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FOREWORD

The Susquehanna Steam Electric Station (Susquehanna SES) consists of two boiling
water reactors, each with a net electrical generating capacity of approximately 1,150
megawatts. The 1,700 acre site is located in Salem Township, Luzerne County,
Pennsylvania approximately five miles northeast of Berwick, Pennsylvania. Under
terms of an agreement finalized in January 1978, 90% of the Susquehanna SES is
owned by PPB L, Inc. (Licensee) and 10% by the Allegheny Electric Cooperative, Inc.

The 1998 Annual Environmental Operating Report (Nonradiological) for Units 1 and 2
describes results of programs necessary to meet requirements of Section 2F of the
Operating License, Protection of the Environment, and Appendix B of the Operating
License Environmental Protection Plan, as well as commitments in the Final
Environmental Statement related to operation (NUREG-0564), June 1981. This report
discusses environmental commitments and impacts from January 1, 1998 through
December 31, 1998.
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1.0 OBJECTIVE

The Licensee has developed procedures and guidelines to ensure that operation
of Susquehanna SES does not adversely affect the environment in the vicinityof
the station. Also, these procedures allocate responsibilities and interfaces
necessary to monitor environmental impacts. They include coordination of U.S.
Nuclear Regulatory Commission (NRC) requirements and consistency with other
federal, state, and local requirements for environmental protection.

The objective of this 1998 Annual Environmental Operating Report
(Nonradiological) is to provide a summary of both environmental programs and
procedures as required in the Final Environmental Statement (FES) related to
the operation of the Susquehanna SES, Unit 1 and 2, NUREG-0564, June 1981,
and Appendix B - Environmental Protection Plans (EPP) to Operating Licenses,
No. NPF-14 and No. NPF-22. The 1998 report is the 17th Annual Environmental
Operating Report (Nonradiological) submitted to meet EPP requirements.

The Licensee submitted an Environmental Report-Operating License Stage for
Susquehanna SES to the NRC in May 1978. This report reviewed the results of
„the preoperational impacts'of construction and described the preoperational and
proposed operational environmental monitoring programs. The NRC and other
agencies reviewed this report and made recommendations for operational
environmental monitoring programs which were listed in the FES.
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2.0 ENVIRONMENTALISSUES

2.1 A uatic I sues
4

The aquatic monitoring program for operation of the Susquehanna SES is
. divided into two parts. Part 1 includes effluent monitoring required by a
National Pollutant Discharge Elimination System (NPDES) permit issued
by the Pennsylvania Department of Environmental Protection (PaDEP).
Monthly discharge monitoring reports are submitted to the PaDEP as part
of the permitting requirements. The station operational NPDES permit No.
PA-0047325 was reissued on June 22, 1995, and is to expire on June 21,
2000.

The PaDEP is responsible for regulating the water quality permit for the
Susquehanna SES. The NPDES permit deals with discharge parameters
for the Susquehanna SES Sewage Treatment Plant, Cooling Tower
blowdown, and miscellaneous low volume waste discharges. The Cooling
Tower blowdown also includes in-plant process streams which discharge
to the Susquehanna River. Various low volume waste sumps discharge to
the storm sewers which flow into Lake Took-a-while, and eventually into
the Susquehanna River. NPDES permit parameters monitored are listed
in the 1995 Annual Environmental Operating Report (Nonradiological).

Part 2 of the aquatic monitoring program deals with programs listed in the
FES or recommended by the PaDEP.

cake Ba utrient R ductio Strate

The Susquehanna SES voluntarily supported the Chesapeake Bay
Nutrient Reduction Strategy monitoring program through the third quarter
1998. Sampling began during the fourth quarter of 1997.

River intake and blowdown samples were collected and analyzed for Total
Nitrogen and Total Phosphorus. Sample data indicated that the
differences between blowdown and river intake results were consistent
with station Cooling Tower cycles of concentration. The goal of this
nutrient reduction strategy is to have a 40% reduction of Total Phosphorus
and Total Nitrogen (entering the bay) by the year 2000 from those
industries adding these nutrients to the Susquehanna River.

American Shad

The Susquehanna Anadromous Fish Restoration Committee continued to
administer programs to restore American shad (Alosa sapadissima) to the
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Susquehanna River in 1998. Passage of both shad and blueback herring
(A/osa aestiva/I') at all hydroelectric projects was markedly decreased by
high river flows during the spring.

Totals of 46,481 shad and 6,211 blueback herring were captured in the
East and West fish lifts below the Conowingo Dam from 1 April through 9
June 1998 (Ref. 2.1-1). A total of 4,593 shad, 70% of those captured at
the West lift, was transported and stocked upstream of the foui major
dams..For the second year since the East liftwas operated, all fish were
allowed to pass into Conowingo Pond. This included 39,904 shad, 700
bluebacks, and 673,000 other fishes.

At Holtwood Dam, the next dam upriver, both the tailrace and spillway lifts
were operational from 27 April through 12 June. During this period, 8,235
shad (21% of Conowingo of the East liftcount) and 62 bluebacks passed
over the dam as based on viewing window counts.

The fish liftat Safe Harbor Dam, the third upriver dam, operated from 6
May to 12 June when 6,054 shad and 20 bluebacks were counted at the
viewing window. The Safe Harbor liftpassed 74% of the shad counted at
Holtwood and 15% of those that used the Conowingo East lift.

The Pennsylvania Fish and Boat Commission continued to operate the
shad culture facility along the Juniata River at the Van Dyke Research
Station, near Thompsontown, Pennsylvania. From 29 April to 28 May,
27.7 million shad eggs were delivered to the hatchery from the Delaware
River (10.3 M), the Hudson River (15.7M), and Conowingo-hormone-

'nducedtank spawning (1.7M). These eggs yielded 12.7 million fry that
were stocked in the Susquehanna and Lehigh Rivers. Of these, 1.1
million fry were released into the Susquehanna River at the Berwick Boat
Club Boat Ramp, 8.5 miles downriver from the Susquehanna SES.

Monitoring for impinged juvenile American shad was not conducted on the
intake screen of the Susquehanna SES in the fall of 1998. Mr. Richard
St. Pierre, Susquehanna River Coordinator for the Fish and Wildlife
Service, felt that monitoring would not be productive enough to warrant
such an effort.

Biof ulin Mollusk Monitorin

The biofouling mollusks monitoring program was continued at the
~ Susquehanna SES in 1998. Though zebra mussels (Dreissenna
po/ymorpha) have been found in past years in samples near Johnson
City, New York, about 150 miles upriver, and Asiatic clams (Corbicu/a
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fluminea) were confirmed 40 miles downriver at Northumberland,
Pennsylvania, neither of these species has yet been found in the vicinity
of the Susquehanna SES.

The monitoring program currently involves a biweekly schedule of artificial
substrate sampling in the river near the Susquehanna SES from May
through November. Artificialsubstrates are also maintained in side-
stream samplers located in the Intake Structure and on the plant site. In
addition, monthly inspections of natural substrates were performed in the
river and in the Emergency Service Water Spray Pond.

2.2 Te estri I Issues

2.2.1 Studies Previousl C t d

Terrestrial environmental studies completed prior to 1989 included
Cooling Tower bird impaction and sound level surveys.

2.2.2 Sound Level Surv

An increase in station power generation of 5% was completed
during spring 1995. A power uprate sound level survey was
conducted in June 1995.

2.2.3 Mainte ance o a smis ion Line C rridors

Transmission line corridor maintenance and inspection records are
maintained by the Power Delivery group and are available upon
request. Records will be maintained for five years.

2.3 Cultural Resources Issues

Environmental Protection Plan actions required to satisfy Title 36, Code of
Federal Regulations Part 800, relating to archeological sites, were
completed in 1987. The Advisory Council on Historic Preservation
(ACHP), in accordance with 36 CFR 800.6 (a)(1), approved the NRC's
determination of "no adverse effect" for archeological sites SES-3, SES-6,
SES-8, and SES-11 located on the Licensee's property (NRC letter dated
October 28, 1987, to ACHP).

As part of the determination of effect process, the Licensee committed to
and is taking appropriate measures to mitigate impacts from plant
maintenance and operation to sites SES-3, SES-6, SES-8 and SES-11.
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There was no impact to these sites from plant maintenance and operation
in 1998.

REFERENCES

2.1-1 Restoration of American Shad to the Susquehanna River, Annual Progress
Report-1998, Susquehanna River Anadromous Fish Restoration Committee,
February 1999.



3.0 CONSISTENCY RE UIREMENTS

3.1 PlantDesi na dO eratio

In accordance with the Environmental Protection Plan (EPP), the
Licensee shall prepare and record an environmental evaluation of
proposed changes in plant design, operation, or performance of any test
or experiment which may significantly affect the environment. Before
initiating such activities, the Licensee shall provide a written evaluation
and obtain prior approval from the Director, Office of Nuclear Reactor
Regulation. Criteria for the need to perform an environmental evaluation
include: (1) a significant increase in any adverse environmental impact
previously evaluated by the NRC or Atomic Safety and Licensing Board,
(2) a significant change in effluent or power level, or (3) a matter not
previously evaluated which may have a significant adverse environmental
impact.

The EPP requires that ifan activity meets any of the criteria to perform an
environmental evaluation, the NRC will be notified. Ifthe change, test, or
experiment does not meet any of these criteria, the Licensee will
document the evaluation and allow the activity to occur.

During operation of the Susquehanna SES in 1998, there were 10
proposed activities which the Licensee reviewed as part of the unreviewed
environmental question program. None of these 10 activities was
determined to be an unreviewed environmental question or required NRC
notification. These activities were:

1. An evaluation was performed on hydrotesting of stainless steel
piping after welding the pipe. During welding of stainless steel pipe,
an argon barrier is established by using a cellulose material (organic)
above and below the weld points. During this event the cellulose
material (approximately 3 lbs.) is dissolved and discharged with
demineralized water to the Cooling Tower blowdown line via a tanker
at approximately 50 gallons per minute. This event would not
significantly increase the estimated amount of Total Organic Carbon
(395-500 lbs. per day) in the blowdown. The station's NPDES permit
allows for small amounts of chemicals infrequently discharged to the
blowdown and, therefore, this activity was approved.

2. Cutting trees along township road 419 was evaluated. Trees were
cut for driver safety and stumps were left to minimize erosion. This
activity was approved since there was no significant impact from
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cutting the trees and it did not affect the aesthetic appearance of the
station.

A review was conducted on the installation of a transformer and pad
for a new office building onsite. This building replaced several
temporary trailers. Installation of this transformer and pad does not
increase impacts to the environment since the design of the
transformer minimized any oil leaks to the environment. Therefore,
installation was approved.

, The use of three polymers in the Condensate Filtration System to
help settle solids was approved. It is estimated that less than 0.6 Ibs
of polymer will be released to the river per year. As in Item 1, the
station's NPDES permit allows for small amounts of chemicals to be
discharged to the river.

The Unit 1 Residual Heat Removal Heat Exchanger chemical flush
was evaluated. The method of choice to remove calcium carbonate
scale was to use high pressure water. However, in this case the
scale removal required use of acid and caustic chemicals such as
oxalic acid and one which contained formaldehyde. Flush water was
collected after this event and sent offsite for treatment. This activity
was approved since there was no discharge to the station's
blowdown. PaDEP was aware of this activity, however, an approval
to discharge the flush water to the river was not required because
flush water was shipped offsite.

6.

7.

Approval was requested and granted by the PaDEP to discharge up
to 5,000 gallons of final rinse water from each heat exchanger (A 8

B) cleaning to the 25,000,000 gallon Emergency Spray Pond. The
actual amount discharged from each heat exchanger was less than
2,200 gallons. This activity was evaluated and impacts to the
Emergency Spray Pond were determined to be negligible.

An evaluation was conducted on installation of skid-mounted tanks
for acid injection to the Circulating Water System. These tanks were
bermed to contain spills, avoiding discharges to the environment.
The tanks replaced the acid injection system with underground piping
included in the station design because this system no longer could
prevent leaks from going into the environment. This modification was
evaluated and approved for installation since it did not increase
environmental impacts.

An evaluation of a postulated accidental release of hydrogen from
the Hydrogen Water Chemistry tank farm was conducted. It was
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determined that emissions from the tank farm on the environment
would be negligible. Impacts of the transportation and storage of
hydrogen were discussed previously in the Environmental Report-
Operating License Stage.

9. An evaluation of routing discharges from the Acid and Chlorine
Building sump to the storm drains was conducted. With retirement of
acid and chlorine systems from this building, the risk of stormwater
discharges containing chemicals was eliminated. This storm water
discharge goes to an NPDES-permitted Outfall 075, Peach Stand
Pond. Additional flow to the pond would be minimal. Therefore, this
evaluation resulted in approval of this discharge since it was
consistent with previously reviewed environmental evaluations.

10. An evaluation of the use of a petroleum-based oil Lubriplate FGL-2
to lubricate the river intake screens was conducted. Lubricants like
this one used in environmental systems have been previously
evaluated as part of the station's approved materials program. Use of
this lubricant was approved since (1) it was approved for use onsite,
and (2) did not change effluents or power level. Efforts will be made
to minimize usage and avoid spillage of FGL-2 during lubrication of
the intake screens.

3.2 Re ortin Related to NPDES Permits and State C 'ations

Reports and information required by the EPP concerning the NPDES
Permit are to be submitted to both the NRC and PaDEP. These include
violations and changes and additions to the permit. In 1998 there were no
violations, changes or additions to this permit. Therefore, only monthly
Discharge Monitoring Reports were submitted to the PaDEP.
Pennsylvania is a NPDES Permitting Agreement State with the U.S.
Environmental Protection Agency, therefore, state certification pursuant to
Section 401 of the Clean Water Act is not required.

3.3 Ch n sRe uiredforCom I'ancewithOtherEnviron e taIRe u ti n

Permits received for the Susquehanna SES in 1998 were:
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Air Blasting Operation AirQuality Permit
No. 40-399-024 (PaDEP)

Diesel Generator (E) AirQuality Permit
No. 40-306-004 (PaDEP)

Diesel Generators (A-D)AirQuality Permit
No. 40-306-005 (PaDEP)

Renewal

Renewal

Renewal
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4.0 ENVIRONMENTALCONDITIONS

4.1 U usual or lm ortant Environ ental E e ts

During 1998, five operating occurrences were reviewed as part of the
significant environmental event evaluation. There were no adverse
environmental effects caused by these occurrences. The NRC was not
notified of any of these events since there were no EPP noncompliances
in 1998. Also, there were no non-routine reports submitted in 1998.

These events were as follows:

There was a blockage of the main sewer line between manholes MH-
TA-1 and MH-TA-1Aover the weekend of January 10 and 11, 1998.
Between these manholes is a 68-foot terra-cotta pipe at a depth of
18 feet. It was decided to pump sewage from the first manhole to the
second avoiding use of the blocked section of pipe. The blocked
section of pipe was cleaned and a 6-inch PVC pipe was inserted in
the original pipe the entire length of the damaged section. Any
discharge of sewage to the ground was believed to be minimal.
Repairs were completed on February 11, 1998.

2. Low pressure was observed in a direct expansion cooling unit
located in the Unit 2 Reactor Building used for switch gear room
cooling. It was determined that approximately 24 lbs. of coolant (R-
22 a hydrochlorofluorocarbon) was discharged into the atmosphere.
There was no regulatory reporting requirement for this release.
Repair of this small leak was completed well w'ithin the on&-year
period required by the US Environmental Protection Agency.

3. During the Unit 1 start-up after the tenth refueling and inspection
outage a pressure relief valve off a chiller evaporator in the Turbine
Building failed. It was assumed that most of the 2,568 pounds of
coolant (R-12 a chlorofluorocarbon) inventory was discharged to the
atmosphere. There were no regulatory reporting requirements since
reportability was 5,000 lbs. The leak was repaired within thirty days
as required by the US Environmental Protection Agency.

t

4. Approximately 200 lbs. of coolant (R-22) was released from a Unit 2
Reactor Building chiller. There were no reporting requirements and
repairs were completed within the required 30 days.
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5. Approximately 100,000 gallons of domestic water leaked onto the
ground and into the storm drains during construction of the new
administration building. The cause of the leak was a pipe joint
separation in the fire protection line. Any chlorine in the water would
have dissipated. Discussion of discharges containing small amounts
of chlorine flowing into the storm drains was included in the
Licensee's NPDES permit application. There were no reporting
requirements from this event.

*

4.2 E viro tal

4.2.1 General Monitorin

With the exception of aquatic monitoring discussed in Section 2.1
of this report, all other monitoring of station operational impacts on
aquatic and terrestrial biota listed in the FES and Appendix B of the
operating license has been completed.

4.2.2 intenanc of Tr m' Lin orridors

Transmission line maintenance and inspection records are
maintained by the Power Delivery group. The Vice President-Power
Delivery, as well as the Senior Vice President-Generation and
Chief Nuclear Officer, both report to the Executive Vice President
and Chief Operating Officer.
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5 5.0 ENVIRONMENTALPROTECTION PLAN REPORTING

RE UIREMENT

5.1 ~Ri 5 5

The Licensee has established procedures for an independent group to
review and audit compliance with the EPP. Audits of EPP compliance are
conducted by Nuclear Assurance. The Manager-Nuclear Assurance with
support, as needed, from the Manager-Environmental Management
Division is responsible for verifying compliance with the EPP. The

'anager-NuclearTechnology is responsible for off-site environmental
monitoring and for providing any related support concerning licensing.
The General Manager- SSES is responsible for on-site environmental
matters. The Auditing Chart (Fig. 5.1-1) lists the groups utilized in
environmental reviewing and auditing of the Susquehanna SES
environmental monitoring programs as well as those responsible for
managing these programs.

There will be periodic audits of this report. The last audit of the EPP was
conducted in 1997. There were no findings or observations/
recommendations.

5.2 Records Retentio

Records and logs relative to environmental aspects of plant operation and
audit activities are retained in the Nuclear Records System. This system
provides for a convenient review and inspection of environmental
documents which are available to the NRC upon request.

All records concerning modifications of plant structures, systems and
components which are determined to potentially affect the continued
protection of the environment, shall be retained for the life of the plant. All
other records, data, and logs relating to the environmental programs and
monitoring shall be retained for at least five years or, where applicable, in
accordance with the requirements of other agencies.

5.3 Chan es in nv onmental Protectio Pla

There were no requests for changes in the EPP during 1998.
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5.4 lant Re o i Re uireme t

5.4.1 ~Rti ti

This Annual Environmental Operating Report (Nonradiological) was
prepared to meet routine reporting requirements of the EPP for
1998. It provides summaries and analyses of environmental
protection activities required in Subsection 4.2 of the EPP for the
reporting period.

yl
L

5.4.2 Non outine Re rts

There were no Unusual or Important Environmental Events as
identified in the Environmental Protection Plan that required a
nonroutine report in 1998.
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EXHIBIT 1 n<CElypg
SVSQVEHANNARIVER ANADROMOUSFISH

RESTORATION COOPERATIVE

AUG 3 6 )gg8

nylROHMEHTAL 5gyKg

htat7land Department ofNatural Resources

National Marine Fisheries Service

Nnv YorkDivision ofFish and ~Vildlife

Pennsylvania Hsh and Boat Commlss!on

Susquehanna Rlvcr Bash Commission

United States Fish and ~VildllfeService

Susquehanna River Coordinator
U.S.Fhh and Wodge S ~
1721 N. Front Street, Rm loS
Harrisburg. PA 17102
Telephonet 717-23@6425

Fax: 717-23~9S

August 24, 1998

MEMORANDUM

TO

FROM:

Jerome Fields, PP&L, Allentown, PA

Dick St. Pierre, USFWS, 'Hamsburg, PA

SUBJECT: Juvenile Shad Monitoring at Susquehanna SES

Adult shad returns to the Susquehanna River at Conowingo Dam were reduced in spring 1998, .

compared to the prior year, due to unusually persistent high flows and rapid warming in mid-May.

Only about 4,600 pre-spawned adult shad were stocked above YorkHaven Dam. The Pennsylvania

Fish and Boat Commission also stocked 1.1 million larval shad at Berwick &om their Van Dyke
hatchery.

The number of shad available to migrate past Sunbury was very small and cultured larvae are

expected to move quickly downstream from their release site. Therefore, I do not recommend

sampling forjuvenile shad in the vicinityofPP&L's Susquehanna SES in 1998. Please call ifyou wish

to discuss this further.
E

cc: Ted Jacobsen
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SUMMARY AND CONCLUSIONS

This draft 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 a construction permit to the
Pennsylvania Power and Light Company for construction of the
Susquehanna Steam Electric Station (Docket Nos. 50-387 and 50-388)
located near Berwick in Luzerne County, Pennsylvania.

The Station will use two boiling water reactors (BWR), each with a
rated thermal output of 3293 megawatts thermal (MWt) to generate
a net output of 1100 megawatts electrical (MWe). Each unit may be
capable of an ultimate output of 3440 MWt (1140 MWe). The turbine
steam condensers will be cooled by water in a closed cycle circulated
through two hyperbolic natural-draft cooling towers (one for each
unit). Makeup water for these cooling towers will be taken from
and blowdown will be discharged to the Susquehanna River.

3. Summary of environmental impact and adverse effects:

The total site area is 955 acres, of which 450 acres have been
removed from possible production of grain, crops and pasture
land and converted to power plant use. Approximately 420 acres
of the flood plain area of the site adjacent to the Susquehanna
River will be converted to a public recreation area.

A total of 76 miles of transmission lines will be constructed
primarily over forested areas and existing farmland, requiring
about 1800 acres of land for the rights-of-way. Herbicides will
be used to maintain the rights-of-way, although selective
application of the proper herbicides should not cause environ-
mental hazards.

There will be a temporary disturbance of the river bank and
bottom during construction of the Station water intake and
discharge structures.

The retention pond effluent which the Station discharges to the
Susquehanna River will be as much as 33 F and 13 F above river
ambient temperature in the winter and summer, respectively. The
maximum area of the thermal plume at the surface (within the
2 F isotherm) in the winter is estimated to be about 1 acre,
extending 750 feet downstream from the discharge diffuser pipe.
The dissipation of the plume by thorough mixing in the river will
increase the river temperature by 0.3 F at most.0

The diversion of water from the river through the Station for
cooling will result in destruction of a small number of aquatic
organisms, primarily plankton and small fish, during passage
through the Station cooling systems.
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Under the worst condition of low river flow this could result
in loss of up to 16% of the plankton, although on the averageit would be only 1%.

There will be additions of dissolved salts, mostly sulfates,
to the Susquehanna River in the effluent from the Station's
retention pond in the amount of about 26,000 pounds/day. How-
ever, the resulting average increase in river total dissolved
solids is less than 1 ppm and should not adversely affect river
biota.

The maximum consumptive .use of river water due to evaporation in
the cooling towers will be 28,000 gpm (62 cfs). This is 0.9% of
normal river flow and 12% of the 'record low flow.

The Station's natural-draft cooling towers and visible vapor
plumes will have a visual impact on the surrounding areas.
However, meteorological effects such as fogging and increased
precipitation produced by the towers will be negligible.
Terrestrial biota are not expected to be affected by the cooling
tower plume or the drift fallout.

The Station will discharge gaseous and liquid effluents contain-
ing radionuclides that will result in an increased exposure of
the local population of less than the normal variation of the
natural radioactive background.

There will be a very low risk of accidental radiation exposure
to the local population.

4. The principal alternatives considered are:

Alternative fuels.

Alternative sites.

Purchase of power.

Alternative cooling systems.

Alternative intake and discharge structure designs.

Modifications of the gaseous radwaste system.

5. The following Federal, State and local agencies have been requested
to comment on this draft environmental statement.

Advisory Council on Historic Preservation

Department of Agriculture

Department of Army, Corps of Engineers
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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

Commonwealth of Pennsylvania

Pennsylvania Public Ut1lity Commission

Susquehanna River Basin Commission

Economic Development Council of Northeast Pennsylvania

Luzerne County Planning Commission

Board of Supervisors, Bexwick, Pennsylvania

6. Th1s draft environmental statement was made available to the public,
to the Council on Environmental Quality and to the agencies noted
above in January 1973.

7. On the basis of the analysis and evaluation set forth in this state-
ment, after weighing the environmental, economic, technical and
other benefits of the Susquehanna Steam Electric Station against
the environmental and other costs, and consider1ng the available
alternatives, it is concluded that the action called for under
NEPA and Appendix D to 10 CFR Part 50 is the 1ssuance of a con-
struction permit subject to the following conditions for the pro-
tection of the environment:

a) The Applicant will define a comprehensive preoperational and
operational environmental monitoring program cons1dered by the
AEC Regulatory Staff to be adequate to disclose effects which
may occur to land and water ecosystems as a result of site
preparation and Station construction and operation.

b) The Applicant will conduct a preoperational radiological
monitoring program considered by the AEC Regulatory Staff to be
adequate to establish the baseline necessary for determination
of any radiological effects on the environment from operation
of the Station.

c) During construction, the Applicant will reseed t'ransmission
line rights-of-way and access roads, particularly where soil
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has been disturbed and on steep slopes where vegetation has been
altered; the constrbction and use of stream fords should be
avoided where possible. After construction is completed,
surveys for erosion will be conducted and reseeding, where
necessary, will be done. Only approved herbicides will be used
for right-of-way maintenance.

d) The Applicant will establish as a design objective the control
of gaseous iodine releases such that the calculated annual dose
to a child's thyroid via the air-cow-milk pathway at the site
boundary will not exceed 5 mrem.

e) The Applicant will rip-rap the retention pond to prevent
muskrat burrowing.



FOREWORD

This draft statement on environmental considerations associated with the
proposed issuance of a construction permit for the Susquehanna Steam
Electric Station was prepared by the U. S. Atomic Energy Commission,
Directorate of Licensing (Staff), in accordance with the Commission's
regulation, 10 CFR Part 50, Appendix D, implementing the requirements
of the National Environmental Policy Act of 1969 (NEPA).

The National Environmental Policy Act of 1969 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
aesthetically 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
individual choice.

Achieve a balance 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,

(ii) 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 environ-
ment 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 CFR Part 50, the AEC Directorate of
Licensing prepares a detailed statement on the foregoing considerations
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 report to
the AEC. The Staff evaluates this report and may seek further in-
formation from the applicant, as well as other sources, in making an
independent assessment of the considerations specified in Section 102
(2)(C) of NEPA and Appendix D of 10 CFR Part 50. This evaluation
leads to the publication of a draft environmental statement, prepared
by the Directorate of Licensing, which is then circulated to- Federal,
State and local governmental agencies for comment. Interested persons
are also invited to comment on the 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 considers
and balances the environmental effects of the facility and the
alternatives available for reducing or avoiding adverse environmental
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 environ-
mental 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.

Mr. Francis St. Mary (301-973-7263) is the AEC Environmental Project
Manager for this statement.
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1. INTRODUCTION

1.1 THE PROPOSED PROJECT

The Pennsylvania Power and Light Company (PP6L), the Applicant, a
privately-owned utility company, has proposed to build and operate the
Susquehanna Steam Electric Station (the Station). Currently PP&L, the
second largest electric utility in Pennsylvania, has an installed
generating capacity of about 4100 MWe and derives 99/ of its operating
revenues from the sale of electric power. The remaining 1/ comes from
supplying steam heating service in the City of Har'risburg, Pennsylvania.

The Station is being constructed on a 955-acre site located on the
Susquehanna River in Salem Township, Luzerne County, Pennsylvania, about
five miles northeast of Berwick, and 20 miles southwest of Wilkes-,Barre,
Pennsylvania. The site topography is gently rolling to moderately
rugged with elevations ranging'rom 500 to 1600 feet above mean sea
level (MSL). The Station will be located outside the river flood plain
at an elevation about 200 feet above the normal river level.

The Susquehanna Steam Electric Station will consist of two boiling water
reactor (BWR) units, each with a net electrical capacity of 1100 MWe,
to be supplied by the General Electric Company. Most of the heat from
the turbine steam condensers will be dissipated to the atmosphere by
means of natural-draft cooling towers (one for each unit) about 480 feet
in diameter by 500 feet high. Water for the Station will be drawn from
the Susquehanna River via an on-shore intake structure and a buried
pipeline to the Station. Construction of the Station has not yet
started; however, the Applicant's schedule calls for commercial operation
of the first unit in 1980 and the second in 1982.

On April 1, 1971, the Applicant filed the application for a construction
permit for the Station with the USAEC. The formal Safety Evaluation
Report was issued by the Directorate of Licensing on March 17, 1972.
The Advisory Committee on Reactor Safeguards (ACRS) reported
favorably on the application on April 13, 1972. As required by the
Commission's implementatfon of the National Environmental Policy Act
(NEPA) outlined in 10 CFR 50, Appendix D, an Environmental Report (ER),
Construction Permit Stage, was submitted on April 1, 1971. In July 1972,
the Applicant submitted a revised ER. Copies of these reports are
available in the Commission's Public Document Room at 1717 H Street,
N.W., Washington, D.C. and in the Osterhout Free Library, Wilkes-Barre,
Pennsylvania

This Draft Environmental Statement takes into account the Applicant's
Environmental Report and Amendments 1 and 2, thereto, the Applicant's
Preliminary Safety Analysis Report and Amendments thereto. In addition,
independent sources of information and calculations were used as a
basis for the Staff's assessment of environmental impact. Information
was also gained by the Staff on a visit to the Station site and
surrounding areas.
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The Applicant is required to comply with the Federal Water Pollution
Control Act as amended by the Federal Water Pollution Control Act
Amendments of 1972.

1.2 STATUS OF REVIEWS AND APPROVALS

Table 1.1 is a listing of the required Federal, State, and local permits
that- have been or will be applied for by the Applicant. Table 1.1 does
not reflect any change in permit license or approval requirements
necessitated by the recent Federal Water Pollution Control Act of 1972.

Public hearings on the proposed Station were held before the Salem
Township Board of Supervisors in May 1971, and before the Pennsylvania
Public Utility Commission on June 23, 1972. As a result of the latter,
the Certificate of Necessity was granted to the Applicant on
November 13, 1972.
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TABLE 1.1. Status of Permits, Licenses, and Approvals

Agency Description Status

Pd t~d

U. S. Atomic Energy Cceaaission

U. S. Army Corps of Engineers

U. S. Army Corps of Engineers

U. S ~ Army Corps of Engineers

U. S. Army Corps of Engineers

U. S. Army Corps of Engineers

Construction permit (and
operating license at a
later time)

Permit for intake structure

Permit for"discharge structure

Permit for refuse discharge

Permit for dredging

Permft for transmfssion lines
across navigable river

Application subaitted
April 1> '1971

Application not filed

Application not filed

hpplicatfon noc filed

Application noc filed

Application .not ffled

Federal Aviatfon Authority

Pcderal Aviation Authority

Approval for transmission
lines (vith respect to
air navigation)

Approval for meteorological"
tower (air navigation)

Application filed for certain
lfnes

Permit received in August 1971

Federal Aviation Authority Approval for cooling tovers
(vith respect to air
navigation)

Application not filed

l t ~df
Susquehanna River Basin
Commission

Permit for use of river water Application not filed

t t f~>l
Pennsylvania Department of
Environmental Resources (PDER)

Water ~lfty certification Application noc filed

PDER Industrial vaste disposal permit Application noc filed
PDER

PDER

PDER

PDER

PDER

PDER

PDER

PDER

Pennsylvania Bureau of Aviation

Pennsylvania Bureau of Aviation

Pennsylvania Dept. of Transportation

Sewage disposal permit

Solid waste disposal permit

Air pollution permit

Intake scructure permft

Discharge structure permit

Dredging permft

Radiation source license

Permit for transmission lines
across navigable vaters

Transmission line permit

Hetcorological cower permft

Permit for transmission lines
across interstate highways

Application not filed

Application not filed

Application not filed

Application not filed

Application not filed

Application not filed

Application not filed

Application noc filed

hpplicacion noc filed

Permit received in August 1971

Application not filed

Pennsylvania Turnpike Coaaaissfon Permit for transmission lines
across turnpike

Application noc filed

Pennsylvanfa Public Utilities
Ccmaaiss fon

Local

Certificate of necessity Received Nov. 13, 1972

None Appropriate planning
coaaaissions contacted
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2. THE SITE

The site is located in Salem Township, Luzerne County, in northeastern
Pennsylvania. It is on the North Branch of the Susquehanna River, at
the southern end of the Wyoming Valley anthracite mining area, about
20 miles southwest of Wilkes-Barre. The terrain is hilly, with mountain
ridges frequently rising 500 feet above the valleys, and is heavily
forested, especially on the high ground. The natural scenic beauty of
the area has, however, been seriously scarred by a century of intensive
coal mining, which has left many dumps of mining waste 'and large areas
devastated by strip mining. The Susquehanna River has also suffered
from pollution by industrial waste, sewage, and the acid, iron-rich
drainage from mine workings. The river has a highly variable flow;
near the site it is bordered by flood plains which are occasionally
inundated during periods of heavy run-off. Disastrous floods with
extensive property damage and even loss of life have occurred, notably
in 1936, and as recently as June 1972.

The mining of anthracite coal reached its peak about 1930, and at that
time the economy of the area was almost entirely dependent on this one
industry. After World War II, when the use of oil and natural gas began
to replace coal, employment in the mines decreased rapidly, The result-
ant economic depression and unemployment of the 1950's caused large
numbers of workers to leave the area. However, during recent years the
economy has benefited from the introduction of new industries, and the
rate of, emigration has greatly decreased. Owing to the rugged nature of
the terrain, agriculture has never been a ma)or factor in the economy,
and is declining even further. Although the urban population continues
to decrease, the more sparsely populated rural areas, such as the imme-
diate surroundings of the site, are showing a steady or increasing popu-
lation. As the scars left by the coal-mining era are erased by natural
processes and human efforts, the area will become increasingly attractive
for leisure and recreational uses,

2.1 PLANT LOCATION

Figure 2.1 is a regional map showing the location of the site with respect
to surrounding .counties, population centers, and highways. Figure 2.2
is a large-scale map showing the precise location of the site with respect
to the river, roads, and the nearest communities. Figure 2.3 is an
aerial photograph of the site.

The site occupies about 955 acres on the west bank of the Susquehanna
River. The approximate co-ordinates are 41 06' and 76 09'. The
bulk of the property was acquired by the Applicant in 1966. A small
tract (55 acres), required to provide the necessary exclusion area, isstill the subject of condemnation proceedings. With the exception of
the Wilkes-Barre - Pittston — Scranton metropolitan area, which starts
about 20 miles to the northeast, the area is largely rural, undeveloped,
and sparsely populated.

In the vicinity of the site the river flows from north to south with flood-
plains on both sides. The elevation of these floodplains is about
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510 feet above mean sea lev'el (MSL). The Station buildings will be on a
hilly upland plateau at an elevation of about 700 feet MSL, and will be
about 4200 feet from the nearest point on the river bank under normal
river conditions. South of the site, the river bends to the west towards
Berwick. The northern part of the site rises to an east-west ridge
about 1000 feet MSL, and the high ground is continued on the east side
of the river, opposite the site. An island in the river near the north-
ern boundary of the site (Gould Island) is also part of the Applicant's
property. It is low-lying and occasionally inundated.

The site property includes the floodplain on the west side ot the river,
and this was originally considered as a possible site for the Station.
However, fears of future serious flooding (since justified by the 1972
disaster) make it more prudent to build the Station structures on higher
ground. Between the floodplain and the upland area the site is traversed
by U.S. Route ll and the tracks of the Erie-Lackawanna Railroad.

The floodplain has pond's and marshy areas, and is traversed by the long-
abandoned North Branch Canal. Parts of the floodplain are, or have been,
cultivated for truck crops and grain. The upland portion of the site is
partly wooded, mainly on the slopes, and has been used for timber cutting,
grazing, and some cultivation of grain and forage crops. There is a
marshy area near the southwest corner.

2.2 DEMOGRAPHY AND LAND USE

2.2.1 Residential

The nearest population centers are Wilkes-Barre, about 20 miles northeast
of the site, with a 1970 population of 58,586, and Hazleton, about
14 miles southeast, with 30,426. The nearest borough is Berwick
(Columbia County), about 6 miles southwest, with a 1970 population of
12,274. The smaller communities within about 10 miles of the site are
listed in Table 2.1 with distances, directions and 1970 populations.~

For planning purposes, the Luzerne County Planning Commission has divided
the county into seven areas, as shown in Fig. 2.4 . These areas have no
administrative significance, and do not coincide with school districts.
The population within five miles of the site falls almost entirely within
the Greater Shickshinny area, which is predominantly rural, with some
old mine workings, and contains no communities with more than 2,000
population. Table 2.2 shows the population trends since 1940 and pro-
)ections for 1970 and 1980 made by the Planning Commission in 1960.
For comparison, corresponding figures for the predominantly urban
Wilkes-Barre area and the scenic Mountain Top area are included, as well
as those for the county as a whole.

The 1960 progections suggested that the decline in the county population
had already ceased, but this prediction was apparently premature. On the
other hand, it is clear that considerable migration is taking place from
urban to rural areas. The Mountain Top area, which is quite close to
the Wilkes-Barre metropolis, but relatively unspoilt by coal~ining
activities, shows a very sharp increase in population. The
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TABLE 2.1. Communities within Approximately 10 Miles
of the Susquehanna Site~

'I

Community

Shickshinny
Mocanaqua
Nanticoke
Wapwallopen
Conyngham
Beach Haven
Nescopeck
E. Berwick
Berwick
New

Columbus'tatus

B
U

C

U

B
U
B

U

B
B

Distance,
miles

5
4

11
2,
8
2
5
4
6

10

Direction

N
NNE
NNE
SE
SE
SW

SW

WSW

WSW

NW

Population
(1970 census)*

1,685 .

950
14,632

160
1,850

450
1,897
2,090

12,274
149

C — City
B — Borough
U — Unincorporated
*These revised 1970 census figures (Ref. 1) may differ slightly from the
preliminary figures issued by the U.S. Bureau of the Census. Popula-
tions for unincorporated places are Rand McNally 1972 estimates.
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TABLE 2.2. Population Trends and Projections for Luzerne County

Po ulation (Census) 1960 Pro ection
Planning Area 1940 1950 1960 1970 1970 1980

ater Shickshinny
mter Wilkes-Barre
mtain Top

17,259
210,032

6,477

17,229
190,127

6,052

16,489
163,382

7,485

17,555 "

151,687
11,369

17,200
159,600

9,800

18,400
1590900

13,000

cerne County 441,518 392,241 346,772 342,301 350,000 361,000,
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Greater Shickshinny area is farther from Wilkes-Barre and shows a steady
or slowly rising population.

The Berwick urban area, which straddles the Luzerne-Columbia County line
to the southwest of the site, shows a somewhat different population
trend, since it is outside the anthracite-mining section of the valley,
and escaped the direct effects of the depression of the 1950's. Berwick,
however, did suffer an economic setback during the early 1960's when
its largest industrial plant (American Car and Foundry Co.) was closed
down. Although the population of Berwick borough has declined from a
peak of 14,010 in 1950 to 12,274 in 1970, this decrease has been com-
pensated by an increase in the ad)acent rural townships. As a result,
the population of the Berwick area, as defined by the school district
which includes three townships in Luzerne County (see Section 2.2.5),
has remained almost constant since 1950.

Figures 2.5 and 2.6 are 1970 and projected 1980 population diagrams for
distances up to 50 miles from the site, divided into sectors centered
on the 16 cardinal compass directions. The projection'or 1980 was made
by the Applicant, taking the 1970 census figures into account. These
figures also show a rather small rate of population growth in the
immediate vicinity of the site.4

2.2.2 Industrial Land Use

With the exception of the borough of Berwick, six miles WSW. of the site,
the immediate surroundings are rural with few industri'es.'erwick has
numerous small industries, the largest being Wise Foods: a division of
Borden Inc., manufacturing potato chips, with 1300 employees, and the
Berwick Forge and Fabricating Division of the Whittaker Corporation,
employing about 1000 people in the fabrication of forgings and railroad
equipment. East of Berwick, about four miles southwest of the sige is a
company making ornamental ribbons and employing about 250 people.

Other industries within five miles of the site are: .a sportswear and a
shoe manufacturer employing 165 and 134 people respectively, both
situated about three miles north of the site, and a men's apparel,
manufacturer employing 226 people, four miles north of the site.

2.2.3 Agricultural Land Use

a. General

Pennsylvania is an important agricultural state, ranking in the first
five states in 1971 for the production of milk and dairy products,
apples, peaches, and grapes. The most productive counties, notably
Lancaster and York, are in the southeastern part of the Commonwealth.
Owing to the rugged nature of the terrain and the predominance of
forests,'he area around the site is not one of high agricultural
productivity. In 1960, only 23/ of the land area of Luzerne County
was devoted to agriculture, compared to 63/ woodlands, game lands,
state forests and parks, 8/ urban and suburban development, and
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5/ mining uses. The proportion of agricultural land has probably
declined since 1960, as it has in Pennsylvania as a whole and in the
Nation.

The relative importance of agriculture, and of the various classes of
agricultural products produced in Luzerne County and in the neighboring
counties Carbon, Columbia, and Schuylkill can be judged from Table 2.3
which lists the cash value of the various classes of agricultural pro-
ducts for these counties in 1971., in thousands of dollars and as
percentages of as the corresponding values for the Commonwealth of Pennsyl-
vania as a whole. For reference, the land areas and 1970 populations
of these counties are also quoted in the same terms.

It is clear from Table 2.3 that the modest agricultural production of
Luzerne County is fairly well diversified, vegetables and potatoes being
the most important class of crop. Carbon County has very little
agriculture, while Columbia and Schuylkill Counties are rather more pro-
ductive than Luzerne County.

b.. Dairy Cattle

The Applicant conducted a survey of dairy cattle within 5 miles of the
site during the summer of 1972, and made estimates of the milk production
within 50 miles.7 The results are shown in Table 2.4. The distances
quoted are from barn to Station vent, and although the nearest dairy
farm is about 1-i/2 miles to the WSW, the pasture available to this herd
e'xtends to the county road which forms the western boundary of the site.
The total number .of milk cows within 5 miles was estimated as 1300, com-
pared to an estimated 5800 in the whole of Luzerne County.~ Thus, there
appears to be a local concentration of dairy cattle in the immediate
vicinity of the site.

2.2.4 Recreational and Conservation Areas

a. State Recreation Areas

The rugged, heavily forested terrain, with numerous small lakes and
creeks, is well suited to outdoor recreational activities. The
Commonwealth og-Pennsylvania, Department of Environmental Resources,

4 ~

operates several'arge state parks in the northeastern part of the
state, and in addition maintains extensive state forests, gamelands,
fishing areas and stocked streams. The state recreation areas closest
to the site are listed below.

Ricketts Glen State Park (10,334 acres) is in the northwestern part of
Luzerne County, about 17 miles NNW of the site. It offers camping,
picnicking, swimming, boating, fishing, hiking, hunting and nature
study. Annual attendance (1971-72) was 392,000 with a peak daily
attendance of about 12,000.

Hicko Run State Park (12,731 acres) is in Carbon County, about 23 miles
east of the site. It offers the same range of activities as Ricketts
Glen and also has features of geological interest, Annual attendance
(1971-72) was about 400,000 with a peak daily attendance of 13,000.



TABLE 2.3. Value of Agricultural Production in Luzerne and Neighboring Counties, 19716

Product
Pennsylvania

Sxl000

Luzerne

Sx1000
X

of. Pa

Carbon
X

Sxl000 of Pa

Columbia
X

Sx1000 of Pa

Schu lkill
X

Sxl000 of Pa

Field crops
Veg. & potatoes
Forest products
Horticultural
Fruits
Total crops

85,840
44,057

6,675
86,744
39,909

262,925

459-
1,630

46
617
206

2,958

0.54
3.70
0.69
0.71
0.52
1.13

209 0.24 1,405 1.64 1,011 1.17
248 - 0.56 1,362 0.31 1,647 0.37

14 0.21 276 4.13 114 1.71
169 0.19 2%115 2.4 121 0.14

74 0.19 174 0.44 504 1.26
714 0.27 5,332 2.03 3,397 1.29

Meat
Dairy
Poultry
Total livestock

169,245
447,594
160,313
777,152

521
3,066

477
4,034

0.31
0.68
0.28
0.52

240
366
554

1,160

0.14
0.08
0.35
0.15

1,669
3,969
2,465
8,103

0.99
0.89
1.54
1.04

1,953
2,864
4,953
9,770

1.15
0.64
3.09
1.26

Total agriculture 1,040,077 6,992 0.67 1,874 0.18 13,435 -1.29 13,167 1.27

Area (sq. miles)
Population, 1970

State

44,966
115793,909

County

886
342,301

1 ~ 97
2.90

404
50,573

0.90
0.43

484
55,114

1.08
0.47

X X X
of Pa County of Pa County of Pa County

784
160,089

X
of Pa

1.74
1.36

There are 67 counties; Average county would be 1.49X of State.
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TABLE 2.4. Dairy Cattle Survey

Distance from Barn to Station miles
Di'rection 0-1 1-2 2-3 3-4

N
NNE
NE
ENE
E
ESE
SE
SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0

0
0
0
0

40
0
0
0
0
0
0

300
0
0
0
0

0
0
0
0

30
60
80

0
0

'

0
0
0
0
0
0

0
0
0
0
0

125
0

85
0

, 200
30

115
0
0
0
0

0
0
0
0

35
65

0
30

0
25

0
0
0
0
0

29

Total within five miles: approxmately 1,300
Five to 50 miles: 123,680
Total 50-mile radius: 124,980
Estimated milk production within 50 miles: 1,273,000,000 lb/year

(assuming Pennsylvania average production 10,188 lb/year/cow).
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Locust eke State Park (1,144 acres) is in Schuylkill County, about
23 miles south of the site, and has an annual attendance approaching
100,000 and a peak daily attendance of about 2,000.

Tuscarora State Park (1,500 acres), about six miles east of Locust Lake,
is still being developed, and has not been operating for a full year.
An annual attendance of about 350,000 and a peak daily attendance of
about 12,000 is expected.

Frances Slocum State Park (1,034 acres) is in Kingston Township,
Luzerne County, about 21 miles NW of the site. Its main feature is a
flood control lake. Boating, fishing, hiking, and picnicking arc the
main activities. The annual attendance is 290,000 and the peak daily
attendance about 9,500.

Nescopeck Creek State Park, in I.uzerne County, north of Interstate 80
and east of Pennsylvania Poute 309, about 13 miles east of the site, is
being developed.

Plans for a state park at Wapwallopen Gorge near the site have been
abandoned.

State Gamelands in I.uzerne County total more than 30,000 acres, and are
reserved for hunting and fishing only. They are widely distributed
throughout the county.

State PishinS Areas are maintained in tha Sweet Valley and Pikes Creek
areas about 15 miles north of the site, and in the Red Rock area near
Ricketts Glen. Numerous streams, including the Wapwallopen and Little
Wapwallopen Creeks, which enter the Susquehanna River close to the site,
are stocked with trout.

b. County Recreation Areas

Luzerne County operates a 600 acre park at Moon La|ca, northwest of
Nanticoke City, about 13 miles NF. of the site. The annual attendance is-
about 150,000 and the peak daily attendance 8,000 to 10,000 including
several hundred overnight campers. Plans for a County Park at Andy's
Pond, about 10 miles east of the site have been abandoned.

c. National Recreation and Flood Control Arha

The F. E. Walter Dam on the Lehigh River, about 24 miles east of the
site, impounds a large lake which is stocked with trout and bass and
offers fishing and boating.'he surrounding area has been developed
for picnicking and hiking. The annual attendance (1971-72) was
213,000 and the. peak daily attendance is estimated at 4000. The area is
administered by the U.S. Army Corps of Fngineers. There are plan." to
enlarge the lake and acquire more land for recreational purposes during
the next 20 years, in collaboration with the state authorities.
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2.2.5 Hospitals, Schools. Nilitary Installations

a. Hospitals

Table 2,5 lists the hospitals within 10 miles of the site with distances,
directions, and numbers of beds.

b. Schools

The zone within 10 miles of the site includes parts of four'school dis-
tri.cts in Luzerne County and the Berwick Area School District of
Columbia County which administers schools in three townships of Luzerne
County (Salem, Nescopeck, and Hollenback) as well as those in the
Berwick Area. Table 2.6 lists the school buildings within approximately
10 miles of the site, their 'capacities and present enrollments. The
school closest to the site is Brick Flementary in Hocana<lua, ahout
3 miles north of the site, with an enrollment of 189.

The most recent comprehensive study of schools in Luzerne County was made

in 1968.11 At that time, because of the recent decline in population,
there was a surplus of school capacity over pupil load, especially in the
primary grades, although some high schools were loaded to capacity and in
one district (Nanticoke) there was a shortage of high school capacity
due to destruction of a building by fire. Several school buildings,
however were old (50-70 years), lacked modern cafeteria, auditorium or
physical education facilities, and in spite of some remodeling, pre-
sented only barely acceptable fire risks. The 1968 report recommended
the closing of these schools, a modest building program, and some

reorganization of grades to meet the projected pupil load until about
1980. Recent information (late 1972) shows that these p'hans have, in
general, been implemented. The overall pupil load has not inrrcased
as fast as expected, hut in some cases, notably the Crrstwood District
(II tain Top) re.,idential development has produc<.d a morc rapi d

. I withinincrrase than expected. h new elementary school will be openr< w .n n

the next two years and a new junior hi<.h school is plannrd for 1976.
Schools in the Northwest Area (Huntington, Union, Hunlock Tot'nships an<

Shickshinny Bo'rough) have also reached capacity loads sooner than
expect<.d. On ehe other hand, the Nanticoke brea has anplr capacity
to meet a considcral>le increase in nupil loa<l. The Ilazlrton Area has
reached its capacity, bue ha.. an adequate building program.

There are at present 13 schools in the Berwick Area School District, and

all of these are in or near the boroughs of Berwick an<I Nescopeck. Host
of thesr. schools are- old (up to 100 year:), small, and deficient in
modern amenities. The only satisfactory modern schools are Salem I'.lcmcn-

d tl e icw Berwick IIi<h School, which are also the closest to the
all -insite. These, and the schools in 1!cscopcck, are listed individua v - n

T bl 2. 5 the remaining schools i.n Bcrwick are listed collectively.,'
bv 'thefn contrast to the Hilkes-Barre area, the population served y >e

Berwick area schools has remai.no<1 remarkably constant over the last
50 years, although there has been a pronounced shift from urban to rural

et years The pupil loads in elementary and junior high
ild-

< radcs arc generally above the desirable capacities of the school bu.
ings, but there is no serious overcrowding.
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TABLE 2.5. llospitals within"10 Miles of the Site

Name I.ocation

Distances
(miles)

and Direction
No. of

Beds

Berwick Hospital
Retreat State Hospital
Nanticoke State Hospital

Berwick
Hunlock Cr.
Nanticoke

6 NSM

9 Mf
9 Nl'l

134
850ill



TABLF. 2.6. Schools in the Vicinity of. the Site

District
(County)

Northwest
(I.uzerne)

Greater
Nanticoke
(Luzerne)

Crestwood
(I.uzerne)

Hazleton
(I,uzerne)

School

Huntington 'Aw. I'.l.
Garrison El.
Hunlock Twp. El.
NW Area High

Lincoln Fl.
Kennedy Fl.
Koscioszko Fl.
Brick Fl.
K. N. Smith Fl.
Nanticoke Jr. High
Pulaski Jr. High
Nanticoke High

Crestwood Fl.
Wright Twp. (7th gr)
Crestwood High

Sugarloaf. Twp. Fl.
Conyngham Boro. Fl.
Butler Twp. El.
Rock Glen Jr. High
Nuremberg El."
W. Hazleton High

Location

HuntinLton Hills
Shickshinny
Hunlock Creek
NW of Shickshinny

Nant icoke
Nanticoke
Nanticoke
Nocanaaua
Sheatown
Nanticoke
Glen Lyon
Nanticoke

Nuangola
Wright Twp.
Wright Twp.

Sybertsville
Conyngham
N. of Hazleton
Black Creek Twp.
Nuremberg
W. Hazleton

Distance
(mi.les)

and Direction

8 NW

4 NNW

8 NNE
6 NliW

11 NE
11 NE
11 NE

3 N

9 NEll NE
6 NF.ll NE

ll E."IE

13 ENE
13 ENE

7 SSF
8 SSE

10 SSE
10 SSWll SSW

13 SE

Capacity

360
330
270
825

530
240
690
220
550
690
400

1340

185
940

210

360
270
270
750.

Enrollment,
1972

430
350
295
822

412
175
468
189
460
714
320

1047

1250
220

1050

210
291
355
322 + 54
298



TABLF. 2.6. (Contd.)

District
(County) School Location

Distance
(miles)

and Direction Capacity
Enrollment,

1972

Berwick
(Columbia

Salem Twp. Fl. E. Berwick
Nescopeck El. & Jr. Hi Nescopeck
Berwick High Berwick
Others (8)- Berwick

5 WSM

5 SH
5 WSM

6-8 MSN

720
660

1050
2260

760
600d
910d

2410

b6th grade from Nuremburg (temporary).
In Schuylkill County.c

dTwo sessions.
Approx. 1971 enrollment.
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The future plans of the Berwick school district are based on the projec-
tion of a slow growth in enrollment from an estimated 4466 pupils in all
grades in 1972 to 5155 in 1980. It is proposed to build new middle
(grades 5 — 8) and elementary schools, to renovate and enlarge the present,
Nescopeck junior high school for elementary use, and to enlarge the
high school to accommodate grade 9 in addition to the present grades
10 through 12. These building projects are scheduled for completion by
1977,'by which time nine old schools should have been phased out.

c. *Universities and Colleges

Universities and Colleges in the Susquehanna River Valley are listed in
Table 2.7 with approximate enrollments.

d. Military Installations

There are two military installations within 50 miles of the site: the
Tobyhanna Military Facility about 38 miles to the east, and the Fdward
IIartin IIilitary Reservation about 50 miles to the southwest.

2.2.6 Transportation

a. Highways

U.S. Route 11 follows the Susquehanna River and crosses the floodplain
at the site, where it has three traffic lanes. Its function as a major
north-south highway has been taken over by Interstate 81 from Knoxville,
Tennessee, to the Canadian border north of Hatertowm, New York, which
connects Harrisburg, Hilkes-Barre and Scranton in Pennsylvania and passes
close to Hazleton, about 10 miles east of the site. Intcrstatc 80, a

major transcontinental highway connecting New York City with Cleveland
and Chicago, passes about six miles south of the site and intersects
Interstate 81 about eight miles east of the site.

b. Railroads

The tracks of the Erie-Lackawanna Railroad follow the Susquehanna River
and cross the floodplain at thc site parallel with the U.S. 11 highway,
and outside the exclusion area.

A railroad spur will be built to facilitate delivery of materials to thc
Station. The Penn-Central Railroad follows the opposite bank of the
river.

c. Airports

The nearest major airport is Wilkcs-Barre-Scranton, situated between
these two cities, about 28 miles northeast of the site. 1t has a

6,400-foot runway. Other airports, both public and private within
20 miles of the site, are listed -in Table;2.8. The Federal airway
designated V106 takes a southwesterly course from Mill:es-Barre and
passes to the south of the site, about three miles away at its closest
point.
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TABI,E 2.7. Universities and Colleges in the Valley

Name

Pennsylvania State University:
Vilkes-Barre Campus
Hazleton Campus

Susquehanna University, Selinsgrove
University of Scranton
Bloomsburg State College
Ihrywood College, Scranton
Hilkes College, Hilkes-Barre
YZngs College, Nilkes-Barre
."fisericordia College, Dallas

Approx.
Enrollment

700
1000
1200.
3000
3900
zoon
3200
2000
1100
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TABLE 2.8. Airports within 20 Hiles of the Site

Name
Location

(nearest town)
Distance, " Longest,
miles Direction Runway, feet

iiazleton
Berwick
Bloomsburg
Benton
Lehman (pvt)
Alberton (pvt)

11azleton
F.. Berwick
Bloomsburg
Benton
Dallas
Hillville

11 SH

4 MSV
1(i

USM'5

Nl
17 , NNE
20 VNW

4900
2100
2800
2000
1800
2300
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2.3 HISTORIC AND ARCHEOLOCICAL SITFS AND NATURAL LANDMARKS

There are many sites and buildings of. historical interest 5n the Wyoming
Valley, dating from the first arrival of Connecticut settlers in the 1760's
and the subsequent confrontations between patriots, Indians and British
forces during the Revolutionary War period. These points of interest
are mainly in the Wilkes-Barre area, about 20 miles northeast of the
site. The following are listed in the National Register of Historic
Places:

Eckley Historic District (~19 miles SE of s9te)
Denison House, Forty Fort (~20 miles NE)
George Catlin Hall, Wilkes-Barre
McClintock House, Wilkes-Barre

Closer to the site are Wapwallopen (2 miles SE) and Nescopeck (5 miles
SW), which were Indian Villages. Council Cup, situated on a bluff over-
looking the river near Wapwallopen, was an Indian meeting place and the
site of a meeting between Indians and settlers in 1793. The Station
site itself, is "not rich enough in undisturbed Indian material to war-
rant excavation as an (archeological) salvage project." There is a
small cemetery, still in use, within the site boundary, where the remains
of early settlers are interred. Public access to t'e cemetery will be
maintained.

The North Branch Canal, which traverses the floodplain between U.S.
Route 11 and the river, was of considerable importance during the
19th century, when it brought new markets to the local anthracite
industry. It was in use until after the turn of the century, when its
function was usurped by the railroads, and it fell into disrepgir. It
is now overgrown, and has been used as a dumping ground for trash.
The Applicant plans to incorporate the old canal in the recreational
facilities to be provided on the site.

The nearest National Natural Landmark is the Glens Natural Area in
Ricketts Glen State Park,. about 18 miles to the northwest.

In the Staff's opinion construction of the Station will have no effect
on any national historical or natural landmarks.

2.4 GFOLOGY

The Applicant has provided a basic description of the geologv of the
site. The site is in the Appalachian Mountain Section of the Valley and
Ridge Physiographic Province, which is characterized by a series of. high
mountainous ridges tending southwest to northeast. Relief on the site
ranges from the river level of about 500 feet to about 1060 feet.

The dominant regional structural feature is the Regional Appalachian
Orogenic Belt. Near the site, the major structural features are the
Berwick Anticlinorium, l-l'/2 miles to the south, and the Lackawanna
Syncline, 3-1/2 miles to the north. Two decollemepts are exposed within
12 miles of the site. It is the Berwiclc Anticlino'rium which provides
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local structural control. The beds dip to the north at the site. The
local ridges, such as the south-facing ridge on the site, generally
t d st-west along the strike of the bedrock. Some evidence of

ed fromstructural ad)ustment within the site boundaries has been obtaine rom
borings. These are a minor crushed rock condition in the northern
portion of the site, and healed breccia and slickensides in the southern
portion. Fracture cleavage of points are parallel and perpendicular to
the strike of the strata. Apparently these structural changes took
place prior to the closing of the Paleozoic.

The bedrock strata in the northern portion of the site are the Upper
Devonian Trimmer Rock Member of the Fort Littleton Formation which crops
out north of the site. This member is a grey, fine-grained sandstone,
massive to flaggy, with well developed )oint systems. It only overlies
the Mahantango Foimation of the Middle Devonian, which characterizes
'most of the site, in the northern part of the site. The Mahantango
Formation is a dark grey siltstone with a well developed )oint system
perpendicular to the bedding. The bedding is delineated by sandstone
s r ngers.t i The formation is composed of a upper and lower member,
the lower being more calcareous and resistant to erosion. Un er y ng
these more recent deposits, older shale deposits of the Hamilton Group
an , eed deeper still the Onandaga limestone are found. Precambrian
basement rocks are estimated to be at about 20,000 feet n ep

t
de th. ~"

The bedrock ysurface beneath the overburden is the product of various
erosional forces including glacial scour and glacial melt. The'ill and
glacial outwash covering the bedrock range from gravel-boulder near the
bedrock to sand-silt nearer the surface. Depth of the overburden varies
from 0-100 feet over the site. The exposed surface is probably reworked
loess. The site is within the boundaries of both the Wisconsin and
Illinoisan glaciation.

The siltstone is of some economic value, but occurs generally at depths
too deep to be useful. Sand and gravel of some economic importance occur
on the site. There are no coal deposits within 5 miles and no oil or
gas fields have been found within 30 miles of the site.

The soils of that section of the site where intensive construction will
take place are in Oquaga, Braseville, and Chenango series. These are
all described as at least moderately deep, and moderately well drained,
and as having developed in loamy deposits. They range from silt loam to
gravelly loam. The U.S. Department of Agriculture indicates that there
may be some landscaping problems with these soils. The ma)or soil type
f d b t the plateau where the plant will actually be situated, an doun e ween t il of flood-the floodplain is holly silt loam, a deep, poorly drained so .o oo-
plains. Most of the floodplain soil is of the Tioga series, a deep, well
drained floodplain soil.
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2.5 SURFACF. AND GROUND MATERS

2.5.1 Surface Waters

The Station site is about 42 miles upstream from the confluence of the
North and Hest Branches of the Susquehanna River at Sunbury, Pennsyl-
vania. At the site the river gradient is approximately 1,5 feet per
mile. In the summer the river normally consists of a series of large
pools separated by riffle areas. During periods of moderate to high
discharge the river is characterized by an open channel situation.
Based on U.S. Geological Survey data at Hilkes-Barre, and ad]usting flow
volumes to account for the additional drainage area at the site
(9,960 square miles at Wilkes-Barre and approximately 10,200 square
miles at the site), the record low flow at the site is 540 cfs and the
maximum is 353,000 cfs. The average flow past the site is approximately
13,300 cfs although the median flow* is only about 7200 cfs. Water
temperature data are summarized in Table 3.2 (Section 3.4) and water
quality data from 4-68 through 8-72 are summarized in Table 2.9. During
periods of low flow the river water at the site has a yellow cast due to
the high iron content caused by mine drainage upstream. Mine drainage
is also the cause of the high sulfate content and high specific conductance.

Several small creeks discharge into the Susquehanna River near the site,
but of these, Hapwallopen Creek is the onl'y perennial stream. On the
floodplain below the site two irrigation ponds (Lake Took-a-while and
North Pond), a portion of the long abandoned North Branch Canal, and
ad]acent swampy areas will be modified into one large pond as part of the
development of the recreation area on the floodplain.

2.5.2 Ground Hater

The Station will be situated on a relatively flat area south of ridge,
overlooking the floodplain to the east.'oth the plateau and the flood-
plain are underlain by limestone and, nearer the surface, by siltstone
and sandstone over which glacial and alluvial materials have been
deposited. Aquifers exist in both the unconsolidated deposit and the
bedrock. Precipitation on the site moves to the river both as surface
and as ground water. Ground water flow has been estimated at less than
1 ft/day. The water table reflects surface topography and occurs within
35 feet of the surface over much of the site. On the floodplain it lies
about 20 feet from the surface. The two bedrock formations of hydrologic
importance are the Onandaga limestone and the Hamilton Group shales.
The Onandaga limestone lies about 1000 feet beneath the site. Mud-filled
cavities in this formation have been reported for the region, but test
borings have revealed none within 1 mile of the site. Water from this
unit is produced from fractures. Ground water moves through points and
fractures.

*Median flow is that which was equalled or exceeded 50/ of the time.„
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TABLE 2.9. Susquehanna River — Mater Analysis Summary
(89 samples)

Dates taken — 4 11 68 to 8/30/72 Minimum Maximum

River temperature, oF
pH value at 25 C

Specific conductance at 25 C (mmhos)
0

32
6.65

117.0

85
7.80

635.0

Analysis: milligrams per liter
Suspended matter
Loss on ignition
Ammonia nitrogen (as N)
Nitrate nitrogen (as N)
Total sulfides (as S)
Methyl orange alkalinity (as CaC03)
Hardness (as CaC03)
Total dissolved solids at 103 C

Loss on ignition
Silicon dioxide
Iron in solution
Total iron
Aluminum
ffanganese
Calcium

'fagnesium

Sodium and potassium (as Na)
Bicarbonate
Sulfate
Chloride
Nitrate
Phosphate
Total mineral solids
Dissolved oxygen
Biochemical oxygen demand (5-day)
Chemical oxygen demand
Chlorine demand (one hour)
Chlorine demand to give 0.1 mg/1 af
Chlorine demand to give 1.0 mg/1 af

ter 10 min.
ter 5 min.

3.2
0.5
0.00
0.08
0.00

21.0
42.0
77.8
20.2
0.005

0.000
0.000
0.000

12.6
2.4
0.0

25.6
12.8
3.6
0.4
0.0

66.3
6.0
0.55
4.8
0.27
0.15
1.1

912.6
152.0

'0.68
1.66
0.25

67.0
279.0
467.4
105.0

5.50

3.00
0.075
3.450

60.8
30.9
32.4
81.8

222.5
32.8

7.4
0.4

400.6
14.15

6.60
70.8"
3.8
1.04
3.48

Data from Table Q4.2, Pennsylvania Power and Light Company, Environmental
Report, Amendment 1".
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Above this are found the fractured shales and siltstonrs of. the Hamilton
group. Water high in hydrogen sulfide and iron is available at low yield
from these.

The superficial glacial and alluvial deposits that overlay the bedrock
are generally, not highly permeable; consequently about half of. the
precipitation returns to the river by runoff. Most of the remainder is
lost by evapotranspiration rather than through infiltration. Where the
contact between the valley terrace deposits and the bedrock is exposed,
springs occur frequently.

Seven public wells have been identified within 10 miles of the site "
and in addition, .two industrial wells located about'ne mile north of.
the site are used by the Luzerne Outerwear Company.

There are several private wells in the vicinity of the site. A door-to-
door survey made by the Applicant of, local well-owners within a mile of
the plant has yielded some data regarding the characteristics of ground
water in the vicinitv. The wells are of different depths and
generally yield less than 30 gpm. 'he water quality ranges from soft
and good, through hard with iron and hydrogen sulfide, to nonpotable.

Water for construction will be obtained from wells on the floodplain at
a predicted rate of 200 gpm; the Applicant expects no adverse effects on
wells outside the site boundaries.

Estimated permeabilities are:

Soil (vertically) 2.2 x 10 cm/sec to 4.5 x
Soil (horizontally) 2 x 10 ~ cm/sec
Rock (weathered — above approx. 20 feet) 3 x
Rock (unweathered — below approx. 20 feet) 4

10 ~ cm/sec

10 4 cm/sec
x 10 cm/sec

2 o 6 METEOROLOGY

The Susquehanna plant area has a humid continental climate, with long,
cold, snowy winters and summers with cool nights and warm days. Spring
and fall are long transitional periods. Precipitation is ample (about
40 inches per year) and well distributed throughout the year, with a
large fraction of the total falling as snow from December through early
April.

Storms forming along or moving up the Atlantic seaboard (Cape Hatteras
secondaries) bring moderate to heavy precipitation (including heavy wet
snow in winter) and strong winds to the area. Rain areas associated
with hurricanes are observed about once every 2 to 3 years, with rainfall
amounts of 5 to 10 inches in 24 to 48-hour periods. Hurricane Agnes,
the most destructive in recent history, struck Pennsylvania in June 1972,
causing disastrous floods in the Wilkes-Barre area. At the Wilkes-Barre-
Scranton airport, however, the rainfall amounts were modest compared to
those at other places in the watershed. A total of 4.42 inches fell as
a result of the hurricane, the maximum 24-hour rainfall being 3.10 inches
on June 21-22. No strong winds accompanied this storm. Wind speeds cf
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hurricane force (74 mph) are seldom experienced: in fact, speeds in
excess of 50 mph are rare.

Three meteorological stations have been recently put into operation by
the Applicant. The primary installation is a 300-foot tower located on
the bluff near the proposed reactor location. Wind speed and direction
are measured at the 30- and 300-foot levels, and air temperature .and
humidity at the 30-, 105- and 300-foot'1'evels. Wind speed, wind direc-
tion, air temperature and dew point are also being measured on a'5-font
tower located on the summit of the ridge (1060 feet, HSL) northwest of
the site of the reactor building, and similar equioment has been placed
on a 10-foot tower in the river valley to measure valley wind conditions.
Since little on-site data is available for analysis at the present time,
data from nearby National Weather Service stations have been examined'.

'2.6.1 Temperature and Humidity

The temperature data for Berwick, located about 6 miles SW of the site,
are given in Table 2.10 for a 14-year. period.22 Extreme temperatures
vary from 102 F to -17 F. The temperature extremes at Scranton, for a0 0

59-year period ending in 1960, were 103 F and -19 F. The normal frost-0 0

free season extends from late April to mid-October.

The nearest humidity measuring site is the National Weather Service
station at the Wilkes-Barre Scranton Airport, located at 930-ft 1$ L
about 27 miles northeast of the Site. (This station was called the
Avoca CAA AP prior to April 1955.) The annual average relative humidity
is 76/ at 1 a.m., 78/ at 7 a.m., 57/ at 1 p.m. and 64%%u at 7 p.m.

The thermal performance of evaporative cooling towers is controlled in
part by the wet-bulb temperature. During the four warmest months of the
year (June through September), the following wet-bulb temperatures were
equalled or exceeded the indicated percent of the time at the Wilkes-
Barre —Scranton Airport.

Wet-bulb Temperature
Percentage of Time Equalled

or Fxceeded

75 F
74 F
73 F
71 F

1/
2 ~ 5/~

5/
10/

2.6.2 Precipitation

Precipitation data for Berwick are given in Table 2.11; and for Wilkes-
Barre —Scranton Airport in Table 2.12. July is on the average the
wettest month, and February the, driest. Thunderstorms occur, on the
average, on 32 days .per year at the Wilkes-Barre-Scranton Airport„
most often during the summer months (Table 2.12). The heaviest rainfall
of record occurred on September 1924 when 5.09 inches of rain fell in
24 hours.



TABLE 2.10. Temperature, ( P) Data for Berwick, Pennsylvania, (570 MSL) - (14 years of record)

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

Average daily max.,
Average daily min.
Average monthly
Extreme max.
Extreme min.
Nn. days T max.

>90 a*
No. davs T min.

<32 **

37.4
21.2
29.3
69

-17
0

28

40.8
22.7
31.8
76

-11
0

49.1
28.2
38.7
82

0

22 7 1 0 0 0

64.0 74.4 81+6 86.7 84.6
39.2 48.4 57.3 61.6 60.1
51.6 61.5 69.5 74.2 72.4
90 94 102 100 101
18 28 38 47 41
* 1 6 11 6

77.6
53.2
65,4

102
28

2

67+0 51.9
42 ' 33.1
54 ' 42.5
90 83
23 11
* 0

5 17

39.2
22 '
31.0
69

-13
0

25

62.9
40.8
51.9

102
-17

26

129

'More

than cero but less than 0.5 days.
+aTen years of record.
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TABLE 2.11. Precipitation Data for Berwick, Pennsylvania "

Feb Nar Apr May Jun Jul Aug Sep Oct Nov Dec Ann

Av. precip., inches*
No. of days with

precip. >0.10
inches*»

No. of days with
precip. >0.50
inches*+

2.61 2.38 2.94 3.91 4.46 3.61 4.74 4.18 3.38 2o94 3.21 2.88 41.24
5 6 7 9 7 7 8 9 8 6 7 5 84

26

*Based on 15 years of data.
**Based on 7 years of data.
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TABLE 2.12. precipitation Data for Milkes-Barre —Scranton Airport

Feb Har Apr Hay Jun Jul Aug Sep Oct Nov Dec Ann

Normal precip., in.>
Kax. monthly precip.**
?Qn. monthly precip.**
Snowfall average, in.**
No. of days with

snow or sleet
>1.0 inches**

No. of days with
thunderstorms**

No. of davs with
heavv fog++

2.29
3.40
lo01

11.3
3

1.99
3.64
0.89

13.2
3

2.82
3.54
1.49

11.5
3

3.27
5.81
1.30
4 ~ 2
1

3.95
4+32
0.77

T
0

3.91
5.00
1.71
0
0

4. 79
5.96
1 ~ 23
0
0

3.58
4.46
1.38
0
0

0 32

27

2e97 3+50 2.94 2e47 38e48
7.78 5.46 4.62 4.04
Oo82 0.03 1.31 0.35

T Oo6 1.7 9.6 52.1
0 i 1 3 14

T ~ Trace

Wahine

years of data reduced to the Climatological Standard Normal, 1931-1960.
**Based on 9 years of data:
t.'hre than zero, but less than 0.5.
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2.6. 3 Fog

Fog is quite frequent in the area. Heavy fog (visibility < 0.25 miles)
occurs, on the average, 28 days per year; the monthly frequencies are
given in Table 2.12.

2.6.4 Mind and Stability
h

1)uring a 9-yr period of record, the average wind speed at the Milkes-
Barre —Scranton Airport was 8.5 mph; the prevailing direction was SM. 21

Seasonally, the hiphest average wind speeds occur in late winter, the
lowest in late summer (Table 2.13). The hiphest wind gust observed at
the airport was 60 mph.

The percent frequency of the seven Pasquill stabil.sty classes has been24

derived from the houx'ly weather data at the Milkes-Bax're—Scranton Air-
port for a 5-year period, using the Turner criteria. = These data,24

categorized by wind direction, are listed in Table 2.14 . Inversi.ons
occur on about 30/ of all hours; 2.2%%u of all observations are calms.

Figure 2.7 is an annual wind rose for the Vilkes-Barre —Scranton Airport.
The figure shows that the least frequent wind directions are SE and NE.

2.7 ECOLOGY

2.7.1 Terrestrial

The site is located in tE>e broad valley of. tE>e Susquehanna River,
Approximately 40/ of. tEie site axea i., flat floodplain, and the remainder
is hilly with slopi s up to 25-35%%u. Soil types have determined past land
use which in turn has detexmined present vegetation. The well-drained
floodplain soils have been used for the production of truck crops and
grains. The poorly-drained soils around the irrigation ponds have not
been cultivated and remain as marsh, swamp or moist woodland. On the
hilly upland the glacial deposit soils have been used for prazinp or
timber removal; they remain wooded today. Flat areas on the upland
placial outwash soils have been used for. both grain and forape crops and
the steeper areas were used for grazinp or timber removal. Approximately
50/ of the site is woodlands, dominated by second prowth oaks. Apricul-
tural lands presently constitute 31/ of the site area and old fi.elds
make up about 13/ of the area. Characteristics of the dominant vegetation
types and a map of the vepetation found on the site in 1971 are summa-
rized in Table 2.15 and Fip. 2.8, respectively.

Host of the mammals and birds are those which are adapted to an inter-
spersion of vegetation types. Hunting pressure in Salem Township is
considered light to modexate, white-tailed deer being the most soupht
after game animal. Other game animals found in the axea include. the
cottontail rabbit, grey squirrel, ruffed grouse, ring-necked pheasant,
woodchuck and mourninp dove. .Trapping pxessure for muskrats is con-
sidered Elea~.25726



Mean nonthly wind
speed

Pastest mile*

9.0 9.4 . %.4 9.8 9.2 8.1 7.5 7.1 7.5 7 ~ 9 8 ~ 7 8@9 815

43 60 42 47 40 43 42 50 38 36 45 47 60

TABLE 2.13. Wind Data for Wilkes-Barre —Scranton Airport (9 years of record)

Jan Peb Mar Apr May Jun Jul Au8 Sep Oct Nov Dec Ann

*Over a specific period (usually for the 24-hour observational day), the fastest speed (mph) of any nile'f wind.



TABLE 2.14. Percent Frequency of Pasquill Conditions by Mind Sector - Annual AVOCA

(Milkes-Barre/Scranton Airport), Pennsylvania Period of Record, l960 to 1964

Wind
Direction A B C Day Night E F G

E+F+G
(Inversions)

N
NNE
NE
ENE
E
ESE
SE
SSE
S

SSW

SW

WSW

W

WNW

NW

NNW

Calm

X of Total Day
Obs. Night
Per Year Total
Mean Wind (MPS)*
Mean Wind (MPH)

*Meters per second.

00.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.02
0.03
0.06"
0.04
0.04
0.04
0.02
0.04

0.41
0.00
0.41
2.00
4.47

0.31
0.23
0.18
0.19
0.09
0.07
0.05
0.09
0.18
0.26
0.43
0.75
0.59
0.61
0.51
0.46
0.27

5.27
0.00
5.27
2.41
5.39

0.59
,0.36
0.34
0.30
0.23
0.18
'0.10
0.18
0.30
0.62
1.40
1.55
0.74
0.81
1.01
1.14
0.19

10. 04
0.00

10.04
3,64
8.14

1.26
0.88
0.94
1.09
0.72
0.63
0.45
0.64
1.28
2.18

'.84

3.42
lo10
2.08
3.21
2.76
0.21

26. 69

4.78
10.69

1.20
1.08
1.39
1.91
1.16
1.08
0.56
0.77
1.43
2.58
3.95
2.40
lo00
'2,06
2.48
2.14
Oo39

27.58
54.27
4.11
9.19

0.48
0.34
0.35
1.03
0.94
1.46
0.35
0.54
0.97
1.46
1.47
0.77
0.24
0.44
0.68
0.83
0.00

0.00
12.36
12.36

3.36
'.52

0.47
0.44
0.51
1.39
1.57
2.01
0.59
0.90
1.18
1.04
0.62
0.60
0.27
0,31
0.36
0.49
0.30

0.00
13.05
13.05

2.33
5.21

0.16
0.13
0.20
0.55
0.69
0.52
0.24
0.23
0.25
0.16
0.15
0.12
0.10
0.06
0.10
0.11
0.83

0.00
4.60
4.60
1.19
2.66

1.12
0.91
1.06
2.97
3.20
3.99
1.18
1.67
2.40
2.66
2.24
1.49
0.61
0.81
1.14
1.43
1.13

30.02
2.58
5.77

4.50
3.48
3.92
6.47
5.41
5+96
2.35
3.36
5+61
8.32

11.89
9.67
4o08
6.41
8.39
7.95
2 '3

100.00
3.68
8.23
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Fig. 2.7. Annual and Inversion Wind Rose, 1960 to 1964.
From Applicant's Environmental Report.



TABLF, 2.15. Characterfstfca of Terrestrial Vegetation Found on the Site in 1971

Vegetation Total Area
Type Nunbet Hactares Acres *Donfnant Vegatatfon

Other
I Slope; gxposurc Characteristics

wall
a
b

Old Pfeld
a
b

Match

Ctavcl Bar 1
4

woodland
a

82.9
45.9

40.7
5.5

6.3

9.2

5.0

19.4

34.5

17+2

7.0

15,5

9.1

2,5

5.9

8.2

3.6

20,3

64 '

2.8

205.0 Crops (corn ~ rye)
113.3 Upland grasses (bluegrass)

100. 9
13.5

15l5

22,8

12.4

Herbaceous (as'tc't
~ goldcntody tagwced)

Shrubs and swell trees (alder, aspen)
Upland greases (bluegrass)

Old orchard (apple)
Upland grasses (bluegrass)

gnargcnt aquatfcs (cattail)
Sedges and grasses (canary grass)

Mixed herbaceous (ffgwurts, couposftes)
Cresses

48.0 Gray bfrch, black oak, red aspic
Mountafn laurel

Club nose, ground cedar
85.1 Slack oak, chestnut oak, rad naple,

Virginia pfne
Dogwood, hophornbean

Ctound cedar
42.5 Red aspic, black oak, dogwood

Dogwood
17.4 Virginia pine, black oak, vhfte pfne,

vhite oak
Dogwood

38.3 Gray birch, sweet birch, heulock,
black oak

Mountain laurel
Ground cedar

22.4 Sweet birch
Ground cedar

6.2 Vfrginfa pfnc, hcnlock, vhite pfne,
black oak

14.7 Rowlock, avast birch
Speckled alder

20.1 Henlock, vhfte pine, beech
Ferns

S.9 White oak, vhfte pine, gray birch
Mountain laurel

Cround cedar
50.0 Speckled alder, swaat,bfrch, tulip

tree
Honeysuckle, vines

159.4 Silver napfe> river birch, boxclder,
sycaaote

Slack locust, vfllov, haaelnut,
dogvood

7.0 Beech, sassafras, black oak, hickory

Nonef-
None;—

None;—
None;—

8-1SI; east

None;—

None;—

3-2521 south

25&02; south

15 602; south

8 60Z; south

3-25Z; north

1$-35I f north

25 SOZ; south

3-30I; varies

25-35I; north

8-2SI; south

3-352; varies

None;—

Nona;

Monocultute
Pastute

No grasses
Nell drained

Eroded

No drainage

Seasonally
flooded

Unfforn second
grovth

Second gtovth;
Nixed species

Second grovth;
possfbly grated
Second gtovth
to nature

Second grovth

Hature stand
Little understory
Boulders; needle
litter
Second grovth

Mature, little
understory
Second grovth
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Most of the bird species found at the site are transients and are found
only during the spring and fall migrations. Common summer residents are
the song sparrow, robin, grackle, mourning dove and meadowlark. Permanent
residents include the downy woodpecker, white-breasted nuthatch, black-
capped chickadee, tufted titmouse, cardinal, sl'ate-colored )unco, ring-
necked pheasant and ruffed grouse. The river is within the Atlantic
flyway. It sports concentrations of waterfowl of various species during
migration; Some waterfowl overwinter in the vicinity of the site, The
bald eagle and peregrine'alcon, both endangered species, are rare
transients in this area. The osprey, a rare bird, is a common transient
and a rare summer resident.

Other terrestrial fauna such as insects, reptiles, etc. have not been
surveyed yet. Lists of trees and shrubs, birds and mammals which are
or may be expected to be found on the site are contained in the Appli-
cant's Environmental Report, Appendix A.

2.7.2 Aquatic

a. Water Quality

A basic description of water quality data including mine drainage was
presented in Section 2.5.1. The major influence of interest, insofar
as aquatic biota are affected, is acid mine drainage which in the past
has caused major fish kills. Currently the major effects of mine drain-
age are increased sulfate content and a concentration of ferric hydroxide
which apparently precipitates out small organisms and also discolors the
river. It is expected that ma)or problems from mine drainage will be
alleviated by 1980. Also, several towns dump raw sewage into the river
upstream of the site.

Despite this preexisting degradation, the river at the site supports a
wide assemblage of organisms and will be suitable for all aspects of shad
life history if a reintroduction of this species to the upper reaches
of the river is successful. The shad is an anadromous species, formerly
of ma)or sport and commercial importance on the river, not now found in
the upper reaches because dams constructed in the last 50 years have
blocked its upstream migration.

b. Aquatic Flora

Vascular plants formerly occupied about 6/ of the bottom area near the
site. Seventeen species have been collected by the Applicant. . The31,

Agnes flood, of June 1972, that accompanied Hurricane Agnes- had severe
effects on weed beds throughout the Susquehanna. These beds, which will
take some time to recover, are of importance to the ecology of the river,
as a habitat and'ood source. The low zooplankton population seems to
indicate that these beds of vascular plants serve as a source of detritus
upon which most of the trophic-structure depends.

L

The Applicant has reported a rich phytoplankton flora of 88 genera.
Other estimates of 63 genera elsewhere on the river, and of 88 and 103
total algal species in 1965 and 1969 respectively, "> are in good
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agreement. The organisms reported include some pollution-tolerant forms.
A pronounced seasonal fluctuation in the flora occurs. Of additional
interest is the fact that there is a reduction in all the ma)or groups
of algae due apparently to mine drainage pollution (Figure 2.9). If the
mine drainage problem is solved, probably one of the greatest expressions
of this change at the site will be an increase in phytoplankton. Experi-
ence on the Schuylkill cited by Palmer also suggests increased primary
production if mine drainage ceases.

Data on periphyton will be available in the near future if the proposed
monitoring program is followed.

c. Aquatic Fauna

The Applicant's preliminary information, which will be expanded in the
near future according to the proposed monitoring program, suggests a
small population of zooplankton. This implies that the tro'phic structure
is a detritus-based system, probably with a large influx of allochthonous
material. Data available on this reach of the Susquehanna are yet too
few to adequately quantify ecosystem dynamics.

The benthos study by the Applicant is likewise in its initial stages and
consequently does not permit detailed analyses. A preliminary qualitative
analysis sup~ests a typical river benthic fauna in comparison with an
earlier study which indicated that the production of macroinvertebrates
below the Pittston —llilkes-Barre area was poor compared with that upstream.

The Applicant has not provided any information on protozoa, but data
gathered elsewhere "~ on the Susquehanna indicate a healthy fauna.

In, an initial study, the Applicant reports a fish fauna very similar
to that demonstrated earlier for the whole river by Bielo. The Appli-
cant has provided additional information on the fish fauna in the reach
of the river where the site is located, ~" including detailed data on
fish distribution. A summary species list is provided as Appendix A.

The fishery contains both coarse fish, such as carp and suckers, and
game fish, such as smallmouth bass and walleye. At present, there is no '~

commercial fishing in the Susquehanna near the site. The former eel
and shad fisheries were destroyed several decades ago by the construction
of several dams, especially the Conowingo Dam. The river has been investi-
gated for its suitability for the re-introduction of shad, and a small
pilot program to help migrating fish to clear the Conowigo Dam has
begun. Nevertheless, it appears that within the lifetime of the Station
a commercial fishery is unlikely, and even development of a sport fishery
is contingent upon cleaning up the discoloration from acid mine drainage.
An improvement in water quality has been predicted.

2.8 NATURAL RADIATION BACKGROUND

The radiology of the area surrounding the Station is unremarkable. Cos-
mic radiation (45 mrem/yr) is equal to the U.S. average, and terrestrial
radiation (55 mrem/yr) is somewhat lower, so that the natural background"
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for the area (125 mrem/yr, including internal radiation dose) is slightly
less than that of the U.S. as a whole (130 mrem/yr) . ifedical background
is about 70 mrem/yr, so that the total background is very close to the
U.S. average.42

Some 34 state and federal monitoring stations have been active within
300 km of the Station for the past two decades" , so that a considerable
backlog of data is available. Values reported by some of the major sta-
tions in recent years "are summarized in Table 2.16. The regional stations
have monitored not only the Susquehanna River, but also surface, ground
and tap waters of the region as well as milk, dietary and atmospheric
concentrations. This large backlog of available information easily
provides an adequate regional baseline against which to measure future
Station impact.



TABLE 2.16. Environmental Radioactivity Measurements in the Area of the Susquehanna Station
(for explanation of sample type and units — see footnotes)

Sampling Station
Miles from

Site Type
Sam le

Year Analysis Range Mean

Baltimore, Md.
E

Conowingo Dam, Md.
(Susquehanna River)

Dauphin, Pa.

Dover, Del.

Harrisburg, Pa.

New York, N.Y.

120 (SE)

160 (S)

70 (S)

185 (S)

60 (SE)

70 (E)

PM

SA

SM

PM

SA

SA

PM

July-Feb
1969-72
Jan-.Dec
1970-71
July-Feb
1969-71
July-Feb
1969-71
Jan-Sept
1971

July-Feb
1969-72
July-Feb
1969-72
July-Feb
1969-72
Feb-Nov
1970
Jan-Dec
1970-71
July-Feb
1969-72

Sr-90

Tritium

Gross beta

Gross beta

Gross
diss.
Gross
susp ~

Gross
diss.
Gross
susp ~

Sr-90

beta,

beta,

alpha,

alpha,

Gross beta

Gross beta

Gross beta

Tritium

Sr-90

5-10

0-30

1-3

2-2,7

<0.2-3

<0.2-1 <0.2

0-25

0-2

0-3

3,000-16,000

<400

7,000

<200

7-13 10

0-24,000 10,000

2-6



TABLE 2.16. (Contd.)

Sampling Station

Philadelphia, Pa.

Trenton, N.J.

Wilmington, Del.

Miles from
Site

80 (E)

100 (SE)

160-(S)

Type

SA

TW

PM

PM

SA

DA

Sam le
Year

July-April
1969-70
Jan-Dec
July-Feb
1969-72
July-Feb
1969-72
July-Feb
1969-72
July-Feb
1969-72
Jan-Dec
1970-71
Aug-Dec
1969-71

Analysis

Gross beta

Tritium
Sr-90

Sr-90

Gross beta

Gross beta

Tritium

Cs-137

Sr-90

Range

0-2

<400
7-12

0-13

0-3

0-20,000

<400

0-19

4-15

Mean

<200
9

13,000

<200

DA ~ Diet analysis, pCi/kg.
PM = Pasteurized milk, pCi/l.

P = Precipitation, pCi/m~/month.
SA ~ 'Surface air, pCi/m .

SW = Surface water, pCi/1
TW = Tap water, tritium, pCi/1.
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3. THE STATION

3.1 EXTERNAL APPEARANCE

An architectural rendering of the completed Station as it will appear is
presented in Fig. 3.1. A layout of the site and the Station is presented
in Fig. 3.2. The plant, cooling towers, and switchyard are located in
the western portion of the site. The fenced-in Station area will be
115 acres. The turbine building, radwaste building, and outer contain-
ment building complex will be 830 feet long at the longest point,
290 feet wide at the widest point, and 201 feet above grade at the high-
est point. The service and administration building will be about
200 feet square with a height of 70 feet above grade. The two cooling
towers will each 'be about 500 feet high by 480 feet in diameter at the
base and will not be Class I structures. The following are the major
Class I structures: primary containment structure; reactor building;
main control room complex; spent fuel pool; service water pump structure;
diesel generator building; structures for emergency cooling water supply;
and all structures supporting or housing Class I equipment. The ma)or
visible structures will be the reactor building (which houses both
reactors, the turbine building, the radwaste building, the service and
administration building, and the two cooling towers. The colors of the
buildings have not been decided .yet. The Station buildings will be
visible only in the immediate vicinity due to the rolling terrain. The
tops of the cooling towers will be visible for a greater distance because
they will protrude above the hilltops. Although the Applicant has not
yet worked out the details with the Federal Aviation Administration (FAA),
based on the requirements for other similar cooling towers, the night time
lighting will probably consist of four flashing red lights at the top and
the midpoint, respectively, and four steady red lights at the three-quarter
point. Lands'caping plans have not been made as yet.

3.2 REACTOR AND STEAM-ELECTRIC SYSTEM

Each of the two nuclear reactors will be a direct-cycle boiling water
reactor (BWR) with a turbine generator having a nominal rated output of
approximately 1100 megawatts electrical (MWe) and a corresponding reactor
output of 3293 megawatts thermal (MWt). The reactors are being supplied
by the General Electric Company; 3echtel Corporation is the architect-
engineer and construction contractor. Each reactor is expected to be
capable of a stretch output of 3440 MWt, which corre'sponds to a turbine
generator rating of approximately 1140 MWe. Stretch power output is the
maximum capacity of the equipment and is always a few percent greater
than the nominal rated capacity.

Highly purified water, used as the 'coolant, will absorb the heat produced
and boil as it passes upward through the fuel elements in the reactor
core. The steam thus generated, after removal of entrained water, will
pass directly to the turbine generator. Steam will leave the reactor
vessel at 1020 psia and enter the turbine at 965 psia. Each turbine will
be a tandem-compound, six-flow, non-reheat, 1800 rpm unit, and will drive
a direct-coupled electrical generator. The turbine-generators will be
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Fig. 3,1. Architectural Rendering of the Station.
From Applicant's Environmental Report.
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manufactured by the General Electric Co. Spent steam, after passing
through the turbine, will be condensed and, after demineralization, the
water will be recycled to the reactor core.

3.3 PLANT WATER USE

All water used in. the operation of the Station willbe taken from the
Susquehanna River at an average withdrawal rate of 32,400 gpm. With the
exception of water lost to the atmosphere from the cooling towers (vapor
and drift) all ~ater used will be ultimately discharged to the Susque-
hanna River. Water usage is summarized in Table 3.1 and shown
schematically in Fig. 3.3.

All aqueous effluents (including cooling tower blowdown via the spray
retention pond, liquid radwaste treatment effluents and treated sewage
effluents) will be discharged to the river through a common discharge
facility, located downstream with respect to the water intake structure
(Fig. 3.4). The design rate of discharge to the river will be a
constant 10,000 gpm. The water transit time through the station,
including the retention pond, will be about 25 hours.

The ma)or use of water in the operation of the Station will be for heat
removal. A small fraction (~95 gpm) of the 32,400 gpm withdrawn from
the river will be used for domestic, sanitary, and plant makeup purposes.

3.3.1 Main Condenser Cooling Water

Water is withdrawn from the cooling tower basins, circulated through the
main condensers, and returned to the cooling towers at the rate of
900,000 gpm (450,000 gpm for each tower). Transit time through the
condensers will be about two minutes. Water is removed from this cir-
cuit in three ways: a) as vapor (exiting from the top of the towers)
formed during the evaporative cooling of the warmed condenser water asit flows through the towers, b) as drift (exiting from the top of the
towers), i.e., droplets entrained in the column of air'oming up through
the towers, and c) as cooling tower blowdown, i.e., water removed from
the circuit to be replaced by river water in order to prevent increasing
concentration of dissolved substances to an, undesirably high level in
the circulating water.

Sulfuric acid and chlorine will be added to the circulating cooling
water to prevent the growth of mineral deposits and algae, respectively.
In addition, it is proposed to provide mechanical cleaning of the
condenser tubes by infecting sponge rubber balls into the water entering
the condenser. These balls will provide a mild scouring action as they
pass through the condenser tubes; they will be recovered by a strainer
and returned to the water inlet by a special pump.

Since the service ~ater systems (see Section 3.3.2) will.be included in
the cooling tower circuits, the 60,000 gpm of service water must be
added to 'the 900,000 gpm of main condenser water to total 960,000 gpm as
the circulating rate of the combined cooling tow'ers. With a drift of
0.02/ of the circulating rate, the maximum drift rate is calculated to
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TABLE 3.1. Summary of Water Usage by the Station

Water System
Circulation Rate (a),
Use Rate (b): gpm

Average
Consumptive Use

Rate (gpm)

Main condenser circuits (heat
removal from turbine
condensers)

900,000 (a) 22,400*
(28,000 max.)

Service systems circuits -(heat
removal from auxiliary equip-
ment and structures and from
safeguard equipment)

60,000 (a) 0*

Reactor makeup (water to
replace bleed-off and evapo-
rative and leakage losses)

10 (b) <10

Domestic, potable and sewage
treatment II

7 (b) <7

Waste from raw water
treatment

5 (b)

Circulating. pump seals 70 (b) 70

+Water from the service systems circuits joins that from the main
condenser circuits in the cooling towers, so the consumptive use rate
sustained due to evaporation and drift in the cooling towers involves
water from both sources. This value has been assigned to the main
condenser circuits, since they are the ma)or contributor of heat to the
cooling towers.
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b e 192 gpm. The combined average evaporation rate (two towers) is
designed as 22,400 gpm and the combined blowdown rate as 10,000 gpm. The
deficit, considering the evaporative losses and blowdown is 32,400 gpm.
Therefore, the rate of withdrawal of water from the river must average
32,400 gpm in order to maintain the Station water balance. The maximum
combined evaporation rate (two towers) will be 28,000 gpm (summer) and
the minimum will be 18,000 gpm (winter). With the constant blowdown rate
of 10,000 gpm, the rate of withdrawal of water from the river willbe
38,000 gpm in the summer and 28,000 gpm in the winter.

3.3.2 Service Water

The service water is used under normal operating conditions for cooling
the auxiliary equipment.

3.3.3 Reactor Makeup Water

Demineralized water will be used to make up all losses from the reactor
water system. The major portion of the water 'from equipment and floor
drains is recycled but a small fraction is lost'rom th'e system in the
recycle process. A small loss of water is also incurred in bleed-off.
To compensate for these losses demineralized water will be added at the
approximate rate of 10 gpm.

3.3.4 Domestic, Potable and Sewage Treatment Water

Total usage for this purpose will vary (for example depending somewhat
upon the day-to-day use of the recreational facilities). The design use
is 7 gpm. The sanitary waste facilities which discharge to the river
have a maximum capacity of 15,000 gpd. The expected discharge rate is

'bout10,000 gpd.

3.3.5 Intake and Discharge Systems

Station water will be obtained by way of a conventional type intake
structure and pumphouse on the Susquehanna River. Figure 3.4 shows
two possible locations of this intake structure; location B is most
likely to be used. Water will be taken in through trash racks with
two- to three-inch openings and traveling screens, most likely with
3/8 inch square openings; there will be four intake pumps, each rated
at 13,500 gpm. Figure 3.5 shows tentative design details of the pro-,
posed intake structure schematically. The'water velocity through the
trash racks, based on the maximum intake water flow rate of 38,000 gpm,
will be 0.75 feet/sec. The intake will be kept free of winter ice
externally by the deep water and internally by infrared space heating.

The water 'discharge design is preliminary at the present time; it will
tentatively consist of a buried pipe leading to a submerged discharge
facility in the river about 600 feet downstream of the intake structure
(Fig. 3.6). The design of the discharge diffuser has, not been finalized,
but it will most likely consist of a pipe (diameter not yet decided)
partially buried in the river bed'with 44 holes four inches in diameter
from which the effluent will be discharged upward, in a downstream
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direction at an angle of about 45 from the horiontal. The estimated
discharge velocity at full power operation will be,six feet per second.

3.4 HEAT DISSIPATION SYSTEMS

3.4.1 Cooling Tower System

The Station will use two hyperbolic natural-draft cooling towers to
dissipate the heat from the turbine condensers, and from service water
sys tems .

The cooling towers will be constructed of reinforced concrete; Their
basins will be at elevations of approximately 710 feet MSL and 690 feet
MSb for Units 1 and 2, respectively. Each tower will have a base
diameter of about 480 feet and a height of about 500 feet. The basin
at the bottom of each tower will have a capacity of about 6,000,000
gallons. The two towers will have a center-to-center spacing of about
700 feet. Each tower will cool approximately 480,000 gpm; 450,000 gpmwi'll be from the corresponding main condenser and 30,000 gpm will be
from the service ~ater system (see Fig. 3.3). With the Station operating
at rated power; the drop in water temperature in the c'ooling tower will
be about 35 F, although the actual inlet and outlet temperatures are
sensitive to wet-bulb temperature and relative humidity. Based on site
wet- and dry-bulb temperature data, the hottest water leaving the tower
basins will be 93 F (summer) and the coolest, will be approximately 40,F
(mid-winter). Facilities using warm water from the condensers will be
included in each tower to prevent freezing during the winter. It has

not''et

been decided whether the towers will be of the cross-flow or counter-
flow type, but from an environmental standpoint the two types are
identical. Figure 3.7 shows the construction details of a typical cross-
flow tower, which is the type shown in the architectural rendering in
Fig. 3.1.

3.4.2 Cooling Tower Plume Analysis

As stated, two large natural-'draft cooling towers, will be used to
dissipate nearly all the condenser heat directly to the atmosphere. At
full Station load, 16.0 x 10~ Btu/hr will be discharged to the atmosphere.
Each tower will discharge a maximum of 14,000 gal/min as vapor in,mid-
summer; in winter the evaporation rate will be 9000 gal/min. The tem-
perature of the tower effluent (air and water vapor) will vary with "

Station load and weather conditions; typically, it will be between 50 F
(in winter) and 110 F (in summer).

The Applicant's consultant, Dames and Moore, has developed a numerical
model to predict the length and other dimensions of the plume generated
by both natural and mechanical draft cooling towers for the Station;~
this model was presented at a recent scientific meeting.~ It is similar
to other formulations, such as the EG&G model, in that plume motion is
divided into,two phases: (1) a plume rise portion describing the plume
behavior in the immediate vicinity of the tower, followed by (2) a
gaussian atmospheric diffusion calculation, describing the lat'eral
dispersion of the plume once it has reached its point of maximum rise
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(zero upward velocity). The calculations are based on a single natural
draft tower dissipating 8 x 10~ Btu/hr. The Turner method4 for deter-
mining stability classes was used.

In the following discussion of the Applicant's model, the results of
deficiencies in the assumptions used are described as conservative when
they lead to an overestimate of an adverse effect, and as nonconservative
when such an effect is underestimated. The first section of the model

. uses the transitional plume rise formula of Briggs. Further downwind
of the tower, dispersion of the effluent is controlled by ambient wind
and turbulence conditions, and the calculations of diffusion are made by
using the standard dispersion procedures.4 Unfortunately, neither of
the two papers referenced above is sufficiently complete to enable the
Staff to make an independent assessment of technical merits of the
model or of its ability to accurately predict plume lengths or the
occurrence of ground-level fogging and icing. The plume rise formula
in the model includes the heat flux to the 1/3 power; in a cooling tower
plume, most of this flux is in the form of latent heat. Since the
Applicant's model assumes that all of the latent heat in the effluent is
released and contributes to the final plume rise, it somewhat over-
estimates plume rise, a non-conservative result. None of the plume rise
formulas available, including this one which was based on data from
chimneys of fossil-fueled plants, has been shown to be completely „valid
for cooling tower plumes.

The dispersion section of the model predicts the change in absolute
humidity (mass of water vapor per unit volume) as a result of the tower
effluent. If this increment is more than the ambient saturation deficit,*
some of the excess moisture will condense and a visible plume will form.
Since the water vapor content of saturated air varies from 2.15 g/m at
-10 C to'7.3 g/m at 20 C, it is clear that the potential for a visible
plume is much greater during the conditions of low temperature and high
humidity which typically occur during winter months. These meteorological
conditions also favor the production of natural fog.

The model assumes that atmospheric conditions at plume altitude (500-
1500 feet) are the same as those measured a few feet above ground. In
fact, wind speeds aloft are nearly always higher than those near ground
level. Lower wind speeds lead to predictions of higher plume rise, a
non-conservative result, but on the other hand, lower wind speeds result
in an underestimate of vapor dispersion, a conservative result. Simi-
larly, saturation deficits aloft are usually, but not always, greater
than at ground level, so the assumption of ground-level conditions
results in the prediction of longer visible plumes, a conservative result.
Finally, no mention is made in the reports of possible interactions
between the plumes from the two towers.

In predicting plume lengths, the computer model compares the predicted
vapor content along the plume center line at various distances down-
wind with the saturation value for the ambient temperature. If the
predicted humidity is above the saturation value, then the plume is
said to extend beyond that point. The model apparently does not take
into account the fact that the plume will be slightly warmer than the
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ambient air and thus would have a slightly higher saturation deficit.
The model assumes that the air temperature at the plume center line level
is the same as that at ground level; except under inversion conditions,
the air temperature aloft is lower than that at the ground. If the surface
relative humidity is lOOX, the model predicts an infinite plume length;it is reported as "greater than 10,000 feet." The model does not
distinguish between cases in which the plume is clearly visible and
which it merges with existing clouds. In predicting the occurrence
or non-occurrence of ground level fog an/ icing at various distances from
the tower, the model compares the predicted ground-level moisture content
of the plume with the saturation value. The height of the terrain is
included Xn the calculations.

The model used by the Applicant's consultant to predict natural draft
tower plume lengths has been tested using 51 observations of plume
lengths made at the Keystone fossil-fueled plant in central
Pennsylvania. The standard weather data from the Greater pittsburgh
Airport were used. The observed and calculated values for each of the
51 points are shown in Figure 5 of Reference 1; in view of all the
assumptions used, the agreement between actual and calculated plume
lengths is quite good. A summary of the calculations for a natural
draft cooling tower at the Susquehanna site is presented below.

The program input includes local topographic data for the site and
typical tower design performance parameters supplied by a tower vendor.
The consultant was forced by the lack of on-site meteorological data to
use standard National Weather Service reports. The meteorological data
used to make the computations were the data collected every three hours
by the National Weather Service at the Harrisburg-York State Airport,
about 70 miles SSW of the site. Three years (1965 through 1967) of
surface air temperature, relative humidity, wind speed and wind direction
data were used. The consultant stated that he used these data in
preference to Scranton-Wilkes-Barre data since they are "more repre-
sentative of conditions at the site." The Staff cannot now assess the
validity of this contention, but suggests that the Applicant be required
to analyze the data from.his 300 foot meteorological. tower for the
current winter season, the period of longest'plumes, in 'order to confirm
this contention and to improve the accuracy of his plume length
predictions In .any event,' comparis'on of wind rose data from the
Scranton-Wilkes-Barre Airport (Fig. 2.7) and Harrisburg-'York Airport
indicates significant differences in wind direction frequencies between
the two locations, due to local drainage and channelization effects.

'The primary output of the 'calculations gives:

(a) the seasonal and annual frequency distributions of plume
length ranges categorized by wind directions,

*The saturation deficit is the water vapor content of saturated air
minus the actual content of (W — W) g/m~.

s.
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(b) the seasonal and annual frequency distributions of plumes
extending to ground-level with temperatures above freezing
(fogging) with respect to distance and direction, and

(c) the seasonal and annual frequency distributions of ground-level
plumes with temperatures below freezing (icing) by distance
and direction.

Results of the plume length calculations are presented in Fig. 3.8. The
isolines indicate the average number of hours a visible plume will be
directly over a given point per year. The plume will, of course, be
highly visible over a wide area, especially on cold winter days. The
model predicts plumes 10,000 feet or longer on 12/ of all days during
the coolest three months; less than 0.5/ in summer. Other predictions
of the model indicate that in winter 93/ of all plume lengths will
be 1000 feet or more; 75/ 1/2 mile or more, and 37/ one mile or longer.

The Staff believes that. these estimates of plume length are reasonable
and in qualitative agreement with observations made at operational
cooling towers (See Section 5.1.3). Also, many of the longer plumeswill merge with an existing cloud layer and willnot be detectable as
tower-produced phenomena. However, since as stated, the analysis which
is summarized in Fig. 3.8 was based on operation of only one cooling
tower, it is not representative of conditions with both towers operating.

Estimates of salts discharged from the cooling towers with the drift
are presented in Section 3.6.3 —Chemical Discharges.

3.4.3 Retention Pond

A seven-acre retention pond with a capacity of 15 million gallons
(~7 ft deep), located on the north side of the site, (See Fig. 3.2) will
receive the cooling tower blowdown and serve as a heat sink for the
Emergency Safeguards System. Under normal operating conditions, waterwill be discharged from the pond to the river at a rate equal to the
net rate of addition (about 10,000 gpm), and the pond will serve
primarily as a mixing basin, providing some extra cooling for the
cooling tower blowdown. The evaporation loss from the pond will be
about 50 gpm in August and 39 gpm in January.

During shutdowns, and in emergency situations when the cooling tower
system is not operating, the pond will serve to dissipate residual
heat from the service water and Emergency Safeguards Systems. Spray
nozzles will be provided to increase heat dissipation under these
conditions.

P

3.4.4 Thermal Plume Analysis

Monthly average temperatures of the cooling pond effluent to the river
and'average river temperatures are presented in Table 3.2. The
Apglicant estimates that the maximum effluent temperatures will be
33 F and 13 F above river ambient in December and August, respectively.
Thus, when the Station is operating there will be a thermal plume in
the river starting at the discharge diffuser pipe and extending
downs tream.
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TABLE 3.2. Monthly Average River and Blowdown Temperatures

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC

River water
temperature,
oF 35 36 41 48 62 72 78 77 69 55 46 38

Tower blowdown
temperature, oF 60 61.5 64.5 69.5 75.5 81.5 84.5 83.5 79.5 72 64.5 61.5

Water returned
to the river
(from the spray/
rention pond),
'F8 55 56.5 60 66 73.5 80 83.5 82 77.5 68.5 60 56

Temperature ex-
cess of water
returned to river
over river water
temperature, F 20 20.5 19 18 11.5 8 5.5 5 8.5 13.5 14 18

Heat input,
10~ Btu/hr 100 103 95 90 58 40 28 25 43 68 70 90

*Calculations based on preliminary cooling tower data.
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The Applicant's consultant, Bechtel Corporation, conducted studies of
the thermal plume and considered four cases each with different river
flowrates, two in winter, two in summer. The resulting calculated
predictions of the thermal plume size and rise are summarized in
Table 3.3 and Figs. 3.9 through 3.14. These calculations show that
during the August low flow conditions (1000 cfs), Figs. 3.9 and 3.10,
.the 2 F isotherm at the surface would extend about 10 ft downstream
from the diffuser. For the median August flow condition (3400 cfs),
Fig. 3.11, the 2 F isotherm would not reach the surface. During
December low flow conditions (2600 cfs), Figs. 3.12 and 3.13, the
2 F surface isotherm would extend about 750 ft, downstream from the
diffuser. For the December median flow condition (12,800 cfs),
Fig. 3.14, the 2 F isotherm would not reach the surface. The reduction
in plume length between the December and August cases is mainly due to
the reduction in the estimated temperature difference between the
blowdown and river temperature (See Table 3.2).

In all cases, the maximum plume width is approximately equal to the
diffuser length (100 ft).
Unfortunately, no analytical models exist at present to adequately treat
the diffuser discharge case in a flowing river current. Since no
hydraulic modeling was done, The Applicant's consultant estimated
the flow and temperature fields by applying available mathematical models
which were, at times, marginally applicable. Their procedure is
briefly summarized and the Staff's evaluation is presented in the
following discussion.

a. Method of Analysis

The following steps were used in the Applicant's analysis:

(1) The Koh-Fan analysis was utilized to determine flow and
dilutions for stagnant river situations corresponding to each of the
two summer and winter conditions,

(2) The precise trajectory of the plume was determined using the
Fan model~ for a single round port in a current. Although the Fan model
is 'strictly applicable for a vertical discharge into a current directed
horizontally (cross flow), the Applicant calculated the cross flow
tra5ectory, eliminated the portion between angles 90 and 45 , and
hen translated the remaining portion of the trajectory back to the
discharge diffuser pipe,

(3) The temperature and flow distribution determined in step
(1) was finally "bent" to fit over the centerline determined in step
(2),

(4) If the plume determined by the previous steps intersected
the river surface, average temperatures were determined at the plume
cross-section which intersected the surface and those results were then
used as input for the Elwin Model~ for the far-field temperature
distribution.

Since the Koh-Fan model is strictly for diffuser configurations in
stagnant flow, the flow and temperature predictions obtained in step 1



TABLE 3 ~ 3. Applicant's Thermal Plume Predictions

River Velocity
0.25 feet second

AUGUST

River Velocity
0.60 feet:/second

River Velocity
0.50 feet/second

DECEHBER
River Velocity

1.60 feet/second
Plume* Size at River Surface

Plume Rise

*Within the 2 F isotherm.

0.028 acres

The plume will reach
the river surface
within 10 feet down-
stream of the dis-
charge at a tempera-
ture isotherm between
2oF and 3 F (See
Figs. 3.9 and 3.10)

0 acres

The plume will not
reach the river
surface and will
extend only about
10 feet downstream
from the discharge
(See Fig. 3.11)

1.2 acres

The plume will first
break the river sur-
face about 8 feet
from the discharge;
the 2 F isotherm on
the river surface
will close about
750 feet downstream
from the discharge
ports (See Figs. 3.12
and 3.13)

0 acres

The plume will not
reach the river
surface and will
extend oniy about
25 feet downstream
from the discharge
ports
(See Fig. 3.14)
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would be accurate only near the diffuser pipe and for low river flow
rates. Also, the use of the Fan model in step 2 yields only a crude
approximation of the jet centerline, since the model does not strictly
apply for the non-crossflow conditions (45 ) of the proposed diffuser
pipe design. Moreover the entrainment coefficient and drag coefficients
recommended by Fan (and used by the Applicant) apply only to cross flow
problems. Benedict et al. warn against extrapolations of these values
to non-crossflow problems. The actual trajectory of the diffuser pipe
effluent will not in any case, match that of a single round port, as
predicted by Fan, due to interfences between adjacent jet ports in the
Applicant's design. The trajectory would follow more that of a slot
jet in a current than that of a round jet. If a crude approximation
had to be made, the modified Hirst analysis would be somewhat I

more accurate, although the present state-of-the-art precludes any
precise determination of trajectory. If the results of steps (1) and
(2) were accurate, then the matching procedure used in step 3 woul'd be
reasonably accurate only for the small currents. The Staff also questions
the applicability of the far-field Elwin model in step 4 due to the
expected large residual momentum forces at the position of jet intersection
with the surface, since the Elwin model assumes a passive plume at its
initial down current cross section. For example, the Applicant calculated
a velocity at the surface intersection of the plume for the case shown
in Fig. 3.13 of 1.0 ft/sec, while the river current itself was 0.5,ft/sec.
A passive plume analysis cannot be realistically assumed here.

b.. Sinking Plume

For the December results (Figs. 3.12 to 3.14), the Applicant does not
discuss the likelihood of the plume sinking to the bottom of the river.
The Staff expects that the discharge effluent will initially rise towards
the river surface and when it has cooled sufficiently (to 46.6 F in the
case of the ambient water at 32 F assumed in the Applicant's analysis),it will have a tendency to sink. The plume momentum forces are directed
downstream, while the negative buoyancy forces tend to cause the plume
to sink. Initially, the magnitude of the inertial forces (due to
residual jet momentum as well as down river current momentum) is expected
to be significantly larger than the negative buoyancy force which tends
to cause the plume to sink. Consequently, significant plume sinking may
well be postponed for larger distances downstream beyond the neutral
buoyancy isotherm position, particularily for the higher river flow
cases. In summary, sinking of the plume for both December cases is
expected to be real; it is not at all clear to the Staff that the plume
will still be at the river surface at distances as far as the 2 F

isotherm (Figs. 3.12 and 3.13).

c. Summary and Conclusions

Although the Staff has not attempted to reproduce the Applicant's
calculated results, we believe the results are reasonable, within the
limitations of the methods used. However, because the limitations of
the methods are rather severe, as discussed above, we believe that the
Applicant's calculated temperature profiles are not representative of
those expected during Station operation. This is especially true with
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regard to the high river. flow summer and winter cases, showing the 2 F
isotherm remaining below the surface, which are not in agreement with
experience in hydraulic modeling studies. In short, the only means
for'btaining accurate predictions of thermal plume behavior for all of
these four cases would be to construct hydraulic (physical) models, and
experimentally measure the results. In the absence of such measurements
the Staff concludes that the Applicant's predictions are probably of the
correct order of magnitude although specific details in the calculated
results may be in error. The impacts due to the Station's thermal
discharge on the Susquehanna River are discussed in Section 5.

3.5 RADIOACTIVE WASTES

During the operation of the Station radioactive material will be
produced by fission and by neutron activation reactions 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 minimize the quantity
of radioactive nuclides that will ultimately be released to the
atmosphere and into the Susquehanna 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, Appendix B
and 10 CFR Part 50.

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

The waste handling and treatment systems to be installed at the station
are discussed in the Applicant's Preliminary Safety Analysis Report
(PSAR), April, 1, 1971 and Amendments 1 through 7, and their Environmental
Report, revised July 1972. In these references, the Apolicant has<
prepared an analysis-of his treatment systems and has estimated the
annual effluents. The following analysis is based on our model,
adjusted to apply to this plant, and uses somewhat different operating
conditions. Thus, our calculated effluents are different from the
Applicant's. The principal» conditions used in determining the releases
of radioactivity from the Station were based on the Applicant's proposed
waste systems design and the experience with operating nuclear reactors
(see Tables 3.4 and 3.5).

3.5.1 Liquid Wastes

During power operation of the Station, small amounts of radioactive
materials will be released to the Susauehanna River after dilution by
the blowdown from the cooling towers in the Station effluent pipe.

The liquid radwaste system shown schematically in Fig. 3.15 will collect,
monitor, process, holdup and dispose of radioactive liquid waste. The
waste from both reactors will be collected and treated in a common
system as high purity, low purity, chemical, and laundrv, wastes.
Cross-connections between these systems will provide flexibility for
processing by alternate methods.



TABLE 3.4. Principal Assumptions and Parameters Used for Calculating
Releases of Radioactive Effluents from the Station (per Unit)

Power
Plant Factor
Failed Fuel — Noble gases after 30 min delay
Coolant Mass — liquid

— steam
Steam Flowrate
Leaks — to Drywell — cold

— to Reactor Bldg — cold
— to Turbine Bldg — steam
— to Radwaste Bldg — cold

Main Condenser Air Inleakage Rate
Cold Shutdowns
Drywell Purges
Dilution Water Flowrate — to Susquehanna River

3440 MWt
0.8
100,000 pCi/sec
3,500,000 lb
50,000 lb
14,000,000 lb/hr
2 ' gpm
1 gpm
1 gpm
1 gpm
40 SCFM

4/yr
4/yr
10,000 gpm

Iodine Partition Coefficients
Reactor (Steam/Liquid)
Reactor Bldg (Air/Liquid)
Drywell (Air/Liquid)
Turbine Bldg (Air/Steam)
Radwaste Bldg (Air/Liquid)
Main Condenser - Air Ejector (Air/Liquid)

— Mechanical Vacuum Pump (Air/Liquid)

0.012
0.001
0.001
1.0
0.001
0.005
0.01

Gas Decontamination Factors
Charcoal Adsorbers — Iodine
Catalytic Recombiner and Cryogenic Distillation—

Iodine
Krypton
Xenon

10

106
4,000
10 $ 000



TABLE 3.4. (Contd.)

Gas Holdup Times
Cryogenic Still Offgas
Xenon
Krypton

3 hr
90 days
90 days



TABLE 3.5. Principal Assunptions and Paraneters Used in
Calculating Releases of Radioactivity in Liquid Effluents

fron the Station

S sten
Condensate Denineraliser

Reactor Water Cleanup

High Purity Waste

Lo» Purity Waste

Chenical Waste

Laundry Waste

Effluent
Volune,

d
43,000,000c

400>000

28>000

7>000
7,000

400

900

Activity
(X of Prinazy

Coolant
100

100

40

53
53

0.01

10 6

Collection
Tanks>

al

100>000

96,000

7,500

2>000

Ca aci

Process,a

d

400>000

400>000
29,000

29>000

36>000

Delay
Tine,
da s

bDecontanination Pactors
Other Other

I Cs Rb Cations Anions

Processed
Effluent
Released,

2
10

10

100 10 100 100

100
100

1
1000

100
1000

100
1000

10
10

1000 1000 1000 100

100

1 10 10 0

1 10 10 0

aRated equipnent capacity; practical operating rate lover.
Other decontamination factors: Mo 6 Tc (100) and Y (10) due to plate out and filtration; tritiun (1).

cPer unit; separate systens for each reactor.
Total of both units; single systens serve both reactors.
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In addition separate primary coolant cleanup systems for each reactor
maintain the purity as well as reducing the radioactivity level of the
reactor coolant. The reactor water cleanup system continually
processes a portion of the water from the reactor through a Powdex
system. The condensate cleanup system processes the full reactor
condensate flow "through another Powdex system. The spent demineralizer
resin will be sent to solid waste system.

High purity (low conductivity)= liquid wastes will flow to the equipment
drain collector tank from the equipment drains in the drywell and in
the reactor, radwaste and turbine buildings. These'astes will be
processed through a precoat filter and a 280 gpm mixed deep-bed non-
regenerable demineralizer. After processing they will be sent to the
equipment drain sample tanks. After sampling and analysis, they will
be transferred to the condensate storage tank and returned to the
primary coolant system. If the processed effluent does not meet
specifications for reuse, it will be recycled for additional treatment.

Low purity (high conductivity) liquid wastes will be collected in the
floor drain=collector tank from the drywell, from the reactor, turbine
and radwaste building floor drains, and from the laboratory drains.
These wastes will be processed through a precoat filter to the floor
drain sample tank. After sampling and analysis, the batch will either
be processed through a 280-gpm deep mixed bed demineralizer to a second
floor drain sample tank, or processed through the chemical waste
evaporator. After sampling and analysis the demineralized product and
evaporator condensate will normally be returned to the condensate
storage tank for reuse. The Applicant did not present an estimate of
the amount released. We assumed 10X of this waste would be released
to the Susquehanna River. The spent filter precoat material and
demineralizer resin from both the high and low purity systems will be
sent to the solid waste system.

Chemical wastes will be collected in the chemical waste collector tank
from laboratory drains, decontamination effluents from the shop, the
low purity waste system and flushes from the residual heat removal
system. These wastes will be neutralized and then evaporated in two
20-gpm evaporators. While 'the condensate may be transferred to the
condensate storage tank, we assumed that it was all released through
the Station effluent pipe to the Susquehanna River. The evaporator
concentrate will go to the solid waste system.

l

Laundry wastes will be collected in laundry collector drain'tanks from
laundry, shop drains and cask cleaning. These wastes, normally low in
radioactivity, will be processed through a cartridge type filter and
sent to the laundry sample tanks. After sampling and analysis these
wastes will be discharged through the Station effluent pipe to the
Susquehanna River.

I

Based on our evaluation of the Station liquid waste systems, the cal-
culated releases of radioactivity in the Susquehanna River will be less
than 0.8 Ci/yr/unit. However, to compensate for operational occurrences
and equipment downtime the values reported in Table,3.6 were normalized
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TABLE 3.6. Calculated Annual Release of Radioactive Material
in Liquid Effluents from Susquehanna Units 1 and 2

Nuclides

Rb-86
Sr-89
Sr-90
Sr-91
Sr-92
Y-90
Y-91m
Y-91
Y-92
Y-93

Zr-95
Zr-9 7
Nb-95m
Nb-95
Nb-97m
Nb-9 7
Mo-99
Tc-99m
Ru-103
Ru-105
Ru-106
Rh-103m
Rh-105m
Rh-105
Rh-106
Pd-109
Ag-ill
Pd-112
Ag-112
Cd-115
In 115
Sn-121
Sn-125
Sn-127
Te-125m
Te-127m
Te-127
Te-129m
Te-131m
Te 131
Te-132

Ci/yr/unit

0.000046
0.023
0.0014
0.014
0.00014
0.0034
0.0088
0.16
0.0052
0.067
0.00026
0.00019
0.0000069
0.00023
0.00018
0.00019
0.033
0.031
0.00017
0.0000061
0.000053
0.00017
0.0000061
0.00019
0.000053
0.000017
0.0000046
0.0000022
0.0000026
0.0000013
0.0000014
0.0000014
0.0000015
0.000013
0.0000072
0.000047
0.00013
0.00046
0.00058
0.06010
0.0057

Nuclides

I-130
I-131
I-132
I-133
I-134
I-135
Cs-134
Cs-136
Cs-137
Ba-137m
Ba-139
Ba-140
La-140
La-141
Ce-141
Ce-143
Ce-144
Pr-142
Pr-143
Pr-144
Pr-145
Pm-147
Pm-148
Pm-149
Pm-151
Na-24

P-32
Cr-51
Mn-54
Fe-55
Fe-59
Co-57
Co-58
CU-64
Zn-65
Zn-69m

W-187
Np-239

TOTAL

(excluding H-3)

H-3

Ci/yr/unit

0.00071
0.057
0.0057
0.14
0.0000020

, 0.035
0.023
0.0076
0.017
0.016
0.000011
0.038
0.020
0.00031
0.00073
0.00066
0.00016
0.0000032
0.00028
0.00016
0.000018
0.000019
0.000013
0.000091
0.000032
0.0034
0.00020
0.0066
0.00032
0.0018
0.00063
0.000044
0.040
0.011
0.0000081
0.000044
0.00085
0.0037

~0.8 Ci/yr/
unit*

~20 Ci/yr/
unit

Nuclides no> listed less than 0.000001 Ci

*Normalized from 0.22 Ci/yr/unit to 0.8 Ci/yr/unit to allow for
operational occurrences and equipment outage.
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BWR'to 0.8 Ci/yr/unit. Based on the operating experience of other BWR s,
we estimate that the tritium release will be approximately 20 Ci/yr.
Th A li t estimates the radioactivity released to the Susquehannae pp can e
River will be approximately 0.004 Ci/yr/unit, excluding tritium. e r
tritium release estimate was 10 Ci/yr/unit.

3.5.2 Gaseous Wastes

Durin ower operation of the Station, radioactive materials released
to the atmosphere in gaseous effluents include fission p
urngp

gases (krypton and xenon) and halogens (mostly iodine); activated
argon, oxygen and nitrogen; tritium contained in water vapor; and
particulate material including both fission products and activated
corrosion products.

Th ous radioactive waste systems shown schematically g.in Fi . 3.16e gaseous r
tes. Theco ec , mon o11 t it r process holdup and dispose of these wastes. e

1 tation o erationJ r s urce of gaseous was te activi ty during normal s ta on op
will be the offgas from the turbine condenser air egectors.rs. Other
otential sources of gaseous waste include turbine gland seal, the

'turbine condenser, mechanical vacuum pump, and the ven a y
po en a

for the radwaste, reactor, and turbine building exhaust systems, and
the drywell and suppression chamber.

The gases rom e urf th t bine condenser air ejector will be processed
en and iodine;through catalytic recombiners to remove hydrogen, oxygen, an o ne;

through cryogenic distillation to concentrate the krypton, xenon and
iodine; and collected in tanks to holdup these gases.'ollowing each
of the recombiners the resulting water is condensed and sent to the
liquid waste system. The cryogenic distillation unit includes three
stills for concentration and separation of the xenon and krypton.
S te storage tanks will be provided for xenon and krypton. TheSeparate s orage
offgas from the cryogenic distillation will be held for nr 180 minutes in
the decontamination gas cycle to permit the short lived radionuclides to

Th from the decontamination gas cycle will be discharged
'o

the pla'nt vent without further treatment. The xenon will be re ease
from the holdup tanks to the plant vent after 90 days holdup. The
krypton will be released from the holdup tanks after a similar holdup
time or may be shipped offsite. Separate systems for each reactor are
interconnecte w t a s are pd i h h d s are unit to provide operational assurance.

ontainsumed that the offgas from the cryogenic distillation will conta nWe assume t at e o
0.01/ of the xenon and 0.025/ of the krypton, and tha e. ryp
the decay tanks will be released to the atmosphere. The Applicant's
assumed 0.01/ release for both xenon and krypton did not allow for the
greater volatility of krypton.

Th 'h i 1 vacuum pump during startup will exhaust radioactivee mec an ca
the turbine condenser and will be discharged to pthe lant ventgases rom e u

ated a roximatelywithout treatment. We assumed the pump would be opera e pp
10 hr/yr with an estimated release of 1600 Ci/yr/unit of noble gases.
The Applicant estimated 6800 Ci/year/unit.
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The reactor building is provided with separate once-through ventilation
systems for the refueling and the access areas. In the refueling area
the air is withdrawn from locations of potential contamination, monitored
and discharged without treatment through the reactor building vent to
the atmosphere. In the access area the air is routed from areas of
lesser to greater contamination potential, then monitored and exhausted
to the reactor building vent. The air from the equipment compartments
in the access area will be filtered before discharge. If high
'radiation is detected the ventilation systems willbe shut down. The
isolated building air will be internally recirculated for sufficient time
to allow the activity to decay or will be exhausted through the standby
gas treatment system to the reactor building vent. We assumed no
treatment of the exhaust from refueling and access areas except for
filtration of the air from the equipment compartments.

In the turbine building separate ventilation systems serve the operating
area, the condenser area and the equipment compartments. Air from the
operating area will be exhausted without treatment to the Station vent.
The air from the condenser area and the equipment compartments area
will be exhausted through HEPA filters to the reactor building vent.
Since gland seals supplied with clean steam will be installed on valves
as well as on the turbine, we assumed a O.l-gallon,per minute steam
leak to the turbine building. The Applicant assumed a negligible
release.

Minor sources of radioactivity released to the atmosphere include dry-
well purges, radwaste building ventilation, and high pressure coolant
infection testing. Normally, the drywell will be purged 4 times a year
through the reactor standby gas treatment system. Ventilation air for
the radwaste.areas, a once-through system, discharges through roughing
and HEPA filters to the plant vent. For the high pressure coolant
injection system, the turbine for- the pump drive-will use the main
steam supply which will be exhausted to the reactor building vent
through the standby gas treatment system.

Based on the gaseous waste treatment system presented in the foregoing
discussion our calculations indicate that the radioactivity released
to the atmosphere from each reactor will be approximately 2900 Ci/yr of
noble gases and 0.17 Ci/yr of iodine-131 (see Table 3.7). The Applicant
estimated the release of activity to the atmosphere to be 7000 Ci/yr/
unit of noble gases.

3.5.3 Solid Wastes

The solid wastes from the reactor operations include the evaporator
bottoms, spent resins, and filter sludge from the liquid waste process-
ing system along with air filters, miscellaneous paper, and rags. The

waste concentrates and spent resins will be mixed with concrete in
55-gallon drums. Rags and paper will be compressed in 55-gallon drums.
Containers will be provided for gas filters and other bulky items. After
storage to allow for decay, these packages will be shipped to a licensed
burial facility. All solid waste will be packaged and shipped in



3»35

TABLE 3.7. Calculated Annual Release of Radioactive Material
in Gaseous Effluent from Susquehanna Units 1 and 2 (per Unit)

Curies/ ear/unit
Reactor ,.Turbine

Nuclide Bldg Bldg
Mechanical Air
Vacuum Pump Ejector Total

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Total Noble
I-131
I-133

Gases
0.0014
0.0044

3
5

15
16
57

9
60
61
82
77

390
0.17
0.76

1400

210

1600
0.0003
0.0011

7.2
23

740
21
56

3.3
1
4

6

860

10
28

740
36
72
57
3.3
1

1400
60

280
82

77
2900
0.17
0.76

-Values less than 1 Ci/yr for noble gases and less than 0.0001 Ci/yr
for iodine.
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accordance with AEC and DOT regulations. We estimated that 230,000
pounds of solid waste containing approximately 5500 curies of activity
will be shipped annually.

3.6 CHEMICAL AND BIOCIDE SYSTEMS

3.6.1 System Description

Water from the Susquehanna River will be treated in three different ways,
depending upon the use to which it is to be put, as follows:

(1) Chlorinated and acidified with H2SOg, sulfuric acid, as fouling
and scale control measures respectively, for use as cooling
water in the main condensers and in the service water system,

(2) Clarified, filtered and demineralized for use as makeup to the
reactor, and

(3) Clarified, filtered and chlorinated for use in the domestic
and potable water system and in the sewage treatment plant.

Additionally, the effluent from the sewage treatment plant will be
chlorinated (with NaOC1) before discharge to the river.

The clarification step, which involves the addition of aluminum sulfate,
sodium hydroxide, and a coagulant aid, results in the formation of an
aluminum hydroxide sludge which traps impurities. The filters which
follow the clarification step are periodically backwashed. - The sludge
and backwash are both mixed with the effluent from the retention pond
before discharge to the river.

The demineralizers, cation and anion exchange resins used in the puri-
fication of water for makeup to the reactor will be regenerated periodi-
cally with sulfuric acid and sodium hydroxide solutions. The regenerant
wastes (about 3.3 gpm) will be neutralized before discharge to the river
via the discharge pipe from the retention pond.

The aqueous effluent from the Liquid Radwaste System (10 to 50 gpm) will
also be discharged to the river via the discharge pipe from the retention
ponds

The effluent from the retention pond will be discharged to the river at
an average rate of approximately 10,000 gpm and a maximum rate of
14,000 gpm. The average residence time of this effluent in the pond is
slightly greater than 24 hours. The design water volume of the pond is
15 million gallons, and the volume entering and leaving the pond at
steady state in a 24-hour period is 14.4 million gallons.

3.6.2 Chemical Additions

A water balance and the points at which chemicals are added to the water
in the circuits are shown in Fig. 3. 3.

Sulfuric acid (H~SO~) will be in)ected continuously into each cooling
tower circuit by means of a positive displacement pump. The acid will
be diluted and distributed in mixing troughs in the cooling tower basins.
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The operation of the H2SOq feed pumps will be controlled by pH sensors
and controllers to maintain the pH of the cooling tower circulating
w'ater between 7.2 and 7.6. The total. daily quantity of H>SO~ used in
the two towers will be approximately 24,800 lb. Chlorine gas will be
injected into each of the main condenser cooling water systems on an
intermittent basis — three 30-minute periods of injection every 24 hours,
the periods being approximately equally spaced. The injection rate will
be controlled to obtain a concentration of 1.0 ppm of residual free
chlorine in the circulating water at the condenser outlet. Prom
preliminary analyses it is concluded that each operating cooling towerwill require 1,000 lb of chlorine per day.

The raw water clarification system for makeup, potable and domestic
water will use 16 lb/day of Al~(SO )g'14H>0, 1 lb/day of Separan

(Dow), a coagulant aid, and 11 )b/day of sodium hydroxide; 2 lb/day of
sodium hypochlorite will be added to sanitize the potable and domestic
water.

Regeneration of the demineralizers will require 68 lbs/day of H>SOq and
'57 lb/day of NaOH. The daily volume of waste from this source will be
4,700 gallons. Approximately 3.3 lb/day of sodium hypochlorite as a
5/ aqueous solution will be added to treated sanitary wastes prior
to discharge. The daily volume of waste from this source will be
30,000 gallons.

3.6.3 Chemical Discharges

a. Dissolved Salts

The effluent discharged to the river will consist essentially of river
water concentrated through evaporation of water in the cooling towers
and modified somewhat by the addition of chemicals and loss of carbon
dioxide during water treatment. For the purpose of estimating the
composition of the effluent, it is assumed that the river water contains,
on the average, 207 ppm of total dissolved solid's (TDS) with the com-
position given in Table 2.9, and that the average rate of withdrawal
of water is 32,400 gpm. Under these conditions, the total solids taken
into the Station per day would be about 81,000 lb . It is further
assumed that effluent is discharged from the retention pond at an
average rate of 10,000 gpm, so that if the composition of the solids
remained unchanged, the effluent would have a TDS concentration about
3.2 times that of raw river water.

The major change in composition is caused by neutralization with sulfuric
acid and chlorination of the circulating water in the cooling tower
system. Neutralization causes the liberation of carbon dioxide, estimated
at 11,500 lb per day (corresponding to 16,000 lb/day of bicarbonate)
which would reduce the throughput of solids to about 65,000 lb per day.

* However, the addition of sulfate ion from the sulfuric acid and the con-
version of added chlorine to chloride increase the solids content. The
water treatment and sewage treatment plants add further relatively small
amounts of sulfate, chloride, sodium, and aluminum. The total daily
discharges due to chemicals added in the various systems are shown in
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Table 3.8, from which it is seen that these additions amount to about
26,000 lb daily and increase the total dissolved solids discharged to
about 92,000 lb, or about 765 ppm at a discharge rate of 10,000 gpm.
The added chemicals, nearly all of which come from the cooling tower
water treatment, contribute about 29/ of this TDS. Table 3.9 shows the
estimated chemical analysis of the effluent and the concentrations of
added impurities which result from the operation of the Station.

b. Cooling Tower Drift

Xf the drift rate is 0.02/ of the 480,000 gpm tower circulation rate,
the drift from each tower will be 96 gpm. This drift will have the
same composition as the tower blowdown, basically that shown in the right-
hand column of Table 3.9. So the quantity of dissolved solids carried
in the drift from the two towers will be 1.8 x 10 lb per day. The
Staff estimates that this quantity of salts released from the towers will
result in a maximum fallout rate of 32 lb/acre/year in the sector one
to two mLles northeast of the Station. This estimate is based on a
calculated atmospheric X/Q value of 1.6 x 10 7 sec/m~ for this sector,
making the consertive assumption that the salts are released at the height
of the top of the towers (this tends to underestimate the atmospheric
dilution since the plume actually rises considerably higher than the
tower). Assumptions used in translating this into a fallout rate were:
(1) A conservatively high value of the deposition velocity of 10 cm/sec
and (2) No depletion of the mass of salts in the plume with distance due
to fallout. These assumptions also tend toward an overestimate of the
salt deposition rate.

c. Chlorine

A mathematical analysis, based upon the assumptions that the river water
will have a one-hour chlorine demand of 2.09 ppm and a potential for
utilization of chlorine by dissolved ammonia and amines to form chloram-
ines of 0.621 ppm (8.02 x 10~ gallons of water in the circulating sys-
tem, 480,000 gpm circulation rate), gave the maximum concentrations of
chlorine and chloramines- in the tower blowdown presented in Table 3.10
as a function of elapsed time following the start of the 30-mLnute
chlorination period. From these data it is evident that three hours
after chlorination of a given tower has ceased (210 minutes after the
start of a 30-minute chlorination period) the blowdown from that tower
may be considered to be essentially equivalent to makeup water in its
potential for utilization of chlorine. Xf the two towers are chlori-
nated on a schedule such that the starts of their respective chlorination
periods are spaced four hours apart, the chlorine- and chloramine-
containing 5,000 gpm blowdown of one tower will be mixed with the
essentially full-chlorine demand 5,000 gpm blowdown of the other
(assuming both units are operating). From the combined effects of
chlorine uptake by chlorine-demand constituents of these mixed blow-
downs and the reduction of chlorine to chloride with liberation
of oxygen, during the 24-hour residence in the retention pond, the resid-
ual chlorine content of the pond effluent is expected to be essentially
zero (i.e., less than 0.001 ppm).
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TABLE 3.8. Discharge (pounds per day) to the River from Contributions
of Added Chemicals

Source

Circulating water
system

Sulfate Chloride* Sodium Aluminum

24,300 25000

Reactor makeup and
domestic and potable
water

Demineralizer
regeneration
wastes

67 33

Sewage treatment
effluents

Radwaste liquid
effluents

negl.

Totals ~24,000 +2,000 ~50 2

+Maximum value, assuming the entire chlorine content of added Cl~ and
NaOCl is converted to chloride ion.

**Approximately 25 lb/day discharge of commercial laundry soap, iden-tity not specified. Sodium discharge calculated on the basis of
assumed 25% content. Whether this soap is degraded to sulfate is
not known.
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TABLE 3.9. Dissolved Solids in Effluent Discharged
to the Susquehanna River

Dissolved
Component

From Solids
in River Water,

ppma

From Added
Chemicals,

ppm

Total of
Component,

ppm

Silica
Iron
Aluminum
Manganese
Calcium
Magnesium
Sodium
Bicarbonate
Sulfate
Chloride
Nitrate
Phosphate
Others
TDS

11.0
1.3
0.3
0.4

107
31
8.7

49 2c
194

36.0
5.5
0.7

96.2
541.3

1.4

204
d18.0

223.4

11.0
13
0.3
0.4

107
31
10. 1
49.2

398
54.0
5.5
0.7

96.2
764.7

After correction for loss of C02 and concentration by evaporation.
Maximum „value. Precipitation of some silica and deposition as cool-
ing tower sludge will lower this value.
This value is based upon the conservative assumption that one mole of

dc02 is liberated per mole of H2S04 added
Maximum value, based upon the assumption that the entire chlorine
content of added C12 and NaOC1 is converted to chloride ion.
Specific components not identified. Value obtained by difference,

.using TDS'f 206.8, from data of Table 2.9.
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TABLE 3.10. Calculated* Maximum Values of Free Chlorine
and Chloramine Content of Tower Blowdown

Time (min.) from Start of 30-min.
Chlorination Period

15 30** 90 150 210
240'ree

Clg, ppm 0.89 1.0 0.64 0.30 <0.02 <0.01
Chloramines, ppm 0.015 0.025 0.04 0.04 0.02 0.01

*The calculations involved the following assumptions:

a. One-half of the content of chloramines is lost in each pass
through the tower.

b. During the period in which chlorine is not being added,
chlorine demand in the makeup plus feed-and-bleed will reduce
the concentration of free chlorine.

c. Chloramines are formed to the extent that ammonia nitrogen is
present in the makeup water during chlorination.

*+End of chlorination period.



3-42

As the pond effluent is discharged to the river at the rate of 10,000'pmit is )oined by the effluent from the sewage treatment facilities (10 gpm
during normal plant operation, 21 gpm maximum flow). The chlorine con-
centration of this sewage effluent will not exceed 1.0 ppm. Therefore,
the maximum concentration of chlorine in the effluent to the river due
to the sewage waste discharge will be 0.001 ppm during normal plant
operation and approximately 0.002 ppm during short periods of maximum
discharge.

Thus, during normal plant operation the chlorine content of the effluent
to the river, considering all sources, will be less than 0.002 ppm. For
short periods the value may exceed 0.002 ppm but will be less than
0.003 ppm.

3.7 SANITARY AND OTHER WASTE SYSTEMS

The Station's sewage treatment plant will consist of two 15,000 gal/day
capacity units which will provide secondary treatment. Both units will
be required during the construction period spanning approximately
eight years. During the operation, the Station's needs will be met by
one unit. The system has been designed on the basis of maximum flows of
30,000 and 14,500 gal/day of sewage effluent discharged to the river
during the construction and normal operation periods respectively.

The sludge resulting from treatment of the Plant sewage (as distinct from
the sewage from the recreational area) will be hauled off site for dis-
posal. Whether this hauling will be done by the Applicant or by a pri-
vate contractor has not been decided. Chemical treatment will consist
of addition of a 5/ aqueous sodium hypochlorite solution with 15/
available chlorine in the following quantities: maximum construction
condition, 45 gal/day; maximum maintenance condition, 21 gallons; and
normal plant operation, 8 gal/day.

The Applicant has not provided a description of the visitors sewage
disposal system (i.e., the system for disposal of sewage originating in
the recreation area) other than that these facilities will be sized to
accommodate the maximum number of visitors expected (approximately
1300 per day) and that the facilities willbe designed in accordance
with the regulations and requirements of the Pennsylvania Department of
Environmental Resources, Bureau of Water Quality Management.

Trash removed from the traveling screens at the water intake will be
washed by means of the screen cleaner jets into a trash bin. Debris
from the trash racks and the traveling screens will not be returned to
the river but will be disposed of as trash. Debris generated during
construction and that resulting from operation of the Station will be
collected in a specifically,designated area. Combustible material will be
removed from the site to an off-site disposal area or burned in an
approved on-site incinerator. Non-combustible debris will be disposed
of off-site in an approved manner.
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3.8 TRANSMISSION FACILITIES

Both generating units at the Station will generate power at 24 kV. The
output of Unit 1, which is scheduled for 1980, will be stepped up to
230 kV and will feed power into the existing 230 kV system in the vicin-
ity of the Station. The output of Unit 2, scheduled for 1982, will be
stepped up to 500 kV for long-distance transmission over new lines to
the proposed Lackawanna 500-kV substation, about 40 miles to the north-
east, and the proposed Frackville substation, about 20 miles to the
south.

Transmission line construction will take place in two phases, coordinated
with the startup of Units 1 and 2, respectively, but these phases will
overlap somewhat in time. Phase I, to be completed in 1978, involves
construction of three short 230-kV lines in the vicinity of the Station
to obtain startup power for both units, and to connect the output of
Unit 1 to the existing 230-kV system. During phase I, the 500-kV line
to the Lackawanna substation will also be constructed, but it will only
be energized at 230 kV until Unit 2 comes into operation. Phase II, to
be completed in 1980, involves the construction of the Frackville
500-kV line, the connection of the Lackawanna line to the new 230/500-kV
substation at the Station, and the construction of lines at and near the
Station to connect the 230-kV section of the new substation to the
existing 230-kV system.

The transmission lines in the vicinity of the Station are shown in
Fig. 3.17 and the long-distance 500-kV lines in Fig. 3.18. In al1,
76 ' miles of new lines will be constructed, requiring approximately
1800 acres for rights-of-way. The Lackawanna line will be 44 miles
long and will extend from the site northeast to PP&L's Lackawanna
substation which is about 5 miles northeast of Scranton. The right-
of-way will be 200 feet wide. The Frackville line will be 26 miles
long and will extend south to the Frackville substation which is
about 2-1/2 miles from Frackville. The right-of-way will also be
200 feet wide. The three short run lines in the Station vicinity
account for the remaining mileage.

The three new 230-kV circuits will be strung on tubular steel, single
pole towers. About 50 towers will be required: 30 of these will
carry double circuits and 20 will carry single circuits. The heights
of single and double circuit towers will average 100 and 120 feet,
respectively. These towers will require foundations of reinforced
concrete about eight feet in diameter and 20 feet in depth. They will
be painted a medium green color so as to harmonize with the natural
surroundings. To provide some degree of consistency and harmony of
tower types within view of the Station site, a portion of both the

~ Lackawanna and Frackville 500-kV circuits will be placed on tubular
steel H-frame towers (see Fig. 3.17). These towers will be painted
the same color as the 230 kV line poles. The spacing of the H-frames
will average 1200 feet. Each will require two reinforced concrete
foundations about eight feet in diameter and 20 feet deep.
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After they pass out of sight of the Station, the Lackawanna and Frack-
ville lines will be strung using conventional single circuit lattice
steel towers. The height of these will average 115 feet with an
average span between towers of 1200 feet. Most of these lattice
towers will be constructed og weathering steel, russet brown in color.
In areas where the structures will be visible against the sky from
high density population centers, metallic or painted galvanized steel
will be used, to blend with the surroundings. Approximately 200 "towers
will be required for the Lackawanna line; approximately 125 will be
required for the Frackville line.

Effort has been made in the design of the transmission system to
minimize the impact and optimize the compatibility of the transmission
facility with the environment. According to the Applicant, no homes or
residences will.be displaced by the new lines. The Lackawanna line
will run through territory where about 71/ of the land is forested and
29/ is agricultural; the Frackville line will run through territory
where about 56/ of the land is forested, 31/ is agricultural and 13/ is
land used partially for strip mining. In forested land selective
clearing will be employed so that only those trees and shrubs which
would interfere with line 'construction and safe operation will be
removed. The only adverse effects to the agricultural land will be the
temporary disturbances during line construction and the loss of small
areas to cultivation due to the tower bases.

About 3/4 of the Lackawanna line will be constructed parallel to an
already existing transmission line within the existing corridor (Hunlock

~Station to Lackawanna Substation). The Lackawanna line will be visible
from a distance along rather short lengths and will be visible to some
extent from the towns west and northwest of Wilkes-Earre. The line will
be visible as it passes around Scranton. Various short sections of the
Frackville line will be visible from a distance, but it passes through
sparsely inhabited areas for its entire length. Road crossings will be
"tailor cleared" so as to leave as much as possible of the natural
foliage. The Lackawanna line parallels a main highway (U.S. 11) for
about 1/3 of its length. The Frackville line does not parallel any
roads and, in fact, crosses only a few of the more heavily traveled
roads. Herbicides will be used in maintaining the rights-of-way. The
Applicant has stated that all five of these new transmission lines will
conform to the guidelines of the U.S. Depts. of Interior and Agriculture,
"Environmental Criteria for Electric Transmission Systems," except that
the "no silhouette" criterion will be violated where the new lines will
use the same corridors as already existing lines in order to avoid using
more land.

However the Staff finds other specific instances where the guidelines
will not be met, and we present specific recommendations in Section 4.

3.9 TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTE

The nuclear fuel for the two reactors at the Station is slightly enriched
uranium in the form of sintered uranium oxide pellets encapsulated in
zircaloy fuel rods. Each year in normal operation of both reactors,
about 382 fuel elements are replaced.
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3.9.1 Transport of New Fuel

The Applicant has indicated that new fuel will be shipped by truck in
AEC-DOT approved containers which will hold two fuel elements per con-
tainer. About 13 truckloads of 15 containers each will be required
each year for replacement fuel with both units operating and about
26 truckloads for the initial loading of each core. Although the
Applicant has not identified the sour'ce of the fuel, the Staff assumedit would come from Wilmington, North Carolina.

3.9.2 Transport of Irradiated Fuel

Fuel elements removed from the reactor will be unchanged in appearance
and will contain some of the original U-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 pluto-
nium. As the radioactivity decays, it produces radiation and "decay
heat." The amount of radioactivity remaining in the fuel varies accord-
ing to the length of time after discharge from the reactor. After dis-
charge from a reactor, the fuel elements are placed under water in a
storage pool for cooling prior to being loaded into a cask for transport.

The Applicant has not identified the site to which the irradiated fuel
will be sent for reprocessing. For calculating purposes, the Staff
estimates the shipping distance to be 600 miles.

Although the specific cask design has not been identified, the applicant
states that the irradiated fuel elements will be shipped by rail in
approved casks. The cask will weigh perhaps 70 to 100 tons. To trans-
port the irradiated fuel, the Applicant estimates 21 shipments per year,
both units operating, with 18 fuel elements per carload. An equal num-
ber of shipments will be required to return the empty casks.

3.9.3 Transport of Solid Radioactive Wastes

The.Applicant has not identified where the waste will be shipped for
disposal. For calculating purposes, the Staff has assumed a shipping
distance of 400 miles.

Solid radioactive waste will be shipped in AEC-DOT approved containers.
The Applicant has indicated that waste will be loaded in 6' 6'

6'ontainers,holding approximately 100 cubic feet of material. The
Applicant estimates an average of two containers per week will be shipped
from the Station.
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4. ENVIRONMENTAL EFFECTS OF CONSTRUCTION

4.1 IMPACTS ON LAND USE

4.1.1 On-Site Construction

Approximately 120 acres, exclusive of access roads and the proposed
recreation area, will be disturbed by construction (Fig. 4.1). Installa-
tion of intake and discharge lines will require approximately 1.1 miles
of linear excavation (i.e., essentially trenching). During construction,
access to the site will be from U.S. Route ll and from Township Road 438.
After completion of construction, access from Township Road 438 will be
discontinued.

Flora will be removed in the construction areas and will be disturbed
somewhat in ad)acent areas. This will result in a loss of wildlife
habitat and the attendant wildlife. Hooded areas near construction areaswill be fenced off and preserved wherever possible, but wildlife in
these areas will also be temporarily disturbed, while construction con-
tinues. Dust control'measures, such as sprinkling, should minimize
adverse effects from dusting of vegetation. To reduce the amount of
construction dust, the Applicant plans to wet down the area as needed
and 'to pave parking lots and road's as soon as possible. The Applicant
plans to reforest about 70 acres of peripheral areas and "suitably land-
scape" about 40 more acres. This will provide wildlife habitat, although
both the habitat and the wildlife will be different from those presently
there.

During the early stages of construction, the problems of clearing the
land and stripping the topsoil while concurrently protecting the remain-
ing trees and shrubs and controlling wind and water erosion will receive
ma)or attention. 'ree removal will be kept to a minimum, and, wherever
possible, existing foliage will be used to screen the laydown area.
Surface water runoff from the construction areas is confined largely to
the watersheds on the site; however, the side slope of the laydown area
along Township Road 438 will drain into an offsite watershed, so this
slope will be graded, planted and maintained so as to minimize any
adverse effect.~

There will be some unavoidable offsite noise from the movement of trucks
and the operation of heavy machinery on the site, but the Applicant has
stated that the noisiest construction activities, such as blasting, will
be limited to the daytime.

The Applicant is holding discussions with the Pennsylvania Department of
Trans'portation concerning ways to minimize traffic congestion due to
construct'ion activities. Since the major congestion will occur at
starting and quitting times, if multiple shifts are used they will be
scheduled so as to reduce the likelihood of traffic congestion.
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4.1.2 Transmission Line Constructio'n

In general, the easements acquired for transmission line rights-of-way
allow the owners of .the land to use the rights-of-way as they wish, so
long as this use does not interfere with the safe and efficient operation
and maintenance of the transmission lines and structures. Right-of-way

(access (for maintenance) will be limited, where possible, to public road
crossings. Care should be taken to avoid penetrating vegetative screening
at right angles.

The Applicant states that grading of access roads will be kept to a mini-
mum and that diversion swales will be constructed to dissipate runoff
into the surrounding areas. The Staff feels that additional measures
should be taken by tge Applicant to control erosion. Heavy construction
equipment should not Be moved on the rights-of-way during critical
periods, such as the spring thaw, when such activities can greatly disturb
the soil and lead to erosion of areas that would not otherwise be eroded.
Also, there are a few places where the lines will apparently go straight
up and over mountain ridges (specifically, where the Frackville line goes
over Nescopeck, Buck, and Locust Nountains and where the Susquehanna-
Lackawanna line goes over Lee >fountain). If possible, the final siting
of the transmission lines in these areas should be such that the lines
run obliquely or zig-zag up and down the mountains. Even if the lines
must run straight up and down the mountain,'he access roads within the
corridor should zig-zag, This would help to avoid potentially serious
erosion problems.

The Applicant also states that low-growing trees and shrubs will not be
removed except where required for log stacking, tower erection, or access
road construction and that planting and seeding efforts will be made in
areas where erosion does occur during construction, where erosion is
likely to occur, and in areas of high public visibility. The Applicant
maintains that, in the remaining areas, the native ground cover will
regenerate from shoots, dormant seeds and additional natural reseeding.
Although it is likely that the native ground cover will regenerate in
time, the Applicant should not rely on this to prevent erosion. On the
steeper slopes especially, even where the soil has not been disturbed by
construction of access roads or other activities, erosion may take
place before the native ground cover has had a chance to regenerate.
The Staff recommends that the Applicant adopt a general policy of seed-
ing the transmission line rights-of-way and access roads wherever thesoil has been disturbed and on the steeper slopes where natural vegeta-
tion has been altered. A suitable mixture of annuals and perennials
should be used, taking into consideration a proper balance between cover
plants and wildlife food plants. Care should also be taken to ensure
that land is seeded as soon as construction activities allow, so that
the seed can become established before the end of the growing season,

Wood-chipping procedures for disposing of brush should pose no problem
provided that the chips are dispersed over a wide area and not gust on
the access roads and'that the layer of chips on the ground is not more
than one or two inches deep.
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There will be no broadcast application of herbicides along the transmis-
sion line rights-of-way. After trees have been cut, a herbicide will be
applied to the stumps to prevent shoots from sprouting. The Applicant
states that "governmentally approved herbicides" will be used, and,
assuming approval, the herbicide 2,4,5-T will be sprayed on the stumps
using No. 2 fuel oil or kerosene as the carrying agent. Spraying will
not be permitted on lands under the Jurisdiction of the Pennsylvania
Department of Environmental Resources or the Pennsylvania .Game Commission,
on designated watershed properties, in the vicinity of springs and
drainage ditches except upon written approval of the owner, and on or
within ten feet of the tops of stream banks. Although selective appli-
cation of herbicides is probably the most effective way to control growth
of undesirable woody plants along rights-of-way, herbicides cannot be
used without attendant environmental hazards. For instance, the regis-
tered use of 2,4,5-T on crops, near water, and around the home was
cancelled (by what is now the Federal Environmental Protection Agency)
in 1970 since this chemical has been shown to cause fetal deformities in
warmblooded animals.3 It is recommended, therefore, that the Applicant
consider not using 2,4,5-T (even though it might be "governmentally
approved" for the Applicant's particular use) . Furthermore, the herbi-
cides(s) chosen should be safe to aquatic life (as runoff from the
rights-of-way could carry the herbicide into the numerous creeks and
streams the lines cross), should not be dangerous to wildlife, and
should break down reasonably rapidly to nontoxic substances.

Transmission-line route preparation will probably result in increased
nutrient load to streams whose watersheds are being manipulated, at least
until the vegetation regenerates, and this may result in some increased
algal growth.4 The effects of such increased nutrients on the fish
population, especially trout, will probably not be adverse, particularly
if rapid recovery of vegetation takes place. ~ Apparently, a more
serious p'otential effect would be any loss of cover over the stream.
Not only would this increase the water temperature because of increased
radiant energy input, but it would probably also significantly modify
trout behavior. 7 Consequently, the Applicant should ensure that trans-
mission line crossings of streams and their watersheds result in as
little vegetation alteration as possible. It is particularly important
that cover characteristics of the streams not be altered. Access roads
should not penetrate the vegetative cover that is left intact near the
streams, nor should stream fords be used or constructed.

4.2 IM'ACTS ON 31ATER USE

4.2.1 River Bank and Bed Construction Activities

Turbidity in the river will be minimized during construction of the
intake structure by construction of a cofferdam around the work area.
The river bed is composed of a coarse sand and gravel mixture which is
not expected to produce any significant turbidity during removal of the
cofferdam. Blasting should not be necessary since both the intake and
discharge structures will be constructed in locations in which only the
river bed overburden, not the bedrock, will need to be penetrated.
Because of the nature of the overburden, any material which is disturbed
should settle within a short distance downstream.
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4.2.2 Ground Water and Storm Drainage Systems

Ground water from the site discharges to the floodplain of the Susque-
hanna River and .thence ho the river. Because of the low permeability
of the bedrock, ~ the rate of movement of ground water is probably less
than one foot. per day.

Most large-capacity wells in the area are located.in the Susquehanna
River floodplain, penetrating th'e surface soils and extending, down into
the bedrock. Water used during construction will be drawn from wells,
probably in the floodplain adjacent to the river, at a rate of approxi-
mately 200 gpm. Operation of these wells would probably induce recharge
from the river, thereby limiting the extent of the cone of depression
surrounding the wells. The lowering of water table levels as a result
of pumping from these wells is not expected to extend beyond the site
boundaries. However, if local wells are adversely affected, the
Applicant should -take appropriate corrective action.

It is assumed that during construction there will be increased silt
loadings in streams draining from the area. However, this increase will
be minimized through rigid control of worlc procedures and'hrough the
provision of temporary siltation dams. The final drainage pattern of
surface waters below the area occupied by the Station will remain
essentially unchanged.

Runoff will be concentrated by the road and railroad accesses to the
plant, but effective energy dissipators* will be employed to prevent
erosion of excavated ditches and of the soil at culvert exits by this
concentrated runoff. Stormwater outlets,- discharging from the con-
struction area into existing stream courses, will be equipped with
energy dissipators.*

Because of these preventive measures, soil erosion by water should be
restricted to the relatively small construction area. Very little soil
disturbance should occur beyond this area.

4.2.3 Aquatic Effects

Construction near a lotic (flowing) environment sucn as the Susquehanna
River can bring about undesirable environmental impacts from a variety of
actions, including release of deleterious substances, blasting, physical
damage to the substrate-, and siltation.

On such a large construction project, spillage of environmentally
injurious liquids (e.g., oil and gasoline) is a possibility that cannot
be ignored. However, the distance from the construction area to the
river makes pollution from this cause unlikely.

Sanitary sewage wastes chlorinated to the 1-ppm level will be released
into the river during construction at a rate of approximately 21 gpm.

*Plow channel which reduces line as velocity by spreading flow over
wider area.
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Because the flow of these wastes is small. in relation to river flow,
only'ery

localized impact is expected. Less than one percent of average river
flow will be required to 'dilute this effluent to EPA standards for
receiving waters, even discounting the effect of chlorine demand.

The Applicant has indicated that blasting will not be necessary for
construction along the river. Therefore, it is not anticipated that
construction of the intake or diffuser structures will result in more
than local damage to the river bed.

The Applicant proposes to minimize siltation resulting from site
preparation activities by constructing temporary siltation dams. If
these dams are appropriately located and maintained, siltation from .

erosion on the site should, indeed, be kept to 6 minimum. Siltation from
construction of the intake structure will be minimized by a cofferdam.
Removal of the cofferdam and final grading of the riverbed should result
in only local disturbance. The'bottom material is coarse and will not be
carried far. Available data~ suggest that even though siltation mav
have some effect on fauna, so long as permanent damage is not done,
recovery is rapid. In the case of benthic invertebrates, recovery can
occur within a few days. Siltation severe enough to caus'e permanent
damage appears unlikely since wide natural fluctuations in the concen-
tration of suspended matter occurs at present. The Applicant has reported
a range of values between 3.2 and 912.6 mg/1.2 Peak loads of suspended
material occur't different seasons. Any material which is deposi.ted
should be flushed away during the next flood.

Construction of the pond in the recreation area (Fig. 5.1) will involve
exten'sive alteration of the present ponds. The composition of the, biota
presently in these ponds is similar to that of the river, but it is
dominated by sunfish. ,Since the Applicant plans to implement a
managed fish-'program emphasizing game species,'he. eventual result of
this construction will be for the better. The old canal will be
integrated into the overall development of the recreation area.

4.2.4 Human Uses of the River

In the reach of the Susquehanna Crhere the site is located, there is no
„ commercial fishing, and the small amount of sport fishing should be
unaffected by construction. Construction should have no effect on use
of the „river water as a drinking supply downstream. There will be some
aesthetic alteratio .due to construction activities, but this will be
temporary and local.

4.3 FFFECTS ON THE COMMUNITY

Site preparation, is presently scheduled to begin in October 1973 and to
be completed by January 1975. Construction is expected to begin during
the summer of 1974. Unit 1 is scheduled for startup in May, 1979 and
for commencement of commercial operation in May, 1980. Commercial
operation of Unit No. 2 is projected to start in ofay, 1982. The trans-
mission line facilities pertinent to a given unit are scheduled to'e
ready for use one year before the start of commercial operation of that
unit.
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The construction force will increase from 300 workers in 1973 to a peak
of 2500 in 1977 and then decrease to 100 in 1982.

The Secretary of the Building Trades Council, Wilkes-Barre, has stated
that no difficultywill be experienced in obtaining the required number
of construction workers throughout the entire period of construction as
scheduled, on the basis of data now available to the Secretary. He
stated his opinion that with the 'possible exception of electrical workers
these construction workers can all be obtained from an area within a
radius of 50 miles of the site, most of them probably within a radius of
35 miles. He stated further that in his opinion nearly all of these.
construction workers living within the 50-mile radius will commute. He
has been in consultation with a representative of the Bechtel Corpora-
tion, Architect-Engineer for the prospect, and said that he has been
given a detailed breakdown of how many workers in a given trade will be
needed at a given time.

If the opinions expressed above prove to be correct, there should be
very little in'creased load on local community services such as schools,
hospitals, fire and police protection, and no serious housing shortage
should result. However, testimony recorded in the stenographic report
of the hearing before the Pennsylvania Public Utility Commission held in
Wilkes-Barre on May 23, "1972,'ndicates the concern of two witnesses
for the Salem Township Supervisors regarding the effect of the con-
struction and operation of the Station upon the local community. This
testimony includes opinions: that building the Station at the specific
location chosen within the site will exert an inhibiting effect upon
the expansion of Salem Township as it is now proceeding; that the influx
'of construction workers will'produce crowding of existing school facili-
ties and expansion of the school system may result in tax increase for
.local resi'dents; and that the local police, fire, and road departments
will be obliged to provide extra services.

The Staff's study of local school systems (Section 2.2.5) substantiates
the reasons for local concern regarding the adequacy of~these systems
to accommodate a large influx of construction workers'amilies. Under-
standably, this concern is not mitigated by the promise of increased
taxation revenue, since Pennsylvania exempts public .utilities from local
property taxes and distributes the state-levied tax on a state-wide basis.

The Berwick school'istrict, which'ould probably be most affected, is
currently operating at or above capacity, with mostly obsolete and
inadegrate school buildings; an additional few hundred children would
produce overcrowding at the present time. The school district plans to
replace the obsolete buildings by new construction over the next 5 years,
but these plans are based on a continuation of the present small and
only slowly increasing demand for education. A large increase in enroll-
ments during the period of peak construction activity (1975-1980) would
delay the abandoment of these obsolte buildings, and require the employ-
ment of additional teaching staff; A similar situation exists in the
Luzerne County school districts, with pie exception of the Nanticoke
area which has some reserve capacity. The Crestwood (Mountaintop) dis-
trict is 'already overcrowded because of residential development in recent
years,
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If the concerns expressed above pro've correct the construction of the
Station will create some unavoidable socioeconomic impact on neighboring
communities.

'I
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5. ENVIRONMENTAL EFFECTS OF STATION OPERATION

5.1 IMPACTS ON LAND USE

5.1.1 Public Use

Of the 955-acre site area, approximately 420 acres of the floodplain
will be developed into a public recreation area, including 55-acre Gould
Island (Fig. 5.1). The section of the long-abandoned North Branch
Canal which passes through the site has become unsightly with accumulated
debris. Because of the local historic and cultural significance of this
canal, certain portions within the site will be restored and made a part
of the recreation area. The railroad and highway that cross the site
will be screened from the recreation area by an earth berm and other
landscaping measures.

Within the area there will be a nature center (190.acres), oicnic
grounds (175 acres), and Gould Island (55 acres). There will be a new
pond incorporating portions" of one of the present ponds and a part of
the North Branch Canal. One or two access points for launching canoes
and rowboats onto this pond .will be provided. An adequate area of water
with a depth of six feet will be provided to ensure wintering of fish
and the maintenance of an area devoid of emergent weeds. A fish stock-
ing and management program will be undertaken.

Much of the present vegetation will be retained, but additional trees
and annual and biennial feed crops will be planted as part of a con-
tinuing program of wildlife management. Sections of the original
towpath along the canal will be reconstructed. Trails will be built
for nature study and hiking, with benches and rain, shelters at convenient
locations. A nature center building designed for all-year occupancy
will house offices, display areas, a conference room, and comfort
facilities.
Picnic areas, designed for low population density use, will be located
about midway between the river and the new pond. Also, there will be a
boat launching complex at the river bank, which will include picnic
tables, shelter-comfort facilities, and a parking lot for 25 car-trailer
combinations. An area at the north end of the floodplain will be set
aside as a primitive camping area.

Since Gould Island is subject to frequent flooding it will not be modi-
fied but transient access for recreational use will be permitted under
normal river conditions.

The recreation facilities will be provided with a potable water system,
including drinking fountains, and with a sanitary waste disposal system.
The nature center area will be designed for simultaneous use by 60 persons
and the total 'picnic area (including the river bank boat launching area)
for 612 persons and 175 cars. Thus, assuming a daily turnover factor of
two, the Applicant estimates that there could be a daily maximum of
about 1300 visitors and 350 cars at the recreation area.
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Aside from the exclusion area and the recreation area, mosmost of the
remaining land will be unaltered except for landscaping along the high-

i f th Station will not restrict public access to the
1cemetery which, although it is located within the site boundaries, wil

continue to be accessible by a public road. Access from the site to
Township Road 438 will be removed upon completion of construction.

5.1.2 Visual Impact

The two hyperbolic cooling towers with their water vapor plumes will be
i ible for a distance of several miles. Architectural design andvs e or a

1 d i will incorporate a number of features specifica yll intendedan scap ng w
to make the Station compatible with its setting in a rural c y.communi t

f h olin towers the Station's buildings will not be'he transmissionreadily visible from afar because of the hilly terrain. '

lines and towers will 1 h ve an adverse visual impact as viewed froma so a
several locations in the vicinity,.

5.1.3 Cooling Tower Effects

Althou h experience with large natural-draft cooling towers in the U.S.
limited they have been in use in Europe, particul y

oug e
ularl in the United

Kin dom for several decades, and operational experienc e indicates that
they cause less adverse meteorological effec ts than other feasible cool-
i ethods including mechanical-draf t towers. p ryThe rima reasonng me o

b ehei htfor t s s ahi i th t the moisture is discharged at a considera 1 g
rmall hi her,(5 eet or e( 00 f f the Station towers) where wind speeds are norma y g
enerallatmosp er c ur u eh i t b lence is less, and moisture deficits are g y

moist air from agrea er than at ground level. Further, the warm, mo s a r
s u wardnatura — ra ower1-d ft t normally continues to rise because of it p

times that of themomentum and buoyancy and may reach a height several t mes a

tower before it levels off and is carried downwind.

The predictions o p ume e af 1 behavior made by the Applicant's consultant
eld in Section 3.4.2. These predictions are qualitative yare discusse n ec on

er's. Howevert with observations at operating cooling tower's. ocons is ten w o
tower and does not considerthe consultant considers only one cooling tower, an

poss e ner cibl i t a tions between the two towers which are planned for t e

Thi t on discusses possible meteorological effec p ye ts rimarilsite. s sec @on
st of this ex eri-on the basis of available experience. In the U.S. mos o p

ence stems from observations of the three coolin towers at the
1150-MWe Paradise (Kentucky) Steam Plant and the four at the 18 — e

Keystone (Pennsylvania) Power Plant."

a. Plume Behavior

The primary atmospheric impact of a natural-d g— raft coolin tower is the
visible plume of condensed water droplets which nearly always forms as

the warm, saturated a r eaves1 the tower and mixes with cooler ambient
on and dis er-The visible plume persists until, on further dilution an sper-air. T e v si e p u

is ma occur either while thesion, the water droplets evaporate. Th s may

plume is still rising or after it has leveled off. The length o t e
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visible plume depends on ambient air temperature, humf.dity, wind velocity,
and atmospheric stability and will be greater in cold weather because of
the reduced capacity of the air to hold water vapor. Plumes as long
as ten miles have been observed. On rare occasions, vapor plumes from3

natural-draft cooling towers have been observed to become permanent
cumulus clouds, ~ but only under conditions favorable to natural
cloud formation. In overcast weather, visible plumes may merge with,
and become ind1stinguishable from, the natural cloud cover. However

I *the Applicant s consultant predicts visible plumes a mile or so long in
winter and a few hundred feet long in summer as being most probable. At
the Station the plumes will cause some reduction of sunshine. This
effect will be most noticable v'ry close to the towers and in a generally
easterly direction (i.e., towards and across the river), although at
times the plumes will affect other areas.

b. Fogging and Ic1ng

It is possible that the v1sible plume may descend to ground level and
cause reduced visibility, but experience in Europe and in the U.S.
indicates that this is a very rare phenomenon; only one case of its
occurrence (at Keystone4) has been documented. In general, d1spersion
and adiabatic heat1ng of a descending air mass are sufficient to cause
evaporation of the water droplets before ground level is reached. It
has been suggested that even in the absence of a visible plume,.more
humid air may diffuse to ground level and cause or enhance ground fog.
In fact, no increase in ground level relative humidity attributable to
cooling tower operation has ever been observed." Conditions favorable
to ground fog formation often occur during the night or early morning
hours when a temperature inversion exists due to radiative ground cool-
ing. These stable atmospheric conditions, however, also inh1bit vert1cal
dispersion, and plumes from natural-draft cooling towers have often been
observed to penetrate the inversion and rise above it, independent of the
ground fog.~

If fogging condit1ons exist when the air temperature is below the freez-
ing point, deposition of ice on the ground, on vegetation, and on
structures is possible. Since fogging conditions due to natural-draft
cooling towers are known to be extremely rare, icing from this cause
must also be highly improbable. There have, in fact, been no reports
of icing conditions definitely attr1butable to the operation of natural-
draft cooling towers. ~ ~ »"> Thus experience indicates that the creation
of fogging or icing conditions close to the Station will be so infre-
quent as to be indistinguishable from the natural inc1dence of-these
conditions.

c. Drift
The entrainment of water as liquid droplets (as distinct from vapor) in
the air flow from a cooling tower is known as drift. If the drift loss
is high and the droplets are sufficiently large, the effect could cause
local fogging or icing. Concern has also been expressed regarding the
deposit1on on the ground of the salt content of the droplets. Natural-
draft towers of modern design are equipped with dr1ft eliminators which
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reduce the drift loss to a very small percentage of the water flow.
Drift losses, as small as 0.002/ have been reported. A supplier for the
towers proposed for the Station has not yet been selected, but the
Applicant will specify a maximum value of 0.02/ from the chosen vendor.
This figure has been used in the Staff's analysis (Section 3.6.3) even
though experience indicates that actual operation of the tower will

result'n

a value far lower than this. With efficient drift eliminators, the
residual droplets are very small, and are carried along with the plume,
producing no additional fogging or icing effects. These droplets will
eventually evaporate, leaving their solid residue as extremely fine
particles which remain airborne and disperse over a large area before
being carried to the ground by precipitation.

5.2 IMPACTS ON WATER USE

5.2.1 Water Consumption

The total evaporation rate from the combined cooling tower systems
will have an average value of 22,400 gpm and a maximum value of
28,000 gpm. ~ This consumptive use of water is'quivalent to 0.4/ of

, the average river flow, approximately 1/ of the median flow, and 9/ of
the minimum river flow (12/ if we assume maximum rather than average
evaporation from the cooling towers). Although the consumptive use of
water may be more than a tenth of the river flow during low-flow con-
ditions, it should not adversely affect any present human use of the
river. Moreover, the effect will be less severe further downstream as
additional watersheds empty into the river.

5.2.2 Thermal Discharges

Approximately 98/ of the waste heat produced by the Station will be
dissipated to'the atmosphere via the two cooling towers. The balance of
the heat will be carried by the tower blowdown. Since the residence time
of the blowdown in the pond will be slightly greater than 24 hours, some

of this heat will be dissipated to the atmosphere through radiation and
evaporation from the surface of the pond. Ultimately, this blowdown
will reach the river and .dissipate the remaining heat to it. The
resultant heat loads imposed upon the river and the thermal plume in the
river are discussed in Subsection 3.4.4. The Applicant estimates that
the heated water discharge from the Station to the river will not exceed

" the temperature limits of the Pennsylvania Water Qua'lity Standards
(Table 5.1) under either critical or average river flow conditions out-
side a small mixing zone. The Staff concurs in this conclusion, although,
as discussed in 3.4.4, there is some doubt as to the validity of the
Applicant's estimate of th'e size of the zone. The addition of heat is
not expected to adversely affect any human use of the river.

5.2.3 Scouring of River Bed

The discharge structure (diffuser) is designed so that the water velocity =

from the ports is about six feet per second. No scouring of the
river bed or erosion of the river bank from this water movement is
expected primarily because the ports discharge upward at a 45 angle.
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TABLE 5.1. Pertinent Pennsylvania Water
Quality Criteria*

Item Criteria

pH
'issolved oxygen

Iron
Dissolved solids

Temperature

Not less than 6.0 and not more than 8.5.
Minimum daily average 5.0 mg/1; no value

less than 4.0 mg/l.
Total iron not more than 1.5 mg/1.
Not more than 500 mg/1 as a monthly

average value; not more than 750 mg/1
at any time.

Not more than a 5 F rise above ambient0

temperature or a maximum of 87 F,
whichever is less; not to be changed
by more than 2 F during any one-hour
period.

*Excerpted from State of Pennsylvania Title 25. Rules and Regu-
lations. Department of Environmental Resources, Subpart C.
Protection of Natural Resources,.Article II. Water Resources,
Chapter 93. Water Quality Criteria, adopted September 2, 1971.
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5.2.4 Chemical Effluents

Approximately 71/ of the dissolved solids discharged to the river will
be those originally present in the withdrawn river water. Nearly all of
the remaining 29/ will consist of sulfate and chloride salts resulting
from the treatment of the water in the cooling tower circuit. Less than
0.5/ will be contributed by all other sources combined.

Ultimately, all of these liquid wastes will be 'discharged to the river.
However, the cooling tower blowdown will be discharged after residing
approximately 24 hours in the retention pond. The other liquid wastes will
join this pond discharge in the pipe between the pond and the river.
The concentration of dissolved solids in the water as discharged to the
river will be approximately 3.7 times that of the river.

The average concentration of dissolved solids in this discharge is
expected to be approximately 765 ppm, assuming a total dissolved solids
(TDS) content of 207 ppm in the water as wi'thdrawn from the river.
After complete mixing, there will be an increase of,~l ppm in the
TDS of the river under average flow conditions and ~22 ppm under extreme
low-flow conditions. The natural fluctuation of the TDS is from 80 to
467 ppm. The Applicant states that the water discharged to the river
will contain less than 0.1 ppm residual chlorine. The Staff (Sec-
tion 3.6.3) believes that actually the discharge will be less than
0.002 ppm total residual chlorine most of the time. .The effects of
the chlorine discharges from the Station on aquatic organisms is
discussed in Section 5.5.2. Changes in river chemistry resulting
from Station operation should not adversely affect any human use of
the river.

5.2.5 Treated Sewage Effluent

The sewage treatment plant provides primary and secondary treatment of
sanitary wastes in accordance with the requirements of the Pennsylvania
Department .of Environmental Resources regulations. Treated sanitary
waste is mixed with a small quantity of sodium hypochlorite prior to its
discharge to the pipe carrying the retention pond effluent to the river.
ln this pipe the 7 gpm waste (maximum 21 gpm) joins the 10,000 gpm reten-
tion pond effluent. The treated sewage effluent at the point at which it
Joins the retention pond discharge will have a maximum residual chlorine
content of 1.0 ppm. This effluent will increase the concentration
of residual chlorine in the discharge to the river by less than
0.001 ppm on the average, and by 0.002 ppm at maximum.

5.2.6 Summary of Liquid Wastes

Liquid waste discharges from the Station to the Susquehanna River are
presented in Table 3.9. The composition of the river water in the
vicinity of the Station is shown in Table 2.9. The Staff concludes
that the discharge of an aqueous effluent containing 765 ppm of nontoxic
chemicals into river water resulting in a maximum downstream increase
of 22 ppm TDS, compared with a nominal river level of 207 ppm, will cause
no effect on normal uses of the river (e.g., for boating, swimming, and
drinking water).
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5.3 RADIOLOGICAL EFFECTS ON BIOTA OTHER THAN MAN

During normal operation of the Station, small quantities of radioactive
materials will be released to the environment. The maximum rates of
release that will probably occur have been given in Section 3.5. These
releases were used as the basis for the dose computations below, using
the ARIP program package.

Dose rates have been included in Table 5.2 for all of the biota in the
vicinity of the Station. These include phytoplankton, zooplankton,
benthic organisms, terrestrial and aquatic plants, and local and migra-
tory birds and mammals. Other- terrestrial organisms will receive doses
intermediate between those of terrestrial plants and birds. Doses are
applicable only to aquatic forms. The river littoral was chosen to rep-
resent the maximum doses to be expected either on the land, or at the
aquatic-terrestrial interface. Doses for all other terrestrial areas
will be lower than those given for the littoral.
In each case, doses are given for the species that are critical for this
particular area because of maximum bioaccumulation effects, key position
in the local trophic chains, or similar reason. Inspection of the table
shows that these doses are, in fact, quite low for all of the biota of
the area. At these dose levels no deleterious effects are anticipated
for any of the biota in the area.

Even at the outfall, the high velocities of the effluent exhaust and of
the river itself, preclude more than a momentary residence by mobile
species. Thus, their annual dose commitments would be much less than
those inferred from Table 5.2. Radiosensitivity is less for sessile
organisms than for mobile ones by several orders of magnitude.
Thus, deleterious effects are not anticipated even for benthos in the
immediate effluent. In any case, steady-state radioactive concentrations
will drop one or two orders of magnitude within a few thousand feet
along the river bed, so that only a very limited area of benthos will
be exposed.

A diagrammatic representation of some of the pathways utilized in this
evaluation is included in Fig. 5.2. In addition, equilibration between
geosphere, hydrosphere and atmosphere was considered, as well as the
various levels of trophic interchange to and from birds, mammals, etc.
in the biosphere. The lithosphere was taken to be inert, in this
context.

5.4 RADIOLOGICAL EFFECTS ON MAN

The above methodology was then extended to man. Appendix C gives
direct doses to the human population via atmospheric dispersion of
Station releases at the Station boundary, and for the population within
the 160 sectors extending to 50 mLles'. These are subdivided into the
critical organ doses attendant on releases of halogens and particulates
(e.g., I-131), and of noble gases (e.g., Kr-85). The critical organ
doses are given because they represent the limiting cases of human
hazard (e.g., carcinogenesis). The corresponding genetically signifi-
cant doses (gonads), for example, are one or two orders of magnitude



TABLE 5.2. Doses, to Biota in the Vicinity of the Station (from both units)

Organism Type Effluent
Dose Rates mrem/ r

River Littoral Reference Organism

Aquatic Plants—
Aquatic Invertebrates
Aquatic Vertebrates
Terrestrial Plants
Terrestrial Invertebrates
Birds
Mammals

1965
287

81

3.4
0.50
0.14

3.4
0.50
0.14
5.3
4.2

54
24

Ephemeridae,
~Le omis, spp.
Salix, spp.d
Gastropodae
Pandion haliaetus

gOndatra zibethicus

aSeveral species of pond weed.
bA family of mayflies including many species.
cSeveral species of sunfish.
Several species of willow.
A class of molluscs including many species of snails and slugs.
Osprey.

gMuskrat.
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lower. Cumulative population doses and average individual doses vs.
distance from the Station are, given in Table 5.3.

Directly airborne doses in all sectors are dominated by the noble gas
component. The maximum airborne doses are found in the northeast
sector at, or near, the boundary. ,This sector is uninhabited, so that
only hunters, anglers, park and river visitors, and other persons
temporarily in the area, will receive doses at this rate (3.8 mrem/yr),
with an annual dose much less than l.mrem. The maximum dose to an
inhabited sector, about 1.9 mrem, occurs to the southeast from the
boundary out to a distance of two miles. The annual 'population inte-
grated dose commitment over the 50-mile radius will be 7.8 man-rem. The
nearest dairy herds are pastured across the road at the western boundary
of the site. Annual dose to a child's thyroid via the air-cow-milk
pathway will be about 100 mrem/yr.

Direct and indirect doses to man via waterborne radionuclides are given
in Table 5.4. These include doses to permanent residents of the area
(e.g., via public water supplies at distances up to 50 miles from the
Station), to temporary residents, hunters, anglers, boaters, swimmers,
etc., and to consumers of foods produced in the area. The maximum,
cumulative, annual dose received by any member of the permanent popula-
tion via normal liquid releases from the Station would be less than
0.023 mrem. Corresponding population dose would be 2.4 man-rem/yr.

Direct dose rates from radioactive fuel and/or radionuclides stored at or
released from the Station will be less than one mrem/yr at the

closest'pproachto'the Station. This dose drops off very rapidly with distance,
however, so that the total annual population dose from this source will
be less than O.l man-rem. This source is essentially independent of
Station releases.

5.4.1 Evaluation of Radiological Impact

Some perspective may be gained by comparing the doses attributable to
this Station with, those from the- natural background and from medical
diagnostic radiation. The natural-radiation background includes
contributions from cosmic rays, .cosmic-ray-produced tritium and carbon-14
in air and water, uranium- and thorium-bearing soils, and radioactive
potassium within the human body. These sources contribute about
125 millirem per year per individual 'in Pennsylvania. However, it is
quite variable from place to place, depending mainly on altitude above
sea level and the nature of the local soil. In the U.S., it ranges from
about 60 to about 250 ad.llirem/year. For the 1.7 million people living
within 50 miles of the Susquehanna Station (1970), this amounts to a
total population dose of about 213,000 man-rem/yr. The results of a
Public Health Service survey made in 1972, indicated that the geneti-
cally significant dose to the population averaged about 72 millirem per
year per individual from diagnostic radiation. This would contribute
about 123,000 man-rem/yr to the population considered here. Thus,
total population dose attributed to the routine operation of this
Station (10.2 man-rem/yr) is very small compared. with the doses from
natural background and medical diagnostic radiation.
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TABLE 5.3. Cumulative Population, Cumulative Annual Dose, and Average
Dose Due to Airborne Releases from the Station (both units)

Radial Distance
from Plant,

miles

Cumulative
Cumulative Population Dose Average Individual
Population man-rem/yr Dose, mrem/yr

0-1
1-2
2-3
3-4
4-5
5-10

10-20
20-30
30-40
40-50

268
1,126
2,397
5,036

11,020
52,290

349,000
669,500

1,046,000
1,659,000

0.38
0.58
0.69
0.83
1.0
1.7
4.2
5.4
6.4
7.4

1.4
0.52
0.29
0.16
0.090
0.033
0.012
0.0081
0.0061
0.0044



TABLE 5.4 Population Doses due to Liquid Releases from the Station

Pathwa

Dose mrem/ r*
Population
At Risk, Total GI

Po ulation T e Man- ears/ r Bod Tract Th roid Bone
Critical

Or an

Tap water

Dietary

Dietary

Direct

Commercial

Sport

Recreational

1.0 (-7) 1.1 (-7) 3.5 (-8) 2.5 (-7)1,700,000

75 2.0 (-3) 2.1 (-2) 7.8 (-4) 5.4 (-3)

1. 6 (-3)140 1.6 (-3) 1.6 (-3) - 3.3 (-6)

4.0 (-7)

9.1 (-3)

1. 6 (-3)

River intakes 100,000 1.3 (-3) 2.2 (-3) 2.1 (-2) 3.0 (-3) 2.3 (-2)

Immersion Recreational

Inhalation Recreational.

Total Risk, man-rem/yr

*1.3 (-3) = 1.3 x 10 , etc.

60 1.5 (-5) 1.5 (-5) 3.2 (-6) 1.0 (-5) 1.5 (-5)

200 2.3 (-6) 2.3 (-6) 2.3 (-6) 2.3 (-6) 2.4 (-6)

0.13
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On the other hand the iodine dose via the air-milk pathway is clearly
excessive. The Applicant will establish as a design objective the
control of gaseous iodine releases such that the calculated annual dose
to a child's thyroid via the air-cow-milk pathway at the site boundarywill not exceed 5 mrem. Since virtually all of the iodine in this
pathway arrives via the turbine building vents, the Staff suggest that
these vents be equipped with charcoal filters adequate to reduce the
transmitted iodine. Alternative gaseous radwaste systems are discussed
in Section 9.2, Alternative Plant Designs.

5.4.2 Effects of Transportation of Nuclear Fuel and Solid Radioactive
Was te

a. Principles of Safety in Transport

'.The transportation of radioactive material is regulated by the Depart-
ment of Transportation and the Atomic Energy Commission. The regulations
provide'rotection of the public and transport workers from radiation.
This protection is achieved by a combination of standards and require-
ments app3,icable to packaging, limitations on the contents" of packages
and radiation levels from packages, and procedures to limit the exposure
of persons under normal and accident conditions.

Primary reliance for safety in transport of radioactive material is
placed on the packaging. The packaging must meet regulatory
standards " established according to the type and form of material for
containment, shielding, nuclear criticality safety, and heat dissipation.
The standards provide that the packaging shall prevent the loss or dis- .

persal of the radioactive contents, retain shielding efficiency, 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 contents 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 material
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 aggregations 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 from people and notification of the shipper and
the Department of Transportation. 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 may be safely
transported in routine commerce using conventional transportation
equipment with no special restrictions on speed of vehicle,
routing, or ambient transport conditions. According to the Department
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of Transportation (DOT), the record of safety in the transportati'on of
radioactive materials exceeds that for any other type of hazardous
commodity. DOT estimates approximately 800,000 packages of radioactive
materials are currently being shipped in the United States each year.
Thus far, based on the best available'nformation, there have been no
known deaths or serious in)urges to the public or to. transport workers
due to radiation from a radioactive material shipment.

P

Safety Xn transportation is provided by the package design and limita-
tions on the contents and external radiation levels and does not depend
on controls over routing. 'Although the regulations require all carriers
of hazardous materials to avoid congested areas wherever practical to
do so, in general, carriers choose the most direct and fastest route.
Routing restrictions which require use of secondary -highways or other
than the most'irect route may increase the ov'erall environmental impact
of transportation as a result of increased .accident fre'quency 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.

b. Transport of New Fuel

Since the nuclear radiations and heat emitted by new fuel are small,
there will be essentially no effect on the environment during trans-
port under normal conditions. Exposure of individual transport workers
is estimated to be less than 1 millirem (mrem) per shipment. For the
13 shipments, with two drivers for each vehicle, the annual cumulative
dose would be about 0.03 man-rem per year. The radiation level asso-
ciated with each truckload of cold fuel will be less than 0.1 mrem/hr
at 6 feet from the truck. A member of the general public who spends
3 min'utes at an average distance of 3 feet from the truck might receive
a dose of about 0.005 mrem'er shipment. The dose to other persons
along the shipping route would be extremely small.

c. Transport of Irradiated Fuel

Based on actual radiation levels associated with shipments of irradiated
fuel elements, we estimate the radiation level at 3 feet from the rail
car will be about 25 mrem/hr.

Train brakemen are likely to remain a few minutes in the vicinity of the
rail car for an average exposure of about 0.5 millirem per shipment.
With 10 different brakemen involved along the route, the annual cumulative
dose for 21 shipments during the year is estimated to, be about 0.1 man-rem.

A member of the general public who spends 3 minutes 'at an average dis-.

tance of 3 feet from the rail car, might receive a dose of as much as

1.3 mrem. If 10 persons were.so exposed per shipment, the annual
cumulative dose would be about 0.08 man-rem. Approximately 180,000
persons who reside along the 600-mile route over which the irradiated
fuel. is transported might receive an'annual cumulative dose of about
0.2 man-rem. The regulatory radiation level limit of 10,mrem/hr at a
distance of 6 feet from the vehicle was used to calculate the integrated
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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 rate of heat released to the air from each cask will be about 70 kW
for a rail cask. This might be compared to about 50 kW of waste heat
which is released from a 100-horsepower truck engine. Although the
temperature of the air which contacts the loaded cask may be increased
a few degrees, because the amount of heat is small and is being released
over the entire transportation route, no appreciable thermal effects on
the environment will result.

d. Transport of Solid Radioactive Wastes

Under normal conditions, the average radiation dose to the individual
truck driver is estimated to be about 10 mrem per shipment. If the
same driver were to drive 15 truckloads in a year, he could receive an
estimated dose of about 150 mrem during the year. The annual cumulative
dose to all drivers for 52 shipments during the year, assuming 2 drivers
per vehicle, would be about 1.0 man-rem.

A member of the general public who spends 3 minutes at an average dis- ~

tance of 3 feet from the truck might receive' dose of as much as
1.3 mrem. If 10 persons were so exposed per shipment, the, annual cumu-
lative dose would be about 0.7 man-rem. Approximately 120,000 persons
who reside along the 400-mile route over which the solid radioactive
waste is transported might receive an annual cumulative dose of about
0.4 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 mrem/hr at 6 feet from the vehicle,
and the shipment traveling 200 miles per day.

5.5 NON-RADIOLOGICAL EFFECTS ON ECOLOGICAL SYSTEMS

5.5.1 Effects on the Terrestrial Environment

a. Cooling Tower Effects

It is doubtful that the increases in fogging, icing, and precipitation
due to cooling tower operation will be measurable; 'sing an estimate of
0.02%%u drift (an extremely conservative estimate in light of recent
studies) ~ and the standard dispersion equations for elevated point
sources, the Sta'ff calculates that the maximum deposition of salts from
the cooling tower drift will be 32 lb/acre/year one to two mile's north-
east of the cooling towers . (See Section 3.6. 3). Yearly deposition of
chloride, nitrate, calcium, sodium and sulfate salts will be generally
less than, or at least within the range of, the normal deposition of
these substances 'in rainwater, ~ 'he total deposition of a trace
element, such as zinc; over the lifetime of the Station will be several
orders of magnitude less than the amount normally contained in the upper
centimeter of soil. Consequently, no measurable changes in the terres-
trial biota are expected from increased fogging, icing,-and precipitation,
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from decreased solar radiation reaching the ground, or from drift fallout
of th'e cooling tower plume.

b. Retention Pond Effects

The retention pond will generate small quantities of steam fog on cold
days. However, this fog, and possible attendent icing, should not be
significant and will be localized to the areas immediately adjacent to
the pond.

c. Transmission Lines

Vegetation on the rights-of-way will be altered by cutting and planting
(Section 4.1). Approximately 50 mil'es of the transmission line route
will go through forest. Therefore, the vegetation on over 1100 acres
will be changed from a community characterized by tall trees, to one
characterized by short trees, shrubs; and herbaceous Vegetation. The
understory vegetation at the edges of the forest, adjacent to the
rights-of-way, will also change to that more characteristic of an
"edge'-'ituation. Plant species that do well under the dark, cool,
moist forest canopy are less likely to survive under the brighter,
warmer, dryer, windier conditions at the forest edge.

Wildlife characteristic of an "edge" habitat will,replace that of the
deep forest wherever forest is cleared. Cottontail rabbits, for
example, favor "edge" situations and will not thrive unless they can
find a good food supply of fresh grasses, herbs, legumes, etc. in
close proximity "to a place of refuge. Woodchucks, various mice, and
ma'y birds also benefit from the clearing of forests. Whitetail deer,
a popular game animal in'Pennsylvania, benefit from an interspersion of
vegetation types. Harvesting of wood for commercial purposes is the
most important influence on deer habitat. The Pennsylvania Game Com-
mission's land is managed by cutting in some areas to make more browse
available, and by planting trees, shrubs, or other herbaceous plants
in other areas to provide food or cover. Clearing of forested areas
for transmission lines can, therefore, lead to a decreased abundance of
deer in areas where cover is scarce and an increased abundance in areas
where browse is limiting the population.

J'roblems due to overpopulation could develop in those areas where the
abundance of game animals such as cottontail and deer. is increased. If
hunting pressure on the animals i's not sufficient to remove population.

- excess, problems such as over-browse of vegetation and winter kills of
weakened animals can develop.. However changes in the size of the deer
population due to transmission right-of-way clearing would probably not
present a problem as far as deer herd'anagement is concerned.

The weathering, steel towers are relatively maintenance free, which pre-
sumably reduces'he frequency .with which maintenance equipmeng will have
to be moved into the rights-of-way. Also, .the use of selective clearing,
seeding, and selective application. " of herbicides should minimize the
effort necessary to control vegetation. The Applicant should not only
continue reseeding efforts until ground cover is sufficient to control
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erosion as the Applicant has indicated, S but should also schedule
periodic surveys to. determine whether or not new erosion problems have
developed, and then take appropriate corrective action. Also, wherever
heavy equipment has been moved in for maintenance work, inspection
should be made to determine if restoration work may be necessary. (See
Section 4.1 since the discussion pertaining to soil disturbance duringcritical periods, and the careful use of herbicides, applies to trans-
mission line maintenance as well as construction.)

d. Hazards to Birds

The Station site is within the Atlantic flyway for migratory songbirds
and waterfowl. The cooling tower and transmission lines are potential
obstructions to migrating birds. Under adverse weather conditions ceilo-

.meter lights,* the navigational lights on tall (+1,000 feet) television
towers, and brightly lit buildings apparently attract the nocturnal
migrating birds which become confused and fly into the ground, buildings,
or, in particular, television tower guy wires. intervals between
ma)or kills (several thousand in one night) average several years,
but small losses can occur intermittently du'ring peak periods of migra-
tion even on clear nights with good visibility.
The cooling towers at the Station are not as tall as the television
towers or other buildings that have ma)or mortalities. Furthermore,
the cooling towers are located south of a ridge and will not protrude
more than 100 feet above the trees on the ridge. Thus, migrating birds
flying high enough to avoid the mountains would probably not find the
cooling towers to'be a great obstacle. Also, cooling towers do not
have the guy wires which appear to be particularly lethal. Transmission
lines have horizontal wires but they are much lower than, the television
towers. Therefore, the Staff does not expect ma)or kills of noctural
migrants to occur at the Station. Occasional mortalities may occur,
but these are not expected to be significant compared with the numbers
that die from other hazards during migration. Studies to be conducted
next year at a 500-foot hyperbolic natural draft cooling tower on
Lake Erie and observations at the Station's 300-foot meteorological
tower (see Section 6.2.2) should enable the Staff to better assess this,
impact prior to Station operation.

e. Recreational Facility

The Applicant's proposed recreational area is expected to have a minor
impact on the floodplain ecosystem. Present plans are to use the runoff
from the several watersheds which presently drain into North Pond, Lake
Took-a-While, and the canal to create a central pond with a new earth
dam and spillway (Fig. 5.1). The increased holding capacity of the pond
for runoff and the change in drainage patterns around the mounds to be
constructed for picnicking should result in little change in drainage
from and across the floodplain to the river.
+A ceilometer is a device used for measuring the cloud-cover depth and
height by beaming a collimated light vertically and,using triangulation
to obtain the distance above ground.
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Agricultural activities have already changed what was probably floodplain
forest into a predominantly open field ecosystem. The Applicant plans
to plant portions of the floodplain back to forest. Some areas willbe
planted in crops for wildlife food. This planting program will have a
beneficial impact on wildlife populations.

Large numbers of people using the recreational facility (as many as

1300 in one day, Section 5.1) could adversely affect the vegetation and
wildlife.

5.5.2 Effects on Aquatic Environment

a. Effect of Intake Structure

A description of the proposed intake structure is .presented'n Section 3.3
The design water velocity is 0.75 fps, at maximum, at both the trash rack
and the traveling screens. This velocity should be low enough for the
protection of adult and large Juvenile fishes.~4 Nevertheless, some

fish in these age categories may enter the intake structure in response
to water currents, in search of food, or for other reasons, 'and not
return to the river. These individuals would be lost to the ecosystem.
This effect, although the Staff expects it to be small, could be reduced
by changes in the design of the intake structure (Section 9.2). Smaller
fish may be impinged on the screens and be killed. At the present rate
of removal of fish by fishermen, the expected loss to the intake struc-
ture should still be below the sustainable yield of the fishery. The
fish so lost, however, would not be available to fishermen if fishing
pressure on the population increased in the future. The Applicant
should as part of the monitoring program, routinely examine the debris
from the traveling screens and „the trash racks to determine the numbers
and kinds of fish killed.

With median river flow conditions of 3,150,000 gpm (7,000 cfs), and the
average Station intake flow of 32,000 gpm, approximately 1% of the river
flow will pass through the intake structure. Approximately the same pro-
portion of planktonic organisms will be entrained if a uniform distribu-
tion of plankton is assumed. The Staff assumes that all of these will,
be killed because of thermal, chemical, and physical shock,. although the
nutrients incorporated into these organisms will be available to the
trophic structure of the ecosystem. Under average flow and average
operating conditions, the entrainment of such a relatively small propor-
tion of planktonic organisms is not anticipated to have a d'etectable
influence on the biota of the river.

Under low flow conditions of 243,000 gpm (540 cfs) and midsummer peak
use of river water, however, the Station will withdraw approximately
38,000 gpm, or 16% of the river flow, with an equivalent loss of plank-
ton. Nevertheless, since there is a maximum consumptive loss by
evaporation of approximately 28,000 gpm, which amounts to about 12% of
the low river flow, the density (biomass, or number per volume of
water) o'f the surviving plankton population will be little changed.
Since the intake structure is an indiscriminate predator of plankton,
the taxonomic structure of the planktonic community should not be altered.
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Therefore, except for some nutrient enrichment from killed organisms
passing through the Station, the use of river water under low flow
conditions should not result in noticeable alteration of the planktonic
community.

Under low flow conditions, consumptive water use will cause a narrowingof the river near the site. This will result in a loss of habitat for
benthic organisms and the death of some organisms. As water level
declines, the difference between pool and riffle habitats will become
more accentuated, so that there may be some shift in relative abundanceof species. This loss of bottom. habitat will become progressively'maller downstream as the proportion of the total river flow represented
by the water flowing past the site diminishes. The influence of the
Station will only accentuate natural conditions with no permanent damageto the habitats involved. As river flow recovers to a more typical 'flow,
there should be rapid recovery of these areas.~

There will be some nutrient enrichment due to availability of nutrients
from organisms killed in passage through the Station. Some of these
nutrients will be particulate and will be available for consumption
by fish and other consumer organisms, and some will be released in a
more elemental form, either through disruption or decomposition, andwill be available to support primary production.

b. Thermal Effects

The Applicant's thermal plume analysis as shown in Figs. 3.9 to 3.14
indicates that even though the maximum temperature increment is 33 F,its effect will be limited to a very small area. Much of the time the0
2 isotherm will extend less than 100 feet from the pipe. Under the
worst conditions presented by the Applicant, this isotherm will extend to
about 750 feet downstream and will be no more than 100 ft wide
(one-eighth of river width), encompassing an area of 1.2 acres.

The'issipationof, the maximum plume by thorough mixing in the river will
increase the r'iver temperature by less than 0.3 F.

(1) Phytoplankton and Periphyton

As a general rule, primary production appears to increase with higher
temperatures during winter, and with slight temperature increases
during summer, while being inhibited during summer at increments of
5-8 C (9-14 F). i There is a tendency for algal succession to
proceed to blue-green dominance at higher temperatures. This effectwill probably be somewhat enhanced in the present circumstances because
the 24-hour holding time in the elevated temperature of the
retention pond will be ample for some algal reproduction. An increase
in phytoplankton and periphyton with a shift from diatoms to blue-green
algae has been reported in the Connecticut River at the Connecticut
Yankee Station. A study of'the effects of thermal discharges in the
Ohio River," on the other hand, did not demonstrate a shift in either
the taxonomic composition of phytoplankton, or in primary production.
At the Martins Creek plant on the Delaware River, a species shift has
been noted42 in the periphyton toward temperature tolerant blue-green
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algae and some fragillaciacean diatoms. Standing crop at times is
higher, and at times lower, than in the rest of the river. There is a
decrease in the number of species.

At the Station it seems likely that planktonic species entrained in the
discharge plume in the river vill be little affected by the thermal
discharge because of their short residence time in-the heated water
since, even under the worst case calculated by the Applicant, with a
750-foot plume to the 2oF isotherm, the Staff estimates the residence
time will be about 25 minutes to this isotherm. Primary production may
be augmented much of the year, except for the hottest months when it may
be depressed. There may be an increase in the relative proportion of
blue-green algae; in part due to recruitment from the warmer water
discharge from the spray retention pond. The analysis of the thermal
plume in Section 3.4.4 does not rule out the possibility that it may
touch bottom under some wintertime conditons. Since this is not
expected to occur frequently, there should not be detectabl'e changes in
periphyton from this cause.

(2) Zooplankton

A study of the zooplankton fauna of the Herrimack River" indicated a
depression in abundance downstream of a power plant. A similar obser-
vation was made44 on the Gre'en River, Ky., but with the further obser-
vation that populations recovered downstream. This was attributed to
accelerated reproduction in the discharge of the organisms which by-
passed the power plant. A similar effect seems likely at the
Susquehanna Station. However, because 'the aquatic community appears to
have a detritus trophic base, the consequences to the rest of the food
chain should not be important. It is possible that the zooplankton are
of principal significance to the food web as food for Juvenile fish.
Conservatively assuming this is true, under worst conditions about 16/
of the food available to these fish would be lost to the intake, although
much of this would still be available after passage through the Station.
The effect of such a slight reduction in food availability will probably
not produce detectable changes in the adult fish populations, although
this will not be definitively known until results from operational
monitoring are compared with preoperational surveys.

It is consequently the opinion of the Staff that the only detectable
direct or indirect impact of the elevated discharge temperature on
phyto- and zooplankton will be a slight relative increase in algal
species with a higher temperature optimum, downstream of the diffuser
pipe.

(3) Benthos

As stated, the thermal plume may touch the river bottom under some con-
ditions in wintertime. Since the exposed area would be small and the
temperature increment is low, this should not result kn a change in the
bottom fauna of any consequence. For example, 'examination of the bottom
fauna in a river located in England indicated that exposure to low thermal
increments did not appear to adversely affect the organisms. 45
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(4) Fish

A common cause of. concern with thermal discharges is the potential harm
to fish populations due to exposure to lethal temperatures. Since most
of the waste heat at the Station will be dissipated to the atmosphere,
the amount transferred to the river with the blowdown will be small.
(See Table 3.2). Studies on the Delaware River46 indicate that even
the undiluted effluent of the Station is well below the lethal tempera-
ture. limits of fishes in the area. Figure 5.3 compares the predicted
blowdown temperatures throughout the year with a summary of LDgO tempera-
tures for a variety of fishes tested in this study. The demonstrated
resistance time was never less than 10 hours, and usually far greater.
Consequently fish have ample opportunity to seek cooler temperatures if
these are preferred. The data from this study show that the Station
effluent temperatures (indicated by month in Table 3.2) are well below
not only the LDgp, but also the reported LDy. So long as the lethal
'temperature is not surpassed, even rapid exposure of fish to the
elevated effluent temperatures should not result in mortality, since
rapid temperature changes appear safe for healthy fishes47 although
diseased and parasitized fish are more susceptible to harm under" these
conditions. Therefore, direct mortality of fish due to the Station's
thermal discharge into the river appears unlikely.

Secondary effects, however, are subtle and more difficult to both
predict and detect. Fish stressed, as for example, by disease and
parasitism," or by pesticides,4 are more susceptible to elevated
temperatures. Station operation might exacerbate problems caused by
'any upstream release of toxic substances. This, however, would not be
a consequence of normal Station operation.

Since fish tend to seek,a temperature higher than their acclimation
temperature up to their final preferendum,4~ there is a tendency for
them to be attracted to the discharge diffuser 'pipe. Under such condi-
tions increased infection and,predation have been reported. It is
also possible that slight shifts in temperature might cause species
near the upper limit of the preferred temperature range to be eliminated,
resulting. in some change in species composition as has been reported in
the Wabash River. Prematur'e spawnin~ of some species exposed to
elevated temperatures may also occur.

The Staff therefore concludes that while direct lethal effects due to
Station operation will be unlikely it is possible that there may be
some'ncreased disease and predation, and perhaps a shift in species
composition in the waters with elevated temperatures. If such adverse
effects do occur, they will probably be limited to the pool where the
effluent is being discharged. As noted above, the river can be con-
ceived as a series of pools separated by riffles. It has been shown
that fish have a strong tendency not to move from their resident pool
even under conditions as severe as a flood.~4 In light of this fact it
can be, expected that fish will not be attracted to the discharge from
any'lace .further than the next riffle upstream or downstream; and
furthermore, any secondary effects will likewise be confined to this
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area. The exact magnitude of these secondary effects is difficult to
predict. In any case they will probably be small and limited to a,
small section of the river.

c. Effect of Chemicals Discharged

The Applicant has indicated that total residual chlorine released to the
river will not be in excess of O.l ppm. According to EPA recommended
criteria for continuous discharge, a level of 0.01 ppm total residual
chlorine in receivin waters "would probably not protect trout repro-
duction, some important fish food organisms, and could be partially
lethal to sensitive life stages of sensitive fish species" and a level
of 0.002 ppm "should protect most aquatic organisms." If 0.1 ppm
were discharged, the Staff estimates that a level of 0.01 ppm in the
river would be reached within 50 feet of the discharge 'diffuser pipe.
The zone within 50 feet of the diffuser could, therefore, be lost as
available fish habitat due to avoidance. Plankton entrained in the
plume might experience some adverse effects, but since the residence
time is so short, these effects should be minimal.

Analysis by the Staff sugges,ts that 0.002 — 0.003 ppm is a more
realistic prediction of discharge levels. Neither these levels, nor
the EPA recommended levels for concentrations in the river, can be
reliably measured. Therefore, the Staff suggests that the Applicant
develop a program whereby measurable levels of total residual chlorine
are monitored somewhere in the Station during chlorination periods,
such that a level of 0.01 ppm in the dischar e will never be exceeded.

The concentration of iron in the Station effluent by evaporation of
water from the cooling towers may result in some small increase of
physical precipitation of phytoplankton by ferric hydroxide floe. It
seems likely, however, that any increase in iron concentration in the
blowdown would be more than compensated by settling out of this sub-
stance during the 24-hour residence time in the pond. Consequently
there may be a net decrease of iron in the pond's effluent.

There should be no problem with sulphate releases to the river since the
LD>p concentration for fathead minnows is 9,000-13,500 ppm which is far in
excess of'the Stations effluent.S7

d. Ponds

The Station will have several ponds. Those located on the floodplain
for recreational 'area will not be affected by Station operation, but
rather will be. managed for fish production for recreational purposes.
In the opinion of the Staff, this, constitutes a favorable environmental
impact.

,The holding pond propos'ed by .the Applicant for the blowdown is a matter
of concern only insofar as it affects local ecology. The pond will
attract wildlife. Waterfowl may utilize it during winter months, but
this should have no untoward effects on their population. Muskrats are
also likely to be attracted; and since their burrowing activities could
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alter the integrity of the pond, this problem appears best avoided at
.the construction stage by the installation of rip-rap.

The heated water of the pond will offer suitable conditions for plant
"growth even though it will contain concentrated river chemicals and
chemicals, including chlorine, used in Station operation. The Applicant
has 1ndicated that he may control such growth by biocides if operation
of the pond is impaired. Under most circumstances,:a recommendation of
,harvesting excess plant growth, rather than use of biocides, would be
called for because of the possible damage that biocides released with "the
pond effluent could cause to the river ecosystem. However, the elevated
temperatures of this pond may provide a suitable hab1tat for algae which
might degrade river water quality for other uses. Under these condi-
tions, )udicious use of biocide might be preferable. Since the question
of removal of plants from the pond cannot be resolved without operational
data which documents the species of plants present, their abundance, and
their effect on proper functioning of the pond, the Staff recommends

- that the Applicant evaluate the problem, its impact, alternate solutions
and their impact, and present a proposed course of action to the Staff
as soon as adequate information is ava11able to him. In the inter1m a
)udiciously chosen management program may be employed.

Resolution of this problem should result in no deleterious effects to the
environment. If biocides are deemed necessary, their use should be such
as to result in no adverse impact to the ecology of the river.

5.5.3 Effects of Environmental Alteration

Over the lifetime of the Station, it is possible that biological and

physical factors determining the river's present ecology may change.
One th1ng that is'most likely to change is water qual1ty. Present plans
anticipate solving at least part of the acid mine drainage problem by
1980, (See Section 2.7.2). This will probably not result in ma)or
alterations in the b1otic community at the site. The principal result
expected will be an 1ncrease 1n phytoplankton. Under these condition~
the loss of plankton due to Station operation would still be in pro-
portion to the Station's use of water and the impact of the Station
w1th future improved water quality should not greatly differ from that
expected now.

Plans have tentatively been proposed24 to reintroduce shad to the upper
reaches of the river. Whether or not these plans will be 1mplemented,
and whether or not they will be successful is problematical. Eggs hatch
well in water with sulfate content to 1000 ppm. However, they do not do

well at temperatures higher than about 80 F. " Therefore potential
spawning areas within several hundred feet of the discharge possibly may

be unavailable. Young shad should be able to avoid undesirable tempera-
tures. These effects should be of little consequence in comparison
with .loss of young to the Station's 1ntake. At present, when no
information concerning the size of the restored shad run is available,
and predict1on about behavior and spawning is hypothetical, concrete
assessment of damage to the run is not possible. Consequently, if a

shad run is restored, the Applicant should use information available to
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him at that time to make an assessment of the impact of Station operation
on the run with a proposed action program to minimize the effects if
necessary, and submit it to the Staff for approval.

5.6 EFFECTS ON THE COMMUNITY

Operation of the Station will require a staff of 77 persons, some of
whom will probably be recruited from the neighborhood, but others with
specific skills that are not available locally, e.g., reactor operators,
power engineers, etc., will be brought in. Most of the personnel will
probably settle their families in the Wilkes-Barre area and drive to
work. However, it is also likely that some will settle in the smaller
communities in the region. Here and there, the influx of people may
impose a load on the schools, hospitals, and housing facilities of a
community.'owever, it is expected that there will be no lasting diffi-
culties and that by and large the employment of local people and the
arrival of employed families will benefit the region as a whole. The
local community, however, will be allotted little of the real estate
taxes paid by the Applicant on the Station.

Because of the small size of the Station operating staff there will be
no appreciable effect upon traffic flow near the site from this source.
However, if the recreation area proposed by the Applicant proves
popular, there will be a considerable increase in visitor traffic near
the Station. The Applicant has foreseen this possibility and in the
interest of public safety plans to arrange for the installation of
signals and guardarms at the railroad crossing and for acceleration and
deceleration lanes on U.S. Highway ll at the Station entrance.
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6. ENVIRONMENTAL MONITORING PROGRAMS

6. 1 EFFLUENT MONITORING PROGRAM

6.1.1 Chemical Effluents

Chemical monitoring of liquid effluents discharged to the Susquehanna
River should serve three purposes: (1) to ensure that the pro)ected
amounts of chemical discharges are not exceeded and that, in any event,
applicable Federal and State water quality standards are not violated;
(2) to generate data of use in improving and/or validating operational
procedures; and (3) to acquire data pertinent to the interpretation of
other studies, such as the biogogical monitoring program. The Staff
feels that such chemical morcCtoring should include, but not necessarily
be restrict'ed to,,determination of pH, total dissolved solids, dissolved
oxygen and turbidity at least once a week and determination of residual
chlorine several times a day. The Applicant should develop a program
as soon as practicable.

6.1.2 Thermal Effluents

A program should be developed to determine whether the 'predictions of a
lack of meteorological effects from operation of the cooling towers are
accurate.

The Applicant should develop a program to determine the accuracy of the
predictions of thermal plume behavior under a variety of flow conditions,
particularly dgring summer low river flow.

6.1.3 Radioactive Effluents

The information which the Applicant has provided in Section 7.12 of the
PSAR indicates that all necessary gaseous and liquid radwaste releases
will be monitored. However, since technical specifications have yet to
be developed, the Staff cannot at this time make an adequate evaluation
of the radioactive. effluent monitoring program.

6.2 ENVIRONMENTAL MONITORING PROGRAMS

The Applicant has engaged Ichthyological Associates to be responsible
for planning and undertaking the aquatic and terrestrial environmental
monitoring. Preoperational studies w'ere begun in ghe fall of 1970. The
Staff finds tge facilities of Ichthyological Associates to be adequate
and the personnel to be competent in devising and performing the
monitoring program. The monitoring program as currently conceived is
presented in Appendix

B,'.2.1

Aquatic Monitoring

By the time the Station is operating, the preoperational aquatic survey
will have provided an adequate data base-. for further analysis 'of the
aquatic ecosystem by systems ecology techniques such as simulation. The
applicability of- these techniques, to the operational monitoring program
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could be investigated since they would probably lead to a more effective
and efficient program.

I

The monitoring program as presented in Appendix B is essentially a
survey program'. The'echniques will be useful in assessing both the
impact of Station construction, for instance, from building of the intake
and discharge structures, and of Station operation, such as heat and
chemical discharges, and loss of organisms by 'entrainment and impinge-
ment. The monitoring program should specifically include these items.

6.2.2 Terrestrial Monitoring

The Applicant's plans for a terrestrial ecological survey within the
vicinity of the proposed site are also presented in Appendix B. Although
this survey will be fairly comprehensive and useful in obtaining a
picture of the types and relative abundances of organisms present in the
area (which is helpful to any further ecological study), it is not
sufficient to determine Station effects on the terrestrial ecosystem.

Although no discernible effects due to the operation of the cooling
tower are expected, the long-term effect of salt deposition from cooling
tower drift or the slight and temporary increases in atmospheric mois-
ture over the lifetime of the Station could have a localized effect on
vegetation, insect populations, fungal growths, etc. A program for
moni.toring the terrestrial effects of (or absence thereof) of cooling
tower operation might include th'e establishment of permanent sample
plots on the site and control plots in similar areas sufficiently
removed to be considered out of the area of influence of the cooling
tower plume and drift. Seasonal surveys of the sample and control plots
could be taken. Comparison of trends on the control plots with trends on
the sample plots might point to Station effects. These studies should
be started as soon as possible in order to obtain a good record of nor-
mal variations before the Station begins operating.

t

A program for monitoring bird mortality on the cooling towers should be
developed if experience at other large natural-draft towers indicates
that bird mortality might be a problem at Susquehanna (see Sect. 5'.5.1).
In the meantime, observations'o determine the extent, if any, of birdkills at the 300-foot meteorological'ower during spring and fall migra-
tions could give some indication of the probability of bird'kills at the
cooling towers. It must be'oted, however, that any kills at the shorter,
guywired, meteorblogical tower will not be completely analogous to the
500-foot, cooling towers.

6.2.3 Radiological Monitoring

The present radiological background in the region of the Station, and
the Federal and State monitoring staUon5 within- 186 miles (300 kilo-
meters), were previously described in- Section 2.8. The'nformation
available from these sources ~ extends back for nearly two decades, and
is adequate for characterization of the radiological conditions of the
area.



In the immediate vicinity of the Station the preoperational monitoring
program is still in its infancy. No actual program has been detailed
as yet, nor do any measurements appear to have been made beyond some
monthly readings of thermoluminescent dosimeters at unspecified
locations.2 A detailed program description should be made available
sufficiently in advance of construction to permit a well-designed

, program to be initiated before construction modifies th~ characteristics
of the site.

No detailed or documented monitoring program has, as yet, been pro-
vided by the Applicant.2

6.3. RELATED ENVIRONMENTAL PROGRAMS AND STUDIES

In addition to the State and Federal stations noted in Section 2.8,
there are nearby radiological monitoring programs at the Peach Bottom,
Three Mile Island, Oyster Creek, and Indian Point reactor sites. In
addition, programs will probably be put into operation at Shoreham,
Forked River, Newbold Island, Salem, Limerick, and Calvert Cliffs. The
majority of these sites are close enough to be able to detect releases
from this'lant, especially those down river. However, the Applicant
does not appear. to have made arrangements for interchange of data as
yet.~
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7. ENVIRONMENTAL EFFECTS OF ACCIDENTS

7.1 POSTULATED PLANT ACCIDENTS INVOLVING RADIOACTIVE MATERIALS

A high degree of protection against the occurrence of postulated acci-
dents at the Station, Units 1 and 2, is provided through correct design,
manufacture, and operation and the quality assurance program used to
establish the necessary high integrity of the reactor system, as con-
sidered in the Commission's Safety Evaluation dated March 17, 1972.
Deviations that may occur are handled by protection systems to place and
hold the plant in a safe condition. Notwithstanding this, the conserva-
tive postulate is made that serious accidents might occur, in spite of
the fact that they are extremely unlikely and that engineered safety
features are installed to mitigate the consequences of these postulated
events.

The probability of occurrence of accidents and the spectrum of their
consequences to be considered from an environmental effects standpoint
have been analyzed using best 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 comparing postulated doses resulting from a
hypothetical release of fission products from the fuel against the
10 CFR Part 100 siting guidelines. The computed doses that would be
received by the population and environment from actual accidents would
be significantly less than those presented in'he Safety Evaluation.
The Commission issued guidance to the Applicants on September 1, 1971,
requiring the consideration of a spectrum of accidents with assumptions
as realistic as the state of knowledge permits. The Applicant's response
was contained in the revised "Environmental Report" submitted by the
Pennsylvania Power and Light Company during July 1972.

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 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
occurrence rate, and those on the low potential consequence end have a
higher occurrence rate. The examples selected by the Applicant for
these cases are shown in Table 7.1 and are reasonably homogeneous in
terms of probability within each class.

Staff estimates of the dose which might be received by an assumed
individual 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. Staff estimates of the integrated exposure that might be
delivered to the population within 50 miles of the site are also pre-
sented in Table 7.2. The man-rem estimate was based on the pro)ected
population within 50 miles of the site for the year 2020.

To rigorously establish a realistic annual risk, the calculated doses
in Table 7.2 would have to be multiplied by estimated probabilities. The
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TABLE 7.1. Classification of Postulated Accidents and Occurrences

Class

1.0

AEC Description

Trivial incidents

Applicant's Example(s)

Not considered

2.0 Small releases outside
containment

Small leak in turbine
building. Released to
environment by turbine
building ventilation
system.

3.0 Radwaste sys.tern failures Floor drain sample tank
inadvertently discharged
to the river

4.0 Fission products to primary
system (BWR)

No events identified

5.0 Fission products to primary
and secondary systems (PWR)

Leak in residual heat
removal heat exchanger
during shutdown mode

6.0 Refueling accident Design basis accident:
drop of fuel bundle onto
core

7.0 Spent fuel handling Spent fuel cask accident
outside of the reactor
building but on-site.
Exposure to the public
is not expected.

8.0 Accident initiation events
considered in design
evaluation in the SAR

(1) Design basis LOCA,
rupture of primary system
piping
(2) Design basis main
stream line break outside
of containment
(3) Design basis control
rod drop accident

9.0 Hypothetical sequence of
failures more severe than
Class 8

Not considered



TABLE 7.2. Summary of Radiological Consequences of Postulated Accidents

Class Event

Estimated
Fraction of 10 CFR

Part 20 Limitb
at Site Boundary

Estimated Dose
to Population

within 50-mile
Radius, man-rem

1.0

2.0

Trivial incidents

Small releases outside

3.0 Radwaste system failures

3.1 Equ'ipment leakage or malfunction 0.16 10

3.2 Release of waste gas storage tank
contents 0.62

3.3 Release of liquid waste storage
tank contents <0.001 <0.1

4.0 Fission products to primary system (BUR)

4.1 Fuel cladding defects

4.2 Off-design transients that induce
fuel failures above those expected 0.007

5.0 Fission products to primary and secondary
sys tems (PWR) N. A. N. A.

6.0 Refueling accidents

6.1 Fuel assembly drop into core 0.003 0.23



Class Event

TABLE 7.2. (Contd.)

Estimated
Fraction of 10 CFR

Part 20 Limitb
at Site Boundary

Estimated Dose
to Population

within 50-mile
Radius, man-rem

6.2 Heavy object drop onto fuel in core 0.027 1.8

7.0 Spent fuel handling accident

7.1

7.2

7.3

8.0

Fuel assembly drop in fuel storage
pool

Heavy object drop onto fuel rack

Fuel cask drop

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

0.006

0.011

0.23

0. 39

0.72

15

8.1 Loss-of-coolant accidents inside
containment

Small break

Large break

<0.001

0.062

<0.1

32

8. 1 (a) Break in instrument line inside
reactor building <0.001 <O.l

8. 2 (a)

8.2(b)

Rod ejection accident (PWR)

Rod drop accident (BWR)

N. A.

0.008

N. A.

1.3



TABLE 7.2 (Contd.)

Class

8. 3 (a)

Event

Steamline break (PWR-outside
containment)

Es timated
Fraction of 10 CFR

Part 20 Limit>
at Site Boundary

N. A.

Estimated Dose
to Population-

within 50-mile
Radius, man-rem

N. A.

8.3(b) Steamline breaks (BWR)

Small break

Large break

0.005

0.028

0.36

1.8

he doses calculated as consequences of the postulated accdents are based on airborne transport of
radioactive materials resulting in both a direct and an inhalation dose. Our evaluation of the a'ccident
doses assumes that the Applicant's environmental monitoring program and appropriate additional
monitoring (which could be initiated subsequent to an incident detected by in-plant monitoring) would
detect the presence of radioactivity in the environment in a timely manner such that remedial action
could be taken if necessary to limit exposure from other potential pathways to man.
Represents the calculated whole body dose as a fraction of 500 mrem (or the equivalent dose to an
organ).
These releases will be comparable to the design objective indicated in the proposed Appendix I to
10 CFR Part 50 for routine effluents (i.e., 5, mrem/yr to an individual from all sources).
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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 fiamework of routine effluents from the plant.
Except for a limited amount'f fuel failures, the events in Classes 3

through 5 are not anticipated 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 still
possible. The probability of occurrences 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 involve sequences of successive
failures more severe than those required to be considered in the design
bases for protective systems and engineered safety features. The con-
sequences could be severe. However, the probability of their occurrence
is so small that their environmental risk is extremely low. Defense in
depth (multiple physical barriers), quality assurance for design,
manufacture and operation, continued surveillance and testing, and con-
servative design are all applied to provide and maintain the required
high degree of assurance that potential accidents in this class are, and
will remain, sufficiently small in.probability that the environmental
risk is extremely low.

Table 7.2 indicates that the realistic estimated radiological consequences
of the postulated accidents would result in exposures of an assumed
individual at the site boundary to concentrations of radioactive materials
within the Maximum Permissible Concentrations (MPC) of Appendix B,
Table II, 10 CFR Part 20. Table 7.2"also shows that the estimated
integrated exposure, of population within 50 miles of the plant from each
postulated accident would be much smaller than that from naturally occur-
ring radioactivity. The exposure from naturally radioactivity corresponds
to approximately 2,500 man-rem per year within 5 miles and approximately
300,000 man-rem per year within 50 miles of the site. These estimates
are based on a natural background of 125 mrem per year. When considered
with the probability of occurrence, the annual potential radiation
exposure of the population from all the postulated accidents 'is an even
smaller fracti'on of the exposure from natural background radiation and,
in fact, is well within naturally occurring variations in the natural
background. It is concluded from the results of the realistic analysis
that the environmental risks due to postulated radiological accidents
are exceedingly'small.

7.2 TRANSPORTATION ACCIDENTS INVOLVING RADIOACTIVE MATERIALS

7.2.1 Exposures Resulting from Postulated Accidents

Based on recent accident statistics, a shipment of fuel or waste may be
expected to be involved in an accident about once in a total of
750,000 shipment-miles. The Staff has estimated that only about 1 in 10

of those accidents which involve Type A packages or 1 in 100 or those
involving Type B packages might result in any leakage of radioactive
material. In case of an accident, procedures which carriers are required 2

to follow will reduce the consequences of an accident in many cases.
The procedures include segregation of damaged and leaking packages from
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people, and notification. of the shipper and the Department of Transporta-
tion. Radiological assistance teams are available through an inter-
Governmental program to provide equipped and trained personnel. These
teams, dispatched in response to calls for emergency assistance, can
mitigate the consequences of an accident.

7.2.2 New Fuel

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

The packaging is designed to prevent criticality under normal and-
severe accident conditions. To release a number of fuel assemblies
under conditions that could lead to accidental criticality would require
severe damage or destruction of more than one package, which is unlikely
to happen in other than an extremely seveie accident.

The probability that an accident could occur under conditions that could
result in accidental criticality is extremely remote. If criticality
were to occur in transport, persons within a radius of about 100 feet
from the accident might receive a serious exposure but beyond that
distance, no detectable radiation effects would be likely. Persons within
a few feet of the accident could re'ceive fatal or near-fatal exposures
unless shielded by intervening material. Although there would be no
nuclear explosion, heat generated in the reaction would probably separate
the fuel elements so that the reaction would stop. The reaction would
not be expected to continue for more than a few seconds and normally would
not recur. Residual radiation levels due to induced radioactivity in
the fuel elements might reach a few roentgens per hour at 3 feet. There
would be very little dispersion of radioactive material.

7.2.3 Irradiated Fuel

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

(a) Leaka e of contaminated coolant resulting from
closing of the cask is possible as a result of human error,
the shipper is required to follow specific procedures which
tests and examination of the closed container prior to each
Such an accident is highly unlikely during the 40-year life

improper
even though
include
shipment.
of the plant.

Leakage of liquid at a rate of 0.001 cc per second or about 80 drops/hour
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 would be so small that the
individual exposure would not exceed a few mrem and only a very few
people would receive such exposures.
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(b) Release of ases and coolant is an extremely remote possi-
bility. In the improb'able event that.„a cask is involved in an extremely
severe accident such that the cask containment is breached and the clad-
ding 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 would
be limited to the available fraction of the noble gases in the void
spaces in the fuel pins and some fraction of the low level contamination
in the coolant. Persons would not be expected to remain near the accident
due to the severe conditions which would be involved, including a major
fire. If releases occurred, they would be expected to take place in a
short period of time. 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 millirem. Under average weather
conditions, a few hundred square feet might be contaminated to the extent
that it would require decontamination (that is, Range I contamination
levels) according to the standards of the Environmental Protection
Agency.

7.2.4 Solid Radioactive Wastes

It is highly unlikely that a shipment of solid radioactive waste will
be involved in a severe accident during the 40-year life of the plant.
If a shipment of low-level waste (in drums) becomes involved in a
severe accident, some release of waste might occur but the specific
activity of the waste will be 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 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 proba-
bility that a shipment of such waste would be involved in a very severe
accident, the likelihood of significant exposure would be extremely
small.

In either case, spread of the, contamination beyond the immediate area is
unlikely and, although local clean-up might be required, no significant
exposure to the general public would be expected to result.

7.2.5 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 conse-
quences 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 extremely low. For those reasons, more
severe accidents have not been included in the analysis.

F
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8. IMPLICATIONS OF THE PROPOSED STATION

8.1 THE REQUIREMENT FOR POWER

The Applicant supplies electric power to a service area (see Fig. 8.1)
of about 10,000 square miles in East Central Pennsylvania (22/ of the
area of the state). The population of the service area is about 2.3 mil-
lion (20/ of the state total). Cities served include Allentown, Bethle-
hem, Harrisburg, Hazelton, Lancaster, Scranton, Wilkes-Barre, and
Williamspor t.
Actual winter peak loads~ are shown in Fig. 8.2 for the years 1955-1971,
as are the Applicant's forecast peak loads through 1983.~ The slow
growth of load in the 1950's (about 3.5/ per year, while the 'national
figure was about 8/ per year) is attributable to the sever'e economic
depression of the Scranton--Wilkes-Barre region resulting from the post
World War II collapse of the anthracite-mining industry. The much more
rapid load growth from 1962 through the present, about 10.4/ per year
compared to the national figure of about 8/ per year, has been due
largely to the reindustrialization of the Scranton —Wilkes-Barre area~
and the normal growth of the remainder of the service area. About
1/ per year of the growth since 1963 has resulted from increases in the
number of electrically heated home..

The Applicant's projections of peak load for the years 1973-1983 are
approximately fitted by an assumed exponential growth of about 7/ per
year. The lowest growth rate projected for any substantial region in the
northeast U. S. during this period is 5.0/ per year.4

Taking 5.0 and 9.0/ per year as reasonable lower and upper limits to load
growth, and assuming the reserve capacity equal to 5/ of peak load is
adequate,» projected winter-peak load values (plus 5/ reserve) maybe com-
pared with projected installed capacity prior to construction of the
station in order to estimate when deficiencies may be expected. This
comparison is shown in Fig. 8.3. It is scen that some substantial, addi-
tion to the Applicant's sources of power would be needed as early as 1978if the 9.0/ per year limit held (point A on Fig. 8.3) or as late as 1982if the 5.0/ per year limit were an accurate forecast (point C), If the
Applicant's forecasts prove valid (point B) the scheduled operation of
Unit 1 in late 1980 will be timely.

The Staff concludes that a need for additional winter-peak power will
exist within the Applicant's service area, beginning after 1977 and
before 1983, and that the Applicant's schedule for meeting this need by
construction and operation of the Station is reasonable.

8.2 ADVERSE FNVIRONMENTZAL EFFECTS WHICH CANNOT BE AVOIDED

The following are the major items which comprise the environmental impact
of the Station, operating as currently designed.

&he apparently low value of 5/ (20/ is a more usual figure) arises from
seasonal diversity within the PJM Pool as discussed in Section 9.1.1.
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8.2.1 Land Effects

Although most of the site is not currently being farmed, construction of
the Station will remove approximately 450 acres of farmland and'pasture-
land from potential agricultural uses in the foreseeable future. The
con'struction of the Station buildings, cooling towers, and other facili-
ties will cause some disturbance, both temporary and permanent, of the
terrestrial ecosystem, and the installation of the intake and discharge
pipes between the Station and the river will involve temporary inter-
ference with traffic on U.S. IIighway 11. Routine operation of the
Station, however, will produce no major terrestrial effects. Public
access to the site property was restricted by private ownership prior to
acquisition by the Applicant, and the actual Station area will remain
restricted in future. IIowever, the recreation area planned by the Appli-
cant will represent a gain in publicly accessible land. Although this
recreational development is desirable from the human point of view, it
too will involve some disturbance of the terrestrial ecosystem.

An additional area of approximately 1800 acres, primarily woodland and
farmland, will be directly affected by the construction of the off-site
'transmission lines. The land use in the agricultural areas will not be
changed substantially since only that occupied by the bases of the towers
will be removed from production. Approximately two-thirds of the off-
site transmission line area will be removed from forest production.
Where vegetation is removed, some minor erosion problems are likely to
develop, even under a strict erosion control program. There will also
be an adverse visual impact because of the transmission lines.

The presence of the Station will have a visual impact on the surrounding
land. In particular,'he two 500-foot natural-draft cooling towers and
their visible vapor plumes will affect the view for recreational boaters
on the Susquehanna River, the few local residents who live nearby, and
travelers using U.ST IIighway ll, This will be the primary impact of the
cooling towers since weather modifications, such as fogging and incre'ased
precipitation,, caused by the towers will be negligible. The maximum salt
fallout from cooling tower drift will be equal to or less than that from
natural precipitation.

The cooling. towers will present some hazard to night-flying birds, and a
few birds may be killed by collision with the towers. IIowever, it seems
unlikely that mass mortalities will occur.

8.2.2 Aquatic Effects

All the water used during Station operation is withdrawn from the
Susquehanna River, although some ground water will be withdrawn from
wells during the construction period. The following is a summary of the
possible adverse impacts from Station water use.

a. Construction Changes

There will be a temporary disruption of the aquatic ecosystem and in-
creased water turbidity in, the vicinity of the intake structure and



discharge diffuser pipe during construction, but it is expected that
such effects will be temporary and that rapid recovery will occur when
construction is completed. The lowering of water table levels as a re-
sult of pumping from the wells used during construction is not expected
to extend beyond the site boundaries.

b. Discharge of Chemicals

Chlorine and sulfuric acid will be added to the cooling tower circulating
water to control slime and scale in the condensers. The addition of
these chemicals will result in the discharge of approximately 26,000 lb/,
day of dissolved solids, mostly sulfates, to the Susquehanna River in the
retention pond effluent. An approximately eqqivalent quantity of dis-
solved solids, originally in the river water evaporated by the cooling
towers will also be discharged to the river in this effluent. No
detectable changes in the river ecosystem are anticipated from the dis-
charge of these dissolved solids.

Because of the 24-hour holdup time in the retention pond, it is antici-
pated that the total residual chlorine in the effluent will.be less than
0.01 ppm. Therefore, no deleterious effects on aquatic organisms due to
chlorine are anticipated.

The Applicant has 'stated that there will be no chemical wastes discharged
to the river during construction.

c; Discharge of Heat

The retention pond effluent will be as much as 33 F and 13 F above river
ambient in the winter and summer, respectively. The area of the thermal
plume at the surface within the 2 F isotherm is estimated to 'be about
one acre, extending 750 ft downstream from the discharge diffuser pipe.
The estimated 'width of the maximum plume is about one-eighth the width
of the river. After mixing the maximum river temperature increase will
be 0.3 F. Although no lethal effects are expected from this discharge,
secondary effects such as increased predation and disease may occur.
These effects should be local and minor.

d. Water Withdrawal from the River

The maximum consumption of water to replace evaporation from the cooling
towers will be 28,000 gpm. This represents less than one percent of the
median river flow, and about 12 percent of the minimum recorded flow.
This removal of water will result in a loss of habitat for some aquatic
organisms.

Withdrawal of river water will be accompanied by some entrainment of
aquatic organisms into the cooling system. The Staff has assumed that
all the organisms (plankton, fish eggs, and very small fish) which are
drawn into the Station intake (16% of river flow under worst conditions)
will be killed. However, because of the low water, velocity at the intake
structure (0.75 ft/sec), very few adult fish will be drawn in.
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8.2.3 Radiological Effects

The release of radioactive wastes during normal Station operation will
result in a maximum dose from airborne gaseous radioactivity of 3.8 mil-
lirem per year at the site boundary (about 3/ of natural background).
The integrated dose to the population within 50 miles of the Station will
be 10.2 man-rem/year, including the contribution from all sources, gases
and liquids.'he estimated maximum dose rate to fish, vertebrates, and
plants in the river due to the liquid discharges from this Station is
about 3.4 millirem per year. Deleterious effects in humans. or other
biota are not anticipated.

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

The removal of 450 acres of farmland and pasture land from productionwill have an insignificant effect on the agricultural productivity of
the area, and this land could conceivably be restored to its original
condition for agriculture or similar purposes, albeit at considerable
expense. This would apply to both the portion of the site where the
Station structures will be located and the flood plain area of the site
where the proposed recreational area will be located.

However, it seems more likely that by replacement and modernization of
equipment, the use of the site for power generation may be extended well
beyond the presently planned useful life (40 years), in which case the
considerations of decommissioning procedures and costs given below would
be of doubtful validity.
It is expected that there will be minor impacts on the Susquehanna River
over the operating life of the Station due to the effluents discharged to
the river from the Station retention pond and the removal of water from
the river due to evaporation from the cooling towers. These impacts,
however, are not of a nature such as would cause deterioration of the
river or any of the beneficial uses for which it is now employed, or
could be employed in the future. It appears to the Staff that. the
comprehensive preoperational environmental monitoring program which
the Applicant has already initiated along the reach of the Susquehanna
where'the Station is located will contribute knowledge and understanding
of the river ecosystem which can be used to enhance its long-term
productivity.

No specific plan for decommissioning the Station has been developed. Thisis consistent with the Commission's current regulations which contemplate
detailed consideration of decommissioning near the end of a reactor's
useful life. The licensee initiates such consideration by preparing a
proposed decommissioning plan which is submitted to the AEC for review.
The licensee will be required to comply with Commission regulations then
in effect and decommissioning of the facility may not commence without
authorization from the AEC.

To date, experience with decommissioning of civilian nuclear power reactors
is limited to six facilities which have been shut down or dismantled:



8-8

Hallem 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 the fuel (possibly 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 Hallem decommissioning operation
was of this type. (3) Remove the fuel, all superstructure, the reactor
vessel, and all contaminated equipment and facilities, and finally fill
all cavities with clean rubble topped with earth to grade level. This
last procedure is being applied in decommissioning the Elk River Reactor.
Alternative decommissioning procedures 1 and 2 would require long-term
surveillance of the reactor site. After a final check to assure that
all reactor-produced radioactivity has been removed, alternative 3 would

" not require any subsequent surveillance. Po'ssible effects of.erosion
or flooding will be included in these considerations.

For type 3 decommissioning of the Station, the Staff estimates the cost
of 50 million (1972) dollars. This figure is based on adjustment of the
estimate prepared by 'the Staff for the Consumer Power Company, Midland
Plant 1 and 2 . The Midland estimate was made by scaling and weighting
the detailed estimates for the Elk River Reactor.

The«Staff concludes that the benefits derived from the Station in serving
the electrical needs of the area outweigh the short term uses of the
environment in its vicinity.

8.4 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

Numerous resources are involved in the construct'ion and operation of a
ma)or facility such as the Station. These include the land, the materials

~and chemicals used to construct and maintain the Station, nuclear fuel
consumed during operation, capital, and human skill and labor.

Ma)or resources which will be irretrievably committed in the construction
and operation of the Station are the land (during the life of the Station)
and the uranium-235 consumed in the reactors. This will amount to
approximately 97 metric tons of uranium-235, assuming a 40~ear lifetime
for the Station.

Of the land use for Station buildings, only a small portion beneath the
reactor, control room, radwaste and turbine generator buildings would
be irreversibly committed. Also, some components of the facility, such
as large underground concrete foundations and certain equipment are
irretrievable because of the practical and economic aspects of reclamation
and/or radioactive decontamination. The degree of dismantlement of the
Station, as noted in Section 8.3, will be determined by the intended
future use of the site, and will involve a balance of health and safety
considerations, salvage values, and environmental effects.

I
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The Staff concludes that. the use of the environment (air, water, and land)
by the Station does not represent significant irreversible or irretrievable
resource commitments, but rather a relatively short-term investment.
The biota of the region are being studied and the probable impact of the
Station has been assessed. In essence, no significant short- 'or long-
term damage or loss to the biota of the region is anticipated. In any
event, the monitoring programs proposed by the Applicant are designed
to detect any unanticipated detrimental effect to any of the biotic
communities. If such effects are detected, the Applicant will be
required to take corrective measures.
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9. ALTERNATIVES TO TflE PROPOSED STATION

9 ~ 1 ALTERNATIVE ENEPXiY SOURCES AND S ITES

The normal growth of demand for power in the Applicant's service area
'will require a substantial additional source of electrical energy by

1982 at the latest and perhaps as soon as 1978, according to the analy-
sis given in Section 8.1. This section deals with the principal classes
of alternatives to the proposed construction and operation of the
Station. They are: 1) the purchase of power from other utility com-
panies, 2) the construction and operation of some different type of
electrical generating station, and 3) the construction and operation of
a plant similar to the proposed Station at a different site. Since
these alternatives are not necessarily mutually exclusive, possible
combinations are considered as a fourth type of alternative. Alternative
subsystems within the general concept, of the Station as proposed are
considered in Section 9.2.

9.1.1 Purchase of Power
I

The Applicant has experienced the maximum demand for power in the winter
for many years. The 1971 winter-peak load was about 24/ greater than
the summer-peak load, and the Applicant's projections show this disparity
increasing to about 30/ in 1980.

However, collectively the major electric power companies in the area
experience maximum ~eak loads in the summer, to the extent of about 22/
projected for 1980. Twelve companies* (including the Applicant) are
signatories to the Mid-Atlantic Area Council (MAAC) Coordination Agree-
ment and participate in coordinated planning of generation and trans-
mission facilities in order to achieve improved reliability of electric
servi'ce throughout the MAAC service area (shown in Fig. 9.1) . The
twelve companies also operate their interconnected bulk power system on
a coordinated basis as t'e Pennsylvania-New Jersey-Maryland Inter-
connection (PJM).

Although PJM attempts to maintain overall reserve capacity greater-than
20/ at all times, the existence of some seasonal diversity of load
among" the member companies permits this goal to be achieved with smaller
reserve margins for each member company at the time of its annual

peak'oad.

The Applicant, as a winter-peaking company in a summer-peaking
pool, will be obliged by the PJM agreement to maintain installed capacity.
equal to only 105/ (estimated) of his winter-peak load in 1980 because
summer-peaking members will have winter reserves considerably in excess
of 20/.i

+Atlantic City Electric Company, Baltimore Gas and Electric Company,
,Delmarva Power & Light Company, General 'Public Utilities System (Jersey
Central Power & Light Company, Metropolitan Edison Company, New Jersey
Power & Light Company, Pennsylvania Electric Company), Pennsylvania
Power & Light Company, Philadelphia Electric Company, Potomac Electric
Power Company, Public Service Electric and Gas Company, UGI Corpora-
tion — Luzerne Electric Division. '
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As the tradeoff for this advantage, however, the Applicant agrees to
maintain the specified'evel of installed capacity through the summer
in order that the summer-peaking members may benefit from his excess
summer reserves. Although "installed capacity" may include firm pur-
chased power, the year-around requirement for installed capacity implies
that any power purchase would need to be on a year-around basis as well
(since the "hardware" component of "installed capacity" will be constant
throughout the year).

Such a purchase of power would be a meaningful alternative to
construc-'ion

and operation of the Station only if there existed a potential
seller of the power who could provide it without himself constructing
new generating capacity (since otherwise the environmental impact expected
from the Station would merely be transferred to some other location).
No such seller exists within a reasonable distance from the Applicant.
A review of the pertinent Reliability Group reports ~ shows that every
bulk-power producing company within the PJM'service area (see Fig. 9.1),
New York, and New England has new generating capacity scheduled for
completion by 1980 to meet their own Increases in load demand.

The Staff concludes that in this case the purchase of power is not a
reasonable alternative to construction and operation of the Station.

9.1.2 Alternative Generating Plants

The Applicant proposes the Station as a baseload plant. That is, the
expected pattern of operation will be at or near full power 24 hours per
day except when one unit or the other is shut down for fueling or other
scheduled maintenance. Although operating difficulties often reduce
the availability of new baseload generating plants (fossil-fired or
nuclear) during the first few years of, operation, the expected capacity
factor (ratio of actual energy output to potential output on a full-time,
full-power basis) over the life of the plant is normally 80 or 85/.

Consequently, in the discussion here of alternative types of generating
plants, discussion of some is limited to that necessary to identify, each
as unsuitable for baseload supply.

a. Unusual Energy Sources

Possible sources of electrical power which show some promise for future
use4~B are discussed briefly here. None of these appears to be
sufficiently advanced in development to be a reasonable alternative to
the Station.

Geothermal power 'is being produced in California and is being studied
for other favorable sites. No sites in eastern U.S. have been
identified.

t

Coal gasification is undergoing active development.7 Both above-ground
and underground coal gasification methods may come into use in the,
1980's.
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Breeder reactors have reached an advanced stage of, development and a
demonstration plant is to be built. After successful operation of the
demonstration plant, the first commercial plants are likely to be ordered
for operation in the mid 1980's.

Solar power is also being studied at this time with increased emphasis.9
While small engines have demonstrated the feasibility of this source,it is intermittent and dilute. Until a low cost method of power storage
can be coupled with solar units, this'upply of energy cannot substitute
for central station generating plants.

Power from the wind has, been demonstrated on a 1-Mf scale in Vermont.
This is also an intermittent power source and not an alternative for the
Station.

Nuclear fusion offers the promise of an ener'gy supply based on deuterium,
and therefore nearly inexhaustible in view of the'normous deuterium
content of the oceans. However, the absolute feasibility of any type of
fusion reactor is still unproven and most experts, although optimistic,
expect that commercial application will occur no sooner than the year
2000. "

b. Conventional Hydroelectric Power

The estimated undeveloped hydroelectric potential within the MAAC/PJM
service area is about 4.2 billion kWh per year distributed over
eight distinct sites. In comparison, the output expected from the
Station (at 80/ capacity factor) is about 15.7 billion kl% per year.
Thus, if all of the hydroelectric potential were available to the Appli-
cant and were developed by him, only about one fourth of expected Station
output would be achieved. Conventional hydroelectric power is valuable
for peaking and reserve uses because of its great reliability and short
startup time. The limited'supply in the MAAC/PJM service. area probably
should not be committed to baseload capacity. The Staff concludes that
development of conventional hydroelectric capacity is not a reasonable
alternative', to construction and operation of the Station.

c. Pumped-Storage Hydroelectric Power

Pumped-storage hydro plants are used in conjunction with a baseload plant
to store energy generated during off-peak hours and return it during
hours of peak load or when a baseload generator fails. Their function
is to "flatten peaks" at the expense of some additional total energy
generation, since the overall efficiency of the storage and return ~

process is only about two thirds.
H

Very good reliability and short startup times make pumped-storage plants
valuable for reserve and peaking capacity, As shown in Table 9.1, the
costs are particularly favorable when nuclear baseload capacity is
available for off-peak pumping power. However, pumped-storage capacity
is in no'ense a'substitute for baseload capacity, but rather a valuable
ad)unct.
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TABLE 9.1. New York Generating-Plant Costs for the tKd 1970's

~ Unit Type Unit Size
Capital Cost,

dollar/kll
, Production Cost,

mills/1hlh

Nuclear
Fossil-oil
Gas turbines c

Pumped storage

800 Mf
800 'GC

800 M0
800 Kf

9350
8250
8120
$ 175

2.8
7.0

14,2
10.0 (Pumped
with Fossil)

3.5 (Pumped
with Nuclear)

From New York State Department of Public Service, "The New York Power
System Generation and Transmission Plan's 1971-1980, Table VII, p. 31.

bIncludes fuel, operating labor and maintenance.a

Burning low sulfur oil costing 70'/million Btu and with a heat rate of
9,300 Btu/kHh.cSixteen 50-M0 gas turbines burning No. 2 distillate fuel costing 90'/

dmillion Btu and with a heat, rate of 13,000 Btu/kHh.
Four 200-Ml units — fuel cost based on 3:2 power ratio between base
loaded unit providing pumping power during off peak hours and pumped
storage output. A heat rate of 9,300 Btu/kWh was assumed for the pump-
ing unit using oil costing 70'/million Btu.



d. Combustion Turbine Generators

Despite the relatively low capital cost, the very high fuel cost of
combustion (c as) turbines makes their use for baseload power generation
expensive. Based on the data of Table 9.1, assuming annual fixed costs
at 18 percent of capital costs and baseload operation at 80 percent of
rated capacity, total generating costs in mills/kVh are:

nuclear 11.8
oil-fired 13.4
combustion turbine 17.3,

indicating a cost penalty in the range 30 to 45% for combustion turbines
as baseload prime movers.

Moreover, combustion turbines (which .are very similar to aircraft get
engines) can have significant maintenance difficulties in baseload
service. Many combustion-turbine plants have been built for peaking
and reserve capacity in recent years but they are not a serious alterna-
tive to steam plants for baseload generation;

Because of relatively low capital costs and short startup times,
combustion-turbine plants, like pumped-storage plants, are valuable
for reserve and peaking capacity. For example, the Applicant has
installed combustion-turbine capacity totaling about 500 Nfe.

e. Steam-Turbine Generating Plants

Nearly all large baseload generating plants (other than hydroelectric)
employ steam tux'bines as prime movers. The necessary heat for steam "

generation is obtained either from the combustion of fossil fuels or as
a result of nuclear fission. The principal fossil fuels burned for power
generation in th'e U.S. have been coal, oil, and natural gas.

Natural gas, the cleanest-burning fossil fuel, is not generally avail-
able in the Eastern U.S. for generating plants on a year-round basis,
although a number of metropolitan plants use gas. as an alternate fuel
when available in order to reduce air pollution. Because of the growing
national shortage of natural gas, its availability to electric utilities
probably will decrease in the future.

Historically, coal has been the ma)or fuel consumed by MAAC/PJM
companies; 78% of the total Btu's consumed in this area in 1960'were
from coal.~4 However, the coal fraction decreased to 57% in 1969,
chiefly because of competition from imported residual oil. Since 1970,
the move away from coal-fired plants appears to have accelerated. The
planned construction of new facilities in the MAAC/PJM area shows total
expect'ed capacity additions through 1980 of 3820 Nfe (coal-fired),
6790 Mfe (oil-fired), and 17,887 M<e (nuclear). All of the Applicant's
present steam-electric capacity is coal-fired; however two 800-Mle oil-
fired uni,ts (Martin's Creek Units No. 3 and 4) are scheduled for
completion in late 1974 and late .1976.
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The relative decline in the use of coal is largely due to two factors.
First, as illustrated by the Applicant's estimates of comparative costs,
given in Table 9.2, present estimates of total plant cost (including
operating, fuel, and amortization" charges) are now roughly equal for
coal- and residual oil-fired plants even though substantial allowance
is made for the cost of the pipeline necessary at the Susquehanna site.
This results in part from the substantial estimated cost for SOg
removal equipment (about $59 per kate capacity as estimated by the
Applicant). Also the estimated 1980 price of "system" coal energy,
about 90'er'million Btu, is more than triple the typical price in the
late 1960's, about 25'. Ouoting from the 1970 National Power Survev,
"Since 1965, a number of developments have exerted upward pressures. on
the price of coal. Among these developments were the general inflationary
trend affecting the cost of labor and materials; laws requiring the
restoration of strip-mined lands; the need to prevent acid mine-water
drainage into rivers, lakes, and ground water reservoirs; air pollution
regulations limiting the sulfur content of the coal used; and more
stringent health and safety regulations for the operation of coal-mines."

The second ma)or factor is the substantial uncertainty in the estimates
themselves. Large-scale SO~ removal equipment has not yct been proven
in use; ma)or operating difficulties or increases in cost may yet arise.
More stringent restrictions on mining practices, particularly on strip
mining, have substantial public support and may be adopted. Large
further increases in the cost of coal might result. The risk appears
particularly large for low-sulfur coal (as an alternative to SO~
removal), most of which is stripmined. Moreover, the hnission standards
which generating plants must meet may become more stringent in the
future.

Very considerable uncertainties also exist in long-term cost estimates
for oil-fired and nuclear plants. Present relatively low prices for
low-sulfur residual oil rest on the availability of African oil. These
may rise markedly as the producing nations take advantage of their
favorable bargaining position. International conflicts beyond the
control of the U.S. could cut off this*supply entirely for periods of
months or years. Desulfurizatio'n'f U.S. or South American oil is
technically feasible, but a marked increase in price could be expectedif the competition from African oil became less important. Present
desulfurization capacity is inadequate .to meet the total demand for
low-sulfur oil.
Also, the increasing dependence of the U.S. on imported oil is widely
expected to aggravate problems with the U.S. balance of payments.
Measures to .control the possible economic difficulties might produce
strong upward pressure on oil prices. Finally, as in the case of coal,it is not certain that possible more stringent emission standards would
not be difficult and expensive to satisfy.

The prospects for stable nuclear fuel costs appear somewhat brighter
because ore costs represent only a small fraction of total cost while
the dominant processing cost is subject to some tendency toward reduction



TABLE 9.2. Dollar Costs of Nuclear Versus Fossil Fuel for Two 1100-Mf Units

1. 1980 Dollars

Type Plant
Capacity Factor
Sulfur Content of Fuel

CAPITAL INVESTMENT — million d'ollars
Plant

Additional Transmission
Oil Pipeline
SO2 Removal

Total Capital Investment-million dollars

ANNUAL INVESTMENT COST — million dollars
Plant-15% carrying charge

Additional Transmission-
14% carrying charge

Oil Pipeline-9;4% leasing
S02 Removal-15% carrying charge

Subtotal-million per year
+Operating
Fuel

~ Plant Q&H

Additional Transmission 0&H
Oil Line 0&H
S02 Removal 0&H

Subtotal-million dollars per year

Nuclear
70%
None

1102

$ 1102

165

9165

28
22

9 50

System Coal
70%

High

724

130,
$ 854

108

20
$128

103
18

25
$146

Mine
Mouth Coal

70%
High

724

93

130
$ 947

108

13

20
$ 141

66
18

1

25
8110

Oil
70%
Low

618

45

$ 663

93 c'o

4

$97

146
14

3

$ 163

TOTAL ANNUAL COST-million dollars 8215 $ 274 8251 8260

*See Section 8.2.5.1 for basis of fuel cost escalation.



2. 1972 Present 'Worth Dollars

TABLE 9.2. (Contd.)

Type Plant
Capacity Factor
Sulfur Content of Fuel

Nuclear
70%
None

Sys tern Coal
70%

None

Mine
uth Coal

70%

High

Oil
70%
Low

TOTAL LIFETIME COST — million dollars

From Applicant's Environmental Report, Table 8 .2 .1 .

$1020 $ 1280 $ 1160 $1220
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from economies of scale,and improved technology. Also, the introduction
of breeder reactors will probably relieve possible shortages of low-
cost ore which might develop in the 1980's or 1990's.

However, construction costs for nuclear plants have roughly doubled in
six years -and it is not yet clear that this dramatic escala'tion has
slowed down.

Faced with such substantial uncertainties, no utility can be confident
that its choice of plant., type will prove corr'ect. In these circum-
stances, a natural strategy (which has some theoretical support) is to
hedge, to deliberately mix the types of plant in operation. This
strategy guarantees that the worst difficulties, whatever they may
prove to be, will affect only a portion of the generating capacity. (It
also guarantees that the worst difficulties will not be totally
avoided.)

Except for a small amount of hydroelectric capacity (about 4/), the
Applicant's baseload generating capacity is now entirely fossil-fueled.
Long-term reliability of electric power in his'ervice area would be
improved, in the sense discussed above, by the addition of the 2200 M<e

nuclear capacity of the Station- (about 30/ of the total baseload capacity
in 1981). Since according to the Applicant's estimates (Table 9.2),
which are reasonably consistent with the data of Table 9.1, the nuclear
capacity would be achieved at 'a cost'(1972 present worth of life-of-
plant total cost) about 15/ less than the least costly fossil-fueled
plant, the economic case favors the reference (nuclear) plant.

Modern fossil-fueled plants operate at higher thermal efficiency than
most current nuclear plants. (The high-temperature gas-cooled reactor,
whose efficiency is about the same as coal- or oil-fired plants, is
beginning to come into commercial use.) Also, some of the heat is
discharged with the other combustion -products through the stack to the
atmosphere. Consequently the heat release to cooling water for a fossil-
fueled plant is about two-thirds that for a nuclear plant of the same
electrical capacity.

Oil-fired plants release almost no radioactivity to the atmosphere. The
natural radioactivity, in 'at least some types of coal, is su'fficiently
great so that stack emissions have been measurable but the degree to
which the effect varies with coal type is not known. The release of
radioactivity from nuclear plants which meet 10 CFR 50 is sufficiently
small that the increase in dose level above natural background is
usually undetectable beyond the site boundaries.

Substantial quantities of dust, sulfur dioxide, nitrogen oxides, carbon
monoxide, hydrocarbons and aldehydes are emitted from coal- and oil-fired
plants. The Environmental Protection Agency (EPA) has set limits on
emission of particulate matter (dust), sulfur dioxide, and nitrogen
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oxides for new generating plants. These are the basis for the estimated
cmissions appearing in, Table 9.3. The control equipment and procedures
required to meet the EPA standards probably will also change the
emission of the other substances to some degree. However, the available
data for combustion without pollution-control equipment give at least a
rough idea of magnitudes.

For plants equivalent to the Station (2200 HWe), operating at 80/ capacity
factor (and without emission controls), the expected quantities of other
pollutants are:

Oil-Fired Plant Coal-Fired Plant

Carbon monoxide
Hydrocarbons
Aldehydes

90 lb/day
4500 lb/day
2300 lb/day

16,000 lb/dav
4500 lb/day

78 lb/day

The expected environmental impacts which would result from operation of
the Station or a coal- or oil-fired plant of equal output are compared
in Table 9;3. Radiological and cooling-system impacts are less for the
fossil-fueled plants, as is the consumptive use of water through evapora-
tion. However,,these impacts are already of small, consequence to the
environment for the Station, according to the assessment given in
Section 5. Either type of fossil-fueled plant would release on the order
of 300-500 tons per day of chemical pollutants to the atmosphere, while
the release from the reference plant would be nil; The last considera-
tion appears to the Staff to dominate the balance of environmental effects
during operation, which then clearly favors the reference plant.

The impacts associated with construction appear to be qualitatively
" similar for either the reference or alternative plants. Quantitatively,

the overall impact would be greater for the fossil-fueled plants since
more "disturbed" acreage on site is needed to accommodate fuel and (for
a coal plant) ash storage.

The Staff'concludes that the reference (nuclear) plant is superior, given
the Applicant's circumstances, to alternative coal- or oil-fired plants in
every identified respect of importance: namely, overall. environmental
impact, probable overall cost, and probable long term reliability of
electric gower.

9.1.3 Alternate Sites and Site Selection

The Applicant initially considered nine sites. Five of them were
selected as viable alternatives for further study after a preliminary
analysis. Th'e Ap'plicant's summary „description of the five sites,
(1) Susquehanna, (2) Mc Elhatten, (3) Brunner Island, (4) Sunburg, and
(5) Martins Creek, is reproduced as Appendix D. Their locations are
shown'n Fig. 9.2.

'

The Applicant has presented his analysis in the form of factor/score
matrices. Five environmental factors were taken as equally important
and each site was rated for each factor in terms of the estimated



TABLE 9.3. Comparative Fnvironmental Impacts for 2200 Mfe Reference and
Alternative Plants (for full-power operation except as noted)

Impact
Reference

(Nuclear) Plant Oil-Fired Plant Coal-Fired Plant

Land Use

Releases to air:
Radioactivity
Dust
Sulfur dioxide
Nitrogen oxides a

Releases to water:
Radioactivity:

Tritium
Other

Chemical:
Total dissolved solids

Hater evaporated from towers
Fuel:

Consumed

Haste b

Esthetic-

115 acres (plus
335 acres exclusion
and other undisturbed
'area)

156 curies/day
None
None
None

110 millicuries/day
5 millicuries/day

26,000 pounds/day
32 million gallons/day

2 metric tons /c

year U

190 truck loads/year
'noffens ive except

for 500-foot cooling
towers

400 acres

None
25 tons/day
200 tons/day
70 tons/day

None
None

17,000 pounds/day
22 million gallons/day

W

28 million barrels/year

Small
Similar to reference
plant except for tank
farm and 600-800 foot
stack

500 acres

Small
25 tons/day
300 tons/day
170 tons/day

None
None

16,000 pounds/day
21 million gallons/day

6 million tons/year

0.6 million tons/year
Similar to reference
plant except for coal,
ash storage and 600-
800 foot stack

aRelease estimates for fossil plants are based on the assumption that each plant just meets the

bapplicable EPA standards.
At 80% capacity factor.

cPartly balanced by recovery in reprocessing of about 600 kg/year U and about 550 kg/year of
plutonium..
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magnitude of impact; i.e., nil impact would'bc assigned score 0,
maximum conceivable impact would be assigned score 10. The results are
displayed in Table 9.4. In view of the uncertainties in the assigned
weights (taken equal) and the estimated scores, the Applicant concluded
that the five sites were roughly."equivalent with respect to overall
impact. The high (unfavorable) score for ifc Flhatten mainly reflects
th'e relatively low flow in the Vest Branch of the Susquehanna.

Arguments can be raised about the details of the Applicant's decision-
making process and the weights assigned the factors at individual
sites. Some might argue, for example, that the rural setting of the
Susquehanna should weigh more heavily against it in comparison with the
Brunner Island and Sunbury sites which are in industrialized areas.
Nevertheless, it appears probable that reasonable differences of
opinion, which might cause some shift in the relative position of the
sites with respect to score, would nevertheless allow the same conclu-
sion, namely, that the overall environmental costs are much the same
for each of the five sites.

Further consideration was given to two additional factors, (temporary)
impact of construction and "systems compatibility" (mainly the economic
and environmental cost'f necessary transmission lines) with the
results given in Table 9.5. No other site had a lower subtotal score
(column sum) than Susquehanna. for either matrix. The Applicant took
this to mean that, at the least, none of the other four sites was
preferable to Susquehanna. Since he also regarded Susquehanna as
preferable with respect to resultant overall geographic distribution
of generating capacity within the service area, Susquehanna was selected
as the proposed "site.

f

All of'thh differentials among the sites considered appear to be small.
According to the Staff evaluation of the environmental impacts to be
expected from construction and operation of the Station at the reference
site (given in Sections 4 and 5), it is well chosen, i.e., the impacts
are about as small as might be expected from any site within the
Applicant's 'service area.

The Staff concludes that the Applicant's method of 'site selection was
reasonable and that his choice of site is as wise as may reasonably be
expected, considering the many factors which cannot be evaluated with
precision.

9.1.4 Combinations of Alternative Sites and Sources of Energy

The arguments developed in Section 9.1.3 favoring the reference plant
over alternative types are largely independent of scale', with'ne
exception. The economic advantage of nuclear plants is much reduced
as plant capacity falls below about 800 Mfe. So long as the growth of

'oadis several hundred Kfe per year —and there is no present basis not
to expect such growth for many years —this consideration bears on

,scheduling rather than'choice of plant type (i.e., rather'han build a
500 MWe plant at a relatively high cost per 1%e, one may build the larger,
more economic, plant slightly later). Similarly, if purchased power "is



TABLE 9.4. Applicant's Alternate Site Evaluation Matrix:
Basic Environmental Factors

Factor Definition of Factor
Susquehanna McElhatten

Rating Rating
Brunner Island

Rating
Sunbury Martins Creek
Rating Rating

Land Use Productivity potential
of vicinity
-Disruption to people
& facilities within
exclusion zone & near
vicinity
Compatibility with
existing uses

2 3 5 3

Pater Use Change in existing
quality
3~~ater availability

3

Air Quality Impact on airshed
Meeting air quality
standards

Biology Terrestrial loss of
habitat

Aesthetics Pristine nature of
site .
Impact on population

Subtotal 25 18 20 22

Based on Applicant's Environmental Report, Table 8.3.1.



TABLF. 9.5. Applicant's Supplementary Site Evaluation ':fatrix

Factor Definition of Factor
Susquehanna

Rating
ticFlhat ten Brunner Island Sunbury ."fartins Creefc

Rating Rating P.ating Rating

Construction Temporary environmen-
Effects tal impact including

disruption to
community

Systems
Compati-
bility

Land Availability
proximity to load
centers and added
transmission line
requirements

Subtotal 12

Based on Applicant's Fnvironmental Report, Table 8.3.1.
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available in given quantity, its use may serve to delay the need for
construction of Unit No. 1 of the Station, or to increase the time until
Unit No. 2 is needed. Only if purchased power were available in steadily,
increasing amounts could its use obviate the need for eventual construc-
tion of new generating capacity.

For a single type source of electrical energy in the capacity range
considered here (a few hundred to a few thousand M.'e), there is no
evident advantage in the use of more than a single site. Both the
impacts associated with construction and the economic costs would be
greater for an alternative such that, say, Unit 1 of. the Station were
located at the reference site and Unit 2 w'ere at some other site.

k

The Staff concludes that, in this case, no combination of already-
considered alternatives constitutes a viable new alternative to, construc-
tion and operation of the Station.

9.1.5 Summary of Source and Site Alternatives

The Staff has considered a number of alternative energy sources. Pur-
chase of power appears to be unreasonable because any prospective seller
of 'power would'eed to construct and operate additional generating
capacity; i.e., the impacts of the Station would merely be transferred to
the seller's franchise area. The only reasonable alternative types of
plant would be oil- or coal-fueled. These would produce greater overall
environmental impact than the Station, and probably at substantially
higher economic cost. A better balance amon> needs for fossil and
nuclear fuels by the Applicant will also result from construction„and
operation of the Station.

A number of alternative sites were examined by the Applicant and reviewed
by the Staff. At none of these does the overall environmental impact
appear less than for the reference site (Susquehanna) . The'taff
considers that the reference site approximates the hypothetical best site
within the Applicant's service area.

The Staff therefore concludes that the preferred action is t'e construc-
tion and operation of the Station at the reference site. Possible
advantageous modifications of the design are considered in the following
section.

9.2 AI.TFRNATIVF. PLANT DrSIrNS

In this section possible modifications to the Applicant's system are
considered which might change significantly the balanc'e between economic
and environmental costs.

9.2.1 Cooling System Alternatives

Modern thermal electric generating plants (fossil-fueled or nuclear)
discharge from 5100 to 7000 Btu of waste heat for each kilowat't hour of
electrical energy generated. The higher figure is typical of current
nuclear plants. (IIigh-temperature gas-cooled reactor plants're expected
to approach the efficiency of fossil-fueled plants.)
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Of the established methods of large-scale cooling, the more widely used .

ones involve either (a) 'the transfer of heat (and water vapor) to the
atmosphere by direct evaporation of water in "wet" cooling towers, spray

'onds, or canals, or (b) discharge of heat to a body of water. Even in
the latter, case, the heat is eventually transferred to the atmosphere,
chiefly by evaporation although radiation and convection play some part.
Heat nay also be transferred directly to the atmosphere, as in auto-
mobile radiators, by "dry" cooling towers.

The directly evaporative methods are commonly used in "closed-cycle"
systems, in which most of the cooled water is recirculated. Additional
water must be provided to make up for that evaporated (about 0.6 gallons
per kilowatt-hour generated for a current nuclear plant) . Since the
original dissolved-salt content of the water evaporated is left in the
system, the salt concentration in the recirculated water would rise
continuously were not additional makeup water provided and a "blowdown"
flow discharged from the system. Even if no<dissolved salts were
introduced in the plant, the concentration in the blowdown would exceed
that in the makeup water by the inverse ratio of the flow rates.

In "once-through" or "open-cycle" cooling, all of the circulating
cooling water is taken from a lake or stream and returned at a higher
temperature to a point sufficiently remote from the intake so that little
or no recirculation occurs. Except when the discharge stream is
evaporatively cooled —such systems exist but are rare-~o evaporation
occurs 6ithin the plant but about 0.5 gallon per kilowatt generated is
eventually evaporated by the body of water with a corresponding increase
in the concentration of dissolved salts (usually very small) .

Pith'either open-or closed-cycle systems, it is usual for (relatively
innocuous) chemical additions within the plant to increase the total
salt content of the discharge appreciably.

a. The Reference System

As described in Section 3.4, the proposed design uses two natural-
draft evaporative cooling towers in a "closed-cycle" cooling circuit.
About 32,000 gpm of makeup water will be withdrawn from the Susquehanna
and 10,000 gpm retu'rned to it as blowdown.

The salt concentration in the blowdown stream will be about 765 ppm,
compared to about 205 in the intake. About half of the increase will be
due to the evaporative loss of water, the remainder to the addition
of water treatment chemicals. Because the effluent stream will be mixed
rapidly with the typically 300-fold larger river flow, no detectable
effect on river biota is expected except perhaps within a few feet of
the discharge diffuser pipe.

In winter, the discharge stream may be as much as 33 F warmer than the0

river ambient temperature. Because of rapid dissipation of the tempera'-
ture differential by mixing, under normal-flow conditions any detectable
effect on biota will be confined to the immediate vicinitv of the dis-
charge diffuser pipe.
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In periods of very low flow both the warming of the river by the dis-
charge and its lowering because of withdrawal of cooling water for the
Station will be relatively more important. As assessed in Section 5.5,
the resulting effects will not be large and they will be reversible,
i."e., as river flow 'recovers to more normal values, the aquatic
community will recover its normal constitution. Such periods of very
low flow are rare, occurring perhaps once in 20 years.

The effects noted above are .typical of those. associated with any "wet"
cooling system for a large power station. The identified impacts
unique to the reference system are associ'ated with the natural-draft
towers themselves. Because of the great size of the towers (500 feet
high, 480 feet base diameter), they will be conspicuous elements in the
landscape as viewed from a distance of even several miles. The esthetic
impact will be augmented much of the time by a visible plume (actually,
an induced cloud) of the order of one thousand feet long, above and to
leeward of the towrers. Public reaction will probably be mixed, Many
persons consider the vase-like shape of natural-draft towers to be
attractive; » others will surely dislike the introduction of such large
man made objects into a rural setting.

The meteorological effects of the towers (other than the visible plume
itself) will probably be undetectable, according to the assessment given
in Section 5.

The effects of drift on the surrounding land area are probably undetecta-
ble even in the long term, as assessed in Section 5.5.

b. Once-Through Cooling

Several ma5or problems would arise from once-through cooling of the
Station. The Station would use as much as 60% of, the total river flow
during the dry months of typical years and a greater percentage during
times of lower-than-average flow. At times of very low river flow the
Station would be forced to operate at reduced power.

The hydrodynamic effects of .the necessary'.large intake and discharge
structures would alter the nearby stretch of the river substantially.
The'iver water temperature would be increased as much as 10 F. These
physical changes in the river would almost certainly change the .ecology
substantially. Several cases of ecological degradation from such large
changes~have been recorded. The Staff has found no evidence to suggest
that the overall effect might be neutral or beneficial.

Although once-through cooling is in many cases the least costly, the
large requirement for pumping power because of the Station location
($ 200 feet distant and 200. feet above the .Susquehanna) would make such a
system economically unattractive.

~An aerial photograph of the Three-'pile Island towers near Harrisburg,
Pa., appears in a current airline prorqotional poster.
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c. Dry Cooling Towers

Dry cooling towers serve to 'transfer heat directly to the atmosphere
without evaporation of a coolant and therefore have minimal impact on
the environment. They have been used for several small thermal electric
plants in arid, regions, particularly abroad, but the high coolant-return
temperature in hot weather results in a condenser back-pressure which
is too high for any large (over 300 M<e) steam turbines currently
available.~~

Even if suitable turbines become available, a severe cost penalty would
be incurred by the choice of dry-tower systems. On the basis of a
recent study, the Staff estimates a cost penalty of about 9160 million
for an optimized dry-tower system relative to the reference system,',
assuming that the back-pressure-tolerant turbines were no more costly
than those of the reference design.

d. Mechanical-Draft Towers

ln mechanical-draft towers the air movement needed to produce the
required evaporation from the cooling water stream is generated by
motor-driven fans. The towers are much lower than in the natural-.draft
case and are cheaper to build. This advantage is largely offset by the
cost of fan power and maintenance so that the overall life-of-plant cost
is much the same for natural-draft and mechanical-draft tower clos'ed-
cycle systems.

Because of the smaller tower height, the probability of induced localized
fogging and icing near mechanical-draft towers is markedly greater than
for natural-draft towersi Substantially morc land area is required, than
for natural-draft towers (the Applicant estimates 45 acres versus
16 acres for the reference system) .

The smaller towers would be less conspicuous than the 500-foot natural-
draft towers. On the other hand, they would be much noisier, genera5ing
mildly irritating noise levels as far away as three to four thousand '~

feet. The drift would fall chiefly on nearby land (the Applicant's)
because of the lower source height but the effects of drift would prob-
ably'be undetectable, even near the towers.

Effects on river aquatic life would be the same as for the reference
system.

e. Cooling Pond
I

A cooling pond is simply a small lake (usually man made) whose surface
transfers heat to the atmosphere chiefly by evaporation although
radiative and convective transfer play some part. Surface areas of
1-3 -acres/MWe are commonly used.

The ma)or possible advantage.to the power company planning a new
plant's

public acceptability, particularly when recreational development is
suitable.
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Overall water evaporation from the pond must transfer solar heat as
well as the~plant waste heat and is typically nearly twice as great as
that for cooling towers. Since makeup and dilution water from as well
as return of blowdown'to the Susquehanna will be proportional. to total
evaporation for any closed-cycle wet system, the impacts on river
aquatic life would be correspondingly greater than for the reference
system.

Fog over the heated pond and nearby icing 'are typical winter time effects
but they rarely extend more than a few hundred feet inland from the
shoreline.

Because the Station will be 1ocated on moderately hilly terrain, the
earth-moving costs associated with construction of a 2-6 thousand acre
artifical lake neer the Station would be very high. It is, of course,
uncertain that the required land could be purchased by the Applicant.

Enough land might be available on the rather, flat flood plain of the
Susquehanna where the Applicant already owns '420 acres now planned for
recreational development. However, pumping costs would be very high
just as in the case of once-through cooling. The Staff does not see a
groat recreational value for a large pond on the shore of a large river.

f. Spray Canal

A spray canal would require from 200 to 300 acres and probably could bc
located reasonably close to the Station buildings.

Hinter fogging and icing would probably extend only a few hundred feet
inland from the canal banks. Esthetic impact would similarly be limited
to the near vicinity. The impacts on river aquatic life would be similar
to those expected for the reference system.

Overall economic cost is estimated by the Staff t'o be roughly comparable
to that of the reference system. However, co'oling system performance
would be poor in calm, hot, weather and maintenance problems have been
troublesome with at least 'one spray-pond, system.

g. Evaluation of Cooling-System Alternatives

Of the alternative systems considered, four appear clearly unsuitable,
given the basic design and location of the Station.

Turbines suitable for dry towers and large PffR or BUR nuclear plants are
not now available nor definitely in prospect. Even if appropriate tur-
bines became available, 'the cost penalty for a dry-tower'ystem appears
unwarranted, in this case, by the modest environmental impact of the
reference system.

The much larger impact on river aquatic life expected for a once-through
system as compared to the reference system, is not.balanced by any other
identified lesser environmental impacts nor by a large economic
advantage.
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In comparison to the reference system, the choice of a cooling pond
would result in greater impact on river aquatic life while imposing
large uncertainties as to economic cost, land availability and suita-
bility of use. No compensating advantages of importance have been
found.

The economic cost of a spray canal, given the terrain at the Station,
is probably higher and surely less certain than that of the reference
system. ,The performance is expected to be inferior although the
degree of,. inferiority is uncertain. The greater land commitment required
appears to at least balance the esthetic impact of the reference system's
large towers.

The natural-draft (reference) and mechanical-draft cooling tower systems
appear on balance to have comparable overall environmental impact as
well as comparable economic cost. The esthetic impact of the large
natural-draft towers is offset by the higher noise level and greater
risk of nearby fogging and icing expected for the mechanical-draft towers.
For either system, the overall impact would be modest.

9.2.2 Intake System Alternatives

The cooling-water intake system design is not final at this time. The
Staff has identified two principal alternative approaches, either of
which is capable of minimizing the impact on river fishes if appropriately
executed.

The impact on nonswimming biota is uncertain but probably nearly all
will.be killed with any design. However, the resulting effect on river
ecology is expected to be localized, reversible, and usually undetectable,
as assessed in Section 5.5.

a. Conventional Intakes

Host power-plant cooling-mater intakes,are essentially„large pipe-ends,
immersed in the source body of water and surrounded by a heavy cage-
1'ike structure. which serves to keep large debris from entering 'the pipe.
The cooling system proper is protected against smaller debris, including
fishes, by a screen usually located at the pumphouse, of aperture
typically of order 3/8 inch. Commonly, fishes trapped at the screen are
killed eventually by the automatic screen-cleaning device.

Although schemes for rescuing the trapped fishes have been proposed and
executed with some success, the Staff considers that the primary design
effort should be directed at minimizing the number of fishes which enter
the intake. If the flow into the intake is horizontal and.the flow
velocity is less than 1.0 foot per second, few large fish will be drawn
in. 't much lower veloci'ties, it is doubtful that fish sense the water
movement, so a flow velocity in the range 0.25 to 0.75 foot per second
may be optimal. Very small (young) fishes will still be drawn in; the
best control appears to be to locate the intake where fry and schooling
young are rarely found.
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b. Infiltration Intakes

An alternative approach has been proposed for the Hanford Number Two
'uclearPower Plant which will draw its makeup water from the Columbia

River.23 . The general idea is to use a sand filter in a secondary
pool connected to the river by some means involving little potential
damage to fishes. The general technology of sand filters is well
known because they are widely used in municipal water systems.

Plow velocity into the filter can be held to values of the order of
0.01 foot per second so that no syimming animals are pulled into the
sand. Periodic back-flushes o'" the filter might be used-to return
temporary inhabitants of the-pool to the "river or some pool water (with
inhabitants) could be returned continuously.

The uncertainties in this approach appear to be largely in the area of
engineering economics. The rather high'ilt content of the Susquehanna
might clog the filter so rapidly as to require dual systems or large-
scale water storage in order to avoid frequent shutdowns of the Station.

c. Evaluation of Alternatives

Although the infiltration intake appears feasible and probably poten-
tially the better in environmental:terms, a properly designed con-
ventional intake could perform well. Since the impact on river ecology,
in either case would be localized and not certainly detectable, the
present uncertainty in comparative economic costs does not permit a
reliable benefit-cost balance to be drasm. The Staff believes that
either approach, carefully executed, should be adequate.

9.2.3 Discharge System Alternatives

The discharge system as proposed by the Applicant is well designed to
minimize the impact on aquatic life. This impact is expected to be
undetectable except under extreme low-flow conditions and localized and
reversible even then (see Section 5.5) ..

No. further .consideration of alternatives (beyond that n'ecessarily made
by the Applicant in developing a satisfactory design) appears )ustified.
However, hydraulic model studies of the discharge plume should be
completed before'constr'uction of the diffuser'ipe'is undertaken, in
order. to verify that the mixing volume occupies only a modest fraction

. of'the river cross section and does not impinge on the shallow water at
either bank.

9.2.4, Chemical'ischarge Alternatives

ds.described,in Section 3.6 and assessed in Section 5.5, chemical dis-
charges from the Station as proposed vill conform to pennsylvania
requirements and are not expected to produce detectable effects on
Susquehanna River water quality .or aquatic life. Therefore no further
consideration of alternatibes is merited.
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9.2.5 Biocide Discharge Alternatives

Chlorine is the only biocide which will be used in the Station. Blow-
down water will be held for 24 hours in the retention pond. During
this period normal chlorine demand and gas exchange with the atmosphere
is expected to reduce the residual chlorine level below the level which
will produce detectable biological damage (and below the EPA recommended
criteria) before discharge to the river (see Section 5.5). Therefore,
no further consideration of alternatives is merited.

9.2.6 Sanitary Waste System Alternatives

The reference system is of. sound, modern design and meets the applicable
Pennsylvania requirements. Since no detectable environmental impact
from its operation is expected by the Staff (see Section 5.5), no
further consideration of alternatives is merited.

9.2.7 Liquid Radwaste System Alternatives

The reference system appears to meet the criteria of proposed Appendix I
to 10 CFR 50, i.e., liquid radioactive releases will be as low as
practicable. Therefore no further consideration of alternatives i.s
merited.

9.2.8 Gaseous Radwaste System Alternatives

In the reference design ventilation exhaust air from the turbine building
is discharged without treatment (see Section 3.5). According to the
assessment of Section 5.4, an unduly high probable thyroid dose results,
via the iodine-cow-milk pathway.

The iodine release could be reduced through the use of charcoal filters
on all turbine building exhaust channels. The Staff concludes that the
reference design should be changed to include this or some 'other features
which would insure that the thyroid dose is held within acceptable limits.

In all other respects, the reference design appears to meet the criteria
of proposed Appendix I to 10 CFR 50; i.e., gaseous radioactive releases
will be as low as practicable. Therefore no further consideration of
alternatiyes is merited.

9.2.9 Normal Transportation Procedures Alternatives

Alternatives, such as special routing of shipments, providing escorts in
separate vehicles, adding shielding to the containers, 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 suffi-
cient to )ustify the additional effort required to implement any of the
alternatives.
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9.2.10 Transmission Line Alternatives

As described in Section 3.8 and assessed in Sections 4 and 5, the
Applicant has made a reasonable choice of transmission-line routes. He
proposes to carry out construction and subsequent maintenance in a manner
which will minimize (subject to some recommendations given by the Staff
in Sections 4 and 5) the associated environmental impacts.

Overall the expected impact due to transmission lines appears to be
modest and, if the Staff's recommendations are followed, close to the
hypothetical minimum consistent with effective distribution of the
power to be generated by the Station. Therefore no further consideration
of alternatives is mexited.
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10. BENEFIT-COST ANALYSIS

10.1 ENERGY GENERATING'OSTS

The Applicant's estimate of generating costs appear in Table 9.2. Using
the Applicant's basic estimates of total capital investment, annual fuel
cost, and annual operating and maintenance cost, the Staff has re-
calculated the total and annualized generating costs on the uniform
basis used in recent Environmental Statements (Table 10.1).

The basis used by the Staff differs from that of the Applicant in the
following respects. An interest rate of 8.75X is assumed (Applicant's
assumption is 9.575X). Federal, state, and local taxes are not
considered by the Staff. The plant capacity factor is assumed to be 80X
(Applicant's assumption is 70X).

ln order to comhine the 30-year stream of operating costs, the present
worth» in 1980 is considered. The 1980 present worth of an assumed
$ 50 million expenditure in the year 2011 for decommissioning of the
Station is also included. This estimate is the same as one prepared
by the Staff for Type 3 decommissioning (See Section 8.3) of the
Consumers Power Company Midland Plant Units 1 & 2,~ a plant which is
comparable to the Station.

10.2 SUMMARY OF BENEFITS

The primary benefit from completion and operation of the Station will be
the contribution to the maintenance and improvement of the quality of
life in the Applicant's service area (and indirectly to the entire U.S.)
resulting from the generation of about 16 billion kilowatt hours per
year as well as the augmented reliability of power within the MAAC/PJM
Service area** due to 2200 MVe of additional generating capacity.

'o precise definition of "quality of life" has been generally accepted
but the identification of several ma)or components is possible. The
passage by Congress of the National Environmental Policy Act of 1969 is
strong evidenc'e that most citizens accept the conservation of the natural
environment as an important element of the quality of life. At the same
time there is little doubt that the'elatively full employment and modest
affluence for most individuals which historically have been associated
with economic growth remain important to the public. Thirdly, amenities
depending on electric power play a large role in shaping the man-made
environment under roof, where most persons spend the ma]ority of their
time.

*The present worth (at specific time) of a future payment is the sum
which, drawing interest at the'assumed rate until the time of the
payment, will then be equal to it, i.e., it is the discounted value
of the payment.

**
Most of Pennsylvania and New Jersey, all of Delaware, Eastern Maryland,
and a small part of Virginia (See Figure 9.1).
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'ABLE 10.1 Estimated Generating Cost
(in millions of dollars)

Construction Cost:

1980 present worth 1102

Annualized (amortization over
30 years)

105

Operating Cost:

1980 present worth

Annualized:

567

operation and maintenance 22

fuel

32'ecommissioningAllowance:

1980 present ~orth

Total life-of-plant Cost:

1980 present worth

Annualized equivalent

1672

159
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That the typical citizen seriously wants lighting, forced-circulation
heating, radio and television, air conditioning to moderate oppressive
weather, etc., appears uncontestable.

The historical correlation between economic activity and consumption of
electric power 'is impressive (See Figure 10.1). Without claiming that
the underlying relationship is either well understood or immutable, it
is the opinion of the Staff that the strength of the correlation should
serve as a warning that a chronic shortage of power in a region may have
pronounced economic and social consequences, at least unless appropriate
balancing measures can be found and are carried out. This difficult
question is discussed elsewhere.

Admitting its inability to assign a valid value in dollars* for the
contribution of the power to be generated to keeping and improving the
quality of life of the public within the Applicant's service area, the
Staff believes that the value greatly exceeds the total cost of
generation.

The State of Pennsylvania collects a tax on public utility property
used for power generation or transmission, which is exempt from. local
property taxes. The proceeds of the state tax are distributed to local
taxing bodies throughout the state in,proportion to the direct tax
revenue of each. Since the state tax is merely a transfer payment, no
benefit is considered to exist.

An indirect local benefit to the population of the surrounding area will
be the employment of 77 persons for operation of the Station and the
resulting injection of the order of $ 1 million per year into the local
economy.

The Applicant's development of a river front recreational area on the
Susquehanna flood plain will provide a recreational benefit of some
consequence. The Applicant estimates that use for picnicking will
amount to about 134,000 activity-days and that use for. boating "and fish-
ing will be about 28,000 activity-days.

10.3 ENVIRONMENTAL COSTS

10.3.1 Land Use

The total site area is 955 acres, of which 450 acres will be removed
from potential production of crops and pasture land and converted to
industrial use. About 420 acres of the river flood plain area will be
converted to a public recreation area. The river bank and bottom will be
temporarily disturbed during construction of the intake and discharge
structures.

&he difficulty is, analogous to that encountered in quantifving the
value of food, water, or air to the individual person.
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About 1800 acres of off-site land will be used for transmission lines.
Host of this is now woodland. The visual impact of the lines and forest
clearing is generally unfavorable. The removal of shrubs and trees will
cause ecologic'al change. This change is not necessarily adverse since
the creation of a new "edge" habitat will favor certain species,

The presence of the cooling towers and their visible vapor plumes will
affect the view in the plant area. Weather modifications caused by the
cooling towers, such as increased precipitation and increased duration
of fog periods, are expected to be undetectable.

10.3.2 Water Use

About 32,000 gallons per minute of Susquehanna River water will be
withdrawn for the plant of which about 10,000 gallons per minute'ill
be returned to the river as blowdown from the cooling towers. Host of
the difference will evaporate in the towers. Water leaving the river
with a total dissolved salt content of about 207 ppm will have about
26,000 pounds per day of similar salts added so that the water leaving
.the plant is expected to contain 765 ppm of dissolved salts as the result
of evaporation and salt addition. Some free chlorine is added to the
water in the plant, but this will be consumed or lost to the atmosphere
during the 24-hour retention time in the spray pond. The water discharged
to the river will be no more than, 33 P above the ambient river water0

temperature at the points'of discharge and, much of the time, the tem-
perature difference will be largely dissipated within less than 100„feet
by mixing with river water.

10.3;3 Biological Effects

Essentially all of the organisms (plankton, fish eggs, and very small
fish) drawn into the Station water intake will be destroyed. Because
of the low water velocity at the intake structure, very few large fisbwill be drawn ia. Although no lethal effects are expected from the
Station's discharge, some damage to biota may occur and tend to in-
crease susceptibility to disease and predation. The'taff expects that
any detectable effects will be confined to the local pool of the river
and that such effects will not be large compared to the level of
detectability.

During construction there will be a temporary disruption of the local
aquatic ecosystem but rapid recovery" is expected at the end< of con-
struction.

Significant qffects on terrestrial biota will be confined to those due
to removing some of the 'available wildlife habitat and to the change in
type of habitat imposed by transmission line construction through
wooded areas. Relative to available habitat, the area is not large and
the changes expected should not endanger any species.

10.3.4 Radiological Effects

The total dose zrom normal oper'ation of the Station to the entire
population within 50, miles is estimated to be about 10.2 man-rem
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per year, distributed among about 1.7 million individuals in this area
(based on 1980 population projections). The dose to individuals in
areas near the Station will be less than 3/ of that due to natural
background.* This dose is well within the limits imposed by 10 CFR

Part 20.

10.4 BENEFIT-COST BALANCE

The Station as designed is expected to have only a modest impact on
the environment. The identified benefits and costs are listed in
Table 10.2. The Staff has considered these benefits and costs in detail.
It judges that the benefits from construction and operation of the
Station. will substantially outweigh the costs.

P

*This statement takes into account the requirement that the potential
excessive air-milk iodine dose discussed in Section 5.4 will be
corrected (See also Section 9.2.8),
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TABLF. 10.2 Benefit-Cost Summary for the Susquehanna Nuclear Station

Benefits

Primary benefits:
Electrical energy to be generated

at 80/ load factor
15.7 billion kWh/yr

(at 80% capacity factor)

Generating capacity contributing
to reliability of electrical
power in the Applicant's service
area and the PJM interconnection

2200 megawatts

Secondary local benefits:
Employment of operating staff 77 persons

Recreation

Environmental Costs

Approx. 420 acres of
recreational development

Land Use:
Farmland and timber displaced

for station
About 450 acres

Transmission line right-of-way 1800 acres (76 miles)

Water Use:
Water evaporated About 22,400 gpm at full-power

operation

Chemicals discharged to the
Susquehanna River

13 tons/day (mostly
sulfates)'hximum

thermal input to the
Susquehanna River

160 million Btu/hr, about
1 acre within 2 F isotherm
extendin'g 750 feet downstream

Rad'iological Impact:
Normal operation:

Cumulative population dose
(50-mile radius)

10.2 man-rem per year

Whole-body dose to nearby
residents

Less than 3% of natural
background

Biological Impact: ,Small destruction of aquatic
life—only local effect on
Susquehanna River ecology;
rare lethal collisions of
night-flying migrant birds
with coolin towers
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APPENDIX A. FISH SPECIES COLLECTED FROM THE NORTH BRANCH OF THE
SUS UEHANNA RIVER AND SOME AMOINING PONDS AND STREAMS IN 1971*

SALMONIDAE
galmo trutta — brown trout

ESOCIDAE
geon.~ni er — cha1n pickerel

CYPRINIDAE

CIFrinus ~car io — carp

~Notre is amoenus — comely shiner
~Notro is cornutus - common shiner
~Notre is hudsonius — spotta11 sh1ner
~Notro is ~ronne - swallowtail shiner
~Notre is rubellus - rosyfaca sh1ner

Semotilus atromaculatus - creek chub

CATOSTOMIDAE
~Car iodes cvyrinus — qui11back
Catostomus commersoni - white sucker

ICTALURIDAE
Ictalurus cetus — white catfish
Ictalurus natalis - yellow bullhead
Ictalurus nebulosus — brown bullhead
Ictalurus ~undtatus -,channel catfish

CYPRINODONTIDAE

Fundulus ~dia hanus - banded killif1sh
CENTRARCHIDAE

~be amis ~canellus —.green sunfish
~ie amis ~ibbosus — pumpkinseed sun'fish
Le omis macrochirus — bluegill sunfish

*From Susquehanna Steam Electric Station,, Environmental Report,
Appendix A, Pennsylvania Power and Light Co.;- 1971.
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Pomoxis annularis — white crappie

PERCIDAE
Etheostoma olmstedi — tessellated darter
Perca flavescens - yellow perch
Perclaa peltaea — shield darter
Stizostedion vitreum — walleye

COTTIDAE
Cottus bairdi — mottled sculpin



APPENDIX B. ECOLOGICAL MONITORING PROGRAM*
(as presently planned by Icthyological Associates)

WATFR CHEMISTRY

I. Objectives:

A. To form a baseline survey of the physicochemical conditions
within the study area for use in the total evaluation of the
river ecology.

B. To provide a monitoring system before, during, and after con-
struction of the Susquehanna Steam Electric Station.

C. To locate and to evaluate the various sources of pollution
within'he

study. area, with particular emphasis on acid mine drainage.

-II. Procedure:

"Bo

Present Programs (See Table B.l).
1. Daily Sampling.

a. Sampling every Monday, Wednesday, and Friday at the
Station site.

b. Surface and bottom samples.
c. Sampling to continue indef finitely.
d. Refer to accompanying table for tests performed.

2. Diurnals
a. Sampling at the site once every three hours for

twenty four hours.
b. Only surface sampling.
c. Sampling is done twice a, month.
d. Refer to accompanying table for tests performed.

3. River Runs (See Figs. B.l and B.2) .
a. Sampling at nine stations on the North Branch

Susquehanna River from Falls'o Berwick, including the
site.

b. Only surface water sampled.
c. Sampling is done twice a month until January 1973.
d. Refer to accompanying table for tests performed.

4. Simultaneous Diurnals.
a. Simultaneous sampling at various stations, including the

site once every three'hours for twenty four hours.
b. Only surface water sampled.
c. Sampling is scheduled quarterly.
d. Refer to accompanying table for tests performed.

Proposed Program.
1. River Transect Analysis — Cross-sectional.

a. " Sampling at selected stations.
b. Sampling to begin sometime in 1973.

*From Susquehanna Steam Electric Station, Environmental Report,
Amendment 1, Pennsylvania Power and Light Company, 1972.



TABLE B.l. Water Chemistry Parameters

Temperature — air (oC)
Temperature —water (- C)
Dissolved oxygen (mg/1)
pH
Sulfates
Total iron*
Dissolved iron (mg/1)*
Nonfiltrable residues (mg/1)
Fixed nonfiltrable residues (mg/1)
Conductivity (micromhos/cm)
Weather
Secchi disc (cm)
Irradiance
Turbidity
Chlorophyll (mg/m )
Barometer (mg. Hg)
River level (meters) (feet)
Total bacteria (colonies/100 ml)
Total coliform (colonies/100 ml)
Fecal coliform (colonies/100 ml)
Total phosphates (mg/1)*
Total nitrates (mg/1)*

Daily
Sampling

X
X
X

X
X

X
X
X
X
X
X
X

X
X

Diurnals

X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

River
Runs

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

'imultaneous
Diurnals

X
X
X
X
X
X

X
X
X
X

these tests are conducted by PP&L Hazleton Water Laboratory.



B-3

~FALLS

Lackawanna R.

5 KIIONEIERA

5 MILES

NANTICOKE

HARDING—

4%XX

WILKES-
BARRE (2),+gggXXi xi> —Mill Cr'

NOCANARUA~

Z.A. LAB.~0
SAMPLING STATIONS ~
CITIES AND TOWNS h%
SUSQ ~ STEAM ELECTRIC STAA 8
SEWAGE

RAW (no treatment)
PRIMARY TREATMENT

ACID MINE DRAINAGE
~0.32 m3/sec (5,000 gpm)

0.32-0.64 m3/sec (5-10,000 gpm) ~C3
~1.9 m3/sec (30,000 gpm)

Fig. B.l. Map of the Study Area.



Hunlock Cr.

OOI Plant—p
Retreat
Isa

Sh1ckahinny Cn.
cc

Buck Is
Groover Is.

~ 1 MILE
SHICKSHINNY Bellis IsaI~ I KILOMETER

Duck Isi

U

MOCANAQUA

Little Is.
V.'

Catfish Cr.

Little
Wapwallopen Cr.

Wapwallopen Cr.
/wan Is ~ H.Hess Is

NESCOPECK

Hess Quarry
Goose I'

Rocky Xeo

i,', Gould Is.

PROPOSED SUSQ a STEAM
ELECTRIC STATION I 0l

I
'

I'A'A~ > VIII
Pickerel Cr ~,

ggQAPWALLOPEN

Road T438 I~

erwick Boat Club

Nescopeck Cr

Fig. B.2. Zones and Geographical Features of the Lower Portion
of the Study Area.



B-5

PHYTOPLANKTON

I. Objective: To determine the distribution, abundance, and indentifi-
cation of phytoplankters above, at, and below the proposed
site.

II. Procedure:

A. The 1972 phytoplankton samples are collected twice a month at
nine stations in the study area (Falls to Berwick).

B. A one liter sample is preserved at each station in the field by
adding 25 ml of formaldehyde and then it is permitted to settle
for five days or more in the laboratory.

C. All but 100 ml of the solution is siphoned off to concentrate
the phytoplankton.

D. Fifty ml of concentrate is retained at Ichthyolgical Associates
laboratory and fifty ml is sent for analysis to Dr. Rex Love,
Department of Biology, Bowling Green State University,
Bowling Grernq Ohio.

E. Dr. Lowe enumerates each phytoplankton concentrate in three
0.0025-ml subsamples.

PERIPHYTON

I. Objective: To determine the distribution, abundance, and Mentifi-
cation of the major components of the periphyton com-
munities above, at, and below the proposed site.

II. Procedure:

A. Periphyton samples are collected twice monthly at, four stations:
Falls, Nanticoke, the site, and Berwick.

B. Two samples are collected at each station on styrofoam spheres
(approximately 2.5 cm in diameter) which are suspended at a

depth of 1 cm and 1 meter for a 1~i-day colonization period.
C. Each sphere is chemically proces.,ed and a series of four slides

are prepared and sent for analysis to Dr. Rex Lowe, Department of
Biology, Bowling Green State University, Bowling Green, Ohio.

'ZOOPLANKTON

I. Objective:. To determine the amount, distribution and identification
of zooplankters in the North Branch Susquehanna River
between Falls and Berwick, Pennsylvania.

II. Procedure:

A. Replicate samples are collected monthly at seven to nine sites
between Falls and Berwick, Pennsylvania.

B. Forty liters of river water is pumped through a No. 20 mesh
plankton net and the sample is preserved with formalin.
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C. Sample concentrates are prepared in the laboratory and organisms
are counted using a Sedgewick-Rafter counting cell.

BIOMASS DRIFT PROGRAM

I. Objective: To, determine seasonal, diurnal and discharge related
fluctuations of organic matter suspended in, and floating
on the river in the vicinity of the proposed Station.

II. Procedure:

A. Collection of drift sampl,es.
1. Meekly — to monitor seasonal changes.
2. Monthly - at three hour intervals, for one twenty-four hour

period, to monitor diurnal changes.
3. Periodically — at reasonable intervals throughout periods of

increased discharge.
.B. Analysis of samples.

1. One half of each sample will be sorted, identified and meas-
ured volumetrically. The other half of the sample will be
oven dried, in a preweighed container, to determine oven-dry
weight of the sample.

A VATIC VASCULAR PLANTS

I. Ob)ective: To determine the distribution, abundance and importance
of ma)or species of aquatic plants within the sphere of
influence of the Station.

II. Procedure:

A. Collections.
1. Compile a herbarium and species list of aquatic vascular

plants.
2. Check identifications with appropriate taxonomists.
3. Collect samples for radiation studies.

B. Abundance and Distribution.
1. Map areas of aquatic vascular plants by aerial census.
2. Measure the area occupied by aquatic plant beds.
3. Determine, by quadrat and transect, the species composition

within plant beds.
4. Determine the biomass per unit of aquatic vascular plants.

BOTTOM FAUNA

I. Ob)ective:

A. Describe and evaluate, with respect to other areas of the river,
seasonal changes in the benthic community at the site before,
during, and after power plant construction.

B. Formula'te a comprehensive species list. (A species list will
necessitate rearing of insect larvae to adulthood for'dentifi-
cation and will increase overall effort at least threefold.
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Macro-invertebrates will be collected by hand, light trap, in
sampling gear employed in the systematic sampling programs and
by any other means as deemed practical.)

II. Procedure:

A. Determine relative abundance and diversity of aquatic macro-
invertebrates in the North Branch of the Susquehanna River above,
at and below the site (Falls, Hilkes Barre, Nanticolce, the site
and Berwick, Pennsylvannia) using artificial substrates (Bar-B-Q
baskets containing stones and cement spheres) . Six Bar-B-g
baskets (3 containing 14 stones each and 2 with 14 cement spheres
each) were placed in flat rocky areas at the five above stations
in June 1972. The baskets were randomly placed in a series
parallel to the current by a SCUBA diver (fastening baskets to
the river bank by ropes or wires was determined to be unfeasible
because massive quantities of water-borne detritus collected on
the anchoring lines and caused the baskets to be swept down-
stream). The basket samplers were removed from the river at
about five-week intervals so that the'olonizing invertebrates
could be collected. The baskets were immediately replaced by
an additional six baskets.

The basket samplers were placed in a plankton net (mesh size of
1.0 x 0.5 millimeters) by a SCUBA diver for transport from the
substrate surface to the boat, to prevent loss of invertebrates.
The sample." were subsequently washed through a No. 60 sieve
(U.S. Standard Sieve Series) . Samples collected from June through
September were sorted fresh; samples collected later were
preserved in 10/,buffered formalin prior to sorting. A few
additional basket samplers were anchored near the shore at the
site in February 1972 but could not be recovered until April and
May 1972 because of high river levels.

B. Determine standing crop of macro-invertebrates using a "cone" or
"dome" sampler at the stations listed above. In August 1972 three
samples were taken at each of the five above stations with a
previously undescribed underwater suction device in a metal cone
(inside diameter - 50 cm). In October 1972 the cone sampler was
replaced by an improved plexiglass sampler with a dome shape and
an inside diameter of 45 centimeters. The "dome" like the "cone,"
was developed especially by Ichthyological Associates personnel
to permit quantitative sampling in a habitat type where quanti-
tative samples usually are unobtainable. Both samplers require
the use of a SCUBA diver who literally siphons off the substrate
surface into a No.'20 plankton net. In addition, the rocks
inside the sampler are placed in a bag and taken to the labora-
tory for examination and removal of invertebrates.

Both artificial substrate sampling and "dome" sampling will con-
tinue at five to six week intervals until high water or freezemp
prevents diving. Sampling will resume when river levels decline
in 1973.
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LARVAL FISH PROGRAM

I. Objective: To determine spatial and temporal distribution, and popu-
lation fluctuations of larval fishes in the vicinity of
the Station, before, during, and after plant operation.

II. Pro
A.

B.
C.

D.

E.

cedure:
Fmtensive sampling with metered 1/2-meter nets (mesh 1 x 0.5 mm)
at regular intervals in the vicinity of the proposed Station.
Driftnet program for the collection of prolarval forms.
Identification of the larval forms of fish species known only
from juvenile and adult forms.
l. Collection of ripe adults from which the larval forms are

desired.
2. Artificial fertilization.
3. Incubation of eggs and rearing of larvae.
4. Formation of a reference collection.
Locate spawning areas of adult fishes.
1. Determine spawning seasons of individual species.
2.. Search for ripe individuals during a spawning season.
3. Use of 'SCUBA gear to search for nests and eggs in areas where

large numbers of ripe individuals are reported.
Evaluate the efficiency of the existing sampling scheme and
revise it, if necessary, to give a more accurate representation
of the population of larval fishes in the vicinity of the Station.
1. Statistical analysis of efficiency of sampling equipment.
2. Modification of equipment to more accurately sample the

environment.

FOOD HABITS PROGRAM

I. Objective: Radionuclides are conc'entrated in the bodies of fish as
they are absorbed from their food. Fishes utilize many

~ different kinds of invertebrates and vertebrates as food
items. This study is an attempt to establish what food
items each fish species makes use of, and to what extent.
In the futur'e (1973), the relationship between availabil-
ity and utilization. of food organisms will be examined
for the dominant fish species.

II. Procedure:
A'. 1972.

1. Sampling (primarily by electrofishing) for food habits
specimens from Nay-December.

2. Classifying fish species into general categories according to
their food habits.

3. Sampling in the vicinity of the Station for approximately
twenty'five fish species.

4. Sampling at Falls, 70.1kes Barre and in the vicinity. of the
Station for dominant fish species.

5. Estimating degree of fullness of stomachs to aid in deter~
mining each fish species'eneral feeding chronology.

6. Recording frequency of occurrence and volume of all food
items found in fish stomachs.
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B. 1973.
1. Sampling (by electrofishing and netting) for food habits

specimens from January-December.
2. Intensive sampling for five or six dominant fish species from

juvenile through adult stages at Falls, Wilkes Barre, in the
vicinity of the Station and Berwick, and a comparison of food
habits between these areas.

3. Sampling throughout twenty-four hour periods to determine
exact feeding chronologies for these dominant species.

4, Recording frequency of occurrence and volume of all food
items found in fish stomachs.

5. Establishing relationships between availability (as deter-
mined by other members of the staff) and utilization of food,
organisms by fishes.

SEINING (MONITOR) PROGRAM

I. Objective: The seining program is designed to monitor the dis-
tribution of shoreline fishes in the lower study area
(Zone I to X, Fig. 8.2) from month to month and from
year to year. .The data obtained (lengths, weights, num-
bers and frequency of occurrence) will be used in deter-
mining the relative year-class strengths of shoreline
fishes and their condition.

I

II. Procedure:

B.

1972,
1. Sampling of eleven stations in Zones II (2), IV (1), VI (2),

VII (Little Wapwallopen Creek), VIII (1), IX (2), X (2) from
June-December.

2. Determining the distribution of shoreline fishes.
3. Describing the physical parameters of each station.
4. Identifying, weighing and measuring the fishes caught.
1973.
1. Sampling of eleven stations in Zones II (2), IV (1), VI (2),

VII (Little Wapwallopen Creek), VIII (1), IX (2), X (2) from
April or May-December (shoreline ice conditions prevent
seining earlier in the year).

2. Determining the distribution of shoreline fishes.
3. Describing the physical parameters of each station.
4. Identifying, weighing and measuring the fishes caught.,

FISHERIES - AGE AND GROWTH

I. Objective: To determine the age, growth and condition, during various
life stages, of major species of fish within the sphere
of influence of the Station.



II. Procedure:

A. Collections.
1. Seasonal collection of scales or spines from various size

classes of ma)or species.
2. Collection of scales from individuals captured, marked, and

sampled at a previous time.
B. Calculations.

1. Determine body-scale/spine relationship for fish from the
Station vicinity.

2. Determine length-age relationship for fish from Station
vicinity.

3. Determine length-weight relationship and condition at various
life stages of fishes in the vicinity of the Station.

FISH MOVEMENTS (MARKING)

I. Ob)ective:
A. Determine interzonal movements of local fish populations in the

vicinity of the site.
B. Determine feasibility of- mark and recapture population estimates.
C. Locate zonal spawning areas.

II. Procedure:

A. Sample by electrofishing and trap netting Zones I to X (Mocanaqua
to Berwick).

B. Designate a specific different fin clip for each zone and mark
all fish captured.

C. Examine all fish caught for clips but do noi give more than one
clip per fish.
1. In the future a satisfactory secondary mark will be necessary

to avoid duplication of recaptures.

FISH MOVFMENTS, TAGGING)

I. Objective:

A. Determine overall movements of important game species both resi-
dent at and transient by the site.

B. Locate spawning areas of important game species.
C. Locate seasonal concentrations of important game species.

II. Procedure:

A. Sample of electrofishing, trap netting, and angling at'alls,
Milkes Barre, Nanticoke and Mocanaqua to Berwick with efforts
concentrated on Zones I to X.

B. Tag only legal size game species (specifically walleyes)
'."Spaghetti" type tags inserted posterior to and laterally

from dorsal fin.
2. Jaw tags attached around lower paw.
3. Reward offered for all tag returns.



FISH POPULATIONS

I. Objective: To estimate che size of fish population of major species
at various sites within the.snhere of influence at the
Station.

II. Procedure'.

A. Collections.
1. Areas with limited escape or access will be used.
2. All available types of, appropriate gear will'be used.
3. Collections will involve the capture, mark, release and

recapture of fish within a one- or two-week period.
B. Calculations.

1. Population estimates will be based upon the rate of recapture
of marked fish.

2. Biomass estimates will be made from population estimates.

WATERFOWL

I. Objective: To determine the areas of use, type of use, and time of
use by each species of waterfowl which occurs within the
sphere of influence of tPe Station.

II. Procedure:

A. Waterfowl Counts.
1. Monthly or twice monthly surveys of the river from Falls to

Berwick.
2. Daily recordings of sightings of waterfowl.
3. Wood duck roost flight<counts.
4. Pair counts and brood counts at the site.

B. Waterfowl Harvest.
1. Hunter survey and bag check in vicini'ty of the site.
2. Collection of birds.

a; Food habits.
b. Plumage, weight and reproductive development.

TERRESTRIAL ECOLOGY SURVEY .

I. Objective: The terrestrial ecological survey will emphasize qualitative
and quantitative sampling within the vicinity of the pro-
posed site of the Station. Three major areas shall be
studied: vegetative communities, mammal populations and
avian populations. Reptiles and amphibians, as well as
terrestrial entomology will also be investigated, but to
a lesser degree.

II. Procedure:

A. Vegetative Communities.
1. Trees and saplings.



a. Quarter method — compute basal area, relative density
and frequency.

b. Species list and winter bud collection.
2. Shrubs and Herbs.

a. Shrub plots to show understory types located along per-
manent tree transect lines.

b. Species list and reference collection of herbs.
B. Mammal Populations.

1. Large mammals.
a. Species list.
b. Population census of major game species (time permitting).

2. Small mammals.
a. Species list and reference collection.
b. Mark and recapture studies will be initiated to monitor

present population numbers for future comparisons of
small mammal populations.

C. Avian populations.
1. Species list.
2. On-site studies will be inititated to determine resident,

nonresident and transient species. Identification will be
based on visual sightings and of calls.

D. Reptiles and Amphibians.
1. Species list.
2. Sampling for reptiles and amphibians with hoe, canvas bag,

strap stick, etc.
3. Reference collection.

E. Terrestrial Entomology.
1. List of major species.
2. Sampling will be random, covering all habitat types.

BACKGROUND RADIATION SAMPLES

I. Objective: Collect water, sediment, and biota samples at the proposed
site for measurement of background radiation by the
Radiation Management Corp. Suite 3-The Science Build-
ing 82, 3508 Market Street, Philadelphia, Pa. 19104.

II. Procedure:

A. Water.
1: River.

a. A two-quart river water sample is collected weekly from
mid-river in front of Ichthyological Associates'abora-
tory. A two-gallon monthly composite is analyzed.

2. Well,
a. A two-quart well water sample is collected weekly from

Ichthyological Associates'aboratory. A two-gallon
monthly composite is analyzed.



B. Sediment.
1, River sediment is collected three times a year by a SCUBA

diver below the proposed Station effluent. Surface portions
are scooped into two one-gallon containers.

C. Biota.
1. Fish.

a. Samples are collected three times a year below the pro-
posed Station discharge by electrofishing. Fishes are
categorized as either bottom feeders or game fishes;
only edible portions are analyzed.

2. Aquatic plants.
a. Semi-emergents are collected three times a year (if

possible) along'he shoreline below the proposed Station.
discharge. Samples are dried before analysis.



APPENDIX C

POPULATION DOSES DUE TO AIRBORNE RELEASES

FROM THE STATION



TABLE C.l. POPULATION DOSES DUE TO AIRBORNE RELEASES FROM THE STATION

DISTANCE, MILES

Direction Boundary O-l 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40-50

NNE

NE

ENE

E . a

104
171

0
19.13

0
153
252

0
28.14

0
217
358

0
39.9

0
177
292

0
32.6
0

76.3
126

0
14

0
118
195

0
21.7

0
15
254

0
28.4

0

67.8
112

4.47
12.5
0.004

99.8
164

0
18.4

0
142
233

0
26

0
116
191

0
21.3

0
9.7

82
0
9.15
0

77.2
127
10.2
14.2
0.008

1
165
161
18.5
0.097

12.5
20.5
27.5
22.9
0.134

18.3
30.2
2.42-
3.37
0.008'6

42.9
7:29
4.8
0.017

21
35.1
16.1
3.91
0.046
1.3

15.1
1.96
1.68
0.013

14.2
23.4

7.96
2.61
0.034

1 .
30.5
74.4
3.40
0.244

5.3
8.82
5.91
0.98
0.067
7.84

13.0
20.1

1.44
0.155

11. 1
18.4
0.74
2.05
0.004

9.1
15.0
6.32
1.67
0.042

39. 1
6.47
2.98
0.72
0.046
6.07

10.0
6.33
1.12
0.063

13.1
13.7

1.46
0.105

3.04
5.05

47.5
0.56
0.941
4.48
7.4

15.6
0.83
0.210
6.36

10.5
" 7.5

1.18
0.071
5.2
8.62
1.47
0.96
0.017

22.
3. 71.

6.71
0.41
0.181
3.47
5.75
6.04
0.64
0.105

7.49
10.4
0.84
0.139

2.02
3.35
0.13
0.37
0.004
2.97
4.9

14.9
0.55
0.302
4.21
7.0

20. 8
0.78
0.298
3.45
5.72
0.97
0.64
0.017

1 .
2.46
4.03
0.27
0.164
2.30
3.82
4.16
0.43
0.109

4.97
3.13
0.55
0.063

0.91
1.52
0.22
0.17
1.46
1. 33
2.2

143
0.25
6.44
1.90
3.16

126
0.35

. 3.97
1.55
2.58

35;4
0.29
1.37

7

1.11
10.5
0.12
0.945
1.03
1.73

46.3
0.19
2.68

2. 25
46.8
0.25
2.08

0.35
0.59

193
0.07

32.5
0.52
0.87

262
0.10

30
0.73
1.24

689
0.14

55.5
0.60
1.02

507
0.11

50

0.44
69.7
0.048

15.98
0.40
0.68

101.6
0.076

15

0.88
179

0.10
20.24

0.18
0.31

77.4
. 0.035
24.7
0.27
0.46

92
0.051

20
0.38
0.65

300
0.073

45.9
0.31
0.53

213
0.06

40
0.13
0.23

26.7
0.025

11.62
0.21
0.36

35.6
0.040

10

0.46
81'. 2
0.052

17.5

0.12
0.21

81
0.023

39.2
0. 17
0.30

91.1
0.034

30
0.25
0.43

287
0~048

''66.6
0.20
0.35

176
0.04

50
0.09
0.15

26.2
0.017

17.3
0.13
0.24

47.0
0.026

20
.1

0.31
39.7
0.034

12.97

0.08
0.15

24.5
0.017

16 1
0. 13
0.22

44.7
0.025

'20
0.18
0.32

42.3
0.035

13."36
0.14
0.26

33.67
0.03

13
0.063
0.11

127.2
0.012

114.19
0.10
0.17

173
0.019

100
0.13
0.23

169
0.025

74.98

241
0

26.9
0

157
152

17.5
0.097

28. 9
7.22
3.23
0.025

12.4
3.60
1.38
0.029

7.11
8.66
7.93
0.122

4.72
0.99
0.52
0.021

2.13
12.5
0.24
0.588

0.84
167

0.093
20

7.8 man-rem year includes additional 0.4 man-rem year from halogens and particulate).
a d
b

Dose from halogens and particulates, mrem/year x 103' e Dispersion factor x 107
Dose from noble gases, nrem/year x 10 Section population in thousands
Man-rem/year x 10

0.44
-88

0.049
20

0.29
34.8
0.032

12

.12
0.21

149
0.024

70



TABLE C. l. (Contd.)

Direction Boundary 0-1 1-2 2-3 3-4

DISTANCE> MILES

5-104-5 10-20 20-30 30-40 40-50

SSW

WSW

a.
b
c
d
e

84
138

0
15.4

0
65.5

108
0

12
0

73. 8
122

0
13.6

0 ~

120
197

0
21.9

0
1
165

0
18.4

0
11
182

0
20. 2

0
5

74
0
8.28
0

55
90.2
3.61

10.1
0.004
2.7

70.3
2.81
7.85
0.004

48. 1
79.3
6.34
8.85
0.008

128
5.14

14.3
0.004

108
18.3
12.0
0.017

119
9.48

13.2
0.008

29.
48
1.94
5.40
0.004

10
16.6
16.7

1.85
0.101

13
10. 35
1.44
0.080
8. 83

14.6
2.50
l.63
0.017

1 .
23.6
10.9
2.64
0.046

19.8
2.57
2.21
0.013

21. 8
5.45
2.43
0.025

8.89
3.38
9.93
0.038

4.3
7.11
9.53
0.79
0.134

5.55
12.6
0.62 .
0.227

3.78
6.25

14.2
0.70
0.227

10. 1
9.83
1.13
0.097

8.51
1.45
0.95
0.017

9.35
2.71
1.04
0.029
2.31
3.82
0.31
0.43
0.008

2.46
4.08
4.81
0.45
0.118
1.
3.18
3.08
0.35
0.097

2.16
3.58
6.77
0.40
0.189

5.80
2.67
0.65
0.046

'.87
4.72 .

0.54
0.097

5.35
0. 214
0.60
0.004
l.
2.19
0.087
0.24
0.004

1.63
2.70
0.78
0.30
0.029

2.11
1.16
0.24
0.055

1.43
2.37'

62.1
0.26
2.61

3.85
9.86
0<43
0.256

3.23
'.23
'

..36
0.

038'.55

1.49
0.39
0.42

1.45
0.91
0.16
0.063

0.73
1.22
9.72
0.14
0.794

0.95
5 '9
0.11
0.575

0.64
1.08

119
0.12

11.04

1.74
99.9
0.19
5.73

1.46
8.61
0.16
0.588

l.61
10. 8
0.18
0.676

0.66
6.54
0.073
0.995

0.28
0.48

54.9
0.053

11.44

0.37
41.2
0.042

11.0
0.25
0.42

53
0.047

12.56

0.68
82
0.076

12

0.57
15.6
0.064
2.72

0.63
18.9
0.07
3.0

0.26
6.99
0.029
2.715

0. 15
0.25

125
0.028

49.42
.11

0.20
78.8
0.022

40
0. 13
0.22

37
0.025

16.59
. 1

0.36
53.9
0.040

15

0.30
8.74
0.034
2.89

0.33
9.95
0.037
3.0

0.14
2.41
0.015
1.78

0.095
0.17

31.9
0.019

19.13
0.07
0.13

25.9
0.015

20
0.084
0.15

57
0.016

38.86
0.1
0.24

47.5
0.026

20
0.11
0.20

23
0.022

11.7

0.22
21.9

0.024
10
0.051
0.089
3.96
0.010
4.43

0.069
0.12

17.1.
0.014

13.99
0.054
0.095

19.1
0.011

20
0.060
0.11

24.5
0.012

22.77
0.10
0.17

34.9
0.019

20
0.082
0.15

44.3
0.016

30.23

0.16
48.3
0.018

30.0
0.037
0.066
2.81
0.007
4.27

b
c

e

104
0

11.6
0

68
8. 84
7.59
0.013

5.4
1.13
0.60
0.021

12.5
2.13
1.40
0.017

3.1
9.16
0.34
0.298

2.04
39.1
0.23
1.92

0.10
. 12.3

0.10
1.34

0.36
7.24
0.04
2.0

TOZAL ~ F 8 nan « year nc u es additional 0.4 man-ren year fron halogens and'particulate).
bDose from.halogens and particulates, nrem/year x 103 Dispersion factor x 107
a d

Dose from noble gases, nrem/year x 10 Section population in thousandsMan-rem/year x 10

0.19
3.81
0.02
2.0

0.13
5.02
0.014
4.0

0.10
46.2
0.01.

50
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APPENDIX D

SUMMARY OF SITE SELECTION FACTORS



TABLE D.l. SUMMARY OF SITE SELECTION FACTORS

PHYSICAL
SITING FACTORS

FACTOR
bES CRIPTION

SUSQUEHANNA
SITE

MC ELHATTEN
SITE

BRUNNER ISLAND
SITE *

SUNBURY
SITE

MARTINS CREEK
SITE

Geology

Meteorology 1

o Rock Type in
Site Area

o Inactive
Mapped Paults
in Site Area

o General Soil
Type

o Percent Fre-
quency of
Inversions of
Total Annual
Hours

o Siltstone

o None Mapped

o Alluvial/
Granular

o 309

o Limestone

o None Mapped

o Alluvial/
Granular

o 30\

o Sandstone and
Shale

o Fault Mapped

o Alluvial/
Granular

o 30%

o Siltstone
and Shale

o Limestone and
Dolomite

o Alluvial/
Granular

o 30%

o Alluvial/
Granular

o 30%

o None Mapped o Pault Mapped

o Percent Fre-
quency of An-
nual Wind
Speeds 7 mph

o 709 o 60% o 70% o 70% o 60%

o Prevailing
Wind Direc-
tion

o Southwest o West o Northwest o Northwest o Southwest

o Assumed Site
Suitability
For Disper-

'ionof Atmo-
spheric Re-
leases

o Fair to
Poor

o Pair to
Poor

o Pair to
Poor

o Fair to
Poor

o Fair-to Poor

Hydrology o Water Source o Susquehanna
River

o West Branch
of Susque-
hanna River

o Susquehanna
River

o Susquehanna
River

o Delaware
River

o Seven Day Low
Flow With 20
Year Recur-
rence Interval

o Seven Day Low
Flow With Two
Year Recur-
rence Interval

o 201 cfs (25
year)

o 755 cfs
(Wilkes-
Barre
Station)

o 1,300 cfs o 464 cfs

o 2,500 cfs
(Harrisburg
Station)

o 4,000 cfs

o 1,700 cfs
(Sunbury
Station)

o 2,400 cfs

o 625 cfs
(Belvedere
Station)

o 1,370 cfs

o Estimated Prob- o 1,100,000
able Maximum cfs
Flood

o 600,000 cfs o 1,700,000 cfs o 1,454,ooo cfs o 800,000 cfs

From Reprint of Monthly Weather Review, Vol. 89, September> 1961, pp 219-339, 'Low Level Inversion Prequency in ContiguousUnited
States'ind

Direction Data from Airport's in Site Regions
Data from Gaging Stations Near Sites



PHYSICAL
SITING FACTORS

Topography

FACTOR
DESCRIPTION

o Crest Eleva-
'tion of
Channel With
Probable Maxi-
mum Flood

o Vicinity

o Site Relief

0 Assumed
Plant Ele-
vation

SUSQUEHANNA
SITE

o 546 msl

.o Moderate
Sloping Hills

o Nearly 80
Feet

o 670 msl

MC ELHATTEN
SITE

o 578 msl

o Steep to
Moderate
Hills

o Nearly 20
Feet

o 540 msl

BRUNNER ISLAND
SITE

o 297 msl

o Sloping Hills

o Island/About
20 Feet

o 283 msl (Same
as Fossil
Plant)

SUNBURY
SITE

o 460 msl

o Sloping
Hills

o Approxi-
mately 70
Feet

o 450 msl
(Same as
Fossil
Plant)

MARTINS CREEK
SITE

o 234 msl

o Steep to Moder-
ate Hills

o Nearly 40 Feet

o 205 msl (Same
as Fossil
Plant)

Transportation o Distance to
Railroad

o Distance to
Highway

o Distance to
Barge Trans-
portation

o 4 Mile East

o Q Mile East

o No Barge
Transpor
tation

o 4 Mile South o Exist on Site

o Same o Same

o Q Mile South o Exist on Site

o Exist on
Site

o Exist on
Site

o Same

o Exist on Site

o Exist on Site

o Same

Land o Available
Space for
Proposed
Units

o Adequate o Adequate o Adequate o Adequate o Adequate

o Ownership o by Power
Company

o by Power
Company

o by Power
Company

o by Power
Company

o by Power Company

Land Use. o Estimate of
Production
Potential
(10 Mile
Radius)

o Poor to Fair o Poor to Fair o High o Fair to High o High

o Estimate of
Percent in
Forest (10
Mile Radius)

o Estimate of
Percent in
Agriculture
(10 Mile
Radius)

o 30\

o 204

o 50\

o 15%

o 10\

o 55%

o 15%

o 15%

o 10%

o 80\



PHYSICAL
SITING FACTORS

Biology

FACTOR
DESCRIPTION

o Estimate of
Percent De-
voted to
Dairy and
Poultry (10
Mile Radius)

o Location of
State Parks
Within 30
Miles

o Public Trans~
poztation Fa-
cilities With-
in Assumed
1800 Foot Ex-
clusion zone

o Industrial
Use of Site

o Listed His-
toric'al Sites
(10 Mile
Radius)

o Listed Azche-
ological
Sites (10
Mile.Radius)

o Uniqueness
of Habitat

o Uniqueness
of Spawning
and Nursery

o Rare Species
(Fish)

SUS{}UEHANNA
SITE

o 50\

o 15 Mi,NW;
20 Mi.E

o None

o No

o None

o None

o Not Unique
in General
Area

o No Known
Special
Spawning or
Nursery
Czounds

o No Raze or
Uncommon
Species
Known

MC ELHATTEN
SITE

o 35\

o 23 Mi.Sg 15
Mi.SWg 18 Mi.
NW~ 14 Mi.N~
10 MI.SEg 17
Mi.NE

o None

o No

o None

o None

o Same

o Same

o Same

BRUNNER ISLAND
SITE

o 35%

o 11 Mi.W; 9 Mi.
SE; 23 Mi.N

o About 2,000
Feet of High-
way

o Yes

o None

o None

o Same

o Same

o Same

SUNBURY
SITE

o 70%

o 4 Mi.N; 23
Mi.E and
NW

o About 2,000
Feet of Four
Lane Road;
About 3,000
Feet of Two
Lane Road

o Yes

o None

o None

o Same

o Same

o Same

MARTINS CREEK
SITE

o 10%

o 21 Mi.NW; 25
and 16 Mi.E;
23 Mi.Sg 20
Xi.NW

o About 5,100
Total Feet
of Two Lane
Toad

o Yes

o None

o None

o Same

o Same

o Same

o Biological
Productivity

o Moderate o Fair o Moderate to
Hich

o Moderate o Moderate



PHYSICAL
SITING FACTORS

FACTOR
DESCRIPTION

o Main Sport
Species

SUSQUEHANNA
SITE

o Walleye - Good o
Muskellunge-
Few
Smallmouth Bass-
Mod
Crappie-Good

MC ELHATTEN
SITE

Muskellunge - o
Few
Smallmouth-Bass-
Mod
Catfish-Mod
Fallfish-Good

BRUNNER ISLAND'ITE
walleye -'od
Muskellunge-
Good
Smallmouth
Bass Good
Catfish - Good
Rock Bass - Hod

SUNBURY
SITE

o Walleye - o
Good
Muskellunge-
Hod
Sma1lmouth
Bass - Hod

MARTINS CREEK
SITE

Walleye - Hod
Muskellunge-
Few
Smallmouth Bass-
Good
Catfish - Mod
Shad - Few
Eel - Good

o Migratory
Fish

o Eel and Shad
Not Generally
Present
May be Reintro-
duced

o Same o Local Hovements
of Walleye and
Muskellunge in
Fall

o Eel and Shad o
Not Generally
Present
Hay be Reintro-
duced

Shad and Eel
Shad spawning
to 150 Miles Up-
stream - Young
3 to 5 Inches
Pass Site on
Way Downstream

o Fishing
Pressure

o Low Con- o Moderate to o
sidered Under- Nigh
fished

ExtensiVe - Popu-
lar Fishing in
Warm Water Plume
of Coal Fueled
Plant

o Hodezate - o
Popular Fish-
ing in Warm
Water Plume of
Coal Fueled
Plant

Low to Moderate

Water Quality
and Use

o Statementoi'ildlife
Abundance in
Area

o Percent of
Seven Day
Low Flow
Vsed For
Makeup Water
(20 6 2 Year
Recurrence
Intervals)

o No Known Raze o No Known Rare o No Known Rare
Species Species Species

Poor Deer Pro-
duction

o 8 ~ 28 to 4.81 o 30.8\ to 13.8% o 2.5% to 1.5\

o Uncommon o No Known Rare
Colony of Species
Blackcrowned
Night Hezron

o 3.6% to 2.5% o 9.9\ to 4.5\

o Ground Water o Not Consideked o Same
For Makeup
Source

o Same o Same o Same

3 Assuming Plant Design of Two 1,000 MWe Units Vsing Cooling Towers. Requires Approximately 62 cfs Makeup Water



PHYSICAL
SITING FACTORS

FACTOR
DESCRIPTION

O.Water Users

SUSQUEHANNA
SITE

o Coal Plant 9
Mi. Upstream;
Acid Mine
Drainage 4

, Municipal
Sewage From
Upstream.
Stream May
Turn Orange
in Surmer
(reasons un-
defined) but
pH at Site
Within Normal
Limits.

MC ELHATTEN
SITE

o Upstream 0
Heavily Pol-
luted by Acid
Mine Drainage.
Upstream Tribu-
tary Has 3
Chemical Plants,
2 Slaughter
Houses, Paper
Plant and Small
Airplane Factory.

HRUNNER ISLAND
SITE

Coal Plant on
Site (once-
through cool-
ing) 1~200 cfs,
T~27FMax,
840 MWe Nuclear
Facility 3.5 Mi.
Upstream, Safe
Harbor Hydro Fa-
cility 20 Mi.
Downstream and
York Haven Hydro
Facility 1. 5 Mi.
Upstream. Other
Industries in
General Area.
Some Indication
of Insecticide
Pollution.

SUNBURY
SITE

o Coal Plant
on Site
(once-
through
.cooling)
450 cfog,Ti20P
Max, 483 MWe.
Sewage from
Shamakin Crk.
Watershed
Association.
Paper, Food
Processing,
Steel Plants
Within 16'Mi.
Upstream.

MARTINS CREEK
SITE

o Coal Plant at
Site (once-
through cooling)
270 cfs, T
27 F Max, Two
1,200 MWe Nuclear
Plants Proposed
for Deleware.

Population 4 o Estimated
Number of
Residences
Within As-
sumed Ex-
clusion
Zone

o None o None o None o 90 o None

o Total
Population
Density
Within 10-
Mile Radius

o 123,000o 36,000o Total Popu- o 53,000
lation Within
10 Miles of
Site

o 60,009 o 140,781

-o 167 Persons/ o 93 Persons/ o 391 Persons/ o 166 Persons/ o 355 Persons/
Sq. Mi. Sq.Mi. Sq. Mi. Sq. Mi. Sq. Mi.

o Total Popu- o 265,354
lation Within
20 Miles of
Site

o Total Popu- o 465,000
lation Within
30 Miles of
Site

o 105,000

o 140,000

o 598,000

o 758,600

o 189,413 o 363,517

o 289,000 o 500,389

Aesthetics o Existing
Scene At
Site

o Rural o Rural o Industrial o Industrial o Industrial

4 population Data Based on 1970 Figures. Density Numbers include Township Areas and persons Either Wholly or At Least
501 Within Ten-Mile Radius of Site.


