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SUMMARY AND CONCLUSIONS 

This Environmental Statement was prepared by the u.S. Atomic Energy 
Commission, Directorate of Licensing. 

1. This action is administrative. 

2. The proposed action is the issuance of construction permits to the 
Philadelphia Electric Company for the construction of the Limerick 
Generating Station, Units 1 and 2 (Docket Nos. 50-352 and 50-353), 
located on the Schuylkill River, near Pottstown, in Limerick Township, 
Montgomery County, Pennsylvania. 

Units 1 and 2 each will employ a boiling water reactor to produce up 
to 3293 megawatts thermal (MWt). A steam turbine-generator will use 
this energy to provide 1055 megawatts (net) of electrical power 
capacity ~e). A design power level of 3440 MWt (1100 MWe) is 
anticipated at a future date and is considered in the assessments 
contained in this statement. The exhaust steam in this closed
cycle system will be cooled in 2 natural-draft cooling towers, using 
water from the Schuylkill River and Perkiomen Creek. Cooling tower 
blowdown water will be mixed with non-consumed station water and 
discharged to the Schuylkill River. 

3. A Draft Environmental Statement on this project was issued by the 
Commission in December 1972. Subsequently, the Delaware River Basin 
Commission (DRBC) took action in an effort to provide a resolution 
to the water availability issue. That action, DRBC Docket No. 
D-69-2l0CP, March 29, 1973, requires the applicant to construct, if 
the Tocks Island Reservoir or alternative storage is not available 
by 1980, a reservoir of sufficient capacity to supply the water 
needs of the station during periods of low river flow. There is 
sufficient uncertainty about the Tocks Island project that the staff 
considers it appropriate to include the potential water storage 
reservoir as a part of the proposed project for purposes of its 
environmental review. 

4. Summary of Environmental Impacts 

a. The Limerick Generating Station and its substations are 
expected to occupy 85 of the 587 acres of farm and wood 
land in the site, requiring the clearing of only a few acres 
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of woods. The adverse effect of the loss of this farmland 
and wildlife habitat is not great since this acreage is an 
insignificant percentage of the land committed to these uses 
in the region. Some construction activity in the form of site 
excavation at the location of major components of the station 
has already been accomplished. About 7 acres of land will be 
cleared for a corridor for construction of a transmission line 
from the substations to existing transmission systems. Land 
which is cleared, but not occupied as a result of construction 
activities will be stabilized and seeded with native trees 
and grasses. (Sections 3.1 and 4.1) 

b. The use of two natural draft cooling towers to dissipate the 
waste heat from the Limerick station will result in the 
consumptive use of water by evaporation and drift at a maximum 
rate of 65 cubic feet per second (cfs) [estimated average annual 
rate of 54 cfsl. The applicant has received a conditional permit 
from the Delaware River Basin Commission (DRBC) to withdraw this 
water from the Schuylkill River and/or the Perkiomen Creek, 
augmented as necessary by water from the Delaware River. This 
allocation of water for consumptive use was made by DRBC after 
full consideration of the water resources of the Delaware River 
Basin in comparison to the present and projected future needs for 
municipal, industrial and recreational purposes. (Sections 2 
and 5.2) 

c. The intake structures in the Schuylkill River and Perkiomen Creek 
have been designed to limit velocities to less than 3/4 foot per 
second in order to minimize damage to fish and other aquatic biota 
by impingement on intake screens and entrainment in the cooling 
water system. (Section 3.3.2) 

d. The cooling tower blowdown water will be discharged through a 
submerged diffuser pipe in the Schuylkill River. The maximum 
surface excess temperature is expected to be about IOF in 
summer and 3°F in winter. The thermal effect of the discharged 
water is insignificant. (Section 3.3.3) 

e. Chemicals may be discharged from the plant as water solutions, 
principally in the cooling tower b10wdown, or as vapor drift 
from the cooling towers. The chlorination system proposed 
by the applicant should result in a total chlorine residual 
concentration (maximum) of 0.2 ppm in the cooling tower 
blowdown. Chemical deposition from the drift is expected to 
be insignificant. (Section 5.4.1.3) 
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f. Construction of the Limerick Generating Station is expected 
to produce temporary adverse impacts from increased auto
motive traffic and construction noise. The modern industrial 
buildings should have very little adverse visual impact 
because of the screening available from natural vegetation. 
The cooling towers are the most visible of the plant struc
tures, and the thermal plumes from these towers are not 
expected to increase significantly the formation of fog 
or ice. (Sections 3.3.4.4 and 3.3.4.5) 

g. The construction of the plant is expecte,d to result in the 
employment of more than 2,000 people in the three years of 
maximal activity. It is estimated that 70% of these workers 
will commute from nearby population centers and the others 
will reside in the area. Local business and school popula
tion will increase, but community facilities appear to be 
adequate to accommodate the expected growth. The total 
increase in the number of permanent residents after com
pletion of construction is expected to be less than 500 
(Section 4.4) 

h. Unoccupied land on the site will be made available to the 
public for recreational purposes and a public information 
center will be established. Therefore, the educational and 
recreational impact within the community is beneficial. 
(Section 5.1) 

i. The risk associated with accidental radiation exposure is 
very low. (Section 7.1) 

j. No significant environmental impacts within a 50-mile radius 
are expected from normal operational releases of radioactive 
materials. The estimated dose to the population within 
50 miles from operation of the plant is 33 man-rem/yr, which 
is less than the normal fluctuation in the 1,200,000 man-rem/yr 
background dose this population receives. (Section 5.6) 

k. The calculated radiation dose to the thyroid of a child from 
radioactive iodine via the atmosphere - pasture - cow-milk 
pathway is within the guidelines of the Atomic Energy Com
mission for "as low as practicable" emissions of radioactivity 
from nuclear power plants. (Section 5.6) 
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5. Principal alternatives considered: 

a. Purchase of power from other systems. 

b. Construction of an equivalent power plant at another site. 

c. Fuel. 

d. Methods of heat dissipation. 

e. Sites. 

6. The following Federal, State, and local agencies were asked to 
comment on the Environmental Statement of August 1973. Comments 
received from these and other sources are included in Appendix I 
and discussed in Section 14. 

Advisory Council on Historic Preservation 
Department of Agriculture 
Department of the Army, Corps of Engineers 
Department of Commerce 
Department of Health, Education, and Welfare 
Department of Housing and Urban Development 
Department of the Interior 
Department of Transportation 
Environmental Protection Agency 
Federal Power Commission 
Delaware River Basin Commission 
Commonwealth of Pennsylvania 
Board of Supervisors, Limerick Township, Pennsylvania 

7. This Environmental Statement is being made available to the public, 
the Council on Environmental Quality, and other agencies in 
November 1973. 

8. On the basis of the analysis and evaluation set forth in this 
statement, after weighing the environmental, economic, technical 
and other benefits of the Limerick Generating Station Units 1 
and 2 against environmental and other costs and considering 
available alternatives, it is concluded that the action called 
for under the National Environmental Policy Act of 1969 (NEPA) 
and Appendix D to 10 CFR Part 50 is the issuance of construction 
permits for the facility subject to the following conditions for 
the protection of the environment: 
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a. The plant shall be designed such that the total residual 
chlorine concentration in the discharge prior to entry into 
the river is not greater than 0.1 ppm. 

b. The environmental report submitted in support of an operating 
license for the station shall include the following: 

(1) A monitoring program to identify and measure the releases 
of radioactive substances. 

(2) A program for the collection, classification and enumer
ation of all fish trapped on the intake screens. 

(3) A program for the measurement at the discharge structure 
of concentrations of chlorine (free and total residual) 
and heavy metals (iron, copper, zinc, cadmium, cobalt, 
nickel, chromium and manganese). 

c. The pre-operational environmental monitoring program described in 
the Environmental Report, Construction Permit Stage, (Revised) 
shall be verified by a comprehensive report to the staff which 
defines an appropriate data base for the existing environment. 
This report shall be provided by 1 January, 1975. 

d. The applicant will take those measures necessary to assure the 
availability of compensating water storage capacity at the time 
of initial power operation if such is required by the Delaware 
River Basin Commission pursuant to DRBC Docket No. D-69-2l0CP. 
A schedule identifying significant milestone dates to achieve 
this objective, assuming the Tocks Island project is not 
available, shall be developed in coordination with the 
Delaware River Basin Commission and submitted to the Director 
of Licensing within six months after the issuance of a con
struction permit for the station. It is noted that this 
condition probably requires that certain preparatory activi
ties be initiated by the applicant prior to the date of 
January 1, 1977, which is the milestone date for a decision 
by the Delaware River Basin Commission in the DRBC Docket 
No. D-69-2l0CP (Section 5.2). 

e. The applicant shall take the necessary mitigating actions, 
including those summarized in Section 4.5 of this Environ
mental Statement, during construction of the Station and 
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associated transmission lines to avoid unnecessary adverse 
environmental impacts from construction activities. A 
program of control over all activities which can cause a 
significant adverse environmental impact shall be established. 
The program shall provide for a periodic review of all con
struction activities to assure that these activities conform 
to the environmental conditions of the CP and are not result
ing in significant adverse environmental impact. 
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FOREWORD 

This statement on environmental considerations associated with 
the proposed issuance of construction permits for the Limerick 
Generating Station, Units 1 and 2, was prepared by the U. S. Atomic 
Energy Commission, Directorate of Licensing (staff), in accordance 
with the Commission's regulations, 10 CFR Part 50, Appendix 0,1,2 
implementing the re~uirements of the National Environmental Policy 
Act of 1969 (NEPA). 

The NEPA states, among other things, that it is the continuing 
responsibility of the Federal Government to use all practicable 
means, consistent with other essential considerations of national 
policy, to improve and coordinate Federal plans, functions, programs, 
and resources to the end that the Nation may: 

Fulfill the responsibilities of each generation as trustee of 
the environment for succeeding generations. 

Assure for all Americans safe, healthful, productive, and 
esthetically and culturally pleasing surroundings. 

Attain the widest range of beneficial uses of the environ
ment without degradation, risk to health or safety, or other 
undesirable and unintended consequences. 

Preserve important historic, cultural, and natural aspects of 
our national heritage, and maintain, wherever possible, an 
environment which supports diversity and variety of indivi
dual choice. 

Achieve a b~lance between population and resource use which 
will permit high standards of living and a wide sharing of 
life's amenities. 

Enhance the quality of renewable resources and approach the 
maximum attainable recycling of depletable resources. 

Further, with respect to major Federal actions significantly affecting 
the quality of the human environment, Section 102(2)(C) of the NEPA 
calls for preparation of a detailed statement on: 

(i) The environmental impact of the proposed action, 
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(1i) any adverse environmental effects which cannot be avoided 
should the proposal be implemented, 

(iii) alternatives to the proposed action, 

(iv) the relationship between local short-term uses of man's 
environment and the maintenance and enhancement of long
term productivity, and 

(v) any irreversible and irretrievable commitments of resources 
which would be involved in the proposed action should it 
be implemented. 

Pursuant to Appendix D of 10 cm Part 50, the AEC Directorate of 
Licensing prepares a detailed statement on the foregoing considera
tions with respect to each application for a construction permit or 
full-power operating license for a nuclear power reactor. 

When application is made for a construction permit or a full-power 
operating license, the applicant submits an environmental report4 

to the AEC. The staff evaluates this report and may seek fiurther 
information from the applicant, as well as other sources, in making 
an independent assessment of the considerations specified in Section 
102(2)(C) of the NEPA3 and AppendiX D of 10 CFR Part 50. 1,2 This 
evaluation leads to the publication of a draft environmental state
ment, prepared by the Directorate of Licensing, which is then cir
culated to Federal, State and local governmental agencies for comment 
Interested persons are also invited to comment on th~ draft statement 

After receipt and consideration of comments on the draft statement, 
the staff prepares a final environmental statement, which includes 
a discussion of questions and objections raised by the comments and 
the disposition thereof; a final cost-benefit analysis which con
siders and balances the environmental effects of the facility and 
the alternatives available for reducing or avoiding adverse environ
mental effects with the environmental, economic, technical, and 
other benefits of the facility; and a conclusion as to whether, after 
weighing the environmental, economic, technical, and other benefits 
against environmental costs and considering available alternatives, 

.the action called for is the issuance or denial of the proposed permit 
or license or its appropriate conditioning to protect environmental 
values. 

Single copies of this statement may be obtained by writing the Deputy 
Director for Reactor Projects, Directorate of Licensing, U.S. Atomic 
Energy Commission, Washington, D.C. 20545. A. R. Lyle is the AEC 
Environmental Project Manager for this statement. (301-973-7449) 
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1. INTRODUCTION 

1.1 THE PROPOSED PROJECT 

The Philadelphia Electric Company has applied for construction per
mits for Units 1 and 2 of the Limerick Generating Station to be 
built on the bank of the Schuylkill River south of the Borough of 
Pottstown, in Limerick Township, Pennsylvania. Each of the units 
consists of a boiling water nuclear reactor (General Electric), 
design-rated at 3440 MWt (megawatts thermal) and a steamrdriven 
turbine-electric generating system, design-rated at 1100 MWe (mega
watts electrical). Each unit of the Limerick Generating Station 
will be operated at 3293 MWt to produce 1055 MWe. 1 The exhaust 
steam in this closed-cycle system will be cooled in two natural 
draft cooling towers, using water from the Schuylkill River and/or 
Perkiomen Creek augmented as necessary by water from the Delaware 
River. 2, 3,4 -

1. 2 STATUS OF REVIEWS AND APPROVALS 

1.2.1 The following tabulation provides a chronology of pertinent 
activities: 

Action Date 

Applicant's Construction Permit Application February 26, 1970 
Applicant's Preliminary Safety Analysis Report, 

Volumes 1 through 5 February 26, 1970 
Applicant's Preliminary Safety Analysis Report, 

Supplement 1 October 6, 1970 
Applicant's Preliminary Safety Analysis Report, 

Supplement 2 November 24, 1970 
Applicant's Preliminary Safety Analysis Report, 

Supplement 3 December 11, 1971 
Applicant's Preliminary Safety Analysis Report, 

Supplement 4 February 24, 1971 
Applicant's Preliminary Safety Analysis Report, 

Supplement 5 May 5, 1971 
Applicant's Preliminary Safety Analysis Report 

Supplement 6 June 18, 19 72 
Applicant's Environmental Report, Construction 

Permit Stage October 1970 
Applicant's Environmental Report, Construction 

Permit Stage (Revised) May 1972 
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Supplement 1, Environmental Report (Revised) 
Supplement 2, Environmental Report (Revised) 
Supplement 3, Environmental Report (Revised) 
Supplement 4, Environmental Report (Revised) 
Report of the Adivsory Committee on Reactor 

Safeguards 
Safety Evaluation Report by the AEC 
Draft Environmental Statement by the AEC 
The Final Environmental Impact Statement by 

DRBC on the Point Pleasant Diversion Plan, 
Bucks and Montgomery Counties, Pennsylvania 

Docket No. D-69-2l0CP of the Delaware River 
Basin Commission 

DRBC Staff Analysis of the Consumptive Use of 
Water by Limerick Generating Station and 
Newbold Island Nuclear Generating Station 

Augus t 11, 1972 
September 18, 1972 
May 25, 1973 
June 14, 1973 

August 10, 1971 
November 29, 1971 
December 7, 1972 

February 1973 

March 29, 1973 

June 6, 1973 

Documents pertaining to the actions listed above are available in the 
Public Document Rooms established by the AEC at 1717 H Street, N.W., 
Washington, D.C., and the Pottstown Public Library, Pottstown, Penn
sylvania. The Final Environmental Impact Statement on the Point 
Pleasant Diversion Plan, Bucks and Montgomery Counties, Pennsylvania, 
is available from the Delaware River Basin Commission, P. O. Box 360, 
Trenton, New Jersey. 

Other sources of information, including appropriate studies and cal
culations, in addition to visits to the region and site, provided the 
bases for the staff's independent assessment of the environmental 
impact attributable to the Limerick Generating Station, as described 
in this Draft Environmental Statement. 

1.2.2 Principal Water Allocation 

Philadelphia Electric Company is expected to obtain most of the water 
required for use at the Limerick Generating Station from the Schuylkill 
River and/or Perkiomen Creek. Since there is not always sufficient 
flow in these two streams to meet all demands, it is necessary to aug
ment this supply by importing water from the Delaware River, as described 
in the proposed Point Pleasant Diversion Plan for Bucks and Montgomery 
Counties. 3 Philadelphia Electric Company is in~luded by the DRBC as a 
participating beneficiary in the allocation of water for this plan which 
was considered and approved at appropriate public hearings [DRBC Docket 
No. D-65-76CP(3)].2 The purposes of this plan are: 
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1) To provide water to the rapidly urbanizing sections of both 
Montgomery and Bucks Counties by maintaining the required 
water elevations in the local multipurpose reservoirs, in
suring sufficient water for distribution to meet heavy demands 
in the summer months; 

2) To augment low summer flows in both the North Branch Neshaminy 
Creek and the East Branch Perkiomen Creek; 

3) To augment the water available for consumptive uses at the 
Limerick Generating Station during periods of low water flow 
in the· Schuylkill River/Perkiomen Creek, when there is in
sufficient flow in these streams to supply the full demand. 

Initially, the water needs for augmentation of the Limerick cooling 
water supply may be as much as one-half the planned Diversion flow 
(about 105 cfs), but by 1995 this requirement is expected to be about 
one third of the total flow in the Diversion (about 150 cfs). The 
Final Environmental Impact Statement 3 for this project was published 
in February 1973 and supported these conclusions: 

"The proposed Point Pleasant Diversion will be beneficial to the 
Neshaminy and Perkiomen watersheds and not detrimental to the 
Delaware River if the following precautions are observed: 

1) Fluctuation of East Branch Perkiomen Creek and North Branch 
Neshaminy Creek, caused by pumping, be kept, to a minimum. 
Annually, after pumping from the Delaware has commenced, the 
rate of pumping will be maintained at not less than 27 cfs in 
the East Branch and the main stem of the Perkiomen regardless 
of ultimate downstream consumptive use requirements. During 
periods of high natural flow in East Branch Perkiomen Creek, 
pumping from Point Pleasant shall be kept at a level so as 
not to aggravate high water levels. Refer to pages 30 and 31 
for a detailed description on the water flow conditions esta
blished for the Perkiomen Creek. 

2) The pipelines from the Point Pleasant pumping station to the 
Bradshaw Road pumping station and from there to the Neshaminy 
and Perkiomen Creeks be buried using proper sedimentation 
controls and ground cover replacement to minimize the effect 
on the environment. 

3) The above ground facilities (control houses, transformers, 
sheds, etc.) be designed to complement the structures found 
in the area. 
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4) Arrange schedules so as not to begin any construction during 
the wildlife reproductive season, roughly spring through mid
summer. 

5) Develop operating schedules for change of pumpages to eliminate 
any rapid fluctuations. 

6) Design the intake structures (for velocities, fish screens, 
etc.) to prevent the entrainment of fish." 

1.2.3 Alternate Water Allocation 

Since the full operation of the Point Pleasant Diversion as a project 
in the master plan for the Delaware Basin was apparently dependent on 
the development of a major reservoir at Tocks Island, and considerable 
controversy continued regarding that project, the staff notified the 
applicant that a water supply independent of the availability of the 
Tocks Island Reservoir must be assured before the licensing process 
would proceed beyond the issuance of the DES of December 1972. Phila
delphia Electric Company immediately submitted a request to the DRBC 
for a water withdrawal and discharge permit which would be in com
pliance with the requirements of the staff. 

The application, proceedings and findings are docketed as DRBC Docket 
No. D-69-2l0Cp4 (Appendix H). After appropriate public hearings and 
deliberation, the DRBC granted a conditional permit on March 29, 1973, 
for water withdrawal for consumptive and non-consumptive use, from 
the Schuylkill River and/or Perkiomen Creek, augmented as necessary 
with water from the Delaware River. 

In considering whether the decision by DRBC was responsive to the 
AEC's requirements, the staff requested guidance from CEQ and DRBC 
before deciding that the proposed withdrawal permit for consumptive 
and non-consumptive use of water was in fact independent of the avail
ability of Tocks Island Reservoir. At a meetingS on March 15, 1973 
of staff members of CEQ, DRBC, and AEC, it was agreed that the condi
tions imposed by the water withdrawal permit were sufficient to 
guarantee the required independence, as follows: 

I. Full consideration of the project, as described above, inclu
ding Comprehensive Plan addition and section 3.8 review, is 
deferred pending the completion of an environmental impact 
statement as required by law. 
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II. The water supply features of the project are conditionally 
approved within the limitations of the above Findings, and 
subject to the following conditions: 

a. Approval is subject to all conditions imposed by the 
United States Atomic Energy Commission and the Pennsyl
vania Department of Environmental Resources, and it is 
subject to further review and modifications in accordance 
with the findings of an environmental impact statement, 
for which the Atomic Energy Colll11ission is the "lead 
agency." 

b. Whenever the flow constraints cited in the above Findings 
prevent the applicant from operating the plant at full 
load, the applicant shall operate the plant only at such 
percentages of full load as the available water supply 
allows, as determined by the Commission. 

c. Prior to January 1, 1977, the Colll11ission will, in its 
sole discretion, determine the adequacy of the then 
existing storage facilities on the Delaware River or its 
tributaries together with additional storage to be built 
to supply all needs (including the applicant's) for water 
supply from that source by the year 1980. If the Com
mission then determines that the storage will not be 
adequate for all projected needs of the basin, the appli
cant will build or cause to be built, at its own expense, 
at a location approved by the Commission, for service 
in 1980, a reservoir of sufficient storage capacity to 
assure the water supply needed for consumptive use by 
the Limerick plant, during periods when such use would 
reduce the flow in the Delaware River at the Trenton gage 
below 3000 cfs. Storage and release of water in such 
facility will be under the Commission's regulation, at 
the expense of the applicant. 

d. Beginning one year prior to the first commercial opera
tion date of Unit 1 at the Limerick plant, the applicant 
will pay for metered quantities of water withdrawn there
after at several locations described above. The price 
of waters so taken from the Schuylkill River, Perkiomen 
Creek, and the Delaware River will be determined in 
accordance with the Commission's water supply policy, 
heretofore adopted or as may be amended hereafter. 
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III. Prior to any use, withdrawal or taking of water pursuant tQ 
this decision, the applicant shall resubmit the project pur
suant to Section 3.8 of the Compact, and this decision shall 
not be construed to commit the Commission to any particular 
final action nor will such action be taken unless and until 
it is justified by a final environmental impact statement. 

At the time of approval by DRBC of this conditional water withdrawal 
permit (DRBC Docket No. D-69-2l0CP, March 29, 1973), the DRBC staff 
agreed to provide information to the AEC regarding the potential 
consequences of the consumptive use of water, including those of the 
reservoir which may be required in accordance with condition IIC of 
the cited Docket Decision. This information was received on June 12, 
1973 for evaluation and inclusion in the environmental statement. 

1.2.4 Permits 

In addition to the approvals and permits already discussed, the 
applicant has made the following requests, which are pending or 
approved, as indicated: 
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Issuing Purpose of Date of 
Agency Permit Permit Application Status 

Federal 

Federal Obstruction Construction of 6-15-71 De termina t ion 
Aviation Notice structures ex- of no hazard 
Agency tending into air- rendered 

space, possible 6-14-73 
hazards to air-
craft 

U.S. Army, Application Encroachment and 9-11-72 Pending 
Corps of for author i- dredging in 
Engineers zation navigable waters 

Environ- Application National Pollutant 5- 4-73 Pending 
mental for permit discharge e1imina-
Protection tion (NPDES) permit 
Agency in connection with 

construction and 
pre-operationa1 
startup activities 

Environ- Application NPDES Permit to 6-18-73 Pending 
mental for permit cover operating 
Protection discharges 
Agency 

State: Commonwealth of Pennsylvania 

Department Obstruction Construction of 3-10-71 Notice filed 
of Trans- Notice structures· ex-
portation tending into air-

space, possible 
hazards to air-
craft 

Public Certificate of To exempt plant 7-20-70 Favorable deci-
Utility Necessity buildings from sion rendered 
Commission jurisdiction of 

local zoning 
ordinance 



Issuing 
Agency Permit 

Department Building Permit 
of Labor 
and Indus try 

Department 
of 
Environ-
mental 
Resources 

Industrial 
Waste 

Air Pollution 

Stream 
Encroachment 
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Purpose of Date of 
Permit Application 

Construction of 
power generation 
facility (fire 
and panic codes, 
ventilation codes, 
and matters dealing 
with health and 
safety of workers) 

To assure that 
thermal, chemical 
and radioactive 
discharges are 
in accordance with 
the provisions of 
Section 401 of the 
1972 Amendments to 
the Federal Water 
Pollution Control 
Act 

To assure that 
gaseous discharges 
are in accordance 
with Air Pollution 
Control Commission 
regulations 

Authorizes the con
struction of piles, 
jetties, causeways 

2-18-71 

3-29-71 

9"-8-71 

and any landfill which 
extends into any body 
of water and covering 
the following: 

Status 

Plans approved 
8-25-71 

Currently being 
reviewed 

Currently being 
reviewed 

Extend existing 11-27-70 Issued 1-12-71 
culvert along 
Brooke Evans Creek, 
widen and realign 
the channel for 200 
ft upstream of 
culvert extension 



Issuing 
Agency Permit 
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Purpose of 
Permit 

Date of 
Application Status 

Construct a 
temporary con-

12-14-70 Issued 1-12-71 

s truc tion fill 
with two culverts 
across Possum 
Hollow Run 

Construct two 8-11-71 
intake structures, 
blowdown diffuser, 
and necessary chan-
nel stabilization 
on east bank of 
Schuylkill River 

8-11-71 Construct intake 
structure, re
taining wall, and 
necessary channel 
stabilization in 
and along Perkiomen 
Creek 

Construct elec
trical duct 
across Possum 
Hollow Run 

1-6-72 

Currently being 
reviewed 

Currently being 
reviewed 

Issued 2-8-72 

The staff is confident that all required approvals will be obtained 
by the applicant in a timely manner appropriate to the construction 
and operation schedule. 
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2. THE SITE 

This section describes the Limerick site and its environs and dis
cusses those aspects of the environment which may be affected by 
the construction and operation of the nuclear power station. 

2.1 SITE LOCATION 

The site of the proposed Limerick Generating Station is on the east 
bank of the Schuylkill River in Limerick Township of Montgomery 
County, Pennsylvania, approximately 4 river miles downriver from 
Pottstown, 35 river miles upriver from Philadelphia, and 49 river 
miles above the confluence of the Schuylkill with the Delaware River. 
Figure 2.1 shows the location of the site in relation to major high
ways and cities within a radius of 100 miles. 

The site area, outlined by shaded boundary lines in Fig. 2.2, con
tains 587 acres - 415 acres in Montgomery County and 172 in Chester 
County. 

Throughout the site the land slopes upward from the river, from an 
elevation of roughly 100 to 280 feet above sea level. The mean ele
vation of the proposed station is approximately 210 feet. The country
side is gently rolling and cut occasionally by small creeks that 
drain into the Schuylkill. There are woodlands along the stream 
courses and on other areas not well suited for use as croplands. 

Electrical energy demands of the Middle Atlantic Coastal Region have 
resulted in the planning and/or construction of a number of nuclear
fueled power stations, within approximately 70 miles of the Limerick 
site. 

2.2 DEMOGRAPHY AND LAl."'iD USE 

2.2.1 Population 

The Limerick Generating Station is situated west of the heavily 
industrialized and populated urban corridor that extends from New 
York City through Philadelphia, Wilmington, and Baltimore to 
Washington, D.C. The site is in the pleasant, rolling countryside 
of Montgomery County, Pennsylvania. The area enclosed by a circle 
of 10-mile radius from the station includes parts of three Pennsyl
vania counties - Montgomery, Chester, and Berks. The nearest 
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Fig. 2.1. Area within lOO-mile radius of the Limerick 
,Generating Station. 
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Fig. 2.2. Limerick site area, l-mile radius. 
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Table 2.1. Sites of existing and proposed nuclear power stations within 
approximately 70 miles of the Limerick site 

Utility 

Philadelphia Electric 

Public Service Electric and Gas 

Metropolitan Edison and others 

Pennsylvania Power and Light 

Delaware Power and Light 

General Public Utilities System 

Site 

Peach Bottom 
Midcounty 
Upper Delaware River 
Croydon 

Salem 
Newbold Island 
Frenchtown 

Three Mile Island 

Susquehanna 
Lower Lehigh 

Red Lion 

Portland 
Berne 

Location 

Conowingo Pond, York County, Pa. 
Chester County, Pa. 
Bucks County, Pa. 
Bucks County, Pa. 

Salem County, N.J. 
Burlington County, N.J. 
Frenchtown, N.J. 

Middleton, Pa. 

Beach Haven, Pa. 
Lehigh-Bucks Counties, Pa. 

Wilmington, Del. 

Stroudsburg, Pa. 
Reading, Pa. 
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population center in this area is Pottstown (25,355) in Montgomery 
County. Five smaller communities in the area with. populations of 
2000 to 4500 are Trappe, Collegeville, Spring City, Boyertown, and 
Royersford. Approximately 500 people reside within 1 mile of the 
site. Figure 2.3 gives the distribution of populations within 5 miles 
of the Limerick site, and Table 2.2 lists the 1960 and 1970 populations 
within 50 miles of Limerick. Also included in Table 2.2 is a popula
tion projection for 1980 as extrapolated from the numbers for 1960 and 
1970. 

2.2.2 Land use 

2.2.2.1 Present use 

Present land use within a 5-mile radius of the station is shown in 
Fig. 2.4. Although Montgomery County is the third most populous in 
the state, there is a fairly high level of agricultural activity, 
principally dairying. Most of the crops support the dairy herds. 
Chester and Berks were ranked in the top ten counties of Pennsylvania 
in 1971 in the production of wheat, corn, oats, hay, potatoes, apples, 
peaches, poultry, and milk. Most of the farms are family-owned 
and -operated; however, an increasing number are being purchased by 
residents of New York and Philadelphia who lease the farms. 

Several manufacturing plants employing more than 1000 people are 
located in nearby towns along the Schuylkill River. Boyertown, Trappe, 
and Collegeville also have small manufacturing facilities. The 
largest employer is the Firestone Tire and Rubber Company in Lower 
Pottsgrove Township with a work force of approximately 3400 people. 
Other large employers are the Bethlehem Steel Corporation, the 
Doehler-Jarvis Division of the National Lead Company, and Flagg 
and Company, Inc. 

The area is served by the Penn Central and the Reading Railroads, 
both of which have track within one mile of the site. The general 
utility airport at Pottstown is about 5-1/4 miles northwest, but 
accommodates no scheduled flights. 

There are several highways within relatively short distances from the 
site, as follows: 



Fig. 2.3. 
Limerick site. 

2-6 

N 

s 

Population distribution within 5 miles of the 
1970 census data. 
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Table 2.2. Summary of population data around the Limerick site 

Distance from 
Projected 1980 plant 1960 population 1970 population 

(miles) 
population 

0-1 479 583 
0-2 4,871 5,937 
0-3 18,984 23,040 
0-4 52,048 62,680 
0-5 67,229 80,240 
0-10 128,961 152,644 232,200 
0-20 639,796 776,298 922,700 
0-30 3,442,414 3,836,i44 4,293,000 
0-40 5,226,874 5,944,893 6,844,000 
0-50 6,164,833 7,036,199 8,541,000 
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Table 2.3. Summary of temperatures of 
Schuykill River at Pottstown, 

1957-1969 

Month Temperature (" F) 

Maximum Minimum 

January 50.0 35.6 
February 51.8 33.8 
March 60.8 39.2 
April 75.2 46.4 
May 86.0 51.8 
June 95.0 66.2 
July 93.2 73.4 
August 93.2 69.8 
September 87.8 62.6 
October 80.6 51.8 
November 71.6 42.8 
December 59.0 37.4 

Source: Table 2.5.8 of applicant's En
vironmental Report, August 1972. 
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Fig. 2.4. Generalized land use plan, 5-mile radius. 
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Fig. 2.5. Milk production (thousands of gallons/year) in 
2-mi1e increments from the Limerick site. 
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Highway Nwnber Direction Distance/Direction From Site 

U. S. Highway 422 
U.S. Highway 76 (Pennsylvania 

Turnpike) 
Pennsylvania 100 
Pennsylvania 724 

NW-SE 
E-W 

N .... S 
NW-SE 

1-1/2 Miles North 
12 Miles South through 

Norristown 
4 Miles West through Pottstown 
1-1/4 Miles West across the 

Schuylkill River 

It is also noted that a planned (within the next 6 years) extension of the 
Schuylkill Expressway (NW-SE) is routed within 5 miles of the Eastern 
Boundary of the site. 

The following is a list of schools, colleges and other state/county 
institutions within 10 miles of the boundary of the Limerick Generating 
Station: 

Institution 

Consolidated School 
Consolidated School 
Pennhurst State School 
Graterford State Correctional 

Institution 
Montgomery County Prison Farm 
Ursinus College 

Location 

1-1/2 miles southwest 
1-3/4 miles north 
2-1/2 miles southeast 
8 miles east 

10 miles east near Eagleville 
8 miles east in Collegeville 

Recreational opportunities in the Limerick area are provided in the 
parks listed below: 

Name 

French Creek State Park 

Upper Perkiomen Valley Park 
Lower Perkiomen Valley Park 
Audubon Wildlife Sanctuary 

2.2.2.2 ~lture land use 

Location 

8 Miles west on the boundary of 
Berks and Chester Counties 

9 miles northwest 
10 miles southeast 
10 miles east-south-east (east of 

lower Perkiomen Valley Park) 

Montgomery, Chester, and Berks Counties support active planning commis
sions to supervise orderly and coherent development within their 
boundaries. However, State law in Pennsylvania does not require 
officials of townships and municipalities to follow county plans. 
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Subdivision boundaries are drawn to eliminate unincorporated areas 
within the state. In the order of decreasing geographical area, 
the subdivisions are county, township, and municipality. A township 
has the same status as a city or town; that is, it has police, zoning, 
and taxing power. However, a township or incorporated municipality 
is not subject to county authority. This autonomy with respect to zon
ing gives township and muncipal officials freedom to modify or reject 
proposals or plans presented by county planning commissions. A 
generalized land-use plan for the area within a 5-mile radius of the 
station is shown in Fig. 2.4. 

Population growth in the western portions of Chester and Montgomery 
Counties and the southeastern portion of Berks County is expected to 
be concentrated along the planned extension of the Schuylkill Expresswa: 
and the Phoenixville spur, which are scheduled for construction within 
the next six years. An added impetus to this growth will be the 
extension of sewage lines into western Montgomery County. 

Construction of the Limerick Generating Station will have little 
effect on this growth pattern. 

2.3 LOCAL HISTORY AND LANDMARKS 

2.3.1 History of Montgomery County 

The early history of what is now Montgomery County is part of the 
history of colonial America. In 1681, William Penn received from 
King Charles II of England "a tract of land in America north of 
Maryland, bounded on the east by the Delaware, on the west limited 
as Maryland, and northward as far as plantable."l Penn arrived in 
North America in October 1682, with about 70 colonists. 

Penn began purchases from the Indians in 1683 of the land that is 
now Montgomery County; the final purchase was made in July 1687. 
There is no evidence of permanent settlement in this area before 
Penn became the proprietor. 

Limerick Township was originally laid out by two Welsh land specu
lators, John Brooks and William Evans. Evans named the new town
ship Limerick, after the area in Ireland where he spent his boyhood. 

Montgomery County was established, in 1784 by the Pennsylvania Gen
eral Assembly, in response to a petition by the outlying residents 
of Philadelptda County, which had been defined and organized in 
December 1682. The first county court house and prison was built in 
Norristown in 1787, and the first county post office was started in 
Pottstown in 1793. 
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2.3.2 Archaeology 

Philadelphia Electric Company contracted with the firm of Burchhart
Horn, Consulting Engineers and Planners of York, Pennsylvania, to 
carry out an archaeological examination of the reactor site. 2 A 
summary of their report follows: 

In colonial times the Unami branch of the Delaware Tribe inhabited 
the Delaware River Basin but none of their major villages were as far 
north on the Schuylkill as the Limerick site. In recent times several 
sites have been explored on the east shore of the river by core drilling, 
test pit diggings and trenching, and some materials have been found 
between the railroad and the river bank near the south property line. 
The site of the Perkiomen Creek Pumping Station was explored, with 
negative results. The most productive area was on the west bank of the 
river in the general vicinity of Frick's Lock. The artifacts collected 
in this investigation and those collected by a faculty member of the 
Hill School in Pottstown indicate that the area was inhabited by people 
of the Archaic and Early Woodland Periods. Extensive erosion of the 
area indicates that excavation would probably yield little additional 
information about settlement patterns. 

There is no evidence that the rough grading for the station, switchyard, 
and intake structures has destroyed any archaeological sites. The site 
of the construction of the Perkiomen Creek Pumping Station shows no 
evidence of the presence of anything of archaeological significance. 

2.3.3 Historic and natural landmarks 

The National Register of Historic Places lists four locations 
within 10 miles of the site. Three of these are in Montgomery 
County: Kuster Mill, in the vicinity of Collegeville on Skippack 
Road; Skippack Bridge, east of Evansburg on Pennsylvania Highway 
422; and Augustus Lutheran Church, in the Borough of Trappe. The 
fourth, in Berks County, is Hopewell Village National Historic Site, 
10 miles northeast of the Morgantown Interchange on the Pennsylvania 
Turnpike. 

The Executive Director of the Pennsylvania Historical and Museum 
Commission was contacted by the staff concerning the historical 
significance of the site, and reported that no known historical 
landmarks would be disturbed by the proposed construction. 
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2.4 GEOLOOY 

The station site is in the Triassic lowland section of the Piedmont 
Physiographic Province, which is part of the Appalachian Highlands. 

2.4.1 Local 

The Limerick site is underlain by Triassic red bedrocks of the 
Newark-Gettysburg Triassic basin. 7- 9 These rocks have been sub
divided into four units: the Stockton Formation and the Hammer 
Creek, Lockatong, and Blfunswick lithofacies. The Stockton Forma
tion contains a variety of materials from bottom to top ranging 
from coarse conglomerate through coarse to fine arkosic sandstone 
to fine-grained sandstone and shales. The Hammer Creek lithofacies, 
which is a type of rock rather than a formation, is a mixture of 
conglomerates and sandstones and, in general, stratigraphically 
overlies the Stockton. The Lockatong lithofacies is dark gray 
argillite and overlies the HaDlner Creek. The Brunswick lithofacies 
is composed of red shale, sandstone, and siltstone and forms the 
top of the sequence. 

The Stockton Formation, with its basal conglomerates, was deposited 
by a river or rivers flowing into the basin from the south. The 
three lithofacies were deposited by streams flowing in from the 
north. The basin in which these sediments were laid down was 
formed by gentle folding of the Precambrian and Paleozoic meta
morphic rocks, which make up the floor of the basin as well as the 
adjacent Piedmont and Valley and Ridge provinces. After the Tri
assic sediments were deposited, there was further gentle .folding 
of the basin floor, which deformed the Triassic beds so that they 
now dip northward between 8 and 20 degrees. For some time the 
north border of the basin was believed to be a large normal fault, 
so that the basin was a graben, but modern authorities now believe 
both northern and southern boundaries are folds in the basement 
rocks. 

The rock underlying the site belongs to the Brunswick lithofacies, 
although some Lockatong is present. The bedrock is covered with 
a thin mantle of soil and weathered rock up to 20 ft thick and is 
cut by two sets of vertical joints which strike N 30° E and N 60° 
w. The bedrock, however, is very strong. Of 16 samples tested, 
the least unconfined compressive strength was found to be 6370 psi, 
and the highest was 24,540 psi. The average strength was about 
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15,000 psi - more than adequate to support any proposed load. IO 
The applicant arranged for a detailed surface and subsurface 
examination of the building site and found no conditions which 
would in any way complicate the construction of the station. 

The Staff's Safety Evaluation Report I9 on the Limerick Generating 
Station, provides a description of the regional geology and an 
assessment of the earthquake hazard. 

2.5 HYDROLOGY 

Management responsibility for all water resources in the Delaware 
River Basin, which includes the Schuylkill River and tributaries, is 
assigned to the Delaware River Basin Commission (DRBC) in accordance 
with the provisions of the Delaware River Basin Compact. The DRBC 
allocates water in accordance with the provisions of the Comprehensive 
Plan for the Basin in conformance with ecological, residential, 
municipal, recreational and industrial needs-existing and future-and 
the predictable supply of fresh water in the Basin. 

2.5.1 Groundwater 

Groundwater is not a principal source for major commercial users in 
the area, but is important to domestic su~~lies. The red beds in the 
lowlands underlain by the Triassic rocks, -25 hold water only in 
the joints and fractures. Except locally where the rock is very 
shattered, wells yield less than 100 gpm. Groundwater accounts for 
about 3% of the total industrial and commercial use in the region. 
There are approximately 75 small domestic wells within a 1 mile 
radius of the site which extract small quantities of water from 
the Triassic strata. 

The complexity of the groundwater movement makes mapping the water table 
difficult, but in general such a map is a subdued replica of the 
topography. Groundwater in the station area moves very slowly in 
the direction of the Schuylkill River, and the probability of con
taminating these resources is extremely small. 

2.5.2 Surface water 

2.5.2.1 Schuylkill River 

The watershed of the Schuylkill River lies entirely in southeastern 
Pennsylvania. 26 The basin is about 80 miles long and 25 miles wide 
and includes an area of about 1900 square miles. The station is on 
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the northeast side of the river, about 49 river miles upstream from 
the Delaware and 4 miles downstream from Pottstown (see Fig. 2.4). 
MOst of the rocks underlying the watershed of the Schuylkill are of 
low permeability and store little groundwater. The Pleistocene ice 
sheets did not come as far south as the headwaters of the Schuylkill; 
therefore, its valley does not have the highly permeable deposits of 
sand and gravel which underlie the northern parts of the watershed of 
the Delaware River and much of the Hudson River. For this reason the 
river shows marked variations in flow. (Figs. 2.7 and 2.8) 

Schuylkill River water temperature maxima and minima by month for 
1957-1969 are summarized in Table 2.3. There are high flows in the 
river in late winter and early spring when the snows are melting, but 
the highest flows are caused by rains from hurricanes Which occasionally 
make their way inland. In June 1972, heavy rains caused by tropical 
storm Agnes caused record floods on the Susquehanna and Schuylkill 
Rivers in Pennsylvania. 27 The peak flow rate produced by the storm 
has been estimated as approximately 110,000 cfs at Pottstown, about 
4 miles above the Limerick site. Preliminary estimates are that the 
water level in the vicinity of the plant reached elevations between 
129.5 and 130 ft above mean sea level, which are well below the station 
elevation (about 210 ft above msl). The highest flow previously 
recorded was 53,900 cfs at Pottstown in 1902. 28 The average annual 
flood flow is 21,000 cfs and the 100-year flood flow is computed to 
be 99,000 cfs. The probable maximum flood flow is estimated to be 
356,000 cfs. Failure of any upstream dams would not add materially 
to the level of the probable maximum flood which is calculated to be 
158 ft above mean sea level. 

The Schuylkill River is an important source of water for the populations 
of these communities downstream, which draw water from the river: 

Municipality 

City of Philadelphia 
Norristown Water Company 
Philadelphia Suburban Water 

Company 
Borough of Phoenixville 
Home Water Company (Royersford) 

Total population served 

Population served 

1,978,342 
73,049 

799,000 

18,643 
9,192 

2,878,226 
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2.5.2.2 Delaware River 

The river originates in the highlands of southern New York and 
flows for 330 miles through the Delaware Basin along the borders 
~f Pennsylvania, New Jersey, and Delaware before emptying into 
Delaware Bay and the Atlantic. At Trenton (134 miles from its 
mouth), the river cuts across the fall line and begins to broaden 
into an estuary through the Coastal Plain to the Atlantic Ocean. 

The drainage area of the river and its tributaries is 11,753 square 
miles, of which 2362, 6422, and 2969 are in New York, Pennsylvania, 
and New Jersey, respectively. The Delaware River Basin is one of 
the most extensively developed regions in the United States, con
taining 10% of the population, employing 14% of the nation's labor 
force, and receiving 16% of its aggregate income. 

2.5.2.3 Perkiomen Creek 

The Perkiomen Creek drains 362 square miles of Lehigh, Berks, Bucks, 
and MOntgomery Counties in southeastern Pennsylvania. Because this 
tributary of the Schuylkill River lies to the south of the furthest 
penetration of the last glacier, no natural ponds or lakes exist in 
the watershed, which consists of low hills and rolling land. Much of 
this area is forested with second- or third-growth hardwoods typical 
of southeastern Pennsylvania (see Figs. 2.12 and 2.13). 

The Perkiomen and its tributaries are low to moderate gradient streams; 
flow rates in most are rapid 32 and quite variable. The recorded 
maximum, minimum, and median flows in the creek, measured at the 
Graterford gage, are 39,900, 4.7, and 368 cfs, respectively.lO 

2.6 METEOROLOGY 

The climate of Montgomery and Chester Counties and the southeastern 
portion of Berks County is characterized by warm, humid summers and 
moderately cold winters. 36, 37 The average temperature of the three
county area is approximately 55°F. Temperatures below O°F and above 
100°F are rare; average daily maximum temperatures range from 87°F in 
July to 40°F in January, and average daily minimum temperatures range 
from 23°F in January and February to 65°F in July and August. The 
average annual precipitation is 45 in. and is rather uniformly dis
tributed throughout the year, with only small differences between the 
wettest and driest months. Table D.3 (Appendix D) gives an average of 
the data from 1931 to 1960 from the West Chester, Coatesville, and 
Phoenixville weather s.tations. These weather conditions are due in 
large measure to the protection given by the Allegheny Mountains to 
the west. 
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The staff approved a meteorological program for the Limerick site in 
the winter of 1971, and has analyzed data received from the applicant 
in May and June of 1973 for the period from January through December 
of 1972. 

Although meteorological data for a 1 year period at a site is con
sidered by the staff to be the minimum acceptable, its comparison with 
data of more than 6 years at a similar site (Peach Bottom Atomic 
Power Station) leads to the conclusion that it may be used with sub
stantial confidence. 10, 38 Data from the U.S. Weather Bureau instal
lations at Philadelphia and Reading have also been used by the 
applicant to evaluate the conditions at the Limerick site. 

2.7 ECOLOGY OF THE SITE AND ENVIRONS 

This section provides a basic description of the terrestrial and 
aquatic ecology of the Limerick site and its surroundings. Its 
purpose is to emphasize the types and characteristics of plant and 
animal communities which may be affected by the construction and 
operation of the nuclear power station. 

2.7.1 Terrestrial 

2.7.1.1 Plants 

The lists of plants (Appendix B, Tables B.4-B.7), are compiled from 
the literature. Those species in Table B.4 found on the site by the 
applicant 39 are shown by an asterisk (*). The scientific names of 
some plant species reported by the applicant have been deduced from 
the common names. The scientific name is used in this statement 
because, in some cases, the common name refers to a genus with several 
species as indicated in Gray's ManuaZ of Botany.40 Those species 
without the asterisk are believed likely to occur in the area 
surrounding the site. Since diverse floristic elements 40 ,41 from both 
the coastal plain and northern region occur within the site, field 
studies during different seasons of the year would be helpful in 
determining their relative abundance. 

Four distinct habitats in southeastern Pennsylvania are forests, 
successional areas (urban and rural), cultivated areas, and wet
lands. Riparian forest refers to the often narrow band of decid
uous forest types that normally grow near rivers and small streams. 
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( a) STEEP RIVER BANKS 

( c) SMALL ARTIFICIAL PONDS 

Fis.2.10. Wetlands. Not to scale; not necessarily correlated with underlying bedrock. 
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Wetlands consist of areas covered or partially covered with water 
and aquatic herbaceous vegetation. (Figures 2.10-2.12 show wetlands, 
riparian forests and adjacent areas, and deciduous forests, respecti
vely.) 

The Limerick site lies in the upper part of the region known as the 
Piedmont Province42 which extends southward into the state of 
Alabama. 

Two of the several noteworthy areas of botanical interest in south
eastern Pennsylvania are Nockamixon Rocks 43- 45 north of the site 
on the Delaware River and the Serpentine Barrens43 ,46-50 southeast 
of the site in the extreme southeastern counties of the state. 

Forests 

Table B.4 lists the types of central forest likely to occur in the 
area. The Riparian Forest (Fi~. 2.11) includes (1) the Sycamore
American Elm-Silver Maple-type 1 which occupies floodplains and 
(2) the River Birch-Swamp Maple type51 ,52 which grows along smaller 
streams to higher elevations. 

The Deciduous Forest (Fig. 2.12) includes (1) the Red Oak-Basswood
White Ash,51,53-55 and (2) the White Oak. 51 ,54,55 Although not 
included in Table B.4 the following temporary forest types may occur 
near the Limerick site: (1) Eastern Red Cedar 51 and (2) Scrub 
Oak. 52 

A soil survey of Montgomery County reported the commercial wood
land (occupying 13% of the total county area) consisted mainly of 
second and third growth stands, as follows (percentage of the 
total woodlands of the county follows each forest type): (1) Red 
oak 60%, (2) Ash-maple-elm 19%, (3) Eastern red cedar 18%, (4) Sugar 
maple-beech-yellow birch 3%.57 

The applicant reported the forest type in the vicinity of site as 
"an immature, near climax oak-hickory forest.,,39 Definitive studies 
of the site indicating the relative abundance of the plant species, 
above and beyond the constraints of a description of dominant veg
etative communities found in vicinity of the site, are required to 
properly characterize the community. 
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( a) ALONG SMALL STREAM 

., -f--
~~------ SYCAMORES, RIVER BIRCHES, ETC. 

- RIVER (EXAMPLE, SCHUYKILL RIVER) 

( b) ALONG RI VER 

Fig. 2.11. Riparian forest and adjacent areas. Not to scale; not necessarily correlated with underlying bedrock. 
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Successional (rural and urban) areas 

The interested reader is referred to accounts of successional 
studies that have been done in North Carolina47 and in New Jersey. 58 
The following is a description of a partial succession for an 
uncultivated field in southwestern Pennsylvania previously cleared 
of white oak (Queraus a7,ba). 59 

Wild oak grass, Danthonia spicata 
dominants 

Broomsedge, Andropogon V'irginiaus 

followed by (in abundance) 

CoDllOOn cinquefoil, PotentiUa canadensis 

Field goldenrod, So7,idago juncea 

Dewberry, Rubus vi 7, 7,osus 

followed by (in abundance) 

Highbush blackberry, Rubus a7,7,egheniensis 

Smooth sumac, Rhus gZabra 

Staghorn sumac, Rhus typhina 

Wild crabapple, MaZus coronaria 

Wild crabapple, MaZus ZancifoUa 

Hawthorn, Crataegus spp. 

A checklist of the flora of Philadelphia County, Pennsylvania re
ported a total of 2,075 plant records for the county, of which 885 
were introduced, and 235 occurred "primarily on ballast dumps along 
the river."S? 

Most of the land on the Limerick site proper, having once been 
cleared, now consists of successional habitats. 
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Cultivated areas 

A major portion of the land in southeastern Pennsylvania is culti
vated to produce grain, hay, fruit, and vegetables. 46 ,54 The 
applicant found orchards of apples, peaches, and pears on the site. 

Wetlands 

The wetlands (Fig. 2.10) of the area include the Schuylkill River, 
Delaware River, smaller streams, small artificial ponds, marshes 
and swamps, and may be classified as follows: A: inland fresh 
areas consisting of (1) seasonally flooded areas, (2) fresh meadows, 
(3) shallow fresh marshes, (4) deep fresh marshes, (5) open fresh 
water, (6) shrub swamps, (7) wooded swamps, and (8) bogs; B. coastal 
fresh areas; C. inland saline areas; D. coastal saline ar~as.60 
Although there is a great diversity of wetland habitat only the 
floodplains and streambeds of the Schuylkill River and Perkiomen 
Creek will have impacts from the Limerick project. 

Nature preserves 

Earlier authors reported on natural areas for the state of Pennsylvania 
A notable preserve known as the Penllyn Natural Area in Montgomery 
County, is located at the west margin of the community of Penllyn in 
Whitpain Township, and covers 1600 ft along Wissahickon Creek, 
northwest of the Bluebell Pike. Dr. Edgar T. Wherry, foremost authorit~ 
on the botany of Pennsylvania, reported over 500 species of ferns and 
flowering plants for this natural area and its adjacent territory.61 

2.7.1.2 Animals 

Animal habitats in southeastern Pennsylvania may be divided into 
three categories: forest, field, and wetlands with forest habitat 
being first in importance. Since the coming of the first settlers 
to this region, the forest habitat has been steadily decreasing in 
size because of the conversion of woodlands to agricultural and 
urban uses. As a result, large species such as black bear, timber 
wolf, and eastern elk have been forced from the region. At the same 
time, animals preferring a more open habitat have benefited from the 
increase in cleared areas. For example, crop fields, pastures, 
orchards, and open areas provide both food and shelter for many small 
animals. Forest habitat is provided by farm woodlots, wooded areas 
along stream courses, conifer plantations and state game refuges. 
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Typical wetland environment is found along the Schuylkill River, 
Possum Hollow Run, Brooke Evans Creek, Mingo Creek, Perkiomen 
Creek, man-made ponds, and marshes. 

Lists of animals amphibians and birds in the area (Tables B.8-B.12, 
Appendix B), were compiled from the literature. Species actually 
observed in the site area have also been included. 

The lists of bird species do not include those reported to be of 
rare or accidental occurrence unless there is a possibility that 
they breed in the vicinity. For example, a bird in the area only 
after heavy storms or far off its normal migration route, is not 
included; however, an uncommon bird nesting in the vicinity of 
the site is included. Birds that pass through the area only during 
spring and fall migrations are excluded. 

Among the most important small game in the area are the eastern 
cottontail rabbit and the ring-necked pheasant, which are associated 
with field rather than forest habitat. Other game associated with 
this habitat are the bobwhite quail, mourning dove, red fox, and 
woodcock. 62,63 Foxes are hunted with hounds in parts of Chester and 
Montgomery Counties. 64 

The gray squirrel is the most common game animal in the local oak
hickory forest, and the southern red squirrel is also found at the 
site.l0~39 There are occasional white-tailed deer and legal deer 
kills in MOntgomery and Chester Counties in 1971 were 129 and 224, 
respectively. Montfomery County had the next to smallest legal deer 
kill in the state,6 in consonance with its more urban and suburban 
character. 

Formerly, important rodents of the oak-chestnut forest were the 
Allegheny wood rat and the white-footed mouse. Raccoons, opos-
sums, and striped skunks prefer stream sides and forest edges for 
breeding but range throughout the forest in search of food. Few 
mammals have large populations in the oak-hickory forests or pine
lands. 65 Game birds include woodcock, ruffed grouse, snipe (in 
wetlands), and turkey, none of which appear to be plentiful in the 
area. waterfowl found in the area that are game species include 
mallard, green-winged teal, black duck, and the Canada goose. 10,39 
MOst of the snakes feed on rodents, but rabbits, birds~ and amphibians, 
may be important food sources for certain types. 63 ,65, 6 Reptiles 
and amphibians of the area include snapping, painted, and box turtles; 
common garter snake; common water snake; and the bullfrog. 10 ,39 
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The American peregrine falcon is on the Department of the In
terior's Endangered Species list, and was at one time found 
throughout the site area. 67 Isolated sightings may still be made 
although the breeding sites in eastern Pennsylvania have apparently 
been unused since 1959. 63 ,68,69 The Bog turtle, classified as rare 
by The Department of Interior, may possibly be found in the wetlands 
habitat associated with the Limerick Project. 

2.7.2 Aquatic 

2.7.2.1 Decomposers 

Bacteria and fungi (particularly Hyphomycetes) are important con
stituents of the biological community in running waters because 
they decompose organic detritus and vegetable debris,70 providing 
food for many invertebrates. Further decomposition of organic matter 
by the bacteria and fungi provides raw material for the growth of 
primary producers, such as periphytic algae and macrophytes. Bacteria 
play an additional role by assimilating dissolved organic material. 
The bacteria are food for many benthic invertebrates and thereby 
contribute directly to production at higher trophic levels. 70 ,71 

2.7.2.2 Primary producers 

Algae and macrophytes (higher plants) use energy from the sun to 
convert carbon dioxide, minerals, and water into the organic 
material of which they are composed. These organisms provide part 
of the base for the aquatic food web and are an important food for 
many invertebrates72 and some fish species. 73, 74 In swift-running 
waters, attached algae and macrophytes are the principal primary 
producers. A true phytoplankton community is not formed, but a 
pseudoplankton, composed of representatives of the periphyton 
species which have been dislodged from or sloughed off the sub
strate, may also be a seasonally important food source. 70 

Algae may have a very short generation time. Under optimum con
ditions some species are capable of producing three generations 
per day. However, the normal population growth rate is regulated 
by temperature, light, flow, grazing by herbivores, and nutrient 
availability. Unless all factors are at optimum levels, the gen
eration time is much longer than that predicted by laboratory 
analysis. 70, 75 

Microalgae are capable of limited movement but their locomotion 
is extremely small in comparison with the movement of water in 
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this habitat. Consequently, the turbulence and current of the 
river are primarily responsible for their distribution when in 
the free water. 

Attached algae 

An investigation of the algal community has not been a part of the 
Limerick ecological studies. 

The green alga Cladophora glomerata is very abundant in the Schuyl
kill River during July 10 and forms the base for a large community 
of invertebrates and other algae. 

From knowledge of other algal communities in running water, a diverse 
community of diatoms, green algae, and bluegreen algae is expected. 
Algae grow on all solid objects, mud and silt surfaces, and other 
algae and plants (epiphytes). Large filamentous algae, such as Clad
opho:roa, Oedogoniwn." and Spi:roogyz'a, may break loose and form floating 
mats or clumps.70, 6 

The presence of Cladopho:roa glcme:roata is highly indicative of the 
present condition of the Schuylkill River near the site. This 
alga requires hard water and eutrophic conditions. Although it 
will not tolerate extreme pollution, it develops luxuriantly in 
zones of moderate organic enrichment. The alga requires a high 
rate of illumination, a hard substrate for attachment, and prefers 
agitated or running water. It cannot tolerate pH values lower than 
7.1. 77 

Some of the additional factors known to control the abundance and 
diversity of algal species in flowing waters are velocity, substrate, 
and hardness. A pseudoplankton develops under certain conditions of 
current scour and/or periphyton abundance, and is the microscopic 
counterpart of the drift community of benthic invertebrates. 70 

Macrophytes 

Extensive populations of aquatic vascular plants (macrophytes) do 
not occur in the Schuylkill River near the site, but dense ~rowths 
occur in other areas of the Schuylkill and Perkiomen Creek. 0-32,78-81 

.-
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In order of their estimated abundance, the species are mi1foi1, star
grass, wild celery, waterweed, arrowhead, duckweed, yellow water lily, 
and pondweeds. Species lists are provided in Appendix A, Table A.1. 

2.7.2.3 Benthic invertebrates 

The benthos (here defined as benthic fauna) is a diverse group of 
organisms which transform their generally less nutritious food 
(algae, bacteria, organic detritus, and vegetable debris) into a 
form more readily utilized by larger organisms, which include some 
invertebrates, juvenile fishes, and the adults of most fish species 
found in running water. 

The benthos includes bottom fauna, which live in or on the bottom 
materials, and organisms that attach themselves to hard surfaces. 
Benthic invertebrates which become dislodged and remain free
floating for considerable periods are then considered to be drift. 

Depending on conditions (higher flows increase numbers of drifting 
organisms), the drift may contain a significant proportion of the 
benthic populations. Upstream movement of organisms is also well 
documented and may represent a mechanism whereby drift losses are 
continually compensated. 70 Most macroinvertebrates in the flowing 
water habitat reproduce during only one season of the year, and 
their ability to recover from a kill is restricted compared with 
that of the microbenthic fauna (copepods, etc.) which reproduce 
throughout the year. 

A complete list of the benthic organisms identified from the Limerick 
ecological studies78 ,79 is provided in Appendix B, Table B.1. Since 
species of Chironomidae (midges) were not identified, a supplementary 
list of those reported by other investigators is also included in 
Appendix B as Table B.2. 82 ,83 

The number of species of organisms (diversity) in a given stream 
is controlled by factors such as size, substrate variety, and pollu
tion, and the number actually found is a direct function of the 
intensity of the sampling effort. Table 2.4 is a comparison of the 
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number of species of two classes of organisms (fish and insects) 
found in the Schuylkill River with those reported for other rivers 
in the eastern part of the United States. The Schuylkill River is 
subject to stresses and alterations which tend to reduce insect 
diversity, as is discussed in the following paragraphs. 

The effects of these environmental factors may also be seen by com
paring the number of species found within orders to the number of 
individuals found within species. The Schuylkill creeks (other 
than the Perkiomen) contain many more species of Ephemeroptera 
(mayflies), Plecoptera (stoneflies), and Trichoptera (caddis flies) 
than the Schuylkill River (Appendix B, Table B.I). There are also 
differences in the number of individuals in particular groups. 
Table 2.5 shows that the Schuylkill creeks contain a greater per
centage of individuals in the Plecoptera, Ephemeroptera, Tipulidae 
(craneflies), Decapoda (crayfish), and Amphipoda. 78 ,79 

The importance of food organisms to an ecosystem is a function of 
the product of the total weight (biomass) available to predators 
and the number of turnover intervals per year. The turnover interval 
is defined as the period during which a population is able to produce 
new living material equal to its standing biomass. As shown in 
Table 2.6,78 several groups of organisms have a very small population 
in terms of numbers, but have a relatively high standing biomass 
(Decapoda, Tipulidae). Conversely, the Chironomidae are much less 
important in biomass than numbers indicate. Since other studies 
show that crayfish are quite abundant in the area, 32 but are rarely 
captured in the sampling device used in the Limerick ecological 
studies, their true importance is higher still. They probably are 
the most important group in terms of the total food energy available 
to predatory fishes. Also, the true importance of Chironomidae is 
quite high, since their turnover interval is much shorter than that 
of crayfish. 

One of the major frustrations with benthic sampling in streams is 
the large variation in numbers of individuals and species encoun
tered between one sampling period and another and between one 
sampling station and the next. These variations are shown in 
Tables 2.5 and 2.7-2.9,79 and make both the collection and the 
quantitative interpretation of benthic data very difficult. 
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Table 2.4. Comparison of numbers of species collected per 
station during the Limerick ecological studies in 1971 
with data of Patrick et al. for eastern U. S. Rivers 

Number of sJ2ecies 

Insects Fish 

Mean (Range) Mean (Range) 

Eastern rivers 63 (29-99) 24 (13-39) 

Eastern hard-water rivers 73 (48-99) 23 (18-29) 

Schuylkill creeks 56+ (38-79)a 18 (13-21) 

Schuylkill b 39+ (32-44)c 28 (22-33) 

aActual species counts are higher since many groups were not 
identified as to species. An estimate of 70 species per station 
should provide a reasonable mean value. 

bIncludes only stations at which 7 or more collections were 
taken. 

CActual species counts are higher since many groups were not 
identified as to species. An estimate of 50 species per station 
should provide a reasonable mean value. 
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Table 2.5. Percentage abundance (by numbers of bethnic invertebrates 
collected in the Limerick Ecological Studies during 1971a 

Benthic invertebrate Schuylkill River Schuylkill creeks d Perkiomen Creek 

Tricladida 0.9(0.2) a 0.1(2.2) 0.4 

Tub ificidae 5.7(0.1) 0.3(0.2) 0.1 

Gastropoda 
Physa 13.0 (31.8) 0.8(0.8) 0.1 
He Zisoma 5.4(2.2) 0.1(0.3) b 
Ferrissia 1.0 (2.1) 0.2(0.9) 1.0 

Sphaeriidae 2.8(2.1) 0.2(0.1) 1.0 

Amphipoda 0.3(b) 0.9(2.3) 1.3 

Decapoda b(b) 0.3(0.2) c 

Ephemeroptera 2.3(2.0) 14.1(14.8) 9.8 

Odonata 1. 5(1. 2) 0.3(0.8) 0.1 

Plecoptera o .3(b) 5.6(1.5) 0.4 

Coleoptera 3.8(2.3) 7.2(13.8) 5.8 
SteneZrrris 1.5 2.3 4.1 
Psephenus 0.4 2.5 0.8 

Trichoptera 16.6(8.8) 26.8(36.6) 50.0 
Hydropsychidae 16.6 (8.0) 24.7(35.9) 43.1 

Chewnatopsyahe 15 .5 17.7 28.8 

Diptera 
Tipulidae 0.1(0.2) 2.1(1.1) b 
Simuliidae 0.4(0.4) 8.9(0.7) 15.0 
Chironomidae . 42.0(42.3l- 24.6(15.1) 14.9 

a 1970 data in parentheses for important groups. Comparative data not available 
for Perkiomen. 

b<O.l% • 

cAbsent from collections. 
d Small tributaries of the Schuylkill in the immediate vicinity of the site. 
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Table 2.6. Percentage abundance of benthic inverteb.ates conected 
in the Limerick Ecological Studies during 1970 

Benthic invertebrate 
Abundance in Schuylkill River Abundance in Schuylkill creeksb 

% by number % by weight % by number % by weight 

Triciadida 0.2 a 2.2 1.0 
Tubificidae 0.1 0.2 0.2 0.4 
Gastropoda 

Physa 31.8 24.4 0.8 4.0 
HelisoT7lJ1 2.2 16.6 0.3 1.3 
Ferrissia 2.1 1.0 0.9 0.3 

Sphaeriidae 2.1 0.9 0.1 a 
Amphipoda a a 2.3 1.6 

Decapoda a 29.7 0.2 19.8 

Ephemeroptera 2.0 0.4 14.8 6.3 

Odonata 1.2 6.3 0.8 1.9 

Plecoptera a 0.4 1.5 2.0 

Coleoptera 2.3 0.7 13.8 5.6 

Trichoptera 8.8 7.6 36.6 12.8 
Hydropsychidae 8.0 7.5 35.9 12.6 

Diptera 
Tipulidae 0.2 4.5 1.1 28.4 
Simuliidae 0.4 0.2 0.7 0.2 
Chironomidae 42.3 3.0 15.1 1.6 

93.6 95.9 91.4 85.2 

a <0.1% 

bSmall tributaries of the Schuylkill in the immediate vicinity of the site. 
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Table 2.7. Numbers and percentage abundances of benthic 
invertebrates collected at two (nearby) Schuylkill sampling 

stations in the Limerick Ecological Study during 1971 

(8 collections at each station) 

Station A30 Station A31 
Benthic invertebrate 

Numbers % Numbers % 

Tricladida 60 1.4 39 1.4 

Tubificidae 29 0.7 277 10.0 

Gastropoda 
Physa 326 7.8 261 9.4 
Helisoma 163 3.9 267 9.6 
Fe"issUz 56 1.3 10 0.4 

Sphaeriidae 81 1.9 93 3.4 
Amphipoda 3 0.1 Q 

Decapoda 2 Q 1 Q 

Ephemeroptera 42 1.0 116 4.2 

Odonata 30 0.6 30 1.1 
Plecoptera 9 0.2 b b 

Coleoptera 250 6.0 95 3.4 
Stenelmis 107 2.6 27 1.0 
Psephenus 29 0.7 7 0.3 

Trichoptera 1829 43.7 85 3.1 
Hydropsychidae 1822 43.6 84 3.0 

Cheuma topsyche 1759 42.0 76 2.7 

Diptera 
Tipulidae 11 0.3 2 0.1 
Simuliidae 16 0.4 6 0.2 
Chironomidae 1160 27.7 1405 50.7 

Total 4185 2771 

Q <0.1% 
b Absent from collections. 
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Table 2.8. Numbers of benthic invertebrates grouped according to taxon 
and month of collection during 1971 

Benthic invertebrate Apr. May June July Aug. Sept. Oct. Dec. 

Tricladida 22 55 10 41 
Tubificidae 41 176 10 84 45 150 304 
Gastropoda 6 6 74 1373 621 232 250 173 
Sphaeriidae 43 100 112 115 20 
Ephemeroptera 19 34 14 118 24 102 12 14 
Odonata 6 18 23 5 39 94 36 14 
Piecoptera 6 9 1 6 20 
Coleoptera 15 9 14 69 122 198 119 26 
Trichoptera 18 3 6 13 81 916 997 328 

Hydropsychidae 18 3 6 12 76 913 997 326 
Tipulidae 3 2 1 3 2 10 
Simuliidae 6 7 4 2 24 18 
Chironomidae 652 220 915 1522 523 883 1084 206 
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Table 2.9. Numbers of benthic invertebrates grouped according to Schuylkill 
station and month of collection during 1971 

Station Apr. May June July Aug. Sept. Oct. Dec. Total 

AOS 88 63 198 181 32 382 559 64 1567 
A07 50 106 182 411 23 211 248 136 1367 
A15 28 105 195 219 125 110 237 90 1109 
A19 4 126 421 382 121 91 85 1230 
A30 451 10 119 542 287 1256 1053 467 4185 
A31 40 212 150 1018 558 238 318 237 2771 
ASS 130 123 400 124 169 247 129 1322 
A70 19 87 103 263 141 26 639 

Total 787 500 1112 3279 1634 2750 2894 1234 
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Table 2.10. Most abundant species of fish taken in 
seme catches in the Limerick Ecological 

Studies during 1971 a 

Type 

Forage 

Panfish 

Game fish 

Schuylkill 

Swallowtail shiner 
Spotfm shiner 

Brown bullhead 
Pumpkinseed 
Red-breast sunfISh 

Perkiomen 

Spotfin shiner 
Spottail shiner 

Red-breast sunfish 
Pumpkinseed 

Smallmouth bass 

aUsted in order of abundance within groups. 
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Some of the variations can be explained as a result of regular, 
recurring natural phenomena. In Table 2.8, the Gastropoda 
(snails), Ephemeroptera, and Chironomidae show peak abundance in 
the Schuylkill River in midsummer, but the Chironomidae and Ephem
eroptera have another peak in the fall. Also, the Sphaeriidae 
(fingernail clams), Coleoptera (beetles), and Hydropsychidae (net
spinning caddis flies) show peak abundance in the fall, suggesting 
that in addition to the blooms of green algae which occur in mid
summer, another bloom, probably of diatoms, will occur in the fall. 
This fall bloom provides the food source for species which are then 
abundant. Although data are scant, they show that the abundance 
of Tipulidae and Plecoptera is greatest between fall and spring. 
This is probably due to the availability of leaf litter which 
serves as the food source for most species of organisms found in 
this portion of the Schuylkill River. 

As shown in Table 2.9, the largest number of benthic invertebrates 
in this section of the Schuylkill are counted at stations A30 and 
A3l. Thus, these areas are particularly important to the fish 
which inhabit this area of the river. 

2.7.2.4 Fish 

Fishes of the Schuylkill River and Perkiomen Creek consume algae, 
vegetable debris, benthic invertebrates, and other fishes. Certain 
species, mainly minnows and some catfish, regularly consume algae 
and plant material. Larval and juvenile fish subsist on a principle 
diet of microbenthos, and shift to a diet of larger invertebrates or 
fish as they grow older. Adult bass and muskellunge feed almost 
exclusively on other fish, but the smallmouth bass is also quite 
partial to crayfish. 

A list of fish species reported in the Schuylkill River and Perkiomen 
Creek is presented in Appendix B, Table B.3,32,78,79 along with 
pertinent life-history information for the important species. 

The method of sampling employed does not permit rigorous quanti
tative analysis of either numerical abundance or size distribu
tions. The most numerous fish reported in the 1971 studies are 
shown-Iii· Table-2 :10 ~ ~-a1.. Other food and game species present 
include bullhead, catfish, rock bass, bluegill, crappie, yellow 
perch, and muskellunge. 
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2.7.2.5 Energy flow 

The energy source of flowing-water ecosystems is allochthonous 
(externally produced) organic material, most of which is in the 
form of particulate material (fine detritus, leaf litter and other 
vegetable debris) which finds its way into streams. 70 ,85 

Most streams (particularly in the northeastern United States) 
evolved under the influence of a forest canopy. The resultant 
shading and the instability of flow combined to limit primary 
production, and stream communities became dependent on the 
allochthonous materials contributed by the terrestrial vegetation 
in the drainage basin for much of their energy supply. 

Alteration of the drainage areas - first by deforestation and 
then by conversion to agricultural uses - produced interdependent 
changes in streamflow, temperature, surface runoff, silting, nu
trient inputs, and channel morphology. The resulting stream com
munity no longer has an abundant supply of relatively large packages 
of organic material and must depend on suspended organic matter 
from greater surface runoff and autochthonous (in-stream) primary 
production. 

A simplified food web for the stream ecosystem (such as that for 
the Schuylkill River in the site area) is shown in Fig. 2.13 In 
a virgin ecosystem, the pathway leading from vegetable debris con
tributed by the land drainage was the source of most of the food 
energy. In the altered stream (present conditions), the major 
sources are primary production and detritus. Thus, the food supply 
for grazing and deposit-feeding invertebrates (snails, chironomids, 
worms, and net-spinning caddis flies) has increased. 

2.7.2.6 Pollution stresses 

The Schuylkill River has been particularly affected by silt, coal 
mine waste, coal dust, and acid mine drainages. This became such 
a problem that by the late 1800's the Schuylkill River became known 
as the river "too thick to drink and too thin to cultivate. ,,86 

Further, as has been the case with most streams in heavily populated 
areas, the Schuylkill River and its tributaries have been subjected 
to increased loads of organic and chemical pollutants. In recent 
years, severe oil spills have occurred upstream of the proposed 
Limerick Generating Station. 
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Despite what appears to be a rather gloomy outlook for the stream 
ecosystems associated with the Limerick Station, the Limerick eco
logical studies indicate that portions of the Schuylkill River 
support respectably diverse populations of fish and invertebrates. 
The Schuylkill River Desi1ting Project was completed in 1951, and 
the Commonwealth of Pennsylvania has continued maintenance dredging 
to prevent silt build-up of more than 50% of the capacity of the 
desi1ting pools. Also, firm control of the discharge of coal mine 
waste and other pollutants to the Schuylkill River will bring about 
a steady improvement in its water quality and biotic composition. 
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3. THE STATION 

3.1 EXTERNAL APPEARANCE 

The appearance of the station will be essentially as shown by the 
architectural rendering (Fig. 3.1).1 The station will be centered 
on a 587-acre site and includes a reactor building 326 feet long, 
140 feet wide, and 195 feet high; a turbine hall 620 feet long, 175 feet 
wide, and 110 feet high; and an administration building. The buildings 
have a clean, functional design and the exterior walls will be formed 
of decorative panels. 1 The construction status in November 1971, 
just prior to work cessation at the site, is shown in Fig. 3.2. 

Two hyperbolic natural-draft cooling towers, each 507 feet high with 
a base diameter of 486 feet, will be located about 570 feet north of 
the turbine hall. A conceptual view of the station and its cooling 
towers from a distance of about 2 miles is shown in Fig. 3.3. A 
500-kV substation (about 950 feet square) will be about 1200 feet south
west of the station buildings, and a 230-kV substation (about 
500 x 400 feet) will be about 250 feet northwest. Transmission lines 
will enter the substations from overhead and a one-story prefabricated 
metal control building (about 30 x 50 feet) will be at each substation. 

Most of the station will be constructed in open areas, thereby pre
serving practically all of the woodland to provide desirable screen
ing of the station facilities. The remaining open areas will be 
appropriately landscaped. 

3.2 REACTOR AND STEAM ELECTRIC SYSTEM 

The Limerick Generating Station will produce electrical power using 
two turbine-generator units, each driven by steam produced by its 
own boiling water nuclear reactor. Each reactor and turbine 
generator with its associated equipment is called a unit. Each 
unit has a rated power level of 3293 MWt (1055 MWe net). The maxi
mum power level (the power level used in safety and site evaluation 
calculations) for each unit is 3440 MWt (1100 MWe net). The units 
are of a design typical of boiling water reactor systems currently 
in use by the nuclear power industry. 

The General Electric Company will design and supply the reactor, 
the reactor fuel, and the associated turbine-generator system. 
The Chicago Bridge and Iron Company will supply the reactor ves
sels. All other systems of the station will be designed, procured, 
and constructed by the Bechtel Corporation. 
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Fig. 3.1. Artist's conception - ground elevation. 



Fig. 3.2. Aerial view, showing cooling tower location. 
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Fig. 3.3. Artist's conception, superimposed on the Limerick site. 
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3.3 aEAT DISSIPATION SYSTEMS 

3.3.1 General description 

Thermodynamic principles of operation of turbine-generator systems 
require that heat be removed from the turbine exhaust fluid before 
it is returned to the reactor which generates the steam to drive 
the turbine. The "waste heat" thus removed from the coolant must 
eventually be discharged to the atmosphere. In addition, waste 
heat from various plant systems such as lubricating-oil and fuel
pool coolers must also be transferred to the atmosphere. 

In the Limerick Station, waste heat will be discharged through 
natural-draft wet cooling towers in conjunction with a closed-loop 
(recirculating) primary steam system. Figure 3.4 shows the general 
paths of heat and water for one of the units. Details of the design 
and performance characteristics of the cooling towers are given in 
the applicant's Environmental Report (revised) and pertinent dimen
sions are as shown in Figure 3.5. Performance of the towers is 
evaluated independently in this environmental statement. 

In the event that a cooling tower becomes inoperable for any reason, 
the reactor in that unit would be shut-down immediately, and once
through cooling with water from the Schyulkill River will be used 
for dissipation of the residual heat. 

3.3.2 Makeup water 

The basic principles of operation of wet cooling towers are well 
known. Water is consumed in the heat transfer process principally 
by evaporation to the atmosphere of about 54 cfs (cubic feet per 
second). In order to maintain the concentration of impurities in 
the water in the tower basins at acceptable levels, about 20 cfs 
is drained and replaced continuously. Water which is returned to 
the river must be treated prior to its discharge to ensure that it 
meets all applicable standards of the Commonwealth of Pennsylvania 
and the Delaware River Basin Commission. Water discharge to streams 

~--~-----in the Delaware Basin is controlled by periJiits issuea-DyChe- scaces 
and approved by DRBC. Water withdrawal permits for the operation 
of the Limerick Generating Station have been issued by the DRBC and 
appropriately conditioned as described in this statement in Sections 
1.2.2 and 1.2.3. 

The intake structure proposed for withdrawal of water from the 
Schuylkill River is shown in Figure 3.6. Water enters the front 
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and sides and passes through traveling screens to a pipeline to the 
pump station which is also guarded by a system of traveling screens. 
The intake on Perkiomen Creek will be similar but the pumps will be 
installed in the structure housing the intakes. 

These structures are designed to limit the velocity of the water 
approaching the traveling screens to 3/4 fps to prevent impingement 
of fish, and to provide an escape passageway for those which find 
their way to the region in front of the traveling screens. 

3.3.3 Blowdown 

Water will be drained continuously from the cooling tower basins at 
the rate of about 20 cfs and discharged to the Schuylkill River 
through a diffuser system, as shown in Figure 3.7. The relatively 
small amount of water from Limerick is not expected to cause any 
significant adverse impact on the environment. 

The applicant chose to consider the discharge as a simple bulk 
mixing problem in which the blowdown mixes with one-half of the 
river flow. Two cases with the following parameters were analyzed: 
(1) Schuylkill river flow of 230 cfs with a temperature of 83.8°F, 
blowdown temperature 88.9°F (summer conditions); and (2) a river 
flow of 440 cfs with a temperature of 35.3°F, blowdown temperature 
of 60°F (winter conditions). The resulting increases in temperature 
as calculated by the applicant were, respectively: (1) 1 degree F 
and (2) 2.1 degrees F. Since the Schuylkill is rather shallow at 
the discharge point, the applicant's analysiS is considered adequate. 
The staff considered the problem of river temperature after mixing 
for the combination of low flow and maximum temperature differences 
between the blowdown and Schuylkill river water. For this most 
severe but highly improbable condition, the calculated temperature 
increase is 5°F and will quickly decrease downstream from the dis
charge due to further mixing with the rest of the river and heat 
loss to the atmosphere. 

The results of both the staff's and the applicant's analyses in-
dicate that with respect to temperature and affected area the dis
charge is within allowable limits. The Delaware River Basin 
Commission has specified a zone of allowable surface temperature 
excess as being 150 feet wide by 3500 feet long with 5°F temperature 
difference at the edge of the zone. The Commonwealth of Pennsylvania 
regulates water quality in accordance with its Clean Stream Law, and 
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Fig. 3.9 Contour Map Showing Intake and Discharge Positions 
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has reviewed the appli~ant's proposed discharge scheme and found it 
acceptable. The Pennsylvania regulation, applicable to industrial 
water users, prohibits the discharge mixing zone from encompassing 
more than one-half of the river cross section at the discharge 
point. The analyses reported above clearly demonstrate compliance 
with applicable regulations of the Delaware River Basin Commission 
and the COlllDonwealth. of Pennsylvania. 

3.3.4 Evaluation of cooling towers 

3.3.4.1 Operation 

Natural-draft cooling towers are becoming more common as a means 
of disposing of large quantities of waste heat. The first natural
draft cooling tower in the United States began operation in December 
1962, and there has been a rapid increase in their use. 

Evaporative cooling towers of this type have the potential for 
creating visible plumes of water vapor under certain atmospheric 
conditions, and there is concern that these plumes may cause in
creased fogging or icing, which could significantly interfere with 
normal activities in the vicinity. The plume is a region of air 
with a higher temperature and water content than the ambient air 
and represents a modification of natural atmospheric conditions. 
Under conditions in which the plume remains invisible, there is 
little effect. For the climatic conditions in the Limerick area, 
excess water vapor in the plume will condense to form a visible 
plume approximately 50 to 80% of the time. The plume will rise to 
high elevations and dissipate rapidly, with no significant adverse 
effects. 

Fog occurs naturally in the Limerick area, under both icing and 
nonicing conditions, and any cooling tower fog is an extension of 
the natural phenomenon. Cooling tower fogs which are the most 
persistent and extend farthest from the station will occur under 
the same conditions as naturally occurring fogs. 

3.3.4.2 Plume Behavior 

Since the cooling tower plume is at a higher temperature than the 
ambient air, it is thus less dense, and rises due to buoyancy. As 
the plume rises, it is cooled by expansion, evaporation, radiation, 
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and mixing with the ambient air. When the density of the plume 
becomes equal to that in the ambient air, the plume no longer rises 
but moves horizontally downwind at approximately the speed of the 
wind. If water vapor in the rising plume condenses, a cloud will 
form; the distance at which the cloud will be visible will depend 
on how rapidly the plume is diluted with ambient air to cause 
evaporation of the visible droplets. Plume rise is an important 
factor in the determination of fogging and icing, since a high 
plume rise reduces the moisture reaching the ground because of 
more time for mixing of the plume with ambient air. 

As a cloud is blown away from the tower, the distance to which 
it can extend before evaporating depends upon how rapidly it 
mixes with the air to reduce its moisture concentration to a 
value below saturation. This process of mixing or diffusion has 
been investigated experimentally and described empirically by 
many authors. Pasquill's method2 with Gifford's conversion incor
porated 3 was used in the staff's analysis, the details of which 
,are given in Appendix D. 

In order to make an estimate of the plume behavior in the Limerick 
area, the following assumptions were made concerning the characteristics 
of the Limerick cooling towers and local meteorology. 

The cooling tower exit velocity and temperature were assumed to be 
constant at 20 fps and 112°F. A typical dry-bulb temperature of 
54°F, obtained from the data in Appendix D, Table D.3, should be 
close to the annual average in the Limerick area. A typical value 
of 68% relative humidity was obtained from the data in Table D.4. 
Assuming that the local meteorological conditions in the Limerick 
area are similar to those at the Peach Bottom weather station, Table 
D.5 indicates that turbulence class II is by far the most common. 
From the lapse rate data in Table D.6, a temperature gradient of 
2.74°F per 100 feet was used. From Table D.7, a mean wind speed for 
a class II turbulence condition was 13.6 mph. Table D.2 indicates 
that class II turbulence corresponds to Pasquill classes B and C 
in Figs. D.l and D.2. 

Figure 3.10 shows the results of the plume rise and dispersion cal
culations. The plume rise is 1470 feet, so that the centerline of 
the horizontal plume is at about 1970 feet. The visible part of the 
plume disappears just above 1195 feet. The invisible part of the 
plume rises well above the local terrain. There will be no precip
itation from the tower under these atmospheric conditions, since 
the visible plume evaporates. 
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Using the parameters in Fig. 3.10 and calculations outlined in 
Appendix D, the maximum increase in the concentration of water vapor 
at ground level is 0.000106 pounds of water per pound of air, which 
is equivalent to an increase of about i% over the relative humidity 
at ambient conditions. 

The cooling tower plume will evaporate rapidly unless the relative 
humidity approaches 100%. When the relative hUlllidity is 100%, all 
of the water evaporated by the cooling tower will condense as the 
plume rises through the atmosphere, since the atmosphere has no 
residual capacity for excess moisture. Some of the condensed water 
may fall to the grotmd, and some may remain in the atmosphere in 
the form of fog. When natura:1 fog exists near 100% relative humid-
ity, the plume will blend with the natural fog and be indistinguishable. 
Calculations using the methods of Appendix D for the conditions 
depicted in Figure 3.11 yield an estimation for a plume height of 
about 2400 feet and a moisture concentration of 10-7 pounds per pound 
of air. The staff concludes that there would be no fog problem at 
ground level (the estimated concentration of moisture corresponds 
to a visibility greater than 9 miles). 

3.3.4.3 Icing 

When the ambient temperature is lower than 32°F, icing may result 
from cooling tower p1U11les. Liquid drops in the plume may freeze 
and fall to the ground, or condensation and subsequent freezing may 
occur on cold surfaces. 

A few qualitative observations of light icing have been reported 
in the vicinity of cooling towers, but no quantitative means of 
predicting these situations is known. When the ambient temperature 
is very low (10°F or less), deposition of ice particles or a light 
snow may occur at distances no more than five to ten tower diameters. 
Temperature records obtained in Chester County over a 30-year period 
(Appendix D, Table D.3) are the most representative available, and 
these show a mean daily minimUlll temperature in February of 23.1°F. 
Therefore, ,~ry few instances of icing from the cooling towers are 
expected during an average year in the Limerick area. 

3.3.4.4 Downwash 

Over camp and Hou1t 4 showed that precipitation from a fresh water 
natural-draft cooling tower is improbable under normal atmospheric 
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conditions unless interaction of the plume and the tower's wake, brings 
the plume to the ground (Fig. 3.12). Therefore, it is essential 
to investigate those conditions for which downwash occurs. Scaled 
tests have been reported by Overcamp and Hoult 4 to aid in the pre
diction of those conditions. For the annual average condition reported 
in Appendix D (Tables D.3-D.7), a wind velocity greater than 30 mph 
is required to produce a downwash of sufficient intensity to bring 
the tower plume to the ground. These conditions would be likely to 
occur only during a hurricane 6r tornado and the staff concludes that 
precipitation caused by downwash from the Limerick towers is very 
unlikely. 

3.3.4.5 Chemical deposition 

The evaporative process involved in the operation of a cooling 
tower is equivalent to distillation, and the cloud droplets formed 
from condensation of the evaporated water after it has left the 
tower will contain almost no impurities. Therefore, the major 
source of solid chemical deposition will be the cooling tower 
drift. Although some cooling tower manufacturers are guarantee
ing drift rates of 0.002% of the tower circulating water, the staff 
has assumed a value of 0.003%. 

Chemical solids dissolved in the river water as well as chemicals 
added to the circulating water (antifoulants, etc.) will be con
centrated in the circulating water to a maximum possible concentra
tion of 1100 ppm (assuming all make-up water comes from the Schuylkill 
River). It is assumed that the concentration of dissolved chemicals 
in the drift will be equal to the concentration in the circulating 
water. Chemicals will be carried from the tower and deposited on 
the ground either in the liquid drift drops or as a solid particle 
after the drop evaporates. 

To estimate the deposition rate on the ground of dissolved chemicals 
by the method described in Appendix D, the staff assumed that the 
flux from each tower is 0.0022 lb/sec (1100 ppm x 14.3 gpm), the 
annual average conditions are as indicated in Figure 3.10, and the 
chemicals leave the plume by diffusion only. The maximum concentra-
tion of effluent thus calculated is 5.5 x 10-12 pounds per cubic foot 
about 3.5 miles downwind. The staff assumed a typical deposition 
velocity of 1 cm/sec and obtained a deposition rate of 1.8 x 10-13 

lbs/ft2/sec. Since the wind is from the northeast about 9% of the 
time (Appendix D, Figure D.3), the staff calculates (assuming the 
maximum center-line value as calculated is the average over a 10% 
sector) the total annual maximum deposition of solid chemicals to 
be 0.046 pounds/acre. 
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3.4 RADIOACTIVE WASTE SYSTEMS 

During the operation of the Limerick Generating Station, Units 1 
and 2 (3440-MWt boiling water reactors), radioactive material will 
be produced by fission and by neutron activation of metals and 
other materials in the reactor system. Small amounts of gaseous 
and liquid radioactive wastes will enter the effluent streams, 
which will be monitored and processed within the station to reduce 
the radioactive nuclides that will ultimately be released to 
the atmosphere and into the Schuylkill River. The radioactivity 
that may be released during operation of the station will be in 
accordance with the Commission's regulations as set forth in 
10 CFR Part 20 and 10 CFR Part 50. 

The waste treatment systems for Limerick described in the following 
paragraphs are designed to collect and process the gaseous, liquid, 
and solid wastes that may contain radioactive materials. 

The waste handling and treatment systems to be installed at the 
station are discussed in appropriate sections of the following 
documents submitted by Philadelphia Electric Company: 

Preliminary Safety Analysis Report, Volumes 1 through 5 
with All-Amendments - February, 1970 through June 1973. 

Applicant's Environmental Report, Construction Permit 
Stage, (Revised), with Supplements 1 through 4 - May, 
1972 through June, 1973. 

Letter Transmitting Comments on the DES of December, 1972 -
January 19, 1973. 

Letter Containing Additional Information Regarding Design 
Proposals to Mitigate Releases of Radioactive Iodine -
July 6, 1973. 

In these documents, the applicant has prepared an analysis of his 
treatment systems and has estimated the annual effluents. The 
following analysis is based on the staff's model, adjusted to apply 
to this plant, and uses somewhat different operating conditions. 
The staff's calculated effluents are, therefore, different from 
the applicant's. The conditions used in determining the releases 
of radioactivity from the Limerick Station were based on the 
applicant's proposed waste systems design and applicable data from 
operating nuclear reactors (see Tables 3.1 and 3.2). 
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Table 3.1. Principal Conditions and Parameters Used 
in Calculating Releases of Radioactive Effluents From 

The Limerick Generating Station, Units 1 and 2 

Power level 
Plant capacity factor 
Fraction of fuel releasing radioactivity 

to primary coolant 
Coolant mass 

Total water 
Steam in reactor 

Steam flow rate 
Cbolant leaks 

To reactor building 
To turbine building 

Main condenser air inleakage rate 
Iodine partition factors 

Reactor (steam/liquid) 
Reactor building 
Turbine building (air/steam) 
Air ejector 
Recombiner condenser 

Decontamination factors 
Charcoal adsorbers - iodine 
Cryogenic still overhead 

Iodine 
Krypton 
Xenon' 

Gas holdup times 
Cryogenic still overhead 
Cryogenic still bottoms 

3,435 MWe 
0.8 
100,000 lJCi/sec 
after 30 minutes' delay 

1,900,000 lb 
21,000 lb 
1.5 x 107 

500 lb/hr 
340 lb/hr 
40 scfm 

0.01 
0.001 
1 
0.005 
0.01 

10 

1 x 101f 
4 x 10 3 

1 x 101f 

3 hr 
90 days 



Table 3.2. Prinqipa1 ConditioLS and Parameters Used in Calculating Releases of Radioactivity 
in Liqluid Effluents from the Limerick Generating Station, Units 1 and 2 

Cal!acit:y: Decontamination factors Process 
Activity Holdup Effluent 
(% of Tanks I Cs,Rb Mo Y Other Released 

S stem Coolant al % 

Equipment 
102 102 102 drain waste 29,000 40 100,000 400,000 3 10 10 10 

Floor drain 
102 102 102 waste 16,000 37 96,000 400,000 6 2 10 10 

Chemical 
103 10

4 106 10
5 104 

waste 500 2.0 7,500 30,000 6 100 
Laundry b 
waste 450 10-4 2,000 36,000 2 100 

a Rated equipment cap 

b Microcuries per cubVc centimeter. 

w 
I 

N 
N 



Nuclide 

Br-82 
Rb-86 
Sr-89 
Sr-90 
Sr-91 
Sr-92 
Y-90 
Y-91m 
Y-91 
Y-92 
Y-93 
Zr-95 
Zr-97 
Nb-95m 
Nb-95 
Nb-97m 
Nb-97 
Mo-99 
Tc-99m 
Ru-103 
Ru-106 
Rh-103m 
Rh-105 
Rh-106 
Pd-109 
Ag-109m 
Ag-110 
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Table 3.3 Calculated Annual Release of Radionuc1ides 
, in the Liquid Effluent from One of the Two Units 

of Limerick Generating Station Units 1 and 2 

Ci/yr Ci/yr Ci/yr Ci/yr 
Unit* Nuclide Unit* Nuclide Unit* Nuclide Unit* 

0.00009 Te-125m 0.00002 Pr-145 0.00001 W-185 0.00025 
0.00024 Te-127m 0.00016 Nd-147 0.00023 W-187 0.013 
0.055 Te-127 0.00027 Pm-147 0.00005 U-237 0.00012 
0.0028 Te-129m 0.00063 Pm-148m 0.00002 Np-238 0.00003 
0.011 Te-129 0.00040 Pm-148 0.00006 Np-239 0.0070 
0.00004 Te-131m 0.00095 Pm-149 0.00022 Pu-241 0.00009 
0.021 Te-131 0.00017 Pm-lSI 0.00005 Am-242 0.00002 
0.0070 Te-132 0.013 Sm-153 0.00010 Cm-242 0.00003 
0.60 Sb-127 0.00004 Eu-156 0.00004 All 0.00008 
0.0044 1-130 0.00043 Na-24 0.0025 Others 
0.084 1-131 0.11 P-32 0.00041 Total 2* 
0.00072 1-132 0.013 P-33 0.0016 (Excluding H-3) 
0.00022 1-133 0.110 Sc-47 0.00002 
0.00002 1-135 0.010 Cr-51 0.0083 H-3 20 
0.00067 Cs-134m 0.00002 Mn-54 0.00082 
0.00022 Cs-134 0.13 Mn-56 0.00019 
0.00023 Cs-136 0.054 Fe-55 0.030 *Norma1ized to a 
0.12 Cs-137 0.11 Fe-59 0.011 Total of 2 curies 
0.12 Ba-137m 0.10 Co-58 0.059 
0.00054 Ba-140 0.10 Co-60 0.0069 
0.00021 La-140 0.072 Ni-63 0.00055 
0.00054 La-141 0.00019 Zn-65 0.00003 
0.00039 Ce-141 0.0022 Zn-69m 0.00002 
0.00021 Ce-143 0.0011 Nb-92 0.0016 
0.00003 Ce-144 0.00039 Sn-117m 0.00039 
0.00003 Pr-143 0.00080 Sn-121 0.00006 
0.00002 Pr-144 0.00039 
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3.4.1 Liquid wastes 

The liquid radioactive waste systems are designed to collect, moni
tor, process, store, and dispose of radioactive liquid waste. The 
waste from both reactors will be collected and treated in common 
systems designated as equipment drain, floor drain, chemical, and 
laundry wastes. Cross-connections between the systems will provide 
flexibility for processi~ by alternate methods (see Fig. 3.13). 

Separate cleanup systems for each reactor will maintain the purity 
and reduce the radioactivity level of the reactor coolant. The 
reactor water cleanup system will continually process a portion of 
the water from the reactor through a fi1ter-deminera1izer system. 
The condensate cleanup system will process the full reactor conden
sate flow through a second fi1ter-deminera1izer system. 

Waste from equipment and floor drains in the reactor, radwaste, 
and turbine buildings, the drywe11, and the residual heat removal 
systems will be collected, as appropriate, in collection tanks for 
the equipment drain or floor drain systems, and processed through 
precoat filters and 280 ga11on-per-minute mixed, deep-bed, non
regenerative deminera1izers to sample tanks for analysis. The 
staff assumed that 90% of the water from these systems will be 
returned to the system and the remainder released. Spent resins 
from the precoat filters and the demineralizers will be processed 
in the solid waste system. 

Chemical waste (nondetergent) from drains in laboratories and 
decontamination facilities will be collected in the chemical waste 
tanks for neutralization before being transferred to feed tanks 
for evaporation. The distillate from the evaporators will be 
collected in sampling tanks for analysis and discharged with the 
b1owdown from the cooling towers. The concentrate from the 
evaporators will be processed as solid waste. 

Detergent waste from the laundry and wash-down decontamination 
facilities will be filtered and collected in the laundry drain 
tanks for analysis. When within specified limits of quality, this 
waste will be mixed with the b1owdown water from the cooling towers 
for discharge. 
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Based on the staff's evaluation of the liquid radwaste treatment 
system, the annual release from each reactor of radioactive material, 
excluding tritium, in liquid waste was calculated to be about 0.76 
curies. However, to compensate for equipment downtime and opera
tional occurrences, this value has been normalized to 2 curies. 
Based on data from operating boiling water reactors, the staff 
estimates that tritium will be released from each reactor at a 
rate of about 20 curies per year. 

3.4.2 Gaseous wastes 

During power operation of the station, radioactive materials in 
gaseous effluents will include fission product noble gases (krypton 
and xenon) and halogens (mostly iodine); activated argon, oxygen, 
and nitrogen; and particulate material, including both fission and 
activated corrosion products. The schematic flowsheet of the 
radioactive gas waste handling and treatment system is presented 
in Fig. 3.14. 

The major source of gaseous waste activity during normal station 
operation will be the offgas from the main steam condenser air 
ejectors. Other sources of gaseous waste include turbine gland 
seal steam exhaust, offgases from the mechanical vacuum pump, 
ventilation air released from the reactor, turbine and radwaste 
building exhaust systems, and the dry well and suppression chamber 
purge systems. 

The gases from the turbine condenser during normal operation will 
be removed by the air ejector and processed through the gaseous 
waste disposal system. This system will include a catalytic re
combiner, a 2-minute delay line, charcoal adsorber, a high efficiency 
particulate air (HEPA) filter, and a cryogenic distillation column. 
Each unit will have separate systems with shared spares for charcoal 
adsorber, HEPA filter, and cryogenic distillation equipment. The 
catalytic recombiner-condenser will remove the radiolytic hydrogen 
and oxygen, along with the oxygen from air inleakage, and almost all 
of the iodine. The delay line will allow decay of the short-lived 
gases. The charcoal adsorber will provide further removal of the 
iodine. Cryogenic distillation will concentrate the kr ton 
xenon or ecay holdup before release. The staff assumed that 
0.01% of the iodine, and xenon, and 0.025% of the krypton will be 
released from the cryogenic still after a 3-hour delay, and that the 
krypton and xenon from the cryogenic still bottoms will be released 
after 90 days holdup. These gas effluents will be discharged to the 
atmosphere through the turbine building vent, 210 feet above grade. 
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During unit startup, air and the radioactive gases present will be 
removed from the turbine condenser by a mechanical vacuum pump and 
released without treatment through the reactor building vent, 210 
feet above grade. The staff assumed 16 hours per year of operation 
for this purpose. 

Clean steam from demineralized condensate will be used in the turbing 
gland seal system which will reduce the radioactivity in the gases 
released from the turbine gland seal condenser to negligible 
quantities. 

The reactor building will have two separate once-through ventila
tion systems. Air from the refueling floor ventilation system 
common to both units will be exhausted through slots located over 
the fuel pool, the reactor cavity, and the steam-dryer separator 
storage pool to the reactor building vent. The second ventilation 
system will serve the access and equipment compartment areas below 
the refueling floor. The access area air will be exhausted with
out treatment, and air from the equipment compartments will be 
exhausted through roughing and HEPA filters and charcoal adsorbers 
to the reactor building vent. 

The dry well and suppression chamber will be isolated during nor
mal operations, but the staff assumed that these systems would be 
purged once each year through the stand-by gas treatment system. 

The turbine building ventialtion system will be controlled so that 
air flows from the clean to the potentially contaminated areas and 
will be exhausted through the reactor building vent after passing 
through roughing and HEPA filters, and charcoal adsorbers. Also, 
a valve stem seal system will be installed if necessary on all 2-1/2 
inch and larger valves to mitigate releases of radioactive effluents. 

In the radwaste building, the ventilation will be controlled so 
that air flows from the clean to the potentially contaminated 
areas and will pass through roughing filters to the vent system. 
The air from tanks containing radioactive liquids will pass through 
HEPA filters to be discharged into the equipment compartment venti
lation duct. Separate exhaust systems will be provided for the 
laboratories and the chemical hoods, and air from these will be 
exhausted through roughing and HEPA filters. All air from the 
ventilation exhausts in the radwaste building will be discharged to 
the atmosphere from the turbine building vent. 

Based on the staff's analysis of the gaseous waste treatment system, 
it is estimated that the radioactivity released to the atmosphere 



Table 1.4. Calculated Releases of Radioactive Materials in Gaseous Effluents from 
Limerick Generating Station, Units 1 and 2 (per unit) 

Nuclide releases ~Cilyear ~er unit~ 
Reactor Building Vent Turbine Building Vent 

Reactor Building Mechanical Vacuum Turbine Building Condenser Air Total 
Nuclide Pum E ector 

Kr-83m a a 2 7 9 
Kr-85m a a 3 23 26 
Kr-85 a a a 740 740 
Kr-87 a a 10 21 31 
Kr-88 a a 11 56 67 
Kr-89 a a 44 a u 44 
Xe-131m a a a 3 3 
Xe-133m a a a 1 1 
Xe-133 a 2300 6 27 2333 
Xe-135m a a 18 a 18 
Xe-135 a 350 17 59 426 
Xe-137 a a 74 a 74 
Xe-138 a a 56 a 56 

Total noble ga es a 2650 241 937 3828 

1-131 0.0010 a 0.0068 a 0.0078 
1-133 0.0040 a 0.039 a 0.043 

a Quantities a~e less than 1 Ci/year for noble gases and less than 0.0001 Ci/year for radioiodine. 
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I 
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from each reactor will be approximately 3800 Ci of noble gases and 
0.008 Ci of iodine-13l per year. (Table 3.4). 

Additionally, it is noted that the treatment system proposed for 
the offgas from the condenser air ejectors (Fig. 3.14) contains 
a single catalytic recombiner and condenser followed by a 2-minute 
holdup pipe. In a letter dated January 19, 1973, the applicant 
stated that his operating procedures require that a reactor be 
shutdown when the recombiner system for that unit is not opera
tional. The Technical Specifications for the Limerick Generating 
Station, Units 1 and 2, will require such action. 

In the evaluation of the performance of this system, the staff 
assumed that in the event of a recombiner failure ten seconds would 
be required for the automatic closing of isolation valves, allowing 
the release without treatment of radioactive noble and activation 
gases. Assuming the meteorological dispersion which would be 
expected to occur 50% of the time and prior operation at an equi
valent offgas rate of 100,000 ~ci/sec at thirty minutes, the staff 
estimated a whole body dose of less than 1 mrem at 2500 feet from 
the turbine building. 

3.4.3 Solid Waste 

The solid waste systems will include the high-specific-act1v1ty, 
low-specific-activity, and baling and miscellaneous systems. The 
high-specific-activity system will receive the spent resin from 
the reactor water cleanup system in one of two reactor water clean
up phase separator tanks where it will be held for radioactive 
decay before being pumped to 30-ft3 filter drums which will be 
sealed, decontaminated, monitored, and moved to the filled con
tainer storage area. Water from the phase separators and the 
filter drums will be returned to the equipment drain collection 
tank. 

The low-spec if ie-activity system will receive spent resin from the 
reactor condensate equipment drain, floor drain, and fuel pool de
mineralizer; the spent filter cake from the equipment and floor 
drain filters; and the chemical evaporator concentrate. The spent 
resin from the reactor condensate cleanup demineralizers will be 
processed through phase separators. All slurries will be held for 
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radioactive decay and then dewatered in one of two centrifuges. 
The centrifuge cake will be discharged through vibrating metered 
hoppers to 200-ft 3 containers, which will be decontaminated, moni
tored, and transferred to the filled container storage area. The 
water from the phase separators and the centrifuges will be returned 
to the equipment drain collection tank. 

The baling and miscellaneous system will receive contaminated 
protective clothing, paper, rags, spent air filters, and other 
materials for packaging for shipment in accordance with AEC and 
DOT regulations. The staff estimated that approximately fifty 30-ft 3 

containers and 20 200-ft 3 containers of solid waste per unit, 
containing approximately 1600 Ci of radioactivity after 180 days 
delay, will be shipped annually. 

3.5 CHEMICAL AND BIOCIDE SYSTEMS 

Operation of the Limerick Station will result in chemical wastes that 
will, except for drift loss from the cooling towers, be discharged to 
the Schuylkill River. The major chemical wastes will be sodium sul
fate from the regeneration of demineralizer beds, calcium sulfate 
from the pH adjustment of water in the cooling .tower basins, and 
chlorine compounds from cooling water treatment. Additional residual 
chlorine will be present from the effluent from the sewage treatment 
plant. A very small amount of phosphate and sulfite will be present 
from auxiliary boiler water treatment. 

Sodium hydroxide and sulfuric acid will be used in the regeneration 
of anion and cation exchange resin beds in the makeup water deminera
lizer system. Separate anion and cation exchange beds will be re
generated once every two days, with the formation of 426 and 493 lb 
of sodium sulfate respectively. The mixed anion-cation exchangers 
will be regenerated once a week, with the formation of 271 lb of 
sodium sulfate. The waste liquids containing the sodium sulfate 
from the regenerating processes will be discharged into a 40,000-
gal settling basin. Assuming the worst possible condition, that 
all demineralizers will be regenerated at the same time, a total 
of 1190 lb of sodium sulfate could be discharged to the settling 
poud, with a resulting concentration of 3571 ppm. The waste water 
system is shown in Fig. 3.15. 

The discharge from the settling basin (31,716 gal/day) will be com
bined with the blowdown from the cooling towers (1.296 x 107 gal/day) 
before discharging into the Schuylkill River, so that the concentra
tion of the sodium sulfate going into the river would be 8.7 ppm. 
Water discharges to the Schuylkill River are shown in Fig. 3.15. 
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The applicant's reportS states that the maximum expected use of 
sulfuric acid will be 26,240 lb/day (see Table 3.5). An average 
of 182 lb/day will be used to regenerate demineralizer beds. The 
remainder (26,058 lb/day) will be used to convert calcium carbonate 
in the cooling tower water to calcium sulfate to prevent scaling. 
The quality of the water (Table 3.6) together with the concentra
tion factor of the cooling tower system (Sect. 3.3.4) makes the 
sulfuric acid treatment necessary. 

In order to prevent aquatic growth from fouling heat transfer sur
faces in the steam condensers, the circulating cooling water will 
be treated periodically with elemental chlorine. Chlorine will 
be added at such a rate that a maximum concentration of 0.2 ppm 
free residual chlorine will exist at the discharge side of the 
condenser section. Both sides of each condenser will be treated 
simultaneously for a maximum of 60 minutes, two times per day. 

At the expected chlorination rate, a maximum of 21.6 lb/day of 
chlorine as hypochlorous acid, hypochlorites, and chloramines will 
be discharged into the Schuylkill River. A brief summary of the 
chemistry of chlorine in fresh water is given in Appendix E. It 
is not expected that chlorination of the cooling towers will be 
required. 

The Schuylkill River water supply is insufficient during prolonged 
periods of low flow to satisfy all demands and must be augmented by 
water from the Delaware River. The Delaware River water is to be 
pumped into Perkiomen Creek, flow down the Perkiomen for approxi
mately 18 miles, and then be pumped from the Perkiomen to the site. 
This Delaware River water will not be chlorinated. The analysis of 
the Delaware River and Perkiomen Creek water is given in Table 3.6. 

Three Erie City M-type auxiliary boilers rated for 45,000 pounds of 
steam per hour at 250 psig will be installed at Limerick Generat
ing Station. Each boiler will be fired with low-sulfur residual 
oil. The expected annual fuel consumption is 2,350,000 gallons for 
the three boilers. Assuming a sulfur content of 0.35% for the fuel 
oil, 12.21 x 104 pounds of sulfur dioxide would be produced per year. 
Trisodi1Jm phosphate and sodium sulfite will be used to treat the 
water used in the auxiliary boilers. The 50 to 100 gpm blowdown 
from each of the boilers will contain from 2 to 10 ppm of sulfite 
and 2 to 10 ppm of phosphate. Maximum amounts of trisodium phos
phate and sodium sulfite discharged to the settling basin would 
be approximately 0.044 and 0.039 lb/min respectively. The dis
charge from the settling basin will be combined with approximately 
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Table 3.5. Projected use of chemicals during construction and operation 

Chemical 

Sulfuric acid 
Sodium hydroxide 
Chlorine 

Magnafloc 990N" 
Sodium bisulfite 
Trisodium phosphate 
Ammonium molybdate 
l-Amino-2-naphthol-4-sulfonic acid 
Sodium and calcium hypochlorite 
Decon or equal 
Pramitol 2SE or equal 
Gulfsprab' or equal 
Oeaners 

Quantity 

26,2401b/day 
1,1001b/day 
21.6lb/day 

2S Ib/week 
1060 g/month 

700 g/month 
14g/month 

Sib/year 
150 gal/year 
10 gal/year 

4American Cyanamid Magnafloc 990N, a polyacrylamide. 

Where used 

Demineralizers and cooling tower basins 
Demineralizers and cooling tower basins 
Condensers 
Sewage and Perkiomen Creek water treatment 
Water treatment 
Water treatment 
Water treatment 
Water treatment 
Water treatment 
Domestic water chlorinator 
Rat poison 
Herbicide 
Insecticide 

bChemicals used as cleaners during construction: acetone, isopropyl or methyl alcohol, distilled petroleum 
spirits, turpentine or gum spirits, hydrazine, morpholine or ammonia, sodium nitrate, biodegradable detergents, 
and sodium hydrazide. These chemicals will be discharged batchwise from a "construction settling pond." Each 
discharge tatch will be monitored and, if acceptable, discharged to the Schuylkill River; if not, it will be treated 
and discharged or trucked to offsite treatment facilities. 
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Table 3.6. !\nalysi. of water samples taken from the Schuylkill River, 
Perkiomen Creek, and Delaware River 

Compilation of analytical results on samples taken during winter and summer of 1969-70 

Schuylkill River Perkiomen Creek Delaware River 

Av Max Min Av Max Min Av Max Min 

Total hardness as CaC03, ppm 167 224 120 103 120 90 65 76 50 
Calcium as CaC03, ppm 96 126 70 59 68 50 39 42 34 
Magnesium as CaC03, ppm 71 98 50 45 52 40 28 34 12 
Sulfate as S04, ppm 89 128 50 31 46 20 9 29 9 
Chloride as Cl, ppm 26 35 18 23 30 18 10 16 7 
Silica as Si02, ppm 8.3 9.8 5.7 9.6 1l.9 4.3 5 6.1 2.1 
Total phosphate as P04, ppm 1.2 2.2 0.8 1.2 1.4 0.6 0.6 0.9 0.2 
Orthophosphate as P04, ppm 1.1 2.2 0.6 1 l.4 0.6 0.5 0.8 0.2 
Fluoride as F, ppm 0.29 0.44 0.15 0.24 0.38 0.18 0.18 0.33 0.11 
Nitrate as N, ppm 3.9 12 1.5 2.4 8 0.8 2.2 8 0.7 
Soluble zinc as Zn, ppm 0.28 0.8 0.1 0.12 0.3 0.03 0.16 0.2 0.1 
Total copper as Cu, ppm 0.03 0.05 0.01 0.02 0.05 0 0.09 0.39 om 
Total iron as Fe, ppm 0.91 2 0.1 0.59 2 0.1 0.45 1 0.15 
Sodium as Na, ppm 22.2 38 13 14 31 2 6 7.5 4.1 
Dissolved solids, ppm 297 394 206 189 220 156 106 120 76 
Suspended solids, ppm 22 64 2 7.5 14 2 15 46 4 
pH 7.38 8.9 6.7 7.33 7.7 6.8 7.26 8.0 6.0 
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400 times its volume of blowdown from the cooling towers, so that 
the concentrations of sodium sulfite and sodium phosphate discharged 
to the Schuylkill River will be negligible. 

During construction a "construction holding pond" will receive all 
construction chemical discharges. Discharge from the pond will be 
on a batch basis, and prior to each discharge a sample will be taken 
and analyzed for pH, conductivity, turbidity, dissolved iron, and 
phosphate. Special analyses will be performed to detect cleaners, 
corrosion inhibitors, and toxic substances whose presence might be 
suspected. Discharges from the pond will be to the Schuylkill River 
via Possum Hollow Run. If the water quality is not acceptable, this 
water will be treated to Delaware River Basin Commission and State 
standards before discharge, or trucked to offsite treatment facilities. 

Laboratory wastes will be collected in a waste tank, neutralized, 
and then transferred to an evaporator. The evaporator distillate 
will be analyzed and, if satisfactory, discharged to the cooling 
tower b1owdown line. If not satisfactory, it will be recycled for 
additional treatment. The evaporator concentrate will be trans
ferred to the solid radioactive waste system. 

Laundry detergent wastes will be collected in laundry drain tanks, 
filtered, and sent to a sampling tank. After sampling and analy
sis, the wastes will be discharged through the cooling tower blow
down line to the river. 

Waste flows from the settling pond will be combined with blowdown 
from the cooling towers and discharged into the Schuylkill River 
(Fig. 3.15). A conservative dilution factor of 10 is assumed for 
the concentrations of chemicals in the discharge on entering the 
Schuylkill, with additional dilution downriver. 

The chemical loss by drift from the cooling towers is expected to 
be negligible. Assuming the loss to be 0.003% of the circulating 
water the maximum deposition approximately 3.5 miles southeast 
of a tower will be 0.046 pounds per acre per year. A more com
plete discussion of drift is given in Sect. 3.3. 

3.6 SANITARY AND OTHER WASTE SYSTEMS 

_Sanitary wastes produced before the sanitary waste treatment plant 
is in operation will be collected by an independent contractor and 
trucked to an offsite treatment facility. 
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During construction of the Limerick Station, the sanitary waste 
treatment plant will operate as a contact stabilization facility. 
During the operational and maintenance stages of the Limerick 
Station, the sanitary waste treatment plant will operate as an 
extended aeration plant. The expected volumes of sanitary wastes 
during the construction, operation, and refueling maintenance stages 
are 25,000, 5,400, and 10,700 gal/day respectively. The applicant 
states that "at no time will the plant be operated such that sig
nificant BOD loadings will be imposed on the Schuylkill river." 

3.7 TRANSMISSION SYSTEMS 

The Limerick site is essentially at the Schuylkill River crossing 
of the Peach Bottom-Whitpain 500-kV transmission line. From this 
location, two existing and separate railroad rights-of-way extend 
about 8 miles to the Cromby Generating Station. The three trans
mission lines associated with the Limerick Generating Station are 
shown in Fig. 3.16. 

Electric power from Limerick Unit 1 will be delivered to the Cromby 
Generating Station via two new 230-kV transmission lines, one line 
built in each of the two existing railroad rights-of-way. The power 
delivered to the Cromby Station will be integrated into the appli
cant's 230-kV and 69-kV system networks. The applicant's expected 
in-service date for both 230-kV lines is 1976. 

Electric power from Limerick Unit 2 will be delivered to Whitpain 
on a new 50D-kV transmission line, 17 miles long, to be constructed 
within the existing 500-kV transmission line right-of-way. At 
Whitpain, the power will be integrated into the 50D-kV transmission 
loop around the eastern Pennsylvania, Delaware, and New Jersey area 
to improve the reliability of the eastern Pennsylvania-New Jersey
Maryland (PJM) power pool area to customers, of which pool the 
applicant is a member (Fig. 9.3). 

The applicant plans to construct the 230-kV lines on single-pole, 
1I1"ltiple-pole, aDd con:veDtional latticed structures which wi]] be 
either completely galvanized or galvanized with deglared aluminum 
tops, as shown typically in Fig. 3.17. The 500-kV line to Whitpain 
Substation is planned to be constructed on single-circuit latticed 
towers, which are essentially a duplicate of the existing Peach 
Bottom-Whitpain line. They also will be either completely galva
nized or galvanized with deglared aluminum tops. Their heights 
will range from 90 to 150 feet, and their spacings will be approxi
mately 1000 feet. A typical 500-kV line is shown in Fig. 3.18. 
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Fig. 3.17. Typical 230-kV latticed tower construction. 
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Fig. 3.18. Typical 500-kV latticed tower construction. 
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The lines will be constructed in accordance with a published pro
gram for improving the appearance of overhead transmission 1ines. 6 

A staff review of this program shows that it conforms closely to 
that of Envil'onmenta~ CZ'itel'ia fol' E~eatl'ia Tl'anmitis8ion Systems, 
as published by the U.S. Departments of the Interior and Agricu1-
ture. 7 It is expected, therefore, that the applicant will be 
sensitive to the environmental concerns specific to the areas 
affected and will exercise considerable care in treating the 
visual impact and physical infringement on the landscape. 

The applicant's present practice is to perform right-of-way clear
ing for both new construction and maintenance without the use of 
herbicides except in the following cases: 1 

1. In cleared areas containing flush-cut stumps of trees and 
shrubs, stumps are treated with a 4% strength mixture of 
equal parts of 2,4-D and 2,4,5-T (diluted in fuel oil). 

2. When necessary, an Amchem growth retardant (NAI-10637 + 1% 
NAA + 1% ethyl alpha-naphthalene acetate) is applied to fresh 
cuts on trimmed trees. 

3. When right-of-way access for maintenance is difficult (e.g., 
river crossings, island), growth is controlled by a mixture 
of Tordon No. 155 (Dow Chemical) and fuel oil. 

The transmission requirements were a significant factor in the 
applicant's selection of the Limerick site, because the rights
of-way were already established. A portion of the land within 
the applicant's right-of-way is not presently used for transmis
sion, although it is presently assigned to this purpose. The 
construction of additional transmission lines within this portion 
would result in its long-term withdrawal from nominal public use. 

The new 500-kV line will enlarge the size of the present group of 
transmission lines from the Limerick Generating Station to Whit
pain Substation and, therefore, will significantly increase the 
visual impact of these lines to viewers from frequently traveled 
nearby public roads. The two 230-kV lines follow present railroad 
rights-of-way, and their visual impact should be small. 

The staff agrees that grouped systems within fewer transmission 
corridors, rather than a growth in the number of corridors, are a 
better approach to land planning. 
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4. ENVIRONMENTAL EFFECTS OF SITE PREPARATION 
AND STATION AND TRANSMISSION LINES CONSTRUCTION 

4.1 LAND 

The site consisted of 587 acres of farmland including a small amount 
of woodland. Construction activities have eliminated the farming use 
of the land. 

The applicant l states that 45% of the acreage is effected by site pre
paration and construction activities. The plant and substations will 
occupy 85 acres, but only a few acres of woodland will be cleared. 
The impact of the loss of this farmland and wildlife habitat is re
latively small considering that available elsewhere in the vicinity. 
The remaining disturbed area will be landscaped and reseeded. Such 
restoration has already been done to the area south of Possum Hollow 
which has been disturbed by rerouting the access road and installation 
of a railroad spur. Drainage systems have been installed on the site 
to minimize runoff and erosion. 

Only 7 acres of land for use as corridor will be required to con
nect the substations to existing transmission line rights-of-way. 
Presently existing transmission line and railroad rights-of-way 
will be used for the additional transmission lines required for 
the Limerick Generating Station. 

The abandonment of Long View Road on the site will force some local 
residents to drive a short distance out of their way to some des
tinations. Some land zoned for homes on large lots is incorporated 
into the site, but there is adequate other land for such purposes 
nearby. 

4.2 WATER 

The construction activities will have local short-term effect on 
the Schuylkill River environment. Runoff from land areas disturbed 
by construction activity and the activities of dredging and building 
strttetures in the river will increase ~ sedimentation level. 

To minimize this, a settling basin is being constructed to accommo
date surface drainage. Sedimentation screens will be used during 
in-channel construction. Water for construction activities will 
be taken from existing wells rather than from the river. 
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Organic wastes currently generated by initial construction activity 
are being transported elsewhere. Later, wastes will be treated in 
an onsite plant to meet Pennsylvania water quality standards, so that 
they can be safely discharged into the river. 

4.3 SITE ECOLOGY 

Approximately 270 acres of the 587-acre site have been cleared, 
excavated, or used to store construction materials and equipment. 
Thus, the major impacts of construction at the site (loss of habi
tat for terrestrial wildlife, erosion, silting of the Schuylkill) 
have already occurred. Some areas have already been seeded and 
landscaped; eventually, all of the disturbed areas will be so 
treated. According to the applicant, storm and sanitary drainage 
systems are being installed to minimize runoff and erosion and 
to provide for the collection of sanitary wastes. A settling basin 
is under construction and, upon completion, will reduce silting 
in the Schuylkill River. 

In accordance with a condition in the water allocations for the 
Limerick Generating Station, a reservoir may be required by DRBC 
to be built and operational by 1980, at the expense of the applicant. 
Although the establishment of the specific environmental impact and the 
exact cost of this reservoir is not precisely possible until the 
reservoir site is selected, a summary assessment of these general 
characteristics has been provided by the staff of the DRBC and is 
presented in Sections 5.2 and 12.5, and Appendix H. The AEC staff 
is confident that of the many potential sites available, the DRBC 
will be able to select one with minimal adverse impacts. The largest 
of the potential sites is expected by DRBC to require inundation of 
less than 2 square miles of sparsely settled land - a minute fraction 
of the Delaware Basin drainage of over 1100 square miles. The total 
cost of engineering, acquisition, construction and filling of a 
reservoir of this size is expected to be not greater than 40 million 
dollars ($40 x 106) on the basis of 1973 prices. It is noted that 
such a reservoir may be required for construction of any kind of 
power plant requiring water cooling anywhere in the basin. 

Additional construction on the banks of the Schuylkill River and 
Perkiomen Creek for intake and discharge structures will increase 
sediment loads in the water bodies. The effects of silting on the 
Schuylkill and Perkiomen should be temporary and localized. 

The installation of in-stream concrete structures near the water 
intakes on Perkiomen Creek and the Schuylkill in order to maintain 
an adequate pool volume for water withdrawal under low flow condi
tions will effectively result in permanent alterations in the 
aquatic communities. Pools represent stream habitats which are 
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quite different from riffles and runs both in species composition 
and productivity. The addition of concrete structures will in
crease the habitat for species such as the Hydropsychidae (net
spinning caddis flies) which prefer solid surfaces (see Sect. 
5.4.1). Overall, however, the effects of construction on the 
Schuykill and mainstream Perkiomen Creek are not expected to be 
significant. 

4.4 THE COMMUNITY 

The construction activities, including site preparation, have 
various effects on the community. These include visual and 
auditory impacts and those caused by the additional people and 
traffic involved. These effects are generally only temporary, 
and none are very serious. 

There will be a temporary visual impact caused by the physical 
disruption of the site by construction activity. A more permanent, 
major one will be caused by the cooling towers, which will be vis
ible for a long distance. A smaller, but significant, similar 
impact will be caused by the transmission towers. In general, the 
modern plant structures will offer sharp contrast with the rural 
surroundings. Noise and dust are possible problems, but the appli
cant l gives assurance that these will be appropriately controlled. 

A big effect will be that caused by the large number of people in
volved in construction. The estimated l yearly numbers of workers 
are: 

1972 

100 

1973 

1100 

1974 

2460 

1975 

2500 

1976 

1900 

1977 

600 

1978 

150 

It is estimated that 70% of these workers will commute from nearby 
population centers and the others will reside in the area. Some 
increases in commerce and demand for housing will result, but the 
effect will be smaller than that due to construction at about the 
same time of the extension to the Schuylkill Expressway, which will 

---

pass within 5 miles of the plant site. The local schools appear 
capable of handling the small increases expected in student enrollment. 

The applicant states l that during the construction period, some 
materials will be trucked to the site but that most tonnage will 
be transported by rail. As a result, the principal increase in 
use of the highways will be due to construction employees driving 
to and from the job. At the peak of activity the daily traffic 
generation is estimated l to be 1080 automobiles, making a total of 
2160 trips, and 90 trucks, making 180 trips. The staff believes that 
Township Line Road, as rebuilt, is capable of handling this traffic 
load. 
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4.5 MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS 

4.5.1 AEPlicant's Commitments in the Environmental Re~ort, Construction 
Permit Stage, (Revised), May, 1972. 

The following is a summary of the commitments made by the applicant 
to limit adverse effects during construction of the proposed station. 

a. Construction and site preparation are given constant attention 
in an effort to minimize adverse environmental effects. Although 
about 45% of the 587 acre site will be utilized in some fashion 
during construction, less than 15% (85 acres) will be occupied by 
the completed Limerick Generating Station and substation. As soon 
as an area is no longer needed for a temporary use it is reseeded 
and landscaped as appropriate with native vegetation. 

b. Construction offices, shops and auxiliary buildings have been 
erected and some housing has been provided on-site. These are 
one-story structures and are generally unobtrusive in character. 
At the end of their use, these structures will be moved. 

c. Containers for trash collection provided by a local contractor 
are removed from the site on a regular basis. No burning is 
allowed at the site. 

d. The concrete batch plant has been constructed in an open area 
well away from any cover for wildlife. Dust suppression measures 
are in effect during use, and it will be removed from the site 
on completion of its function. 

e. A settling basin has been constructed in accordance with require
ments of the water pollution and soil erosion control system 
required by the Department of Environmental Resourses (DER) of 
the Commonwealth of Pennsylvania. Permanent and temporary drains 
lead to this basin to assure that silting of the river from runoff 
during construction is minimized. Only decanted water from this 
basin will be discharged to the river. 

f. All major blasting at the site is completed. Excavated material 
is being deposited and spread over low areas or in designated 
laydown space to increase the usefulness of the land. 

g. Most of the noise generated during construction is expected to 
be significantly attenuated by the surrounding natural stands of 
trees and shrubs. However, a program of monitoring noise levels 
has been established to enable prompt action to the extent practicable 
to reduce objectionable noise levels. 



4-5 

h. Sprinkler trucks are in use to reduce dust production. No 
significant problems of dust carryover is expected outside the 
site. 

i. During the early phase of construction organic wastes are collected 
in mobile facilities and exported from the site to an approved 
treatment facility. Later, all sewerage will be treated onsite 
in a state-approved sewage plant to a quality meeting the standards 
of the Commonwealth of Pennsylvania. No untreated waste will be 
discharged to the river. 

j. A laydown area which occupies more of the open land on the site 
than any other activity has been established for the temporary 
storage of equipment and construction materials. This land will 
be restored when no longer needed in accordance with Section 4.5.l.a. 

k. The rail spur to the site and rerouted access roads have been 
completed and the disturbed land reseeded and appropriately 
landscaped. 

1. Construction of the pipeline from Perkiomen Creek will be within 
an existing transmission line right-of-way, and is expected to 
require no additional clearing of trees. The disturbed cover is 
expected to be quickly reestablished by natural processes. Con
struction of the pipelines to and from the Schuylkill River will 
be within the site, and in conformance with regulations of the 
DER of the Commonwealth of Pennsylvania. 

m. Construction of the intake structures on Perkiomen Creek and the 
Schuylkill River will be scheduled to minimize stream impacts in 
conformance with regulations of the DER of the Commonwealth of 
Pennsylvania and the Delaware River Basin Commission, assuring 
minimal problems of silting and turbidity. The visible parts 
of the structures are designed to be aesthetically complementary 
to the surroundings. Sedimentation screens will be used as 
practicable for this construction. 

n. During the construction period when two shifts of workers are 
employed, banks of floodlights will be in operation, and will be 
situated to shine downward and not reflect beyond the site boundary. 
The glow of the lights which will be similar to those at sports 
arenas will be visible for some distance, but will be removed as 
soon as exterior construction is completed. 

o. No new transmission rights-of-way will be required to deliver 
power from the Limerick Generating Station. Additional lines 
will be added as necessary to existing systems, and will require 
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minimal clearing or trimming of vegetation. Where appropriate, 
approved growth-retardant chemicals are applied to fresh cuts on 
limbs of trees which have been trimmed. The present general 
practice of the Philadelphia Electric Company is to perform right
of-way clearing without the use of chemicals for new construction 
and maintenance. In addition to the primary consideration of 
safety and reliability, the applicant pledges the following: 

(1) Transmission lines shall be constructed and operated with 
the intent of presenting a pleasing appearance that will 
maintain scenic values .• 

(2) Joint use of transmission line rights-of-way by neighboring 
property owners and local communities shall be promoted within 
limits of public safety and requirements of the company. 

4.5.2 Staff Evaluation 

Based on a review of the planned construction activities and the 
expected environmental impact, the staff concludes that the commit
ments by the applicant, as summarized, are adequate to assure that 
adverse environmental effects will be at a minimum practicable level. 
It is noted that in the summer of 1971, the site was hydroseeded with 
crown vetch on the slopes and native grass on the flat areas. During 
1973 site visits no significant erosion problems were visible. 
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REFERENCES FOR SECTION 4 

1. Philadelphia Electric Company, Applicant's Environmental Re
port - Construction Permit Stage (Revised)~ Limerick Gener
ating Station~ Units 1 and 2~ May 1972. 





5. ENVIRONMENTAL EFFECTS OF STATION OPERATION 

5.1 LAND 

The applicant plans to make unoccupied land on the site available 
for recreational purposes; also, an information center open to the 
public will be on the site. These activities will have a favorable 
impact on land use. 

The exclusion area has a 2500-ft radius, thus placing it almost 
entirely within the site boundary. Accordingly, its restrictions 
will have little effect on the surrounding area. Chemical or 
radioactive releases will not be great enough to adversely affect 
land use in the vicinity. 

5.2 WATER 

The planned discharges of radioactive, chemical, thermal, and 
sanitary wastes are sufficiently small and dilute that no 
significant effect is expected on present or projected water uses, 
except for the potential biological impact of chlorine, as dis
cussed in Sect. 5.4. 

Operation of the Limerick Generating Station will require water for 
consumptive and non-consumptive uses at average rates of 54 cfs and 
20 cfs, respectively. The maximum rate of water withdrawal for all 
purposes is expected to be about 87 cfs. 

Management of all the water resources in the Delaware River Basin is 
the responsibility of the Delaware River Basin Commission (DRBC) , as 
set forth by the provisions of the Delaware River Basin Compact. The 
DRBC allocates water in accordance with the comprehensive plan for the 
Basin, in conformance with residential, municipal, recreational and 
industrial needs - existing and future - and the expected supply of 
fresh water in the Basin. All allocations of water are conditioned 
to assure that consumptive uses are in appropriate proportion to the 
amount of fresh water available. The following information is quoted 
from the DRBC staff's analysis of the impact of consumptive use of 
water in the Basin, and provides the bases for the imposition of 
conditions on all water allocations to assure maintenance of flow 
rates equal to or greater than established minima: 

"In the Delaware estuary, one of the most important quality 
characteristics of the water is its salinity. The salinity, 
measured as chlorides, varies from very low values--less than 
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10 mg/l--at Trenton, caused by minerals dissolved in the runoff 
from the drainage area above Trenton, to that of sea water 
(18,000 mg/l as chlorides) at the mouth of Delaware Bay. During 
periods of low flow into the Delaware estuary, sea water intrudes 
up the tidal river against the weak fresh-water flow until a state 
of equilibrium is reached between the upstream mixing forces of 
tides and winds on the one hand and the repulsion and dilution 
forces of the fresh-water inflow on the other hand. 

The penetration of sea water up the Delaware estuary depends 
primarily on the flow tidal currents that normally occur twice 
daily. The principal force opposing sea-water intrusion is the 
flow of fresh-water runoff into the tidal river, which dilutes 
the sea water and, during period of low fresh-water flow into the 
estuary, the diluting and repelling forces are lowered and the 
sea water is carried farther up the estuary on each flood tide 
until a new equilibrium between the opposing forces is reached. 
Depending on its force and direction, wind will, at times, in
crease or decrease the concentration of sea salts in the estuary 
by pushing the salt water into or out of the estuary. Over long 
periods of time, changes in mean sea level could influence the 
system. Observations of salt water movements in the prototype 
have revealed the dynamic nature of the system, as evidenced by 
the ever changing salt concentrations. This non-steady state 
characteristic makes it difficult to determine the exact relation
ship between any force influencing salt concentration at any given 
location. For this reason, DRBC staff and others have generally 
depended upon physical (hydraulic) and mathematical models of the 
estuary to determine these relationships. 

During the drought of the mid-1960's, primarily in 1964 and 1965, 
when the fresh-water flows into the estuary decreased significantly, 
sea salts in detectable concentrations were observed in the tidal 
Delaware River as far upstream as Philadephia, within a few miles 
of that City's water intake at the Torresdale Filtration Plant. 
Such intrusion of sea water limited the uses that industries and 
municipalities along the estuary could make of the river water. 

Increased consumptive use of the fresh water inflow to the estuary 
during periods of low flow, unless replaced, will shift the state 
of equilibrium so that sea water will move faster and farther up 
the estuary toward Trenton. Increased sea water intrusion in the 
Delaware estuary will have severe detrimental effects on the 
ecology of the upper portion of the tidal River, and would 
drastically reduce the availability of fresh water in this reach 
for municipal and industrial purposes. Further, underground 
aquifers supplying large areas in New Jersey are, at one point 
or another, in hydraulic continuity with the upper reaches of the 
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tidal River and will be rendered useless if contaminated by 
saline waters. For these reasons, it is essential that the 
seasonal inland penetration of ocean salinity not be permitted 
to increase significantly. 

Measurement of the net oceanward flow of fresh water is nearly 
impossible in the ebb and flow of tidal stream. Therefore, the 
Delaware River at Trenton, N.J., before it becomes tidal, has, 
by historic use, become a reference point for measuring the 
effective flow to repel ocean salinity. In order to maintain 
reasonable levels of salinity throughout the upper tidal portion 
of the Delaware River from Trenton to Wilmington for the pro
tection of both instream and withdrawal uses of water, the 
Delaware River Basin Commission has determined that the con
centration of chlorides at the mouth of the Schuylkill River 
(River Mile 92.47) should -10t exceed 250 mg/l. This standard 
is included in Section 2-3.4 of the Delaware River Basin 
Commission Comprehensive Plan, Section X, Water Quality Standards 
for the Delaware River Basin, approved by letter from the 
Secretary of the Interior dated April 4, 1968. 

With the attainment of this objective, the water in the Delaware 
River upstream of the Schuylkill River would meet the standard 
for chlorides in potable water as promulgated by the Public 
Health Service (1962). Also, meeting this objective would pro
vide benefits to users of estuarine water downstream of the 
Schuylkill River mouth by minimizing the occurrences of detri
mentally excessive salinity in their raw water service, and 
protect underground aquifers, heavily used for municipal and 
irrigation purposes in New Jersey. 

Studies of the prototype during the drought years of 1965 and 
1966 and later simulation studies, using both the hydraulic model 
of the Corps of Engineers in Vicksburg, Mississippi, and the 
mathematical model developed by the Public Health Service, have 
provided the Commission with information sufficient to determine 
that, for the mean level of the sea as of 1970 and for average 
seasonal conditions of tide, wind, and runoff from the drainage 
area below Trenton, a sustained Delaware River flow at Trenton of 
3,000 cfs (1,938 mgd) during the low-flow season will prevent the 
250 mg/l isochlor from penetrating upstream of the mouth of the 
Schuylkill River. This required flow at Trenton will vary some
what as the actual combination of tide, wind and contributions 
of fresh water from downstream tributaries varies, and as the 
mean sea level changes from its current (1970) level. Many 
studies on tangential matters, such as determination of the tidal 
river's waste assimilative capacity, have been based on a flow of 
3,000 cfs at Trenton. 



5-4 

The DRBC Comprehensive Plan for water storage responds to the 
need for avoiding excessive encroachment of sea water in the 
estuary by providing necessary releases to replace all depletive 
use that would otherwise reduce the fresh water flow into the 
estuary below the level represented by 3,000 cfs at Trenton. 
Whenever natural runoff would drop below the Trenton level, the 
deficit would have to be obtained from storage impoundments. 

It is worth noting that consumptive use of brackish water from 
the tidal Delaware River and Bay, no less than consumptive use 
of fresh water, unless compensated by regulation of fresh water 
inflow during critical low-flow periods, will result in greater 
concentrations of sea salts in the estuary and upstream advanced 
of any given isochlor." 

The DRBC determined that the water flow in the Schuylkill River was not 
always sufficient to provide for the expected demands for consumptive 
uses at the Limerick Generating Station, and approved supplementary 
withdrawals from the Perkiomen Creek, augmented as necessary by water 
from the Delaware River. The proposed augmentation of the flow in the 
Perkiomen Creek was considered and approved as part of the Point Pleasant 
Diversion Plan, Bucks and Montgomery Counties, Pennsylvania. The DRBC 
assessed the environmental impact of this project in the Final Environ
mental Impact Statement, Point Pleasant Diversion Plan, Bucks and 
Montgomery Counties, Pennsylvania, published in February 1973, and 
approved by the President's Council on Environmental Quality. The 
conclusions supported by this Statement are: 

"The proposed Point Pleasant Diversion will be beneficial to the 
Neshaminy and Perkiomen watersheds and not detrimental to the 
Delaware River if the following precautions are observed: 

1) Fluctuation of East Branch Perkiomen Creek and North Branch 
Neshaminy Creek, caused by pumping, be kept to a miniumum. 
~ually, after pumping from the Delaware has commenced, 
the rate of pumping will be maintained at not less than 27 
cfs in the East Branch and the main stem of the Perkiomen 
regardless of ultimate downstream consumptive use requirements. 
During period of high natural flow iEast Branch Perkiomen 
Creek, pumping from Point Pleasant shall be kept at a level 
so as not to aggravate high water levels. Refer to pages 30 
and 31 for a detailed description on the water flow conditions 
established for the Perkiomen Creek. 

2) The pipelines from the Point Pleasant pumping station to the 
Bradshaw Road pumping station and from there to the Neshaminy 
and Perkiomen Creeks be buried using proper sedimentation con
trols and ground cover replacement to minimize the effect on 
the environment. 
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3) The above ground facilities (control houses, transformers, 
sheds, etc.) be designed to complement the structures found 
in the area. 

4) Arrange schedules so as not to begin any construction during 
the wildlife reproductive season, roughly spring through 
mid-summer. 

5) Develop operating schedules for change of pumpages to 
eliminate any rapid fluctuations. 

6) Design the intake structures (for velocities, fish screens, 
etc.) to prevent the entrainment of fish." 

Since the provisions of the Delaware River Basin Compact assign to 
the DRBC the responsibility for control of the design, construction 
and operation of all water resource projects in the Basin, the 
conditions cited are readily enforceable. 

In view of the general uncertainity regarding the development of the 
reservoir at Tocks Island, the applicant was directed to obtain a water 
allocation from DRBC which would not be dependent on the storage 
capacity of this proposed reservoir. Accordingly, at a public hearing 
in January 1973, the DRBC considered an appropriately conditioned 
allocation of water for the Limerick Generating Station. This water 
withdrawal permit was subsequently approved by the DRBC on March 29, 
1973, in its findings and decision as set forth in DRBC Docket Number 
D-69-210 CP (Appendix H). This decision was studied by the staffs of 
the AEC and CEQ, who agreed that it provided the assurance of a water 
supply independent of Tocks Island. 

The consumptive use of water in the Delaware River Basin is considered 
to be a short-term depletion of a natural resource which will enable 
the production of power to maintain and enhance the long-term quality 
of life in the environment. About 75% of the water withdrawn for the 
Limerick Generating Station is expected to be evaporated in the cooling 
towers. This loss will be replaced as necessary during periods of low 
flows in the Basin by releasing stored water from upstream reservoirs, 
which are included in the DRBC Comprehensive Plan, 1962, or are re
quired by Condition II C of the Water Withdrawal Permit approved by 
DRBC on March 29, 1973. This condition, to which the applicant has 
agreed, is as follows: 

"Prior to January 1, 1977, the Commission will, in its sole 
discretion, determine the adequacy of the then existing storage 
facilities on the Delaware River or its tributaries together with 
additional storage to be built to supply all needs (including the 
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applicant's) for water supply from that source by the year 1980. 
If the Commission then determines that the storage will not be 
adequate for all projected needs of the Basin, the applicant will 
build or cause to be built, at its own expense, at a location 
approved by the Commission, for service in 1980, a reservoir of 
sufficient storage capacity to assure the water supply needed for 
consumptive use by the Limerick plant, during periods when such 
use would reduce the flow in the Delaware River at the Trenton 
gage below 3000 cfs. Storage and release of water in such facility 
will be under the Commission's regulation, at the expense of the 
applicant." 

It is clear that the consumptive use of water within either of the two 
possible accommodations during low flow periods would have no significant 
adverse environmental impact on the water supply in the Basin, and would 
cause no denials to other applicants for water for consumptive uses. 
However, it is necessary to consi8er the environmental impact generally 
associated with a reservoir which the DRBC may require to be built and 
operational by 1980, in accordance with Condition II C of the DRBC 
approval of water use for Limerick (see above). 

By agreement with CEQ, the DRBC has provided a general summary of cost
benefit information on reservoirs for use by the staff of the AEC in the 
preparation of the Environmental Impact Statement for the Limerick 
Generating Station. If compensating reservoirs are necessary for 
the replacement of consumptive water use by the two power plants 
(Limerick and Newbold Island) they would be located in the sub-basins 
above Trenton (probably Delaware River Basin sub-basins 2, 3 or 4) or 
in the Schuylkill River sub-basin (above the Limerick site). There 
are two general reservoir-type possibilities--one reservoir for both 
plants or a reservoir for each individual plant--which affect the 
specific site selection procedure. In all probability the larger 
reservoir to supply both plants would be located in the Delaware 
River Basin above Trenton on a small tributary but near the main stem. 
Smaller reservoirs for each individual plant could be located in the 
Schuylkill River sub-basin and/or in the Delaware River sub-basins 
above Trenton, either in Pennsylvania or N.J. 

The following information has been compiled to generally describe 
the type, size, and cost of reservoirs constructed for the power 
plants and located in the above-mentioned areas. This information 
does not reflect detailed engineering analysis necessary for specific 
site analysis. It represents only very preliminary estimates of 
data useful in the early stages of a site selection process. The 
information is based upon the best available data at this time. A 
detailed evaluation will be made when and if such a reservoir becomes 
a requirement. 
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Normally, reservoirs of this type can be completed in 2-1/2 years 
(land acquisition, design, construction and reservoir filling). If 
DRBC decides by January 1, 1977, that a reservoir is necessary, it 
will conduct an appropriate NEPA Review, and issue an Environmental 
Impact Statement on the specific reservoir site approved. 

The analysis suggests three alternatives to fulfill the require
ment to provide compensatory water storage: 

1. A single reservoir on a tributary of the Delaware River above 
Trenton to serve both Limerick and Newbold Island, with the costs 
of acquisition, design, construction and operation shared by the 
participating applicants • . 

2. A reservoir in a sub-basin of the Schuylkill River to serve 
Limerick. 

3. A reservoir in a sub-basin of the Delaware River above Trenton 
to serve Limerick. 

The size (including an allowance for losses due to evaporation and 
conveyance) and cost range for the three alternatives are: 

Storage Capacity 
Reservoir Suggestion acre-feet 

Land Required 
acres 

Costs 6 
(1972 $ x 10 ) 

1. 
2. 
3. 

50,000-60,000 
35,000-50,000 
26,000-28,000 

Inundated 

700-1,000 
800-1,300 
500- 600 

Total 

2,500-3,000 
2,800-3,200 
1,800-2,400 

6 * Applicants share of estimated cost of $40 to $60 x 10 • 

20-30* 
35-40 
25-35 

The U. S. Army Corps of Engineers in a study which was published in 1962 
as House Document No. 522, 87th Congress, 2nd Session, entitled, "Delaware 
River Basin, New York, New Jersey, Pennsylvania and Delaware," identified 
a number of sites having potential for development as reservoirs. The 
final approval of a site would be made by the DRBC after appropriate 
studies, including an environmental impact statement on the site 
selected. The particular site and reservoir, when selected, may have 
some or all of the following beneficial or adverse impacts on the 
environment: 
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1. Beneficial: 

a. Provide a source of water during periods of low flow or drought to 
maintain specified flow in the rivers of the Delaware Basin, 
compensating for consumptive use by Limerick Generating Station. 

b. Provide a supplement to municipal water supplies and an aid to 
the control of local floods. 

c. By blocking the natural outflow from groundwater aquifers, the 
reservoir could raise their levels and increase groundwater 
storage. 

d. Provide opportunity for outdoor recreational activities such as 
boating, fishing, swimming, and water-skiing. 

e. Provide areas for the construction of seasonal homes around the 
reservoir. 

f. Provide a habitat for cultivation of warm water species of 
fish. 

g. Provide a habitat in the Schuylkill Basin in which sport fishing 
could be developed. Acidic conditions in the Schuylkill now 
limit the production of fish, but filling of the reservoir during 
excess flow conditions would provide a supply of water with a 
lower concentration of acid, thus permitting the development of 
a sport fishing area. A design requirement for such reservoirs 
is the maintenance of a pool at conditions of maximum drawdown 
to prevent a significant loss of fish. 

2. Adverse: 

a. Inundation of as much as 1,300 acres of woodland and farmland. 

b. Creation of noise, dust and visual blight during construction. 
Such adverse impact would be temporary, and kept to minimal 
levels by observation of good practices during construction. 

c. Acquisition and removal of as many as 120 structures such as 
houses, stores, barns and cottages would be necessary. 

d. Displacement of as many as 200 persons in the Delaware Valley 
and 300 persons in the Schuylkill Valley. 
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e. Elimination of habitat would force the relocation of the 
domestic and wild inhabitants of inundated areas. Potential 
sites are at least 5 miles from any urbanized area. 

f. In either the Delaware or Schuylkill sub-basin, creation of a 
reservoir would change the aesthetic quality of the area. In 
the Delaware sub-basins above Trenton, cold water streams flow 
through predominantly wooded low mountains. Small percentages 
of the land are used for production of crops and dairy products. 
In the Schuylkill sub-basin, cold water streams flow through 
low mountains with small percentage of forest cover and open 
fields used for dairy farming. The creation of a relatively 
small lake with public access in any of the potential sites 
would probably have minimal adverse visual effect. 

g. Replacement of a maximal length of about 11 miles of cold-water 
stream by a reservoir with several miles (5 to 27) of shoreline 
would change a stream ecosystem to that of a lake. The cold
water aquatic species would be replaced with those compatible 
with warm water. No known species on the rare or endangered 
list are expected to be adversely affected. 

h. An impoundment of a previously unregulated stream could 
significantly alter the ability of that stream to assimilate 
waste material, but since the reservoir would be located on 
a small stream with a sparsely inhabited wat~rshed the changes 
are not expected to have great impact. In any event, a 
monitoring program will be required to determine any 
significant changes in the quality of water. 

i. Relocation of secondary roads and established trails. 

j. Possible elimination of fish spawning grounds, although it is 
noted that this condition would be a factor in the site selection 
process. 

k. Potential sites contain no known places of historical or 
archeological significance, and prior to construction a 
thorough investigation is required to assure the location 
and preservation of any artifacts. 

1. Fluctuations of the water level in the reservoir during draw
down and filling periods could cause temporary displacement of 
wildlife and aquatic species and reduction of the scenic quality 
of the shoreline. 
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It is recognized that specific impacts on the environment for construction 
and operation of a particular reservoir are not absolutely identifiable 
until a determination of its requirement is made and the site selection 
process is completed, including a NEPA review and-the issuance of an 
environmental impact statement. However, a close look at the expected 
adverse impacts reveals that most should be reducible to minimal levels 
by careful site selection, observation of good construction practices 
and maintenance of sound operating procedures. There is good reason to 
believe that a suitable reservoir site can be selected since it is 
expected to occupy less than a 2 square mile area in a very sparsely 
inhabited watershed. The staff is confident that the DRBC can provide 
adequate assurance that adverse impacts within the environment will 
be minimal. 

5.3 TERRESTRIAL BIOTA 

Bird mortalities caused at airport ceilometers, television towers, 
tall buildings, and lighthouses are extensively documented. 3-9 
Under conditions of low ceiling and obscured visibility, migrating 
birds apparently become disoriented, flying directly towards any 
strong light source in the vicinity (aviation lights, ceilometers, 
etc.). Since the Limerick site lies along one of the more well
traveled paths of the Atlantic flyway, both the density and the 
frequency of migrating birds at the site should be relatively high 
during spring and fall. Thus, the large Limerick cooling towers, 
bearing aviation lights and rising 650 ft above the river, might 
cause occasional bird mortalities. It is not possible at this 
time to quantify either the expected frequency or species compo
sition of bird mortalities. Based on the available data from other 
reported incidences, the overall impact on a given species will 
probably be quite small. In addition, unless the light sources on 
the Limerick towers are quite intense, bird mortalities should be 
relatively infrequent and few in number. 

As discussed in Sect. 2.7.1, the terrestrial organisms which are most 
sensitive to the effects of land development for human uses are those 
associated with woodland areas. The operation of the Limerick Generating 
Station will result in the removal of less than 10 acres of woodland 
offsite and a similar amount onsite. In addition, the deposition of 
chemicals in cooling tower drift is expected to be many orders of 
magnitude less than the natural deposition by rainfall. Thus, the 
operation of Limerick Units 1 and 2 should have only a slight impact 
on the terrestrial biota off the site. Onsite, as outlined previously, 
a greater land area, approximately 100 acres, of brush and cropland will 
be effectively altered permanently as a result of construction (blasting, 
excavation, etc.) of the site structures. Serious detrimental impacts 
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are not expected, because the biota of such areas consists of forms 
tolerant of human intrusion. In addition, the land areas involved 
represent only a very small fraction of the total habitats available 
in the site vicinity. 

5.4 EFFECT ON AQUATIC ENVIRONMENT 

Staff evaluation of the probable biological effects of the operation 
of the Limerick Station is based on an analysis of the available 
information from three sources: field studies at other steam
electric stations, laboratory and field investigations of the bio
logical effects of plant effluents, and the information from the 
Limerick ecological studies. 

The analysis is divided into two sections. Section 5.4.1 identifies 
and evaluates the factors that may result in biological damage from 
the operation of Limerick Units 1 and 2. Section 5.4.2 applies the 
important factors identified in Sect. 5.4.1 to the biological com
munity at Limerick. Appendix F discusses the potential impact of 
condenser cooling systems. 

5.4.1 Sources of probable impacts 

5.4.1.1 Perkiomen Creek 

Entrainment of organisms (including impingement of fish) 

The impact of entrainment on an aquatic ecosystem is a function of 
several factors: (1) the fraction of the water body withdrawn, 
(2) the total volume of water withdrawn, (3) the susceptibility 
of organisms to entrainment, (4) the size of the populations di
rectly exposed to entrainment, and (5) the ability of the 
populations to recover from losses. 

In Perkiomen Creek, 30% of the stream flow will be withdrawn under 
median flow and about 90% under conditions of the extreme low record 
flow. 30 However the presence of Green Lane Reservoir is believed to 
have increased the low flows in the Perkiomen such that only 70-80% 
of the flow will be withdrawn under low flow conditions. 90 Scouring 
of the bottom could occur in the vicinity of the intake structure. 
Severe localized effects on the benthos maybe expected. As a result 
of dilution of mainstream plankton and drift populations by the East 
Branch diversion flow, followed by removal of large fractions of the 
flow at the Perkiomen intake, a considerable decrease in these 
populations could occur. This could also result in depressions in 
benthic invertebrate and fish populations downstream from the intake. 
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Despite efforts to minimize impingement losses of fish in the de
sign of the Perkiomen intake structures, the large fractions of 
water withdrawn (particularly at low flow) could result in impinge
ment of significant numbers of fish on the screens of the Perkiomen 
intake. Additionally, data obtained by the applicant's consultants 
provide the following information: 31- 35 

a. Swim speeds of fish vary markedly from one individual to 
another of the same species and size, like athletic ability 
in humans. 

b. Maximum swim speeds of fish are controlled by water temperature. 
Swimming ability is reduced somewhat at very high. temperatures, 
but considerably reduced at very low temperatures. 

c. Swim speeds depend on the size of the fish. 

d. Young of the year of most species are not consistently 
able to swim against the intake velocities expected at the 
Perkiomen intake (0.5-0.75 fps). Yearlings of certain sun
fish species are also not consistently able to maintain 
themselves against these velocities, particularly at low 
winter temperatures. 

e. Fish with compressed bodies (the stmfishes, white perch, 
etc.) are generally much poorer swimmers than others with 
more streamlined bodies (basses, etc.). 

f. Fish that have been subjected to stresses such as illness 
and starvation are much poorer swimmers than healthy 
individuals. 

5.4.1.2 Schuylkill River 

Entrainment (including impingement) 

The nature of the closed-cycle cooling system is such that all 
organisms that pass through the intake screens will be exposed to 
thermal shock, chemicals, pressure changes, and mechanical damage. 
Thus, all organiSms are expected to suffer essentially 100% mor
tality, with the possible exception of certain microbes. The 
factors that govern the magnitude of entrainment impact have been 
enumerated in the preceeding subsection, "Perkiomen Creek." 
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In the Schuylkill, 4% of the stream flow will be withdrawn under 
conditions of mean flow and 9% under low flow (seven-day low flow; 
ten-year recurrence interval).30 Thus, the overall impact on plank
ton, benthos, and drift (dislodged, free-floating benthic inverte
brates) should not be severe. Likewise, losses of fish should not 
be severe, since maximum approach velocities to the intake screens 
will be approximately 0.3 fps during critical periods of the year 
(winter) (see the preceding subsection). 

Thermal 

Outside a very small area (about 600 ft 2) in the immediate vicinity 
of the discharge pipe, water temperatures will not be raised by more 
than 1 FO in swnmer or 4 FO in winter by the addition of the thermal 
discharge. The magnitude of the change will depend on river flow, 
relative humidity, and wet-bulb temperature. Severe thermal effects 
are not expected; although some subtle changes in the benthos and 
periphyton might occur, the most probable result will be slight in
creases in total production and standing crops of stream organisms. 

It is doubtful whether these changes would be large enough to be 
detectable by any presently available sampling techniques. Most 
fish species will avoid the unfavorably warm area in the immediate 
vicinity of the discharge pipe in the summer but will be attracted 
to the same area at other seasons. It is doubtful whether the popu
lations residing in this area in midwinter are large enough to 
constitute severe losses to total fish populations, following a 
rapid or planned shutdown of the plant in midwinter (repairs, re
fueling, etc.). 

Chemical 

The concentration of dissolved solids in the mixed area downstream 
from the diffuser pipe will be increased by 4 to 8% due to the con
centrated solids in solution in the cooling tower blowdown. Essen
tially, this will result in an increase in all natural concentra
tions. The increases will not be toxic but might result in subtle 
effects on the benthos immediately below the discharge pipe. It is 
doubtful whether the magnitude of the inputs is large enough to 
result in detectable effects. 

Chlorination of the condensers normally will produce a residual of 
0.20 ppm in the cooling tower inlet for a total of 2 hr per day. 
After the water passes through the towers, the levels should be 
considerably reduced. Within 25 minutes of a chlorination treat
ment, the concentration will be reduced by a factor of at least 
100 by dilution with make-up water. 



10° I .32 I I I I II I I I I I I I .~ 

7 
16 

41 39 
I 

8 38 

28 
18 42 

I 
IT ~ 46 2t 23" 

" 29 --30 " ,. ".22 " 25" 
~ " ~ 10-

1 
" 

Z " ~ """ ~ ~~ . 
r '" ~-, I ~ r'/)-J-"' O(/. -1 3 
u -"'-'''., , z -'1l ,,~ 
8 "'"" " '" 20 
w ~" " 
go" 
3 __ ~~ ______ __ 

5 
_24 

26 

~ 
10 

:x: 
(.) 0- 2 .JI 
<l 
;:) 
o 
13 
0: 

" " " " 
11 

CHRONIC ___________ 4 

TOXICITY THRESHOLD 

10-3 
I L-____ -L __ -L __ ~~~LL~ ______ .JL __ .JL_...l __ ~~.JLLILI ______ L_ __ L__L_"1 2 I I I I I I 

10' 10
2 103 

EXPOSURE TIME (min) 
104 105 

Fig. 5.1. Summary of data on toxicity of residual chlorine to aquatic organisms. 
Key and references are on the next two pages. 

v , 
..... 
.j::-



5--15 

Key to Fig. 5.1 

All concentrations were measured 

Species No. Effect endpointQ Reference 

Protozoa 1 Lethal Hale, 1930 
Cladoceran 2 Lethal (4 days) Biesinger, 1971 
Scud 3 Safe concentration Arthur, 1971 

4 Safe concentration Arthur and Eaton, 1972 
Trout fry 5 Lethal (2 days) Coventry et al., 1935 

6 Lethal (instantly) Coventry, et aI., 1935 
Brook trout 7 Median mortality (90 min) Pyle, 1960 

8 Mean survival time (8.7 hr) Dandy, 1967 

9 Mean survival time (14.1 hr) Dandy, 1967 

10 Mean survival time (20.9 hr) Dandy, 1967 

11 Mean survival time (24 hr) Dandy, 1967 

12 67% lethability (4 days) Dandy, 1967 

13 Depressed activity Dandy, 1967 

14 7-day TLSaa Arthur, 1971 

44 Not found in streams Tsai, 1971 
Brown trout 45 Not found in streams Tsai,1971 
Fingerling rainbow trout 17 Lethal (4 to 5 hr) Taylor and James, 1928 
Rainbow trout 15 Slight avoidance (10 min) Sprague and Drury. 1969 

16 Lethal (2 hr) Taylor and James, 1928 
18 96-hr TL50 Basch,1971 
19 7-day TL50 Merkens, 1958 
20 Lethal (12 days) Sprague and Drury. 1969 

Chinook salmon 21 First death (2.2 hr) Holland, et al., 1960 
Coho salmon 22 7-day TLSO Arthur, 1971 

23 100% kill (1-2 days) Holland, et al.. 1960 
24 Maximum non-lethal Holland et aI., 1960 

Pink salmon 25 100% kill (1-2 days) Holland et al., 1960 
26 Maximum non-lethal Holland et aI., 1960 

Fathead minnow 27 TL50 (1 hr) Arthur, 1972 
28 TL50 (12 hr) Arthur, 1972 
29 96-hr TL50 lillich, 1969a,b,c 
30 7-day TLSO Arthur, 1971 
31 Safe concentration Arthur and Eaton, 1972 

Wbite sucker 32 Lethal (30-60 min) Fobes, 1971 
33 7-day TL50 Arthur, 1971 

Black bullhead 34 96-hr TL50 Arthur, 1971 
Largemouth bass 35 7-day TLSO Arthur, 1971 

37 TLSO (1 hr) Arthur, 1972 
38 TLSO (12 hr) Arthur, 1972 

Smallmouth bass 36 Not found in streams Tsai,1971 
39 Median mortality (15 hr) Pyle, 1960 

YeHow perch 40 TL50 (1 hr) Arthur, 1972 
41 TL50 (12 hr) Arthur, 1972 
42 7-day TL50 Arthur. 1971 

Walleye 43 7-day TL50 Arthur, 1971 
Miscellaneous 46 Initial kill (15 min) Truchan, 1971 

47 Erratic swimming (6 min) Truchan, 1971 

QTLSO = median tolerance limit. 
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A summary of chlorine toxicity data on aquatic life, mostly fresh
water fish, is presented in Fig. 5.1. Outside the small mixing 
zone, the concentration of total chlorine residual in the stream 
will be less than 0.03 ppm as a result of condenser chlorination 
(based on seven-day low flow). The duration of exposure (1 hour 
repeated twice a day) and concentration will be well below the 
toxic threshold. 

Dissolved oxygen 

The net effect of cooling tower b1owdown on dissolved oxygen levels 
in the mixed area of the receiving stream will be to increase levels 
slightly when the intake levels are below saturation (summer and 
early fall) and to decrease levels slightly when the intake water is 
saturated with oxygen. Since the closed-cycle cooling system will 
kill essentially all entrained organisms, the biochemical oxygen 
demand levels downstream from the diffuser pipe from this source 
will be somewhat higher; this could result in a depression in dis
solved oxygen levels below ambient values (particularly in summer 
and early fall). However, by the same token, the existing bio
chemical oxygen demand taken into the cooling tower will be used 
up more rapidly36 because of the high temperatures and oxygen levels 
in the cooling system. Thus, the net effect could possibly be bene
ficial. 

The available data on dissolved oxygen concentrations in the Schuyl
kill indicate that large nighttime depressions in dissolved oxygen 
are a regular phenomenon. These appear to be mainly caused by 
respiratory demands of large populations of periphyton37 and the 
biochemical oxygen demand of suspended organic material. The levels 
fall to at least 4 ppm at night. 30, 38 Such concentrations are com
patible with the existence of a diverse fish fauna, including valu
able food and game species. Despite this, the available information 
on the effects of dissolved oxygen on fish indicates that there is 
no absolutely safe value. 39 Reduction of dissolved oxygen content 
to any level below saturation will produce some adverse effects on 
reproduction or growth of fish. It is therefore desirable to maintain 
dissolved oxygen levels as near the saturation level as possible. 

Since the fraction of the biota entrained in the cooling water flow 
will be a small fraction of the total in the flowing river water and 
a smaller fraction of the benthic populations and since the existing 
biochemical oxygen demand levels will be lowered in the cooling sys
tem, the overall depression of dissolved oxygen levels should be 
negligible. Localized beneficial effects, as a result of increased 
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dissolved oxygen levels at night, could occur. The effective changes 
in dissolved oxygen levels in the stream, as a result of oxygen in
creases or decreases balanced against biochemical oxygen demand 
increases and dilution at the diffuser, should be of the order of 
a few tenths of a part per million, or less. It is doubtful whether 
any effects, either beneficial or harmful, could be detected outside 
the immediate vicinity of the diffuser pipe. 

5.4.2 Extent of impacts 

As outlined in the preceding section, the impacts on the Schuylkill 
River are expected to be localized and virtually undetectable. The 
impact of impingement and entrainment at the intake on the mainstream 
Perkiomen must be minimized by appropriate design. Although fish 
populations in Perkiomen Creek are not subject to heavy exploitation 
by recreational fishermen at present, they will almost certainly be 
subjected to increasing pressure as the population in southeastern 
Pennsylvania grows and pollution loads are alleviated. More species 
and specimens per collection were consistently taken during the 
Limerick ecological studies in 1971 at the sampling station downstream 
from the proposed Perkiomen intake than at any other station. More 
specimens of sma11mouth bass, redbreast sunfish, and pumpkinseed 
were collected at the stations closest to the intake area in the up
stream direction. Thus, the presence of the intake poses a threat 
to the most extensive concentrations of game fish and panfish in the 
areas studied. The impact of impingement on fishes (should it prove 
to be a serious problem) may be alleviated by alternate intake designs 
such as a horizontal traveling screens, a louver system, or by reducing 
the approach velocity for the existing design. 

It is not possible to quantify the impact on the Perkiomen or Schuylkill 
from any of the individual sources or to state the overall effect on the· 
stream ecosystems involved. Certain important properties of populations 
of the major fish species which are necessary to the proper evaluation 
of potential biological impacts have not been determined: standing crop, 
natural recruitment and mortality rates, location and importance of 
spawning areas, definitive age and growth data, and the annual variations 
in such values. Far more rigorous information is required to predict 
future ecological changes than to determine effects after plant operation 
commences. Most aspects of the ecological sampling programs were de
signed for the latter purpose. 

Development of the area for increased recreational uses seems almost 
inevitable, and reclamation of the streams has been strongly recommended. 43 

It is therefore important that further degradation of the streams does 
not occur. It is believed that the overall effect of the proposed 
pumpages into Perkiomen Creek will be beneficial provided that the 
effect of impingement and entrainment at the intake on the Perkiomen 
are not severe. 



5-19 

5.5 RADIOLOGICAL IMPACT ON BIOTA OTHER THAN MAN 

5.5.1 Exposure Pathways 

The pathways by which biota other than man may receive radiation doses 
in the vicinity of a nuclear power station are shown in Figure 5.2. 
Two recent comprehensive reports (Refs. 1 and 2, Sections 5.5 and 5.6) 
discuss radioactivity in the environment and these pathways, and can be 
read for a more detailed explanation of the subjects that are considered 
below. Depending on the pathway being considered, terrestrial and 
aquatic organisms will receive either approximately the same radiation 
doses as man or somewhat greater doses. Although no guidelines have 
been established for desirable limits for radiation exposure to species 
other than man, it is generally agreed that the limits established for 
humans are also conservative for these species. (Ref. 3, Sections 5.5 
and 5.6.) 

5.5.2 Radioactivity in the Environment 

The quantities and species of radionuclides expected to be discharged 
annually by the Limerick Station in liquid and gaseous effluents have 
been estimated by the staff and are given in Tables 3.3 and 3.4, 
respectively. The basis for these values is discussed in Section 3.4. 
For the determination of doses to biota other than man, specific 
calculations are done primarily for the liquid effluents, the liquid 
effluent quantities, when diluted in the Limerick Station discharge, 
would produce an average gross activity concentration, excluding 
tritium, of 1.1 x 10-2 picocuries per milliliter in the plant dis
charge area. Under the same conditions, the tritium concentration 
would be 1.1 x 10-1 picocuries/ml. Additional discussion concerning 
liquid dilution is presented in Section 5.6. 

Doses to terrestrial animals such as rabbits or deer due to the 
gaseous effluents are quite similar to those calculated for man 
(Section 5.6). For this reason, both the gaseous effluent con
centrations at locations of interest and the dose calculations for 
gaseous effluents are discussed in detail in Section 5.6. 

5.5.3 Dose Rate Estimates 

The annual radiation doses to both aquatic and terrestrial biota 
including man were estimated on the assumption of constant con
centrations of radionuclides at a given point in both the water and 
air. Referring to Figure 5.2, radiation dose has both internal and 
external components. External components originate from immersion 
in radioactive air and water and from exposure to radioactivity 
sources on surfaces, in distinct volumes of air and water, in equip
ment, etc. Internal exposures are a resul~ of ingesting and breathing 
radioactive effluents. 

Doses will be delivered to aquatic organisms living in water containing 
radionuclides discharged from the power station. This is principally a 
consequence of physiological mechanisms that concentrate a number of 
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elements that can be present in the aqueous environment. The extent 
to which elements are concentrated in fish, invertebrates, and aquatic 
plants upon uptake or ingestion has been estimated. Values of relative 
biological accumulation factors (ratio of concentration of nuclide in 
organisms to that in the aqueous environment) of a number of water-borne 
elements for several organisms are provided in Table 5.2. 

Doses to aquatic plants and fish living in the discharge region due to 
water uptake and ingestion (internal exposure) were calculated to be 
5.7 x 10-2 and 4.4 x 10-2 mrads/year, respectively, for the Limerick 
Station operation. The discharge region concentrations were those given 
above and it was assumed that these organisms spent all of the year 
in water of maximum concentrations. All calculated doses are based 
on standard models (Ref. 4, Sections 5.5 and 5.6). The doses are 
quite conservative since it is highly unlikely that any of the mobile 
life forms will spend a significant portion of their life span in the 
maximum activity concentration of the discharge region. Both radio
active decay and additional dilution would reduce the dose at other 
points in the river. 

External doses to terrestrial animals other than man are determined 
on the basis of gaseous effluent concentrations and direct radiation 
contributions at the locations where such animals may actually be 
present. Terrestrial animals in the environs of the station will 
receive approximately the same external radiaiton doses as those 
calculated for man. Table 5.3 lists the doses due to the gaseous 
effluents. 

An estimate can be made for the ingestion dose to a terrestrial animal 
such as a duck which is assumed to consume only aquatic vegetation 
growing in the water in the discharge region. The duck ingestion dose 
was calculated to be about 140 millirads per year which represents an 
upper limit estimate since equilibrium was assumed to exist between the 
aquatic organisms and all radionuclides in water. A nonequilibrium 
condition for a radionuclide in anactual exposure situation would result 
in a smaller bioaccumulation and therefore in a smaller dose from internal 
exposure. 

The literature relating to radiation effects on organisms is extensive, 
but very few studies have been conducted on the effects of continuous 
low-level exposure to radiation from ingested radionuclides on natural 
aquatic or terrestrial populations. The most recent and pertinent studies 
point out that, while the existence of extremely radiosensitive biota is 
possible and while increased radiosensitivity in organisms may result from 
environmental interactions, no biota have yet been discovered that show a 
sensitivity to radiation exposures as low as those anticipated in the arQl 
surrounding the Limerick Station. In the '~eir" Report (Ref. 5, Sections 
5.5 and 5.6), it is stated in summary that evidence to date indicates that 
no other living organisms are very much more radiosensitive than man. 
Therefore, no detectable radiological impact is expected in the aquatic 
biota or terrestrial mammals as a result of the quantity of radionuclides 
to be released into Schuylkill River and into the air by the Limerick 
Station. 
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TABLE 5.2 FRESHWATER BIOACCUMULATION FACTORS 
(Ref. 11, Sections 5.5 and 5.6) 

Element Fish Invertebrates Plants 

C 4,550 9,100 4,550 
Na 100 200 500 
P 100,000 20,000 500,000 
Sc 2 1,000 10,000 
Cr 200 2,000 4,000 
Mn 400 90,000 10,000 
Fe 100 3,200 1,.000 
Co 50 200 200 
Ni 100 100 50 
Zn 2,000 10,000 20,000 
Rb 2,000 1,000 1,000 
Sr 30 100 500 
Y 25 1,000 5,000 
Zr 3 7 1,000 
Nb 30,000 100 800 
Mo 10 10 1,000 
Tc 15 5 40 
Ru 10 300 2,000 
Rh 10 300 200 
Ag 2 770 200 
Sn 3,000 1,000 100 
Sb 1 10 1,500 
Te 400 150 100 
I 15 5 40 
Cs 2,000 100 500 
Ba 4 200 500 
La 25 1,000 5",000 
Ce 1 1,000 4,000 
Pr 25 1,000 5,000 
Nd 25 1 .. 000 5,000 
Pm 25 1,000 5,000 
Sm 25 1,000 5,000 
Eu 25 1,000 5,.000 
Gd 25 1,000 5,000 
W 1,200 10 1,200 
Np 10 400 300 
Pu 4 100 350 
Am 25 1,000 5,000 
Cm 25 1,000 5,000 
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Fig. 5.2. Potential pathways for radiation exposure of man. 
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5.6 RADIOLOGICAL IMPACT ON MAN 

Routine power generation by the Limerick Station will result in the 
release of small quantities of fission and activation products to 
the environment. These releases will be kept as low as practicable 
in accordance with 10 CFR 50 and well within the limits specified in 
10 CFR 20. The AEC staff has estimated the probable nuclide releases 
from the Limerick Station, based on data from comparable operating 
reactors and an evaluation of the radwaste system. (Section 3.4) 

Estimations were made of radiation doses to man at and beyond the 
site boundary via the most significant pathways diagrammed in 
Figure 5.2. The calculations are based on conservative assumptions 
regarding the dilutions of effluent gases and radionuclides in the 
coolant discharge, and the use by man of the plant surroundings. 

5.6.1 Radioactive Materials Released in Liquid Effluents 

Expected nuclide releases in the liquid effluent have been calculated 
for the Limerick Station and are listed in Table 3.3. In the immediate 
vicinity of the Limerick Station discharge, the gross activity con
centration, exclusive of tritium, is estimated to be 1.1 x 10-2 pico
curies per milliliter. Under the same conditions, the tritium con
centration would be 1.1 x 10- 1 per milliliter. 

During normal reactor operations, a fraction of the noble gases pro
duced will be released in the coolant water and subsequently discharged 
into the Schuylkill River. The AEC Directorate of Regulatory Operations 
has analyzed operating reactor coolant discharge water for noble gas 
content. Under conditions of highest annual average noble gas con
centrations in the discharge water, no significant doses would be 
delivered to human beings. 

Consumption of potable water from the Schuylkill River constitutes the 
principal exposure pathway to man from the liquid effluents. The 
nearest user of water is Royersford. Dilution of the effluents from 
the discharge zone to the nearest intake which is 2 miles southeast 
from the site was conservatively estimated to be 36. Doses to 
individuals consuming 1.2 liters/day of this water were calculated 
using standard models. (Ref. 4, Sections 5.5 and 5.6) 

Other pathways of relatively small importance involve recreational 
use of the Schuylkill River in the vicinity of the discharge zone. 
Individual doses from consuming fish caught in the immediate discharge 
area were,evaluated using the biological accumulation factors listed 
in Table 5.2 and standard models (Ref. 4, Sections 5.5 and 5.6). 
Swimming, boating, and fishing in the discharge region were also in
cluded in the evaluation. 
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Table 5.3 summarizes the significant potential individual doses from 
the liquid effluents. 

TABLE 5.3. ANNUAL INDIVIDUAL DOSES FROM LIQUID EFFLUENTS 

Location 

Royersford 

French Creek State 
Park 

Coolant Discharge 
Pipe Region in 
Schuylkill River 

Pathway Dose (mrem/year) 

Total Body GI Tract Thyroid 

Water 
Ingestion 

Swimming, 
Sun Bathing 

0.014 

0.00042 

Fishing, Boating 0.000027 
(500 hours/year) 

0.033 0.12 

5.6.2 Radioactive Materials Released to the Atmosphere 

Gaseous radioactive effluents from the plant will result in the most 
significant radiation doses to the public. AEC staff estimates of the 
probable gaseous releases listed in Table 3.4 were used to evaluate 
potential doses. All dose calculations were performed using annual 
average site meteorological conditions and assuming that releases occur 
at a constant rate. Doses resulting from elevated and near ground 
releases of radioactive gases have been calculated by considering 
immersion in those gases as well as radiation from the elevated plume 
delivered to the surface receptor (Ref. 6,7). Hence, the given gaseous 
diffusion factor (X/Q) can only be used to directly calculate doses 
associated with ingestion or inhalation pathways. 

The primary food pathway to man involves the ingestion by dairy cows 
of radioiodine deposited onto grazing areas. Consumption of milk from 
these cows can result in exposure to the human thyroid. Doses to a 
child's thyroid which would result from consuming one liter of milk 
daily from a cow grazing five months annually were calculated for the 
nearest farm using recognized models. (Ref. 6, Section 5.5 and 5.6) 

Another food pathway to man of secondary importance ipvolves the con
sumption of leafy vegetables subject to radionuclide deposition from 
the gaseous effluents. The thyroid dose resulting from an estimated 
annual consumption of leafy vegetables produced at the nearest farm 
during the three month growing period was evaluated. 

Be 

O.c 

All significant doses due to gaseous effluents are summarized in Table 5.4. 
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TABLE 5.4 ANNUAL INDIVIDUAL DOSES DUE TO THE GASEOUS EFFLUENTS 

Location x/Q (seconds/cubic meter Dose (mrem/yr) 

Total Body Skin Thyroid 

Nearest potential 
10-6 pasture (870 M. ESE) 8.8 x 1.8 5.7 

Nearest Dairy Farm 
10-7 (1.2 Mi. WSW) 8.5 x 0.2 0.6 

Nearest Residence -6 (800 M. N) 6.7 x 10 1.4 4.5 

* This dose is calculated for the atmosphere-pasture-cow-milk 
pathway of radioactive iodine to the thyroid of a 1 year old 
child. 

5.6.3 Direct Radiation 

6.5* 

0.6* 

1.4 

Normal reactor power plant operations result in some human exposure to 
direct radiation (i.e., radiation from contained sources). The principal 
sources of human exposure to direct radiation that would result from the 
operation of the Limerick Station are the high pressure turbines of the 
boiling water reactors. As a consequence of nuclear reactions occurring 
in the primary heat exchange loop of these systems (particularly, the 
oxygen-16 (N, P) nitrogen-16 reaction), energetic gamma rays are pro
duced. In their passage through the containment and the atmosphere, the 
flux is attenuated and the gamma energy is degraded. 

Estimates of direct radiation dose may be obtained using values measured 
at another site (Ref. 8, Sections 5.5 and 5.6). The river shoreline is 
about 1000 feet south of the plant turbines, and is shielded by topo
graphic features of the site so that a person boating or fishing at 
this location for 500 hours per year would be subject only to scattered 
radiation which produces a dose estimated to be less than 5 millirem 
per year. It is noted that this area of the Schuylkill River is not 
considered to be desirable for sport fishing, and the exposure time 
assumed for the purpose of estimating the direct radiation dose is 
much too long. The estimated doses from direct radiation at this 
location and offsite points are considered to be within reasonable 
values. 
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5.6.4 Population Doses from all Sources 

Radiation doses calculated by the Regulatory staff are intended to apply 
to an average adult. A specific person will receive higher or lower 
doses, depending upon his age, living habits, food preferences, and 
recreational activities. 

The combined dose (man-rem) to all individuals living within a fifty 
mile radius of the plant due to gaseous effluents was calculated using 
the projected 1980 population data furnished by the applicant (Ref. 9, 
Sections 5.5 and 5.6). Values for the man-rem dose at various distances 
from the plant are summarized in Table 5.5. 

Presently, according to the applicant, about 2.9 x 106 people may obtain 
their drinking water from intakes located downstream in the Schuylkill 
River. The nearest intake is at Royersford, about 2 miles away. The 
total exposure to this population group was evaluated using the drinking 
water dose presented in Table 5.3. The man-rem contribution from other 
water intakes on the Schuylkill River is expected to be negligible. 

Since almost no fish are taken from the Schuylkill River each year, it 
is estimated that no significant radiation dose is received by in
dividuals via the fish ingestion pathway. 

TABLE 5.5. CUMULATIVE POPULATION, ANNUAL MAN-REM DOSE, AND AVERAGE 
ANNUAL TOTAL BODY DOSE IN SELECTED ANNULI ABOUT THE PLANT 

Cumula tive Cumulative Average Average 
Radius Population Cumulative Dose Annual Dose 

(Miles) (man-rem) (millirem) 

1 583 0.12 2.0 x 10-1 

2 5937 0.43 7.2 x 10-2 

3 23040 0.88 3.8 x 10-2 

4 62680 1.20 1.9 x 10-2 

5 80240 1.30 1.6 x 10-3 

10 232200 1.90 8.1 x 10-3 

20 922700 3.90 3.2 x 10-3 

30 4293000 5.60 1.3 x 10-3 

40 6844000 6.20 9.1 x 10-4 

50 8541000 6.60 7.7 x 10-4 

The transportation of cold fuel to a reactor, of irradiated fuel from 
the reactor to a fuel reprocessing plant, and of solid radioactive 
wastes from the reactor to burial grounds is within the scope of the 
AEC report entitled, "Environmental Survey of Transportation of Radio
active Materials to and from Nuclear Power Plants." (Ref. 12, Sections 
5.5 and 5.6) This subject is also discussed in Section 5.9. 
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The population doses from all sources including cloud immersion, 
drinking water ingestion, recreation, and transportation are 
summarized in Table 5.6. 

TABLE 5. 6. SUMMARY OF ANNUAL DOSES TO THE GENERAL POPULATION 

Pathway 

Gaseous Cloud 

Drinking Water 

Transportation of Nuclear Fuel 
and Radioactive Wastes 

TOT A L 

5 •. 6.5 Evaluation of Radiological Impact 

Cumulative Dose 
(man-rem/yr) 

6.60 

12.00 

14.00 

32.6 

Using conservative estimates, the total man-rems received per year by 
the estimated 8,541,000 persons residing within 50 miles of the Limerick 
Generating Station will be about 33. By comparison, an annual total of 
about 1,200,000 man-rem is delivered to the same population as a result 
of the average natural background dose rate of about .125 rem per year 
in the vicinity of the plant (Ref. 10). Operation of the Limerick 
Station will be a very minor contributor to the radiation dose that 
persons living in the area normally receive from natural background 
radiation. 

References for Section 5.5 and 5.6 

1. "Radioactivity in the Marine Environment," Panel on R.I.M.E. of 
the Committee on oceanography, NAS-NRC, 1971. 

2. Garner, R. J., "Transfer of Radioactive Materials from the 
Terrestrial Environment to Animals and Man," CRC critical reviews 
environmental control, 2, 337-385 (1971). 

3. Auerbach, S. J., "Econoligcal Considerations in Siting Nuclear 
Power Plants, The Long Term Biota Effects Problems," Nuclear 
Safety, 12, 25(1971). 

4. "Recommendations of the International Commission on Radiological 
Protection," ICRP Publication 2, Pergamon Press, 1959. 
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5. "The Effects on Populations of Exposure to Low Levels of Ionizing 
Radiation," Report of the Advisory Committee on Biological Effects 
of Ionizing Radiations, NAS-NRC, 1972. 

6. Fletcher, J. F. and W. L. Dotson, "Hermes - A Digital Computer Code 
for Estimating Regional Radiological Effects from the Nuclear Power 
Industry," Hanford Engineering Development Laboratory, HEDL-TME-7l-l68 , 
UC-80, Reactor Technology, Dec., 1971. 

7. D. H. Slade, Ed., ''Meteorology and Atomic Energy, 1968," TID-24l90. 

8. Lowder, W. M., P. D. Raft, and C. V. Gogolak, "Environmental Gamma 
Radiation from Nitrogen-16 Decay in the Turbines of a Large Boiling 
Water Reactor," HASL TM 72-1, Feb., 1972. 

9. Applicant's Environmental Report, Construction Permit Stage, (Revised), 
Section 2.2. 

10. "EPA Lists Background Levels by States," Nuclear News, Jan. 1972, 
p. 47. 

11. Thonpson, S. E., C. A. Burton, D. J. Quinn, and Y. C. Ng; 
"Concentration Factors of Chemical Elements in Edible Aquatic 
Organisms," UCRL - 50564 Rev. 1 (1972). 

12. U. S. Atomic Energy Commission, Directorate of Regulatory Standards; 
"Environmental Survey of Transportation of Radioactive Materials to 
and from Nuclear Power Plants," December 1972. 

5.7 THE COMMUNITY 

Operation of the station will, in general, have only minor impact 
on the community. 

There will be noise from the 500-kV transformers and from the cooling 
towers. At the site boundaries (about 1000 ft from the towers and 
transformers), the sound level is estimated to be about 50 dB,79 which 
is approximately the average level in a city residential district. 

The staff of approximately 150 people will presumably include some people 
who move to the area from elsewhere, so the local demand for housing will 
increase slightly. Some increase in tax income for the two adjacent school 
districts should result (see Sect. 11). The wages received will affect the 
receipts of both the city wage tax and the earned wage tax. There will be 
some additional traffic due to hauling of supplies and radioactive materials 
and employees commuting to and from the job. 
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5.8 DECOMMISSIONING 

The applicant SO has made no definite plans for final disposition 
of the Limerick Station at the end of its useful life but is con
sidering three alternatives: (1) seal up the structure and provide 
surveillance, (2) construct a new generating facility at the site, 
and (3) restore the site to its natural state. Some radioactive 
components of the reactor would require specific AEC license and 
must be monitored for a time, but specific plans are to depend 
on conditions that exist at the time. S1 Except for these co~ 
ponents, no licensable quantities of radioactive material would be 
maintained at the site. 

History of energy demand suggests that the second alternative is 
the most likely to be chosen. SO 

Restoration of the site and costs involved are discussed in 
Sect. 8.2.3. 

5.9 TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTE 

The nuclear fuel for the two reactors at the Limerick Generating 
Station, near Pottstown, Pennsylvania, will be slightly enriched 
uranium in the form of sintered uranium oxide pellets encapsulated 
in zirconium alloy fuel rods. Each year in normal operation, about 
200 fuel assemblies (each containing 49 sealed fuel rods) will be 
replaced in each unit. 

The applicant has indicated that new fuel for the reactors will 
transported by truck from Wilmington, North Carolina, a distance of 
about 500 miles. Irradiated fuel will be shipped either by rail or 
truck to the Allied Gulf Nuclear Services reprocessing facility in 
Barnwell, South Carolina. The applicant has not indicated where the 
solid radioactive wastes will be shipped but did indicate that ship
ment would be in shielded casks by truck. 

5.9.1 Transport of new fuel 

The applicant has indicated that new fuel will be shipped in AEC-DOT 
approved containers 82 which hold two fuel assemblies. About six 
truckloads of 16 containers each will be required each year for 
replacement fuel and about 24 truckloads for the initial loading of 
each unit of the Limerick Generating Station. 
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5.9.2 Transport of irradiated fuel 

Fuel elements removed from the reactor will be unchanged in appear
ance and will contain some of the original urani~235 (which is 
recoverable). As a result of the irradiation and fissioning of the 
uranium, the fuel element will contain large amounts of fission 
products and some plutonium. The amount of radioactivity remaining 
in the fuel will vary according to the length of time after discharge 
from the reactor. After discharge from the reactor, the fuel elements 
will be placed under water in a storage pool for cooling for three to 
five months prior to being loaded into a cask for transport. 

Although the specific cask design has not been identified, approved 
casks designed for transport by rail or truck, or possibly water, 
will be used. Rail and truck transportation systems are the only 
ones currently being considered. 

If rail transport is used, about eight shipments per year for each 
unit with 24 assemblies per shipment will be required. Rail routing 
to Allied Gulf Nuclear Services at Barnwell, South Carolina, will 
probably be via Reading, Western Maryland, Norfolk and Western, 
Winston Salem Southbound, and Seaboard Coastline, a distance of 763 
miles, requiring ayproximately five days. 

If trucks are used, about 100 shipments per year for each unit with 
two assemblies per shipment will be required, assuming a gross loaded 
vehicle weight of not more than 73,280 lb. Truck routing is expected 
to be via U.S. 422, Pennsylvania 100, U.S. 202, 1-95, 1-695, 1-95, 
1-495, 1-95, and South Carolina 64, a distance of about 758 miles, 
requiring approximately one day. 

5.9.3 Transport of solid radioactive wastes 

A cube-shaped shipping container 6 feet on a side (approximately 200 
ft 3 of sludge holding capacity) will be used for low-specific
activity solid and liquid radioactive waste. High-specific-activity 
solid material will be dewatered and contained in 30-ft3 filter drums 
(approximately 4-1/2 feet high and 4 feet in diameter). The low
specific-activity material will be stored until it is convenient to 
ship it offsite by truck to a licensed waste burial facility, which 
as yet is undesignated. The high-specific-activity material will 
be stored 6 to 12 months to provide added decay time prior to shipment. 

Based on the assumption that about twenty-five 30-ft3 containers 
and sixty 20o-ft 3 containers of solid waste for each unit will be 
shipped offsite each year, with a minimum of 400 ft 3 per shipment 
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(two large containers), the staff estimates a maximum of 70 truckloads 
of waste per year. 

5.9.4 Principles of safety in transport 

The transportation of radioactive material is regulated by the De
partment of Transportation and the Atomic Energy Commission. The 
regulations provide protection of the public and transport workers 
from radiation. This protection is achieved by a combination of 
standards and requirements applicable to packaging, limitations on 
the contents of packages and radiation levels from packages, and 
procedures to limit the exposure of persons under normal and acci
dent conditions. 

Primary reliance for safety in transport of radioactive material is 
placed on the packaging. The packaging must meet regulatory stand
ards 82 established according to the type and form of material for 
containment, shielding, nuclear criticality safety, and heat dissi
pation. The standards provide that the packaging shall prevent the 
loss or dispersal of the radioactive contents, retain shielding ef
ficiency, assure nuclear criticality safety, and provide adequate 
heat dissipation under normal conditions of transport and under 
specified accident damage test conditions. The contents of packages 
not designed to withstand accidents are limited, thereby limiting 
the risk from releases which could occur in an accident. The con
tents of the package also must be limited so that the standards for 
external radiation levels, temperature, pressure, and containment' 
are met. 

Procedures applicable to the shipment of packages of radioactive ma
terial require that the package be labeled with a unique radioactive 
materials label. In transport the carrier is required to exercise 
control over radioactive material packages, including loading and 
storage in areas separated from persons and limitations on aggrega
tions of packages to limit the exposure of persons under normal 
conditions. The procedures carriers must follow in case of accident 
include segregation of damaged and leaking packages and notification' 
of the shipper and the Department of Transportation. 83 Radiological 
assistance teams are available through an inter-Governmental program 
to provide equipment and trained personnel, if necessary, in such 
emergencies. 

Within the regulatory standards, radioactive materials are required 
to be safely transported in routine commerce using conventional 
transportation equipment with no special restrictions on speed of 



5-32 

vehicle, routing, or ambient transport conditions. According to 
the Department of Transportation, the record of safety in the 
transportation of radioactive materials exceeds that for any other 
type of hazardous commodity.84 The Department estimates that approx
imately 800,000 packages of radioactive materials are currently 
being shipped in the United States each year. Thus far, based on 
the best available information, there have been no deaths or serious 
injuries to the public or to transport workers due to radiation from 
a radioactive material shipment. 

Safety in transportation is provided by the package design and 
limitations on the contents and external radiation levels and does 
not depend on controls over routing. Although the regulations re
quire all carriers of hazardous materials to avoid congested 
areas85 wherever practical to do so, in general, carriers choose 
the most direct and fastest route. Routing restrictions that re
quire use of secondary highways or other than the most direct route 
may increase the overall environmental impact of transportation as 
a result of increased accident frequency or severity. Any attempt 
to specify routing would involve continued analysis of routes in 
view of the changing local conditions as well as changing of 
sources of material and delivery points. 

5.9.5 Exposures during normal (no accident) conditions 

The exposures discussed in the following subsections are summarized 
in Table 5.7. 

5.9.5.1 New fuel 

Since the nuclear radiations and heat emitted by new fuel are insig
nificant, there is no effect on the environment during transport 
under normal conditions. Exposure of individual transport workers 
is estimated to be less than 1 millirem per shipment. For the 24 
truckloads for the initial loading of each unit and with two drivers 
for each vehicle, the total estimated dose is about 0.05 man-rem/year. 
For the six truckloads of replacement fuel for each unit, the estimated 
dose is about 0.01 man-rem/year. The radiation level associated 
with each truckload of cold fuel will be less than 0.1 millirem/hr 
at 6 feet from the truck. A member of the general public who spends 
3 minutes at an average distance of 3 feet from the truck might receive a 
dose of about 0.005 millirem per shipment. Even if ten persons were 
so exposed per shipment, the annual cumulative dose for the 24 ship
ments of new fuel for .the initial loading of each unit or the six 
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shipments of replacement fuel would be extremely small. The estimated 
dose to other persons along the shipping route would be insignificant. 

5.9.5.2 Irradiated fuel shiEPed by rail 

Based on actual radiation levels associated with shipments of ir
radiated fuel elements, the staff estimates the radiation level at 
3 feet from the rail car to be about 25 millirems/hour. 

Train brakemen might spend a few minutes in the vicinity of the car 
at an average distance of 3 feet, for an average exposure of about 
0.5 millirem per shipment. With ten different brakemen involved 
along the route, the annual cumulative dose for eight shipments 
during the year is estimated to be about 0.04 man-rem for each 
unit. 

Approximately 230,000 persons who reside along the 763-mile route 
over which the irradiated fuel is transported might receive an an
nual cumulative dose of about 0.1 man-rem/year for each unit. The 
regulatory radiation level limit of 10 millirems/hour at a distance 
of 6 feet from the vehicle was used to calculate the integrated dose 
to persons in an area between 100 feet and 1/2 mile on both sides of 
the shipping route. It was assumed that the shipment would travel 
200 miles per day and the population density would average 330 
persons per square mile along the route. 

The amount of heat released to the air from each cask will be about 
250,000 Btu/hour. For comparison, 115,000 Btu/hr is about equal to 
the heat output from the furnace in an average size home. Although 
the temperature of the air that contacts the loaded cask may be in
creased a few degrees, the amount of heat is small, and since it is 
released over che entire transportation route, will cause no appreciable 
thermal effects on the environment. 

5.9.5.3 Irradiated fuel shiEPed by truck 

Exposure to individual truck drivers is estimated to be less than 
10 millirems per shipment. The cumulative dose to these drivers, 
assuming two drivers per vehicle and 100 trips per year for each 
unit is 4.0 man-rems per year. 
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Table 5.7. Summary of annual radiation exposures from transportation of nuclear fuel and 
solid radioactive waste for one unit of Limerick Generating Station 

Transportation data Radiation dose (man-rems) 

No. of vehicles 
Distance 

Trucker Trainman 
Casual General 

(miles) onlooker public 

New fuel 

Initial load 24 trucks 500 0.05 Negligible Negligible 

Reload 6 trucks 500 0.01 Negligible Negligible 

Irradiated fuel 
Shipped by rail 8 boxcars 763 0.04 0.1 0.1 

Shipped by truck 100 trucks 758 2.0 1.3 1.4 

Solid radioactive waste 35 500 1.0 0.5 0.3 
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A member of the general public who spends 3 minutes at an average dis
tance of 3 feet from the truck might receive a dose of as much ~s 
1.3 millirems. If ten persons were so exposed per shipment, the 
annual cumulative dose for the 200 shipments would be about 1.3 
man-rems per year. 

Approximately 230,000 persons who reside along the 758-mile route 
over which the fuel is transported might receive an annual cumu
lative dose of about 2.8 man-rems per year. 

5.9.5.4 Solid radioactive wastes 

Under normal conditions, the individual truck driver might receive 
as much as 15 millirems per shipment. If the same driver were to 
drive 35 truckloads in a year (one per week), he would receive an 
estimated dose of about 525 millirems during the year. The cumu
lative dose to all drivers for the year, assuming two drivers per 
vehicle, might be about 2.0 man-rems. 

A member of the general public who spends 3 minutes at an average 
distance of 3 feet from the truck might receive a dose of as much 
as 1.3 millirems. If ten persons were so exposed per shipment, the 
annual cumulative dose would be about 0.5 man-rem. 

The staff assumed an averaged trip of 500 miles in order to estimate 
the exposure to the general public from shipment of radioactive waste. 
(The applicant has not specified which disposal site would be used.) 
The approximately 150,000 persons who are estimated to reside along 
the 500-mile route over which the solid radioactive waste is trans
ported might receive an annual cumulative dose of about 0.6 man-rem. 
These doses were calculated for persons in an area between 100 feet 
and 1/2 mile on either side of the shipping route, assuming 330 persons 
per square mile, 10 milliremslhr at 6 feet from the vehicle, and the 
shipment traveling 200 miles per day. 
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6 • EFFLUENT AND ENVIRONMENTAL MEASUREMENT 
AND MONITORING PROGRAMS 

6.1 BIOLOGICAL MONITORING 

Ecological studies in the SchuylkUl River and Perkiomen Creek. 
were started in 1970 in order to acquire baseline data so that 
any ecological changes attributable to station operation can be 
identified. The results of these continuing studies are 
regularly reported. 1-4 

Definitive, terrestrial studies are in progress and species lists 
for biota observed within the Limerick site exclusion area have 
been furnished. 5 

Stations for sampling biological communities were established on 
the SchuylkUl River and Perkiomen Creek, and some biological 
samples were obtained in several small tributaries of the Schuylkill 
River in the site vicinity (Figures 6.1 and 6.2). Samples were 
also taken from the Vincent Pool in the Schuylkill downstream from 
from the site (Figure 6.1). 

The stations were equipped to obtain components of the biota and 
measurements of temperature, pH, and dissolved oxygen. Component 
sampling gear included minnow seines for fishes and standard 
surber samplers for benthos. Samples were collected once monthly 
for benthic invertebrates and twice monthly for fishes at two sites 
at each sampling station during periods varying from 3 to 9 months, 
depending on the station (6 to 8 months at most stations). 

Although the initial program produced some useful data, it was not 
considered adequate to provide the baseline information required 
by the staff. Streams are one of the most difficult ecosystems 
to sample for meaningful, quantitative data. Even the best 
obtainable data for the number of biomass of animals on stream. 
beds are considered very rough estimates. The staff found that 
the sampling program as originally operated by the applicant was 
deficient in the following areas: 

1. Representative samples of sport fishes were not obtainable 
with the seines in use. 

2. Representative samples of crayfish were not obtainable with 
the benthic sampling gear. 



CHESTER COUNTY 

EtO 
PIGEON 
CREEK 

6-2 

t 
N 
I 

MONTGOMERY 
COUNTY 

Fig. 6.1. The Schuylkill River in the vicinity of Limerick 
Generating Station, with biological sampling stations indicated. 
(Map not drawn to scale). 



6-3 

+ 
N 
I 2 3 4 5 

I I I I 
MILES 

Fig. 6.2. The Perkiomen Creek drainage in southeastern 
Pennsylvania, showing the locations of biological sampling stations. 
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3. Adequate numbers of samples of benthic organisms to estimate the 
biomass were not being obtained. 

4. Habitats other than riffles and runs were not sampled. 

5. Drift (important in assessment of entrainment) and periphyton 
(important in assessment of increased flow, silting and thermal 
discharge) were not adequately sampled. 

In response to its experience and these comments, the applicant has 
improved the program as follows (see Appendix H-128). 

1. All types of sampling gear known to be effective are now in use. 

2. MOre sampling stations have been established to assure coverage of 
communities and habitats in the Schuylkill and Perkiomen. Replicate 
samples are being taken at the stations. 

3. Location and evaluation of the importance of spawning areas for 
fishes. 

4. Studies of the age and growth of fishes have been started. 

5. Information is being accumulated for analyses of the weight and 
numbers of organisms. 

6. Attempts are underway to determine which of the species are 
important so that determinations of annual recruitments and 
mortalities may be made. 

7. Statistical analyses are being made of relevant data. 

The applicant notes that very few game fish are being taken in the 
Schuylkill or Perkiomen and that obtaining the appropriate number of 
specimens for data analysis might result in "fishing out" their 
populations. The staff agrees that the improved program for monitoring 
the ecological systems is adequate. 

6.2 RADIOLOGICAL MONITORING 

A comprehensive preoperational radiological monitoring program has 
been designed for the applicant by Radiation Management Corporation, 
Philadelphia, Pennsylvania, which will also be responsible for 
sample collection, sample analysis, data analysis, and calculation 
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of dose to man. The preoperational program was initiated in Feb
ruary 1971, with the objective of determining existing radionuclide 
and radiation levels and their natural fluctuations in the site 
environment. These data will provide a base line from which in
creases in radioactivity in the environment as a result of station 
operation may be evaluated. 

The radiological monitoring program is designed to cover three 
phases of operation: preoperational phase, initial operational 
phase (first year of operation), and continuing operational phase. 
In addition, the design specifies graded programs, the choice of 
which is dependent upon radioeffluent discharges. Two operational 
program grades are used - a comprehensive program and a standard 
program. The comprehensive program is specified for the preopera
tional phase of monitoring. The appropriate program for monitoring 
during operation of the Limerick Generating Station will be specified 
in the Technical Specifications which are issued as an Appendix to 
the operating license. 

The preoperational radiological monitoring program includes measure
ments of ambient gamma radiation and of radioactivity in samples of 
river water, potable water, well water, precipitation, river bottom 
sediments, fish, aquatic biota, soil, air, milk, and numerous food 
products which will be obtained from carefully located sampling 
stations. The air monitoring program design incorporates stations 
on site, stations located within a 5-mile radius of the site, and 
stations 5 to 20 miles from the site. Included in the program are 
21 gamma measuring stations, 13 air monitoring stations, 5 milk and 
10 other food product stations, 8 precipitation monitoring stations, 
and 3 soil monitoring stations. The water monitoring program in
cludes samples collected 7 miles upstream from the station, immedi
ately above the proposed station intake, at the station outfall, 
2-1/2 miles downstream from the station, and at two locations remote 
from the station. Samples are collected from 9 surface water sta
tions, 3 sediment stations, 5 well-water stations, and 3 aquatic 
environ stations. The Pennsylvania Fish Commission will act as 
advisors on the aquatic environment program, and a program is being 
worked out with the Pennsylvania Game Commission where represent
ative human-food-chain game animals will be sampled. The sampling 
and analysis frequency of the radiological monitoring program varies 
from weekly to annually depending upon the medium sampled, its rel
ative importance in the exposure pathways to man, and the selected 
operational program grade being used. The types of analyses per
formed on the samples collected in the standard program are pri
marily gross activity and gamma spectral measurements, with specific 
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isotopic determinations conducted each quarter on water samples. The 
comprehensive program includes specific isotopic analyses in prac
tically all media sampled for those radionuclides which are the 
predominant contributors to the dose to man. A more detailed de
scription of the radiological monitoring program is given in the 
Applicant's Environmental Report (Revised), and includes maps showing 
sampling station locations as well as tables that provide specific 
information on the media to be sampled and the frequency and type 
analysis to be performed on the samples. 

The applicant's radiological monitoring program is well designed 
to cover all potential exposure pathways and has sufficient flexi
bility to be responsive to any level of radioactivity release. 

6.3 THEF~L AND CHEMICAL MONITORING 

6.3.1 Rivers 

As part of the ecological study instituted by the apulicant through 
his consultant, Dr. E. C. Raney, the temperature and dissolved 
oxygen will be measured at sites (actual locations not specified) 
on the Schuylkill and its tributaries, both above and below the 
plant site, and on the east branch and main stream of Perkiomen 
Creek. The applicant indicates that this study will continue 
after the station begins operation; however, the duration ann 
intensity of the postoperational study are not yet defined. Dr. 
J. E. Eddinger of the Univeristy of Pennsylvania has been engaged 
to direct the pre- and post operational monitoring programs for 
the water quality of the Schuylkill River and Perkiomen Creek. 
These programs include the study of the relationship of the bio
logical oxygen demand, dissolved oxygen and river flow. The staff 
believes the monitoring programs will be adequate if data sites in 
the immediate vicinity of the water discharge system are included. 

6.3.2 Meteorology 

The applicant, through his consultant on cooling towers, Dr. Charles 
Hosler, has studied the meteorology at the Limerick site in order 
to select the design parameters for the cooling towers. This study 
is currently active and will continue after station operation begins. 
Wind speed and temperature are being measured at several elevations; 
atmospheric pressure, rainfall, and relative humidity are measured 
at ground level. These data will be used to confirm the design 
assumptions for the cooling towers. 
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The meteorological monitoring program should be adequate to verify 
design assumptions. However, the staff recommends that atmospheric 
stability, the number of days of fog, and the severity of these 
fogs be monitored before and after station operation in order to 
determine the effect of the cooling towers on these parameters. 
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7. ENVIRONMENrAL IMPAcr OF ACCIDENTS 

7.1 PLANT ACCIDENTS 

Protection against the occurrence of postulated design basis ac
cidents in the Limerick Generating Station, Units 1 and 2, is 
provided through correct design, manufacture, operation, and test
ing and the continued quality assurance program used to establish 
the necessary high degree of integrity of the reactor primary 
system. These aspects were considered in the Atomic Energy Com
mission's Safety Evaluation for the Limerick facility dated 
November 29, 1971. 1 Off-design conditions that may occur are 
limited by protection systems which place and hold the plant in a 
safe condition. Notwithstanding this, the conservative postulate 
is made that serious accidents might occur, even though they may 
be extremely unlikely; and engineered safety features are installed 
to mitigate the consequences of those postulated events which are 
judged credible. 

The probability of occurrence of accidents and the spectrum of 
their consequences to be considered from an environmental effects 
standpoint have been analyzed using estimates of probabilities 
and realistic fission product release and transport assumptions. 
For site evaluation in the Commission's safety review, extremely 
conservative assumptions were used for the purpose of evaluating 
the adequacy of engineered safety features and for comparing 
calculated doses resulting from a hypothetical release of fission 
products from the fuel with the 10 CFR Part 100 siting guide
lines. Realistically computed doses that would be received by 
the population and environment from the accidents Nhich are postulated 
are significantly less than those presented in the Safety Evaluation. 

The Commission issued guidance2 to applicants requiring the con
sideration of a spectrum of accidents with assumptions as realis-
tic as the state of knowledge permits. The applicant has prepared 
an analysis of the radiological environmental impact from a spec
trum of accidents based upon additional Commission guidance. 3 The 
analysis has been presented as part of the May 1972 EnviponmentaZ 
Report (Revised) submitted by the Philadelphia Electric Company. 

The applicant's report has been evaluated using the standard 
accident assumptions and guidance issued as a proposed amendment 
to Appendix D of 10 CFR Part 50 by the Commission on December 1, 1971. 
Nine classes of postulated accidents and occurrences ranging in 
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severity from trivial to very serious were identified by the 
Commission. In general, accidents in the high potential 
consequence end of the spectrum have a low predicted occurrence 
rate, and those on the low potential consequence end have a 
higher predicted occurrence rate. In Table 7.1 are shown 
examples selected by the applicant for these accidents as being 
reasonably homogeneous in terms of probability within each class. 

Staff estimates of the dose which might be received by an indi
vidual standing at the site boundary in the downwind direction, 
using the assumptions in the proposed Annex to AppendiX D, are 
presented in Table 7.2. Estimates of the integrated exposure in 
man-rems that might be delivered to the population within 50 miles 
of the site are also presented in Table 7.2, based on the estimated 
population near the site for the year 2000. 

To establish a realistic annual risk, the calculated doses in 
Table 7.2 would have to be multiplied by estimated probabilities. 
The events in classes 1 and 2 represent occurrences which are 
anticipated during plant operation; and their consequences, which 
are very small, are considered within the framework of routine 
effluents from the plant. Except for a limited amount of fuel 
failures, the events in classes 3 through 5 are not antici-
pated during plant operation; but events of this type could occur 
sometime during the 40-year plant lifetime. Accidents in classes 
6 and 7 and small accidents in class 8 are of similar or lower 
probability than accidents in classes 3 through 5 but are possible. 
The probability of occurrence of large class 8 accidents is very 
small. Therefore, when the consequences indicated in Table 7.2 are 
weighted by probabilities, the environmental risk is very low. The 
postulated occurrences in class 9 of Table 7.2 involve sequences of 
successive failures more severe than those required to be considered 
for the design basis of protection systems and engineered safety 
features. Their consequences could be severe. However, the probabi
lity of their occurrence is judged so small that the environmental 
risk is extremely low. Defense in depth (mUltiple physical barriers), 
quality assurance for design, manufacture, and operation, continued 
surveillance and testing, and conservative design are all applied to 
provide and maintain a high degree of assurance that the potential 
accidents in this class are, and will remain, sufficiently small in 
probability that the environmental risk is extremely low. 

The AEC is currently performing a study to assess more quantitatively 
these risks. The initial results of these efforts are expected to be 
available in early 1974. This study is called the Reactor Safety Study 
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Table 7.1. Classification of postulated accidents and occurrences 

AEC description 

Trivial incidents 
Small releases outside containment 

Radioactive waste system failures 

Fission products released to primary 
system (BWR) 

Fission products released to primary 
and secondary systems (PWR) 

Refueling accident 

Spent fuel handling accident 

Accident initiation events considered 
in design-bases evaluation in the 
Safety Analysis Report 

Hypothetical sequence of failures 
more severe than class 8 

Applicant's examples 

Not considered 
Reactor coolant leaks (below allowable Technical 

Specifications limits) outside primary contain
ment or reactor building 

Any single equipment failure or any single 
operator error 

Fuel failures during transients outside the normal 
range of plant variables but within expected 
range of protective equipment and other 
parameter operation 

Not applicable 

Dropping of fuel assembly on reactor core, on 
spent fuel rack, or against pool boundary 

Dropping of spent fuel shipping cask in pool or 
outside pool 

Transportation incident involving spent and new 
fuel 

Shipment on site but outside primary 
containment or reactor building 

a. Reactivity transient 
b. Loss of reactor coolant inside or outside 

primary containment 
Not considered 
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and is an effort to develop realistic data on the probabilities 
and sequences of accidents in water cooled power reactors, in 
order to improve the quantification of available knowledge related 
to nuclear reactor accidents probabilities. The Commission has 
organized a special group of about 50 specialists under the 
direction of Professor Norman Rasmussen of MIT to conduct the 
study. The scope of the study has been discussed with EPA and 
described in correspondence with EPA which has been placed in the 
AEC Public Document Room (letter, Doub to Dominick, dated June 5, 
1973). As with all new information developed which might have an 
effect on the health and safety of the public, the results of 
these studies will be made public and would be assessed on a 
timely basis within the Regulatory process on generic or specific 
bases as may be warranted. 

The information given in Table 7.2 indicates that the realistically 
estimated radiological consequences of the postulated accidents 
would result in exposures of an individual assumed to be standing 
at the site boundary to concentrations of radioactive materials 
which were within the Maximum Permissible Concentrations (MPC) 
of 10 CFR Part 20. Table 7.2 also shows that the estimated 
exposure of the population within 50 miles of the plant 
from each postulated accident would be much smaller than that 
received from naturally occurring radioactivity. When con-
sidered with the probability of occurrence, the annual potential 
radiation exposure of the population from all the postulated acci
dents is an even smaller fraction of naturally occurring background 
and, in fact, is well within naturally occurring variations in the 
natural background. It is concluded from the results of the real
istic analysis that the environmental risks due to postulated 
radiological accidents at the Limerick Generating Station, Units 
1 and 2, are exceedingly small and need not be considered further. 

7.2. TRANSPORTATION ACCIDENTS 

Based on recent accident statistics,4 a shipment of fuel or waste 
from this station may be expected to be involved in an accident 
about once in 6 or 7 years. The staff has estimated that only 
about one in 10 of those accidents which involve type A packages 
or one in 100 of those involving type B packages might result in 
any leakage of radioactive material. In case of an accident, pro
cedures which carriers are required to followS will reduce the 
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Table 7.2. Summary of radloloslcal co .... uenca of poItUlated accidenta 

Estimated fraction Estimated dose 

Class Event 
of 10CFR 20 to population 

limit at site within SO-mile 
boundary /I radius (man-rems) 

1.0 Trivial incidents b b 
2.0 Small releases outside containment b b 
3.0 Radioactive waste system failures 

3.1 Equipment leakage or malfunction 0.085 48 
3.2 Release of wute ps storage tank contents 0.34 190 
3.3 Release of liquid wute storage tank contents <0.001 0.18 

4.0 Fission products to primary system (BWR) 
4.1 Fuel claddilll defecti b b 
4.2 Off4esip transienta that induce fuel failure above those 0.005 5 

expected 
5.0 Fission products to primary and secondary systems (PWR) N.A.c N.A. 
6.0 Refuelilllacciclents 

6.1 Fuel aaembly drop into core 0.002 1.0 
6.2 Heavy object drop onto fuel in core 0.015 8.4 

7.0 Spent fuel handlinl accident 
7.1 Fuel usembly drop in fuel storage pool 0.003 1.8 
7.2 Heavy object drop onto fuel raclt 0.006 3.4 
7.3 Fuel cask drop 0.13 72 

8.0 Accident initiation events considered in desip-buia eftluation 
in the Safety Analysis Report 

8.1 Loss-<lf-coolant accidents inside containment 
Small break <0.001 <0.1 
Large break 0.034 160 

8.l(a) Break in instrument line from primary system that <0.001 <0.1 
penetrates the containment 

8.2(a) Rod ejection accident (PWR) N.A. N.A. 
8.2(b) Rod drop accident (BWR) 0.005 6.9 
8.3(a) SteanHine break (PWR's-<lutside containment) N.A. N.A. 
8.3(b) S team-tlne breaks (BWR) 

Small break 0.003 1.7 
Large break 0.015 8.6 

IIRepresents the calculated whote-body dose u a fraction of 500 mltIiJel1ll (or the equivalent dose to an orpn). 
borhese releases will be comparable to the desip objective indicated in the propoled Appendix I to 10 CFR Part 50 for routine 

effluents (i.e., 5 mi11iremr/year to an individual from either paeOUI or liquid effluents). 
CNot applicable. 
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consequences of an accident in many cases. The procedures include 
segregation of damaged and leaking packages from people, and noti
fication of the shipper and the Department of Transportation. Ra
diological assistance teams are available through an inter-Govern
mental program to provide equipped and trained personnel. These 
teams, dispatched in response to calls for emergency assistance, 
can mitigate the consequences of an accident. 

7.2.1 New fuel 

Under accident conditions other than accidental criticality, the 
pelletized form of the nuclear fuel, its encapsulation and low speci
fic activity limit the radiological impact on the environment to 
negligible forms. 

The packaging is designed to prevent criticality under normal and 
severe accident conditions. To cause the required number of fuel 
assemblies to be combined under conditions that could lead to acci
dental criticality would require severe damage or destruction of 
more than one package - a combination of circumstances which is very 
unlikely. 

If criticality were to occur in transport, persons within a radius 
of about 100 ft from the accident might receive a serious exposure, 
but beyond that distance, no detectable radiation effects are 
likely. Persons within a few feet of the accident could receive 
fatal or near-fatal exposures unless shielded by intervening mate
rial. Although there would be no nuclear explosion, heat generated 
in the reaction would probably separate the fuel elements so that any 
reaction would spontaneously stop after a few seconds and normally 
would not recur. Residual radiation levels due to induced radio
activity in the fuel elements might reach a few roentgens per hour 
at 3 feet. There would be very little dispersion of radioactive 
material. 

7.2.2 Irradiated fuel 

Effects on the environment from accidental releases of radioactive 
materials during shipment of irradiated fuel have been estimated 
for situations in which contaminated coolant is released and both 
gases and coolant are released. 



7-7 

a. Leakage of contaminated coolant resulting from improper closing 
of the cask is possible as a result of human error, even though the 
shipper is required to follow specific procedures which include 
tests and examination of the closed container prior to each ship
ment. Such an accident is highly unlikely during the life of the 
plant. 

Leakage of liquid at a rate of 0.001 cc/sec (abnut 80 drops/hr) 
is about the smallest amount of leakage that can be detected by 
visual observation of a large container. If undetected leakage of 
contaminated liquid coolant were to occur, the amount is so small 
that the individual exposure would not exceed a few millirems, and 
only a very few people would be likely to receive such exposures. 

b. Release of gases and coolant is an extremely remote possibility. 
In the improbable event that a cask is involved in an extremely 
severe accident such that the cask containment is breached and 
the cladding of the fuel assemblies penetrated, some of the coolant 
and some of the noble gases might be released from the cask. 

In such an accident, the amount of radioactive material released 
is limited to the available fraction of the noble gases in the void 
spaces in the fuel pins and some fraction of the low-level contamina
tion in the coolant. Persons would not be expected to remain near the 
accident due to the severe conditions, including a major fire, which 
would probably be involved. If releases occurred, they would be 
expected to take place in a short period of time and only a limited 
area would be affected. Persons in the downwind region and within 
100 feet or so of the accident might receive doses as high as a few 
hundred millirems. Under average weather conditions, a few hundred 
square feet might be contaminated to an extent requiring decon
tamination (that is, Range I contamination levels) according to the 
standards of the Environmental Protection Agency.b 

7.2.3 Solid radioactive wastes 

It is highly unlikely that a shipment of solid radioactive waste 
will be involved in a severe accident during the life of the 
plant. If a shipment of low-level waste (in drums) becomes in
volved in a severe accident, some release of waste might occur, 
but the specific activity of the waste is so low that the exposure 
of personnel would not be expected to be significant. Other solid 
radioactive wastes will be shipped in type B packages. The 
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probability of release from a type B package, in even a very 
severe accident, is sufficiently small that, considering the 
solid form of the waste and the very remote probability that a 
shipment of such waste would be involved in a very severe accident, 
the likelihood of significant exposure is extremely small. 

In either case, spread of the contamination beyond the fmmediate 
area is unlikely, and, although local cleanup might be required, 
no significant exposure to the general public is expected to result. 

7.2.4. Severity of postulated transportation accidents 

The events postulated in this analysis are unlikely but possible. 
More severe accidents than those analyzed can be postulated, and 
their consequences could be severe. Quality assurance for design, 
manufacture, and use of the packages, continued surveillance and 
testing of packages and transport conditions, and conservative 
design of packages ensure that the probability of accidents of 
this latter potential is sufficiently small that the environmental 
risk is ex~remely low. For those reasons, more severe accidents 
have not been included in the analysis. 
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8. EVALUATION OF PROPOSED ACTION 

8.1 ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED 

8.1.1 Factors responsible 

Construction of the Limerick Generating Station is expected to have 
minimal, sbort-term impacts on the environment. Most of the site 
preparation work has been accomplished, and the remaining construction 
is not expected to create many additional adverse impacts. 

The construction of the small reservoir which may be required by the 
DRBC will produce temporary adverse impacts similar to those of the 
Station construction. The inundation of about 2 square miles of rural 
land will permanently change the use of this land, producing some 
adverse and some beneficial impacts, as discussed in Sections 5.2 and 
~2.5. 

Operation of the Limerick Generating Station will result in the 
consumptive use of fresh water in an amount averaging about 54 cubic 
feet per second. This use of water is governed by the Delaware River 
Basin Commission as described in Sections 2, 5 and 12 of this state
ment. The conditions under which water may be used require storage 
during periods of excess water supply in the basin so that amounts 
required for consumptive use during periods of low water supply are 
replaced. 

Station operation requires withdrawal of a maximal amount of about 85 
cubic feet of water per second from the Schuylkill River and/or 
Perkiomen Creek. This withdrawal may cause damage or death to 
organisms in these streams by impingement on intake screens or 
entrainment in the cooling system. 

During operation, slightly warmed water will be discharged to the 
Schuylkill River at an average rate of 20 cubic feet per second. 
Also, an average of 54 cubic feet of water per second will be 
discharged to the atmosphere through the cooling towers. These 
discharges are expected to produce minimal adverse impacts to the 
environment. 

8.1.2 Probable adverse effects 

Plant operation has the potential for changing the biological and 
physical aspects of the environment including future recreational 
uses of Perkiomen Creek. The principal adverse effects are related 
to the consumptive use of water from the Delaware Basin. Additional 



8-2 

adverse effects include the discharge of heated water and air, 
chemicals, and radionuclides; the loss of some fishes; and the 
removal of a significant amount of plankton and drift from the 
streams. 

The staff finds that operation of the Limerick Generating Station 
in accordance with the proposed conditions will result in minimal 
adverse effects in the environment. 

8.2 THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S 
ENVIRONMENT AND MAINTENANCE AND ENHANCEMENT OF LONG-TERM 
PRODUCTIVITY 

The impacts and alternatives discussed in detail in Sections 4, 5, 
9, and 10 have been considered in this evaluation. In general, 
most effects are not expected to be adverse to productivity - some 
will even be beneficial; however, a few may have the potential to 
seriously harm. natural productivity. 

8.2.1 Enhancement of productivity 

The use of land for a generating station instead of for crop pro
duction, in terms of economic productivity, increases benefits 
from the site. The applicant's plans to allow vacant areas of 
the site to be used for recreational and other community purposes 
and to have an information center on the site are also beneficial. 

8.2.2 Uses adverse to productivity 

8.2.2.1 Land 

The site consists of 587 acres, which are to be removed from. agri
cultural use by construction and operation of the station. The 
impact, however, is small because there is adequate farmland in 
the vicinity. Most of the portions of the site devoted to wood
land and recreation are unaffected. 

8.2.2.2 Water 

There will be some localized silting in the Schuylkill River during 
construction; otherwise, the environmental effects of construction 
and operation of the station are expected to be negligible. 
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8.2.2.3 Biological productivity 

The effect on wildlife of construction and operatiQn of the plant 
will in general be small. 

The potentially most serious effects on long-term productivity 
are related to impingement of fish and other stream biota by the 
Perkiomen and Schuylkill water intakes. However, the staff believes 
that if due care is exercised, the adverse effects will be avoided 
and the over-all results could be beneficial. 

8.2.3 Decommissioning 

The staff has considered the effects on long-term productivity of 
decommissioning the station at the end of its useful life. 

This site may continue to be used for generation of electrical 
energy beyond the useful life of the proposed generating station. 
At the termination of such use, the land areas occupied by the 
nuclear facilities would be removed from productive use, unless 
decommissioning measures include removal of all radioactive equip
ment. Although the details may not be worked out for several years, 
the various deCOmmissioning alternatives will not be affected by 
the proposed action of permitting construction. Diversity of 
choice will be maintained if the applicant's present plans for 
decommissioning do not foreclose the option of removing all radio
active materials should that be desirable. 

Commission regulations prescribe procedures whereby a licensee, by 
voluntarily surrendering his license, may obtain authority to dis
mantle a facility and to dispose of its component parts. 1 Such 
authorization would normally be sought near the end of a nuclear 
plant's useful life. Under current regulations, the Commission 
generally requires that all quantities of source, special nuclear, 
and byproduct materials not exempt from licensing under 10 CFR 30, 
10 CFR 40, and 10 CFR 70 be either removed from the site or secured 
and kept under surveillance. 

To date, experience with decommissioning of civilian nuclear power 
reactors is limited to six facilities which have been shut down or 
dismantled: Hallam Nuclear Power Facility, Carolina Virginia Tube 
Reactor (CVTR) , Boiling Nuclear Superheater (BONUS) Power Station, 
Pathfinder Reactor, Piqua Reactor, and the Elk River Reactor. 
There are several alternatives which. can be and have been used in 
the decommissioning of reactors: (1) Remove th.e fuel (possibly 
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followed by decontamination procedures); seal and cap the pipes; 
and establish an exclusion area around the facility. The Piqua 
decommissioning operation was typical of this approach. (2) In 
addition to the steps outlined in (1), remove the superstructure 
and encase in concrete all radioactive portions whiCh remain above 
ground. The Hallam decommissioning operation was of this type. 
(3) Remove the fuel, all superstructure, the reactor vessel, and 
all co~taminated equipment and facilities, and fill all cavities 
with clean rubble topped with earth to grade level. This last 
procedure is being followed in decommissioning the Elk River Reac
tor. Decommissioning procedures (1) and (2) require long-term 
surveillance of the reactor site. After a final check to assure 
that all reactor-produced radioactivity had been removed, alter
native (3) would not require any subsequent surveillance. Possible 
effects of erosion or flooding will be included in these consider
ations. 

Although no definite plans have been made, the applicant2 is con
sidering three alternatives for disposition of the station at the 
end of its useful life: 

(1) Seal up the structures and provide surveillance. 
(2) Construct a new generating facility at the site. 
(3) Restore the site to its natural state. 

In each of these alternatives, there would be a cooling-off period 
after station operation ceased, and the core would be r~ved and 
shipped to a reprocessing facility. Except for contaminated equip
ment to be monitored, 3 none of the alternatives would include main
tenance of licensable quantities of radioactive material at the 
site in presently planned structures. 

The first alternative (resembling that for Piqua) would apparently 
be the least costly, but also would provide for the least productive 
use of the site. Considering the history of energy demand, the 
applicant regards the second alternative as the one most likely to 
be chosen. With continued use of the site for generating energy, 
there would be little change in productivity. 

The third alternative resembles th.e Elk River case, but restoration 
of the 85 acres occupied by structures may be too expensive to 
justify. The applicant has not estimated the costs, but for re
storing the Peach Bottom plant, of essentially the same design, 
the applicant4 estimated "on the order of $100 million or more." 
Actually restoration of the Limerick site may cost somewhat less 
because it does not have rock and terrain problems of the Peach 
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BottomS site. Estimated costs of decommissioning at the lowest 
level are about $1 million plus annual maintenance of about 
$100,000. Estimates vary from case to case, with the largest 
variation arising from the differing assumptions as to the level 
of restoration. At present land values, consideration of an economic 
balance alone would not justify a high level of restoration. The 
planning required of the applicant at tMs stage will assure, however, 
that variety of choice for restoration is maintained until the end of 
useful plant life. 

8.3 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

Irreversible commitments generally concern changes set in motion 
by the proposed action which, at some later time, could not be al
tered so as to restore the present order of environmental resources. 
For example, if the proposed action should reduce aquatic organisms 
below the level essential for maintenance of a fish population, 
then operation would entail an irreversible commitment of a water 
resource. Irretrievable commitments are generally the use or 
consumption of resources that are neither renewable nor recoverahle. 

The proposed construction and operation of the generating station, 
if carried out with appropriate care, wUl, in general, achieve 
the objectives of NEPA regarding resources. 

8.3.1 Commitments 

A wide range of possible commitments must generally be considered 
for nuclear power plants. Many of these commitments wUl be similar 
for all plants of the same size and type. The types of resources 
of concern in this case can be identified as: (1) material re
sources, i.e., materials of construction, renewable resource mate
rials consumed in operation, and depletab~e resources consumed; 
and (2) non-material resources, including labor and a range of 
beneficial uses of the environment. 

Resources which would be irreversibly committed by the operation 
are: 

(1) Construction materials that cannot be recovered and recycled 
with present technology; 

(2) Materials that are rendered radioactive and cannot be decon
taminated; 

(3) Materials consumed or reduced to unrecoverable forma of waste, 
including uranium-235 and -238 consumed; 
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(4) Space for long-term storage of radioactive materials; 
(5) Air and water used for disposal of heat and of certain waste 

effluents to the extent that other beneficial uses are curtailed; 
(6) Land areas rendered unfit for other uses. 

8.3.2 Material resources 

• All materials of construction except those that ca~ be salvaged 
or recycled are irreversibly committed. Much of this is concrete 
and steel, but there are numerous other material resources in
corporated in the physical plant. ~e commitment of materials is 
of relatively minor concern when there are essentially inexhaustible 
reserves of such materials. Also there is no serl:.ous concern when 
the resources are renewable ones, ~uch as water from rain or flowing 
streams and products of plants or animals, the growth of which 
can be readily increased. ~e commitment of materi.als is a much 
more serious matter, on the other hand, when such materials are 
scarce, such as the less abundant elements. Of special concern 
are materials which, because of limited domestic supply and 
national security needs, are included in the national stockpile. 6 ,7 

The applicant 3 has considered the possibility of reclaiming scarce 
materials after the expected life of the nuclear plant, but for 
the most part, the kinds and amounts of th.ese materials have not 
been firmly established. About 450 tons of copper metal are 
expected to be reclaimable; also undetermined quantities of noble 
metals are regarded as not consumable. The applicant has stated 
that many construction materials in gross quantities will be used, 
but he has not itemized them nor has any decision been made con
cerning any recovery for reuse. The applicant expects a large 
number of components will become too radioactive to be reclaimed, 
but of these only the materials committed to the reactor core have 
been itemized (~able 8.1). This compilation is based on a 4O-year 
life for each unit including neutron source, operation at an aver
age of 85% capacity, 3323 MW power, l5-year channel life, 20-year 
control assembly life, and full plutonium recycle. If one were to 
make the more usual assumption of a 30-year life for a reactor, 
there would be a 25% reduction in the amount of uranium committed, 
but there would be little or no change in the amounts of other 
materials committed. 

The uranium is perhaps the most valuable material irretrievahly 
consumed in plant operation. The principal use of uranium is pro
duction of energy,S and when reserves of depletable fuels are con
sidered, its consumption in the proposed operation is appropri.ate. 



8-7 

Table 8.1. Abundance, production, consumption, and reserves of materials committed in each unit 
of the Limerick Generating Station 

Quantity 
Natural World U.S. U.S. Strategic 

abundance production consumption reserves 
Material used 

(% of 1966c,d,e 1969c,d,e 1969c,d,e or critical 
(kgf material' 

lithosphere )b (metric tons) (metric tons) (metric tons) 

Antimony 0.8 1 X 10-4 65,400 37,800 100,000 Yes 

Beryllium 1.2 0.001 288 316 72,700 No 

Boron 1,460 3 X 10-4 216,951 81,647 32,660,000 No 

Chromium 47,370.7 0.037 1,591,000 397,000 2,000,000 Yes 

Cobalt 27 0.0023 20.227 6,981 25,401 Yes 

Copper 45,360 0.007 6,61J,843 1,905,089 77,564,318 Yes 

Gadolinium 1,150 6.36 X 10-4 ~ 14,920h No 

Iron 192,282.7 5.12 574,248,000 128,000,000 2,000,000,000 No 

Nickel 23,940.3 0.008 481,257 128,582 181,000 No 

Tungsten 4 5 X 10-4 32,686 6,566 86,000 Yes 

Uranium 51,000 4 X 10-4 17,803 2,449 2IO,I7I~ No 
23S U 22,000 2.84 X 10-6; 1,494', 
238 U 29,000 4 X 10-4 208,677' 

Zirconium .479,300 0.Q28 224,000k 65,000k 5,669,900 No 

aPhiladelphia Electric Co., Applicant's Environmental Report - Construction Permit Stage, Limerick 
Generating Station, Units 1 and 2, Philadelphia, Pa., revised ed., May 1972, Ch. 13. 

bN . A. Lange and G. M. Forker, Handbook of Chemistry, 10th Ed., McGraw-Hill Book Co., New York, 
1967, p. 163. 

cU.S. Bureau of Mines, 1969 Minerals Yearbook, Vols. I-II, U.S. Dept. of Interior, Washington, D.C. 

dU.S. Bureau of Mines, Mineral Facts and Problems, 1970 Ed., Bulletin 650 U.S. Dept. of Interior, 
Washington, D.C. 

eMetal Statistics 1970, The American Metal Market Co., New York. 

fG. A. lincoln, Stockpile Report to Congress, July-Dec. 1971, Off. of Emerg. Preparedness, Wash., D.e. 

gFigure for 1971 based on the estimate for all separated pure rare earths by 1. G. Cannon, Eng. and Mining 
J., 173 (3):187-200 (March 1972), and assuming the gadolinium content of natural rare earths according to 
reference h. 

hincomplete figure based on rare earth reserves at Mountain Pass, California, according to reference c, and 
calculating gadolinium content according to its abundance in natural rare earths according to M.e. Sneed and R. 
e. Brasted, Comprehensive Inorganic Chemistry, Vol. 4, D. Van Nostrand Co., Princeton, N.J., 1955, p. 153. 

iReserves figure for 1971 based on U30 S extractable at S8.00/lb, according to USAEC, Statistical Data of 
the Uranium Industry - January 1,1972, Report GJO-100, Grand Junction, Colorado. 

iNatural isotopic abundance of uranium for the calculation is from reference d, p. 222. 

k Amounts for 1968, based on reference d. 
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Energy resources in this country are estimated to be equivalent to 
26 x lOIS Btu (27 x 1021 joules) for all fossil fuels, 59 x lOIS 
Btu (62 x 10 21 joules) for uranium, and 37 x lOIS Btu (39 x 1021 
joules) for thorium. 9 ,10 The values for uranium and thorium assume 
eventual utilization of breeder-reactor fuel cycles and consider 
only reasonably assured reserves and additional potential resources 
in conventional deposits recoverable at a cost of $10 or less per 
pound of U30S or Th02. The contained quantities of uranium and 
thorium are 710,000 metric tons and 478,000 metric tons, respectively. 
Inclusion of by-product uranium, uranium reserves, and resources 
recoverable at a cost of $10 to $15 per pound of U30S increases 
the enerR equivalent by 45 x l0 21 ioules (543,000 metric tons of 
uranium). Under the assumed plant operating history given above, 
22,000 kg uranium-235 and 29,000 kg uranium-238 would be consumed. 
Partially offsetting this uranium usage is the 930 kg of plutonium-
239 that would be produced and recovered. Essentially all uncon
sumed uranium will be reclaimed during reprocessing of the fuel. 

Although gadolinium committed in this station is a large portion 
(about 25%), of the world's annual production, the domestic reserves 
of ore are large enough to permit the necessary increased produc
tion for building numerous additional reactors of this type. 

8.3.3 Land, water, and air 

As discussed in Sect. 8.2.3, the applicant is considering, among 
several alternatives for final disposition of the site, sealing 
structures and providing security surveillance. This alternative 
would permanently commit land; however, the other alternatives, 
not permanently committing it, are more likely to be followed. 
Although resources used in the station operation include river 
water for the cooling system and the atmosphere for evaporative 
cooling, both can be returned to their present state. 

8.3.4 Storage 

The applicant has made no definite plans for long-term storage of 
radioactively contaminated components after decommissioning the 
plant, but a small amount of land, either on the site or in li
censed repositories, presumably needs to be so committed. Most 
components located in the reactor, turbine, and radioactive waste 
buildings will be sufficiently radioactive to require monitoring; 
also most equipment carrying radioactive fluids for the expected 
plant lifetime and most equipment inside the drywell will probably 
be too radioactive to be reclaimed. Reprocessing of spent fuel 
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from this plant will generate additional wastes, whi.ch wUl even
tually be aeposited in a long-term repository. Based on the vol
umes traditionally occupied by various types of wastes from reactor 
fuels reprocessed c01IlJllercially,12 an estimate was made of the quan
tity of wastes generated in 30 years by the total of 400 fuel 
assemblies, each initially containing 428 lb uranium as the diOxide, 
expected to be reprocessed annually from both Limerick units: 13 

High-level wastes 

Low-level wastes 
Cladding scrap 
Other 

4600 to 9200 ft 3 (130 to 260 m3) 

35,000 ft 3 (1000 m3) 
46,000 ft 3 (1300 m3) 

Also, the solid wastes generated by normal operation of the station 
(see Sect. 3.4.3) for 30 years will require the colIllllitment of an 
additional 765,000 ft 3 (21,750 m3) of storage space. 

8.3.5 Biological resources 

Although there will be some temporary disturbance during construc
tion, there will be no serious long-term effect on biological 
resources in the vicinity of the plant from either construction 
or operation. 
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9. NEED FOR POWER 

A high population growth and an increasing per capita consumption 
of electricity constitute a situation that has existed in the north
eastern region of the United States for quite some time. 

The Philadelphia Electric Company's system peak load has been in
creasing about 6% per year compounded. Table 9.1 shows total in
stalled and available electric generating capacity (both base load 
and peaking power) and peak power demands for 1961 through 1972 
and planned new power generation, predicted peak demands, and firm 
purchases, as provided by the applicant, for 1973 through 1980. 1 

In the years 1967, 1968, 1969, and 1971, some voltage reductions 
and voluntary customer load curtailments were in effect. 

In the decade 1960-1970, the number of residential customers serv~d 
by the applicant grew 1.5% per year compounded - from about 913,000 
to 1,070,000. The applicant expects a comparable increase during 
the next decade. Kilowatt-hour consumption per residential customer 
in the 1960-1970 decade rose about 5.9% per year compounded, from 
3373 kWhr per residential customer to 5990. As a result of contin
uing improvements in per capita income, average annual residential 
consumption is expected to increase to possibly 10.000 kWhr by 1980. 1 

Commercial and industrial use of electricity rose 6% per year com
pounded in the applicant's service area during 1960-1970; the 
applicant expects a growth at a similar rate in the next decade. 

The applicant projects that his summer peak demands in 1976 and 
1977 will be 8110 and 8630 MW, respectively. requiring generating 
capacities in those two years of at least 9164 and 9752 MW to meet 
the summer demands and maintain system reliability. 1 

Presently, 6137 MW of generating capacity are installed. The sched
uled increases in generating capacity are 3309 and 4364 MW by 1979 
and 1980, respectively. Included in the net capacity additions are 
Limerick Units 1 and 2. which are currently scheduled for service 
in 1979 and 1980, and the retirement of 344 MW of fossil-fueled 
capacity. 1,2 

In order to meet the expanding demand efficiently and economically. 
the generating capacity now being added to the applicant's system 
is in the form of larger units than previously installed. However, 
the probability of unscheduled outages during the early years of 
operation of these larger units is significantly higher than that 
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Table 9.1. Capacity and demand of the Philadelphia Electric Company for 1961-1980 

In megawatts 

Hydroelectric Fossil 
Gas 

Other Nuclear Firm Total system capacity Peak Staff Applicant 
Year turbine load predicted predicted 

capacity capacity 
capacity 

capacity capacity purchases Installed Available" demand demand demandb 

1961 252 2942 21 6 0 0 3.221 2702 

1962 252 3013 41 6 0 0 3,312 2721 

1963 252 3013 41 6 0 0 3,312 2926 

1964 512 3013 41 6 0 0 3,572 3134 

1965 512 3013 41 6 0 0 3,572 3366 

1966 512 3013 41 6 0 0 3,572 3425 3673 

1967 952 3013 81 25 40 0 4,111 4009 3727c 

1968 1392 3202 141 25 40 0 4,800 4164 4375d 

1969 1392 3306 301 27 40 0 5,066 4594 4592c 

1970 1392 3419 476 30 40 0 5,357 4475 4712 

1971 1392 3589 877 30 40 0 5,928 4780 4922d 

1972 1392 3535 1134 36 40 0 6,137 4851" 5313" 5712 5,740 

1973 1392 3453 1134 31 492 +200 6,70'J! 5784 6,300 

1974 1392 3591 1134 31 905 +200 7,25# 6182 6,850 

1975 1392 3991 1134 31 1843 0 8,391 h 6607 7,480 

1976 1392 3991 1134 31 2898 0 8,391 7062 8,110 

1977 1392 3991 1134 31 3953 0 8,391 7547 8,630 

1978 1392 3831 1134 31 3953 0 8,231. 8066 9,240 

1979 1392 3831 U34 31 5113 0 10,446: 8621 9,770 

1980 1392 3831 1134 31 5113 0 
1l,SOlJ 

9214 10,300 

"Capacity at time of peak demand hour for 1961 to 1965 not available. 

"Based on probability of temperature occurrence once in ten years. 

CVoltage reduction and voluntary customer load curtailment in effect. 

dVoltage reduction in effect. 

"Reported by applicant Aug. 24, 1972. 

'Peach Bottom Unit 2 (Philadelphia Electric Company portion). 

gPeach Bottom Unit 3 (Philadelphia Electric Company portion), Eddystone Unit 3. 

hSalem UniU 1 and 2 (Philadelphia Electric Company portion), Eddystone Unit 4. 
i limerick Unit 1. 

ilimerick Unit 2. 
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for the smaller units because of their complexity and relative 
immaturity. This increased probability must be taken into con
sideration in gaging the effect of a delay in Unit 1, especially 
in view of the fact that without Unit 1, these large units will 
undoubtedly have to be operated for longer continuous periods in 
service, reducing the opportunity for scheduled maintenance and 
further increasing the probability of unscheduled outage periods 
of peak demand. 

The applicant's peak demand from 1961 through 1972, the applicant's 
total system capacity as planned through 1980, and both the appli
cant's and the staff's predicted demand through 1980 are shown in 
Table 9.1 and plotted in Fig. 9.1. The staff's predicted loads 
for 1972 through 1980 (one year beyond the scheduled startup of 
Unit 1) are based on an extrapolation of a smooth (best fit) ex
ponential curve, which was fitted to values of the applicant's 
actual peak loads for 1961 through 1971. The curve shows the 
trend of the applicant's past and future peak loads, the relation-
ship of the total system generating capability to the peak loads, 
and the reserve margin that remains. It is noted that the 1972 
peak demand reported by the applicant does follow the staff's 
predicted demand curve as shown. It is recognized that the staff's 
extrapolation of predicted demand may not truly represent the 
applicant's future demand increases. However, the differences 
between the staff's exponential projection and the applicant's 
predictions are such that the staff concludes that a two-year 
delay beyond 1977 will not present an intolerable situation. A 
delay greater than this without additional power could result in a 
reserve deficit. These conditions would impose upon the applicant, 
and ultimately upon his customers and the economy of the area served, 
some additional cost burdens as well as adverse environmental effects. 
The staff's extrapolation of predicted demand based on the applicant's 
past experience may not truly represent the future demand increases. 
However, it is noted that the 1972 peak demand reported by the applicant 
does follow the staff's predicted demand curve, as shown. 

The nationwide standard among utilities for acceptable system re
liability ranges from 15 to 25% reserve in installed generation 
capability over power demand - the actual percentage depending on 
the situation. 3 The staff believes that reserve margins of about 
20% should be adequate for the applicant's system, because the 
majority of the generating units are of the smaller size. 
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Fig. 9.1. Applicant's and staff's load forecasts and station 
construction schedule. 
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The applicant is a member of a power pool known as the Pennsylvania
New Jersey-Maryland (PJM) Interconnection. 4 In 1972 the applicant 
generated approximately 18% (6137 MW) of the PJM power pool's total 
production of 34,589 MW. The PJM members and their net generating 
capacities are shown in Table 9.2. Each member's geographic serv
ice area is shown in Fig. 9.2, and the total transmission system 
of the PJM Interconnection is shown in Fig. 9.3. The member com
panies of PJM also make up the Mid-Atlantic Area Coordinating 
Group (MAAC). Some details of both the PJM and the MAAC are dis
cussed in Appendix G. 

The purchase of power from other sources does not seem to be a 
practical means of satisfying the capacity needs of the applicant. 
The uncertainties of capacity expansion being planned by utilities 
external to, but associated with, the PJM and the steady extension 
of demand in these utility service areas make dependence on these 
external power sources questionable. The overall growth pattern 
of electrical energy use in the mid-Atlantic region of the United 
States is such that this additional capacity will certainly be 
necessary within about one year of the proposed operational dates 
for the Limerick units, even if all other regional capacity expansion 
which could be considered by the applicant as a source of base-load 
power proceeded as planned. The history of such planning indicates 
that capacity expansions of other groups are frequently not completed 
within specified schedules. There has already been some delay in the 
Limerick Station constructron, and there possibly may be other delays. 
The expansion of the applicant's plant capacity by 1979 appears to be 
prudent and necessary action to satisfy the growth requirements of his 
service area. 
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Table 9.2. PJM power pool members as of July 1972 

Utility company 

Public Service Electric and Gas Company 
Philadelphia Electric Company 
General Public Utilities System 
Pennsylvania Power and Light Group 
Potomac Electric Company 
Baltimore Gas and Electric Company 
Delmarva Power and Light Company 
Atlantic City Electric Company 

Net generating capacity 
(MW), summer 1972 

8,023 
6,137 
5,546 
4,242 
4.240 
3.876 
1.394 
1,131 

34,589 
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10. ALTERNATIVE ENERGY SOURCES AND SITES 

10.1 ALTERNATIVE NOT REQUIRING CREATION OF NEW 
GENERATING CAPACITY 

The Generating Station Construction Schedule and Forecast of Expected 
Load furnished by the Applicant (Fig. 9.1) indicate that it will be 
difficult to meet customer demand and maintain system reliability during 
the years from 1976 to 1979, when the first unit of the Limerick 
Generating Station is now scheduled for operation. The staff concurs 
with this estimate of capability by the applicant, especially for 1978 
and 1979. If new generating capacity is not developed on a timely 
schedule, the Philadelphia Electric Company must purchase power, or 
impose a system of power allocation, including arbitrary voltage reduc
tions and failure to meet demands generated by increasing growth. 

10.1.1 Power purchases 

The applicant is committed to firm power purchases of 3.5% of fore
cast demand in 1973 and 3% in 1974. No power purchases are indi
cated thereafter (Table 9.1).1 On the basis of the applicant's 
predicted load forecast power purchases may be necessary in 1976, and 
an amount of power approaching the generating capacity of one Limerick 
unit would have to be purchased in 1977. 

Purchased power requirements in 1976, 1977 and 1978 would normally 
come from the utilities in the PJM Interconnection, of which the 
applic~t's system is a member. However, the availability of reserve 
generating capability for base-load requirements from the Inter
connection is uncertain. On the basis of all presently planned 
generating capacity in the PJM power pool, it appears that the pool 
would have about 2700 MW of reserve generating capability over a 
comfortable 20% reserve margin (Table 9.1). Based on the staff's 
projection of the applicant's historical power demands, this generating 
reserve capacity may provide an appreciable portion of the applicant's 
needs. However, projected PJM reserves are uncertain because of the 
possibility of delay in new generating capacity now under construction. 
The uncertainties of maintaining construction schedules and the 
steady extension of demand in this area make dependence on this 
external base-load power source highly questionable. 

The long-range forecasts of load growth in the PJM Interconnection 
area predict a continuation of the recent growth pattern. 2 There
fore, the continuation of construction by each utility to provide 
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new generating capability is regarded as necessary, since there can 
be no reliance on the assumption that other utilities will have 
excess power to sell. 

10.2 ALTERNATIVE REQUIRING CREATION OF NEW GENERATING CAPACITY 

According to the staff's load forecast and station construction 
schedule (Fig. 9.1), the power generating capacity of Limerick 
Generating Station will be needed in increments that would be 
provided by the two units, one each in 1979 and 1980, assuming that 
the present reported peak-load growth rate continues. The appli
cant's alternative to his proposed two nuclear-fueled generating 
units at Limerick is the construction of an oil-fired generating 
station at the Limerick site. The staff has considered both an 
oil-fired and a coal-fired station at the Limerick site. 

Relocation of the station would undoubtedly jeopardize the appli
cant's capability of meeting power demands in 1979. Regulatory 
approvals at all levels of government require a period of eight or 
more years to plan and construct a power station at a site and 
begin operation. Therefore, replacement capacity for Unit 1 could 
not be available before about 1981, and a one-year phased delay 
for the second unit should be expected. 

The applicant indicates that his power deficiency in 1980 without 
Limerick Units 1 and 2 would amount to about 30% of the pJM reserve 
capacity of 9,792 MW, assuming that the PJM pool's reserve generating 
capacity is maintained at the 1978 level (without Limerick Units 1 and 
2). The possibility is unlikely that the utilities in regions adjoin
ing the P3M Interconnection will be able to supply much firm power in 
the late 1970s, because they have the same problems that face the 
applicant. Even if sufficient reserves are found in other utilities, 
the existing interconnections may not be adequate to carry this 
amount of power into the applicant's area. l 

10.3 EVALUATION OF SITE AND ENERGY-SOURCE OPTIONS 

The applicant had both site and fuel-source alternatives available 
for consideration prior to selection of the Limerick site and the 
nuclear-fuel option. These alternatives are reviewed and assessed 
in the following sections. 
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10.3.1 Site 

The process of evaluating various sites for what is now known as 
the Limerick Generating Station predated both the National Environ
mental Policy Act of 1969 as well as the revised Appendix D to 
10 CFR Part 50. Consequently, the selection process may have been 
somewhat different than that used if the evaluation were made today. 
Nevertheless, subsequent to promulgation of Appendix D to 10 CFR 
Part 50, the applicant reviewed the overall site evaluation and 
selection process in view of this legislation and concluded that 
the original selection of the Limerick site had led to the most 
acceptable site from an environmental impact point of view. l The 
staff has reviewed the information supplied by the applicant on 
alternative sites and concurs that the Limerick site was the most 
acceptable of the alternatives considered from a standpoint of a 
balancing of environmental and monetary costs and benefits. 

The initial criteria imposed by the applicant were for system balance 
and customer requirements. These criteria directed the site study 
to the northern part of the applicant's service area. Within this 
area, five sites were chosen for further study and evaluation; namely, 
Limerick, Pine Forge, Tohickon, Washington Crossing, and Buckingham 
Mountain. The locations of these sites are shown in Fig. 10.1. 
Factors considered in the detailed evaluation were: topography, access 
to road and rail facilities, availability of water supply, land pro
curement costs, general geology and seismology, population density and 
proximity, meteorology, costs of transmission rights-of-way and faci
lities, and improvements to roads and bridges necessary for the trans
port of the reactor vessel and other super-heavy components to the 
site. 

Factors considered to be common to all site-station alternatives were 
plant cost and construction, in-plant roads and railroad installations, 
in-plant piping, foundation excavation, substation equipment, pumps, 
and auxiliary power installations. 

The staff evaluation of alternate sites for the Limerick Generating 
Station included those proposed by the applicant (locations marked 
by solid stars in Fig. 10.1) as well as some consideration of the 
potential for location at more remote sites. It was apparent that 
each of the sites has virtually the same potential for local (immediate 
vicinity) adverse environmental impact, and those sites farther from 
the load center (the region including Philadelphia, Bucks, and Montgomery 
Counties, Pennsylvania) also must be charged with the additional adverse 
economic and environmental impacts associated with longer transmission 
lines, access roads and railroad spurs. It is noted that the DRBC may 
require a supplemental reservoir for storage of water for any power 
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station located anywhere in the Delaware Basin, including the Bay. 
The staff considered the following factors in the independent 
assessment of the environmental and economic impact of the utiliza
tion of the available alternative sites: 

1. Availability of water; every station in the Delaware Basin, 
including the upper Delaware Bay, must compete for water 
controlled by the DRBC. 

2. Quality of the streams or bay; every station must comply with 
the provisions of the 1972 amendments to the Federal Water 
Pollution Control Act. 

3. Land availability and terrestrial impact; all the alternatives 
are rural, except for the Bay site, which though in a sparsely 
populated area, had its particular problems. Each station 
depends on supplemental storage to assure cooling water during 
times of low water supply in the Basin, and must be charged with 
any adverse impacts due to construction of access roads and 
railroad spurs. 

4. Proximity of the service area determines the cost and effici
ency of power transmission and the extent of environmental 
impact of transmission lines in an area devoted to well-kept 
farmlands and woodlands. 

5. Proximity of large population centers is a determining factor 
in assessment of the impact of releases of very small quan
tities of radioactive materials during operations. 

6. Proximity of other nuclear power plants is an added considera
tion of the possible cumulative impact of several plants, each 
of which may be well within Regulatory Guidelines. 

7. Availability of the plant to meet the expected need for power. 

The sites considered by the staff were evaluated as about equal in 
regard to items 1 and 2 above. Water in the Delaware Basin is 
managed by the DRBC. Cooling towers are required by DRBC for 
power plants in the basin in order to minimize thermal impacts, 
and supplemental storage reservoirs will be necessary to replace 
water consumed during periods of low water flow in the Delaware 
River Basin System. 
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Considering land availability and terrestrial impacts, the proposed 
sites are rural, except for the upper Delaware Bay site, consisting 
of well-kept farms with bordering woodlands. The upper Delaware 
Bay site is Artificial Island near Salem, New Jersey, and is the 
site of construction of the Salem Nuclear Generating Station. Also 
it is being actively considered for the location of another nuclear 
power plant and therefore may not be available. Among its drawbacks 
are the facts that it is outside the applicant's service area and 
about 80 to 100 miles of transmission lines would be necessary to 
transport the power. 

The applicant owns the land for the Limerick site and has a financial 
interest in the facility near Salem. Each of the other proposed sites 
is on privately owned land and that at Pine Forge above Pottstown 
also is outside the applicant's service area. 

For the site at Limerick, virtually all the preparatory work has 
been completed, including the environmental studies, foundation 
borings, grading, and construction of fences, access road and rail 
spur. Additional construction activity is likely to have very little 
adverse terrestrial impact. It is noted that access to the Limerick 
site from existing roads, rail and transmission lines is via signi
ficantly shorter routes than to any of the other sites considered 
as alternates. 

With regard to the proximity of large population centers, the City 
of Philadelphia is within a radius of 50 miles fro~ Salem, 40 miles 
from Pine Forge or Tohickon, 35 miles from Limerick, and about 20 
miles from Buckingham Mountain or Washington Crossing. Although 
each of the proposed alternate sites in the Delaware Basin above 
Philadelphia is now classified as rural, there are some predictions 
to indicate a gradual change to a suburban character, especially 
for those sites nearer Philadelphia and with ready access to free
ways. In the assessment of the impact of the very small, routine 
releases of radioactive substances (including those released 
during their transportation) from the Limerick Generating Station, 
the calculation by the staff supports the prediction that the total 
annual population dose within 50 miles is less than the normal annual 
fluctuation in the dose this population receives from natural radio
activity in the region. This prediction also holds for each of the 
alternate sites. 

The proximity of other nuclear power plants, actual or planned, is 
a factor in the evaluation of the proposed alternate sites at 
Buckingham Mountain and Washington Crossing (Newbold Island Nuclear 
Generating Station as proposed is within 20 miles), or Salem (Salem 
Nuclear Generating Station is on-site). 
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In consideration of any alternate site, it must be noted that the 
power expected to be produced by the Limerick Generating Station 
is needed, beginning no later than mid-1979. The projection by 
the staff of the power demands in the applicant's service area 
show that reserve margins will be considerably below recommended 
levels by that time, and additional delays in planned power produc
tion facilities are not wise. The applicant predicts that power 
reserve margins will be inadequate by 1977. These factors are 
more fully discussed in Chapter 9 of this statement, and in the 
Environmental Report, Construction Permit Stage, (Revised) 
submitted by the applicant. 

A considerable portion of the planning, acquisition, and preparatory 
work accomplished at the Limerick site in the last few years would 
have to be repeated for any of the proposed alternate sites, and 
could cause a delay of up to 3 years in providing new generating 
capacity. The site at Limerick is acceptable within the AEC guide
lines, and preliminary evaluation indicates that the proposed 
alternate sites at Tohickon and Pine Forge also could be acceptable. 
The site near Salem is the location of construction of the Salem 
Nuclear Generating Station, and now is being considered as the site 
for an additional two-unit nuclear station. There is no assurance 
that the site could accommodate a third nuclear power station. 
Other sites probably could be found in the Delaware Bay estuary, but 
each would require detailed studies for evaluation. 

Based on evaluation of all the factors cited, the staff concludes 
that the site at Limerick is the most acceptable of the sites pro
posed and construction permits appropriately conditioned to assure 
protection of the environment should be issued. 

10.3.2 Hydroelectric generation 

In the applicant's service location, the only streams capable of 
hydroelectric development are in the area of the Susquehanna River. 
These have been almost completely developed by the applicant and 
other companies, and only a minor amount of additional hydroelec
tric generation capacity is possible. The applicant is already 
using most of the hydroelectric generating capacity of the 5l2-MW 
Conowingo Dam Project and the 880-MW Muddy Run Pumped Storage Project 
on the Susquehanna River. Hydroelectric generation, therefore l is 
not appropriate for the applicant's future base-load generation re
quirements. The applicant stated in his Environmental Statement for 
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Peach. Bottom that peaking capacity in 1973 from gas turbines, pumped 
storage, and other hydroelectric capacity will rep~esent approximate 
40% of his generating capacity and that additional peaking capacity 
cannot be effectively utU:lzed. 

10.3.3 Coal 

The applicant could consider the alternative of coal as a source of 
energy for the Limerick Station. In spite of the advantage of p~ese 
coal-fired plants over availahle w.ater~ooled nuclear plants resulti 
from higher thermal efficiency, the applicant's choice of a nuclear 
plant seems well founded because of the following: 

1. Although the capital costs of a fossil-fueled plant are currentl 
about 20% less than those of a comparable sued nuclea~ plant, 
the long term, overall costs of energy from a nuclear plant are 
much lower than those of a coal-fired plant because of much 
lower fuel and operating costs. 

2. The applicant has stated that coal. availahle to hiJD. from 
local fields is high in sulfur content, as much. as 3 to 5%. 
There is no appropriate sulfu~ dioxide removal process avail
able for such high-sulfur coal, and several of the applicant's 
coal-fired plants have been conve~ted to oil-fired units in 
recent years to meet State regulations on sulfur emissions. 3 

3. The use of coal at the site would require unit train ship
ments from distant sources, such as West' Virginia, and the 
difference in fuel transportation is significant. A station 
the sue of Limerick will operate on ab.out 80 to 90 metric 
tons of nuclear fuel per year. * On the oth.er hand, a coal
fired plant of the same sue would require up to 4m:Ulion 
tons of fuel per yearl and 100 acres of land for coal sto~age 
and handling. 

* 

4. A mine~uth plant, such as the present Keystone Generating 
Station, operated by the Keystone ~oup of the PJK power pool, 
is feasihle, but acquisition of suitable mine-1llouth. sites 
near coal reserves large enough. to support plant operations 
would be required. Such. sites are not readily available, and 
electric utilities located fa~ther west near the coal fields 
in Pennsylvania are finding it necessary to plan for nuclea.~ 
capacity. 1 The applicant does not now- Dave a dte for mine
moutb operations and has stated that one would be at least 

Reported by the applicant for Peach. Bottom Atomic Pow-er Station 
of sim:Uar size. 
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400 miles from the point where power could be integrated into 
his system. l Although it has some potential advantages, such 
as reducing the need for and the cost of transporting and 
handling coal in bulk form, and providing for coal an increased 
market which otherwise might be served by competing energy 
sources; such a plant would incur both economic and environ
mental penalties. The air pollution control requirement 
represents a substantial cost that further reduces the initial 
capital cost differential between fossil-fuel and nuclear 
plants. A transmission line of some 400 miles and acquisi
tions of rights-of-way would add considerably to the cost. 
Environmentally, a line of this length would remove substan
tial acreage from public use, and create the obvious adverse 
visual impacts. 

5. Suitable ash storage and treatment facilities would be re
quired to conform with all applicable Federal, State, and 
local water pollution control regulations. It is estimated 
that the ash storage and treatment facilities would require 
the use of more than 500 acres of land during the plant life. 

6. Although a coal-fired plant would have a higher thermal effi
ciency, the Schuylkill River could not supply the cooling 
tower makeup water during low flow periods. If a fossil
fueled plant with cooling towers were used, the consumptive 
use of water is about 40% less than for a nuclear plant 
(fossil, 32 cfs; nuclear, 54 cfs). 

The above disadvantages notwithstanding, the staff believes that a 
coal-fired plant is an alternative that can be considered. 

10.3.4 Oil 

The applicant could consider the alternative of fuel oil as a 
source of energy for the Limerick Station. The thermal advantage 
of both coal and oil over nuclear fuel is about the same. The 
supply of oil has been growing progressively acute in the heavily 
populated northeastern region of the United States. This has 
effected an upward trend in costs. The unstable political situa
tions in countries producing oil, future ocean tanker capabilities, 
and probable increases in water transportation costs due to more 
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elaborate pollution control measures likely to be imposed on tankers 
are yet uncertain factors that hamper the total assessment of future 
availability of oil. 

The transportation problem for fuel oil is about the same as that 
for coal. Oil has the same general disadvantages as coal with 
respect to air pollution. For example, the applicant estimates 
that an oil-fired base-load alternative to the Limerick Nuclear 
generation, using technology foreseeable for that service date, would 
have a particulate emission of 45,000 tons per year from the con
sumption of about 22 million barrels per year. The applicant estimates 
that the alternative of using fuel oil would add about $7 million to 
the cost of power generation, and this cost would ultimately be passed 
on to his customers. 1 

Oil-fired plants have the disadvantage of requiring a smokestack 
and storage and waste areas. Whether above or below ground, the 
storage tanks would probably require more than 20 acres of land. 
The staff believes that an oil-fired plant, although fraught with 
uncertainties and a considerable amount of both environmental and 
economical penalties, is nevertheless an alternative which cannot 
be dismissed from consideration. 

10.3.5 Gas 

The staff concludes that this applicant's ability to compete for 
the available natural gas supplies and contract for the required 
noninterruptib1e supply of natural gas is doubtful and that selec
tion of this fuel as an energy source for his power plant would 
be imprudent. 

The shipping and storing of liquefied natural gas has in recent 
years become commercially feasible. However, the costs are in the 
range of $1 per million Btu's and are therefore economically un
suitable for other than "peak-shaving" purposes. In the United 
States, several gas transmission companies are exploring the eco
nomic feasibility of importing substantial quantities of liquefied 
natural gas to provide new sources of gas to supplement their 
domestic supp1ies,4 and to deliver pipeline-quality gas to the 
Northeast at competitive rates. 5 However, it appears too early 
to depend upon sufficient quantities of this type of fuel. 
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10.3.6 Nuclear Fuel 

The options available to the applicant for a power system for 
Units 1 and 2 were light-water reactors of the boiling water or 
pressurized water types. These reactors have come into common 
use since 1965, and technology for both is available, practical, 
understood, and economically feasible. The applicant did not 
seriously consider the use of breeder reactors since the technology 
was incomplete but might have considered the high-temperature gas
cooled reactor (HTGR) if the decision could have been delayed. 
However, the predicted need for power and the necessary lead time 
for design, procurement and construction required that the decision 
be made on the technological bases existing in 1967 and 1968. The 
staff agrees that the decision to plan the installation of the 
boiling water reactors was appropriate. 
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11. PLANT DESIGN ALTERNATIVES 

11.1 COOLING SYSTEM 

The following alternative cooling systems have been evaluated for 
the Limerick Generating Station. 

Once-through cooling 
Cooling pond and spray pond 
Dry cooling towers 
Mechanical-draft wet cooling towers 

Once-through cooling is not considered a feasible alternative at 
the Limerick site because water is not available in appropriate 
quantities. Cooling ponds are not a reasonable alternative because 
an excessive amount of land is required to accomodate the pond (more 
than 3000 acres of water surface are required for dissipation of 
waste heat from Limerick). 

Although not requiring as much area as a cooling pond, the spray pond 
requires a relatively large amount of land compared to that required 
for cooling towers. Additionally, spray ponds lose proportionately 
larger amounts of water in evaporation and drift. These disadvantages 
coupled with their relatively high rate of chemical disposition in the 
surrounding area effectively eliminate spray ponds as a feasible heat 
dissipation system for the Limerick Generating Station. 

Dry cooling towers are not generally considered to be practical for 
use in stations with the power levels proposed for Limerick because 
the resulting high back-pressure at the-turbine exhaust precludes 
efficient operation with available turbines. 

The mechanical-draft wet cooling tower is certainly a feasible alternate 
heat dissipation system. These towers are usually less costly to 
construct and are not nearly so tall as the natural-draft towers. 
However, the mechanical-draft wet tower compared to its natural-draft 
counterpart requires more operating power and horizontal space and 
produces more noise and drift (moisture and chemical). 

The staff believes that the use of the natural-draft wet cooling tower 
is technically sound and will produce minimal adverse impact on the 
environment. 
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11.2 INTAKE SYSTEM 

The applicant has presented no alternatives to the planned design 
of the intake system. The staff believes that several alternatives 
should be considered. 

There are other intake alternatives, such as submerged vertical 
intakes with velocity caps2 and horizontal traveling screens. 3 

The first of these is not thought by the staff to be suitable or 
particularly necessary for the Schuylkill intakes because of the 
shallow depths involved and the relatively small amount of water 
to be withdrawn. The horizontal traveling screen or a louver 
system might be applicable to the Perkiomen intake since this 
intake will occasionally withdraw a relatively large fraction of 
the total creek flow. These systems with their bypass canals 
should entrain fewer fish. 

11.3 DISCHARGE SYSTEM 

The applicant has presented no alternatives to the planned physical 
design of the discharge system. A feasible alternative would be 
either a surface discharge or some modification to the size or geo
metrical design of the submerged diffuser. However, the amount of 
water to be discharged is so small that the staff agrees that no 
physical design alternatives are necessary. 

11.4 CHEMICAL SYSTEM 

The present chemical discharge system includes a settling basin, 
the overflow from which is combined with the cooling tower b1owdown 
into the Schuylkill River. Alternatively, the dissolved solids 
could be either concentrated or removed from the liquid by evapora
tion or distillation, and the concentrated solution or solid removed 
from the site for disposal. However, the estimated concentrations 
of dissolved solids make this alternative unnecessary. 

A major source of chlorine or other biocides is the condenser dis
charge. Another method for reducing fouling of the condensers is 
by mechanical cleaning, as discussed in Section 11.5. 

11.5 BIOCIDE SYSTEM 

Two principal systems exist for control of condenser fouling with
out the use of such chemicals as chlorine, sodium hypochlorite, 
and acrolein. 
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One is the MAN system, in which flexible brushes are carried through 
the condenser by the water flow. 4 The other is the Amertap system, 
in which rubber balls are substituted for the brushes. 5 Both systems 
have shown great promise, although under severe fouling conditions 
(such as marine environments) each system may require supplementary 
use of chemical biocides. This alternative, although attractive for 
use in condensers, cannot be used on cooling towers. 

The principal advantage of these systems is that they reduce the use 
of toxic chemical biocides. Thus, either system, used in conjunc
tion with small amounts of chemicals (as needed), is clearly a de
sirable alternative to the proposed systems, which depend entirely 
on chemical biocides. 

11.6 SANITARY WASTE SYSTEM 

The sanitary waste treatment system will be operated as a contact 
stabilization facility during construction and as an extended aera
tion facility thereafter. The use of septic tanks for sanitary 
waste treatment is prohibited by state regulation, and the removal 
of wastes by an outside contractor during the life of the station 
would not be economically practical. 

11.7 LIQUID RADIOACTIVE WASTE SYSTEM 

In order to safely control the radiological impact of plant oper
ation (Sect. 3.4), some alternative procedures for disposing of 
the liquid radioactive wastes are considered. 

Liquid collected from equipment drains will be relatively clean 
chemically and will be filtered, demineralized, and recycled. 
An alternative is evaporation before recycling; but because 
the liquid is contained within the plant, evaporation would in
crease capital and operating costs without providing net environ
mental benefit. 

The liquids collected from floor drains will be of such variable 
quality that flexibility is needed in their treatment. Ordinar
ily, they will be filtered, demineralized, and recycled; but if 
contaminated with organic compounds or other substances that foul 
demineralizer resins, can be evaporated and discharged. An 
alternative is to evaporate and recycle the cleaner wastes and to 
containerize the dirtier ones. The alternative offers no advan
tage in handling the cleaner wastes, but it avoids the release of 
radioactivity occurring with the dirtier ones. A disadvantage is 
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that the daily batch of 15,400 gal would require containers and 
shipping at a cost of $63,000 in addition to storage and disposal 
expense. 

Wastes collected from the chemical laboratory drains will normally 
contain a broad variety of chemicals which will be processed in 
batches. After adjusting the pH to near neutral, the liquids will 
be evaporated and the volatiles condensed and discharged. The 
remaining concentrate will be mixed with solid absorbent, such 
as vermiculite, and containerized for offsite disposal. An alter
native is to completely containerize to avoid any release of radio
activity which, for the expected 260,000 gal/year, would cost 
more than $1 million. 

Radioactivity of laundry waste will generally be low enough so that 
it can be filtered and discharged. An alternative is evapora-
tion before discharge. The availability of appropriate facilities 
and low-priced steam with the resulting decrease in release of radio
activity at an estimated cost of $7.70 per day make this alternative 
attractive; however, a lack of experience in evaporation of laundry 
wastes containing detergent may present serious problems. A further 
option is use of an AEC-certified offsite laundry service at an 
estimated cost of $15,000 per year; however, this merely transfers 
the problem of radioactive releases to another point. 

The liquid radioactive waste system, as presently planned,6 will 
result in no biological impact. 

11.8 GASEOUS RADIOACTIVE WASTE SYSTEM 

Under the latest regulations7,11 the gaseous waste handling system 
is adequate. 

The applicantS considered only two alternatives to the proposed 
system for disposal of gaseous radioactive wastes (discussed in 
Sect. 3.4.2): use of a stack to elevate the release and an addi
tional time delay to permit further decay. 

Also, use of a stack is objectionable for other reasons. Current AEC 
guidelines9 to permit credit for an elevated release call for stacks 
2-1/2 times the height of the tallest structure on the site. Accord
ing to the applicant,S such a stack would be 1250 ft high and would 
require a significant extension of present technology. 

11.9 SOLID RADIOACTIVE WASTE SYSTEM 

The solid radioactive waste handling system, as described in Sect. 
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3.4.3, was designed by the applicant 10 to preclude inadvertent 
release of solid contaminants. By this system all wastes will be 
securely packaged so that the ~nly environmental impact will be 
that of requiring the commitment of space for storage of the pack
ages. (This resource commitment is discussed in Sect. 8.3.4). Be
cause of the secure containment, the staff believes no alternatives 
are necessary. 

11.10 TRANSMISSION SYSTEMS 

The applicant's new 500-kV transmission line will be constructed 
within an existing 500-kV transmission line right-of-way which is 
almost straight-line distance from the station to the terminal 
point at Whitpain substation. The staff estimates that less than 
5 acres of forest will have to be cleared for this new l7-mile line. 

The applicant's two new 23Q-kV transmission lines will be constructed 
within two existing railroad rights-of-way. The staff does not fore
see any need for additional forest clearance for these two lines. 

The applicant will use an acceptable mixture and strength of herbi
cides to treat only stumps of trees and shrubs which must be removed 
within the existing rights-of-way. 

The staff believes that the applicant's transmission line routing and 
clearance plan will result in a minimum environmental impact, and 
no alternatives were considered. 

11.11 TRANSPORTATION PROCEDURE 

Alternatives such as routing shipments along special roads, pro
viding escorts in separate vehicles, adding shielding to the con
tainers, and constructing a fuel recovery and fabrication plant 
on the site rather than shipping fuel to and from the station have 
been examined by the staff for the general case. The impact on the 
environment of transportation under normal or postulated accident 
conditions is not considered to be sufficient to justify the addi
tional effort required to implement any of the alternatives. 
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12. COST-BENEFIT ANALYSIS 

The purpose of this section is to compare the costs and benefits 
from the construction of the Limerick Generating Station with those 
from the principal alternatives, which are oil-fired or coal-fired 
power stations of equivalent capacities. 

12.1 BASIS FOR ECONOMIC ANALYSIS 

Monetized costs occurring over a 30-year period for Limerick Generat
ing Station and the oil- and coal-fired plants are given in this section 
on an incremental "present worth" and annualized basis at a discount 
rate of 8.75% per year. The analysis takes into account the different 
times in which capital costs are incurred and the different cash flow 
patterns of annual costs for each alternative. Included are incremental 
costs, interests during delay, replacement power costs, incremental 
fuel and operating costs, and total capitalized costs. The estimated 
cost of a reservoir which may be required is not included in the capital 
costs because it is the staff's judgement that the reservoir is a 
contingency but not a certainty at this time, and is not appropriate 
for inclusion in the overall cost-benefit analysis summarized in 
Table 12.1. However, the staff recognizes the potential significance 
of the reservoir from both economic and environmental standpoints and 
has considered these factors in Sections 5.2 and 12.5, based on 
information supplied by the staff of the DRBC. 

12.2 PRINCIPAL BENEFITS AND COSTS OF THE STATION AS PROPOSED 

The following discussion provides a quantification of some of the 
benefits and costs and establishes qualit~tive limits for others. 

A direct benefit of the Limerick Generating Station will be the 
annual generation of 15.4 billion kW-hrs of electricity. This 
power is needed in the applicant's service area at or near the 
scheduled operational dates for each unit to meet the increasing 
demand of the applicant's customers. 

Montgomery County municipal authorities stated that the 587-acre 
site is valued at about $2000 per acre. The tax income of the 
two school districts immediately adjacent to the site area has been 
about $2.7 million. School officials expect a 50% increase in the 
Limerick area tax revenue for various reasons. The school dis
tricts expect some two-thirds of this increase, which would pro
vide them tax funds of about $3.6 million. Additionally, there 
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Table 12.1. Cost and impact comparison of Limerick Nudear Station with two alternatives of the same power level * 
Existing design, 

Limerick Generating 
Station 

Monetary costs (millions of dollars) 

Capital cost 
Unit I 
Unit 2 

Subtotal 
Intereste 

Total 
Operation, maintenance, fuel, and insurance 

Unit I 
Unit 2 

Total 
Annualized total 

Replacement energy 
For Unit 1 (114 yean) 
For Unit 2 (liz year) 

Total 
Total 1978 present worth 

373.3/1 
262.4c 

636.7d 

10.5 

647.2 

213.0 20.3 
195.9 20.3 

408.9 
40.6 

1056.1 

Alternative I, 
oil-fued steam 

plant 

285.2b 

285.2b 

570.4 

518.71 56.7 
522.~ 56.7 

1041.6 

59.7 
20.8 

80.5 
1692.5 

113.4 

Environmental impacts '" 

Benefits 
Primary benefits 

Electric energy to be supplied 

Electtic capacity contributing to 
reliability of power supply in 
PJM Power Pool 

Secondary local benefits 
Employment of operating staff 
Taxes paid to Mont.omery County 
Nudear Information Center 

Environmental costs 
Land ute 

Forest land for station 
Forest land in rilht-of-way 

for transmission line and pipeline 
FOUinI and i.cinI 

Water ute 
Coolina water flow 

River area enc:1oted by 
3° F excess isotherm 
Summer 
Winter 

Chemicals discharpd to river 

RadiolOlical impact 
Routine operation 

Population dose from operation 
of Units I and 2 

More than IS 
billion kWiu 

1,336,000 kWhr 

ISO 
$3.6 million 
65,000 visitors per 

year 

<10 acres 
<10 acrea 

No sipificant 
fogina or icing 

54 cfs T (20 cfs 
nonco1l$umptive) 

<0.02 acre 
<0.02 acre 
Neglip"ble outside 

mixing zone 

Normal 33-man-rems 

Same 

Same 

175 
Same 
10,000 visitors per 

year 

-10 acres 
-10 acres 

Same 

32 cfs + (20 cfs 
nonconsumptive) 

Same 
Same 
Same 

* Not including cost of reservoir 

Alternative 2, 
coal-fired steam 

plant 

310.9b 

310.9b 

621.8 

469.~ 51.3 
473.46 51.3 -----
943.0 

59.7 
20.8 

80.5 
1645.3 

Same 

Same 

Same 
Same 
Same 

102.6 

-15 acres 
-IS acres 

Same 

Same 

Same 
Same 
Same 



Accidents dwina operation 
or transportation 

Biological impact 

4November 1978 operation. 
bMay 1980 operation. 
'"November 1979 operation. 
d$57.3 million spent to date. 
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Table 12.1 (continued) 

Existing design, 
Limerick Generating 

Station 

Annual potential 
radiation exposure 
of population 
from all postulated 
accidents is a srna1l 
fraction of the 

background 
Limited 10c:a1ized 

effects on Schuyl
kill; potentially 
severe consequences 
for biota in a portion 
of Perkiomen Creek 
as a result of the 

. combined effects of 
increased flows and 
entrainment 

eCompound interest on $57.3 million for 2 years. 

f281~ years. 
62914 years. 

Alternative I, 
oil-rued steam 

plant 

Same 

Alternative 2, 
c:oal-fued steam 

plant 

Same 
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would be a city wage tax and an earned wage tax that the approxi
mately 150 operating employees at Limerick would be required to 
pay. These wage taxes would permit the two counties involved to 
further improve the municipal services to residents. 1 

Construction of the station and its related facilities will remove 
about 587 acres of land from the agricultural and forestry classi
fication. The ultimate land utilization of the Limerick site is 
shown in Table 12.2. 2 Practically all of the site woodland will 
be preserved, since the station facilities will be constructed in 
presently open areas. At this time the loss of 587 acres of po
tentially productive land has only a minimal effect on the land 
economy, because this quantity is small when compared with. that 
available in the site vicinity and because the majority of resi
dents do not depend on farming and timber management for their 
livelihood. The station will occupy less than 200 acres, and 
less than 10 acres of woodland will be removed. To this acreage 
must be added the estimated 1300 acres to be inundated by forma
tion of a reservoir to serve Limerick. Although. this is more 
than twice the amount of land for the main station, it is a very 
small percent of the land available in the area, and the adverse 
impacts should be accep"table. 

The quantity of cooling tower blowdown water discharge to the 
Schuylkill River will not exceed 20 cfs, the mixing zone will in
clude an area of less than 0.1 acre, the water temperature at the 
mixing zone boundary will vary no more than plus or minus 2 FO 

from ambient, the resulting changes in dissolved oxygen concen
tration will be negligible, the increase in dissolved solids 
from chemical discharges will be below levels that would produce 
detectable effects, and the radioactive releases will be limited 
and closely regulated. The staff finds that these conditions 
should create no significant interference to recreation activities 
along the Schuylkill Riv~r. 

There will be a considerable visual impact of this industrial com
plex on the surrounding rural scene, especially from the two 507-ft
high hyperbolic cooling towers, which will dominate the landscape 
for several miles around the station. The modern design of the 
noncooling portions of the plant is considerably better than that 
of conventional industrial installations located in rural areas. 
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Table 12.2. Land utilization 
of Limerick site 

SOO-kV substation 
220-kV substation 
Weather tower 
Cooling towers 

Open areas and roads, parking 

Total site 

Acres 

18.4 
4.0 
4.0 

57.9 

502.7 

587.0 
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12.3 ALTERNATIVES SELECTED FOR COST-BENEFIT ANALYSIS 

The applicant has the alternative of using fossil fuel (either coal 
or oil) as a source of primary energy for steam generation because 
of the proximity of rail service to the Limerick site. The princi
pal benefits of fossil fuels are higher attainable thermal efficien
cies for steam generation. 

12.3.1 Alternative of conversion to fossil-fueled generation 

Conversion of the station to a fossil-fueled steam electric system 
may require rebuilding to new design specifications. The financial 
burden could be substantial and would include the current plant 
expenditures, plus redesign costs and those incurred from the re
quirement to purchase power or to continue operating older, less 
efficient plants. Although the initial capital costs of a fossil
fueled plant may be lower, over the long term its higher fuel and 
operating costs would increase the cost of power to the customer. 
The staff has not included any rebuilding costs in the overall 
cost-benefit analysis. 

A change to fossil fuel would result in the discharge of less heat 
to the atmosphere; evaporation of less water; entrainment of fewer 
fish fish eggs and larvae; and the provision of about the same 
opportunity for community economic benefits from taxes. However, 
the requirements are considerable and include continued cooling 
water supplies from the Delaware River Basin costly air pollution 
control devices, annual delivery of about 4 million tons of coal 
from distant fields or about 22 million barrels of oil, plus either 
coal storage areas and handling equipment or oil tank storage areas. 
As in the case of the nuclear plant, no significant disturbance to 
recreational activities along the Schuylkill River should occur. 
The staff concludes that the costs of a fossil-fueled generating 
station, both monetary and environmental, far outweigh its benefits. 

12.3.2 Alternative Site 

Abandonment of the Limerick site in favor of one of the alter
native sites would entail a two year (minimum) delay and numerous 
additional monetary and environmental costs. The monetary penalty 
of an alternate site would be composed mainly of three factors: 
a) irrecoverable costs of site preparation activities at the 
Limerick site, b) new site capital costs greater than those at 
Limerick, and c) purchase of power during the delay period. 
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The environmental impact of station construction at an alternative 
site selected now would be greater than at· th.e dl.imerick site since 
site preparation activities whi~ have already occurred at th.e 
Limerick site would have to be repeated. 

An assessment of the environmental impact of station operation at 
an alternative site would require the same thorou~ analysis of 
the ecological community as that performed for the Limerick site. 
The staff concluded that the Limerick site was the most viah1e of 
those available, considering the need for power, environmental 
impacts and economy. 

12.4 COST-BENEFIT BALANCE 

12.4.1 Land 

The development of the complete station has caused a reassignment 
of 587 acres, mostly farmland and some scattered woodland. Less 
than 200 acres will be occupied by site structures, roads, substa
tions, cooling towers, etc., and only 7 acres of corridors will be 
required to connect the substations to existing transmi.ssion line 
rights-of-way. Existing transmission line and railroad rights-of
way will be used for the additional transmission lines required 
for the Limerick Generating Station. A very small fracti.on of the 
transmission line righ..t-of-way (tower bases) will be removed from 
its present use. The applicant has a policy of leaving parcels of 
transmission right-of-way for recreational or community uses and 
requires access to the underground pipeline only for maintenance 
purposes, thus decreasing the impact upon the land. 2 The site 
will be closed to hunting. From discussions with Montgomery County 
and Limerick Township officials, the staff concluded that objections 
to this land use were minor and that such use WQuld not appreciably 
change the surrounding land values. 1 

12.4.2 Water 

The principal effect on water is the consumptive use (maxim~ of 
about 65 cfs of water (~verage 54 cfs) from the Delaware River Basin. 
Water resources in the Delaware River Basin are allocated by the 
DRBC and its conditioned allocation of water for the Limerick 
Generatina Station (Sections 5.2 and 12.5) requires storage of water 
during periods of excess water supply to prOVide for uses during 
periods of when water may be scarce. Therefore, water allocated for 
Limerick in accordance with the DRBC doctrine of equitable 
apportionment should not impact adversely on other potential water 
customers (Sections 5.2 and 12.5). The qua1i.ty of all planned 
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discharges (Section 5.4) is in conformance with State and regional laws 
and the Federal Water Pollution Control Act Amendments of 1972 and 
the staff expects no significant effect on present or projected water 
uses in the Schuylkill River. 

12.5 Reservoir Contingency 

The Delaware River Basin Commission (PRBC) has stated that, if the 
Tocks Island reservoir is not built, other compensating reservoirs 
may be necessary for the replacement of water used by both the Limerick 
and Newbold Island (Public Service Electric and Gas Company) Power 
Plants. The DRBC has suggested that a reservoir to supply both plants 
could be located in the Delaware River Basin above Trenton on a small 
tributary but near the main stem, or a reservoir for the Limerick plant 
could be located in the Schuylkill River sub-basin or in the Delaware 
River sub-basin above Trenton. 

The full text of the DRBC discussion on this subject (Supplemental 
Comments in Limerick and Newbold Nuclear Generating Stations, 
Delaware River Basin) is included in Appendix H. The DRBC states that 
its discussion of environmental fmpacts of reservoirs is representative 
only and does not substitute for the site selection and environmental 
statement process which would be required if the reservoirs are 
determined to be necessary. The discussion which follows is a brief 
review of the DRBC statement with regard to Limerick. 

12.5.1 Costs of Reservoir 

The staff's estimate of the monetized costs of reservoirs for the 
Limerick Generating Station over a 30-year period of operation are 
given in Table 12.3. The DRBC estimated costs based on 1972 prices 
were used ($60,000,000 for a reservoir serving both plants, $40,000,000 
for a reservoir in the Schuylkill River Sub-Basin for Limerick only, 
and $35,000,000 for a reservoir located in a Sub-Basin above Trenton 
for Limerick only) •. For the reservoir for joint plant use, one half of 
the DRBC estimated cost was used. 

12.5.2 Reservoir Size and Impoundment 

The single reservoir to serve both Limerick and Newbold Island Plants 
would require a water supply storage of about 50,000 - 60,000 acre 
feet which would have a water surface area of about 700 to 1000 acres 
(roughly 1 - 1.5 sq. miles). 

A reservoir located in the Schuylkill River Sub-Basin for the Limerick 
Plant would require about 35,000 - 50,000 acre feet of water which 
would have a water surface area of 800 to 1300 acres. 
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Table 12.3 

Limerick Generating Station 
Reservoir Contingency 

Capital Costs l 

Present Worth (Nov. 1978) 
Annualized 

1 Actual completion 1980 

Reservoir for 
Joint Plant 
Use Sub-Basin 
of Delaware 

(M ill i 

30 
42 

4 

Limerick Reser
voir in Delaware 
Sub-Basin 

o n s 0 f D 0 

35 
49 
4.7 

Limerick 
Reservoir 
in Schuylkill 
Sub-Basin 

1 1 a r s) 

40 
56 
5.3 
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A reservoir located in the Sub-Basin above Trenton for the Limerick 
Plant would require a water supply storage of about 26,000 - 28,000 
acre feet which would have a water surface area of about 500 to 
600 acres. 

12.5.3 Benefits 

A reservoir could, in addition to supplying the consumptive needs 
of the power plant, provide opportunity for flood control, summer 
seasonal homes on a lake, recreational boating and fishing, and, 
to many, the reservoir would be an aesthetic asset over the natural 
free-flowing stream. 

12.5.4 Environmental Impacts 

Direct Loss of Land or Productivity - The total acreage that would 
have to be acquired for these reservoirs is between 1800 and 3200 
acres. No mineral resources or coal-fields would be affected. 
Potential sites are 5 to 20 miles from any urbanized area, and a 
major portion of the land area consists of privately owned dairy 
farms. 

Loss and Relocation of Inhabitants and Man-made Structures - Population 
densities in the affected areas are low. Some 100 to 300 persons might 
be displaced. 40 to 120 structures such as houses, stores, barns and 
cottages might have to be acquired. No archaeological or historic 
sites or burial grounds would be affected. 

Effect on Wildlife and Vegetation - Because of the elimination of 
habitat for existing populations of animals in the inundated area, 
there would probably be a readjustment of these animals in bordering 
areas. The most significant change would be in the aquatic organisms. 
Whereas the rapid flowing, cold water streams are most suitable to 
brook and brown trout, the proposed reservoir would permit the develop
ment of warm water species such as bass, pickerel, sunfish, walleye, 
etc. The reservoir would provide resting areas for migratory water
fowl. Terrestrial vegetation would be replaced by aquatic forms in 
inundated areas. 

The referenced DRBC document provides more detailed discussions of 
these and other environmental impacts. 



12-11 

12 .6 SUMMARY 

The ultimate costs resulting from licensing the construction and 
operation of Limerick Units 1 and 2 are found to be: 

a. Some changes to individual and coumunity living patterns 
(Sects. 4 and 5). 

b. A change in land usage from agricultural to industrial at 
the site. 

c. A consumption of nuclear fuels and several irretrievable 
materials in short supply, including nickel-containing 
alloys and zirconium fuel cladding. 

d. A small thermal load imposed on the Schuylkill River. 

e. A small amount of radioactive, chemical, and sanitary waste 
discharged into the Schuylkill River. 

f. Potentially adverse effects on biota near the proposed 
water intake on Perkiomen Creek. 

g. General acceptance of a very low probability accident risk 
by the residents at the station site boundary. 

h. Possible cost (monetary and environmental) of a reservoir 
which may be required at a later date to replace water con
sumed in station operation. 

The benefits are expected to be: 

a. Direct 

(1) The addition of electric generating capacity with improved 
reliability to support the need for power in the area and 
to maintain a reasonable reserve generating capability 
within the applicant's system and the PJM Interconnection. 

(2) Electric energy production of 15.4 x 109 kW-hr annually. 

b. Indirect 

(1) Increased tax income to local governments should result in 
improved municipal services to residents. 
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(2) Enhancement of the environment by a significant reduction 
of air pollutants from existing fossil-fuel power plants 
which will be removed from service when the nuclear station 
becomes available. 

(3) An increase in employment because of the availability of 
reliable power for potential industrial and residential 
customers. 

(4) The visitor information center is expected to attract 
65,000 visitors annually, including school groups, thus 
enhancing recreational and educational opportunities. 

12.7 CONCLUSIONS 

After reviewing the alternatives to the proposed action, the staff 
concluded: 

1. A viable alternative to the construction of a base-load plant 
is not available to provide the needed capacity of 2200 MWe. 

2. Nuclear fuel is the most economical available to the applicant. 

3. The cost of power generation by the nuclear power plant will be 
lower than that of either alternative. 

4. The alternative fossil-fuel plants offer no advantage over the 
nuclear power plant in regard to the expected impacts within 
the environment. 

5. The natural-draft, wet cooling towers are the preferrred heat 
dissipation system. 

6. The impact on the environment from releases of radioactive 
material will be minimal, and acceptable within AEC guidelines. 

7. The impact on the environment from discharges of chemical waste 
will be acceptable. 

8. The site at Limerick is a reasonable selection from the 
alternatives available. 

9. The impact on the environment from thermal discharges will be 
minimal. 

10. The impact on the environment from transportation of nuclear 
material will be minimal. 

11. The net impact of construction and operation of the station 
will be beneficial. 
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13. RESPONSES TO AGENCY COMMENTS 

13.1 INTRODUCTION 

Comments on the Draft Environmental Statement were received from 
the following: 

Advisory Council on Historic Preservation 
Department of Commerce 
Delaware River Basin Commission 
Department of Agriculture 
Department of Health, Education and Welfare 
Department of the Interior 
Department of Transportation 
Environmental Protection Agency 
Federal Power Commission 
Commonwealth of Pennsylvania 
Philadelphia Electric Company 

The letters are reproduced in Appendix H. The issues of concern in 
these letters are discussed in the following sections. 

13.2 ADVISORY COUNCIL ON HISTORIC PRESERVATION 

1. Comment. The Advisory Council dn Historic Preservation has 
determined that the Draft Environmental Statement is adequate 
regarding the Council's area of expertise. 

Response. The staff thanks the Council for its review and 
prompt responses. 

13.3 DEPARTMENT OF COMMERCE 

1. Comment. No specific information is provided concerning how a 
chlorination program would be accomplished or even whether a 
chemical treatment program would be established. Additionally, 
no definite plan has been presented concerning channelization 
and stream rehabilitation to counteract the adverse effects of 
increased flows. As there is a potential for serious damage to 
the biological system in this stream, it would seem desirable 
to include any plans that may exist for controlling these 
adverse effects. 

Response. The problems noted have been assessed by the Final 
Environmental Impact Statement, Point Pleasant Diversion Project, 
Delaware River Basin Commission, Docket No. 0-65-76 CP(3). 
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It has been determined by the DRBC that chlorination or other 
chemical treatment of water introduced through the Point 
Pleasant Diversion Project will not be required. 

2. Comment: The acclimation temperature for Carassium Auratus is 
given as 180.4°F (Appendix F-Tab1e F.1). This figure should be 
corrected to read 100.4°F. 

Response: The appropriate change has been made in the text. 

3. Comment: Appendix F, Section F.l.2 contains the statement: "In 
general, the diatoms are represented by the largest number of 
species, with relatively low tolerances to temperatures less than 
86°F." On the basis of Figure F.1, this statement should be 
corrected to read "In general, the diatoms are represented by the 
largest number of species, with relatively low tolerances to 
temperatures greater than 86°F. 

Response: The appropriate change has been made in the text. 

4. Comment: Because of the additional gaseous radioactive effluents 
which would be released during maintenance periods of the gaseous 
radioactive waste system, in particular, the catalytic recombiner, 
the AEC staff has estimated that the estimated doses from gaseous 
effluents are higher than those considered acceptable. The staff, 
however, estimates that these doses will be within the regulatory 
limits of 10 CFR 20. 

Response: The applicant will not operate during periods of 
recombiner unavailability for any reason. 

13.4 DELAWARE RIVER BASIN COMMISSION 

1. Comment: The description of the Schuylkill River should include 
the source of Table 2.3. Also, the description is not complete 
without some accounting of the existing river polluters, including 
thermal, in order to assess cumulative effects which the project 
may further compound. The analysis assumes an ambient river 
temperature of only 83.6°F, yet Table 2.3 indicates recorded 
maximum river temperatures at Pottstown as high as 95°F, and 
exceeding 83.6°F for all months from May through October. The 
analysis does not indicate recognition of other thermal polluters 
in this reach of the Schuyki11 River possibly causing an accumu
lative thermal effect. 
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Response: The text has been modified to show the source of 
Table 2.3. The staff agrees that a study should be made of 
the problem of the cumulative effects of thermal pollution in 
the Schuyki1l River. A study of this nature requires a 
formidable set of data describing river topography and flow, 
the locations and operating characteristics of dams, and the 
locations and degree of thermal inputs. The staff believes 
such information is basic to the establishment of limits for 
discharges to the river pertaining to temperature and dissolved 
or entrained chemicals, which is the responsibility of the 
Commonwealth of Pennsylvania and the Delaware River Basin 
Commission. The applicant must obtain from the DRBC/Commonwea1th 
of Pennsylvania a water Discharge Certification pursuant to 
Section 401 of the Federal Water Pollution Control Act Amend
ments of 1972. 

The staff requires a comprehensive monitoring program to 
establish the eXisting conditions in the environment prior to 
operation of the nuclear plant. This program will provide the 
integrated effect of upstream polluters and enable the assess
ment of the effect on the environment of the nuclear power plant. 

The temperature of 83.6°F for the river was used in calculations 
quoted by the applicant. The staff believes the most severe 
thermal condition occurs at the time of low river flow and the 
existence of the maximum difference in the temperatures of the 
b1owdown water and the river. 

2. Comment: Fogging created by cooling towers of a generating 
station on the Susquehanna River, near Harrisburg, is visually 
seen for many miles. The data in the DES on fogging [created 
by cooling towers] is inadequate. 

Response: Using Hanna's method to account for moisture in the 
plume, one can determine that during normal conditions, the 
plume will disappear within 500 feet of the cooling tower. How
ever, when atmospheric conditions are stable and the relative 
humidity is high, the cooling tower plumes may be visible as far 
as 10 miles downwind. Using the Limerick Generating Station 
meteorological conditions and the Gaussian diffusion equation, 
the calculated increase in moisture content of the air at ground 
level at the airport is less than 0.0018 gm/m3 , which corresponds 
to a visibility greater than 6 miles. 

3. Comment: Since Delaware River water will be co-mingled with the 
Perkiomen for project use, a detailed description of the water at 
Point Pleasant should be included, and/or reference made to the 
DRBC's Final Point Pleasant Environmental Impact Statement. 
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Response: The staff believes the environmental impacts associated 
with the diversion of water from the Delaware River through the 
east branch of Perkiomen Creek and Perkiomen Creek (which were dis
cussed in the DES) have been evaluated in the Final Environmental 
Impact Statement, Point Pleasant Diversion Plan, Bucks and 
Montgomery Counties, Pennsylvania, which was published in 
February, 1973. In order to avoid duplication of efforts by 
Federal agencies, the detailed discussions of these environmental 
impacts have been included by reference only in this Environmental 
Statement. 

4. Cooment: The Perkiomen Creek Valley is considered one of the 
scenic areas of the Commonwealth of Pennsylvania. Within this 
context, the final statement should include an assessment of the 
aesthetic impact of the intake structure, transmission lines, 
cooling towers and pipeline right-of-way. 

Response: The cooling towers provide the greatest visual impact, 
and during ideal weather conditions will be visible at distances 
of about 25 miles. 

The construction of new transmission lines will be confined to 
a short corridor to connect the substations to existing trans
mission lines. Any additional construction will be along 
railroad right-of-way or existing systems and will not be a new 
adverse visual impact. No particular scenic views are expected 
to be affected by these lines. 

The intake structure at Perkiomen Creek is expected to be 
constructed in a style suitable to the area. Natural landscaping 
will be retained to the extent considered practicable. 

The pipeline from Perkiomen Creek to the Limerick Generating 
Station will be constructed underground within the right-of-way 
of a transmission line owned by the applicant and will not be a 
significant adverse impact. This construction will be in 
accordance with local, Commonwealth and DRBC regulations. Grasses 
and shrubs along the right-of-way will be disturbed, but refoliation 
is expected to occur very quickly. 

5. Comment: Much of the Discussion [about species diversity] is 
based upon comparisons of 1971 data with studies of living organisms 
made prior to 1961, more than 12 years ago, in rivers in the 
southeastern part of the United States, which have ecosystems 
different from those of the northeast. SpeCifically, Table 2.16 
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contains data obtained in 1971 in the region and is compared 
with data obtained in 1961 and earlier, from areas south of the 
Susquehanna River to Georgia and Alabama. More detailed infor
mation should be included to make clear the relevance and 
accuracy of the discussion. 

Response: The discussion of species diversity was based on staff 
interpretations of the following references: 

L Ruth Patrick, A Study of the Numbers and Kinds of Species 
Found in Rivers in Eastern United States, Proceedings of 
the Academy of Natural Sciences, Philadelphia, 113(10): 
215-228 (1961). 

2. Ruth Patrick, A Discussion of the Results of the Catherwood 
Expedition to the Peruvian Headwaters of the Amazon; Verh 
International Ver Limnology, 15: 1084-1090(1964). 

3. G. W. Minshall, Community Structure in Natural Stream 
Systems, pp. 2-4, in The Stream Ecosystem, An AAS Symposium, 
Boston, December 29, 1969, Technical Report No.7, Institute 
of Water Research, Michigan State University, East Lansing 
(1969) • 

13.5 DEPARTMENT OF AGRICULTURE 

1. Comment: This project is unusual in the small amount (less than 
20 acres according to page 5-3) of the woodland that will be 
destroyed, in spite of the fact that in addition to the plant site 
of 587 acres, some 33 miles of transmission line will be erected. 
This is due to the fact that half the mileage follows railroad 
tracks (no forest clearing per page 11-5) and the remainder will 
be within an existing transmission line right-of-way (less than 
five acres of clearing per page 11-5). The remainder apparently 
consists of a small amount at the plant site and "the removal 
of riparian woodland along 1/2 mile or more of the East Branch 
of Perkiomen Creek and the dredging of the stream bed for 
channelization--. This is necessitated because cooling water 
will be diverted from the Delaware River and dumped into the East 
Branch which has an inadequate channel to handle it. While this 
is stated in the draft, the adverse impact is pretty well played 
down." 

Response: The staff does not agree with the statement that 
"cooling water •••• will be dumped into the East Branch, which 
has an inadequate channel to handle it." The DRBC assessed 
the environmental impact of transporting water in the Perkiomen 
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Creek and its tributaries in the Final Environment Impact 
Statement on the Point Ple~sant Diversion Project, which 
supports the conclusion that the channel of the East Branch 
of Perkiomen Creek is adequate to accommodate the predicted 
flow and the environmental impact is beneficial (Section 5 and 
Section 13). 

2. Comment: Page 4-1 states, in referring to the plant site: "Only 
a few acres of woodland will be cleared. The impact of the loss 
of this farmland and wildlife habitat is relatively small 
considering that available elsewhere in the vicinity." Similarly, 
page 5-3 states: "Serious detrimental impacts are not expected -
(because) - the land areas involved represent only a very small 
fraction of the total habitats available in the site vicinity." 
We have encountered similar statements in drafts for other 
proposals. No recognition is given that many small impacts can 
add up to a major impact. Moreover, we think there is an 
inference in such statements that displaced wildlife can simply 
move over to nearby similar habitat. This may not be true if 
the surrounding habitat already has its carrying capacity -
which may often be the case. 

Response: The staff does not agree that there is inference in 
the DES that displaced wildlife at the Limerick site "can simply 
move over to nearby similar habitat." The conclusions in the 
DES are supported by a thorough study of all facets of the 
environmental impact of the construction of the station. Every 
reasonable effort was made to obtain accurate estimates of the 
populations of aquatic and terrestrial species and in consideration 
of these populations in relation to the available habitat, the 
conclusion is correctly drawn that there is minimal impact from 
reduction of habitat. 

3. Comment: Section 2.5.2.3 Perkiomen Creek - The projected diversion 
of Delaware River water in the East Branch of the Perkiomen Creek 
will be at rates approaching the annual flood rate. Continuous 
flows at this rate will likely cause a change in size and slope 
of the natural channel. Also, sediments will be deposited at the 
point where water is removed at pumping site on Perkiomen Creek. 

Also, a natural flood should be simulated in the East Branch with 
the diversion of 75 cfs. Will existing road culverts and bridges 
be adequate? 
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Response: These problems are fully assessed in the Final 
Environmental Impact Statement, Point Pleasant Diversion Project, 
DRBC Docket No. D-65-76 CP(3). The conclusion is that the 
flows would not alter the natural channel of the creek. 

The maximum diversion flow is expected to be that which is 
within the flow capability of the East Branch of the Perkiomen 
Creek. 

Properly designed intake structures at the Perkiomen Creek 
pumping site are expected to alleviate any tendency for 
depositing of sediments. 

A. Department of Agriculture, Agricultural Research Service 

1. Comment: Section 2.5.1 Groundwater - With regard to domestic 
water use, groundwater is not a '~inor resource." Possible 
contamination of the groundwater in view of the potential for urban 
development in this area warrants more quantified analysis. 

Response: The staff agrees. The text of the Environmental 
Statement has been changed to more accurately convey the staff's 
evaluation that groundwater is important to domestic supplies, 
but is not sufficiently plentiful to meet the needs of the 
major users. 

A thorough analysis of the possiblity of contamination of ground
waters is presented in the Preliminary Safety Analysis Report, 
Limerick Generating Station, Section 2.4, which supports the 
following conclusion: 

Surface runoff from the site discharges directly into the 
Schuylkill River, the superficial soil cover is relatively 
impervious and the rate of infiltration is very low. The 
groundwater table at the site occurs generally within 50 
feet of the ground surface. 

The permeability of the Burnsiwck Lithofacies is low. The 
water table slopes toward low areas, and ultimate groundwater 
discharge from the site is into the Schuylkill River. The 
rate of groundwater flow does not exceed a few inches per 
d~. 

The geologic structure and hydraulic gradients preclude any 
adverse effects on existing wells or aquifers due to construc
tion and operation of a nuclear power station at the proposed 
site. 
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B. Department of Agriculture, Soil Conservation Service 

1. Comment: The last paragraph of 4.1, page 4-1, and the second 
paragraph of 4.2, page 4-2, should mention that the Pennsyl
vania Clean Streams Act requires a sedimentation and erosion 
control plan on all construction sites involving earthmoving. 

Response: The suggested wording in accordance with the 
Pennsylvania Act (which had not been in the staff library) has 
been included in the text. 

The applicant states in his response to agency comments: There 
are no local sediment control ordinances of which the applicant has 
knowledge. However, as stated in the Environmental Report on 
page 3.5-3, the Philadelphia Electric Company will comply with the 
erosion and pollution control procedures outlined in the Common
wealth of Pennsylvania's Water and Power Resources Board "Resolution 
Establishing Certain Requirement to Control Erosion and Water 
Pollution," adopted May 12, 1970. Additionally, the Philadelphia 
Electric Company is cognizant of the Commonwealth of Pennsylvania, 
Department of Environmental Resources Regulations (adopted 
September 21, 1972) listed under Title 25, Part I, Subpart C, 
Article II, Chapter 102, entitled "Erosion Control: and will comply 
with all applicable requirements thereof. 

2. Comment: Section 4.1, paragraph 2 of the landscaping and reseeding 
of disturbed areas. Mention should be made that a conservation 
plan will be developed for all the land associated with the 
generating facility. 

Response: The DES (Section 4.3, paragraph 1 and Section 5.1, 
paragraph 1) contains the appropriate plans. The applicant in 
his Environmental Report - Construction Permit Stage - Revised, 
Limerick Generating Station, adequately describes his conservation 
programs. 

3. Comment: It is stated that Bucks County has agreed that it will 
perform the dredging and stream rehabilitation necessary to prevent 
silting and erosion in East Branch. On page 5-7, Bucks County has 
agreed to the three conditions in paragraph 4 in order to protect 
and enhance the Perkiomen stream ecosystem. 

This subsection would be clearer if the type of agreement between 
the Atomic Energy Commission and Bucks County was spelled out. 
The number of ifs, coulds and shoulds used in the section con
cerning siltation seem to indicate this agreement may not be binding. 
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Response: The Atomic Energy Commission and Bucks County, 
Commonwealth of Pennsylvania do not have an agreement or 
contract of any sort. The discussions in the DES relating to 
all aspects of the Point Pleasant Diversion Project have been 
deleted from the Draft Environmental Statement, in accordance 
with agreement reached at a meeting of the staffs of the AEC, 
DRBC, and CEQ. The basis of this action is as follows: The 
CEQ has accepted the Final Environmental Impact Statement 
prepared by the DRBC on the Point Pleasant Diversion Project. 
The AEC staff agrees with the general conclusions reached by 
DRBC in that statement, and in the interest of avoiding 
duplication of effort in the preparation of this statement does 
not address directly those matters which were evaluated by DRBC. 

In reference to the Clean Streams Act of the Commonwealth of 
Pennsylvania, please see the 'response to comment 1 of this 
section. 

4. Comment: In the description on pipeline right-of-way useage 
on page 4-1 (last paragraph), an additional comment concerning 
the pipeline's effect on existing agriculture drainage systems 
would be appropriate. 

The most likely source of conflict with existing conservation 
systems is the pipeline construction. A statement that all 
conservation projects disrupted during excavating for the 
pipeline will be restored to preconstruct ion condition, should 
be added. 

Response: In his response to agency comments, the applicant 
states: "The pipeline will be buried and the cover will be 
returned to the original contours. Therefore there will be no 
permanent effect on any agricultural drainage systems that may 
be involved. Also any conservation projects that may be 
disrupted by the pipeline construction will be returned to the 
preconstruction condition. 

The staff concurs in the proposal by the applicant and notes 
that this subject is addressed in the DES, Section 4.1 and in 
the Applicant's Environmental Report, Construction Permit Stage, 
Revised. 

5. Comment: According to page 4-1 of the environmental statement 
the plant and substation occupy 85 acres of land. This land 
can be classified as irreversibly and irretrievably lost. 
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Response: The staff does not agree that this land should be 
so classified. The DES (Section 8.2.3, pp 8-4, 8-5, and 8-6) 
evaluates this contention. 

6. Comment: Farming enterprises along the rights-of-way of the 
overhead power lines and underground pipelines should experience 
little or no severance of property unless fencing is installed. 
This problem was not mentioned in the report. If fencing is to 
be used along the rights-of-way it should be mentioned in the 
statement. 

Response: The applicant does not anticipate constructing fences 
enclosing rights-of-way. 

7. Comment: No mention is made of what will by done to stockpile 
o~ properly dispose of stripped topsoil from 85 acres of land 
occupied by substations and generating station. 

Response: The topsoil removed from the land areas occupied by 
the substations and the generating station will be deposited 
and spread over the laydown area and low areas, approximately 
contoured to fit in with the topography and reseeded. As 
indicated on page 4-1 of the Environmental Report (Revised), 
this has already been done in the areas disturbed by rerouting 
the access road and the installation of the railroad spur. 

13.6 DEPARTMENT OF HEALTH, EDUCATION AND WELFARE 

1. Comment: The radiation dose is not acceptable in the context 
of "as low as practicable" with regard to gaseous releases 
during the 1-1/2 weeks that the recombiner is out of operation. 

Response: The applicant does not propose to operate a unit 
during times when its recombiner is not functioning. 

The staff finds that this proposed mode of operation effectively 
eliminates this source of radioactive releases. Technical 
Specifications will be approved by the staff as addenda to the 
operating license to ensure that operation of a particular unit 
is prohibited when its recombiner is not properly functioning. 

13.7 DEPARTMENT OF THE INTERIOR 

1. Comment: The brief description of the geology presented in 
the draft statement is inadequate for an independent assessment 
of the geologic environment relevant to the proposed construction 
of the plant. 
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Response: The assessment by the staff and description of the 
local and regional geology and the hazards from earthquakes 
were drawn from studies of the 16 cited references. The staff 
concludes that the structural design of the station is sufficient 
to withstand earth shocks up to intensity VII on the modified 
Merca11i scale. No earthquakes of greater magnitude have been 
reported within 100 miles of the site. 

The applicant's Environmental Report, Construction Permit Stage, 
(Revised), and Preliminary Safety Analysis Report are among the 
source documents used by the staff in the preparation of the DES. 

Additional information on the site and regional geology is contained 
in the response of Philadelphia Electric Company (Appendix H) to the 
comments on the DES of December, 1972, by the Commonwealth of 
Pennsylvania, Department of Environmental Resources. 

2. Comment: There is no evidence that the effects of larger flows 
in the Perkiomen Creek have been considered, and allowances have 
not been made for evapotranspiration and channel losses •••• 

Response: The Delaware River Basin Commission is the responsible 
federal agency for these items of concern. In the Final Environ
mental Impact Statement for the Point Pleasant Diversion Plan, 
Bucks and MOntgomery Counties, Pennsylvania, February 1973, the 
DRBC concluded that adverse impacts from implementation of this 
project would be minimal and that the net impact for the diver
sion plan - with appropriate controls - would be beneficial. 

Additional details of the impact of the consumptive use of water 
in the Delaware Basin have been included in this draft statement 
in Section 5.2, Appendix H (DRBC comments on the DES of December 
1972), and the staff response to the comment by the Environmental 
Protection Agency, Section 13.9. 

3. Comment: The section on chemical and biocide systems should be 
expanded •••• 

Response: The text (Section 5.4) has been appropriately 
expanded. The Delaware River Basin Commission has determined 
that chlorination is unnecessary for the water diverted from 
the Delaware River (Appendix H, DRBC comments on the DES of 
December 1972). 
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4. Comment: The assessment of expected impacts for aquatic life 
in the mixing zone in the Schuykill where the cooling tower 
blowdown should be included. 

Response: Section 5.4 of the revised text includes appropriate 
discussion of this subject. 

5. Comment: It would be helpful if the discussions of the coal
and oil-fueled alternatives to nuclear power plants contained 
information on the following items: 

(a) Estimates of the cost of installing air pollutant air 
control equipment. 

(b) Probable sulfur concentrations of the coal or oil which 
would probably be used. 

(c) Estimates of the projected quantities and cost of fossil 
fuels which would be required in tons per year and dollars 
per year. 

(d) Probable quantities (tonnages) of air pollutnats (S02, NO , 
and particulates) which would be released annually if theX 

air pollutants were controlled in accordance with the 
latest Environmental Protection Agency Standards established 
for new and modified power plants. 

Response: The following information is pertinent: 

(a) The additional cost for S02 systems for a 1000 MWe plant 
and 3.0% sulfur coal including initial investment and 
capitalized operating cost and capacity penalty ranges from 
$40 to $55 per MWe depending upon the type of process. 
(Reference: Factors Affecting Historical and Projected 
Capital Costs of Nuclear Plants in-the United States, H. E. 
Vann and M. J. Whitman and H. I. Bowers, U. S. Papers of 
the Fourth United Nations International Conference on the 
Peaceful Uses of Atomic Energy, Geneva, Switzerland, 
September 6-16, 1971, Session 1.4 A/Conf. 49/p-37) 
(Table IV, p. 1.4-9). 

(b) Sulfur concentrations of coal which would be available would 
probably be from 0.5 - 3% depending upon coal field regien 
that the applicant chose to use. 
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(c) Staff's estimate of quantities of fossil fuels is given on 
page 10-7, item 3. The staff used the applicant's estimate 
for operation maintenance and fuel costs. 

(d) Probable quantities of air pollutants released annually if 
controlled in accordance with thy latest EPA Standards are 
defined in the Federal Register, Vol. 36, No. 247, Thursday, 
Dec. 23, 1971, pp. 24878 through 80. 

13.8 DEPARTMENT OF TRANSPORTATION, UNITED STATES COAST GUARD 

1. Comment: The Federal Railroad Administration is pleased to see 
joint usage of right-of-way for existing railroad and proposed 
230 KV transmission line. While it is assumed that all details 
concerning the capability of these uses have been agreed upon, 
it is suggested that the final statement address this arrangement. 

We particularly are concerned with this arrangement since there 
is always a strong possiblity for electrical interference effects 
with railroad signal and communication circuits. The transmission 
of EHV power can cause extraneous voltages by metallic cross or 
ground potential and electric or magnetic induction. Aside from 
the obvious personal safety hazard, it should be noted that these 
currents can destroy the integrity of railroad signal and 
communications systems and therfore create the potential for 
serious accident. 

Response: The applicant provides the following complementary 
information: 

Philadelphia Electric Company has considerable experience in the 
common corridor concept of transmission lines occupying existing 
railroad rights-of-way, having approximately 200 miles of trans
mission lines on railroad rights-of-way operating at voltages of 
69 kv to 230 kv at the present time. Preliminary investigations 
have been undertaken with the railroads concerning the proposed 
230 kv lines to be constructed for this project and the railroads 
have granted preliminary approval to proceed with design for 
these projects. 

The Philadelphia Electric Company does recognize the existence 
of railroad signal and communication facilities and the effects 
of transmission lines on these circuits. The designs for the 
proposed transmission lines will include, as have previous 
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designs, the necessary investigations to determine the effects of 
electrical interference on the railroad facilities and the 
remedial measures necessary, if any. ' 

2. Comment: The Federal Aviation Administration commented as follows: 
"The proposed generating station is less than two miles from the 
Pottstown-Limerick Airport and the Pottstown VORTAC, and about five 
miles from Pottstown Municipal Airport. The meteorological and 
cooling towers associated with the generating station were the 
subject of an informal airspace meeting in Pottstown on 26 March 
1971. As a result of this meeting, the proponent agreed to reduce 
the height of the meteorological tower and add a second tower 
in a different location. The cooling towers would become the 
controlling obstructions and the proponent agreed to provide 
certain equipment to maintain or improve the minimum descent 
altitudes to the two airports. 

The Determination of No Hazard to Air Navigation (copy enclosed) 
which explains the action was issued on 15 June 1971 and expires 
on 25 January 1973. While this action gives full attention to the 
airspace, it does not assess the effect the 12,650 GPM of water 
vapor each tower will give off. Appendix D of the EIS contains 
detailed calculations on the cooling tower plumes but does not 
indicate the visibility effects these plumes will have on air 
traffic. In addition, the two planned substations (500 kV and 
230 kV) and the transmission lines emanating from the station 
may have constant or sporadic adverse effects on air/ground 
radio transmissions and on electronic signals from navigational 
aids. 

Response: Using Limerick meteorological parameters to calculate 
conditions of extreme fog, the staff estimates a plume rise greater 
than 1500 feet and predicts very little adverse effect from 
Limerick cooling towers. During very stable conditions with 
high relative humidity, the staff calculations lead to a prediction 
of visibility greater than 6 miles. It is predicted that the 
moisture from the towers will have very little effect on fogging 
conditions or visibility at the airport. 

The applicant responded as follows: 

The Philadelphia Electric Company has no record of reported 
instances of adverse effects on air/ground radio transmissions 
or electronic signals from navigational aids due to the location 
of existing substations or transmission lines-in the vicinity 
of airports on its existing system. The location and design of 
the substations and transmission lines for this project do not 
indicate that such a phenomenon would be experienced. 
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13.9 ENVIRONMENTAL PROTECTION AGENCY ... 

1. Comment: The whole body dose due to operation during recombiner 
downtime is excessive. 

Response: The applicant states in his letter of January 19, 1973: 
"Philadelphia Electric Company has never intended and will not 
operate the station with the gaseous treatment system shutdown. 
Planned maintenance of the system will coincide with refueling 
operations and other routine preventive maintenance, during which 
time the associated generating unit will not be in operation. 
If the gaseous treatment system must be taken out of service, then 
the associated generating unit will be shut down. Therefore, 
under these conditions, the releases will be less than one percent 
of the quantities presently permissible under AEC regulations and 
will eliminate the concern expressed in the DES." 

The staff finds that the proposed mode of operation will effectively 
eliminate this source of radioactive releases. Technical 
Specifications will be approved by the staff as addenda to the 
operating license to ensure that operation of a particular unit 
is prohibited when the recombiner for that unit is not functioning 
properly. 

2. Comment: "Our independent assessment shows the potential dose to 
a child's thyroid via the cow-milk-pathway is not 'as low as 
practicable' ." 

As calculated by the staff, the resultant predicted dose to the 
thyroid of a child for the DES of December 1972, did not indicate 
full utilization by the appplicant of "state-of-the-art" technology 
to control the release of radioactive iodine. Since that time, the 
applicant has issued appropriate proposals for revisions to systems 
design to provide hardware to mitigate such releases during operation 
The staff agrees that the proposed design changes meet AEC guidelines 
for "state-of-the-art" technology. The applicant is required to 
initiate a preoperational radiological monitoring program acceptable 
to the staff at least two years prior to initial fuel loading for 
the purpose of establishing base-line information, which will be 
utilized during subsequent operation to assess realistically any 
radiological impacts on the environment. 

3. Comment: The meteorological data used in computing Limerick 
Generating Station average annual meteorological parameters is 
inappropriate. Onsite meteorological data is necessary. 
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Response: The applicant has acquired appropriate data at the 
Limerick site and has submitted this in supplements 3 and 4 
of the Environmental Report, Construction Permit Stage, (Revised), 
dated May 25 and June 14, 1973, respectively. This program for 
meteorology is an integral part of preoperational environmental 
studies. 

4. Comment: We believe that consumptive water use may result 
in a significant impact upon the environment. We recommend 
that the applicant thoroughly investigate alternatives to 
the proposed source of water which would not require the 
importation of supplemental make-up water from the Delaware River. 

Response: The allocation of water for consumptive and non
consumptive use in the Delaware River Basin is among the 
responsibilities of the Delaware River Basin Commission (DRBC). 
The DRBC manages the water resources of the Basin in accordance 
with procedures and practices contained in the DRBC Compact 
and the Comprehensive Plan of 1962. 

These documents describe water resources in the basin and 
prescribe standards which govern the review of proposed new 
projects, in consideration of present, and predictions for future 
demands, based on the expected growth and distribution of the 
population. 

The staff finds that the principle allocation of water to the 
Limerick Generating Station is justified in accordance with 
requirements of the National Environmental Policy Act of 
1969 and in consonance with the Comprehensive Plan and Compact 
of the DRBC. The full NEPA review as approved by the Council 
on Environmental Quality is contained in the Final Environmental 
Impact Statement, Point Pleasant Diversion, Bucks and Montgomery 
Counties, Pennsylvania, published in February 1973. 

An alternate water supply is provided by the DRBC in its finding 
and decisions issued on March 29, 1973, as DRBC Docket No. D-69-2l0CP, 
(Appendix H). The decision is quoted below and all conditions set 
forth have been accepted by the applicant: 

I. "Full consideration of the project, as described above, 
including Comprehensive Plan addition and section 3.8 review, 
is deferred pending the completion of an environmental impact 
statement as required by law. 

II. The water supply features of the project are conditionally 
approved within the limitations of the above Findings, and sub
ject to the following conditions: 
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a. Approval is subject to all conditions imposed by the 
United States Atomic Energy Commission and the Pennsylvania 
Department of Environmental Resources, and it is subject to 
further review and modifications in accordance with the findings 
of an environmental impact statement, for which the Atomic Energy 
Commission is the 'lead agency. ' 

b. Whenever the flow constraints cited in the above Findings 
prevent the applicant from operating the plant at full load, the 
applicant shall operate the plant only at such percentages of full 
load as the available water supply allows, as determined by the 
Commission. 

c. Prior to January 1, 1977, the Commission will, in its 
sole discretion, determine the adequacy of the then existing 
storage facilities on the Delaware River or its tributaries 
together with additional storage to be built to supply all needs 
(including the applicant's) for water supply from that source 
by the year 1980. If the Commission then determines that the 
storage will not be adequate for all projected needs of the 
basin, the applicant will build or cause to be built, at its own 
expense, at a location approved by the Commission, for service 
in 1980, a reservoir of sufficient storage capacity to assure the 
water supply needed for consumptive use by the Limerick plant, 
during periods when such use would reduce the flow in the 
Delaware River at the Trenton gage below 3000 cfs. Storage and 
release of water in such facility will be under the Commission's 
regulation, at the expense of the applicant. 

d. Beginning one year prior to the first commercial oper
ation date of Unit I at the Limerick plant, the applicant will pay 
for metered quantities of water withdrawn thereafter at the 
several locations described above. The price of waters so taken 
from the Schuylkill River, Perkiomen Creek, and the Delaware 
River will be determined in accordance with the Commissions' 
water supply policy, heretofore adopted or as may be amended 
hereafter. 

III. Prior to any use, withdrawal or taking of water pursuant 
to this decision, the applicant shall re-submit the project 
pursuant to Section 3.8 of the Compact, and this decision shall 
not be construed to commit the Commission to any particular final 
action nor will such action be taken unless and until it is 
justified by a final environmental impact statement." 

The staffs of the CEQ, DRBC and AEC agree that the allocations of 
water for the Limerick Generating Station provide a reasonable 
assurance of supply, within the requirements of NEPA, and the 
limitations imposed by theAEC in November 1972. The text of 
this Environmental Statement has been expanded to include the 
DRBC assessment of the consumptive use of basin water. 
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5. Comment: There is the potential for adverse thermal impact if 
cooling towers should become inoperable and an alternate method 
of heat dissipation becomes necessary during reactor shutdown. 

Response: Under these emergency conditions, the applicant has 
permission in accordance with the provisions in the water allo~ations 
and Delaware River Basin Compact to withdraw water from the 
Schuylkill River for "once-through" cooling of the reactors. The 
staff agrees with the applicant that the thermal loads in the 
Schuylkill River during this postulated event would be tolerable 
because of their relatively short duration, and its assessment of 
the thermal impact shows less severe temperature differences than 
those predicted by EPA. (Section 3.3) 

The applicant provides the following complementary analysis: 
The highest reactor heat rejection occurs immediately after shut
down at the rate of 870 x 106 Btu/hr. However, this heat is 
rejected to the suppression pool and not directly to the river. 
The characteristics of the suppression pool and the RHR Service 
Water System are such that the temperature in the suppression 
pool peaks 2.5 hours after shutdown, thus resulting in the peak 
heat rejection to the RHR Service Water System at that time. This 
heat rejection is 204 x 106 Btu/hr from one reactor and in the 
event of the hypothesized failure of both cooling towers would be 
discharged to the river. 

The temperature rise in the Schuylkill River, hypothesized by the 
EPA reviewer, can occur only as the result of an extremely unlikely 
simultaneous occurrence of the Design Basis Earthquake (DBE), and 
a 7 consecutive day low flow (230 cfs) with 10 year recurrence 
interval. In addition, both units must have been in operation 
and the two cooling towers must fail simultaneously on the 
occurrence of the earthquake. Assuming that these events would 
occur simultaneously (an extremely conservative approach), the 
maximum temperature rise, after mixing with the entire stream 
flow, would be 8.7°F and would occur 2.5 hours after shutdown. 
This temperature rise would decrease to about 2.6°F, 20 hours 
after shutdown. The temperature rise reduction would continue 
due to the exponential variation of decay heat. This condition 
has been studied by the applicant's conSUlting biologists, 
Ichthyological Associates, and their conclusions are as follows: 

a. The temperature increase in the Schuylkill River will cause 
no damage to fishes or plankton in the vicinity of the plant 
or elsewhere. There is only a slight chance that a few 
benthic organisms might be affected. This would be 
temporary. 



b. The water temperature will not exceed the lethal limits of 
the organisms, or if so, the excess of lethal temperatures 
would be of short duration and not significant. 

c. The water temperature increases would not be instantaneous; 
because of this the fishes would have time to move out of a 
plume area and would do so. No traps for fishes exist in 
the river in this area. 

d. Some benthic organisms, particularly epiphyton (bits of 
algae and other organisms that are attached to the bottom) 
might be affected or dislodged. With regard to these dis
lodgements, experiments on the Schuylkill River indicate 
that the benthic organisms recover within 30 days. These 
investigations were made immediately after the oil spill of 
1971 and after Hurricane Agnes in 1972. 

e. There are very few free plankton in the Schuylkill River. 
They will not be affected because of the very short time
temperature relationship. 

f. During the summer there is a constant source of organisms 
which will replenish those in the area as they drift in 
from upstream populated areas. Fishes are free to move and 
quickly repopulate an area. 

6. Comment: It would be helpful to have supplemental information 
concerning the auxiliary boilers ••• 

Response: The applicant provides the following intormation: 

a. The heat input rating of each auxiliary boiler is 57 million 
Btu/hr. 

b. The estimated total operating hours per year for the 3 
boilers is 12,500 hours; for approximately 1/3 of these 
hours the boilers will be in a hot standby condition. 

c. The annual consumption of oil for the three boilers is 
2,350,000 gallons. 

d. Because of the boiler size and low use rate, the ground 
level concentrations are considered insignificant. 

e. A comparison of the estimated emissions with local emission 
standards was supplied in the Applicant's Environmental 
Report (Revised), page 11.6-8. 
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f. Probable quantities of air pollutants released annually if 
controlled in accordance with the latest EPA Standards are 
defined in the Federal Register, Vol. 36, No. 247, Thursday, 
December 23, 1971, pp. 24878 through 80. 

13.10 FEDERAL POWER COMMISSION 

1. Comment: The electric power output of Limerick Units 1 and 2 is 
needed to meet applicant's future demands for power during 1977 
and 1978 annual peak load periods and to provide adequate reserve 
margins for reliability of electric service on the applicant's 
and PJM systems. 

Response: The staff agrees with this assessment, and notes the 
unlikely availability of Limerick Units 1 and 2 as early as 1977 
and 1978. 

13.11 COMMONWEALTH OF PENNSYLVANIA, PENNSYLVANIA FISH COMMISSION 

1. Comment: There are two parts of this project which are very 
objectionable to the Pennsylvania Fish Commission: 

a. We object to and must oppose pumping water from the Delaware 
River to any other watershed or portion of a watershed. 
Sufficient study has not been undertaken to determine the 
ecological effects that such a water transfer could have on 
either the Delaware River or the East Branch of Perkiomen 
Creek. 

b. We must definitely oppose the dredging or channelization 
of 2500 feet of the East Branch of Perkiomen Creek. This 
is a natural stream and, although not of the highest quality, 
does support a warmwater fishery. The proposed channelization 
probably will, according to recent studies, cause a 70 - 90% 
decrease in game fish for fifty years or more. 

If diversion of water from the Delaware were allowed, chlorination 
of this diverted water could have serious toxic affects upon the 
aquatic life of the East Branch of Perkiomen Creek unless the 
residual chlorine can be reduced to a maximum of 0.005 ppm. This 
will require continuous monitoring and treatment facilities to 
guarantee the level will never exceed 0.005 ppm. 

Response: The Delaware River Basin Commission is responsible for 
the ~nagement of all water resources in the Basin and in ful
filling these responsibilities, has conditionally approved a 
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principal and an alternate allocation of water for the Limerick 
Generating Station, each of which involves the use of Perkiomen 
Creek for water transport. A full discussion of the environ
mental impacts expected from this diversion is contained in the 
DRBC Final Environmental Impact Statement, Point Pleasant 
Diversion Plan, Bucks and Montgomery Counties, Pennsylvania, 
published in February 1973. The DRBC concluded that the net impa, 
on the environment for the proposed diversion system would be 
beneficial, if appropriately controlled. The staff believes thesl 
controls will be rigorously enforced by the DRBC and has no basis 
for disagreement with their conclusion. (Section 5.2 and 13. ) 

The DRBC has notified the staff that chlorination of the water 
imported from the Delaware River will not be necessary. 

2. Comment: In order to minimize certain loss of fish in the intake 
structures, we request that intake flow velocity be minimized to 
the greatest extent possible, and that overhead structures over 
the water outside the intake which might be mistaken for cover 
by fish be eliminated. The latest developments in intakes, such 
as the vertical traveling screen, should be used to minimize the 
entrainment and impingement of fishes. 

Response: The intake structures have been designed to limit 
approach velocities and include vertical traveling screens. 
(Section 5.4) 

The applicant is required to maintain a comprehensive monitoring 
program during operations and to take appropriate action whenever 
excessive damages to aquatic populations appear imminent. (Summa 
and Conclusions) 

13.12 COMMONWEALTH OF PENNSYLVANIA, DEPARTMENT OF ENVIRONMENTAL 
RESOURCES 

1. Comment: The following comments apply to Section 2.4, Geology. 
" ••. the northern boundary like the south, now appears to be a fol 
in the basement rocks." This is an incorrect interpretation base 
on author's premises which does not conform to the known geologic 
evidence for the existence of a northern fault mragin to the Tri
assic basin. It is important to correct this error since the 
erroneous contention that there is no major fault to the north 
tends to allay the fears of possible further effects resulting 
from seismic displacement on the existing faults. 
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"The site is in an area where earthquake frequency is moderate; 
however, no earthquake to our knowledge has ever been severe 
enough to cause more than trivial damage." We are certain that 
in an area where there is admitted moderate frequency of earth
quakes, there may be future earthquakes of greater intensity 
than the limited historical record. We are also concerned with 
the definition of the admitted "trivial damage." What does trivial 
damage mean in regards to the potential impact by a nuclear reactor? 

"The dikes must have come after the faulting since they were not 
displaced by it." The fact is that through the Triassic Basin of 
Pennsylvania the dikes were formed along and parallel to the 
faults. There is field evidence of renewed movement along the 
faults which did not displace the dikes simply because the dikes 
run parallel to the faults. It is therefore incorrect to make 
the additional statement contained in the paragraph that because 
the dikes have not been displaced, there was therefore no move
ment in the area for the last 140 million years. The fact is 
that there has been movement more recent than 140 million years. 

"There are also numerous small faults in the area with displace
ments of less than 2 feet, but these are of no importance." Such 
faults are extremely important because they constitute fracture 
zones which are zones of weakness subject to renewed movement 
by seismic activity. 

"An earthquake intensity of VII can slightly damage, but will not 
destroy buildings of ordinary construction ••• " While a reactor 
may not be a building or ordinary construction and would not be 
destroyed, the possibility of some damage as indicated by the 
statement is a matter of serious concern. 

Triassic faults are generally healed and have not been active for 
at least 140 million years-is not factual. Most faults in the 
Triassic rocks have not been healed and thus continue to be zones 
of weakness. Some faults in the Triassic rocks show evidence of 
secondary movement since their original formation. To say that 
all of the faults have not been active for at least 140 million 
years (1) cannot be substantiated, and (2) lulls the reader into 
false sense of security in the face of the fact that the faults 
continue to be zones of structural weakness. 

'~inor faults that occur in the site area have been named the 
Sanatoga fault, and the Brooke-Evans fault." With a known length 
of over 2 miles and a displacement of 350 feet (as stated on page 
2.4-5 and 2.4-6) these faults cannot be considered minor by any 
geological or engineering definition. 
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"The presence of minor faults------near the site area in particu
lar, is not surprising, nor is it hazardous to the design or 
construction of the proposed facility." These faults are not 
minor, (see above reasons), nor can one categorically say that 
they are not hazardous in view of the seismic history of the 
area. 

Tectonic inactivity for 140 million years is evidenced by the 
unfaulted dikes which are not displaced. But the dikes are 
actually located along and parallel with the faults, so that 
if there has been renewed movement along the faults in more 
recent times, it would not cut or displace the dikes, while still 
causing seismic disturbances at the site. It is incorrect to 
conclude that there has been no tectonic activity at the site 
for 140 million years. 

The faults are all "mino»," "well-healed," and "inactive for at 
least 140 million years" is an incorrect conclusion. 

"The applicant arranged for a detailed surface and subsurface 
examination of the building site and found no conditions present 
which would in any way complicate the construction of the 
station." This statement is factually incorrect inasmuch as 
the applicant in a supplement to the original PSAR publication 
noted that in addition to the known major faults (Brooke-Evans, 
and Sanatoga) on either side of the site, excavation at the site 
uncovered additional fault fracture zones which require special 
excavation and foundation engineering procedures. 

Response: The staff assessment of the local and regional 
geology, including hazards from earthquakes, was based in part 
on information from the 16 cited references for Section 2.4. 
The staff concluded that the design of station structures is 
sufficient to withstand earth shocks from earthquakes of 
intensities up to about VII on the modified Mercalli scale. 
No earthquakes greater than this intensity have been reported 
wit~!in 100 miles of the site. The station design is based on a 
maximum ground horizontal acceleration of 0.15 g(a) which is 
greater than than expected from an earthquake of intensity VII. 

The applicant provides the following complementary responses: 

(a) Safety Evaluation by the Division of Reactor Licensing, USAEC, 
for Limerick Generating Station, Units 1 and 2, November 1971. 
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"In Section A of the D.E.R. Comments, the question of the 
interpretation of the nature of the northern boundary of the 
Triassic basin was raised. In their original PSAR studies, 
Dames & Moore presented both the classical full graben model 
of Triassic tectonics and the more recent interpretation af a 
non-faulted or intermittently faulted boundary (Faill, 1939). 
Dames & Moore chose to support the more recent interpretation 
(although acknowledging the question is open), since it is 
based on examination of recent excavations, because Dr. Faill's 
(pennsylvania Geological Survey) arguments are persuasive, and 
because the field experience of several current workers in the 
area tend to support his conclusion (personel communication, 
Avery Drake, U.S.G.S., John Epstein, U.S.G.S. and John Gibbons, 
Dames & Moore). 

The question is largely academic in any case since the presence 
or absence of a border fault in the region does not materially 
effect the seismic design criteria developed for the site. 

In Section A, the relationship between the geometry of dikes and 
faults is questioned in regard to the assertion that the dikes 
are not offset by the faults. This relationship is clearly 
shown on the regional geologic map in the PSAR. The dikes 
shown are not in all cases parallel to the faults and are not 
displaced by faulting. Therefore, although it is not possible 
to establish lack of displacement at the site, the regional 
relationships support the conclusion that the dikes postdate 
faulting." 

The statement that "the site is in an area where earthquake fre
quency is moderate; however, no earthquake to our knowledge has 
ever been severe enough to cause more than trivial damage" is an 
inexact paraphasing by the AEC of what was said in the Applicant's 
PSAR. Trivial damage in this case, is meant to be ''minor damage" 
and there certainly is no justification to begin to assess the 
impact of ''minor damage" to the proposed facilities, as that has 
already been done in the PSAR. However, there is no basis for 
comparing the seismic history or present tectonic conditions in 
the vicinity of the site with a seiSmically active area such as 
California. The small number of earthquakes that do take place 
in the general region of the site are minor in significance. 

Regarding the DER statement that "we are certain ••• there may be 
future earthquakes of greater intensity than the limited his
torical record," there is only one way to approach the element 
of risk involved of earthquake hazards to nuclear power plants. 
That is by studying the seismotectonics of the region and their 

• 
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relationship to the historic earthquake record. From that point, 
an assessment of future activity can be made utilizing such tools 
as extreme value probabilities, calculating recurrence rates, etc. 
However, there is no method of analysis that can say with cer
tainty that during the postulated life of the plant there will 
be "future earthquakes of greater intensity than the limited 
historical record" shows. 

All questions as to the effects of the Design Basis Earthquake, 
in this case a MM Intensity VII shock, on Class I structures at 
the site have been fully described in the PSAR through the use 
of the Modified Mercalli Scale, Response Spectra, time histories 
and the like. The Environmental Report is not intended to make 
a detailed "safety-related" assessment of the effects of the 
Design Basis Earthquake on the proposed facility. What was 
intended is that there has been a history of minor to moderate 
seismic activity in the region about the site, and the 
selection of the Design Basis Earthquake is considered to repre
sent the maximum credible event to which the proposed structures 
need be designed. This reflects what was presented in the PSAR, 
and is considered conservative in nature by the Guidelines 
initiated by the AEC (Appendix A, 10 CFR 100, SAR Format). 

I~ Sections C and G of the D.E.R. comments, questions are raised 
regarding the assessment of seismic risk as influenced by the 
presence of faulting of small total displacement near the site. 
These faults are geometrically and tectonically compatible with 
the rest of the "Triassic" structures of the basin. They repre
sent physical anisotrphies in the rock body comparable to that 
of bedding planes, jOints, or any other large planar feature. 
Renewed tectonic movement along such anisotrophies requires the 
existence of shearing stresses of sufficient magnitude to over
come frictional, gravitational and cohesive resistance to dis
placement. The stress fields and plate tectonicism which give 
rise to the Triassic structures no longer exist. The modern
day stress field is oriented such that the probability of reac
tivation of Triassic faults is remote. (For more detail on this 
point, see attached Dames & Moore report on the Seismo-Tectonics 
of Triassic basins.) 

~isplacement along faults as a result of seismic shock (centered 
along another fault system) is not likely since the wave lengths 
of seismic wave motion are much greater than the thickness of any 
particular fault, joint, or shear zone in question. Only if a 
slightly sub-critical residual stress were present might this 
be a problem. No residual stresses compatible with a Triassic 
stress field or foundation problems related to residual stresses 
have been reported in the area in question. 
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Thus, the presence of the local faulting would not appear to be 
either an earthquake generator or an intensifier of earthquake 
ground motion ... 

ENCLOSURE (1) TO RESPONSE BY APPLICANT TO COMMENT 13.12.1. 
SEISMOTECTONICS OF THE TRIASSIC BASINS OF THE EASTERN 

UNITED STATES 

Seismic Structural Associations in the Piedmont Province 

Seismicity in the Piedmont Province may be associated with any of 
several groups of structural features. Broadly grouped, these 
features are older metamorphic and tectonic features assocJated 
with the Appalachians, infaulted Triassic Basins, and post-Triassic 
faulting. Since Appalachian structures are generally agreed to be 
inactive at this point in geologic history, most of the interest in 
the seismicity of the Piedmont Province is centered about the Triassic 
Basin and young post-Triassic faulting. Seismic activity in the area 
is not confined to the Triassic Basins, therefore it becomes necessary 
to look at the associations between seismicity and structures through 
the region. Post-Triassic faulting has been reported by several 
workers (Jacobsen, 1971, Woodruff et al., 1970 and Connolly and 
Drummond in Kine, 1955). None of the post-Triassic faulting reported 
bears either spatial or geometric relationship to the Triassic Basins. 
Frank Jacobsen of the Washington Gas Light Company reports a fault 
zone made up of upthrust faults, which has a predominantly north-south 
strike. Woodruff reports basement rooted faults which have a pre
dominantly east-west strike. Connolly and Drummond report faulting 
in the Piedmont Province in Polk County, South Carolina. Connolly 
and Drummond report that the age of faulting in Polk County is 
Pleistocene. It is indicated therefore that neither sie~mic activity 
nor potentially seismic structures are confined to the Triassic Basins. 

Regional Neo-Tectonics 

S. D. Hicks (1972) reports that vertical crustal movements (based on 
tidal gauge information) along a line parallel to the coast from 
Maine to Cape Hatteras is producing a strong differential movement 
on the order of four millimeters per year with Maine being uplifted 
relative to the southern end of the traverse. Barry Voight (1966) 
reports that stress monitoring data in the northeastern United States 
indicates a strong east-west compressive state of stress in the rocks. 
UPlift in the north-east is inferred to be in response to those com
pressional stresses (G. Rain, J. Oliver, A. Blum personal communica
tions 1972). 
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Triassic Basins as Stress Concentration Points 

One way in which Triassic Basins might act as abnormally high stress 
areas in the Piedmont Province is if the Triassic Basins were still 
structurally active. Superimposition of stresses associated with 
Triassic basinal development upon regional stress might represent a 
region of unusually high stresses. This proposition is rejected on 
several grounds. The horst and graben structural style of Triassic 
Basins represents east-west extension of the basement rocks. Obser
vations that the northeastern part of the North American Continent is 
in an east-west compressive stress state controverts this require
ment. Undisturbed stratigraphic overlap of the Triassic faults by 
Triassic sediments in several localities (Gettysburg Basin: Drake 
1969, and in the Culpepper Basin: Stuckey, personal COUBllunica tion, 
1972) indicate that the Triassic Basins are no longer active struc
tural features. 

The presence of Triassic border faults as large regional structural 
anisotropies raises the question of reactivation of the Triassic 
border faults by the present regional stress fields. The Triassic 
boundary faults are normal faults. Post-Triassic faulting reported 
in the Coastal Plain by Jacobsen (1971) in upthrust faulting, that 
is, faulting rooted in vertical basement uplift and which becomes 
progressively less steeply dipping at higher and higher structural 
elevations. Voight (1966) and the U. S. Bureau of Mines have meas
ured stresses which imply regional compression rather than extension. 
Hicks (1971) reports regional uplift in progress in the northeastern 
United States. A comparison of kinematic and dynamic requirements 
for faulting indicate that the reactivation of normal faults during 
regional compression and uplift is unlikely. Planes of maximtuD 
shearing stress for the dynamic systems related to upthrust faulting 
and to normal faulting are not coincident. Thus, any displacement 
along upthrust faults which coincides with the position of Triassic 
border faults is probably fortuitous. 

The Triassic Basins represent large infaulted blocks of material 
having different properties than those of the crystalline basement 
rocks which make up the basement of the Piedmont Province. As such 
the Triassic Basins represent stress inhomogeneities in the basement 
surface. Such inhomogeneities may produce local variances in a large 
regional stress field. The Triassic sediments of the basins are 
weaker and more compressible than the surrounding basement crystal
line rocks. Thus, the Triassic Basins represent what may be thought 
of as holes in the basement surface filled with a weaker and more 
compressible material. Stress strain relationships under such 
conditions invariably produce lower stresses within the inhomogeneity. 
Local stress concentration along the boundaries of such features are 
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possible. Stress variances between the surrounding basement 
material and the weaker more compressible Triassic material may 
be large at these boundaries also. It may therefore be expected 
that stress concentration and large local stress variances may 
make these boundary regions structurally active zones. Two 
generalities about this condition may be drawn. First, the magni
tude of the stress concentrations and of the stress variances along 
the boundaries of the inhomogeneities are inversely proportional to 
the size of the inhomogeneities. That is, the larger the Triassic 
Basin, the smaller its effect on the regional stress distributions. 
Second, the amount of stored elastic strain energy available to 
produce stress along the zone of the inhomogeneity is a finite 
parameter. Any magnification of stresses along such a singularity 
is at the expense of the total stored elastic strain energy budget. 
Therefore, concentration at one point produces diminution of stresses 
at another, so that the total energy available for strain is constant. 

The Triassic Basins may be acting as stress singularities in the 
larger regional stress field. Because of local large stress variances, 
strain may be concentrated along the boundaries of the Triassic Basins. 
This localization of strain, however, represents only the distribu
tion of activity and is in no way related to the magnitude of indivi
dual events. The magnitude of individual seismic events is rather 
related to the magnitude and distribution of the regional stress field. 
Maps showing total seismic energy released (Algermissen 1969) indicate 
energy release patterns which do not reflect the geometry of the Tri
assic Basins. Energy release is more probably related to patterns of 
regional stress rather than to local structural inhomogeneities. 
Local inhomogeneities may experience more frequent seismic events. 
Maximum probable magnitude of a seismic event in a given area must, 
therefore, be considered a function of the energy release budget 
of an area and not of its relict structural fabric. 

Geochronology 

In Section E the statement that faults in the region are "well healed" 
is questioned. This statement is in support of arguments·related to 
the age of last movement of the faults and as much represents only a 
part of a mass of data generally supporting the conclusion that the 
faults are Triassic structures and that they have not been active 
since that time. 

In Section E, "field evidence" for movement along faults postdating 
intrusion is cited. Neither locality nor a specific description are 
given. In absence of more detailed information, it is not at this 
time possible to respond to this conment. 
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Seismo-Tectonics 

In Section F and G, the use of the term "minor" is questioned in 
regard to faulting in the area. CODmon usage in the field of re
gional tectonics suggests the following paraphrased definition: 
MAJOR STRUCTURES - those structures in a tectonic province that 
control the boundaries and major pattern of the province. MINOR 
STRUCTURES - all other structures. Thus, the terminology used in 
the Environmental Report is consistent with CODmon usage. 

We cannot, of course, predict what will happen in the future. However, 
with the knowledge of seismo-tectonics, neo-tectonics and probabilistic 
treatment of the historic earthquake record of the region, a rational, 
subjective assessment of the risk or lack of risk involved in planning 
and siting a nuclear facility can be made. As far as "definitely 
involving the possibility of fault activity" in the evaluation of the 
site for the proposed facility, there is no indication now or in the 
last 140 million years that tectonic forces Which created the faults 
in the vicinity of the site have been reactivated. 

2. Comment: The following CODments apply to Section 2.5, Hydrology: 

"Groundwater is a minor resource in the area around the station 
and, in general, in the lowlands underlain by the Triassic rocks." 
This is a more serious, incorrect statement. The Triassic basin, 
and particularly the Brunswick Formation at the site, is one of 
the most important and heavily used ground-water aquifers in 
Pennsylvania. There are thousands of wells taking water from 
this aquifer and the number is increasing rapidly as people move 
into this suburban environment away from the congestion of the 
Philadelphia area. The importance of this ground-water aquifer 
must not be underestimated. 

"Surface water is the predominant source of water supply in the 
region." It also states that "Ground water accotmts for only 
about three percent of the total industrial and commercial use 
in the region." What it fails to stress is that ground water is 
the major source of domestic water in this fast-expanding sub
urban region. 

"The possibility of adverse effect on the wells in the site area 
is "extremely remote" because the direction of the groundwater 
flow is away from the existing wells." That is a misleading 
statement because the layers of Brunswick sandstone and shale 
at the site, dip to the north and there is every possibility 
that ground water contamination at the site could move downdip 
to the north, northwest, and northeast, affecting great numbers 
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of wells over a large area. This is especially true since, by 
admission of the applicant's statements in this section of the 
text, the site is the recharge area for artesian conditions 
which exist in the Brunswick Formation. 

"---the Brunswick is the most widespread source of groundwater." 
Yet page 2.5-5 belittles the number of wells, the permeability of 
the Brunswick Formation, and the chance of adverse effects on 
existing wells. The fact is that it is widely recognized that 
the Brunswick Formation is one of the best aquifers in south
eastern Pennsylvania, supplying thousands of wells. Any con
tamination of the groundwater at the subject site is bound to 
have widespread effect on groundwater of the region. 

Response: The staff intended to convey the idea that groundwater 
supplies were not sufficient to supply a very great part of the 
needs of the commercial and industrial water users in the area and 
did not mean that it was unimportant for domestic users. The text 
of the environmental statement has been appropriately modified. 

A thorough analysis of the possibility of contamination of ground
waters is presented in the applicants Preltminary Safety Analysis 
Report, Ltmerick Generating Station, Unit 1 and 2 which supports 
the following conclusion: Surface runoff from the site discharges 
directly into the Schuylkill River, where the superficial soil 
cover is relatively impervious and the rate of infiltration is 
very low. The groundwater table at the site occurs generally 
within 50 feet of the ground surface. 

The permeability of the Brunswick Lithofacies is low. The water 
table slopes toward low areas, and ultimate groundwater discharge 
from the site is into the Schuylkill River. The rate of ground
water flow does not exceed a few inches per day. 

The geologic structure and hydraulic gradients preclude any adverse 
effects on existing wells or aquifers due to construction and oper
ation of a nuclear power station at the proposed site. 

The applicant responds as follows: "Groundwater is a minor resource 
in the area around the station insofar that groundwater accounts 
for only about 3% of the total industrial and commercial use of 
water in the entire region. It is recognized that numerous 
domestic wells extract small quantities of water from the Triassic 
strata. The importance of this groundwater aquifer has not been 
underestimated. The environmental statement notes (p. 2-19) that 
there are about 75 small domestic wells located within a one 
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mile radius of the Station site. There is no claim or inference 
that the Brunswick formation is a minor aquifer. It's true, 
however, that groundwater is a minor resource. 

The report states (p. 2.5-2) that numerous domestic wells extract 
small quantities of water from the Triassic strata. An inventory 
of all wells within a one mile radius was undertaken. The loca
tion of these l¥ells is shown on Fig. 2.5.2 of the PSAR. This 
figure demonstrates that there are numerous domestic wells. 

The direction of groundwater flow was determined by water level 
measurements in numerous borings on the site, in nearby domestic 
wells and in piezometers. The gradients are to the west and 
southwest away from existing wells. The results of a pumping 
test reported on p. 2.5-5 of the PSAR indicate that the preferred 
direction of flow is along strike towards the Schuylkill River 
and not in the ~irection of dip. 

Site data indicate that there is no possibility that groundwater 
contamination at the site could move down dip to the north, north
west and northeast. 

The slightly artesian conditions found at depth beneath the site 
(p. 2.5-5 of the PSAR) are in interbedded sandstone layers con
fined by impervious shale and/or siltstone strata. The preferred 
direction of groundwater flow in such strata is along strike to 
the Schuylkill River and not downdip. The site is the recharge 
area for artesian conditions which are local in extent. The 
site is not the recharge area for a widespread or regional artesian 
aquifer. Artesian pressures are quickly dissipated with pumping 
and most of the water produced is obtained from dewatering large 
volumes of rock in the vicinity of the wells (p. 2.5-4 of the PSAR)." 
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Table A.1. Aquatic macrophytes of the Schuylkill River and Perkiomen Creek 

Scientific name 

Potamogeton americanus 
Potamogeton crispus 
Potamogeton foliosus 
Potamogeton sp. 
Naias /lexilis 
Sagittaria rigida 
Elodea canadensis 
Vallisneria americaflll 
Lemflll minor 
Heteranthera dubill 
Heteranthera reniformis 
Ceratophyllum demenum 
Nymphaetl sp. 
Nuphar variegatum 
Myriophyllum exalbeseens 

Common name 

Pondweed 
Crispy pondweed 
Leafy pondweed 
Pondweed 
Bushy pondweed 
Stiff wapato 
Waterweed 
Wild celery 
Lesser duckweed 
Water star grass 
Mud plantain 
Coontail 
Water lily 
Yellow water lily 
Water milfoil 
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14. RESPONSES TO AGENCY COMMENTS 

14.1 INTRODUCTION 

Comments on the August 1973 Draft Environmental Statement were 
received from the following: 

Congressman Lawrence Coughlin, 13th District, Pennsylvania, 
Congress of the United States 

Department of Agriculture 
Department of the Army 
Department of Commerce 
Delaware River Basin Commission 
Environmental Protection Agency 
Department of Housing and Urban Development 
Department of Transportation 
Division of Public Health, State of Delaware 
Philadelphia Electric Company 
Montgomery County Planning Commission, Montgomery County, 

Pennsylvania 

14.2 CONGRESSMAN LAWRENCE COUGHLIN, 13TH DISTRICT, PENNSYLVANIA 
UNITED STATES CONGRESS 

1. Comment: It is unclear whether or not channelization of the 
East Branch of the Perkiomen is planned. The Philadelphia Electric 
Company on page H-100 states that: "Our recent detailed studies of 
the East Branch of the Perkiomen indicate that no channelization 
will be required." The Delaware River Basin Commission, however, 
on page H-11 discusses the effects of channelization. Will there 
be channelization or not? 

Response: No channelization is planned, pending approval by 
DRBC of the design of an appropriate discharge diffuser. 

2. Comment: In response to the Delaware River Basin Commission's 
comments, the AEC staff agrees, on page 13-1, that a study be made 
of the problem of the cumulative effects of thermal pollution in the 
Schuylkill River. However, it claims that "a study of this nature 
requires a formidable set of data describing river topography and 
flow." The AEC staff believes such information necessary but trusts 
that it will be provided when the applicant attempts to receive a 
Water Discharge Certification from the DRBC/Commonwea1th of Pennsyl
vania pursuant to seeking 401 of FWPCA Amendments of 1972. 
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If the problem is important, as it is, why then postpone the study? 
What if there are serious problems? 

Response: The staff does not have the responsibility for, or 
the necessary resources to accomplish, the suggested study and 
suggests that this is within the purview of the. DRBC/CoDmlonwealth 
of Pennsylvania. The staff requires that a comprehensive, pre
operational monitoring program be accomplished to provide a 
measure of the integral effect of the upstream polluters and 
enable the assessment of the effect of the nuclear power plant 
when it becomes operational. 

3. CODmlent: Table 3.6 should be completed by showing the points 
of sampling on both the Delaware River and Perkiomen Creek. 

Response: Sampling stations for the data are show in supplements 
to the Environmental Report, Construction Permit Stage, Revised, as 
submitted by the applicant. These sampling points are still subject 
to change. The applicant will be required, as a condition of the 
construction permit, to submit to the staff by 1 January, 1975, a 
comprehensive report defining an appropriate data base for the 
existing environment. This report is expected to contain justifica
tion of the location of sampling stations, and an assessment of the 
accuracy of measurement. 

4. CODmlent: Dropping paragraph 2 section 8.3.5 of the initial 
draft of the Environmental Statement (December, 1972) based on the 
DRBC comments seems unjustified. Everything that was said in that 
paragraph seems to be still correct. 

Response: This paragraph was dropped on the basis of agreement 
with CEQ that assessment of the environmental impact on this stream 
was contained in the Final Environmental Impact Statement, Point 
Pleasant Diversion Plan, Bucks and Montgomery Counties, Pennsylvania, 
February, 1973, which concluded that the proposed conditional use of 
the East Branch of the Perkiomen Creek would be beneficial to the 
Perkiomen waterShed. The staff has no basis to disagree with the 
conclusion drawn by DRBC. There is no record that the East Branch 
of the Perkiomen in its present state is valued for sport fishing. 

5. Comment: The. DRBC on page H-ll states that 65 cfs flow is about 
65 percent of the. full bank. at the. entrance to Perk.i.omen Creek. What 
about the remaining s.tretch of the. Creek? 

Response: The DRBC cODmlent is that 65 cfs "is but 60 percent 
of the bank.-full flow at the proposed entrance point of the diversion." 
Details of the various flow conditions are contained in the final ErS 
cited in the response to CODmlent #4. 
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6. Comment: The AEC staff's response on page 13-6 to the comments 
made by the Forest Service on page H-46 in regard to the cumulative 
impact of reducing small farmlands on wildlife seems to be inadequate. 
It would be more forceful if an analysis. is made with. due considera
tion of other changes which. are in the planning stage, if any. We 
assume that the staff believes that there is no other project of 
significance planned in the vicinity of the proposed project. 

Response: The staff believes its response to the comment was 
accurate. 

7. Comment: The AEC staff on page 13-11 responds to the comments 
by the Department of the Interior on page H-48 regarding the inadequacy 
of geological information by stating that the structural integrity of 
the plant will be kept intact up to earth shocks of intensity VII (on 
the modified Merca11i Scale). This is assumed to be safe because no 
higher intensity has ever been recorded in the vicinity (100 miles) 
of the project. 

What would be the consequences, should the intensity of the shock be 
above VII? 

Response: The staff should have referred also to the discussion 
in the Safety Evaluation Report, pp. 12-14 and 25-27, issued by the 
staff on November 29, 1971, in regard to the evaluation of the 
seismic design of the station. 

8. Comment: The AEC staff's response on page 13-11 to the suggestion 
by the Department of Interior on page H-50, as to the desirability of 
investigating three alternatives to the Delaware water diversion, 
seems inadequate. The staff maintains that the evaluation is the 
responsibility of the DRBC. The question, however, is ~ether or 
not those alternatives have been considered and rejected for sound 
reasons. 

Response: The referenced final EIS, contains a discussion and 
evaluation of alternatives. The staff does not repeat analyses 
previously accomplished by other Federal Agencies, except in cases 
where it is the responsib~e authority. 

9. Comment: The discussion of fogging on page 13-3 gives the impression 
that there are times when visibility- may be. below six miles. How often 
can this ~tuation be expected? What detrimental effects can be expected 
from theSe occurrences? 
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Response: The response intenied to convey the idea that the 
moisture addition by the cooling tower could result in a condition 
no worse than a visibility of 6 miles, which does not constitute a 
fog. During periods of natural fog, there would be no significant 
worsening of conditions because of the cooling towers. 

10. Comment: No direct response to the comments of Dr. Ruth 
Patrick, which begin on page H-75, is made. Why? The AEC staff 
on page 13-5 responds to a comment by the DRBC on species diver
sity by citing published works of Dr. Patrick as the authority. 
Dr. Patrick herself, however, on page H-76 makes a different inter
pretation of her own work when she states that the impact will be 
such that it "will make it (Perkiomen Creek) a very poor habitat for 
aquatic life." 

Response: Dr. Patrick's credentials are well known. The staff 
made no direct response because the responsibility for assessment of 
environmental impacts to Perkiomen Creek rightfully belongs to the 
DRBC staff which reached a conclusion in opposition (apparent) to 
that of Dr. Patrick. The staff has no reason to disagree with the 
conclusion drawn by the DRBC staff. 

11. Comment: The AEC staff's response on page 13-3 to a DRBC comment 
on page H-9 in regard to assuming a temperature of 83.6°F for the 
river based merely on quoting the applicant, is inadequate. This is 
so, particularly when one considers the information given in Table 
2.3. 

Response: The staff makes an independent assessment of conditions 
in the environment, and the temperature cited as part of the appli
cant's calculations had nothing to do with calculations performed 
by the staff in support of its analysis. 

12. Comment: Since on pages 13-22 through 13-29 the AEC staff 
agrees with the comments of the State of Pennsylvania Department of 
Environmental Resources where they point to the inaccuracies of the 
geological observations made in the environmental statement, why 
have the conclusions remained unchanged? Statement of the staff 
on page 13-22 indicates that their conclusions were based merely 
on a literature survey (16 references). Shouldn't they then seriously 
consider the comments of the DER which is more authoritative? 

Response: The response by the staff was not intended to imply 
agreement with the Department of Environmental Resources of the 
Commonwealth of Pennsylvania (paragraph 5, page 13-23 of the DES 
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of August, 1973). The Safety Evaluation Report issued by the staff 
on November 29, 1971, contains the staff conclusions related to 
geologic observations. Numerous pages of testimony regarding 
geology have been recorded by many recognized authorities during 
the hearings conducted by the Atomic Safety and Licensing Board, 
which concluded the "safety" portion of these hearings in May 
1973. 

13. Comment: The statement of the applicant on page 13-25 to the 
effect that "However, there is no method of analysis that can say 
with certainty that during the postulated life of the plant there will 
be future earthquakes of greater intensity than the limited historical 
record I' is correct. The question is, however, what would happen if 
there is one? 

Response: The staff believes this question to be appropriately 
addressed in the discussion of design criteria in the Safety 
Evaluation Report previously cited, and in related testimony at the 
ASLB Hearings in 1972 and 1973. 

14.3 DEPARTMENT OF AGRICULTURE 

1. Comment: Page 7-2, paragraph 3 of the statement indicates that 
the consequences of a class 9 accident could be severe. The first 
draft statement was dated December 1972. Since that draft was 
published, the Atomic Energy Commission report, "The Safety of Nuclear 
Power Reactors and Related Facilities" was issued in July 1973. On 
page 5-8, paragraph 3 of this report, it indicates that "continuing 
study" is in progress to verify assumptions on Emergency Core Cooling 
System effectiveness. In light of this situation, it seems necessary, 
in the statement, to discuss in detail the scope of class 9 accidents 
so their impact on the soil resources of Central Pennsylvania can be 
discussed. 

The absence of such a discussion and the lack of a copy of the 
recently disclosed 1965 updated report "Theoretical Possibilities 
and Consequences of Major Accidents in Large Nuclear Power Plants" 
(WASH-740) makes it impossible for us to comment on the potential 
consequences of class 9 accidents. Considering these consequences 
seems to be necessary to get a total picture of all the possible 
project impacts. 

Response: Appropriate sections of Chapter 7 have been changed 
to respond to this concern. 
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2. C01lDl1ent: Chapter 10 of the August 1973 statement does not discuss 
the solar energy option or the December 1972 report prepared by the 
National Science Foundation/National Aeronautics and Space Adminis
tration Solar Energy Panel entitled, "Solar Energy as a National 
Energy Resource." The potential use of the large areas of strip 
mined land in Pennsylvania as collecting areas for central generating 
stations could economically revitalize rural mining communities and 
greatly contribute to land rehabilitation. 

Response: The "solar energy option" is not considered a viable 
option in its present state of development. 

3. Comment: The alternative of rate structure change was not 
discussed as an energy alternative. A change of rate structure could 
shift demand by encouraging the multi-purpose land use of roof areas, 
parking areas, etc. for collecting solar energy for heating and air
conditioning buildings, thereby decreasing demand on central station 
generators. 

Response: Rate structure change is a political consideration. 

14.4 DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS 

1. Comment: It is suggested that the language 'Tocks Island 
Project will not be approved' be deleted. The Tocks Island Lake 
Project was authorized by the Congress in House Document 522, 87th 
Congress, 1962, for construction. 

Response: Appropriate changes have been made in the text. 

2. Coument: "It appears the present discussion. is not specific in 
the detail of the environmental impacts of the suggested reservoirs." 

Response: By agreement with the Council on Environmental Quality 
and the Delaware River Basin Commission, the discussion presented was 
intended to be general in content since it is impossible to identify 
the specific impacts of a reservoir until its site is known. The 
reservoir is a contingency but not a certainty at this time, and a 
general discussion of impacts was believed to be sufficient until it 
has been determined by the DRBC that the reservoir is required. At 
that time the environmental impact statements will be prepared by 
DRBC. 
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14.5 DEPARTMENT OF COMMERCE 

1. Comment: "The use of annual average dispersion values is 
inappropriate for the computation of the downwind radioactive 
doses found in Table 5.4, 5.5 and 5.6." 

Response: The staff believes the annual average dispersion 
values appropriate, since the specific time of release may be 
chosen. 

2. Comment: "It appears that flow figures quoted on page 1-3, 
Section 1. 2.2, have been transposed ••• " 

Response: The flow figures are correct as printed. 

3. Comment: Attention is directed to a possible discrepancy in 
the quoted water velocities (3/4 fps and 0.3 fps) at the traveling 
screens. 

Response: The value of 3/4 fps is clearly designated as a 
design limit. The velocity of 0.3 fps is a result of calculations 
using predicted parameters of the water supply and physical 
dimensions of the structures. The staff believes the values to 
be accurate. 

4. Comment: Some discussion is presented regarding the potential 
for impingement and entrainment of finfish species, "particularly 
American Shad" in the Delaware River, and the suggestion is made 
that "all pertinent information should be extracted from the 
Delaware River Basin Commission Final Environmental Impact Statement, 
Point Pleasant Diversion Plan, Bucks and Montgomery Counties, 
Pennsylvania, and included in the final statement. 

Response: The staff believes that information reasonably available 
to the public should be included by reference only in its final state
ment especially when such information is not directly applicable to 
the particular project. 

5. Comment: "The description of the monitoring program would be 
much improved if more specific information contained in the appli
cant's Environmental Report were also included." 

Response: The staff notes that these programs are designed to 
define an appropriate data base for the existing environment and are 
subject to change. The applicant is required to report to the staff 
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by 1 January, 1975, and verify this design objective. Meanwhile, 
the information referred to is reasonably available to the 
interested public. 

6. Comment: Questions are posed regarding the percentage of flow 
to be withdrawn from Perkiomen Creek, and the potential of adverse 
effects on populations of plankton, fish eggs and larvae. 

Response: The percentages of flow which may be withdrawn from 
the Perkiomen Creek were quoted for comparison purposes. It is 
noted that the flow and withdrawal rates during periods when 
water supplies are low are governed by the DRBC. Also, the amount 
of water withdrawn for consumptive use will have been supplied 
through the diversion. 

7. Comment: "We recommend that pertinent information regarding 
the Perkiomen Creek Diversion be incorporated into the body of the 
final statement." 

Response: The staff has included in its statement all information 
pertinent to the proposed construction of the Limerick Generating 
Station. Information regarding the Point Pleasant Diversion Plan 
is available from DRBC, and in the Final Environmental Impact State
ment, Point Pleasant Diversion Plan, Bucks and Montgomery Counties, 
Pennsylvania. 

8. Comment: Reference is made to the apparent inadequacy of the 
response by the staff to a comment from the Department of Agriculture 
that "sediments will be deposited at the point where water is removed 
at the pumping site on Perkiomen Creek," which stated that properly 
designed intake structures are expected to alleviate this problem. 

Response: The responsibility for assuring that the design of 
the intake structure on Perkiomen Creek meets appropriate standards 
to alleviate silting problems is shared by the AEC and DRBC. Such 
designs are not necessarily within the expertise of the staff, which 
would rely on the knowledge of the DRBC and Corps of Engineers. The 
staff believes that it is not necessary at this time to evaluate the 
design of this structure. 

14.6 DELAWARE RIVER BASIN COMMISSION 

1. Comment: On page 5-5, "Since the proVJ..Sl.ons of Section 3.6 of 
the Delaware River Basin Compact ••••. " should read as Section 3.8. 
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Response: The staff intended to cite the section of the compact 
referring to the General Powers of the DRBC, Section 3.6. However, 
the text is changed in compliance with your request. 

2. Comment: Concern is expressed that the text of the DES does 
not accurately paraphrase the DRBC document of June 6, 1973. The 
staff sincerely regrets any misinterpretation and obviously believed 
the paraphrasing to be accurate. The text of the FES is modified in 
response to your comment. 

14.7 ENVIRONMENTAL PROTECTION AGENCY 

1. Comment: Recommends that the schedule described in condition 8.b 
of the Summary and Conclusions be required prior to the issuance of 
construction permits. 

Response: The staff believes condition 8.b to be adequate. If 
the water supply is not available, there will be no operating license. 

2. Comment: "The indicated 18 mrem dose to a fisherman on the 
river ••••• is excessive." 

Response: The 18 mrem dose for the fisherman was calculated 
on the basis of the horizontal distance to the turbines from the 
river bank. This calculation did not adequately assess the shielding 
afforded by the topography at the site. The estimated dose has been 
corrected. On the basis of its calculations, the staff believes the 
doses due to direct radiation meet "as-low-as-practicable" criteria. 

14.8 DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 

1. Comment: "Montgomery County Planning Commission was not 
consulted in the site selection or planning processes ••• and the 
Delaware Valley Regional Planning Commission was not consulted either." 

Response: The staff notes that much of the early work involved 
in the selection process was accomplished prior to the application 
to the AEC for the necessary construction permits. At the earliest 
practicable date after application was made to the AEC, a meeting 
was held with state and local officials. The staff concurs that it 
is essential to involve local, state, and regional planning agencies 
at the earliest practicable time and it is in consonance with 
standard procedure. It is regretable that the MOntgomery County 
Planning Commission was not consulted earlier by the applicant. 
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14.9 DEPARTMENT OF TRANSPORTATION, UNITED STATES COAST GUARD 

1. Comment: No additional comments. 

Response: The staff sincerely appreciates the interest shown 
in the review by the United States Coast Guard. 

14.10 DIVISION OF PUBLIC HEALTH, STATE OF DELAWARE 

1. Comment: "Two particular points emphasize in the statement 
are the need for a supplemental source of water by the year 19S0 
and the need to make certain that operations at the site will not 
contaminate the source of groundwater supplies used for domestic 
purposes in the area." 

Response: The Final Environmental Statement is responsive to 
these concerns. 

14.11 COUNTY OF BUCKS, BUCKS COUNTY PLANNING COMMISSION 

1. Comment: "Our comments will primarily be directed toward the 
effect of the required compensating storage of water and the 
reduction of fresh water available for municipal and industrial 
purposes." 

2. aesponse: The Final Environmental Statement 'is responsive to 
these concerns. 

14.12 MONTGOMERY COUNTY PLANNING COMMISSION 

1. Comment: "Cooling towers have been chosen because of the poor 
water supply at the site. Another site selection could have pre
cluded this problem •••• had a more comprehensive site analysis been 
conducted, the water issue could have been much less complex •••• 
The water supply for the plant is unresolved." 

Response: The staff does not agree, and believes the water 
supply for the plant is resolved. See Sections 5 and 12 of the 
FES, and Appendices H and I. 

2. C01llllent: "Are the intake screens appropriate? The samples 
collected at many sites were not complete because a seine using 
1/4" mesh was employed. Recommendations have been made and accepted 
that l/S" mesh seines be employed. This line of thinking should be 
extended to the revolving intake screens." 

Response: The Final Environmental Statement, Section 5.4, is 
responsive to the comment above. 
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3. Coument: "Why does the Generalized Land Use Plan,S mile 
radius (Fig. 2.6) disagree substantially with the Preliminary 
Land Use Plan of Montgomery County?" 

Response: A generalized Land Use Plan is of course not the 
same as a Preliminary Land Use Plan, by title or design. The 
generalized Land Use Plan, which incidentally was provided by 
Montgomery County, is of more utility in the staff discussion of 
land use patterns. However, both plans were available to the 
staff for analysis. 

4. Comment: "What are the operating conditions for the illus
trations in Figures 3.1 and 3.3? ••• The plume height examples •••• 
indicate that the largest single volumetric component in each 
figure should be the plume." 

Response: No inference of operation is made. Plume height 
is discussed in Section 3. 

5. CODDDent: Why were spray ponds and canals not evaluated?" 

Response: They were. See Section 11.1. 

6. Comment: "There is no deVelopment on the discharge of water 
into the Perkiomen Creek which is obtained from the Delaware 
River. " 

Response: This subject is discussed in the Final Environmental 
Impact Statement, Point Pleasant Diversion Plan, Bucks and Mont
gomery Counties, Pennsylvania. 

7. Comment: "Consideration of the impact of the plume from the 
cooling towers is not given with reference to air traffic." 

Response: See Section 3.3 of the FES. 

8. Comment: "The general assessment of the possible reservoir 
sites is inadequate." 

Response: The staff does not agree. A reservoir is a 
contingency but not a certainty at this time. The staff notes 
that reservoir capacity is not included in the shutdown require
ments. 
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9. Comment: "Why were the environmental impacts of the required 
500 Kv Limerick-Whitpain Line not evaluated?" 

Response: They were. See Section 3. 

10. Comment: "The decommissioning information is incomplete and 
deals primarily with the radioactive materials on site." 

Response: Section 8 contains the assessment of decommissioning 
in accordance with the requirements of NEPA. 

11. Comment: "What provisions are made to monitor and control the 
flow of water from the Delaware which is discharged into the 
Perkiomen under near flood and flood conditions at the point of 
discharge?" 

Response: The Delaware River Basin Commission is charged with 
the responsibility for management of all water resources in the 
basin. The DRBC Final Environmental Impact Statement for the 
Point Pleasant Diversion Plan discusses the question. 

12. Comment: "Why was a discount rate of 8.75% selected for 
present worth calculations?" 

Response: 8.75% represents the average cost of money. See 
Section 12. 

13. Comment: "How was the estimate of 15.4 billion leW hours of 
generation obtained?" 

Response: The arithmetic is discussed in Section 12. 

14. Comment: "How can the 'sunk costs' in the Limerick site be 
used in the cost/benefit evaluation?" 

Response: In any way one chooses. The staff knows of no 
"fundamental principle of engineering economics" dictating that 
"sunk costs" are to be ignored. As noted in Section 12, the staff 
does not weigh the "sunk costs" directly. 

15. Comment: '~at is the meaning of the benefit item of 1,336,000 
kW hours of electric capacity contributing to reliability of power 
supply in the PJM power pool?" 

Response: This is an estimate by the staff of the amount of 
electric capacity available to the PJM pool. 
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16. Comment: "Why were the negative costs of 65,000 visitors not 
considered ?" 

Response: They were. The staff expects a ~ benefit from 
both educational and economical standpoints. 

17. Comment: "Why were the benefits of the 15.4 billion kW hours 
of electric energy production not expressed in monetary terms in the 
cost/benefit analysis?" 

Response: Monetary terms to express the benefits of electric 
energy production are not precise enough to be of more than 
speculative interest in the general consideration of cost/benefits. 

18. Comment: "On what basis can the cost of a storage reservoir be 
disregarded?" 

Response: The cost of a storage reservoir is clearly stated. 

19. Conunent: "How is the charge of $80.5 million (Table 12.1) 
against the fossil plant alternative-justified?" 

Response: The bases are clearly stated. 

20. Comment: "What basis was used for estimating the capital costs 
of fossil vs. nuclear alternatives?" 

Response: The bases are clearly stated. 

21. Comment: "Why were no alternatives to the Limerick site 
evaluated in the Atomic Energy Conunission Environmental Impact 
Statement?" 

Response: See Section 10. 

14.13 ENVIRONMENTAL DEFENSE FUND 

1. Conunent: The DES fails to include data by which a decision-maker 
can assess the probabilities that additional storage capacity will 
be built to meet the cooling water requirements of the Limerick 
Station. 

Response: Sections 2, 5, and 12 of the statement contain data 
appropriate to this concern. 
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2. Comment: The DES fails to consider the specific environmental 
impacts from the increased water storage that will be required by 
the operation of the Ltmerick Station. 

Response: The staff believes the supplemental storage reservoir 
for water for the Limerick Generating Station is a contingency but 
not a certainty at this time. Both environmental and economic 
factors related to a possible reservoir are discussed in Sections 
5 and 12, based on information supplied by the staff of DRBC. 

3. Comment: The DES fails to consider adequately alternative 
siting of the plant with access to brackish water for cooling. 

Response: Sections 10 and 12 contain the staff assessment of 
alternative siting. 
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Table B.1. Benthic invertebrates coDected in the limerick Ecobaical Studies 

Benthic invertebrate 
Schuylkill Schuylkill Perkiomen 

River creek~ Creek 

Platyhelminthes (flatworms) 
Tricladida 

Dugesilz tigriM x x x 
Planariidae sp. x 

Annelida (segmented worms) 
Oligochaeta (earthworms) 

Lumbricidae x x x 
Naididae x x x 
Enchytraeidae x x x 
Tubificidae x x x 
Lumbriculidae x x 
Branchiobdellidae x 

Hirudinea (leeches) 
DiM x x 
Erpobde//a punctata x x x 
G/osnphonilz 
He/obde/Itl stagnalis x x 
He/obde/Io spp. x x x 
Nephe/opsis x x 
PIocobdella x 

Mollusca 
Gastropoda (snails 

Amn;colo x 
Fe";uilz rivuloris x x x 
Gon;obasis virginica x 
Gyrau/us x x x 
HelisoTnll x x x 
Lymnaea spp. x x X 

PhY$ll X X x 
Va/vato x x 

Pelecypoda (bivalves) 
Unionidae (mussels) 

Anodonta x 
Elliptio x 
Ligumitl x 

Sphaeriidae (fmgernail dams) 
MuscuUum x 
Sphaerium x x x 

Arthropoda 
lsopoda (isopods) 

Ase/lus x x x 
Amphipoda (amphipods) 

Crangonyx gracilis x x 
Gaml'f/lUUs x x x 
Hylllelill /1% teclI x 

Decapoda (crayfish, etc.) 
CIlmIHzrus barton; x x 
Orconectes limoms x x x 

Acarina (mites) 
Hydl'tlchT/ll 
Lebertilz spp. x x x 
Limnesill 
NeuTnllnill x 



B-3 

Table B.l (continued) 

Benthic invertebrate Schuylkill Schuylkill Perkiomen 
River creek~ Creek 

Pionidae sp. x 
Spen:honopsil x 
Unionicola 

Collembola (springtails) 
Iwtoma x x 
IlotomuTUs palultris 

Ephemeroptera (mayflies) 
Ephemeridae 

Ephemera x x 
Hexagenilz x x 

Caellidae 
Caenis x x x 
Trieorythodef x x x 

Ephemerellidae 
Ephemerellil x x x 

Leptopblebiidae 
BIilstuTUS " x 
Chloroterpes x 
Habrophlebiodes x 
Leptophkbilz x 
Parakptophlebilz x x 

Baetidae 
Arneletuf x x 
Baetif lIagllnf x x 
Centroptilum x x x 
C/ot!On x 
Heteroclot!On x x 
IJOIfyehill x x x 
Pseudocloeon x x 
SiphlonuTUs x 

Heptageniidae 
Heptagenilz x 
Iron x x 
Stenonema x x x 

Odonata (drqonflies and damselJ1ies) 
Gomphidae 

Dromogomphu. x 
Gomplruf x 
LIlntlruf x x 
Ophiogomphu. x x 
Pro80mplruf 

Aeschnidae 
Aerchno 
AII4X x 
Basilze.ehno jIlnotll x 
Boyerill x x 
Gomphllesehno x 

Cordulepsteridae 
Cordulegll.rer x 

Libellulidae 
Erythemi. x x 
UMIIuIil x 
Mlleromilz x x 
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Table B.l (continued) 

Benthic invertebrate 
Schuylkill Schuylkill Perkiomen 

River creekfi Creek 

hrithemu domitia x 
Somtltoch/ora x 
Sympetrum 
Trape%Oltigma x 

Agrionidae 
Agrion x x 

Coenagrionidae 
Anomtlhlgrion Juutatum x x 
Arria x x x 
En~ x x x 
l:rchnura x x x 
LeIte. 
Coenagrionidae spp. x x x 

Plecoptera (stonet1ies) 
Nemouridae 

AUOCIlpnill x 
BrachyptertJ x x 
Leuctrtl x x x 
Nemotlra x 
Tat!tJiopieryx x x x 

Pedidae 
Acroneurill x x 
Neoperllz x 
Neophin,fl1Iop/tora ctIpitata x x 
Ptuqnetillll x 
/'me.tll plllCidII x x 
hrlinellll dTymo x x 

Perloclidae 
Iqenan .,bllariGm x 
IlOperiII x 

Chloropedidae 
Aiioperlll x 

Hemiptera (true bugs) 
Hebridae (velvet water bup) 

Hebru. 
MelOveliidae (water treaders) 

MelOlIelill muilllnti x x 
Gelridae (water striders) 

Gems x x x 
MeIMNtes x x 
RheumiltoNte. x x x 
TrepoNte. x x x 

Veliidae (broad-shouldered water striders) 
Microllt!iill x x x 
Rhqollt!iill x x 

Nepidae (water scorpions) 
JaMt", x 

Belostomatidae (Jimt water bugs) 
Belortomll 

CoJixidae (water boatmen) 
OzlIicorlxll x x 
Cori.ellll 
He.perocorixll x 
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Table B.l (continued) 

Benthic invertebrate 
Schuylkill Schuylkill Perlciomen 

River creektl Creek 

PalmllCOrixll x x 
RllmphocorixllllCUmi1Ultll X 

Sigll", X 

Tricltocorixll x 
Meploptera (aJderf1ies, dobsonflies, fishflies) 

Sialidae (a1derf1ies) 
Swis x x x 

Corydaliclae (dobsonflies, fishflies) 
a.IlUJiod~1I x 
Corydlllull comUtull x x x 
NigroniIJ x x x 

Neuroptera (lacewinp. etc.) 
Sisyridae (spol!lilla t1ies) 

Climllcill .«*riII x 
Coleoptera (beetles) 

Haliptidae (aawtin, water beetles) 
JIIIlipiull x 
hltodyt~. x x x 

Dytiscidae (diYinI beetles) 
A61bu. x x 
Bid~1IIU1I x 
Copellltu. x 
Deronect~. x 
Hydllticu, 
HydTOpol'U' x 
HydroWltu. 
/lyb;u. x 
LIIccodyt~. x 
IAccopllUUII x 

Gyriniclae (wltirliliP) 
Din~t~. x x 
Gyrlllu. 

Hydropbilidae (water savellFn) 
A1IiIC.1UI 
/kro.u. x x x 
Cymbiodytll x x 
Enoclrl'U' x 
H~/ocluue, x 
H~lophOl'U' x x x 
Hydrochu. x x x 
Lilccobiu. x 
Ptullcymu, x 
Tropl.remu. x x 
Hydrophilidae spp. x 

P1ephenidae (riffle beetle.) 
Prephenlls hm'iclci x x x 

Dryopidae 
H~lichUil x x x 
Lutrochu. x 

Elmidae 
AncYTOnyx ".-{qrItu. x x 
Dublrllpllill x x x 
MtlCTOnychu. x x x 
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Table B.l (continued) 

Benthic invertebrate 
Schuylkill Schuylkill Perkiomen 

River creeki' Creek 

Microcylloepus x x 
Optioservus x x x 
Stenelmis x x x 

Chrysomelidae (leaf beetles) 
Donacia 

Trichoptera (caddisflies) 
Rhyacophilidae (free-living) 

Glossosoma x 
Philopotamidae (retreat makers) 

Chima"a aterrima x x x 
Sortosa x 
Wormaldia x x 

Psychomyiidae (retreat makers) 
Polycentropus x 
hychomyilz x x 
Psychomyiidae spp. x 

Hydropsychidae (net spinners) 
Cheu matopsyche x x x 
Diplectrona x 
Hydropsyche betteni x x 
Hydropsyche phalerata x 
Hydropsyche spp. x x x 
Macronemum carolina x 
Macronemum zebratufTI x 

Hydroptilidae (micro-caddisflies) 
Agraylea x 
Hydroptila x x 
Leucotrichilz pictipes x x 

Phryganeidae (tube cases) 
Agryphnia vestita x 
Ptilostomis x 

Leptoceridae 
Leptocella x x 
Oecetis x 
Trilzenodes x x 

Goeridae (tube cases) 
Goera x 

Lepidostomatidae 
Lepidostoma x 

Lepidoptera (moths, butterflies) 
Pyralidae (aquatic caterpillars) 

Cataclysta x x 
Diptera (flies) 

Tipulidae (crane flies) 
Antocha x x x 
Erioptera 
Helius 
Hexatoma x x 
Longurio 
P;liJriIz x 
Prionocera x 
Rhaphidolabis x x 
TipuliJ ignobilis x x x 
Tipulidae spp. x 
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Table B.l (continued) 

Benthic invertebrate 
Schuylkill Schuylkill Perkiomen 

River creeks" Creek 

Liriopeidae (phantom crane flies) 
Liriope x 

Psychodidae (moth flies) 
hricofl'lll x 
Psychodlz x x 

Culicidae (mosquitoes, phantom midges) 
Chaoboru:r x 

Simuliidae (black flies) 
Pro:rimulium x x 
Simulium x x 
Simuliidae spp. x 

Chironomidae (midFS) 
P~ntanftl,. sp. x x x 
Polypedilum Ulinoen'~ x x x 
Chironomidae spp. x x x 

Ceratopogonidae (biting midges) 
Da,yh~/~a 

Ceratopogonidae spp. x x 
Stratiomyidae (soldier flies) 

Eulillhz 
Stratiomys x x 

Tabanidae (horseflies) 
ChrylOps x x 
Tabtznu:r x x 

Rhagionidae (snipe flies) 
Ath~rix lIari~gata x x 

Sciomyzidae (marsh flies) 
Sepedon 
T~tanoc~ra x 
Sciomyzidae spp. 

Dolichopodidae (long-legged flies) x 
Empididae (dance flies) 

ainoc~f'tl x 
Dolichoc~phill x 
H~m~rodromill x x x 
JIIj~d~mannhz x 
Empididae spp. x x x 

Ephydridae (shore flies) 
Srachydftl t~ra x 

Musidae (houseflies, etc.) 
Umnophof'tl torrey« x x 

GSmall tributaries of the Schuylkill in the immediate vicinity of the site. 
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Table B.2. Chironomidae of the SchuyUdlI River and Perkiomen Cleek 

Schuylkill River 

Above Reading at West Leesport 
Hydrobaenus (rheorthocladius) sp. 2 Roback 
Polypedilum illinoense Malloch 

Below Reading at Gibraltar 
Cricotopus bincinctus Meigen 
Cricotopus (exilis) sp. 2 (Roback) 
Hydrobaenus dorenus Roback 
Pentaneura (melanops) spp. 
Polypedilum illinoense Malloch 
Psectrocladius sp. 3 (Roback) 
Tendipes decorus Johannsen 

Between Royersford-Spring City Bridge and 
railroad bridge below Mingo Run 

Calopseetra sp. 
Cricotopus bieinetus Meigen 
Cricotopus nr. (tri/asciatus) sp. 
Glyptotendipes senilis (Johannsen) 
Pentaneura cf. baSillis 
Pentaneura sp. 
Polypedilum i/linoense Malloch 
Psectrocladius sp. 

Perkiomen Creek 

Near Perkiomenville 
Calopsectra guerla Roback 
Calopsectra nr. longiradius (Kieffer) sp. I 
Calopsectra nr.longiradius (Kieffer) sp. 2 
Calopsectra sp. 7 (Roback) 
Corynoneura sp. 2 (Roback) 
Cryptochironomus /ulvus Johannsen 
Hamisehia pseudotener Goetgebuer 
Pentaneura auriensis Roback 
Polypedilum i1linoense Malloch 
Polypedilum IJcalaenum Schrank 
Procladius riparius Malloch 
Tanytarsus (Stictochironomus) devinetus Schrank 
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Table B.3. Fishes of the Schuylkill River, Perkiomen Creek, and Tributaries 
Associated with the limerick Generating Station 

Species 

Anguilla rostrata 
Esox americanu~ 
Esox masquinongyQ 
Carassius auratus 
Cyprinus carpio 
Exoglossum maxilingua 
Notemigonus crysoleucas 
Notropis amoenus 
Notropis a11lJlostanus 
Notropis bifre11lJtu~ 
Notropis comutus 
Notropis hudsonius 
Notropis procne 
Notropis spilopterus 
Pimephales notatus 
Pimephales promelos 
Rhinichthys atratulus 
Rhinichthys cataractae 
Semotilus atromaculatus 
Semotilus corporalis 
Carpiodes cyprinusb 

Catostomus commenoni 
Erimyzon oblongus 
Ictalurus catusb 

Ictalurus mela~ 
I ctalurus 11IJtaiis 
Ictalurus nebulosus 
Ictalurus punctatus 
Noturus insignis 
Fundulus diaphanus 
Ambloplites rupestris 
Lepomis auritus 
Lepomis cyanellus 
Lepomis gibbosus 
Lepomis macrochirus 
Micropterus dolomieu 
Micropterus IIlllmoides 
Pomoxis annuloris 
Pomoxis nigromaculatus 
Etheostoma olmstedi 
Perea f1avescensb 

Perci11lJ peltataO 

OCaught only in Perkiomen Creek. 
bCaught only in Schuylkill River. 

Common name 

American eel 
Refin pickerel 
Muskellunge 
Goldfish 
Carp 
Cutlips minnow 
Golden shiner 
Comely shiner 
Satinfin shiner 
Bridle shiner 
Common shiner 
Spottail shiner 
Swallowtail shiner 
S potfin shiner 
Bluntnose minnow 
Fathead minnow 
Blacknose dace 
Longnose dace 
Creek chub 
FallflSh 
Quillback 
White sucker 
Creek chubsucker 
White catfish 
Black bullhead 
Yellow bullhead 
Brown bullhead 
Channel catfISh 
Margined mad tom 
Banded killifish 
Rock bass 
Redbreast sunfish 
Green sunfish 
Pumpkinseed 
Bluegill 
Small mouth bass 
Largemouth bass 
White crappie 
Black crappie 
Tessellated darter 
Yellow perch 
Shield darter 

Sources: lcthyological Associates. Schuylkill Progress Report No.2 
(Part One). May 1972. lcthyological Associates. Perkiomen ProVess 
Report No.2 (Part One). June 1972. 



Species 

Fraxinus americana* 
Liriodendron tulipifera* 
Acer ru brum * 
Ulmus americana * 
Eupatorium purpureum 
Rudbeckio laciniota 
Ambrosio trifidJJ* 
Aster spp. 
SolidJJgo spp. 
Betula lutea 
Chelone glabra 
Rubus spp.* 
Daucus carota * 
Melilotus alba * 
Trifolium hybridum* 
Amaranthus spinosus 
Ambrosia artemisiifoli* 
Arctium lappa 
A triplex patula var. hastala 
Bidens connata 
Corduus lanceolatus 
Chenopodium albun* 
Cichorium intybus* 
Datura stramonium 
Helionthus annuus 
Lactuca scariola* 
Lepidium virginicum* 
Linario vulgaris * 
Cenothera biennis* 

Table 8.4. Common plant species of vegetational communitiellikely to occur in the vicinity 
of the limerick site or along transmission line rightS-OC·waya 

(Species from the applicant's list for the site are indicated by an asterisk) 

Habitat 

Successional areas Wetlands 
Forests (types) 

Weedy 
fields 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Dumps 

x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Road
sides 

x 

x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Pastures 

x 
x 

x 
x 
x 

Tidal 
marshes 

x 

x 

Swamps 

x 
x 

River birch and 
swamp maple 
(red maple) 

x 

Sycamore, 
Amer. elm, and 

silver maple 

x 

x 
x 
x 
x 

Red oak, 
basswood, and 

white ash 

x 
x 
x 
x 

White oak 

x 
x 

to 
I ..... 

0 



Species 

Panicum capillare 
Plilnlllgo rugelii 
Rumex crispus* 
Rumex obtusifolius* 
Setria gliluca 
Verbascum thapsus* 
Xanthium chinese 
Amaranthus albus 
Citrul/us vulgaris 
Melilotus officinalis* 
Populus alba 
Rhus radicans* 
Commelina virginica 
Allium vineale 
Phleum pratense 
Phyto/acca americana * 
Trifolium pratense* 
Trifolium repens 
Achillea millefolium* 
Barbarae vulgaris* 
Bidem bipinnata 
ChrYSllnthemu m leucanthemum * 
Hypericum perforatum* 
Polygonum pensylvanicum* 
Taraxacum officinale* 
Abutilon theophrasti* 
Agropyron repens 
Amaranthus graecizans 
Anthemis arvensis 
Anthemis cotu/a* 
Asclepias syriaca * 

Weedy 
fields 

Successional areas 

Dumps 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Road
sides 

x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
·x 

Table B.4 (continued) 

Wetlands 

Pastures 
Tidal 

Swamps 
marshes 

x 
x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Habitat 

River birch and 
swamp maple 

(red maple) 

Forests (types) 

Sycamore, 
Amer. elm, and 

silver maple 

x 

Red oak, 
basswood, and 

white ash 
White oak 

, 
x I:-' 

'""' 



Species 

Asparagus officinalis* 
Carduus arvensis (Cnicus arvensis) 
Cerastium viscosum 
Cerastium vulgatum 
Convolvulus arvensis* 
Cenvolvulus sepium* 
Eleusine indica 
Equisetum arvense· 
Erigeron annuus· 
Euphorbia cyparissias 
Mollugo verticillata 
Oxalis stricta* 
Plantago lanceolata* 
Polygonum aviculare 
Polygonum persicaria 
Portulacca oleracea 
Rhus glabra· 
Rudbeckia hirta* 
Rumex acetosella* 
Saponaria officialis* 
Solanum carolinense· 
Trifolium arvense· 
Verbascum blattaria* 
Verbena hastata 
Geranium maculatum· 
Podphyllum peltatum* 
Cimicifuga racemolll 
Dicentra cucullaria 
Hydrophyllum virginianum 
Heracleum maximum· 
Cardamine bulbosa 

Weedy 
fields 

Table 8.4 (continued) 

Successional areas Wetlands 

Road- Tidal 
Dumps 'd Pastures sh Swamps 

51 es mar es 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 

x x 
x 

Habitat 

River birch and 
swamp maple 
(red maple) 

Forests (types) 

Sycamore, Red oak:, 
Amer, elm, and basswood, and 

silver maple white ash 

x 

x 
x 
x 

x 
x 

4 

White oak 

x 
x 

~ 
I ..... 

N 



Species 

SymploCIUpus foetidus 
Impatiens capensts* 
17wlictrum polygarwm* 
Clematis virginiana 
YalerineUa chenopodifolia 
Mentha spicata 
Veratrum viride· 
Ocula maculata* 
Agrostis alba 
Andropogon virginicus 
Anthoxanthum odOf'atum 
Ariltlema triphyllum * 
Bidens !rondoltl 
Bidens laevis 
Botrychium simplex var. tenebrosum 

(Botrychium tenebrosum) 
Capsella buTltl·postoris 
Carex spp. 
Carex interiOf' 
Carex muricata 
Cyperul strigolus 
Dactylis glomerata* 
Drolera rotundifolia 
Dryoptem goldiana 
Erythronium americanum 
Eupolorium per!oliatum 
Glechoma hederactlll (jVepeta gleehoma)* 
Hedeoma pulegioides 
Iris versicolor 
Juncus spp. 
Lobelia cardinalis 

Weedy 
fields 

Table B.4 (continued) 

Successional areas Wetlands 

Road-
Dumps sides Pastures 

Tidal 
marshes Swamps 

x x 
x x 
x x 
x 
x 
x x 
x x 
x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Habitat 

River birch and 
swamp maple 

(red maple) 

Forests (types) 

Sycamore, Red oak, 
Amer. elm, and basswood, and 

silver maple white ash 

x 
x 
x 
x 
x 

White oak 

bI 
I ..... 

W 



Species 

Lobelia nu lIallii 
Lobelia siphilitica 
Lolium perenne* 
Lycopodium lucidulum 
Lysimachia ciliata 
LysimachUz quadri/oIUz* 
Melanthium virginicum 
Milulus ringens 
MonardiJ flstulosa 
Muhlenbergia racemosa 
Myosotis scorpioides* 
Nepeta cataria* 
Ophioglossum vulgatum 
Origanum vulgare 
Panicum flexile 
Poaannua 
Poa compressa 
Poa pratensis* 
Polygala senega 
Polygonum scadens 
Prunella vulgaris* 
Ranunculus bulbosus* 
Ranunculus saptentrionalis 
Rhus vernix 
Rhynchospora alba 
Salvia Iyrata 
Samolus parviflorus 
Scirpus spp. 
Scleria pauciflora 
Senecio aureus 
Sium suave 
Specularia per/oliata* 

Weedy 
fields 

Successional areas 

Dumps 
Road
sides 

Table B.4 (continued) 

Pastures 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Wetlands 

Tidal 
Swamps 

marshes 

Habitat 

River birch and 
swamp maple 

(red maple) 

Forests (types) 

Sycamore, 
Amer. elm, and 

silver maple 

Red oak, 
basswood, and 

white ash 
White oak 

tJ:j 
I 

I-' 
~ 



Table 8.4 (continued) 

Habitat 

Successional areas Wetlands 
Forests (types) 

Species River birch and Sycamore, Red oak, 
Weedy 

Dumps 
Road-

Pastures 
Tidal 

Swamps swamp maple Amer. elm, and basswood, and White oak 
fields sides marshes (red maple) silver maple white ash 

Stellaria media* x 
Tradescantia virginia x 
Trifolium agrarium x 
Trifolium procumbens* x 
Uvularia perfoliata x 
Vaccinium macrocarpon x 
Viola spp. x 
Platanus occidentalis* x x x 
Cephalanthus occidentalis x x 
Onoclea sensibilis* x x 
Agrimonia parviflora x t:d 

I 
Alnus serrulata x ....... 

IJ1 
Asclepias incarnata* x 
Fraxinus sp. x 
Gloditsia triacanthos* x 
Hibiscus moscheutos x 
Jussiaea repens var. glabrescens x 
Liquidllmbar styraciflua* x 
Lud~giIlalternifolia x 
Salix alba x 
Sambucus sp. x 
Stachys palustris x 
Vernonia noveboracensis x x 

Osmundll cinnamomea x 
Osmunda claytoniana x 
Osmunda regalis x 
Polygonum sagittatum x 
Quercus alba * x x x 

Acer negundo* x x 

Acer saccharinum* x x 

Quercus bicolor* x x 



Betulll nigra 
Salix spp. 

Species 

Parthenocissus quinquefolill* 
Lindera benzoin* 
Viburum dentatum 
Actinomeris alternifolill 
Aesculus glllbra 
Aesculus octard4 
Alnus rugoSil 
Aster prenanthoides 
Conium macullltum 
Cornusamomum 
Helianthus decapelllius 
Mertensia virginica 
Phacelia purshii 
Phlox paniculllta 
Physocarpus opulifolius 
Polemonium reptans 
Polygonum arifolium 
Quercus imbricaria 
Quercus macrocarpa 
Salix cordata 
Salix nigra * 
Trillium sessile 
Violll striata 
Vitis riporia 
Amelllnchier canadensis* 
Carya gill bra * 
Carya tomentoSil 
Clllytonia virginica 
Cornus florida 

Table 8.4 (continued) 

Successional areas Wetlands 

Weedy Road- Tidal 
fields 

Dumps 
sides 

Pastures 
marshes 

Swamps 

Habitat 

River birch and 
swamp maple 

(red maple) 

x 
x 

Forests (types) 

Sycamore, 
Amer. elm, and 

silver maple 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Red oak, 
basswood, and 

white ash 

x 
x 

x 
x 
x 
x 

White oak 

x 

x 
x 
x 
x 

tit 
I 

I-' 
0\ 



Species 

Dentarillillcinillta 
Euonvmus atropurpureul 
Hamtlmeli. virginiana· 
Hepatica ameriCllna· 
Jugillm nigra· 
Ostrya virginiaflll· 
I'runul serotina· 
Quercus ,"bra· 
Quercus velutina· 
Rubus alleghenien,;, 
Sanguinaria canaden';,· 
Staphylea trl/olia· 
Viburnum aceri/olium· 
Vitis aestivall, var. argenti/olill 
Acernigrum 
Acer IIlccharum· 
Allium tricoccum 
Alilrum canadense* 
Aster divaricatus 
Botrychium virginillnum· 
Carya cordi/ormi, 
Caulophyllum thalictroides 
Cornu, alterni/olill 
Cryptotaenill canaden';,· 
Delphinium tricorne 
Dryopteri, intermedill 
Dryopteris marginali, 
Eupatorium rugolum 
Fagul grandi/olill· 
Hydrangea arborelcenl 
Jugillm cinerea· 

Weedy 
fields 

Table 8.4 (continued) 

. Habitat 

Successional areas Wetlands 
Road- Tidal River birch and 

Dumps id Pastures h Swamps swamp maple 
s es mars es (red maple) 

Forests <types) 

Sycamore, Red oak, 
Amer. elm, and basswood, and White oak 

silver maple white ash 

x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x t7:I , 
x x ..... 
x x ~ 

x x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 



Species 

Laportea canadenns 
Osmorhiza longistylis 
Phlox dillaricata 
Pinus strobus 
Polystichum acrostichoides * 
Rubus occidentalis* 
Rubus odoratus 
Sambucus canadensis* 
Sassafras albidum* 
Sedum ternatum 
Smilacina racemosa* 
Smilax rotundifolia* 
Stellaria pubera 
Thalictrum dioicum 
Tilia americana * 
Trillium erectum 
Trillium grandiflorum 
Trillium nillale 
Tsuga canadensis 
Anemonella thalictroides 
Arabis laelligata 
Aster undulatus 
Carya ollata* 
Castanea dentata 
Cercis canadenns 
Claytonia caroliniana 
Corylus americana 
Desmodium nudiflorum 
Hieracium lIenosum* 
Houstonia caerulea* 
Kalmia latifolia 

Weedy 
fields 

Table B.4 (continued) 

Successional areas 

Dumps Road- Pastures 
sides 

Wetlands 

Tidal 
Swamps 

marshes 

Habitat 

River birch and 
swamp maple 
(red maple) 

Forests (types) 

Sycamore, 
Amer. elm, and 

silver maple 

Red oak, 
basswood, and 

white ash 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

White oak 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

b:I 
I ...... 

00 



Table B.4 (continued) 

Habitat 

Species 
Successional areas 

Forests (types) 
Wetlands 

Red oak, Weedy Road-
flelds Dumps sides Pastures 

Tidal 
marshes Swamps 

River birch and 
swamp maple 
(red maple) 

Sycamore, 
Amer. elm, and 

silver maple 
basswood, and White oak 

white ash 

Malus coronaria 
Mysliil sylvatica 
Pyrola elliptica 
Quercus coccinea 
Ribes cynosbati 
Sa;cifraga virginiensis 
Solidago bicolor 

QSources: 

W. M. Benner, The Flora of Bucks County Pennsylvania, Ph.D. thesis Univer. Pennsylvania, Philadelphia, 1932. 
R. M. Evans et aI., "Forest Cover Types of the Eastern United States, " Journal of Forestry, 451-498 (1931) 

x 
x 
x 
x 
x 
x 
x 

F. H. Eyre, W. A. Dayton, D. Denyl, R. C. Hawley, and P. R. Wheeler, Forest Cover Types of North America (Exclusive of Mexico), Report of the Committee 
on Forest Types, Society of American Foresters, Washington D.C., 1954. 

M. L. Fernald, Gray's Manual of Botany, Eighth (Centennial) Ed. American Book Company, New York, 1950. 
W. C. Grimm, Mammal Survey of Southwestern Pennsylvania Pennsylvania Game Commission, Harrisburg, Pa., 1950. 
W. C. Grimm and R. Whitebread, Mammal Survey of Northeastern Pennsylvania, Pennsylvania Game Commission, Harrisburg, Pa., 1952, pp. 6-17, ff. 
J. W. Harshberger, A Phytogeographic Sketch of Extreme Southeastern Pennsylvania, Bull. Torrey Botanical Club 31: 125-159 (1904). 
J. W. Harshberger, Phytogeographic Survey of North America, 2nd ed. H. R. Engelmann Weinheim, Germany, 1911; reprinted by Hafner Publishing Company, 

New York, 1958. 
H. E. Jaques, How to Know the Economic Plants, Wm. C. Brown Company Publishers, Dubuque, Iowa, 1958. 
W. M. Kunkle, F. D. Blest, J. Dewey, F. A. Gansz, R. P. Zimmerman, R. A. Young, J. B. Carey, H. W. Hannigen, H. J. Ferris, H. W. Busch, Nicholas Holowatch, 

D. D. Pettinato, I. Pomeraning, and J. West, Soil Survey of Chester and Deleware Counties, Pennsylvania, U.S. Government Printing Office, Series 1959, No. 19., 
May 1963. 

T. Peterson and M. McKenny, A Field Guide to Wildflowers of Northeastern and North-central North America, Houghton Mifflin Company, Boston, 1968. 
G. A. Petrides, A Field Guide to Trees and Shrubs, Houghton Mifflin Company, Boston, 1958. 
A. E. Radford, H. E. Ahles, and C. R. Bell, Guide to the Vascular Flora of the Carolinas, The Book Exchange, Univ. North Carolina, Chapel Hill, 1964. 
R. V. Smith, J. S. Levitan, L. L. SegJin, E. A. Tomkins, and J. Zatichansky, Soil Survey of Montgomery County, Pennsylvania, U.S. Government Printing Office, 

19670-217-083, April 1967. 
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Table B.5. Plant species native to North America found by the applicant on the site 
(m addition to those listed in Table BA) 

Aletris sp. 
Allium caNldense 
Allium cernuum Roth 
Anemone virginiDNl 
Apocynum canNlbinum 
AsciepiDs tuberosa 
AsclepiDs variegata 
BaptisiD alba 
Carex stipata 
CassUz fasciculata 
Centaurea americaNl 
Circaea quadrisulcata var. camademsos 
Cirsium pumilum 
Comus stolonifera 
Cotinus obovatus 
Crataegus prinosa 
Cyperus esculentus 
Delphinium eXilltatum 
Dennstaedtia punctilobula 
Desmodium paniculatum 
Eupatorium fistulosum 
Eupatorium maculatum 
Galium asprellum 
Galium triflorum 
Gaylussacia baccata 
Geum caNldense 
HeliDnthus divaricatus 
Impatiens pailida 
Juncus effusul 
Juniperus virginiDNl 
lActuca caNldensis 
Menispermum caNldense 
MONlrda didyma 
Monotropa uniflora 

Morusrubra 
Phryma leptostachya 
Physalis heterophylla 
Pinus banksUzNl 
Pinus resinosa 
PolygoNltum spp. 
Populus grandidentata 
Potentilla argentea 
Potentilla caNldensis 
Potentilla simplex 
Quercus ilicifolia 
Quercus palustris 
Quercus prinus 
Rhus typhiNl 
Rosa caroliNl 
Silene antirrhiNl 
Silene cucubalus 
Silene stellata 
Solidago caNldenns 
Solidago curtian 
Solidago graminifoliD 
Sonchus asper 
Stachys hyssopifoliD var. ambigua 
Teucrium caNldense 
Thuja occidentlais 
Tiarella cordifoliD 
Ulmus rubra 
Urtica gracilis 
Vaccinium angustifolium 
VerbeNl urticifoliD 
Viola papilionaceae 
Viola triloba 
Vitis vulpiNl 
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Table 8.6.lntrocluced put spec:iel(eacapes from cultivation) found by the appHcant on the site 
(in addition to those in Table 8.4) 

Ailanthus altissima 
Albizzw sp. 
Allwrw officinalis 
Amaranthus hybridus 
Amorpha fruticosa 
Aquilegio vulgaris 
Arctium minus 
Berberis thunbergii 
Brassica nigra 
Castanea mollissima 
Catalpa sp. 
Chelidpnium majus 
Cirsium arvense 
Commelina communis var. ludens 
CymbalariJl muralis 
Dianthus armeriJl 
DigitariJl $Ilnguinalis 
Dip$llcus sylvestri, 
Duchesnea indica 
Echinochloa crusgalli 
FragariJl vesca 
Galinsoga parviflora 
Galium mollugo 
Geranium pusillum 
Hederanthera spp. 
Hemerocallis fulva 
Hesperis matronalis 
Hibiscus trionum 
Ipomoea coccinea 
Ipomoea hederacea 
Ipomoea purpurea 
Lamium purpureum 
Lepidium campestre 

Lepidium ruderale 
Lonicera japonica hallwna 
Lychnis alba 
Madura pomifera 
Malva meschata 
Malva neglecta 
Mirabilis jalapa 
Nasturtium officinale 
Penstemon hirsutus 
Pinus sylvestris 
PlIlntago major 
Polygonum cespitosum var.longisetum 
Portulaca spp. 
Potenti/ill recta 
Prunus persica 
Prunus virginwna 
Pyrus communis 
Pyrus malus 
Robiriw pseudoacacw 
Rosa mUltiflora 
Rubus phoenicolasius 
Sisymbrium altissimum 
Solanum dulcamara 
Sonchus arvensis 
StellllriJl graminea 
Syringa vulgaris 
Taxus cuspidllta 
Thlaspi arvense 
Tragopogon pratensis 
Urtica dioica 
Vicw cracca 
Vinca minor 
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Table B.7. Mosses and lichens found by the applicant on the site 

Hairy cap moss 

Parmelia rudecta 

Pin cushion moss 

Powderhorn lichen 
Pyxie cup moss 



Table B.8. Mammals whole nnses include the vicinity of the limerick sitea 

(Species sighted at the Limerick site are indicated by an asterisk) 

Habitat preference 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Condylura cristata cristata x x x x Grasslands x 
Star-nosed Mole x 

Didelphis marsuplalls virginiana x Woodlots x x x 
Common opossum· x 

Sorex fumeus /umeus x Woodlots x x Hemlock 
Smoky shrew x forests 

x 
Bhzrina brevicauda kirtlandi x x x x x 

Short-tailed shrew· 
Parascalops breweri x x x x x 

Hairy-tailed mole td 
I 

Myotis keenii septentrionalis Buildings Caves, Caves Caves Caves N 

Keen's myotis buildings x w x x x 
x 

Myotis lucifugus lucifugus Buildings Caves, Caves Caves Caves 
Little Brown bat x Buildings x x x 

x 
Myotis leibii leibii Buildings Caves, Caves Caves Caves 

Small-footed myotis x buildings x x x 
x 

Pipistrellus sub/lavus subflavus Buildings Caves, Caves Caves Caves 

Eastern pipistrelle x buildings x x x 
x 

Eptesicus fuscus [uscus Buildings Caves, Caves Caves Caves 

Big Brown bat x buildings x x x 
x 

Lasiurus borealis borealis Shade Woodlots x x x 
Northern red bat· trees x 

x 
Sorex cinereus fontinalis x x x x 

Masked shrew 



Table B.8 (continued) 

Habitat preference 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Lasionycteris noctivagans Woodlots x x x 
Silver-haired Bat x 

Lasiurus seminolus Woodlots x x x 
Seminole Bat x 

Lasiurus cinereus cinereus Woodlots x x x 
Hoary bat x 

Procyon lotor lotor Woodlots x x x 
Eastern raccoon* x 

Mustew frenata noveboracensis x x x x 
Long-tailed weasel* 

Mephitis mephitis nigra x x x x 
Eastern skunk* If Vulpes fulva fulva x x x x 

N 
Eastern red fox * .j:>. 

Ucrocyon cinereoargenteus cinereoargenteus Woodlots x x x 
Eastern gray fox x 

Tamias striatus fisheri Fencerows, x x x 

Fisher's chipmunk* woodlots 
x 

Sciurus carolinensis pennsylvanicus Woodlots x x x 
Northern gray squirrel* x 

Tamiasciurus hudsonicus loquax Conifer x x x 
Southern red squirrel* plantations 

x 
Glaucomys volans vowns Woodlots x x x 

Eastern flying squirrel x 
Peromyscus leucopus noveboracensis x x x x 

Fischer's deer mouse* 
Pitymys pinetorum scalopsoides Woodlots x x x 

Northern pine mouse x 
'iylvilagus transitionalis Brushy areas, x x x 

New England cottontail woodlots 
x 



Table B.S (continued) 

Habitat preference 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Odocoi/eus virginillnus borealis x x x x 
Northern white-tailed deer-

Ondatrtl zibethica zibethica x x x 
Common muskIat* 

Rattus norvegicus x x x 
Norway rat-

Cryptotis paTVa parva x x Meadows 
Little short-tailed shrew x 

Clethrionomys gapperi nlpico/a x x x 
Red-backed mouse 

Musteia viaon mink x x 
Southeastern mink t13 

Sea/opus aquaticus aquaticus 
I x x N 

Eastern mole lJ1 

Mus musculus domesticus x x 
House mouse-

Lepus americanus virginillnus x x 
Varying hare 

Marmota monax monax x 
Southeastern woodchuck* 

Synaptomys cooperi stonei Dry hillside 
Southern bog lemming fields 

x 
Microtus pennsy/vanicus pennsy/vanicus Unpastured 

Pennsylvania meadow mouse meadows, 
swales 

x 



Table B.8 (continued) 
------------------------------------------------

Scientific and common names 

Zizpus hudsonius americanus 
Meadow jumping mouse 

Lepus europaeus hybridus 
European hare 

Sylvilogus /loridanus mallurus 
Eastern cottontail· 

aSources: 

Rivers Streams Ponds Marshes Swamps 

Habitat preference 

Urban Rural 

Meadows, 
grainfields 

x 
x 

x 

Forests 

Oak-pine Deciduous 

W. H. Burt and R. P. Grussenheider, A Field Guide to the Mammals, 2nd ed., Houghton Mifflin Company, Boston, Mass., 1964. 
H. H. Collins, Jr., Complete Field Guide to American Wildlife: East, Central, and North, Murray Printing Company, Forage Village, Mass., 1959. 
E. R. Hall and K. R. Kelson, The Mammals of North America, vols. I and 11, Ronald Press Company, New York, 1959. 

Riparian 

G. S. Miller Jr. and R. Kellogg, List of North American Mammals, United State National Museum Bulletin 205, Smithsonian Institution, Washington, D.C., 
1955. 

Philadelphia Electric Company, Applicant's Environmental Report - Construction Permit Stage (Revised), Limerick Generation Station Units I and 2, May 
1972. 

Philadelphia Electric Company, Applicant's Environmental Report - Construction Permit Stage (Revised), Limerick Generating Station Units 1 and 2, 
Supplement No.2, September 1972. 

H. A. Roberts and R. C. Early, Mammal Survey of Southeastern PennsylvaniIJ, Pennsylvania Game Commission, Harrisburg, 1952. 

t:II:I 
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Table B.9. Reptiles and amphibians whose ranges include the vicinity of the Limerick sitea 

(Species sighted at the Limerick site are indicated by an asterisk) 

Habitat preference 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Clemmys insculpfll x x x x x x x x 
Wood turtle 

Thomnophis sirtalis lirtali, x x x x x x x x 
Garter snake· 

Bufo americanus americanus x x x x x x 
American toad· 

Bufo woodhoutii fowleri x x x x x x 
Fowler's toad 

OJelydra serpentina serpentina x x x x x 
Common snapping turtle· 

Thamnophis sauritus sauritus x x x x x t:I:I 
Ribbon snake I 

Pseudacris nigrita feriDrum x x x x X 
N ..... 

Eastern chorus frog 
Storeria dekayi dekayi x x x x x 

DeKay's snake 
Rana Cfltesbeiana x x x x 

Bullfrog· 
Triturus Jliridescens Jliridescens x x x x 

Common newt 
Clemmys guttata x x x x 

Spotted turtle 
Clemmys muhlenbergii x x Bogs x 

Muhlenberg's turtle x 
Natrix sipedon sipedon x x x x 

Water snake· 
Kinosternon subrubrum subrubrum x x x x 

Common mud turtle 
Hyla crucifer crucifer x x x x 

Spring peeper· 
Rana pipiens pipiens x x x x 

Northern leopard frog· 



Table 8.9 (continued) 

Habitat preference 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Natrix kirtlandi x x x x 
Kirtland's snake 

Hyla versicolor versicolor x x x x 
Gray tree frog 

Ambystoma tigrinum tigrinum x x x x 
Eastern tiger salamander 

Terrapene carolina carolina x x x x 
Common box turtle· 

Eumeces fasciatus x x x x 
Common five-lined skink 

Carphophis amoenus amoenus x x x x 
Worm snake, Ground snake tJ:j 

Diodophis punctatus edwardsi x x x x I 

Eastern ring-necked snake· N 
00 

Elaphe obsoleta obsoleta x x x x 
Pilot black snake 

Haldea valerioe valeriae x x x x 
Valeria's snake 

Lampropeltis doliota triangulum x x x x 
Milk snake 

Storeria occipitomaculata occipitomac x x x x 
Red-beUied snake 

Necturus maculosus maculosus x x x 
Mudpuppy, waterdog 

Sternotherus odoratus x x x 
Common Musk turtle 

Pseudemys rubriventris rubriventris x x x 
Red-beUied turtle 

Natrix septemvittata x x x 
Queen snake 

Chrysemys picta picta x x x 
Eastern painted turtle· 



Table 8.9 (continued) 

Habitat pre fete nee 

Scientific and common names Forests 
Rivers Streams Ponds Marshes Swamps Urban Rural 

Oak-pine Deciduous Riparian 

Chrysemys picta marginata x x x 
Midland painted turtle 

Rana c/amitans melanota x x x 
Green frog· 

Rana polustris x x x 
Pickerel frog· 

Desmognathus [uscus [uscus x x Wooded 
Northern dusky salamander· streams 

x 
Crotalus horridus horridus x x x 

Rattlesnake 
Sceloporus undulatus hyacinthinus x x x 

b:I 
Northern fence lizard I 

Heterodon platyrhinos platyrhino x x x N 
\Q 

Spreading adder 
Plethodon cinereus cinereus x x x 

Eastern red-backed salamander· 
Plethodon glutinosus glutinosus x x x 

Slimy salamander 
Ancistrodon contortrix mokeson x x x 

Copperhead 
Cryptobranchus al/eganiensis x x 

Hellbender ft 
Pseudotriton ruber ruber x Wooded 

Northern red salamander streams 
x 

Rana sylvatica sylvatica x x 

Wood frog 
Ambystoma opocum x x 

Marbled salamander 
Hemidactylium scutatum x Boggy 

Eastern four-toed salamander woodland 
ponds 

x 



Scientific and common names 

Coluber constrictor constrictor 
Black snake, black racer 

Opheodrys vernalis vernalis 
Green snake 

Ambystoma maculolUm 
Spotted salamander· 

Ambystoma jeffersonkmum 
lefferson's salamander 

Graptemys geographica 
Common map turtle 

Gyrinophilus porphyriticus porphyritious 
Northeastern purple salamander· 

Eurycea bislineata bislineata 
Northern two lined salamander· 

Eurycea longicauda longicauda 
Long-tailed salamander· 

aSources: 

Rivers Streams 

x 

x 

x 

Table B.9 (continued)· 

Habitat preference 

Ponds Marshes Swamps Urban Rural 

x x 

x 

Forests 

Oak-pine Deciduous 

x 

x 

Riparian 

Wooded 
streams 

x 
x, 

x 

Wooded 
streams 

x 

S. C. Bishop, Handbook of Salomanders: The Salamanders of the United States, of Canada, and of Lower California, Hafner Publishing Company, New York, 
1962. 

A. Carr, Handbook of '/Urtles: The '/Urtles of the United States, CIlnada, and IJDja California, Comstock Publishing Company, Ithaca, N.Y., 1952. 
H. H. Collins, lr., Complete Field Guide to American Wildlife: East, Central, and North, Murray Printing Company, Forage Village, Mass., 1959. 
R. Conant, A field Guide to Reptiles and Amphibians of the United State and Canada East of the lOOth Meridian, Riverside Press, Cambridge Mass., 1958. 
Philadelphia Electric Company, Applicant's Environmental Report -. Construction Permit Stage (Revised), Limerick Generation Station Units 1 and 2, May 

1972 
Philadelphia Electric Company, Applicant's Environmental Report - Construction Permit Stage (Revised), Limerick Generating Station Units 1 and 2, 

Supplement. No.2, Sep.tember 1972. 
H. M. Smith,Handbook of Li zards of The United States and of Canada, Comstock Publishing Company, Ithaca, N.Y., 1946. 
A. H. Wright and A. A. Wright, Handbook of Frogs and Toads of the United States and Canada, Comstock Publishing Company, Ithaca, N.Y., 1949. 
A. H. Wright and A. A. Wright, Handbook of Snakes of The United Statelland Canada, vols. I and II, Comstock Publishing Associates, Ithaca, N.Y., 1957. 
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Table B.10. Aquatic birds whole nestins or wintering ranses include the vicinity of the limerick sitea,b 

(Species sighted at the limerick site are indicated by an asterisk) 

S, summer; W, winter; Y, year-round 
A, abundant; VC, very common; FC, fairly common; RC, rather common; C, common; UC, uncommon; RV, regular visitor; R, rare 

Habitat preference 

Scientific and common names Time of Abundance 
residence Rivers Streams Ponds Marshes Swamps 

Riparian 
Urban Rural 

forests 

Casmerodius albus 
Common egret· S C Mud flats x x x 

Anas platyrhynchos 
Mallard· Y C x x x Grainfields 

Fulica americana 
American coot Y C x x x Fields 

Plegadis falcinellus 
European glossy ibis S UC Mud flats x x Wet 

fields t;7;l 

Butorides virescens I 
Vo) 

Green heron S C Slow Small x Wooded .... 
streams ponds 

Lophodytes cucullatus 
Hooded merganser W UC x x x 

Anas caroline sis 
Green-winged teal· W C x x x 

Aythya collaris 
Ring-necked duck W C x x x 

Oxyura jamaicensis 
Ruddy duck W C x x x 

Anas strepera 
Gadwall W UC x x x 

Charadrius vociferus 
Killdeer· Y VC Mud flats, Parks, JIields, 

bands lawns pastures 

Larus delawarenis 
Ring-billed gull W C x Refuse Fields 

dumps, 
cities 



Table B.IO (continued) 

Time 
Habitat preference 

Scientific and common names 
residence 

Abundance Riparian 
Rivers Streams Ponds Marshes Swamps 

forests 
Urban Rural 

Anasacuta 
Pintail W C x x Grainfields 

Aix sponsa 
Wood duck S C x x Wooded 

streams 
Megaceryle alcyon 

Belted kingfisher· Y C x x 
Bucephala albeola 

Bufflehead W C x x 
Mergus merganser 

Common merganser W C x x 
Anas rubripes 

Black duck· Y A x x t:d 
Actitis macularia I 

loU 
Spotted sandpiper S VC Streamsides x N 

Ardea herodias 
Great blue heron * C x x 

Gallinula chloropus 
Common gaUinuls, Florida gallinu S C Weedy x 

ponds 
Leucophoyx thula 

Snowy egret S C x x 
Aythya affinis 

Lesser scaup W A x x 
Mareca americana 

Baldpate, American widgeon W C x x 
Mareca penelope 

European widgeon W RV x x 
Nycticorax nycticorax 

Black-crowned night heron Y C x x 



Table B.10 (continued) 

Time 
Habitat preference 

Scientific and common names 
residence 

Abundance Riparian 
Rivers Streams Ponds Marshes Swamps 

forests 
Urban Rural 

Rallus elegans 
King rail Y C x x 

/xobrychus exilis 
Least bittern S C x x 

Nyctanassa violacea 
Yellow-crowned night heron S C x x 

Porzana carolina 
Sora S C x Wet 

meadows 
Branta canadensis 

Canada goose· W C x Grainfields 
Philohela minor 

American woodcock S RC Wet Moist b:I 

thickets woods I 
W 

x W 

Phalacrocorax auritus 
Double·crested cormorant Y C x 

Aythya marila 
Greater scaup W C x 

Bucephala clangula 
Common goldeneye W C x 

Larus philadelphia 
Bonaparte's gull W C x 

Podilymbus podiceps 
Pied-billed grebe Y FC Shallows 

Podiceps auritus 
Horned grebe W C x 

Botauruslentiginosus 
American bittern Y RC x 

Rallus limicola 
Virginia rail Y C x 



Scientific and common names 

Florida caerulea 
Little blue heron 

Porzana jaTI'IIJicensis 
Black rail 

Time 
residence 

S 

S 

Abundance 

C 

R 

Table B.10 (continued) 

Rivers Streams Ponds 

Habitat preference 

Marshes Swamps 

x 

Grassy 
edges 

Riparian 
forests 

a Aquatic birds that occur only in habitats not found at the Limerick site or along transmission line rights-of-way are not included. 
bSources: 

W. F. Blair, A. P. Blair, P. Brodkorb, F. R. Cagle, and G. A. Moore, Vertebrates of The United States, McGraw-Hill, New York, 1957. 

Urban 

H. H. Collins, Jr., Complete Field Guide to American Wildlife: East, Central and North, Murray Printing Company, Forage Village, Mass. 1959. 
The Riverside Press, Cambridge Mass. 1963. 
R. T. Peterson,A Field Guide to Western Birds. 2nd ed., Riverside Press, Cambridge Mass. 1961. 

Rural 

Philadelphia Electric Company, Applicant's Environmental Report - Construction Permit stage (Revised), Limerick Generation Station Units J and 2, May 
1972. 

Philadelphia Electric Company, Applicant's Environmental Report - Construction Permit stage (Revised), Limerick Generating Station Units J and 2, 
Supplement No.2, September 1972. 

C. S. Robbins, B. Brun and H. S. Zim, A Guide to Field Identification Birds of North America, Golden Press, New York, 1966. 
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Table B.ll. Land bhda (exdudina pelChing birds) whole nesting or wintering ran .. include the vicinity of the Limerick site a,b 
(Species li&h1ed at the Unierick lite are indicated by an asterilk) 

S,summer; W, winter; Y, year-round 
A, abundant; Fe, fairly common; e, common; LC,local1y common; ue, uncommon; R, rue 

Habitat preference 

ScIentific and common names 
TIme of 

Abundance Wetlands 
Forests 

relidence 
Riven Streams Marshes Urban Rural 

Seral 
Deciduous Riparian 

pine-oak 

Bubo 'iltinitl"", 
Great homed owl Y C Streamsides Openareu, x x x 

thickets 
Z_idunl mtlCf'OUrrI 

"oumina dove· Y C x Grau1ands, Open Open Open 
farmlands woods woods woods 

CoIiIpte,/luflltu, 
Yellow-shafted rucker· Y C x Farms, x x x 

open area, 
groves 

'" Melll"erpe' Nroli"u, I 
Red-beWed woodpecker Y ue x Groves x x x W 

IJ1 
Otullllio 

Screech owl Y C Towns, Grovel, x x Wooded 
shade orchards canyons 
trees 

Tyto/llbll 
Barn owl· Y UC x Farms, x x x 

fields, 
groves 

/H"drocopo' pubercefll 
Downy woodpecker· Y C Suburbs, Orchards x x 

shade 
trees 

IItilteo j/lmtliu"Ii, 
Red-tailed hawk· Y C Openareu x x x 

ButllO pllltypteru, 
Broad-winpd hawk S C Groves x x x 

Coccyzu, erytluoptMlmu, 
Black-billed cuckoo S C Thickets, Edges Edges Edgel 

groves 
OIprimuf6u, ,oei/NU' 

Whip-poor-will S C Oak x x Wooded 
thickets canyons 



Table B.11 (continued) 

Habitat preference 

Scientific and common names 
Time of 

Abundance Wetlands 
Forests 

residence 
Rivers Streams Marshes Urban Rural 

Seral 
Deciduous Riparian 

pine-oak 

Asio f/IImmeus 
Short-eared owl W LC Sloughs x Irrigated 

lands 
Chcmieiles minor 

Common niBhthawk, Booming niBhthawk· S C Open air Grasslands, Open 
over open air pine-
cities over woods 

country-
side 

Melanerpes erythrocephalus 
Red-headed woodpecker Y UC Towns, Farms, Open 

scaltered groves woods 
trees 

Falco spaTVerius 0:1 
Sparrow hawk· Y C Open Wooded I x W 

farmland streams (j\ 

Sphyrapiclls parius 
YeUo1f-bellied sapsucker· W C Orchards x x 

groves 
Accipiter'triatus 

SharJHhinned hawk Y FC x x x 
Dendrocopo' villoml 

Hairy woodpecker· Y FC x x x 
StriJc wuia 

Barred owl Y C x x Wooded 
river 
bottoms 

Accipiter cooperii 
Cooper'. hawk Y UC Open Open River 

woodlands woodlands groves 
Accipiter lenlili, 

Goshawk W UC-R x x x 
Alio 0111' 

LoIIJ-eared owl W LC x x WiDow 
thickets, 
river woods 

CirCll' cyaneu, 
Marahhawk* Y C x Fields, 

grassland. 



Table B.l i (continued) 

Habitat preference 

Scientific and IXImmon names 
Time of 

Abundance Wetlands 
Forests 

residence 
Rivers Streams Marshes Urban Rural 

Seral 
Deciduous Riparian 

pine-oak 

Butt!o "'IOPUs 
Rouah-leged ha1!Vk W UC x Open 

areas 
ColumN Iivill 

Rock dove, Domestic piseon- y C City x 
parks 

C#ult!tufrl pt!"'gica 
Chimmney swift- S C x Open 

areas 
Colinus virginillnus 

Bob-white- Y A Roadsides, Open 
brushy open pinelands 
country 

Dryoccopus pilt!lltus b:I 
Pileated woodpecker Y UC x x I 

W 
OIprimulgus cllfolint!n.is ....... 

Chuck-wiU's-widow S C Southeast x 
pinewoods 

Halillt!t!tuslt!ucoct!p/ullus 
Baldeaale W C x 

Caragyps atTatus 
Black vulture Y C Garbage, 

towns 

Archilochul colu "'il 
Ruby-throated hummingbird- s C Gardens 

At!80lius acadicus 
Saw-whet owl y C Groves, 

conifers 

OIthllftt!1 aUfrl 
Turkey vulture- y C Fields, 

roadsides 

PhDsiIlnul co/chicus 
Rilll-necked pheasant y C x 

Aquilo chrYllletol 
Golden eagle W R Grasslands 



Scilftdflc: anll oommoft IWMS 

.teo/IllHN' 
Red .... oulduecl hawk 

C«cyzu'tlmerlalnu, 
Yellow-bIDed cuckoo 

Time of 
rulcleftce 

Y 

s 

Abundance 

C 

C 

Table B.ll (continued) 

lfabllat preference 

Wetlancb 

Rivera Streama Marahea Urban Rural 

llLand blrcb that occur only In habllau not found at the Umerlck lite or &lona tranwlalion line r.htHlf·way are not included. 
·Sources: 

W. F. Blair, A. P. Blair, P. Brodkorb, F. R. Cqie, and G. A. Moore, V"tebrllte. 01 TIl, United Stllte •• McGraw·Hlll, New York, 1957. 

Sera! 
plne-oak 

H. H. Collin .. Jr., Complete Field Guide to Americtln Wildlile: &III. Centrill lind North. Murray printin, company, Forll' VillII', Man. 1959. 
R. T. "tenon, A Field Guide to the BiTd, 01 Teu, lind Ad/tIcent Stllte,. Riverlide Pre., Cambrldp Man., 1963. 
R. T. "tenon, A Field Guide to We,t"n BiTtb. lnd ed. Riveralde Pre., Cambridie Man., 1961. 

Foreata 

Deciduous 

I'IIiIadeIplUa Electric Company, Applictlnt', EnviTonmentJIl R,port - C01Iltruction Permit StllP (Revi,ed). Limerick Generlltion Stlltion Unit,} lind 2. May 1972. 

Riparian 

Molat 
woodlanda 

River 
thicke" 

l'IIlIadelphla Eiectric Company, Applicllnt', EnviTonmentJIl Report - Con'truction Permit Stille (Revilld). Limerick Generllting Stlltion Units J lind 2. Supplement 'No. 2. 
September 1972. 

C. S. Robbins. B. Brlln and H. S. ZIm, A Guide to Field ldenti/lclltion BiTd, 01 North Am"icll. Golden Pre., New York. 1966. 

t:xI 
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Table 8.12. Perching bbds whose nesting or wintering DJI8e8 include the vicinity of the limerick sitea,b 
(Species sighted at the Limerick site are indicated by an asterisk) 

S, summer; W, winter; Y, year-round 
A, abundant; LA,Iocally abundant; C, common; FC, fairly common; LC,loca1ly common; UC, uncommon; R, rare; IR, irregular 

Habitat preference 

Time of 
Scientific and common names residence Abundance Wetlands 

Forests 

Riven Streams Marshes Swamps 

Tludur milNtoriur 
Robin· Y C Streamsides 

Corvus bnlchyrhynchOl 
Common crow· Y A Banks 

Poru. ctU'O/inensi. 
Carolina chic:kadee· Y FC 

Sittll Ctlro/inensi. 
White-breasted nuthatch· Y C 

Poru.bicolor 
Tufted titmouse· Y C 

Oupodtlcu. _xiCtlnu. 
HOUle finch W A 

INndroicll COfOlllltll 
Myrtle warbler W C 

Pa.ure1J4 ilit/cil 
Fox sparrow W C 

Sit ttl cilnadensi. 
Red-breasted nuthatch W C 

Ptlfur IItricllpillu. 
Black -eapped chickadee· W C 

Vireo o/ivqceur 
Red-eyed vireo S A 

Spiu/hl ptI.urina 
Chipping sparrow· S C 

Urban 

Towns, 
lawns 

x 

Shade 
trees 

Shade 
trees 

x 

Gardens 

Parks, 
gardens 

Trees 

Gardens 

Shade 
trees 

x 

Rural 

Orchards, 
farmlands 

x 

Groves 

Groves 

Groves 

x 

Brush 

Groves 

Groves 

Groves 

Groves 

Farms, 
orchards, 
conifer
plantations 

Seral 
pine-oak 

Open 
woods 

x 

x 

x 

x 

Open 
woods 

x 

Woodland 
undergrowth 

x 

Edges, 
woods 

x 

Open 
woodlands 

Deciduous 

Open 
woods 

x 

x 

x 

x 

Open 
woods 

x 

Woodland 
undergrowth 

x 

Edges, 
woods 

x 

Open 
Woodlands 

Riparian 

Moist woods 

River 
groves 

x 

x 

x 

Canyons 

River 
thickets 

Woodland 
undergrowth 

x 

Edges, 
woods 

x 

Open 
woodlands 

to 
I 

W 
\0 



Table B.12 (continued) 

Habitat preference 

Scientific and common names 
Time of 

Abundance Wetlands 
Forests 

residence 
Rivers Streams Marshes Swamps Urban Rural 

Seral 
Deciduous Riparian 

pine-oak 

Pirtlnga rulwtl 
Summer tanager S C x Groves x x River 

groves 
Icterus galbulll 

Baltimore oriole· S C Shade Groves x x x 
trees 

Vireo gilvus 
Warbling vireo S C Shade Groves x x Poplars 

trees 
Hylocichlll mustelintl 

Wood thrush· S C Suburbs Shady x x x 
thickets 

1'roglodytesaedon 
House wren· S C Gardens Thickets, Open Open Open o;j 

brush woods woods woods I 
G~othlypis trichtls ~ 

0 
Maryland yellowthroat· S A Streamsides x x Wet 

thickets 
Dendroictl petechill 

Yellow warbler· S C Streamsides Suburban Orchards Willows, 
shrubs, poplars 
shade 
trees 

Hylocichlll gutttlttl 
Hermit thrush W C Parks Thickets x Forest 

floors 
Vireo [/IIvi!rons 

Yellow-throated vireo S UC Shade x x x 
trees 

Olrpodacus purpureus 
Purple finch W C Suburbs x x x 

ZonoITichill tllbicol/is 
White-throated sparrow· Y A Thickets Woodland Woodland Woodland 

undergrowth undergrowth undergrowth 
Cyonocitto cristoto 

Blue jay· Y C Groves, x x x 
farms 

Bombycillo cedrorus 
Cedar waxwing· Y IR Fruit Open Open Open 

trees, woods woods woods 
orchards 



Table B.12 (continued) 

Habitat preference 

Scientific and common names 
Time of 

Abundance Wetlanda 
Forests 

residence Seral 
Rivers Streams Manhes Swamps Urban Rural 

pine-oak 
Deciduous Riparian 

MyillfchuJ cfil/iluJ 
Great creasted flycatcher" S C Groves. x x x 

orchards 
COI/topus vircms 

Eastern wood pewee· S C Groves x x x 
MI/ioti"Q VQfill 

Black -and-white warbler S C Undergrowth x x x 
ItlfU/Q Q_ficQI/Q 

Parula warbler S C Groves x x x 
Del/droicQ dOmil/icQ 

Yellow-throated warbler S C Groves Open Open River 
woodlands woodlands forests 

Del/droicQ fUSCQ 

Black burnian warbler S C Groves x x x 
~ SeiulUs QurocQpillus 

Ovenbird· S C Thickets x x x .p-
I-" 

OPOfOfllis formams 
Kentucky warbler S C Woodlot x x x 

undergrowth 
SetophQgQ futidllQ 

American redstart" S C Groves x x x 
Helmitheros vefmivOfUS 

Worm-eating warbler S UC Woodlot x x x 
undergrowth 

Cefthill fQmiliQfis 
Brown creeper" W C Groves x x x 

Regulus SIllfQPtI 
Golden<rowned kinglet W C Thickets, x x x 

groves 
Regulus cQlendu/Q 

Ruby-crowned kinglet W C Thickets x x x 
SeiulUs motQci//Q 

Louisiana waterthrush S UC x Streamsides Wooded 
areas 

RipQrill fiPDfiIJ 
Bank swallow S LC x x Near 

water 
QuiS(oQlus quiS(°u/Q 

Common grackle" Y A Streams ides x Croplands 



Table B.12 (continued) 

Habitat preference 

Scientific and common names 
Time of 

Abundance Wetland. 
Forests 

residence Seral 
Riven Streams Marshes Swampl Urban Rural Deciduous Riparian 

pine-oak 

Mimu, poiytlollOI 
MocItin,bird • Y C x x Farms, 

roadsides 
SIIyom" phoebe 

Eastern phoebe- s C Streamside. x Farms, 
ro.dsides 

/cleritl v;,en, 
Yellow-breasted ch.t S FC Stream Thickets Willow 

tanlles thickets, 
moilt 
canyons 

Ate"'iu, phoeniceu, 
Red·win,ed blackbird- Y A x x Hay fields, 

cultiv.ted t;1;l 
lands I 

~ 
Melo,piz. mel0di4 N 

SoRB sparrow· y A x Gardens Roadsides 
thickets 

l'ipUo erytlsrophtlwllmus 
RufouHided towhee, Spotted towhee- Y C Suburbs, Brush, Forest 

citiel undefllowth edles 

EmpidofUIX v;'e,cen, 
Acadian ny catcher S C Open Open Wooded 

woods woods stre.ms 

PoIioptlill caerulell 
Blue ..... y patcatcher S C Open Oaks River 

mixed woods 
woods 

WlllOnill cltrinll 
Hooded warbler S C Woodland Woodland Woodland 

undeqrowth underJfowth undefllowth 

Trotlodyte, troriodyte, 
Winter wren W UC Woodland Woodland Woodland 

underbrush underbrush underbrush 

Perrochelidon py".honot. 
CliffswaUow S LC x Farms 

open to 
semiwooded 

Protonottuill cltrtll 
Prothonotary warbler S C x Wooded 

areas 



Scientific and common names 

St~/gidopt~fYX fu{icollis 
Roulh-wi"led swallow 

Mdospizil leorgi41111 
Swamp sparrow 

Hirundo fU,tiCil 
Barn swallow· 

a,tothorus pllltenJis 
Short-billed marsh wren 

lIInius ~xcubitCN 
Northern shrike 

Aamthis /IIImmell 
Common redpoll 

Empido1lllx tfllillii 
Traill's flycatcher 

Eupharu, cllfOlinu, 
Rusty blackbird 

Stumu, vUlflll'is 
Starlina· 

PlIsr~f dom~sticus 

House sparrow, Enllish sparrow· 
Ef~mophiJlIlI/~stris 

Horned lask 

1'hryothorus ludovicillnul 
Carolina wren 

Py"huloxill Cllfdi1llliis 
Cardinal· 

Time of Abundance 
residence 

S Fe 

W e 

S e 

S R 

W R 

W IR 

S e 

W Fe 

y A 

Y A 

Y e 

Y e 

y e 

Rivers 

x 

Table B.12 (continued) 

Wetlands 

Streams Marshes Swamps 

x Sedgy 
areas 

x 

Grassy 
areas 

x 

x 

x 

Wooded 
areas 

Habitat preference 

Urban Rural 

Roadsides 

Farms, 
fields 

Sedgy 
meadows 

Orchards 

Fields 

x Farms, 
open Ifoves, 
fields 

'x x 

Airports, Fields 
lolf 
courses 

x Woodlot 
thickets 

x Woodland 
edles, 
thickets 

Seral 
pine-oak 

Forests 

Deciduous Riparian 

WiDow 
thickets, 
canyons 

River 
Ifoves 

~ 
I 
~ 
W 



Table B.12 (continued) 

Habitat preference 

ScientifIC and I:Ommon names 
Time of 

Abundance Wetlands 
Forests 

residence Seral 
Rivers Streams Marshes Swamps Urban Rural 

pine-oak 
Deciduous Riparian 

Progn~ III bis 
Purple martin S LC )( )( 

IeUrus ,purius 
Orchard oriole S LC )( Fums, 

orchard 
edges 

T1uyomtln~s b~wickii 

Bewick's wren S UC Gardens Thickets 
DrndroiCQ pinus 

Pine warbler S C Pine )( 

woodlots 
Pinicol4 muclut" 

Pine grosbeak W LC Pine x 
woodlots t;d 

Spinus pinus I 
Pinelilkin W LC Pine x .&:-

woodlots 
.&:-

Spinis tri,tis 
American goldfInCh· Y C Orchards, River 

roadsides groves 

Mololhrus aler 
Brown-headed cowbird· S C Farms, River 

fields, groves 
barnyards 

Spizellll ar~~a 
Tree sparrow W C Weedy WiUow 

fields, thickets 
bushy areas 

Piranga olivacu 
Scarlet tanager S C x x 

C"vus oni/ragus 
Fish crow y LC )( 

Sturn~/1Il mtlgnJl 
Eastern meadowlark· y C Fields, 

meadows 

Spizella pusillll 
Field sparrow· Y C Brushy 

semiopen 
fields 



Scientific and common names 

iAniu& ludo~icionu& 
Logerhead shrike 

Tyrannus Iyrannus 
Easiern kingbird-

Dumelella carolinen&is 
Catbird-

Toxollomtl rufum 
Brown thsasher-

Vireo griseus 
White1lyed vireo 

Dendroica pensylvanica 
Chestnut-sided warbler 

Dendroica disco/CN 
Prairie warbler 

l'Il,serina cyanea 
Indigo bunting 

Ammodramus lII~antU/l'Um 
Grauhopper sparrow 

Sialio lioli, 
Eastern bluebird

Guiraca caerulea 
Blue gro.beak 

Ammospiza henslowii 
Hen.low·s sparrow 

Time of Abundance 
residence 

y UC 

S e 

S e 

S e 

S e 

S e 

S e 

S e 

S e 

S Fe 

S Fe 

S R 

Table B.12 (continued) 

Wetlands 

Rivers Streams Marshes Swamps Urban 

Habitat preference 

Rural 

Open 
country with 
lookout posts 

Farmlands, 
orchards, 
roadsides 

Undergrowth, 
brush 

Brushy 
areas 

Thickets, 
dense 
shrubs 

Brush, 
open second 
growth 

Semiopen 
brush 

Brushy 
places 

Hay meadows, 
grasslands 

Farmlands 

Brushy 
places, 
roadsides, 
thickets 

Weedy 
fields 

Seral 
pine-<lak 

Forests 

Deciduous Riparian 

b::I 
I 

.f!-
IJ1 



Scientific and common names 

Junco hyemtlli. 
Slate<olored junco· 

He.peripilOllll pespertinll 
Evenins grosbeak 

Pa"ercu/us IiIndwichen.is 
Savannah sparrow 

Pooecete. grrImineus 
Vesper sparrow 

Calcllrius lapponicus 
Lapland 101llIPur 

Time of Abundance 
residence 

W A 

W LA 

W C 

W FC 

W UC 

Table B.12 (continued) 

Habitat preference 

Wetlands 

Rivers Streams Marshes Swamps Urban Rural 

Brush. 
roadsides 

x 

Fields. 
meadows 

Hayfield •• 
grainfields, 
roadsides 

Fields 

"Perchins birds Ihal occur only in habitats nol found at the Limerick sile or alons transmiuion line rilhts-of-way are not included. 
bSources: 

W. F. Blair, A. P. Blair, P. Brodkorb, F. R. Cqle, and G. A. Moore, Vertebr"te. of the United Stlltes, McGraw-HiU, New York, 1957. 

Seral 
pine-oak 

H. H. Collins, Jr., Complete Field Guide to A mericlln Wildlife: EIISt, Centrlll, lind North, Murray Printing Company, Forase Village, Mass. 1959. 
R. T. Pelerson, A Field Guide to the Birds of Texlls lind Adjacent Stlltes, Riverside Prell, Cambridge Mall. 1963. 
R. T. Pelerson, A Field Guide to Western Birds, 2nd ed., Riverside Prell, Cambridge Mall. 1961. 

Forests 

Deciduous 

Philadelphia Electric Company, Applicllnt', Enpironmentlll Report - Construction Permit Stllge (Repueti), Limerick Generlltion Stlltion Units I and 2, May 1972. 

Riparian 

Philadelphia Electric Company, Applicllnt', Enpironmentlll Report - Comtruction Permit Stage (Repised), Limerick Generllting Stlltion Units 1 and 2, Supplement No.2, Seplember 
1972. 

S. Robbins, B. Brun and H. S. lim, A Guide to Field Identificlltion Bird, of North Americll, Golden Prell, New York, 1966. 

tf 
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Appendix C 

LIFE HISTORIES OF IMPORTANT FISH SPECIES 

Muskellunge (Esoz masquinongy) 

The range of the muskellunge extends from southwestern Ontario to 
western New Brunswick and south to northern Alabama. It has been 
widely introduced, often without success, outside its range. l ,2 

The muskellunge inhab its lakes, rivers, and streams 0 f low or moder
ate gradients and prefers clear water, sandy bottoms, and consider
able areas of aquatic vegetation. It requires extensive flooded 
areas for reproduction. l The preferred temperature of juveniles 
from laboratory experiments 3 is 24°C. 

Adult muskellunge l are usually 19 to 37 in. long and weigh 2 to 
12 lbs. Sexual maturity is reached between ages 3 and 5. Spawn
ing occurs from mid-April to late May at temperatures of 9.5 to 
l5.5°C (13°C optimum). Eggs are deposited indiscriminately over 
several hundred yards of shoreline in water 6 in. to 2.5 ft deep. 
Hatching occurs in 8 to 21 days at 21 to 12°C. In one study, only 
34% of the eggs found in lakes were fertile. Females from Wisconsin 
ranging in size from 35 to 46 in. produced 22,000 to 164,000 eggs 
per female. 2 

Common Shiner (Notropis cornutus) 

This shiner ranges from southern Alberta to Nova Scotia and south 
to Col~rado, Louisiana, and Virginia. l 

It prefers small, clear streams of moderate to high gradients with 
bottoms of sand, gravel, or bedrock. Adults prefer gravel bottoms 
for spawning, particularly where brush or other cover is present 
in pools.l 

Common shiners mature at ages 1 to 2 at lengths of 3 to 6 in. Males 
either construct nests or use those of other species, particularly 
the creek chub. Spawning has been reported at water temperatures 
from 14.5 to 25.5°C, and males guard the nests following spawning.2 

This shiner is known to feed on algae, rotifers, microcrustacea, 
and insects. 2 

C-l 
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Spottail Shiner (NotPOpis hudsonius) 

This shiner is found from Alberta to Quebec and south along the 
Atlantic coast to Georgia and in the Mississippi Valley to Missouri 
and Kans as • 1 , 2 

The spottail shiner prefers clear waters with a bottom of sand or 
gravel. Its decrease in certain Ohio waters is attributed to in
creased silting and turbidity.l 

Spottail shiners l ,2 mature at ages 1 to 2 at lengths of 3 to 5 in. 
They reportedly spawn in closely packed groups, with no evidence 
of nesting. 2 

Young spot tails up to 10 mm eat mainly rotifers and algae; up to 
70 mm, microcrustacea (zooplankton); larger shiners eat insect 
larvae, zooplankton, fingernail clams, fish eggs, and small 
shiners .2 

Swallowtail Shiner (Notropis proane) 

The swallowtail shiner is found from the Delaware and Susquehanna 
watersheds south to the James River drainage in Virginia. 4 

It reportedly prefers sandy streams.4 L~rge individuals may reach 
a length of 3 in. 2 

Spawning occurs in June and July in New York, in shallow riffle 
areas over fine gravel and sand. Males guard nesting territories, 
but nests are not constructed. 2 

Food habits are largely unknown. 

Spotfin Shiner (Notropis spiZopteZ'US) 

The range of the spotfin shiner extends from eastern North Dakota 
to Lake Champlain and south to Missouri and the Potomac River.l,z 

It is tolerant of a wide variety of habitats,.occurring in greatest 
abundance in streams of low or moderate gradients. It may be the 
most numerous shiner in turbid or polluted waters or where consid
erable siltation occurs. It may be present in large numbers among 
aquatic vegetation. l 

Sexual maturity is usually reached at age 1 and lengths of 2 to 4 in. 
Spawning occurs in June in Maryland and June to late August in New 
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York. Eggs are attached to the undersides of solid objects, usually 
in clusters. 1 ,2 

The food of adults consists mainly of aquatic insects, but terres
trial insects and seeds were also important in Kentucky and Iowa. 2 

Brown Bullhead (IataZurus nebuZosus) 

This bullhead originally ranged from Saskatchewan to Nova Scotia 
and south to Mississippi and Florida. 1 It has been widely intro
duced elsewhere. S 

Brown bullheads are primarily inhabitants of warmwater ponds, 
impoundments, lakes, and sluggish streams. Deep, clear, weedy 
water is preferred, over a variety of bottom types (sand, gravel, 
or muck). Adults inhabit the deeper areas of the littoral zone 
in lakes but enter shallow areas to feed and spawn. Young are 
found closer to shore. 1 ,s 

Adults 1 are typically 4.5 to 12 in. in length and weigh 1 to 15 oz. 
Sexual maturity is normally reached at age 3. Water temperatures 
near 70°F (21.1°C) are preferred for spawning. Nests are con
structed in shady areas, usually near a submerged log, stump, 
etc., by both parents. The depth of the nesting site and the 
bottom type on which it is constructed may vary considerably. 
Post-spawning care may be by both parents or one parent alone. 
Eggs reportedly hatch in 5 to 9 days at temperatures from 77° 
to 69°F (25.0° to 20.6°C). Females from 8 to 13 in. in length 
lay from 2000 to 13,000 eggs. S 

Bluegill (Lepomis macrochirus) 

Bluegill were originally found from Minnesota to New York, south 
through the Great Lakes and Mississippi drainages to the Gulf of 
Mexico, northeastern Mexico, and ~lorida, and up the coastal area 
to North Carolina. Widespread introductions have been made in 
North America, Europe, and Africa. 

The largest populations occur in clear, non-flowing waters over a 
variety of bottom types. In heavily vegetated areas, this species, 
like the pumpkinseed and yellow perch, may become too numerous, 
resulting in a stunted population. 1 ,S Little feeding and essen
tially no growth occurs below 10 to 13°C. The preferred tempera
ture of juveniles in laboratory experiments 2 ,3 is reported to be 
32.3°C. 
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Adults are usually 3.5 to 10 in. long. 1 Sexual maturity is reached 
at ages 1 to 2. Spawning occurs throughout most of the growing 
season (May to September in Illinois), when water temperatures are 
normally between 22 and 27°C. Males build nests over a variety of 
bottom types, mainly fine gravel, and water depths. The nest is 
guarded by the male after spawning. Incubation time ranges from 
32 to 71 hours at water temperatures from 27.3°C to 22.6°C. Fry 
are approximately 4 mm long at hatching and do not leave the nest 
until 4 days later. A 6-in. female carries about 14,000 eggs, but 
since spawning may occur more than once, the actual number produced 
is generally much higher. 2 

At a length of 10 to 12 mm, the young bluegills take up a planktonic 
existence in the upper 3 m of the water body, remaining for 6 to 
7 weeks while feeding on zooplankton. Copepods and Bosrrrina spp. 
were preferred over Daphnia spp. As the bluegills grow in size, 
larger items, such as insect larvae and amphipods, are added to 
the diet. Adult bluegills feed mainly on aquatic insects, small 
crayfish, and small fish.2 

Redbreast Sunfish (Lepomis auritus) 

The redbreast ranges from Maine to Texas in waters tributary to the 
Atlantic and Gulf of Mexico. It reportedly is found under a wide 
variety of environmental conditions from headwater streams to 
estuaries. At low winter temperatures, the redbreas t (and many 
other species) forms hibernating schools in deeper, slower reaches. 6 

Adul ts may reach 10 in. in length. Sexual mat uri ty occurs at lengths 
of 3 to 4 in. at ages 2 to 3. Spawning occurs from June to August 
in NEW York. Nesting behavior is similar to that of the bluegill 
and green sunfish. 6 

Insects are reported to be the major food item. 6 

Green Sunfish (Lepo1l'fi,s cyan.e'l:Lus) 

This species was originally found from South Dakota th rough the 
southern Great Lakes drainage to western New York and south to New 
Mexico, Texas, and western Florida. It has been widely introduced 
outside its original range, often unintentionally.I,S 

It generally inhabits small streams of low to moderate gradients, 
as well as ponds, impoundments, and natural lakes. Larges t popu
lations occur when there is little competition from other sunfish 
'pecies. Green sunfish rarely become large enough to rate as a 
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desirable panfish. They often overpopulate a water body, compet
ing with more desirable game species for food and living space. 
The green sunfish is reportedly more tolerant to turbidity and 
siltation than most other sunfish species. 1 ,s 

Adults are generally 3 to 8 in. long. Sexual maturity is reached 
at ages 1 to 2. Spawning occurs from May to August (Illinois), 
when water temperatures are between 20 to 26°C. Nesting habits 
are similar to the bluegill. Males build nests over a variety of 
bottom types, mainly fine gravel, and water depths. The nest is 
guarded by the male after spawning. Incubation time varies from 
29 to 50 hr at water temperatures from 27.6 to 23.8°C. Fry are 
approximately 4.5 mm long at hatching and remain in the nest for 
several days after. 6 

The green sunfish has a relatively large mouth and tends to con
sume larger food items than other sunfishes, particularly consum
ing juvenile fishes. Other foods include fish elgs and fry, 
terrestrial and aquatic insects, and crayfish.S, 

Pumpkinseed (Lepomis gibbosus) 

This DIemer of the sunfish family was originally found in southern 
Canada, the upper Mississippi River system, the Great Lakes region, 
and along the Atlantic Coast to Georgia. It has also been widely 
introduced elsewhere. l ,2 

Habitat preferences are similar to the bluegill's, except that 
dense growths of aquatic vegetation are preferred. It reportedly 
does not overpopulate a lake as easily as the bluegill, because 
of a dietary preference for a greater fraction of small fish, 
including its own young. l The preferred temperature of juveniles 
in laboratory experiments 3 was 3l.5°C. 

Adults are usually 2.5 to 10 in. 10ng. 1 Sexual maturity is reached 
at ages 1 to 2. Spawning takes place from May to August. 2 Nest 
building s tarts when water teq>eratures reach 15°C. Details of 
reproduction are similar to the bluegill. Incubation time is 
about 3 days at 28°C. Fry at hatching are 3 mm long. A 5-in. 
long female produces an average of 22,000 eggs. 2 

Pumpkinseeds feed mos tly on insects, crus taceans, and snails. 
Larger pumpkinseeds take a greater proportion of small fish.2 
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Largemouth Bass (~oPOpterus saZmoides) 

The range of the largemouth bass extends from South Dakota to 
southern Ontario and south to Florida, the Gulf States, and north
eastern Mexico. It has been widely introduced elsewhere. 1 

It predominates in clear, weedy, non-flowing waters. The preferred 
temperature of juveniles in laboratory experiments 3 was reported to 
be 30 to 32°C. 

Adults are generally 10 to 20 in. 10ng. 1 Sexual maturity occurs 
normally at age 2. Nesting begins when water temperatures reach 
about 60°F (15.6°C). Nests are constructed in sand, gravel, roots, 
or vegetation at a median depth of 30 in. Eggs hatch in 2 to 5 days 
at temperatures between 72° and 66°F (21.7° and l8.9°C). Fry remain 
in or near the nest for 8 to 13 days. Males guard the eggs and fry. 
Egg production reportedly varies from 2000 to 94,000 eggs per female, 
depending on age, weight, and length. S 

Fry consume zooplankton, mainly cyoZops and Daphnia spp. As they 
grow larger, fry add insect larvae to their diet. Adults eat mostly 
fish; other food items are worms, mussels, frogs, crayfish, snails, 
and large insects. Typical fishes in the diet are bluegills, yellow 
perch, and other sunfishes; threadfin shad, golden shiners, and other 
minnows; bullheads; darters; and small basses. 5 

Smallmouth Bass (MioPOpterus doZomieu) 

The smallmouth bass was originally found from Minnesota through 
the Great Lakes to Quebec and south to northern Alabama and eastern 
Oklahoma. It has been often successfully introduced outside this 
range. 1 ,4 

The largest populations are found in large, clear lakes and cool 
streams of moderate-to-high gradient which have bottoms of gravel, 
boulder, or bedrock. 1 ,s The preferred temperature of juveniles 
in laboratory experiments 3 was reported to be 28°C. 

Adults are generally 10 to 18 in. in length. l Sexual maturity 
occurs at ages 3 to 4. Nesting begins when water temperatures 
reach 40 to 60°F (4.4 to l5.6°C). The male constructs a dish
shaped nest (as other sunfishes do) on sand, gravel, or rocks in 
water 10 in. to 12 ft deep. Spawning takes place at temperatures 
from 58° to 70°F (14.4° to 2l.l 0 C). Hatchlings remain in the nest 
for 3 to 4 days. The male guards the yooog ootil the fry are about 
1 in. long. A 15- to l7-in. long female may contain 7000 to 21,000 
eggs. S 
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Smallmouth fry consume mainly zooplankton. Young fish 1 to 2 in. 
long eat mainly insects and small fish. Adults prefer crayfish, 
fish, and insects. Fishes consumed include young pickerel, yellow 
perch, sunfish, chubs, shiners, suckers, and their own young. 5 
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COOLING TOWER CALCULATIONS 

In the plume from a natural-draft cooling tower, there are both 
sensible heat and latent heat. Ordinarily only the sensible heat 
of the plume is considered in plume rise calculations. However, 
when large amounts of water vapor are involved, neglect of the 
effect of latent heat released from condensation on plume rise may 
cause a considerable error. Hanna 1 has presented an analytical 
method of determining the final plume rise which includes the effect 
of condensation in the plume. 

According to Briggs,2 the final rise, H, of plumes dominated by 
buoyancy in a stable atmosphere can be estimated by 

H 2.9(F /Us)1/3 
o 

calm (D-I) 

windy (D-2) 

where U is the wind speed, s is the stability parameter (g/Tp)(aee / 

az), and F is the initial flux of buoyancy (g/T )w 2(T - T ). o P 0 po eo 

The variables G, T, e, w , and R are the acceleration of gravity, 
temperature, potential t~mperatu~e, and initial vertical speed and 
radius of the plume. In all that follows in this subsection, the 
subscripts p, e, 0, and s represent plume, environment, initial, 
and saturation variables, respectively. 

If there is excess water vapor in the plume, or if some of the 
excess vapor in the plume condenses, the buoyancy flux in the plume 
can be greater than the flux due only to the temperature excess at 
the tower opening. Hanna 1 gives the total possible initial buoyancy 
flux to be used in Eqs. (D-I) and (D-2) as 

F =gwR 2 
000 

T 
po 

T po 

D-I 

[
O'6~ 

c T p po 

(no con- J densation) 
(complete 

conden
sation) 

(D-3) 
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where q is the specific humidity, L is the latent heat of vapori
zation, and c is the specific heat of dry air. Hanna l defines a 
dimensionlessPparameter A, the fraction of the initial water flux 
Qo that is condensed at any level, as 

where Qs is the flux of water at level z that is necessary to sat
urate the initial and entrained air. 

Using the above formulas it is possible to calculate the final rise 
of plumes whose initial water vapor content is not completely con
densed. One makes a first estimate of plume rise, HI, based on 
Eq. (D-3) without including latent heat. The fraction A of the initial 
water that is condensed at HI is calculated from Eq. (0-4). The 
calculated value of A is then multiplied by the total possible 
latent heat flux, and the result is added to the buoyancy flux term 
in Eq. (D-3). The new buoyancy flux is used to calculate the second 
estimate, H2 , of the plume rise. The iterative procedure is re
peated until the plume rise, H, and the fraction of initial water 
is condensed, A, approach constants. 

The most important factor controlling diffusion is the thermal sta
bility of the atmosphere. The atmosphere is classified as stable, 
natural, or unstable, depending upon whether the temperature de
creases less with altitude than the adiabatic rate (stable) or more 
than the adiabatic rate (unstable). The adiabatic rate is the rate 
at which air would cool if it were lifted to higher elevations and 
allowed to cool because of the lower pressure. Stable conditions 
inhibit diffusion; unstable conditions enhance it. 

The mathematical relationship describing the plume centerline ground 
level concentrations, X, normalized to the total water flux, Qo' 
and referred to as the Gaussian plume model, is given by 

X I -- -------------~~~~~~~ Q ~o a U exp [1/2(h2 /a 2)] 
o y z z 

(0-5) 
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where X is the downwind concentration, h is the tower height plus 
the plume rise, Oy is the standard deviation of the concentration 
distribution horizontally, and Oz is the standard deviation of the 
concentration distribution vertically across the plume at the dis
tance x downwind of the tower. 

The values of 0y and Oz have been determined empirically as a func
tion of stability and downwind distance. The values used in this 
analysis are shown in Figs. 0.1 and 0.2. Both 0 and Oz may vary 
with the turbulent structure of the atmosphere, height above the 
surface, surface roughness, sampling time over which the concentra
tion is to be estimated, wind speed, and distance from the source. 
They are applicable to the first 1640 ft (500 meters) of the at
mosphere and a surface roughness of relatively open country. The 
turbulent structure of the atmosphere and wind speed are considered 
in the stability classes presented in Table D.2, and the effect of 
distance from the source is considered in the graphs determining 
the parameter values (Figs. 0.1 and 0.2). Class A is the most un
stable class considered, and class F is the most stable. 
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Table D.la. Cooling tower performance - one tower 

Flow (circulating and service water) 
Wet bulb temperature 
Relative humidity 
Dry bulb temperature 

Entering 
Leaving 

Duty 
Airflow 
Evaporation 
Blowdown 
Assumed parameters 

Drift 

Exit plume temp. 
Exit dry air density 
Exit vertical plume speed 

476,600gpm 
75°F 
66% 
-85°F 
122.3°F 
88.9"F 
7.9 X 109 Btu/hr 
2,885,030 lb dry air/min 
12,650 gpm 
4,500gpm 

14.3 gpm 
(0.003% of 476,600 gpm) 
112°F 
0.0658 Ib./ft3 

19.3 fps 
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Table D.lb. Cooling tower dimensions and materials 

Number of towers 
Type 
Shell 

Height 
Diameter 

Base 
Throat 
Top 

Material 
Fill 

Height 
Diameter 
Material 

Support 
Spacers 
Splash bars 

Basin 
Height 
Diameter 
Capacity 

2 (1 per unit) 
Natural draft hyperbolic with crossfl~w fill 

507.5 ft 

372 ft 
201 ft 
219 ft 
Reinforced concrete 

69 ft 
486 ft 

Reinforced concrete 
Glass reinforced polyester 
Asbestos cement board 

6ft 
486 ft 
7.2 X 106 gal 
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Table D.2. Key to stability claslesa 

Surface wind Oay Night 

speed (at 10 m) Incoming solar radiation Thinly overcast 
<.3/8 

(m/sec) Strong Moderate Slight 
or 

Cloud 
;;.4/8 low cloud 

<2 A A-B B 
2-3 A-B B C E F 
3-5 B B-C C 0 E 
5-6 C C-D 0 0 D 
>6 C 0 0 D 0 

The neutral class "D" should be assumed for overcast conditions during day 
or night. 

aThe relationship between the Smith-Singer turbulence classification and 
the Pasquill stability classification is shown below: 

Smith-8inger PuquiU 
c .... c:Iua 

II B&C 
III A 
IV D 
V F&G 
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Table D.3. Chester County climatological summary 1931-1960" 

Temperature data Precipitation data 

Mean number of daysc Mean 

Mean temperature (' F)b Mean degree Max temp Min 
precipitation 

{in.)b Mean days of 
days, b based Month Daily Daily 

Monthly 90"F 32°F temp 
Snow 

0.1 in. or more 
min on 6S'F and 32"F precipitation max and Rain and 

above below and 
sleet below 

Jan. 40.9 23.7 32.3 1023 5 26 3.34 5.9 6 
Feb. 42.1 23.1 32.9 857 3 23 2.85 7.4 6 
Mar. 51.0 30.2 40.6 784 1 20 4.13 5.5 8 
Apr. 63.3 39.9 51.9 364 4 3.48 0.4 8 
May 74.1 50.2 62.3 147 1 4.15 7 
June 82.7 59.0 71.0 23 5 4.00 7 
July 87.2 63.8 75.6 1 11 4.49 6 
Aug. 84.9 61.3 73.3 4 7 5.07 7 
Sept. 78.3 55.0 66.7 73 2 3.61 5 
Oct; 67.5 43.9 55.8 309 4 3.18 0.2 5 
Nov. 54.8 34.2 44.7 640 15 3.73 1.4 6 
Dec. 42.8 25.1 34.1 955 5 23 3.39 4.3 6 

Year 64.1 42.5 ~3.4 5180 26 14 115 45.42 25.1 77 

(iModification of Chester County Planning Commission's tabulation from United States Weather Bureau's 
official records (averages from three stations: Coatesville, Phoenixville, and West Chester). 

b30 years of record. 
clO years of record. 
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Table D.4. Relative humidity and wind conditions recorded at Philadelphia International Airport 

17 years of record 

Wind 
Relative humidity (%) 

Fastest mile 
Month lAM 7 AM 1 PM 7 PM Mean 

Prevailing 
EST EST EST EST speed 

direction Speed 
Direction Year (mph) (mph) 

Jan. 75 77 60 68 10.3 WNW 51 NW 1956 

Feb. 72 75 56 65 11.0 NW 59 NW 1956 

Mar. 72 74 52 61 11.6 WNW 56 NW 1955 

Apr. 74 73 48 59 ILl SW 55 W 1952 
May 79 75 51 62 9.6 WSW 56 SW 1957 

June 82 77 52 64 8.9 SW 46 W 1948 

July 83 78 51 64 8.2 WSW 47 NNW 1954 

Aug. 84 81 54 68 7.8 SW 67 E 1955 

Sept. 84 83 52 70 82 SW 47 NE 1956 

Oct. 82 83 52 70 8.9 SW 66 SSW 1954 

Nov. 77 80 55 68 9.7 WNW 56 SW 1957 

Dec. 75 77 58 69 10.1 NWN 45 N 1953 

Year 78 78 53 66 9.6 SW 

Tabulation by Chester County Planning Commission from U.S. Weather Bureau official records 
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Table D.S. Percentage frequency of turbulence classes, Peach Bottom 
weather station No.2, Location W·6 (nominal 320-ft level, el. 688 ft MSL) 

Period: August 1967-July 1971 

Month 
Frequency (%) of specified turbulence class 

Class I Class II Class III Class IV Class V 

Jan. 48 14 36 

Feb. <1 47 1 21 29 

Mar. 1 48 2 21 29 

Apr. 54 3 13 27 

May 1 54 4 10 30 

June 1 59 4 6 28 

July 2 51 4 7 35 

Aug. 1 47 4 4 42 

Sept. 2 46 3 8 41 

Oct 46 2 11 38 

Nov. 43 16 39 

Dec. 1 49 19 29 

Annual 49 3 13 34 
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Table D.6. Relation between lapse rates and turbulence classes, 
Peach Bottom Atomic Power Station 

Period: August 1967-July 1971 

Turbulence Weather station No.2 
class temperature difference, T320 - T75 (Fo) 

0.4 0.6 0.2 <0.1 0.0 <0.1 <0.1 0.0 

II 8.6 33.0 6.5 1.4 0.4 0.2 0.1 0.1 

III 1.1 1.6 0.2 0.1 <0.1 <0.1 0.0 <0.1 

IV 0.3 8.3 2.8 0.5 0.1 <0.1 <0.1 0.0 

V 0.3 7.0 10.6 4.9 3.7 2.3 1.9 2.9 



Turbulence 
class 

II 

III 

IV 

V 

All classes 
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Table D.7. Percentage frequency of wind speeds, Peach Bottom weather station No.2, 
location W-6 (nominal 32()'ft level, el. 688 ft MSL) 

Period: August 1967-July 1971 

Frequency (%) of winds of specified speeds 

1-3 mph 4-7 mph 8-12 mph 13-18 mph 19+ mph 

0.5 0.2 0.1 0.0 0.0 

1.1 6.1 13.0 17.2 10.4 

0.6 0.3 0.6 0.1 0.0 

0.0 0.1 2.1 7.8 9.4 

3.2 6.9 10.2 8.5 0.8 

5.3 13.7 26.0 33.6 20.5 

All speeds 

0.7 
47.7 

1.7 

19.4 

29.6 

0.9 

100.0 
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Table 0.8. Visibility as a function 
of liquid water content 

Visibility 
(miles) 

1/16 
1/4 

1/2 

3/4 
1 

3 

6 
9 

Liquid water content 
(lb of water per Ib of dry air) 

0.000053 
0.000026 
0.000013 

0.0000090 

0.0000070 
0.0000026 

0.0000014 

0.0000010 
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Fig. D.3. Six-month wind rose (1971), Limerick weather station 
No.1; location W-11 (temporary pole), nominal 30-ft level, el. 280 
MSL. Shaded areas show percentage of time that wind comes from each 
10 0 sector, during all hours for which data are available. 
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THE CHEMISTRY OF CHLORINE IN FRESH WATER 

Chlorine is a very effective biocide, and for this reason, it is 
used extensively in the treatment of cooling and process water to 
prevent the fouling by aquatic growth of heat exchanger surface 
and other piping in both fossil- and nuclear-fueled power plants. 
However, this high level of toxicity to aquatic organisms makes 
chlorine a hazard to biota in the bodies of water which receive 
plant effluents. 

There is some confusion about the use of the word chlorine in water 
treatment, and because of the possible adverse impact of chlorine 
and compounds containing chlorine on aquatic environments, the 
staff has prepared this brief outline of the chemistry of chlorine 
in fresh water. 

The extensive use of chlorine for treatment of water supplies began 
in the 1940's, and Griffinl has compiled a bibliography of the work 
published between 1939 and 1952. 

Fair et al. 2 have summarized the work done on the chemistry of 
chlorine in fresh water prior to 1948. Draley 3 has again reviewed 
the problem recently. 

In the literature on water treatment, the terms used to describe 
the reaction products of chlorine and water are often not well de
fined. To avoid any confusion, the definitions of these terms are 
listed: 

(a) Free Chlorine (Free Available Chlorine, Free Residual Chlorine) 

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

(b) Combined Chlorine (Combined Available Chlorine) 

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

(c) Active Chlorine (Total Residual Chlorine or Total Available 
Chlorine) 

The sum of the free chlorine (free available chlorine) and the com
bined chlorine (combined available chlorine). The words "active" 
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and "available" refer to biological activity and availability. The 
amount of this "active chlorine" is determined by the amount of 
iodine released from potassium iodide in acid solution. 

(d) Chlorine Demand 

The amount of chlorine consumed in reaction with the oxidizable 
compounds in water. The term is used when referring to the differ
ence between the amount of chlorine added to the water and the 
free available chlorine remaining after a particular period of 
contact. 

When elemental chlorine dissolves in water, the chlorine undergoes 
rapid hydrolysis to produce hypochlorous and hydrochloric acids. 

(1) 

The hydrolysis is virtually complete in most natural waters. If, 
however, the pH is below 3 or the chlorine concentration is of the 
order of 1,000 ppm, there will be a measurable concentration of 
molecular chlorine at equilibrium. The full oxidizing capacity of 
ClZ is retained in the hydrolysis product HOCl. For the reaction 
as written, one chlorine atom is reduced to a chloride ion while 
the chlorine atom in HOC1 is oxidized to +1. 

HOCl partially ionizes in water to give 

(2) 

and 

where the brackets represent molecular concentrations. At a given 
temperature, the ratio of hypochlorite ion to hypochlorous acid is 
a function of the hydrogen ion concentration or pH. At pH - 7, and 
a temperature of 20°C, the equilibrium ratio is 75% HOC1_and 25% 
OC1-. At pH • 8, the ratio becomes 25% HOC1 and 75% OC1 • 
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When a hypochlorite salt such as sodium hypochlorite (NaOCl) is 
dissolved in water, the hypochlorite ion is rapidly hydrolyzed to 
give a basic solution. 

(3) 

When ammonia or ammonium ions are present in water, hypochlorous 
acid will react with them to give a series of substitution products 
known as chloramines: 

(4) 

(5) 

Sodium hypochlorite will also react with ammonia to give monochlor
amine: 

(6) 

At a fixed temperature, the ratio of monochloramine to dichloramine 
depends on the concentration of ammonia present and on the pH. 

(7) 

Fair et al. 2 have determined the equilibrium constant for reaction 
(7). They have also calculated the relative amounts of the two 
chloramines as a function of pH with a fixed mole ratio of Cl/N = 2. 

.E!! 

5 
7 
9 

% dichloramine 

84 
35 
6 
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If excess chlorine is added, the chloramines decompose with the 
overall reaction 

3C12 + 2NH3 + N2 + 6HCl • 

With a chlorine-to-ammonia-nitrogen mole ratio of 3, the reaction 
should be complete with no remaining residual chlorine. This is 
commonly known as the breakpoint. That is, for Cl/N < 3, the re
action products will contain a mixture of mono- and dichloramines. 
For Cl/N > 3, the excess chlorine should remain as hypochlorous 
acid. 

In actual practice, a clear breakpoint is not found. Pulham4 has 
shown that when water contains organic amines in addition to am
monia, chloramines can co-exist in solution with free chlorine. 
This situation is explained in Fig. E.l. 

Draley,3 using previously reported equilibrium constants, calcu
lated equilibrium concentrations of the reaction products of equa
tions (1), (2), (4), (5), and (7). The calculations do not take 
into account possible decomposition of chlorine compounds or the 
effects of organic amines or other reactive compounds that may be 
present in natural water. 

Because of the toxicity of low chlorine levels to aquatic life, ana
lytical methods must be devised that give reliable results. Unfor
tunately this is not the case. Lishka et al. 5 have analyzed the 
results from 32 laboratories that used eight analytical methods. 
The results are shown in Table E.l. 

Two obvious conclusions can be drawn from Table E.l. The first is 
that the sensitivity and accuracy of the present analytical methods 
are unsatisfactory for determination of low residual chlorine levels. 
Second, there is a need for reliable analytical methods and instru
ments so that residual chlorine can be monitored on a routine 
continuous basis down to concentrations of 0.01 ppm. 
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Table E.l. Precision and accuracy data for residual chlorine methods 
based upon determination by several laboratories 

Residual chlorine Relative 
concentration Number of standard Relative 

laboratories deviation 
error 

Free Total (%) Method 
Vlg/liter) Vlg/liter) (%) 

Iodometric 840 32 27.0 23.6 
640 30 32.4 18.5 

1830 32 23.6 16.7 

Amperometric 800 23 42.3 25.0 
640 24 24.8 8.5 

1830 24 12.5 8.8 

Orthotolidine 800 15 64.6 42.5 
640 17 37.3 20.2 

1830 18 31.9 41.4 

Orthotolidine- 800 20 52.4 42.3 
arsenite 640 21 28.0 14.2 

1830 23 35.0 49.6 

Stabilized 800 15 34.7 12.8 
neutral 640 16 8.0 2.0 
orthotolidine 1830 17 26.1 12.4 

FerrousDPD 800 19 39.8 19.8 
640 19 19.2 8.1 

1830 19 9.4 4.3 

Leuco crystal 800 17 32.7 7.1 
violet 640 17 34.4 0.9 

1830 18 32.4 18.6 

Methyl orange 800 26 43.0 22.0 
640 26 30.1 14.2 

1830 26 19.9 7.2 
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Appendix F 

SOURCES OF POTENTIAL BIOLOGICAL DAMAGE 
FROM CONDENSER COOLING SYSTEMS 

This section presents pertinent environmental information related 
to predicting the effects of plant operation. There are seven prin
cipal sources of potential direct biological damage from operation 
of a condenser cooling system (and an eighth, their combined effects): 

1. Temperature increases from the warm cooling water, causing both 
direct effects and indirect effects (metabolism, growth, disease, 
predation, etc.). 

2. Mechanical and pressure changes that damage small organisms pass
ing through pumps and condenser tubing. 

3. Impingement on intake screens of large organisms, principally 
fish, drawn into the cooling-water intake. 

Entrainment refers to the combined effects of impingement, tempera
ture increases, and mechanical (and pressure) changes on small or
ganisms (plankton, small fish) which pass through the intake screens. 
The magnitude of the entrainment problem is determined principally 
by the abundance of suspended small organisms and the percentage of 
the water body (or flow) that is pumped through the plant. The or
ganisms that pass through the intake screens are expected to suffer 
100% mortality in a closed-cycle system. 

4. Chemicals used as biocides (usually chlorine) to remove slimes 
from the condenser tubing and perhaps other chemicals released 
to the cooling water from a variety of plant operations, all of 
which may be toxic to aquatic life. 

5. Reduction of dissolved oxygen in water passed through the power 
plant or, more likely, in the water body as a result of increased 
biochemical oxygen demand at warmer water temperatures. 

6. Induced circulation of a water body, both in the local area of 
the discharge (which may influence migrations) and in the wider 
range of the water body (changing normal seasonal patterns). 

7. Radiation, derived largely from radioactive nuclides taken up 
by terrestrial and aquatic organisms, which could potentially 
induce radiation damage if concentrations of the nuclides were 
sufficiently high. 

F-l 
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8. Combinations of the above, which may cause effects greater 
than the sum of individual effects (synergism). 

Construction activities add additional sources of biological damage. 
Destruction of wildlife habitat and silting of nearby water bodies 
may result during construction. Drift from the cooling towers may 
alter the terrestrial communities in the immediate vicinity of the 
cooling towers. 

F.l THERMAL EFFECTS 

Temperature is a particularly important factor governing the occur
rence and behavior of organisms. It not only affects the distribu
tion of a single species but also may modify the species composition 
of a community or an ecosystem. Generally, tropical and subtropical 
species are more stenothermal (tolerant of only a narrow range of 
temperatures) than those of higher latitudes, and marine forms are 
more stenothermal than freshwater or estuarine ones. l In this con
nection, Naylor2 noted that estuarine species were more tolerant 
of heated effluents than were marine forms and concluded that some 
cold-water stenothermal species may be eliminated by heated dis
charges while eurythermal (tolerant of a wide range of temperatures) 
species may be increased. 

Pelagic forms are most susceptible to temperature fluctuations re
sulting from power plant operations since they are dependent upon 
water currents for much of their movement. Larger, motile organisms 
are usually able to find and remain in areas near their preferred 
temperature unless trapped in shallow or enclosed areas or forced 
to migrate through thermally altered zones. Many organisms have 
restricted ranges of temperature within which they can reproduce 
successfully.l Larval development also requires narrow ranges of 
temperature. 3 For these reasons, many species may exist in exces
sively heated areas only by continued recruitment from the outside. 
Fish may be absent from such areas during warm summer months and 
present in cold winter months. In some locations, populations of 
widely heat-tolerant species may replace stenothermal species. 

F.l.l Decomposers 

The temperature of most natural waters, even during the summer, is 
below the optimum for most bacteria. Increasing the water tempera
ture increases the bacterial multiplication rate when the environ~ 
ment is favorable and the food supply is abundant. Increasing the 
water temperature within the growth range of the bacteria causes a 
more rapid die-off when the food supply is limited. 4 Consequently 



the few degrees increase in temperature due to the discharge of heat 
by the power plant would be expected to favor increased bacterial 
growth during most of the year only if the standing crop of bacteria 
is less than the carrying capacity of their food supply. Because of 
metabolic considerations, increases in temperature that favor population 
growth may be counteracted by a reduction in the carrying capacity of 
the area. However, if, in addition to the increased temperature, there 
is an associated increase in available organic material (e.g., fish or 
other organisms killed by plant operation), increased standing crops of 
bacteria might be experienced. Bacterial counts in the influent and 
effluent water of a power plant on the Patuxent River estuary when 
there was a rapid heat change (but no chlorination) were found to remain 
constant. 5 

F.I.2 Producers 

Inherent in the question of availability of different algal groups as 
food for invertebrates is the succession of these algae with increasing 
temperature. As Patrick6 noted in her review of the effects of 
temperature on freshwater algae, each species in nature has its own 
range of temperature tolerance and its range of optimum growth, photo
synthesis, and reproduction. In general, the diatoms are represented 
by the largest number of species, with tolerance to relatively low 
temperatures; namely to temperatures below 86°F. The tolerances of 
the green algae cover a wide temperature span. The blue-green algae 
have more species that are tolerant of very high temperatures. 
There are some species in all groups, however, that tolerate an 
unusual extreme for their group. Under normal seasonal conditions, 
there is a succession of species on the same substrate. This suc
cession is largely the result of changes in wate~ temperature and 
light intensity through the optima for the various species. As the 
temperature increases or decreases, one species replaces another 
as the dominant organism. In nature, there are also many other 
pressures upon a species, including interspecies competition and 
predation, so that the temperature of maximum development in a 
stream may not be exactly the same as the optimum range for growth 
in the laboratory. Figure F.I indicates the most commonly observed 
type of population shift. This figure has been used repeatedly 
since it was introduced by Cairns7 and is generally accepted, al
though, as Coutant 8 points out, it is a generalized pattern, which 
is not always followed by algal populations in the field. 

Reports of field studies of the biota associated with discharge 
canals of power plants, where the water temperature is still essen
tially as high as it was when the water left the condensers, have 
noted dominance of the periphyton community by heat-tolerant blue
green algae when water temperatures exceed about 86°F. Reports by 
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Tremb1ey9 indicate that the periphyton grown on glass slides were 
dominated even more by blue-green algal species when the temperature 
exceeded 94.1°F in the discharge canal of the Martin's Creek Power 
Plant on the Delaware River. There were fewer species on the slides 
than when the water was cooler, but those remaining were represented 
by a larger number of individuals. This condition is generally rec
ognized as an indication of an abnormal community structure. Obser
vations indicated that blue-green algae were utilized as food by 
fewer organisms than other algal classes. It is difficult to deter
mine, however, how much of the alteration of community structure was 
due to chlorination of the cooling water. 8 

Foerster lO discussed the apparent early arrival of spring seasonal 
successions in periphyton of the discharge canal of the Yankee Atomic 
Power Plant on the Connecticut River. Buckll reported a noticeable 
shift from diatoms to blue-green algae in plankton in the area of 
thermal effluent. These planktonic forms were presumably derived 
from the periphyton populations of the mile-long canal, although a 
detailed report of this study has not yet been published. Similar 
changes in the species composition of plankton in cooling water were 
reported by Beer and Pipes,12 who described a shift from diatom dom
inance in the inlet to dominance by unicellular green algae in the 
effluent canal of the Dresden Station on the Illinois River. 

In a September survey, OsaiZZatoria (a blue-green filamentous alga) 
covered all bottom materials in shallow water of the discharge canal 
and the river bed close to the confluence of the discharge from the 
John Sevier Steam Plant (Tennessee Valley Authority) with the Holston 
River, Tennessee. 8 No large-scale replacement of cold-water marine 
algae by warm-water-to1erant forms was found by North 13 at the MOrro 
Bay discharge canal, however. The entire algal flora was simply 
depleted at the warmer temperature. 

The lethal temperature for the algae varies with the species. 6 Most 
of the algal species studied to date have a lethal temperature in 
the range from 91.5°F to 113°F, with the majority being near 111°F. 
Diatoms that require cooler temperature (stenotherms) are generally 
most sensitive to temperature change and can withstand an 18 FO 
temperature change. Diatoms suited to warmer temperatures can 
tolerate temperature changes 6 from 27 FO to 36 FO. 

At the Indian Point plant on the Hudson River, the diatom MeZosira 
is dominant throughout most of the year, although its dominance de
clines during the summer period of high temperatures and salinity. 
Many other species are also consistently present. 14 However, there 
is a seasonal change in composition characterized by diatom domi
nance much of the year, with green and blue-green algae becoming 
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more abundant in late summer and early fall. 15 The pattern of 
dominant algal forms (Fig. F.2) conforms to the typical pattern 
previously described (Fig. F.l) although the shifts in abundance 
of the green and blue-green algae seem to be occurring at lower 
temperatures than would be predicted. 

F.l.3 Consumers 

The physiology of aquatic fauna is directly affected by temperature. 
Changes in temperature may cause increases in metabolism, changes 
in food conversion abilities, changes in reproductive capacity, 
changes in behavior, or even thermal death. Fry et al. 16 described 
the thermal responses of fish and divided the total range of temper
ature experience of an organism into several zones. They discerned 
an upper and a lower zone of therm8l resistance and a central zone 
of thermal tolerance, bounded above and below by an upper and a 
lower lethal temperature. The lethal temperature is defined as that 
temperature which, when a fish is brought rapidly to it from a dif
ferent temperature, will kill a stated fraction of the population 
(generally 50%) within an indefinitely prolonged exposure. In the 
zones of thermal resistance, an organism can survive for a definite 
period of time that becomes longer as the acclimation temperature 
approaches the lethal temperature. 

Previous thermal history, referred to as acclimation temperature, 
profoundly affects the lethal temperature. In general, a history 
of cold temperatures results in a low lethal temperature, while a 
history of warm temperatures produces an elevated lethal temperature. 

Evidence is accumulating that many cold-blooded (poikilothermic) 
species are capable of considerable adjustment of their metabolic 
activities to a wide range of temperatures. This adjustment to 
warmer temperatures is evidenced by increased upper and lower lethal 
temperatures. The range of adjustment may be considerable, e.g., 
the goldfish has an upper lethal temperature that varies from 
approximately 78.8°F to 104°F. This hardy species may be one of 
the extreme cases in this respect. 8 

Elevation of lethal temperature is not directly proportional to ele
vation of acclimation temperature, but is rather some fraction of 
it. The result is that the acclimation temperature and the upper 
lethal temperature tend to converge upon the ultimate upper lethal 
temperature, at which both the acclimation and the lethal tempera
ture are the same. Coutant elaborates on this in his recent publi
cation. 8 
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The time necessary for thermal acclimation varies among species, as 
has been shown by several workers. 8 Adjustment to higher tempera
tures is generally fairly rapid. Data of Alabaster and Downing 17 

indicate an elevation of about 1.8 FO per day for the. roach; Sprague 18 
found that acclimation temperatures could be raised 4.5 FO to 9 FO 

per day for several crustaceans. Once acquired, tolerance to high 
temperatures may persist for considerable periods after return of 
a fish to a lower temperature. 8 Heat exposure during acclimation 
need not be continuous. An intermittent exposure to a different 
temperature for sufficient hours per day can produce the same accli
mation temperature as a continuous exposure. 8 According to several 
authors,8 acclimation to low temperature usually tends to shift the 
lower thermal limits downward, and acclimation to high temperatures 
tends to shift the lower limits upward. Since intermittent brief 
exposure to high temperatures can result in markedly increased re
sistance to heat, which is not readily lost during subsequent expo
sure to low temperatures, possible increased susceptibility to 
reduced temperatures may result in areas where organisms regularly 
encounter thermal plumes. 

By testing species in the laboratory, Brett 19 noted that a slow rate 
of decrease in environmental temperature is of greater importance 
for maintaining life than a slow rate of increase. Thus, lethal 
cold can be more important than lethal heat as a factor affecting 
survival of some species exposed to thermal plumes. Deaths result
ing from the inability of fish to rapidly acclimate to lowering 
temperatures have been reported by several authors. 20 ,21 

When fish are exposed to altered temperatures, the duration of the 
exposure, the size of the fish, and their thermal history are ex
tremely important in determining their survival. Eggs and larvae 
are extremely exacting in their temperature requirements, while sub
juveniles and juveniles appear to be more eurythermal, and adults 
tend to be broadly stenothermal. 3 

Based upon the few data on upper lethal temperatures reported in 
the literature, larvae of tem~erate marine fishes have lower upper 
lethal limits than adults do. ,3 The experimentally derived median 
upper temperature for temperate species is 78.8°F for larvae and 
86°F for adults. 3 Although the upper limits for larvae and adults 
differ, the absolute ranges of temperatures tolerated are approxi
mately identical. 3 

The eggs of some species may be especially sensitive to fluctuations 
of temperature. For instance, one of the most important effects 
noted in a study on eggs of the American smelt (Osmerus mordax) in 
Maine was the large increases in mortality during fluctuations in 
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daily water temperature of 'as much as 12.6 FO as observed by 
Rothschild. 22 In contrast, striped bass eggs (Morone saxatilis) 
were found to survive in water whose temperature varied about 
20 FO daily.23 

The thermal tolerances of invertebrate herbivores that are generally 
most active in grazing algal populations are poorly known. Coutant24 

observed a reduction in the normal complement of Delaware River 
invertebrates when the daily maximum temperature was near 89.6°F. 
Chironomid larvae, which are generally important as periphyton 
harvesters, persisted in the zone where algae were accumulating. 
Other studies have noted depletions of invertebrates in warmed 
water. 8 

The effects of thermal discharges on benthic communities have been 
reviewed by Stewart. 25 In general, the number and distribution of 
bottom organisms decrease as water temperatures increase, with a 
tolerance limit close to 90°F for a "balanced" population structure. 
Studies of particular species of macroinvertebrates have shown that 
lethal temperatures vary conSiderably with the type of organism. In 
some cases a particular species may be stenothermal at one develop
mental stage and eurythermal at another. Thus, a large number of 
species are able to live at higher temperatures than those at which 
they can reproduce. In a study on the York River in Virginia, 
Warinner and Brehmer26 found that the community composition and 
abundance of marine benthic invertebrates in the river were affected 
by thermal discharge over a distance of 1000 to 1300 ft from the 
discharge outfall, and they concluded that during the months of high 
normal river temperatures there was clear evidence of biological 
stress. 

At power plants where benthic communities are destroyed in summer, 
the reverse is often the case in winter. 25 Massengil127 reported 
not only colonization, but also a 10% to 40% increase in standing 
crop in the discharge canal at the Connecticut Yankee Atomic Power 
Plant, as compared to stations in the Connecticut River. 

Results of thermal tolerance studies conducted on species of aquatic 
organisms are reported in Table F.l. The actual predictive util
ity of these figures is limited, because acclimation temperatures 
have not often been reported. In most cases, however, these data 
should be regarded as optimistic estimates of upper lethal limits 
of the populations as a whole, because, as McCauley28 has stressed, 
lethal temperatures quoted in the literature usually have been de
termined for individuals of the more hardy stages of postembryonic 
development. 
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TUie F.1. U"..mperature IimiCi oI ..... ac.,.a. baed _18bCIra...,. ....................... 
Acclimation Upper critical 

Specie" temperature temperature Criterionb 

°c of ·C of 

Ourr";U'IIU,.tu, (juveniles) 38.0 100.4 41.0 105.8 14 hr LDso 
CalostO,",,' commnsoni 25 77 31.0 87.8 T 

Esox -llluiltOllD (juvenile) 30 86 34.5 94.1 T 
Fundulu, dillplttlnus 15 59 33.5 92.3 Lethal threshold 

Ict.IIUII' nebulosus 34 93 37 99 T 
Icltllunt, PUlICltltu, (adults) 25 77 34.5 94.1 T 
Ict.lunts pultCltltu, (juveniles) 34 93 40 104 T 
Lepomh _crocllilus 30 86 37 99 T 
Mictopt_'lfIlmoidn (adults) 30 86 36.5 97.7 T 
Micropt_'lfIlmoidn (adults) 30 86 38 100 T 
Mictopt_,ltIImoidn (under·yeulinp) 35 95 39 102 T 

Notmfilonus crysolaca 30 86 36.5 97.7 T 

NotrOpis cornutu, 30 86 35.5 95.9 T 
NotfOpis cornutu, 25 77 33 91 T 
NotrOpis cornutu, 30 86 36.5 97.7 T 

hrN jlnncDU (adults) 25 77 31.5 88.7 T 
Perc. /ItrHfcDU (juveniles) 19 66 35 95 T 

PilMpMln II()ltItu, 25 77 34.5 94.1 T 

PlmepMIn "omeill, 30 86 35 95 T 

RllilticlltllY'lIl1rItulu, 28 82 34 93 T 
RllilticlltllY'lIl1rItuiM, 25 77 34.5 94.1 T 
RlliltielltllY'lIl1rItuIu, 25 77 32 90 T 

Semotilu'IIUO_cuMtu, 25 77 33 91 T 
Smwti/u, lI~cuilltu' 30 86 35 95 T 

Gtlm_",,'.scilltu, (amphipocl) 15 59 31.5 88.7 24 hrLDso 

·Common names ue liven in Appendix B. 
by • maximum toleratecl temperature. 
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In predicting responses to increased temperature, it is important 
to note that a temperature need not kill the organisms to produce 
profound effects on a population. For instance, brook trout were 
found to be comparatively slow in catching minnows at 63°F and 
almost incapable of catching them at 69.8°F. This resulted in 
the trout virtually starving to death. 8 Many other types of sub
lethal effects on populations are known to occur. 

Rates of metabolism and activities of organisms increase with in
creasing temperatures over most of the tolerated temperature range 
and then often drop suddenly near the upper lethal temperature. 
Such rates vary with different species, processes, and levels or 
ranges of temperature and may also be modified by salinity and 
oxygen factors. The effect of elevated temperatures on a biolog
ical system is often considered to be an increase in the rate of 
biochemical reactions within the system by 100% to 600% for each 
18 FO increase,29 although this rate does not necessarily hold for 
extreme temperatures. Application of this concept shows that even 
a slight temperature increase may have far-reaching effects, because 
a number of metabolic functions will be accelerated with a tempera
ture increase even though the organism may not be killed outright. 
Fortunately, Coutant8 pointed out, the actual metabolic increases 
upon exposure to elevated temperatures are often less than would 
be anticipated from strictly thermodynamic considerations where 
metabolic rate would typically vary directly with temperature. 
If the oxidative processes of an organism are independent of tem
perature (thermally insensitive), then the rate of oxygen utili
zation would be relatively constant over a wide temperature range. 
Studies involving many species of invertebrates indicate that over 
certain parts of a temperature range in which they can be held for 
prolonged periods, animals tend to be metabolically independent. 
This kind of response is intermediate between the two extremes. 
In general, this thermal range of metabolic insensitivity coincides 
with the temperature regime of the animal's habitat. For such 
species, slight changes in their thermal environment would have 
little effect as long as such changes remained within the zone of 
metabolic insensitivity. However, greater changes could have a 
pronounced effect. 

The temperature requirements for reproduction in many species are 
confined to narrower ranges than for other physiological func
tions. 3 ,29 Most aquatic animals breed in a very restricted temper
ature range. Photo-period effects and rising temperatures in the 
spring induce development of the gonads, and actual spawning takes 
place when a certain temperature level is reached. This value 
varies for different species, and in some species the whole process 
~y be reversed. l 
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A temperature stimulus of some kind is often required for inducing 
sexual activity in aquatic animals. This threshold is often quite 
critical and may occur with a temperature rise 19 of only 1 or 2 Co. 
Brandhorst 30 believed that spawning activity in herring was induced 
by the suddenness of the temperature change rather than by the mag
nitude of the change per se. Generally, low temperatures during 
pre-spawning periods delay spawning, and higher temperatures hasten 
it. 3 ,19 

Most fish have been shown to have a preferred temperature range. 31 

This range is generally higher than ambient water temperatures dur
ing the cooler months in the temperate zone, with the result that 
fish are attracted to thermal discharges at these times. As ambient 
temperatures drop in autumn, warm-water fish are believed to follow 
their preferred temperatures toward the discharge rather toward 
their usual wintering areas. In Long Island Sound, bluefish 

'schooled in the thermal plume of the Northport plant rather than 
follow their usual migration to deeper oceanic waters offshore. 32 

As ambient temperatures drop further, or storms dissipate the 
thermal plume more rapidly, or the power plant ceases operation 
temporarily, the thermal drop to ambient levels may not be toler
able, and large numbers of fish may be killed. 34,34 Mass mortal
ities of animals caused by a rapid drop in winter temperature or 
during severe winters are well documented. 21 ,35-41 

Fish attracted to discharge canals and in residence there for sev
eral months may be induced by higher temperatures to spawn earlier 
than might otherwise be expected. S Premature spawning can have 
many repercussions in the receiving water, ranging from loss of 
progeny due to lack of proper food to species changes brought about 
by the overly dominant large warm-water fry. The problem is not 
unique to discharge canals but occurs in cooling ponds and mixed 
water bodies wherever the water temperature is elevated. S 

Few of the theoretically predicted changes in reproductive schedules 
have been studied at power plants, and observations are generally 
limited to evidence that premature spawning can and does occur. For 
instance, white suckers (Catostomus oommersoni) spawned prematurely 
in the discharge canal of the Martin's Creek Power Plant on the 
Delaware River. 42 Spawning activities were observed earlier there 
than elsewhere (although specific times were not given). Young-of
the-year were active in the spring in the canal and apparently left 
the warmer water as the temperature rose in summer. Very small fry 
of several other species (rearing determined them to be principally 
minnow species) were found in the canal prior to normal spawning 
times. They probably were spawned in the canal, instead of having 
passed through the condensers, although this was not certain. S 



F-13 

The attraction of fish to warm areas associated with thermal dis
charges may cause additional problems. For instance, fish attracted 
to warm discharge canals of power plants, and forced by their own 
temperature selection behavior to remain there, subject themselves 
to speeded metabolic rates compared to their seasonal norm in other 
parts of their environment. 

At the Connecticut Yankee Atomic Power Company's plant on the Con
necticut River, Merriman et al. 43 have identified "skinny fish" in 
the winter accumulations of brown bullheads (Iatalurus nebulosus) 
and white catfish (Iatalurus aatus) in the discharge canal. The 
weight-length ratio, or "condition factor," exhibited significant 
declines throughout the winter months. Fish tagged early in the 
winter of 1968-1969 and recaptured four months later had lost an 
average of 20% of their weight; some had lost 60%. Comparisons 
of tagged and untagged fish in weekly collections indicated that 
this marked weight loss was not the result of the tagging but was 
indicative of the resident canal population as a whole. Populations 
in the cooler river water outside the canal also showed some condi
tion loss, but at a much slower rate. The poorer condition was also 
identifiable in these two species of fish caught in the canal in the 
summer. Channel catfish (Iatalurus punatatus) , on the other hand, 
showed no such decline in condition at any season. 

Significance of the weight losses for ultimate survival of the popu
lations in the Connecticut River has yet to be established, but the 
persistence of the effect beyond the winter was demonstrated through 
tagging and recovery studies. 8 Early fall returns from fish tagged 
in the canal the previous winter revealed that these fish had not 
made up their past winter's weight loss over the summer. 

As a corollary to feeding rate and quantity of food consumed, the 
effect of temperature upon the growth of fish is an important factor 
in considering the effects of heated effluents but is one that has 
been studied essentially using freshwater fishes in the laboratory. 
The general relation between growth rate of fish and temperature has 
been discussed by several authors. 19 ,44 In general, reduction in 
growth rate can be expected with increasing temperature above optimum 
for the species, especially if the availability of food does not 
increase. This situation is the result of reduced food conversion 
efficiency, which in some cases may be intensified by-behavioral 
changes such as reduced effectiveness as a predator or reduced 
appetite. 
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F.2 MECHANICAL AND PRESSURE CHANGES 

Organisms often sustain mechanical breakage that generally results 
in death when they are drawn with cooling water through. the sequence 
of screening, pumping, pressure changes, and outfall turbulence. 
Mechanical effects have only recently been studied separately from 
other effects at operating power stations, and most results are 
available only in the form of quite tentative progress reports. 

Ayers et aZ. 4S observed a small decrease, about 15%, in numbers of 
phytoplankton organisms during their passage through the cooling 
system of the Waukegan power plant on Lake Michigan. Since thermal 
damage would not destroy the carcasses, some type of mechanical 
destruction must have been responsible for loss of cells. Scanty 
evidence suggests that from 15% to 100% of the zooplankton organ
isms may be killed, depending largely upon organism size. Losses 
of about 30% during passage through the condenser may be representative. 

F.3 IMPINGEMENT 

A major problem encountered during the operation of several power 
plants has been that of fish mortality caused by impingement on the 
fine mesh screens used to filter out debris that could cause damage 
to the circulating water system. This problem has been documented 
best at the Indian Point Unit No. 1 Station on the Hudson River. 
The available information concerning these fish kills has been 
compiled by Consolidated Edison Company,46 and an analysis of the 
information has been reported and summarized by the Division of 
Compliance, Director of Regulation, of the USAEC. 47 The following 
discussion is based on the information contained in these documents. 

In March 1963, fish entering the open intake forebays were subse
quently killed and collected on the traveling screens. Striped 
bass, tomcod, and white perch made up most of the fish that were 
killed. Apparently these kills included both juvenile and adult 
fish, including large striped bass. Efforts to reduce kills using 
air bubble screens, pneumatic sound sources, and smaller mesh 
mechanical barriers in front of the forebays were not effective 
in solving the problem. Subsequent efforts, including alterations 
of the physical structures surrounding the intakes and alterations 
of the intensity of the light, were not effective either. 

In June 1965, a correlation between additions of sodium hypochlo
rite and kills of large fish was noted. The point of addition of 
the sodium hypochlorite was moved behind the traveling screens. 
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Following this change, large fish were no longer collected on the 
screens. Apparently, the sodium hypochlorite either was killing 
the larger fish directly or, more likely, was reducing the fish's 
ability to avoid the intake. 

The actual effectiveness of the fish protection efforts during the 
period from 1963 to 1966 as described above cannot be ascertained 
because adequate data were not collected during this period. The 
only effort that produced desirable results was the change in pro
cedure associated with adding sodium hypochlorite to the circulating 
water. 

During the spring and summer of 1967, fine mesh (0.375-in.~square 
wire mesh) screens were designed to eliminate the possibility of 
fish entering the forebays. This modification was the result of 
testing during January and March 1967 which showed a significant 
reduction in fish counted on the traveling screen of one forebay 
fitted with a fixed screen at its mouth. According to Consolidated 
Edison, this modification was effective until the winter of 1969, 
although fish count data to support this contention were not in
cluded. 

Substantial fish kills were observed during January of 1970 and 
were thOUght to be the result of openings under the fixed screens. 
This conclusion is supported by the fact that a significant reduc
tion of the number of fish counted on the traveling screens occurred 
after the openings were eliminated. This point was graphically 
illustrated in Fig. 6 of Consolidated Edison's report concerning 
the fish kills at Indian Point.~6 These data indicate that the 
magnitude of the fish kill was reduced from highs in excess of 
16,000 to 18,000 fish per screen washing on February 1-3 to 
sustained counts of less than 50 fish per washing after February 6. 
However, collections of fish on the traveling screens when the 
fixed screens are in place do not adequately represent th~ extent 
of the fish kill, especially during periods when dead fish were 
netted from in front of the fixed screens and consequently could 
not have had a chance to be included in the counts of fish on the 
traveling screens. For instance, when the traveling screen count 
was reported to total 388 for March 6 and 7, there were approxi
mately 120,000 fish netted in front of the fixed screens (Table 3, 
Ref. 46). In essence, the impingement problem was simply shifted 
from the traveling screens to the fixed fine mesh screens. 

The precise cause of the impingement problem is not completely 
understood. All the fish kills at Indian Point Unit 1 appear to 
have been associated with the plant's condenser cooling water 
system. Fish apparently are caught against the screens by the 
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force of the river water drawn into the plant; once caught, they 
are unable to escape and eventually succumb to exhaustion, although 
the precise cause of death is unknown. A number of possible factors 
contributing to the problem have been examined; The wharf and re
lated structures located over the intakes may contribute by appear
ing to provide refuge for fish. Another factor may be the existence 
in wintertime of warmer river water in the vicinity of the plant, 
caused by discharge of heated river water from the plant. 

The most important contributing factor is the capturing capacity 
of the large volume of water withdrawn from the river at high ve
locities. The only action that really seems to reduce the level 
of mortality is a reduction in the intake velocity. Present evi
dence indicates that a reduction in the water velocity to 0.5 fps 
may greatly reduce the fish kill problem (Fig. F.3). 

There is a definite seasonal variation in the magnitude of the kill, 
the highest mortalities occurring in the winter months and the 
lowest mortalities in the summer. Apparently, this is due to re
duced swimming ability of many fishes at the very low (34°F) winter 
temperatures. 

These kills have included some 23 species, white perch being by far 
the predominant species and accounting for over 60% of winter fish 
kills. However, because of the large number of fish involved, sub
stantial numbers of other species are also killed. For instance, 
from data obtained by the Raytheon Corporation, a consultant for 
Consolidated Edison, the total of fish killed from November 6, 1969, 
to January 11, 1970, was 1,310,345 fish; 137,649 of these were 
striped bass. 47 

The fish that have been collected on the intake screens, identified, 
and measured46 are generally longer-than 45 to 50 mm. Smaller fish 
are known to exist in the area; therefore, the minimum screenable 
size (at least for striped bass) must be in the neighborhood of 40 
to 45 mm. Smaller fish would be expected .to go through the plant. 

F.4 ENTRAINMENT 

The importance of entrainment is related to the relative quantity 
of organisms withdrawn from the water body, the level of mortality 
incurred, the ecological role of the entrained organiSms, and the 
reproductive strategy of the species involved. The importance of 
these factors will be species dependent. Consequently, detailed 
effects of entrainment must be considered separately for each species. 
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MOrtality of entrained organisms is caused by mechanical damage 
(including impingement), thermal shock, and (at times) chemicals 
discharged into the cooling water. Mortality caused by other 
factors associated with plant operations would, of course, be 
additive. 

F.4.l DeCOmposers 

As previously indicated, bacteria are generally tolerant of exposure 
to changes in temperature that exceed the temperature rise of most 
power plant cooling water and are also unlikely to be physically 
damaged as a result of entrainment. The only extensive bacterial 
mortality that might be encountered would be when chlorine is added 
to the circulating water to control fouling in the condensers. 

F.4.2 Producers 

Entrainment effects on algal populations have been determined by 
examining the ability of the algae to produce organic matter. Using 
this method in studies on the York River, Virginia, Warinner and 
Brehmer26 showed that the responses of phytoplankton to entrainment 
depended on the ambient stream temperature as well as on the change 
of temperature imposed by the condensers. At low winter tempera
tures (32° to 50°F), temperature rises increased production. During 
the summer (temperatures 59° to 70°F), slight additional tempera
ture increases increased production, but larger increases (greater 
than 10 FO) depressed it. The greater the temperature rise in 
summer, the greater was the depression of the affected plankton's 
ability to photosynthesize. 

Similar results were shown by Morgan and Stross48 for the Chalk 
Point Plant on the Patuxent estuary off Chesapeake Bay. In this 
study, temperature rises of about 14.5 FO stimulated photosynthesis 
when natural water temperatures were 60°F or cooler and inhibited 
photosynthesis when temperatures were 68°F or warmer. Passage 
through the condensers at times, however, contributed additional 
damage (perhaps mechanical or chemical) that nullified stimulation 
by temperature rise at cool temperatures and increased inhibition 
at warmer ambient levels. Return of phytoplankton to the cool 
temperatures of the mixed estuary at the end of the discharge canal 
did not allow recovery of photosynthetic ability. In relating the 
observed changes in productivity to the entire estuary, the authors 
noted that reductions in productivity might occur only if the rate 
of photosynthesis is not nutrient limited. They concluded that, 
since Stott1emyer49 found that nutrient limitation was only a 
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sporadic occurrence, reduction in photosynthesis by another factor 
(the power plant) must, therefore, be responsible for any reduction 
in the amount of material available for passage through the food 
chain. 

In contrast, another study showed that rates of photosynthesis were 
similar for power plant intake and effluent water when algae were 
incubated at the prevailing temperature for each source, although 
some differences were significant. S Algae in heated water had a 
higher rate of photosynthesis than algae incubated at ambient 
temperatures. The highest rates of photosynthesis occurred at 
temperatures between 80.6 0 and 9l.4°F. The highest rate observed 
was for effluent water incubated at 86.9°F. No consistent reduc
tion of photosynthesis was observed in the vicinity of the discharge 
canal during field studies. 

F.4.3 Consumers 

Entrainment analysis of the coolant system should include an esti
mate of zooplankton mortality and the potential for a rapid recovery 
downstream of the power plant. Such an analysis was carried out 
in May 1964 at the Paradise Generating Station at Green River, 
Kentucky. SO Biologists of the Tennessee Valley Authority found 
that the volume of zooplankton was drastically reduced during 
passage through the single-pass cooling system of the plant. How
ever, organisms that bypassed the plant were found to reproduce 
at an accelerated pace in water that was warmed by mixing with a 
thermal discharge, 16 FO above an ambient of 82°F (Fig. F.4). 
Coutant8 observed that decreases in zooplankton volume could not 
be attributable to thermal shock effects alone. Other factors 
might include mechanical destruction in the condenser or piping 
system and predation upon carcasses and weakened individuals at 
or near the plant discharge. The Green River reports shed no light 
on these processes. 8 

HeinleSl conducted an extensive series of laboratory and field 
experiments to determine the effect of condenser passage on zoo
plankton in the brackish Patuxent estuary in the vicinity of the 
Chalk Point power station of Potomac Electric Power Company. In
stead of examining survival alone, he observed the reproductive 
success in subsequent laboratory culture of populations that had 
experienced the thermal, mechanical, and chemical shocks of con
denser passage. Entrained populations of some copepods were gen
erally not as fit for reproduction as control groups, even when the 
exposure temperatures were below the laboratory-determined lethal 
temperatures. He attributed part of this effect to chlorination 
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of cooling water as a normal operating routine at the plant. While 
effects of condenser passage were identified by this research, the 
methodology and the lack of control over such variables as chlori
nation yielded results of uncertain predictive utility. Within 
the estuary, population densities of the zooplankton organisms re
mained high despite high rates of natural predation and the addi
tional losses attributable to the power plant. Certainly, the 
reproductive potential of the entire population exceeded the effects 
of condenser passage. 

Normandeau52 identified clear effects of condenser passage on 
summer zooplankton and phytoplankton at the Merrimack Generating 
Station. Samples taken above the inlet and in the discharge canal 
indicated a reduction in population density of nearly all zoo
plankton and diatoms after passing through the power plant. These 
effects were definitely related to absolute temperature, being 
discernible principally when the condenser cooling water was ele
vated in July to temperatures above 100°F. The increase in temper
ature by itself was not the apparent causative factor; rather, 
mortality was evidenced when the temperature attained exceeded the 
tolerance limits of the species. The zooplankton population de
pressions were also evident in the mixing zone in the Merrimack 
River downstream of the plant, although cooling water was a small 
percentage of the total river flow at this point. 52 

On the other hand, other studies indicate little or no damage fol
lowing entrainment. Adams 53 reported that the discharge canal of 
the Humboldt Bay Nuclear Plant on the California coast was a fav
orable site for natural setting of native oysters (Ostrea Zurida) , 
cockles (Cardium aopbis), little-neck clams (Protothaaa staminae), 
butter clams (Saxidomus giganteus), gaper clams (Tresus nuttaZZi), 
and about half a dozen other bivalves. The net flow in the canal 
was always outward because of domination by the cooling water flow, 
and complete evacuation of the canal, as revealed by dye studies, 
took place in less than 3 hr. Therefore, some of the free-swimming 
stages of these bivalves had to pass alive through the condenser 
system of the power plant in order to colonize the canal. Similar 
successful passage must have occurred at the Chalk Point Power 
Station on the Patuxent estuary to account for high densities of 
invertebrates found in the discharge canal. 54 ,55 

Profitt 56 found that after the passage of minnows through condensers 
of a power plant, several hundred were seen dead and dying along 
the banks of the effluent canal. In another study, preliminary 
observations obtained at the Connecticut Yankee Atomic Power Plant 
on the Connecticut River indicated that larval river herring (AZosa 
spp.) were able to successfully pass in July through condensers in 
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which the temperature was raised to 93°F. All larvae were judged 
to be in good condition following the rapid thermal shock and col
lection by plankton net in the plant's discharge canal. 57 However, 
more detailed studies58 at this site found that no larval or juve
nile fish of the nine species which were entrained in the condenser 
cooling-water system of the plant survived when the temperature 
of the canal water exceeded 86°F. 

In contrast to these findings, Kerr59 found that juvenile striped 
bass and Chinook salmon that passed through the condenser system 
of a power plant had generally high survival. Unfortunately the 
ambient water temperature was not reported. Kerr acknowledged the 
fact that the small striped bass would "readily go into a state of 
shock" during the experiments, and as Coutant8 pointed out, the 
data from Kerr's study have little predictive value for application 
to other power plants. 

In connection with Kerr's observation that the juvenile striped 
bass would go into a state of shock, it is important to recognize 
that the considerable mortality that may result from such shock 
would not be observed in laboratory studies because death is not 
from physiological causes. Thermal death, with an end point such 
as (for fish) cessation of beating of the opercula as is often 
used in laboratory studies, may not be the most pertinent ecolog
ical effect of acute thermal shock to organisms exposed to elevated 
temperatures. Heat death of cold-blooded organisms has been ob
served to follow a common pattern which includes, in sequence, loss 
of equilibrium, coma, and physiological death. These observations 
have been made with several species of fish and with amphibians 
and reptiles; they probably hold, in essence, for lower forms as 
well. The early stages of heat death, while not "death" in them
selves, may lead to death through immobilization in the area of 
adverse temperature (which may prolong exposure until death results) 
or through stimulation of predatory activity upon the heat-injured 
organisms. Both results have been observed in the field and in 
laboratory experiments. 8 

A concept of a critical exposure to heat, which causes equilibrium 
loss, similar to that proposed by Cowe1s and Bogert,60 would seem 
to be of paramount significance in understanding the relations of 
aquatic populations to thermal shock in condenser cooling water 
of a power station, as was noted by Mihursky and Kennedy.61 In
creaSingly, the demise of animal populations is recognized to be 
not absolutely dependent upon the physiological death limits of 
individuals; it involves broad ecological considerations such as 
breeding densities and predator-prey relationships. Equilibrium 
loss in the natural environment is a critical occurrence for the 
survival of an organism because it greatly increases the organism's 
susceptibility to predation. 
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The effect of equilibrium loss in providing stimulatory cues to 
predators may be a particularly important feature in fish and other 
animals shocked by condenser cooling water. Mossman62 cites sev
eral points of evidence that suggest release of predator attack by 
any behavior associated with weakness. Coutant8 has specifically 
studied the effects of acute thermal shock and found that the vul
nerability of thermally shocked juvenile salmonids to predation by 
larger fish increased. When both shocked and control fish were 
offered simultaneously under laboratory conditions, the shocked 
fish were found to be selectively preyed upon by larger fish. Rel
ative vulnerability of shocked fish to predation increased with 
duration of sublethal exposure to lethal temperatures. Effects 
were also shown well below increases causing equilibrium losses. 

Confirmation of the potential importance of predation on shocked 
organisms in the field situations of thermal discharges can be 
found in the many references to predators being attracted to points 
of thermal discharge. 8 Although preference for a particular te~ 
perature range may be the predominant attractant for some orga
nisms, it hardll would apply to concentrations of fish-eating 
gulls.63 Neill 4 reported intensive feeding by fish on entrained 
zooplankton in the outfall area of a power plant on Lake Monona. 
Young-of-the-year bluegills congregated at the periphery of the 
discharge plume and fed on zooplankton. Several large long-nose 
gar, their stomachs distended by an abundance of zooplankton, were 
taken in and near the discharge. Bigmouth buffalo, yellow bass, 
bluegills, black crappies, and brook silversides caught near the 
out falls were suspected of feeding heavily on zooplankton, al
though confirming data were not collected. Abundant zooplankton 
was entrained by this plant in cooling water taken from 100 m off
shore and 5.2 m below the water surface. The temperature rise of 
18 FO may have killed or debilitated the zooplankton sufficiently 
that predation upon them was easier in the discharge area than in 
the unheated water of the lake. 

Obviously, absolute statements concerning the mortality of orga
nisms drawn through any given plant cannot be made, but the possi
bility is high that some fraction of the organisms entrained will 
be killed or damaged by entrainment. 
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F.5 CHEMICALS 

F.5.l Chlorine 

Chlorine is used in many generating facilities to rid the cooling 
water piping of bacteria, fungi, and algae. These treatments are 
generally periodic "slugs" of high concentration (perhaps once a 
day, depending upon the power station). The treatments affect 
natural populations as well as the coatings of biological materials 
on the condenser tubes. 

Merkens65 found that at a pH of 7.0, 0.08 ppm of residual chlorine 
killed half of his test fish in 7 days. Zillich66 found chlori
nated sewage effluent to be toxic to fathead minnows at residual 
chlorine concentrations of 0.04 to O.OS ppm. Basch67 found that 
SO% of a population of rainbow trout could tolerate 0.23 ppm for 
only 96 hr. Arthur and Eaton68 found that half of a population of 
the invertebrate Gammarus pseudoZimnaeus survived 96 hr at a con
centration of 0.22 ppm and that reproduction was reduced when 
chronic concentrations (for 15 weeks) were maintained at 0.0034 
ppm. They also found that the highest concentration that produced 
no effect on the life cycle of the fathead minnow was 0.016 ppm. 
Sprague and Drury69 showed an avoidance response by rainbow trout 
to free chlorine levels of 0.001 ppm. 

MOrtalities of phytoplankton organisms in passing through power 
plant cooling systems (or loss of the ability to photosynthesize) 
have recently been attributed to toxic chemicals rather than to 
heat or mechanical damage. 

F.S.2 Sodium Sulfate 

The concentrations of sodium sulfate required to kill SO% of the 
amphipods tested were 2380, 1110, and 880 ppm for exposure times 
of 1, 2, and 4 days, respectively. Concentrations that produced 
similar effects in zooplankton and fishes were in excess of SOO ppm 
(I-day exposure time). 70 The values quoted represent the lowest' 
concentrations at which sodium sulfate toxicity has been demon
strated in hard waters (similar to the Schuylkill River). 

F.S.3 Sodium Phosphate 

The toxicity of phosphates has been discussed by McKee and Wolf. 71 

Daphnia magna was the most sensitive organism discussed, being 
affected by levels above SO ppm. MOst other organisms were much 
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less sensitive. If phosphates are the limiting nutrient in a 
water body, discharge of excessive concentrations of phosphates 
will result in algae blooms. In eutrophic waters, these blooms 
may consist in large part of toxic blue-green algae. 

F.S.4 Copper 

Oyster meats produced near the outfall of the Chalk Point plant 
in the Patuxent River accumulated enough copper to make them un
fit for human consumption and to disqualify the area for the pro
duction of marketable oysters. 72 Generally, copper emissions from 
power plants are on the order of several ppb. These levels are 
lower than the natural concentrations in most healthy freshwater 
lakes and rivers. Thus, toxicity per Be is not expected to be a 
problem. 

F.6 DISSOLVED OXYGEN 

The following analysis is derived from a recent review by Coutant. 8 

Since warm water holds less oxygen in solution than cool water, 
increasing coolant water temperatures by 25 FO, as predicted for 
the Limerick facility during condenser passage, will theoretically 
result in some loss of oxygen, which may subsequently influence 
aquatic organisms. For example, the concentration of oxygen in 
water in equilibrium with air at 82.4°F is "7.9 ppm, whereas at 
111.2°F the saturation concentration is 6.1 ppm. Another factor 
theoretically tending to lower dissolved oxygen concentrations in 
the water passing through a condenser is the partial vacuum exist
ing at the discharge end of the condenser. This partial vacuum 
results from the fact that the discharge end of the condenser lies 
above the hydraulic gradient. This situation is common to all 
steam plants. Vacuum pumps are often installed in the cooling 
circuit to remove any accumulated air. 

These theoretical considerations have been examined in a number of 
studies at operating power stations throughout the world. Alabaster 
and Downing,17 after examining the literature and conducting their 
own studies in Britain, acknowledged that the oxygen content of 
water used for direct cooling may change slightly in its passage 
through electrical generating stations. This appeared to be partly 
due to the turbulent flow in the effluent outfall causing water 
unsaturated with oxygen to pick up this gas, while supersaturated 
water lost it. 



F-26 

Dissolved oxygen analyses of samples taken by Alabaster and Downing 17 

showed that most unheated water was not saturated, that there was 
either a slight rise or little change in concentration in the heated 
water discharged from the condensers, and that, as a result, the 
effluent was supersaturated with respect to oxygen (and other gases). 
These authors made the further (very pertinent) observation that 
the changes were generally small compared with those occurring in 
most natural waters through plant photosynthesis and respiration 
and through the oxidation of organic effluents. 

Adams has reported similar analyses at California power stations. 53 
Measurements of dissolved oxygen at intake and outfall points 
showed that dissolved-oxygen concentrations were not decreased in 
passing through the cooling water system. Rather, the water merely 
became supersaturated with oxygen. As the temperature of the ef
fluent dropped in the mixing zone, saturation values dropped corre
spondingly, with little loss of dissolved oxygen. 

Dissolved oxygen surveys performed in late summer at the Northport 
Plant on Long Island Sound showed a mean decrease of 12.6% in dis
solved oxygen levels from intake to discharge. 32 

Studies have been performed which indicate that once-through cooling 
towers may significantly increase the concentration of dissolved 
oxygen in the effluent when intake water is unsaturated. Thus, in 
water bodies where oxygen concentrations fall considerably below 
saturation levels in late summer and early autumn, cooling towers 
may provide some benefit as a result of the increased aeration. 73 

Once the cooling water has entered the main body of water, rates 
of oxygen demand by organic materials (both living and decomposing) 
will be increased because of the higher temperature. In waters 
that are heavily loaded with decomposing organic matter, this ad
ditional demand can exceed the rate of reoxygenation through the 
water surface (from the air), and dissolved oxygen levels could 
fall below those normally expected. 74 

F.7 INDUCED CIRCULATION 

A little-recognized source of ecological change is the induction 
of new current patterns by water flows of a condenser cooling . 
system. Many patterns of distribution of organisms are intimately 
related to density (thermal) stratification, currents, concentra
tion gradients, and the like, as any textbook of freshwater or 
marine ecology describes. The withdrawal and subsequent release 
(often elsewhere) of quantities of water approximating 0.5 to 1 
million gpm by power stations will unquestionably alter some of 



F-27 

the existing patterns. These alterations can be detrimental or 
beneficial depending partly upon the degree of thOUght that goes 
into their planning. Circulation patterns at the intakes may ac
tually attract organisms into an area where they become susceptible 
to impingement or entrainment. At discharges, induced circulation 
patterns may simulate tributary streams and stimulate migration, 
spawning, or other functions associated with tributaries. Most of 
the speculated influences have not been documented, largely due to 
lack of adequate study. 

F.B RADIATION EFFECTS 

Although there is a voluminous amount of literature relating to the 
effects of radiation on organisms, very few studies have been con
ducted on the effects of chronic low-level radiation on natural 
aquatic populations. The more recent and pertinent studies have 
been reviewed by Auerbach et aL.75 and Templeton, Nakatani, and 
Held. 76 In general, the results of the studies summarized in these 
two reviews support the prediction that radiation effects would be 
difficult to detect at the dose levels normally encountered around 
power reactors: 

"In assessing the effect of low doses of ionizing 
radiation, sophisticated means of detection must be 
used and sensitive biological endpoints are necessary 
as criteria for ascertaining radiation damage. In 
experimental practice when dose rates are lowered to 
1 rad per day or less, the number of factors affecting 
the organism are sufficient to mask any effects that 
might be present. Such cODlllOIlly used endpoints as 
survivorship, fecundity, growth, development, and 
susceptibility to infection have not as yet been 
shown to be unequivocally affected by such low dose 
rates. Evaluating the impact of doses of less than 
1 rad per day on organisms and populations under field 
conditions is a challenge of considerable magnitude.,,75 

Aquatic organisms are exposed to both internal and external radia
tion. The external dose, termed submersion dose, is due to the 
radiation from radionuclides in the organisms' surroundings. For 
planktonic or pelagic organisms, this part of the total dose re
sults from radionuclides dissolved in the water. For benthic and 
epibenthic organisms, part of the external dose comes from the 
radionuclides dissolved in the water and another part comes from 
radionuclides adsorbed onto or concentrated in their substrate. 
The radiation dose resulting from dissolved radionuclides can be 
calculated if the concentrations of the various radionuclides in 
the water are known. 
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However, the external dose resulting from radionuclides that are 
in the substrate of the organism is much more difficult to deter
mine. This difficulty arises from the various behavioral charac
teristics of the organisms involved which modify the magnitude of 
the dose from radiation originating in the substrate. In addition, 
the level of contamination of the substrate by a radionuclide may 
vary with physical parameters within the environment. For example, 
manganese-54 adsorbs onto the substrate during periods when fresh 
water is predominant at Indian Point on the Hudson River but is 
released during periods when salt water moves into the area. 77 

As a result of these complications, the external dose from radio
nuclides concentrated in the substrate is difficult to estimate 
from the projected releases. 

In addition to radiation from external sources, aquatic organisms 
are exposed to radiation from radionuclides within their tissues. 
Doses resulting from this source of exposure are generally much 
greater than doses from external sources, except perhaps for ben
thic or epibenthic organisms living in association with substrates 
in which radionuclides have been concentrated. Organisms accumu
late radionuclides either directly from the water through epithelial 
tissue or indirectly by assimilation of their food. Transient re
leases of radionuclides into the environment are followed by tran
sient peaks of radioactivity along the food-chain pathways.7S 

Knowledge of these pathways and of the rates of assimilation and 
turnover of radionuclides is essential for prediction of time
dependent concentrations in the biota. However, chronic releases 
will result in steady-state concentrations in the biota, and in 
these instances, concentration factors can be used to approximate 
the eventual equilibrium levels of radioactivity3 and to estimate 
the internal doses the various organisms will receive if continually 
exposed to radionuclides released by power plant operations. 

F.9 COMBINATION EFFECTS 

F.9.1 Direct effects 

An important aspect of the response of a population to abnormal 
mortality is associated with the manner in which the density of 
the population is controlled. The degree of crowding (density) 
and the pattern of dispersion of individuals (whether random, uni
form, or clumped together in a limited area) are especially impor
tant in determining the degree of interaction between individuals 
of the same and of other species. Some populations tend to be 
self-limited in that the rate of growth decreases as the density 
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increases. Such populations tend to level off in density before 
saturation, thus assuring that adequate resources are maintained. 
Other populations are not self-limited but tend to grow in geo
metric sequence unless checked by forces outside the population. 
Such populations are generally limited by habitat resources or 
predation. 

The generation time is another important factor in determining the 
response of populations to mortality. Species with very short 
generation times (hours or days), whose populations are regulated 
by density-dependent factors such as resource limitations, would 
be able to maintain population levels in spite of increased mor
tality. Population maintenance in species with longer generation 
times (months or years) would require increased reproductive capa
bility in the survivors in order to maintain the population level. 

On the other hand, a species whose population is regulated by 
factors other than its own density, e.g., predation or competition 
with other species, could not compensate for changes in survivorship 
of the other individuals in the population. Consequently, a sus
tained removal of a significant portion of such species would ulti
mately eliminate the population in the area, provided of course 
that there was no additional source of reproductive stock moving 
into the area from elsewhere. 

The possible effects of increasing mortality to a population were 
examined by Jensen 78 in conjunction with a detailed study of a 
population of brook trout. He used a mathematical model for yield 
which was fitted to the extensive data on a trout population. His 
results showed that a 5% increase in mortality of young-of-the-year 
decreased the yield of the trout fishery. In addition, an increase 
of mortality to 50% of young-of-the-year caused the population to 
become extinct, although the effect did not become apparent for 
several years because of normal variations in reproduction and 
yield. 

F.9.2 Indirect effects 

Less obvious effects might accompany chronic exposure to increases 
in temperature (or radiation and chemical stresses from plant re
leases). These effects could alter food conversion, growth rate, 
or reproductive potential and might alter the interspecific rela
tionships. For example, changes within the plankton populations 
have a potential for causing changes in populations of other trophic 
levels. The extent and importance of such changes would be corre
lated with the ecological function of the organisms involved and 
the relative densities of their populations. 
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The importance of this type of consideration can be seen in the 
following hypothetical example. Phytoplankton species A is the 
principal food of zooplankton species B, which is the principal 
food for early larval stages of a dominant fish species. A power 
plant in the area begins to operate and increases the surface 
temperature several degrees over ambient. Because of poor light 
penetration in the slightly turbid water, the principal zone of 
phytoplankton growth is in the upper, thermally altered layer. 
Phytoplankton species X is better fitted to grow and reproduce in 
the warmer water and replaces species A. However, X is a poor
quality food for zooplankton B. As a consequence, the population 
of zooplankton B decreases, and the food supply for the larval 
fish is diminished, causing significant reduction in their yearly 
production. As the numbers of these fish decline through several 
seasons, the reproductive capacity of the population declines, and 
they exert less and less of an. influence in the area. If this 
species were a top carnivore, changes in its population could re
sult in changes in the populations of other fish species as well. 
Changes in these populations would also have their effects. 

The above hypothetical example demonstrates one manner in which 
indirect effects of pollutants may result in extensive changes in 
the biological composition of a body of water. The extent of these 
effects depends on several factors, which must be known to make 
accurate predictions of the consequences of operation of any power 
plant. 

(a) The species composition of the affected area must be 
known and the relationships between various species 
understood. 

(b) The spatial and temporal distribution of the species 
in the area must be known. 

(c) The_relationships between each species and its physical 
environment must be understood. 

(d) The sensitivity of the various species to alterations 
in their chemical and physical habitat must be known. 

All this information would be needed to produce reliable predictions 
of the consequences of plant operations on the biota. Many reasons, 
including lack of time, resources, and adequate sampling techniques, 
preclude the acquisition of the necessary information. Unfortunately, 
even if all of the relationships were known, reliable biological pre
dictions of the indirect effects of the operation of a power plant 
could not be developed with the present state of the art. As a re
sult, assessment of these aspects of environmental effects of plant 
operation will be necessarily qualitative. However, over an extended 
period of time, these effects may have far greater consequences than 
the direct-effects on the biota. 
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Appendix G 

PJM AND MAAC DETAILS 

The Pennsylvania--New Jersey--Maryland Interconnection (PJM) is 
a formal power pool made up of twelve operating companies. Each 
company's bulk power system is planned, developed, and operated 
as an integral part of PJM. PJM operates as a free-flowing inter
change with continuous computer-aided (IBM System/360 Model 50) 
dispatch of power, with power not being pre-scheduled but rather, 
flowing to meet the demand and originating at the most economical 
source. The use of the computer improves the reliability and 
operating economy of PJM. 

The twelve operating companies of PJM are combined into six member 
groups: 

1. Public Service Electric and Gas Company 

2. Philadelphia Electric Company Group 
Philadelphia Electric Company 
Atlantic City Electric Company 
Delmarva Power & Light Company 

3. Pennsylvania Power & Light Company Group 
Pennsylvania Power & Light Company 
UGI Corporation 

4. Baltimore Gas and Electric Company 

5. General Public Utilities System 
Jersey Central Power & Light Company 
Metropolitan Edison Company 
New Jersey Power & Light Company 
Pennsylvania Electric Company 

6. Potomac Electric Power Company 

PJM services an area of 48,000 square miles with a population of 
about 20 million. ~e service area encompasses three-quarters 
of Pennsylvania, most of New Jersey, about half of Maryland, a 
small part of Virginia, and all of Delaware and the District of 
Columbia. The capacity of PJM was approximately 28,000 ~ in 
1970, and the applicant made up about 19% of this capacity. 
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The Mid-Atlantic Area Coordination Group (MAAC) is made up of the 
same twelve operating companies as PJM. However, the two organi
zations have different purposes. PJM develops and coordinates 
plans to meet specific needs in the service area with maximum 
reliability and economy. MAAC studies the effect on the bulk 
power system of additions, modifications, and removals of generat
ing and bulk transmission facilities planned by the individual PJM 
companies in their long-range plans and policies. For a more com
prehensive discussion of these two organizations, the reader is 
referred to the Federal Power Commission Northeast Regional Advisory 
Committee aeport. 
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COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT 

Dated December 1972 





ADVISORY COUNCIL 
ON 

H-l 

HISTORIC PRESERVATION 

WASHINGTON. D.C. 10140 

Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

January 9, 1973 

50-352 
50-353 

In response to your request of December 6, 1972 for comments on the 
environmental statement for the Limerick Generating Station, Units 1 and 
2, i~ Montgomery County, Pennsylvania, and pursuant to its responsibilities 
under Section 102(2) (C) of the National Environmental Policy Act of 1969, 
the Advisory Council on Historic Preservation has determined that your 
draft environmental statement appears adequate regarding our area of 
expertise and we have no further comment to make • 

. . ~~Yr 
Robert R. Garvey,lJrt 
Executive Secretary 
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Regl:lator· ... j THE ASSI5 NT SECRETARY OF COMMERCE 
Washington. D.l... 20230 

January 4, 1973 
H-2 

Mr. IBniel R. Muller 
Assistant Director for Environmental 

Projects 
Ddrectorate of Licensing 
Atomic Energy Commission 
Washington, D. C. 20545 

, LL ATOMII: maGI 
~!;!'.!IS;U;N 
lI£gulalMJ 

Dear Mr. Muller: 

The draft environmental impact statement for L1ffierick 
Generating Station Units 1 & 2 which accompanied your 
letter of December 6, 1972, has been received by the 
Department of Co~erce for review and comment. 

1&111 S:ctJ.I 

The Department of Commerce has reviewed the draft environ
mental statement and has the following comments to offer 
for your consideration. 

Section 5.4.1.1 

A series of probably adverse impacts on the East Branch of 
Perkiomen Creek is listed. After a discussion of these 
adverse effects, the conclusion is reached that the long
term effect of diverting Dela,-:are River "later into the East 
Branch should be an increased diversity of invertebrates and 
fishes. This conclusion is based on the assumption that 
'increased flOWS, channelization, and chlorine discharges will 
be carefully controlled. However, no specific information 
is provided concerning hm-l the chlorination program would be 
accomplished or even whether a chemical treatment program 
would be established. Additionally, no definite plan has 
been presented concerning channelization and stream rehabili
tation to counteract the adverse effects of increased flows. 
As there is a potential for serious damage to the biological 
system in this stream, it would seem desirable to include any 
plans that may exist for controll1rtg these adverse effects. 

Section 6.2 

According to Table 2.6.2.of Amendment 11, invertebrates would 
be sampled only once per year if the radioactive discharges 
were greater tharl 4 times the design objectives, and omitted 
if discharges were less than 4 times design objectives. The 
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National Marine Fisheries Service Office in Beaufort, North 
. Carolina, in a letter dated November 9, 1971, recommended 
that both invertebrates and aquatic plants be sampled semi
annually. Additional information concerning the radiological 
mOnitoring program (e.g., the frequency of sampling; a map 
showing the locations of the sampling sites; the species to 
be analyzed; etc.) should be included in the final Environ
mental Statement. 

Appendix F - Table F.l 

The acclimation temperature in OF for Carassius auratus is 
given as 180. 40F.o This figure should be corrected to read 
100.40F. 

Appendix F - Section F.l.2 

It is stated that "In general, the diatoms are represented 
by the largest number of species, with relatively low 
tolerances to temperatures less than 860F." On the basis of 
Fig. F.l, this statement should be corrected to read "In 
general, the diatoms are represented by the largest number of 
species, ,\-lith relatively low tolerances to temperatures 
greater than 860F. " 

Because of the additional gaseous radioactive effluents 
which would be released during maintenance periods of the 
gaseous radioactive waste system, in particular the catalytiC 
recombiner, the AEC staff have estimated that the estimated 
doses from gaseous effluents are much higher than those con
sidered acceptable by the staff. The staff, however, est1rr~tes 
that these doses will be within the regulatory limits of 10 
CFR 20. 

It 1s the recommendation of the AEC staff that as a condition_ 
ror this construction permit to be issued the design of the 
gaseous effluent handling system or the method of operation 
of this system be modified to maintain a release during outage 
of the system so as to produce a maximum dose at the site 
boundary of 5 millirem per year. The tepartment of Commerce 
strongly endorses the AEC staff recommendation. 

Both the amount and period of release of radioactive effluents 
to the free atmosphere as the result of normal reactor opera
tion are unclear. The AEC'staff estimates 290,000 Ci of noble 
gases while the applicant estimates 19 C1 per year per unit. 
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Even considering that the applicant did not consider an 
outage for 3 weeks every two years for recombiner maintenance 
(see table 3.4), the discrepancy between the two values is 
still large. From the staff analysis it appears that the 
major release of radioactive effluents is of an extremely 
sporadic nature. For example, the footnotes in table 3.4 
use words such a.s "10 hours operation per year" and "three 
weeks every t'T,010 years" which applies to 284,000 Oi out of a 
total of 290,000 Oi of noble gases. If this is true, the 
staff I s use of t'T,010 years of meteorological data to compute 
radiation doses (see table 5.4) from gaseous effluents is 
not appropriate. 

We suggest that the AEC staff estimate of the dose which might 
occur during outage of the recombiner is probably overly 
optimistiC, and that even higher doses are quite probable. 
First, the staff estimate of three weeks outage during a 
two-year period is evenly divided into two one and one-half 
week periods in each year. It is quite possible, however, 
to assume a sir~le outage which exceeds this time period. 
Even a single outage of only two weeks using the AEO staff 
assumptions would result in doses out,side the site boundary 
in excess of 10 OFR 20. Further, in their analysiS the AEC 
staff have assu~ed annual average wind conditions in their 
analysiS, even though the maximum outage in tn~ir analysis 
1s one and one-half 1'leeks .• '1':'1is is unrealistic. It is at 
least reasonable probable that ''lind conditions d'...l.ring a re
combiner outage might be nearly constant during the outage. 
The result of this would substantially increase the estimated 
dose from such an outage, and would almost guarantee doses 
outside the site boundary in excess of limits set· by 10 
CFR 20. 

We are unable to evaluate the consequences of accidental re
leases ·of radioactive effluents because of insufficient in
formation on the basis of the values found in table 7.4. 

We hope these comments will be of assistance to you in the 
preparation of the final statement,. 

Sincerely, 

~·O _.£.~ 
~~ Galler 

Deputy Assistant Secretary 
for Environmental Affairs 
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Curti. Buildinl 
6th. and Walnut Street. 

Philadelphia, Penn.ylvania 19106 

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
PHILADELPHIA AREA OFFICE 

CURTIS BUILDING, ~5 WALNUT STREET 

PHILADELPHIA, PENNSYLVANIA 19106 

Mr. Daniel. R. Muller 
Aasistant Director tor EnviroDIIental Projects 
Directorate ot Lieensl.Dg 
U. S. Atomic Energy CC1IIDissioD 
Washington, D. C. 20545 

Dear Nr. Mull.er: 

50-352 
50-353 

IN REPL Y REFER TO, 

3.~Pro 
J'1l.e :Enviroa. 
MontgamelT CO. 

This is to 1nf'orm you that the Department ot HousiDg &: Urban 
Developllent does not have any cOlllllents to otter in cOmlection with 
the Draft Knvironmental Impact statement tor the L:1:Derick Generating 
station, UDits 1 and. 2a 

1baDk you tor the opportunity to renew this statement. 

8iDcere.q, 

cc: 
~. Atkeson, General. Counsel 
Council on Environmental. QualitY' 
722 Jackson Place, N. W. 
WashiDgtoa, D. C. 20006 
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DELAWARE RIVER BASIN COMMISSION 
P. O. BOX 3S0 

TRENTON, NEW ..JERSEY 08S03 

(S091 883-9500 

HEADOUARTERS LOCATION 

.JAMES F. WRIGHT 
I:XI:CUTIVE DIRECTOR 

Mr. Daniel R. Muller 

January 25, 1973 

Assistant Director for Environmental Projects 
Directorate of Licensing 
United States Atomic Energy Commission 
Washington, D. C. 20545 

25 STATE POLICE DRIVE 

WEST TREKTON, N. oJ. 

Re: Draft Environmental Statement on limerick Generating Station, Units 1 and 2, 
Philadelphia Electric Company, Docket No. 50-352 and 50-353 issued 
December, 1972 

Dear Mr. Mull~r: 

The Delaware River Basin Commission's staff has reviewed the draft statement and 
offers the following comments for your consideration. Included as part of these 
comments is the Commission's docket with respect to Philadelphia Electric Company's 
application for withdrawing surface water and discharg ing wastewater. The docket 
includes findings pertinent to the availability of water for the proposed action. 

page v, item 8 

Delaware River Basin Commission Docket No. 0-69-210 CP attached to these comments 
in draft form would respond to the AEC's concern for an adequate water supply to the 
generating station. The approval by DRBC would be "subject to all conditions imposed 
by the United States Atomic Energy Commission and the Pennsylvania Department of 
Environmental Resources, and it is subject to further review and modifications in accord
ance with the findings of an environmental impact statement, for wh ich the Atomic 
Energy Commission is the "lead agency". (1) The final environmental statement for the 
Point Pleasant Diversion project has been prepared and, subject to approval by the 
Commission at the January meeting, will be forwarded to the Council on Environmental 
Quality in early February, 1973. 

(1) draft DRBC Docket No. 0-69-210 CP, Decision 11a, page 6 

. 
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2.5.2.1 Schuylkill River 

The description of the Schuylkill River should include the source of Table 2.3 incli
eating the frequency and duration of the high river temperatures at Pottstown. Also 
the description is nat complete without some accounting of the existing river pollu
ters, including thermal, in order to assess cumulative effects wh ich the project may 
further compound. . 

2.5.2.2 Delaware River 

Sinee Delaware River water will be co-mingled with the Perkiomen for project use, 
a detailed description of the water at Pt. Pleasant should be included and/or, . 
reference mode to the DRBC's final Pt. Pleasant Environmental Impact Statement and 
the meetings held between representative staff from AEC, Oak Ridge National 
Laboratories and DRBC to discuss the diversion project. 

Discussion of the DRSC's unpublished preliminary draft Comprehensive Plan and the 
. DRBC Water Resources Program at this paint would more thoroughly establish the basis 

for analysis of water quality and water supply. (Referenees made to the DRBC 
Comprehensive Plan should describe the document as an unpublished preliminary 
draft.) 

2.5.2.3 Perkiomen Creek 

The description of Perkiomen Creek and its watershed is very deficient and misleading 
especially in its discussion of the East Branch of the Perkiornen. There is na discussion 
of the present waste dischargers either on the ma in stem or the east branch. Particu
larly important to the ·d iscuss ion on the hydro log ic characteristics of the east branch 
and the local aquatic life is the fact that 7 man-made dams exist on this branch with 
heights varying from 2 feet to 5 feet. A table is attached for your information locating 
and describing the dams. Ensuing discussion in the draft statement on water flow, 
ve loc ity, and game fish needs to be rev iewed in I ight of these dams. 

2.7.2.3 Benth ic invertebrates 

Much of the discussion here is based up~ comparisons of 1971 data with studies of 
living organisms made prior to 1961, mare than 12 years ago, in rivers in the southeast
ern part of the United States which hove ecosystems different from those of the northeast. 
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Specifically, Table 2.16 contains data obtained in 1971 in the region and is 
compared with data obta ined in 1961 and earl ier from areas south of the 
Susquehanna River to Georgia and Alabama. The generalizotions concluded from 
this type of data can be very misleading. More detailed information should be 
included to make clear the relevance and accuracy of the discussion. 

2.7.2.4 Fishes 

The absence of detail discussion on the East Branch of the Perkiomen and the 
presence of Table 2.22, Most Abundant Species of Fish Taken in Seine Catches, 
indicating small mouth bass in the east branch, is very misleading if not erroneous. 
According to the Applicant's reports in 115 collections 52,745 fish were collected 
of which only 70 were sma II mouth bass, accounting for approximately 1/10 of 1% 
of the total catch. The reports from Ichthyological Associdtes, consultants to 
Philadelphia Electric Company, indicate that, of the 70 smallmouth bass, only 2 
were 8 inches in size. The remainder were small with the majority ranging from 
1 i inches to less than 3 inches in size. Of the 70 fish only 7 were taken above 
Perkasie, 4 of them in Morris Run, a small tributary of the East Branch near the head
woters. Considering the fact that there are 3 dams, 5 feet in height in the East 
Branch of the Perkiomen between the main stem and Perkasie, and the number and 
size of sma II mouth bass in the east branch, Table 2.22 badly distorts the existing in
formotion. The existence of smallmauth bass above Perkasie may be from a nearby 
privately owned and stocked pond which occasionally overflows. A survey conducted 
last summer (1972) by the Pennsylvania Fish Commission on lake Lenape (on impound
ment in the East Branch at Sellersville, 5 feet in height) recommended against stock
ing game fish under any circumstances because of the existing shallowness of the pond 
and stream. 

2.7.2.6 Pollution stresses 

The report suggests the East Branch of Perkiomen supports "respectably diverse popula
tions of fish and invertebrates". This needs much clarification in light of the findings 
mentioned above. Discussion of environmental impacts in the draft are based upon 
misleading and insufficient data from this section. A more thorough analysis of the 
existing environment is necessary upon which to adequately assess the potential adverse 
environmental impacts. The absence of fish sizes, their location, and the unrecorded 
presence of dams all contribute to an erroneous assessment of the East Branch of the 
"rkiomen Creek. 

Page 2-97, Reference 3 

The DRBC's Comprehensive Plan is given as a "published preliminary draft," .doted 
February 1972. The Comprehensive Plan doted February 1972 has not been publ ished, 
and should be referred to as on unpublished preliminary draft. 
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3.3.3 Blowdown water 

The analysis assumes an ambient river temperature of only 83.60 F, yet Table 2.3 
indicates recorded max imum river temperatures at Pottstown as high as 950 F, and 
exceeding 83.60 F for all months from f.kJy through October. The analysis does 
not indicate recognit-.ion of other therm"al polluters in this reach of the Schuylkill 
River possibly causing an accumulative thermal affect. Additional thermal dis
charge by this plant compounds the problem. 

3.3.4.1 Operation 

The fogging created by cool ing towers of a generating station on the Susquehanna 
River near Harrisburg is visually seen for many miles. The draft data on fogging 
is inadequate for thorough rev iew • 

3.5 Chemical and Biocide Systems (page 3-38) 

The text refers to the use of chlorination with regard to the Pt. Pleasant diversion. 
The AEC was informed in November 1972 by Bucks County that chlorination would 
not be used in the diversion system. 

4.1 Effect on land Use 

How can the work on the East Branch of Perkiomen Creek "temporarily curtail recrea
tional use of land along its bank"? As mentioned earl ier in these comments, there 
were no game fish of legal size found in the East Branch. The land" adjoining the area 
where work will take place is privately owned farmland. 

4.3 Effect on Site Ecology 

The text is misleading in the description of channel ization at the upper reaches of the 
East Branch. The creek is in open farmland, not woodland. Shrubbery and scrub 
trees grow along the banks of the creek. The channelization program will have to meet 
the requirements of the Erosion Control Act of Pennsylvania. According to an investi
gation by E. H. 80urquard Assoc iates, Inc., the effect of the proposed pumpoge on 
stream flow in the East Branch was of minor significance. Indeed the one year flood 
flow (which often occurs several times a year) is 110 cfs at Elephant Road Bridge 
(Table 2.6 in the draft), almost twice the proposed pumpage. There is no evidence in
dicating serious sedimentation from one year flooding of the East Branch. 

5.1 Effect on land Use 

It is difficult to comprehend how recreational land and an information center have a 
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favorable environmental impact CJl land. These uses stimulate vehicular traffic which 
caus_no~e, air pollution and pallu:red surface water runoff. The buildings, parking 
areas, roads, walks, and lawns increase 'the runoff from storms, a serious problem in 
developing areas. 

The draft concludes that channelization of approximately 1/2 mile of the East Branch 
of Perkiomen Creek headwaters "could result in serious adverse impact" after present
ing data contrary to th is statement. It appears that the conclusion is based upon 
comparisons to channelization projects in Missouri and North Carolina rather than an 
analysis of the actual conditions of the East Branch.' The conclusion conflicts with 
the later conclusion on page 5-7a. 

5.2 Effect on Water Use 

The statement that liThe principol effect on water uses will be a result of the withdrawal 
of up to 65 cfs (average 54 cfs) from the Delaware River II needs justification. The 
heat discharge into the Schuylkill River with River temperatures indicated in Table 2.3 
of the Draft is ignored. The attached DRBC docket for limerick setS forth water use 
conditions which should be described in the final statement. It should also be pointed 
out that the Delaware diversion will vary from 0 to 65 cfs with a sustained flow in the 
East Branch of 27 cfs -- even when not util ized by the limerick plant -- for enhance
ment of aquatic life in the creek. The Department of Interior has concurred that the 
increased flow could greatly enhance aquatic I ife in the East Branch of the Perkiomen. 

The combined median flow of 1.4 cfs and the maximum diversion of 65 cfs total 66.4 cfs 
or 60 percent of the bank full flow (1 year flood flow). The maximum diversion of 
65 cfs is estimated by DRBC to occur approximately 38 percent of the time. Water from 
the Schuylkill River/Perkiomen Creek will be used most of the time. 

It should also be noted that, during periods of low flow in the Delaware River, water for 
consumptive use will come from upstream reservoir re leases. 

The final statement, to be adequate, needs to include more thorough analysis of the 
above information. 

5.4.1.1 East Branch of Perkiomen Creek 

The 1/2 mile section of the East Branch proposed for channelization drys up completely 
during the summer months and therefore must be assumed unproductive, having niinimal 
aquatic life. As stated earlier, the Erosion Control Act of Pennsylvania will require 
Bucks County to submit a soil erosion and sediment control plan to the State for approval 
prior to constNct-ion. 

The DRBC docket for Pt. Pleasant Diversion contains operating criteria for the diversion. 
Inclusion of this information in the final statement for limerick would be of value. 
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The discussion of the East Branch appears to be based upon a comparative analysis 
rather than utilizing the actual data on hand. In developing a comparison with 
other creeks, especially those of the south or mid-west, differences in aquatic 
life, geological conditions, vegetation and climatic conditions should be included. 
A final draft report entitled "Channel Modifications, An Environmental, Econamic 
and Financ ial Assessment," subm itted to CEQ by A. D. little, Inc., March, 1972 
states in its summary findings, "We find that environmental effects of 2037.3 miles 
of existing federal-agency channel modifications os carried out over the past 20 
years range from se~re.ly..destructi\l.eto moderately beneficial. The same can be 
expected of 259.2 miles of proposed channel modifications. This is no attempt to 
cloud findings with the familiar 'it all depends' hedge. It would be simpler and 
easier ta say categorically that channeling is all good or bad -- if one or the other 
position were defensible. It is not that simple" and easy, and the facts would not 
support either assert ion. It does indeed depend a ,great dea I upon the facts in each 
situation. " 

• nOn balance, the weight of evidence is heavily against channeling of 
·untouched" natural stream, in terms of environmental effects. Much more of the 
fisheries resource and habitat and the biological life of aquatic systems of natural 
streams has been destroyed than improved, and recovery of productivity is slow--bu+ 
streams do recover •••• At the same time, wildlife resources and riparian habitat 
and their productivity have· often been improved for many species by natural stream 
channe I mod ificat ions ••• ." 

"Thus, while we found autecologically traumatic, biologically degroding and 
aesthetically distressing environmental effects, depending upon physiography, 
geology, physiology, hydrology, climate and prior local drainage ditching, each 
unique to a situation and the type and extent of federal-project modifications applied, 
these were often partially offset by the reverse of these effects." 

While the A.D. little, Inc. report indicated channelization could be detrimental, 
they point out that, if proper methods of channelization are employed, the resulting 
turbidity is slight and temporary. 

The comment on page 5-5 that "the proposed max imum divers ion flow, 65 cfs I is qu ite 
close to the estimoted bank-full flow ••• " is very misleading. As stated earlier, this 
flow is but 60 percent of the estimated·bonk-full flow at the proposed entrance point 
of the diversion. 

Geologists from DRBC and from the Soil Conservation Service have inspected the bed 
of the East Branch on several occasions, concluding that the increased flow will not 
adversely affect the bed or the bonks of the creek. The stream bed is shale in 
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in the questionable area. The banks cons ist of material that will readily stabilize 
if properly designed (as will be required by the Erosion Control Act in Pennsylvania). 

On page 5-6, last paragraph, all references to chlorination do not apply since 
disinfectant will liot be used in the diversion. 

The lengthy discussion of the potentially adverse environmental effects from the 
diversion of Delaware River water tends to cloud the ultimate conclusion on page 
5-7a that "The most likely long-term effect will be a beneficial change in the stream 
communities and sport fishery in the East Branch ll

• A thorough analysis of the data 
available supports this conclusion .. The final statement should replace the highly sub
jective information with a specific objective analys is, or, refer to the final Pt. Pleas
ant environmental statement for all aspects of the diversion of Delaware River water. 

5. Environmental Effects of Station Operation 

This section omits any discussion on the problem of increased total solids in the 
Schuylkill River resulting from the proposed action. 

5.4.1.4 Delaware River 

The final statement should include reference to the final statement on the Pt. Pleasant 
diversion prepared by DRBC. 

The Perkiomen Creek valley is considered one of the scenic areas, as referred to on 
page 5-15. Within this context the final statement should include an assessment of the 
aesthet ic impact of the intake structure, the fogg ing from the cool ing towers, trans
mission lines, pipeline right of way and the cool ing towers themselves. 

8.1.1 Factors responsible for adverse effects 

The consumptive water figure of 65 cfs shou Id be clarified as noted earlier. The state
ment, in its present form, is misleading. The Delaware River will not be seriously 
affected by the withdrawal and consumptive use of water as regulated in the water use 
conditions prescribed for Limerick. 

Again, chlorine discharges in the East Branch is mentioned erroneously. The final 
statement should reflect the letter sent from Bucks County to AEC stating disinfectant 
would not be used. 

Channelization should be clarified in the final statement as a temporary source of 
adverse effects. 
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The finol statement should include, in this section, reference to increased con
centration of natural dissolved solids in the Schuylkill River due to consumptive 
use and therma I discharge. Increased thermo I discharges tend to cause a' reduc
tion in the capacity of the river to assimilate organic wastes. 

8.1.2 Probable adverse effects 

The previous discussions hold true here also. The diversion does not cause the 
adverse ,effects discussed since, as the draft concludes, the increased flow in the 
East Branch will be beneficial (page 5-7a). The final statement should reflect 
careful editing on this point. 

No mention is mode here of the fogging problems, the entrainment and impingement 
losses on both the Schuylkill and main stem Perkiomen, or the heat discharge into 
the Schuyl k ill River. 

The final statement should clarify how and what limitations plant operation will 
impose upon future uses of Perkiomen Creek and the Delaware River. 

On page 8-2 the proposal of utilizing a pipeline for the diversion of water to 
Perkiomen Creek fails to recognize AEC's earlier conclusion that the diversion will 
enhance the East Branch, not cause adverse effects. 

8.2.2.3 Biological productivity 

The paragraph on page 8-4 discusses the adverse effects on long-term productivity 
related to the diversion rather than expanding upon the benefits derived from the 
increased water in the East Branch as concluded in the statement on page 5-7a. 

8.3.5 Biological resources 

The second paragraph continues the very confusing and misleading dialogue on the 
environment, existing and future, of the East Branch of Perk iomen Creek. It 
conflicts with AEC conclusions, with the final statement prepared by DRBC on the 
Pt. Pleasant diversion and statistical data presented in both statements. 

11.2 Intake System Alternatives 

The final statement should expand upon the use of a pipel ine for transporting water 
instead of using the East Branch of Perkiomen. The discussion needs ,to include a 
comparison of the benefits as well as the adverse effects. Pipelines, it should be 
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noted, cause real problems in developing areas because they force land use develop
ment to strange, often difficult and unmanageable patterns. In recent times, both 
Montgomery and Bucks County have taken strong stands against pipelines. 

The draft statement, prepared assumably for the limerick generating station, reads 
as though it were a statement on the Pt. Pleasant divers ion with the nuclear power 
plant as a side issue. No recognition of another environmental statement on the 
diversion is given anywhere in the text or references. The over-zealous concern for 
stream channelization clouds both the real purpose of the droft statement (limerick 
nuclear generating station) and the beneficial results of increased water in the East 
Branch of the Perkiomen. The environmental problems associated with nuclear power 
plants are not given sufficient analysis in this draft. 

Appendix F typifies the above comment. By itself, Appendix F is a valuable refer
ence for reviewers of water cooling systems. Publication of this study as a separate 
document would be a valuable asset to any water resource and/or environmentally 
oriented library. However, the relevance of such a general ized study be ing included 
with th is draft statement is questionable. The problem of the effect of copper on oyster 
meat (page f-25), for instance, is non-existent at limerick. 

Of direct relevance to the proposed action and beneficial to a reviewer, would be the 
attachment, as appendices, of studies on the cumulative thermal pollution problem in 
the Schuylkill River, detailed analysis of the intake and discharge systems, the effects 
of chlori~ on the BOD of the circulated water, and other objective and specific 
material r.levant to nuclear powered generating stations using cool ing water. 

The Commission appreciates the opportunity to comment upon the draft statement at 
this time. If our staff can be of further assistance, please feel free to call on them. 

Sincerely, 

Enclosures 



Table 1 Dams' on the East Branch Perkiomen Creek 

Dimensions in Feet 
Type of 

No. Location Length Height Construction Remarks 

1 Near headwaters, about 100 feet above 25 4 Concrete 'ponded area is ~OO ft. 
Sweet Briar ,Road Bridge by 20 ft. 

2 In Perkasie, in the pork area downstream 140 5 Concrete protective covering for 
from the East Walnut St. Bridge (Rt .... 152) & stone pipeline & other utili-

ties crossing the creek J:t: 
I .... 

3 In Lenape Pork in Sellersville, about 200 80 5 Concrete ponded area is 100 by 
VI 

ft. above Main Street 900 ft. and is used for 
recreation 

.. About 125 ft. upstream of the Reading 75 2 Loose rock ponds water up to dam 
Railroad Bridge in Sellersville & waste 3 

concrete 
slob 

5 About 0.46 miles below Bucks Montgom- 200 3.5-4 Rock with ponds water for 500 ft. 
ery County line some con- by 100 ft. Center and 

aete motar left bank sections have 
been ruptured. 

6 About 0.28 miles below dam 5 (0.74 miles 170, 5 \ock slabs ponded area extends 
below Bucks-Montgomery County line) with some 800 ft. by 75 ft. 

concrete motor 

7 Above WaWa Camp Road Bridge (near 5 Concrete ponds water for recrea-
Lederach) tion 
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DELAWARE RIVER BASIN COMMISSION 

P. O. BOX 360 

TRENTON. NEW .JERSEY 08603 

.JAMES F. WRIGHT 
EXECUTIVE DIRECTOR 

Mr. Daniel R. Muller 

(609) BB3-9500 

June 6, 1973 

Aut. Director for Environmental Projects 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

HEADOUARTERS LOCATION 

C!S STATE POLICE DRIVE 

WEST TRENTON, N . ..I. 

RE: Draft Environmental Statement on Limerick Generating Station, Units 1 and 2, 
Philadelphia Electric Company, Docket No. 50-352 and 50-353 

Dear Mr. Muller: 

Enclosed is the Commission's staff analysis of the consumptive water use situation 
caused by both Limerick and Newbold Island power plants with consideration given 
to future consumptive use by other power plants. The analysis provides information 
on present water resource conditions in the Basin, reviews the electric utilities 
master siting study consumptive water use projections, discusses environmental im
pacts and reviews .the alte.rnatives available for compensating consumptive water use. 

I believe the analysis will assist your staff in the preparation of the final environmen
fa I statement. It clarifies the act ion taken by the De laware River Bas in Comm iss ion 
on March 29, in Trenton, with regard to the application submitted by the Philadelphia 
Electric Company for withdrawing and discharging water used in the operation of the 
subject project. The action taken is limited to a conditional approval subject to the 
completion of the environmental statement process and is in conformance with the 
Council on Environmental Quality's letter of March 23, 1973. The enclosed docket 
supersedes the one attached to our letter of January 25, 1973. 

The Commission believes the approach set forth in the DRBC Docket No. D-69-210CP 
responds satisfactorily to the doctrine of equitable apportionment and meets the con
cems of AEC. 

Sincerely, 

Enclosures 
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Supplemental Camments an Limerick and Newbold 
. Nuclear Generating Stations, Delaware River Basin 

2. THE SITE - HYDROLOGY 

Uses of Water from the De laware River 

In general, the water quality of the Delaware River is excellent at the head 
of tide at Trenton where dissolved oxygen levels are near saturation. Between Trenton 
and the Pennsylvania Turnpike Bridge downstream of Newbold Island, dissolved oxygen 
leve Is decrease. In th is reach there are 10 wastewater dischargers. Of these, four 
are considered major, with a combined output in 1968 of 13,600 Ibs/day of llfirst stage 
oxygen demand" (FSOD). Farther downstream near the City of Philadelphia and ex
tending to Wilmington, Delaware there is a severe oxygen sage which is the result of 
municipal and industrial discharges. Downstream of Wilmington the river recovers 
rapidly to high oxygen levels. Virtually all of the dischargers in the estuary are under 
a waste load a "ocat ion program of the Camm iss ion and the Basin States that I im its the 
amount of FSOD that can be discharged. This program is scheduled for completion by 
1977 at which time the dissolved oxygen objectives in the river will be met or exceeded. 
In the vicinity of Newbold (1970) the dissolved oxygen is sufficiently high (8.2 mg/I 
annual average) to support anadromous fish passage; (11.6 mg/I January-March; 8.9 mg/I 
April-June; 5.3 mg/I July-September; 8.3 mg/I October-December). Sport fishing is 
reasonably good between Trenton and Florence. 

2.5.2 Surface Water 

A. Water Quality Cantrol - Salinity 

In the De laware estuary, one of the mas t important qua I ity characterist ics of the 
water is its salinity. The sal inity, measured as chlorides, varies from very low values-
less than 10 mg/I--at Trenton, caused by minerals d.issolved in the runoff from the drain
age area above Trenton, to that of sea water (18,000 mg/I as chlorides) at the mouth of 
Delaware Bay. During periods of low flow into the Delaware estuary, sea water intrudes 
up the tidal river against the weak fresh-water flow until a state of equilibrium is reached 
between the upstream mixing forces of tides and winds on the one hand and the repulsion 
and dilution forces of the fresh-water inflow on the other hand. 
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The penetration of sea water up the Delaware estuary depends primarily 
on the flood tidal currents that normally occur twice daily. The principal force opposing 
sea-water intrusion is the flow of fresh-water runoff into the tidal river, wh ich dilutes 
the sea water and, during periods of re lative Iy high runoff, pushes the sea water back 
toward the ocean. During periods of low fresh-water flow into the estuary, the diluting 
and repelling forces are lowered and the sea water is carried farther up the estuary on 
each flood tide until a new equilibrium between the opposing forces is reached. Depend
ing on its force and direction, wind will, at times, increase or decrease the concentra
tion of sea salts in the estuary by pushing the salt water into or out of the estuary. Over 
long periods of time, changes in mean sea level could influence the system. Observa
tions of salt water movements in the prototype have revealed the dynamic nature of the 
system, as evidenced by the ever changing salt concentrations. This non-steady state 
characteristic makes it difficult to determine the exact relationship between any force 
influencing salt concentration at any given location. For this reason, DRBC staff and 
others have generally depended upon physical (hydraulic) and mathematical models of 
the estuary to determ ine these re lat ionsh ips. OJ 

During the drought of the mid-1960rs, primarily in 1964 and 1965, 
when the fresh-water flows into the estuary decreased significantly, sea salts in detect
able concentrations were observed in the tidal Delaware River as far upstream as 
Philadelphia, within a few miles of that City's water intake at the Torresdale Filtration 
Plant. Such intrusion of sea water limited the uses that industries and municipalities 
along the estuary could make of the river water. 

Increased consumptive use of the fresh water inflow to the estuary 
during periods of low flow, unless replaced, will shift the state of equilibrium so that 
sea water will move faster and farther up the estuary toward Trenton. Increased sea 
water intrus ion in the Delaware estuary will have severe detrimental effects on the 
ecology of the upper portion of the tidal River, and would drastically reduce the avail
ability of fresh water in this reach for municipal and industrial purposes. Further, under
ground aquifers supplying large areas in New Jersey are, at one point or another, in 
hydraulic continuity with the upper reaches of the t!dal River and will be rendered use
less if contaminated by saline waters. For these reasons, it is essential that the seasonal 
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inland penetration of ocean salinity not be permitted to increase significantly. 
Measurement of the net oceanward flow of fresh water is nearly impossible in 

the ebb and flow of tidal stream. Therefore, the Delaware River at Trenton, N. J., 
before it becomes tidal, has, by historic use, become a reference point for measuring 
the effective flow to repel ocean salinity. In order to maintain reasonable levels of 
salinity throughout the upper tidal portion of the Delaware River from Trenton to 
Wilmington for the protection of bath instream and withdrawal uses of water, the 
Delaware River Basin Commission has determined that the concentration of chlorides at 
the mouth of the Schuylkill River (River Mile 92.47) should not exceed 250 mg/I. This 
standard is included in Section 2-3.4 of the Delaware River Basin Commission Comprehel 
sive Plan, Section X, Water Quality Standards for the Delaware River Basin, approved 
by letter from the Secretary of the Interior dated April 4, 1968. 

With the attainment of this objective, the water in the Delaware River 
upstream of the Schuylkill River would meet the standard for chlorides in potable water 
as promulgated by the Public Health Service (1962). Also, meeting this objective woul< 
provide benefits to users of estuarine water downstream of the Schuylkill River mouth by 
minimizing the occurrences of detrimentally excessive salinity in their raw water serviCE 
and protect underground aquifers, heavily used for municip:.J and irrigation purposes in 
New .Je rsey • 

Studies of the protatype during the drought years of 1965 and 1966 and 
later simulation studies, using both the hydraulic model of the Corps of Engineers in 
Vicksburg, Mississippi, and the mathematical model developed by the Public Health 
Service, have provided the Commission with information sufficient to determine that, 
for the mean revel of the sea as of 1970 and for average seasonal conditions of tide, 
wind, and runoff from the drainage area below Tr~nton, a'sustained Delaware River floy 
at Trenton of 3,000 cfs (1,938 mgd) during the low-flow season will prevent the 250 
mg/I isochlor from penetrating upstream of the mouth of the Schuylkill River. This re
quired now at Trenton will vary somewhat as the actual combinaticn of tide, wind and 
contributions of fresh water from downstream tributaries varies, and as 
the mean sea level changes from its current (1970) level. Many studies on tangential 
matters, such as determination of the tidal river's waste assimilative capacity, have beE 
based on a flow of 3,000 cfs at Trenton. 

The DRBC Comprehens ive Plan for water storage responds to the need 
for avoiding excessive encroachment of sea water in the estuary by providing necessary 
releases to replace all depletive use that would otherwise reduce the fresh water flow 
into the estuary below the level represented by 3,000 cfs at Trenton. Whenever natura 
runoff would drop below the Trenton level, the deficit would have to be obtained from 
storage impoundments. 

It is worth noting that consumptive use of brackish water from the tidal 
Delaware River and Bay, no less than consumptive use of fresh water, unless compensah 
by regulation of fresh water inflow during critical low-flow periods, will result in greaf 
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concentrations of sea salts in the estuary and upstream advance of any given isochlor. 
(Taken from a DRBC staff report dated November 1971 entitled "Water Demands in the 
Delaware River Basin as Related to the Tocks Island Reservoir Project".) 

B. Consumptive Water Use Requirements for Electric Generating Facilities 
Proposed for Location within the Delaware River Basin in 1986 (I) 

By Resolution 71-3, adopted April 7, 1971, thf. DRBC required the Basin 
electric utilities to develop a 15-year master siting study. Segments of the study were 
completed by December 1971 and presented to the Commission from which the following 
information has been extracted. (The reports prepored by the utilities have not been 
acted upon, in any way, by the DRBC.) 

Practically all of the generating capocity planned for installation in the 
non-tidal portion of the Basin and in the upper portion of the tidal Delaware River 
will utilize wet cooling towers. The total consumptive use (make up water for eva
poration) by the year 1986 will be slightly less than 618 cfs. The following table 
indicates the cumu lative consumptive use of water by year as projected by the util ities. 
This proposed consumptive use has not been acted upon, in any way, by the DRBC. At 
present each proposa I is rev iewed as it is rece ived on a case by case bas is • 

The master siting study report/2)developed by the utilities investigated their 
consumptive-use impact upon the Delaware River,making use of the above program. 
Their analysis maintained the low flow minimum at Montague in accordance with the 
Supreme Court decree, or never less than 1,750 cfs. The analysis also modified the method 
of programming the New York City reservoirs. 

The results of this study were as follows: 

1. During the entire period of the 1960 drought there was but one 
month where Tocks Island failed to fill before April 1. If fill ing 
were not permitted during that month the low flow at Trenton 
would have dropped from 4,348 cfs to about 4,200 cfs in order to 
satisfy the oyster bed requirement recommended by the U. S. Fish 
and Wildlife Service until the reservoir refilled during subsequent 
months. 

(1) As proposed by the utilities in the Master Siting Study, Report to DRBC, Mc.j or 
Electric Generating Projects 1972 - 1986, Delaware River Basin, December 1971 

(2) Water Resources Study for Power Systems, Delaware River Basin, Tibbets -Abbett
McCarthy-Stratton, Engineers and Architects, New York, March 1972. (This 
report was deve loped for the ut i lit ies.) . 
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Cumulative 
Consumptive Use Consumptive Us 

Year cfs cfs 

1972 (Several plants derated and one -0.4 -0.4 
plant unit retired) 

1973 2.1 1.7 

1974 (New plants = 4.3 less retirements 2.2 -0.5 
and deratings = 6.5) 

1975 (Includes Salem Nuclear Plant = 28.0) 44.0 43.5 

1976 None 43.5 

1977 (New plant = 13.7 less retirement = 0.8) 12.9 56.4 

1978 (Incl udes Limerick , 1 = 27.0 25.9 82.3 
less retirements = 2.5) 

1979 (Includes Limerick '2 = 27.0 
and Newbold Island '1 = 27.8) 

93.7 176.0 

1980 (Includes Newbold Island 12 = 27.8) 29.8 205.8 

1981 (Less 2. 1 retirement) 68.4 274.2 

1982 22.1 296.3 

1983 (Less 0.8 retirement) 130.0 426.3 

1984 39.6 465.9 

1985 (Less 2.2 retirement) 104.6 570.5 

1986 (Less 2.3 retirement) 47.1 617.6 
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2. 8y 1986, with the proposed reservoir storage in operation, 
the utilities' consumptive use above Trenton of 324.1 cfs together' 
with other consumptive 'use fprecasts, would reduce the 
minimum flow at Trenton to 3,448 cfs. With no odditionol 
storage the 1986 minimum flow at Trenton would be reduced 
to 1,749 cfs. 

C. The Existing Water Supply Status in the Year 1973 

Since the critical drought year of 1965 there has been an emergency modifi
cation of Prompton Reservoir, the completion of New York City's Cannonsville Reservoir 
and the completion of the Beltzville Reservoir, all providing for augmentation of low-
flows at Trenton. At the present time these impoundments (after adjustment for New York 
City's diversions) provide for minimum flow of 2,715 cfs at Trenton for a 1965-equivalent 
type drought. This is 1,475 cfs more than.the record low of 1,240 cfs in the middle sixties. 

As a result of the present uncertainty foradditionol major upstream impound
ments, the DR8C is carefully reviewing new regulations that will continue to recognize 
the doctrine of equitable apportionment. Major consumptive users of water may be re
quired to develop new compensating sources of water supply and/or devise means to mini
mize consumptive use. It is within this framework that both Line rick and Newbold Island 
nuclear plants are being required to provide, at their own expense, storage of sufficient 
capacity to assure the water supply needed for consumptive use during periods when such 
use would reduce tRe flow in the Delaware River at Trenton below 3,000 cfs IF Tocks 
Island or alternative storage is not available by 1980. -

As long as the current status of water supply exists it is likely that new appl i
cations to the DR8C for consumptive use of water will be reviewed in the same context 
as the nuc lear power plants have been cons'idered. 

5. ENVIRONMENTAL IMPACTS 

5.2 Aquat ic and 
5.6 Effects on the Community 

A. With Full Water Storage Capacity (DR8C Comprehensive Plan) 

Completion of all the major reservoirs currently authorized by DR8C for 
CDnstruction upstream of Trenton would provide a dependable low-flow yield of 
4, 348 (3)cfs at Trenton, more than meeting the objective of 3,000 cfs. As previously 
described, if releases from upstream reservoirs were needed during normal filling periods 
in a drought situation similar to the sixties to satisfy the estUary oyster bed requirements, 
the low-flow at Trenton would further drop to 4,200(4)cfs leaving but 1,200 cfs for 

(3) ibid. For purposes of continuity the utilitiesnumerical data is used throughout these 
comments. 

(4) ibid. 
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depletive uses. It must be restated that this wOuld occur only during the very worst 
period of a drought similar to that of the mid-sixties. 

With full water storage accomplished (ORBC Comprehensive Plan, 1962) 
the two nuclear power plants (Limerick and Newbold Island) would not have any 
significant adverse environmental impoct upon water supply in the Basin. The 3,000 
cfs low flow requirement at Trenton could be met even with the consumptive loss of 
128 cfs due to these plants. This consumptive loss would not represent any hazard to 
the oyster beds located in the upper Bay. The a IIocat ion of water to these two plants 
for consumptive use, given the full storage proposed in the ORBC Comprehensive Plan 
1962, would not cause denial to other applicants of consumptive water use. However, 
at some point in the future other power plants proposed in the master siting study for 
construction in the Basin may be required to develop compensating storage, even with 
the full complement of water storage as set forth in the ORBC plan. Continual evalua
tion of the water supply available and the consumptive water use demands will be made 
by ORBC to determine future policy on po$sibly regulating consumptive water use for 
power. 

B. Without Tocks Island or Storage Comparable to Tocks 

As of 1971 existing impoundments provide for a minimum low flow 
of 2,715 cfs at Trenton, 1,475 cfs more than the record low of the sixties. However, 
there is no additional water available at this time for consumptive use or out-of-basin 
exportation. Therefore, the ORBC developed special conditions for Limerick and 
Newbold Is land projects as set forth in the ir respect ive ORBC dockets. Without these 
conditiohS any additional depletive water use permitted would reduce the minimum 
low-flow obtainable at Trenton, causing a threat to the oyster beds and salinity control. 
Without Tocks Island reservoir or comparable storage all requests for significant consump
tive use will have to be evaluated on a sim.ilar case by case basis. 

If each consumptive user of water is required to construct compensating 
storage, there will be many new small impoundments developed in the Basin. The 
environmental impact ofliterally hundreds of small reservoirs would be far more severe 
upon the Basin's ecology and consume more natural resources than the major impound
ments proposed in the ORBC Com pre hens ive Plan. Each sma II impoundment wou Id alter 
the stream ecology, affect water quality, v,isually. change the landscape and cause 
adverse impacts proportionally similar to large impoundments. Beneficial uses such as 
recreation and potable water supply would be limited by the size of the impoundment. 
The maior problem of flood control on the main stem would not, be resolved. 
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Under thi~ condition the electric uti'lities and others normally using water 
consumptively for cooling purposes would need to find other methods. Time delays in 
developing environmentally and economically satisfactory non-water methods would 
couse additional adverse environmental problems in the form of black-outs, loss of em
ployment, excessive uses of natural resources for temporary measures. Although the 
prevention of consumptive use of water may be environmentally sound, the best alterna
tives available for cooling purposes, such as dry cooling towers, rove not been used for 
projects of this size and therefore their environmental impact is not known. 

C. Flows Less than 3,000 cfs at Trenton 

A reservoir operation study, .using 44 years of observed flows, was made 
to determine, under current reservoir operating conditions, the frequency that regulated 
flows at Trenton would be less than 3,000 cfs. For the 528 months of record used 
(1923-1966), it was found that the flows at Trenton fell below 3,000 cfs about 4 percent 
of the time. The months of September and October showed the greatest incidence of 
flows less than 3,000 cfs. 

If it is realistically assumed that the first units of both the Limerick and 
Newbold Island plants cannot be placed in full operation until 1979, and since the 
dockets approved by the Delaware River Basin Commission on March 29, 1973, require 
utility water supply storage, if needed, by 1980, there will be a period of about 1 year 
when there will be no back-up storage for the consumptive water requirements at the two 
plants. Based on historical conditions, it would be possible to have a period of 
about one-:half month, probably during September or October, when flows at Trenton 
would be less than 3,000 cfs, and plant operations could have to be curtailed. Any 
additional sl ippage in the construction and operating schedule for the two plants would 
further reduce the risk of the need to curtail plant operations. 

D. Utilities Finance an Appropriate Portion of a Larger Multi
purpose Reservoir Already in the DRBC Comprehensive Plan 

It may be possible that a multi-purpose reservoir already in the 
Commission's Comprehensive Plan could be increased in capacity to compensate for the 
limerick and Newbold Island consumptive water use. It may also be possible that the 
utilities could finance an appropriate portion of a larger multi-purpose reservoir in the 
Comprehensive Plan. However, these are major policy decisions that would be made 
not only be DRBC but conceivably involving the Corps of Engineers and the United States 
Congress. 

The physical possibility of expanding the size of a multi-purpose reservoir 
may exist but, without engineering feasibil ity studies; we do not know the practical ity 
of such an alternative. . 
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This alternative raises the question of whether DRBC would deem it in the 
public interest to dedicate all or a significant porti?n of the water Xield !rom ~ .~bl icly 
financed reservoir project to meet the needs of the Investor-owned electriC utilities. 

Expansion of a multi-purpose reservoir may induce both beneficial and 
adverse impacts. Expansion of the surface area would provide for more shoreline uses 
and booting space. The increased volume would be available also for other users. 

On the other hand, the expans ion cou Id cause the reservoi r to become uns ight Iy • The 
additional inundated areas might result in the loss of good marsh, wetlands or wildlife 
habitat. In other words, each environmental impact caused by a reservoir could be 
slightly more severe or beneficial as a result of an expansion. 

E. Without Tocks Island Reservoir But the Utilities Furnishing 
Compensating Water Supply 

Basically, this situation simply maintains a 'status quo' condition in the 
Basin. The dependable low flow at Trenton remains below 3,000 cfs at 2,715 cfs. No 
significant changes would be expected in the salinity condition or the oyster beds. 
Allocation of water to other DRBC applicants for consumptive use would be reviewed in 
a manner similar to these two applications. 

Environmentally, the area receiving the impoundment{s) would be 
altered in some manner. On a Basin-wide level this approach may set precedence 
for construction of a multitude of small impoundments. As mentioned earlier, the 
adverse environmental effects from this approach may be far more severe than a 
few major impou"dments. 

A review of House Document No. 522, 87th Congress, 2d Session, 
entitled"Delaware River Basin, New York, New Jersey, Pennsylvania and Delaware'! 
indicates that the Corps of Engineers developed a very comprehensive analysis of the 
Basin. From a total of 193 major reservoir potentials considered, 19 major control 
projects were ultimately chosen. f'.kre than 386 small reservoir projects were screened 
resulting in the identification of 39 sites which were termed economically viable. The 
process of final selection for both the major end small reservoir sites was extensive and 
included in-depth rev iews by many Federa I, State, and local ogenc ies • 

There were also identified 254 potential small reservoir projects that 
could act as alternates for major control projects if considered in groups. The environ
mental impacts of many small projects could well be far more adverse than one major 
project. . 

Until the need for the compensating reservoirs occurs and the actual 
sites are determined, the specific environmental impacts cannot be determined. However, 
any impoundment will have certain significant.adverse as well as beneficial environ
mental impacts. If, in accordance with the DRBC docket, a decision is made that a 
compensating reservoir is required, an environmental impact statement will be prepared 
by the DRBC and submitted to public review and comment as per NEPA 1969 and the 
CEQ gu ide lines. 
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If compensating reservoirs are necessary for the replacement of consump
tive water use by the two power plants (limerick and Newbold Island) they would be 
located in the sub-basins above Trenton (probably Delaware River Basin sub-basins 
2,3 or 4) or in the Schuylkill River sub-basin (above the limerick site). There are 
two general reservoir-type possibilities -- one reservoir for both plants or a reservoir 
for each individual plant -- which affect the specific site selection procedure. In 
all probability the larger reservoir to supply both plants would be located in the Delaware 
River Basin above Trenton on a small tributary but near the main stem. Smaller 
reservoirs for each individual plant could be located in the Schuylkill River sub-bosin 
and/or in the Delaware River sub-basins above Trenton, either in Pennsylvania or N. J. 

The following information has been compiled to genePally describe the 
type, size,and cost of reservoirs constructed for the power plants and located in the 
above-mentioned areas. This information does not reflect detailed engineering analysis 
necessary for specific site analysis. It represents only' very preliminary estimates of data 
useful in the early stages of a site selection proce!ls. The information is based upon the 
best available data at this time. A detailed evaluatiol" will be made when and if such 
a reservoir becomes a requirement. 

Normally, reservoirs of this type can be completed in 2! years (land acquisi
tion, design, construction and reservoir filling). However, prolonged hearings and delays 
in licensing can easily extend the timing indefinitely. . 

(1) Description of a Single Reservoir to Serve Both limerick and Newbold Island 

The comb ined consumptive loss of 128 cfs (65 cfs for limerick and 63 cfs for Newbold) 
would require water supply storage of about 50,000 - 60,000 acre feet (AF) depending on 
the site selected. The water surface area of maximum water supply level would be 700 to 
1,000 acres (roughly 1- 1.5 sq. miles) depending upon specific site conditions. These 
values include an allowance for evaporation and conveyance losses. 

A sizeable dead storage would be provided sufficient to store all sediments that 
might accumulate in the reservoir over a 50-year period. At the dead storage level the 
reservoir area would be approximately 25 percent of the area at maximum water supply 
storage leve I. 

The reservoir cost, based on 1972 pri::es, would range between $40,000,000 and 
$60,000,000 dollars depending upon specific site conditions. 

A reservoir of this nature would have to be located on some small tributary of the 
Delaware River above Trenton,probably in 5th-basins 2,3 or 4. A number of potential 
reservoir sites have been identified by the Corps of Engineers in House Document 522. 
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The dam requ-ired for the reservoir would be a roCk-fill or rolled-earth fill dam 
high enougMo provide about 60,000 AF of grass storage below the maximum water 
supply storage level with 10 feet of flood surcharge storage and 5 feet of freeboard. 
An ungated over-flow chute-type spillway would be used to provide energy dissipation. 
There would be a minimum conservation releClse of 0.15 cfs per square mile of drainage 
area as required by Pennsylvania or other jurisdictions. 

Among the sites under consideration would be pump-in sites which would be located 
as close as possible to the main stem of the Delaware River in order to minimize pumping 
requirements. A pumping station would be located on the Delaware to provide water to 
supplement the natural stream flow during periods of excess flow. The pumps would be 
used only when the Delaware flow is substantially above 3,000 cfs at Trenton. 

(2) A Reservoir Located in the Schuylkill River Sub-Basin for the limerick Plant Only 

The water supply storage needed to yield 63-65 cfs would be about 35,000 to 50,000 
AF depending on the specific site selected. These values include an allowance for eva
poration and conveyance losses. The water surface area ot maximum water supply level 
would ra'lge between 800 to 1,300 acres. 

·Dead storage would be provided in the reservoir sufficient to stare all sediments 
that might accumulate in one reservoir over a 50-year period. The reservoir area at 
the dead storage level would be approximately 20 percent of the area at the maximum 
water supply storage level. The remaining pool at maximum drawdown would be large 
enough to prevent a significant loss of fish that might develop in the reservoir. 

The reservoir cost, based on 1972 prices, would be between $35,000,000 and 
$40,000,000 depending on the specific site conditions. 

The reservoir would be located on a small tributary of the Schuylkill River. There 
are several such reservoir sites where the required storage volu.mes could be developed. 
Detailed site selection studies would be made to pinpoint the best reservoir site if and 
when the need for this reservoir becomes definite. These studies would be developed in 
clase coordination with DRBC, Corps of Engineers and the State agencies to insure maxi
mum env ironmenta I cons ide rat ion. 

A rock-fill or earth fill dam high enough to provide between 40,000 and 60,000 AF 
of gross storage below the maximum water supply storage level with 10 feet of flood sur
charge storage and 5 feet of free board would be developed. It would be located as close 
to the main stem of the Schuylkill as possible to minimize pumping requirements. A water 
supply outlet would be provided. A pump station located on the Schuylkill River would 
be provided to supplement the natural stream flow into the reservoir. An ungated over
flow chute-type spillway that would pass the probable maximum flood flows would be a 
part of the development. The spillway would. provide adequate energy dissipation. 
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The water supply storage provided would be used to supply a volume equivalent to 
the amounts drawn by each respective plant for consumptive use to the Delaware when 
its flow is below about 3,000 cfs at Trenton. The amount of the supplement would be 
equal to the river flow withdrawn to meet the consumptive demands of the Limerick 
Generating Station. A minimum conservation release of 0.15 cfs per square mile of 
drainage area, as required by the Commonwealth of Pennsylvania, would always be made. 

During drought periods the operation would be the same as for normal years except 
that the length of the reservoir drawdown period would be longer. During the drought 
of the 1960's the maximum reseNoir drawdown would have begun in July 1965 and con
tinued into December 1966. The required capacity of the reservoir would be set for this 
period of drawdown. 

The reservoir would be refilled during the winter and spring from excess flows from 
the drainage area above the dam site and by pumping from the Schuylkill River. The 
rate of pumping would never be enough to reduce the river flow below the median flow 

plus the plant consumptive use requirement. Pumping would be carefully regu lated 
by the DRBC at all times. 

The Schuylkill River in the upper reaches is generally contaminated by acid mine 
waste. During periods of high flows concentrations of th is waste are less because of the 
greater volume of fresh water runoff available for dilution. Generally, filling of the 
reservoir by pumping would occur in this period, whenever possible, in order to reduce 
the acidic quality of the water in the reservoir. 

(3) rate Reservoirs located in a Sub-Basin Above Trenton for Each Individual 
ower Pant 

The water supply storage needed to yield the 63 to 65 cfs would be about 26,000 
to 28,000 AF depending on the specific site selected. These values include an allowance 
for evaporation and conveyance losses. The water surface area at maximum water supply 
level would range between 500 to 600 acres. 

Dead storage would be more than sufficient to store all sediments that might accumu
late in the reservoir over a 50-year period. The reservoir area at the dead storage level 
would be approximately 25 percent of the area at the maximum water supply storage level. 
The remaining pool at maximum drawdown would be large enough to prevent a significant 
loss of fish and other aquatic life that might develop in the reservcir. 

The reservoir cost, based on 1972 prices, would be between $25,000,000 and 
$35,OOO,000,depending on the site conditions. 
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The reservoir would be located on some small tributary of the Delaware River 
above Trenton. There are several such reservoir sites identified by the Corps of 
Engineers in House Document 522 where the required storage volumes could be de
veloped. 

Further studies might, however, indicate some reservoir other than those identi
fied by the Corps of Eng ineers to be best su ited for the proposed deve lopment. Th is 
would be fully explored during alternative site investigati01S if and when the need for 
th is reservo ir becomes defin ite Iy establ ished. 

A rock-fill or rolled-earth fill dam would create the reservoir. The dam would 
be high enough to provide 30,000 to 35,000 AF of gross storage below the maximum 
water supply storage level, 10 feet to flood surcharge storage and 5 feet to freeboard. 
A water supply outlet would be provided. An ungated overflow chute-type spillway 
that would" pass the probable maximum flood flows would be a part of the development. 
The spillway would provide adequate energy dissipation. 

The water supply storage provided would be used to supply the maximum consump
tive demands of the Newbold Island Generating Station when the Delaware River flow 
falls below 3,000 cfs in the vicinity of Trenton. A minimum conservation release of 
0.15 cfs per square mile of drainage area (as required by the Commonwealth of 
PennSylvania or other possible jurisdictions) would always be made. 

(4) Environmental Impacts of the Reservoir(s} 

Th is entire section is representative only and ~es nof substitute for the site selec
tion and environmental statement process which will be required if the reservoirs are 
determined as necessary. The ensuing discussion on environmental impacts is a gener
alized outline of what would be investigated during site selection and the preparation 
of an environmental statement. It is the result of very preliminary review by the utili
ties of the range of possible reservoir sites and the general kinds of environmental 
impacts, beneficial and adverse, that might be anticipated. No actual field surveys 
have been made nor have any technical studies been developed to substantiate or refute 
this infQrmation. At best, the following review of environmental impacts is qual itative 
and subjective and is pravided here only for illustrative purposes to demonstrate the 
range of information that would be cons ide red if and when the reservoirs are requ ired. 

a. Multi-purpose Uses. A reservoir project could, in addition to supplying the 
consumpt ive needs of the power plants, prov ide opportun it ies for outdoor recreat ion. 
It would create a habitat for fish and other aquatic I ife. Flood control and municipal 
water supply ore other possible multi-purpose uses that could be developed at the site. 
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It is anticipated that a reservoir would be stocked annually with appropriate 
species of fish by the ap,propriate State and/or Federal agencies. Field cooperatio~ 
and ass istance wou Id be extended to these agenc ies to accompl ish th is. The rema in
ing pool at maximum drawdown would be sufficient to prevent a significant loss of 
fish population during droughts. Detail design to assure this would be developed in 
cooperation with the agencies. There would be slight losses anticipated. 

In addition to public access for boating and fishing, the utilities would probably 
also allow seasonal homes to be constructed about the impoundment thereby providing 
many families with a summer home on a lake. To many, the reservoir would be an 
asthetic asset over the natural free-flowing stream. 

In the case of individual smaller reservoirs for each plant, it is doubtful that 
flood control would be a benefit because of the small drainage area which would be 
controlled by such a reservoir \1 to 23 square miles). 

For locations in the Schuylkill sub-basin, it is expected that some fish habitat 
would exist even though water quality of the reservoir might be affected by the acidic 
waters now existing in the Schuylkill River. The greatest effect of this acidic condition 
would be in I imiting the production of fish. 

It is anticipated that the reservoir would be stocked annually with apprapriate 
species of fish by State agencies. Full cooperation and assistance would be extended 
by the utilities to these agencies to accomplish this. The remaining pool at maximum 
drawdown would be sufficient to prevent a major loss of fish populations during 
droughts. However, there might be fish loss during the maximum drawdown period. 

b. Direct Loss of Land and/or Productivi . b T pee The total acreage that 
would have to acquired for t ese reservoirs wou d range between 1,800 and 3,200 
acres. Of this, approximately 500-1,300 acres would be lost due to inundation. 
There might be a loss in some agricultural land and in wooded areas. ~st of the area 
involved, however, would probably be brush and other non-commercial growth. No 
mineral resources such as limestone quarries, or coal fields would be affected. In 
general, the required quantities of construction material such as sand, gravel, and rack 
would be obtained from borrow areas within the reservoir. As these materials are also 
available in adjacent areas outside the reservoir, the required quantities would not signi
ficantly deplete valuable local construction materials and therefore would not affect 
construction of other civil works projects in the region. Noise, dust and visual blight 
would be prevalent during the removal of these materials. In the SchuylkiU sub-bosin 
no mineral resources such as I imestone quarries or coa I fie Ids would be affected. Poten
tial sites are at least 5 miles from any urbanized area and considering the geograph ical 
location and the predominantely agricultural character of the region, future real estate 
deve lopment wou Id I ike Iy be lim ited to res ident ia I uses. The rna jority of the land areas 
are presently privately owned operating dairy farms. . 
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Potential sites in the Delaware River above Trenton are at least 20 miles from 
any urbanized area and do not lie in the natural path of urban expansion. Consider
ing the rugged character of the physiography of the region, future 'real estate develop .. 
ment would likely be mostly I imited to recreational developments including vacation 
homes. The majority of the land areas in the project vic inity are private Iy owned. 
Because the impoundment and the land abutting would be owned and controlled by the 
utilities, surrounding land values probably would not be affected. 

c. Loss and/or Relocation of Man-made Structures. A range of 40 to 120 struc
tures such as houses, stores, barns and cottages might have to be acquired depending on 
the size of the reservoir and its location. 

Archaeological and/or historic sites or burial grounds would be avoided. However, 
careful investigation of the final site by the responsible State officials would be made 
prior to construction to insure preservatio'1 of any artifacts that might be found. 

No railroads, major highways or airfields would be affected. Segments of hiking 
trails, jeep trails and small bridges could possibly be inundated depending on the site 
selected. lengths of secondary roadway also could be inundated and those sections that 
provide access to public property would be relocated. 

d. Inhabitant Relocation. Population densities in the affected areas are very low. 
It is estimated that 100 to 200 persons might be displaced in the De laware River above 
Trenton and 250 to 300 permanent residents might be displaced in the Schuylkill River 
sub-basin. 

e. Effect Anticipated on Wildlife and Vegetation. Many different wildlife species 
inhabit the wooded s lopes and creek bottoms of ~he sub-bas in inc 'ud ing wh iteta iI deer, 
cottontail rabbits, squirrels, red foxes, bobwhite quail, raccoons, woodchuck, great blue 
heron, grouse, pheasant and hawks. 

Because of the elimination of habitat for existing populations of plants and animals 
in the inundated area, there would probably be a re-adjustment of animal populations 
in bordering areas due to emmigration of game species and others. For example, deer 
excluded from the inundated area would move into adjacent areas, and bird species would 
find new hab itats • 

The most significant change would be in the aquatic organisms. The region is at 
this time characterized by rapidly flowing, cold water streams suitable for.such species 
as brook and brown trout. The proposed reservoir would permit the develo"ment of warm
water species (viz., bass, pickerel, sunfish, walleyes, etc.). However, the water 
qual ity in the Schuylkill sub.,basin could affect the numbers and species of fish popula
tions in the reservoir. 
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The project would probably not interfere with any special breeding or nesting 
grounds. Migratory bird Hight patterns, in th is case the Atlantic flyway, would not 
be disturbed or adversely altered. Instead the reservoir would provide resting areas 
for migrating waterfowl. 

Terrestrial vegetation would be replaced by aquatic forms in inundated areas. 

f. Change in Aesthetic Quality. In Delaware sub-basins above Trenton the 
rural countryside is characterized by rolling low mountains. The predominantely wooded 
landscape is typical of most immature mixed Eastern hardwood forests. Forest species 
include birch, beech, maple, hemlock, and Eastern red cedar. Small acreages of 
farmland devoted to crops and grazing (liso exist. Relatively few persons make use of 
the remate streams and valleys that would be inundated. The creation of a lake with 
public access would be considered an enhancement of the overall aesthetic quality of 
the reg ion by many. 

The actual siting of the dam structure would seek to minimize possible negative 
aesthetic effects of the dam, spillway and pump facility. Such facilities would be 
sited giving the maximum consideration to the visual impacts on vistas from near and 
distant points. 

The rural countryside of the Schuylkill sub-basin is characterized by rolling low 
mountains and open fields primarily devoted to dairy farming. Small acreages of wood
land also exist. The creation of a small lake with public access would have a minimal 
v isua I effect on the surrounding land uses. A lake in th is area cou Id add to the pastoral 
visual quality. 

g. Effect on the Impounded Stream 

(1) loss of fishing, spawning areas 

Typically, creeks in these sub-basins support the following species: 

Cold-water spec ies - brook and brown trout. 
Warm-water species - bass, walleyed pike, eel and sucker. 

There may be existing barriers to migration in any of the streams, in which 
case conversion to a reservoir would not seriously affect the migrating habits of fish. 

Depending on the location, a reservoir would eliminate approximately 3 
to 11 miles of cold-water fish ing streams. However, a reservoir would create between 
5 to 27 miles of shoreline. Therefore, there might be a net increase in fishing opportuni
ties as a result of building the reservoir. However, it would be a different ecological 
condition than before. A reservoir in the Schuylkill sub-basin would be stocked with 
species suitable for the acidic aquatic environment. There would be loss of certain species 
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and a go in in others. Once the specific site is chosen. deta i1ed ana Iys is can be made 
of th is impact. 

(2) Recreational losses and gains 

Small acreages of State game lands might be inundated in which case 
these lands would be traded for other su itable game land. Publ ic parks or campgrounds 
would be avoided. Some jeep and hiking trails might be lost. 

On the other hand, a reservoir would allow such recreational development 
as fishing, hiking, camping and boating. Such possibilities could compensate for the 
amount of recreational activities that would be lost due to the inundation of a stream. 

(3) Alteration of water quality below impoundment 

Releases from the impoundment would probably alter the chemical, physi
cal, and biological characteristics of the water below the impoundment regardless of 
location. In the Schuylki" sub-basin the strong possibility of acidity and sediment 
content in the water will need detailed assessment to disclose any possible special 
problems. 

(4) Alteration of water quality within impoundment 

An impoundment of a previously unregulated stream can significantly alter 
the ability of the stream to assimilate waste material and thus cause a concomitant 
change in the quality of the water impounded. Since the reservoir would be located on 
a small stream with a very sparsely inhabited watershed, change in water quality would 
be analyzed for any possible problems. 

The impoundment would act as a settling basin and cause the deposition 
of silt, organic material, and nutrients. Withdrawals from the lower levels and turnover 
would couse these materials to be resuspended and could produce potential algae blooms. 
The watersheds considered do not produce amounts of organic material or nutrients that 
would seriously alter the reservoir's characteristics over the I ife of the project. 

In the Schuylkill sub-basin the most significant change to the water qual ity 
is that it might become acidic due to the water pumped from the Schuylkill River. 

(5) Increased silt load 

A reservoir in a Delaware Volley sub-basin would trap most of the sediment yield 
of the natural drainage area. The largely wooded drainage area is estimated to yield 
about 0.1 acre-foot per square mile per year or a total of about 250 to 300 AF in 50 
years. It is estimated that the overage volume of water pumped from the Delaware River 
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would have a sediment load equivalent to that from the natural drainage areas. 
Investigations would be made of the exclusion of these sediments to be certain that 
no measurable effects on the main Delaware River flow occur. 

A ,reservoir in the Schuylkill sub-basin would trap most of the sediment 
yield of the natural drainage area. The largely pastoral drainage area is estimated 
to yield about 0.1 acre-foot per square mile per year or a total of about 30 to 70 AF 
in 50 years. Sediments contained in the Schuylkill River water might cause deposition 
of abnormal amounts of insoluble iron complexes and coal fines, when compared to 
other stream impoundments in this area. Studies which would be developed during the 
site analysis phase would prove or disprove this problem. 

(6) Flood control 

In storing runoff from the natural drainage area of the Delaware sub
basins in the flood season a reservoir for both plants would provide incidental flood 
control at the mouth of the stream and on the De I aware River. The flood control 
benefit on the Delaware River would be small because the tributary areas are only 3 
to 4 percent of the drainage area of the main river. However, if the reservoir were a 
part of a system of reservoirs, the cumulative effect,of the system could be significant 
at downstream points on the Delaware. 

In storing runoff from the natural drainage area of the Schuylkill sub-basin 
in the flood season, a reservoir for one plant would provide only incidental flood con
trol at the mouth of the stream and on the Schuylkill River. The flood control benefit 
would be very slight because the tributary areas are only a small percentage of the 
drainage area of the main ,river. 

h. Effect of the Reservoir Structure 

(1) Ecological implication of shift from stream to lake 

As previously stated, the shift would result in inundating 3 to 11 miles of 
streams and 700 to 1,300 acres of existing terrestrial ecosystems. These would be re
placed by an aquatic ecosystem formed by the lake., 

A certain number of cold-water fish species would be replaced by warm
water species. Some terrestrial animal species would also be displaced with a possible 
reduction in some populations. However, no known rare or endangered species would 
be adversely effected. Acidic conditions in any. reservoir located in the Schuylkill 
sub-basin would be investigated to avoid undue effects on aquatic life in that reservoir. 
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(2) Effect of dam as a barrier 

Certain secondary road relocations might be required. As previously 
stated, the dam could el iminate some fish spawning grounds. The dam would also 
increase the deposition of sediment, which would be provided for in the design of 
the reservoir, resulting in a decrease in the sediment load of the stream below the dam. 

Effect due to Spillways. Chute type overflow spillways would discharge into 
the creek immediately below the dam. The chute would be provided with an energy 
dissipator to minimize erosion of the river banks. Spillways discharges would always 
be less than natural flood discharge because of reduction of outflows by the surcharge 
storage in the reservoir. 

i. Effect on Ground-Water Resources. The reservoir would inundate river bottom 
lands of about one-half mile in area. The use of ground water storage under these lands 
only relates to individual wells that would not be needed after construction of the reser
voir, should the water be used for domestic supply. 

Construction of the dam may block the natural outflow from groundwater aquifers 
in the reservoir area and also the natural groundwater outflow from the watershed above 
the dam. The effect might be a tendency to raise groundwater levels and increase 
groundwater storage. 

k. Effect of Periodic Fluctuation of the Water Level on the Shoreline. 

Fluctuations of the water level during the low flow periods of the Delaware 
would cause certain adverse environr:nental effectS. These include temporary displace
ment of wildlife and aquatic habitat, and reduction of scenic qualities of the shoreline. 

I. Effects During Construction. There would be noise, dust, turbidity, sedimen-
tation, and visual blight during construction, Control of soil erosion and sedimentation 
would be accomplished by the development and execution of an erosion and sediment 
management control plan reviewable by the appropriate agencies. 

As an appendix to the supplemental comments, attached is a list of environmental 
factors to be considered when analyzing a site for a reservoir. This guide is Uieful 
in reviewing the kinds of beneficial and adverse environmental impacts anticipated 
from reservoirs. 
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APPENDIX - ENVIRONMENTAL IMPACTS DUE TO RESERVOIRS 

I. [lrect loss of land and/or productivity 

A. Spec ificat ion of type of land use lost 

1. Agricu Itura I or graz ing land 
2. Forests or timberland 
3. Wetlands or marshes 
4. Parks 

B. Commercial productivity 

1. Mineral resources 

gavel operations, limestone quarries, oil and gas fields 

2. Commercial fisheries 
3. Future real estate development .. increase in surrounding land 

value 

II. loss or relocation of man-made structures, archaeological or 
historical sites 

A. Archaeological or historical sites 

B. Villages, dwelling units, etc. 

1. Relocation or loss of entire towns 
2. Relocation of families 

C. Highways, railroads, bridges, etc. 

1. Inundation of jeep trails resulting in reduced forest accessi .. 
bility with attendant forest fire control problems 

2. loss of wooded areas induced by the relocation of highways 

D. Cemeteries 

E. Existing recreational facilities 

III. loss of wildlife habitat 

A. Spec if ication of habitat types 

In particular, habitat losses for small game, upland game, and 
fur-bearing animals 
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B. Loss of hunting opportunities 

c. Adverse effect on the wildl ife ~abitat equil ibrium along the 
shore I ine where the displaced wild life re locate 

IV. Change in aesthetic quality 

A. Decreased aesthetics 

1. Loss of the natura I stream 
2. Loss of "pastoral scenery" 
3. Decreased aesthetics from the borrow operations for the dam 
4. Loss of scenic bluffs and canyons 
5. Loss of a steep va !ley, rap ids and pools 
6. Loss of the vista from the river 
7. Intrusion on the scenic views of the mountains 

B. Increased aesthetics 

1. Enhancement of the natural features of the physical environment 
2. Improvement on the scenic attractiveness of the area since it 

would provide a man-made lake in a rather primitive environ
mental setting 

v. Loss or inundation of the natural stream 

A. Loss of the stream fishery 

1. Elimination of species dependent on a free-flowing stream 
2. Loss of spawning areas 
3. Loss of small-mouth bass 

B. Loss of recreational potential 

1. Loss of white water recreation 
2. Loss of stream fishing 

C. Gain in recreational potential 

1. Expanded swimming area 
2. Sail ing and other boating potential 
3. Lake fish i ng 

VI. Environmental impacts of the reservoir, . per se 

A. Substitution of a lake for a Itream and the ecolog ical impl ications thereo 
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1. Transformation from a river ecology to a static lake ecology 
2. Replacement of a complex forest ecosystem with a simple 

aquatic ecosystem 

3. Alteration of the flora and fauna environment 
4. Creation of a new water-based ecosystem 
5. Substitution of a lake environment for the current fluvial setting 

B. Creation of a warm water fishery 

C. Creation of mosquito breeding grounds 

D. Creation of wildlife habitat 

1. Creation of feeding and nesting areas for a variety of waterfowl 
2. Geation of a stopov~r for migratory birds 
3. Make possible the growth of shoreline riparian vegetation 

'Ills would increase the present edge-effect ratio which would 
prove advantageous as this is the area where greatest wildlife 
diversification and density persists. 

4. Creation of a larger water area which would support an increased 
population of aquatic-oriented fur-bearers 

E. Preservat ion of open space 
F. Increase in tax return due to increased land values 

VII. Alterations in water quality due to impoundment 

A. Thermal stratification 

1. Detrimental effect on water qual ity 
2. Dissolving of iron and manganese 
3. Production of hydrogen sulfide 
4. Depression of pH . 
5. Reduction of aerobic. biodegradation 

B. Growth of algae, phytoplankton, zooplankton, etc. 

1. Creation of aesthetically unpleasing scum 
2. Taste and odor problems 
3. Pr~vision of food for a large number of resident fish per acre 
4. ~ctuction of hardness due to algae production of carbon 

dioxide and subsequent precipitation of calcium carbonate 
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c. Impoundment of nutrients and wastes 

1. Decreased water quality 
2. Increased rate of eutroph ication 
3. Enhancement of the fishery (unless overfertilized) 
4. Taste and odor problems 
5. Increased demands on dissolved oxygen 
6. Improvement of downstream water quality (by impoundment 

of wastes) 
7. Organic contamination 

O. Increased water temperature 

1. Adverse effect on composition of fish species inhabiting the 
reservoir 

2. Possible occurrence of inadequate dissolved oxygen 

E. Increased evaporation 

1. Increase in total dissolved solids (TOS) 
2. Loss of water for downstream flows 

F. Larger detention times and lower velocities 

Th is leads to reductions in turbidity, color, biochemical oxygen 
demand (BOD), and the density of coliform bacteria. 

1. Less mi.xing 

Th is might cause wastes formerly distributed through the system 
to hug the shore I ine. 

2. Decreased reaeration resulting in decreased dissolved oxygen (~O) 
3. Reduction of bottom scour (in inundated reach of stream) 

VIII.ir:npocts resulting from the dam as a barrier 

A. Increased sediment deposition above dam (but less below dam). 

1. Aggradation of impoundment area 
2. Detrimental effect on aquatic plants (in euphotic zone only). 
3. Progressive change in aquatic habitat 

B. Loss of anadromous fish runs (unless fish-passage is provided). 
C. Flood control 
O. Water supply for patable use, irrigation, recreation, and industrial 

purposes. 
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IX. Impacts due to spillway.s 

A. Nitrogen gas supersaturation during high spillway flows resulting 
in fish kills downstream 

B. Incremential replenishment of DO 

c. Decreased aesthetics due to cut in hillside 

D. Loss of product ive forests 

E. Prevention of damage to dam from overtopping 

X. Downstream effects 

A. Decreased silt or sediment load in river 

1. Increase in erosion of downstream channel 
2. Improvement of water qual ity downstream 
3. Extension of life at downstream reservoirs 
4. Improvement of visual scenery downstream 
5. Enhancement of flood plain below the dam 
6. Decrease in frequency and amount of dredging needed for navigation 

downstream. 
B. Effect on fishing and fish habitat 

1. Improvement or enhancement of the downstream fishery 
2. Net gain in number and variety of fish 
3. Decline in the downstream fishery 

c. Flow regulation or augmentation 

1. Improvement of downstream water quality 
2. Increased attractiveness of the stream 
3. Enhancement of the recreational capabil ities of the river 
4. Reduction of mosquito problems downstream 
5. Elimination of the flushing action of flood flows 
6. Enhancement of the downstream fishery 

In one instance it was noted that this would be true only 
if a multilevel outlet were used. 

7. Reduction of downstream waste treatment costs 
8. Reduction of the downstream effect of irrigation return flows 
9. Reduction of downstream water-supply treatment costs 

D. Increased stream temperature 

1. Decreased d isso Ived oxygen (DO) 
2. t-ky violate stream temperature criteria 
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E. Increased turbidity during flood flows or when gates opened 
to flush sediment out of reservoir 

1. Fish will be made unava ilable to sport fisherman 
2. Non-adherence to water qual ity standards 

X I. Effects on groundwater resources 

A. Increase in groundwater recharge 

1. Reduction of salt water intrusion 
2. Pollution of groundwater aquifers 

B. Reduction of recharge below the dam 

XII. Effects of periodic inundation or a fluctuating shoreline 

A. Effects on wildlife 

1. Temporary displacement of wildl ife or loss of wildlife habitat 
2. Possible flooding of wildl ife refuge during the critical nesting 

period 
3. Increased plant growth with the resultant attraction of ducks 

B. Effects on vegetation 

1. Possible damage to vegetation 
2. Acceleration of plant growth due to silt deposition 

C. Decreased aesthetics during low storage periods 

1. Reduction of the scenic qualities of the shore 
2. Destruction of the shoreline 
3. Exposure of unsightly mudflats 
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OEPARTMENT OF AGRICULTURE 
OF"F"ICE OF" THE SECRETARY 

WASHINGTON, D:C. 20250 

FE6 51973 

Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
Atomic Energy Commission 
Washington, D. c. 20545 

Dear Mr. Muller: 

50-352 
50-353 

We have had the draft environmental statement for the Limerick 
Generating Station, Units 1 and 2, Philadelphia En.ectric Company, 
reviewed in the relevant agencies of the Department of Agriculture, 
and comments from Soil Conservation Service, Agricultural Research 
Service and Forest Service, all agencies of the Department, are 
enclosed. 

Sincerely, 

-;~t!r:J 
Qualit.1 Activities I 

Enclosures 
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Soil Conservation Service, USDA, Comments on Draft 
Environmental Statement prepared by the Soil Conser
vation Service, USDA, Harrisburg, Pennsylvania, for 
Limerick Generating Station Units 1 and 2 of the 
Philadelphia Electric Company (AEC Docket Nos. 50-352 
and 50-353) 

According to the April, 1967 Soil Survey of MOntgomery County, 
Pennsylvania, published by the USDA, Soil Conservation Service, 
the site for the station consists of Penn silt loam (3 to 8% 
slopes) and Reaville shaly silt loam (0 to 3% slopes) • 

The capability unit for the Penn silt loam is 2e-3, and for the 
Reaville shaly silt loam is 3w-4. 

Major soil limitations for the proposed use are shallow depth 
to. bedrock, wetness, reestablishment of vegetation, and erosion 
control. Erosion control during and after construction will' 
need to be implemented as the soil is erosive. The areas of 
soil mapped as Reaville shaly silt loam will need various open 
and closed drainage systems to solve the drainage problems. 

The last paragraph of 4.1 page 4-1 and the second paragraph of 
4.2 page 4-2 should mention that the Pennsylvania Clean Streams 
Act requires a sedimentation and erosion control plan on all 
con~truction sites involving earthmoving • 

. Mention should be made if any county or· township sediment control 
ordinances are applicable to the generating station site, pipe
line construction sites, and the channel excavation site. 

Mention is made on page 4-1, section 4.1, paragraph 2 of the 
landscaping and reseeding of disturbed areas. Mention should 
be made that a conservation plan will be developed for all the 
land associated with the generating facili~. 

In paragraphs 5.1 and 5.4.1.1 it is stated that Bucks County 
has agreed that it will perform the dredging and stream re
habilitation necessary to prevent silting and erosion in East 
Branch. On page 5-7, Bucks County has agreed to the three 
conditions in paragraph 4 in order to protect and enhance the 
Perkiomen stream ecosystem. 

This subsection would be clearer if the type of agreement 
between the Atomic Energy Commission and Bucks County was 
spelled out. The number of ifs, coulds and shoulds used 
in the section concerning siltation seem to ·indicate this 
agreement may not be binding. 

A note that the provision of the Pennsylvania Clean Streams Act 
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!ill be met would be a desirable addition to this section. 

In the description on pipeline right-of-way useage on page 4-1 
(last paragraph), an additional comment concerning the pipe
line's effect on existing agriculture drainage systems would be 
appropriate. 

The most likely source of conflict with existing conservation 
systems is the pipeline construction. A statement that all 
conservation practices disrupted during excavating for the 
pipeline will be restored to preconstruction condition, should 
be added. 

According to page 4-1 of the environmental statement the plant 
and substation occupy 85 acres of land. This land can be 
classified as irreversibly and irretrievably lost. 

Farming enterprises along the rights-of-way of the overhead 
power lines and underground pipelines should experience little 
or no severance of property unless fencing is installed. This 
problem was not mentioned in the report. If fencing is to be 
used along the rights-of-way it should be mentioned in the 
statement. 

The supply of adequate electricity to the general area will 
have a stabilizing effect on surrounding communities. 

The present state of knowledge on the effects of continuous 
-low level radiation on various parts of the food chain and 
man is meager as outlined on page 5-21 and elsewhere. \l1i th 
this in mind, it is expected that normal operation of the 
plant will not involve a measurable effect. 

No mention is made of what will be done to stockpile or 
properly dispose of stripped topsoil from 85 acres of land 
occupied by substations and generating statiop. 

It would be desirable to have some system of public disclosure 
of daily rodwaste discharges (liquid and gaseous) ,so local 
producers could adjust their operations of harvesting, pastur
ing, irrigating, etc. to minimize the effects of abnormal 
releases. 

The Soil Conservation Service in Pennsylvania has five water
sheds within the Schuylkill River Watershed. The Wissahickon 
Creek is being planned, the Little Schuylkill and Kaercher 
Creek are in the operations (construction) phase,. and the 
Sacony Creek and Stony Creek ll1a tersheds are in the preliminary 
investigation stage. No provisions are or were planned in 
these watersheds in conjunction \1Ii th this proj ect. 
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Review of Draft Environmental Statement on the Limerick 
Generating Station, Units 1 and 2, Philadelphia Electric 
Company. 

The Agricultural Research Service has reviewed the subject 
draft environmental statement, and has the following comments 
relative to the hydrology of the iaci1ity: 

Section 2.5.1 Groundwater. With regard to domestic water use, 
groundwater iS'not a "minor resource." Possible contamination 
of the groundwater in view of the potential for urban develop
ment in this area warrants more quantified analysis. 

Section 2.5.2.3 Perkiomen Creek. The projected diversion of 
Delaware River water in the East Branch of Perkiomen Creek 
will be at rates approaching the annual flood rate. Continuous 
flows at this rate will likely cause a change in size and slope 
of the natural channel. Also, sediments will be deposited at 
the point where water is removed at pumping site on Perkiomen 
Creek. 

Also, a natural flood should be simulated in the East Branch 
with the diversion of 75 c.f.s. Will existing road culverts 
and bridges be adequate? 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
Forest Service 

Re: Draft Environmental Statement - Limerick Generating 
Station, Units 1 and 2, Philadelphia Electric Company 

This project is unusual in the small amount (less than 20 
acres according to page 5-3) of woodland that will be 
destroyed, in spite of the fact that in addition to the 
plant site of 587 acres, some 33 miles of transmission line 
will be erected. This is due to the fact that half the 
mileage follows railroad tracks (no forest clearing per page 
11-5) and the remainder will be within an existing transmission 
line right-of-way (less than five acres of clearing per page 
11-5). The remainder apparently consists of a small amount 
at the plant site and "the removal of riparian woodland 
along % mile or more of-the East Branch of Perkiomen Creek 
and the dredging of the stream bed for channelization--". 
~his is necessitated because cooling l'later will be diverted 
from the Delal'lare River and dumped into the East Branch 
which has an inadequate channel to handle it. While this 
is stated in the draft, the adverse impact is pretty well 
played down. 

In view "of the above, our comnents are relatively minor. 
Page ~-l states, in referring to the plant site: "Only a 
few acres of woodland will be cleared. The impact of the 
loss of this farmland and wildlife habitat is relatively 
small considering that available else\'lhere in the vicinity". 
Similarly, page 5-3 states: "Serious detrimental impacts 
are not expected - (because) - the land areas involved 
represent only a very small fraction of the total habitats 
available in the site vicinity". \ve have encountered 
similar statements in drafts for other proposals. No 
recognition is given that many small impacts can add up 
to a major impact. Moreover, we think ther~ is an inference 
in such statements that displaced wildlife can simply move 
over to nearby similar habitat. This may not be true if 
the surrounding habitat already has its carrying capacity -
which may often be the case. 



DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 

OFFICE OF THE 'SECRETARY 

WASHINGTON. D:C, :lDlDl 

Hr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
U.S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

.: ~\ .'\. ~~7';' 
-- .~ .. 1,\" 

This is in response to 'your letter of December 6, 1972, wherein you 
requested comments on the draft environmental impact statement for 
the Limerick Generating Station, Units 1 and 2, Philadelphia Electric 
Company, Docket Numbers 50-352 and 50-353. 

, .... 

This Department has reviewed the health aspects of the above project as 
presented in the documents submitted. The following comments are offered: 

1. Page 5-25: It is stated that 1/3 of the median flow of the Schuylkill 
river will be used for dose calculations at the Royersford Borough 
water intake and that 100% of the median flow will be used further 
downstream. According to Figure 2.10, the flow of the Schuylkill 
River is equal to or less than 1/3 of the median flow for 30 succes
~ive days once every 2 1/2 years. We recommend that the dose calcu
lations for the water at all downstream locations be based on the 
same dilution assumptions. 

2. Page 5-29: The radiation dose is not acceptable in the context of 
"as low as practicable" with regard to gaseous releases during the 
1 1/2 weeks that the recombiner is out of operation. Current 
technology and operating procedures can readily eliminate about 99% 
of this radioactivity release proposed by the applicant. 

The opportunity to review the draft environmental impact statement is 
appreciated. 

Sincerely yours, 

.~~0-d A. S'.ru;r---L 
Richard L. Seggel 
Acting Assistant Secretary 

for Health 
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United States Department of the Interior 

ER-72/1410 

Dear Mr. Muller: 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

FEB 23 1973 

50-352 
50-353 

~ 
This is in response to your letter of December 6, 1972,----~ 
requesting our comments on the Atomic Energy Commission's 
draft statement, dated December 1972, on environmental 
considerations for Limerick Generating Station, Units 1 
and 2, Montgomery County, Pennsylvania. 

Our comments are presented according to the format of the 
statement or according to specific sUbjects. 

Geology 

The brief description of the geology presented in the 
draft statement is inadequate for an independent assess
ment of the geologic environment relevant to the proposed 
construction of the plant. The data presented are in
adequate concerning the physical properties of the geologic 
materials on which the plant and its appurtenant structures 
will be founded, and there is no indication of how a 
knowledge of the physical properties has been used in the 
design of the facility. Comprehensive discussions of 
these factors should be included in the statement. The 
seismology of the site is adequately described including 
design basis ground accelerations resulting from earthquakes. 

The applicant's Preliminary Safety Analysis Report to the 
AEC treats the details of the geologic and seismo1ogic in
vestigations and analyses that have been performed for the 
Limerick Generating Station. We suggest that, as a minimum, 
a more comprehensive summary of the geologic analysis section 
of the Safety Analysis Report be included in the final en
vironmental statement with adequate cross-references to 
appropriate parts of the statement to indicate how the data 
and analyses have been utilized for purposes of design and 
construction of the facility. In particular, attention 
should be given to fracture zones in the bedrock, their 
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potential effects on structures, and the construction 
methods employed to ensure stability. As a result of 
procedures established between the AEC and this Department 
the Geological Survey has previously reviewed the geologic 
and seismologic aspects of the site that are included in 
the Preliminary Safety Analysis Report. Their comments 
were transmitted to the AEC Director of Regulations on 
July 12, 1971, and was made part of the public record in the 
AEC licensing procedures. 

Biology of the Site and Environs 

The eastern bobcat, Lynx rufus, listed on page 2-59, has 
been determined a rare species in Pennsylvania by a University 
of Pennsylvania study. Although the State has not officially 
recognized this determination, it should be noted as such in 
the environmental statement. The bog turtle (also called 
Clemmys muhlenbergii, listed on page 2-61) is listed as a 
rare species by this Department and should be so identified. 

The word "woodchuck" on line 6, paragraph 3, page 2-81, should 
be "woodcock." 

Section 2.7.2.4 should contain a discussion of the historical 
significance and decline of the American shad and other 
anadromous fishes in the Schuylkill River and the ongoing 
State and Federal programs to restore anadromous fish runs. 

Heat Dissipation Syst.ems 

The environmental statement does not adequately describe 
the hydrologic aspects of the operation; therefore, it was 
necessary to rely heavily on the applicant's environmental 
report for the data necessary to understand the rather com
plicated cooling water system. 

Based on low flow records for Perkiomen Creek, it appears 
that the applicant will divert l50cfs or more from the Delaware 
River for short periods of time to maintain the medium Perkiomen 
Creek flow of l50cfs plus makeup requirements for cooling 
tower evaporation and natural evapotranspiration. While the 
applicant has investigated the scouring and flushing effects 
of flows on the order of the makeup discharge on the East Branch 
Perkiomen Creek, there is no evidence that the effects of much 
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larger flows have been considered. We believe that scour 
and sediment transport in East Branch Perkiomen Creek, 
will be a much more serious problem than considered by 
the applicant, especially if flows above 150cfs must be 
pumped from the Delaware River. 

No allowance has been made for evapotranspiration or channel 
losses in the 20 miles of East Branch Perkiomen Creek. These 
losses would increase the necessary diversion flow. We 
consider flow studies that would identify these and other 
losses highly desirable. . 

We believe that the applicant should consider the following 
alternatives in acquiring makeup water. 

1. Upstream reservoir storage from or on the 
Schuylkill River. . 

2. The use of a continuous pipeline for diversion 
from the Delaware River would appear to have the 
advantages indicated by AEC plus no evapotranspiration 
losses. 

3. Since Perkiomen Creek joins the Schuylkill River 
about 14 miles below the plant site with only limited 
domestic water withdrawals occurring in between, the 
applicant should consider the omission of the 8-mile 
pipeline from the main stem Perkiomen Creek to the 
plant with makeup to come entirely from the Schuylkill 
River and being replaced with diverted flow from the Dela
ware River down Perkiomen Creek. 

Two apparent minor errors were noted in our review: (1) Figures 
2.5.10 of applicant's report and 2.11 of the statement erro
neously show the 8-mile pipeline crossing Swamp Creek. Figure 
2.1.9 of the applicant's report is apparently the correct lay
out; and (2) Page 2-27 gives the medium flow of Perkiomen Creek 
as 368cfs rather than l50cfs. 

Chemical and Biocide Systems 

This section should be expanded to include an analysis of all 
chemical wastes and not just the major ones. It should con
sider the likelihood of the or~ginal discharged chemicals 

• 



forming exotic compounds through actions and interactions 
among themselves and the chemicals already in the streams. 
Frequently, these exotic compounds are highly toxic. Also, 
since these secondary compounds may not be formed immediately, 
they may escape detection at the monitoring stations imme
diately downstream of the plant. 

Studies have shown that when chlorine is added to water con
taining O.lppm of ammonia, compounds such as monochloramine, 
dichloramine, and nitrogen trichloride are formed. These 
chemicals are very lethal to aquatic organisms. 

It is indicated on page 3-38 that the diverted Delaware' River 
water is chlorinated before it enters the east branch of the 
Perkiomen Creek. The need for this chlorination should be 
given since chlorine is toxic to aquatic organisms and should 
be avoided when possible. 

Environmental.Effects of Site Preparation and Station and 
Transmission Line Construction 

This section discusses the losses of fish and wildlife 
habitat and other land uses that will occur as a result ·of 
project construction; however, we think that a land use manage
ment plan should be developed in cooperation with the Penn
sylvania Fish and Game Commissions, The Bureau of Sport 
Fisheries and Wildlife, and The Bureau of Outdoor Recreation. 
This plan should be presented in the final environmental state
ment. The plan should consider the means and measures that 
will be taken to' offset these losses; and provision for public 
access for fishing, hunting, and related recreational pursuits 
to assure that these resources and environmental values will 
be conserved and developed to the extent that the greatest 
overall public benefit will result. 

Effects on Land Use 

No parts of the National Park System would be adversely 
affected by the construction and operation of the project. 

According to page 5-1, the applicant plans to make unoccupied 
land on the site available for recreational purposes. We 
think that the applicant's intentions are commendable and 
suggest that these plans be clearly described in the final 
environmental statement. 
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Effect on Terrestrial Biota 

We suggest that this section should indicate that the 
cooling tower plumes may cause some migratory birds to 
become confused and result in damage to these birds. 

Effect on Aquatic Environment 

The impacts of the heated cooling tower blowdown water 
considers the physical and biological effects for aquatic 
life outside of the mixing zone on pages 3-10 and 5-9. We 
do not think that all fish will avoid the mixing area as 
indicated on page 5-9. Also, many aquatic organisms do 
not have the ability to avoid such areas. We suggest that 
the discussion on page 5-9 recognize this factor and assess 
the impacts on aquatic life which are expected to occu~. 

Biological Monitoring 

The AEC suggestions listed on page 6-4 will significantly 
enlarge the scope and depth of the biological monitoring 
program. We suggest that this section also include a dis
cussion of the chemical monitoring program. Also, it should 
be expanded to include an assessment of migratory bird kills 
that may occur as a result of the existence and operation of 
plant facilities. 

Plant Accidents 

This section contains an adequate evaluation of impacts . 
resulting from plant accidents through Class 8 for airbourne 
emissions. However, the environmental effects of releases 
to water is lacking. Many of these postulated accidents 
listed in Table 7.1 could result in releases to the Schuylkill 
River and should be evaluated. 

We also think that Class 9 accidents resulting in both air 
and water releases should be described and the impacts on 
human life and the remaining environment discussed as long 
as there is any possibility of occurrence. The consequences 
of an accident of this severity could have far-reaching 
effects on lan<i and in the Delaware River Basin which could 
persist for centuries and affect millions of people. 
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The Relationship Between Local Short-Term Uses of Man's 
Environment and Maintenance and Enhancement of Long-Term 
Productivity 

The section on Biological Productivity should reflect 
those impacts on long-term productivity that are expected 
to occur as a result of this plant interacting with the 
proposed restoration of anadromous fish runs in the 
Schuylkill River. 

Evaluation of Site and Energy-Source Options 

It would be helpful if the discussions of coal and oil
fueled alternatives to nuclear powerplants contained in
formation on the following items. 

(a) Estimates of the cost of installing air pol
lutant control equipment. 

(b) Probable sulfur concentrations of the coal or 
oil which would probably be used. 

(c) Estimates of the projected quantities and cost 
of fossil fuels which would be required in tons per 
year and dollars per year. 

(d) Probable quantities (tonnages) of air pollutants 
(S02, NO , and particulates) which would be released 
annuallyXif the air pollutants were controlled in 
accordance with the latest Environmental Protection 
Agency Standards established for new and modified 
powerplants. 

It appears to us that many of the adverse impacts on aquatic 
life which are expected to occur primarily in the Perkiomen 
Creek could be eliminated or mitigated. Therefore, we sug
gest that the final environmental statement discuss these 

'mitigating measures. 

Section 5.4.1.3 should include a discussion of the State 
and Federal policies and ongoing programs concerning the 
restoration of anadromous fish runs in the Schuylkill River 
and the possible effects entrainment may have on these fishes 
which we anticipate will be restored to the river. 
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Appendix B 

Table B-3 on page B-9 should include the Walleye and the 
Northern pikes. 

We hope these comments will be helpful to you in the pre
paration of the final environmental statement. 

S717! 
Deputy Assistant Secretary of the Int 

Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 
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• Mr. Daniel R. Muller 
Assistant Director for t6 ;1.$, .. ~. ":: c' ~~" "! '~<'AMa219?$ ~ .' ,{ 

Environmental Projects 1-;-: :.:. :,,:<~ .... ( .. 44/ 
Directorate of Licensing \:~;;, .~~~. ,:.:':'~ A~"':y' 
U. S. Atomic Energy Commission '.. •. ' .... ~" .... ~-~:':'t¥ 
Washington, D. C. 20545 ~ 

Dear Mr. Muller: 

MAILING ADDRESS; 
U,S. COAST GUARD (GWS/8.3) 
.00 SEVENTH STREET sw. 
WASHINGTON. D.C. 20590 

PHONE: 202 426- 2262 

1 e JA~; 1973 

50-352 
50-353 

This is in response to your letter of 6 December 1972 addressed to }Olr. 
John'E. Hirten, Assistant Secretary for Environment and Urban Systems, 
concerning the draft environmental impact statement, environmental 
report and other material on Limerick Generating Station, Units 1 and 2, 
Montgomery County, Pennsylvania. 

The concerned operating administrations and staff of the Department of 
Transportation have reviewed the material submitted. Noted in the 
review by the Federal Railroad Administration is the following: 

lithe Federal Railroad Administration is pleased to see joint 
usage of right-of-way for existing railroad and proposed 230 KV 
transmission line. While it is assumed that all details concerning 
the capability of these uses· have been agreed upon, it is suggested 
that the final statement address this arrangement. 

We particularly are concerned with this arrangement since there 
is always a strong possibility for electrical interference effects 
with railroad signal and communication circuits •• The transmission 
of EHV power can cause extraneous voltages by metallic cross or ground 
potential and electric or magnetic induction. Aside from the obvious 
personal safety hazard, it should be noted that these currents can 
destroy the integrity of railroad signal and communications systems and 
therefore create the potential for serious accident." 

The Federal Aviation Administration commented as follows: 

lithe proposed generating station is less than two miles from the 
Pottstown-Limerick Airport and the Pottstown VORTAC, and about five 
miles from Pottstown Municipal Airport. The meteorological and cooling 
towers associated with the generating station were the subject of an 
informal airspace meeting in Pottstown on 26 March 1971. As a result 
of this meeting, the proponent agreed to reduce the height of the 
meteorological tower and add a second tower in a different location. 
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The cooling towers would become the controlling obstructions and the 
proponent agreed to provide certain equipment to maintain or improve 
the minimum descent altitudes to the two airports. 

The Determination of No Hazard to Air Navigation (copy enclosed) 
which explains the action was issued on 15 June 1971 and expires on 
25 January 1973. While this action gives full attention to the airspace 
it does not assess the effect the 12,650 GPM of water vapo~ each tower 
will give off. Appendix D of the EIS contains detailed calculations 
on the cooling tower plumes but does not indicate the visibility effects 
these plumes will have on air traffic. In addition, the two planned 
substations (500kV and 230kV) and the transmission lines emanating from 
the station may have constant or sporadic adverse effects on air/ground 
radio transmissions and on electronic signals from navigational aids. 

The final environmental statement for this proposed generating 
station should include a copy of the FAA Determination of No Hazard to 
Air Navigation as well as additional information on the effects the 
vapor plumes, substations and transmission lines will have on the safety 
of flight in the vicinity of the generating station." 

The Department of Transportation has no further comments to offer on 
the draft statement. We have no objection to the project nor to its 
implementation. The final statement, however, should address the 
concern of the Federal Railroad Administration regarding the joint 
usage of right-of-way and the possible electrical interference effects 
with railroad signal and communication circuits. The final statement 
should also discuss the impact and effects the vapor plumes, substation 
and transmission lines will have on the safety of flight in the vicinity 
of the generating station. In addition, the FAA Determination of No 
Hazard to Air Navigation issued 15 June 1971 and expiring 23 January 1973 
should be included as part of the final statement (Determination 
enclosed). In this regard, since a new determination may have to be made, 
it is recommended that the applicant coordinate this aspect of the 
project directly with 

Administrator, Eastern Region 
'Federal Aviation Administration 
Federal Building 
John F. Kennedy International Airport 
Jamaica, New York 11430 

The opportunity for the Department of Transportation to review and comment 
on the draft impact statement for the Limerick Generating Station is 
appreciated. 

Enc1: (1) Determination of No 
Hazard to Air 
Navigation 

2 

Sincerely, 
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EDERAL BUILDING 
OHN F. KENNEDY INTERNATIONAL AIRPORT 

JAMAICA. NEW YORK 11430 

DETERHlNATION OF NO HAZARD TO AIR NAVIGATION 

case No. 70-EA-5l0-0E 

The Federal Aviation Administration has circularized the following 
construction proposal for aeronautical comment and has conducted a 
study to deterlnine its effect upon the safe and efficient utilization 
of navigable airspace. 

The philadelphia Electric Company propo~es to construct an electric 
generating plant near Pottstown, Pennsylvania. Initially, the proposal 
was circularized as a Meteorology Tow~r, 521 feet above ground, 771 feet 
above mean sea level, located at 40°13 1 54" N, 75°35'28.3" W. Subsequently, 
notice was received concerning t'o10 cooling towers associated with the 
plant complex. The cooling towers ~o1ould be 507 feet above ground, 764 
feet above mean sea level, located 2,000 feet south-southeast of the 
meteorology tower. The la tter \o1aS not circularized since it wae: planned 
to discuss the over-all construction proposal at an Informal Airspace 
Meeting (see Enclosure #1). 

The proposed meteorology tower would have required an increase in the 
Minimum Descent Altitude at the Pottstown Limerick Airport from 1,011 
to 1,180 feet and at the Pottstown Hunicipal Airport from 1,060 to 
1,160 feet. In response to the circulari~ation, the Aircraft O\o1UerS 
and Pilots Association ans Basco Flying Service objected to the proposal 
on the basis that it would be a hazard to air navigation and would adversely 
affect instrument procedures at the Pottsto~m Airports. 

The proposal was discussed at an Info~l Airspace Meeting held in 
Pottstown on 26 ~1arch 1971. t'articipants representing aeronautical 
interests expressed objection to the proposal stressing the adverse 
effect on instrument procedures and Visual Flight Rule (VfR) operations. 
Following considerable discussion concerning relocation and height 
redu c tion of the structures, the proponent stated that the proposal 
would be restudied with a view toward minimizing the adverse effects 
noted • 

. In subsequent discussions, the proponent stated that the cooling towers 
could not be changed but that the height of the meteorological tower could 
be reduced to 282 feet above ground, 532 feet above mean sea level. To 
compensate for the 10~o1er tower, an additional tower, 315 feet above grcund, 
435 feet above mean sea level, 'o1ould be required. The second tO~o1er would 
be located 2,000 feet southwest of the cooling towers. The cooling to\lers 
would thus become controlling obstructions and would affect instru~ent 
procedures in the same manner as noted for the original meteorological 
tower (see Enclosure #2). 
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The proposed cooling towers would exceed obstruction standards in 
Federal Aviation Regulations, Part 77, as follows: 

Section "77.23 (a) (I) by 7 feet; objects greater than 500 feet 
in height. 

Section 77.23 (a) (2) by 253 feet as applied to Pottstown Limerick 
Airport; certain objects greater than 200 feet in height within 3 nautical 
miles of an airport. 

Section 77.23 (a) (3) by 160 feet; objects requiring increase of an, 
established terminal flight altitude. 

Section 77.25 (b) by 185 feet; object penetrating conical surface of 
Pottstown Limerick Airport. 

The proposed 282 foot meteorological tower would exceed Section 77.23 (a) (2) 
by 21 f~et as applied to Pottstown Limerick Airport. 

The proposed 315 foot tower does not exceed any obstruction standard of Part 77. 

To eliminate the adverse effect of the proposed construction on instrument 
approach procedures, the proponent plans to install navigational facilities 
as follows: 

1. An Instrument Landing System on Runway 10, Limerick Airport, which will 
enhance the IFR capability of that airport. 

2. A 75 MHz Beacon, appropriately situated to provide a step-down fix to 
Municipal Airport, which will per~t retention of present landing minimums. 

3. An Altimetry Station to serve both airports which will permit lower landing 
minimums at both airports. 

The structures, appropriately obstruction marked and lighted, would have no 
substantial adverse effect on VFR operations. Both meteorology towers will 
be obstruction marked and lighted in accordance with applicable standards. 
The cooling towers will be obstruction lighted in accordance wit~ the standards. 
An on-site inspection and flight check will be conducted when the cooling towers 
are erected to determine whether daytime marking of the structures will be 
required (see Enclosure D3) and whether Limerick Airport Traffic Patterns 
should be adjusted. 

Based on the aeronautical study, it is concluded that the proposed structures 
would have no substantial adverse effect on aeronautical operations. 
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Therefore, pursuant to the authority delegated to me, it is found that 
the proposed structures would have no substantial adverse effect upon 
the safe and efficient use of the airspace and it is hereby determined 
that th~ construction would not be a hazard to air navigation. provided 
the following conditions are met: 

1.- The meteorology towers are obstruction rrarked and lighted in accordance 
with the standards in FAA's Advisory Circular, AC 70/7460-1, "Obstruction 
Marking.and Lighting." 

2. The cooling towers are obstruction 11gh~ed in accordance with the 
standards and obstruction marked if and as r~cornmended by the FAA. 

3. Installation of navigational facilities discussed herein are effected 
at least to the extent that present landing minimums at rottstown 
Limerick and Pottstown l-lunicipal Airports are not derogated. 

This determination is subject to reVie\ol by the Administrator if a petition 
is filed on or before 15 July 1971. If no petition is filed, the determination 
becomes final on 25 July 1971. If a petition is filed, further notice will be 
given and the determination \07i11 not become final pending disposition of the 
petition. Petitions for discretionary review should be filed in triplicate 
with the Chief, Airspace Obstruction and Airports Branch, AT-240, Federal 
Aviation Administration, Uashington, D. C. 20590 and must contain a full 
statement of the basis upon which it is made. 

This determination expires on 25 January 1973 unless otherwise extended, 
revised or terminated. 

Notice to this office is required at least 48 hours before the start of 
construction and again within 5 days after construction reaches its greatest 
height. 

c&J:L t{k~~1 
CHESTER C. WATSON 
Chief, Airspace & Procedures Branch, EA-530 

I.sued in Jamaica, New York on 15 June 1971 
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ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

Mr. L. Manning Muntzing 
Director of Regulation 

• FEB 1973 

U.S. I.tomic Energy Conunission 
Washington, D.C. 20545 

Dear Mr. Muntzing: 

50-352 
50-353 

The Environmental Protection Agency has reviewed the draft 
environmental statement for the Limerick Generating Station Units 1 
and 2, and our detailed conunents are enclosed. 

Except for the releases of radiogases during the assumed 
recombiner downtime and for the radioiodine discharges from the 
turbine building, the radioactive effluents from the Limerick 
Generating Station are expected to be "as low as practicable" and 
within the guidelines of the proposed Appendix I to 10 CFR Part 50. 
We agre~ with the AEC's analyses and indicated requirements that the 
recombiner downtime must be eliminated, since the resultant estimated 
whole body doses are excessive (480 mrem/year). We have independently 
assessed the dose to a child's thyroid from iodine-13l ingested via 
milk, and our analyses indicate that the potential dose is excessive. 
Efforts should be made by the applicant to reduce this dose. 

From a water quality viewpoint, we believe that the consumptive 
water use may result in a significant impact upon the environment. We 
reconunend a thorough investigation be made of possible alternatives to 
the proposed importation of Delaware River water. 

We will be pleased to discuss our conunents with you or members of 
your staff. 

Enclosure 

Sincerely, 

>f~7hu~ 
Sheldon Meyers 

Director 
Office of Federal Activities 
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ENVIROmmNTAL PROTECTION AGENCY 

Washington, D.C. 20450 

JANUARY 1973 

ENVIROIDIENTAL D1l'ACT STATEMENT COl'rMENTS 

Limerick Generating Station Units 1 and 2 

TABLE OF CON CENTS 

~ 
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Thermal Effects 7 
Chemical Effects 10 
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I~!ROD~CTIO~ k\~ COXCLUSIONS 

The Environmental Protection Agen()y (EPA) has revie,.,ed the draft 

environmental impact statement for the Limerick Generating Station 

Units 1 and 2 prepared by the U.S. Atomic Energy COIl'I'liss'ion (AEC) and 

issued on December 6, 1972. The following are our major conclusions: 

1. We agree with the AEC' s observation that the ,.,hole body dose 

due to recombiner downtime is excessive and measures should be 

taken to eliminate this source. 

2. Our independent assessment shows that the potential dose to a 

child's thyroid via the cOl .. -milk-path,.,ay is not "as 10lo1 as 

practicable." 

3. The meteorological data used by the station is inappropriate 

i.e., on-site meterological data is necessary. 

4. ~~ile we do not anticipate that the operation of this 

station, as proposed, will be in violation of fe.derally approved 

state water quality standards for Pennsylvania, we believe that 

consumptive water use may result in a significant impact upon the 

environment. Therefore, we recommend that the applicant 

thoroughly investigate alternatives to the proposed source of 

water, which would not require the importation of supplemental 

~ake-up water from the Delaware River. 
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RADIOLOGICAL ASPECTS 

Radioactive ''''aste }!ana~e::lcnt 

With the exception of radioactive gaseous discharges due to 

recombiner do\~time a~d radioiodine dischargas from the turbine 

building, the radioactive waste treatment systems described in the 

draft statement for the Limerick station, if utilized properly, appear 

to be capable of limiting releases of radioactive wastes from the 

facility to within the guidelines of the proposed Appendix I to 10 CFR 

Part 50. 

The radioactive gaseous dlsch.~rges from Limerick station during 

the assuc.ed recombiner dOv:utime are excessive and would lead to 

unacceptable off-site dose levels (480 mreo/year). We note that other 

modern proposed B\m.s; such as Duane Arnold and Newbold Island, include 

sufficient redundancy in their off~gas systems so that continuous 

operation of the off-gas treatment systems may be assumed. Based on 

this, it appears that the cost of the added equipment is justified by 

the potential dose reduction to the public. Thus, we agree with the 

AEC that modifications must be made to the off-gas system to assure 

the availability of the system. If thes,e changes .... :e made, the whole 

body doses should be able to be within the guidelines of Appendix I 

and could be "as low as practicable." 

If the recombiner downtime is eliminated, the radioiodine 

discharge from the turbine building will still be large enough to 

cause excessive potential thyroid doses to a child (based on our 

independent assessment) via milk ingestion. In a recently issued" 

draft statement (Newbold Island), the AEC staff documented plant 
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design changes, they believed to be feasible, which would reduce 
~ 

iodine discharges, and thereby the dose consequences from the turbine 

building. We believe that such measures should be considered for the 

Limerick station. The final statement should discuss the cost/benefit 
. 

of design changes to t~e Limerick station which would allow the plant 

to meet th~ guidelin~s of Appendix I to 10 CFR Part 50. 

Dose Assess~ent 

The potential dose to a child's thyroid via the cow-mdlk-pathway 

is excessive. Our independent assessment of this source indicates a 

potential dose of between 50-l0Q mrem/year to a child's thyroid. The 

primary reasons for the difference between this dose and the value 

presented by the applicant are the assumptions used. The applicant 

assumed that all the cows in the area were grade A dairy cows that 

grazed for 6 months of the year yet 80% of whose diet consisted of 

supplemental dry feed. This assumption may be valid for grade A dairy 

cows, but there are also farm cows in the area (as indicated on page 

2.1-12 of the environmental report), for which this generalization is 

not applicable. In order to reduce this potential de .e, we encourage 

the applicant to make an effort to reduce the leakage of iodine-13l 

from the turbine building, as it accounts for 45% of the total iodine-

131 dose. 

In the draft statement, the AEC used off-site meterological data 

to evaluate the dose consequences of gaseous discharges. Results of 

the on-site meterological studies should be included in the final 

statement. We encourage the applicant to follow the guidance set 

forth in Safety Guide 23. With this new data in hand, he may find it 

necessary to reassess his dose estimates •. 
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The AEC also attempted to extrapolate the off-site meterologica1 

data to those conditions present at the Limerick station·. The bases 

for the conversion of the applicant's atmospheric stability data from 

Smith-Singer Classes to Pasqui1l Classes (e.g., Smith-Singer Class II 

t~ Pasquil1 Class B and C) are not evident. These conversions result 

in dose estimates which may be in error by a factor of three. Table 

D.5 of the draft statement indicates that Pasqui11 Classes Band C 

occur 497. of the year. Philadelphia, 1960-1964 hourly data, analyzed 

by the National Weather Service, indicates that Pasqui11 Stability 

Classes Band C occur 16% of the year. The use of the 49% figure 

leads to dosage values which are much lower than would be calculated 

by using the 16% figure indicated by the National Weather Service. 

This discrepancy should be fully discussed in the final statement. 

4 
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Transportation and Reactor Accidents 

In its review of nuclear power plants, EPA has identified a 

need for additional inforcation on two types of accidents which could 

result in radiation exposure to the public: (1) those involving 

tfansportation of spent fuel and radioactive wastes and (2) in-plant 

accidentF-. Since these accidents are common to all nuclear power . 

plants, the environmental risk for each type of accident is amenable 

to a general analysis. Although the AEC has done considerable work 

for a number of years on the safety aspects of such accidents, we 

believe that a thorough analysis of the probabilities of occurrence 

and the expected consequences of such accidents would result in a 

better understanding of the environmental risks than a less-detailed 

examination of the questions on a case-by-case basis. For this reason 

we have reached an understanding with the AEC that they will conduct 

such analyses with EPA participation. concurrent with revi~~ of 

------~-~ f impact statements~pr individual acilities and will make the results 

available in the near future. We are taking this approach primarily 

because we believe that any changes in equipment 0 operating pro-

cedures for individual plants required as a result of the investi-

gations could be included without appreciable change in the overall 

plant design. if major redesign of the plants to include engineering 

changes were expected or if an immediate public or environmental 

risk were being taken while these two issues wp.re being resolved, 

we would, of course, make our concerns known. 
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NOX-R~IOLOGICAL ASPECTS 

Thernal Effects 

The Limerick Generating Station Units 1 and 2, located on the 
. 

Schuylkill River in Limerick Township, Pennsylvania, will employ 

n~tural-draft cooli~g towers in a closed-cycle cooling system. The 

cooling system "'ill require 74 cfs of make-up water. The Sch"uylkill 

River will be the prime source of this water but this will be 

suppleoented by diversions, ranging from 6.6 to 50.9 cfs, from the 

Delaware River when a sufficient quantity is not available from the 

Schuylkill. Blowdown will be to the Schuylkill River. This closed-

cycle cooling system will prevent all but a small portion of the 

plant's waste heat from reaching the Schuylkill River. 

7 

The thermal requirements of the state water quality standards for 

Pennsylvania, applicable to the Schuylkill River, permit a temperature 

rise of not more than 5°F over ambient, with a maximum temperature 

limit of 87°F. It is anticipated that operation of the station, as 

proposed, will be in compliance with the state water quality 

standards. 

In our opinion, however, consumptive water use has the potential 

for significant impact upon the environment. A sufficient supply of 

make-up water to meet the requir~ments of the Limerick station is not 

available from the Schuylkill River. The applicant, therefore, 

proposes to augment this withdrawal from the Schuylkill River with 

diversions from the Delaware River. This make-up water is to be 

delivered via a pipeline into the east branch of Perkiomen Creek" 
• 
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(where ~t will flow some 20 miles) and from there, again by pipelines, 

~o the Licerick station. 

The AEC has recognized, in the draft statement, the fact that the 

Licerick station will have to compete with other consumptive water 

deoands on the Delaware River. While the applicant has assumed that 

the required supplemental water will be available in sufficient supply 

as a result of the construction of the Tocks Island Dam, on the 

Delaware River, there is considerable controversy over the 

environmental impact of this proposed project. The AEC has, 

consequently, at the request of the Council on Environmental Quality, 

~iscontinued the licensing process until this issue has been resolved. 

We are in concurrence with the Council on Environmental Quality 

which has indicated, by letter to the AEC, its position that licensing 

of either the Limerick or Newbold generating facilities, should not be 

allowed to provide additional pressure for adoption of the Tocks 

Island project. In this connection, it is difficult to evaluate the 

impact of Limerick in the absence of any analysis of the environmental 

effects of the Delaware River Basin Commission's (DRBC) comprehensive 

plan as a whole. For this project, as for all projects in the 

Delaware Basin, an evaluation of an individual project should be based 

On an analysis of the project's relationship to the DRBC's 

coaprehensive plan. 

Sinee in our 'judgement the availability of water in the Delaware 

Il1ver appears inadequate to supply the requirements' of the Limerick . 

station, the applicant should look to alternative sources for make-up 

water and fully explore all feasible alternatives in the final 

statement. EPA regional personnel are available to assist the 

8 
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applicant and the AEC in the identification and review of the 

environoental impact of alternatives. If alternative potential water 

sources are found to be inadequate, the applicant should eyaluate 

alternative sites which would not be faced with this problem. 

The potential impact of the proposed water diversion on both the 

east branch and the main stem of the Perkiomen Creek should be 

discussed in the final statement. Any plan devised by Bucks County 

for the prevention of harmful effects from the proposed channelization 

should be described in detail. Also, the proposed chlorination of the 

diverted water, for reduction of coliforms to levels compatible with 

recreation, should be carefully evaluated. It appears that treatment 

of waste discharges at the source may accomplish this end without the 

requirement for chlorination. Furthermore, any evaluation, for the 

purpose of the issuance of permits to discharge into Perkiomen Creek 

or its east branch, should be based on the goal of complying with 

water quality standards, as they relate to dissolved oxygen and 

permissible biological oxygen demand loadings, under natural flow 

~onditons; flow augmentation should not be presuppos~ t. Finally, the 

intake on the main stem of the Perkiomen Creek should be designed in 

accordance with the provisions of Public Law 92-500 which specifies 

the goal of providing "best technology available" by 1977. 

There is the potential for adverse thermal impact if cooling 

towers would become inoperable ar.J an alternative method of heat 

dissipation became necessary during reactor shutdown. It is indicated 

on page 3.4-1 of the applicant's Environmental Report., that under 

9 
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these conditions, even 2-1/2 hours after shutdo~~ the reactor heat 

rejection system "nIl be rejecting 408 million BTU/hour to the 

Schuylkill. This is enough to raise the temperature of/the entire 

cross section of the river at the site by 9°F at times of 10to1 flow 

(200 cfs). The final statement should discuss: (1) how the much 

higher h~at rejection rates required soon after shutdown would be 

accommodated; (2) whether floto1-through cooling in the case of such an 

event would impose a destructive thermal load on the river if it 

occurred during a low-flow period; and (3) the likelihood of a failure 

of the towers which would necessitate a shutdown. We recommend that 

an appropriate performance schedule for corrective action be 

formulated for such an event. 

Chemical Effects 

In our opinion, the applicant will be in compliance with state 

-water quality standards as they relate to chemical content of station 

effluent. The applicant indicates that chlorination will be used for 

antifouling of condensers. We recommend that, for the protection of 

aquatic biota, the applicant ensure through its monitoring program 

that residual chlorine levels in the receiving water not exceed 0.002 

mg/l. 
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A'DDITIO~,'\L CO~NENTS 

During the review we noted in certain instances that the draft 

statement did not present sufficient information to substantiate the 

conclusions presented. We recognize that much of this information is 

n9t of major import~nce in evaluating the environmental impact of the 

Limerick Generating Station Units land 2. The cumulative effects, 

-however, could be significant. It would, therefore, be helpful in 

determining the impact of the plant if the following topics were 

discussed in the final statement: 

1. Supplemental information concerning the auxiliary boilers 

should be presented including: 

(a) BTU/hour heat input rating of the boilers, 

(b) an estimate of the number of hours per year of 

operation, 

11 

(c) estimates of the quantities of nitrogen oxides, sulfur 

oxides, and particulates that these boilers will emit to 

the atmosphere, 

(d) an estimate of the maximum ground leve~ concentration, 

duration, and location of this expected maximum 

concentration, and 

(e) a comparision of the estimated emissions with local 

emission standards. 

2. Further analysis of the proposed handling methods for sludges 

from the settling basin and the sanitary waste treatment system 

should be provided. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 11\ 

6TH AND WALNUT STREETS 
PHILADELPHIA. PENNSYLVANIA 19106 

50-352 
50-353 

January 22, 1913 

Mr.L. Manning Muntzing 
Director of Regulation 
Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Muutzing: 

In reviewing the draft EIS for the Limerick nuclear 
generating station, we requested Dr. Ruth Patrick of the 
Philadelphia Academy of Natural Sciences to examine tha impact 
statement. We asked her particularly to give us the benefit 
~f her opinion as to the effect on the stream ecology of the 
proposed diversion of make-up water into Perkiomen Creek for 
conveyance to the plant. Dr. Patrick, as I am sure you are 
aware, is a very distinguished limnologist with extensive 
experience with the streams in the affected area. She has 
provided us with a critique of the limnological effects of 
the project, a copy of which is enclosed. In addition to 
making use of her observations in determining our own response 
to the proposed action, we felt that they should be submitte~ 
in toto for your own consideration. We hope that you will 
give serious consideration to the concerns which they express. 

Enclosure 

Sincerely yours, 

.,~~1It i~A-
Smith Freeman, Ph.D. 

EIS Review Coordinator 
for 

AEC Projects 



THE ACADEMY OF NATURAL SCIENCES 
NINfTEEHTH AND THE PARKWAY, PHILADELPHIA, PENNSYLVANIA 19103 

Mr. Smith Freeman 
Environmental Protection Agency 
Region 3-
Curtis Bui ld ing 
6th aDd Walnut Streets 
Philadelphia. Penna. 19106 

Dear Mr. Freeman: 

f'IIone to 4-392 I Area Code 215 

H-74 

January 17, 1973 

Enclosed please find my comments concerning the Limerick 
Genera ting Plant. If you want them to be in perspective it will 
take a little time to generate the data. However, I think this shows 
my great concern about the use of the Ferkiomen for transport of the 
water. The biological studies are not very well done and the 
impact statement does not put in perspective the consumptive uses of 
the water by the plant with the other uses of the Delaware estuary 
over the next 100 years. 

A research report on the North Atlantic estuary pollution 
problems indicates that in spite of ail we can· do our pollution 
problem is going to greatly increase in the Delaware if we continue 
tKe way we are. Therefore, to evaporate these large amounts of 
tresh water from the system seems to me to be precarious. 

1 would be very glad to testify concerning this if you so desire. 

Yours sincerely, 

aa::LllZZL 
Ruth Patrick 

, Chairman 
'Department of Limnology 

RP:bs 
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Cc~~:~'s co~c(rn!ns tho i~p!ct sta e~en: cn the Limerick G~nera·ing Station 
, Un:ts J Clnt) 2. 

I have read this statement quite carefully and am very much concerned 

about the effect of the development of this generating station on the 

Perkiomen Cre ek • 

It is anticipated that a flow of 74 cfs will pass through Perkiomen. 

Creek which now supports a median flow of 1.4 cfs at Elephant Road bridge. 

16 cfs at Sellersville. and 32 cfs near the mouth. This means that the 

flow would be some 53 times as great at Elephant Road. approximately 9 

times as great at Sellersville and 4-1/2 times as great as the median flow 

near the mouth. When the four units are installed it means that the 

stream will be running at bank full stage or near it at Elephant Road Bridge 

and Sellersville and probably that or somewhat less at the mouth. More de-

tailed hydrological studies on the impact of putting this much water through 

the Perkiomen are severely needed. The reason is that the Perkiomen is a 

highly valued. aesthetically pleasing watershed. Once the Perkiomen water is 

severely altered the whole nature of the va lIey will be changed. 'Considering 

the fact that the life of a generating plant is usually about 50 years. but 

may be rebuilt and thus have a life of about 100 years one should think very 

seriously before altering any watershed that has the charm that this one has 

in order to sQtisfy power generation which might be taken care of at some other 

site. 

The effect of passing this much water through the Perkiomen Creek will 

be a great deal more flooding than at the present time. Whereas at the 

present time only one or two days a year does the stream probably exceed 
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b~ni: full st~.;c. it w:ll prcr.::bly fxc£;ed l:2nk hll st,;;ge :!!3ybe as many as 

30 tim('s a y~ar when two u"its are operating and 60 times a year when all 

four are operating. Whether or not these numbers are exact it is certainly 

true that the flood plains and surrounding wat.ershed of this creek will be 

flooded much more often. This means that it will greatly curtail the use of 

this area for agriculture or for habitation. It will also undoubtedly result 

in a change in the vegetation and the aesthetic appearance of the area. 

This increased flow and change in the gradient of the stream, will cause 

a great deal of cutting and eroding of the banks. The stream will probably 

increase greatly in width. There will be a great increase in silt load 

both suspended and bed load. These may cause severe problems with equipment 

in the generating facility. Certainly provisions will have to be made to take 

care of this effect. 

Increased silt load in the river will inhibit photosynthesis and the 

development of algae. Likewise the increased flood load will make the bed 

of t~e river uninhabitable. This much flow will undoubtedly carry out all 

the natural variable types of size particles that are, now in the river and 

erode the bed to a very hard base. This effect, plus the eroding and 

shifting banks and sediment loads in the bed of the river, will make it 

a very poor habitat for aquatic life. Furthermore if the water is chlorinated 

before it is passed through the Perkiomen and has a residual as high as 1/2 

a ppm, this would have a very detrimental effect on most forms of aquatic 

life, killing many of them. 

It would be my prediction that this increased flow with the resulting 

effects upon the bed of the Perkiomen, increased siltation, and the presence 
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of chlorine residua.l \':ill greatly reduce the nu:nber o? species in the 

Perkic::len or.d w!.ll destroy the food chain. Certainly it will greatly 

reduce the fishing potential of the stream. The Perkiomen undoubtedly 

will increase greatly in size to try to adjust to this larger flow of 

water, particularly in the upper regions. This alteration plus the 

flooding effects and the small amount of aquatic life which is attractive 

for many types of recreational use will deteriorate the value of the land 

adjacent to the areek. 

As to the effect of the blowdown water on the Schuylkill River because 

it is relatively little (10 cfs) compared to the flow of the ri ver which 

at low flow fluctuates around 100 cfs it will probably have little effect 

unless it contains some toxic pollutants. It is not clear to me what the 

temperature of this blowdown water will be, and therefore I cannot comment 

on possible heat effects. I also think that the impact statement should 

clearly state what type of biocides would be used to clean the coolant 

towers and keep them free of slimes. I am not sure whether chlorine is 

to be used for this purpose. I also think that Amertap should be used to 

keep the condensers clean rather than chlorine. This would reduce the 

chlorine residual. 

In general, I am very much concerned about the loss of this much water 

by the evaporative process. Due to future projected development of the 

Delaware Estuary and the very heavy pollution load that is going to be in 

the Delaware, I do not see how we can afford to allow this much freshwater 

to be evaporated or lost from the system. The recent North Atlantic Re

gional report, I understand, gives a very gloomy picture about our being 

able to eleviate pollution in the Delaware River. Certainly we will need 
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all of the water possible in order ~o mitigate the effects of pollutants as 

much as possible. 

I think that the data provided on which the impact statement is based 

is insufficient in the biological data provided which does not give one a 

very clear picture of the condition or health of the aquatic life in the 

Perkioinen Creek or the Schuylkill River. I also .feel that the consumptive uses 

of water of this plant should be put in perspective with other uses which will 

occur over the next hundred years in the Delaware Basin to see whether or not 

the allocation of this amount to one plant is justifiable. There are, in my 

opinion, many other sites in the lower Delaware River or even out on the 

Continental Shelf where a plant could be put where the impact would probably 

not be as grea t •. 

I am not in any wayan authority on the effect of coolant towers on 

the atmosphere. I do happen to know the area in the vicinity of Limerick. 

I can't help but believe that there is going to be a good deal more fogging 

and icing of roads in this area than now ex~st if this plant is to be put 

into operation. This will indeed lessen development of the area rather than 

improve it. I believe that these matters should be fully investigated. 
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FEDERAL POWER COMMISSION 
WASHINGTON, D.C. 20426 

Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 

February 27, 1973 

U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

50-352 
50-353 

U. AlUIIlC EIIEBG~ 
COIIIIISSIOI 

BII\IlatorY 
l1li1 SIcU8I 

This is in response to your letter dated December 6, 1972, requesting 
comments on the AEC Draft Environmental Statement related to the issuance 
of a construction permit to the Philadelphia Electric Company for the con
struction of the Limerick Generating Station, Units No. 1 and 2 (Docket 
Nos. 50-352 and. 50-353). 

The proposed site for the Limerick Generating Station contains 587 
acres and is located on the east bank of the Schuylkill River about four 
miles southeast of the City of Pottstown, Pennsylvania, in Limerick 
Co1.Dlty. 

the following comments review the need for the facilities as concerns 
the adequacy and reliability of the affected power systems, and matters 
related thereto, in compliance with the National Environmental Policy Act 
of 1969, ana the April 23, 1971, Guidelines of the Council on Environ
mental Quality. 

In preparation of these comments, the Federal Power Commission's 
Bureau of Power .staff has considered the AEC Draft Environmental State
ment; the Applicant's Environmental Report and Supplements thereto; 
related reports made in response to the Commission's Statement of Policy 
on Adequacy and Reliability of Electric Service (Order No. 383-2); and 
the· staff's analysis of these documents, together with related infor
mation from other FPC reports. The staff generally bases its evaluation 
of the need for a specific bulk power facility upon long term 
considerations as well as upon the load-supply situation for the peak 
load period immediately following the availabi11ty of the new facility. 
It should be noted that the useful life of the Limerick Generating 
Station is expected to be 30 years or more. During that period the 
plant will make a significant contribution to the adequacy and relia
bility of the electric power supply in the Applicant's service area. 
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Need for the Facility 

The Limerick Generating Station is wholly owned by the Philadelphia 
Electric Company. The station will comprise two boiling water nuclear 
power reactors, each with an associated steam turbine generating unit 
rated at 1,055 MW. Recent data available to the Federal Power Commission 
indicates that Unit No. 1 is now scheduled to be in commercial service in 
May 1977 and Unit 2 in May 1978. Both units are planned to be in service 
prior ,to the summer peak load in their respective years of initial 
operation. Therefore, the 1977 and 1978 summer peak load periods have 
been selected for study in this report. 

The current generation expansion program of the Philadelphia Electric 
Company is tabulated below: 

Additions Estimated 
Station/Unit Capability (MW) 1Y2! In-Service Date 

Peach Bottom No. 2 452 (share) N October 1973 
Eddystone No. 3 400 .., March 1974 
Peach Bottom No. 3 453 (share) N June 1974 
Salem No. 1 464 (share) N March 1975 
Eddystone No. 4 400 F March 1975 
Salem No. 2 464 (share) N December 1975 
Limerick No. ,1 1,055 N May 1977 
Limerick No. 2 1 1 °55 N May 1978 

lOTAL 4,743 

Retirements Retirement Date 

Chester No.1, 2, 3, 4 119 F December 1973 
Delaware No.2, 4, 5 78 F December 1973 
Richmond No. 10, 11 73 F December 1973 
Schuylkill No.5, 8 43 F December 1973 
Peach Bottom No. 1 40 N December 1973 
Richmond No. 10 1!Q F June 1974 

TOTAL 513 

The Applicant is a member of the Mid-Atlantic Area Council ~C) 
and of the Pennsylvania-New Jersey-Maryland Interconnection (PlM). The 
interconnected bulk power systems of the members of PlM are planned and 
operated on a fully coordinated single control area basis. The Applicant's 
service area includes the City of Philadelphia and those counties 
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surrounding that city. Although the service area is relatively small 
geographically, in 1972 the area comprised about 21 percent of the total 
MAAC regional load and about 17 percent of the region's generating 
capacity. Both the Applicant and the MAAC region have a projected growth 
rate that is expected to double the annual peak load in the next ten 
years. To meet this projected demand, the Applicant and other regional 
systems have been expanding their baseload generating capacity with fossil 
and nuclear units. Nuclear-fueled generating capacity is expected to 
become a significant source of electric power and by the summer of 1978 
nuclear-fueled units will account for about 19.8 percent of estimated 
total generating capacity of 58,027 megawatts in the MAAC region. Based 
on a recent FPC study which reported an estimated total generating capacity 
for the MAAC region of 36,000 megawatts on January 1, 1973, a total of 
22,000 megawatts (a 61.1 percent increase over the January 1, 1973 capacity) 
must be added to provide the 1978 summer capacity. needed for the MAAC 
region. This capac1ty must be provided in the five and one-half years 
remaining until the 1978 summer peak load period. During this period, 
a substantial amount of older, uneconomical generating equipment is 
scheduled to be retired from service and must be replaced by an estimated 
1,012 megawatts of new capacity. 

The following tabulatioDSshow the projected loads to be served on 
the Applicant's and the PlM systems, and the rela~~nship of the 
electrical output of the Limerick units to the expected reserve margins 
on these summer-peaking systems at the time of the.1977 and 1978 summer 
peak load periods. These units will also supply power to meet future 
demands over a period of many years beyond the initial service periods 
discussed in this report. 
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1977 Summer Peak Load-Supply Situation 

With Limerick Unit No. 1 
(1.055 Megawatts) 

Net Total Capability - Megawatts 
Net Peak Load - Megawatts 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 

Minimum Reserve Needs - Based on 
19 Percent of Peak .Load - Megawatts 

Reserve Deficiency - Megawatts 

Without Limerick Unit No.1 

Net Total Capability - Megawatts 
Net Peak Load - Megawatts 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 

Reserve Deficiency - Megawatts 

Applicant's 
System 

9,481 
8,400 2/ 
1,081 

12.8 

1,596 

515 

8,426 
8,400 1/ 

26 
0.3 

1,570 

PJM 
System 

55,723 11 
43,605 
12,118 

27.8 

8,285 

54,668 
43,605 
11,063 

25.4 

11 Reduced 1,100 megawatts for delay in Newbold Island Unit No.1 

11 Estimated load from recent report to FPC dated November 3, 1972 
and revised November 10, 1972. 
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1978 Summer Peak Load-Supply Situation 

Applicant f s 
System 

With Limerick Unit No. 1 and 2 
(2,110 Megawatts) 

Net Total Capability - Megawatts 
Net Peak Load - Megawatts 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 

Minimum Reserve Needs - Based on 
19 Percent,of Peak Load - Megawatts 

Reserve Deficiency - Megawatts 

Without Limerick Unit No.2 

Net Total Capability - Megawatts 
Net Peak Load - Megawatts 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 

Reserve Deficiency - Megawatts 

Without Limerick Units No. 1 or 2 

Net Total Capability - Megawatts 
Net Peak Load - Megawatts 
Reserve Margin - Megawatts 
Reserve Margin - Percent of Peak Load 

Beaerve Deficiency - Megawatts 

10,371 
8,950 
1,421 

15.9 

1,702 

281 

9,316 
8,950 

366 
4.1 

1,336 

8,261 
8,950 

-689 

2,391 

P.lK 
System 

58,027 
47,225 
10,802 

22.9 

8,973 

56,972 
47,225 

9,747 
20.6 

55,917 
47,225 
8,692 

18.2 

281 



H-S4 

- 6 -

Mr. Daniel R. Muller 

The Applicant and the PJM systems, in which the Applicant is a 
member, use as a reliability criterion a loss of load probability of one 
occurrence in ten years, for planning new generating capacity additions 
to their systems. Capacity reserve studies for the MAAC regional area 
indicate that reliability comparable to the above c4iterion is attained 
when system capacity reserves are approximately 19 percent of the annual 
peak load. Hence, in the foregoing tabulations the systems' needed 
reserves are reported as 19.0 percent of the summer peak load as both 
the Applicant's and the PJM systems are suumer-peaking systems. The 
reserve margins are gross and include provisions for scheduled outages 
for maintenance of equipment, derating of facilities, forced outages of 
generating equipment, errors in load forecasting, and operating reserves 
normally required on interconnected bulk power sys~ems. 

The availability of the Limerick Unit No. 1 for the 1977 summer 
peak period would provide the Applicant with an expected reserve margin 
of 1,081 megawatts, or 12.8 percent of peak load. If this unit should 
be delayed beyond the 1977 summer peak period, the system reserves would 
be reduced to 26 megawatts or 0.3 percent of the peak load. The 
availability of the Limerick Unit No. 2 for the 1918 "ummer peak load 
period would provide the Applicant with an expected reserve margin of 
1,421 megawatts, or 15.9 percent of the peak load •. If this unit should 
be delayed beyond the 1978 summer peak period, the system reserves would 
be reduced to 336 megawatts or 4.1 percent of the-peak load. Based on 
a minimum reserve need for the member's and the PJM system of 19 percent 
of annual peak load, a reserve deficiency of 515 megawatts would occur 
on the Applicant's system during the 1977 summer peak period even with 
the Limerick Unit No. 1 in commercial operation and a deficiency of 
1,570 megawatts would occur withou~ the unit. During the 1977 peak 
period, Limerick Unit No.1 represents 98 percent of Applicant's system 
reserves. During the 1978 summer peak load period with both Limerick 
units in commercial operation, a deficiency of 281 megawatts would occur 
on the Applicant's system, while a delay in Unit No.2 would cause a 
reserve deficiency of 1,336 megawatts. If both units were delayed beyond 
the 1978 summer period, a reserve deficiency of 2,391 megawatts would 
occur on the Applicant's system. The reserve margin on the PJM system 
would be reduced to 8,692 megawatts, or 18.2 percent of peak load, which 
constitutes a reserve deficiency of 281 megawatts. 

The adequacy and reliability of the Applicant's system is not only 
dependent on the timely commercial operation of the two Limerick units 
now scheduled prior to the 1977 and 1978 summer peak load periods, but on 
all new capacity, which includes three other large nuclear units whose 
ownership is shared by Philadelphia Electric Company and others and two 



Hr. Daniel R. Muller 

fossil units totalling 4,743 megawatts of new generating capacity. 
Similarly, the pJM system is dependent upon all new capacity echeduled 
to be in commercial service prior to the 1978 summer peak load period. 
Delay in either of the Limerick units beyond the 1978 summer period 
will reduce the reliability of the regional system below the planned 
standard. The Newbold ,Island Units 1 and 2, each of 1,100 megawatts 
of capacity have been delayed one year already and are currently 
scheduled in 1979 and 1980. ABEated above, some 22,000 megawatts of 
new generating capacity is scheduled for commercial service between 
January 1973 and the 1978 summer peak period. In addition to the 
uncertain reliability of these new units during'their initial year of 
commercial operation, the system reserves available to the Applicant's 
and the PlM systems are jeopardized by postponement of scheduled commercial 
operation due to construction and licensing delays. If as little as 1,830 
megawatts of this planned total of 22,060 megawatts of new capacity were 
to be delayed, the PlM system would not meet its reliability standard. 

, KAAC's prime functions are the furthering of reliability of the 
members' bulk power supply systems through coordination of the members l 

expansion plans and operation of these facilities to provide short term 
emergency relief in the event of contingencies normally experienced on 
interconnected power systems, rather than to provide a substitute for 
adequate installed reserves for the member systems of the region. 

Transmission Lines 

Three overhead transmission lines are planned to integrate the 
Limerick Nuclear Generating Station into the Applicant's existing trans
mission system. The single-circuit SOO-kilovolt Limerick-Whitpain line 
will extend from the switchyard generally east-northeast about 16 circuit 
miles on the existing Peach Bottom-Whitpain right-of-way to the existing 
SOO-kilovolt Whitpain Substation near Plymouth Meeting, Pennsylvania. 
The SOO-kilovolt Peach Bottom-Whitpain line will be looped into the 
switchyard. Two 230-kilovolt Limerick-Cromby lines will extend generally 
east-southeast from the switchyard on existing rights-of-way, one line 
on the west bank and one line on the east bank of the Schuylkill River 
to the Cromby Substation near Cromby, Pennsylvania on single pole, 
multiple-pole and latticed structures. No new rights-of-way are required 
for the three transmission lines. 

Alternatives and Costs 

TbeApplicant, in determining the need for additional generation to 
meet its projected system demands, considered in addition to the purchase 
of firm power, a number of other alternatives, such as alternate locations, 
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plant types, fuels, environmental effects and economics. The selected 
plant site was one of five sites considered. Among other advantages, 
the Limerick site would not require acquisition of new transmission line 
rights-of-way. Wet cooling towers are planned, but the Schuylkill River 
site does not provide a flow adequate to satisfy the consumptive water 
requirements averaging 54 cubic feet per second. The deficiency is to 
be corrected by a system which uses water from the Delaware River. 

Only marginal undeveloped hydroelectric capacity is available in 
the area leaving only fossil-fueled generation as the practical base load 
alternatives to the Limerick nuclear units. Natural gas cannot be 
guaranteed in adequate quantities for the 30-year life of the plant. 
Although the shortage of residual fuel oil supplies is growing 
progressively more acute in the northeastern region, and the sulfur 
content of the local bituminous coals would create problems of compliance 
with air quality regulations, residual fuel oil and coal were considere.d 
available alternative fuels for study. Combustion turbines and pumped 
storage generating capacity in 1972 comprised 2,014 megawatts of the 
Applicant's total generating capacity of 6,137 megawatts, or some 33 
percent. The Bureau of Power staff considers this to be too high a pro
portion of such capacity because of economic considerations and operational 
factors. The Applicant takes a similar position and consequently did not 
elect to install large-scale gas turbine or pumped storage capacity. 

The Applicant's economic studies, which resulted in the selection of 
the nuclear-fueled plant, and supplemental information provided by the 
Applicant indicated capital costs of $900 .million for the nuclear-fueled 
plant, $570.4 million for the oil-fired plant and $621.8 million for the 
coal-fired plants or $426, $270, and $295 per k~lowatt of capacity, 
respectively. Annualized production costs including costs of operation, 
maintenance, fuel and insurance, were reported as $40.6 million for 
nuclear, $113.4 million for oil and $102.4 million for coal-fueled plants 
or 2.75 mills, 4.68 mills and 6.93 mills per kilowatt-hour, respectively. 
The staff of the Bureau of Power finds the capital costs of the nuclear
fueled plant within the range of capital costs reported by the industry. 

Conclusions 

The staff of the Bureau of Power concludes that the electric power 
output of the Limerick Units land 2 is needed to meet the Applicant's 
future demands for power during the 1977 and 1978 annual peak load periods 
and is needed to provide adequate reserve margins for reliability of 
electric service on the Applicant's and the PlM systems. Prudent and 
respOftri.bb ei-ectti:c utiU;ty ~ration1S requi'1'e -system reserve lIlar-gi.aa 
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8ufficient to meet the operating contingencies that could result in 
abnormal bulk power system conditions. These new units and all new 
capacity scheduled for commercial service during the period of this 
8tudy are needed to provide the Applicant's and the MAAC regional 
systems with the reserve capacity to meet the stated electric system 
r.liab~ty criterion. 

Very truly yours, 

ps 
Chief, Bureau of Power 
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LIMERICK TOWNSHIP BOARD OF SUPERVISORS 

LIMERICK, PENNA. 

50-352 
50-353 

PRANK RUMLER. cHAIRMAN 
RICHARD ALLEBACH. VICE-CHAIRMAN 
JOHN E. FRANKENBERG, SR. ' 

"HONE: 2117 ... nIl0 

MAILING ADDRESSI 
BOX 184, R. D. % 

8CHWENKSVILLE, PENNA. 1t47S 

~ 

flECfIV[D 

Daniel R. Muller 
Directorate of Licensing 
Atomic Energy Commission 
Washington, D. C. 20545 

Dear Sir: 

JaJl11B.17 23, 1973 
JAN29 1973~ 

U'l.,TUIIf'C £IIE1sr 
..vMMlSfllHl 
"""atar, IJ/I IectliI 

In December, 1972, we received from you the draft 
environmental impact documentation for the proposed con
struction of a power plant in Limerick Township by Philadel
phia Electric Comp&.ny'. 

In the letter which accanpanied the documentation, yOll 
ask for 0Ilr cOIllllents. We do not feel we can give yOll a 
meaningt\1l answer, since we do not have anyone in the Town
ship with the eJq)ertise to prepare the canment. 

We w:l.ll be watching the oa.tcane of the s~ to resolve 
the problem of the availability or water for the project. It 
would seem. this must be concluded satisfactorily before a 
construction permit can be issued. 

Verr truly YOllrS, 

LD{.mICK TOWNSHIP SUPERVISORS 

3/ '/~' 1/' " ,k" .~~, ,l' TTJ~/! Lt i.i. ~c',-, 1-)£.(.(', /,,-.~(..7\. 
'Barbara 11. BOloIDaIl, Secretarr ' 
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COMMONWEALTH OF PENNSYLVANIA 

STATE PLANNING BOARD 
GOVERNOR'S. OFFICE 

HARRls.uRG 
17120 

Jaauary 22, 1973 

Daniel R. Muller, Assistant Director 
Eavironmental Pr~jects 
Directorate of Licensing 
United States Atcmic Energy COIIIIIlis8ion -
Washington, D. C. 20545 

Dear Mr. Muller: 

50-352 
50-353 

'!he Pennsylvania Office of State Planning and Development, as the 
State Clearinghouse for tlJe C08IDOIlWealth of Pennsylvania, has received 
copies of the Draft ~Dmental Statement of Philadelphia Electric 
Company for Limerick G . rating Station, Units 1 and 2. 

We have made copies of this material available- to a number of State 
agencies. AttaChed are the comments of the Department of Eaviroamental 
Besources, Fish COIIIIIlission and the Office of State Planning and Development. 

Please consider these the official response of the Commonwealth for 
the above referenced statement. 

Sincerely, 

a. Otto Amann 
Supervisor of Planning A~fDi.tr.tlOD 
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January 22, 1973 

.u..,aCT: Applicant's Env:l.ronmental Report - L:l.merick Generat:l.ng Station 

TO. 

~"OM: 

I.. Otto Amann 
Superv:l.sor of Plann:l.ng Admin:l.strat:l.on 
Off:l.ce of State Plann:l.ng and Development 

R:l.chard N. Koch ~... J I j(./~ 
Plann:l.ng Analyst ~ 
Office of State Plann:l.ng and Development 

1he major reservat:l.on to the "Appl:l.cant' a Environmental Report - L:l.merick 
Generat:l.ng Station" :l.s the proposed diversion of water from the Delaware 
R:l.ver to the East Branch of the Perk:l.omen Creek. 

1he Env:l.ronmental Report states that the proposed pumping of Delaware R:l.ver 
water :l.nto the East Branch of the Perk:l.omen Creek should be benef:l.c:l.al to 
stream flows and channels. However, the Environmental Report cont:l.nues to 
ra:l.se many quest:l.ons concern:l.ng the proposed d:l.vers:l.on wh:l.ch appear to 
requ:l.re further study. Proposed act:l.ons wh:l.ch requ:l.re further study :l.nclude: 

1. effects of proposed channel:l.zation of the East Bran~ of 
the Perk:l.omen Creek 

2. the introduct:l.on of col:l.forms and h:l.gh chlorine res:l.duals 
into the East Branch of the Perk:l.OIIlen Creek 

3. future requ:l.rements on Delaware R:l.ver water resources which 
might be affected by the proposed d:l.vers:l.on 

4. future requ:l.rements on water resources of the East Branch 
of the Perk:l.omen Creek could decrease the water flow to the 
L:l.merick Generat:l.ng Stat:l.on. 

I would recommend that these :l.tems be g:l.ven closer scrut:l.ny before the 
Appl:l.cant's Env:l.ronmental Report be cons:l.dered acceptable. 
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Review Report on PSCH Project I 72 12 3 001 
Philadelphia Electric Company 
Limerick Nuclear Generating Station, Montgomery County 

Nick Nichols 
Department of Environmental Resources 

c· Jack G. Miller, Chief 
Fisheries Environment 
Pennsylvania Fish Co 

The subject report was reviewed by our staff and we wish to make the 
following comments: 

1. There are two parts of this project ~hich are very objectionaole 
to the Pennsylvania Fish Commission: 

I. We object to and must oppose pumping water from 
the Delaware River to any other watershed or 
portion of a watershed. Sufficient study has 
not been undertaken to determine the ecological 
effects that such a water transfer could have on 
either the Delaware River or the East Branch of 
Perkiomen Creek. 

b. We must definitely oppose the dredging or channel
ization of 2500 feet of the East Branch of Perkiomen 
Creek. This is a natural stream and, although not 
of the highest quality, does support a warmwater 
fishery. The proposed channelization probably will, 
Iccording to recent studies, cause a 70 - 90% 
decrease in game fish for fifty years or more. 

2. If diversion of water from the Delaware were allowed, chlorination 
of this diverted water could have serious toxic affects upon the 
aquatic life of the East Branch of Perkiomen Creek unless the 
residual chlcrine can be reduced to a maximum of 0.005 ppm. This 
will require continuous monitoring and treatment facilities to 
guarantee the level will never exceed 0.005 ppm. 

3. In order to minimize certain loss of fish in the intake structures, 
we request that intake flow velocity be minimized to the greatest 
extent possible, and that overhead structures over the water outs;( 
the intake which might be mistaken for cover by fish be eliminated. 
The latest developments in intakes, such as t~e vertical traveling 
screen, should be used to minimize the entrainment and impingement 
of fishes. 

In light of these conflicts no further work should take place on this 
project until these conflicts can be resolved. 

JGM:dms 

cc: Wilbert Hobbs 
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trNv.LTH 01' PENN~ 
COtl}t!O ~.\ .. ~ 

DEPARTMENT OF ENVIRONMENTAL RESOURCES 
".0. __ ' •• 7 

"A ..... U_. """8YI.V""'A 17'" 
January 23, 1973 

SUBJECT: Department of Environmental Resources 
Review and Evaluation of 

TO: 

P.S.C.H. No: 72-12-3-001 
Project Title: Limerick Generating 

Station, Units 1 and 2, Draft 
Environmental Statement 

Project Location: Montgomery County, 
Limerick Township 

Mr. R. A. Heiss, Coordinator 
Pennsylvania State Clearinghouse 
Governor's Office of State Planning 

~ • ~ Development 

FROM: MAU CE K 
Secre ary of Environmental Resources 

The aforementioned has been reviewed by the appropriate 
personnel in the Department through our Office of Planning and 
Research. . 

Specific technical comments of our Department are 
attached. The comments of the Pennsylvania Fish Commission 
are attached separately. 

This evaluation is based strictly on the data submitted 
and actions as proposed. Any changes either in the technical or 
time reference will require resubmission for our review. 

For all technical questions throughout the development 
of this project, please be referred to: 

Mr. Thomas M. Gerusky, Director 
Office of Radiological Health 
Department of Environmental Resources 
(717) 787-2480 
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Mr. R. A. Heiss - 2 - January 23, 1973 

Por all administrative matters concerning project 
review and evaluation, please be referred to: 

Mr. Nick Nichols, Program Manager 
Office of Planning and Research 
Department of Environmental Resources 
(717) 787-8137 

IN ALL TELEPHONE AND WRITTEN COMMUNICATIONS PLEASE 
OSE THE PENNSYLVANIA STATE CLE~NGHOUSE PROJECT NUMBER: 

P.S.C.H. PROJECT NO. 72-12-3-001 

• 
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COMMONWEALTH OF PENNSYLVANIA 

DEPARTMENT OF ENVIRONMENTAL RESOURCES TECHNICAL EVALUATION 

P.S.C.H. Project No. 72-12-3-001 Draft Environmental Statement 

Proposed Limerick Generating Station. Units 1 and 2 

PART ONE: GEOLOGIC EVALUATION 

A. (2.4.1) Local geology (pp. 2~14) 

In the second paragraph of this section, in referring to the Triassic 
Basin the statement is made"----the northern boundary like the south, 
now appears to be a fold in the basement rocks." This is an incorrect 
interpretation based on author's premises which does not conform to 
the known geological evidence for the existence of a northern fault 
margin to the Triassic basin. It is important to correct this error 
since the erroneous contention that there is no major fault to the 
north tends to allay the ~ears of possible further effects resulting 
from seismic displacement on the existing faults. 

The third paragraph, at the bottom of the page states "The applicant 
arranged for a detailed surface and subsurface examination of the 
building site and found no conditions present which would in any way 
complicate the construction of the station. '.' This statement is fac
tually incorrect inasmuch as the a-plicant in a supplement to the 
original PSAR publication noted that in addition to the known major 
faults (Brooke-Evans, and Sanatoga) on either side of the site, 
excavation at the site uncovered additional fault fracture zones 
which require special exc wation and foundation engineering procedures. 

B. (2.4.2) Regional geology and assessment of possible earthquake hazard (P. 2-16) 

The statement is made in the first paragraph that "The site is in an 
area where earthquake frequency is moderate; however, no earthquake 
to our knowledge has ever been severe enough to cause more than trivial 
damage." We are certain that in an area where there is admitted mod
erate frequency of earthquakes, there may be future earthquakes of 
greater intensity than the limited historical record. We are also 
concerned with the definition of the admitted "trivial damage". What 
does trivial damage mean in regards to the potential impact by a 
nuclear reactor? 

c. (2.4.2) Regional geology and assessment of possible earthquake hazard (p. 2-17) 

The statement is made in the first paragraph that the dikes must have 
come after the faulting since they were not displaced by it. The fact 
is that through the Triassic Basin of Pennsylvania the dikes were formed 
along and parallel to the faults. There is field evidence of renewed 
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aovement along the faults which ~a not displace the dikes simply 
because the dikes run parallel to the faults. It is therefore 
incorrect to make the additional statement contained in the para
araph that because the dikes have not been displaced, there was there
fore·no movement in the area for the last 140 million years. The 
fact is that there has been movement more recent than 140 million years. 

The first paragraph on page 2-17 closes with the statement 'There are 
also numerous small faults in the area with displacements of less than 
2 feet, but these are of no importance." Such faults are extremely 
important because they constitute fracture zones which are zones of 
weakness subject to renewed movement by seismic activity. 

At the bottom of page 2-17 the statement is made "An earthquake intensity 
of VII can slightly damage, but will not destroy buildings of ordinary 
construction---." While a reactor may not be a building or ordinary 
construction and would not be destroyed, the possibility of some damage 
as indicated by the statement is a matter of serious concern. 

D. (2.5.1) Groundwater (page 2-18) 

The last paragraph states "Groundwater is a minor resource in the area 
around the station and, in general,in the lowlands underlain by the 
Triassic rocks." This is most serious, incorrect statement. The 
Triassic basin, and particularly the Brunswick Formation at the site, 
i. one of the most important and heavily used ground-water aquifers in 
Pennsylvania. There are thousands of wells taking water from this 
aquifer and the number is increasing rapidly as people move into this 
suburban environment away from the congestion of the Philadelphia 
area. The importance of this ground-water aquifer must not be under
estimated. 

E. 2.4.2.3 Geoloay, Structure (Page 2.4-2) 

3rd paragraph cites Triassic faults. 
Sentence "They are generally healed and have not been active for at least 
140 million years." is not factuaL Most faults in the Trussic rocks 
have not been healed and thus continue to be zones of weakness. Some 
faults in the Triassic rocks show evidence of secondary movement since 
their orig;f.nal formation. To say that all of the faults have not been 
active for at least 140 million years (1) cannot be substantiated, and 
(2) lulls the reader into false sense of security in the face of the 
fact that the faults continue to be zones of structural weakness. 

P. 2.4.2.3 Geoloay, Structure (Page 2.4-3) 

Third paragraph on the page states '~nor faults that occur in the site 
area have been named the Sanatoga fault, and the Brooke-Evans fault." 
with a known length of over 2 miles and a displacement of 350 feet (as 
stated on page 2.4-5 and 2.4-6), these faults cannot be considered 
~r by any geoloaical or engineering definition. 

-~-
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G. 2.4.3.4. Site Geology, Structure (Page2.4-6) 

Second paragraph states "The presence of minor faults ----- near the 
site area in particular, is not surprising, nor is it hazardous to the 
design or construction of the proposed facility." These faults are not 
minor, (see above reasons), nor can one categorically say that they are 
not hazardous in view of the seismic history of the area. 

Fourth paragraph speaks of tectonic inactivity for 140 million years as 
evidenced by the unfaulted dikes which are not displaced. But the dikes 
are actually located along and parallel with the faults, so that if ther 
has been renewed movement along the faults in more recent times, it woul 
not cut or displace the dikes, while still causing seismic distrubances 
at the site. It is incorrect to conclude that there has been no tectoni 
activity at the site for 140 million years. 

Fifth paragraph incorrectly concludes that the faults are all "minor", 
"well-healed", and "inactive for at lease 140 million years. 

H. 2.5.2.2 Ground Water Hydrology - Summary (Page 2.5-2) 

Third paragraph states "Surface water is the predominant source of water 
supply in the region." It also states that "Ground water accounts for 
only about three percent of the total industrial and commercial use in t 
region." What it fails to stress is that ground water is the P1ajor sour 
of domestic water in this fast-expanding suburban region. 

Paragraph 4 states that possibility of adverse effect on the wells in tr. 
site area is "extremely remote" because the direction of the groundwater 
flow is away from the existing wells. That is a misleading statement 
because the layers of Brunswick sandstone and shale at the site, dip 
to the north and there is every possibility that ground water contaminat 
at the site could move downdip to the north, northwest, and northeast, 
affecting great numbers of wells over a large area. This is especially 
true since, by admission of the applicant's statements in this section c 
the text, the site is the recharge area for artesian conditions which 
exist in the Brunswick Formation. 

I. 2.5.2.4 Regional Conditions (Page 2.5-4) 

It is incredible that the top of page 2.5-4 can state:"'----the Brunswic 
is the most widespread source of groundwater." Yet page 2.5-5 belittles 
the number of wells, the permeability of the Brunswick Formation, and th 
chance of adverse effects on existing wells. The fact is that it is wid 
recognized that the Brunswick Formation is one of the best aquifers in 
southeastern Pennsylvania, supplying thousands of wells. Any contaminat 
of the groundwater at the subject site is bound to have widespread effec 
on groundwater of the region. 

It is noteworthy and amazing that the applicant's Environmental Report - Construction 
Permit State (revised) has no section dealing with the seismologic history or condit! 
of the area. That subject was dealt with in the earlier report on the Limerick site 

- 3 -
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by Dames and MOore. The omission of this subject in the latest report is all the 
more questionable since the earlier Dames and MOore report cited a long record of 
seismic activ~ty in the region. 

SUMMARY AND CONCLUSIONS OF GEOLOGIC EVALUATION 

1. The Limerick area is one which is surrounded by faults of various magnitude, one 
as close as 1300 feet from the proposed site. 

2. Some fault movement within the Triassic rocks of eastern Pennsylvania is known 
to have occurred since the last igneous rocks were formed there. 

3. Faults are zones of weakness along wich movement and related seismic activity 
may occur when stress develops. 

4. Within a radius of 100 miles of the Limerick site, there have been 35 earthquakes 
recorded with intensities of V or greater since the early 1800's The earthquake 
epicenters clearly surround the proposed site. 

S. The existence of known faults and the history of known earthquakes around the 
Linerick site clearly offer the possibility of nearby movement and seismic activity. 

6. It is not possible to predict when, or how intensely, faulting or seismic activity 
might affect the subject site. It could be tomorrow, 100 years, or 1000 years. 
"Deciding on whether ot use the site, and designing the structural capability, must 

. definitely invdlve the possiblity of fault activity. Like Russian roulette, the 
odds may be against it, but the hazard definitely exists. 

7. The proposed site is located on the Brunswick Formation, a series of north-dipping 
layers of sandstone and shale. It is one of the best aquifers of southeastern 
Pennsylvania, already supplying thousands of wells, many being artesian. Any 
groundwater contamination at the site would spread and affect the groundwater 
quality of a large region. 

PART TWO: EVALUATION OF IMPACT ON WATER QUALITY 

A. The principal concern is that S4 cfs of water will be lost by evaporation. The 
Philadelphia Electric Company plans to divert Delaware River water to the East 
Branch and Main Stem of the Perkiomen Creek for makeup during low stream flow 
conditions in the Schuylkill River. The Delaware River water as it flows in 
the EAst Branch Perkiomen Creek and Main Stem of the Perkiomen Creek will gen
erally have a beneficial effect except that plankton, biological organisms and 
fish may impinge on intake devices at the pumping station. Careful design of 
the:.1ntake structure will be needed in order to reduce this problem. The over
all expected impact on the Schuylkill River by the waste discharges will be 
localized and comparatively small. 

B. The Atomic Energy Commission's evaluation of environmental, economic, and 
technical data as well as other benefits that may result indicates the issuance 
of a construction permit subject to special conditions. The Atomic Energy 
Commission makes its conclusion on the assumption that the Delaware River Basin 

4 
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Commission will issue a permit for the water allocation from the Delaware River 
and divert the water to the East Branch of the perkioaen Creek. Since the 
diversion of makeup water from the Delawar' River has not been resolved, the 
Atomic Energy Commission will ~ continue the licensing process further than 
issuing the draft environmental statement and evaluating the resulting comments. 

, PART THREE: EVALUATION OF IMPACT ON WATER RESOURCES. 

A. On page 2-19 under Section 2.5.2.1 

Schuylkill River - The tenth sentence should read: Upon the completion of the 
Blue Marsh Dam; the low flows, could be augmented by a mazimum of 65 cfs during 
low-flow periods. • •• A number of interbasin transfers of Blue Marsh Water 
have been proposed, and if these plans are carried out, this water would not 
be available for augmentation in the Schuylkill. If a portion of the Blue Marsl 
water is, in fact, diverted above Limerick, the 4ncrease in low-flows at Limeric 
would be somewhat less that 65 cfs. In addition, there is an anticipated futurE 
increase of consumptive water use above Limerick. This would further decrease 
Blue Marsh agumentation flows. 

B. On page 2-19 

Schuylkill River - the eleventh sentence data on upstream water usage at Potts
town (52.6, cfs) cannot be substantiated from our records. This may be the figl 
for the total allocations of Schuylkill and tributary water abovecthe site. Th: 
figure wuuld appear high for just the Pottstown area. 

C. On page 2-24, the table of Municipal Water Users (2nd paragraph) 

The updated 1970 populations served for the five municipal and public suppliers 
listed are as follows: 

City of Philadelphia 
Norristown Water Company 
Philadelphia Suburban Water 
Borough of Phoenixville 
Bome Water Company 

Total Population Served 

Company 

• 

1,978.342 
73,049 

799,000 
18,643 

9,192 

2,878,226 

It should be noted that the figure for the City of Philadelphia in this Draft 
only reflects that portion of the population of Philadelphia living in the 
Schuylkill River Basin. The Philadelphia Water Department, however, has the 
capabilities to serve Schuylkill water to most points in their system and thus 
the total city figure is used here. 

PART FOUR: EVALUATION OF RADIOLOGICAL HEALTH ASPECTS 

The Department of Environmental Resources concurs with the ABC staff that routi 
releases of radioactive material from the plant must be reduced to a maximum of 
5 millirem per year at the site bourdary. 

--5 -
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PHILADELPHIA ELECTRIC COMPANY 

2301 MARKET STREET 

PHILADELPHIA. PA. 19101 

12W1841-4500 
V. S. BOYER 

VICE·PRESIDENT 

}~. Angelo Giambusso 
Deputy Director for Reactor Projects 
Directorate of :,icensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

January 19, 1973 

In Reference: Limerick Generating Station 
Units 1 and 2 
Dockets l~os. 50-352 and 50-353 

Dear y~. Giambusso: 

Philadelphia Electric Company respectfully submits its comments 
on the Draft Environmental Statement (DES) on the enviromr.ental 
considerations related to the issuance of construction permits for 
the Limerick Generating Station, Units 1 and 2. 

This letter summarizes our comments on the major aspects of the 
DES. Detailed comments are contained in three appendices: 

Appendix A/detailed comments and corrections prepared for 
Philadelphia Electric Company by Ichthyological Associatos. 

Appendix B/other detailed' comments by Philadelphia Electric 
Company. 

Appendix C/comments on Section 3.3.4, entitled "Evaluation of 
Cooling Towers," prepared for Philadelphia Electric Compa~ by 
Dr. C. L. Hosler, Dean of College of Earth and Mineral Sciences, 
Pennsylvania State University. 

COJll'llents on the Staff's summary of the environr.,ental impact and 
adverse effects (pages iii and iv) of the DES are given below in 
items 1 and 2 of this letter, and are followed by comments (iten:s 3 
and 4) on the StaffCs proposed conditions for the protection of the 
environment (page v of the DES). 
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Mr. Angelo Giambusso Page 2 

1. Impacts on Aquatic Ecosystem - Perkiomen Creek and its East Branch 

The Staff has raised questions regarding the potential impacts 
of the proposed water diversion on the aquatic ecosystem of the 
Perkiornen Creek and its East Branch. The DES discussed the effects of 
increased flows, channelization and chlorine discharges on the East 
Branch of the Perkiomen and the impact of the Perkiomen Creek pumping 

_ station on the aquatic life in terms of entrainment and impingement. 

As discussed in Appendix B, comments on pages 5-2 to 5-15, our 
recent detailed studies of the East Branch of the Perkiornen indicate 
that no channelization will be required to accommodate the additional 
65 cfs now from the Delaware River diversion. Therefore, the only 
structure required at the point of discharge from the pipeline will be 
an energy dissipator Which will assure low inflow velocities into the 
East Branch of the Perkiomen. With the careful design and construction 
of the energy dissipator, the present channel will easily carry the 
increased nows without or with very little capture of silt load. 

Philadelphia Electric Company does not plan to chlorinate the 
Delaware River water which is to be directed to the East Branch of the 
Perkiomen Creek. If Bucks County finds that chlorination is needed 
for the water for its Neshaminy water supply, then this chlorination 
will take place after the NeshamdJr3 Branch of the water supply leaves 
the Phi1ade1~hia Electric Company-Bucks County facilities at the 
Bradshaw Reservoir (which is at the end of the common pipeline leading 
from the Point Pleasant pumping facilities to both the East Branch and 
the Neshaminy water supply). With the elimination of chlorination, 
the possibility of degrading the biotic compOSition of the headwaters 
of the East Branch is also eliminated. 

With regard to the Staff's question with respect to the entrain
ment and impingement of fishes, the intake screens will be designed 
to minimize this impact. The intake structure will be equipped with 
a log boom which will minimize the wi thdra"a1 of any drift organisms 
b,y this diversion. Low approach velocities to the screens and small 
screen mesh will be utilized which will also minimize impingement 
losses as far as fish are concerned. 

2. Outage Qf Radioactive Gaseous Treatment System 

The Staff concluded that no discernible radiological impact on 
individuals and the population is expected from normal operations of 
the Limerick Generating Station. However, the Staff also assumed 
a total release without any treatment or delay during a three-week 

.. 
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Mr. Angelo Giambusso Page 3 

outage every two years for each system. Based on this assumption, the 
Staff concluded that the estimated doses from gaseous effluents were 
considered not acceptable by the Staff. 

PhiladelFhia Electric Company ,has never intended and will not 
operate the station with the gaseous treatment system shutdo'\om. Planned 
maintenance of the system will coincide with refueling operations and 
other routine preventive maintenance, during which time the associated 
generating unit will not be in operation. If the gaseous treatment 
system must be taken out of service, then the associated generating 
uni t will be shut down. Therefore, under these conditions, the 
releases will be less than one percent of the quantities presently 
permissible under AEC regulations and will eliminate the concern 
expressed in the DES. 

3. Expansion of the Biological Monitoring Program 

Modifications to the existing biological monitoring program were 
implemented during the summer of 1972 based on our preliminary studies. 
These modifications are described in Appendix A, co~~nts on pages 6-1 
and 6-4. Philadelphia Electric Company concludes that the program, as 
modified, is well designed with sufficient flexibility to monitor the 
no~radiological discharges from the station and is responsive to the 
ABC comments. 

4. Maintenance of Haximwn Release of 5 J.fUlerem per year ( item 7 (d» 

See comment 2 above. 

"Ie will be pleased to discuss our comments with the Staff in further 
detail at their convenience. 

Sincerely, 
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Our comments on the AEC Draft Environmental Sta tement fo:.~ Limerick 

Generating Station, Units 1 and 2 follow in chronological or·ler. 

Page iii, item 3, First paragraph 

C01~~{T: The impact on the aquatic ecosystem of Perkiomen Creek and 

the East Branch of the Perkiomen Creek are potentially beneficial. 

After recent study, it was concluded that no channelization of the 

Fast Branch of the Perkiomen is required. It has been determined that 

the present channel ~dl1 carry the additional 65 cfs at low flows without 

or with very little capture of silt load. The channel has been formed at 

times of flood "yhen the flows have been as much as 400 cfs. The proposed 

higher flows ~dll permit the stretch of stream between the mouth of the 

pipeline and Sellersville to support a fish population of value to man. 

At': present it is so low in summer that only a few minnOl'TS, suckers and 

sunfishes are taken. Presently it does not support a sport fishery. 

-1-
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Page 2-30, First paragraph, Last sentence 

STATEMENT: "Thus, the value for the one-year flood presented in 

Table 2.6 ,( 110 cfs) , is taken as an estimate of the bank-full 

flow at the stations in the East Branch of Perkiomen Creek." 

COMMENT: Assuming that the above value is correct, this means 

that a flow of 65 cfs in summer would nO't approach "bank-full flow" 

and would not adversely affect silt conditions if the upper East 

Branch of the Perkiomen is not channelized. The vegetation in 

most areas is secure and consists in many cases of fairly large 

trees. 

-2-
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Pagt~ 2-53, Fourth Paragraph 

STATEMENT: "~vhi1e not inc luded in Table 2.7, the following temporary 

forest types are likely to occur at the Limerick site: (1) Eastern Red 

Cedar forest type which occupies (a) dry uplands, usually cultivated 

fields (typically with limestone outcrops) and along (b) fencerows 

(Juniperu§.. virginiana L. was found on the site by the applicant);" 

COMMENT: The Eastern Red Cedar F04est type occurs commonly as a seral 

stage on uncultivated fields in the Limerick site vicinity. However. 

eastern red cedar (Juniperus virginiana) is not common as a fencerow tree. 

Black cherry (Prunus ~erotina), mazzard cherry (Prunus ~), sassafras 

(Sassafras ~ lbidum), and osage orange (Hac lura pomifcra) are most often 

the dominant species in fencero,,,s in this area. 

STATENENT: "and (2) Scrub Oak Forest type of northeastern Pennsylvania 

is found at higher elevations on thin, usually rocky soils (Quercus 

illicifolia Hang. was found on the site by the applicant). Scrub oak 

often occurs on extensive areas." 

COMMENT: Although one scrub oak (Quercus illici~) ,,,as found on the 

site, no Scrub Oak Forest type occurs in the vicinity of the Limerick Gen-

erating Station. Mr. Langford, Bureau of Forestry, 

Pennsylvania Department of Environmental Resources, indicated that this 

Forest type does not occur in the Chester-Montgomery County area. 

-.3-
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Page 2-54, Second Paragraph 

STATEMENT: "The applicant reported the forest type in the vicinity of 

site as 'an immature, near climax oak-hickor.y forest.' Definitive studies 

of the site indicating the relative abundance of the plant species, above 

and beyond the constraint of a description of dominant vegetative communi

ties found in vicinity of the site, are required to properly characterize 

the community. II 

CO}~lliNT: The only woodlot on the ~ite proper is dominated by red oak 

(Quercus rubra) and shagbark hickory (Carya ~). A larger percentage 

of the total area of woodland in the site vicinity is occupied by the 

red oak-basswood-white ash type, yellow-poplar type, and sycamore-American 

elm-silver maple type of deciduous forests. 

Detailed studies of the site to determine relative abundance and 

importance of the plant species are planned for the spring of 1973. 

Page 2-57 through 2-60, Table 2.11" 

CO}~ffiNT: Although the ranges of all mammals in Table 2.11 do include the 

site vicinity, tole feel that the probability of finding several species 

listed is very small. The urban and suburban nature of the site vicinity 

would seem to eliminate the follotoling species from the list of ~ocal fauna: 

bobcat (Lynx rufus rufus), river otter (Lutra canadensis lataxina), canada 

porcupine (Erethizon dorsatum dorsatum), and canada beaver (Castor 

canadensis canadensis). 
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Page 2-81, Paragraph 1 

STATEHENT: "The most important small game animals in the area are the 

eastern cottontail rabbit and the ring-necked pheasant and are associated 

with field habitat rather than a forest environment. Other game animals 

associated with this environment are the bob, .... hite quail, mourning dove, 

red fox, and the ,",oodchuck. Foxes are hunted with hounds in parts of 

Chester and Hontgomery Counties." 

COMMENT: The occurrence of bob\~lite quail as a breeding bird in the im

mediate vicinity is questionable. None of the hunters interviewed during 

the 1972 small game season reported seeing quail. The inclusion of bob

white quail in Table 2.7.2.2 of the Applicant's Environmental Report, 

Construction Permit Stage (Revised) was based on a single sighting by 

Ichthyological Associates personnel in the site vicinity. Quail have been 

stocked in Chester and Montgomery Counties in recent years. 

Paga 2-81, Paragraph J 

STATEMENT: "Formerly, important rodents of the oak-chestnut forest were 

the Allegheny wood rat and the white-footed mouse. Raccoons, opossums, 

and striped skunks prefer stream sides and forest edges for breeding but 

range throughout the forest in search of food." 

COMMENT: Raccoons, opossums, striped skunks, foxes, and muskrats are 

trapped in the site vicinity. The muskrat is by far the most commercially 

important furbea~er to -trappers in the area. 

-5-
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Page 2-81, Paragraph 3 

STATEHENT: "Game birds include 'ofoodchuck, ruf'fed grouse, snipe (in 

wetlands), and turkey, none of \hich appear to be common in the area." 

COl.ft.ffiNT: Woodchuck should be wood.cock. Both snipe and woodcock have 

been reported in the site vicinity. Although they do occur regularly, 

neither species is abundant enough to be considered an important game 

biltd. 

Ruffed grouse and turkey do not occur in the immediate vicinity 

and c~ot be considered locally important game species. However, they 

are hunted in nort.hwestern Chester County and Berks County. 

Page 2-82, Paragraph 5, Section 2.7.2.2, Attached Algae 

'STATEHENT: "An investigation of the algal community has not been a part 

of the Limerick Ecological Studies." 

CO~~T: Studies of the species composition and relative abundance of 

algae for the Schuylkill River and Perkiomen Creek will begin in 1973. However, 

since June, 1972, relative estimates of the standing crop (in terms of ash 

free dry weight) of periphyton at each of the sampling stations on the 

Schuylkill River have been determined. In addition, we will have information 

on gross primary production and community respiration for an area of the 

Sch~lkill River extending from the upper end of Limerick Island to approx

imately one mile downstream. This data will be determined by the double 

oxygen curve method. 
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Page 2-84, Paragraph 3, Section 2.7.2.3 

S'iATEMENT: "lFJOst macroinvertebrates in the flowing "'ater babi tat 

reproduce during only one season of the year; their ability to recover 

from a kill would be restrictive compared with that of microbenthic 

fauna (Copepods, etc.)." 

COHMENT: The above statement may be somewhat misleading with respect 

to the capacity of the Schuylkill River benthic fauna to recover from 

a postulated kill. The majority of the standing crop of macroinverte

brates in the Schuylkill River is composed of chironomids (midges), 

tubificid "Torms and snails. All of these organisms have the capacity, 

either through short generation time or through continuous recruitment, 

to respond rapidly to environmental perturbations. This "laS clearly 

demonstrated this year after the catastrophic flood of June virtually 

eliminated most of the benthos. T\{O months after the flood, standing 

crop levels were back to normal as a resUlt of rapid increases in tubificid 

vorms and chironomid larvae. The snails responded SOmel-TOO t slover but 

large numbers vere present 'Within three months of the flood. Since 

these three groups of organisms form the basis of most of the fish food 

supply in the Schuylkill River we conclude that a kill would probab~ 

result in relatively short term reduction in the food supply. 
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Page 2-84, Paragraph 3 

STATENENT: "The numbers of species actually found are a direct function 

of the intensity of sampling effort. When the numb~rs of species of two 

classes, fish and insects, found in the Schuylkill River and East Branch 

of Perkiomen Creek are compared with numbers reported for other eastern 

United States river (Table 2.16), the numbers of species of fish compare 

well, but the numbers of insect species do. not." 

COBMENT: We agree with the Staff that the numbers of benthic species 

actually found in a given area are directly related to the intensity of 

sampling effort. And lole are in agreement with the conclusion that the 

Schuylkill River contains fevler insect species than many eastern hardwater 

streams. However, the data presented by the Staff in support of the above 

statement (Table 2.16) could be misleading. The mean values for eastern 

rivers and eastern hardwater rivers reported by Patrick (1961) and given 

-8-

in Table 2.16 repres~nt the means of only one or two samples. On the other 

hand, the mean values for the Schuylkill River, ''Schuylkill Creeks"and 

Perkiomen Creek were determined from at least seven samples from each sam

pling station. These samples were taken throughout the year and, therefore, 

would be expected to include a greater variety of insects than one or two 

samples taken during a single season. Our data would be more comparable 

with those of Patrick et ale if the means were determined from samples 

taken during the same season of the year. If this were done, the mean num

bers of taxa per station on each of the streams would be redu~ed by ~prox

imately 50% of the values presented in Table 2.16. However, if the classi-
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fication of the insects from the Schuylkill River,"Schuylkill Creeks lland 

perlt.iomen Creek was carried to the species level in all cases the total 

nur.lber of species present during the summer would fortuitously approximate 

the Staff's estimates for total numbers of species which are given in the 

footnotes to Table 2.16. Lower values would result if the mean were 

based on winter or early spring samp les. 

Page 2-84, Paragraph :3 

-9-

COMMENT: We have an overall objection to the technical aspect of comparing 

"numbers reported for other eastern U. S. rivers" with those found in a 

section of the Schuylkill River and/or the East B ranch of the Perkiomen Creek. 

It is obvious that any study of a river system will include many diverse 

habitats from headwaters to mouth and obviously would have much greater 

diversity of insect or other fauna than would the limited areas which we are 

involved in studying on the Schuylkill and on the East Branch of the Perkiomen. 

In our opinion a more serious error involves the extrapolation of such 

thinking ttl the statement "The Schuylkill River and the East Branch of 

Perkiomen Creek are subject to stresses that reduce the insect diversity." 

Diversity may be affected at points where there is pollution. However the 

overall diversity if the entire river and creek were worked would probably not 

be any different than any other river or creek in the same geographical area. 
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Page 2-87, Paragraph 1 

STATENENT: "The importance of organisms to an ecosystem is a fUllction in 

not only of numbers, but also of the total weight (biomass) available to 

predators as food. As shown in Table 2.18, several groups of organisms 

appear to have a small population in terms of numbers, but in biomass they 

are very important (Decapoda, Tipulidae). Conversely, the chironomidae 

are much less important in biomass than their numbers might indicate. 

Since other studies have indicated that crayfish are very abundant in the 

study area and since they are rarely captured in the sampling device used 

in the Limerick Ecological Studies, their true importance is many fold 

higher than ind·icated. They must be considered as the sinale most impor

tant group in terms of total food energy available to predatory fishes." 

CO~~NT: In the above statement, the Staff has pointed out that crayfish 

are very abundant in the East Branch of Perkiomen Creek. They cite the 

study of Trembley, et ale (1967) as a source for their conclusion. On 

checking into the Trembley report we find that no quantitative data 

are presented which indicates the abundance of crayfish. There is only 

one statement as to the abundance of crayfish and that is "crayfish are 

abundant at most of the stations and they must add considerably to the 

invertebrate biomass." There is no reference as to which sampling stations 

they were referring to. Only two of the eight sampling stations were loca

ted on the East Branch of Perkiomen Creek. Therefore, Trembley may have 

been referring to stations on the main branch of Perkiomen Creek. It is 

our opinion that crayfish do represent a substantial part of the standing 

-10-
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crop biomass at most stations on the East Branch and on Pcrkiomen Creek. 

However, we are doubtful that the) are the "single most important source 

of food for predatory fishes." Lhe Staff should recognize that standing 

crop biomass of a particular species or species group does not in itself 

indicate the relative importance of that speci.es or species group as a 

food source for fish. Availability as well as production must be consid

ered. Most food studies have shown that fish are opportunistic and will 

take many different prey organisms as long as they are within certain 

size ranges. On the basis of our food habit studies in the Schuylkill 

River we feel that Chironomidae are probably the single most important 

group of prey species. It is true that their standing crop is low rela

tive to a few of the larger organisms but their turnover rate appears to 

be very rapid. 

-11-
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Page 2-92, Paragraph 1 

STATE!:ENT: " •••• but the slT'.allmouth bass is also quite partial to grayfish." 

COHlfEN'l': The smallmouth bass will eat crayfish ;.,hen they are prosent. 'The 

smallmouth bass may occur in areas where crayfishes are not present or are 

rare. The upper part of the East Br~~ch of the Perkiomen Creek is not pre

sently good smallmouth bass habitat because of the small size of the stream. 

Page 2-92, Paragraph 3 

Cm1!·C~T: In several places the staff report refers to muskellunge. l1uskel

lunge have been stocked in the lower part of the main br~~ch of the Perkiomen 

Creek. However they are not present in the upper East Branch and are not 

expected there because of the small size of the stream. Huskellunge prefer 

rivers and lwtes. The muskellunge is not present in the Schuylkill, or at 

least has not been taken in our extensive studies of fishes. 

STATEl'1illfl': liThe method of sampling employed does not permit rigorous quanti

tative analysis of either numerical abundance or size distributions. II They 

were speaking of fishes. 

COI1l.fENT: All types of gear l-lhich are available which will function in the 

habitats l-lhich are present in the Schu;vlkill and East Branch of the Perkiomen 

Creek are being utilized. 
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Page 3-7, Paragraph 2 

STATE!-1ENT: "The intake structures are designed to limit the water approach 

speed at the trash racks to less than 3/4 fps to reduce trapping of fish 

against the racks." 

COMl·rn:NT: The Staff has apparently confused the importooce of the water 

appro8£h speed at the trash racks loTi th the vTater approach velocity to the 

intake screens. The approach velocity to the rotating screens l-lill not 

exceed .75 ft/sec at maximum plant flow and minimum water level, the con

dition resulting in highest a9proach velocity. It is highly unlikely that 

fish will ever be trapped 2t':.ainst the trash racks because of the spacing of 

the individual bars. 

P~e 3-7, Paragraph 2 

STATEf.iENT: "The applica.."lt claims that the design will also provide an es

cape passageway for fish that reach the region in front of the traveling 

screens". 

C0l1HENT: The trash racks will be installed a few feat in front of the 

rotating screens and will be so arra"lged as to permit the passage of fish 

both into the river ch~"lnel and in the upstream-downstream direction along 

the bank. 

-13-
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Page 4-3, Paragraph 2 

STATil-rE~IT: "The instaJJ.rr.ent of in-stream concrete structures near the 

water intakes in Perkiolilen Creek and the Schuylkill, in order to maintain 

an adequate pool volu.'!le for ~·iater rlithdraHal under low flow conditions, 

will effectively result in permanent alterations in the aquatic co~~unities. 

Pools represent stream habitats which are quite different fro!n rilfles a'1d 

runs in both species composition and productivity. II 

-14-

COH!1E!iT: It is believed that the concrete structures rlill maintain the 

riffles which exisl:. at the d01.mstreal'll end of the pools from llhich the water 

will be wi thdra.m. T'ne concrete structures are to be constructed so that they 

will not protrude above the river botto!n. \-1e conclude that the addition of 

these structures to maintaL'1 the elevation of tho pools now present at times 

of 1~1 flow will not result in significant alterations of the aquatic 

habit~t, since the riffles h~ll not be destroyed nor will the present pools 

be appreciably enlarged. 
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Page 5-2, Paraeraph 3 

STATEi1ENT: "Addi tional silting may occur as a result of bottom scouring in 

the vicinity of the proposed intake on Perkiomen Creek." 

CmIjX~T: The approach to the intake will be so designed and constructed 

that bottom scouring will not occur. 

STATZ1·m?lT: "A temporary improvement in water quality as a result of 

dilution of se'loTage l·taste by increased flol-1s should occur in the East Branch". 

cm~l~NT: A permanent improvement in Hater quality and in the living space 

available for aquatic or~anisms should result. 

STATEr·lENT: "Carei'u.l control of the Delaware River imput to the East Branch 

may be necessary durine runoff from heavy rains, in order to prevent flooding." 

COHHENT: It is highly unlikely that any Delaware River input to the East 

Br~1ch will be needed during periods of heavy rains in the area, but in any 

case, this will be monitored. 
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Page 5-6, Paragraph 3 

CO:-111ENT: Scourine "till not occur at times of flood because of the 

introduction of lvater from the DelaHare diversion, since no water ~1Ould 

be diverted frora the Delai .. are during flood floHs. Because chlorination 

has ~OH been eliminated, the types of theoretical effects noted at the 

bottom of pages 5-6 and too of oarre ~-7 will be avoided. 

Page 5-7a, Paragraph 3 

STATE1ENT: "In Perkiorn.en Creek, 30 per cent of the stream flow will be 

loti thdra't-ID under, median flow and about 90 percent under co.'1di tions of the 

extreme low record floi-l. ROlIever, the presence of Green Lane Reservoir 

is believed to have increased the low .flO1-lS in the Perkiomen such that 70 

to 80 per cent of the flow "till be l-dthdra't-m under present 10 .. 1 flow con

ditions. Scouring of the bottom should therefore occur in the vicinity 

of the intake structure. Severe localized effects on the benthos are ex

pected." 

CO~l1{ENT: The Perkiomen Creek intake struct,;,re which is described in 

section 5.4.6 of the Applicant's Environmental Report Construction Permit 

State (Revised) was designed so that intake velocities will not exceed 

0.75 .ft/sec at low flow conditions. Scouring of the bottom would not 

be a serious problem at this velocity. Even if some scouring occured 

it would be limited to such a small area of the stream bottom that the 

effects on the benthos would be insignificant. 

-,v-



R-1l8 

Page S-7a, Paragraph 3, Section 5.h.l.2 

STATEHENT: "As a result of dilution of main stream plankton ar.d drift 

populations by the East Branch Diversion nO .... I, followed by removal of large 

fractions of the flow at the PerAiomen intake, a considerable decrease in 

these populations could occur. This could also result in depressions in 

benthic invertebrate and fish populations do.mstream from the intake. \I 

CO!·!l{'ti'lT: The effect of flon augmentation on invertebrate drift in the 

-17-

East Branch of Perkiomen Croek is difficult to predict. It is possible that 

if flow is maintained at relatively constant levels throughout the summer 

a rich benthic fauna may become establiehed and produce levels of drift as 

high as or higher than present levels. If these levels were equal to those 

of the rnain bra11ch Perkionen then, of course, no dilution rlould take place. 

At the present time, we have no estimate of the differences in drift or 

plankt~. levels between the East Branch and the main branch Perkiomen. 

However, comparative drift studies have been implemented in 1973 as part of 

the Ichthyological Associates monitoring program. 

The effect of drift reduction on benthic invertebrate and fish popu

lations is poorly understood. We agree that it is possible that if dilution 

does occur detrimental effects to the food supply of drift feeding .fish 

could occur. HOl-TeVer, this should be a localized effect since drift should 

return to normal levels wi thin a fe\i hundred feet of the intalce structure. 

Rapid recovery of drift has been demonstrated. 
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Page 5-7a, Paragraph 4, Section 5.4.1.2 

STATEHENT: "Despite efforts to minimize impingement losses of fish in 

the design of the Perkiomen intruce structures, the large fractions of 

l-later vr.i. thdrmID (particularly at low floW) could result in impingezrent 

of signifj.cant numbers of fish on the screens of the Perkiomen intake." 

-18-

C01-lI·2NT: The intake st.ructures vTere specifically designed to prevent 

impingement of fishes at 101·1 flO1-1 conditions as well as high flol-l conditions. 

Low flow conditions will not result in intake velocities greater than 

.75 ft/sec. 110St fish .. 1ill be able to escape the intake screens either by 

swi~ning against these low intake velocities or moving laterally up or 

d~mstream through the openings provided in the intake structures. 
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Page 5-8, Paragraph 1 

STATEHENT: "Swim speeds of fish are controlled by water temperature." 

Ca-1HENT: This statement is errO:leous. The swim speed may vary over a 

range of temperatures and for many fish increases lvith increased tempera

tu~e ~~thin the preferred range of temperatures. 

Page 5-8, Paragraph 4 
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STATEHENT: "Fish with compressed bodies (the sunfishes, white perch, etc.) 

are generally much poorer swilTll:lers than others "lith more streamlined bodies 

(basses, etc.)·n 

commlT: It rnifht be noted that no white perch have been taken either in 

the Perkiomsm Creek study area or the Schuylkill River study area by 

Ichthyological Associates. Because of the downstream dams which have been 

in place for many years, it is hiehly unlikely that the white perch will 

ever be found in these two bodies of \-later. 
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Page 5-111, paragraph 4 

STATEHENT: "However the impact of :i.mpingel':lent and entrainment of the :intake 

on the ma:L"1 stream Perldomen is potentially serious." 

CON!<ENT: There is little recreational fishing :in the area at this time. 

-20-

There is rr.ore fishing dOrmstream jn the Perkiomen because more water is 

available. As one goes further do',mstrea."Tl larger fishes become more comi110n. The 

horizontal traveling screen vlhich is mentioned :in the first paragraph on 

page 5-lS is still in the research and development staee and not cOlr.mercially 

available. 

Page 5-15, paragraph 2 

cmrJ"lENT; As of J'l1. ne, 1972, Ichthyolozical Associates h as been studying 

the aquatic life :in the East Branch of the Perkiomen, the Perkiomen proper 

and the Delaware River in the vicinity of the proposed Po:int Pleasant 

Facility. However because of the small size of the East Branch of the 

Perkiomen if we were to do rigorous sampling there l'1OUld be little fish life 

left and lie could make S'ubstantia1 inroads on the abundance of other organ

isms. As part of the program data on additional parameters of :interest lfill 

be obt,ained "Then it is possible to do so without destroying the habitat which 

the staff and IchthyoloGical Associates ar;ree should be preserved or enhanced. 

It is our present opjnion that the diversion will result :in improved habitat 

for aquatic organisms in the East I3ranch and in the Perkiomen. 
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Page 6-1, Paragraph 5 

STATEHENT: "Fishe!? were collected "7ith a 10 by 4 foot (1/4 inch mesh) 

mi.nnO\-l seine." 

COMMENT: This statemen-t is misleading. Several gear types in addition 

to seines have been utilized in the ecological studies. Hoop nets, fyke 

nets, trap nets, trawls, electric shocker, and seines have all been used 

to collect fishes. Seines are the most commonly used sampling gear in the 

Perkiomen Creek and Schuylkill River Ecological Studies. These seines are 

8 to 10 ft. long by 4 ft. deep with l/8-inch mesh. Seines with 1/4-inch 

mesh are not regularly used to sample fishes because they allow the young 

of several species to escape through the mesh. 
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Page 6-1, Paragraph 6 

STATEHENT: "The sampling program as presently conducted is not adequate, 

particularly on Perkiomen Creek where sampling has not been consistant at 

all stations. 1I 

-22-

co~mNT: The preliminary studies initiated in 1970 on Perkiomen Creek were 

designed, in part, to define the general nature of the Perkiomen Creek eco

system. These sampling efforts provided the information which enabled us 

to make selections of additional sample stations and deletions of sites 

supplying redundant data. As more detailed information became available in 

1971 regarding the Dela~.,are River diversion project, the Perkiomen Creek 

sampling program unden'7ent revision. 

On the East Branch, five of the six stations sampled for fishes in 

1972 were sampled in 1971. On the Perkiomen Creek, two of the three sta

tions sampled in 1972 were sampled for fishes ~n 1971. Sampling was dis

continued at station NOl in Horris RUI1l because it is a tributary to the 

East Branch of Perkiomen Creek and ~.,ill not be affected by the water diver

sion. Station N20 on the East Branch just do~.,nstream of the confluence of 

Morris Run was incorporated in the sampling program at that time. Seine 

stations N30 and N90 were deleted due to their close proximity to other 

seine stations (N40 and NSO, respectively). Station NSO ~.,as not sampled 

for fishes after mid-l971 due to bridge construction lolhich has altered the 

site. 
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Page 6-1, pagag~aph 6 

All seine stations sainp1ed in 1972 will be sampled ,on a regular basis 

throughout the ecological studies ()xcept lv'hereconditions such as ice cover, 

absence of f101-1, a."ld const.ruction prevail. 

Efforts are made by the seine cre"1 to sample the sarne run, riffle, and 

pool areaS ~ they had on every collection date that year. The amount of 

fishing effort or sampling time spent at each seine station on each sample 

date is comparable for each site although no actual estinates have been made. 

The small size of Perkiomen Creek and most of the East Branch severely 

limits true quantitative measures of the n~~bers or biomass of the fishes 

present. '!be seine data developed by Ichthyological Associates do give an 

indication of the relatj.ve abundance of the fishes at each site. 

-23-
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Page 6-1, paragraph 7 

STATEI·:E?:T: 11 Sport fishes of catchc.ble size may not be properly represented 

in sei.'1e catches, particularly when a s:na1l minnmi seine is used;" 

CUl·:I-:EHT: He recognize that seines a;,d every other sa.'Tlpling gear He use have 

1i.'Tli tations and are selective. The only r.:eans of identifying the exact pro

portion of sport fiches of catchable size is to make a total enumeration of 

all the fishes present r:hich is not feasible. Hoop nets, tyke nets, and trap 

nets miGht be utilized in son:e areaS of the Perkiomen Creek but each liould 

take only some of the catchable fishes present. Electrofishing tends to be 

selective for larger species and is u!;ua1ly limited to smaller streams. 

Because of non-lmiformity of stream width, depth, and substrate, vTe have 

found that the use of any larGer than ?~ 8 to 10 foot seine is impractical 

for any station lV'e nO~'l sa..'Tlple on the East Branch of Perkiomen Creck. 

The only feasible sa.."'llpling gear that can be used successfully are the 

minno·vl seine and electrofishing. Future studies Hill incorporate b.oth • 

• 
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Page 6.1) paragraph 7 

STATEEENT: ";and the benthic sampling gear employed does not obtain a 

representative sample of crayfish, for eXB):lple. It is not possible to 

obtain benthic hiOlnass estimates from one or t'·l0 samples at a station, 

particularly vlhen habitats other than riffles and runs are ignored." 

COH1rEHT: \-Ie agree that the Surber sampler is a rela'tively poor tool for 

estimating the standing crop of benthic invertebrates in a stream. Since 

February 1972, 1-1e have been using a specially designed "box" sampler 

(Figure 1) to collect five 1 ft2 samples from each station on the East 

-25-

Branch of Perkiomen Creek and four s2rnples from the Schuylkill Creek stations. 

Since June 1 we have been using a "double cylinder" type sampler to sample 

the Schuylkill River benthos. These samplers are buried in the substrate and 

allOi'led to be coloniz,ed for approximately tuo months. Eight of these samplers 

were placed on a tr~~sect at each of six stations in the Schuylkill River. 

Four of the snmplers are collected at approximately monthly intervals. These 

samplers are proving to be much }tore efficient that the Surber sa.Tilpler. \'lith 

these saPplers 't"el"eare able to sample in much deepter wa.ter (up to 3.5 ft.) 

than Was possible l-lith either the Surber or box sampler. The sampling pro

cedures intiated in January 1972 will alIa .... statistical analysis of the 

benthic sa.rr.ples. ".\3, therefore, feel that our invertebrate sampling program 

as modified in early 1972, is \'lell designed with sufficient flexibility to be 

responsive to the Staff's concerns. 
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Page 6-4, Paragraph 2 

cm~HE~T: The staff's comments included with regard to the sampling program 

were based upon our preli.Jilinary studies. The gear nov, in use permi.ts the 

accurrulation of data which vnll anSl·Jer the questions which v;ere raised. 

Presently we are using a variety of saTTlpling gear which includes all types 

of gear which are now kno,m to be effective, including electric shocking. 

We are nOli consistently ma.1<ing replicate samples at the given sar.JPling 

stations. We have enlarged our effort and have established more sampling 

stations and are covering the communities and habitats "!hich are available 

in both the Schuylkill and the East Branch of the Perkiomen. We have and 

will continue to evaluate the location and importance of spa'vming areas 

for fishes and are making studies of their age and growth. \'Je are 

accumulating information on analysis of weight and numbers of organisms • 

• The determinaticns of annual recruitment and mortality rates for the 

important species must avrai t knowled[e of vmat the important species arc 

and depends at least upon their abundance. Few garr~ fishes are taken at 

any time in either place because it would be possible to fish out these 

populations in order to gain specimens ~ to obtain the needed data. \-Then 

needed, additional statistical anal~~is of the data which will yield 

meaningful comparisons will be made. 
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Page 8-2, Paragraph 1 

C01-1!!ENT: A large portion of the (Jrift (meaning the surface drift of dead 

and dying organisms) would not likely be removed because of the installation 

of a simple log boom. Some losses of larval and other fishes would be 

inevitable. Few game fishes at any size are available. 

Page 8-6, Paragraph 3 

COHHENT: The natural biological resources related to the East Branch of 

the Perkiomen Creek and Perkiomen Creek will be enhanced by the water 

diversion. This includes both numbers of organisms and species (the 

diversi ty). 
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Other Detailed Comments by Philadelphia Electric Company 

P~ge 3-12 to 3-22, Section 3.3.1J Evaluation of Cooling '!'owers 

Comment 

Ap~endix 

Page 3-23, 

Com~ent 

Detailed comments on this section by Dr. C. L. Hosler form 

C which is atta.ched. 

Table 3.1 

The st~~ed cryogenic still overhead holdup time of 3 hours is not 

compatible ~~th the main condenser ?ir inle~kage rate stated as Lo scfm. 

For a Lo scfm air inlenka.ge r;:!te, the com;:>atible holdup time is 5.6 hours, 

~hich would reduce the releases of activity by about 50%. 

Page 3-25, Fourth paragrp..?h, line 5. 

Comment Delete "and a 280 gpm mixed deep-bed demineralizer ll • 

Page 3-31, Fourth Paragraph, line 9 

Comment It has not been fin~lized that the evaporator concentrates will ' 

be solidified. 

Pages 3-35 and 3-37, Chlorine Usap'e 

Comments The original ?ro?osed chlorination schedule in the Environmental 

Report (revised) WaS bMed prima.rily on our previous experience with 

treatment of once-through cooling systems. Since our submittal a.dditional 

information on treatment of closed-loop cooling systems has been obtained. 

Based on the additional da.ta, the planned chlorin.qting schedule of the 

condensers :md cooling tOl-Ters is as follows: 

Both sides of each condenser will be treated simultaneollsly for a maximum 

of 60 minutes, t"'ice d"lily. The feed rate will be such that the maximum 

concentration at the condenser outlet will be 0.2 ppm total chlorine residual. 

Under tho"e oper;:!ting conditions, the maximum possible concentrati.on in the 

cooling tower blo."d",,-'n will be 0.2 P?m total residual chlorine. 

- 1 -
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Usinr, the conservative assltmption that the conGentration in the blowdown 

is a constant 0.2 ppm tota.l chlorine residual, the amount of chlorine as 

hypochlorous acid, hypochl.orites D.nd chloramines discha.rged to-the 

Schuylkill River from ee>ch cooling tOvTer would be 10.8 lb. P(:T day. Since 

there will be a decay of the chlorine concentration between chlorination 

periods due to blol-7dm.'n and chlorine demand of the make-up 1-later, the total 

discharge is expected to be much les~ than 10.8 lb. per day from each tower. 

v..ri th the ebove chlorination schedule it is also anticipated that no s.ddi

tional chlorination will be required for the cooling tower. 

As described i.n Question 9 of Supplement No.1 to the Applic('tnt's Environ

ment~l Report (revised), the original proposed condenser chlorination 

schedule of 2 ppm l-TaS expected to utilize as much as 726 Ib chlorine per 

day per tOl-ler and the infreql1ent cooling tower chlorination schedule 

(3 to h times per year) "las expected to utilize as much as 667 lb. chlorine 

per day per tower. The revised planned chlorination schedule of 0.2 ppm 

eliminates about 98% of the originally scheduled chlorine consumption 

(2 ppm rate) and about 99.L% of the chlorine consumption (5 ppm rate) 

indicated in Table 3.5 of the DES. 

Pare 3-38, 2nd oaragrcph - Auxiliary boilers 

Comment Based on more recent information, the following changes are 

suggested: 

1. Change A type to M type 

2. Change LO,OOO lb to L5,ooo Ib 

3. 

L. 

Change 510,000 gal to 

Change 2.65 X 10L Ib 

2,350,000 gal. 

to 12.21 X 10L lb 
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Page 5-2 through 5-15, Secti.ons 5.2 and ~.L Hater diversion into 

the Perkiomen Creek and its potential to increase silt load and degrade 

water quality. 

Comment Because the present channel will carry the additional 65 cfs 

flow from the Del'Jlo':1re River diversion l-'ithout or with very litt.le capture 

of silt load, no channelization wiil be required. E. H. Bourguard1s cOmr.lents, 

upon which the abova conclusions B,re based, are attached. 

- 3 -

• 



• 

H-134 

CONMENTS BY E. H. BOURQUlillD 

ON TFiE EFFECTS OF 

PUMPAGE OF DELMTARE RIVER \~ATER INTO 

EAST BRANCE OF PERKIOMEN CREEK 

In 1970, a very preliminary investigation was made by E. H. Bourquard 

of the effects of such pumpages on the flow of the East Branch. The inves

tigation was primarily concerned with hydraluic considerations and was 

restricted to computa.tion of normal flovl at selected sites. The findings 

are presented in a report titled, "Investigation of Proposed Pumpage into 

East Branch of Perkiomen Creek and North Branch of Neshaminy Creek II , and 

dated July, 1970. During 1972, 15 field cross sections vlere taken of 

the low flow channel of the East Branch. These sections were utilized 

to develop approximate flow lines for various stream flows: Average 

Annual Flow, Median Stream Flow, Annual Flood, 65 efs Flow, and 18 efs 

Flow. Also, a number of inspections were made of the stream channel 

during the low flow periods of 1972, and during and shortly after two 

major floods of that year. During the latter inspections, particular 

attention was given to the erosive effect of the flood flows on the 

stream channel and on erosion which occurred in the watershed and tributary 

streams. In this same connection, water samples were taken at four points 

along the stream channel of the East Branch between Elephant Road and the 

mouth during the first flood, which occurred on June 23, 1972, and tests 
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~de to determine the total solids content of each sample. 

A feasibility stuQy of the Point Pleasant Pumping Facilities, 

mac.e in 1969-1970, allowed for improving the channel of the East 

Br.anch for a distance of about 2500 feet downstream of the point 

of entr.y of the pumped water. This improvement would consist of 

a 20 foot bottom width low flow channel, of trapezoid section having 

side slopes of 1 on 2 and a depth of about 1.5 feet. The primary 

purpos~ of the improved channel would be to pass the 65 cfs maximum 

pumpage with no overbank flooding of the adjoining lands. 

Dr. Edward C. Raney, Director, Ichthyological Associates of 

Ithaca, New York, advised that channelization would be ver.y detrimental 

to the ecology of the stream and that attempts to recover the ecological 

balance of the stream after such improvement by installati~n of .small 
, 

dams, groins, etc., have not proven ver.y successful in the past. Co~ 

putations for a 65 cfs (plus median flow) flowline indicated that the 

existing channel should be able to pass this discharge at depths of from 

1.0 to 3.0 feet without overflowing the natural stream bank. The computed 

flow velocities for the 65 cfs flow ranged from almost zerO in ponded areas 

to a maximum of 3.5 feet per second in a constricted section. The concern 

then was the erosive power of this 'flow when maintained for relatively long 

periods of several days or weeks, as compared to the 5 to 10 hour duration 

of a major flood flow. In this connection, the steam channel was 

examined rather thoroughly after a flood on November 8, 1972, when 

the flow at Elephant Road was approximately 400 cfs. This examination 

revealed ver,y little erosion of the stream bank and bottom except along 

the outside of sharp bends where the flood waters cut into the bank 
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until it became an almost vertical face and continued to erode the un-

protected surface, evidently for the duration of the flood flow. The 

other portions of the stream channel suffered only very minor erosion 

dLe to this flood. The existing vegetation and the soii forming the 

~tream bank both seem to offer relatively high resistance to erosion. 

On the basis of information obtained during the 1972 investigation, 

coupled with observations of a controlled flow stream in York County (vlest 

Branch Codorus Creek), it has been concluded that usage of the existing stream 

channel to convey the pumped flow offers the best overall solution to the 

problem. No improvement would be made in tne stream channel except along 

the outside banks of sharp bends where one or two slopes would be provided 

and suitably protected from erosion by vegetation. It is anticipated that 

some erosion of the existing channel will take place but such should be 

minor and the stream flow, being greater but within a fixed range, should 

. create a relatively stable channel which, after once being attained, is expected 

to maintain its section and alignment. The amount of sediment that might result 

from the pumped flow forming a stable channel in the existing stream bed should 

be relatively minor in comparison to the annual sediment load of this stream. 

The observation of the two 1972 floods indicated that the major sources of 

sediment carried by the East Branch are the tributar,y streams and sheet 

erosion of the ~atershed. The total solids tests mentioned previously showed 

that the total solids content increased the further downstream the sample was 

taken. 

Since the ecological requirements of the stream channel out\o/eigh the 

hY.draulic, or flood, factors, it is concluded that no improvement should be 

made to the East Branch channel except for minor bank protection work on the 

outside of sharp bends. 
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Page 5-7a, Section 5.1~.1.2, 2nd paragraph - Scouring in vicinity of 

intake structure, etc. 

Comrr.ent The area in front of Le intake at the Perkiomen Creek is 

designed to provide very low annroach velocities to the intake structure. 

In addition, scouring of the creek bed in the area of the intake will 

be precluded. The 10vl approach velocities to the screens and the small 

screen mesh will minimize impingement losses as far as fish are concerned • 
• 

The intake structure will be equipped with a log boom thus minimizing 
• 

the l-Tithdrawal of any drift populations by this diversion. 

Water will be withdrawn from the Perkiomen Creek for consumptive makeup 

of the plant only when the stream flow and l-later temperature at the 

SCfluylkill River are such that withdrawal for consumptive use is pro-

hibited by the Delaware River Basin Commission. This is estimated to 

be about 45% of the time. However, the percent of time when a significant 

portion of the stream flow (50% or more) of the Perkiomen Creek (including 

augmentation from Delaware River) is withdrawn will be less than 20% on 

an annual basis. 

Page 5-13, 2nd Paragranh - Chlorine ~esiduals 

Comment See comments on Pages 3-35 and 3-37 describing revised chlorinating 

schedule which proposes to eliminate about 98% of the originally scheduled 

chlorine consumption. 

'Pa~e 5-15 (and 11-2, 3rd ParaP.Tap~, ~ottom of 1st para?,Tanh - Horizontal 

Traveling Screens 

Comments Iforizontal screens were investigated during the design of the 

intake structures and found to be commercially unavailable to meet the 
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projected service dates of this plant. The screen manufacturer informed 

the Philadelphia Electric Company that the structural problems associated 

with the high range of water levels (low to flood) had not been solved 

and therefore, horizontal traveling screens could not be offered by the 

manufacturer for this installation. 

Page ,-16, 1st paragranh - Closed pineline f.or Delaware River diversion 

transport. 

Com~ent A closed pipeline along the existing pipeline and transmission 

line rights-of-ways would theoretically ensure the elimination of any 

potential impact to the Perkiomen Creek. HOl.:ever, such a system precludes 

the environmental benefits Which will be gained by the use of the East 

Branch of the Perkiomen as an open channel conveyance. The closed pipe

line also results in increase in land requirements for the facility, 

and increase in capital and operating costs of the facility. 

Page 5-25, second paragraph, line 3 

COlT!llent Sentence should end after the word IIbl01V'do\-mll and the remaining 

words (and the water used for dilution purposes) should be deleted. 

The cooling tower blOlV'down is the only water used to mix with the liquid 

radwaste effluents. 

Page 6-6, last narapraph - Staff's recommendation for the monitoring of 

atmospheric stability, the n~~her of days of fog, and the severi~y of 

these fogs in order to determine the effect of the cooling towers in 

these parameters. 

COmMent Based upon Dr. C. L. Hosler's comments presented in Appendix C, 

and upon the Staff's discussion in the DES pertaining to the negligible 
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environmen11.al effects of the cooling towers, we conclude that routine 

mon"i..toring of the above parameters need not be performed.. Recause 

th~ coolin~ towers contribute no fog, no ice, and no increased relative 

humidity at ground level, the monitoring of the above parametersjto detect 

• a difference bet.leen before and after station operation, would merely 

be an academic exercise and serve no useful function. 

Ba~e 10-2, second oaragraph 

Comment There is no dilution requirement, other than cooling tower 

blowdown,for Limerick Generating Station.' Also, the blowd~Nn flows 

would not be similar for both plants if one assumes constant cycles 

of concentration since the consumptive uses are different. Reference 

to the usage of 53 cfs for dilution should be deleted. 

Ba~e 11-3, 5th parar;raph - Thus, either system (the MAN or Amertap 

mechanical cleaning system), used in conjunction with small amounts of 

chemicals (as needed), is clearly a desireable alternative to the 

proposed systems, which depend entirely on chemical biocides. 

Comment No adverse effects to the environment were foreseen by our 

fisheries biologists, Ichthyological Associates, with the chlorination 

schedule described in Section 5.3.1 of the Environmental Report 

(Revised) and in Question 9 of Supplement 1 to the Environmental Report 

(Revised). 

Eased on our revised chlorination schedule discussed in our comments on 

pages 3-35 to 3-31, the reduction of 98 percent of the chlorine usage 

will add even more assurance that there will be no environmental impact. 
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Page 12-6, Section 12.3.2 - Alternative Cooling Tower Hakeup Water 

Transport Method 

Comment The Staff's resulting net capital cost to the applicant of 

$8 million (t-lhich does not include additional water pumping costs), for 

a closed pipeline from the Delaware River to the plant can be represented 

by an annualized incremental cost of generation of more than $660,000. 

Because channelization and chlorination will not be required to convey 

the coolinr; tower makeup 'Hater by way of the East Branch of the Perkiomen 

Creek to Limerick Generating Station, the potential environmental costs 

of the Apnlicant's system are very small. In any event, these potential 

impacts are not significant in relation to the total fish population 

and aquatic co~~unity. 

Pa!;e 12-7, Table 12.3 - Applicant's Cost Summary as of ~1arch 1972 

Comment It should be noted that, due to delays in plant construction, • 
the costs are now estimated to be $1.2 billion, not $700 million as 

reported in the DES. The $1.2 billion and the change in service dates 

for units Nos. 1 and 2 to 1978 and 1980 respectively were reported in 

Philadelphia Electric Company's request to the AEC for an exemption, 

dated December 1, 1912. 

As of December 1, 1972, the actual expenditures (excluding commitments) 

charged against the LL~erick Generating Station total $80 million, not 

551 million as reported in the DES. Co~mitments as of December 1, 1972, 

total an additional ~170 million. 
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Appendix C 

Comments on Section 3.3.4, entitled "Evaluation of Cooling Towers" 

(Draft Environmental Statement AID) December 1972 

By Dr. Charles L. Hosler 

-Dean of College of Earth end Mineral Sciences 

Pennsylvania State University 
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Comments on Section 3.3.4 entitled "Evaluation of Cooling T()vers" 

(Draft Environmental Statement AID) December 1972 

In general I find the conclusions reasonable but I woulf. make the 

folloving comments on the detailed assumptions and results: 

Plume rise vas determined using heat flux from a single tover. This 

gives conservative values, since vithin a fev hundred feet of the tover 

top, the plumes combine and must be treated as a single rising plume. 

The smaller surface volume ratio slovs entrainment, preserves buoyancy and 

gives at least 50% more plume rise under stable conditions. This reduces 

surface moisture addition to negligible values of the order obtained in 

Section 3.3.4.4 for 100% humidity (.0000001 Ib/lb.) Thus there will be 

no fog,no ice and no increased relative humidity at the ground. It might 

aIso be added that 1500 feet is the lovest plume rise we have measured at 

Keystone for tvo smaller towers carrying 900 mw fossll. Our analysis indi-

cates that two much larger tovers carrying 2000 mw nuclear will go at least 

to the 2000 to 3000 feet usually observed at Keystone. Visible plumes in 

clear air have been seen at 8000 feet at Keystone. Each tower at Limerick 

will reject three times as much heat as each tower at Keystone at a greater 

initial height above the terrain. In addition the dispersion at Limerick 

will be better than was assumed due to the fact that the vinds at the plume 

level will be 50% to 100% stronger than the surface vinds. Thus the con

clusion in Paragraph 3.3.4.3 that a maximum increase in humidity of 15% 

might occur represents an extremely improbable event. 
o 

The +2.7 F/100 foot lapse rate used b.Y the AID staff represents extreme 

stability which would represent a very strong surface inversion not observed 

in Philadelphia to persist to 1000 feet. The +2.70 /100 feet at Peach Bottom 
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is in the first 400 feet above the ground. The towers at Limerick start 

.at 500 fee~above which no such strong inversion is likely to persist. 

The plume rise would penetrate tQ at least 1500 feet, putting the moisture 

above such an inversion so than none would mix to the surface. B,y ~efinition, 

the inversion precludes such mixing. When the inversion breaks do~the 

plume rise will be much greater. Thus the events leading to the calculated 

maximum possible surface humidity change are highly unlikely to ever ·occur. 

Even presuming it could occur, it is reduced in effect because the absolute 

humidity decreases with height in both stable and unstable cases in most 

occasions. I have examined one year of 10\1 level air pollution soundings 

for Philadelphia and one month for Baltimore and these reaffirm what mean 

sounding data show. l'bat is that the dew point drops on the average of 

f'rom four to six degrees centigrade in the first 1500 feet above the ground. 

Even the relative humidity averages a 9% drop in the first 500 feet at 

Philadelphia. Thus while the dew point will be increased above ambient 

alott in the plume, as the plume mixes dovnwrd, so will the drier ambient 

air mix with the plume. The resultant mixture is still drier than the 

surface air at several hundred feet above the ground. Since the dev point 

at ~ surface is higher than the mixed plume at some ~istance above the 

surface, the presumption of mixing with the surface air under the assumed 

conditions leads to a reduction in dev point at the surface and simultaneously 

aD increase in surface temperature due to destruction of any stable layer 

or inversion; thus mixing vould actually reduce the humidity at the surface. 

Actually, under stable conditions the plume vill stay aloft since it vas 

1Djected above the· inversion and surface humidity viII not be changed at all. 

tbler good m1 xi ng conditions the air mixing dovnvard viII be slightly more 

humid thaD without the plume hrtthe prilllary moisture flwt is upvard from 
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PHILADELPHIA ELECTRIC COMPANY 

EDWARD G. BAUER. JR. 
VICE PRESIDENT 
",ND GE.NERAL COUNSEL. 

EUGENE J. BRAO:"EY 
"SSOCI"TE GENERAL COUNSEL 

2301 MARKET STREET 

PHILADELPHIA. PA. 19101 

(215) 841-4000 JOHN P. CAREY 
DONALD BL.ANKEN 
AI.BERT R. BEAI. 
RUDOLPH .... CHIL.LEMI 
E. C. KIRK HALL 
T. H. MAHER CORNELL. 
PAUL AUERBACH 

March 23, 1913· 

.s.,al'ANT GENER.t.L COUNSEL 

EDW ... RD J. CUL.LEN. JR. 
ASSISTANT COUNSE:L 

Mr. G. VI. Knighton, Chief 
Environmental ?ro.jects Branch 
Directorate of Licensing 
United States Ato~ic ~nergy Commission 
'l,-Tashington, D. c. 20545 -.. 

P.e: LiJIlerick Generating Station 
Units 1 and 2 
Docket :Jos. 50-352 and 50-353 

Dear !·!r. Knighton: 

In response to your recent letter forwarding comments from various 
agencies on the Draft Environmental Stat€~ent for Limerick Generating 
Station Units 1 and 2, I enclose herewith Philadelphia Llectric Company's 
responses to the agency comments. 

Pursuant to your request, we are furnishing three signed originals 
and 40 additional copies of our responses. 

Enclosure 

Very truly yours, 

i:. 
.~ 67_ 
( 1 .--J ,'~ 

~~ --I I dJ;.~. 
ugele J. 3railey i" 

1/ 



~nvironmental Protection Agency's letter of February 6, 1973, page 9, 
last paragranh, and page 10, first naragraOh - Thermal imoact'of reactor 
,hutdown if cooling towers are ino~~rable. 

Resnonse: 

The highest reactor heat rejection occurs immediately after shutdown 

at the rate of 870 X 106 btu/hr.- HOT.lever, this heat is rejected to the 

suppression 0001 and not directly to ,the river. The characteristics of 

the sU~oression cool and the RHR Service vlater System are such that the 

temperature in the suppression pool peaks 2.5 hours after shutdown, thus 

resulting in the peak heat rejection to the R~ Service Water System at 

that time. This heat rejection is 204 X 106 btu/hr from one reactor and 

in the event of the hypothesized failure of both cooling towers would be 

discharged to ,the river. 

The tenperature rise in the Schuylkill River, h:t,?othesized by the EPA 

reviewer, can 'occur only as the result of an extremely unlikely simultaneous 

occurence of the Design Basis Earthquake (DP.E). and a 7 consecutive day 

low flow with 10 year recurrence interval (230 cfs). In addition, both 

units must have been in operation and the two cooling towers must fail 

simultaneously on the occurrence of the earthquake. Assuming that these 

events would occur Simultaneously <an extremely conservative apcroach), 

the 1Ilaxilllum temperature rise, after mixing with the entire stream flo-"" 

vouldbe 8.70, and would occur 2., hours after shutdown. This temperature 

rise would decrease to about 2 .60 F, 20 hours after shutdown. The 

'temperature rise reduction would continue due to 'the exponentia.l 

variation of decay heat. This condition has been studied by Applicant I s 

consulting biologists, Ichthyological Associates, and their con-

elusions are a8 follows I 

1. The teMperature increase in the Schuylkill River will cause no 

damafe to fishes or plankton in 'the vicinity of the plant or 

elswhere. There is only a slight chance that a few benthic 

organiSJD8 JIlight be affected. This would be temporary. 
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2. The water temperature will not exceed the lethal limits of 

the or~nisms, or if s~the excess of lethal temperatures 

would be of short duration and not si~if1cant. 

3. The watertemoerature increases would not be instantane,ous; 

because of this the fishes would have time to move out of 

a olume area and would do so. No traos for fishes exist 

in the river in this area. 

4. SOMe benthic organis~s, particularly epiphyton (bits of algae 

and other organisms that are attached to the bottom) might 

be af-fected or dislodged. ~{ith regard to these dis lodgements , 

experiments on the Schuylkill River 1ndicate'that the 

benthic organisms recover within )0 days. These investigations 

were made immediately after the oil spill of 1971 and after 

Hurricane Agnes in 1972. 

S. There are very few free plankton in the Schuylldll. River. They 

will not be affected because of the very short tirne-te~perature 

relationship. 

6. During the summer there is a constant source of organisms which 

will repl~nish those in the area as they drift in from upstream 

populated areas. Fishes are free to move and quickly repopulate 

an area. 
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Environmental Protection Agency's letter at February 6, 1973, page 11, 
item 1. Auxiliary Boiler Information. 

Response: 

a. The heat input rating of each auxiliary boiler is 57 million 

btu/hr. 

b. The esti~ated tot~l onerating hours oer year for the 3 boilers 

is 12,500 hours, aonroxi~tely 1/3 of these hours the boilers 

will be in a hot standby condition. 

c. The yearly oil consUl"!ption of the boilers was supplied in 

Philadelphia Electric Company's C01!.:.=:!nts dated January 19, 197.3 to 

the ABC Draft Enviror.:;".!lntal St.aten:ent in Atier.c.ix B, page 2. 

d. Because of the boiler size and low usc rate, the gro~~d 

level concentrations are considered insignificant. 

e. A comparison of the esti~ated emissions with local emission 

standards was supplied in the Applicant. s Environmental 

Report (Revised), page 11.6-8. 
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Department of Agricaltureis letter dated Februa17'7, 1973, page 1 
sixth 03~1~3D~ - Sedi~ent C~r.trol CTd~~~nce$ 

~nse: 

There are no local sec11ment control ordinances ot wh1ch tt.e Appl1cant 

bas knowledge. However, as stated in the Environmental Report 

on Page 3.5-3, the Philadelphia Electric Company will comply with the 

erosion and pollution control procedures outlined in the Corr~onwealth 

of Pennsylvania's ·,7ater and Pm-Ter Resources Board "Resolution Establishing 

Certain Require~ent to Control Erosion and Water Pollution", adopted 

May 12, 1970. Additionally, the Fniladel?hia Zlec~ric Co~pany is 

cognizant of the Com!T'.omrealth of Pennsylvania, Department of Envirol".rr.ental 

Resou=ces Regulations (ado~ted Se~tember 21, 1972) listed under Title 25, 

Part I, Subpart C, Article II, Chapter 102,. entitled "Erosion Control" 

and will comnly with all applicable requir~ents thereot. 
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DepartT'!ent of Acriculture's letter dated FebruAry 7, 1973, page 2, 
t1rs~ two paragraphs - Pipeline Ri~ht-of-~ay Usa~e. 

Res nO!'.se : 

The pipeline will be ~~ied and the cover will be returned to 

the original contours. Therefore there ~~ll be no pe~anent effect 

on any agricultural drainage systems' that may be involved. Also 

any conser"J'a.tion practices that r:ay be disrupted by the pitJelin.e 

construction will be returned to the preconstructioncondition. 
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Department at Agriculture's letter dated February 7, 1973, page 2, 
~~~th paragraph - Disposition of Removed Topsoil 

Response: 

The topsoil removed from the land areas occupied by the substations 

and the generating station will be deposited and spread over the laydown 

area and low areas, approximately contoured to fit in with the topography 

and reseeded. As indicated on page 4-1 of the Environmental Report (Revised), 

this has already been done in the areas disturbed by rerouting the 

access road and the installation of the railroad spur. 
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COIYImonwealth of Pennsylvania's letter of January 22, 1973, DER comments, 
page 1, 'Cq~~ or,".!, i~"~ ;~, s':c::)~d r:T:·a--<l.!,~ - T')':'11 '1-:>olo7'_T:,... _____ _ 

Response: 

SEISMO-TECTQNICS 

In Section A of the D.E.R. Comments, the question ot the interpre-

tatior. of the nature of the northern boundary of the Triassic basin was 

raised. In their original PSAR studies, Darr.es &. Hoare presented both 

the classical full graben model of Triassic tectonics and the more 

recent inter?retation of a non-faulted or intermittently faulted 

boundary (Fa ill, 1939). Dames & Hoore chose to support the more recent 

intcrpretati~n (althou;h ack!'.::~.·ledging the question is open), since it 

is based on e:x:amL"'lat1on of recent excavations, because Dr. Faill's 

(Pem:s~'l'rania Geological Survey) arp,'J!I!ents are persuasive, and because 

the field ex~erience o! several current ~rorkers in the area tend to 

support his conclusion (Personal communication, Avery Drake, U.S.G.S., 

John Epstein, U.S.G.S. and .Tohn ~ibbons, Da1"les & ¥.oore). 

The qllestion is largely academic in any case since the presence or 

absence of a border fault in the region does not materially effect the 

seismic design criteria developed for the site. 

GEOCRONOLOGY 

In Section A, the relationship hetween the geometry of dikes and 

faults is questioned in regard to the assertion that the dikes are not 

offset by the faults. This relationship is clearly shown on the regional 

geologic mao in the PSAR. The dikes shown are not in all cases parallel 

to the faults and are not displaced by faulting. Therefore, although it 

is not possible to establish lack of displacement at the site, the rep.ional 

relationships support the conclusion that the dikes postdate faulting. 
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COI!t"'cm:ealth ot Pennsylvania's letter of Ja-nuaI""J 22, 1973, DER 
comments, page 1, item B - Regional Geology and Assessment. ot 
Possible Earthquake Hazard. 

ResEc:,!!!!,! 

The statement that "the site 1S in an area where earthquake 

rreq~ency is moderate; however, no earthquake to our knowledge has 

ever been severe enct.:.gh to cause more th~n trivial dar..age" is 

an inexact paraphrasing by the AEC of what was said in the Applicant's 

PSA.':t. Tri-dal clar.1age in this case, is meant to be llminor damage" and 

t.here certainly is no justification to begin to assess the imt:ac't of 

"minor damage" to the proposed facilities, as that has already been 

done in the ps...m. However, t.here is no basis for comparing the 

seisrnc bj,story or present tectcnic conci tions in the vicinity of the 

site with a seiSmically active area such as Califorr~a. The small 

number of earthquakes that do t.ake place in the general region of the 

site are ~ in sign1f1ca~e. 

Regarding the DEft statement that "we are certain ••••• there nay 

be future earthquakes of grea.ter intensity than the limited hist.orical 

record," t.here is only one way to approach the element of risk involved 

of earthquake hazards to nuclear power plants. That. is by studying the 

seismotect.onics ot the region and their relat.ionship to the hist.oric 

earthquake record. From that. point., an assessment. of fut.ure activity can 

be made utUizing such tools as extreme value probabUities, calculating 

recurrence rates, etc. However, there is no method ot analySis that can 

say with certainty that durinc the post.ulated life ot the plant there will 

be "future earthquakes ot greater intensity than the limited historical record" 

shows. 
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COJlllllOmrealth of Pennsylvania's letter of January 22, 1973, DER comments, 
page 1, item C, 1st paragraph - Regional Oeology - am page 3, item 0, 
100 paragraph - Site Oeol ofY, Structure. 

Responses 

SEISMO-TLCTONICS 

In Sections C and G of the D.E.R. comments, questions are raised 

recardine the assessment of seis~~c risk as influenced by the presence 

of faulting of small total displacement near the site. These faults 

are geonetrically and tectonically co~patible with the rest of the 

"Triassic" ~tructure:s of the basin. They represent physical anisotrophies 

in the reck bocy cor::parable to that of bedomE plt.!,,_E;!;, joir..ts, or any 

other large plc.!1ar feature. Renc.,:ed tectcnic rr.o\"(:;;-,er_:" alone such 

anisotrophies requires the existence of shearin£' stresses of sufficient 

magnitude to overccn:e frictior~ J gravitational E.r:d cohesive resistance 

to displacenent. The stress fields ar.ci plate tectonicisr.1 ,,;hich (ave 

rise to the Triassic structures no loneer exist. The modern-day stress 

field is oriented such that the probability of reactivation of Triassic 

faults is remote. (For more detail on this point, see attached Dames 

Ie Moore report on the Seismo-Tectonics of Triassic basins.) 

Displacement along faults as a result of seismic .shock (centered 

along another fault system) is not likely since the wave lentths of 

seismic wave motion are much treater than the thickness of any particular 

fault, joint, or shear zone in question. Only if a slightly sub-critical 

residual stress were present mitht this be a problem. No residual stresses 

compatible with a Triassic stress field or foundation problems related 

to residual stresses have been reported in the area in question. 

Thus, the presence of the local raul tine would not appear to be 

either an earthquake generator or an intensifier of earthquake groUJK:!. motion. 
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SEISMOTECTONICS OF THE TRIASSIC BASINS OF THE EASTERN UNITED STATES 

SEISMIC STRUCTURAL ASSOCIATIOnS IN THE PIEDNONT PROVINCE 

Seismicity in the Piedmont Province may be associated with any of 

several groups of structural features. Broadly grouped, these features 

are older metamorphic and tectonic f~atures associated with the Appalachians, 

infaulted Triassic Basins, and post-Triassic faulting. Since Appalachian 

structures are generally agreed to be inactive at this'point in geologic 

history, most of the interest in the seismicity of the PiecL'liont Pro~rince 

is centered about the Triassic Basin and yo~ger post-Triassic fa~tin:. 

Seis!'lic activity in the area is not co::finec. to the Triassic Ba.sins, therefore 

it beco~cs necessarJ to look at the associations between seismicity and 

structures throueh the rcz:i·on. Post-Triassic faulting has been reported 

• by several work~rs (Jacobsen, 1971, Woodruff et aI, 1970 and Co~~ol1y and 

Drummond in Kine, 1955). None of the post-Triassic faulting reported bears 

either spatial or geo~etric relationship to the Triassic Basins. Fr~~ 

Jacobsen of the Washington Gas Light Company reports a fault zone made up 

of upthrust faults, which has a predominantly north-south strike. Woodruff 

reports basement rooted faults which have a predominant:!:y east - 'West strike. 

Connolly and Drununond report faulting in the Piedmont Province in Polk 

County, South Carolina. Connolly and Drummond report that the age of 

faulting in Polk County is Pleistocene. It is indicated therefore that 

neither seismic activity nor potentially seismic structures are confined 

to the Triassic Basins. 

- 1 -
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s. D. Hicks (1972) re?~~:3 th~t vertical crustal movements (based 

on t".dal VJ2.ge infonnation) along a line parallel to the coast from Haine 

to Cape Hatteras is producing a stron~ differential movement on the order 

of four millimeters per year with Maine being uplif~cd relative to the 

SO'11":~;,"ril 1';",:1 of the traverse. E:.rry tloi ~ht (1966) r':'!,crts that' stress 

monitoring data in the northeastern United States indicates a strong 

eust-'.-:-est co:-.rressive state of stress in the rocks. Uplift in the north-

~reas in the Piedmont Province is if the Triassic Basins were still structurally 

fo:tive. S .... 7Grir.positic!l of str(3~s::s asscciuted. ';-:.th Tri::ssic casi:'.al d~velop-

ment upon regional stress might represent a region of unusually high stresses. 

This proposition is rejected on several grounds. The horst and graben structural 

style of Triassic Basins represents east-west extension of the basement rocks. 

Observations that the northeastern part of the North American Continent is in an 

east-west compressive stress state controverts this requirement. Undisturbed 

stratigraphic overlap of the Triassic faults by Triassic sediments in several 

localities (Gettysburg Basin: Drake 1969, and in the Culpepper Basin: Stuckey, 

personal communication, 1972) indicate that the Triassic Basins are no longer 

active structural features. 

The presence of Triassic border faults as large regional structural 

anisotropies raises the question of reactivation of the Triassic border faults 

- 2 -
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by the present regional stress fields. The Triassic boundar,y faults are 

normal faults. Post-Triassic faulting reported in the Coastal Plain by 

Jacobsen (1971) in upthrust faulting, that is, faulting rooted i11 vertical 

basement uplift and which becomes progressively less steeply dippingat 

higher and higher structural elevations. Voight (1966) and the U. S. 

rather th~, extension. Hicks (1971) reports regional uplift in progress 

in the northeastern United States. A co:-:?aris:-n of ki~e:-:atic a!".::l d:''":1!l.-::ic 

.,..-.1';.t'.&. ; e '!1-.' .!Te . .-.~ __ .... : ----,.,j ...... ' _ .•.. _.- -... '!'., • " :: .: 

to norm.s.1. faul tine are not co inc iciE::at • Thus, any displacement. along upthrust 

fortuitous. 

The Triassic Basins represent large inf'ault~d blocks of r.l~terial b~"J'~.r.g 

different properties than t::'ose o.:~ '.:,:-;~ c:-:;stulline bc.sc;:~ent rocks \-;hich make 

up the basement of the Piedmont Province. As such the Triassic Basins 

represent stress inhomogeneities in the basement surface. Such inhomogeneities 

may produce local variances in a large regional stress field. The Triassic 

sediments of the basins are weaker and more compressible than the surrounding 

basement crystalline rocks. Thus, t!1.e Triassic Basins represent what may 

be thought of as hol~ in the basement surface filled with a l'reaker and more 

compressible material. Stress strain relationships under such conditions 

invariably produce lower stresses within the inhomogeneity. Local stress 

concentration along the boundaries of such features are possible. Stress 

variances between the surrounding basement material and the weaker more 

compressible Triassic material may be large at these boundaries also. It may 

- 3 -
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therefore be expected that stress concentration and large local ~tress 

variances may' make these boundary regions structurally ac1;ive zon-!s. Tw 

generalities about t:us c':)!'.dition r:::.y be c.ra"n71. First, the magrc" .. htde of 

the stress concentrations and of the stress variances along the boundaries 

of the inhomogeneities are inversely proportional to the size of the inhomo

geneities. That is, the l~rGer the Triassic E~sin, the sr::aller its effect 

on the regional stress distributions. S~cond, the a~ount of stored elastic 

strain energy available to produce stress along the zone of the inhomogeneity 

is a finite paraweter. Any ~~gnification of stres~es along such a singularity 

is at the expense of the tot~l stored cl.::.stic strain energy budget. Tl:erefore, 

concentration at one point produces dirr~nution of stresses at another, so 

that the total energy available for strain is constant. 

The Triassic B"asi!1s may be acting as stress singularities in the larger 

regional st~ss field. Because of local large stress variances, strain may 

be concentrated along the boundaries of the Triassic B~sins. This local

ization of strain, however, represents only the distribution of activity 

and is in D:) way ~elated to the magnitude of individual events. The magnitude 

of individual seismic events is rather related to the magnitude and distribution 

of the regional stress field. Maps showing total seismic energy released 

(Algermissen 1969 ) indicate energy release patterns which do not reflect 

the geometry of the Triassic Basins. Energy release is more probably 

related to patterns of regional stress rather. than to local structural 

inhomogeneities. Local inhomogeneities may experience more frequent 

seismic events. Maximum probable magnitude of a seismic event in a given 

area must, therefore, be considered a function ot the energy release budget 

of aD area and not ot its relict structural fabric. 

- 4-
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Commonwealth of Pennsylvania's letter ot Januar,y 22, 1973, DER 
coJlll'llents, page 1, itel'\ C, last paragra'Dh - Earthquake Intensity. 

Respon.,!!: 

All questions as to the effects of the Design Basis Earthquake, in this 

case a MM Intensity VII shock, on Class I structures at the site have been 

fully described in the PSAR through the use of the !olodified l1ercalli Scale, 

'Response S~ctra, tir.e histories and the like. The Env!ro~~~ntal Report 

is not intended to make a detailed nsafety-relat~d" assessment of the 

effects of the Design Basis Earthquake on the proposed facility. 'Wbat was 

intended is that there has been a history of minor to moderate seismic 

activity in the region abc~t the sjte, and the selection of the Design 

Basis Earthquake is considered to represent the m~v.L~~~ credible event to 

which the proposed structures need be designed. This reflects what was 

presented in the PSAR, and is considered conservative in nature by the 

GuideliJilcs initiated by the AEC (AppeDiix A, lOCFRlOO, SAR Fomat. 
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Commonwealth of Pennsylvania's letter of January 22, 1973, IlER" comment.s, 
pa~e 2, it~~ D· -. Groundwater. 

Response 

Gro"l!l1o;ater is a minor resource in the area around the station insofar 

tha t groundwater accounts fo~ only about 3% of the total industrial and 

cOlTll'l'ercial use of water in the entire region. It is recognized that numerous 

dorr~stic wells extract s~l quantities of water from tt~ TriaSSic strata. 

The importar.ce of this ground-water aquifer has not been under-estimated. 

TheStater.~nt notes (p2-l9) that there are about 75 small domestic wells 

located '\-rithin a one mile radius of the Station site. There is no clam 

or 1ni'c!"<;nce that the Erun::;;r::ck i'o:7'..:ltion is a minor a("l~~fer. It's true, 

hoo·;ever, that ground~.;ater is a minor re~o"Jrcc. 
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Comonwealth of Pennsylvania's letter of January 22, 1973, DEB comments, 
,page 2, item E - G6ology Structure. 

!!!2mse: 

GEC';HRC!~roLOOY 

In Section E the statement that faults in the region are "well 

healed" is questioned. This statement is in support of arguments 

related to the age of last movement of the faults and as such represents 

only a part of a II&8S of data generally supporting the conclusion that 

the taUlts -are Triassic structures and that they have not be6n active 

since that time. 

In Section E, nfield evidence" for movement along faults postdating 

~1ntru.sion is cited. Neither locality nor a specific description are 

given. In absence of more detailed informat.ion, it is not at this time 

poss:1ble to respond to this cOJlDllent. 
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Commonwealth of Pennsylvania's L&tter of January 22, 1973, DER 
~nts, Page 2, Item F .. (eoloa Structure 

Responses 

SU,Sl-IO .. T1CTQ!ICS 

In Sections F and G, the use of the term "minor" is questioned in 

regard to faulting in the area. Common usage in the field of regional 

tectonics sugfests the follOWing paraphrased definition: lIoAJCR 

STRUCTURES .. those structures in a tectonic province that control the 

boundaries and major pattern of the province. MINOR STRUCTURES .. all 

other structures. Thus, the terminology used in the Environmental 

Report is consistent with cOJ:lJDOn usage. 
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Commonwealth of Pemsylvania's letter of January 22, 1973, IlER comments, 
page 3, item H, 2nd paragraph - Grour.d'Vlater Hydrology. 

Response: 

The report states (p. 2.,-2) that numerous domestic wells ,:xtract 

small quantities of water from the Triassic strata. An inventory of all 

wells within a one mile radius was undertaken. The location of these 

wells is shown on Fig. 2.,.2 of the PSAR. This figure demonstrates that 

there are numerous domestic wells. 

The direction of groundwater now was detennine~ by water level 

measurement~ in numerous borings on the site, in nearby domestic wells 

and in piezometers. The gradients are to the west and southwest away 

tran existing wells. The results of a pumping test reported on p. 2.,-, of the 

PSAR indicate' that the preferred ~irection of ~ow is along strike towards 

the Schuylkill Rivel" and not in the direction of dip. 

Site· data indicate that there is no Possibility that groundwater 

contamination at the site could move downdip to the north, northwest and 

northeast. 

The slightly artesian conditions found at depth beneath the site (p. 2.5-5 

or the PSAR) are in interbedc:'.ed sandstone layers confined by impervious shale 

and/or siltstone strata. The preferred direction of groundwater tlow in 

such strata is along. strike to the Schuylkill River and not downdip. The 

site is the recharge area for artesian conditions which are local in extent. 

The site is not the recharge area for a widespread or regional artesian 

aquifer. Artesian pressures are quickly dissipated wita pumping and most 
• 

or the water produced is obtained from dewatering large volumes of rock 

in the vicinity of the wells (p. 2.,-4 of the PSAR). 
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It is widely accepted that the Brunswick Fonr.a.tion is erie of the best 

~ui1"ers in southeastern Pennsylvania, that it supplies domestic wells, 

and that it is the most widespread source of groundwater. For this reason 

gro'JJldwater mnditions were thoroughly investigated to assess the possibility 

of contamination of the aquifer. 

Detailed analysis of water table gradients, rock permeability, geologic 

structure, stratigraphy, topographic and geohydrologic divides together with 

the location and distribution of wells indicate that liquid effluent re

leased at the site would drain slowly to the west in a direction away from 

all wells. Contamination of the groondwater at the site cannot, therefore, 

have a.rry effect on the groundwater of the region. 
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CoJlDDOnwealth of Pennsylvania's Letter of January 22, 1973, 
DER Comments, Page 4, Item 6 - Prediction of Seismic Activity. 

Response: 

We cannot, or course, predict what will happen in the future. 

However, with the knowledf8 of seiSJl'JO-tectonics, neo-tectonics and 

probabilistic treatment of the historic earthquake record of the 

region, a rational, subjective assessment of the ~ or lack of risk 

involved in planning and siting a nuclear facilit;y can 'be made. As 

far as "definitely involving the -possibility of fault activity" in 

the evaluation of the site for the proposed. facility, there is no 

indication now or in the last 140 million ;years that tectonic forces 

which c-reated the faults in the vicinity o-fthe site have been 

reactivated. 
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D.S. Department ot Transportaticn"s letter of January 19, 1973, 
1st Page, 3rd and 4th Paragraphs - Canments by Federal Railroad 
Administration. 

Response: 

Philadelphia Electric Company has considerable experience in 

the canmon corridor concept of transinission lines occupying existing 

railroad rights ot way, having approximately 200 miles ot trans

mssicn lines <Xl railroad rights-at-way operating at voltages ot 69 

kv to 230 lev at the present time. Pre11m:inary investigations have 

been \Uldertaken with the railroads concerning the proposed 230 kv 

l.1DH to be cons true-ted tor this project and' the railroads have 

granted preliminary approval to proceed "With design tor these projects. 

The Philadelphia Electric Company does recognize the existence 

of railroad signal and cOJlDllinicatica tacilities and the eftects ot 

traDam1u1C11l1nes CI1 these circuits. The designs tor the proposed 

t.ranaiss1cn lines v1ll inc~de, as have previous designs, the 

aeceasar7 investigat1C1l8 to determine the eftects ot electrical inter

terence em the railroad tacilities and the remedial measures 
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u.s. Department of Transnortation's letter of January 19, 197), 
second oa~e, first paraP,ranh - Effect of Transmission Line'Effects 
on kir/Oround Tr~ns~issions. • . -

Response: 

The Philadelphia Electric C~pany has no record of reported 

instances of adverse effects on air/ground radio transmissions or 

electronic signals fr~ navigational aids due to the location of 

existing substations or transmission lines in the vicinity of airports 

on its existing~system. The location and design of the substations 

and transmission lines for this project do not indicate that such 

a phenOMenon would be experienced. 
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DOCKET NO. 0-65-76 CP (3) 

DELAWARE RIVER BASIN COMMISS10N 

eomml ssioners of Bucks County 
Point Pleasant Pumping Station 

Buclcs County, Pennsylvania 

PROCEEDI NGS 

This is an application submitted on behalf of the Commissioners of Bucks COUf'ty, Penn
·sylvanio, by the Bucks Caunty Planning Commission, Division of Natural Resources, on June 9, 
1970 for review of a project that would amend the Neshaminy Creek Watershed Plan (presently 
In the Comprehensive Plan) involving the Point Pleasont Pumping Station, a feature of the Water
shed Plan, and for approval of the project punuant to section 3.8 of the Compact. Although the 
application described water needs through tho year 2020, action by the Commission at this time 
co ... ,. we!er needs only to 1995. The application was reviewed for inclusion of the project in 
the COmprehensive Plan, but review far approval under section 3.8 has been deferred until sub
mIssion of final defini ... plans. ". public hearing on this project was held by the Delaware River 
Basin Commission on June 24, 197C. . 

The project amends the Nesh~.niny Creek Watershed project, Docket 0-65-76 CP (2), 
which YIOS approved for inclusion in the Comprehensive pran by action 'of the Commiuion on 
January 25, 1967. 

On Ot:cember 8, 1970, the Pennsylvania Water and Power Resources Board approved a 
provisional allocation to Bucks County of water to be taken- from the Delaware River at Puint 
PlecI$Ont and Yardley for public water supply in amounts as "'own below: 

Average withdrawal 
Maximum withdrawal 

To 1980 

5mgd 
3Smgd 

To 1990 
15 mgd 
60mgd 

To 1995 
3Smgd 
75mgd 

This action took cogn!zance of the fact that, in its application to the Commission, Bucks County 
also hod included in its project pran provisions to pump additional quantities of WC'tll!r from tho 
Delaware ~iver·at Point Pleasant for water quality augmentation in the Neshominy wot()r-.... ed and 
for industrial and municipal water supply ill Montgomery Co~nt-I via Perkiomen Creek. I ne ovel
all witl.dtaw .. ,ls foreseen by tuek~ County amount tu 105 m~ in the year 1980, 135 mgd in 1990, 
and 150 mgd in 1995, as shown in A~ndix A .. 

An environmentol statement f,'r this !"Niect has betm pl"eparod ond pracessod in accordance) 
with the National Environcnental PoHey Act. 

COMrREHrNSIVE rLAN DESCRfI'TION . ---------.----------
Purp')se.-The purl'0~e of t~;s proi~ct is tCJ amend !hut p:>rtion l)f prcv;('I~ly c):-,pmve~1 

Neshonl~Y W~rersh~d rrojcct d~!.cr;b(;.d os f~lIows: no pumpir.g stati.,n locQled on the D~!IQwore 
,~:.1iYer ",-the vicinity Df '·oid ·rkOWM"1f. m ~-sup?l~f ;wcdarlirttct the NorthCrub1.:h or.. _. 
'·Ne.ha:rimy Cretrk Ear wotersupply, 'ow fJow"",~.eni'o:io", and fo ·rt'Qin~ain a stoLle 365-oc.:.re 
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lUIMIer rec .. ea~lon pool in Reservoir. PA-617. Initial design is for a capacity of 18 mgd to 
1985, when it would be increased to 26 mgd. II Although nat included in this application, 
It is proposad that the pumping facilitip.s located at Yardley would be changed from an initial 
capacity of 70 mgd, a~ previously approved by the Commission, to a copacity of 5 mgd to meet 
1995 demands and 'tho water allocation ftom the Delaware at Yardley would be reduced from 
lOS mgd in 19S5lo 5 mgd in 1995. 

location.-Thelocation of the pumping station will remain the some as that described 
In the C7.>m:>rE'.hensive Pion. location of the pumping station, force mains, and gravity flow 
conduits included in 'he proiect are as shown in Scheme III of a detailed report: on this project 
prepared by E. H. Dourquard Associa~es, Inc., entitled "Feasibility Study for Point Pleasant, 

. PennsylwniaPumping Facility, March 1970,· referred to below as the Bourquard Report. 

Physical features. 

(a) Design criteria.-The following changes in the original Neshaminy Watershed 
proiect aro' noted. 

1. An upwards revision in the projected maximum water needs for the 
Neshaminy Water Resources Development Program from the initial application of 18 mgd to 
the year 1985, with a design bf 26 mgdthereafteri tt' 26 mod in the year 1973, increasing 
to 100 mgd irl the year 1995. These increases are largely accounted for by two changes in 
the paogra:lli namely, the inclusion of the water nceds of the NoMh Penn area in Montgomery 

. County and provision for approximately 28 mgd for low flow augmentation to improve stream 
water quality in the Neshaminy Basin. 

2. A new element in the Point Pleasont Pumping Station propt)5Q1 is the 
tnclusion of supplying 50 mgd to the Northeast Branch of tho P~,kion1en Creek in order to 
meet the req'J~sted cooHng nued .. of the Philadelphia Electric Company's proposed nuclear 
generating plant at limerick, and the potential walErr supply needs of the Penn Ridge orca 
through which the Northeast Branch of the Perkiomt:nCreek ftows. 

3. Themaxir.lu," taking rates for Delaware River water under the .revised 
plan from Point Pleasant ondYardley would then be as indicated in tables in Appendix A, 
attached horeto. 

The locations and alignments of the scheme proposed arc shown apploximotely 
on the preliminary pIon or- the Bourq~.ord Report entitled, "Poin! Pleasant Pumping Facilities 
Feasibility Study Schelne III. " 

(b) F(,Icilitrp~. - This scheme provides for a pumpin" station at Point Pleasant with 
. the capocity and Toyout ,;; handle all the rcquir(;d pum;x;gc of ,he; Dttlawaro River water to the 

I"leshAniny &lsin, plU5 I·h" proposed pyll1pa~ft into the P.c:rkiomc'fn Creek 80sin. A 66-inch trons
."ion r.-.ail'l, cOHsislina of 14,000 fc"C't of cone rete prcs~llrc pil'~' and 5,300 fc~t of concrc,tr. 
c:uIYef' pipc:, would,conv~y th4:t lotol pun\pago frOan tile: Point Plcasunt Sactiem to ,·ho 'crm~nus 
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of this main, near Brtadshaw·Raad, Where the pumpage would be divided. The Neshaminy 
pumpage Ylould flow by gravity through a 6O-inch concrete culvert into the North Branch 
and Ort to Reservoir PA-617. The Perkiomen pumpage would flow into a 35 mg opcn-storage 
reservoir, from where it Vlould be pumped by means of 046 mgd capacity s:"ation through 
30,300 feet of 42-inch concrftte pressure pipe to the start of the Perkionlen watershed, from 
which point the pump::lge would fI("w by gravity in 6,300 feet of 36-inch concrete culvert 
pipe to the East Branch of Perkiomen Creek. 

Most of I·he Vlater pumped to the Narth Branch of Neshaminy Creek will return to 
the Delaware River. Some will be lost through consumptive water supply use and through 
evaporation from Reservoir PA-617, but these losses are expected to be small. 

All of the water pumped to the Perkiomen Creek for cooling needs of the 
Philadelphia Electric Company generating plant at limerick will be lost by evaporation to 
the atmo~here in cooling towers at the plant. The consumptive cooling water needs have 
been estimated by the company to averoge 35 mgd with peaks up to 42 mgd. Thus, by 1976 
water mu~t be available at the rates of 3S mgd average, and 42 mgd maximum during the summer. 

Cost.--The estimated initial construction is $8,380,000. The chlorination facilities 
recommended in this docket WQUld cost an additional $250,000. 

Relationship to the Comprehensi~.!. Plan.--This project is an umendment of the Neshaminy 
Creek Wal'ershed Pion, ple~u ... tly included in·the Comprehensive Plan. It is also relal'ed to the 
proposed limerick Nuclear G'!nerating Stal'ion, for which the Commissia'1 has under consideration 
on application for approval pUr\Uant to section 3.8 of the Cornpact.. " 

FINDINGS 

In general, the water of the Delawore River;' cmtpati!'le with that of the North Branch 
Neshominy Creek and, (;ast Branch Perkiomftn Creek. An orca of incompatibility is I·he coliform . 
count, which is quite high in the Delaware and will mok.e chlorination nttcessary at the pumpir19 
station so as to protect tht' quality of the receiving streams until conditions improve. 

Tho major environmental impact of the Point Pleasant diversion would be from increased 
stream nows cau~ed by pul'l',ping. This would stabilize the conditions of the streams 
If the water It!vel fluctuati':·i.:i resulting f(()m the pumping were har .. t to a minimum. The incrc~slld 
flow would alsn provide the low flow ausmentotion to Nt!shaminy Cr,-,ck to. meet Ihe streern G,.,dity 
standards of Pcr.nsylvania and tho Delaware River Dosin Commissiol'. Water-btJ5~d recreational 
activities rrIO}' benefit from the: increased Vlater availability. 

A temf'lorary adveiSC effect on th~ environment WOlJld be the scar on the lundscape 
. caused by constructioll of the (acilities and laying of the pipelinCls. With odoql'ote ploflning, 
the duration uf the·piroelino scars can be heltl to a nlinirnum. Tho pUnll)ing rocilitiec .. Ylould 
be loealed, (Jt~cordin9 to f'r-,scnt desit'"' und~ground with only trOnr.foNllp.rs and' a mtull 
control sialion above Ul'ound. lile abov~-ground facilities would be dcsigr.ed to blorld with 
AII1'Oulldin~s and n~,~d rlllt (".Quse maior surface blomhJ.. Noise frc)i~' fhe pumA,ing statiON 

. .,.,1d he at a low level4S·tbe GlClChinery .would he INIc;w ga<lUt1d JE:YQt, . 
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DurIng a severe drought, the commitment to fum ish water from the Delaware would 
cause additional drawdown of the upstream reservoirs (Tocks Island, Beltzville, etc.). This, 
however, would b() consiste~t with the planned use of these reservoirs as outlined in the 
Ccrnmission's Compa:ehen~ive Plan. 

1he,. is-sUmcient Itorage and ca~bilities in the Delaware River to meet tho 150 mgd 
IIIGXtmum withdrawal needs of the Point Pleasant diversion .without impairing the water quality 
and level~ ir. the lower Delaware. 

The proposed Point Pleasont diversion would be beneficial to the Neshaminy and 
Perkiomen watershed: ar.d would not be detrimental to the Delaware if conditions of operation 
Imposed by the Commission are observed. 

. The project does not conflict with nor adversely affect the Comprehensive Plan. It 
provides beneficial development and use of the water resources, is physically feasible, conforms 
to acct)pted public policy, and does not adversely influence the present or future use and 
.wloprn!nt of tho wllter resources of the Bosin. The project as proposed provides the least 

. COlt alternative means of meeting the water requirements on a timely basis. 

DECISION 

I.· Subject to the provisions of section 3. of the Compact, the proiect as'described 
above is hereby added to the Comprehensive Plan, section IX. 

II. Consideration of this project for approval pursuant to section 3.8 of the Compact 
Is deferred until submission of ffnal definitive plans. The follawin9 precautions sholl be 
observed in the d~:sign of the project: ' 

a. All cOllditions imposed by the Pennsylvania Water and Power Resources 
Board shall be met. 

b. r:luct\lation of Ea!.t Branch Perkic.men Creek and North Branch Neshaminy 
Creek caused by pumping sholl be kept to a minimum. The pumpoga to Perkicmcn Crc;:~k 
shall be maintained at a level of 50 percent of maximum pumpoge for the year 1973 
througlluut the low f10'N ~ason, regardl ... ..s of ultimate uowm,:reom consumpl·ive use. 

c. Durina periods of high natural flow in t:ost Brunch Pcrkionien Cr~f::k, 
PUmpirl9 (fom Point Pk-asant shc..11 be kept 10Vi ~nough W (;S 00, to 'l9grovatc high water 
levels. 

d. Th~ p!polines trorn the Poirlt Plea:;ont pumpir,u ~tation 10 Iho Brudshaw Road 
··pumping station and from there to fhe Neshaminy Clnd l'c,!d(Jrllcn Creeks sholl be lJulicd •. 
In DXCGv"ting and bcckfllli1l9 the tren<.;hcs for these pipel;'y.!s, proper soi I S'!"91't1tion prClctices 
shall be followed to er.:,u,·e rli~l"(w/th of vt':o~tati("'. Prov;"icllS, ac~epl~nbl<~ to .he: Commis!;ion, 
shall be included in con~,truction specifications to insure that :'lfrcam bCitd;: ore pro(uct.;:d from 
slltatior. during cC"mlrudion. Ar;>rtJpriotc londs~apin9 und planting sl"ll! J,.) pc,·r(lrrnt:u to 
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aainimize the effect upon the envirOnment, and Construction specifications sholl include 
requirements, acceptable to the Commission, for proper seeding and placement of topsoil. 

e. The above-groundfacilities (control houses, transformers, sheds, etc.) 
shall be designed to complement the structures four.d in the area. 

f. Delaware River water shall be chlorinated as necessary at the Point Pleasant 
pumping ~tation 10 reduce the high colifonn count to an acceptable limit. 

III. Prior to commencement of project operation, the sponsor shall enter into a water 
purchaso contract with the Delaware River Basin Commission. 

BY THE COMMISSION 

DATED: March 17, 1971 
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APPENDIX A 

NAX!;· . .fUM TAK1.NG n.,,(\.·rl~D 

Fon 
Dl!:LA VI ARE RIVER l"f "'_ TEU . 

~mping Faci1if.i~nd Service Area Maxin1um Rate of 'raking, MOD 

~int Plea sant Puml~~G Facilities 

Upper Buc)ts County Area 

Average Daily Rate x 2 • 

Ground Water Supply 

Net Peak Demand 

Cedral Montgomery County Area 

Average Annual plus 25% 

Total Peak Rate 

Water 8& Power R~sources Bd. Release 

Subtotal 

Water Losses, 10% 

Maximum Rate for' Water SU1)ply 

Water Quality Aucmentat;on 

Le •• W. Ie P. R. Dd. Rolease 

Net Water Quality Augl'hent;ltion 

. Cool. Water, Electric Plallt-Peak 

Subtotal 

• Water Losses, 10% 

Maximum Rat,! lor Other f.Jurposes 

. Maxb'l'lum Rat(! tor Pumping )· ... lcilitics 

Say 

30 ... 

7.0 

1.5 

22.8 

~~ 
64.8 . 

6.5 

1980 -

23.4 

5.4 -
28.8 

1.5 -

71.3 -

105 

41.0 
7.0 ___ _ 

27.5 

1.5 -
26.0 

~ 
68.0 

6.8 

34.0 

~ 
52.0 

~ 
53.5 

-.M 
58.1 

133.7 

• 135 

46.4 

1.0 

1995 _.-

------

29.0 

1.5 -
27.5 

J!:Z.O -. 
69.5 

7.6 

25.1 -
64.5 

J.5 -
66.0 

6.6 --
72.(» 

----~ .. -..... , ..... - -
76. r. 
~- ... 

ISO 
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Pumrainc '-:~.!!:!!...!!!!!!.f.~~~rn~ r !'axinuun Ra~ or 'l'aldng, MOl) 

!!!E. 
Yardlcty ~~ins F;Jciliticl 

Lower Bucks Count.y Area 

A"or~a(! DailY Ratc x 2 4' ... 

Ground Water and OUler Sources 14.8 

Net Peak Demand 34.6 

Eastcrn Div. Pbil~ Suburban Co. 

Peak Month 28.8' 

CrouDd Water and Other Sources 19.8 

Net Peak Demand 

W. It P. R.Bd. Minimum Release 

Jrrilation in Neshaminy Basin 

Subtotal 

Water Losses, 10% 

Peak U&c:.ge Rate 

Flow {rom Upstream 

W. It P. R. Bd. Minimum 1.5 

Water Quality Augmenbtion 22.8 

Waate: Wator Inflow 22.3 

.1&inimum Stream Flo\Y. 13.0 

. Total Upstream Flow 

Net "ater Required 

Say 

• UUlbinr. storOlgc: in existing 5»ringlil'ld I~:lkc 

116" ot A'\'.:'rngc Daily D"'mand 

,.~ 

3.1 . 

3.5 

so. 2 

5.0 -
55.2 

59.6 

-4.4 

0 

~ 122.~ 

64.2 71.-1 

15.7 15. !. ---
48.5 56. 

33.1 35.3 

19.8 19.3 

13.3 15. 

3.1 3. 

..M 3. -
68.4 78. 

6.8 7. - -
75.2 86. 

1.5 1.5 .. 
26.0 27.5 

33.8 39.6 

13.0 13 .. 0 --..-...-.............-.-...... 
74.3 :u. 

0.9 
4. 

1.0 
5 .. 



1-8 

DOCKET NO. 0-69-210 CP 

DELAWARE RIVER BASIN COMMISSION 

Philadelphia Electric Company 
limerick Nuclear Generating Station 

limerick Township, Montgomery County, Pennsylvania 

PROCEEDINGS 

This is an application submitted by the Philadelphia Electric Company to 
the Delaware Rive~ Basin Commission on March 5, 1970, for review of a project to 
withdraw surface water and discharge wastewater used in the operation of a proposed 
nuclear-fueled steam-electric generating station consisting of two nuclear units. By 
letter dated July 30, 1971, the Philadelphia Electric Company amended its original 
application to include emergency shutdown water supply. Meanwhile, a special 
public hearing on the project, together with the concurrently pending Newbold Island 
project, was held by this Commission on July 16, 1970. This hearing was for the 
stated purpose of receiving testimony on the effects of these two projects on the water 
resources in the area. 

The application was reviewed for inclusion of the project in the Comprehensive 
Plan and approval under Section 3.8 of the Delaware River Basin Compact. The applicant 
has also filed two applications, for an industrial waste permit covering effluents from the 
proposed station and for"a stream encroachment permit .for intake and outfall structures, 
with the Commonwealth of PennsylvanitJ.'s Department of Environmental Resources. 
{PaDER}. These are expected to be forwarded to the Commission under Administrative 
Agreements, after action by the department. 

An application for a construction permit is pending before the Atomic Energy 
Commission as Docket Nos. 50-352 and 50-353. 

COMPREHENSIVE PLAN DESCRIPTION 

" " 

Purpose -- The purpose of this project is the construction and operation of a 
nuclear power plant with two units having a net electrical capacity of 1100 megawatts 
each, with circulating cooling water for the steam turbines to be furnished from cooling 
towers with makeup water to be drawn from the Schuylki \I River or Perkiomen Creek. 

Location -- The project will be located on a 587-acre site on the east bank 
of the Schuylkill River, in limerick Township, Montgomery County, Pennsylvania, 
about 1. 7 mi les south of the nearest part of the Borough of Pottstown. A water intake 
structure wi II be" located on the" Schuylki II River at river mile 92.47 - 48.22 and a 
blowdown and Iiqu id waste discharge structure wi" be located at river mile 92.47 - 47.94. 
An additional wate.r intake structure will be located on Perkiomen Creek at river mile 
92.47 - 32.3 - 10.5, from which water wi" be pumped by pipeline to the power plant 
site. 



Service Area -- The Philadelphia Electric Company will be the sole owner 
of the limerick project and the power developed at the plant will be distributed 
throughout its service area. TIle power will also be available for transmission to 
other areas via the Pennsylvania-New Jersey-Maryland Interconnection. 

Physical features -- (a) Facilities: The main facilities at the site will be 
two reactor buildings, two turbine buildings, two hyperbolic cooling towers, admin
istrative building, service buildings, fuel handling building, and water treatment 
building. 

-The principal structures involved in the cooling water system are: 

(1) Water intake structures, both on the Schuylkill River and on the Perkiomen 
Creek to furnish non-consumptive needs and makeup water to cooling towers. The 
applicant states that these intake structures will be designed, installed, operated and 
maintained in accordance with all state, federal and Commission requirements. 

(2) Two hyperbolic natural-draft ceoling towers, each approximately 475 
feet in diameter at the base and 500 feet high. 

(3) Pumping stations and pipelines to move the required quantities of water • 

. (b) Water Re':ju j-rcments: - The water requirements of the 
plant are made up of consumptive, non-consumptive, and emergency shutdown use as 
follows: 

Normal Operating 
Average rate - cfs (mgd) 
Maximum rate - cfs (mgd)· 

Emergency Shutdown* 
Average rate - cfs (mgd) 
Maximum rate - cfs (mgd) 

Consumptive Use 
1 unit 2 units 

27 (17.5) 54 (35) 
33 (21.3) 65 (42) 

Non-consumptive Use 
1 unit 2 units 

10 (6.5) 
12 (7.8) 

20 (12.9) 
22 (14.2) 

31 (20) 
38 (24.7) 

ACTION BY ATOMIC ENERGY COMMISSION STAFF 

The applicant, in accordance with established procedures, has applied to 
the Atomic Energy Commission for a construction permit (which would ultimately be 
followed at a later stage by an operating permit). During the course of the: proceedings 
before the AEC, staff concluded that it wou Id not be appropriate to assume at this time 
that the large quantities of water required by the project would necessarily be available 
from the Tocks Island Dam and Reservoir which has been designed by the Corps of Engin
eers but is still awaiting clearance from the CEQ. Accordingly, the AEC Director of 
Licensing, on November 30, 1972, wrote to the applicant stating: 

*(Emergency Shutdown Use - This use as~um"~s boll. cooling towers knocked out by 
earthquake and Schuylki II River water pumpl:d by diesel power.) 
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"In view of th is uncertainty, you are requested to furnish 
evidence of a firm commitment, not contingent on the 
approval of the Tocks Island project, from the Delaware 
River Basin Commission to allocate the required amount 
of water for plant operation. The regulatory staff will 
not recommend that a construction permit for Limerick 
Generating Station be issued until all appropriate and 
necessary permits, certification, and allocation to 
assure an adequate supply of water have been obtained 
from the Delaware River Basin Commission. II 

3. 

Effect of NEPA -- The applicant, thus barred from further consideration by 
the AEC, pending resolution of its water supply problem, thereupon pressed this 
Commission for favorable action upon its long-pending application for approval under 
Section 3.8 of the Compact, upon which a special public hearing had been held in 
July 1970. In view of the NEPA, however, the Commission, as a federal-interstate 
body, cannot approve the project until-the full disclosure provisions of NEPA have 
been satisfied. 

In December 1972, a draft environmenta"l"statement was circulated by the AEC 
staff in accordance with applicable guidelines. This Commission and 12 other federal, 

" stpte and local agencies have been r~queste<:l to cQmment on the draft statement 
(a document of some 500 pages). Such comments have been prepared by th is Commis
sion's staff and are about to be approved by the Commission for forwarding to AEC. 

The AEC draft statement of December 1972 concludes as follows: 

117. On the basis of the analysis and evaluation set forth 
in this Statement, after weighing the environmental, 
economic, technical, and other benefits of limerick Station, 
Units 1 and 2, against environmental costs and considering 
available alternatives, it is concluded that the action called 
for under NEPA and Appendix D to 10 CFR Part 50 is the 
issuance of a construction permit for the facility as described 
subject to the following condi tions for protection of the 
environment ••• 

"8. This Draft Environmental Statement has been prepared 
based upon the assumption that the Delaware River Basin 
Commission will issue a permit for allocation of an adequate 
water supply for the Point PI~asant Diversion project. 
Serious questions have been raised concerning this assumption. 
We have concluded that unti I the question of water avaiJ-
abi Ii ty is resolved, we wi II not continue the lice"nsing process 
further than issuing the Draft Environmental Statement and 
evaluating the resulting comrr:ents." 
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It is thus clear from the AEC letter of November 30 and the concluding 
sentence of the Draft Environmental Statement, that the AEC is calling upon the 
Delaware River Basin Commission to act upon the water supply aspects of the 
application before th-is Commission before a final environmental 'impact statement 
will be prepared. 

4. 

This Commission could take the view that there is no way that it may lawfully 
proceed under NEPA in the absence of a final environmental impact statement under 
Section 102 of NEPA. Yet the agency which is charged as the "Iead agency" under 
Section 5(b) of the CEQ Guidelines in the environmental assessment process will not 
bring thdt process to a conclusion unless this Commission first acts. 

The impasse as described is the occasion for consideration by th is Commission 
of some form of act·ion which wou Id comply with the letter and spirit of NEPA and also 
resolve the legitimate concerns of AEC. The problem is peculiarly related to the 
uniquely complicated type of project under consideration, where more than one agency 
is involved and the major federal actions significantly affecting the quality 'of the 
human environment are divided but inter-related among the involved agencies. The 
CEQ Guidelines for the preparation of Section 102 statements under these circumstances 
have suggested the use of a "lead agency" concept. CEQ has advised as follows: 

IIWhichever procedure is followed, the two critical considera
tions iliherent in the provisions of Section 5(b) are: (1) evaluation 
of the entire project; and (2) preparation ofi'he 102 statement 
before any of the participating agencies has taken major or 
irreversible action with respect to the project. See Upper Pecos 
Ass'n v~ Stans, 23 ERC 1418 (10th Cir. 1971), pet'n for cert. 
pending, 40USLW34.44 No. 71-1133, Mar. 6,1972. 11 * 

This Commission has concluded that the on Iy sensible way of proceeding, given 
the legal and administrative constraints which have been described, would be for this 
Commission to consider the water supply aspects of the application, and to act in light 
of such consideration in such a way that its action wi II have no environmental effect 
unless and until an environmental evaluation of the entire project has been completed 
under Section 102 of NEPA. This can be done by withholding any of the formal 
approvals which are required under the Delaware River Basin Compact before a project 
may proceed, and by making any water allocation specifically contingent upon the 
acceptance by the CEQ of the environmental impact statemen~ prepared and filed by 
the lead agency. In the Commission's view, such an action would be neither major nor 
irreversible in its effect on the human environment, within the meaning of the statute, 
particularly in view of the unique inter-relationship of the AEC as II lead agencyll with 
the proceeding before this Commission. 

*Some case, 452 F. 2d 1223, certiorari granted bl!t dismissed as moot after action 
challenged was withdrawn. 
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FINDINGS 

According to the Commission1s projections of water demand throughout the basin 
and of the available water supply, there would be insufficient supply without the Tocks 
Island Reservoir to meet the needs of the applicant together with other basinwide needs. 
(See staff report, "Water Demands in the Delaware River Basin as Related to the Tocks 
Island Reservoir Project - November 1971", and Section 2-3.4 of the Comprehensive Plan, 
Section X, Water Quality Standards for the Delawore River Basin.) The doctrine of equitabl 
apportionment would not permit the approval of the water supply aspects of the application 
under such circumstances, unless other compensating sources of water supply are developed. 
To require the applicant to await the outcome of the environmental and economic assessment 
of the Tocks Island project which is currently under way, however, could greatly prejudice 
the public interes.t in having adequate electric power supplies available to meet the antic
ipated demand. Since it will be several years before the project will actually need a water 
supply, and the Tocks Island questions can meanwhile be resolved one way or the other, it 
would be both equitable and prudent to permit the project to proceed, given the safeguard 
of an alternative source of water supply if Tocks Island were not to be avai lable. 

Within this framework of decision, the Commission finds: 

Sources of Water Supply 

1. Schuylkill Rivet 

Schuylki II River water at the plant site may be used for nonconsumptive use whenever 
the effluent discharged back to the river meets all applicable water quality standards. 

. . 
Schuylkill River water at the plant may be·used for consumptive use when flow (not 

including future augmentations of flow from Commission-sponsored projects) as measured at 
the Pottstown gage is in excess of '530 cfs (342 mgd) with one unit in operation and 560 cfs 
(362' mgd) with two units in operation with the following exceptions: 

(a) There shall be no withdrawals when river water temperatures 
below the limerick station are above 150 C except during April, 
May and June when the flow as measured at the Pottstown gage 
is in excess of 1791 cfs (1158 mgd). 

(b) Use of the Schuylkrll River will be limited to a withdrawal that 
will result in an effluent that meets all applicable water quality 
standards. 

The constraints on non consumptive use of Schuylki II River water are necessary to 
prevent violation of total dissolved solids, stream quality objectives and effluent quality 
requirements of the Commission1s water quality regulations. The constraint on consumptive 
use of Schuylkill River water is to protect water quantity and water 'quality below the 
Limerick Station. Both sets of constraints would be suspended in the event of any 
operational emergency requiring a shutdown of the plant. 
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6. 

2. ,Perkiomen Creek 

Perkiomen Creek water may be used when flows as measured at the Graterford 
gage are in excess of 180 cfs (116 mgd) with one unit in operation and 210 cfs (136 mgd) 
with two units in operation, exclL.sive of any water pumped from the Delaware River. 

The constraint on the use of Perkiomen Creek water would permit the use 
only when the flow at Graterford was above the long-term median flow of 150 cfs. ' 

3. Delaware River 

The Delaware River, as augmented for the purpose of water supply by upstream 
reservoirs may be used via the Point Pleasant pumping facilities, a pipeline, the East 
Branch of Perkiomen Creek and Perkiomen Creek with the limitations that such use will 
not reduce the flow as measured at the Trenton gage below 3000 cfs (1940 mgd), and 
that such use will not be permitted when the flow as measured at the Trenton gage is 
less than 3000 cfs (1940 mgd), provided that annually after pumping from the Delaware 
River has commenced, the rate of pumping will. be maintained at not less than 27 cfs 
(17.5 mgd) throughout the normal low flow season for the protection of aquatic life in 
Perkiomen Creek and its East Branch regardless of ultimate downstream consumptive use 

,requirements. During 'periods of high nat(J'ral flow, in East Branch ,Perkiomen Creek, ' '" 
pumping from Point Pleasant shall be kept at a level so as not to aggravate high water levels. 

This constraint would prohibit the use of the Delaware River water when such 
use would reduce the flow in the river at the Trenton gage below 3000 cfs, which is 
required to meet the salinity objective 'in the estuary of 250 mg/l at mile 92.47 (mouth 
of the Schuylkill River). -

Other 

The facilities, techniques and procedures for the disposal of liquid, solid and 
gaseous wastes, as described in the application and supporting documents, and their effect 
on water quality, and the adequacy of the applicant's proposed program of monitoring 
the environment cannot be evaluated without an environmental impact statement 
required by law. -

DECISION 

I. Full consideration of the project, as described above, including Compre
hensive plan addition and section 3.8 review, is deferred pending the completion of 
an environmental impact statement as required by law. 

II. The water supply features of the project are conditionally approved within 
the limitations of the above Findings, and subject to the following conditions: 

a. Approval is subject to all conditions imposed by the United States 
Atomic Energy Commission and the Pennsylvania Department~f Envl ronmental Resources, 
and it is subject to further review and modifications in accordanc;e with the findings 
of an environmental impact statem~nt, for which the Atomic Energy Ctlmmission is the 
"lead agency." 
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b. Whenever the flow constraints cited in the above, Fir.tdings prevent 
the applicant from operating the plant at full load, the applicant sholl operate the 
plant only at such percentages of full load as the available water supply allows, 
as determined by the Commission. 

c. Prior to January 1, 1977, the Commission will, in its sole discretion, 
determine the adequacy of the then existing storage foci lities on the Delaware River 
or its tributaries together with additional storage to be built to supply all needs 
{including the applicant's} for water supply from that source by the year 1980. If 

7. 

the Commission then determines that the storage will not be adequate for all projected 
needs o(the basin, the applicant will build or couse to be built, at its own expense, 
at a location approved by the Commission, for service in 1980, a reservoir of sufficient 
storage capacity to assure the water supply needed for consumptive use by the limerick 
plant, during peridds when such use would reduce the flow in the Delaware River at 
the Trenton gage below 3000 cfs. Storage and release of water in such foci lity wi II 
be under the Commission's regulation, at the expense of the applicant. 

d. Beginning one year prior to the first commercial operation date of 
Unit 1 at the limerick plant, the applicant will pay for metered quantities of water 
withdrawn thereafter at the several locations described above. The price of waters so 
taken from the Schuylkill River, Perkiomen Creek, and the Delaware River will be 
determined in accordance with the Commissions' water supply policy, heretofore 
adopted or as may be amended hereafter • 

III. Prior to any use, withdrawal or taking of water pursuant to this decision, 
the applicant shall re-submit the project pursuant to Section 3.8 of the Compact, and 
this decision shall not be construed to commit the Commission to any particular final 
action nor will such action be taken unless and' until it is justified by a final environ
mental impact statement. 

BY THE COMMISSION 

DA TED: March 29, 1973 
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JloUje of l\eprtjentatibej 

..... 'ngt0r4 •• e:. 20515 

Sept.-ber 11, 1973 

Deputy Director for Reactor Project8 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Sir: 

50-352 
50-353 

w_a..... .. c:-_ 
o-)DSoe1" 

0.-0..-. ..,-----.... _.-...... -,
coatI) 177_ 
IV~ 

This 18 ill response to the AEC's request of August 15, 1973 for 
comme~s in regard to the Draft Enviroamental Statement-LimeriCk Generating 
Station, Units 1 and 2, August 1973. I am ple .. ed to note that NEPA 18 makiDI 
• constructive contribution by providinl ~ forum for the .rticulation of CO~ 
plex environmental considerationa and the development of acceptable solutions. 

My staff haa examined the envirOll_ntal stat_nt carefully and 
18 t.pressed by the extent and quality of the comments offered by the various 
agencies and the effort made by your staff to uINer thea. It appears that 
.ost of the pertinent questions have been raised and therefore, no purpose 
would be served in repetition. There are several important points, however, 
where the response of the AlC staff s ••• to b. inadequate. 

Thes. points amd related discussions are attached. I would hope 
that AEC will stve thea serious COIlsideration in orciar that the best interuts 
of the public would be served. 

With all best wishes. 

LC:kd 

'I1t .. STAT10NERY PlUNTED ON PAPER MADE WITH NtCVCUED ...... 
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COMMENTS ON 
"DItAPT ENVIRONMENTAL STATEMENT 

BY THE 
DIRECTORATE OF LICENSING 

mt1TED STATES ATOMIC ENERGY COMMISSION 
RELATED TO THE PROPOSED 

LtHEBlCK GENEBAXING STATION 
WITS I AND II" 

September 10, 1973 

1. It is unclear whether or not channeUzation of the East Branch of the 
Pead.omen is planned. The Philadelphia Electric Company on page H-lOO states 
that: "Our recent detailed studies of the East Branch of the Perkiomen indicate 
that no channeUzation will be required." The Delaware River Basin Commi8sion, 
however, OIl page B-ll eliscusses the effecta of channeUzation. Will there be 
chaneUzation or not? 

2. In response to the Delaware River Basin Com.ission's comments, the AEC 
staff agrees, on page 13-1, that a study should be made of the problem of the 
~ative effects of thermal pollution in the Schuylkill River. However, it 
c1ai .. that "a study of this nature requires a formidable set of data describing 
river topography md flow." The AlC staff beUeves such information necessary 
but trusts that it will be provided when the applicant attempts to receive a 
Vater Discharge Certification from the DRBC/Commonwealth of Pennsylvania pursuant 
to seakin. 401 of PWPCA Amendments of 1972. 

If the probl .. is illPOrt&Dt, as it is. wby then postpone the study? 
Wbat if there are serio .. problems? 

3. Table 3.6 should be.completed by showing the points of sampling on both 
the Delaware River and PerldOlllen Creek. 

4. Dropping paragraph 2 section 8.3.5 of the initial draft of the Environ
.. ntal Statement (December, 1972) based on the DRBC comments ..... unjuatified. 
Iwrythina that vas sdd in. that paragraph seems to be still correct. 

5. The DaBC on page 11-11 states that 65 cfs flow is about 65 percent of the 
full bank at the entrance point to Perkiomen Creek. What about the remaining 
stretch of the Creek? 

6. The MC staff's response on page 13-6 to the comments made by the Forest 
Service on page &-46 in regard to the cumulative impact of reducing small farmlands 
on wildlife seems to be inadequate. It would be more forceful if an analysis is 
Md. with due consideration of other change. vhich are in the "lanning stage, if 
any. We .. su.. that the staff believes that there is no other project of signifi
.cace planDed in the vicinity of the Droposed project. 
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7. '!'be AlC ataff OD page 13-11 responds to the c~nU b, the Department 
at tba. IDterior OD page B-48 regarding the inadequacy of geological information 
by. atating that the .tructural integrity of the plam: will b.kept intact up to 
earth .bocka of iDtenaity VII (on the aod1fied Kerea1li Scale). Thi. i .... umed 
to be .afe becaue no higher intenaity h .. ever be_ recorded in the vicinity 
(100 1li1 .. ) of the project. 

1Iaat voul4 be the CODaequence&, .hou1d tbe intenaity of the .hock be 
.... ·YIU 

8. The AlC .taff's response on page 13-11 to the suggestion by the Department 
of lDter10r on page 11-50, as to the de.irability of investigating three alternatives 
to the Delaware water cl:l.veraion, ..... inadequate. The staff maintains that the 
eala.ac:l.oa :I.a the reapcmaibility of the DUC. The questiOD, however. 18 whether 
or aoc chose alternatives bave been cOD8idered and rejected for sOUlld reaaoDS. 

t. Tbe cl:l.acua.ioa of fogging on page 13-3 &iva. the impre.a1on that there 
•• tt.u when ~ibi1:l.ty ma., be below .ix 1I1le.. How often can thb situation be 
ezpected? Wbat cletri_nw effect. caD be expected frOll th .. e occurrences? 

lO. 50 clirect respoue to the c01lllenta of Dr. Ruth Patrick, which begi.D on 
pap B-75, :I.a ..se. Why? The AlC staff on page 13-5 responds to a co_nt by 
tbe DBC on .pecies cI1versity by citing pubUahed worka of Dr. Patrick as the 
.. tbority. Dr. Patrick herself. however, on page B-76 makes a different inter
pretatiOD of her own work when .he .tates that the impact will be auch that it 
"vi1I "e it (Perki~n Creek) a wry poor habitat for aquatic life. n 

U. TIle Ale .taff's response on page 13-3 to a DUC co_nt OD page B-9 in 
~4 to aaau.tDa a temperature of 83.6 P for the river based merely on quoting 
the appllcant, :I.a inadequate. Thi. i. so. part:lcularly when one consider. the 
Safonation aiftD in Table 2.3. 

12. S:I.nc:e OD pages 13-22 through 1~29 the AlC staff agrees with the commenta 
.f the State of PeDD8y1Yania Department of Environmental Resources where they point 
to tb. 1Daccuracies of the .eological obsenationa aade in the enn remmenta1 state
_C. vby baY. the coac1usion. remained unchanged? Statement of the staff on page 
13-22 1DcIicatea that their conc1uioD8 .er. baa.d aere1y on a literature survey 
(16 rel.reac:e.). Shcnaldn't they then .erioua1y consider the c01llllenta of the DEB. 

1IId.cIl :I.a ~ authori tati ve' 

13. ~ atate .. nt of the applicant on pa.e 13-25 to the effect that "However. 
eba. :I.a DO _tbod of &al1818 that eaR .ay vith certainty that during the postulated 
111. of the p1abt there vi1l be future earthquakes of greater inteuity than the 
Uld.ted biatorical record" is correct. The queation b. howev.r, what would happen 
if ebare :I.a .. , 
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DEPARTMENT OF AGRICULTURE 
OFFICE OF THE SECRETARY 

WASHINGTON. D. C.20250 

SEP 2 5 '9~ 

Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Muller: 

50-352 
50-353 

We have had the draft environmental statement for the Philadelphia 

Electric Company's Limerick Generating Station, Units I and 2, 

reviewed in the relevant agencies of the Department of Agriculture, 

and comments from Soil Conservation Service and Forest Service, both 

agencies of the Department, are enclosed. 

Sincerely, 

1· {/.--j 
FRED H. TSCHIRLEY 
Coordinator, Environmental 

Quality Activities 

2 Enclosures 
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Forest Service Comments 

Our comments on the December 1972 draft appear in Appendix H. 

The only additional impacts described in the August 1973 

draft are concerned with the possible construction of a 

reservoir to provide cooling water if needed. Since the 

location of such a reservoir has not been determined, we 

agree that impacts cannot be described more specifically than 

is done in Section 5.2. 
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SOIL CONSERVATION SERVICE, USDA - COMMENTS ON DRAFT ENVIRONMENTAL 
STATEMENT PREPARED BY THE DIRECTORATE OF LICENSING, UNITED STATES 
ATOMIC ENERGY COMMISSION FOR LIMERICK GENERATING STATION UNITS 1 
AND 2 OF THE PHILADELPHIA ELECTRIC COMPANY 

1. Page 7-2, paragraph 3 of the statement indicates that the 
consequences of a class 9 accident could be severe. The 
first draft statement was dated December 1972. Since that 
draft was published, the Atomic Energy Commission report, 
"The Safety of Nuclear Power Reactors and Related Facilities· 
was issued in July 1973. On page 5-8, paragraph 3 of this 
report, it indicates that "continuing study" is in progress 
to verify assumptions on Emergency Core Cooling System 
effectiveness. In light of this situation, it seems 
necessary, in the statement, to discuss in detail the scope 
of class 9 accidents so their impact on the soil resources 
of Central Pennsylvania can be discussed. 

The absence of such a discussion and the lack of a copy of 
the recently disclosed 1965 updated report "Theoretical 
Possibilities and Consequences of Major Accidents in Large 
Nuclear Power Plants" (WASH-740) makes it impossible for 
us to comment on the potential consequences of class 9 
accidents. Considering these consequences seems to be 
necessary to get a total picture of all the possible 
project impacts. 

2. Chapter 10 of the August 1973 statement does not discuss the 
solar ener<r.~ option or the Decemberl972 report prepared by 
the National Science Foundation/National Aeronautics and 
Space Administration Solar Energy Panel entitled, "Solar 
Energy as a National Energy Resource." The potential use 
of the large areas of strip mined land in Pennsylvania as 
collecting areas for central generating stations could 
economically revitalize rural mining communities and greatly 
contribute to land rehabilitation. 

3. The alternative of rate structure change was not discussed 
as an energy alternative. A change of rate structure could 
shift demand by encouraging the mUlti-purpose land use of 
roof areas, parking areas, etc. for collecting solar energy 
for heating and air-conditioning buildings, thereby decreaS
ing demand on central station generators. 
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DEPARTMENT OF THE ARMY 
PHILADELPHIA DISTRICT. CORPS OF ENGINEERS 

CUSTOM HOUSE-2 D a CHESTNUT STREETS 

PHILADELPHIA. PENNSYLVANIA 18106 

50-352 
50-353 

Mr. Daniel R. Muller 
Assistant Director for Environmental Projects 
United States Atomic Energy Commission 
Directorate of Licensing 
Washington, DC 20545 

Dear Hr. Muller: 

the draft Environmental Impact Statement for the Limerick Cenerating 
Stetion has been reviewed by this office. We would offer the following 
comment as germane to the areas within Corps' jurisdiction. On page vi 
of the text, paragraph <c), it is suggested that the language n ••• Tocks 
la-land Project will not be approved" be deleted. This language is not 
appropriate as the Tocks Island Lake Project was authorized by the Congress 
tu House Document 522, 87th Congress, 1962, for construction. 

we would offer the general suggestion concerning the technical adequacy 
of the present draft statement to requirements of Section 102 (2) (c) 
of PL 91-190. 

In the description of the environmental effects of station operation, 
some discussion <at pages 5-6 ~!!1 of the draft) is given on alternative 
reservoirs necessitated by the subject nuclear station. It appears that 
the present discussion is not specific in the detail of the environmental 
impacta of the suggested reservoirs. It would further appear that appro
priate use could be made of the environmental impact studies associated 
with the Tocks Island Lake Project and the multi-volume study reported in 
House Document 522. 

w. would appreciate receiving for possible further comment the final 
Environmental Impact Statement for the Limerick Station. 

Sincerely yours, 

j1J~ ~. f1JL,-. 
WORTH D. PHILLIPS 
Chief, Engineering Division 

BUY U. S. SAVINGS BONDS REGUL.ARL.Y ON THE PAYROLL. SAVIIIIGS PLAN 
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OFFICE OF THE ASSISTANT SECRETARY OF COMMERCE 
Washington. D.C. 20230 

September 10, 1973 

Mr. Daniel R. Muller 
Assistant Director for 
Environmental Projects 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

50-352 
50-353 

The draft environmental impact statement for the proposed 
"Limerick Generating Station, Units 1 and 2," which accompa
nied your letter of August 15, 1973, has been received by 
the Department of Commerce for review and comment. 

The following comments will supplement our conments trans
mitted to the AEC on January 4, 1973 on the first Limerick 
Draft Environmental Statement dated December 1972. 

The major sources of operational g-aseous effluents as described 
in section 3 and listed in table 3.4 is the condenser air 
ejector and the mechanical vacuum pump. The former is described 
as being released after a 90-day holdup (180 days in December 
1972 Draft) and in the latter the staff assumed 16 hours per 
year of operation (10 hours in December 1972 draft). Since 
the frequency and period of release still appear to be very 
sporadic, it is our view that the use of the annual average 
dispersion values found on page 5-25 is inappropriate for 
the computation of the downwind radioactive doses ~o~~.d in 
table 5.4, 5.5 and 5.6 

Section 1.2.2, page 1-3 

It is stated that "Initially, the water needs for augmenta
tion of the Limerick cooling water supply may be as much as 
one-half the planned diversion flow (about 105 cfs), but by 
1995 this requirement is expected to be about one-third of 
the total flow in the Diversion (about 150 cfs)." It appears 
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that the flow figures quoted have been transposed during 
preparation of the environmental statement. This discrepancy 
should be rectified in the final statement. 

Section 3.3.2, page 3-9, paragraph 1 

It is stated that the intake structures on the Schuylkill 
River,"are designed to limit the velocity of water approaching 
the traveling screens to 3/4 fps to prevent impingement of 
fish •••• " Additionally, Figure 3.6, page 3-8, also indicates 
that floW speed at the traveling screen would be approximately 
3/4 fps. However, discussion of this topic in Section 5.4.1.2 
on page 5-12 indicates that the maximum approach velocities 
to the intake screens will be approximately 0.3 fps. The 
0.3 fps approach velocity figure was also confirmed by the 
applicant's chief engineer at a recent meeting concerning intake 
structures. This discrepancy should be corrected in the final 
statement •. 

Section 5.4.1, paae 5-11 

We note .that .this section includes limited discussion on 
possible entrainment and impingement of finfish species from the 
Schuylkill River and Perkiomen Creek. However, neither this 
section nor Appendix C discusses the potential entrainment 
and impingement problem thoroughly, particularly with respect 
to American shad. The Delaware River currently supports a viable 
population of this· species, and there is hope that the wellbeing 
of shad will be enhanced by removal of the pollution block at 
Philadelphia. It appears possible that entrainment of shad eggs 
and latvae at the Delaware River intake structure could counteract 
attempts to restore shad populations and, therefore, defeat the 
purpose of the restoration program. The Delaware River intake 
structure and associated impingement and entrainment of American 
shad and other finfish species, plankton, fish eggs, and larvae 
should be discussed thoroughly in the final statemeLt. All 
pertinent information should be extracted from the Delaware 
River Basin Commission Final Environmental Impact Statement, 
Point Pleasant Diversion Plan, Bucks and Montgomery Counties, . 
PeDDsylvania, and includedin the final statement. 
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Section 5.4.1.2, page 5-17 

It is mentioned that the net effect of cooling tower blowdown 
on biochemical oxygen demand levels in the receiving stream 
"could possibly be beneficial." We feel that this statement 
is subjective and may project a favorable impression that may 
not be warranted. Though existing BOD taken into the cooling 
tower will be used more rapidly, BOD levels downstream from the 
diffuser pipe will likely increase from decomposition of organisms 
killed by p~ssage through the system. Therefore, although the 
net effect on BOD levels in the stream could be beneficial it 
appears equally possible that the net effect could be detrimental. 

Section 6.2, page 6-6 

The description of the monitoring program would be much improved 
if more specific information contained in the applicant's Environ
mental Report were also included. For example, maps showing 
sampling station locations, tables providing specific information 
on the media to be sampled, and tables outlining the frequency 
and type of analysis to be performed on the samples could be 
provided rather than simply referring the reader to a report 
to which he or she may not have convenient access. 

Section 8.1.2, page 8-2 

It is stated that "the operation of this plant with the proposed 
water supply via Perkiomen Creek has a potential for environmental 
benefit to the biological community within Perkiomen Creek, if 
adverse effects caused by impingement and entrainmenE at the 
Perkiomen intake are maintained at a low level." It is stat.ed 
in Section 5.4.1.1, page 5-11, however, that 30 percent of the 
stream flow will be withdrawn from Perkiomen Creek under median 
flow and an estimated 70-80 percent under conditions of extreme 
low record flow. Assuming a random distribution of plankton, 
fish eggs, and larvae, one could expect an equivalent reduction 
in populatiQns of these respective groups. We realize that 
similar questions have been posed previously with respect to 
information on Perkiomen Creek; however, we feel that the staff's 
response is not sufficient. Frequent reference to the Delaware 
River Basin Commission Final Environmental Impact Statement, Point 
Pleasant Diversion Plan, Bucks and Montgomery Counties Pennsylvania 
without including pertinent data makes it difficult to properly 
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evaluate the environmental statement for the Limerick Generating 
Station. Further, because environmental reports and other environ
mental statements often are not available to a reviewer, a thor
ough review of the environmental statement is difficult. There
fore, we recoumend that pertinent information regarding the 
Perkiomen Creek Diversion be incorporated into the body of the 
final statement. 

Section 13.5. page 13-7, comment 3 

In response to a question concerning deposition of sediment 
at the intake $tructure, the staff states that properly designed 
intake structures at the pumping site are expected to alleviate 
this problem. Without having benefit of the information pre
sented in the Point Pleasant Diversion Project Final Environmental 
Impact Statement, it·is difficult to accurately assess this 
potential problem. It would seem, however, that withdrawal of 
30 - 80 percent of the total flow from Perkiomen Creek could 
cause sedtment deposition at or near the intake structure. 
This topic should be discussed in more detail in the final 
statement, and sufficient information should be presented to 
permit others to-adequately evaluate this possible problem. 

Thank you for giving us an opportunity to provide these comments, 
which we hope will be of assistance to you. We would appreciate 
receiving a copy of the final statement. 

Sincerely, 

i.,~ ~eqa//4 
Deputy Assistant Secretary 
for Environmental Affairs 



.JAMES F. WRIGHT 
EXECUTIVE DIRECTOR 
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DELAWARE RIVER BASIN COMMISSION 
P. O. BOX 360 

TRENTON, NEW .JERSEY 08603 

. to 
(6091 883-9500 ,'\ ,->-',.-"",,-, ~ 

I~S. fltlf:'Jt)'tJ C, QUARTERS LOCATION 

S b 5 1973 " ... f b ' TATE POLIC:E DRIVE 
eptem er, :~if\,.2'"-.,.I'\·' -{ ..;),1;.,10112 T TRENTON, N. oJ. e, t;,:~. /,~:~,~ ~ 191J .~~ 1G~ 

\. .• \ J' .~., J "( ." '. -.)~ . ~ -, -}~~ / 

\')'. ')1:"''-' . . ' , /~.~ .... , 
":':'~:~~'.;:'~\ ~,:~: ;::~ , 

Re: Draft Environmental Statement for 
Limerick Generating Station 
Units I and 2, elated August, 1973 

Dear Mr·. Muller: 

The Delaware River Basin Commission's staff has 
received the draft statement and offers the following comments for your con
sideration: . 

Page 1- 4, par. 1.2.3 A'itemate Water Allocation 

Reference is made to DRBC Docket No. 0-69-210 CP being 
available in Appendix H. Our review copy of the draft does not have this document. 

Page 5 - 5 

"Since the provision of Section 3.6 of ••• " should read as Section 3.8. 

Page5-6 

The DRBC does not suggest any "possibilities to fulfill the requireme"lt 
to provide a reservoir". At the request of the AEC, in agreement with CeQ, the DRBC 
staff provided information with regard to the subject of the utilities furnishing com
pensating water supply if Tocks Island Reservoir is not available. In revhw:L.., the 
alternatives, the material forwarded to you on June 6, 1973 made it clear that "The 
following information has been compiled to generally describe the type, size and 

- cost of reservoirs constructed for the power plants and located in the above-mentioned 
areas. 'This information does not reflect detailed engineering analysis necessary for 
specific site analysis. It represents only very preliminary estimates of data useful in the 
early stages of a site selection process. The information is based upon the best available 
data at this time. A detailed evaluation will be made when and if such a reservoir 
becomes a requirement. II 



Mr. Daniel R. Muller -2- September 5, 1973 

The selection of the location of any reservoir required for the 
Limerick plant is the responsibility of the Philadelphia Electric Company, at their 
own expense. The DRBC's responsibility is the approval of the location and 
operational procedures (refer to page 7, item (c) of the DRBC Docket No. 0-69-210 CP, 
dated January 24, 1973). The text of the draft should be revised to make clear 
that the alternatives discussed in the June letter are not DRBC suggested possibilities. 
Rather, they are possible alternatives. The appli·cant will be responsible for 

. suggesting possible locations for any required reservoir. 

Page 5 -7 

The reservoirs referred to are not classified as "small projects" and 
are not comparable to any of the 39 sites identified in House Document No. 522. 
These 39 sites in liD 522 were small watershed SCS-type projects which, by law, 
have considerably smaller dimensions than those required by limerick. On page 9 
of our June 6 letter, the discussion of HD 522 was to indicate that there are impound
ment sites available, not to suggest the 39 sites for this project. 

Page 5 - 7, S - 8 and 5 - 9 

The impacts described are not necessarily "those generally ascribed 
to reservoirs in the Basin". The entire section should be. prefaced by the paragraph on 
page 13 of the June 6 letter which states "This entire section is representative only 
and does not substitute for the site selection and environmental s.tatement process 
which will be required if the reservoirs are determined as necessary. The ensuing 
discussion on environmental impacts is a generalized outline of what would be 
investigated during site selection and the preparation of an environmental statement. 
It is the result of very preliminary revi~w by the utilities of the rcinge of possible 
reservoir sites and the general kinds of environmental impacts, beneficial and adverse, 
that might be anticipated. No actual field surveys have been made nor have any 
technical studies been developed to substantiate or refute this information. At best, , 
the following review of environmental impacts is qualitative and subjective and is 
provided here only for illustrative purposes to demonstrate the range of information 
that would be considered if and when the reservoirs are required." 

It is important from the standpoint of DRBC that the 
reader of your environmental statement clearly understand the basis for the information 
provided to you. 

\ -: -!.-- :. 

We appreciate the opportunity to comme nt upon the 
draft statement. 

Sincerely, 

Mr. Daniel R. Muller 

J~-~7~ 
~;F. Wright 

Asst. Director for Environmental Projects 
Directorate of licensing 
u. S. Atomic Energy Commission 
Washington,D. C. 20545 



DIVISION OF PUBUC HEALTH 

J •• e s. Cooper Memorial Building 
Capital Sq uare 

Dover, Delaware 19901 

August 20, 1973 

Daniel R. Muller, Assistant Director 
for Environmental Projects 

Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Muller: 

Edward F. Gliwa. M.D. 
Acting Director 

Telephone: 302-678-4701 
A. Yvonne Russell. M. D. 

Deputy Director 
Telephone: 302.678.4700 

50-352 
50-353 

We have reviewed the Draft Environmental Statement for the Phila
delphia Electric Company's Limerick Generating Station Units 1 and 2. 
Particular reference was paid to Sections 5 and 13. 

We agree with the general conclusions of the Statement. Two (2) 
particular points emphasized in the report are the need for a supple
mental source of water by the year 1980 and the need to make certain 
that operations at the site will not contaminate the source of ground 
water supplies used for domestic purposes in the area. 

:;;;~j:0'#~ 
~~[d F. Gliw'a, M.D. 

Acting Director 

EFG/DKH/pb 

cc: A. Yvonne Russell, M.D. 
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DEPARTMENT OF TRANSPORTATION 

UNITED STATES COAST GUARD 

'. Mr. Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Muller: 

/ 
I 

MAILING ADDRESS: 
U.S. COAST GUARD (G-WS/S3) 
~ SEVENTH STREET SW. 
WASHINGTON. D,C. 20510 

PHONE: (202) 426-2262 

• :a a AUG 1973 

'0-3'2 
SO-3'3 

This is in response to your letter of 15 August 1973 addressed to Captain 
Riedel concerning the draft environmental impact statement for the Limerick 
Generating Station, Units 1 and 2, Montgomery County, Pennsylvania. 

The concerned operating administrations and staff of the Department of 
Transportation have reviewed the material submitted. The comments 
forwarded in our letter to you dated 19 January 1973 still apply and we 
have no additional comments to offer. 

The opportun~ty to review and comment on this environmental impact 
statement is appreCiated. 

\ 

.~ 
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UNITEd STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON. D.C. 20460 

50-352 
50-353 

<l; 

REC£IV[o 
Mr. L. Manning Muntzing 
Director of Regulation 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

D~ar Mr. Muntzing: 

SEP2'l1973· 4 
u. _.11 t"" 

II ..... ......, ........ 

The Environmental Protection Agency has reviewed the revised 
draft environmental statement for the Limerick Generating Station, 
Units 1 and 2, and our detailed cOIl!l1U!nts are enclosed. 

Our primary concern. with this project, as described in the 
initi'al draft statement, was the consumptive water use by evapora
tion from the cooling towers and the effect that this loss would 
have on the water resources of the Delaware River. It was our 
position, concurring with that of the Council on Environmental 
Quality,' that some solution to the problem of supplying water for 
this plant should be found other than reliance on the Tocks Island 
Dam project on the Delaware River. 

In this statement, the AEC has stated that it will require a 
schedule from the utility six months after issuance of the con
struction permit, which will also identify measures it will take to 
provide compensating water storage capacity. We recommend that 
this condition be satisfied prior 'to the issuance of a construction 
permit, if possible, and that the information be supplied in the 
final impact statement. If this is not possible, the final state
ment should describe what information should be included in the 
schedule and how this information will be used to assure availability 
of an adequate water supply by the time the plant is operational. 

The specific radiological concerns raised previously by EPA 
regarding the Limerick station have been resolved. We have identi
fied an additional problem concerning the direct shine doses from 
the turbine system. The indicated 18 mrem dose to a fisherman on 
the river and the previously indicated 7.6 mrem dose at the site 
boundary are excessive. Although doses due to the direct shine are 
not covered by the proposed Appendix I, we believe the same "as low 
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as practicable" philosophy is still applicable and that doses from 
this type of exposure should be reduced accordingly, since the 
indicated doses exceed those which would be acceptable from other 
environmental exposure pathways. 

In li~ht of our revIew of this draft statement and in accordance 
'wit~ EPA procedu=e, we have classified tha project as ER (Environ
mental Reservations) and rated the draft statement as "Category 2" 
(Insufficient Information). We would be pleased to discuss our 
classification or comments with you or members of your staff. 

Enclosure 

Sincerely, 

£At~~~· 
Sheldon Meyers 

Director 
Office of Federal Ac~ivities 
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INTRODUCTION AND CONCLUSIONS 

The Environmental Protection Agency has reviewed the draft 

environmental impact statement for the Limerick Generating Station, 

Units 1 and 2, prepared by the U.S. Atomic Energy Commission and 

issued on August 15, 1973. The following are our major conclusions: 

1. Ha conc.ur tN'ith tha AEC staff racommendation that the applicdnt 

submit a plan for providing compensating water supply. Although the 

AEC plans to require the submission of a plan for achieving this in 

six months subsequent to the issuance of a construction permit, we 

think that such a schedule should be required prior to issuance of the 

construction permit, if possible. If this is not possible, the final 

statement should specify what types of information should be included 

in this milestone plan and indicate how the plan is to be used to assure 

the objective stated. 

2. The specific concerns raised previously by EPA regarding the 

radiological aspects of Limerick station have been satisfactorily 

resolved. As noted herein, we have indicated the current EPA position 

regarding Reactor Accidents and Transportation aspects. 

3. The potential direct shine dose on the river and at the site 

boundary is excessive. The AEC should evailate measures to assure 

acceptable doses via this pathway and should require plant design 

changes that are appropriate. 

4. The final statement should (either directly or by publically 

available references) provide information on the nature, expected 

schedule, and level of effort of those generic studies which are 

expected to lead to a basis for a subsequent assessment by the AEC 

concerning the risk from all potential accident classes in the 

Limerick station. 
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Radioactive l-laste Management 

EPA has reviewed the radiological aspects of the reissued 

draft environmental statement for the Limerick nuclear station, and 

we conclude that the radiological comments on routine plant operations 

raised in the Agency comments dated F~bruary 6, 1973, have been 

resolved. We are very pleased to note that additional iodine control 

equipment has been proposed to reduce radioiodine discharges from 

the turbine building. Tnerefore, the radioiodine discharges from 

this plant are expected to be "as low as practicable" and to result 

in potential thyroid doses within present regulatory guides (Regula

tory Guide 1.42). 

We note that, according to the AEC model, the potential dose from 

direct shine to a person fishing on the Schuylkill River is 18 mrem/yr 

for a 500 hour per year exposure period. While this dose appears to 

have been calculated on a conservative basis, it is 3.6 times the dose 

considered acceptable under the guidance of the proposed Appendix I 

for the gaseous or liquid release pathway. Thus, we believe that it 

is an excessive potential dose. Furthermore, the previous version of 

the Limerick draft statement indicated the dose due to direct shine 

could be 7.6 mrem/yr at the s~te boundary (850 meters). This alone 

would exceed the acceptable organ dose for exposures from the gaseous 

or liquid pathway as given in the proposed Appendix I. While we realize 

that the proposed Appendix I does not apply to direct shine, doses 

received in this manner are equally significant to those via the path

ways covered by Appendix I. Thus. since corrective measures may 
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be more easily provided during the design arid constructiOft stage, we 

recommend that additional measures be considered by the AEC and that 

provisions be incorporated in the plant design to provide "as low as 

practicable" direct shine doses. 

Because of the extensive changes in this edition of the draft 

statement, we have identified several new points which warrant 

cOI!!!llent, and these have been included below as "ADDITIONAL COMMENTS.' 

The following sections concerning "Transportation" and "Reactor 

Accidents" more accurately represent EPA's position on these generic 

topics. They reflect advances that have been made and, therefore, 

totally replace the similar sections submitted in our February 1973, 

comments. 

Transportation 

EPA, in its earlier reviews of the environmental impact of 

transportation of radioactive material, agreed with the AEC that many 

aspects of this problem could best be treated on a generic basis. The 

generic approach has reached the point where on February 5, 1973, the 

AEC published for comment in the Federal Register a ru1emaking 

proposal concerning the Environmental Effects of Transportation of 

Fuel and Waste from Nuclear Power Reactors. EPA commented on the 

proposed ru1emaking by a letter to the AEC, dated March 22, 1973, and 

by an appearance at the public hearing on April 2, 1973. 

Until such time as a generic rule is established, the EPA is 

continuing to assess the adequacy of the quantitative estimates of 

environmental radiation impact resulting from transportation of 

radioactive materials provided in environmental statements. The 
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estimates provided for this station are deemed adequate based on 

currently available information. 

Reactor Accidents 

E:?A nas exa.-rrin2d th2 A"!:C analyses of accidents and their potential 

risks which AEC has developed in the course of its engineering 

evaluation of reactor safety in the design of nuclear plants. Since 

tn2Se accici2nts are co~on to all nuclear power plants of a given 

type~ EPA concurs with the AEC's approach to evaluate the 

environmental risk for each accident class on a generic basis. The 

AEC has in the past and still continues to devote extensive efforts to 

assure safety through plant design and accident analyses in the 

licensing process on a case-by-case basis. EPA, however, favors the 

additional step now being undertaken by the AEC of a thorough analysis 

on a more quantitative basis of the risk of potential accidents in all 

ranges. We continue to encourage this effort and urge the AEC to 

press forward to its timely completion and publication. EPA believes 

this will result in a better understanding of the possible risks to 

the environment. 

In order to provide a fuller understanding of the direction of 

these efforts, it is requested that the final statement (either 

directly or by publicly available reference) provide information on 

the nature, expected schedule, and level of effort of those generic 

studies which are expected to lead to a basis for a subsequent 

assessment by the AEC concerning the risk from all potential accident 

classes in the Limerick Generating Station. It is recognized that 

this subsequent assessment may be either generic or specific in nature 
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depending on the outcome of the generic studies. In addition, the 

final statement should include an AEC commitment that this assessment 

will be made publicly available within a reasonable time period 

following completion of the generic studies. Clearly, if the above 

efforts indicate that unwarranted risks are being taken at the 

Limerick Generating Station we are confident that the AEC will assure 

appropriate corrective action. Similarly, if EPA efforts related to 

the accident area uncover any environmentally unacceptable conditions 

related to the safety of the Limerick Generating Station, we will make 

our views known. 
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KO~1 RADIOLOGICAL ASPECTS . 
Consumptive Water Use 

A major concern regarding this plant is the effect of consumptive 

water loss on the Delaware River. We have reviewed the revised draft 

statement with particular attention to the proposed solutions to the 

water supply problem. 

The Limerick Generating Station cooling system will require 74 cfs 

of make-up water. The Schuylkill River will be the prime source of 

this water but this will, as proposed, be supplemented by diversions, 

ranging from 6.6 to 50.9 cfs, from the Delaware River. This proposed 

plan for cooling water make-up was dependent upon the full operation 

of the Point Pleasant Diversion which was, in turn, dependent upon 

development of a major reservoir at Tocks Island. 

We recommended in our comments (February 6, 1973) on the earlier 

draft statement, the ..... applicant should look to alternative sources 

for make-up water and fully explore all feasible alternatives in the 

final statement." 

In response to the water supply questions, the Delaware River 

Basin Commission (DRBC), after conferring with Council on Environmental 

Quality (CEQ) and the Atomic Energy Commission (AEC), agreed to condition 

their water allocation permit to allow for provision of water storage 

to compensate for consumptive water use at the Limerick Generating 

Station. 
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In addition, the AEC staff has recommended that the AEC c~struction 

per.nit be conditioned to require that the applicant " .•• will take 

~hose measures necessary to assure the availability of compensating 

\yater storage capacity at J:;he time of initial po~-rer operation, if 

such is required by the Delaware River Basin Commission pursuant to 

D?3C Docket ~:o. D-69-2l0CP." Further, the D?13C and. t.'l.e ll..EC have 

agreed that, should a reservoir be necessary, the DRBC will prepare 

an enviroTh~ental impact statement on the project at a later date. 

Although we have no problems with the intent of this approach, we 

are concerned whether the decision points for the water supply are 

consistent with the goal of having a reservoir ready, should one be 

necessary, by the time the plant is operational. Thus, we recommend 

that the applicant, in consultation with the DRBC, re-examine the 

January 1, 1977, date set by DRBC for making a decision on the need 

for additional water storage facilities on the Delaware River. The 

results of such a re-examination should be included in the final 

statemen~if possible. In spite of the fact that, as we understand, the 

schedule for the Limerick station has slipped so that it will not be 

completed until 1979-1980, we do not believe that a decision made by 

January 1, 1977, will allow sufficient time to make a site selection, 

secure the necessary approvals and permits, prepare and circulate an 

environmental impact statement, and construct the reservoir. Rather, 

we think the decision process and necessary plans and approvals would 

have to be concluded, not initiated, by that date, so that construction 

could commence. 
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The AEC staff has recommended that the applicant be required to 

submit, six months after issuance of a construction permit: 

A schedule identifying significant milestone dates to 
.c:.,:hie'le t::l:'':;; objective L oJ a&suring availability of 
compensating water storaAe capacity at the time of 
initial power operation_I, assuming the Tocks Island 
project will not be approved ••• developed in coordina
tion with the Delaware River Basin Commission ..•• 

I-Ie concur ~.,i th this recommendation, although we think that such a 

schedule should be required prior to issuance of the construction permit, 

if possible. If this is not possible, the final statement should specify 

what types of information should be included in this milestone plan and 

indicate how the plan is to be used to assure the objective stated. In 

our opinion, the plan should contain the following information: 

1.. an outline of the exact needs to be served based on the require-

ments of Limerick plant operation and other consumptive water users on 

the Delaware River, and on the hydrological characteristics of the river; 

2. the earliest date at which a decision can be made on the need 

for a reservoir to meet water supply needs; 

3. what alternative courses of action will be examined, and what 

information, data and studies will be necessary to meet the plan; 

4. an approximate date of when the DRBC environmental impact state-

ment may be issued (if a reservoir is needed); 

5. when the site decision will be made, construction will begin, and 

the project will be ready for use. 

The final statement should indicate how the ABC plans to make use of 

this milestone plan to attain the objective of assuring an adequate 

water supply by the time the Limerick plant is operational. 
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~e would like to request, if appropriate, that the plan and reports 

of subsequent actibns pursuant to the schedule set forth be made 

:"-:3..£:!.='::'le -to t.he E:l.VL:onmental Protection ~gency (Regl::m III). 

~~= Considerations Regarding Water Use 

'I'he pipeline transmission of tvater fron the Delaware River to 

the plant site is preferred over the alternative of open channel flow. 

E~aporative losses will be reduced by pipeline transmission. In 

addition, the adverse environmental effects resulting from discharging 

Delaware River water into the PerkiomenCreek would be eliminated by 

the pipeline transmission. The statement should include a discussion 

by the AEC of the possible mechanical damage to the aquatic community 

of the Perkiomen Creek which would result if open channel transmission 

were used. Our consultants comments on this aspect are included on 

Appendix H to the revised draft statement. The pipeline should be 

designed and constructed to minimize the environmental effects during 

construction. 

The final statement should include a discussion of the location 

of the water intakes relative to known spawning areas. We agree with 

t~e AEC that alternatives to the planned design of the intake systa~ 

to reduce impingement losses should be considered. This is particularly 

appiicable to the Perkiomen'Creek if large volumes of water are to be 

removed. 

A question exists whether the total hea~ load on the~ river has 

been included in the computations presented in the draft statement. 
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The unusual configuration of the discharge structure will introduce 

heat transfer through the pipe walls which may possibly have been 

neglected in the computations. This matter should be clarified in the 

fiilal stacement to indicate clearly that the total heat transfer to the 

river has been included. 
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During the review we noted in certain instances that the statement 

did not present sufficient information to substantiate the conclusion 

presented. We recognize that much of this information is not of major 

importance in evaluating the environmental impact of the Limerick 

nuclear station. The cumulative effects, however, could be significant. 

It would, therefore, be helpful in determining the impact of the plant 

if the following topics were addressed in the final statement. 

1. The JOint frequency tabulations of wind speed, wind direction, 

and stability condition, based on available on-site meteoro-

logical data should be included in the final statement. 

2. It would have been helpful if the location of all changes 

in the reissued draft statement had been marked, as were 

those related ~o the water resource problem. Changes in the 

text of the draft statement should be identified in the 

same manner in the final statement. 

3. Clarification of the reasons (e.g., improved data, system 

changes, additional commitments) why the radiological source-

term models and the dose assessment models were changed 

should be presented in the final statement. For example, 

these changes in assumptions or results were identified as 

follows: 

a. Drywell leak decreased from 2400 lb/hr to zero (no entry). 

b. Decontamination factors for cryogenic still overhead 

increased by a factor of 10 for iodine and xenon. 
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c. Factor of 500 increase in release rates of Cs-134, Cs-136, 

Cs-135, and Ba-l37m. 

d. Factor of 3 decrease in 1-131, versus no change for 1-133 

and versus a factor of 4 increase for 1-135. 

e. Normalization to a non-tritium release of 2 curies compared 

with 0.22 curies previously estimated (or compared with the 

0.76 curies given at the top of page 3-26). 

f. Factor of 3,000 increase in release rates of Y-9l, No-99. 

and Tc-99m. 

4. Clarification should be provided in the final statement of 

the bases for the changes in the amount of solid radioactive waste 

to be shipped off-site. 

5. The final statement should include a discussion of the environ-

mental impact of ozone produced by the high voltage trans-

mission lines. 

6. The methods to be used to control particulate emissions from 

the on-site concrete batch plant, if there is to be one, should 

be discussed and evaluated in the final statement. 

7. The impact of the vapor plumes from the natural draft cooling 

towers on light aircraft operation in the vicinity should be 

addressed in the final statement, including effects on visi-

bility and winter icing. Also, the potential i~teraction of 

stack gases, from industries in th3 vicinity of Limerick 

Station, with the cooling tower vapor plumes should be eValuated 

in the final statement. 
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8. Although on-site meteorological data has been provided by the 

applicant since the original issuance of the draft statement, 

it is not apparent the data were utilized to 'evaluate the 

radiological doses given in the revised draft statement. 

Additionally, the deficiencies with the meteorological 

evaluations previously indicated by EPA (see p. H-66 of the 

revised draft statement) also apply to the new data provided 

by the applicant. These points should be addressed and 

resolved in the final statement. 

9. The on-site meteorological tower should be located to assure 

that the exposure of the instrumentation will not be adversely 

influenced by the natural draft cooling towers. Guidance on 

the proper placement of the tower and its instruments is 

available in Volume II of Air Pollution by Stern. 

10. The final statement should include a discussion of whether an 

advantage with respect to dilution of residual chlorine 

could be gained by coordinating the batch discharges from the 

cooling towers' settling basin with periods of c~denser 

chlorination. 

11. A spill prevention, containment and ~termeasure plan for 

non-radioactive hazardous substances should be provided and 

discussed in t.he final statement. 

12. The statement indicates that non-radioactive liquid wastes vill 

be discharged after appropriate treatment and that the sanitary 

waste treatment plant will be operated such tbat no 8ilD1fieant 

BOD loadings will be imposed upon the Schuylkill liver. The 
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final statement should provide a discussion of waste treatment 

facilities which will be provided for the non-radioactive 

liquid wastes. 

13. Procedures should be developed to avoid rapid or planned shut-

downs in midwinter except under emergency conditions and to 

minimize the environmental effects of the shutdowns when they 

cannot be avoided. The sudden temperature change would re-

suIt in severe damage to the aquatic life in the river. 
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DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 

OFFICE OF THE SECRETARY 

WASHINGTON. D.C. maol 

September 17, 1973 

Daniel R. Muller 
Assistant Director for 

Environmental Projects 
Directorate of Licensing 
Atomic Energy Commission 
Washington, D.C. 20545 

Dear Mr. Muller: 

Enclosed please find a copy of our comments 

50-352 
50-353 

',,- \ 

on the Philadelphia Electric Company1s Limerick 
Generating Station, Units 1 and 2 Draft Environmental 
Impact Statement. 

Thank you for the opportunity to comment on this 
statement. 

Sincerely, 

~~onM~~ 
Acting Director 
Office of Environmental Affairs 
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MEMORANDUM DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 
PUBLIC HEALTH SERVICE 

TO 

FROM 

FOOD AND DRUG ADMINISTRATION 

Mr. Paul Cromwell 
Acting Director 
Office of Environmental Affairs, DHEW 

Assistant Director for Special Projects 
Bureau of Radiological Health 

DATE: August 23, 1973 

SU~ECT: Draft Environmental Impact Statement - Limerick Generating 
Station, Units 1 and 2, issued August 1973 

This draft environmental impact statement is a reV1S1on of 
a draft statement dated December 1972 on which this Bureau 
commented by memorandum of February 6, 1973 to Mr. Robert D. 
Lanza (copy attached). Copies of pages ii and iii of the 
August 1973 report which indicate the reasons for submitting 
this revised statement are attached. 

The revised statement does not include any discussion of the 
potential effects of the alternate proposal(s) to supply make
up water to the station on the concentrations of radionuclides 
in the Schuylkill River dotnstream from the plant at Royersford, 
the nearest user of water, nor the radiation dose to users at 
that location. It is not apparent from the statement that 
consideration has been given to the probability of or conse
quences of failures in the supplemental make-up water system. 

The report should indicate spcific considerations of these 
factors. 

Ernest C. Anderson 

cc: 
Dr. Kenneth E. Taylor 
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DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT .~' SEF' 171973;'- :::. 
PHILADELPHIA AREA OFFICE \,,_. ~ .. ',:: ~ .. ~':' r:: 

CURTIS BUILDING. 625 WALNUT STREET . \. ij.,,- \.~- "':~ /:.. .. ::, 
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~.~ 6th •• 1Id W.IIlYl Street. 

PbUad.lpbia. P ..... ,.I •• ftia 19106 SEP 12 1973 

Mr. Daniel R. Muller 
Assistant Director for Environmental Projects 
U. S. Atomic Energy Commission 
WashiDgton, D. C. 20545 

Dear Mr. Muller: 

IN " ... L Y ..... 1:" TO. 

3.4PPC 
EDY. 
Your Ret~: 
Docket Nos. 50-352 

50-353 

SUbject: mm Philadelphia Area Office Comments, Prel1m1ne.:ry Draf't 
~ronmental Impact statement, Limerick Generating Station 

We regret that we are not in a position to comment in detail on this 
Impact Statement. However, we understand that the Montgomery County 
PlaDD1ng COmmission (MCPe) is preparing comments to be submitted to 
70U and has prepared a Petition to Intervene in Hearings on the project. 

Tbe M.C.P.C. has been undertaking county-wide comprehensive planning for 
a DUmber of years with the aid of mm Comprehensive Planning Assistance 
(701) funds. Further, the agency has been involved in the preparation' 
of BUD-assisted comprehensive plans for Limerick Township and adjacent 
localities. Therefore, we feel that M.C.P.C. is in a position to make 
detailed comments on the Impact Statement in mm's general areas of interest 
and has already raised, in the Petition to Intervene, a number of questions 
wbich should be addressed by your Commission. 

One point raised is that M.C.P.C. was not consulted in the site selection 
or planning processes. FurthermOre, it appears that the Delaware Valley 
Begional Planning Commission was not consulted either. We think it 
essential that state, regional and county planning agencies be consulted 
as early as possible in the selection of site and planning for any future 
plants of this magnitude. 

Tbank you for the opportunity to comment on this statement. 

cc: 

SiDeerely, 

~~Q.\~ ames R. Treadwell, Jr. 
nviroDmental Clearance Officer 

T. Atkeson, General Counsel, CEQ, Washington, D. C. (10 cys) 
Assiatant Secretary for CEM & CD 
Attention: Enviromnental Clearance Officer 
Arthur F. Loeben, Director, Montgomery County Planning Commission 
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COUNTY OF BUCKS 
BUCKS COUNTY PLANNING COMMISSION 

County Commissioners 
JOSEPH F. CATANIA 

Chairman 
C. JOSEPH TRACY 

DENVER LINDLEY, JR. 

. Administration Building 

Dr. L. Richard Schumacher 
Vice Chairman 
Henry Felton 
Eugene J. Gale 
Harold O. Gross, Jr. 

Mr. Daniel R. Muller 

Doylestown, Pennsylvania 18901 

Hobart G. Biehn 
Chllirman 

Franklin C. Wood 
Executi"e· Director 

50-352 
50-353 

September 

Assistant Director of Environmental Projects 
United-Stat~s Atomic Energy Commission 
Washing~on, D. C·. 20545 

21S - 348-2911 

JOIepb C. Elder, Sr. 
Secretary 

A. Marlyn Moyer, Jr. 
Elinore R. Ridge 

Charles T. Sullivan 

RE: Draft Environmental Statement for Limerick Generating 
Station, Units land 2. . 

Dear Mr. Muller: 

Comments from the Bucks County Planning Co~nission in regard 
to the above project will be submitted on s~p.tember 28, 1973. 

The Bucks County Board of Commissioners have set September 
25, 1973 as the date for review and decision on the Point Pleasant 
Diversion project. Since the Philadelphia Electric Company is 
involved in tl.is project, the Commissioners I decision will have 
a direct bearing on those portions of the draft environmental 
statement dealing with water supply for the Limerick Station. We 
therefore believe that it is proper to include these comments at 
this stage of your environmental review. 

In addition to the above subject'our comments will primarily 
be directed toward the effect of the required compensating storage 
of water and the reduction of fresh water available for municipal 
and industrial purposes. 

~ Sincerely . your s , . 
_ 'riD ·b,~ 

FCW/js/ljh 
cc: Bucks County Board of Commissioners 

Division of Natural Resources 

Franklin C. Wood 
Executive Director 



S.eptember 13, 1973 

Mr. Daniel R. Muller, Asst. Director 
for Environmental Projects 

Directorate of Licensing 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

Dear Hr. Muller: 

I-51 

Hereby submitted are the comments of the Montgomery County Planning Commission on 
the ABC Draft Environmental Statement for the Philadelphia Electric Company's 
Limerick Generating Station, Units 1 and 2, dated August 1973. 

The comments submitted do not repeat issues previously raised either by the 
Planning Commission in its Petition to Intervene dated June 22, 1973, or by other 
agencies as they are reproduced in the Draft Statement ( Appendix H and Section 13 ). 
Many of these previously raised issues are considered of great importance by the 
Planning Commission, but the intent of this document is to deliberately focus on 
additional areas of possible concern. 

Arthur F. 
Director 

Loeben 
~ 

cc. County Commissioners 
KCPC Board Members 

MONTGOMERY COUNTY PLANNING COMMISSION 
court house • norristown, pennsylvania 19404 • 215-275-5000 
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Summary and Conclusions iii-iv 3.3.2 

~t1~r co~~~nt: Cooling towers have been chosen bccause of 
the poor water supply at -the site. Another site selection 
could have precluded this problem. 

SUJ!portiu; CO!~.::leJlts:. A great deal of the material 1n the DES 
arises fro~ the need to deal with a very complicated water 
supply problem at times relating to the difficulties of supply 
in the entire basin. Had a more comprehensive site anal~sis·been 
.conducted, the water issue could have been much les~ complex. 
As 1t presently stands the water sup~ly for· the plant is unre
solved. 

..§.tCI i O!l 'I'i tlr: ·Scct5.on l~t!!':bcr Othcr R'lfcrcnce ~~ct:i on (s) 

Summary and Conclusions 1ii, part 4C Figure 3.8, H-l22 

Question N C.Q;!llI!~.: Are the intake screens i'ppropriate? 

~upportins Co~~ents: . The sampleR collected at many sites were 
not c01!plete because a seine using 1/4" mesh was emp10ycd. 
Recommendations have been made and accepted that 1/8" mcsh 
"eines be employed. This line of thinking should be 
extended to thc rc\·olving intake screens. 

J~£.r.t:fcm.!:i t-J.~ 

Dcmography aud J..and 
Use 

2.2 4.1,8.3.3 

.Qu,rJlt.1Q.lL.or <:p:-:~t: t·7hy does the "Gcneralizcd Land Use Plan 
5-milc radius" (Fi~. 2.6) di~a~rcc substantially with the 
Pre11m:Jna1"~ ~nd Use Ple.n of Hontgol1lery County? 

S\lpporJ.:..i .• m~q .. C.~:.-"!:I~nt~: The county plan dcsignates the Limerick Plant 
vicinity as a '~~dium Density Settlencnt area DS indi~atcd in 
Figurc V-3. Figure 2.4 suggests that it is classified 
"Agricultural or Vacant." Furthcrmore, the County pl::m·ehows 
a major new road, the Phoenixville Spur, closc to the plant. 
This is not indicated at all in Figure 2.4. 
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EXternal h~pear~nce 3.1 

Qther,.J:.sf cl:£nce~ecti on (ri) 

Figures 3.10-3.11 

QUf;!.ti ':In or C.1::~~n.t: \-:'hat nre the operating conditions for the 
i1lustration~ in figures 3.1 and 3.3? 

.&!mP..ortln<:.; Co:""::";cnts: There doesn't seem to be any plume. The plume 
height exa~ples (figures 3.10 short plume, figure 3-11 moderate 
plume) indicate that the largcst single volumetric component in 
eacn figure should be the plume. 

SrCo tt~!n ":~t 1 r. 

Heat Dissipation 
Systcr.8 

Other Reference Sectio:l(!';) 

3.3 3.1, 2.2.2 

Why were spray ponds and canals not evaluated? 

Supoortjn~~:~~ent~: The attached clipping describes a closed-cycle 
cooling system being built by the Detroit Edison Cocpany to serve 
two 1100 y~.: nucl(:ar plants (the sa,1!le size as Limerick Units 1 and 
2) plus an SCQ },:t·l oil-fired plant. Consumptive Hat.er require::lents 

. are only 9000 galbjin as compared "d th the l-oi11ion Bnl/min 
"ilich would bc required by cooling tm·lers. The pond area is only 
240 acres~ in contrast ,d.th the 3000 acres which the applicant 
suggests. In addition, cmriroOl!'eotal probleTls of thcI1:lal impact, 
moisture injection, and visual ~ppearance are completely eliminated. 
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Business l'~eck, June 9, 1973. ps. 35 

1\~Ofllic power will go 
inl.md in r.'icili;Hln -----I 

A nllclear p!ant thnt 
Wm ii\'~ i:l :l p?r~ " ._------

-U~n-Ut~ljtic:3 a.v.! I'n\'iro:'l:llt'nlali~11 
,"cot 11)::<·tt.~I, il'i~ 1l<:::,lIr it. CO:III, nut 
lor th'.! r""t 10 '"Or.tl:~, J),·tn'it ~:'li.O('n 
CA. and the N::.ti.)f.!!1 Auo..:lJon ~icty 
bve \\Corked bur..o. .. iou.;,ly to I~ a 
pulslit' n3tnfe p~C:;I::,\'C: .. nd I.'n\·iro~
lllellt:ll rent~r 011 a $;1" (() mi, nMh (Or 

• Dfotroil, "'t.rr,, Ih·: oWil)' iJ Ir.lilclin:,: ''''0 l,\I.':I·~,h" n~:de~r ~':)"·c.'r r·!:mt .. ;",jj 
.I1'&~:'oI.- "jJ-f:r.'C! l'!olUI. 'ChI! plan .. 
wl:ieh "'ill lie an:I":t:l(,.~ Il('l;t .-.:c:!., ~ 
tepr~nt~ II", firit ti~(' th:!.I I~c large t 
a.uftf'r ZOIl" ''''1:lircd arc>ur.d !I::tlc::ar Ca- ~ 
cilitics "'ill be 1'011 til "",tclUh'C: '~:rlla- } 
'illnal ::~C. J Loc.atetl 011 lnArj:ind larmhnd 10 !IIi. L. ____ -.i _____ ~ __ ..J 

Inland frolll Lui;e: IIUI'.II, th" I.o ..... er "II!,Jn't 'UI'jl{>;C it "'fil blnnt thoM ell
fomr!i:lt. to ~ k"own a" Ihll liH:C"- yironm(:r.II\t:~b.-ho 1.'\Ok at all DUCJcar 
weod .:n"'~gy Cclll~r. ,,'m Cc: .. IU~ II . plM:ls ."ll3d," 
C'Ior,'CI-C"\'~!l' l'O-·.!i,,~ ~\'H~:'Il \\ I:(:n it is }'''r ill! ,,:1fl, the AII~:lbon So.,;et)' is 
iC':.\N-r.·~f"'in·lF.;r·l;:l· i;'~1:=~ir .. na:;;.. q;!ic:k to f..,,)" th:tt its jI!Aft "is r.('t an cu
v5th~.;"""1~t!-"'-·i,'"a~·.i:r~ - a ~·.·:·t"'Rl 01 u(tr4-:r-unL o! aur!car rower .... .Aud.Jooo 
{tf;.")oJ ~ .. -;:!r:,-~;r:t.::;a;;ii.::;:t' -';~~:H J'rt:::dcl.t l~h'is. J. Sta.!.r. Jr •• C'6hCCC:es. 

~'~i! .. !t-i~ t!~E:-F:r..t!JJ;~w~~ .. ;is: Mn\c It.'\ffcni hifd mi~=:h·ins:s, but since 
""':r_.~~t .'\! ":~~~!:_,,=;:~~I.~_';IH."!+1. in tho pi:n:t .. ·ou:d be ituiiL '" itl. IIf' witJ.. 
TZ':~:J).p!"n.(·:. .. n)·_o:....:: .. l,;;.t,..v •• ~l_.a. o;t ,,\t!t!&:h":l i:~i,.. I~I~ 1:" .... '1. ';,,,,;":"J w 
'Toii1...i!\' • .Ar"; ,,:.lj· !).~») , .. :, p~r r.-.inut" ritch in, SoL)'li St:lbr: -i\n~' im!U$try 
or ... ;oler f!(I:r. lH,;;e iiuro:! ,,"iiI "" r~'" thal has land ar;.md an i",..al!ation 
.alrfi! .to· o!i::e! C'O:::r~r:ltioll Io!.~s. sh?:lld IF)' to m:lltimi~e the ('ut.Jic ben
co:r.p:'Rd \\'ith l·,,:i:iio~ r;om r.ecdl'd .at. I hope many other. wiD do similar 
'" pau-lhro:J/:h towlin: lo",·ers. tbinCL .. 

Footralhs y .. m .. inJ around thc two 
.• rtir~ial lakrs (or,c "'0 acres, Ihc otl,er . ___ _ 
100). thnr.:gh rn:lu!lcs. mudo"". and 
-.ods. a/loY.;n; Tisitors to C)"~f\'C a 
yariclyof Mti\'C ... atcrCO',,·1 anti s:ame.' 
Edisoll "'iII :1.0 CO:"lstrud scenic look-
CMl(s, a I\:Ilure C'!IIter, and II n)"carch 
tacility 10 stud)" thc CIITi:Ollmcnt:il im-
pact oUlle r!ant,. 
Goe4ltuslnes., 'I'hc p!an, c.:I:nmi.io:Iecl 
br f'.di$Oll lor n',(i!j,), ... as rr~p;tr.:cl by 
Aacl:lll'Ull'1 I\~tur.: Ci:nt¢r l'lannin: 
Diy, and ":IS accc;":ed ill full hy the 
.tilily. Audub~n rrtlJ".;u the CtlSt at 
$166.Il00 lor land im;;re~em"nt and 
bui!t!ints, ~!t!-4 $l~~.o:jJ a y'::lf foroper
atiola-.m.:t.lI c~n!:ll ne::t to the $1.1-
,,'Iion inTutnlcnt ill the rl:tnts lhem-
.. Ins.. William G. llce5c. t:diJon's 
pt~ic!ent, s:a~. Ihe :'otithi.::.:t.n Putlic 
Stnic:e Comlr.i~sion likes t!lll iJ".a and' 
d p:oll:lbly allow the utility to add 
tlaco Nit to its III to: bs.:, 
. )Ic(~e. ,.,ho has p:c\'j,.u,I)' ,,·orlcecl 

with the Si«ra Club to l>fc\'C'nt thv
.. t poUutiol! :It t",o lIu,·: .. ar .iws on 
Lake Erie. 14'C5 tll" Au:!u!.on plan as 
,00.1 bUiin"", "T~.I: ,,·!' .. :c indlN"T is 
IIIIJ~r b~J,~ rr~.~u:", W.: (oln uke 
communilrluc!cl"S to t!le site .IId show 
'he:ll lh:lt IIu<·i<! .. r p!3nts IlIlc:J not d~ 
craJe lhor cIITnr.::lcllt." i'u, hc acWs. 

., 
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Sect:f on l~tl",her 

!lake \:p "?ater 3.3.2 6.3.1, Table 3.6 

~t1..olL9~~TI...t..: There is no development on the discharge of 
water into the Pcrkiomcn Creek which is obtained from the 
Delaware river. 

SupnortinLCol"~('nts: A development should he presented which is 
similar to the discussion in section 3.3.3 on blol07-down vater 
vhich is dischareed into the Schuylkill. In particular, the 
following it~s should he covered: 

1. The discharge into the Pery~omen from the Delavare 
docs not require a mixing zone of more than one-half 
the river cross section. 

2. The range of temperature differences expected, and a 
statement of worst conditions. 

3. The effect of the discharged suspended solids (Table 3.6) 
on the life of the stream in teros of BOD in particular. 

4. Th~ effeet of the total Ctl on the life of the stream. 

~{'.ctiQn T:LtJe 

"'valuation of 
Cooling Towers 

3.3.4.1 

Other Reference Scction(s) 

. Summary 'and Conclusions 
Item 4f 

Que:::t$on orJ-Q1J.iJill!Jt: Consideration of 'the impact of the plume from 
the cooling towers iA not given l-lith reference to air traffic. 

Sunpo_rt:inf; c.Q.~~=Cjlts: A l1ecting of concerned. parties on }Iarch 26, 1971 
led to a reduction in height of meteorological towers and increase 
in number, rea.sons being because of thc presence of to,,'ers as 
obstructiorls. "les~ than t",·o miles from Pottsto\,'n-Lirnerick Airport 
and Pottsto",'n Vortnc and abuut five miles from PottstC\-ll\ Hunicipal 
Airport." Both aircraft visibility .and icing possibilities 
should be re\ri(",~ed in licht of plut:!c forecasts. Figures 3.10 and 
3.11 ShO\Ol visible and invis:f.ble plumes at points five oiles from 
the coo long towers; hence, poter:titilly inveloping all of.the 
airports in the above quotation. 
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Downwash 
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3.3.4.4 

",Other R~fcrence ~cction(s) 

~tion Ot ~~: The discusaion of wind requirements fpr downwash 
to occur are misleading and inaccurate. 

Supporting Corrmcnts: Our calculations based on exit velocities cited 
indicate a \-lind velocity of 26 mph is required for dO""ll't~ash rather 
than .tbe 30 mp~ quoted. 

Secondly, the citation that equates 30 mph winds with hurricanes 
and tornadoes is highly inaccurate. ·The minimum hurricane wind 
speed is 75 mph; tornadoes have higher cone rotation speeds and 
the cones travel SlO\'lly at times. 

Scct:f.cn Ti tl ~ Section lll.l!'aher Other Reference ~cction(5) 

laVironmental Effects, etc. 4 

.QLlf:.~.ili..L-'t~rnmnent: The general assessment of the possible reservoir 
sites is illadequate. 

Suppo;:J:i.ng C"r>1:l~nts: It is not sufficient to deal with hypothetical 
sites in'New Jersey or Pennsylvania when over 50 Mgd of water 
.DlSt bc availab.le to operate and shut down a nuclear power 
plant. All comPonents of the program must be planned a~d provided 
for. If the decisions are postponed, the development will become 
less orderly than it is now. 

k,s.IJ9.3 .... !H .. '.tt 
Tr~nsl .. issj on Line 
LaDd Use 

4.1 3.7 

OuCfiUn.n .. -'lT comment: Why were the environmental impacts of the 
rcquirt:d 500 Kv L1mcrick-\'!hitpain line not evaluated? 

Bupport.infl Co~ents: This line is an integral part of the project, 
being required to bandle the output of Unit 2. Even though the 
route of th1~ line is an existing richt-of-way, the environ~ental 

. costa should properly be considered as part of the Limer.i.ck 
. project since without Limerick. this routing would not be required. 
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J)ecou..~issio,!ing 
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5.8 8.2.3 

~'Cf-tJ~1-~~O~I!e~~: The decommissioning information is incomplete 
and deals primarily with the radioactive materials on site. 

Supportinr. C_O!!:!!'cnts: A comprehensive statement should be made for 
each of the three alternatives cited. This is particularly 
true for alternative two which involves a new generating 
facUity. It is possible that the new facility will be,·more 
demanding of environmental resources • 

. Effluent and EnvirC'nI:lel~tal 6. 
Measurement atld }Ionitorin~ 

. Programs 

..Qlu=>,liiml..QLJ;p..l;£.enJ;.: l,'hat provisions are made to monitor and control 
the flot., of vater from the Delaware which is discharged into the 
Perkio~cn uuder near flvod and flood conditions at the point of 
discharge 

Support:i..I.llLCom:nents: No discussion is presented which provides 
assurances that flood conditions will be avoided \lherever 
possible at the.point of discharge and downstre8.'!l. 

1!£.('J.:.,;L~!l T it lt~ 

Basis for Economic 
Analysis 

Section Number 

12.1 

Other Reference S(.·ction (5) 

.Ql.\~~_tJ.mL.m:: CClt:;;.r.J1t: t\'hy was a discount rate ofS. 75% se.lected for 
present worth calculations? 

.SttJ)p(}rting CC'r..:~cnts: Fixed charge rates which provide for financing 
and capite,l r~covery are on the order of 13-207.. This range· is 
also con~istc:nt with the opportunity cost associated with after
tax-returns on investment necessary to attract new capit:11. 
Understatcr:icnt of the discount rate severely di .. lsses the costl 
benefit aualysis tot.nru a nuclear plant since the hight·r ft2el 
cost stream of the fossil plant alternatives is not sufficiently 
discounted in the present worth calculation. At 15%, the penalty 
against coal '·lould be reduced by $191. 7 million~ and for oil by 

. $227.1 millio.n. 
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Prl~lcip~.e Uenefits and 
Costs of the Station as 
propoccd 
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12.2 

OthC'r F..~:rercncc ::(!ctioll(~) 

Table 12.1 

~~9~LL-~p~~e~: How was the estimate of 15.4 billion KW hours 
of generation obtained? 

S\!ppor'qn~' Co-:::~.~nts: l!nsed on the plant rating of 2110 1-1\-1, this 
annual production represents a capacity factor of 83%. 
Accordin~ to the Federal Power Commission's current Annual 
Report, tha industry-\.,jde figure is 53%. In 1970 the average 
~8bilitX of the eight operating nuclear plants was only 
80.8%. HC!lCe, even considerine thnt "Linerick would b~ base 
loaded, 83~ seems an overly optimistic estimate for its 
capacity factor. If actual experience is lower, the projected 
benefits will be reduced accordingly. 

J}(·t.:t"'~'l._tit}l~ 

·Principle Benefits and 
Costs of the Station as 
proposed 

12.2 

OtlU!~f cr~~'L~~ 1.011 hl 
Table 12.1 

~tt2.n-.or CO'":::lcnt: Hm., can the "sunk costs" in the Limerick 
site be used in the cost/benefit evaluation? 

SUPP'ortJ.ng Co~~ents: It is a fundamental principle of engineering 
economics tl!at sunk costs are to be ignored. This is because 
the decieic·n tClkcn in no way affects them. It is proper to 
consider only the costs of all alternatives from the pr~~ent 
time forward. . 

Principle Benefitn and 
Costs of the Station as 
proposed 

12.2 

Other R~fcrrn\~c Sect1on(G) 

Table 12.1 

.Q.u~'it1&.n or c("~,,~~ertt.: knat is the meaning of the benefit item of "1,336,000 
~-1 hours of electric cr.pacity contributing to reliability of power 
supply in PJH Power Pool?" 

SUl>p',)rtim; Co.:-.-:-~~: This is an extreoely small fraction of the 
anticipat~": ge:.'lE>ration of the plant. lIas it been pledged for 
sale to the: pool? AIl-!o. cc.ntributions to pool r(.:l.i<:,bility should 
be exprcs~cd in ~~1 of capacity available to m.:~ct pei!k!: o~ deal 
with emergencies I not in lao[ hour. lias there been a missta te
ment? If so, ,.,hat portion of the Limerick plant capacity uill 
be available to the pool for meeting peaks nnd eoergencics and by 
110W much \.'111 this increase the reliability of service to 
Pbl1ad~lph.ii! Electric customers? 
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~~ction 'J':f.tl~ ~~n J!1!~~\~!" ----..... _-
Plil!C-iplc r·enefits and 12.2 12.1 
Costs of the Station as 
proposed 

, 

jM~~r __ ~~Jlt: ~~y were the negative costs of 65,000 visitors 
not considered? 

.§!-!P-~0r.ti1JE_C07!·~~~: Instead, the anticipated flow of visitors to the 
Nuclear Information Center are listed as a nonmonetary benefit. 
Assuming that half the visits will be on weekends, a steady loading 
of 625 people per ~cekend day or approximately 80 per hOUr, will 
exist. Significant problems of traffic, litter, and noise associ
ated with this flow can be anticipat~d. If students from 
surrounding schools are anticipated, then the costs of curriculum 
.materials, transportation, and staffing should be considered. 

,Sccticn Title Section NUMber Other r.cfcr~ncc Scction(s) 

Principle Benefits and 12.2 Table 12.1 
Costs of the Station as 
Proposed 

n.1"' .... i"., ~ ...... "' ...... ~ .. ~. """!-.y W~'L-':' "ll"" beu""L,.:l.'.. ~.. ':5 4 b'l'1'on TIS .-c> \,i.' "~"-----":="-"".so.lL' •• __ .. _ _ _ ~ U.L \'one .... 1... • ... n 

hours of electric energy production not expressed in monetary 
terms in the cost/benefit analysis? 

SltpporH.n~ CO!'1I1:!?Tlts: The current cost of electr:l,city is now approxi
mately 2.3 cents per 1a\ hour. On this basis, the revenue 
a,"sociated wit~ the Limet;.ick plant production would be $354.2 
million per year. On an industry-wide basis, about. one ha3.f . 

,of the cost of electricity is attributable to production expenses •. 
Hence, a rough estimate of the ~enefit of Limerick production 

. would be $177 million per year. Annualizing the $1056 million 
present ~~rth stated in Figure 12.1 at 15% produces an annual 
cost of $158.4 million; at 20% the cust is $211.2 million per 
year. Hence, it appears that the cost/bcnefit r~tios marginal, 
i.e. an)~'here from 0.9 to 1.2. Considering all of the questions 
and uncertainties surrounding the cost-benefit ana1ysi5 as 
presepted, the Limerick plant appears to have only limited 
attractivcn~ss. if any, in an economic sense. 
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Principle nencfits 
and Costs of the 
Station as proposed 
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Sect1.on l-!urnber Other Reference Scction(s) 

12.2 12.S 

~sti~u-~~on~ent:. On what basis can the cost of a storage reservoir 
be disregarded? 

Supporlil1~ CC'~J~!ents: TIle Atomic Energy Commission Statement states 
that "the reservoir is a contingency but not a certainty at this 
time." In such a case the proper procedure would be to provide 
an analysis of both cases so that the impact of the con tangency 
can be kno~~. Alternatively, the CQst of the reservoir could be 
reduced in accord with the estimated probability of having to 
build it. For example, if there is a fifty percent chance of 
the reservoir being required, then half of the estimated cost 
would be incorporated in the analysis. Ignoring the reservoir 
cost altogether assumes that the most optimistic possibility will 
occur. 

Principle Benefits 
:nd Cc£t~ of th: 
Station as proi/osed 

Sectiun Uu!",ber Other l~-c.d;erence Section(s) 

12.2 

~;tion Qr co~:menr.: How is the charge of $80.5 million (Table 12.1) 
against the fossil plant alternative justified? 

SUPPoLting Corr~ents: Based'on the shorter construction lead-times 
for such plants, it is quite possible that fossil units could be 
in serv:l.cc at the same tine or before the proposed nuclcar units. 
This would eliminate or reverse "the indicated penalty • . r 
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~ct :i ca j:tt'~ Othl.>r llefercnr.c S~ction(s) 

Principle Benefits and 12.2 
Costs of the Station 
as proposed 

.2u~tj..r>lL.s~LCO;,~~'1t: "''hat basis was used for estimating the capital 
cos~s of fossil vs. nuclear alternatives? 

Supportiil~,-Cc~,~nts: The figures in Table 12.1 indicate $307/KJiI for 
nuclear, $270!iJ·l for oil, and $295/KH for coal. It is well 
knol-m thnt nuclea.r plants arc considerably more cnpital "intensive 
than.fo~sil fUel plants. Based on data fro~ the 1970 NatiQnal 
Power Survey, the ratio in 1969 l\TaS approximately 1.8 to·'l, 
rather than the 1.13 and 1.04 ratios ·for oil and coal plants 
suggested by the Atomic Energy Commission Impact ·Statement. 
Furtheroore, the avera6e cost for nuclear capacity in 1971, also 
from l{ational POl·:cr Survey data, was $300/KW. On this basis 
the estimate of $307/KJ:J for plants, going into seryice in 1978 
and beyond seens unreasonably low in view of rapid escalation in 
all construction costs. 

Section riuf:lhcr --:--_._--.-,- .other Rc.>f«:>Tence ::;ection(R) 

Alccrn~tivc 5iLa 12.3.2 2.5.1 

~_ti("IlLc;:~~~nt: w'by were no alternatives to the Limerick 
site evaluated In the Atomic Energy Commission Environmental 
Impact St~tcQent? 

.§!umr.)rting r.o::~nent.§.: The statenlent identifi-es the following sites: 

1. Pine Forge - Hanatawny 
2. Buckingham l-lountain 
3. Sanatoga CrosCoing 
4. Washington Cro~sing - Bro.~sburg 
5. Tohickon - Point Pleasant 

The Sanato~a €rossing site corresponds to the present Limerick 
site. This short list by no means includes all reasonable 
alternath·es. In DeceI:1her, 1971 the Delaware River Basin 
Commission published a IIHaster Siting Studyll prepared with the 
cooperation cf Delcl·~are Vall~y Electric utilities. In it, 
generatib:1 .,dclitions at 1.3 locations totaling dmcst 33,000 Ht-T 
are pr.,p('~..:·\-l.. T~lese i:",~lude only water-related sites in the 
Delaware \""11(:y. 

Important \·~ater·'related cites on the Susquehanna were not considered, 
uor were ro~ential sites for combustion turbine generation. 
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LAW OP'FICEa O~ 

RONALD J. WILSON 

.,0 18TH STREET. N. W. 

WA.HINQTON. O. C. 20008 

TaKPHONE (ao.) ••• a,eo 

September 14, 1973 

U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Attention: Deputy Director for 
Reactor Projects, Directorate of Licensing 

Dear Sir: 

50-352 
50-353 

I enclose two copies of Environmental Defense Fund's Comments 
, 

on the August 1973 revised Draft Environmental Statement related 

to the proposed Limerick Generating Station. 

Very truly yours, 

~~W~/ 
Ronald J. Wilson 
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COMMENTS BY ENVIRONMENTAL DEFENSE FUND, INC. 
ON THE DRAFT ENVIRONMENTAL STATEMENT RELATED 

TO THE PHILADELPHIA ELECTRIC COMPANY'S 
LIMERICK GENERATrnG STATION, UNITS lAND 2 

Preliminary Statement 

The Environmental Defense Fund has been permitted to intervene 

in the' Atomic Energy Commission's construction permit proceeding 

involving' the Limerick Generating Station, and to raise in that proceeding 

issues relating to the environmental impact and concomitant consequences 

of the Station's consumptive use of large quantities of cooling water from 

the Schuylkill River, Perkiomen Creek, and the Delaware River. Conse-

quently, these comments are l~mited to that part of the Limerick Draft 

Environmental Statement directed at the environmental impacts stemming 

from this additional demand on the water resources of the Delaware River 

Basin. 

On August 22, 1973, EDF filed with the AEC extensive comments on 

the Draft Environmental Statement :related to the proposed Newbold Island 

Generating Station. The analysis of the environmental impacts of the 

increased consumptive use of water in the Newbold Island DES is essentially 

the same as the analysis in the Limerick DES, and suffers from many of 

the same inadequacies and defects. Indeed, the basic data and conclusions 

on which the AEC Staff relied to support its analysis and conclusions in 

both Draft Environmental Statements is the same document prepared and 

submitted by the Delaware River Basin Commission (DRBC). That 
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document, entitled "Supplemental Comments on Limerick and Newbold 

Nuclear Generating Stations, Delaware River Basin," lumps the two 

nuclear stations together for analysis of the water use impacts. and is 

1/ 
attached to both Draft Environmental Statements.- Therefore. EDF 

incorporates its comments on the Newbold Island DES into these comments 

by reference. 

INTRODUCTION 

The Limerick Generating Station's use of Delaware River Basin water 

for cooling will create an average consumptive loss of approximately 54 ds 

(35 mgd). In a river basin which has periodically been subjected to droughts 

which decrease the flow of the Delaware River below the 3000 ds required 

at Trenton to prevent the encroachment of the isochlor above the mouth 

of thf! Schuylkill. 54 ds is a substantial and important amount of water. 

But instead of presenting a detailed analysis of the environmental 

impacts and an objective appraisal of alternatives. as required by the 

National Environmental Policy Act. 42 U. S. C. §432l. the DES (1) fails 

to include data by which a decision-maker can assess the probabilities 

that additional storage capacity will be built to meet the cooling water 

requirements of the Limerick Station; (2) fails to consider the specific 

environmental impacts [rom the increased water storage that will be 

required by the operation of the Limerick Station; and (3) fails to consider 

adequately alternative siting of the plant with access to brackish water for 

cooling. 

1-' See Newbold Island DES. pp. G-71 thru G-95 and Limerick DES. 
pp. B-17 thru H-41. 
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1) Failure To Include Data By Which A Decision-Maker Can Assess 
The Probabilities That Additional Storage Capacity Will Be Built 
To Meet The Cooling Water Requirements Of The Li~erick Station. 

As the DES points out, additional storage capacity may have to be 

built to provide the necessary cooling water for the Limerick Station. !:/ 

But the DES candidly admits that "specific impacts on the environment for 

construction and operation of a particular reservoir are not absolutely 

identifiable until a determination of its requirement is made and the site 

selection pr~cess is completed .••• " '1/ 

But the DES contains absolutely no data to indicate what are the proba-

bilities that additional storage will be required. Data is available from 

which educated estimates may be made as to the future flows of the streams 

in question. SOJIle of this data has been prepared by the Applicant, 4/ and 

more information is apparently Available f'rom nRBC. E./ But this dAta 

!/ DES, p. 5-6. 

~/ DES, p. 5-9. 

4/ The Environmental Defense Fund has been provided with the following 
documents involving environmental ·impact studies by the consulting engineering 
firm of Tippetts-Abbett-McCarthy-Stratton for the Philadelphia Electric 
Company: (1) letter of April 10, 1973 from. Eugene 0' Brien, Tippetts-Abbett
McCarthy-Stratton, to David Marano, Philadelphia Electric Company, 
(2) letter of March 23, 1972 from Gordon R. Williams, Tippetts-Abbett
McCarthy-Stratton, to David Marano, Philadelphia Electric Company, 
(3) letter of May 31, 1973 from Eugene O'Brien to David Marano, (4) April 30, 
1973 letter to James F. Wright, from an illegible party (5) "Cooling Water 
Supply for Limerick Nuclear Power Station," prepared for Philadelphia 
Electric Company by Tippetts-Abbett-McCarthy-Stratton, May, 1973, 21 pp. , 
(6) letter of April 27, 1973 from Eugene 0' Brien to L. B. Pyrih, (7) letter 
of March 1, 1973 to David Marano, from D. H. Hunt, (8) letter of April 13, 
1973 to L. B. Pyrih, from Eugene 0' Brien and enclosed report. All of the.se 
documents provide relatively detailed information concerning the environ
mental impacts of backup water storage reservoirs at several sites which 
would provide necessary replacement water for the Limerick Nuclear Generating 
Station. 

2./ See Newbold Island, DES p. 5-50. 
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18 not included in the DES to assist decision-makers in evaluating the 

likelihood that additional storage reservoirs will have to be built. 

3) Failure To Consider The Specific Environmental Impacts From 
The Increased Water Storage That Will Be Required By The 
Operation Of The Limerick Station. 

EDF believes that if the Limerick Station is licensed, the construction 

of additional storage capacity is inevitable. This conclusion is based on 

the economics of nuclear power plants and on our analysis of the flow rates 

of the various streams which will be suppiying the cooling water. And if 

additional storage capacity is built, it will be either at the proposed but 

cont.-oversial Tocks Island site, or at a yet unidentified site suitable for 

a .maller reservoir. 

The DES does not adequately deal with the impacts of these two alter-

natives. None of the serious environmental consequences of the Tocks 

Uland Reservoir are even mentioned. And while the Corps of Engineers 

has prepared an environmental impact statement with respect to Tocks Island, 

that statement was so deficient in its own right that the Tocks Island project 

has been delayed by the President's Council on Environmental Quality pending 

additional environmental studies. 

11, on the other hand, a smaller reservoir is eventually built, the 

d.tailed environmental impacts which would result have not been included 

ilL the DES for the reason that no one now knows where the reservoir will 

be built. The designation of 39 possible sites, ~-' and the listing of certain 

11 DES. p. 5-7. 
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possible impacts is simply too general to assist a decision-maker in 

carrying out his responsibilities under NEPA. 

3) Failure To Consider Adequately Alternative Siting Of The 
Plant With Access To Brackish Water For Cooling. 

The decision to locate this plant on fresh water in the Delaware River 

Basin has placed additional demand pressures on the limited supply of 

fresh water in the Basin. Location of the plant on the ocean or estuary 

would have eliminated or reduced the consumptive fresh water loss. 1/ 

Yet it is clear from the cursory description of the site selection process 

in the DES §./ that no serious attention was ever given to alternative sites 

on the estuary, and that to the extent the estuary was generally considered 

at all, the large saving in consumptive loss was not adequately considered. 

CONCLUSION 

The Limerick DES suffers from essentially the same defects as the 

Newbold Island DES released by the AEC Staff in July 1973. The AEC 

should require all plans for storage capacity to be £inal before approving 

the Limerick Station. Otherwise, the project will be approved before all 

environmental impacts can even be identified, let alone assessed in the 

manner required by the National Environmental Policy Act. 

11 The Newbold Island DES indicates that consumptive loss of fresh water 
at a site on the estuary would be only 1/18 of that at a site on the main stem 
of the Delaware. 

11 DES, pp. 10-3 thru 10-4. 
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PHILADELPHIA ELECTRIC COMPANY 

2301 MARKET STREET 

PHILADELPHIA. PA. 19101 

V.S.BOYER 
12151 e41·4~00 

VICK-PIICSIDENT 

September 10, 1973 

Mr. Angelo Giambusso 
Deputy Director for Reactor Projects 
Directorate of Licen~ing 
U.S. Atomic Energy Commission 
Washington, D. C. 20545 

In Reference: Limerick Generating Station Units 1 and 2 
Docket Nos. 50-352 and 50-353 

Dear Mr. Giambusso: 

Philadelphia Electric Company respectfully submits its comments on 
the Draft Enviro~mental Statement (DES) issued August 1973 on the 
environmental considerations related to the issuance of construction 
permits for Limerick Generating Station, Units 1 aud 2. These comments 
may be summarized as follows: 

1. Under the Delaware River Basin Commission (DRBC) Order of March 29, 
1973 (Docket No. D 69-210 CP), the Limerick Station can be operated 
for the life of the plant at reduced power under the low flow con
ditions specified iq the order and no special storage reservoir may 
ever be required. Consideration of this alternative and the related 
cost-benefit analysis should be included in the DES. In this regard, 
we are enclosing a copy of the report from our consultant, National 
Economic Research Associate~, Inc., analyzing this mode of operation. 

2. In paragraphs 2 and 4.d of the Summary and Conclusions it is stated 
that cooling tower blowdown water is diluted with non-consumed sta
tion water or service water before its discharge into the Schuylkill 
River. The station service water system is part of the closed loop 
system utilizing the hyperbolic cooling towers as shown in Figure 3.4. 
No dilution of the cooling tower blowdown discharge is anti~ipated. 

3. On various pages of the DES including iii, 3-9, 5-12, and 12-4, the 
maximum expected temperature rise in the Schuylkill River for the 
winter months resulting from the cooling tower blowdown is reported 
as 3 degrees F, 2.1 degrees F, 5 degrees F, 4 degrees F and ± 2 
degrees F. Philadelphia Electric Company, as reported in '~pplicant's 
Environmental Report - Construction PermitS tage (Revised) II dated 
May 1972, has computed this winter temperature rise to be 2.1 degrees F. 
This computation was made using the conservative assumptions of seven 
consecutive day low stream flow for the winter months, high~T con
ditions, and mixing with one half of the stream flow. We agree with 
the AEC Staff conclusion that the thermal effect of the discharged 
water is insignificant. However, we recommend that, in the interests 

• 
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of accuracy and consistency, the maximum expected temperature rise 
in the winter resulting from the cooling tower blowdown be reported 
as 2.1 degrees F. 

4. In paragraph 8.c of the Summary and Conclusions, it is stated that 
a schedule identifying significant milestone dates for the con
struction of alternative water storage capacity be submitted to the 
Atomic Energy Commission within six months following the issuance of 
a construction permit. The AEC Staff acknowledges in several sections 
of the DES that the DRBC is the agency responsible for the management 
of the water resources of the Delaware River Basin. Since the DRBC 
will make the final decision regarding the necessity and acceptability 
of alternative water storage capacity, it is believed that the 
scheduling requirements for any such storage capacity would best be 
left to the determination of the DRBC. 

5. The follOWing information is supplied to update Section 1.2.4: 

i) A renewed Federal Aviation Agency deterudnation of no hazard 
was received on June 14, 1973. 

ii) An application for encroachment and dredging authorization 
. was filed with the U.S. Army Corps of Engineers on September 
11, 1972. 

iii) An application for a National Pollutant Discharge Elimination 
(NPDES) permit was filed with the U.S. Environmental Protection 
Agency (EPA) on May 4, 1973 to cover discharges in connection 
with construction and pre-operational startup activities. 
An application for a NPDES permit was also filed with EPA on 
June 18, 1973 to cover operating discharges. 

Copies of the above documents are attached. 

6. The condenser chlorination rate stated in the fourth paragraph on 
page 5-13 is not correct. As stated on.page 3-33, the condensers 
will be chlorinated for a maximum of one hour, twice each day - a 
total of two hours treatment per condenser. This chlorination 
will result in a chlorine concentration in the cooling tower blow
down of 0.2 ppm. 

7. Section 11.2 states that the applicant has presented no aiternatives 
to the planned design of the intak~ system and that several 
alternatives, specifically horizontal traveling screens or louver 
systems, should be considered. In Appendix B of the Philadelphia 
Electric Company comments on the December 1972 DES, the applicant 
states that horizontal screens were investigated during the design 
of the intake structures and found to be commercially unavailable 
due to structural problems associated with the expected wide range 
of water levels. A recent study prepared by Burns and Roe, I~c. 
for the U.S. Environmental Protection Agency and publishe4 in draft 
form entitled "Development Document for Effluent Limitation Guide
lines and Standards of Performance - Steam Ele~tric Powerplants" 
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concludes that horizontal screens, due to various design 
problems, are at least two generations of experimentation away 
from installation at a major steam electric plant. 

This same study reports that louver intakes cannot be used effec
tively wherever the stream is subject to water level fluctuations 
and heavy trash flows. Since the Schuylkill River Basin exhibits 
wide water-level fluctuations and heavy trash flows during high 
flow periods, a louver system is not suitable for the Schuylkill 
River or Perkiomen Creek intake systems. 

8. The following comments are of an editorial nature or corrections 
to data presented in the DES: 

i) Chapter 13 is not listed in the Table of Contents. 

ii) The fourth sentence in the second paragraph of section 2 
on page ii should be changed to read '~he exhaust steam 
will be cooled by a closed loop circulating water system 
using two natural draft hyperbolic cooling towers for 
heat rejection to the atmosphere. Makeup water will be 
obtained from the Schuylkill River and/or Perkiomen Creek". 

iii) In the first sentence of paragraph 4.a on page iii, delete 
''Nuclear'' from "Limerick Nuclear Generating Station". 

iv) On page 1-7, the purpose of the Commonwealth of Pennsylvania 
Department of EnVironmental Resources Industrial Waste 
Permit should read '~o assure that thermal, chemical and 
radioactive discharges are in accordance with the provisions 
of the Clean Streams Act, P.L. 1987, as amended. 

v) Change title of Table 2.1 to read "Existing and Potential 
Nuclear Power Stations ••• ". In addition, exist:f.ng sites 
are not identified correctly. Peach Bottom and Salem are omitted. 

vi) MOntgomery County Prison Farm is misspelled on page 2-11. 

vii) Pigure 2.6 referenced in Section 2.4 does not appear in 
the DES. 

viii) On page 2-16, a·recent U.S.G.S. estimate of the peak flow 
rate produced by tropical storm Agnes is 96,200 cfs. 

ix) The fourth sentence in paragraph 3.3.2 should be changed to 
read '~ater which is returned to the river will meet all 
applicable standards of the Commonwealth of Pennsylvania 
and the Delaware River BaSin Commission". ~t is not . 
anticipated that treatment of the cooling tower blowdown 
will be necessary. 
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x) On page 3.-7, air flow should be 2,885,000 lb/min, not 
2,285,000 lb/min. as shown. 

xi) In the fifth paragraph on page 3-28, add the words, "if 
necessary" so that the last sentence reads " • • • will be 
installed if necessary on all 2-1/2 inch and larger valves 
• • .". This word change is consistent with applicant 1 s 
actual commdtment as made in our letter dated July 6, 1973. 

xii) On page 3-41, the correct spelling of the chemical quoted 
for control of right-of-way growth is ''Tordon No. 155". 

xiii) Acquisition is misspelled on page 5-6. 

xiv) On page 5-1~, change the first sentence in the second 
paragraph to .read " ••• downstream from the diffuser pipe 
may be increa!sed by 4 to 8% • • .", since percentage of 
stream solids increase would be dependent on stream flow. 

xv) On page 5-25, the nearest dairy farm should be 1.2 miles 
WSW, not 1.2 meters WSW as shown in Table 5.4. 

xvi) In T.able 9:1, the applicant IS 1972 peak load should be 
5,313 Kl. 

xvii) In Section 10.3.2, the capacity of the Conowingo Dam Project 
should be 512 MW. 

xviii) In the first sentence of the third paragraph on page 11-4, 
"floor drains" is misspelled. 

xix) In the third paragraph one page 12-4, delete the words "of 
6~ or less", since the actual percentage increase will vary 
due to river flow. 

xx) The individual numbers presented in Table 12.2 do not equal 
the total amount listed. Developed land includes previous items 

xxi) The effects of the Perkiomen Creek intake structure· referenced 
in 1Z.6£ on page 12-11 have been discussed by the applicant 
in comments submitted on the December 1972 issue of the DES. 
These specific comments appear on pages H-118 and 119 of the 
August 1973 DES. 

xxii) On page G-1, the installed capacity of PlM was approximately 
28,000 MW in 1970, and the applicant made up 5,357 MW or 
about 191 of the PlM generating capacity. 

xxiii) On page 3-24, it appears· that the liquid wa~te dis~harge rate 
based on AEC assumptions should be about 5300 gal/day (3.4 x 
10-3 cfs). 
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We will be pleased to discuss these comments in further detail 
with the AEC Staff at their convenience. 

Sincerely, 

A&itachments 



Color.e1 c:u-roll D. ~>t.rider 
District ·,n;~int,er 

Depart~nt 0: ti.e .... my 
Corps ot' ;ni!iMer1r.~ 
Second ( ~!Io&tnut)t.rp.et:l 
1'hil<:l.dolr~-,1a, : enni;,:.-l'v;i.r;ia. 
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SfP 1 1 1972 

" 

'..,.!: .... 

~ ui.;jec't; ·;r1ic:J.'t:....,:\ for :; .. :croachr:~nt:J ~nd .. re~~::"n~ .~u'i,Lcrizatiou 
Li.;'.oriclc.-(~r.t!rllt':'n,; ,jt:lt.ii.'n 
lila: (,c-wJ..3 (i.,;orp. ;:.:r.~.) 

Dear ~1r;, 

;:nclc::ati is tl',!} : hila(iolp!.1a ".l!~'t.ric (:v:1!1l1Y a!I\!ic<.?;i..icm ler c.utt!ori .. 
zat.1c,l t .. .:c,witrlict 'tHO ·.:at·i)l' int ..... l,'1 ~J;;ru(;t·,;.:-;:.: ;. do::"',:,v!"Jn ~l;,; ~:~fl'u8 ~r 
n' .' ~ , •• , •.. " ...... : Jl"z">' 'r' .,.-' to Y"'r~:' ..... i" re"" ~'.,-.. ' '; '''': " ,··ft t. ,...1.r;o.., .... 1!f..J_.d..a. ..,"'_:J ..... ~ 7-....1..<': J. a .. il t·." .... crl ... v.,,~ ..... ~ ... l ..... J .. ~,l \..il;...Ut._·it~.» Ow Ou -

l1~,ad i:r1 :"3U Cli th .. , ~Lt!-!.nL;~(! dra·.li'!l~·h, ;.0. ~.·:\.~ .. -·i2, .J!:,~··}ta 1. t,hr~;~.::h 4. 4'he 
inulu) atr . .l~turi:l!' ;,l1'(, rHql.:r~:i ,fer U.C ::i .. Ltir:,~"l u; '''It;~r to s:..;n:2y thl' 1:1~t'3 
r..:ll'8Up ~a't.er rcq~irl!r:\il~t3 a.,ci tlle d~l~vory uml Cui.ft;s !1' piro iu r~ql1!red tv con
vey l.he ccoli~ tC':~r r.::lea.:..cs to the Jchuyli .. i1: ,:ivar. '~f'plic..4t::'on for th(;:sa 
.mcroa.c} r,:~!It9 In!'i i;·Y'Jl l';::!dt~ to tho ~CI',~~oul':C::.li,!1 of ;~r..n:sylv~ll!a':~part:r-ont ot ,,' 
~nvirc.nr:~!;w.l .i·:Cl.);",:r(~~o ,?rl'.u~:U3} 1';, l~·(l. 

'l'ho p·op(.ltlad ]·ir:oric~: ;,j.::ne!"a.till~: ~,t<l.tic!i) loc~t,t1(l 0!i tl.a «;;'5,,' L-OUll{ o!' 'tl:~ 

Schuylkill :.iver if". U.I':or1t:i: .(I~'l:BiJiF. cIltf'c":'!ry i,()U!,t~ I. ;ela"'!~.\ ;.v-!U!ia, is 3-

2200 t~:!. st~an electric f"CIiOl"~t r'.g l'nc;!.lity \1';:';-;;-: twc. ~oilil:';' ',n~,~r j,ucl(·~r 
reactor \,;.flits lor ~t6:.!:'~ gali,:!r:,tion. :t is c~lrrE!t:tly l!:<tar~~cin'; "t.iln c,-nstruct~cn 

)'lel"r.'.1t lieBI.aillg rrocfts:,; bs.:'c;'G t}I!i : nitdd ' t.U~DLt.C;1::"C .. nergy Lo:~15:licn. 

It yo" otu.\uld wlsh to ~~~~uss a"y ct tl.e itl..,nn rlt"l;jcritJc:i i~'tt11s arr11c:3.ticn, 
plea:ae ccntact !~. 4. fuliord on DL1-1.5!J4 •. 

LBP:bIc 
Copy to; ,v. 

u. 
J. 
J. 

~. C. j~1Dtr.ar 

P.. H. Lo!'{Ue 
J. H. I.ong 
D. Lax-ano \ '! . '. 

R. A. Z.~ulford 
FUe 
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Fo~r~' r .. p.,ROVi !:.. 
or,'iEi NO. t'·S·P. ~..:~ i 

I 
DEPAr!Tf~EjI!T OF THE A~r.1Y, CORr'S OF Er~G!i~EERS 

/!.FHICAT!ON 1'0:"': ?ERMIT TO DISCHARGE Or. V"ORI~ IN NAVIGAel.E ifJA1ERS ArI!:J THEIR TRliJUTARIES 

SECTlor" I. GEi\;ERAL INFOR~"IATION [f< s •• ~ I 0,;,;,,,; ... Nom'" ". '.e ~SSi!l"Cd by Corp~ Clf i"!lin£:;~:-·-
P A --- --- - ------

1 ___________________________________ ~'_-____ __'_ Div. Dist. Type Sequence· No. 

2. Name of applicant and title of signing offici .. 1 Philadelphia Electric Company 
-vICe"':'Presia-:-en"""t""--, -Eri"'-g-~'---' n-e-e-rTrig and Research (V. S'.-.. B'o-y-e-r...,),.------------

3. M .. iling .. c!drel>!O of applicant _______ P~h~~~·l~a_=delphia Electric Company 
2.301 Market Street, 
Philadel~hia, Per~~sylvania 19101 

4. ~~ame. address, tefephone number and title of applicant's c:uthodzed ag.lnt for permit appHcation coordination and corresponc!ence. 
. R. A. Mllford, PrQject lA'.anager 

______ ~Philad~lphia Electri~i~c·~C~om~p~an~y~----------------------
_____ -:::::2.3=01 }Iarket Street . 
______ ~P~h~i±la~d~elphia, Pennsyl~v~an~~i~a--1~9~1~0~1~---------------------

(Area Code 215) 84.3-4554 

NOTE TO APPLICANT: nefer to the pamphf~t entitll'd "Permits for Work 2nd Structures in and for Discharges or Depo~its into Nilvi9;;~!e Waters" 
before attcmpting to complete this form. 

Requircrl Idormation 
D. A:t infonn:.ticn ciJ~tained in this ellPfication \viH, UP"" request, be made a"aiia~!e to the pl!b:ic for in~pec1ion and cc.p,ying. A ~par3te shQet~ 

cr.tit'l:,l "Ccnf,denl;al Answers" must be used tL' set out information which is cO'1sic'lred by the apr-licant to constitute trade secrets or cern· 
n~~"":t2t cr fir.aracii:l infornlatio!l of a con~i~cn:iaf nature. Tht' i!1fotrTtztiol' must clezrly indicate the item numb~r to \vhich it cpf)Hc~. Cen .. 
~j~c~ni:.! '.J £a!iY:ent c;..n ~a ccn~idi;rer:! O~!V f.~r fh;:t information tt):" \vni,ch a ·s:Jt·cific \:.,ritten request of confi~t,;ntlalit'; hQ~ been m:Jde un ;!~i" 
attc!di~ci sh£ct. Hot.'.:cv,:r. in r.o event \-,:iH iC'2:ltific~tio:, of the COli\L'!ut!. i1:1',d ftl;q~t;iiC\, of a disc"?!"r;e be reco:;niz!::o oS ccniit!anti\ll or prtvi:~~(d 
in'crm3ticn, 

b. The zi-p'ie:!ot shall funoisn sllch supplementary information ~s ~ requirl'd Ly ,be District Engineer in order to e"du<lte ful!y an application. 
c. If cdc;tion~1 spz.:e i~ need~d for" eamp'cta rolsponSil to any item an thi~ for:n, :la"en ;. sneet 'entitled "Adc!hiom:1 Information." Indica;p. cn 

th"t Wt!Et the item numbers to "hieh answ&rs apply. 
d. Drawin;;. required by items 20 and 21 should be altach~d to d'.is application. Oth~r papers which must be iluached !o this appiication inc;lue'e. 

if apr.iie:;ble, c;o~i!ls of il ',latH quality C2rtificat;on or a ,·.ritter. communi.:a:ion whic!l describes water qualiW impact (~ee IlelO1 22 and \t~", : C 
ot Section :I beio",), the additic.n .. 1 information sh"et(sl in "c" I!ccva, and the coniidential information sheet described in "a" "bolle. 

Fees 
I~ any (lischz'9o? or daposit is i:lVcr~cd, all ?Fplicati')Il fee of S100 must be sut:.mittcd with this appli::ation. An adc!hional S50 is requirf'd for t.;: 

additioRal point of discharge er deposit. 

S~cn?ture 
a. If a cli5,:r.ar!;t! is involved, an applicOI:ion sl.Ib",itted by a corporation must be sisn.:d by the prir.e!!,,'" executilie officer cf that corpordtion or b'i 

an ofiid&:l of the rank of- CDrporat~ vice presicl.p.nt or ~bo\'e \·.,ho r.:ports rlircc,I\' to scch princip.:1 e):ecuthte officer and \"~ho hns b~c:'\ c!-:=signatLi. 
1:.\' tile Oldnci.,,,1 executillll officer to rnake 5<lch at:=pfiec:ticr.s en bcil"'f of thl: cc'pcr.:lticn. In the case of a p .. rtn",rsh'p or a st.l .. prQilrie~o •• h;i-" 
,hI! ~p~iicuiicn n'u~-: be ~i9ned . "I a ~eli(;ral partner or the plo;)t"ict~r. O,h~r f!gna:cre requirements :ire disf;U:s~d in the pamphlp.\. 

!>, II no dischaf\;') is in\'::rI\l~t.I, an ap;lliccotion milY ue signed bv tht! applicDnt or his authorized agent. 

AIJ;,.;li:;zticn '5 hereby made for. peimit cr permits to authcrizc the ?cti\·:tics d~scribecl h~rci". , ci"rtify that I am fi:nli,iltr ¥:ith the in:G'IT'~~;':lr 
eont~in(;,i '0 this ap~iic2ticn, and that 10 tn~ bt!!tt of my kno\":lcCCit! u~d beii~~ such p·nf rmi!tion i ... < jrue, compiete arid l'~c:u,ata. 

- -; j I?: ' 
/ &. I ,~~-.. }:::,,~'-.;;;;="'I~~ ____ _ 

18 U.~.C. Se::t.i .. n 1001 p .. cvicle!.that: 
, Signature of AlJllFcl!nt 

..... tho' .. c!". ::1 en\, ~.:tt(:r V.!i.t1:;-, thp. iurisC!~c!ion or coIl'" cf";p::rtI1:~,)t"r c~~J\cy of t::c Un:t,=d S!r.tl'S I.;no'·Jin!;:':· an:! wiHuUy ial!;i:k~. cancei:'...: \..~. 
·C.C".'t..t:: t:p b':1 (~I\\, tri.;:~. 5o:hcn'lt;, or Cit':V:Cf! ~ mtllcti~' i:-~ct, or r,lzkt-s ~ny f;.:lsc. ~ic~i:lt} .. a c; fr£ud:Jknt st.1temer.ts or r(:;,rc.wt\!~tiC'·n!o. -=:t :'i.:&4!:'-::" 

l (~r ~":.:~ ,.:,., fa:~l' ':'::-ii;:~~; Of dC:t:n1C?n1 ',~c .. o .. ;~;: ~~m-:; to cc.:--t~i:'l i!ri~' ia!~t!. fic:!tiot.!~ 01" h;tuC:u:~nl S:;.t,,!":"!(':l\ (",r t:r.try. !-~:lH k.e ~i"c·ti not It.c':; 
\ :.:'1 ~'t.t:C!) or Ir!;:,nSCH,,:,d net mCle tn:;a fiVe. rf-~r!. or t:·C!~l. 

1
---- -~ ~-=":-===-.;:~~-=~-=-=- FOP. CORPS OF -~~:Glr'!EEr.S U~E Ci~·:LY 

~ I o· t -'.- (j·:'.~lr,-.It:,. ~_\-.'-cl'·rl!~ • ,....' .. 1 Pll\,o .';'; ". ~e r,. ~!::.:~llc~n .,.... ... - _- _..... 

I 
I 
I 

,-- ,. --------------------.. 
C' :,; ,€-:,.uiv,~,I. fort-:-. Rot r:onlpfc·tc 
!)~~(; r,,-c,;j·:t:d. frorl":' r:~"-nt,!,;tt: 

t;:.1 \·.i~l:out c:l'!l"ti!ic.v:'·.! 
riC-it, II "".I':,~d. tr ... :~, r:c~~p!ctl' 
;)~.: .. .:.1 (> ,t.lUr. 

day "10 

0<11 $e ... ! to Er.!._. ~:C:AA. r:..'I. AEC, 
.. PC in CDc~ iJ1t 't..' ;(.':.1;' 

yr 
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15 . l~-\t--.- . _ ~ _ .:! '!.. '{2_ (Offic", u~~ only) i 

I ". C-I-.:;.·. ,-\ .. -... .'-". -o-r ~:,Pl,·-C· .. ::.-,·~"'-,-·. -··.!!.~'L.._...J!_--1iJ --II ",_" ~.. _ 7. Nllmbcroforis:ini".application 

D. Original b. Revi~ion 0 
. _____________________ _____ L ____________________ -' 

S. f\:im:c 01 facility whl!re discharge or construction will occur. 

Limerick Gene~ating Station ----
. , 

~ 

9. Full mailing address of facBity named in item 8 above. 

Limerick Township 
Mon=Egomery County 

. PeJ"l~J.s:z: 1 vania 

-~ ... 
10. Nilmes and mailing addresses of all adjoining properly owners whose property also adjoins the waterway. 

lteading Company 
12th & ¥arket Street. Philadelphia. Pa. 

Fainrieu Turnx;like Farm~, ID~. , ~LQ HAz:beZ:L Goldbez:g, Esq. 
515 Swede street. Norristotm, Pennsld,vWlia 

11. Check to indicate the nature of the proposed activitv: 

•• Dredging ~ b. Construction EJ c. CQnstruction with Discharge 0 b. Discharge only 0 
. 12. If activity is temporary in nature. estimate its duration in months • 

If application is for a discharge: 

13. List intake sources 

Estimated Volume in Million 
Source Gallons Per day or Fraction' ... Thereof 

Municipal or private water s\"pply sy",tem • -- -- -- --' -- --
Surface water body -- -- -- --'-- --
Ground water -- -- ---- -- --
Other -- -- -- --'-- --

14. Describe water usage within the plant 

Estimated Volume in Million 
Type Gallons Per day or Fraction 

Thereof 

Cooling water .- -- -- -- --'-- --
Boiler Feed water -- -- -- --'-- --
Process wil!'!r -- -- -- --'-- --
Sanitary system4 -- -- -- --'-- --
Other -- -- -- --'-- --

15. List volum~ of discharges or losses other than into navigc.ble waters. 

Estimated Volume in Million 
TVpe Callons Per day or Fraction 

Therlfof 

Municip .. 1 wa.te tre"lmenl ~\'stem -- -- -- -_. -- --
Surface containment -- -- - _0 -- --
Unrlef\;round disposal -- -- - --' -- '--
"'':0:5t" Acct-ptance firms -' " -- -- -- ~ --
Evaporation - -- - - -- --
Consumption -- -- - -- --

t 

• Indie;.:tc numb", emplo\,ees Sl:rvcd I) .. r day I , 
"ENG FCHM 

PAM 2 of 3 
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ii !-tr;.J~urt.: e.~tst, or dreC!~i~g. filtir:n or oth~r construction will occur, the 
preci~ luc;:;;c.n or t!,e i'ctivity must be dcscrib~d • 

•• N~me thl1 cor::,.~'a;e boundarir.s within which the structures exi~t or the 
"eft\"ity wil: occur. 

1.G. ~~syl vania 
&.Punty 

17. _Mo-:;...n_t .... g"'-o_m_e_ry-"-__ _ 
CiS\' or Town 

18. Limerick Township 

b. N;;me cf waterway at the location of the activity 

Schuylkill River . I 
19.------~~--------------------------------~----------~----------------

20. M"ps and s:(ctches ...:hich shoVi the loc .. tion Olnd chilract~r of eaeh ~tructure or activity. including any and all outfall devices. dispersive dcvices • 
.. lid non·structural points of discharge. must be attached to this i!pplic3tion. 

21. For construction or work in navisa!Jlc w:Jters for which a s::!parate permit is sought under 33 U.S.C. 403. the character of each structure must be 
full\· shown on detailed plans to be submitted with this application. Notoll on the dr.wings those structurE<S for which separate dischzrue informa-
tiora (Section II of this forml h,,,,as:o..=b,,,ee,,,,I..:.' ;::su,,-,b:.:m.:.:..:.:it~t •. e::.:d::.:.,__ ___________________________________ _ 

22. Lir.t all "".;"ov~ls or C:~nia:s granted hy Fed~ral. interst::te. Stilt!! or local agencies for any structures. construction. c!ischOlrlr-s or deposits 
described in this a;:;plil:ation. 

Tvpe of document Id.No. Dat. Issuing Agency 

Application for these encroachments and dredging has been made to the 
Pennsylvania Department of Environmental Resources on August 17, 1971. 

23. Check if f .. cility t!xisted or was lawfully under construction prior to April 3. 1970. 

24. If dre:dging or filling will occur: 

State the type of materials involved. their volume in cubic yards. and the proposed method of measurement. 

Construction of the new facilities will require the 
7800 cubic yards of river sedlments and siltstone. 
measured by field survey (clam shell or drag line). 

removal of approximately 
The volume will be 

25. Describe the proposed method of instrumentation which will be used to measure the volume of any solids ..hich may be deposited end to 
doiltermine its .Heet upon ttla waterway. 

N/A 

26. State rates and periods of deposition described in Item 25. 

" ENG f·ORI.; 
'~Il.V 71 

N/A 

_ t' to': rn-'." .. , •••• '" l "":T ... ·'· "" .......... "':' .. , - •.. ~ 
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LOCATION PLAN 
rIf'AC~D ",#'OM 11./1. t;""~ 
~~ Alln !1N4 r ", 
!N'~:I ".:11 

"OTE: 

'lJOOClI. Yo. 70 lJE OIUOOEO. 
Pl.ANTCOO"'0INATI5 A", 5HOWN. FDA CDNV'lfSION 
10 PINNA. ~'ArE.COOlfOIN47E$: 
N. PlANT COOifO , 3.!,.8",.OO • N PENN.$TATE (;oolfO., 
E PtANTCOOIIIO. # 1.599'~r..50'E.P£NN.S'ATEGDOAO. 

LIMERICK GENERATING STATION UNITS I & 2 
PtlR.AIIIUtI'A ILEl'IC (DIINn 

PRO,.05P:D INTAKe AND DI~C:~"'ItGe. 5TR.UCTUU~ 
I~ ,.wr SC~VY1..KIU. ~I"i~, I.IMr:~1C1( TOW~U4I~, 

MONT"OM;~Y COUNTY, P'lIllNSYL.II"'NIA -- ............ 
SK-R-72 

SHEET I. OF 4 

..... 
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TYPICAL PI..AN 
De INTAKe 5TR(JC TURE 

f f , I() 1 
~C"'t.c 

LlMEIIICIC Gf"'lUATINO STATION UNITS 1 & 2 
"'~ ~a: OI>J#~ 

P1tO:>OSED INTAICE .A~D DI:lC"' .... RCi£ 5TRUCTUJUS 
1"1 iHe SCriU'l"L,ICJL1. /lIVU, L.IMEil:O:: 7.:J1,1.iNSHIP, 

MOto'rCiOIl1Elty c.ou~TY. P!NNSY\..VA"'IIA ..,....... -.' 
SK-8-72 

SHEET OF 4 
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'SECTION A 

.IIS,-.. .---------+---~'"~.--___,.;c.~ 
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'ONGITV£)INAl. EL cl/ATION 
or C11-4NNEI. 5l:481L/ZATION 

t'o I III " ", IS 
Y4',r/(jIIl. ~CAl£ 

-H 
....t •• __ _ 

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

.. :;-
. ,~ 

LIMERICK GENERATING STATION UNITS 1 & 2 
. fIIIUIIIUIIIo\ aKftlC _1Mr 

PROPOSED iNT..AKf AND DI5CHAR.Cif STRUCTU'fn 
I" THE SC,fofUYLICILL RIVER, UMERICK TOWt04SHIP 

MONTGOMER.Y COUNTY, PENNSYLVANIA _ ... _ ... 
S5-8-12 

SHEET 3 OF .. 

... 
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"'II.MaItIIA IUCnIC c:r........, 

PROPOSED INT"AKf: "NO DISCHARGE STRUCTulltn 
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COST-BENEFIT ANALYSIS 
OF THE 

LIMERICK NUCLEAR PLANT 

<-: 
~-.----. 
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-~ 
On March 29 t 1973 the Delaware River Basin Commission 

(DRBC) issued an order concerning the availability of water for 

use in the "Project." In its order the DRBC imposed two basic 

alternativ~s for operation of the plant: 

1. Whenever the flow constraints in the DRBC order 

prevent Philadelphia Electric Company from operating the plant 

at full load, it shall operate the plant only at such per

centages of full load as the available water supply allows as 

determined by the DRBC; or 

2. The DRBC will determine whether additional stor-

age must be built by the Company to supply sufficient storage 

capacity for consumptive use by the plant during periods when 

such, use would reduce the flow in the Delaware River at the 

Trenton guage below 3,OUu cubic feet per second. 

This report is a cost-benefit analysis of the former 

alternative. It considers the ,low flow data supplied from the 

Tippetts-Abbett-McCarthy-Stratton (TAMS) report of May~31, 

1973. It is noted that the AEC Draft Environmental Statements 

of December 1972 and August 1973 do not specifically consider 

the alternative of operating the plant at reduced power under 

low flow conditions in its cost-be~efit analysis. 

A cost-benefit analysis of the Limeric~ nuclear 

plant, including a comparison with an alternative oil-fired 
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plant~ was included as Chapter 11 of the Environmental Report 

submitted to the Atomic Energy Commission in May 1972. In 

this cost-benefit analysis it was shown that the Limerick 

plant, with 2,110 megawatts of capacity and with anticipated 

generation of 14.8 billion kilowatt-hours annually, would 

yield annual benefIts, as measured by the average price paid 

per kilowatt-hour by the customers of the Philadelphia Electric 

tompanyin 1970, of $267.3 million annually. In comparison, 

the annual cost of generating this quantity of e.lectricity from 

the plant would be $136 million. l The Limerick nuclear plant 

was also shown to have a cost advantage over the oil-fired 

alternative of approximately $60 million annually. 

That cost-benefit analysis was prepared on the 

assumption that there would be adequate water available at 

all times for the operation of the plant"so that no curtail

ment of the plant's operation would be necessary for lack of 
~ 

water. Since that cos~-~enefit analysis was prepared and 

submitted, the Delaware River Basin Commission issued the 

order described above. We have, therefore, prepared a new 

cost-benefit analysis of the Limerick nuclear plant on the 

assumption that the plant would have to be shut down at any 

time during its 30-year life that the measured flow in the 

1 This cost included the annual capital charges on the $694.6 
million remaining to be spent for completion of the plant 
and excluded the annual capital charges on the $31.5 mil
lion already spent. If these are included the total annual 
costs would have been $140.5 mil1io~. 
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Delaware River at the designated monitoring point would fall 

below 3,000 cubic feet per secohd. 

On the basis of the historical record of monthly 

flows in the Delaware River at Trenton it is estimated that by 

1980 when the plant is scheduled to begin operation, and 

assuming no new water storage facilities, water flows may be 

below the minimum acceptable rate of 3,000 cubic feet per 

second an average of 38.3 days annually. By 1990, because of 

increased withdrawals from the Delaware River for other pur

poses upstream from Trenton, it is estimated that the water 

flow may fall b~low the minimum level and require plant shut-

down 41. 3 days annually. By the year 2000 stream flow below 

the minimum rate is estimated to occur 46.0 days ·and by the 

year 2010, the end of the estimated useful life of the Limerick 

plant, 49.6 days annually. It is expected that some regular 

maintenance which would require that the generating units be 

taken out of service c·ouid be planned to coincide with the 

occurence of below-minimum stream flows. Taking this into 

account, together with the probability of forced outages, re-

suIts in an estimate of net reduction in the number of days 

1of plant operating resulting from inadequate water flows Qf 

26.~ day.s in 1980, 28.8 qays in 1990, 32.1 days in the year 

2000 and 34.7 days in the year 2010. This would result in 

net reductions in the capacity faqtor of the plant from the 

initial estimate of 80 percent on which the original cost-

benefit analysis was baaed to 72.6·percent in 1980, 72.0 
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percent in 1990, 71.5 percent in the year 2000 and 70.5 per

cent in the year 2010. These data are shown below. 

NO. of Days Water is 
Unavailable 

No. of Days Water is Un
available and Units Are 
Out for Maintenance and 
Refueling 

No •. of Days Water is Un
available and Units Are 
Forced Out of Service 

Net No. of Days Out Be
cause Water is Unavail
able 

Days Operating Without 
Water Limitation, 
Capacity Factor in 
Percent 

Days Operating With 
Water Limitation 
Capacity Factor in 
Percent 

1980 

'38.3 

.- 8.7 

- 3.0 

26.6 

292 

80.0 

265 

72.6 

1990 

41. 3 

- 9.3 

- 3.2 

28.8 

292 

80.0 

263 

72.0 

2000 

46.0 

-10.3 

- 3.6 

32.1 

292 

80.0 

260 

71. 5 

2010 

49.6 

-11.0 

- 3.9 

34.7 

292 

80.0 

257 

70.5 

A new cost-bt::uc:titanalysis has been prepl\tred on the 

basis of these changed capacity factors. In the t~me that has 

elapsed since the preparation of the May 1972 Environmental 

Report there have been further inflationary increa~s in costs, 

and these have been reflected in rate increases for the 

Philadelphia Electric Company approved by the Pennsylvania 

Public Utilities Commission. In the present cost-benefit 

analysis the investment and operating costs of the Limerick 

nuclear plant and of the fossil fuel alternative have been 

adjusted to reflect the price increases that have occurred 
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since· the original cost-benefit analysis was prepared and the 

benefit estimate reflects the increase that has occurred since 

l~70 in the average price per kilowatt-hour paid by the cus

tomers of the Philadelphia Electric Company. In order to be 

conservative in estimating the costs and benefits, a 70 per-

cent capacity factor has been used to account for the reduc

tions in plant operation attributable to low water flows. The 

costs of electric generation by the Limerick nuclear units and 

of alternative oil-fired units at the reduced level of opera-

tion projected as a result of below-minimum stream flows are 

as follows: 

Capital Cost 

Cost, Mills Per Kwh: 

Capital (6,130 hours, 14 per
cent carrying charges) 

Fuel 

Other 

Total 

Nuclear 

$539/Kw 

12.30 

2.14 

1.21 

15.65 

Oil-Fired 

$355/Kw 

8.11 

7.60 

1.4.'7 

17.18 

In making thi~ aomparison we have conservatively 
:;., .. 

us~d present co,~s of oil of 80 cents per million Btus and a 
.• < 

therma};~fficiency of 9,500 Btus per kilowatt-hour for the 

oil-fired plant, although it is anticipated that by 1980 when 

such a plant would go into operation the price of oil may be 

well above 80 cents per million Btus. Despite the lower 

capacity factor which, because of the higher investment, would 
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affect the capital costs per kilowatt-hour of the nuclear 

units to a greater degree than the oil-fired units, the 

Limerick nuclear units still have at least a 1.53 mills per 

kilowatt-hour advantage over an alternative oil-fired unit 

at the Limerick site. This represents a total cost advantage 

annually of about ~19.8 million for the 12,939,000,000 kilo-

watt-hours thaL the plant would gener~te even at the reduced 

~evel of operation. For the cost of the nuclear and oil-

fired units to reach a break-even point, the capacity factor 

at the site would have to fall to the neighborhood of 50 per-

cent, compared to the over 70 percent load factor now estimated 

to be feasible based on the historical record of stream flows at 

the Trenton monitoring point. A 50 percent capacity factor 

would require 109.5 days of shutdown annually for inadequate 

water, or more than four times the total number of days now 

estimated for 1980, when initial operation of the plant is 
~ 

expected. It is more t!:3.i.1· three times the number of days of 

shutdown that would be anticipated by the end of the plant's 

useful life in the year 2010. 

Consideration was also given to an alternative site 

for the oil-fired plant at which curtailments might not be 

necessary by virtue of low water conditions. 
:. ~ '-~ 

This alternative . . , 
is the Canal site, now considered the best location for a new 

fossil-fuel plant currently available to Philadelphia Electric 

Company. The estimated capital cost of an oil-fired unit at 

the Canal site is $347 per kilowatt. However, it is also 

~" 
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estimated that the additional transmission required for a 

plant at that site, over and above that required for a plant 

at Limerick, would cost $144 million 2 or $70 per kilowatt for 

a plant with 2,110 thousand kilowatts of capacity. Total 

capital cost, therefore, would be $417 per kilowatt, or, at 

an 80 percent load factor, 8.34 mills per kilowatt-hour. The 

nuclear units at Limerick, despite their possible lower capacity 

factor resulting from low water flow, would have an advantage 

over the oil-fired units at the Canal site of 1.2 mills per 

kilowatt-hour. 

Consideration was also given to alternative forms of 

capacity which do not require cooling water. Technology 

feasible for a 1980 service date indicates that the most 

favorable options are either a dry cooling tower oil-fired 

plant or combustion turbines using a regenerative heat cycle. 

The alternative capacity would be installed at the Limerick 

site to utilize the tranq~is~ion advantages of this location. 

The dry tower oil-fired capital cost is estimated to be $382 

per kilowatt and to have a hpat rate of approximately 10,300 

Btus per kilowatt-hour. Regenerative cycle combustion tur-

bines are estimated to cost $200 per kilowatt and to have a 

heat ~ate of 10,2~0 Btus per kilowatt-hour. 

A comparison of these two alternatives indicates 

that the dry cooling tower installation is likely to ~ave a 

2 This does not include any value for the possible environ
mental impact of the additional transmission. 
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substantial economic advantage compared with the combustion 

turbines operating as base load capacity. This can be seen 

in the following table: 

Capital Cost 

Heat Rate, Btu/Kwh 

Fuel Cost, Cents/MBtu* 

Carrying Charge, Per
cent/year** 

Cost, Mills Per Kwh: 

Capital 

Fuel 

Other 

Total 

* 1973 Cost 
. 

Dry Tower 
Fossil 

(Heavy Oil) 

$380/Kw 

10,300 

80 

14 

7.60 

8.24 

1. 43 

17.27 

Regenerative Cycle 
combustion Turbines 

(Light Oil) 

$200/Kw 

10,200 

125 

17 

4.86 

12.75 

2.31 

19.92 

** The higher carrying charge for the combustion turbine is 
the result of a higher depreciation to reflect their antic
ipated 20-year lives compQred with the 30-year life of the 
dry tower fossil unit. 

The dry tower fossil unit has a cost advantage over the com-

bustion turbines of 2.65 mills per kilowatt-hour or a total 

of $39,220,000 annually. It should be noted that since both 

these technologies are relatively untried the costs shown in 

the above table may prove to be optimistic. Nevertheless, 

for purposes of the following analysis we compare the above 

cost of the oil-fired dry cooling tower units with Limerick 

.,.n/ClJ'Ja 
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nuclear at the reduced capacity factor resulting from water 

limitations and with oil-fired units at the Canal site. 

If it should become necessary to take the Limerick 

plant out of service from time to time because of low water 

flows, it may be necessary to have available supplementary 

generation capacity to assure that system reliability is 

maintained. . Studies indicate that to maintain the same degree 

of service reliability for the Philadelphia Electric system 

as would be available in the absence of any probability of 

curtailment, it would be" necessary to add, in addition to the 

Limerick nuclear units, 550 megawatts of combustion turbine 

capacity. Therefore, for this analysis it is necessary to add 

to the cost of ~imerrck the cost of 550 megawatts of combustion 

turbines and the cost of replacement energy required during 

periods of low water flow. Simple cycle. combustion turbine 

capacity is estimated to have an investment cost of $130 per 

kilowatt and a thermal- t::ff1ciency of 14,000 Btus per kilowatt

hour. It is estimated that 14 percent of the replacement 

energy will be provided by the combustion turbines and the 

remainder will be supplied by more intensive use of existing 

. generating units. at an average cost of about 9 mills per 

kilowatt-hour. With combustioI;l turbine cap~city and other 

sources of replacement energy supplementing nuclear units, the 

capacity factor for the combination at Limerick is restored to 

80 percent or 7,000 hours full operation annually. 

""'n!efr/a 
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An oil-fired plant at Limerick would have the same 

requirements for combustion turbine capacity and replacement 

energy as the nuclear plant, so that the relationship between 

the costs of the nuclear and oil-fired alternritives at Limerick 

would be unaffected. The cost comparison, therefore, is among 

an oil-fired plant at the Canal site, the dry tower oil-fired 

plant at Lim~rick and the Limerick nuc,lear plant with 550 mega

watts of combustion turbines and replacement energy. This 

comparison is as follows: 

Cost, Mills Per'Kwh:. 

capita1* (7,000 hours) 

Fue1** 

Replacement Energy*** 

Other**** 

Total 

Canal 
Oil-Fired 

8.34 

7.60 

.91 

16.85 

Limerick 
Dry Tower Nuclear 

.7.60 

8.24 

1. 43 

17.27 

11. 57 

2.21 

.99 

1.16 

15.93 

* Annual carrying charg~s of 14 percent except for 17 per
cent for combustion turbines to reflect shorter plant 
life (20 years instead of 30 years). Generation of 
14.8 billion kilowatt-hours. 

** Fuel cost of 2.14 mills per kilowatt-hour for 12.9 bil
lion kilowatt-hours generated by Limerick, 17.5 mills 
per ki10wa~t-hour for 270 million ki1owatt-hours'generated 
by combustipn turbines. 

*** 1.63 billion kilowatt-hours replacement energy at a cost 
of 9 mills per kilowatt-hour, divided by 14.8 billion 
kilowatt-hours. 

**** Includes operation and maintenance and nuclear insurance 
of $15,660,000 for the nuclear portion and operation and 
maintenance of $1,978,000 ~or the combustion turbines. 

.n/'-VI'·/~ 
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Compared with the next best alternative, the Canal oil-fired 

plant, there remains a difference of .92 mills per ki1owatt

hour or about $13.6 million annually in favor of the Limerick 

nuclear units even with the cost of combustion turbine capac-

ity and replacement energy included. Compared with the dry 
. . 

tower oil-fired installation the nuclear plant has an advan-

tage of 1.34 mills per kilowatt-hour or over $19.8 million_ 

annually. 

In addition to the cost advantage of t-he Limerick 

nuclear units, consideration should also be given to the 

effect on oil markets of the fuel required by the other a1-

ternatives. Each year of operation of the oil-fired alterna

tives would require approximately 25 million barrels of oil. 

According to the 1970 u.s. Census of Population, approximately 

575,000 occupied housing units were heated by oil in the five-

cou~ty area served by the applicant (Philadelphia, Bucks, . '. 
Chester, Delaware and Montgomery Counties). Based on an 

estimated average annual consumption of 1,000 gallons of oil 

per housing unit, approximately 14 million barrels of oil are 

required each year. Thus the oil-fired alternatives would 

require almost twice the 1970 consumption of oil for domestic 

purposes in this five-county area. This could be expected to 

have a significant impact on the oil market in the area. 

The average revenue per kilowatt-hour paid by cus

tomers served by the Philadelphia Electric Company in 1972 

was 2.34 cents. Multiplying this average price for electricity 
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by the 14.8 billion kilowatt-hours to be provided by the 

Limerick project results in $346.3 million as the annual 

benefit of the Limerick project. This compares with the 

annual cost of $235.8 million to generate those kilowatt-

hours, utilizing 2,110 megawatts of nuclear generating capac-

ity at the Limerick site, an additional 550 megawatts of 

combustion .turbines and replacement energy from other existing 

units. This represents a total excess of benefits over costs 

of $110.5 million. 

It is clear' from this analysis that, despite the 

limitations which may be imposed on the Limerick nuclear 

units as a result of possible periodic inadequacies of water 

flow in the Delaware River at the Trenton monitoring station, 

these units will provide total benefits substantially in 

excess of their costs and that they have·a major cost advan-

tage over any presently available alternative. The reexami-
. .. 

nation of the cost-bem::~i catlalysis in the light of costs 

.' which might be imposed as a result of water limitations at 

the Limerick site clearly indicates that the nuclear plant at 

Limerick continues to be not only economically viable, but at 

the present time remains the best 'alternative source of new 

generating capacity available to ,the Philadelphia Electric 

system. 

, n/C/rl 
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DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATIO'I A.D~UHISTRATIOH 

A1rspace & Procedures Branch, EA-530 
Federal Aviation AdmInistratIon 
Eastern RegIon, Federal Building 
J. E. Kennedy Int'l. Alr~ort 
Jama1ca. New York 11430 

IN IItl'U .(ru TO 

AERONAUTICAL STUDY 
NO. 73-EA-379-0E 

DETERMINATION OF NO HAZARD TO AIR NAVIGATION - : 

Philadelphia Electric Company CONSTIlUCTlOIi LOCATION 
"'-ACE N_ 

Pottstown, Pa. 
LA'"UDE I LONGITUDE 40-13-36 75-35-20 

DEKA'I'''ON H('GHl t' .. fUll 

COICSTII.UCT I ON 
Towers (2) 

••• '11 ".OU" • l7'64 MIL 'ROPOSEO Cooling 507 

An aeronautical study of the proposed construction d~scribed above ha5 been completed under the provi5ions of Part 77 of the 
Federal Aviation Regulalions. lIased on the study it is found that the construction would hav., no substantial adverse .,Uect 
on ahe aafe and efficient utilizalion 01 Ihe navigablp. airspace by aircralt or on the operalion of air navigation facilities. There
fore, pursuant to the authority delegated to me. it is hereby determined that the construction would not be a haziud to air navi
,ation provided the followin, conditions are met: 

Conditions: ' 

1. The towers are obstruction marked, and lighted in accordance with FAA 
Standards. 

2. Appropriate NAVAIDS are established as indicated in enclosed text. 

Supplemental notice of construction is required any lime the project is abandoned (use the enclosed FAA form), or 

(XXX) At lesst 48 hours before the stan of construction (u!'le the enclosed FAA· form). 
( , Within five days after t"he eonatruction reaches its "eatest height (usc the enclosed FAA form). 
f ) Not required. 

This delermination expires on January 24, 1975 unless: 
(a' eXlend'ed. revised or terminated by the issuing office; 
(b) the construction is subject to Ihe licensin,! authority' of Ihe Federal Communications Convnission and an application 

lor a construction permit is made to Ihe FCC On or before the above expirstion date. In such case tlte determination 
expires on the date prescribed by tlte FCC for complelion of construclion, or on Ihe date the FCC denies the applicalion. 

This delermin.lion is subject to review if an interested pany files a petition On or before July 14, 1973. In the 
event s petition tor review is filed. it should be suhmillt"d in triplicate 10 the Chief. Airspace Obstruction and Airporls Rranch. 
AT-240, Federal Aviation Administralion, I'ashington, D.C. 20S9Q, and contain a full statement of the basis upon which it is 
.ade. 

This delermination becomes final on July 24, 1973, unles!'l a pelition for review is timely filed. in which csse 
the determination will not become final pendin, disposilion of the "cliL~on. Interested parlies will be notified ·of Ihe ,rani of 
any review. 

An accounl of tlte study find in!!", a",ol\autical objt"clions. if any, ro:gistered wilh Ihe FAA durin, the study, and the basis for 
Ihe FAA's decision in Ihis matter will be found On Ihe following ,.ag.,lsl. 

If the struclure is ubjeci to Ihe licensin, authority of Ihe FCC. a copy of this delermination will be sent 10 that A,ency. 

Chief, Airspace & Procedures Branch, AEA-530 
rlTU 

June 14, 1973 
I5SU(O IN --------eT-+-r-------------

ON __________________________ _ 

fAA f., ... 7460.' '4-7" 'al· , •• , .... 
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On June 15, 1971, in Case No. 70-EA-510-0E, the Federal Aviation Administra
tion issued a Determination of No Hazard to Air Navigation to the Philadelphia 
Electric Company for an electric g~nerating plant and cooling towers near 
Pottstown, Pennsylvania. This determination expired on January 25, 1973, 
prior to the start of construction, and the company refiled as noted herein. 
The height and location are approximately the same as originally filed. 

The cooling towers would be located 7,800 feet southwest of Pottstown 
Limerick Airport, 24,000 feet southeast of Pottstown Municipal Airport and 
underlie Federal Airway Victor 143. 

At this location the towers "Would exceed obstruction standards in Federal 
Aviation Regulations, Eart 77, as follows: 

1. Section 77.23 (a) (1) (Structures greater than 500 feet) by 7 feet. 

2. Section 77.23 (a) (2) (Structures greater than 200 feet) by 253 feet, 
as applied to Pottstown Limerick Airport. 

3. Section 77.23 (a) (3) (Instrument procedures in that the Minimum 
Descent Altitude (MDA) at Limerick Airport would be increased from 
1011 feet to 1180 feet and the MDA at Muni'cipal t<il:port would be 
increased from 1060 feet to 1160 feet. 

4. Section 77.23 (a) (3) (Airways) In that the Minimum Obstruction 
Clearance Altitude (MOCA) of Federal Airway Victor· 143 would be 
increased from 1700 feet to 1800 feet. (The Minimum Enroute 
Altitude of this airway, 2000 feet, would not be affected. 

5. Section 77.25 (b) (Pottstown Limerick Airport, Conical Surface) by 185 ft. 

The, proposal was not circularized for aeronautical comment since the original 
proposal was circularized on December 24, 197e, and discussed at an Informal 
Airspace Meeting on Harch 26, 1971, and the commen~s, information and data 
previously obtained could be appropriately used ir. this case. 

The aeronautical study disclosed: 

1. To eliminat.e the adverse effect of the proposed construction on 
instrument approach p~ocedures, the proponent plans to install naviga
tional facilities as follows: 

a. An Instrument Landing System on Runway 10, Limerick Airport, which 
will enhance the IFR capability of that airport. 

b. A 75 MHz Beacon, appropriately situated to provide 3 step-down fix 
to MuniCipal Airport. which will permit retention of present landing 
minimums. 
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c. An Altimetry Station to serve both airports which will permit lower 
lanuing minimums at both airports. 

2. The towers. appropriately obstruction marked and lighted, would have 
no substantial adverse effect on Visual Flight Rule (VFR) operations. 

3. The FAA has no record of usage of the 1700 ft. MOCA of Federal Airway 
Victor 143. Therefore. its increase to 1800 ft. will not interfere 
with the effectiveness.of this airway. 

Based on the aeronautical study. it is concluded that the proposed cooling 
towers would have no substantial adverse effect on aeronautical operations 
provided: 

1. The towers are obstruction marked and lighted in accordance with 
FAA standards. 

2. Installation of navigational facilities discussed herein are effected 
for Pottstown Limerick and Pottstown MuniCipal Airports. 

NOTE: 

Local instrument procedures have been tempor.arily ad~ustcd to "ccommod .. te 
the proposed structures. Upon installation of the navigational aids 
indicated herein. landing minima will be restored to those in effect 
prior ~.~ the cnnst!'u~'l ~"r,. 
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l~. clt'..~s I!t'1m~'zC'y 
Al1~p::o(; tl. l~eduI'Cs r-r.:r.ch~ ::'lI.uS30 
Fcd:3r;1~ }.vic.!:.i.')n !~r.!:'..:t.d.Ft.r.'lti.C~l 
EOStcl'n r:.D-~!on, F~:U"~ Dt.:Ucl!ng 
J. F. l.('r.n~q Into::r.::~t1cJ!.u :"i..~.rt 
J~.ea., liev !a!'k 11430 

S\!bj~ct I t'~t(1l~dn~tir.!:l or 1;0 TI"~~ 
tl) .~.1:::' n~v:i~.~ M.-{\!l 
!.erCJ1:1'\.!tic.ll ,'3"t~1r.":r !~o. 73 ... ~.-Y19-Cr:: 
~r1zk O!.r.':~l\'lt.:.n~ ::;!~ticn 
rhi.l:.\.'.1~1t::li~ :'·J.~e t:r..i.e Gt~.':.r:fl~"-~· 

~.... .......-....-.._ . ...:~-...... ___ -..r_ ... _..,l •• _______ -. 

July 20, 1973 

.AD P"i" y-t.-..;r t~..lf:r-ho;::.e C~:T:~!'::;~tl~ ~~t.h C2~~'lc~ C!lr~,:l.rn 
en JuJ.;, 19 .. '$'7:0>, ,~c h:loV-;: UlO foll~rln.;~ t~J-..c.~!'$t.~n(.~tl.'l~: 

1) tbt; c; .. c~r:.'.ct,j.~ r:l"d".:ir.:; .r.t.~t.e1 ~:l t!.'!~ (l')JbjGct t5:etel'
r'lil:.."'l.tir.·n i~ H·ot i'!::,:!l. 

2) a !1:!J..~~ ~-~':!~~ :noll t~ r::;f..3 ('::l ti;~ s+".'t":r~t'l..'r-C:'~ t'tv...r 
th~~y' ~:.:r:.~ t!~ct-:.d. 

3) ta.io :-czult.~ c! t~~ .t'.1i:)t ::~)~cl: ~rlll C:;'. ~ .. ~.r::::h:-.e 'l~oU:t~~ .. 
'cr r.c t (,.~':,!r..tl t"~l'.ld.n.:; ,:,,1.11 tl.!J ~:;:r~'JiX'ed_ 

Th~ t'.~\"o 1tc::-.::s .... '""'3 i.t'!~!'\t:'.C!!l. W thl1 c~tr~:J:r.d.l1nt-l!,;·!\-~ l:'..:"!~~ .1Jl t!-:.J!) O1'!-
g~ ~,,~ lio. 70 ... !;.~ .. 510 .. !)? fer tt.~~~ ~t.r\:.:I;.m.·:;~. 

~e vUl ~!'.s:';.'::~ that. yc:!! .n~r{';~ ~·i:...' th~ nbove st-!lt~':';Cllt~ 
cnk~9 ~'$ }-..c!1t' to 'tX~ cc,":'1 t.~r:r.Y • 

ce :£1'0. 
Copy to: 

I .~ ';"~:. 

E. C. f.1~t..~r· 
J_ L. !~1~'1 
R. "~~ ~~~!'d' 
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Regional AClninistrator 
Region III, Env:1rcn.":~ntsl Protecticn J.&enq 
6th and i-hlnut Streets 
PhUadelphiaJ Pa.. 19106 

Attention: FeIYdta Br:me.~ 

Subject: Diccharee!! in CClU"..e~tiC!l nit.l) tho 
Const.ruction £nd Pr-zoperat1onal Start.-Up 
of t.~0" Lr.~r1ck Gencrat:!.ng St~tion 

Rete:-cncc: 'l'~lei'~one Con'rc:-saticn B~t,::~('n l:r. )(. y.. ~:u 
fc:r1!'.1t.C) Eranch, ErA, fI.r.d 1~. C~orgo J. D~ck, 
FhUnd91phia Electr-lc Cc~~ - l~ 2, 1973 

SUb..."'11ttcd berC'rlth lll'~ fo\!:" (4) copies of tht.'! IJubjc::t pe!'!:'":.! t ar-p11· 
c.ut.ion. Alr.o :fr.clu~-::"d f..o;; e. Fhi.1.c.::~lr1l:f.a E.lc:;u·:tc C<:~'-l~' Ch3d, in t!)S 
SlDOUllt or :tlo.oo to cov~r th3 applic~t5.C'n. fee; 

Cor.structitm of t119 subjeet f'~cllity ~ cXJ.~cted to l'~&U';e f1hortly 
and the c~soc1s.tcd dischuea iq Mticipat~d to begin C'~rly in July, 1973. 

T'nia llppl1c Ilticn cOV::r3 construetion d1~eh!U'e:a only; a nCE:nrate 
appl.1c~t1.:m t-1U1 be rUed for t.he ncr.c.sl o!~rating dischnrees. 

l{e hope thnt JOU f:bld t.his app:r~ach :!:-t;iof'o.ctcry. If jell he.ve 2JT'j 

Que!Jt.1cr.s, cCI'.!IlCnts" or 5u.:;~esticn.~, va WQuld be gll'.d to ctl..sCl;S:l them 
with you &t your convenience. 

cc: V. S. BoyerJJ. S. KeInper 
E. C. Kistner/J. L. Allen 
E. J. Bradley 
R. A. Mulford 
J. H. u,ng 
W. B. WUlsey IF. N. z.:egahan 
C. W. Dick (Bechtel Corp) 

EnclofJ'Jre 

OJB:tmp 

;" 

E. c. K1stn~r 
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NATIONAL POLLUTANT DISCHARGE ELHlINATION S'{STEi1 
APPLICATION FOR PERt1IT TO DISCHARGE - SHORT FORM C 

APPLlCATIO:: IlU::SEP. 

FO? 
AGEIIC Y ~.l--L--L_1-.l--L.-J..--I~ 
USE 

To be filed only by persons engaged in manufacturing and mining 

Do not attempt to complete this form before reading accompanying instructions 

Please print or type 

1. Name, address, location, and telephone number of facility producing dischafge 
A. t1arr.e Iirr.erick Generating Station 

B~ Mailing address * Philadelphia Electric Company 
1. Street address 2301 }:arket Street 

DATE RECEIVED 

YEAR f'kl. DAY 

2. City Philadelphia 3. State _P_a_-________ _ 

4. County Ph:i:ladelphia S. ZIP _....:1:::9~1:.:O:.=1=__ ______ _ 
C. Location: 

Station Hoads 1. Street Evergree."l and Sanatoga 
'Z. Cit Li.m3rick TO!omship 

y Fa_ 3. Coun ty _M_o_n_t...;g::,.o_IIl_le_ry-=-_____ _ 
4. State _______________ _ 

8hl-h,jo 

2. SIC 

D. Telephone No. 21, 
Area 
Code 

(J _ H. long J fugineer-in-Charge, Po~er Plant 
Services Section should be contacted concerning 
this application) 

(Leave blank) 

3. rlumber of employees Not applicable 

If all your waste is discharged into a publicly o·.med ~Iaste treatment facil ity 
and to the best of your kno\~ledge you are not required to ootain a discharge 
permit, proceed to item 4. Otherwise proceed directly to item S. 

4. If you meet the condition stated above, check here 0 and supply the info~~tion 
asked for below. After completing these items, please cOr.1plete the date, title, 
and signature blocks below and return this form to t~e proper reviewing office 
without c~mp1eting the remainder of the form. 

A. /lame of organization responsible for ret:eiving waste __________________ _ 

B. Facility receiving waste: 
1. lIame ________________________________________ ~~-

2. Street address ___________________________________ ---'-__ _ 

3. City ____________________________ _ 4. County _____________ _ 

5. State _______________ _ 6. ZI~ ________________________ _ 

5. 0 Principal product 0 ra~1 m~terial (Check one) -J~~IOOJ:.t_!da.;!.'J~D,,;.l..,!,i~c'-'la ... b~l.Sie'---__,--_,...._~-__ -,-_-::-__ 
Discharges in connect~on with the constructi~~ and praoperational start-~F 

6. Princi pa 1 process the LbL:ez'l..:!< G~"l9rd.tling Station. 
7. Maximum amount of principal product produced or r,j;~ material consu:r.~d per (Check one) 

Amount 

Basis 1-99 100-199 200-499 500-999 1000- 5000- 10,000- 50,000 
4999 9999 49.999 or more 

(1) (2) (3) (4) (5) (6) (7) (8) 

A. Day See Attachet Na...-rat..i ,.0. T'~s~ri fat.ian 
Il. /':on th 

::. Year 

EPI. Form 755'·5 (1-731 * Company Heacq~~ers Building 



8. l:d)(ir,l,;~ amount of princIpal p"oduct pruduced o,!.1:<J.:oocterial consumed, reported 
in ite~ 7, above, is measured in (Check one): 

A.O pounds 

F.o gallons 

B.o tons C.o barrels D.obushels E.osquare feet 
G.o pieces or units H.o other, specify. _N_o_t_a.;;p-=p_l_i_c_a_b_l_e ___ _ 

9. (a) Check here if discharge occurs all year 0 , or 

(b) C~eck the month(s) discharge occurs: 

2.0 February 3.0~·larch 

Not applicable 

5.o'·lay 6.0 June 1.0 January 

7.0 July 8.0 August 9.0 Septemher 

4.0April 

10.00ctoher 11.0 November 

4.06-7 

12.0 December 
(c) Check ho'll many days per ~Ieek: 1. 01 2.02-3 3.04-5 

10. Types of waste water discharged to surface waters o~ly (check as applicable) 
, 

Volume treated before Flow, operating gallons per day discharging (percent) 
Discharge per 
operating day 0.1-999 1000-4999 5000-9999 10,000- 50,000- 1I0ne 0.1-

49,999 or more 29.9 
(l)' (2) (3) .... ( 4) (5) (6) (7) 

A. Sanitary, daily 
average "See At f.3,cbed N2 ~ative escripti Rn 

B. Cool ing water, etc. 
flatly average 

C. Process water, 
dai ly average 

o . Maxi~um per operat-
ing d~y for total 
discharge (all ty;les) 

.. 

11. If any of the three types of waste identified in item 9, either treated or untreated, 
are discharged to pla~es other than surface waters, check below as applicable. 

Average flow, gallons per operating day 

30- 65-
64.9 94.9 
{al (9) 

. . 

95-
100 

(10) 

Waste wate,r is 
0.1-999 1000-4999 5000-9999 10,000-49,995 50,000 or lO:or£, discharged to: 

(1) (2) (3) (4) (5) 

A. Municipal sewer system 

B. Unde rg round well 

C. Septic tank 

D. Evaporation lagoon or pond 

E. Othe r"\ spec i fy . \ 

1? Number of separate di sC.harge points: A.r:ll B.o 2-3 C.O 4-5 0.06 or more 
13. Name Of receiv i ng wa ter or wa ters .::S~c::.:h~u=y"-=lk=i1=l=___R=i:.:.v""e"'r'__ __________________ .;.... __ _ 

14. Does your discharge contain or is it possible for your discharge to contain 
one or more of the following substances added as a result of your operations, 
activities, or processes: alTJ;1onia, cyanide, aluminum, beryllium, cadmium. 
chromium, copper. lead, mercury, nickel, selenium, zinc, phenols. oil and 
grease. and Chlorine (residual). A.oyes B.O.no 

I certify that I am familiar with the information contain~d in the application and 
that to the best of my knowledge and belief such information is true. complete, and 
accurate. Vice President. 

Vincent S. Boyer 
Printed ~ame of Person Signing 

L,- - -.: - .:> -: 
Date Application Signed 

IS U.S.C. section 1001 provides Ihill: 

Signature of Applicant ~I 

Ilhoe",,·r. in icfl)" miltler \\'itllin thcjurisdiction ot .. ny d,'pOlrlment or a~«Icy o( Ihe unile-d SIDte:; 

kno,vill/,ll}' Dnci ",Uully (,,/:;iii,'s. conccDls. or cover,. up by "ny lri.:k. "chmte. or devic(- II 

ttrMeri.1l (aci. orm.:L'<e.s M}~·.{.ll,~ .. , r;!;tiTi.ou.~. or {r"ucLlent s''''e;nf'n's 0' "'Pres''Il/a/ion,,; or 
\ I' \. 

m(Ik.·,. or USI'S allY { .. lse writinB or docutnt-nt kno'nn~ .s;rne l'f cJhlOlIM ill'}' (Oll",e. fictitious, 0' 

'r"udul"nr ~11I/M1tt11 or enlr/. shall be finedn<JI marc Ih ...... $liJ.OOO orIM'pri:<<Jnecioo/more 

'~oln .s ),,,,,rs, Or tvlh. 

r 1'1. r U'" H~O·a 1'·731 (n.".,u) 

, 
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£escription of the Intake Water and Discharces in Connection 

with the Construction and Preoperational Start-Up of the 

Limerick Generatinq Station, Units 1 and 2 

A. Intake Water during Construction and Preop~rational Start-up 

A-I. 

A-2. 

Construction water is provided by pumps installed in 
three wells (No.1, 3, 4), located on site. The total 
capacity of the p~~ps is 100 gpm. Analyses of this water 
are made monthly; typ1cal values are shown in Table 1. Thl 
water of the well No. 4 ~ill be used for domestic purpose 
after chlo::::-inatic:-.. :~-.=:: the permanent water treatment 
system is built (~::::-obabl::' in 1975), the filtered ~later 
after chlorination will be used for domestic purposes. 

During the preo?era~~:~~: start-up 300 gpm of water will 
be taken fro~~~e ::::-i~=::::- (Schuylkill or Delaware-Perkiomen 
and treated by ~ea::3 :: =larifier ~!d filters; part of th 
water will be de~i::erali=e~ (120 gp~ a~erage, 180 gpm 
max.). The river ,,;a ter -:::.11 be continuously monitored 
for pH, turbidity and c:~=uctivity. During the test of 
the service water syste=, a maximum of about 20,000 gpm 
of river water will be used for a short period of time. 
In T~ble 2 are shown the characteristics of the river 
water and in Table 3 the expected cruali-ty of the trea teeT 
water. . 

B. Discharge during Construction 

a-I. De,va tering 

Dewatering will occur as necessary for foundation and 
other below grade work; this water will be ground
water and/or rainwater. 

The water will be drained and pumped from collection 
points on site to a waste water holding pond. The 
pond will be equipped with a recirculatio~line and 
mi::-:ing pump \-7i th means for adding c;"emicals 'for water 
trea~~ent, when required. - The pond will have a total 
c~oacity of 400,000 gallons, sufficient to retain the 
~,~-~t~ from 3"/hr rain storm of 45 min. duration and 
.-':·'o~.l·~~': effluent quality standards of turbidity as set 
;"", : ... :. ~:ornr.~om'leal th of Pennsylvania. For normal operatic 
-:;'.:.' '.: :.:;:harg·~ pipe is sized to provide settling time of 
10 h'.) .. :!:::.; to ,,1.10\-1 for 70% settling of clay suspension, 

, as~.;I.Ir.! ~!~J the !:1~iS in remains full due to surges from 
.~ ~_. pU~!ii'cd ~1.~oun/_h,·a ter . 

. ,.... I 
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B-3. 
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Other waters from preoperational start-up operations 
(see Par. C) will be sent to this holding pond. Its 

'effluent will be mo~itored for flow, pH, conductivity, 
and suspended solids; the effluent ~'lill also be visual).y 
inspected for oil and tested as required when other ". 
pollutants are suspected to be present in order to assure 
that discharge limits are not being violated. 

Detection of effluent water quality which'exceeds any 
discharge limits of the Cp~monwealth of Pennsylvania 
will result in treatment in the pond as required. 
Possible treatment would include: 

Neutralization 
Precipitation and settling of iron components, 
if any . 
portable pump-ski~ing, for removal of excessive 
oil 
Chemical treatment to flocculate and settle 
excessive suspended solids 
Periodic cleani~g of the pond to remove settled 
matter" 

Yard Drainage 

Normal rainwater run-c:: from the site drains to the 
Schuylkill River through the storm drainage system. 
Precautions will be taken (by daily visual inspection) 
in areas where possible pollutants are handled (around 
the chemical ~torage tanks .and oil tanks), in order to 
prevent these from entering the river. 

Sanitarv Hastes • 

Most sanitary wastes from the temporary facilities 
during construction (and later from plant and administration 
buildings) are collected and piped to the on-site sewage 
treatment plant. No industrial waste will be discharged 
into this sewage system. 

So~~ SENage coming from temporary facilities (i.e. 
:.:;\~r.-:.&.·=::..l toil::::' s· ... .'111 be trucked off-site before, 
~ ::: i. " ::.::6. :.. . .:'r..~.. -:-"1':: sewage treatment plant is constructed. 

.- . ~'J~~~e~~ .; ~~ extended aeration type; it 
. .":~ ~ ::\s ·-':::.:l=i:L:ation during construction, 
• '.': :i:"r". ; . 0" " ~.::~ d~r in:; t~e norreal operation of 

'1 ~. ,,\ ' ... ~ ~ • ",.'.:n t 
li.' ~;- t~ .. ,-:huy 
,e~r~:,--.t . .:~l r.lay. 

~~ chlorinated prior to its discharge 
~.i~L ?i~er through the outfall line. The 

n0~5 load to the sew~ge treatment plant 



I-103 

during co~structio~ is 75 lbs/dav; an 85% removal 
is expectec in =~corda~ce to the-requirements of the 
CO=:-:.lonwea l th of ?-2nnsyl·:ania. The ef fluen t from the 
pla~t will have ~~ expEcted content, after chlorination, 
of less t~an 11.25 Ibsjday of BODS' . 

Daily sarr.;les 0: the e::::luent \·,ill be taken and analyzed, 
to verify the p=c;er o~eration of the plant and the 
effect of the e=:luent on the river. 

c. Discharqes duri~= P=ec~==a~io~~l Start-uD 

During this pericd disc~~rges 3.2 and B.3 and possibly some of 
B.l, will occur also. 

C-l. 

'" C-2. 

Fh.:.shina 0: Pin:':-.::: =":-:e:":'. \·,ithout Chemical Addition . . 
Prior to sta=t-~~ of ~~~-: I, the piping system will be 
fl~shed. ?he tc-:al qua~-:ities of water used for all the 
fl~shes will be ~~Qut 5.: Million Gallons (MG) of 
de~ineral~=~~ ~a-:e= a~~ about 3.0 MG of clarified water, 
in a peric~ c: a~:~-: c~e year. 

The resul~ing e:::uents ~ill contain traces of suspended 
,. , d - - f' 1 . It f d' so_~ s, grease, a~~ rne-:~~ ~ ~ngs as a resu 0 ~rt 

le:t in t~e pip~~; sy=-:e~ during construction. It is not 
possible .-:0 ~ake a qua~-::'tative esti~ation of these 
co~tamina~~s. ~~e watE: quality degradation will be 
negligible, but -:~e water will be sent to the holding 
po~d (see Par. E-l) for ~~~lity control before dis
charging ~o the =c~uylk~:l ~iver. The same operations 
will be rs;eatec about c~e year ~ater, in connection with 
Unit 2 start-up. 

Hvcrostat:'c Tes~: withc~t Chemical Addition 

The dryer-se?ara-:cr poo~, the spent-fuel pool, the 
reactor basin ca~ity li~er, the feedwater system, and 
the conde~ser wi:: be ~~drostatically tested using 
approxima:aly 1.5 ~G of demineralized water and 2.0 MG 
of clarif~ed ~atsr; the test duration will be about 
f01.:.r rnont;-.s. 

T:-.is ',\?ate:::- T/;ill =::::1tain" only trace contaminants (same type 
as i~ C-l); it ~:':l be sent to the holding pond for qualit 
~=~~~0l prior tc ~ischa=ge to the river. 

-'. ~~ ·'·.lme 
':~ ,:-::··\.:O 

a~Qunt c: ~ater will be discharged prior to 
~.: " '.. ? '-'_ L.n.l .... __ 

:': . .::: .- :~lc e~·::;:t:.:!:! tanks and the Perkiornen make-up \o/ater 
bYS:;._:',\ \.:i::":' ::.~ :.·:;s-:.ed 'l,.,"ith ra\" ... :ater (2.9' HG for the 
!;i . .c;;t;;d';.iV. ~~~:..:s .:!.r.":: 2.2 ~!G for the pipeline). 
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. C-4. 

C-s. 
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Hydrostatic Test of the Reactor Vessel and Associated 
Piping 

The reactor pressure vessel and associated piping will 
by hydrostatically tested over a one month period using 
a total of 300,000 gallons of de~ineralized water con
taining about 500 ppm of trisodium phosphate. This 
alkaline solution will be sent to the hOl9ing pond, 
neutralized and discharged to the river. The same 
amount of vlater will b.e u.,sed prior to start-up of Unit 2, 
about one year later. 

Auxiliary Boiler Caustic Boilout 

Each of the three auxtliary boiler~ will be boiled out 
using about 2,500 gallons o~ demineralized water with 
~pproxinately 100 ~== :~ ~=isodiurn phosphate, SIbs of 
biodegradable dete=;ent a~~ 1 gallon of 50% solution of 
sodium hydroxide. 7he disc~arge will occur in about 3-5 
days. This water, as well as the following 5,000 gallons 
of flushing water, ~!:: ~~ sent to the holding pond, 
neutralized az;::' ~::e~ ::':'s::harged to the river. 

Discharge from P~~=5 

Intermittent operation -- ~he screen wash pump will begin 
prior to start-up of Un:'~ 1. The operation of the 
circulating \vater purGps. ;·;:'11 begin at about the same time. 
These pumps will take in river vlater and return it screened 
to the river_, ;tith a ma.xirnu:n expected "!::emperature. r;i,.se of 
lOF.·· .. .. . . .'. - - _., . ~ .. 

C-6 Demineralizers Reqeneraticn-and Water Treatment 

C-6.l Make-up Dernineralizer Regeneration 

. The primary demineralizers (cationic-anionic) 
will be regenerated up to 3 times per day, 
producing for each regeneration about 4,600 
gallons of water containing 255 lbs of NaOH 
100% and about 3,600 gallons with 340 Ibs of 
H2S04 100%. 

. . 
The polishing demineralizer (mixed bed) will 
be regenerated once per week, producing about 
3,000 gallons of water with 84 lbs of H2S0 4 and'84 lbs of NaOH. 

1\11 this chemic.;!.l waste~'later is pumped to 2 
~~utralizing tanks (combined capacity: 30,000 
,~allon~), where the pH is controlled and monitored 
I ilnd th._~!) to a settling bas.in. The settling basin 
overf le)\·; is sent to the holding- pond' and the~n to 

',~~~;rivcr after quality control. 
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It shoulc be no~ed that these discharges occur 
during i~te~~it~ent peak periods, and that the 
nornal o::::erati:--.:: conditions v,·ill reauire less 
than one-regene=ation of the primary de~inera
lizers pe= cay. 

C-6.2 Clarifier and Filters 

The river wate~ is treated in the clarifier and 
then filtered (3nO gpm). Approximately 80 lbs 
of alu."':li::'~':"'":l suI: ate and 80 lbs of soda ash vlill 
be added to the clarifier as a clarification aid. 

The clari:ier ~::.derflow atid filter backwash water, 
co::.taini::.; mai~ly inorganic suspended solids, will 
be sent to t~e settling basin, and then to the 
holdinc ==::.~. :~e clarifier overflow will be 
contin~o~::y ~c::.~~~red for pH and turbldity. 

Test of Service ~a~er 5~5~em (no che~ica1 addition). 
• 

This test wil: ~::.~=:~a ~ischarge from the residual heat 
re::-;oval (?":;R) s::·s~a::-" ~:::e station cooling v:ater system 
and the e=ergen=~ sta~~=::. cooling water system. The 
wa"':er (up to a :::-.a:-:i.::'!U.-::. == 20,000 gpm) vli11 be taken from 
anc disctarged ~~ ~:::e =~~er. The temperature rise during 
this phase will =e ne~:~;ible (less than 10F). 



pH 
Total Alkalinity 
Total Solids 
Dissolved Solids 
Suspended Solids 
chlorides 
Sulfates 
Ammonia (-as N) 
Nitrites (c;t.s N) 
Nitrates (as N) 
Bacteriological 
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TABLE 1 

Analyses of the Wells Water 

Well No. I 

7.7 
(as CaC03) ],20.0 

988.0 
988'.0 

0 
4.5 

422.0 
1.36 
0.0 
0.26 

Report ?ot=.l::>le 

'All results are expressed in pp~ ~y=apt pH •. 

... "-

''lell No. 3 ~1ell No. 

7.9 8.0 
148.0 116.0 

1052.0 202.0 
1052.0 199.0 

0 3.0 
6.0 3.0 

461.0 77.0 
2.24 N.A. 
0.02 0.01 
0.38 1.00 

Potable Potable 



C~aracteristics of Ri~ers Intake Water* 

Schuylkill Perkiomen De 1 a\'lare 
Variable Variable Variable 

pH 7.3 8.1 7.1 

Te:nperat-..:...re SU:'T::.er 82.4 77.5 ·77.2 
(oF)** 

Temperat\;!!:'e \'!inter 39.2 35·.8 37.7 
(oF)*** 

* The river ~ate= ~se~ ~~=ing construction will be 
ta<en frc::-~ -=::e ~ =::·":~·:=<':"l.l River or the Perkiornen 
Creek in ~::ic~ ~ ~~=:"a~~e quantity of water will be 
di!:'ected ~=c~ ~~a ~~:a~are River. Since intake water 
du:::-ing cC:".str'.:.c-=:"on \;:..:: be variable , it cannot be 
es~irnatec at t~:"s t~7= -=he exact ratios of the 
co=~ined ·"aters. 

** S~~er = June, J~ly, A~~ust (averages) 

*** l'lir:.ter = !:ecenbe=, Jar.:.:.ary I February (averages) 
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TABLE 3 

Expected Characteristics of Treated Water 

Clarified Filtered Demineralized 

pH 6.5-7.5 6.5-7.5 6.8-7.4 
Suspended Solids 10 ppm 1.0 ppm Trace 
DTS '* * 0.1 ppm 
Silica (SiO..., ) * * 5.0 PPB 
Chlorides 

.. 
* * 10.0 PPB 

Conductivity * '* 0."2 micro/mho/ern. 

* Almost the same content as ~he ir.~ake water. 
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JUL 1 3 1973 

Regicnnl ~d~~ntntrDtor 
Pegion III, ;'nv '1" In~·,cnt:l.l "'rctcctinn '\rcncy 
6th lln~ t.'r>.'. nut :;tr(~ot~ 
Philadcl~hi~., " ,'I 1?l'~1) 

A'1'F'I1'F'::, "er:"1it5 -=!r:l.nch 

Ao~llcTGif'n fer ~r:T~3 ;'1cr:-i t for the r'i:lcl;'1.r[~n!1 

in cc~~·;r~'ct1."'n "ith t~~e c0n:Jtril~tion "i.n:~ :-rcc"~cr

~ti.ve" !:tJ.rt-ll? of tho Li:-rtcric~ ~Jcn(tr.:tinf~ .. 3t~ti~n 
n:.lb~Lt~ cd ,::.y tl, 1973. 

Thi~ 15 to inform Y"'u th·,~t ccrt::in :-11.:1·"r ch·,nGp.·-; ~;i)C:!ld b"l T-"':'~C tlJ tho 
narrative 0cc.c!·1:1t.l"'r, 1~61"r:2~1 ::5 tJ:1rt 0~ thr. ;c, :bJnct :~",lli(::.ti,(;::. Thc<:e 
ch:{nC(;5 ·;1'0;'; foil(l~'s: 

2) .·'tee 5, ,lD.rut,;r.:-,?h C-7: Thi~ rar'D: r.":~"h :;h"'llo !)(: ch·'n.o:c~ 
to rc·..::.d - 1I'."iti3· test i·;ill im'olvc (~.i::c~'::,r(;(· frr.:'l t~I' :',":3-
ic:u~l hr;;,rt ro:,ov~l C';ir.) ::ystC:1 ~nc thn c:r:{:ri_~ ~~y ;.cr'.i.c'') 

GJB:cmc 

Copy to: 

""+~r ( .... , ,) ,."".......... ~1...0 .. ~t"r (u') to 3. "'-'Vl'''L1r'' I')f' Q 0"" if~ Q v \.0<1 ,;. • • • i..) j ;;,) J.,..... •• 4" ~::.... _ . -: ' ,; I' .... .: • ...., ~ I '_ 'J 

Gr'::)dll bo tn!{on .fr(',~ and di~ch:lrr:c:; t,,", th·~ riv.:'!r. 'Pllo 
tCM;:>srnture .... i~c curinG t!lis ph::sc !·!i.ll ba nr;.i~li.[ible 
(loss then 1°F). 

J. S.Kcmper 
E. C. Kistner/J. L. Allen 
J. Moskowitz 
J. H. Lrmf! 

, ~J!. A ":illsey 
R. A:' \ j'fu 1 fbt'd' \ 

~1 't{' 

Very trt:l:,r ~rour!:j, 

-----,-
E~.~L~' 



1-110 

Rational p~ninistrator 
Region Ill, ..:.nvirorur.t..nta1 Prottlction Ac,-ncy 
6th t.no u?lnut ~trt.t.ts 
PhllGdclphiA, PL_. 19106 

Attention: Ferr.d.ts lranch 

~VBJi. C'f: I.:iJr.€:rick Cencrc:tir.r. ::.tat ic.n 

J.;-ear t,1r: 

JUN 1 b .973 

~Ul:;mittl'C ht;rc .... iith ur~ four U:) copics o£tht;' pt:rll:it arplict.t1on 
for thf: norr.:nl ,operbtil'-{ tii~ch~r£:t!:; frot. tt.<. 5ubj(;ct jocili1,::. 1~1:s0 

include,- is a Fhilactlphia .i..J.cctric Com!;C'.n) check in t~;(. ar;c.;unt. vf 
~O.C(J to cover ~ plication t't.t.:. 

i'his upplication cc-v<.:r:; thE; nor:l'£>l opt-retinl oi$char(t.f] <.n1y j a 
s(;pGrat..1;; .. pplic~ti"n ... .::..:; z:ucr.lit.t .. d uI:dt:r our cov~r l~.'tt.' r" llttcC/ i.n}' 
4, 1913 for CU.COOT(,CS in connt:ction with tht; cer.st.l'L:.ction EJJXl ;:'1·t:

opt:ratior.:.l ~'-rt.-up c:d the ~ub~{;;ct !,;.cility. 

\off: hope that YClu find this approC:.cil catisfuctory. If :;c,," ha",
any q\l(.st1ons, co::w.ents, or 5UU,t:st!cns, \J'ti w(;ulc be £J.ac t.e Ci:::;CUE:; 

t'h6m l.'it.h yc~ ~t. your com'cnit;nce • 
• 

.~< 
,cJB :cib 
copy to: c. 'wJ. ~ick (Bechtel Corp.) 

V. S. Boyer/J. S. Kemper 
l. C. Kis1,ner/J. ~. Allen 
i.. J. Bradley 
R. A. liulford 
J. H~ Long 
\1. B. Willsey/F. N. Megahan 

.... C. Kist.uer 
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NATIO;·:AL POLLUTAr:T DISCHtlRGE EL'rmr:ATIOi!, SYSTE1'1 
{\PPUCf\TION FOR PERliIT TO DISCHARGE - SHORT FOR;·' C 

APPLIC~TI0~ ~~M~ER 

fOP. 
AGEr:cY 1--'--....1.---1..---1-..1...-..1...-1--1.-1 
USE 

To be filed cnly bj persons engel/Jed in n;,\/lufcict'Jrinc; and ,;liroing 

Do not atte.:1pt til corr.plete this fonil before reaoing accor.:panying inst,ouctions 

Please print or type 

1. Harne, address. location. and telephone number of facility producing dlstharge 

A. tlarne Limt..rick Ge:nE:ratin!2: Station 

. 8. r-lailing address*Philaaelphia 1:J.ectric Corr:pany 

1. Street address 2)01 harket Street 

YEM O;,v 

2. City PhilaaE::lphia 3. State _-:-P-:e,:-r.n",:,,:s::..;v:..,;l!1.,;v:.:a~n~~=o ""= •. _____ _ 
5. ZIP __ 19;.-.1_0_1 _______ _ 4. COtlnty Philadelnhia 

C. Location: 

1 S Lverg:re:en ar.a Sanato£a Station Roaos • treet ____ ~~ _____________ ~~~ _______________________________________ __ 

., 2. Ci ty ___ L_im_oe_r_i_c_k_,_'l_'_oo_·,,_n_s_h_i.>;;p________ 3. County _.;;.M;;.;;o;.,;;n,;;.;t;.Jf!:..o:..r':;.;,.e=.ryJ.-______ _ 

2. SIC 

4. S ta te ___ P~e_n_n--.;sy~' _l_v_a_nl.-::-o_a _____________ _ 

D. Telephone 110. 215 8Ll-L"530 (J. H. Long, 1ngineer-in-ChaIEe, 

(Leave blani<) 

Area 
Code 

Power Plant Sevices Section 
should be contacted concerning 
this application) 

60 3. Number of employees _____________________ _ 

If all your waste is discharc;':!d into a p:Jbl icly O'.med Vlaste treatment hcll ity 
and to the best of your kno',</ledge you an! r.ot req;Jired to o~tain a discharge 
permit, proceed to item 4. Oth<!l'\"/ise pr'Jceed directly to Item 5.' 

4. If you meet the condition stated above, check here a and supply the information 
asked for belo'~o After completing these iter:s. please ·cor.oplete the date, title, 
and signature blocks below and return this form to the proper reviewing office 
without' completing the remainder of the form. 

A. rlame of organization responsible for receiving waste ________________________ _ 

8. Facil itov receiving waste: 
1.lIame __________________________________________________ ___ 

2. Street address _________________________________ ~ ___________ _ 

3. City ___________________________ __ 4. County _______________ _ 

5. State _______________________ __ 6. ZIP ______________________ __ 

5. m Principal product. a ra'~ material (Check one) _---"U;;;:· =-e;;..c;:;.t:=-=-r=i.:::c~P_=o;.:.w:..;E:;..:r~ _______ ,.,_-----------

6. PrinCipal process Nuclear Power Plant 

7. r1aximuil1 amount of principdl product produced or r,:,vl t:1dt<:ridl cOlIsu..,~d per (Check one) 

AmO'Jnt 

Basis 1-99 100-199 200-499 500-999 1000- 5000- n .OCO- 50,000 
4999 99'39 ':3.999 or r..ore 

( 1 ) (2) (3) (4) (5) (6) (7) (B) 
-

A. OilY X 
B '·:ont.h 

\ .f , . 
r 'r"~':lr 

EPt. Form 7551)·& (1·731 -I.Col:ipany HtaoquartE:rS !:uilcinf 



o. ;:,1,( .:.::Jm dfilOllnt (,I prille Ip:Ji ·pr.;,.;uC. pro<..!uC'::d or r~", r.lll.:ricll consu:red, re~orted 
in item 7, above, is measured in (Check one)1_112 

A.o pounds B.o tons C.o b<lrrels v.o bushels E.o square feet 

F.o gallons G.opieces or units H. t'l other, speci fy _---!l~·."rl:.:.·_=_-......:.:H~~::::.. _____ _ 

9.. {a~ "neck here if discharge occurs all year ij, or 

(b) Check the month(s) discharge occurs: 

1.0 January 2.0 February 3.01·Iarch 4.oApril 5.0 r·l~y 6.0 June 

7.0 July 8.0 August g.o Septernher 

'1.01 

10.00ctoher 11.01l0vember 

4.06-7 

12.0 December 

(c) Check how ~ny days per week: 2.02-3 3.04-5 

10. Types of waste water discharged to surface ~/aters only (check as applicable) 

Flow. operating gallons per day 
, Volume treated before 

discharging (percent) 
Discharge per 

1000-4999 operating day 0.1-999 5000-9999 10,000- 50,000- flone 0.1-
49,999 or more 29.9 

(1). (2) (3) (4) (.5 ) (6) (7) 

A. San i tary, da ily 
avera9'i! . X 

B. Cooling water, etc. 
41a i ly average X X 

C. Process water, 
dai ly average X 

D . Naximum per operat-
ing day for total 
discharge (all types) 

. X 

11. If any of the three types of waste identified in item 9, either treated or untreated, 
are discharged to places other than surface waters, check belo\~ as applicable. 

Average flO',.,. gallons per operating day 
Waste water is 

30- 65-
64.9 94.9 
(8) (9) 

95-
100 

( 10) 

X 

X 

d i scha rged to: 0.1-999 1000-4999 5000-9999 10 ,000-49 .9~S 50.000 or rr.orr 
(1) (2) (3) (4) (5) 

-
A. Municipal sewer system 

B. Underground ~/ell 

C. SeptiC tilnk I 
D. Evaporation lagoon or pond 

E. Other. specify 

.' 

12. tlumber of separate discharge points: A.~l B.02-3 C.o 4-5 0.06 or mor;! 

13. flame ~f receiving water or waters _....;S=c.:..:h:,:::u:..!v.=l:..;.k=..:il:::· ::;l==-.!.:R:..=i::...,,~e~!',--_________________ .--__ _ 

14. Does your discharge contain or is it possible for your discharge to contain 
oJ)e or more of the following substances add1'd as a result of your operations, 
activities, or processes: ammonia, cyanid:!, aluminum, beryllium, cadmium, 
chromium, copper. lead, mercur¥, nickel, selenium, zinc, phenols, ail and 
grease. and Chlorine (residual). A.oyes B.ono 

I certify that 1 am familiar with the information containe:d in the appl ication and 
that to the best of my knowl~dge and belief such inforr:latic~ is true, complete, and 
accurate. Vice President 

Vincent S. boyer En2ineeri~~ a~d ReSearcb 
Printed. r:ape of Pe.rson Signi..n9 Title } / . ..J-~ (~ 

rf!:~ I~. (7 2,) ~ /"'VI-'C>.-n// 6.L .') ~ 
Date Appl ication Sig~ed Signature of Appl icant V ' 

IS U.S.C. seclion 1001 pfO\;de$ Ih:H: 

kno"lI,~!Ir a",/l,i/Cully {II/:;;i/i .. ~. con("fJ.:2/s, or (;OVers up b;' ,'n), Inck. ,,,·h.me. or devic-f':' 

n, ... tru;,',1 (.Jet. V';'t,:I.~f"~ DnJ.#, fijJ ... ~:. 1i'fh.t;()us. or Ir.luc!.;tt"nt .st_·,t~C':tI~t; (If ,~t(!sf't1tati':)II.s; ot 

m."Ik".~ or 1/:;"''' lillY I.:d .. e wriCin~ bf c1o'~},I<."t kno"'in~ ,,;c::., If (""'(,IOl,n uflr li/I,>;<'. ilcciliou.~, or 

{,,,,,ef,,,,,,,t xllllmlt'rlt 0' entt}', sh."1 bo! lincc/notn:orc 11,,1.1 SJU.OViJ or.iml'ris.~ne<.lnotnaorc 

Ihnn S )'WJf ... 0' 1 ... >1". 
EPA Fotm 7550,8 ()·731 (l'Ievetu) 


