 

carp was an important eont....-j.l:J~r to tti.ODlaSs at all 
Si.tes anci dominated at P'~390 in 197~ and 1976. It ranked 
second at ot!ler 51 t-es where i t3 a.b1mdanca was estiJnated. 
Biomass estimates vari.ed l:c1:ll temporally and spatially in 
the same manner as numeri.cal. esti.mates. Maxilmlm length of 
carp c:clleeted in P-erid.omen c:eeJI; was S80 mm FI.. A 
recreati.onal fishery for earp e::l.sts on Perkiomen <:=eek 
t)ecause of the fish's si.:e and fightinq abi..l.ity. 

, 



Comely Shine:: In late July 1915 and 1916 young ce:nely 
shiner (Not:o~is amoenus) appeared ~n seine cat:oes from 
c:u:let, s.hel tered backwater areas downs1::'eam of rtms and 
:i.::~es. !t ranked fo'tlr'...ll in overal.l abundance in ?erki.ome.~ 
Cre-..x seine catcnes ('!'a.cle 20) and temporal and s,?a1:ial 
va-..-j.ation was not sigtri.ficant. To-....a.l mear. cat:h per net 
sweep inc=ea.sed sliqiltly f:om 398 in 1975 to ~31 in 1976. 

The longest comuy sh.i.ner collected was a 5 DUn n. . '!'he 
lenqt.h-weigilt relatl.onship was signj.!ic:antly different 
between 1975 and 1916, and among si.tes. Fi.sh were oea~er 
in 1975 than 1916 (Table 2S}. ?i.sh qa:ined pr~or-...ionately 
more weight per mlit inc:ease in ler.q--..!l in an tlpst:eam 
di--ec:-":'on. 

S'cottai.l Sll:iner: S~wni.ng of this speei.es (N~_-o~"is 
htldsonlus) in Perki.omen Creek cc:cu:::ed from May brougn .jane 
in 197~ and 1915. La.-vae were iden-~=ied in d:ift. 
Spotta:il shl.ner ranked second in overall al:undanee in seine 
catches (Table 20). Adults were mcst often collected in 
slow-moVinq wat1!: ove: q:ave~ snoals. Total. mean catdl per 
net sweep was si~=icantly greater in 1976 C2~44) than 1975 
( 1 a9) and catches were b:i.gbest in early summer wben yotlnq 
a.eoeared (Table 22,. O:ist::i.~ution of inc:i.Vidual.s was more 
clUmped in winter, ~ spa1:ial VL..-l,ati,on of catch among 
si tes was not significant. 

Maximmn length was 97 DUn FL. '!he spottail shiner 
length-weight relatl.cmship was significantly different 
between years and among sites. Inc:ease in weight w:-"':...~ 
leng--...h was g=eater in 1975 than 1 976 (Tal:)~e 28). ?aste: 
g:owt:.h in iS75 may have ~en due to reduced competition 
wi ~n the smaller popula.tion. 

Spotfin Shiner: Based on l~ coUeet:i.ons s-pot::in 
shiner (Not:'o~is S"Oilo~ertlS) spawned in m:i.d-Auqust 197t; and 
July throug.b. August 1975 at temperatures b~een 26 and 29 C 
It was the" dominant species taken Dy sei.ne ccm~sinq 69~ of 
the total c:atc.h for 1975 and 1976 c:cmbined (Tacle 20). It 
appea:ed to have sta.b~e popu.la.t1ons in ?e:kiomen creek With 
no signif:ic:a.nt va-..-j.ation l:etween years or amcng sites. 
spctfin sbi.ner total mean catdl of spot:in s.b.iner per net 
sweep was. however, significantly higher in late s'tUlmler and 
fall than at other times (,:,a.cle 22). Length-weignt 
relationships were s:imi.J.ar ~een yea:s bl:t s1.glti.fic:antl:r 
different among Sites (,!,a.ble 2S) .. 
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White Sucke:.:. White suc:.ker (Catostomus eorrmtersoni) 
spawned early sinee driz--inq larvae were coll~eQ only in 
M.ay. LarVae frequently d:1....":':ed d~-ng the day bttt were 
always more numerous at niqil':.. Densities of d:d.:ti,.",g lL~e 
we:e similar amonq years (1973-1975) (~~le 15). White 
sucker usuaJ.l.y ranked four"'...!l in aJ:lundance and. ranged. from ., ~ 
of catch in 1974 to 5~ in 1973. It ranJted second in 
atlundance (a~) in snoruine t..-a.p catches in 1975. In" 1975 
dr.i~q larvae at P14390 were more a::undant in the east 
rather than west channel 

seine catch of YO'Cnq wbite suc.'te: inc::eased f:om 6 
indi tiduals per net sweep in 1975 to S11 indi Vi.duals· per net 
sweep in 1976 (~able 20). Largest ca~ches o~ at ~~e 
ext:eme u:pst::'eam and dcwnst:eam seUle sites in 1975 and. 1976 
combined. Mean catch per net sweep was 11 at P13SS0, 14 at 
P19775, and progressivel.y dee.lined from eadl ex:reme to 1 at 
P1~"S5. 

Wh;lte sucker was the s~ond most ab'Cnclant lL""'g'e fis 
in ?erkiomen C::ec-k ('ral:)le 23). Oi::erences in atmndance 
between vea..-s was vCL-i.able de~inC' on site. Zstimates at 
P14390 were not statiseic~y-di!£erent ce~~een 1974 and 
1976 .. t:ut es"timates were lligner in 1976 than in 1974 at 
:'14020 and ~1~200 (Table 26). Spatial va:iation. was alsa 
inconsistent. ~ three sites in 1974 aac. si~a: es~tes 
of ab"Cor1dance. In 1976 al:nmdance was less at P'4390 and 
P1~020 (139 and 258 fiSh/ha, respec-~vely) than at P20000 
and P14200 (314 and 334 fish/bal. 

wlli te sucker was tbe most impo:::-'-...ant c::mt--jJ:)utor to 
t:iomass at aJ.l si.tes e.:capt P,,,390 where it was exceeded by 
ea=. S"Cat:'-al and t1!m1:)Qral t::encis were sim:U.ar :0: t:icmass 
and- numbE!r es-timates • - ~ost g:'Owtll oc::::u..-::-ee. in t:le ==...-se 
year of life (~le 29). Wmte suc.":er at P'''020 was 
signi~cantl.y smal.le:, at aqe n than indiViduals at other 
sites. No general t:'end in....growth pattern was etident for 
length of wbi te sucker l.n the area of Perki.omen creek 
sttldied. A sign:ificant <iiffe-..-ence in lenqt!l-weiqht 
reqression coefficients existed among four sites in 1976. 
Fish gained propor-...ionately more weiq!:rt per lmit in=ease ill 
length in a downst:eam direction ('!a.ble 30). 

P.edbreast Sunfish: Larvae q:"01lped as Le~s spp. were 
t!:.:ird in overa.l~ drift abtmdance. 'I'he majority were 
prol::ably r~reast s'Cnfish because this species is the 
dominant adult in Perkiomen Creek, and most lL-va~ sunfish 
e~llec:e~ il:. 1975 we=e iden-~!ieC as t:,!'lis species. :'e,=olT~s 

2S 



~. co~tised a consistent percentage of drift c:atdl from 
'973 to 1975 (~-a~). COmposi~on of trap samples of 
shoreJ.j.ne larvae was sj.m:Ua: (TaJ::)le '16). Peak drift 
densities of !.e'OOmis OCCUl:rea. in July ,1973, mid-Jtme '91~, 
and late J~e 1975. ~ sunfish were 9'ene-~~~y More 
a..b'tlndant in samples taken ~oser to shore in 1975. 

Redbr-..ast sun:isll Y01lng ranked eighth in overaU 
abundance in the s.une eaten. Ann'aa~ va.rj.ation in aJ:)1mda%1ce 
was net q:eat; total mean eatch per net sweep inc:::eased f:om 
86 C'~ of total catch, in 1975 to 181 (1~) in 1976 (~ab~e 
20). El.eetro:is1::ing estimates of :-edl:reast sunfisl:l 
exhi.Cited a simla: trend (TaJ::)le 211. Spat:f.a~ va.ri.ation 
among the s1.: seine sites was s~iqnt. Redbreast sun£isn 
comprised is of totu catch at sites P14130 and P1971S and 
averaged 2~ at all other sites. Electrofi~nq estimates 
var.ied frOM 2" fish per 20 M of shoreline at P14W to 75 
fish per 20 m at P14690 in 1976. (Tahle ~) 

-Redbreast sunfish was consistent~y the most aJ:)tmdar.t 
large fish in PerXiomen creek (Table 23). It ranged from 
36~ of tot~ cat~~ at P20000 to 6'~ at P'~200 :in 1976. 
~ua~ varta-=.on for t!le total population was sllg.tlt. 
A~tboug.h es~ates of age I were si~icantly lower in 
1976 compared. to 197" at most sites, estj.mates of older age­
g.:otlps were always si.mi.lar ('rallle 21). Est:Lmates.by age 
g:cnp revealed tbat 1975. was a relatively weak yea..--class 
compared to ~S73. S-;Jati.aJ. va--j.ation in nmnber of fisil ~r 
h~..a.re was great (Table 26). Site P14'200 had t!le q:eatest 
density of redJ:)reast sun.fj.,sb both yea..~ (2026/ha :in 1974, 
139i/ha in '976) fo~~owed Dy P1~020 (aS7, 51'), P20000 (~15 
in 1976), and P14390 <"37,338). 

Ma.x:imtmI aqe in 1973 was V (Table 29). Greatest g:'owt::1 
in length oe--=_e<i in the second. year. In 1976 ~empo:~ anc. 
spatial VL~at:ion was evident among lengths at annulus. 
Fisn were generally smal.J.er at eac:h annulus at P20000, 
larqer at ?1~390. and apprc:imately equal at P1~020 and 
?'''200. 

Sma.l.J.moutll Bass: Sma..lJ..mouth pass (Mic::ooter"'-s 
dolomie~l larvae (un J ; ke jtlvenj.J.es) rarely oc:u:=ed in 
Perjd,cmen Creek d--:i.ft. '!cung 12ss we-.-e relat:i.vely low in 
Unmdance ('~ of 1:Qtal seine ca:ecb) a.lthougil tiley comprised 
t..'le second most aDtmclant mem.cer of the sunfis.b. f~y. 
Al:I1lndance va...-ied annual.ly, inc::easinq from 27 fish per net 
sweep in 1975 (2~ of total) to 1"2 (1~l in 1976. !his 
spe~es was mQ:e acunCan~ a~ P1~320, P20500, ana P1S775 
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where it accounted for rOtla'!ll.v 2~ of total catc!l. At othe: 
sites it averaged 1~ of total: 

Sma.llmouth bass was tbe third mos: al::'Cndant large f:i.Sh 
(11~ of total) based on 3 r- of elec-_-of:i.stti.ng l.n ~:kj.omen 
C:eek. Relative a..cundanca remained constant n-:n.in s:.te 
between years. PopUlation estimates were s:imi.la: b~een 
1975 and 1976 at P1~200 Dut d;~erent between 197~ and 1976 

. at P' ~390. Est1mates of atnmdancs were larqer at downst::eam 
sitss. In 1976 site P'~200 contained 203 fish per ha 
c:c:mpareci to 84 fish per ha at P'4390. 

smallmouth·bass ranked fo~h in biomass at sites whe-~ 
a.bundance of all impor-..ant S?ec:i.es couJ.d be estimated. 
Bi.omass was greatest at si. tes where nume::ic:al atlundance was 
greatest. Bass appeared to we:i.qll less in 1975 than 1976 due 
to smaJ.ler sj.:e S1::::"c1cture of the population. Ind!. Vi.duals 
ranqed ~ to £1.69 !11m FI.. An aqe and qrowth study in 1973 
revea.led t!:lat tile oldest spec:imen was age D::t {Table 29}. 
Mcs: q:owb (39~ of total) oc=:ed in tJle fi.:st yea: of 
llfe. The 1970 year-c2ass exh; bited the lliqilest g:owtll 
rate. Significant spat:ial va,r:ia.tion o~ed for fj.sh 
lenq-....h at each annulus. Age st::'U~e i.ndicated dcm:i.nan: 
age-9:::o'tIps I and n: and a weak aqe-qroup In. Smallmouth 
bass was a.c-...i. vall' souqnt by fislle:rmen in Pe:nomen creek. 

c:!!'"; eld Oarte:: Peak ~wn:...'tq of shi.eld da.:te: ~erd.r.a 
'Cel tata) occurred in May. Larval cat::±les we:e cons:.stently 
low in d:i!t and trap samples. Number pe:r m3 ranged from 
O.2~ of total in 1974 to ,.O~ in 1973 and 1975. S~e~d 
da.:::-..e:s d:::i.f"ted du..-i.nq t!:le day bttt were more numerous a"t 
nic:l:1t. S'Catial di.s---=i-"'"ut~on ac::oss tbe stream was ::ai=lv 
c:ons:.S1:en~ (Table 18). SlJ:ield dar:er comp:::ised 1 ~ of 'dle 
to't:al seine ea:e.c!l in 1975 anC. 1976. Total meanc::at= pe:­
net sweep SilOwe:d l.i tt.l.e tempora~ 0: spatial va..-:'at:ion. 
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!:ast Eranc:h ~~kiome."l C=e!!k 

!ast. Branch ~e:.!domen creek is a wa.-mwate: s=ea:t wtlidl. 
d:rai.ns 158 km 3 of the Piedmont physiograp.tU.c province in 
southeastern ~ennsyl van:i.a. It f~ows southwest apprc:d.mately 
39 Jan from its sou=ee in Bedminster 'rownship to i 1:5 
c~uence wi.th ?ernomen creek just below Sdlwenlcsti~le. 
Pennsyl varda. The creek bas a low q:adient <1.9 mn:m, and 
c:onsl.sts of ti!f1e and ran ha.bl.tats nth few natural pools. 
several small man-made impoandments are located in the lower 
half. The st:eam suppa::: tos a a:t. verse and prod~ 'Ve f~ora • 
and fauna.. 

Eecause the entUe Q:ee.k wil.l be used for Divernon. 
the East Brandl ~omen c:::eek study area includes the 
C:eek f:om just upstream of Zlephant ltOad bridge dcwnst--eam 
to the c:onfl.uenc:e. Samp~e stations are designated b~ c:cmmon 
name and b? the letter ' E' followed by a nmzU:)er wb.ic:: 
ind:icates distance in meters from the mo~..b of the c..-eek. 
Where stations include several meters of st:'eam. ute 
n'Cmtlers desi.gnate the downst::ea.sn end Qf t.:le stati.on. A 
sampling b:i.stcry b? program is gj. ven in 'I'al:lles 1 and 2 .. 

East Branch Perkiomen Creek j.s a major tn.bUtary to 
Perki~en ~k. MUdl Qf the wate:shed is used for 
a¢c:ul ture tJut land. is inc:::eas~gly l::ei.nq developed for 
residential use.. The major population COt1c:tmt-""ation oc:e"Il::t'S 
midpoint on the c:eu at Seller.:rn.lle-Pel:}:asie. 

Low na-::t::a.l base flows and =eqaent loc:all::ed s-...cr.r..s 
produce an e:--=emel~ varia.Qle flow r~-l!le. Sp=:inq flow~ a.-~ 
generally l:li.gn due to snow DltUt and p:-ed.pj.tation .. and 
spates oc::::u: 't.b.rouq!lctn: ce year. As SWDme= a.pp:roadles 
flews gecome lower and in late summer and. fa..l.l. s"'l:l:Cace fJ.ow 
in upper reaches often ceases.. liffle habi.tat is much 
:educed or el..imi.nated in al:oat one-thl.rd at t!le stream 
length and the creek becomes a series of pools or quiescent 
reacbes c:onnected by S"Qj:)~ace pereclation. Several lew 
dams an present. 

Antl::ro;cqen:i.c: stresses f::om nonpo:i.nt sou:ee ranof~ is a 
problem. par-....ic:u.J.arly in t.b.e headwate-..-:! where most of the 
s"tt:%oundinq land is used for ag:j.cult'm:"e. Runof~ from 
fa:mland c:a-"""rl.es a heavy load of nutrlents. Stor.nwater a.nd 
sewage enter the :east BranCl rta storm drains under the 
ROllt!! 309 c::'C:ge 1.."'1 Selle=s~.!le. T!l:i.s en..-:i.c:heC: Cis:!la.-~e 
is mcS'e pe:sistent c:=i:l q periods of heavy =aj"n!all when ce 
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se~ersvi~~pe:xas~e Sewage T:ea~nt Plant capac~ty is 
exceeded. 

'!'he q:eatest POUlt sou.-ce st:ess is -:he Se~lers"ri.lle­
Perkasie Sewa.ae 'I':ea1::nent Plant ef!~uent whi.dl ente--s the 
creek about 3 - Jan tIpS t::'eam of cath::i 11 Road (%23000. a.l:out 
lIti.dpoint on the c::gek,. 'I'he ef=~llent ccnta; ns "Ife-~ h:igon 
leve.ls of dll.otine. nut:j.ents. and heavy metals. Pesj.dua.l. 
cll~e has its greatest effect l.n the immediate vic.n:i.ty 
of the out£~. Chlor1ne rapicny d:iffuses i.nt.c the 
atmosphere and decays as a result of photcdlem:ic:al 
reac:tj,.ons. However sj.nce the effluent is lti.gbl.y entiched 
wi ttl n:i troqenoas c:cmpo'Cncls, dll.ora.mi.nes are fo:med as a 
resul t of CUo:i.nat:1.on and these may persist in the stream. 
The stimu.latinq effect of nut:::ients on aquatic plant qrOW"dl 
can produce mar.ked dieJ. flllctuat~ons in di.ssolved o:yqen 
CDC). Seve.-~ 2~h 00 stud:i.es showed that a e:i.ti.c:aJ. 00 
de~ss~on «2JnQ'/1; the CODWiCnwea.l ttl' s mi::Wmlm en te=;.cn is 
~.(n and e::reme di.el :f~uc:ttta~cr. o::e=ee dcwns-:eam of t:le 
effluent.. Heavy metals sudl as c:adlzU.um, dlromium, capper, 
and %j.nc: are c:oneent:ated in the eff~ uent. III the a..bove 
desc::ij:)ed. factol:'S produce a stressed CQliWlWti. t? dcwnS1:.--eam of 
tlle outfall. 

'::il:rCl~a~ Indian creek (wbic!1 ente::'s t...~e East Brandl 
nMr meter 6900) may also st:'ess the East :arandl. It 
rer..~ives effluents =0: the.'!~~om So:ouqn and Lower 
Sa 1. :Q~ 'I'ownslnp Sewage Treatment Plants. and a ntmli::)er of 
food-proc:essj.nq induS1:.l:'ies. The pr-mary stress c::eated by 
Indian c:eek is nut--i.ent loadinq, and it a~a:s tnat t!:ti.s 
creek may petioctieal.ly deq:acie lower East !!:'andl wa-eer 
quallty. 

Phytoplankton was not st"Ildj.ed in East Brandl ~erJd.cmen 
Creek beeause it was eonsj.dered to be of low potential 
im=act.. Studies c:onauctea in ot.her shallow, tem~e....-ate 
headwater st..~ams have indicated tllat phytoplankton is 
typic:a~y low in dennty ana essentially of peri.phytic: 
onqin. 
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?eriphyton 

Periphyton is a seasonal.~y iD!pOr"'...ant p:i.ma..-y p:od=sr 
in !:ast Branch ?er.ltiomen c::-eek and was studied in 1913 and 
, 97~. Petiphy--.i.c alqae were almost exclusively diatoms and 
onl.y thecoDUllCn qene.....-a were recorded.- These were NaVic:la .. 
Melosl-""'a, Svnedl:a., Ni t::schia, and Coc:coneis. Loca~ bi,o~oqy 
and Jla.bi tat requi.rements for these ugae have already l:)een 
descri.bed and seasonal cban9e9 in the ta.:cnom.c ccmposi,tj.on 
of penphyton were sl.m:i..lar t.o tJ:lase observed in the 
schuylki.l~ tiver. 

Per.i.pbyton standing c::op oiomass in the :::ast :e:anch was 
h.iqhly va..-iable and appaJ:'ent~1 respons:i.ve to a number of 
enn.ronmental factors. Biomass was ma.:dJmlm in Ap~thro1lq.1l 
October ander conditions of relatively staDle low floW and 
hiqh temperature ('I'al:Ile 3). Bighest momass oc::u""':"eC. in 
August of both yea:s (1973 .. "8 mg/dIn2 ; 197t;, '06 mq/dm2 ). 

Biomass was low from Janua:y t.!:lrouqh March and NovemCer 
th.-ouq,tl December due to inc:::eased ve~oc:i ties and ~ower 
temperatu.-e. 'I'ms seasonal patte..~ of pe:j,phyeon 
prcd~..:irtty u t?Pic:al of lotic systems in teMpc:ate 
rE!qions. 

Periphyton in the upper East Brandl (~21'5, E26S.67). 
was more susceptil:Ue to scoarinq dtzrinq inc:eased flow 'Clan 
:~~hr'...on in -:.he lower secti.on (%280 O) • Durl.ng petiods of 
low flow e32115 and E26867 exhibited ~gher penphyton 
biomass than E2S00, probably because the sn~ower water 
allowed more lj.qilt to reac:h tile pe.--:'p.l:lyton eomzmmi.ty. 

Refer to Per%iomen creek section for a discussion of these 
biotl.c components. 

Fish 

'the fisil ccuwlunity of ~st SranCh P~kio:nen creek 
CQrlsl.sted of wa:mwater species typ:ic:al of small lOtic 
systems in so1l1::.beast Pennsylvan:i.a (M:1hur5ky 1962). In 
genL.u the !ish fauna included minnows and suc:ken, 
ilftt)Or-ant as fooe! cenve--to:s and foraae, and !resbwa-:er 
ca~ish, pike, and' sanfj.sh, iln;X:rtan'e - ecoloqi.cally a": !li;ohe: 
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t:ophic levels and sociologically as pan and ~ort fishes. 
MOst species WfL~ inC:igeno~ and reproduced loca~ly. 

1'0 some er-ent fish ctist-~ti.on ..in the ~ast Brandl 
reflected lonqi ttlcnnal %onation typ:ical of lotic systems. 
However characte-~st:ic cl:i~ons were modl..fied somewhat 
by major point-source domes-..:ic and indust--j.al, disc:ha.rqe and 
the presence of several smaU. impo1maments. 

SP~CIlS INVENTORY 

Nine faml.~i.es incJ.ud:1.ng 23 genera and "0 sped.es were 
collected ('!'a.b~e ") as well as hybrids of l:oth the rn:inncw 
and carp farn:il.y ami the genus Le~omis. No species were 
cc::aunerd.ally valuable or considered threatened or end.angfL~ 
by Federal or state requlatory agencies. 'nle AmfL~c:an eel 
was t.be only ~-ue Dti.g:atory (c:atadrcmcus) species. 

QUa,l:itative abtmdance was estaD~hed nthin fami.ly or 
among related fam::.J.ies ~ su.bjecti ve c::::mtpa--j.scn of. recent 
cat:::±l S1:aus-..:ics. Sped.es denqnated rare or tmCCDmlon were 
low in abundance and signj.ficant a.l.teraticn of thei: 
environment could resul.t in a c±tange in dis--=ibu:ion or 
possible e:-...:i.rpation. Brock trout, a coldwater fiSh, was 
oc:casionally stocked in the c:reeJc Dy t!:le Pennsylvania F1sll 
Commission bet did not sustain itsel.:f. A sl.nqle muskelltlllge 
ca~ed near the mout!:l of tl:le creek was a8S1mled to have 
ori~nated uom ~~ki.QMen C:=eek where DlUSkeUtmge has been 
stoc:kee. 

La--n.l fiSh dr:.ft at esso waS investigated in 1973 and 
197~ us~g dri!t nets. Data e:,ll.ec:ed from this site were 
ret)resentati ve onl v of the lower !:ast Branch. Relati ve 
a.ctmdance of dom:inant t.axa {e::mprising >90~ of the total 
identified catch) varied between years (':aJ:)le 51. In 1973 
white sucker and yel..low bul..lllead were fi:st and tlU..-d. in 
ammdance, respectively, whereas Le".:o!lCi.s s~. were first and 
whi.te sucker third in 197". On.identuj.ed m:Lnnows (mostly 
NO'!!::om.s s-pp.) :ar..ked sec:onc: !or. ::o-=. years. 
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Spa~g e:tended P=~~~~7 ::cm May through August. 
o ens:' ty of d--i.~ing larvae var~ed during thi.s ~etiod as a 
result of spec~es-specific peak spawns (Table 6). wtUte 
sucker and tesse~ated darter spawned prima.~y from late 
Aptil to ear~y May, wh:Ue yel.~ow ~ead spawned in earloy 
June.. ,!,"~o peak s~wn:ing penods fer both Not:o~is s-pp. and 
Le~omis spp. were obse-~ed; one ~n ear~y June and one f:om 
Jul.y to eany Auqust. Few (26) d--i.--unq eggs were taken 
because most East Branch fi.slles lay demersal eqgs. 

Dial fitlCtt1ation in drl.!t occuz:::ed r~a:rloy. Most 
larvae we::-e co~ected between s~set and ~se. P~a..k 
densi.t:ies usua~y oc:cuc-ed between 2600 and .0200 h. 

In 1975 and 1976, 30 species and Leoontis and. Notroms 
hybr.ids were collected ~seine f:an lo'C.~c sites in Eas'C. 
B:ranc:n Perki.amen ~ee.k ('Xa.ble. 71. l".ost were m:innows and 
younq-of-year pan and sport fisbes. 'rne few aduJ.t pan and 
sport fishes wt1i.Q were included <tid not a..~ ect results. 

-
'total. atn:m.Qance 0: minnows and young (tot.a.l· mean caten 

per ef~ort) end not d:ifier between yea...-s. OOminant speci.es, 
based 'on '975 and 1976 sel.ne data c:om.b:i.ned, were spot£in 
shiner (54~ of t.otal), l::Ilt:mtnose minnow, !:anded k:ilol.ifj.sb, 
tessellated darter (eao 6~), and. common smm!r (5~J. AlJ. 
otber s-;:ecies indi tidual.ly comprised less t.b.an 5" 0: the 
totaJ. mean caten per ef.:Eo::t. Relati ve abtmaanc:e of be. 
mere nmnerous ~es va..-i.ed l:eo!:Wf!o'!!1'1 1975 and 1976. :In '!975 
S"OOt::j.n sh.ine: r comel v slline: r swa.llcw-...ail sltine: r comzncn 
shine:,. and sa:::L'"l~ sbine: cloml.na~ed. the ·<:at:.c:. r 'wh:ile "in 
1976 spo1:fin shiner, tessellated darter, ~anded. killifish. 
l:luntnose minnow, and wt1i.te sucker (YOlmq) were most 
n-ame:rous. 

A seneral. dec::ease in totaJ. mean catch per effort was 
noted from lIpstream to downstream areas. ':tie depression i.n 
abtmdanc:e at E269S0 and subsequent reeovery (i.nc::'ease) at 
E12~40 pro~acly indicated effects of the Se~ersville 
Mm1ic:i.pa.l sewaqe 'r:ea1:ment Plant. 

S~l.n smne:r was the most ntmterous ~cies 1."l eao 
si tt!, and abundance of dominant species was qd. te varia.l:lle 
amonq sites. Variat:ion in spat:1.al relative aJ:undance was 
indica~ ve of sped..es %ona-:.:ic::.. ~:~e sr":"""le::, c:::::mmor. 
sr.iner,. spott.all sru.ne:r, s~-a.l.lowtai.l shine:, spo-e:i~ s..b.:ine: r 
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blun~"lCse minnow, c:::eek dl'tlbsuc:.ker, and !.eeoms hybrid wen 
c:cmu:non in t:le upstream seC"'"..:ion of" the East Brandl. 
Gold£i.sil. golden shiner, and c:ee.k dlu..b were estaCllsiled 
pr-ma--i.ly in t!le mi.dcUe reacbes, ang earp, c:tlips ml.lmOW, 
sa~in-Fin sbine:, lonqnose dace, fall£isn, and margj.ned 
madtom were 1JI0re prevalent aownst:eam. other spec:'es were 
qenera.l.ly di~ed t!l..~ughout the Creek. Spec:'es 
segre~'d.on oc=ed. as a result of lonq:'~ud.inal dlanqes in 
hab:' tat and water qua.l.j.ty. 

'!he ntzmber o£ species per c:ollec-..i.on was used" as a 
qene:al inae: of di ve..-si ty. 'rh:.s parameter also i.nd:icated a 
patte:n of lonc;l. tud.i.nal :cnatj,cn in tbe cre--k. N'amber of 
species increasea from headwaters to about m:iapoint in the 
stream. then decreased aownst:eam toward the ~luenC1!. 
Osually the n1Jmbe: of sped.es inc:eases dawnstream as a 
result of increased babitat heteroqenei.ty. I.Qwer d:ive-~ty 
in the downst:eam readles of tbe East Brandl may have 
:eflected. degraded water quallty downr..:eam of Sellersville 
and sampl.j.nq metncd bias toward sm~er (;i.e., upst::eam) 
s t:eam nze. 

AdUlts 

Lotic Sites: Ziqbteen sped.es of larqe fish (aefin& a:: 
all members > 5 0 mzn FIe 0: the pike, sucker, freshWater 
cat£ish, and strnfisn families and goldfish and CL-P) we..-e 
collected f:om lotic si.tes ~ DC elec-...:z:ofi.shi.nq in 1973 and 
, 975. Also c:ollee:ed. we.--e aold:Eish :: cz-..." and Le~m:i.s 
h~r.i.ds. wmte suc:Xer, g:::een sunfish,. yeilow bulllleac., and 
:edl:reast S1m:ish aom:i.na-:..ed j.n l:otb yea..-s ('!'a.ble 8), and 
comprised 25, 23, '9, and '5~,. reS"pec-..:ive~Yr cf the tctaJ. 
est:itnated Sl:... eamwiae mmtbe:. 

Relad. '7e a.t:mndance of the 1" most a.bundant s'tleei.es 
remained essentially the same tH!tveen 1973 and 1975 at eao 
siter t)ut oreen va:::.ed bet1IJeen s:.tes in eadl yea:. "'the four 
aomi%lant species were generally important t!:l:OtZqhout the 
st.-eam and" comprised from 50 to 91 ~ of tbe larqe f:1sh 
comma.ni.ty at eadl sj.~e. P'aDtpld.nseed and Le'Oomis hybrid 
c:om;:csed only ~ and 3~ of total, ::'es';)eet:'ve.ly, Out we=e 
impc::ta.nt at :::36020. Otber locally important species we..-e 
redfj.n picJcerel (:!36020), ~ueqUl (:!30S"O), ana smal.lJnoat:l 
t)ass and ma.r¢.ned madtcm (Z1550). Spec::'es zonat:ion was 
likely aue to habitat variety and water qaallty ~:erences 
as mentioned prev:.ously_ 



", 

Resul. ts 0: b:iomass analyses we-...-e very s:im:i.la.r to tllose 
based on popnlat:ion estima~es. Whi.te suCks: (tl6~ of total 
estimated. biomass) r yellow l::lullllead ('3~), ca--p (11~), 
reC.::lreas'e sunfisil (9~), and c:;reen sunf:isil (a~) c:cmpr:i.sed the 
majority of .biomass (Ta..ble S). No other spee:ies 
c:omposed more than 5~ of the total, but the followinq fisiles 
made s:iq.nific:ant c:ont--ibat:icns at specific: lccat:ions and 
tlJnes: pwnpk:i.nseed (%36020,. 1975), Let:lom:is byt:lr:id (Z36020, 
.both years),. creek c:hucsuc:ker (E36020, 1973), reQfin 
pickerel (E36020, 1975), ehain p:ic:kerel f,!36020,. 1975), 
b:cwn 1:)u.lUlead (%26240.1975), and smal.l.mout!l l:)ass (E'S50, 
'975) • 

Lentie S:ites:' Sl.xteen s!=ecies and ca:p :: qoldf:isll and 
Let:lOmis hy!ttids were c:cllec:ted in sprj.nq 1974 and fall 1975 
at F:'et: (E1S500) and ~~a (~650) reservoi...-s (',!'a..ble 9). 
Pe-"'"Cent ecmpos:iticn of total catch was used to evaluate 
c:ctmrttm:i.ty S....L.uc::":tlre tlec:ause llnJ::iaseC. popu.lat:ion es~a"t:.es 
c:cul.d not be calc:ul.ated for eadl s-oec::ies. Gree.~ S1ln£:ish was 
the most a.blm.dant spee:ies -in .bOth reservc:i..-s in 1974 and 
1975. Wh:l.te suCke=, pumpkinseed, and bluegj.ll followed 
green sunfuh in order of overUl aeandance from the 'bro 
sites. Slue<;ill was more ntm1erous in Fret: than ~war wi:ti.le 
PlllJlpkinseed was more ntm1ercus :in ifawa" prcJ::a!lly oecause of 
haDitat differences. Yellow l:Ml.J.llead' was relatively 
a..b1mdant :in ~aWa where" dm::U1g' low flows, the s:i te was mere 
c:ba.rac:teris--..:i.c of lot:i.e ba ~ .. ta't.. ~~ !:ullhead was more 
common in !':at: w.b:Lc:h was typ:ic:a.l~y lent:ic:. 

Studies of fishes :in the !:ast ~ranc:..~ :identif:ied the 
~ 1 -~- oF ~- ""; -~"-~ (oFJ:. " oF presence 0_ a--qe n~~s o. _~~r~~ s~~~~ o __ spr~q o. 

inte:sped.~c: matin9's wi::.t.=i.n tlle genus !.eeomi.s) r 

pa--:icul.a:ly :in tbe heaciwa"t:.e:'s Eytl::i.d sun::~ ranked s:ir..h 
among large f:ish :in st:eamwide abllnQance and ninth in 
st.:eamwide biomass for 1973 and 1975 .c:cmJ:Il.ned. Hybrids 
often canpr:iseQ znore than 25 ~ of the total sunfi.sil 
population in headwater sites (>40~ at E36020). Abundance 
decllned somewhat steadi.ly dcwnst:eam where they composed 
5-10~ of total. 

'!he bigtl incidence of bytlrid sunf:ish in "!:be !:ast :e..-andl 
was unusual. Ey!:::rj.cis c:ommcn.ly oce: in ha..bitat su:i:ta.ble :0: 
carrpat:i.ble sunf:isbes; llowever they c:osnznonly ccmptise only a 
very small percentaqe of the total sun.:f:isil population 
(Ea:Uey and Lagler 1938 p Birdsonq and Yerger 1967). Eyr:rids 
we-~ rare 0: ncnexistant :in several sites on near~y Tohickon 
ane Nesham:iny cree.~ whic:. have ba.t:it2U. sim:i.la: to 1:.:lose :!.: 
t!le upper ~st 3ra.."lch. Ey!...d.es we.-~ also unCCIr.Jnon L"l the 
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sohuylk:Ul River and Pe:.-kiomen C:-ee.&t study areas. 
Hybr.id:i:a tion in the East ~andl was most l..i.kely due to 
c:rowdinq in isolated pClols durinq the spawninq season when 
flow 1."\ -:.he upstream reaches was often inte....-utittent • 

. A relau vely large nllDl.ber of sped.es were seleet:ed 
because effects of d:L vers~on on f:iS1les of East Branc:h 
PerJC.omen C:'eek are expected to be cnve:-se and s!2ti.ally 
va-~able due to tbe ~etv of na=itats and ~resenc:e of 
existl.nq st--esses. Important species were dlosen to 
represent tbree qeneral ec:oloql.cal n:idles present in the 
Creek. and taxa of sod.olo¢ca.l importance (Table 10). 
These fishes nJ.l also most llkely be affected l::Iy dlanqes in 
the physic:al and chem:ic:al nat'tEre of the Creek caused by 
Divernon. The local biolO9l" of 1mpor""..ant species is 
desc::ibed bel.ow. 

lte~in Pic:ke=el: Bed£in pic:ke:el. (~ ame:oi.canus) was 
common only in the headwaters often beinq found in isolated 
shallow pools with no fJ.ow and heavy aquatic: ~etat:ion. 
The species was IIlOst nume:."CUs at E:36020 (62 
incnvidualS/SOO III of st::eam~ and showed a decreaSinq t::end 
in abundance dcwnst::eam ('l'~e 11). Only one spec:iJnen was 
taken from the two impoundments sampled (Table 12). 
Popnlations increased dramatically from 1973 to 1975. 
especially at Z36020 whe=e n1lm.bers al.most dou=led. 
va.=.ations in biomass we:e similar to those in abundance. 

Ma:d.:11JZn age was 4-5 1= but IIlOst sped.mens were aqe I 
{~le 1S}. Max:iJmlm leng'Ul was 309 DUn Fl.. Greatest (l~S~) 
qrcwth in lenqth oc:cnrred in the fl...-st year of l.i.fe. ':he 
lenqt.ll-weiqnt relations.tti.p of 32 specimens was 
In W • -10.17 + 2.67 In FL. Althouqh this species is a 
common qame f:isl:.* an9'~in9' fer redfin pickerel in the East 
Branch was v.i:t~ly nonex:iste.."lt because of small adult 
si:e. 

Satinf.in SlUner:· Satinfin sinner (Not..-o"Ol.S analostanus) 
was common in East Branch Pe:rkiomen creek. prefe=:i.nq 
hab"itat nth fast cu:::ent and 1:)edrock s~strate. Streamwj.a.e 
aDtmdance based em seine collections dec:eased from a mean 
catch per ~t e£~ort of 106 in 1975 to 63.9 in 1976, and it 
ranket! eig!:.: !-~ Qve:aU. a::u..lcanc::e (':'a.lJle 7). ':'n:.s sped.es 
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was most im~rtant in downstream reaches r C:t.!I'.s::isi.l''lq 1 8 r 
23. and 10~ 0: total mean eat~ per unit e==o~ at Z1890, 
Z5~75, and Z12~~0, respectively.· 

COtmnon Shiner: Common shiner rnot:'O~is eo:nu~s, 
spawned from June through July (Ger~ad:l 1979) _ ':he 
oc::ur:ence of two peak larval d:ift petiods. one Jon June and 
July, may have indic:ated l.nteclitten~ 0: multiple spawning­
Mean dally larval dri.ft density in 1974 ranged from 0.007 
larvae/m3 in mid-Jllne to 0.012 larvae/m3 in late Jul.y. 
Cotmfton sh:iner ranked fo1ll:til in ove....-aU seine catch. Mean 
c:atdl per llZti.t e£fort increased from '19 in 1975 to 141 in 
1976. vanation in ammdance among Sites was sign:.i.fic:ant •. 
'dlis sped.es being more prevalent in U'pstream readles weere 
it compnsea " and 8~ of total at E32170 and E29810, 
respectively. A.blmdance was lowest at Z26980, prombly due 
to dec;radea water quallty downstream of Sellersville. 
Lenqt.h-weiqht reJ.ationsh1ps of common sh:i.ner d'; .c:ered 
siqn:i!ic:antly betwe-..n 975 and 1976 as wel.l as among sites 
('!'a.Cle 13). Ind:ividuals at %29810 grew slower in weight per 
unit lenqt.b relative to otber si.tes. 

S~in Shiner: Larval dri.£t densities of s'Ootfa 
sh:i.ne: - (Not--o-ois ~i.10'Cte~J in the Eas~ Branc:.~ ~ were 
highest in July ana Allqast in 1974. 'I'llis ~ecies ranked 
f1.rst in overall seine catdl Mean c:atc::h -oe: 'C:C.i-t e:==~ 
dec:eased from 1870· in 1975 to 849 in 1S76. Va.ti.ati.on among 
sites was signj,Zicant.the sped.es being mere prevalent i:l 
'Il'Ost:'eam reaches where it c:om=ris ed 55 and 56 ~ of totu at 
Z29810 and E32170, respec-..:iveiy. Al:1mdanee did net ciec::ease 
sharply downst..-eam of Sell~~e inC:ieatinq t:lat t.~:'s 
S't:eCies was tole::ant of ciea:aded water auall t-;. I.enatb­
w~gil-: relaticnsmps varj.edSignj.:icantiy betWe-..n '975 and 
1976 as well as amonqsi.tes. 'r!le hi.gn regression 
coefficients at E12~40 ana !269S0 (downst:eam of and in 
SeJ..le:sville. respectively) was aqain i.ndi.eati.ve of this 
species' tolerance of poor water quality. 

White SUcker: White sucker -generally spawned in May in 
1973 and 1971l. earlie: than most important spee:ies in t.!le 
:east Brancn~ and had a relat:i vely short spawrtinq period. 
AbUndance of larvae in dri..ft varied betWeen 1975 and 197'" 
('!'able 5). In 1973 white sucker mean d:-ift density was 
o. 1231$ individllals/m~ (60~ of. total dtift" but in 1974 
declined to 0.1032 (26'l. Maximum d:ift densiti.es oc:=ed 
i.n early May in both '973 and 197Q., and dee1..ine: to 
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neqlic;i.ble levels ~ ear~y J-cne crable 6). ~h.ite suclte:: 
always d."';"fted at a greater rate a.~l.nq the nigtlt, :eac::ti.r.q 
peak densities between 2600 and O~OO h. 

~ te suc.lter young' in the seine catdl ranked sixth. i:l 
overall a.tnmc:.anca. Variation in al:tuldance between 1975 and 
1976 was h1qh with. mean catch pe:: uru.t effort inc:eas:U1g 
from 29 in 1975 to 1 5~ in t976. VCI--l.ati.on was higb among 
upstream seine sites mrt comparatively low au:tong downst..-eam 
sites. ~te sucker dominated at ::29610 and 'E169Q where it 
canprised S and 20~ o·f total mean c:atdl, respeC'l::i. ve~y. 
AbtmdanCt! ot yo1mg was lew at sites near S~ersvj.lle l:n::1: 
increased from E12~~0 downstream to E1690. 

~h:i. te suc.":er was ov'!-..-u~ the most abundant adult fish 
collected tIy electrofishing ('!abl e 1 1) • Streamwide 
abttnd~~ce decreased from a mean of 60S· individuals/SOO m in 
1973 to 525 in 1975. Ab~da.nce was lowest in upst::eam and 
downstream reaches and peaked just downst:'eam of 
Selle::svi.lle. WihiJ.e the area downst:'eam of Selle:svi.lle was 
not prime spawning or nursery haCitat, adults apparen~y 
moved int'O the :eqion to benefit indi-"""ect~y from the organic 
en-~cbment here. 

~te sucker was the most im:oortant c:ont--i.Cutor to 
s:o.:eamwi.de l::i.omass (mean, ~7 kg/SaO m), and dom:i±lateC eve:y 
si~ except ~550. St--eamwide biomass increa~ad from 1973 
to 1975 even tllouq,h numerical a-~dance dec.l.ir.':!J.. '!'l:li.s was 
not an musual snort-tl!-~ trend for a re~at:ive~y long-lived 
s~:i.es. 

~s1::l.mated al:ltmdanee 0: adult w~te sucker in :'ret: 
=ese~i: (~'S500} dec:eased from 11~9 ~o 546 spec:i.mens :=om 
Mav 197~ to Oeto~e: 1975 p ~le ~ooula~on levels ~wa~a 
(~S€5 0) d~....ng the same pe..-:'Qd rema.:.n~ essentially s-...a.cle 
{Ta.b~e i2}. This speci.es was sllg.i:l':~y more n-mnerous ~ wasta 
tllan ~t:. ~i.ozna.ss was . also somewhat hi.gher in waWa in 
1975. 

White "suckers ccl.l.eeted apst--eam and downs-=eam of 
Se~lersvi~~e exhi~ited fair~y stable growth i.n length f:'Om 
1968 to 1973 (Table 16). No sign.:i£:i.cant dj.~ference in 
~:owt±l for combined stations u;=st:eam and downstream of 
sellersvi~~e was ocse..-7ed., but fish collected downst:'eam 
were c:onsi~ntly larqe: at eadl annulus for all year­
classes than up~am. specimens were not aged past the:': 
fc=th year because of scale incons:i.stenc:i.es. Ma:tilmm 
lenq-..!l at c:apt~ was 3~4 mm !'I.. 
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Analys~s 0: cova:~ance L~dicated s~gnif~cantly 
di!:erent length-we~ght req=ess~o~s among popula~ons of 
wh;i.te sucker c~~lec-:ed at five s~tes in 1973 (Table 14). 
Generally ~CiViduals upst=eam ga~ed propor--ionately more 
we:ignt per unj. t L~=ease ~ lenqth than t:ilose downstream. 

Yellow Bul.lllead: Ye~low kmllbead (~c:talu--us natalis) 
spawned in June and JUly 1973 and JUne 197~. Because of 
nesting behavi.or and parental care of yellow ~l.head larvae 
rarely occw::red in dti...~ In 1973 mean d:i.ft densi.ty was 
0.018" indi.vidua.ls/m~ (9~ of total C:::i..4t), l:Iut dec~ed to 
0.0090 individuals/m5 (2~) in '97~ (~~le 5). Peak 
dens~t:i.es occu=ed. in late J~e of 1973 and 197" (~a.ble 6). 
'!'!:is species always drifted at a c;reate: rate d'll..-illq the 
n.j,qht, reacb.i.nq peak dens~t:i.es }:)etween 2600 ana 0200 h. 

Ye~low ~ead ycn:znq were not ab1mdant in the seUle 
catch and ccmpri.sed less tilan 1~ of to-..a.l mean catch pe:­
nni. t effort in 1975 and 1 ~ in 1976. Young were more 
prevalent nV-S1::eam of sellers'ViJ.l.e but generally comp_:ise:. 
less than 1~ of total mean catch in this a--ea. 

Yellow tlul.lhead. was overall the t:ti.rd most ~dant 
adult fish collected by electrofisb.i.ng. streamwide 
a.btmdance increased from a mean of 317 indivicluals/500 m 
1973 to 563 in 1975. The adults were generally more 
n'Cme--ous downstream of Sellersvi.l~e. '!he apparent 
ccnt:acli.ction ~een these and seine results was l.:ll:~7 
to the fact tI:lat the seine is not. an effective gear for 
sa..urpJ.j,nq young in la.rqer downstream areas. 

~ ... --
Yellow lroll.head adults were also 'the tbi.::! moso: 

~~o=-~~ cont-~rs to ~eam~de o~omass wi~ a mear. 0: 
12 - kg/Sao m Gene::uly annual and site va..~ation in this 
'OL-ameter was simiJ.ar to t.bat of es-~mao:ed abundance. 
However ~~omass was mach higaer at E1S50 where abundance was 
lower, ind:l.cating tttat many of these fi.s.h were larger ana 
older. 'l'hi.s may have ~en a reason for the decline :in 
abundance noted at E1SS0 from 1973 to 1975. 

At:l'andance of adults inc:'eased :in l:Ioth Fret:: and WaiVa 
reservoirs f:'om May 197" to Octccer 1975. ':his was ll..ltely 
the result of suc::ess£ul spawns in 1973 and 197" ~use 
ablmdanc:e varied sl.mi.J.ar~y in lotic regions dtl-~nq the same 
general period. :seth abundance and bi.omass were .l:l~gl:le: in 
WaWa due to tllis 5peees f apparent pre£erence for t±le 
habitat in t!ti.s reser"1Oi.:. 'I'lle longest yellow buJ..lhead 
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c:ol~ected f=em !:ast Branc:b P~omen C--e9k was 295 Irml FI... 
'!'h:is sped.es was an important pan f:isn in the East Brandl. 

Redtlreast snr":i.sn: ~e1:'Omi.s alri tus). Sun;::i.sh la.rvae 
were on~y identuied to qenus (Le-ocmi.s spp.). Spawning of 
redl:eas-: S'1mfisn~ qreen simfi.sn~ pumpkj.nseed~ and blueqi.ll 
in the oc:~ed f:om June tm:'ouqn AU~ in 1973 and 197~ . 
Let:omis spp. larvae comprised only 6 ~ (. 0128 indj, viduaJ.s/tn3) 
of East Brandl c1..~ft in 1973. l:tlt inc::easea to 37S (.1469 
individua.l.s/m3 , in 1974 ('1'atlle 5). Peak dens1ties oe:::ur:ed 
in lat!! July in 1973 and tnl.d-June and late July in 1974. 

Redbreast sanfisb younq ranked tenth in overall 
a~dance in the seine catch. Annllal. varj.at:i.on in 
s1::reasmdde ab1mdance was moderate 'tdth mean c:atch per un:i t 
ef:fort inc:reasinq from 14 C<1~ of total mean catch) in 1975 
to 37 (2~l in 1976. 'I01mq were most a.bundant at E29810 and 
!:32170 where tbey c:oDlp::ised 1 and 2~ 0: tota.~, respec-"':'vely. 
Abundance was ~owest near 5elle....-sville (%26630 and !!26980) 
but h:i.qber dcwnst:'eam of the t:reat.."'1ent plant.. 

?edl::)reast s-anfisn was the fourth most ~dant adul.t 
fi.sh c:ollee-..ed by elecUofi.sJ:li.nq St::'eamwide a.l:nmdance 
inc::eased ::om 257 fisb/500 m in 1973 to 436 in 1975, 
proeably as a result Qf popa.J.ati.ons recovering from severe 
floodinq in J1me 1972. A!:rcndan~~ ;ene=ally increased from 
an lipst...-eam to downstream Ci.rectJ.on except tor a depress::.on 
downstream of SeJ.lersvi.l.le. Recovery f:om ~eet3 of 
Sellersville was evident at Z12040. 

Adul t redl::east sun::ish was also the foc:-~ most 
imec:-..an-: con~....l::lutcr to S't:eamw:i..ae c:iomass w:i = a mean of 
10-kc/SOO m. Annual anc s1te ~encs1n b:iomass we--e s~la.r 
to tSose of est:ilna-:ec. atnmaanc::e. 

Redbreast sunfis.h a.btmdanc:e inc=eas ed in both Fret: ana 
Wa{oia f:'oDl May 197" to Oc:-..obe:r 1975, pro.bably as a result of 
a S"aCCt!ssful spawn in 1974. RedDreast s'1:m:f!.sh was Dl\ldl mare 
n-a:znero1lS i:i WaWa reserv:ior than Fret: • 

Growth in length often van.ed sj.~icantly ~ year­
class and loc:ati.on ('l'a..ble 17). Growe.tl. rates were qenerall.y 
lower at Z36020 and inc::eased dcwnst...-eam. Reduced !la.J:i-:at 
cue to inte.--.ni.t't1!nt conditions and comt)et!.t.ion lIlav have been 
responsible for poor growtn at %36020. - .1!i.qn srowtn rates 
downst::eam wen pro.ba.bly due to g:eate: ha.Jntat varlety ana 
space assoc::.a.ted Wi. ~ inc::easi.n;" st:::='ea:r. s!.:e. 



Courpa.--j.sons of length-wej.ght reg:essj.ons ('I'a..b~e 1~) 
among' sites indicated that average fj.sJ:l weig!lt was sj,mi.~ar 
at E12040, ~0540, and ~6020 in bot!l 1973 and 1975. At 
E36020 fish c:olJ.~ed in 1975 ~e hea"ti.e: than those 
captn:ed in 1973. 

St:ab~e age st:uctn=es were observed at E'2040 and 
Z36Q20 in 1973 and E12040 and E15S0 in 1975. w~th minor 
exceptions numbe:: of fish in eadl c:onsecut:i:ve ag~roup 
decreased. Low a.b1:maance of aqe I fj"sh caused s l.iqlltly 
upset age structu:es at !30540, E252~O, and E1550 in 1973 
and E36020, E30540, and !252~O in 1975. 

Green Slmfish: Green sunfi ah (I,et:lOmis c:vane~llls, your.q 
ranked ~eventh in aver~ abunaanc:a in t.h.e se:ine catdl. 
'!'he mean catcn per mti.t effort inc:-eased f:om 4. 6 «,~ of 
total.) in 1975 to 33. 7 (2~1 in 1976. 'nle speci.es was 
somewba-e more preva~em: in the miacile ana upst::'eam sec-..:i.ons 
of the c=eek. 

Green sanfish was the secend lDOst ammcian-e aduJ. t f~ 
:ollec::-=ed by e~ec-..:cfism.ng. OOWl1SC'eam of SellerSV'i.lle 
t...~ere was an inc::ease 1.n aJ:nmaance f:.om 1973 to 1975;. '!'lns 
was pr:iJnaril? due to increases in tile aDtmaance of fish 
51 to 90 DlDl FL, wbidl incUc:ated a 900d 1974 spawn. Opst::eam 
of Sellersville the:e was also an inc:::ease 1.71 ~1mc:ance of 
t!l:is si%e q:oup, but it was offset Oy a decline in the 
nmnber of fish qreater than 90 Dml FL. 

'!'.he d.;.s-_~...:i.on of acl'tUt g:e@n sunfish was d:if£erent 
from cat 0: red.t:east sun::ish. Green sttn£:isn reac=ed peak 
a.mmaance downst.=eam of sellersv:.~J.e ane: gra~ly dec=eased 
in ablmdance to the cen.£~uence. '!'!ns SU99'es-:ed tlla::' greer. 
s1mS.s.il had a g:eater tolerance fo:: tile deqraaed water 
quality downs1:...-eam of Sellersville. However were 
cenCi tions were sui t~~e for redl:Ireast sunfish, green 
Slmfish may have Oeen at a ccmpeti:d.ve disadvantage. 

~n· sunfish was the f~...ll greatest c:ont:::..l:nltor to 
st:reamwide biomass (Illean, 7.7 kq/SOO m, 'remporu and spaUal. 
vana'tion in biomass was sUtUar to that of abundance. '!'he 
dec:l.ine of larger olde: fish ~ of S~e~lle was 
a~so demcnst--atsd by rather large dec:eases in biomass. 

Green sunfish dec::eased in a.btIZldanc:e at both Fret: and 
WaQa reser":'Oirs from ~..ay 1S7~ to October 1975. In 1975 
spatial cti.::=e:-ences in a...~da..~ce ane: .o:.omass we:e sliqh~ 



Food llaJ::)its of 14 green sunfish from me sc:.:uyL'till 
River indicated dlironCDti.d larvae and pupae* cl,aaocera* 
cyclo;:cids, a.l.qae, ana other plant materi.al we.--e popular 
food items. 

Growth in lenqth of qreen sunfj"sll in 1913 ana 1975 was 
connstent among year~asses and sl.tes ('rable 18). Rates 
of qrcwtl:l in weignt were simi.lar between yea..-s at E36020, 
E262~O, ana E'550. Average weiqhts of fish upstream of 
Selle::s"1ille were greater tllan those c:icwns't::eam. 

Stable age st:uct:res were observed at !36020 ~~d ~'550 
in 1973 ana at a.l.l five sites saDl'Cled in 1975. AJ:)senca of 
age I fish caused sligntly upset strUctures at ~0540, 
E262~O, and %12040 in 1973. Improvement of age st-~...-es 
in 1975 probably refl.ected recovery from the Jllne 1972 
flood. 

PUmpki.nseed.: (I.e'Com.i.s c:i..bbosus). Refer to red!::reast 
sunfish (above) for information on spawning per-ods and 
lar:al Cti.f't. PUmpk:L~eeC ~oung were low in st::e~c.e 
abundance and CQDlprised less than 1~ of total mean ca'Cdl per 
'ani t effort. Ann~ va:d.at:ion in a.Cunaance was b:iqh wi tb 
mean c:atdl per uni:: effort increa.sing- from 2.5 «1 ~ of 
t~) in 1975 to 26. 1 ('~) in 1976. Abunc.ance of young was 
hiqileS't in the ~d ~d upst:'eam ~ons of t!le Cre-...k but was 
lew at E26980 dcwnst::eam of Selle:svl.lJ.e. 

Pt1Dlpltinseed. was tne fifth most a.b'a:ndant adult fj.sll . 
colleetee by el~..rofish.inq. Streamw:i.de abundance d!.ffe=ed. 
sliqh-:.ly beeween 1973 and '975, increasing =rom 63 to 86 
fish/SaO DI, due ~:im~-lv to a :ise in abundance a~ ~'2040 
and ~'55C. ~s-scec~es·exh;bited a s-~e~Qe ~a~ern 0: 
aJ:nmdanee sim:Uar to that 0: :ed:in ~icke:e.l. BOt:. s't)eCj"es 
tlrefer lent:ic llabi tat or the QUiet water of smaJ..l st:'eams, 
whidl was generally avallahle -only in the upstream area of 
the c:eek. 

Pmm:2Jd.nseed ranked ninth in st:'eamwide biomass (mean, 
1.4 kq/500 m). Annual. ana site trends in m:Ls parameter 
we.--e the same as these fer a.b'andanc:e. 

~seed. aec:eased in atltmdance i.~ Fret: reser1Oi.r 
out increased in Wa~a from It''.ay 197~ to October 1975 • 
ADandanc:e and bl.Qmass were higtlest in Fret: d.ue to t.lli.s 
species' apparent pre£erence for tbe habitat tbere. 



Smallmou-:!l Bass: M:ic:=ootS-.-us dolomi.eui) Smallmoutll bass 
young were low in stre~de abundanc~r comprising less than 
,~ of the tctaJ. mean sane catQ p~ tmit-ef:ort. Annual 
variation was negligible w:i.th mean catch pe: uni.t effor: -
increasing sllgntly - :om 1.5 in 1975 to 1.9 1."1 1976. young 
were preva~ent only at ~,a90 and E32170. None was caugnt 
immediately downstream of SeUersville (E26980) in 1975 or 
1976. 

Sma.l.lmouth bass was tlle e:i.qbt!l most a:nmdant adult fi.sn 
encountered by e.lectrofi.shing. St:eamwi.de ab1mdance 
increased f:cm 28 to 55 specimens/sao m from 1973 to 1975, 
prima~y as a result of a two-fold inc:ease in n~er at 
E1550. Ba.bi.tat prefe.r=ed ~ smallmouth tlass .-as prevalent 
frODl Sel~ersville downstream to the stream mouth. Bowever 
t!li.s species was abundant onJ.y at the ext:eMe downst.-eam 
reach ~'5501. Deqraded water quality downstream of 
Sellersville apparently inbibited smallmoutn bass production 
at E262~O and E'20~0. Sm~lmoath bass was tne s~~ 
greatest cont--i.mrtOr to cozrmnmity biomass (mean r 
2.5 kg/500 m). Biomass was al.so higbest at E'550. 

Smallmouth bass comprised only a small porti.on of ~e 
adult fish populati.on in Free: and wawa reservoirs. 
Estimated a.bundanc:e de::-eased slig.il:ly in ootil impounCmen'CS 
from May 197~ to October 1975. 

Tessellated Darter: (::theostcma olmstedi) La..-vae were 
collected infreqnently in dr:i.!t; a~ mean densities of 0.0021 
indiViduals/m3 in 1973 and 0.0001 in 197~r it comp:ised 1.0 
and less ~ ~an c., ~ of total c::.=~ r :espee-..i. vely. Peak d..-:'=~ 
oc~ in ea.:ly May 1973 (0.010 in~Viduals/m3) and -m:id­
May 197~ (O.002). 

Tessellated d.a..~er was relatively nmne--ous and 
CODleD-sed 5. a~ of the total mean catch eer wti.t effort in 
East Branch seine collections. Annual Variation was lUqil 
and mean catch per trrti.t effort :increased from ~a.1 (2~ of 
totaJ.) in 1S7S to 21;2.7 (' ,~) in 1976. Straamwide variation 
in atlundanC!!! was aJ.so high With the species being most 
tlrevalent in the tl~St:'eam reaciles of the c..-ee.k. Al:c:ndancs 
was low downst--eam- of Selle:sviJ..le r an indicati.on of 'Cis 
species t intolerance of poor water quality. 
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!iiiii~~!ii;\i------------ .lID u'b--Hii----iur---iI4' ~iiDJiij----i~~---ii~ii_ Q.gL HQy---n~~ 
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.: IUiI '0 10 10 10 1O 10 10 

1915 10 .0 10 10 10 1O 1O 10 10 10 10 10 
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'el'll)hVlOn 
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19 lit U , 5 IS 1 • I I .. 5 
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un 5 5 5 , , 6 • 5 5 5 6 6 
un , , , , , , , , , , , 6 

11" , , , , , , , , 6 
'U6 , , , , , , , .. , 6 6 

HlIccolnv.ctc~~.t. Dclft 
UJl n U n u u 12 
un n u u 9 It 

LacvlIl rl.h p~l't 
un n ~ .. 18 n l' 12 un , ttl U " 10 

9~lPe 
un 1 • 0 • • • 8 • • • • lU, • • • • • • • • • • ---- --------------------- ----------

ISee footnote. In T •• .)l. J.l.~-' rol' .... lAltlOA or whit coqultut •• on .... ph. 
IliuliWel' or .... pl •• ror a.dl rlah tofuhtlo •• at'"dfl, I.uge rhb ropulatloo hU .. ate •• na 
A~a .nd Ol'owth prog' .... WA, PDt lAC ua.4 becllu •• onl, Annual data va. utlll •• d. 
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'tA.BLE 13 

r.r:nG":'S-~;£IGR':" R~~"T!CttSHI?S Cln W • a+c In 'to} OF Sn.~~ 5~~CT::~ 
CCI.U:~~ BY SaNE BCM ZAS': 9ANCH PEIUlCICM£N CR~~ !N 197., an1 1 Q1S. 

~cecies Si1:ft/Y@i!:" a b 

Common shine: ~36690 -12.91 3."0 
!!l2170 -12.6 J 3.3'3 
Z29810 -'1.94 3. 1"7 
1:266)0 -'l~16 3.38 
Z22,aO -11.94 3. , A 
Z12440 -t2.. 37 3.27 
!5415 -12.61 3.33· 
!!1S90 -12.31 3.25 

197'; -12.67 3.34 
1976 -12. " 3.l3 

Spocin shiner ~36690 -11.98 1. t"3 
~32170 -12.11& 3.t7 
~'810 -T2.2~ 3.21 
!!2663Q -12.31 3.22 
!!2298Q -12.51 3.29 
Z121&40 -11.82 3.0f} 
~47~ -12.27 3.21 
~,a90 -11.97 3.12 

1975 -12.28 3.20 
'~76 -12.00 3_ -1 JJ, 



'l'.A.BLE 14 

L~H-WElr.aT ~~~ONSHIPS (In w • ".b Ln to) "lr Sii:t.!e-=-~r. .~,,~: .• ~ ... ;, 
C:QI~!) BY !l.l!~nmrtHG "QI Ltr.'!C ST'!%S. r .... s: !?'tA';ClI !"t~1t!:.,~~~ c-r.:,~~, 

I:t "11 ANti 197'5. 

1'173 "H~ 
S~i~· st<:~ ~ t- .\ I, 

\oIhi.~. .uc:xer !l6G20 -12.76 J.27 
no,ao -U.59 1.0~ 
!222.0 -".11 3.01 
!120110 -10.86 2. ~2 
11'5t;Q -11.37 l.02 

Redl:Ir ... t aUAtua !JS<l20 -11.92 J.:Q -10. in 1. J 1 
!30!1I0 -11.00; l.06 - 10. 77 1 •• ' I 
2222110 -1Q.29 2. ~2 -12.10 1. n 
1120110 -11.70 l.20 -11. I" ,.oq 
r:'~50 -10.98 1. DIS -11.0:1 '. ,,10 

,';C'eeft suntub ~)fi020 -11.0' 3.0'5 - 11.'; '" i. " 
rJO~.o -12-81 J.a2 -11.(61) 3. 1:1 
!222rao -11.110 1. 12 - 1 1.2·" '\. Il 
r1201l11 -11_2' '3.53 -11.""1 1. ~j 
"'1550 -12.20 3. )0 -1l.11 • 1. :t'l 



'rULE 15 

~!'/\f'I c:.1\1.C"..1t..\~ u:tr.-ms ,1\:: :\HNULU'f ro, RZDFIN ~I~X~T.L ~~~!:TEn \'!" "'tv-: 
S~..3 OM ':H! tu'r I!1'IUCH "~R~tC~"D Of!~ nr 19" AND 1 'J 7'1. 

~ of : .. an e"l.eu~ato·1 t. ... '!\cn:n I""" ;"-!';l .. ~ ·'nn',I·!"! 
'''''-;E'°Y2 ~t~" i T'l' r;l IV '/ 

I U 126 
tI , 111 170 

IIT l 112 '''It 2'0 
tv 2 132 17~ 201 2). 

V 1 ~II ,.9 171 20~ 20::1 

':'oul 2. 20 '2 6 J 

;.Orand A~a.,. 
tenq1:.b 1211 '73 %122 22" 2'10' 

rnc"8."~ 12/1 .9 29 .2'- III 
, 't"otal GZ'lNtn IIA. T n.o 11.2 8. ~ 11. ~ 

, 
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TABLB 16 

'iEI\!I ~"-ClIl"Tl!:O LFoWnliS "1 "mml.un roll ~11 Tt: !JUCf{ ~ COLLF.CTEO PY ELBCT'toFl911111l 
IIP9TREA1 AN" n()WHS1IlE"!t 0' iJI:LL!'I'PSVILI.!:. U'JT !)~ AtlCIi i'EIUClO'UN Clu~P'I( •• tt lUI. 

----- tlo. or--u£iii.-til!!!lltt!Lt!Mtb-1!!!!...fIl_!t:iima1g!--
"'.Ie - GfOUI' Ynal"-Cl"all Locatlon ,lah . I II. III I 
----------- ---- -------

I 191) Uplltl""e .... I AI 
Downat ....... l' 9'\ 

II In, upn, ••• " It 1111 
Downat,ea. 16 

,. 
151 

III 1910 "pat .. e •• n 18 111 U. 
Down.t' ..... 21 II 119 191 

IV 1969 IIpat .. c ..... , 1" In 111 JU 
Pownat,e ... , lli 116 195 2" 

Total 110. rlah Upetl'e.." 5. 5' " ~. , 
DOWll.t' .... .. U 60 ). 6 

weight r.d :'Ie .. n fL Upatl' ••• 1~ '15 190 ~Il 
DOwnat,e." e .. It' In 2u 

I nCl'e'ICIIt. IJpat'."1II 16 59 55 U 
Down a lCft" ... at 59 50 " 

'I Total 'il'olo:th up.t, .... 15.1 21.1 n.t 10.8 
DO'ol,Il't,."III .l4. I 2'.2 20.5 t9. ! 

-----------------------------------------



'rULE 17 

"I~~N e~1.C'TU~ I.~S >tT ANROLlJS 1~ R!!l~ !:.\,jT S''l'f~''! 511 -~!.:.~r.-:a~ '0 

~.£c::'JtnFI~Hnr. ",C"l~ tarII: SIT"'..s. us: ~MOf FJ?:P~TCH:::! cn££~. 

t~ "7'] ANO '''~. 

-._- --
rIO. at '.oiP':Jnt.-ci -"'" t."f!<'7~n !!ftftI l'"t.l ,\t. A."" 'l!.·t;l 

~t.1:. "·5 ·\sl'l ! n ;J;! tV -:r-
!!16a:o an •• n •• 9. nil ,~ j 

19'75 27 23 "" 90 

C051" '973 118 3' ft' ,. 116 t 1<1 
1't7! 5' 12 ,. ~1 t1a 

r;l12ao "73 10 30 'G 
"" za lJ 1It~ ,na 

!120AO 't~7l '" 37 86 122 111" 1611 

"" 
., .11 80 1'" 

P.tili5Q "71 .a ., ,. t2<1 
, .. 75 55 13 85 133 



'1E!\N e.!\%'c!1t.AT!n I.~'rHS AT ,\MfULUS FOR ~RE!::r SUNFI:ir' CC:':"!::e':'!" ~t 

Zt.~"!SHt~ MlO~· I.Or.C SI"!':"!S. !AS"!' l!I!"NC~ "~"'!C~~ C'~~l':". 
IN "73 "Ne '~7!i. 

!fa. ot loietan1:~d ~.an r.f!ncn:l'! ---'""" :":.1 .1~ :'nn'.1im'l 
~i$" 'res ~~sn ! rr !U pr 

l'!J60:Z0 "n n 3S 76 10,. Ill' 
19'15 35 %8 t\~ 

::J05460 "13 7' 38 7'5 101; 
1915 37 1&4) 110 

t:Z24ao 1'73 103 36 77 ,,, 
1915 ., II ''5 10] 

r.120ao 1973 1.' 37 77 n4 I II 
1975 JO 35 " '08 

~1550 1'173 6'2 37 77 , 1A 

1915 16 32 7S 10' 



SECTION VIII 

TEA&EST~IAL BIOLOGY 



~e following in~or.:ation is the result of an April. 19i9 i:s?ee~ion 
~y ~ ~~C - Zcolog1cal Ji~31ou ~ar=ss~~-al Jiolog13~. 

Pi1)eline ltoutes 

Visual in.st'eC1::1cu.was ade of taCs1: of each rOu1:e from road ~:oss1:gs 
ancl by walki:1g throu~ =my of Qe wooded. portions of the routes. 

1raa the' s1:and~oin1: of adverse ~ac1:s to terrast~-al plauts an~ 
an-lmaI.s all three rOU1:es are essen1:ially s:t..:dla.r. Const:uc1:ion of Line 
B (as per Perk10meu Transmissiou Main Ganeral Ma~, Figure No.3) -Jill 
probab 1y cawse Qe least <i1s1:Urbanca to praseu1: p la.n1: an~ ani::1a 1 commmi. i!ias 
because it parallels the e:isting Te:as Ea.ste~ Pipeline for meat of its 
length. No rare, threatauet:i. or ~;ered. plant or atU:na.l ~ecias on 
the prefer.:ad. or a:f.:!1er of Q. alter.1.aUve :,outes ~t'e oOser7ed.. 

~S1: of eac: of the ~ee =cutes "4aS ~osed of pasture. cro~ 
fiel~, anci. 3U.bu::'au la'lmS. '!he raaindel:' of e.ac:!:l. "laS ·<iOoci.ed. ~e 
s~ecies c~os1:1ou of all ~ ~o~lots ias~ec1:ed. "laS :a:arkably s~lar. 
All ven clCtlt1.nated. by oaks an.ci h:f.ckarles of several ~ed..es an~ red 
m&lJle. 'the understory was s~ars. ancl ~eu; po:Lscm ivy was u1:I1quii!Qus. 
'the <;;oodlo1:3 threu~ which the the pipel1:le routes pass are t:n1=l of 
ou.er 900ded areas in Ce 1:m:actiate vicini t:'f • !To un:t.que or co1 :ic.al 
habit.au along Qese pipeline t'm11:es were obser'1ed. !!:m7 of the '<iOodlots 
~ec::aci had. sma.l.l a"asQ. d~8 in :!lem. 

In summary. the terras'C.'-'..a.l flol:a ancl fauna of the !!lre8 :,outes for 
~ :er~cmeuOi~r.siau ?1~e~ are vel:'7 similar to tba~ of :ba :,es~ of 
UPl'er Bucl:.s ~t7. N01lll of the routes, to our \Qcvleci.ge. pass through 
or ==1:3.1: my c:.~d.cal plant or anima l habitats" 

'the ci1.:schUie si-:es f01: uch t'm11:e (A. 3, C) are vet'"] s1m:1.la.r. !he 
banks of the E.a.s1: Br3%1C!l l'erk:1omen. us c~osed of a. thl.ck shrub ancl 
tree =var which ==-:.ainsreci m&l'la. silver m&l'la i!:. saccitanunum). ancl 
snen.l ~ed.es of dogwood ancl vl..""'Ur:lUm. these shrubs serve to s'tabil.i.::e 
the creek. and an e:ffor- shculci be made to pro1:ec1: these shrubs dur-ng 
~=us~Uot1. !hera ftS no un:ique or ~ucal habita1: 4;Sl'arant 301: or 
o.ear the discharge sj,:es. 

!he Bradshaw UserTOir site is ~osed. of a co~ field which 
cou1:a1ned c=r: s~bl. 301: the ~ of the i:speC1:iau and a small woo~lot. 
'the <;;oodlot was typical 0: !!los. observed in the area ancl 'JaS ~osed 
:a:t.n.ly of Pin Oak (Ouer:us oalus~-s) ancl Red Ma~le (Ac:ar noram). 
'thu. was a small shallow poali 1:1. ca woodlot ~ch· w1.ll ?robably be 
<:ou1:a1ned in the reserroir. ~ cess 1:1. t!1:!.s 'olOocilo't had. been rec:en1:1y 
=1: dO'W11 an.d remcved, p-roba.bly for fi:...ood. 
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Gene:-al 

E::i.stortc and .Ar=!:.aeolcrical Re1:lor-C 

A. detaj.l,ed st-.ld;r and field i:ves~ga-::'o::. ·,~-as coIlC.".lc"ted ":ly local 
arcllaeologists i=l. late 1978 to de~~"; "'9 ':.:f t!J.e cc::.s-:::".lc~o::' 0= 

the proposed tacilities would destroy or ~cac~ on any i"t~ 
0'£ arc.b.aeologic value. ~ s~ was made to S1=.til~.,"'::."t 
i:::rV'esuga:::'oI:.S 1=ev:ious!y coIlC.uctad by otl::.e:-s and ::-s:;:o::-~d i:l 
the IE:SC' s ~"':OI:m.e!lta.l. !:pact Statement ot ?eo..-ua..ry, 1973. 

Location '!he 1"l.eld il:%vestiga:ticn was cOIlducted on the site 0'£ tb.e 
:Bradshaw Reservoir and along the entire route 00£ the Pe:-kiomen 
Transmi s~on. Ma.:.n. Field locatiOllS were relatively easy to 
establish s:i.::.ce the ::-eservoir 1=ope..-ty is bou:ded by two 
i:lproved ~p roads aIld. the main I"JnS parallel to the 
Te:a.s Ea.ste::"!l ri.gi:l.t-ot-way. 

'!he arclla.eologists f"'...rst coIld:uctad a l;i.tera.t'~e sea...-ci:. to 
develop the his'tory at the area.. Several books have beeI:. 
wr:i. tten. co:c.ce..~ the early Tndj an tribes in Bucks Cou:ty' and. 
al:lout 10c&1 historic places. Followi.n.g tins etfort, a. field 
i:lspection t:-:.p was made d:tJ.:""i...::Lg ...m:Lcb. m:merous tes"t pits we:-e 
dug and many shovel. tests made. Teat pi t e::ccava tiOIlS were :f:'= 
3 to 5 teet on a. side and !:'cm 1 to 2 feet deep. A shovel tes"t 
was made by digg:iJlg a :c.ole about 1 foot deep and o:':'y 1t fee":. 
lo:cg by 3/4 teet wide. In adcti. tion to f:esh e%Cavai::io:lS, 
~xis"ti:cg pits and cu"ts tor =: oads we:-e care!ully i.n.spected. 

Eradshaw Reservoir - '!here is no'tb:i:lg in the ::-ese!"VCir area. 
tb.at would be eligible for nomi nation to the Eistotic Register. 
MUch 00£ the area c~ently is used for !~,and a cor: ~op 
was growin.g at the time of the in:vestigat:ion. A s-:ar.d. of pine 
trees., surrotmd.ed by ci.eIlse u:c.cierg::oOW-...b., covers a. pc...-tion 0:: tb.e 
s:i U. '!he "tes"t pit opeIlSd revealed no cul-:ural ma ter.ia.ls below 
the surface. 

Perkiomen Transmission. Ma.:in - '!he route ot the main is generally 
plowed cor=..."""ields, open woodJ arlds, and. mectit:m to mectium-hig!:. 
grass. 

'rile firs-t mile 01: tne r~..e 'between the :aradsha.w Reservo~ a.:d 
Durl!am Road. (PA. 413) was walked, 'but nei the::' v:is1.:2.l ocse..-ra"tj.c::. 
nor shovel tests cnsclosed a:rJ.7 51 gr:; ticant cul ~a.l ma:tar"; a' s. 

Over the ne:t 1.75 miles, 'between. roads PA 413 and. 'OS 611, t:le 
reT"';ns 01: a si::cne 1"l.e~d wall. and. an. aeandoned well were fOl.:Ild. 
Both appea:- to have 'been constructed ~ plated, sba.le-like s"to:les 
seen qc:. ta ccmrnonly in tb:is area. No art:i.:facts or othe:!" stanc..; -5 
!'ea:tm"es were nota<i in tb:is L.~. 
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'!he ma..in :lex: ex-...ands abo",:: 1 l!:i.le from US 611 to -=e :lO:""...b. :ra.:lc'" 
o~ Cab~ R~. ~:.o ar~ac~s or fea~~es o~ ~or~ce were 
:ctad. ~~o local res~de~~3 ~d =~~on ~~-~~-g a few a--r~~eads 20 
to 30 years ago, bu~ ::.c:le !:ave beell repo:-tad fou:.d. s::.nce t.ba. t to' -~. 

Because o~ this repo~, a tes~ pit was opened and sbave~ tes~3 
raa.d.e; 'but all resul ts were nega. ti ve. 

'!he next mile between Scott Read and. Deep Rtm revealed !lOtb:i.Ilg 
o~ intares-c. ~ area has 'been used recentl;; ~or c'i:np"""g o~ 'bot:::. 
COl:lSt"U.c~Oll ca.t~.-a.l.s and cicmestic d.ebr'..s. 

'!he rema~n~ng d:..st.a.n.ce to tne Za..st Bra::.c.b. or ":lle Perkicmen was 
wa.l.ked and. sea...-c.b.ed. Ecwever, results were tne same; no arti.!ac~s 
or feai:'.n-es of i::;lorta.n.ce or llis~r:.cal i:l.tarest were fo~. 
'!he owner of J.a:.d. Oll ...micA shovel tests were con.d:u.ctad clai:1ed 
-:l::l.e-'""e OllQe was a -. ... J, ~wr. called Jacobs'town, bu-: ::.ci' .... ; "g i.s :lOW 

V"i..si.Ole. 

Ca~:'usic::. 

No l:i.s-tatic or arclla.eolo;:'c properties ;.dll be effected by t:::.e 
proposed col:ls~~c::. basec. c::. i::Z'or.:a:::ioll ob~c. d:'.Jr"'''''g tb.e 
subject s't:'..ld.7. Xo su;:plemen-c tlle s"CUdy, a su:"'Ve~'1ance-"prog:oac 

~.....ll 'be ~~.s::<Slltad 0:.. ......... g gro,.. ...... c~ea-..... ""g a.:.c:!. A'Z"'avat:i.:';lg ~ assure 
i;.;.:A"\:, ~ i'~4t'..ireS of l:::i3tor:.c or arci:.aeolog:.c value, wIU.c!l. were 
:ct d:..scovered ~-Ilg tb.e in.i tiial searcil., w;.ll no~ 'be d.est::-oyed. 


