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SUMMARY AND CONCLUSIONS

Thi§ Final Environmental Statement was prepared by the U.S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation (the staff). ’

1.
2.

The action is administrative.

The.proposed action is the issuance of operating licenses to the Pennsylvania Power and
Light Company (PP&L), Allentown, Pennsylvania, and Allegheny Electric Cooperative, Inc.,
for the startup and operation of the Susquehanna Steam Electric Station (SSES), Units 1 and
2, located on the Susquehanna River in Luzerne County, about 10 km northeast of Berwick,
Pennsylvania {Docket Nos. 50-387 and 50-388).

The facility will employ two boiling-water reactors and will produce up to 3293 megawatts
thermal (MWt) per unit. Two steam turbine-generators will use this heat to provide up to
1085 megawatts electrical (MWe) of electrical power capacity per unit: The maximum design
thermal output of each unit is 3439 MWt with a corresponding maximum calculated electrical
output of 1135 MWe. The exhaust steam will be condensed by water cooled in natural-draft
cooling towers; makeup and blowdown will be taken from and discharged to the Susquehanna
River.

The information in this statement represents the second assessment of the environmental
impact associated with the Susquehanna Steam Electric Station, pursuant to the guidelines. of
the National Environmental Policy Act of 1969 (NEPA) and 10 CFR Part 51 of the Commission's
Regulations. After receipt of an application, on 1 April 1971, to construct this plant, the
staff carried out a review of the impacts that would occur during the construction and
operation of this plant. This evaluation was issued as a Final Environmental Statement in
June 1973.. As the result of this environmental review; a safety review; an evaluation by
the Advisory Committee on Reactor Safeguards; and public hearings in Berwick, Pennsylvania,
on 21 February 1973 and 24 July 1973, the Atomic Energy Commission [AEC (now NRC)] issued a
permit on 2 November 1973 for the construction of Units 1 and 2 of the Susquehanna Steam
Electric Station. As of February 1981 the. construction of Unit 1 was 91% complete and

Unit 2 was 70% complete. With a proposed fuel-loading date of March 1982 for Unit 1 and
June 1983 for Unit 2, the applicant has petitioned for licenses to operate both units and
has submitted (April 1978) the required safety and environmental reports to substantiate
this petition. The staff has reviewed the activities associated with the proposed operation
of this plant and the potential impact; both beneficial and adverse effects are summarized
as follows: ' .

a. Total of approximately 435 ha will be used for the Susquehanna Sféam Electric Station
site and about 1140 ha for the transmission line corridors (Sec. 2.2). -

b. The heat dissipation system will require an average daily consumptive use (by evapora-
tion from the natural-draft cooling towers) of 1.4 m3/s and a maximum use of 1.8 m¥/s
of makeup water to be supplied from the Susquehanna River. Due to restrictions placed
on water use by the Susquehanna River Basin Commission, effective 1 July 1984, the
plant will not be allowed to withdraw water from the river without compensation under
specified Tow-flow conditions {Sec. A.4.4.2.1). Appendix A is an analysis of a
proposed reservoir at Pond Hill to replace water consumptively used by SSES.

c. Heat, chemicals, and sanitary wastes discharged into the Susquehanna River_wi!l bg
rapidly ‘diluted so that no adverse impacts on downstream water users or aquatic biota
are expected (Sec. 4.3). .

d. The visual effects of the p1ant'§ natural-draft cooling towers and their associated
visible plumes will create an adverse esthetic impact. No surface fogging, icing, or
drift impacts will result from operation of the coeling towers; some light snow may
fall from the visible plumes (Sec. 4.4.3).

e. The risk associated with accidental radiation exposures is very. low (Sec. 6.2).
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No significant environmental impacts are ant1c1pated from normal operational releases
of radioactive materials. The estimated maximum integrated dose to the U.S. popula-
tion due to operat1on of the station is 600 person-rem/yr, which.is less' than the
normal fluctuations .in the 26.8 million person-rem/yr background dose received by the
~estimated U.S. popu]at1on in the year 2000 (Sec. 4.5.2). v

Withdrawal of river water during periods of low flow may resu]t in entrainment and
impingement losses ‘that are higher than normal for the plant. In addition, the
temporary loss of habitat may have adverse impacts on the aquatic. commun1ty 1n the
vicinity of the intake (Sec. 4.4.2).

The implementation of the applicant's post-construction landscaping plan will enhance

‘the quality of the terrestrial environment in the vicinity of the plant (Sec: 4.4.1.1).

-Adverse impacts on-the terrestrial environment. of the project area during station
operation include the following: ice-loading of local vegetation resulting from steam
and drift emissions fromthe emergency. spray pond during cold weather, impingements of
flying birds on station facilities (primarily cooling towers), and increased noise
levels attributable to operational -facilities (Sec. 4.4.1). Drift emissions:from the
%0011ng tower§ are not expected to measurab]y affect local so11s and vegetation

Sec. 4.4.1.1 .

The staff has also updated the need-for- power sect10n based on information available
in 1978 (Sec. 7). The staff concludes that operation.of the plant will be cheaper
than. any other generation a1ternat1ve and could also be used to reduce dependence on
oil- f1red generat1on

'The following federal, state, and loca1 agenc1es were asked to comment on the Draft
Env1ronmenta1 Statement .

Adv1sory Council on Historic Preservat1on - :
Department of Agriculture . .
Department:of the Army, Corps of Eng1neer5\ ' o
Department of Commerce:

Department of Health, Education and Welfare

Department of Housing and Urban Deve]opment

‘Department of the Interior ‘ .

. Department of Transportation . : RN L :
Department of Energy : . o T, B o
Environmental Protection Agency . o o '

Federal. Energy Regulatory Commission

Pennsylvania State Clearinghouse

Pennsylvania Department of Env1ronmenta1 Resources
Luzerne County Planning Commission

Economic Development Council of Northeastern Pennsylvania
Board of Supervisors, Berw1ck

Comments on the Draft Env1ronmenta1 Statement were rece1ved from ‘the f0110w1ng:

Department of Agriculture, Forest Service

Department of Agriculture, Soil Conservat1on Serv1ce

Department of Commerce :
Department of Health, Education, and Welfare , o .
Department of Housing and Urban Development ) Co

" Department of the Interior.

Department of Transportat1on

" Economic Development Counc11

T.R. Duck -

Environmental Protect1on Agency .

Federal Energy Regu1atory Commission ,‘.L
T.J.-Halligan : [

M.L. Hershey . -

M. Laughland’

M.Jd. Huntington

H.C. Jeppsen

‘W.A. Lochstet .
Luzerne County Planning Comm1ss1on
M.M. ‘Molesevich ~ :
L. Moses | :
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D. Oberst
Pennsylvania Power and L1ght Company
Pennsylvania State Clearinghouse, Department of - Env1ronmenta1 Resources
W.L. Prelesnik
SEDA-Council of Governments
\ F.L. Shelly . f
‘. -S. Shortz '
Sierra Club, Pennsy1van1a Chapter
Susquehanna Alliance
Susquehanna River Basin CommissSion
F. Thompson
D.E. Watson

Copies of these comments are appended in this Final Environmental Statement.as Appendix B.

- 'The»staff has considered these comments; the responses are 1ocated in Section 10.

The Draft Env1ronmenta1 Statement was made ava11ab1e to the pub11c June 1979

'The Draft Supp]ement to the Draft Environmental Statement re]at1ng to the construction of
a-water storage reservoir in the Pond Hill Creek drainage basin was made available to the
pubTic March 1980. Comments on the Draft Supplement were rece1ved from the following:

‘ Department of Conmerce ' ' ‘

- Department of Health, Educat1on and We1fare
Department of the Interior
Department of Transportation
Environmental Protection. Agency.
Federal Energy Regulatory Commission
Pennsylvania Power and.Light Company

_ Pennsylvania State Clearinghouse, Department of Env1ronmenta1 Resources
Susquehanna Alliance
Susquehanna River Basin Commission

Copies of these comments are appended in this Final Environmental Statement as Append1x B
The staff has cons1dered these comments, the responses are 10cated in Sect1on 10A.

. On the basis of the analysis and evaluation set forth in th1s statement, and after
weighing the environmental, economic, technical, and other benefits against environmental
costs and after considering available alternatives at the operat1on stage, it is concluded
that the action called for under NEPA and 10 CFR Part 51, is the issuance of operating
licenses for Unit 1 and Unit 2 of the Susquehanna Steam Electric Statlon, subJect to. the
following recommendat1oms for the protect1on of the environment:

a. Before engaging in additional construction or operat1ona1 activities that may resu]t
in a significant adverse environmental 1mpact that was not evaluated or that is sig-
“nificantly greater than that evaluated in this environmental statement, the appli-
cant shall provide written notification to the D1rector, D1v1s1on of L1cens1ng,
Office of Nuclear Reactor Regulation. ‘

b. The applicant will carry out the environmenta]_(therma], meteoro]ogica], acoustical,
‘ chemical, radiological, ecological) monitoring programs outlined-in this statement
_as modified and approved by the staff and implemented in the environmental technical
specifications 1ncorporated in the operating 11censes for the Susquehanna Steam
Electric Station (Sec.’' 5).

c. If, during the operating Tife of the station, effects or evidence of 1rrevers1b1e
. damage are detected, the applicant will provide the staff with an analysis of the
prob]em and a proposed course of action to a11ev1ate the problem.

d. The applicant will be requ1red to conduct noise surveys after startup of Un1t 1 and
again when two units are in operation at sensitive offsite locations.
{ _ .






SUMMARY AND CONCLUéIONS
‘LIST OF FIGURES

CONTENTS

..................................

LIST OF TABLES . . . . . e e e e e e e e e e e e e e e e e e e e e
FOREWORD

1.
1.1 :
1.2 Permits and Licenses . . . . . . . . . ! e e e e e e e e e e e e e e e e e e

2.

2.
2.

1
2
2
2
2
2
2
2
2
3
2
2
2.
2
4
2
2
2
2
5
2
2
6
2
2

.........................................

INTRODUCTION . . . . . o o o e e e e e e e e e e e e e s e e e e e e e e

Hi

story . . . Lo e o e e e e e e e e e e Cu e e e e

THE SITE & . v o v v v v e e e e e e e e e e e e e e e

« o e o e e o
[RSEASEICE GV )

.3.
.3.2 Hydrology .« . v v o e e e e e e e e e e e e e e e e e e e e e e e e e e
3.3 Water Sources . . . . . . .. .. e e e e e e e e e e e e e e e e e e e e
J3.4 Water Quality . . v L o o o e e e e e e e e e e e e e e e e e e e e

4. _
4.2 Local Meteorology . . .« .+ v v v v b v e e e e e e e e e e e e e
4.3 Severe Weather . . . . . L L L L L o s e e s e s e e e e e e e e e e
A4 Dispersion . L oL o ol L e e s e e e e e e e e e e e e e e e e e e e e

.5.
5.2 Aquatic Ecology . . . . . chie oL e e e e

.6.
.6.2 The Plant Site . . . . . . ... . . . . . . .. e e e e e e e e e e e e e

Ré
So
1

W

Me
1

Si

Cu
1

1.

SUME . & v v v e e e e e e e e e e e e e e e e e e e e e e e e .
ciocultural Profile . 7. v . o o w0 e s e e e e e e e e e
Introduction . . . . . . . . e e e e e e e e e e e e e e e e e e e e e
Demography . . .« . .t e et e e e e e e e e e e e e e e e e e e e e
Settlement Pattern . . . . . . .« . . Lt b e e e e e e e e e e e e e e
Social Organization . . . . . . . . . o 0 ol e e e e e e e e e e e

Land Use . . . . & . . chh Lo e e e e e e e e e e e e e e e e e e e e e
Changes in the Local Economy T
terUse . . . . v v 0L 0o s e e e e e e e e e e e e e e e e e e e
Regional Water USE v v e e e e e i e e e e e e e e e e e e e e e e e e e e e

2
3
4
.5 Political Organization . . . . . . . . . .« . . .« . .. e e e e e
6
7
a
1

EOT0TOgY - Je « v vt e e e e e e e e e e e e e e e e e e e e e e e
Regional Climatology . . . 1 . « v v v v v tiv o v e e e e e e e e e e e

te Ecology . . . . . Pe e e e e e e e e e e e e e e e e e e e e e e e
Terrestrial Ecology . . . . . . .. VoL e e e e e e e e e e e
Ttural Resources . . . . « o v v v v v v e e e e e e e e e e e e e e e e

Regional Profile . . . !/ . . « v v v v i v v e e e e e e e e e e e e e e

REfEreNCeS . & v i i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

3.

3.
3.

¢
R

4.

a
4,
4.

e

-D-bk-bb-b-b-bwl\)—‘

1
2
3.
3.
3.
3.
3.
f

THEPLANT . . . v . oot R L.

2.
2.
2.
2.
2.
r

e

.3,
.3.
.3.
3.
.3.
.3.
4.

De

1
2
3
4
5
en
Ré

Im
Im

2
3
4
5
6
Env
1

sign and Other Significant Changes . . . . . . . . . . . . . .« o .« ...
Water Use . . . . . . . . . . .. e e e e e e e e e S e e e e e e e e e e
Heat Dissipation System . . . . . . . . . . . . .. _
Radioactive Waste Systems . . . . . . o o o o 0 oo 00 e e e e .
Chemical, Sanitary, and Other Waste Treatment . . . . . . . . . . . . . ..
Transm1ss1on Systems . . . . ... 0oL e e e e e e e e e e e .o

ENVIRONMENTAL EFFECTS OF STATION OPERATION . . . . . . . e e e e e e e S e e e

1117 e e e e e
pacts on Land Use . . . « ¢ . vt i v vt e e e e e e e e e e e e e e e e e
pacts on Water Use . . . . . . . . . . . .. e e e e e e e e e e e e e e e
Thermal Impacts in Water Use . . . . . . . . « . . . ¢ o o o o v v o v o e
Hydrologic Alterations and Plant Water SUpply . . e e e e e e e e e e

Industrial Chemical Wastes . . . . . v v v o v v v v v v v v e e e e e e e _

EPA Effluent Guidelines and Limitations . . . . . . . . . . . . . . o o . ..
Effects on Water Users through Changes in Water Quality . . . . . . .. PR
Sanitary Wastes . . . . . . . L o o e e e e e e e e e e e e e e e e
ironmental Impacts ~. . . . . . . L o h e e e e e e e e e e e e e e e
JJerrestrial Environment . . . . . . . . . . o oL o0 e e

WWwwwwwwww
1
—_— et 00 00 () =

[ L T T |

o ] 1 1
— h

K 1
— = DWW OWORONNOY W == = =
j—

2-18
2-18
2-20
2-20
2-22
2-28
2-28

n N
[ (]
NN
o

1.1 0
—_—

1] 1 t ]
SNNSNOOOPPN S

#hkh##?#bhbb



-
GONTENTS
R Page
- 4.4.2 Agquatic Environment . . . . . . . ... ... ... e e e e e e e e e 4-9,
4.4.3 Atmospheric Effects of Cooling-Tower Operation . . . . . . .. . . . .. . .. - 4-10
4.5 -Radiological Impacts from Routine Operation . . . . . . . . . . ... Y V-
4.5.1 Exposure Pathways . . . . . . . . . .. .. ... e e e e e e e e e 4-12
4.5.2 Dose Commitments . . . . . . . . . . i i i e e e e e e e e e e e 4-14
4.5.3 Radiological Impacts on Humans . . . . . . . . . . . . ... PN 7. . . 4-22
4.5.4 Radiological Impacts on Biota Other Than Humans . . . . . . . . . . . . ... 4-23
4.5.5 Risks Due to;Radiation Exposure from Normal Operations . . . . . . . . . . .. 4-24
4.5.6 The Uranium Fuel Cycle . . . . . .o v v v v v v v e e v e e e e e e 4-28
4.6 Socioeconomic Impacts . . . . . . . . . L L L oo e e e e e e e e e e e e 4-34
4.6.1 Demography . . . « « & & 0 i e e e e e e e e e e e e e e e e e e e ... 4-35
4.6.2 Settlement Pattern . . _. . .'. . . . . . L .. .. e e e L. 4-36
4.6.3 Social Organization . . . . . . . . . . . . . . i 0 e e e e e e .. 4-37
4.6.4 Social Services .~. . . . . . L. .00 e e e e e e e e e e e Ceoe . 437
4.6.5 Political Organization . . . . . . . .. e e e e e e e e e e e e e e e . . 4-38
4.6.6 Economic Impacts . . . . . . . . . L L o e e e e e e e e e e e e e e e 4-38
4.6.7 Summary and Conclusions . . . . . . . . . . .0 e e e e e e e e e e 4-39
4.7 Impacts to Cultural Resources . . . . . . P e e e e e e e e e e . 4-39
References . . . . . . .. . .. .. e e e e e e e e e e e e e e e e e . 4-40
5. ENVIRONMENTAL MONITORING . . . . & . & v o vt e v e e e e e e e e e e e e e .54
B.T RESUME & v v v v v e e e e e e e e e e e e e e e e e e e e L. 541
5.2 Preoperational Monitoring Programs . . . . . . . . . . . . .. e e e e e, 5-1
5.2.1 Onsite Meteorological Program . . . . . . . . . . « v« v v v v v v v o 5-1
5.2.2 Water Quality Monitoring . . . . . . . . . . . . . . 0 e e e e e e e 5-1
5.2.3 Groundwater Monitoring . . . . . . . . . . ... .. .. T 5-1
5.2.4 Agquatic Biology . . . . . . . i i e e e e e e e e e e e e e e e e e e 5-1
5.2.5 Terrestrial Monitoring Programs . . . . . . . . . . . . . o 000 5-1
5.2.6 Radiological Monitoring . . . . . . . . . .. .. e e e e e e e e e e .. 52
5.3 Operational Monitoring . . . . . . . . . . . L . . oo e e e e e e e e 5-2
5.3.1 Onsite Meteorological Program . . . . . . . . . . « v « v v v v v v o .. “ . 522
5.3.2 MWater Quality Monitoring . . . . . . . . . . . . . . . . e e e 5-2
5.3.3 Groundwater Monitoring . . . ... . . . . . . . .. e e e e e e e 5-4
5.3.4 Aguatic Biological Monitoring . .-. . . . . . . . . . . . e e e 5-4
5.3.5 Terrestrial Monitoring Program . . . . . . . . . . ¢ . . . o e e e e 5-4
5.3.6 Rad1o1og1ca1 Monitoring . . . . . . . . .. e e e e e e e e e e 5-4
References . . . « . ¢ v i i e e e e e e e e e e e e e e e e e e e e e e 5-5
6. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS . & v v v v v e et v e e v e 0 e v s 6-1
6.1 Plant Accidents. « . v v v v v v e e e e e e e e e e e e e e e e e e e e e 6-1
6.1.1 General Characteristics of Accidents . . . .. .. .... S D
6.1.1.1 Fission Product Characteristics. . . . . . . . . ..+ . ... e e e e e 6-2
6.1.1.2 Exposure Pathways. . . . . . . . .. e e e e e e e e e e e e e e e e 6-3
6.1.1.3 Health Effects . . . . . . .. e e e e e e e e e e e e e e e e e e e e e 6-4
6.7.1.4 Health Effects Avoidance . . . . . . . . v i v v o v ot e e v v e e e e 6-5
6.1.2 Accident Experience and Observed Impacts . . . . . ¢ v o v v v v v v o o o o 6-5
6.1.3 Mitigation of Accident Consequences. . . . . . e e e e e e e e e e e e e e e 6-6
6.1.3.1 Design'Features. .. . . . . . . ¢ v v 0 v 0 v ittt e e e e e e e e e 6-6
6.1.3.2 . Site Features. . . . . . . . . . .. e e e e e e e e e e e e e e e e e 6-7
6.1.3.3 Emergency Preparedness . . . v v v v v v v 4 4 et 0 e e e . e+ .. b-8
6.1.4 Accident Risk and Impact Assessment. . . . . . . + . . e e e e e e e e e . . 6-9
6.1.4.1 Design Basis-Accidents . . . . . . v i i i i it e e e e e e e e e e e e 6-9
6.1.4.2 Probabilistic Assessment of Severe Accidents . . . . . . . . « . v v ¢ o . 6-11
6.1.4.3 Dose and Health Impacts of Atmospheric Releases. . . . . . . ¢ . o« o 7o 6-10
6.1.4.4 Economic and Societal ImpactS. . . . v & v v v v v 4 e v v o v o v o o o . B=1
6.1.4.5 Releases to Groundwater. . : . . v v v v v v v o o o v o v W e e s e .. B-lE
6.1.4.6 Risk Considerations. . . . . . . .. ... ... ... e e e e e e s e e 6-1;
6.1.4.7 Uncertainties. . « « v v v v ¢« v v v v o . e e e e e e e e e e e e. . 620
6.1.5 Conclusions. . . v . « . . . e e e e e e e e e e e e e e e e e e e e e e 6-21
References. . . . . . .. e e e e N e e e e e e e e e e et e e e e e e 6-2¢
7. NEED FOR PLANT AND ALTERNATIVES TO THE PROPOSED ACTION . . . . « « v v v v v v v o . 7-1
7.7 RESUME . . v v v v et e e e e e e e e e e e e e e e e e e e e e e 7-1
7.2 Applicant's Service Area and Regional Re]at1onsh1ps ....... e e e e e e 7-1
7.3 Benefits of Operating the Plant . . . ... . . . . . . .. . ... e e e e e 7-1
7.3.1 Operation of the PJM Interchange . . . . . . . . . . . . . . . ... .. 7-1
7.3.2 Minimization of Production Costs . . . . . . . . . . . . . .. .. .. . 71-2



7.
7.
7.4
Ref

*8. EVALUATION OF THE PROPOSED ACTfON ......................... _

0o C0 00

mmmmmmmmmmmmmm

(
CONTENTS

3.3 Diversity of Supply Source . . . . . . .. o o oL ., e e e e e e
3.4 Reliability Analysis . . . . . « . . « ¢« v « v v v v v v e e e e e e e
Alternatives . . . . . . . .. e e e e e e e e e e e e e L e e e

4.

erences .

.....................................

Adverse Effects That Cannot Be Avoided . . + . . . . . . . . . . e e e e e e e e

Short-Term Uses and Long-Term Productivity . . . . . . . . . . .. . o oo ..

Irreversible and Irretrievable Commitments of Resources . . . . . e

Comparison of Nuclear and Coal-Fired Power Plants
Health Effects . . . . . . . . . . . oo oo v o oo o000 e e e

.4.2 The Uranium Fuel Cycle . . . . . . . . e e e e e e e e e e e e e e e e

4.3 The Coal Fuel Cycle . . . v v i v v v v e e e e e e e e e e e e .
.4.4 Other Considerations . . . . . .« . . o v o v v vt v e e e e e e e e e
.4.5 Summary and Conclusions . . ... . ¢ v v v v v v v v .. e e e e e e e

Uranium-Resource Availability . . . . . . . . . .. e e e e e e e e e e e

Lo T wn —

U.S. Resource Position . . . . . . . . . . oo e e e e e e e e
Uranium Exploration Activities . . . . . . . . e e e e e e e e e e e e .
Domestic Uranium Production and Capab111ty e e e e e e e e e e e e e e
Domestic Reactor Requ1rements ................... .....
Uranium Inventories: . . . . o v v 0 v v v v e e e e e e e e e e e e e e
Analysis of Production Capab111ty and Reactor Capac1ty ............
Uranium Resource Recovery . . . . . . . . . .+ . . . . v o . .. Ve e e e
High Cost Resources . . . . . . . . . . .. e e e e e e e e e e e e
o T o -
.10 . Foreign Uranium Resource Position . . . .+ . « . . o . o ol e e J-
.11 Foreign Production Capacity and Plans . . . . . . . . . « o v v v v v v ..
.12 Foreign Reactor Requirements . . . . . . .. e e e e e e e e e e e .
.13 Foreign Competition and the Domestic Industry ..... e e e e e e e e
L4 Conclusions o . v v v v vt e e e e e e e e e e e e e

‘é

8:6 Decommissioning . . . . . . . . ... Lo oo s ce e e .
8.7 Emergency Planning . . . . . . . . . L .. 0 e e e e e e e e e e e e
References .

.....................................

9. BENEFIT-COST ANALYSIS . . . & « & v v i i v b e e v e e s e e e e e e e e e e

Résumé .
Benefits

......................................

Socjetal Costs . . . & . . v v . v v . 000 e e e e e e e e e e e e e e ..
Economic Costs . . . . . . v ¢ . i e e e e e e e e e e e e e e e e e e e

Environmental Costs . . . . . . . . L . L L oo o e e e e e e e e e e e e _

Environmental Costs of the”Uranium Fuel Cycle . . . . . . o . . ... ... ...
Environmental Costs of Uranium Fuel Transportation . . . . . . . . . . . . . ...
Summary of Benefit-Cost . . . . . . . . . . e e e e e e e e e e e e e e

erence . .

.....................................

N
10. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT . . . . . . . .
Summary and Conclusions, Foreword, Introduction . . . . . . . . .. T e e e

10.1
10.
10.
10.

10.2
10.
10.
10.

-10.

10.

10.
10.3
- 10.

10.
10.4

10.

10.

10.

10.

1.
1.
1.

T

l\)l\)l‘\)l\)l\)l\)

T

ww

E

4.
4,
4.
4.

1 Summary and Conc]us1ons ..... e e e e e e e e e e e e e e e e
2 Foreword . . . . Lo 0 o e e e e e e e e e e e e e e e e e
3 Introduction . . . . oL L L L e o e e e e e e e e e e e e e e e e
he Site '
JORESUME L . o e e e e e e e e e e e e e e e e e e e e e e e e e
.2 Sociocultural Profile . . . . . . . .. e e e e N m e e e e e
3 Water Use . . L L L o e s e e e e e e e e e e e e e e e e e e e e ...
A4 Meteorology . . . L L L L L o e e e e e e e e e e e e e
.5 Site Ecology . . . . . . . . .. e e e e e e e e e e e e e e e e e e »
.6 Cultural Resources . . . . . . . ¢ . « v v v o« v o o . e e e e e e e
he
.
.2
nv
1
2
3
4

....................................

Plant . . . . . . . . oL e e e e e e e e e e e e
RESUME v v v v e e e e e e e e e e e e e e e e e e e e e e e e e
Design and Other Significant Changes . . . . . e e e e e e

irgnmental Effects of Station Operation . . . . . . .. . ... .. .. ...
RESUME  « v v o v e e e e e e e e e e e e e e e e e
Impacts on Land Use . . . . . . o . . o u oo ae e e
Impacts on Water Use . . . . . e e e e e e e e e e e e e e e e e e e :
Environmental Impacts . . . . . . . « v v o 0 o o0 o e e e s e e e s e

o IR
I O O P

WO WO W W LWLWWWOWw
]

10-1
10-2
10-2
10-2
10-2
10-2
10-2
10-2
10-3
10-4
10-5
10-5
10-5
10-5
10-5
10-7
10-7
10-7
10-7

1 10-8



CONTENTS

: Page
10.4.5 Radiological Impacts from Routine Operation . . . . . . . . . . . . . . . .. 10-10
10.4.6 Socioeconomic Impacts . . . . . . . . . . . .. .. .. e e e e e e e e 10-16
10.4-7 Impacts to Cultural RESOUrCeS . . . . . v v v v v v v v e e e e e i e e e o 10-17
10.5 Environmental Monitoring . . . . . . . . .. .. e e e e e e e e e e e e e 10-17
10.5.1 Resume e e e e e e e e e e e e e e e e e e e e e e e e e 10-17
10.5.2 Preoperational Monitoring Programs . . . . . . . ... A e e e e e e e o 10-17
10.5.3 Operational Monitoring . . . . . . . & . v v e e e e e e e e e e e e e 10-18
10.6 Environmental Impact.of Postulated Acc1dents .................. 10-19
10.6.1 RESUME . .7 v v v v v v e e e e e e e e e e e e e e e e e e e e e 10-19
10.6.2 Postulated Accidents Involving Radioactive Materials . . . . . . e e 10-19
10.6.3 Transportation Accidents . . . . .« . . o . L . . e e e e e e e e 10-20
10.7 Need for Plant . . . . . . . .. e e e e e e e e e e e e e “ ... 10-20
10.7.1 Resume . . . . v v v e e e e e e e e e e e e e e e e e e e e e e ~10-20
10.7.2 Applicant's Service Area and Regional Relationships . . . . . . . . . v v .. 10-20
10.7.3 Benefits of Operating the Plant . . . . . . . . e e e e e e e e e e e e e 10-20
10.8 Evaluation of the Proposed Action . . . . . . . . . v v v v v i s e e e e e 10-21
10.8.1 Adverse Effects That Cannot Be Avoided . . . . . . . . . .. e e e e e e 10-21
10.8.2 Short-Term Uses and Long-Term Productivity . . . . . . . . . . . . . . ... 10-21
10.8.3 Irreversible and Irretrievable Commitments of Resources . . . . . . . . . .. 10-21
10.8.4" Comparison of Nuclear and Coal-Fired Power Plants . . . . . . . e e e 10-21
10.8.5 Uranium-Resource Availability . . . . . . . . .. e e e e e e e e 10-23
10.8.6 Decommissioning . . . . . . . . . . ¢ S e e e e e e e e e e e e e e e e e 10-23
10.9 Benefit-Cost Ahalysis . . . . . . e e e e e e e o oo 10-23
10.9.1 Résumé . . . . . . .. e e e e e e e e e e e e e e e e e e e e e 10-23
10.9.2 Benefits . . . . . . . . . ... ... ... e e e e e e e e e e e 10-24
. 10.9.3 Societal Costs . . . . . . . . o v . i e e e e e e e e e e e 10-24
10.9.4 Economic Costs . . o v o L L . e e e e e e e e e e e e e e e e 10-24
10.9.5 Environmental Costs . . . . . . . . . L . e e e e e e e e e e e e 10-24
10.9.6 Environmental Costs of the Uranium Fuel Cycle . . . . . . . . . . . . . ... 10-24
10.9.7 Environmental Costs of Uranium Fuel Transportation . . . . . . . . . . ... 10-24
10.9.8 Summary of Benefit-Cost . . . . . . . . . . . . . . . . . . . ... ... 10-24
10.A Appendix A: Final Supplement to the EIS for SSES . . . . . . . . . .. e e 10-24
10.A.1 Summary and Conclusions, Foreword, Introduction . . . . . . . . .. e e 10-24
10.A.2 The Site and Its Environs . . . . . . . . . . . v v e e e e e e e 10-25
10.A.3 Reservoir Description . . . . . . . . . . ..o e e e e e e e e 10-25
10.A.4 Environmental Effects of Construction and Operation . . . . . . . . . . .. ~  10-26
10.A.5 Alternatives, Need for Facility, and Benefit-Cost Analysis . . . . . . . .. 10-28
10.B Comments on DES . . . . . . L L . e e e e e e e e e e e e 10-29
" 10.C Environmental Assessment by the Division of Site Safety and Environmental '
' Analysis for Proposed Modifications to the Transmission Line System . . . . . .. , 10-29
References . . . . . . . . . . .. G e e e e e e e e e e e e e e e e e e e 10-30
APPENDIX A. FINAL SUPPLEMENT TO THE ENVIRONMENTAL STATEMENT BY THE U.S. NUCLEAR
REGULATORY COMMISSION FOR SUSQUEHANNA STEAM ELECTRIC STATION, UNITS 1 A
AND 2 0 vt i e e e e e e e e e e e e e e e e e e e e e a s e e e e s -
APPENDIX B. COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT . . v v v v v o o & . o« . B-l
APPENDIX C. ENVIRONMENTAL ASSESSMENT BY THE DIVISION OF SITE- SAFETY AND ENVIRON-'
T MENTAL ANALYSIS FOR PROPOSED MODIFICATIONS TO THE TRANSMISSION LINE -
SYSTEM & s s e e e e e e e e e e e e e e e e e e e e e e e e e -
APPENDIX D. NEPA POPULATION DOSE ASSESSMENT v & v v v vt o v e e o o o o o o o s o o s D-1
APPENDIX E. EXPLANATION AND REFERENCES FOR BENEFIT-COST SUMMARY ..... e o .. E-
APPENDIX F. APPLICATION FOR NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM ‘
PERMIT TO DISCHARGE TO STATE WATERS v .iv v v ¢ v v v v o v a o o o o s S
APPENDIX G. CORRESPONDENCE RELATED TO SSES IMPINGEMENT/ENTRAINMENT e e e e e e . e e G-1
APPENDIX H. ASSUMPTIONS RELATED TO ESTIMATES OF FUEL-CYCLE HEALTH EFFECTS ....... H-1
APPENDIX I. LIST OF PREPARERS & & v & 4 4 ¢ it e e o v 4 o s o o o o o s o o o o o o 1-1
APPENDIX J. . REBASELINING OF -THE RSS RESULTS FOR BWRs . . . . . S Y
“ APPENDIX K. K-1

EVACUATION MODEL « o v & v v o v v v o o v o s T T



FIGURES

_ Figure

2.1 Luzerne and Columbia Counties .. . . & . . « « & v v v v v v v V0 e e e
2.2 Floodplain of the Susquehanna River in the Vicinity of the S1te ..... .
2.3 Water Use Diagram for Susquehanna Units 1and 2 . . . . . . . . . ... ..
- 2.4 Trends in Monthly Mean Values of pH, River Temperature, Specific’
Conductance, Turbidity, Dissolved Oxygen, Total Alkalinity, ‘
Dissolved Iron, and Total Iron in the Susquehanna River near SSES, .
L7 1
. 2.5 Map of the Study Area with Sampling Stations and Sewage and .
' Acid-Mine Drainage Effluents . . . . . . . « . . o . o o o000 o o
2.6 Physicochemical Sampling Stations on the North Branch of the :
. Susquehanna River, 1975 . . . . . . . . . .. Fe e e e e e e e e e e e e e
2.7 Percent Occurrence of Wind by Direction at Susquehanna Nuclear
Power Station . . . . . . . L L e e e e e e e s e s e e e e e e e
2.8 . Macroinvertebrate Sampling Stations . . . . . . . . .. e e e e e e e
3.1 River Intake Structure and Area . . . . . . « . v v o v o v v v e w0
3.2 River Intake Structure Plan and Elevation . . . . . . . . . . . . .. . ...
3.3 River Intake Structure and Velocity Profile . . . . . . . . . . . oo o ..
4.1 Exposure Pathways to Humans . . . . . . . . . . . o o oo oo
6.1.4-1 Schematic Outline of Consequence Model . . . . . . . . . . . .. ... ...
6.1.4-2 Probability Distributions of Individual Dose Impacts . . . . . . . . . . ..
6.1.4-3 Probability Distributions of Population Exposures C i e e e e e e e e e
6.1.4-4 Probability Distributions of Acute Fatalities . . . . . . . . . . . . . ..
* 6.1.4:5 Probability Distributions of Latent Cancer Fatalities . . . . . . . . . . ..
"6.1.4-6 Probability Distributions of Cost Mitigation Measures . . . . . . . .. e
6.1.4-7 Isopleths of Risk of Acute Fatality per Reactor Year to an Individual . . . .
6.1.4-8 Isopleths of Risk of Latent Cancer Fatality per Reactor Year
' : to an Individual . . . T I A e e e e
8.1 DOE Uranium Resource CAtegories . . . . « v v v v o v v C v v v e e e e e
8.2 Potential Uranium Resources by Region . . . . . . . . . . . . . . .. ...
8.3 ~ Uranium Resources of the United States . . . . . . . . . . ... .. ...
8.4 U.S. Exploration Activity and Plans . . ~ . . . . . . . &% « v o v o o ..
8.5 Estimated Annual Near-term Production Capability from Resources
: Available at $13.60/kg of U305 or Less with Class 7, 2, and 3
Expansions and Class 4 . . . . . . v v . i v i b e e e e e e e e e e e
8.6 Annual Production Capability from Resources Available at $22.65/kg of
U30g or Less Projected to Meet Nuclear-Power Growth Demand . . . . . . . ..
A.2.1 Pond Hill Reservoir Site Location . . . . . . . « o . v v v v v o v v .
A.2.2 General Plan of the Pond Hill Reservoir Project . . . . . e e e e e e e
A.2.3 Lland Reguirements for the Pond Hill Reservoir Project . . . . . . . . .. ..
A.2.4 VWater Quality and Aquatic Life Sampling Stations at Pond Hill Creek C e e e
A.2.5 Floodplain of Pond Hill Creek . . . . . « « v v v i v v v v i v v v v o
A.2.6  Floodplain of the Susquehanna River in the Vicinity of the Pond H111 Site . .
A.3.1 Pond Hill Reservoir Construction Areas . . . . « « v v v v v v o v v v v v &
A.3.2 General Project Plan for Pond Hill Reservoir with Alignment of Alternatives .
A.3.3 Detailed Schematic of Spillway Structure for Pond Hill Reservoir . . . . . .
A.3.4 Proposed Intake for Pond Hill Reservoir . . { . . . . . .. LN L
A.4.1  Inlet-Outlet Structure . . . . . . . & o v« v v v v v s e e e e e e
C.1 ‘Susquehanna-Sunbury and Susquehanna-Siegfried Proposed Transmission
Corridors . . . . . . i o e e e e e e e e e e e e e e e e e e e e e
c.2 Susquehanna-Sunbury Alternative Routes . . . . . . . i . . . ... ...,
C.3 Susquehanna-Siegfried Alternative Routes . . . . . . . . . « . o . o o ..
S oK-1 - Probability Distribution of Acute Fatalities’ . . . & ¢« v ¢ ¢ v v o ¢ o o o &

. xi

PN N NN
CO~NOY B WM

N )
o D Bw N

+> W W ww






..............

- TABLES

Table _
2.1 Communities within 16 km of the Site, 1970 . . . . . . . . . . .. e e e e
2.2 Population Change in Luzerne and Columbia Counties . . . . . . . e e e e
2.3 Luzerne County Housing Trends and Projections . . . . . . . . . .. e e e e
2.4 ‘ Projected Public and Semi-Public Recreational/Open Land Needs o
in Luzerne County . . . . . . e e e e e e e e e e e e e e e e e e e
2.5 Hospital Care Services . . . . v .« & ¢ & v v v v v v v v e e e e e e e
2.6 Summary of Chemical Ana]ys1s of Susquehanna River Study Area,
1968-1977 ' . . . e e e e e e e e e e e e e e e e e e e e e e
2.7. -Trace Metal Analysis of the Susquehanna River Study Area . . . . . . . . . ..
2.8 . - Water Quality Criteria Applicable to the North Branch of the s
Susquehanna River in the Vicinity of SSES -. . . . . . . . .. ... .. ...
2.9 Results of Radiological Analysis of Groundwater Samples from :
Observation Wells on SSES . .. . . . . . . . . . .« . o oo e e e
2.10 Principal Plant Species of Major Plant Communities in the Vicinity
: of SSES . . . . . . .. .. D e e et e e e e e e e e e e e e e e P
2.1 Main Physicochemical Parameters Mon1tored at SSES . . . . ... e e e e
2.12 Important Forage and Game Fishes . . . . . . . . .. el oo e e
3.1 Flows of Major Station Streams . . . . . . . . . . . . . . .. e e e e e
3.2 Water Treatment . . . . . . . « . v o oo o e e e s s s e e e e e e e e
3.3 - Alkalinity and Saturation Index in Circulating Water w1thout Acid
Addition . . . . .« L L L s e e e e e e e e e e e e s e e s e e e e e e
3.4 Alkalinity and Acid Usage: Zero Saturation Index . . . . . e e e e
3.5 Alkalinity and Acid Usage: Saturation Index = +0.6 . . . . . . . e e e :
4.1 Blowdown Plume Characteristics . . . . . . . . . e e e e e e e e
4.2 Estimated Discharge Compositions . . . . . . . . . . . . . . ...
4.3 ‘Effect of Discharge on River Water Quality . . . . . . . . . . . . .. e e
- 4.4 Calculated Releases of Radioactive Materials in Gaseous Eff]uents _
~from. Susquehanna Nuclear Power Station . .~. . . . . ... . . . oo 0L
4.5 Summary of Atmospheric Dispersion Factors and Deposition Values
for Maximum Site Boundary and Receptor Locations Near SSES . . . . . . e ..
4.6 Pathway Locations Considered for Selecting Maximum Individua] Dose o
, Commitments . . . . . .. L L L L e e e e e e e e e e e e
4.7 . Annual Dose Commitments to a Maximum Individual Near the Susquehanna
Station . . . L L L L L e e e e e e e e e e e e e e e e e e e e e e
4.8 Calculated Dose’Commitments to a Maximum Individual and the Population '
' from the Operation of SSES . . . . . « « . &« « « « . oo e e e e e e
4.9 Calculated Dose Commitments to a Maximum Individual from Operation of SSES . .
4.10 Annual Total Body Population Dose Commitments in the Year 2000 . .
417 Calculated Releases of Radioactive Mater1a1s in Liquid Effluents. -
from Susquehanna . . . . . . . L L 0 e 0 e e e e e e e e e e e e e e oL
412 Summary of Hydrologic Transport and Dispersion for Liquid Re]eases
. from the Susquehanna Nuclear Power Station . . . . . . . . . . .. .. e e e
4.13 Environmental Impact of Transportation of Fuel and Waste to and from
One Light-Water-Cooled Nuclear Power Reactor . . . . . . . . . . . . . . .. .
414 Incidence of Job-Related Fatalities . ... . . . . . . . . . . . . ... ..
4,15 Approx1mate Ranking of Risks from Var1ous Sources of Radiation Exposure
in the United States . . . . . . .« . LT L L e e e e e e e "
4.16 Summary of Environmental Considerations for the Uran1um Fuel Cycle . . . . . .
4.17 Radon Releases from Mining and Milling Operations and Mill Tailings for
. - FEach Year of Operation of the Model 1000-MWe LWR . . . . . . . . . . .. ..
4.18 - Estimated 100-Year Environmental Dose Commitment for Each Year of 0perat1on
.. of the Model 1000-MWe LWR . . © . . . . . o . o . L e e e e e e e -
4.19 Population-Dose Commitments from Unreclaimed Open-Pit Mines for Each Year '
) " of Operation of the Model 1000-MWe LWR . . . . . . . . . . .« o v v v v v v
4.20 Population-Dose Commitments from Stabilized-Tailings Piles for Each Year of
0perat1on of the Model 1000-MWe LWR . . . « . . . . . . . o v v v v v v s

)

r xiii

&



Table

~

~ ~N OO0,y [22 M)}
. . e o .

N~

[Ve} 0 o o Q0 00 €0 00 00 Co o oooooo' o o]

2 B oo™

w .

oo,
.

OO0 > > 1S - > > > p -3
oo

21
.22

(5 F OV ]

[SS N

Tt WwnN —

N —

TABLES

Current and Projected Profile for the Operational Workforce . . . . . . . L.
Estimated Annual V1s1tor Use for P1anned Recreational Areas . . . . . . . . .

SSES Rad101og1ca1 Env1ronmenta1 Monitoring Program . . . . . . . . . EEEETE

Approximate Radiation Doses from Design-Basis Accidents . . . . . . . . . ..

Summary of Atmospheric Release Categories in Hypothetical Sequence i
ina BWR . . v v . e e e e e e e e e e e e e e e e e e e e
Activity of Radionuclides in the Susquehanna Reactor Core at 3440 MWt

Summary of Enviropmental Impacts and Probabilities . . . ... . . .. . .. ..
Annual Average Values.of Environmental Risks Due to Acc1dents B

Projected Type/Cost of Rep1acement Energy Associated with Applicant's
Share of Susquehanna Unit 1 . . . .. . . . . . ... ... ... e
A Relative Comparison of Projected Cost by PP&L, Commonwealth Edison,
and NRC . .. . . . o L e e e e e e e e e e e e e e e e e e e e
Applicant's Peak Load and Energy Sales: Past and Projected . . . . . .. ..
1977 Projection of Applicant's Loads, Capacity, and Reserves for the
1978-1985 Perdod . . . . . . . . L Lo e e e e e e e e e e e e e e e

Comparative Environmental Costs for an 1800 MWe Coal Plant and

SSES at Full Output . . .« . & .7 o v o o s e e e e e e e e e e e s
Summary of Current Energy Source Excess Mortality per Year - ,

per 0.8 GHY(€) .+ + v v v v e e e e e e e e e e e
Excess Mortality per 0.8 GWy(e) -- Nuclear . . . . . . . . . .. e e e .

Excess Mortality per 0.8 GWy(e) -- Coal . . . . . . . . . v v v v v v v v ..
Summary of Current Energy Source Excess Morbidity and InJury per

0.8 GWy(e) Power Plant . . . . . . . . . v i e e e e e e e e e e,
Morbidity and Injury per 0.8 GWy(e) -- Nuclear . . . . . . . . . . . . .. ..
Morbidity and Injury per 0.8 GWy(e) -- Coal . . . . . . . . . v v v v v v ..
Uranium Resources of the United States . . . . . . . . . . . .« o v ...
U.S. Nuclear-Power Growth Projections, June 1980 .. . . . . . . .. e e e

" Buyers' Inventories of Natural Uranium in Tons UsDg "« v v v v 0 v 0 v o ol

Historical Trend of Average Uranium Prices . . . . . v ¢ v v v v v v v v v o
Average Contract Prices and Settled Market Price Contracts for Uran1um,

T duly 1980 . . . . . o o o e s e e e e e e e e e e e e e e e ,

World Uranium Resources by Continent .

‘Foreign Uranium Production Capability ' . . . . . . . . . . .. ... ...

Foreign Nuclear Capacity and Uranium Requirements . . . . . . . . . . .. ..
Benefit-Cost Summary . . . . . . . . . . .. T

Principal Plant Species of Terrestrial Vegetation Types Occurring at the

Pond Hill Site . . . . . o o v o v e e e e e e e e e e e e e e e e e
Water Quality Criteria for Pond Hill1 Creek . . . . . . . . .« v v o v o . ..
Water Quality Data from the Upper Section of Pond Hill Creek . . . . . . . . .
Water Quality Data from the Lower Section of Pond Hill Creek . . . . . . . ..
Water Quality in the Susquehanna River near the Proposed Intake Site . . . . .

Comparisons of Water Quality of Susquehanna River and Pond Hill Creek

- Summary of Reservoir Operation Based on Historical Flow Records of the

Susquehanna River at Wilkes-Barre . . . . . . . . . . . o, .
Anticipated Evaporation Rated on a Monthly Basis for the Pond Hill Reservoir .

Thirty-year Present Worth of the Average Annha] Replacement Energy Cost. . . "
Staff Estimates of Replacement Energy Cost at the Incremental Price . . . . .
Shutdown Probabilities . . . . . . . . . . . .. e e e e e e e e e e

Effect of Shutdown on Reserve Margin . . . . . . . . . . . .. . .. ... ..
Right-of-way Data: Susquehanna-Shnbury Line . . . . . . . .. 000
Right-of-way Data: Susquehanna-Siegfried Line . . . . . . . . . . . . .. ..

Right-of-way Data for Alternative Analysis . . . . . . . . . . . . . . . ...

xiv

8-3
8-4
8-4

8-5
8-6
8-6
8-14
8-19
8-19
8-21

8-22
8-23

" 8-24

8-25
9-2
.2-11

.2-15
.2-16



FOREWORD

~This environmental statement was prepared by the U.S. Nuclear Regulatory Comm1ss1on, 0ffice of
Nuclear Reactor Regulation (the staff), in accordance with the Commission's regulation, 10 CFR 51
which 1mp1ements the requirements of the National Environmental Policy Act of 1969 (NEPA).

NEPA states, among other things, that it is the continuing responsibility of the federal govern-
ment 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 env1ronment for -
succeed1ng generations.

<« Assure for all Americans safe, healthful, productlve, and esthet1ca11y and cu]tura]ly
pleasing surroundings. ,

. Attain the widest range of beneficial uses of the environment 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 that supports diversity and variety
of individual choice.

. Achieve a balance between popu]at1on and resource use which w111 perm1t high standards
of living and a w1de sharing of life's amenities.

. Enhance .the quality of renewable resources and approach the max1mum atta1nab1e recyc11n<
of depletable resources. \ 7
Further, with respect to major federal actions significantly affecting the quality of the human
environment, Section 102(2)(C) of NEPA calls for preparation of a detailed statement on:
, . )

(i) the environmental impact of the proposed action;

(ii) any adverse environmental effects that cannot be avoided should the proposal be
implemented; .

(ii1) alternatives to the proposed action; . 4 .

(iv). the relationship between local short-term uses of the human environment and the
maintenance and enhancement of long-term productivity; and

(v) any irreversible and irretrievable commitments of resources that would be involved in
the proposed action should it be 1mp]emented ' \

An environmental report accompanies each application for a construction permit or a full-power
operating license. A public announcement of the availability of the report is made. Any com-
ments by interested persons on the report are considered by the staff. In conducting the
required NEPA review, the staff meets with the applicant to discuss-items of information in the
environmental report, to seek new information from the applicant that might be needed for an
adequate assessment, and generally to ensure that the staff has a-thorough understanding of the
proposed project. In addition, the staff seeks information from other-sources that will assist
in the evaluation and visits and inspects the project site and surrounding vicinity. Members
of the staff may meet with state and local officials who are charged with protecting state and
local interests. On the basis of all the foregoing and other such activities or inquiries as
- are deemed useful and appropriate, the staff makes an independent’ assessment of the considera-
tions specified in. Section 102(2)(C) of NEPA and 10 CFR 51.
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This evaluation leads to the publication of a draft environmental statement, prepared by the
Office of Nuclear Reactor Regulation, which is then circulated to federal, state, and Tocal
government agencies for comment. A summary notice. of the ava11ab111ty of the applicant's
environmental report and the draft environmental statement is published in the Federal Register.
Interested persons are also invited to comment on the proposed action and the draft statement.
Comments should be addressed to the Director, Division of Licensing, at the address shown below.

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 benefit-cost 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 the env1ronmenta1, economic, technical, and
other benefits are weighed against environmental costs and after available alternatives have been
considered--the action called for, with respect to environmental issues, is the issuance or
denial of the proposed permit or 11cense or its appropr1ate cond1t1on1ng to protect environmental
values.

This environmental review deals with the impact of operation of the Susquehanna Steam Electric
Station, Units 1 and 2. Assessments found in this statement supplement those described in the
Final Environmental Statement (FES-CP) that was issued in June 1973 and those described in the

- hearing-board decision of 29 October 1973 (LBP-73-38) and the Appeal Board decision of 11 December
1973 (ALAB- 163) in support of issuance of construction permits for the units. The information
to be found in the various sections of this statement updates the above assessments in four

ways: (1) by identifying differences between environmental effects of operation (including .
those that would enhance as well as degrade the environment) currently projected and the impacts
that were described in the -preconstruction review; (2) by reporting the results of studies that
had not been completed at the time of issuance of the FES-CP and that were requested by the
staff to be completed before initiation of the operational review; (3) by evaluating the appli-
cant's preoperational monitoring program and factoring the results of this program into the
design of an operational surveillance program and into the development of environmental tech- . .
nical specifications; and (4) by identifying studies being performed by the applicant to yield
additional information relevant to the environmental impacts of operating the Susquehanna Steam-
Electric Station. : .

The staff recogn1zes the difficulty a reader would encounter in trying to establish the confor-
mance of this review w1th the requirements of the National Environmental Policy Act to provide
"updating information." Introductory résumés in appropriate sections of this statement summarize
the extent of "updating"” and the degree to which the staff considers the subJect to be adequately
reviewed.

. Copies of this statement are available for inspection at the Commission's Public Document Room,
1717 H. Street NW, Washington, DC, and the Ousterhout Free Library, Reference Department,

71 South Franklin Street, Wilkes Barre, Pennsylvania 18701. Single copies of this statement
may be obtained by writing to: , :

Director, Division of Licensing

. 0ffice of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. Richard M. Stark is the NRC Project Manager for this project. Mr. Stark may be contacted at
the above address or at 301/482-7238. o

xvi



, 1. INTRODUCTION

1.1 HISTORY

In April 1971, the Pennsylvania Power & Light Company (applicant) filed an application with the
AEC (now the NRC) for a permit to construct the Susquehanna Steam Electric Station. Construc-
tion Permits CPPR-101 and CPPR-102 were issued on 2 November 1973, following reviews by the AEC
Regulatory Staff and its Advisory Committee on Reactor Safeguards and after public hearings
before an Atomic Safety and Licensing Board in Berwick, Pennsylvania, on 21 February and 24 July
1973. The staff's Final Environmental Statement (FES- CP) was issued in June 1973.

As of February 1981, construction of Unit 1 was approximately 91% complete and the reactor is
expected to be ready for loading of fuel in March 1982, and Unit 2 was approximately 70% com-
plete with a tentative fuel- 1oad1ng‘date of June 1983. Each unit has a bo111ng -water reactor
which will produce up to 3293 MWt and a net e]ectrlcal output of 1050"MWe.

In April 1978, Pennsylvania Power & Light Company and the Allegheny Electric Cooperative, Inc.,
submitted an application including a final safety ‘analysis report (FSAR) and an environmental
report (ER)* requesting issuance of operating licenses for Units 1 and 2. Those documents were
docketed on 12 July 1978, and the operat1ona1 safety and environmental reviews were initiated at
that time. .

1.2 PERMITS AND LICENSES

The applicant has provided a status listing of environmentally related perm1ts, approvals,
licenses, etc. required from federal, regional, state, and local agencies in connection with the
proposed project. This information is provided in Chapter 12 of the ER-OL. The staff has
reviewed that 1isting and is not aware of any potential non-NRC Ticensing difficulties that
would significantly delay or preclude the proposed operation of the station. The issuance of
401 and 402 permits by the Pennsylvania State Environmental Protection Agency is a necessary
prerequieite for the issuance of an operating license by the Nuclear Regulatory Agency.

The issuance of a National Pollution Discharge Elimination System (NPDES) permit is a necessary
prerequisite for the issuance of an operating license by the Nuclear Regulatory Commission,
The permit was issued by the Pennsylvania Department of Environmental Resources (PDER) on

31 Ju]y 1979 (Appendix F). This permit has been extended to January 1983,

*Sysquehanna Station Environmental Report, Operating License Stage, Vol. 1, 2, & 3, Pennsy]vania'
Power & Light Company (hereinafter this will be cited as the ER-OL).
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©2. THE SITE:

2.1 RESUME

The staff revisited the Susquehanna Steam Electric Station in October 1978 to determine what
changes had occurred at the site and in the surrounding environs since the preconstruction
environmental review in 1973. Changes of interest were related to regional demography predic-
tions and land use. Projections of population distribution have been updated and expanded

to the year 2020 (Sec. 2.2). Land use in the area has changed as a result of construction of
the station. Major land-use changes at the station site involve conversion of rural acreage
to station use, e.g., permanent plant structures, construction facilities, warehouse, parking
lot, roads, secondary cooling pond, railroad spur, and transmission rights-of-way (Sec. 2. 2)
Changes in the Tocal economy due to construction are discussed in Section 2.2.7.

The water-use section haé been updated (Sec. 2'3) Water quality data collected since the
issuance of the FES-CP have been incorporated into Section 2.3 to provide a more complete
picture of the water quality of the Susquehanna River and of the local groundwater resources.

The meteorological section (Sec. 2.4) has been updated to include new information for the
region and the site. .
Additional background information relating to the terrestrial and aquatic biota within the
environs of the site and the Susquehanna River is provided in Section 2.5.

Section 2.6 contains new information on the cultural resources of the site. All. pertinent

- geological and seismological data are provided in the applicant's final safety analysis report
(FSAR). The results of the staff's evaluation of these data were presented in the safety evalua-
tion report (SER), NUREG-0776.

2.2 SOCIOCULTURAL PROFILE _ i
2.2.1 Introduction

The following sociocultural profile of the two-county area surround1ng the plant site is
designed to emphasize information that has become available since the FES-CP was issued. This
profile has been subdivided into descriptive sections characterizing the major subsystems
comprising local communities in Luzerne and Columbia counties.

2.2.2 Demography : .
2.2.2.1 General Characteristics

The demographic characteristics of the area within 16 km of the plant site-are presented in
Table 2.1; more specific information on the five counties located within or partially within
this area are included in the ER-OL, Tables 2.1-1 through 2.1-6. A1l data prepared by the
applicant are based on 1970 census information and, in combination with certain fertility and
other demographic assumptions, have been utilized as the basis for a population projection for
the years 1980 through 2020 (ER-OL, Tables 2.1-7 - 2.1-16 and Sec. 2.12.3). In 1970, the area
- within 16 km of the site was sparsely settled and described as having a declining rural-farm
population with scattered communities (ER-OL, pg. 2.1-9).
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Table 2.1. Communities within 16 km of the Site, 19702

Population Directional Radial %

Communities . B 1970 1960 Sectaor Distanceb Change
‘ Huntington Mills - ' 6,987 7,234 NW 8-16 -3.4
Briar Creek | 456 399 WSW ‘ 8-16 BT
Berwick 12,274 13,353 WSH 8-16 ',-3.13
' Nescopeck 1,897 1,03 M e -9
Conyngham 1,850 1,163 SSE . 816 59.1
‘Glen Lyon | 3,408 4,173 NNE | 816 - 18.3
Shickshinny | 1,685 1,843 N 6-8 -8.6
TOTAL 28,557 30,099 I -5.1
ZSource: Modified from U.S. Census of Population, 1970, and ER-OL, Table 2.1.4.
In km.

)
2.2.2.2 Popu]at1on Dynamics Within the Study Area

In 1970, the population of Luzerne and Columbia counties was 342,301 and 55 114, respectively
(ER-OL, Table 2.1-1). Between 1940 and 1970, the total popu]at1on of Luzerne County declined
22.5%; this trend continued through 1977! (see 1977 provisional census, Table 2.2). Columbia

County experienced a steady increase in population during this period (see Table 2.2). The

more recent population declines in Luzerne County appear to be due to an increase in the death
?o birth r?t1o and, to out-migration, particularly of .individuals in the 18 to 24 age group
Table 2.2

Although the popu]ation of Luzerne County is declining, the proportion of older residents (over
65 years) is strongly increasing when compared to national trends. In 1960, 1970, and 1977, the
percentage of people over 65 years in the total county population were 11.1, 13.0, and 15.1,
respectively.'*2 Nationally, the 1960 and 1970 percentages of -people over 65 years were 9. 2

and 9.9.1 The 1970 male/female sex ratio of 88.6/100 is also smaller than the state ratio of

92.4/100 reflecting a strong pattern of out-migration among males. 1 |

. . . . -~

Table 2.2. Population Change in Luzerne and Columbia Counties

o

Number ' ; b
o a % Change % Changeb Change b components of Change
,> 1970 1940-1970% 1970-1977 1970-1977 Births Deaths Migration
Luzerne 342,301 -22.5 -1.0 -3,200 29,600 32,100 -700
Columbia 55,114 +7.2 : +7.7 +4,300 5,500 4,600 ~+3,400

3ER-0L, Table 2.1-1.

bPennsy]vam‘a Projection Series, July 1977,:"Eétimatés of County Population by Age, Sex, and
Race," Office of State Planning and Development, October 1978.
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2.2.3 Settlement Pattern: _— : ' S

2.2.3.1 .General Characteristics ‘ ‘ ’ : o
The dispersed settiement pattern of Luzerne and Columbia counties has been historically struc-
tureq by.the local topography which is dominated by ridges and!the long valleys of the Susquehanna
and_1§s branches.3>%»5. The location of major communities within these counties and their
position within the major river valley is presented in Figure 2.1. Luzerne County encompasses
4 cities, 35 boroughs, and a number of scattered rural homesteads;® Columbia County contains
one major town and 9 boroughs.7. o - ' ' : :

-Communjties,=highways, and major communication networks also tend to parallel the river valley
(see-Figure 2.1). However, the smaller settlements -in the Wilkes-Barre area and other fringe
‘areas-are now rapidly growing into one larger population-center and problems of "sprawl" and
linear-type developments:are occurring, particularly along State Routes 309 and 11, and U.S. 29
(ER-OL Figures 2.1-4 - 2.1-5, ER).378 Although these urbanized areas are growing, Luzerne
County's 1970 population was still distributed among the many smaller municipalities rather
than concentrated in the urban. centers.“ This trend appears to hold true for Columbia County
qs‘we11.7 ‘In the 1970 census, about two thirds of the residents of both counties had resided

. }n F?g same county for at least 5 years; it is expected that the 1972 flood dislocated many
families. o . - : ‘ .

The settlement pattern of both counties was substantially altered by tropical storm Agnes (1972);
. new patterns of land use are still emerging.! Currently, there is movement away from the flood-
- plain, areas of mine subsidence, and highway construction.!»* The construction of I-80 and I-81
across both Luzerne’and Columbia Counties may also strongly affect the future configuration of

the region's settiement system.

2:2.3.2 “ Housing

The Luzerne County Planning Commission has identified seven primary growth centers and has
characterized housing conditions in those centers for 1960, 1970, and 1976; it also provided a
1980 projection. of needs. This information has been summarized in Table 2.3. The information
included in this table reflects an increasing trend in suburban development, particularly in
the more mountainous areas where vacant land is plentiful and environmental amenities counter-
balance ‘a shorter trip to work.® The Planning Commission also developed a housing-need formula

- for these .same' seven areas in order to identify surpluses and deficits in housing units in 1976

" for low, moderate, and high income needs (see Table 2.3}. Housing deficits have been found in
different degrees in all of the growth centers, particularly among low-income groups and among
the elderly; this trend is expected to continue.ls3 - :

Perhaps the single, most important factor affecting this deficit is. the 1972 flood as a result
of which the number of homes destroyed in Luzerne County equaled the total number of all new
homes constructed in northeastern Pennsylvania in the three 1970 pre-census years.3 The effects
of the flood were complicated by the tight construction trade, including building-supply short-
ages, increased mortgage costs, and an aged housing supply where almost 80% of current structures

are. 40 years of age or older.3>°

Comparable information. was not available for Columbia County, although complaints of housing
shortages and high sale and rental costs have been expressed to the PP&L monitoring study team
by local residents in this county, particularly jn the Berwick area.!® Like Luzerne County,.
Columbia County experienced an urban to rural movement and housing loss because of the 1972
flood; in addition, Columbia County absorbed approximately three fourths of the in-migrating
construction work force for SSES.!0 , .

'

->2.2.3.3 Recreational Patterns N o -

“A detailed study of the recreational, park, and-open-space needs for Luzerne County has been,
prepared by the County Planning Commission. With the exception of the Wilkes-Barre area, :
‘regional recreational areas and large urban parks, as defined by the national standards used in
this document, were found to be more than sufficient to take care of overall county needg.11
However, deficiencies in small urban park lands were identified in various urban.and semi-urban
areas with at least one park needed for each community area, except for the Nanticoke and
Mountaintop areas.!l In Table 2.4 projected public and semi-public recreational land needs for
local community areas are identified. Moreover, county-wide recreational program§,~n9tab1y for
‘residents in the 20 to 55 year-old age group, were found to be inadequate.!l Attitudinal surveys
of some residents confirmed that about 75% of those sampled were dissatisfied with existing

recreational facilities and advocated an increase for additional county facilities.!! /
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Table 2.3. Luzerne County Housing Trends and Projectionsa

Projected Housing Deficits by Income Category

Housing Unit Trends by Community Growth Areas - 1976 and 1980.for Community Growth Areas

} Change ’ Change Low income - Moderate Income High Income A]lT?Eilées

7 1960 No.. % 1970 No. % 1976 1976 1980 - 1976 1980 1976 1980 1976 1980
Wilkes-Barre area 52,821 281 0.53 53,102 100 0.19 53,202~ -2,122 -1,304 -1,054 -983 -885 . -870 -4,061 -3,157
Hazleton .area 20,016 1,096 ‘ 5.48 21,]]2> 1,675 7.93 22,787 -656 -644 -400  -389 ‘ -224 .—213 -1,280  -1,246
Pittston area . 16,568 1,017 6.14 17,585 1,184 ~ 6.73 » 18,769 -765 -751 -429 -375-  -282 278 -1,476 -1,404
Nanticoke area j8,796 -290 -3.30 | 8,506 -254  -2.99 8,252 -353 -350 -128 . S125 2148 -146 -629 -621
Back Mountain area 6,847 1,320 19.28 8,167 1,442 17.66 9,609 -258 -249 '—170 -163 -118 -117 -546 -529
Mountaintop area 3,079 780 25.33 3,859 . 1,124 © 29.13 4,983 ' -1 -101 -87 -81 ;60. -58 -258 -240
Shiékshjnny area 5,562 551 9.91 6,113 1,580 25.85 7,693 -741 -680 50 . .58 119 120 -572 -502

TOTAL LUZERNE COUNTY 113,689 4,755 4.]?‘ 118,444 6,851 (5.78 125,295 -5,006 -4,079 -2,218 -2,058 -1,598 1,562 -8,822 -7,699
: (avg avg) . )

aSource_: Luzerne Planning Commission, "Housing Section of the Luzerne County Comprehensive Plan," 1978.

- °
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Table 2.4. Projected Public and Semi-Public Recreational/Open Land
: " Needs in Luzerne County?

Projected Area

'Location _ - Needed (ha)
Mountaintop/Nescopec Creek State Park ' 1180
Hazleton area : : 607
.~ MWilkes-Barre area (county and community parks) | 355
Shickshinny area ! i . . 198
Nanticoke area , , ' iOO
- Black Mountain area _v ' | 34

%ata derived from the Luzerne County P]ann1ng Commission, "Land Use
Plan for the Year 2000," June 1976.

2.2.4 Social Organization

2.2.4.1 Social Characteristics

A

In 1970, approx1mate1y 99% of the popu]ation in Columbia and Luzerne counties was Caucasian; the
average household size was 3.0.1271% It is Tikely that an increasing number of households will

contain retired or older couples whose children have left the area with their parents remaining

in larger, older homes. The ratio of household to housing-unit size ranges are high compared to
HUD standards and seem to support the above characterization.3

The foregoing, characterizing the pre-plant construction conditions that were not discussed in-
the FES, remains applicable to the current two-county study area. Sociocultural changes asso-
ciated with plant construction have occurred in parts of Salem Township, Luzerne County, and in
the community of Bell Bend, which is adjacent to the plant site. Because the lives of many
members in the community of Bell Bend were unalterably changed, feelings and attitudes of local
residents toward the plant and PP&L may be different from those during the pre-construction
period. These changes may affect the manner in which local residents adjust to the operational
period. ' L,

2.2.4.2 Social Services

-

. In 1976, the applicant monitored construction impacts in parts of Luzerne and Columbia counties;
this study included consideration of the following social services: education, hospital care,
sewage and water services. Police and fire protection services were also considered in part.

Education

Since 1974/75, many of the local school systems have had decreasing enrollments and, in.most
cases, classroom space to absorb new students will be available without new construction or the
hiring of additional teachers.10 :

Hospital Care

Facilities in the two- -county area have 1978 occupancy rates within the desired 55-85% level
recommended by the Amer1can Hospital Association for hospitals within the bed-size range indi-
cated in Tab]e 2.5.1

The Berw1ck Hospital is cooperat1ng with PP&L in establishing a fac111ty and staff training to
prov1de_for treatment of potential contamination cases,!? should such needs arise.
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Table 2.5. Hospité] Care Services® : : -

Number of =~ = 1978 Qccupancy

County Hospital Available Beds Rate (%)
Columbia Berwick 172 o 65.1
v Bloomsburg -~ 150 o 58.7
Luzerne Hazleton State General 142 o 79.6
Konal-Getter ( S 8 . 35.5
St. Joseph 210 ‘ 60.0
Retreat State 410 85.1
Nesbitt Memorial s 189 7 83.6
Nanticoke State General 100 v 56.0
Pittston Hospital 108 67.6
Mercy 292 - 72.9
Veterans Administration 500 - 81.8 !
Wilkes-Barre General 360 93.0
Wyoming Valley 106 ‘ 70.8

3ata derived from American Hospital Association Guide to the Health Care Field,
1978 Edition, American Hospital Association, Chicago.

Sewage and Water Services

Public sewage and water services were strongly affected by the flood of 1972; specific details
on 1973 capital improvements planned for Luzerne County through the year 2000 are discussed in .
a study prepared by Wilbur Smith and Associates.! In 1969, limitations in publicly available—
sewage and water capacity were observed in Columbia County;16 however, more recent s;udﬁes of
service availability were not available. The construction mon1tor1ng program and statement by
the applicant did not indicate severe stresses to these services as of 19762 (ER- OL Amend-
ment 4, Sec. 7.1)..

Po]ice and Fire Protection

Organization of po]ice and fire protection varies throubhout both counties, although volunteer
~groups predominate in the less urban areas. In Salem Township, fire protection facilities and
locations are more than adequate according to the standards of the National Board of Under-

writers.l7 There.is, however, no police force serving this township; in order to meet the stan- -

dards set by the National League of Cities, a six-person force would be required.!? PP&L has
stated that arrangements (letters of agreement) have been made with the local volunteer organi-
zations for emergency services (ER-OL, Amendment 4, Soc. 7.1).

2.2.5 Political Organization

Columbia and Luzerne counties are both administered by elected, three-member boards that are
responsible for the following: tax assessments-for county, municipal, and school districts;
maintaining facilities for county functions; inspections of scales and measuring devices;
planning/zoning actions; and appointing various boards and individuals necessary for the ad-
ministration of these duties.1®

2.2.6 Land Use
2.2.6.1 Region

Luzerne County comprises 234,528 ha of land, of which 15% has been developed. Land-use cate-
gories for developed land are: 28% residential, 5% commercial, 14% industrial, 25% transporta-
tion, and 28% public and semi-public. Between 1975 and 2000, additional -available land will be
needed pr1mar11j for residential development and public/semi-public uses.l® Columbia County has
124,765 ha of which about.7% has been developed. Columbia County land-use categories for
developed land are: 78% residential/urban, 6% commercial, 3% industrial, 3% transportation, and
4% public or semi-public, and 6% recreational.!®

o]
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2.2.6.2 Plant Site

Approximately 49 ha, or 11%, of the site's 435 ha will be needed for the station facilities.

The station is located on a 244-ha plateau west of U.S. Route 11; a recreation area is located
on a 170-ha floodplain between the river and U.S. 11. Gould IsTand, the remaining 21 ha of the
site area, is left in its natural state as part of the recreational facility. Approximately 40%
of this total area is to be kept in its natural state. In addition to the plant.site, Pennsyl-
vania Power and Light Co. has also purchased homes and private propert1es in the Bell Bend

area. ‘

S

'2.2.7 “Changes in the Local Economy
This economic profile.considers such factors as economic cond1t1ons, economic base commuter
" patterns, employment, and land use in relation to the plant.

2.2.7.1 Access to Markets

Prior to construction of I-81, U.S. 11 was a principal route between Harrisburg and Wilkes-
Barre; the interstate route has, however, reduced the importance of U.S. 11. The construction
of I-80 made the New York metropolitan region more easily accessible to the northeast Penn-.
sylvania area. Due to interstate construction, the general economic access of the area to
manufacturing and warehousing has 1mproved over the years. .

The site itself is located in Luzerne County, which is part of the northeast Pennsylvania labor
market; the two pr1nc1pa1 centers for this labor market are the cities of Scranton and Wilkes- .
Barre. Scranton is located north of Luzerne, along U.S..11, in Lackawanna County; Wilkes-Barre
is in Luzerne County. Since the plant site is located in the westernmost portion of Luzerne
County, the plant would be expected to attract operat1ng personnel from Columbia County as.well
as Luzerne. Berwick, which is only 8 km away, is located to the southwest, in Columbia County.

The center of economic activity in-Columbia County is the Berwick- B]oomsburg area. I-80 is
that county's principal transportation link.

- N . .

2.2.7.2. Export Base

The composition of industries in Luzerne and Columbia counties indicates that Luzerne County is
oriented to the manufacture of nondurable goods. Location quotients,* which measure relative
specialization of an area, show that the following industries make an important contribution to
Luzerne's and Columbia's export bases: textile mill products (1.42), apparel and other textile
products (5.56), printing and publishing (1.21), rubber and miscellaneous products (1.63), and
leather and leather products (3.33).. An examination of industries located near the site share
the same features as other 1ndustr1es in Luzerne County, particularly apparel and textile
industries.

Luzerne and Columbia counties are relatively low-wage areas- and many unskilled manufacturing
operations have transferred from the New York SMSA to take advantage of these prevailing low
wages. , ,
In 1970, the w11kes—Barre/Ha2e1ton and Columbia County areas had from 18 to 32% (depending on
assumptions) employment in the Tow-wage20 category compared to a national average of 8%. -In
1978, the average hourly earnings in the northeast Pennsyivania SMSA were $4.93 per hour com-
pared to $5.24 nationally. The apparel and textile industries, with wage scales of $4.04 and
$4.08 per hour, respectively, are heavily represented in the region.

Based on its assessment, the staff has determined that the nuc]eer plant would pay competitive

wages for almost all job categories. The demand for housing noted in Section 2.2.3.2 will be
diminished to the extent that jobs at SSES are filled by local residents rather than by outsiders.

]

{

*A location quofient of 1.0 indicates that that economic sector produces goods and service at
a level proport1onate to the U.S. as a whole. Location quotients greater than 1.0 indicate
a specialization in a particular sector of the economy relative to the U.S. as a whole.
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2.2.7.3 Commuter Patterns

Based on access to the site and relative population density, the communities that would be
likely choices .for residence by plant workers are: Berwick-Bloomsburg, ‘Wilkes-Barre, and
Hazelton. Local workers finding jobs at the plant would probably be willing to commute a
little farther than newcomers. Longer. commuting patterns by existing res1dents would reflect
the preference not to move their home.

2.2.7.4 Income and Employment

From 1970 to 1977 the civilian labor force grew by about 2% in northeast Pennsylvania and-about
7% in the state as a whole. Employment declined about 3% in northeast Pennsylvania during that
period; in the state, emp]oyment increased by about 3%.21 It can be expected that such statis-
tics would be ref]ected in high unemployment rates within the area and the concomitant migration
of job seekers, particularly the young, from the area.

As noted, unemployment is high in both Luzerne (9.9%) and Columbia (11.1%) counties. The
northeastern section of Pennsylvania has had consistently higher unemployment rates than either
‘the state or the nation as a whole. In 1977 the unemployment rate for the respective areas-
were: northeast Pennsylvania, 9.7%; Pennsylvania, 7.7%; and U.S., 7.0%. The Penusylvania
Department.of Labor and Industry classifies both Berwick-Bloomsburg and northeast Pennsylvania
as labor surplus areas. Out of 44 areas ranked according to unemployment, the northeast was
ranked 11th of all areas in Pennsy]van1a (but first in the rank of Pennsylvania SMSAs) and
Berwick-Bloomburg was 18th.2 N ' .

With respect to inflation, the northeast is doing no worse than the rest of the nation in
“keeping up with the consumer price index. Since the area is a "low wage manufacturing” area
and average incomes tend to be 1ower, the actual effects of 1nf1at1on are worse,

Prob]ems that tend to arise in the area include: (1) increasing age of the work force without

in-migration of younger workers, (2) mismatch of skills and job opportunities, and (3) need for
tra1n1ng (few existing employers offering training programs appropr1ate to potential new indus-
tries in the area).

The problems of the area tend to be long-term and structural due to the makeup of its economic
base; these problems cannot be easily.attributed to any one specific cause. Although many of
the problems existed prior to tropical storm Agnes (1972), the storm exacerbated .the probliem of
providing an attractive region in which to live and work. Despite a difficult economic picture,
the region made a successful transition from an economic coal-mining base after the 1930s. -

2.3 WATER USE

2.3.1 Regional Water Use

There have been no major changes in water use in the regidn since the issuance of the FES-CP.

2.3.2 Hydrology
2.3.2.1 Surface Water v o ‘.

~The discussion in Section .2.5.1 of the FES-CP is still considered valid. In addition, Fig-
ure 2.2 shows the floodplain, as defined in Executive Order 11988, Floodplain Management, in the

vicinity of the site. Section 4.2 contains a discussion of the hydrologic effects of alterations

in the f]oodp]ain.

2.3.2.2 Groundwater-

The discussion in Section 2.5.2 of the FES-CP is still considered valid by the staff.

2.3.3 Water Sources L |

The applicant made a house-by-house survey of water wells and éprings within 3.2 km of the '
plant. A total of 185 wells and 33 developed springs were identified. The total withdrawal
rate from these wells and springs during 1976 was estimated by the applicant to average
212,000 L per day with the largest well withdrawing an average of 10,220 L per day. Most of

the wells and springs are used for domestic or stock watering. purposes. In addition, 213

:
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public-supply wells were identified within 32 km of'.the site. The applicant estimated that in
1975 the withdrawal rate of all groundwater users (public, industrial, and private) averaged
43.5 million L per day within this radius. : Rz ’

The only s1gn1f1cant source of surface water in the vicinity of the plant is the Susquehanna
River which is used for municipal water supply, industrial use, and recreation {see F1gure 2.3
for water-use diagram). The nearest downstream municipal water supply us1ng river water is that
of the Borough of Danville, 50 river kilometers downstream, although both Berwick (11 km down-
stream) and Bloomsburg (30.5 km downstream) maintain river intakes for use as standby water
supp11es Five industrial users and one recreat1ona1 -area user have also been identified in
th1s river reach. e

R e

2.3.4 water QuaTitx
2.3.4.1 Surface water

Water quality of the Susquehanna River adJacent to the SSES site has been monitored month]y
since 1968 by the applicant and daily since 1971 by Ichthyological Associates;23 these data-are
summarized in Tables 2.6 and 2.7 and Figure 2.4. Sampling locations are identified in Fig-

ure 2.5.  During 1974, Ichthyo]og1ca1 Associates also measured the flow, pH, total a]ka]1n1ty,
specific conductance, sulfate, iron, residue, and turbidity at each of the sites identified. in
Figure 2.6 to establish patterns over a greater length of the river. The data collected since
issuance of the FES-CP support those collected earlier and provide a broader information base.

With the exception of total iron, the water in this portion of the Susquehanna River normally
meets- all the water-quality criteria established for it in Chapter 93, Water Quality Cr1ter1a,
Rules and Regulations, Pennsylvania Department of Environmental Resources. These are listed 1n
Table 2.8 along w1th the 1962 Dr1nk1ng Water Standards of the U.S. Pub11c Hea]th Service.

’

2;3.4.2 Groundwater Quality k

The-quality of the groundwater on the SSES site has been measured on three different dates in a
<total of 14 wells. The location of these wells can be identified in Figure 2.4-14 of the ER-OL.
In general, the groundwater has a low dissolved-solids content, 44 to 393 mg/L; total hardness,
as CaCO3, ranged from 12 to 255 mg/L. Dissolved iron ranged from 0 to 9.5 mg/L and pH ranged
from 6.0 to 11.0. Table 2.9 contains information on the radioactivity of groundwater samples.

Tritium levels in onsite wells ranged between 80 and 430 pCi/L in these 1977 measurements.

2.4 METEOROLOGY [ |

‘2:4.1 Regional Climatology

The eastern Pennsylvania area experiences warm, humid summers and cold winters with considerable
amounts of snow. Prec1p1tat1on is ‘fairly uniformly distributed throughout the year. Maritime
trop1ca1 air masses dominate in the summer and cold, dry continental polar air masses predomi-
nate in the winter. The average yearly temperature is 9°C. Average monthly temperatures range
from -3°C in January to 22°C in July. On an average, temperatures fall below freezing on 133
days per year; temperatures below -18°C occur an average of four times yearly. Temperatures of
32°C or above occur on an average of seven days per year. 24 The average annual precipitation

- equals about 880 mm per year.2% Storm systems moving across the continental United States are
the primary source of summer precipitation. In winter, coastal lows originating over the Guif
of Mexico or Cape Hatteras are occasionally responsible for heavy snowfalls.  Decaying tropical
storm systems have caused maximum recorded rainfalls; Hurricane Agnes dropped 460 mm of rain
during one three-day period in 1972.25

2.4.2 Local Meteorology

Onsite wind data collected between January 1973 and December 1976 at the 9 6-m and 91.5-m
levels were submitted by the applicant. .

NS
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‘Table 2.6. Sﬁmmary df_Chemica1 Analysis of Susquehanna River Study Area, 1968-1977°

Number of .
Samples Max imum Minimum Average

Total -suspended solids v . 174 912.6 1.6 54.8
Total dissolved solids ’ 174 467.4 66.8 192.2.
Total mineral_solids ' - 174 400.6 66.3 190.3
Specific conductance {(mmhos/cm ) : 174 ' 635.0 98.0 297.1
Total alkalinity , . 163 78.0 21.0 43.0
Total hardness ' 174 279.0 34.5 116.1
Chloride (C1) o 174 , 32.9 3.6 13.0
Sulfate (SOy) : 174 222.5 12.8 69.1
Nitrate (N) 173 ’ 1.67 0.09 0.59
Ammonia (N) 173 0.84 0.00 0.27
Phosphate (P0,) ' 125 0.48 0.00 ~0.08

Total soluble ) - 125 0.48 ~ 0.00 - 0.08
Phosphate (PO,)

Total | \ 20 1.54 0.04 0.28
“Carbon dioxide (C05) ; 54 13.5 3.0 7.3
Bicarbonate (HCO3) , S V7 ©90.3 [ 25.6 52.9
PH (units) s 8.65 6.6 7.18
Water Temperature (°C) 170 29.4 0.0 12.2
Dissolved oxygen (03)/ - 164 g 15.0+ 5.8 “10.1
Color (Pt Co. Units)? 173 - 116.0 e 0.0 27.4
Turbidity (JTU) : ' 53 170.0 5.2 28.1
Chemical oxygen demand ’ 435 '70.8 3.5 15.2
Biochemical oxygen ( :

demand ) ' - 138 . 6.6 0.10 1.74
Soluble (Si0,) B : . 174 : 6.25 0.005 3.16
Chlorine demand (1 hr) ' 101 3.80 0.27 2.07

Chlorine demand to
' given 0.1 mg/L Cl,
after 10 min. 101 1.04 . 0.15 0.37

ChTorine demand to
give 1.0 mg/L Cl, . ] '
after 5 min. 101 ' 3.48 1.10 1.85

Coloforms (fecal) -

Test results in mg/L unless otherwise noted.
/
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Table 2.7. Trace Metal Analysis of the Susquehanna River Study Area®

78. . Test results in mg/L unless otherwise noted.

No. of :
Samples Maximum Minimum Average
Sodium (Na) 75 T16.7 3.6 8.5
Magnesium (Mg) 174 42.0 1.6 9.3
Calcium ' 174 - 65.2 1.2 © 313
Sodium and potassium
(as\Na), by Diff. 99 32.4 0.0 8.
Potassium (K) 75 2.8 0.39 1.5
Iron (Fe), dissolved 169 2,29 0.00 0.42
Copper (Cu), dissolved 74 0.03 *0.00 - 0.01
Manganese (Mn), dissolved 169 3.45 0.00 0.26
Zinc (Zn), dissolved 74 0.04 0.00 0.23
Aluminum (A1), dissolved 169 0.35 -~ 0.00 0.03
Iron (Fe), total . 86 17.30 0.15 3.20
Copper (Cu), total 73 0.10 0.00 0.02
Manganese (Mn), total 73 1.37 . 0.01 0.41
Zinc (Zn), total 73 0.10 0.00 - 0.03
Aluminum (A1), total 72 8.40 0.08 1.13
Nickel (Ni), total 8 0.04 0.01 0.02
Arsenic (As), total 2 F0.010 F0.010 F0.010
Mertury (Mg), total 2 F0.0002 F0.0002 F0.0002
Lead (Pb), total 2 F0.001 0.000 - ~ F0.0001
" Nickel (Ni), dissolved _ 6 0.04 0.000 0.015
aCompﬂed from ER-OL; Soya and JacoBsenQ-]Q
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Table 2.8. Water Quality Criteria Applicable to the North Branch
of the Susquehanna River in the Vicinity of SSES

: 1962 U.S.P.H.S 1979 PA Dept. of Environmental Resources

Drinking Water Rules and Regulations, Chapter 93,

Parameter? : Standardsb Water Quality Criteria-

Alkalinity (as CaCO3) , L >20 .

Aluminum (A7) <0.1 of LCD 50 (96 hr)"

Arsenic {As) - ) . . <0.05 <0.,05

Barjum (Ba) <1

Carbon Tetrachloride Extract (C.C.E.) <0.2¢

Cadmium (Cd) <0.01

Chloride (C1) \ <250° ,

Chromium (Cr) <0.05 <0.05

Coliforms, total <1

Cb]iforhs, fecal . ) <200/100 mL over 5 samples (during swim-

' : ming season, May-September 30)

Color (color units) \ <15° v

Copper (Cu) <1¢ <0.1

Cyanide (CN) <02 <0.005

Fluoride (F) 1.4-2.4 <2.0 ,

Iron (Fe), total - <0.3° <1.5 (0.3 dissolved)

Lead (Pb) o <0.05 <0.05

MBAS - ‘ <0.5°

Manganese (Mn) T <0.05° <1.0

Nitraﬁe (as N) <10¢ <10 {(nitrate plus nitrite)

Odor (odor number) 3¢ '

Oxygen (0), dissolved _ ) >5.0 (daily average; no value <0.4)
pH (pH units) ' ' . 6.0-9.0

Phenolics ' : | <0,005

Selenium (Se)i . _ <0.1

Silver (Aqg) ' . <0.5 :

Sulfate (S0,) - <2s0° _ ,

Total dissolved solids (TDS) . <500° <500 monthly average; <750 anytime
~ Turbidity (JTU) <5

Zinc (Zn) : ' 5 <0.01 of LC 50 (96 hr)

Gross 8 (pCi/L) v <1000 i _

Radium-226 (pCi/L) 3 - N

Strontium-90 {pCi/L) : <10

Temperature _ ' <5°Fd rise or <87°F%, whichever is Tess;

not to be changed by more than 2°F 1in
any 1 hr. period.

aMeasurements in mg/L unless otherwise noted.
bA_fter treatment including disinfection and/or fluoridation.
cRecommended. ' '
dTo convert A°F to 4°C, multiply by 5/9.

€70 convert °F to .°C, multiply (°F-32) by 5/9.

}
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Table 2.9. Results of ‘Radiological Analysis of Groundwater Samp]es
from 0bservat1on Wells on SSESa

-Depth of - Gross - Gross - Tritium

Observation-  -Date of - Sampling below  Alpha Beta -H3 Sr89 Sr30
Well Sampling S.W.L. (Ft)b (pCi/L) “(pCi/L) (pCi/L). (pCi/L) (pCi/L)

8-16-77 13 ©1.69+1.12  4,69+2.53 10673 <2.23  <0.663
19 - 8-16-77 . 8 <1.50° . <3.00 ' 235+74 I <1.40 <0.423
) 1-4-77 10 <2.15 3.3 193:74  <1.00  <0.65
08 8-16-77 . .35 <1.50 ' <3.00 101472, <2.42  <0.689
1201 8-16-77 10 <1.86 4.71:2.10 10473 . <2.49 <0.739
1209A 8-16-77 12 <1.50 14;2i3.29 250575, <3.26 ©  <0.937
1210 8-15-77 4 2.20:2.06 2.35:2.30 211s74  <2.35  <0.721

B-1 1-5-77 5 - <1.65 <3.34 169+74 <1.21 - 1.99+0.55

CPW 1-5-77 5. <1.96 <3.34 194167 <1.09  <0.76

35ource: ER-OL, : - :
bS.w.L. =:static water level. To convert ft to m, multiply by 0.3048.

Due to problems with data recovery and to questionab]e data co]]ected‘during the years 1973-1975, -
wind direction for only the one-year period of 1976 is summarized in Figure 2.7 to provide an ‘
estimate of expected long-term wind direction conditions at the Susquehanna site. During this
one-year period, the predominant wind flow was from the west-southwest with a 13.5% frequency of
occurrence. Secondary flow occurred from the west with-a 12.0% freguency. The preference for
the west- southwest/east northeast wind-flow axis 1nd1cates that the terrain has a major 1nf1uence
on the local airflow. .

, o
©2.4.3 Severe weather

Eastern Pennsy]van1a is subjected to thunderstorm act1v1ty and the effects of tropical storms..

Freezing rain and g]aze are not uncommon in w1nter N .

/getween 1953 and 1974, 35 tornadoes were reported in a 160-km square - conta1n1ng the Susquehanna
site. The calculated resultant tornado frequency and recurrency interval for a point in the
site area is 4.6 x 10~* tornadoes per year and 2200 years, respectively.26,27 Hail measuring
20 mm in diameter or larger was recorded on five days and winds of 26 m/s were reported on
eight days during the period from 1955 through 1967 within the one- degree latitude- 1ong1tude
rectangle conta1n1ng the Susquehanna site.2® The maximum "fastest mile" of wind reported in
Avoca was 27 m/s in February 1956. - On an annual average, thunderstorms may be expected to occur
about 31 days per year.2% Between 1871 and 1977, 10 hurricanes passed within 80 km of the
Susquehanna gite.2%,30 - ' . : ' _ ' ’

. . .
Freezing prec1p1tat1on (ice storms) may be expected to occur about once a year, and ice storms
resu1t1ng in_an accumulation of 13 mm or more may be expected slightly more frequently than one’
year in two.3l .Twenty-five cases of air stagnation w1th1n the site area 1ast1ng four or more
days occurred during the period from 1936 through 1970.3

2.4.4 _Dispersion :

" Pennsylvania Power and Light Company has submitted a joint frequency distribution of onsite
9.6-m level wind speed and direction data, and atmospheric stability data (based on temperature
differences between 91.4 and 9.6 m) measured during calendar year 1976 which the staff used to
make estimates of average atmospheric dispersion conditions  for the Susquehanna site. A straight-
line diffusion model as described in Regulatory Guide 1.111, "Methods of Estimating Atmospheric

- Transport and Dispersion of Gasecus Effluents from Light- Nater-Coo]ed Reactors,”" was used.
Because of the complex terrain in the site vicinity, recirculation factors are incorporated.
The model assumes .a. mixture of elevated and ground-level releases, based on the criteria estab-
lished in Regulatory Guide 1.111.. Intermittent gaseous releases were evaluated separately from
continuous releases.  Table 4.6 lists relative concentration and deposition values used in the
dose:estimates. : ' '

‘



Fig. 2.7. Percent Occurrence of Wind by Direction at Susquehanna Nuclear Power Station.
The figure is of onsite data measured 9.6 m above ground January 1976 through
December 1976.  (Calms are those winds with hourly average speeds of less

~ than 0.3 m/s.) .
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2.5 SITE ECOLOGY
2.5.1 Terrestrial Ecology

Information concerning the terrestrial environment of the SSES site was briefly summarized in
the FES-CP. The area of the site was, however, subsequently increased by the purchase of 49 ha
~..of land in 1974 and 1975 (ER-OL, Supp. Response to Q.TER-2.1). The applicant has-also collected
considerable additional information regarding the local environment. The updated information

base is summarized in the following sections. _ .

'

2.5.1.1 Vegetation

The vegetation of the additional project lands purchased in 1974-1975 consisted primarily of
open field and upland forest communities. Within present boundaries of the project site, these
two community types thus occupied a greater area than reported in the FES-CP. However, the
distribution of both community types has been altered during site development. ’

The applicant conducted floristic and/or vegetational studies (including phenology) within or
immediately adjacent to the project site during the 1972-1974 and 1977 growing seasons,33 A
‘total of 568 plant species were identified, including 112 woody plants, 36 species of ferns and
other cryptogams, and an additional 420 species of flowering plants. The family Asteraceae was
best represented (66 species), followed by Gramineae (49), Rosaceae (29), Cyperaceae (27), and
Leguminosae {23). Nineteen species of Carex were identified; other well represented genera
included Aster (asters), Polygonum (knotweeds), Solidago (goldenrods), and Viola (violets) with
12, 12, 10, and 10 species, respectively. The local vegetation was differentiated into five
general %om@gnity types; the principal species of the five community types are presented in
Table 2.10. . S

s '

Table 2.10. Principal Plant Species of Major Plant Communities in' the Vicinity of SSES

Plant Community Types ‘ Principal Sbecies

River floodplain forest
Woody species: Acer saccharinum, Betula nigra, Quercus borealis

. N » . . o ) N
Non-woody species: Matteucc?a struthiopteris, Podophyllum peltatum, Alliaria offiecinalis,
Hesperia ma?roqa%is, Floerkia proserpinacoides, Dicentra cucullaria,
"Polygonum virginianwn, Viola papilionacea, Erythronium amevicanum

Upland forest / .

Woody species: Pinus vi?giniana, Betula lemta, Cornus florida, Quercus alba, Quercus
, borealis, Quercus velutina, Li@fodendron tulipifera
Non-woody species: Lycopodium flabelliforme, Dronyopteris intermedia, Glecoma hederacea,
Gewn canadense, Potentilla simplex, Viola papilionacea, Carex
Swannii PR :

o

~ Abandoned field
Woody species: Betula populifolia, Rubus aZZegheniénsié, Rubus flagellaris
Non-woody species: Aster ericoides, Aster simplex, Solidago rugosa, Rumex acetosella,
: Potentilla simpleq, Carex annectans, Agrostis stolonifera;
Andropogon scoparius, Danthonia spicata, Phleunm pratense
Open marsh and pond -
"Woody species: --

Non-woody species: Polygonum sagittatum, Sagittaria latifolia, Carex crinata, Careé
. scoparia, Scripus cyperinus, Leersia oryzoides, Juncus effusus,
Typha latifolia :
Agricultural field '
Woody species: --

Non-woody species: Agricul@ura] crops, primarily corn, Panicum capillare; numerous
. associated weedy species, primarily annuals




2-21

2.5.1.2 Wildlife Species
Mamma]s

Deta11ed site- spec1f1c information concerning the mammals occurring in the vicinity of SSES was
not .available for incorporation in the FES-CP. The applicant, however, did conduct local -mammal
surveys and studies from October 1972 to December 1974. The presence of 26 mammal species, as
listed in Table 2.2-55 of the ER-0L, was documented..

Based on trapping results, an unidentified species of Peromyscus was the most abundant of the
small rodents, followed by eastern chipmunk, short- tailed shrew, and woodland jumping mouse,
respectively. Peromyscus was "found in all the habitats on the site" (ER-OL, Sec. 2.2.2.4).

The chipmunk and woodland jumping mouse occurred primarily in forest areas, the shrew primarily
in open fields. The star-nosed mole and meadow vole were occasionally observed in fields and-
marshiand.

Collected specimens of game and fur-bearing mammals included opossum, eastern cottontail,
eastern woodchuck, raccoon, muskrat, and eastern gray squirrel. Red and gray foxes were occa-
sionally observed but none were collected. During the study period, muskrats were taken exten-
sively by local trappers, who also caught four beaver on nearby Gould Island in 1974, The
three most important game species were, in decreasing order-of importance, white-tailed deer,
gastern cottontail, and eastern gray squirrel. = -

Birds

Species lists presented in the applicant's ER-OL (Tables 2.2-46, 53) indicate that a total of
154 bird species, including 26 species of waterfowl, were observed at or near the Susquehanna
project during surveys conducted during and prior to 1974. In addition, the applicant's con-
sultants observed an additional 42 species not reported in the previous surveys upon completion
of a 1977 study.33 The total species observed (196) in the 1973-1974 and 1977 surveys included
representatives of more than 40 families, but about 57 percent of the total inventory was com-
prised of only seven families. The fam11y Parulidae (wood warblers) was represented by 28
species, Anatidae (waterfowl) by 26 species; Fringillidae (sparrows, grosbeaks, etc.) by 24
species; Ardeidae (herons, egrets, and-bitterns) by 9 species; and the families Accipitridae
(hawks, eagles), Tyrannidae (flycatchers, phoebes, etc.), and Icteridae (blackbirds, orioles,
etc.) by 8 species each.

The results of nonsystematic surveys (walks through representative habitat types) conducted in
1977 provide some insight with respect to seasonal variation in species composition of local
bird populations. A total of 45 species was observed during the winter, 81 during the spr1ng,
76 during the summer, and 81 during the fall.33 Information concerning seasonal variation in
the total bird popu]at1on of the area was collected in 1974.3% 'An average of 171 birds per
observation period was observed along an established survey route during January and February.
The comparable average for March, April, and May was 450; that for June, July, and. August was
282. The number of birds recorded for. September 30, October 31, and December 20 was 426, 157,
and 115, respectively.

Analysis of the 1977 nonsystematic surveys indicate that the common crow, blue jay, cardinal,
and song sparrow were among the more frequently observed species in the course of ali four
seasons.33 Other relatively abundant species observed during winter censuses included the downy
woodpecker, brown creeper, tree sparrow, white-breasted nuthatch, and common merganser.,

. Waterfowl were relatively abundant during the spring season; mallard, American widgeon, and the
wood and black duck were the most frequently observed species. Other predominant species
included the downy woodpecker, black-capped chickadee, mourning dove, robin, redwinged black-' -
bird, and common grackle; the last four of these species were also relatively abundant during
the summer season. Additional species frequently recorded in summer censuses included the barn
swallow, catbird, yellowthroat, Indigo bunt1ng, American goldfinch, and ch1pp1ng and field
sparrows. N

The most frequently recorded species Hurinb fall surveys included the downy woodpecker,, black-
capped chickadee, white-breasted nuthatch, American goldfinch, and yellowthroat, as well as the
previously mentioned four species that are predominant in all seasonal populations.

Rept11es and Amphibians

Site- spec1f1c information concerning local reptiles and amphibians was not ava11ab1e for incor-
porat1on in the FES-CP. However, Tocal surveys were conducted by the app11cant s consultants
in 1972-1973 (ER-OL, Sec. 2.2.2. 2)
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A total of 38 amphibian and 48 reptilian species are reported to occur in. Pennsylvania. 35

Based on published species-distribution maps, only 20 amphibians and 19 rept11es are likely to
occur in the area surrounding the station.36 The applicant's consultant collected or observed
13 amphibian species and 10 reptile species during the surveys. Seven species of the order
Caudata were identified. The red-backed salamander was the most frequently observed spec1es in
terrestrial habitats and the northern dusky salamander was the most abundant species in aquatic
habitats. The other identified species included the hellbender; red-spotted newt; and the
spotted, two-lined, and spring salamanders. Toads and frogs (6 species) were abundant in the

" marshes and ponds in the eastern portion of the study area. Voice emissions of the American
toad .and spring peeper were predominant during the spring season; those of the green, bull, and
1eopard frogs were more pronounced during the warmer summer months. Tree frogs were observed
in upland pine stands in northern portions of the site. ’

The most frequently observed of the seven species of turtles that were identified was the
eastern painted turtle; the largest individual captured was a snapping turtle. Other species
observed included the eastern box and wood turtles, which frequently inhabitat terrestrial
environments, and the stinkpot and spotted and map turtles, which are pr1mar11y inhabitants of
aquatic habitats.3® The most abundant and widely distributed snake occurring on the site was
the common garter snake. The only other observed snakes were the common water snake and the
northern black racer, although other nonpo1sonous and venomous species are expected to occur in
the area (ER-OL, Sec. 2.2.2.2).

2.5.1.3 Endangered and Threatened Biotic Species

None of the current federally designated plant species (including varieties) of endangered or
threatened status occur in Pennsylvania.37 Five plants reported to occur within the state
were included in a 1976 federal listing of proposed threatened or endangered.species; none of
the listed species were included in the 568 species 1dent1f1ed 1n vegetation surveys conducted
in the vicinity of the station. 38

SSES 1is within the distributional range of. f1ve an1ma1s, two mammals - and three birds, included
in the federal list of threatened and endangered species.373:3°% ‘Neither of the mammals, the
eastern cougar (Felis concolor cougar) and Indiana bat (Myotis sodalis), were observed during
mammal surveys conducted in the project area (ER-OL, Sec. 2.2.2.4). .None of the critical
habitats designated for the Indiana bat occur in Pennsy]vam‘a.“0 The endangered bird species
include the American and arctic peregrine falcons (Falco peregrinus anatum and Falco peregrinus
tundrius) and the bald eagle (Haliaeetus Luecocephalus). Neither of the peregrine falcons are
included in the 1ist of 196 species identified during the 1973-1974 and 1977 surveys.33 Bald
eagles, however, were sighted twice during the 1977 survey when an immature and an adult eagle
were observed flying over the project area on separate occasions. In view of the extensive
surveys conducted in the project area, the staff concludes that bald eagles are only occasional
transients with respect to the site. An American peregrine falcon was observed in 1973.

Certain reptiles and amph1b1ans have been designated as endangered species by the Pennsy]van1a
Fish Commission;*! none of these;species was observed in surveys of the project area. There is
no state listing of endangered birds and mammals at this time (ER-OL, Supp., Response to
Q.TER-6.1.).

2.5.2 Aquatic Ecology

Since the issuance of the FES-CP, extensive data on the aquatic ecology have been collected
both 6.5 km upstream and downstream of the SSES intake structure. These data are summarized
here; detailed information can be found in the ER-OL and in References 33 and 42-44.

y v
In the vicinity of the site, the grade of the river is about 0.3 m/km. River depth ranges from
1 to 8 m, the width varies from 100 to 480 m, and the bed is mostly rock and gravel. During
the periods of Tow flow in late summer and early autumn, abandoned eel walls help maintain
river pools, some of which are several kilometers long. Eel walls closest to the Susquehanna
intake structure are located approximately 300 m downriver and 1400 m upriver. In times of
moderate to high flow, the river level increases by’ as much as 1 to 3 m and its flow charac-
teristics resemble those of an open channel.

From 1972 to 1975, the minimum daily flow past the site was 50 m3/s. In the past 75 years, the
Towest daily flow at the site was 15.3 m3/s. During periods of normal flow, the river's velocity
at the site ranged from 0.1.to 1.69 m/s. : ,
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2.5.2.1 Physicochemical Ana]yses

Beginning as early as July 1971, various water quality parameters have been monitored on a .
continuous basis. The parameters measured for the Tongest periods are Tisted in Table 2.11.

Table 2.11. Main Physicochemical Paraméters
Monitored at SSES

River Tevel

River velocity

River flow

Water temperature

Dissolved oxygen

pH o

Total alkalinity

Specific conductance

Sulfate

Total iron

Dissolved iron

Total residue ' ’ , .
Fixed total residue ‘
Nonfilterable residue

Total phosphate

Nitrate

Turbidity

Secchi disc depth

Bacteria

Statistical analyses of the physicochemical data from 1973 through 1977 showed improved water
quality of the river. Dissolved oxygen, pH, and alkalinity increased; dissolved iron, total
iron, turbidity, and specific conductance decreased (see Fig. 2.4).33 These improved water
quality trends are associated with the termination of pumping of mine water from flooded mines
into the river following tropical storm Agnes in 1972. The amounts of acid, dissolved solids,
iron, and sulfate in the river diminished as the volume of mine water decreased However, mine
pollution has not completely ceased, since some effluents continue to enter by gravity f]ow 33

The pH and a1ka11n1ty of the river increased.as the drainage of acid from the mines decreased.
Dissolved oxygen also increased. The specific conductance of the river decreased with the
occurrence of fewer dissolved so11ds, and turbidity decreased due to the smaller amounts of
suspended ferric precipitates.33’

2.5.2.2 Phytoplankton

Phytoplankton was sampied monthly from August 1971 through September 1973. Genera of Bacil-
lariophyta, Chlorophyta, and Cyanophyta collected during 1972 and 1973 are listed in Table 2.2-20
of the ER-OL. Major phytoplankton and periphyton species collected in 1974 and 1977 are listed
in Table 2.2-21 of the ER-OL. Both phytoplankton density and standing crop were determined.

The mean phytoplankton den§ity for all stations increased from 3,400,000 units/L in August to a
maximum of 7,100,000 units/L in October and then declined to about 150,000 units/L in December.
Diatoms (Bacillariophyta) were by far the most abundant kinds of algae. Green algae (Chloro-
phyta) were the second most abundant. The relative abundance of green algae, diatoms, and
blue-green algae (Cyanophyta) changed little at various stations, indicating a nonselective

loss of phytoplankton.
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In 1972 and 1973, both density and standing crop of phytoplankton were low in January, February,
and March at SSES and;Fa]]s,‘ranging from 57,000 to 1,160,000 units/L. Dens1ty and standing
‘crop began a marked increase in April (1972) and May (1973) Data from samples collected
monthly in 1972 and 1973 indicated that density increased dramatically in.August at both sta-
tions. Density reached a maximum of 73,400,000 and 71,400,000 units/L .at SSES and 64,400, 000
and 101,900,000  units/L at Falls in 1972 and 1973, respectlvely Density declined sharp]y in
autumn. ’

Blooms occurred at SSES in July (109,100,000 units/L), August (71,400,000 units/L), and Septem-
ber (73,500,000 units/L). The standing crop of phytop]ankton, which tended to be high in
summer when riverflows were low, increased relatively little in comparison to the great in-
crease in phytoplankton density. .

Diatoms, relatively the most abundant kinds of algae during most of the year at Falls and SSES,
made up about 90% or more of the total phytop]ankton in winter and-early spring. Green-algae
became relatively more abundant in summer and in 1973 composed the largest percentage of units
~in the July, ‘August, and September blooms at SSES. Blue-green algae were extremely abundant in
August 1972, when they composed about 90% of the August phytoplankton blooms. This great
abundance of blue-green algae did not occur at any other time during the study. This bloom may
have been caused by additional nutrients in the river from inoperative sewage treatment plants
after tropical storm Agnes. Generally, about the same numbers of genera were found in the
sewage-polluted water at SSES as were found in the relatively clean water at Falls.

/
The pH affinities of the various diatom species support the physicochemical analyses, as dis-
cussed in Section 2.5.2.1. Based on Reference 45,. the applicant has rated most of the diatom
species collected in 1974 and 1977 as "a1ka11ph110us," though a few spec1es are "indifferent to
pH n

B . ( .
A substantial number of genera in the plankton samples were periphytig algae that were probably
scoured from river stones by the current. Periphyton was sampled using artificial substrate
samplers. Artificial substrates were left submerged at Falls and SSES for periods of from 1 to
12 months so that short-term changes in colonization rates and long-term changes in structure
of the algal community could be observed. .

Per1phyton samples were also taken from river stones near the artificial substrates by a scuba
‘diver using a bar-clamp sampler that enclosed 387-mm? surface area and cleaned by vibration of
an ultrasonic dental cleaning probe. Samples were concentrated by settling and decanting. The
reader is referred to Section 2.2.1.3 of the applicant's ER-OL for further details.

{

2.5.2.3 Zooplankton

Zooplankton are utilized as food by macroinvertebrates, young fish, and some adult fishes.
Zooplankton samples consisted of 40, 80, or 100 L of water pumped through a number-20 mesh
plankton net. Samples were taken from near the bottom-as well as near the surface.

The zooplankton of the Susquehanna River were numerically dominated by rotifers; these organisms
composed 93 and 97% of the zooplankton at SSES in 1972 and 1973, respectively. Distinct seasonal
fluctuations in rotifer densities were significantly correlated with water temperature. Rotifer
blooms may result from increases in temperature, 1ight 1ntens1ty, or nutrients, and vary from
year to year. In 1972, rotifer blooms at SSES occurred in April (109 x 105 organisms/s) and
July (510 x 105 organ1sms/s) In 1973, a rotifer bloom occurred in May (493 x 10% organisms/s).
During non-bloom times of the year, rot1fer standing crop was generally- less than 50 x 105
organisms/s, .and in October 1972 it was less than 1 x 105 organisms/s.

Microcrustaceans were relatively scarce in samples collected in the river channel but large
numbers of individuals of several species were found in some backwaters near SSES. Bosmina
longirostrie, Diaphanosoma brachyurum, and Chydorus sphaericus were the most numerous cladoc-
erans collected; Cyclops vernalis and Eucyclops speratus were the most.common copepods. Cla-
doceran and adu1t copepod densities were usually much less, and never exceeded 350 org/m3.

When river levels rise, microcrustaceans are flushed from.backwaters and the substrate into the
water column.  There was a significant positive correlation between river discharge and the
densities of both immature copepods and adult copepods at SSES. Densities of microcrustaceans
in the water column usually decrease sharply after an initial "wash- out " before river levels
begin to decline. .

, {
Zooplankton species composition was similar between SSES and Falls, but annual mean densities
of total zooplankton were considerably higher at SSES due to rotifer blooms that were not
observed at Falls.
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Nonzooplankters were usually a minor component of total organisms in zoop]ankton samples, but
occasionally they were abundant and composed as much as 60% of all organisms collected. Nema-
todes (roundworms) were the most numerous nonzooplankters; o11gochaetes (especially Chaetogaster
langi and Nais pardaiis), ostracods (seed shrimp), hydracarinids (water mites), stalked proto-
zoans, and tardigrades (water bears) were also commonly co]]ected in 1ow numbers during most
months.

2. 5 2.4 Aquat1c Vascu1ar Plants

The Susquehanna River presents a harsh environment for most rooted aquatic p]ants The strong
currents, rocky substrates, and widely fluctuating water levels are not conducive to the
development of .extensive rooted plant communities. . R

— .
Of the 29 species of aquat1c vascular plants found in the study area (SSES upriver to Coxton,
PA), only six were attached submergents (ER-OL, Table 2.2-22). Potamogeton nodosus was the
most abundant submergent species. Emergent p]ants, which are better secured and able to with-
stand the current and whose leaves exténd above the-water, are less affected by high turbidity
and were relatively more abundant than submergents. Justica americana and Eleocharis acicularis
were the most abundant species of emergents.

In 1971, 64 submergent plant beds covered about 6% of the river's bottom between Coxton and
Berwick, PA; these plant beds were, severely damaged in the flood caused by tropical storm Agnes
in 1972, By the following year, the beds had reestablished themselves and covered about the
same area as in 1971. Although emergent plants were less affected by the flood, flowering was
delayed. :

Aquatic vascular plants in the study area do not seem to be a major component of the aquatic
food chain, partly because of.their paucity, but also because iron compounds coat their stems
and leaves. The iron makes the vegetation undesirable as food and shelter for most aquatic
invertebrates. .

2.5.2.5 Macroinvertebrates

Macroinvertebrates were collected from Falls to Danville, PA, from 1971 through 1977 (Fig. 2.8).
As in other aquatic environments stressed by mine pollution, chironomid larvae (Diptera:
Chironomidae) were the most abundant organisms at all sites on the SSES transect and Bell Bend I,
they made up as much as 96% of all macroinvertebrates in the area, with densities reaching

78,000 org/m2. A total of 44 different chironomids have been 1dentified in the study area

- ) . \
: i FALLS
SAMPLING STATIONS e :

SUSQUEHANNA
RIVER
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Fig. 2.8. Macroinvertebrate Sampling Statiqns.‘*2 Adapted from\ER-OL, Fig. 2.2-6.

\



2-26

{

(ER-OL, Table 2.2-29). Rheotanytarsus was the most numerous in the v1c1n1ty of 'SSES, compos1ng
between 54 and 72% of all chironomids collected in 1975." The sharp increases in macroinverte- -
brate densities from July through September in 1973 and 1974 were due to the abundance of this
predom1nant chironomid. . ,

Hydropsychid caddisflies (Trichoptera: Hydropsych1dae) were also abundant at all sites.
Cheumatopsyche was especially common; densities approached 6000 org/m2 (50% of all organisms,
exclusive of chironomids) at SSES in September 1974. This organism, known for its tolerance to
mine-drainage pollution, like several chironomid species, thr1ved under conditions at SSES that
were too adverse for most other 1nvertebrates ,

Four taxa (01igochaeta, Heptaqueniidae, Hydropsych1dae, and Ch1ronom1dae) composed from 74.7
{SSES-2) to 88.4% (Bell Bend I) of the total damp weight of organisms- collected near SSES in
1975. Damp weights ranged from 3.9 to 15.3 kg/ha (mean = 9.2 kg/ha) at SSES-1, ‘from-4.3:to
19.5 kg/ha (mean = 10.0 kg/ha) at SSES-2, and from 3.8 to 43.1 kg/ha (mean = 22 7 ka/ha) at
Bell Bend I. : 'l o : . . _ R :
Falls, the control station upriver from most major mine effluents, had up to fivefold more taxa
than the SSES sites during 1973 and 1974. C(lean-water organisms such as mayflies, stonef]1es,
and caddisflies were found in much greater dens1t1es at Falls than at SSES.

Downriver from SSES and Bell Bend I, the effects of mine-drainage pollution d1m1n1shed Whereas
chironomids made up nearly 90% of the/benthos at SSES-1 in September 1974, they composed only
19% at Nescopeck. Ancylid snails (Ferrissia sp.)s which are associated with clean cobble
substrates and alkaline water quality, composed 12% of the benthos at Nescopeck but were absent"
or rare (0.2%) at the SSES sites. Much of the difference between the benthos at the two sta-
tions resulted from greater river turbulence at Nescopeck which inhibited iron deposition,
thereby keeping the substrate cleaner. Iron deposition was almost four t1mes as h1gh at SSES
(mean = 4265 mg/m2) as at Nescopeck during the summer of 1974,

In summary, most macroinvertebrate populations in the vicinity of the. site were: suppressed due
to the effects of mine-drainage pollution. Suspended and settled ferric- hydroxide, primarily
from mine drainage, had a greater effect on the benthos than did a lowered pH and a lack of
dissolved oxygen. Since invertebrates and their eggs were coated with iron, some may have been
smothered. Iron also decreased light penetration and inhibited the growth of algae upon which’
grazing macroinvertebrates fed. When populations of herbivorous macroinvertebrates are restricted -
fish and predaceous macroinvertebrates that feed on these organisms are also reduced in numbers.

2.5.2.6 Fish

Eggs or nest larvae of at least 16 species of fish were found in the river near SSES from 1974
to 1975 (ER-OL, Table 2.2-15) from mid-April through mid-August. Eggs of the spotfin shiner
(Notropis spilopterus), a crevice spawner, were collected from early June to mid-August.
Quillback (Carpiodes cyprinus) were the most widely distributed of all speciés encountered.

In the vicinity of SSES, 25 species.of larval fish were identified from net and pump samples
coliected between 1972 and 1975 (ER-OL,. Table 2.2-31). Carp, minnows, quillback, white sucker,
shorthead redhorse, and perch composed more than 95% of the total number of larvae collected in -
1973~ 1975

From 1975 to 1977, maximum larvae densities occurred between 20 May and 20 June. Larvae of all
species captured moved toward the surface between 1800 -and 2100 hours; during these hours, ‘when
peak number of drifting Tarvae occurred, more larvae were captured near the surface and at 1 m
than in deeper water.

!
More larvae were collected along the banks than in mid-channel. In 1974, catch per unit effort
was higher near the east bank than the west bank. The larger number of larvae collected along
the riverbanks was probably due to the shoreward migration of the post]arva] f1shes

Number and species composition of the fish captured from 1971 to 1975 are 11stedf1n Table 2 2- 42
of the ER-OL. The majority of the fish were warmwater species capab]e of tolerating various .
levels of po]]ut1on "Important" forage and game fishes are listed 1n Table 2.12.
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Table 2.12. Important Forage and
Game Fishesd

Forage

Spottail shiner (Notropis hudsonius)

Spotfin shiner (Notropis spilopterus)
Quillback (Carpiodes cyprinus)

White sucker (Catostomus comersoni) ,
Shorthead redhorse (Moxostoma macrolepidotum)

Game

Muskellunge (Esox masquinongy)

Brown bullhead (Setalurus nebulosus)
Channel catfish (Setalurus punctatus)
Smallmouth bass (Micropterus dolomicui)
Walleye (Stizostedion vitreum)

"Important" as defined in NRC Reg Guide
4,2, Rev. 2, July 1976.

In 1971-1975 the relative numerical importance of the northern hog sucker (Hypenteliwm nigri-
cans) and smallmouth bass (Micropterus dolomieui) in the catch:increased at SSES. The relative
numbers of these species may have increased because of improved water quality. Levels of total
iron, dissolved iron, sulfate, conductivity, total residue, and turbidity at the site decreased
from 1972 to 1975. Spotfin shiner, white sucker, bluegill, white crappie, and spottail shiner
were the most abundant species captured.

Studies conducted in 1972 and 1973 showed that invertebrates made up the largest percentage of
food items consumed by most fishes; these organisms comprised more than 50% of the food eaten
by the comely shiner, spotfin shiner, fallfish, northern hog sucker, rock bass, pumpkinseed,
bluegill, smalimouth bass, largemouth bass, and yellow perch. Detritus and organic material
were also found in the stomachs of most fishes; carp, spottail shiner, quillback, white sucker,
and shorthead redhorse had the largest amounts of detritus. Plant material was an important
food for carp, spottail shiner, and brown bullhead.

Walleye, chain pickerel, smallmouth bass, largemouth bass, white crappie, and black crappie
largely feed upon smaller fish., Fish composed 70% of the food (by volume) for walleye. Sunfish,
the walleye's (17.5 - 63.0 cm long) most common forage, comprised 28% of the number of fish
consumed; they were followed by minnows and carp (25%), suckers (21%), perches (15%), and
catfish (11%). : '

The food habits of the northern hog sucker differed from those of other suckers in that it con-
sumed a comparatively larger percentage of invertebrates and a smaller percentage of detritus.
Invertebrates made up more than 50% of the volume of material in the stomachs of the northern
hog sucker and less than 32% of the material in the stomachs of qu111chk white sucker, and
shorthead redhorse.

2.5.2.7 Rare and Endangered Species

No threatened or endangered fishes37:%! (as listed in the Federal Register) were captured.
However, two cisco (Coregonus artedii), listed as rare by the Pennsylvania Fish Commission, were
collected. These fish probably entered the river near Nanticoke by way of Harvey's Creek, the
outlet of Harvey's Lake. The Pennsylvania Fish Commission introduced the cisco into Harvey's
Lake from 1969 to 1972. Because cisco prefer deeper lake waters, there is 1ittle 1ikelihood
that a population of cisco has been or will be established in the river as a result of escape-
ment from Harvey's Lake.
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2.6 CULTURAL RESOURCES

2.6.1 Regional Profile

Historic and archeological sites and natural landmarks are summarized in Section 2.3 of the
CP-FES.

The general area surrounding the plant is reported to have numerous sites of historic, ethno-
historic, and prehistoric importance.l2,4654%7 A number of prehistoric populations occupied
eastern Pennsylvania, beginning perhaps as early as 8,000 to 10,000 B.C., and material remains
of their subsistence-settlement systems are frequently found along major waterways, including
the Susquehanna River and its branches."8:49 Ethnohistoric village sites and trails associated
with the Shawanese, Nanticokes, Delaware, and other American Indian groups are also reported to
have been in the Susquehanna Valley.l2 By the mid-eighteenth century, settlers began to occupy
and lay claim to the area, which was then called Wyoming. In the years that followed, periods
of war and unrest were frequent as various European, pioneer, and Indian groups sought posses-
sion of the "Wyoming" lands. It was not until the beginning of the nineteenth century that
substantial settlement and development stabilized in that part of the "Wyoming" area that later
became Luzerne County.12:46 By 1900, the economic base of Luzerne County had shifted from
agriculture, fishing, and lumbering to mining and manufacturing centered in three urban areas:
Wilkes-Barre, Hazleton, and Pittstown.“®

The protection and preservation of .cultural resources, in the "Wyoming" area in particular and in

Luzerne County in general, is an integral part of the county's long-term administrative plan.l!

Moreover, the Economic Development Council of Northeastern Pennsylvania, as part of its mandate,

has also developed a regional policy for preserving the architectural, historical, and environ-

mental heritage of the people.®® Discovering that historical [prehistoric] resources are endan-

’ gered this council progosed a program to locate/identify, zone, and control activities threaten-
ing cultural resources.

2.6.2 The Plant Site /

Since publication of the CP-FES, two cu]tura] resources stud1es have been made on the Susayehanna
Electric Station propertv. -
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3. THE PLANT

3.1 RESUME

There have been a number of changes in station and transmission system designs since the FES-CP
was issued. With the exception of changes in the transmission line corridors, these changes are
minor. Changes in the transmission system are discussed in Section 3.2.5. More detailed infor-
mation is now available on the design of specific plant components, such as on the dimensions of
the cooling tower, design of the intake and d15charge structures, and in water use. Changes in
design of the.intake structure are presented in Section 3.2.2.2. The Susquehanna River Basin
%omm1ss1on ?as placed restrictions on the use of water from the river during periods of Tow flow
Sec. 3.2.1

After the FES-CP was issued, the app11cant modified the liquid, gaseous, and solid radwaste
treatment ‘systems as descr1bed in the final safety analysis report and evaluated in the staff's
safety evaluation report. New liquid and gaseous source terms based on more recent operating
data applicable to the station during normal operat1on and anticipated operat1ona] .occurrences
have been provided in Section 3.2.3.

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES
3.2.1 water Use

The design for basic station water-use and circulation patterns has not been changed since the
construction permit was granted in 1973. Flow rates through different parts of the station and
for various station operating.and meteoroIog1ca1 conditions are presented in Table 3.1. The
annual average flow rates estimated in 1972 for the construction permit are aIso listed in the
table for comparative purposes. . .

During plant operation, water will be withdrawn from the Susquehanna River at a rate varying
from 1.9 to 2.5 m3/s and will be primarily used for the makeup of evaporation loss from the

- cooling towers and blowdown returned to the river. Evaporation from the spray pond, which will
serve as a holdup facility for cooling tower blowdown, is expected to be compensated by the
direct precipitation on the pond surface.

According to a new regulation promuigated by the Susquehanna River Basin Commission (SRBC) in
1976, the appiicant will be required to replace, starting on 1 July 1984, the amount of water
consumed when the river flow at the station intake is at or below the -7-day, 10-year low flow
{Q7-10) plus the station's actual consumptive use, The SRBC has determined that, based on ‘
77 years (1900-1976) of riverflow data measured at -the Wilkes-Barre 'gaging station, the Qy.yq
value applicable to the station is 22.7 m%/s. The applicant could, however, meet the SRBC
requirements by eIect1ng not to operate SSES dur1ng specific.periods of Tow river flow. This
option is discussed in greater detail in Appendix A, Section A.5.

A low-flow analysis recently made by the U.S.G.S. confirms this number (22.7 m3/s). The station's
major consumptive water use is for the cooling-tower evaporation which, .as indicated in Table 3.1,
varies from 1.3 to 1.8 m3/s. In order to meet the low-flow compensation requirements of SRBC,

the applicant has considered several alternatives including the construction of a water storage
reservoir about 3.7 km upstream of the station. The applicant has submitted an Environment

Report to SRBC (copy to NRC) to apply for a permit to build the reservoir. NRC's assessment of
the environmental and other impacts of this fac111ty is presented in Appendix A. The reservoir

is expected to be in service for compensation operation in 1983 before the 1 July 1984 deadline
established by the SRBC for compIxance with the consumptive water make-up requirements. The
-applicant indicated that the reservoir was designed to be able to supply the required replacement
water to the Susquehanna River during a recurrence of the record drought of 1964. During this
drought, flow at Wilkes-Barre was below 24.5-m3/s (Q7.1p plus maximum consumptive use) for

107 days, including one period of 84 consecut1ve days. If it were assumed that the make-up

water would be released at a rate of 1.8 m3/s, the active reservoir storage of 27.1 x 10° m3

would Tast for about 170 days. This is longer than the number of days for which replacement
water would be required during a repeat of the record drought. The staff therefore agrees with
the applicant that the proposed reservoir design will meet the Tow-flow compensation requ1rement
of SRBC. . .

3-1
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0.63 - 0.63

Table 3.1. Flows of Major Station Streams® ’
M1'n1'mumb Max1mum d ‘
Monthly Month]y Annual Maximum Shutdown 1972 Estimate
] , Average Average Averagev Flow®é Flow Average Flow
_ Point Flow m3/s ..m3/s m3/s m3/s m3/s .
1. Intake from river’ , 1.89 2.20 2.04 2.45 0 2.04
2. Condenser cooling flow (2 condensers) 56.5 56.5 56.5 56.5 -0 56.8
3. Service water flow (2 units) 3.8 3.8 3.8 3.8 0 3.8
4. Cooling-tower flow (2 towers) 60.3 60.3 60.3 60.3 0 60.6
5. Cooling-tower evaporation (2 towers) 1.25 o154 1.40 1.81 0 1.41
6. Cooling-tower driftd (2 towers) 0.011 - 0.011 0.01 0.011 0 0.012
7. 'Cooliﬁg-tower makeup (2 towers) 1.88 2.17 2.03 2.44 0 2.02
8. Makeup to water treatment plant 0.013 0.013 y 0.013 0.027 0 0.005
9. Spray pond makeup /0.003 0.003 ’ 0.003 n/a 0 n/a
10. Spray pond evaporation and drift 0.003 0.003 | 0.003 n/a 0.018- n/a>
11. Emergency service water/residual heat - ' .
removal systems flow (2 units) 0 0 .0 0 . 1.9 0
12. Radwaste treatment outlet to river 0-0.013 0-0.013 0-0.013 0-0.013 0-0.013 < 0.003
13. Diffuser flow (less cooling-tower drift) 0 0.63

3pdapted from ER-OL and ER-CP.
bF]ows calculated for month of February

F]ows calculated for month of August.

Ca]cu1ated at 100£ Tevel;

expected plant capac1ty factor is 80%.

Evaporat10n losses calculated at 73°F wet bulb and 65% RH; design flow at full load (two towers).
F]ow based upon shutdown condition 1mposed by failure of distribution grid and loss of offsite power.
Ycalculated from guaranteed minimum drift; actual drift expected to be less than 10% of indicated value.

-
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Cooling water makeup passes through a coarse screen, but is essentially untreated river water.
Water for other uses is treated by one or more of the processes listed in the sequence in
Table 3.2.

-~ Table 3.2. Water Treatment

Treatmenta ) - ‘Use

1. Coarse screening ' Coo1ing water
2. Chlorination
3. Clarification

4, -Filtration Pump seal lubrication; non- /
radwoact1ve housekeeping,
fire protect1on

. 5. Chlorination ) - Potable water
6. Activated carbon filtration

7. Two-bed ion exchange

8. Mixed-bed ion exchange Steam power cyele makeup

3The treatment processes are cumulative. Any water treated by
mixed-bed ion exchange has been treated by the other seven
processes. \

3.2.2 Heat Dissipation System

3.2.2.1 Cooling Towers ~ ' “
At the time the FES-CP was prepared in 1973, the final design parameters for the plant condenser
cooling system had not been established. The plant.will use two counterflow natural-draft
cooling towers, one for each un1t to transfer more than 99% of the station's unconverted heat
energy to the atmosphere.

‘Operating at full power, the plant (2 units) will produce 16.9 x 102 J/hr of waste heat that
will be transferred to the cooling water circulating at about 30 m3/s through each condenser
(ER-OL, Sec. 3.4). The temperature rise across the condensers will be about 14°C. In addition,
0.38 x 1012 J/hr of waste heat will be transferred to the cooling towers by the 0 25 m3/s flow
in the service cooling-water system. .

Each hyperbolic cooling ‘tower will be 165 m tall with a base diameter of 128 m. At design -
conditions (air temperature of 30.6°C, wet-bulb temperature of 22.8°C, and relative humidity of
65%), the approach to wet-bulb temperature is 7.8°C

A 2.8-ha spray pond, containing about 9.5 x 10% m3 of water, will be used as the plant's ultimate
heat sink for the emergency service water systems. This pond will also be used to supply cooling

and cooling water for the residual heat removal service water system during normal unit shutdowns

and to cool the diesel generators. Makeup water for the spray pond will, if needed be supplied
by the makeup system for the circulating water system

~3.2.2.2 Intake Structure - _
At the time of the FES-CP, a "conventional type intake structure and pumphouse"-was proposed

(FES-CP, Sec. 3.3.5, p. 3-9). More detailed information is now available (ER-OL, Sec. 3.4.2,
pp. 3.4-2 and 3.4-4). The current intake design consists of an embayment and pumphouse.
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The river intake structuré is located on the west bank of the Susquehanna River as shown on
Figure 3.1. An earth embankment extends 6.0 m above the floodplain to elevation 157.8 m MSL,
which is 0.3 m above the maximum water elevation for the postulated Standard Project Flood
(SPF). The floor level of the intdke superstructure (Fig.3.2) is located at the top Of the
graded embankment.. The elevated embankment and the riverbank at the intake entrance are to be
covered with a blanket of heavy riprap for erosion protection during high riverflow conditions.

The intake structure consists of a steel superstructure above the operating floor and a rein-
forced concrete substructure extending into the rock below the level of the river bottom. The
“superstructure houses the makeup water pumps and associated equipment, including switchgear,
automatic operating equipment for trash-handiing screens, motor control centers, screen wash
strainers, and a debris-handling facility. h - ’ N
The substructure contains two water entrance chambers that house the traveling screens and two
pump chambers. The intake openings are formed by the floor and sides of the entrance chambers
(Fig. 3.3). The top of the intake openings is formed by an inverted weir extending 0.3 m below
the minimum river water level (elevation 145.2 m) to intercept floating oil and debris. The
front of the intake is at the riverbank with flared wing walls extending down the natural slope
of the bank to provide for an even and gradual water-approach velocity. '
( . . .
The dimensions of the wing walls are shown in Figure 3.2. The applicant has computed the area of
the embayment created by the wing walls as approximately 502 m2 (horizontal projection). During
periods of low flow, the embayment will contain approximately 1071 m3 of water (based on an
elevation of 147 m MSL). At normal flow (based on mean flow derived from June 1973 to May 1978)
the calculated volume of the embayment will be 1683 m3; at high flow (top of wing walls at an
elevation of 154 m MSL) or maximum volume of the embayment, the volume will be 2448 m3.

Riprap protecting the east slope of the intake structure facing the river extends approximately
49 m south and 27 m north from the respective edges of the structure. The riprap was placed by
"end dumping" on a two-horizontal-to-one-vertical slope to an approximate elevation of 147 m MSL.
The riprap on the north and south side of the embankment covers approximately 232 m2 and 576 mZ,
respectively. The total surface area of riprap behind the wing walls from elevation 154 m (top
of wing walls) to elevation 147 m MSL is about 808 mZ2. ' :

The intake-flow velocity is perpendicular to and less than the river velocity. Figure 3.3
shows the average horizontal velocity of the water flowing from the river to the intake pumps.

Four nominal one-third capacity intake pumps with a capacity of 0.85 m3/s each are installed in
the intake structure. Station load operation (100%) of both units can be supported by three
pumps with a 2.5 m3/s intake flow under the least favorable (1%) meteorological conditions.

Each of the two water entrance chambers is equipped with two automatically operated trash removal
_screens in series. A bar screen behind each of the inverted weir intake openings prevents large
debris from impeding operation of the automatic traveling screen.' The bar screen, trash racks,
and traveling screens are operated automatically either by differential pressure sensors or by a
timer for periodic cleaning. Water-spray systems wash debris from the screens into a pit for
disposal whenever the trash rack or traveling screens operate.. The bar screens consist of verti-
cal 3.17-cm bars with a 2.54-cm opening between bars, The traveling screens have 0.95 cm mesh
wire openings. : . .

Stop-log slots are provided in front of and behind the screens so that the provided stop-logs may
be Towered and the chamber dewatered for repair of the screens. Another set of stop-logs may be
-used to close the slot in the center wall for the purpose of dewatering one of the pump chambers.
The insertion of these barriers requires the effort of heavy portable equipment and a maintenance
crew. Such an effort will normally be scheduled during a period of reduced station load when
less water is required and design-intake velocities are not being exceeded.

With three pumpé in operétion (the flow being-2.5 m3/s), the velocity of water through both
intake-structure passages is:

a.  0:11 m/s through the entrance openings (i.e., under inverted weir); this value is
independent of river level.

b. 0.17 m/s through the clean bar screen.openings at minimum river level 147 m above
MSL. : : ,

c¢. 0.19 m/s through the clean traveling screen openings at the minimum river level
147 m above MSL. ’

Since there is the bapabi]ity to block off one or more of the passages, there is a potential for
increased velocities. . .

]

N



N T 1 SUSAUEHANNA R i .
\\: N g - i / ]
\\\\ s i i N 5 | /
AN : N . . : i [ . :
N ‘ . T _
\\\\\ ] v ] | )
» . i ’ R .

G-

\ / i
N ‘
AN j ) / "
N \\ . ‘ : [ / L 40,00
i ] —
N N\ / / : ' v )
) \\ \\t\\ INTAK ‘
D : ' ' o
o \%'V( 42" MAKE-UP LINE :1;2”4(:11}
\ AN
AN v S~
N o -
AN ANRN T
N v N '
N\ \ \ c
N 10" DEICING LIN
8" TREATED )\ \\ e
EFFLUENT LINE N ~ )
- \ T :
: "Na \\ = L /
N~
A T~
\ —~
\
\
\ y 339,500
‘\ :
DISCHARGE LINE/'\\.\
£2447,000

'E2,445,500

Fig. 3.1. River Intake Structure and Area. From ER-OL (Fig. 3.4-3).



3-6

¢ INTAKE STRUCTURE
SYM. AST.

R
B
. f\‘ .
)
(X
{
RS
EHI® | ecsosw
( rd g . :
'o "”o’ .
I == "
=% % GROUND
P  LEVEL
e | { -
‘ pios e~ EL.472-6
SILT i '
. 1 _EL 464-5
ESTIMAT T P
ROCK > 10 | ,
LINE »

ELEVATION A-A

Fig. 3.2. River Intake Structure Pian and Elevation.

N



RIVER
FLOW

- JL —,

(TYP) STOP
PUMPS CHANNEL LOG SLOT

vl

)

PLAS

O} PUMPS: - CHANNEL -
_/—\d - I
: — ]
3
N
PUMP . )
F\_J—-ﬂfTT\/ q 1
) ‘ 4
v GROUND
v LEVEL
! TRAVELING ’ . <
\ 1. SCREEN <N
~ —
| TRASH BAR— 1l ~2
' . s ~
LI MINIMUM -
EEcanee e | ad WATER LEVEL <
] ]
I~ .
i),
= ™ h- - SRS

{

SECTION A-A
A\\//Ei«ggicgsg. _ ' ' RIVER VELOCITY
' . {PERPENDICULAR

2.007 %&{ , TO INTAKE FLOW)

130 \\ . MAXIMUM -

1.20- W\ : ,

1.101 vy ' .

1.001 \ o\ ' " AVERAGE
904 \\ \’\ :
.80+ v NG i ’

704 \ e R -] k\\
60 \ ~ ’
\ <o~ 1CHANNEL OPEN
504 N ~o
401 \\___L ________ —— \\\
-30- ‘ ' e S~ T MINIMUM -
.20 P 2l
101 2 CHANNELS OPEN AT T TR m .-
.
0
~=————— WATER TRAVEL RELEVANT VELOCITIES SHOWN IN SOLID LINES

AT MINIMUM WATER LEVEL—39,100 GPM TOTAL FLOW

.

Fig. 3.3. River Intake Structure and Ve]oc1ty Profile.
From ER-OL (Fig. 3.4-4).



3-8

Under the worst case anticipated, with three pumps operat1ng at a flow of 2.5 m3/s and w1th only
one passage open, the inlet velocity would be 2.2 m/s. As noted elsewhere, there is no need for
four-pump operation since three pumps will exceed the maximum station demand for water. The
insertion of stop- 1ogs is regulated by strict administrative procedures

Deicing Line

During winter conditions, a portion of the c1rcu1at1ng water on the hot side of the cooling tower
will be diverted down to the intake structure to a point just within the entrance to prevent ice
buildup. The deicing-line d1scharge is designed so that the warm water will be swept into the
intake structure by the incoming r1ver water as part of the makeup water

3.2, 2 3 Condenser Cooling Water D1scharge

The final des1gn of the condenser coo]1ng water system differs on]y in minor aspects and is
described in greater detail than the preliminary design d1scussed in the FES-CP. A discussion of
the changes and some additional details follow. :

A1.07-m d1ameter diffuser pipe beg1nn1ng about 36 m from the riverbank.and extending outward

36.6 m will be used for discharge. The top of the pipe will be about 0.24 m above the river
bottom and will be 2.4 m and 4.1 m below the water surface at 7-day, 10-year minimum river flow
(22.7 m3/s) and average river flow (380 m3/s), respectively. The effluent will ‘be discharged

from seventy-two 0.1016-m diameter ports, rather than the forty-four similar ports cited in the
FES-CP; the same flow velocity, 1.8 m/s, is assumed. However, the maximum velocity (and momentum)
will be developed at the vena contracta in front of the port rather than at the port as described
in the original model. The jet diameter at the vena contracta will be about 0.077 m.

v

3.2.3 Radioactive Waste Systems

Part 50.34a of Title 10 of the Code of Federal Regulations requires-an applicant for a permit to
construct a nuclear power reactor to include a preliminary descr1pt1on of the design of equipment
to be installed for keeping levels of radioactive materials in effluents to unrestricted areas as
Tow as is reasonably achievable. The Tatter term means as low as is reasonably achievable taking
into account the state of technology and the economics of improvement in. relation to benefits to
public health and safety and other societal and socioeconomic considerations and in relation to
the utilization of atomic energy in the public interest. Appendix I to 10 CFR Part 50 provides
numerical guidance on design objectives for light-water-cooled nuclear power reactors to meet the
-requirements that radiodctive materials in effluents released to unrestricted areas be kept as
lTow as is reasonably achievable.

To meet the requirements of 10 CFR Part 50.34a, the app]icant has provided final designs of. rad-
waste systems and effluent control measures for keeping levels of radioactive materials in
effluents to unrestricted areas as low as is reasonably achievable within the requirements of
_Appendix I to 10 CFR Part 50. In addition, the applicant has provided an estimate of the quan-
tity of each principal radionuclide expected to be released annually to unrestricted areas in
liquid and gaseous effluents produced from normal operation including anticipated operat1ona1
occurrences. {

The staff's detailed evaluation of the radwaste system and the capability of these systems to-
.meet the requirements of Appendix I are presented in Chapter 11 of the Safety Evaluation Report.
The quantities of radioactive material calculated by the staff to be released from the plant are
also presented in Chapter 11 of the Safety Evaluation Report and in Section 4.5 of this Environ-
mental Statement with the calculated doses to individuals and the population that will result
from these effluent quant1t1es

The staff will issue Techn1ca1 Specifications, which will establish release rates for radioactive
material in Tiquid and gaseous effluents and provide for routine mon1toring and measurement of

all principal release points to assure that the facility operates in conformance w1th the require-
ments of Appendix I to 10 CFR Part 50, with the operating Ticense.

3.2.4 Chemical, San1tary, and Other Waste Treatment

3.2.4.1 Industrial Wastes

The sulfuric acid added to the circulating cooling water is the major source of industrial
chemical waste and of potential chemical _impacts on the aquatic and terrestrial environment.
Other chemicals added are sodium hydroxide (caustic), used together with sulfuric acid for
demineralizer regeneration, and the chemicals (aluminum sulfate, sodium hydroxide, and the
coagulant aid, Separan) used in the clarification of raw water for domestic, potable, and other
purposes. . .
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The principal.change in chemica]vwaste treatment and disposal reportéd since the construction-
permit stage is the discharge of makeup demineralizer wastes to the circulating cooling-water
system instead of to the blowdown. The regenerant waste from the condensate demineralizer will
be treated in the chemical radwaste system and the effluent from this system (condensate of jow
chemical content) will be discharged directly to the blowdown as originally planned. Low volume
wastes will be treated in three separate waste basins. The treatment will consist of retention,
0il and grease removal, and pH adjustment. Since all added chemicals will still be discharged
to Ehe-r;ver eventually, the total chemical discharge from the.plant will remain virtually
unchanged.

3.2.4.2 Sulfuric Acid for Scale Control

Calcium carbonate saturation conditions were not evaluated in detail in the FES-CP. It was
-concluded that 1ittle or no sulfuric acid addition would be necessary under conditions of minimum
alkalinity. For average conditions, the applicant's estimate of required alkalinity (60 mg/L
CaC03) was accepted, and the preliminary calculations gave good agreement with the applicant's/
estimate of daily acid usage.

The Susquehanna River already contains a high and variable sulfate concentration, resulting
principally from mine drainage. The staff considered it important to limit the sulfate ion
concentration added by the plant. For this reason, the calcium carbonate saturation conditions
have been re-evaluated in greater detail and consideration has been given to the conflicting
requirements of scale and corrosion control.* While the present evaluation confirms the appli-
cant's estimates of sulfuric acid usage for complete scale'control (zero saturation index), it
is suggested that better corrosion control and reduced sulfate discharge could be achieved by
reducing the acid usage; i.e., by operating at a more positive saturation index. The new
evaluation assumes a maximum condenser temperature of 50°C, a dissolved carbon dioxide con-
centration (as molecular CO, plus H,CO3) of 5 mg/L, and a constant blowdown rate of 631 L/s with
both units operating.

For minimum values of calcium concentration and alkalinity, it is found that the saturation
index will be negative (-0.3) at the average concentration factor (cycles) of 3.22, and close to
zero for maximum concentration factor (3.87), confirming the conclusion that 1ittle or no sul-.
furic acid addition will be necessary under these conditions, However, prolonged operation with
a negative saturation index may possibly give rise to corrosion problems, especially in the
cooler parts of the circulating water system where the saturation index will be more negative
and the water will be in contact.with carbon steel. It is calculated that-at 30°C an alkalinity
of about 130 mg/L CaCO; and a pH of about 7.7, would be necessary to give zero saturation index.
Under minimum conditions, the alkalinity without added acid would be only about 70 mg/L at the
average concentration factor, and the applicant might be advised to consider the addition of
alkali (sodium hydroxide or carbonate) to control corrosion, should the problem arise.

~ Table 3.3 shows the important parameters, calcium concentration, alkalinity, saturation index,
and pH without added acid, for the two conditions: 1) average river concentrations with average
concentration factors, and 2) maximum river .concentrations with maximum concentration factor.
Since the saturation index is positive in both cases, acid addition will be necessary to reduce
it to a value close to zero. Table 3.4 shows the estimated alkalinity, acid usage, added
sulfate concentration, and ‘final blowdown pH for the same two:cases, at zero saturation index.

The acid usages shown in Table 3.4 range from 3,480 to 12,350 kg/day for average and maximum
conditions, in reasonable agreement with the applicant's estimates. The higher value should be
regarded as a maximum short-term rate of addition during temporary and infrequent periods of
extreme river concentrations, corresponding to simultaneous occurrence of maximum recorded
values of all impurities and of alkalinity. ' o

)

" As a compromise between scale and corrosion control,.a saturation index of at least +0.4 is
often recommended. Values as high as +0.6 have been proposed in several plants evaluated by the
staff in recent years where the water source has a high calcium content and alkalinity and very
large quantities of sulfuric acid would be required to give a zero index. Table 3.5 shows the
estimated alkalinity, acid usage, added sulfate concentration, and blowdown pH for a saturation
index of +0.6. For the average case, the saturation index without acid addition is.+0.64 and
the acid requirement is small. The maximum short-term rate of acid addition for this case is
9400 kg/day. On the basis of the Ryznar Index,! these conditions appear to be close to optimal.

*Tt is well known that water slightly supersaturated with calcium carbonate inhibits corrosion
of metals, because the local deposition of CaCO; at cathode sites probably prevents access of
dissolved oxygen. As indicated by the title of Langelier's original paper, "The Analytical
Control of Anti-Corrosion Water Treatment," corrosion control was the primary purpose in
defining the saturation index.? , ’
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Table 3.3. Alkalinity and Saturation Index in Circulating Water Without Acid Addition

Average Concentrations and . Maximum Concentrations -and
Concentration Factor (3.22) Concentration Factor (3.87)
Calcium (mg/L) . 102 : ' : . 252
Alkalinity (mg/L CaCO3) 139 ' _ 286
Saturation index .  +0.64 +1.43
pH = 7.62 ' T e 7.89
- Ryznar index? 6.35 ‘ g 5.04

The Ryznar stability index! is an empirical parameter that is often used in plaée of 'the
Langelier saturation index to define scaling or corrosive conditions. A value between 6 and
7 is usually regarded as acceptable.

Table 3.4. Alkalinity and Acid Usage: Zero Saturation Index

Average Concentrations and Maximum Concentrations and
Concentration Factor (3.22) | Concentration: Factor (3.87)
Required alkalinity (mg/L CaCOj) 67 55
Acid usage (kg/day) : ' 3,840 12,350
Added Sulfate (mg/L) 69 222
Blowdown pH 7.30 o 7.18
Ryznar Index? ' ' 7.30 . -7.18

8See note a/ for Table 3.3.

Table 3.5. Alkalinity and Acid QSage:l Saturation Index = +0.6

Average Concentrations and Maximum Concentrations and
Concentration Factor (3,22) Concentration Factor (3.87)
Required alkalinity (mg/L CaCOj) 133 ‘ 170
Acid usage (kg/day) 300 9,400
Added sulfate (mg/L) ' 5 _ 169 :
Blowdown pH . 7.60 7.48
‘Ryznar Index® ’ ' 6.40 6.28

%See note a/ for Table 3.3.
i



3.2.5 Transmission Syétems

" The“transmission system constructed to distribute energy generated at ‘SSES is markedly different
from that proposed in the FES-CP. NRC received on 15 October 1975 the applicant's proposed
changes in the transmission routes previously evaluated for SSES. Additional details concerning
these changes were provided in Amendments 4 and 5 to the ER-CP, submitted on 26 February and

30 June 1976. .

The staff reviewed the -information and prepared an environmental assessment of the proposed
changes (see Appendix C). The findings and conclusions in the environmental assessment concur
with those of the FES-CP. Therefore, the staff has concluded that the modifications proposed in
Amendments 4 and 5 are acceptable and fall within the scope of the environmental 1mpact evalua-
tion conducted in-connection with 1n1t1a1 application.

Although the 1ength of the transmission lines and the area requ1red are now different from those
originally given in the FES-CP, the 1and -use types, as g1ven in the FES-CP, rema1n essentially
the same.

(
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4. ENVIRONMENTAL EFFECTS OF STATION OPERATION

4.1 RESUME

There have been several minor changes in the staff's evaluation of the environmental effects of
station operation since the issuance of the FES-CP. ‘Some of these changes are the result of new
information that has become available since 1973. The area of the site has been increased from
387 to 435 ha (Sec. 4.2), and the area for the transmission lines has been increased from about
700 to 1140 ha (Sec. 4.4.1.2). The changes in size and location of the site and transmission
corridors have resulted in small changes in the expected impacts (Sec. 4.4.1 and Appendix C). A
new subsection on the socioeconomic impacts due to station operation has been added (Sec. 4.6).
The recreation area planned for the floodplain will increase the amount of such land available to
the public in the area (Sec. 4.6.2.3).

The final design of the intake system and its surrounding areas may result in greater fish and
aquatic biota losses than expected earlier (Sec. 4.4.2).

Impacts on the terrestrial environment of the station area that have been evaluated or reassessed
include those related to steam and drift emissions from the emergency spray, pond and cooling
towers, obstructions to flying birds, operational noise emissions, 1andscape alterations, and
implementation of the applicant's post-construction landscaping plan (Sec. 4.4.1).

The evaluation of radiological impacts has been updated using new source-term calculations;

a comparison of station radioactive emission levels with 10 CFR Part 50, Appendix I, design )
objectives has also been added (Sec. 4.5). New generic material has been added concerning trans-
?ortat1on)of rad1oact1ve material and the environmental effects of the uranium fuel cycle

Sec. 4.5 ,-

4.2 1IMPACTS ON LAND USE

There have been several changes in Tand use since the FES-CP was issued.. The land area of the
site has been increased.from 387 ha to 435 ha through the purchase of residential property. This
has dislocated many residents of Bell Bend and has caused some changes in the 1ives of residents
who have remained (see Section 2.2). Some of the remaining residents believe that they will be
directly and/or indirectly affected by the PP&L purchases of residences for several reasons:

1) there is a concern that land-use changes will affect land-development plans and anticipated
prices (Site visit) and 2) informal controls over access to private land in the Bell-Bend area
for hunt1ng was characterized as a neighborhood effort. Concerns have also been raised that PP&L's
role in controlling access to its new properties, which are adjacent to private land, may be
inadequate (Site visit). The applicant states that anyone caught trespassing will be asked to
leave; law enforcement officials w111 be called if there is a lack of cooperat1on (ER-OL, Socio-
economic Question 12).

About 49 ha, or 12%, of the site are commited to station facilities for the lifetime of the
plant; about 40 ha of the site will remain available for cultivation. This conversion results in
a net loss of about 60 ha of cultivated farmlands. The 170-ha floodplain along the Susquehanna
River will be deve]oped into a recreation area open to the public. Twenty one-hectare Gould
Island will be left in its natural state as part of the recreation area. There have been no
significant changes in planned recreation areas since the FES-CP was issued.

Other than the changes in transmission corridors and the small increase in land area of the site,
the staff's analysis of land-use impacts in Section 5.1.1 of the FES-CP remains valid.

- 4.3 [IMPACTS ON WATER USE

4.3.1 Thermal Impacts in Water Use Y

The effluent limitations, monitoring requirements, and other standard and special conditions of
the Commonwealth of Pennsylvania Water Quality Management Permit (No. 4076203) have been super-
seded by the terms and the conditions of the NPDES Permit (No. PA-0047325). (See part C, para--
graph B of NPDES permit, Appendix F.)

4-1
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The applicant has used the Jirka and Harleman procedure1 in its analysis of the discharge, as did
the staff for the FES-CP (Chapter 11); the applicant's results for a variety of conditions are
“shown in Table 4.1. These results, essentially the same as_those reported by the staff in the
FES-CP, are based on the assumption of complete mixing with a minimum dilution factor of seven or
greater at low river flow. A minor difference between the staff's calculation and that of the
applicant is that the staff considers full mixing to take place within 2.5 times the water depth?!

, whereas the applicant uses 10 times the water depth; the actual distance is uncerta1n and depends
on the specific characteristics of each discharge system and river.

The results have been reconfirmed by the staff using the current design parameters. A minor
difference from the applicant's and from the staff's earlier analysis is that the staff now
believes that a stagnant wedge of heated water may form upstream of the discharge pipe under very
Tow flow conditions with a large temperature difference (7.5°C) between river and discharge.
Compliance with the limitations cited will not be affected. The biological impacts of warmwater
discharges are discussed in Section 4.4.2.2. ' '

4.3.2 Hydrologic Alterations and Plant Water Supply

4.3.2.1 Plant Water Supply

The discussion of plant water consumption and its relation to the physical availability of
Susquehanna River water in the FES-CP (Sec. 5.2.1) is still valid. However, a .regulation
. (Fed. Reg. 30 September 1976) promulgated by the Susquehanna River Basin Commission after the
issuance of the construction permit, requires river-water users to replace the amount of water
consumed during periods of low river flow. The regulation requires replacement of water con-
“sumed when- the river flow at the intake is at or below the seven-day, ten-year low flow plus
the water user's consumptive use. The seven-day, ten-year low flow near the site is estimated ~
by the applicant to be 22.7 m3/s and plant consumptive use will vary from 1.3 to 1.8 m3/s (see
Table 3.1). The effective date of the new SRBC requirement is 1 July 1984. .

The applicant has studied several options in order to have replacement water available for '
periods of low river flow (see Sec. 3.2.1). Should the plant become operational before a replace-
‘ment’ water supply is available, the plant will be required to shut down during periods of low
flow. The plant can be safely shut down, using water from the onsite spray pond, without using
river Yater (a more detailed discussion of the spray pond can be found in the Safety Evaluation
Report). : : -

‘Based-on historical riverflow records, the requirement for replacement of river water will occur
-on an average of 4 days per year (Appendix A). However, based upon the historical record of .
drought occurrence and duration, the.applicant states that there is oniy a 17% probability of
this low flow occurring in any one year. Dur1ng the record drought of 1964 (August to November),
the Susquehanna River flow fell below the maximum flow rate of 24.5 m3/s requiring replacement
for 107 days, including 84 consecutive days in September, October, and November.

The staff has made an evaluation of plant water supply and impacts based upon the assumption
that the plant will have to be shut down for an average of 4 days per ‘year due to low river
flow (described in Appendix A as "river following").

4.3.2.2 Floodplain Effects

The floodplain (as defined in Executive Order 11988, Flood Plain Management) of the Susquehanna
River in the vicinity of the site is shown in Figure 2.2. In addition to some minor structures
in the recreational area (e.g., restroom facilities, picnic pavilions, etc.), the only structures
constructed on the floodplain are the intake structure and its access road embankment. The
tintake structure is founded on bedrock and is designed to be operational during the Standard
Project Flood (a more severe event than the one-percent chance flood). In addition, the plant
can be safely shut down using the onsite spray pond which 1s unaffected by Susquehanna River

~ floods.

The intake-structure access road, varying in e]evatioh, reaches its lowest elevation of 157 m MSL -
for an approximate 240-m segment. The applicant states that the side slopes of the embankment
are to be seeded to protect them from erosion and washout. The roadway will be built above the
one-percent chance flood level (156.4 m MSL) to provide access to the intake structure under
adverse conditions. Because the roadway will be above the surrounding floodplain, it will act as
a dam.or weir during flood conditions and will increase water levels upstream. To quantify this
1ncrease, the applicant performed backwater computations using the Corps of Engineers HEC-2
program.” The results showed that the water level during the one-percent chance flood would be

" jncreased by a maximum of 9 cm on the upstream side of the embankment; the effect would ‘extend as
.far as 550 m upstream of the road. Because of the small magnitude of the altered flood level and
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C . Table 4.1. Blowdown Plume Characteristics

-~ -

-

Concentration Factor

. .. ¥ Temp. Rise

Blowdown River Data Mixing Zone - at Edge of at Edge of

Temp. Temp. Flow Depth Width Length Width Mixing Zone Mixing Zone
Case S (°F)2 (°F)a - (cfs) (ft)a  (ft)a  (ft)? (ft)a (°F)a (aT/aTg)b
‘June . . :
Mean flow 89.8 72 - 9,080 16.0- 885 160 120 0.5 0.025
7-day, 10-year 89.8 72 1,880 18.0 846 180 120 1.2 "0.067
Tow flow '
August ; ' : . )
Mean flow 91.8 77(85)¢ 3,400 14.0 860 140 120 0.8(0.4)°¢ 0.36
7-day, 10-year 91.8 77(85) 880 11.5  820° 15 120 2.0(0.9)°¢ 0.148
Tow flow . ' P
December .
Mean flow 78.6 .82 12,800 16.5 _ 885 165 120 1.0 0.025
7-day, 10-year 78.6 - 82 1,680 18.0 845 . 180 120 3.5 0.083
Tow flow . .

3Conversion Factors: - To convert °F to °C, multiply (°F-32) by .5555f:
' ~ To convert ft to m, multiply by 0.3048. .

AT _ Temperature at mixing zone boundary minus river temperature

b . -
Concentration factor = KTb ~ Temperature of blowdown minus river temperature

. s - _ AC _ TDS at boundary of mixing zone minus river TDS
Chemical dilution factor ACO TDS of blowdown minus river TDS

Cvalues in parentheses represent blowdown plume characteristics corresponding to the applicant's highest observed river

temperature recorded on 18 August 1970.

€t
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because it will be confined to the applicant's property (which extends upstream from the intake
location for nearly 1.6 km on both sides of the river), the staff concluded that the floodplain
~effects would be acceptable and that no mitigative actions will be required.

4.3.3 Industrial Chemical Wastes

4.3.3.1 Discharge Composition

4 .
-The staff's estimates of discharge composition, including the effects of evaporative concentra-
tion and added chemicals, are shown in Table 4.2 for average conditions (average concentrations
and concentration factor) and for maximum conditions (maximum observed concentrations, assumed to
occur simultaneously with maximum concentration factor). The "design maximum" concentrations
used in the ER-OL are generally 8 to 9% less than the observed maxima. Since the similtaneous
occurrence of maximum observed concentrations and maximum concentration factors will occur very
infrequently, the staff assumptions are conservat1ve, leading to an overestimate of adverse
effects. In practice, beneficial changes in water quality, such as control of mine drainage, are
more likely than adverse changes.

Table 4.2. Estimated Discharge Compositions

Average Conditions® . » Max imum Conditionsb
River Discharge Plant Concen- * River Discharge Ptant Concen-

Constituent (mg/L) (mg/L) tration factor, R (mg/L) {mg/L) tration factor, R
Calcium 31.6 101.8 3.22 65.2 252.3 3.87

Magnes ium 9.6 . 30.9 3.22 42.0 - 162.5 '3.87
Sodium 8.4 27.7 3.30 16.7 . 65.3 3.91

Ammon um 0.35 1.13 3.22 < 1.08 4.18 3.87
Potassium 0.5 1.64 3.22 o 35.1° 135.8° 3.87 ~
Tron 3.42 - 11.0% 3.22 17.3 67.0° 3.87
Sulfate® 71.1 301.7 4,24 222.5 1087 4.89
Chloride 13.1 46.2 3.53 32.8 130.9 3.99
Nitrate 2.6 8.4 . 3.22 7.4 28.6 3.87
Bicarbonate’ 52.5 81.3 1 ‘ 0.747

.55 . 90.3 67.5

aAverage observed concentrations; average concentration factor (3.22).
bMaximum observed concentrations; maximum concentration factor (3.87).

“The maximum observed potassium concentrations are anomalously high, but since no potassium is
added, this does not affect the evaluation of effects on river water quality.

dMaumum due to settling of solids in cooling tower basin, iron in.discharge w111 probab]y have
about the same concentration as intake (applicant, Appendix B).

Inc1ud1ng H,S0, added for scale control (zero saturation index) and demineralizer regeneratio:.
fDerived from alkalinity (observed or calculated).

The discharge compositions shown in Table 4.2 were calculated by using the acid additions esti-
mated in Section 3.2.4.2 for zero saturation index, and include the sulfate ion contributed by
demineralizer waste. As pointed out in Section 3.2.4.2, these acid additions could be reduced
con<1derab1y by operating with a positive saturation 1ndex which would also provide improved
corrosion protection and would reduce discharge of sulfate to the Susquehanna River. Table 4.2
-also includes the sodium ion contribution from demineralizer wastes. The chloride concentrations
are based on the conservative assumption that all the added chlorine will be reduced to chloride
before discharge, either by reaction with chlorine demand or by dechlorination with sulfur
dioxide. In practice, a fraction of the.added ch10r1ne w111 be lost by evaporation in the
cooling towers. .
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The bicarbonate concentrations are derived from the’a1ka11n1tyRVa1ues (1 mg/L CaC0y = 1.22 mg/L HC
In the maximum case, the reduction in alkalinity caused. by acid addition gives a d1scharge value
less “than the amb1ent river value.

4,3.3.2 Effect on River Water Quality

When the discharge enters the river it will be diluted by a factor, D, equal to the ratio of
discharge to dilution water at a given point in the river. Close to the discharge point this .-
dilution will be determined by the thermohydraulic effects. Farther downstream, it may be assumed
that complete mixing occurs and the dilution is determined by the total river flow relative to

the discharge flow. The final concentration of a given ion after mixing (at a given point), C¢

is given by’ . :
. Ce=C Q + (R-1)D)

Where Co is the ambient concentrat1on and R is the effective concentration factor for the g1ven
ion in the plant, including any effect of added chemicals. For ions unaffected by added chemicals
R will be equal to the evaporative concentration factor in the cooling system, determined by
makeup, blowdown, and evaporation rates. The above expression takes into account the reduction

in river flow. caused by the plant intake upstream of the discharge point.

At the edge of the thermal mixing zone, about 40 m downstream of the discharge point, and varying
“seasonally (ER-OL, Table 5.1.3), the dilution factor D is assumed by the applicant to be about
0.17, corresponding to a 1:6 volume ratio (ER-OL Section 5.3.2). At this point the concentra-
tions of the-ions unaffected by added chemicals will be increased by factors of 1.37 for average
evaporative concentration (R=3.22) and 1.48 for maximum concentration (R=3.87). These factors
will be greater for the -ions added in the plant (sodium, sulfate, chloride). For complete
mixing, with the August 7-day, 10-year Tow flow-.of 21.8 m3/s, the dilution factor for a dis-
charge of 631 L/s is 0.029, or 34.5:1 on a volume basis. Ions not added in the p]ant will be
concentrated by a factor of from 1.06 to 1.08 after complete m1x1ng i

The final concentrations after d11ut1on.are.compared with the ambient river concentrations in
Table 4.3 for sodium, sulfate, and chloride ions which are added in the plant, and for calcium-
ion which is neither added nor removed (un1ess extensive scale deposition occurs).  The appli-
cant's estimates of these concentrations are also shown; present staff estimates are shown to be
in reasonable agreement with the app11cant s estimates.

4.3.3.3 Trace Metals

The concentration of iron in the Susquehanna River is variable and occasibna]]y quite high,

_ depending on contamination by acid-mine drainage. The staff concludes that uniess extensive
corrosion of carbon steel takes place, operation of the p1ant will not increase this concentra-
tion since much of the iron will precipitate and settle out in the cooling-tower basin.

Since the condenser tubes are of stainless stee], no significant corrosion products are expected
from this source. Corrosion inhibitors containing chromium will be used in closed- Toop cooling
“systems; some commercial products also contain zinc. . These materials will not be released:

under -normal operating conditions. Cadmium is not among the metallic impurities detected in the '
river (ER OL, Table 2.4~ 13), and the staff is not aware of any possible source of this contami-
nant 1n “the p1ant

A1l trace metals present in the river will be concentrated slightly (by less than 10%) over their
ambient concentrations after complete mixing with the r1ver water, even under the most adverse
conditions.

The“staff concludes that the etfect of plant operation on trace-metal concentration will be

, ‘1ns1gn1f1cant compared to the observed variations in these concentrat1ons and will not affect any

ex1st1ng water uses. ) N

4.3.3.4 Depletion of Dissolved Oxygen

The addition of sulfur dioxide in excess of the quantity required to react with residual chlorine
could cause depletion of dissolved oxygen. This effect has been addressed by the applicant
(ER-OL, Sec. 3.6.10). If the 'sulfur dioxide treatment is controlled according to this specifi-
cation, the staff agrees that the dep]et1on of dissolved oxygen in the discharge will be less
than 0.1 mg/L, and the effect on river-water quality will be undetectable.
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Table 4.3. Effect of Discharge on Rivér water‘Quality (concentrations in mg/L)

Average Conditions® ' Maximum\Conditionsb
o _ Edge oflc Complete - . Edge of Complete
. Ambient Mixing Zone e. Mixingd Ambient Mixing Zone % Mixingd
Constituent Riyer‘ Staff  Applicant Staff  River Staff Applicant _Staff
Calcium®  31.6  "41.6 -~ 336 652 9.9 - 70.6
Sodiun‘ . 8.4 11.2 13 8.9 16.7 23.6 23 17.9°
Sulfate 71.1 104.0 117 77.6 222.5 346 336 247
Chloride 13.1 17.8 21 - 14.0 32.8 46.8 47 35.2
Bicarbonate? 52.5 - 56.6 55 53.3 90.3 87.0 - 93 " 89.7
(alkalinjty) - (43) - (46) (45) J (44) |, . (74) - (71) {76.2) (73.5)

aAverage observed concentrations (ERQOL, Table 3.3-2); ayeragé evaporaﬁive concentration“
factor (3.22). . ; , )
\

bMaximum recorded concentrations (ER-OL, Table 3.3-2); maximum evaporative concentrat1on
factor (3.87). Maximum recorded alkalinity. (see Note f/).

“Dilution 6:1. .
9Dilution 34.5:1. Not quoted in ER-OL.
®ER-OL, Table 5.3-5.

fThe applicant used "design maximum" values in calculation of sulfuric acid addition. These
were generally somewhat less than the maximum recorded values. The "design maximum" alkalinity
of 68.5 mg/L CaCO; was used, giving an ambient bicarbonate concentration of 84 mg/L. For this
reason the applicant predicts an increase in bicarbonate concentration at the edge of the
mixing zone in the maximum case, while the staff, using a higher ambient alkalinity, (74 mg/L
CaC0O; from ER-OL, Table 3 3-2) predicts” a decrease. T

gA]kahmty as Ca003 (mg/L) shown in parentheses

App11cant does not estimate calcium concentrations. Other. ions unaffected by chemcial addi-
tions are increased in the same ratio as calcium. - ‘

Y . ' i

4.3.4 EPA Effluent Guidelines and Limitations

Section 301 of the Federal Water Pollution Control Act, as amended, requires SSES, classified as
a "generating unit," to comply with the effluent limitations promulgated by EPA pursuant to

this act. SSES is required to achieve compliance with these limitations through the use of the .
. best practicable control technology currently available. The station shall also meet more
stringent limitations, including those necessary to meet water quality standards, treatment
standards, or schedules of compliance established pursuant to any state law or regulation (under
authority preserved by Section 501) or any other federal law or regulation or required to 1mp1e—
ment any applicable water-quality standard established pursuant to PL 92-500.

The Department of Environmental Resources (DER) of the Commonwealth of Pennsylvania has 1ssued an
Industrial Waste Permit to the applicant. This permit regulates the quantity ‘and quality of
wastewater discharges from the station;, including blowdown. In addition to the DER ]1m1ts, the
EPA has also imposed 1imits on heat dissipation discharges. These 1limits are contained in the
construction NPDES permit issued by EPA to the applicant with an effect1ve date of 31 July 1979.
Th1s permit has been extended until January 1983. , -

An additional Timitation on the’ water/waste management of the heat d1ss1pat1on system has been
imposed by the Susquehanna River Basin Commission. This limitation requires that an approved
method of flow compensation be provided by the applicant to compensate for withdrawals for
consumptive use at SSES and for other present (or future) utility consumptive uses during periods
related to the seven-day, ten-year low flow condition. . '

4.3.5 Effects on Water Users through Changes in Water Qua]ity

The staff has cons1dered the ‘health effects of chlorine used in SSES.and subsequently discharged
into the Susqueharina River in the blowdown. Several cities downstream of the plant use the river
as a source of‘dr1nk1ng water‘ vThe power plant will add about 15,000 kg per month of chlorine to

J
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the cooling water and other systems, which will be discharged in about 1.6 x 10® m3 .of blowdown.
Almost all of this chlorine will be converted to chloride ion before or shortly after discharge;
the discharge will increase the river chloride by a maximum of 0.3 mg/L, assuming full mixing ard
minimum stream flow. This amount;of chloride has no significance for public health. ’

Within the plant, some of the.chlorine will be present in the form of hypochlorite “ion or combined
with ammonia or amines (certain types of nitrogen-containing organic compounds in the form of
chloramines). The concentrations of these compounds would be about equal to those found in a
swimming pool or in drinking water as it leaves the water-treatment plant. The materials are
unstable and rapidly destroyed in natural waters. In addition, the Susquehanna p]ant will treat
the blowdown with S0, to destroy most or all of this residual chlorine. Thus, it is extremely
unlikely that any residual chlorine from SSES could reach the water intakes of downstream cities,
such as Danville, PA (about 42 km downstream).

A'very small amount of the chlorine added will react with natural organic chem1ca1s 1n the river
water to form stable compounds known as trihalomethanes, which are suspected to be carcinogenic
to humans. The amounts of these organic chlorine compounds formed will depend largely on the
amount of organic material in the water at the time of chlorination. Although an'accurate
estimate of these concentrations at SSES is not available, the preliminary results of field
studies at operating closed-cycle freshwater-cooled nuclear power plants indicate chloroform
concentrations in the plant discharges of from less than 0.1 ug/L to 2.1 ug/L, with total
trihalomethane concentrations of from less than 0.1 ug/L to 5.1 ug/L.2 These concentrations are
small compared to those found by EPA in the National Organics Monitoring Survey of drinking
water in 113 cities, which showed chlorform concentrations as high as 540 ug/L (mean value
69 ug/L) and total trihalomethane concentrations as high as 695 ug/L (mean value 100 ng/L).3
The concentrations found to date in the power plant discharges are also small compared to the
maximum contaminant level of 100 ug/L for total trihalomethanes in drinking water,“ wh1ch is
transported directly to consumers without dilution.
. 3 R
4.3.6 Sanitary Wastes

The sewage treatment plant has been constructed and used during the construction period, giving
an effluent that meets applicable standards (ER-OL, Sec. 3.7.1). During station operation the
treatment plant will be operating at about one third of its design capacity. The plant has

3 parallel one-third capacity units to ensure full efficiency at reduced flow. The staff con--
cludes that applicable standards will be met during station operation and that these discharges
will produce no adverse impacts on downstream water users.

4.4 ENVIRONMENTAL IMPACTS

4.4.1 Terrestrial Environment

4.4;].1 The Station

The applicant proposes that future management of the project site be in accord with multiple
land-use -principles consistent with public needs, environmental protection, and energy produc-
tion.. Accordingly, upon completion of station construction, project laydown areas, construction
parking lots, sites occupied by structures not needed for operation, and other disturbed areas
not previously treated, will be reclaimed. These areas, as well as other portions of the site,
will be landscaped in accordance with a site-wide plan. The principal objectives to be achieved
by landscaping include erosion control, establishing tree plantings as periphera] buffers, and
general reforestation (ER-OL, Sec. 3.1.5). The staff has reviewed the app11cant s landscaping
plan and concludes that implementation of the proposed measures will result 1n an enhancement of
the environmental quality of the project site and adjacent areas.

Several of the adverse impacts that will preva1] during stat1on operation are not directly related
to energy production. For example, the physical presence of the station facilities, especially
the taller structures such as the meteorological and cooling towers, will appear as incongruent
features with respect to the surrounding landscape. The surrounding hilly terrain and the peri-
pheral vegetative buffers to-be established onsite will 1imit the locations from which the towers
will be visible. The staff considers these visual effects to be tolerable when compared to the
adverse impacts associated with alternative heat dissipation-systems (FES-CP, Sec. 9.2.1). These
towers will also constitute hazards to flying birds. Results of bird-impingement surveys
conducted by the applicant in the vicinity of the meteorological tower and a partially construc-
ted cooling tower during September and October 1978 (ER-OL, Question TER-1.1) indicate that a
total of 82 birds, representing 15 species, were "probably" killed by impingement on the towers.
The killed birds consisted almost exclusively of red-eye vireos and various species of wood
warblers; no endangered or threatened species were involved. The staff does not regard the
number of bird-kills to be a meaningful threat to the general populations of the affected species.
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Potential operational impacts directly attributable to energy production will include audible
noise generated by various station facilities and activities. Other noticeable impacts on the
terrestrial environment will occur as the result of airborne emissions from coo11ng towers and
the 2.8- ha retention or emergency spray "cooling pond.

Noise impacts were not‘dlscussed in the FES-CP, but surveys of ambient and construction noise.
levels have been conducted in the station area (ER-OL, Sec. 2.9). The applicant has also esti-
mated the anticipated operational noise levels that will prevail at various locations surrounding
the station.” The estimates are based on considerations of equipment design specifications, local
terrain, distance, and sound propagation effects. The cooling towers-and the large pumps and
motors of the circulating and intake water systems will be major sources of noise generation.
However, since the latter types of equipment will be housed, the emitted noise is not expected to
exceed ambient sound levels in offsite areas (ER-OL, Sec. 5.1.4.3). It is éstimated that noise
levels associated with cooling-tower operation will exceed median ambient levels in areas to the
west, southwest, and southeast and within 1.6'km of the station. The cumulative effects of all
noise sources associated with station:operation were estimated to be less than. the EPA recom-.
mended 1imit of 55 dBA at all but one of the offsite survey locations. The exception is an area
670 to 915 m southwest of the station where the projected noise level is expected to be 56 dBA.
The EPA recommended 1imit (55 dBA) pertains to outdoor activity interference and is measured as
a day-night equ1va1ent sound level "requisite to protect pub11c health and.welfare with an
adequate margin of safety. "5 The staff believes the applicant's estimates are reasonable |
expectat1ons and concludes. that noise emissions during station operation will.not cause other
than minor nuisance problems with the possible -exception of the offsite area mentioned above

(see Sec. 5.3.5). . g

The effects of steam fog and drift (droplets) emanating from the emergency spray pond during
plant operation and reactor shutdown were discussed in the FES-CP. The impact area was described
as localized, within about 33 m of the pond. The staff currently believes that the potential
impact area was somewhat underestimated. During a two-unit emergency shutdown, evaporation and
drift losses from the pond could be as much as 1450 m3-and 492 m® of water per day, respectively
(ER-OL, Sec. 3.4.6). Thus the transport of vapor and 1iquid from the -pond during periods of very
cold temperatures and high wind conditions, when the spray nozzles are activated, could result in
ice-loading of adjacent vegetation and other structures. The drift would be deposited locally
but the visible vapor emissions could be transported beyond the 33 m previously mentioned. Ice-
formation on vegetation downwind from a spray canal has been reported .as up to 1.3 cm thick. at
about 150 to 210 .m, and -at about half that thickness at 300 m.5 The staff believes the occur-
rence of these impacts would be infrequent and primarily Timited to onsite areas, but offs1te
effects of icing are possible during periods of high winds.

The effects of cooling-tower operation on the»terrestr1a1 environment were addressed in the
FES-CP. Among other. cons1derat1ons, the staff estimated that the drift dispersed from' the
cooling towers would result in a maximum surface deposition of 28 kg of dissolved solids per
‘hectare per year. This estimate was based.on the assumption that 0.02% of the water moved
through the cooling towers would be dispersed as drift. However, the applicant has presented
documentation to substantiate the expectation that the actual drift loss rate will be consider-
ably less than the manufacturer's guaranteed rate (0.02%) (ER-OL, Supp. Response to Question
€00-9.1). Based on an assumed 0.002% drift loss, the-applicant estimates that the maximum salt
deposition rate resulting from tower drift will be 880 g/ha per month (ER-OL, Table 5.1-22). _
Water from the Susquehanna River will be used for cooling purposes. Studies conducted at-the -
Chalk Point Power P]ant (Maryland) are of interest since brackish water is used as the cooling
medium at this plant.?,8 Based on reviews of these studies, where. brackish water does not
affect the surrounding biota, the staff reaffirms the previous conclusion (FES-CP) that coo11ng
towers using fresh water, as in the case of SSES, will not measurab1y impact the surround1ng
biota and soils. ,

The characteristics of the vapor p]ume generated during cooling-tower operation will vary with
the preva111ng ‘meteorological conditions. In any event, the staff believes the plume will
generally be considered as an'adverse visual effect w1th respect to the local 1andscape The
potential for plumes of natural-draft cooling towers descending to cause fogging and icing condi-
tions is discussed in Section.4.4.3. 'For the reasons discussed in Section 4.4.3, the staff does
not consider this a meaningful concern in the SSES area. Nor is the reduction of incident solar
radiation due to plume shadow 11ke1y to cause measurable effects other than in the immediate
vicinity of the towers . . :

4.4.1.2 Transmission System'
As noted in Section 3.2.5, the-design and routing of transmission. facilities 1n1t1a11y proposed
and described in the FES- CP were subsequently modified in accordance ‘with proposed alterations

presented in Amendments 4 and 5 to.the applicant's ER- CP. Construction 1mpacts and a]ternat1ve .

/



actions'reiated to the proposed modifications were evaluated by the staff (Appendix C), and
letters indicating: acceptability of the modifications were forwarded to the app]icant in March
]976 and January 1977 ‘9,10 3 :

No 51gnif1cant env1ronmenta1 impacts due to the operation of these transm1s51on lines are expec-
ted (Appendix C). . . :

‘As 1ndicated in- Appendix C (p. C-7), the staff is keeping abreast of research efforts,!! investi-
- gating possible i11 effects from electric fields generated by transmission systems It is the
staff's conclusion that there is no evidence to date that the operation of 500 kV power lines
w111 have any Significant biological effects on humans.

4.4.2 Aquatic‘Environment

4.4,2.1. Intake System

It is.the staff s opinion that operation of the 1ntake as currentiy sited and. de51gned will .
adverse]y affect the aquatic community within the immediate vicinity of the wing walls -and asso-
ciated riprap. 'In order to provide adequate water supply for power-plant use during periods of
low river flow, the intake has been sited on a pool of the Susquehanna River (see Fig. 3.1.).
River pools, areas of low velocity and zones of deposition, provide spawning habitat, food
sources, and/or resting places for various organisms listed in Sec. 2.5.2. Since fish and other
free-swimming organisms assemble in these pools, particularly during periods of. low flow, the
siting of an intake on a river pool increases the potential for entrainment and/or impingement.
Based on- the applicant's annual reports and on the ER-OL, the staff believes that the intake site
is not particuiariy unique to the Susquehanna River

The use of w1ng walls creates an embayment. It is generally agreed!?,13 that embayment type
intakes and associated riprap have a greater potential for "attracting" fish than do other
designs. Embayments create "quiet areas," or pools, where, as discussed previously, fish and
other free-swimming aquatic organisms concentrate In essence, the applicant has created an
alluring habitat within a river pool. :

The proposed riprap behind the wing walls is to be composed of a 1.5-m ‘thick limestone layer.
This riprap will increase the- productiv1ty of the area by providing additional substrate for
-attached a]gae and benthic invertebrates. ' In addition, it -will provide added spawning sites for
various species of fish in the vicinity. Based upon riverflow data for spawning periods (mid-
April through mid-August) from 1974 through 1977, the appliicant has determined that from 167 m?2
to 697 m?2 of riprap will be ava11ab1e for spawning

According to the applicant s ERy the spotfin shiner (Notropis spilopterus) is the most abundant
fish (in terms of numbers) in the vicinity.l* A paper by Gale and .Gale (sponsored by the appli-
cant),on the spawning habits of the spotfin shiner, indicates that this species breeds in rock
crevices and interstitial spaces between rocks. The authors observed that crevices used by
spotfin shiners at the SSES site ranged from 5 to 10 cm in length. A brief experiment in 1976
revealed that although spotfins preferred long crevices, they-could spawn in crevices only 2 cm
long.15 OQther important species!® in the vicinity that may utilize the riprap for spawning
include the white sucker (Catostomus comersoni), brown bullhead (Ictalurus nebulosus), channel
“catfish (Ietalurus pumctatus) and smallmouth bas§ (Micropterus dolomieui).l718 .

It is stated in the ER-OL that the American shad (AZosa sapidissima) may be reintroduced to the,
Susquehanna River. Hopefu]]y a shad run would contribute to the commercial fishery of the river.
During their early spring upstream migration, adult shad generally stay in the main channel,

using pool areas for resting.19 Therefore, it is likely that operation of SSES intake wou]d have
a minimal effect on the upstream migration.

-Although . shad eggs are ‘demersal, they may be carried from 2 to 6 km downstream from the spawning
sites after water hardening 20 Larval shad generally stay close to the bottom of the main
channel; young- of-the-year shad (Y-O-Y) uti]ize poo]s more than the main channel..

Though it is un]ikeiy that shad will be spawning in the SSES 1ntake vicinity, the downstream
migration in the fall, particularly of Y-0-Y, will be adversely affected by operation of the
intake system. - It is not possible at this time to quantify the potential entrainment and/or

‘ 1mpingement 1osses of shad at SSES without knowing- how successfu] the reintroduction of shad will
be in. terms of fecundity and mortaiity of eggs

During winter conditions, a portion of the c1rcu1ating water on the hot side of the cooling tower
will be diverted down to the intake structure to a point just within its entrance to prevent ice
buildup. ' Because of the location of the. deicing discharge; the staff concludes that this will
not contribute to attracting additional fish during winter conditions.
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The applicant states that entrainment and impingement "should be relatively small" at SSES.1%

This unsupported statement assumes that the habitat will not be altered due to construction of

the intake, wing walls, and associated riprap.'- This is not a valid assumption for reasons presen-
ted in this section. It has been the staff's experience that given the same fish population, an
embayment intake will remove more biomass than an alternative intake such as a shoreline 1ntake
with the traveling screens flush with the shoreline.?2!

With respect to impingement and entrainment studies, PDER has accepted the app]icant s predictive
impingement study and will not require monitoring of fish 1mp1ngement at - this time. Special
Condition C of the NPDES permit (PA0047325) will, however, require monitoring for entrainment of
fish eggs and larvae (see Sec. 5.3.4). ‘ :

-

4.4,2.2 Discharge

Potential effects of the thermal discharge are to be mitigated by use of a diffuser. Warm.
wastewater will be jetted towards the surface of the river at a 45° ang]e through ports along the
36.6-m diffuser pipe located on the bottom of the river. Turbulence, created by the jetted'water
will not harm aquatic organisms and the port velocity will be sufficient (1.8 m/s) to discourage
most fishes from swimming in the mixing zone near the diffuser for extended periods. Since the
diffuser will be located in the river as opposed to a channel or isolated embayment, mixing of
the waste heat discharge will be achieved quickly thus reducing the potential for large numbers
of fish to be attracted to and remain in the mixing zone, which will extend a maximum of 61 m
downstream from the diffuser. At no time will the waste heat discharge create a thermal block
across the river preventing movement of aquatic organisms past the station. Planktonic organisms
that pass through the mixing zone will probably not be adversely affected because of their short
residence time.

Gas bubble disease at SSES should not be a major problem because the discharge/diffuser will
quickly mix any supersaturated effluents with river water. Should supersaturation occur, it is
‘expected that only a small portion of the river in the immediate vicinity of the diffuser will
contain enough dissolved gases to adversely affect fish. Furthermore, it is unlikely that
fishes would remain in the supersaturated waters long enough (several days) for mortality to
occur. ‘

Due to turbulence created by the jetted water, the staff feels that there may be some scouring of
the riverbed immediately downstream of the diffuser. As a result, there may be some loss of
spawning habitat. Because the habitat in the vicinity of the discharge is not particularly
unique to the river, any loss of habitat there shou]d not have a 51gn1ficant 1mpact on the
various popuiations

Effects of chemical discharges, as discussed in the applicant’s ER-OL (Sec. 3.6.10) should have

minimum effects on the biota in the vicinity of the discharge. The staff concludes that the use
of S0, in the dechlorination process will be acceptable. :

'4.4.3 Atmospheric Effects of Cooling-Tower Operation

The primary effluents resulting from the operation of the plant will be the heat and moisture
transferred to the atmosphere by the two natural-draft cooling towers (NDCTs). Considerable
information on the atmospheric effects of plumes from NDCTs has been collected and analyzed since
the FES-CP was issued in June 1973. The new information has been summarized-by Carson,22. = |
Hanna,23 the April 1974 issue of Atmospheric Environment, and the proceedings of two, symp051a
(Cooling Tower Env1ronment--19742“ and 197825), ° _ ,

Observations at NDCTs in Europe and the United States show that the ccnciusidhs keached by the
staff in the FES-CP in regard to operation of NDCTs remain valid: 1ittle or no fogging and -
icing, very low drift fallout rates, and no adverse effects due to salt deposition from drift.

The primary atmospheric effect of the operation of natural-draft cooling towers is the generation
of visible plumes that remain aloft. In mountainous terrain, these plumes may occasionally.
strike elevated areas.??,23 (Qbservations at operating NDCTs indicate that downwash rarely, if
ever, brings the visible plumes to ground level. .Isolated, detached puffs of the visible plume
at ground level are occasionally observed downwind of a cluster of eight NDCTs in England and in
the mountainous terrain downwind of the three NDCTs .in Pennsylvania. Snow can fall from naturai-
draft and mechanical-draft cooling-tower piumes in very cold weather.22,23,26,27
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4. 4 3.1. App11cant s Ana]ys1s

The appilcant s ER- OL used two computer models to predict plume length, piume rise, fogg1ng, -
icing, and drift effects (ER-OL, Secs. 6.1.3.2.4 and 6.1.3.2.5); these revised mode]s contain
several changes from those used in the ER-CP. These changes include the use of a power law to
allow for the increase in wind speed with height and a more realistic method of handiing two
elevated release points. One year (1976) of onsite meteorological data were used in the revised
calculations, rather than a longer (3-year) period from a distant airport. The conservative

'lassumpt1ons of 100% operat1on of both towers was used in the calculations.

The output of the app11cant s revised p1ume length and drift models are discussed in the ER 0L
Sections 5.1.4 and 5.3.4, and summar1zed in Tables 5.1-21, -22, -23, 5.3-9 and -10.

The values 1isted in ER-OL, Table 5.21, show pred1ct1ons of the frequency of long plumes. For
example, plumes measuring 1.8 km or more are predicted to occur 99% of the time; plumes of

3.7 km or more, 90%; and those of 6.1 km or more, 73%. Plumes measuring 6.1 km or longer towards
the NE and ENE, the most frequent wind directions, are calculated to occur 19.3% of all hours.
These long-plume -frequency values are higher than those calculated for the ER-CP. The staff
concludes that these are gross overpred1ct1ons of the frequency of long plumes.

The model predicted no occurrences of ground-level fogging or icing (the model does a]]ow for
variable terrain elevations) due to either the downward dispersion of moisture from an elevated
plume or the visible plume extending downwards to intersect the land surface. The staff agrees
with this conclusion.

The output of the applicant’s drift calculations are given in ER-OL Tables 5.1-22 (maximum salt
deposition rates), 5.3-10 (average salt deposition), 5.1-23(maximum 1iquid deposition rates),
and 5.3-9 (average 1iquid deposition rates). The maximum drift-deposition rate is calculated to
occur one kilometer SSW of the towers; the highest salt-deposition rate calculated is 88 kg/km?
per month; and the average annual value at this point is 34 kg/km? per month. These calculations
were made using the realistic assumption of a drift rate of 0.002% of the circulating water. The
staff agrees that the impacts of wetting and salt deposition due to drift will be minimal.

i

©4.4.3.2 Staff's Analysis

Local atmospheric changes will occur due to ‘the large amounts of heat and water vapor added to
the atmosphere over a small.area by wet cooling towers. These atmospheric modifications can be
séparated into four general categories: elevated visible plumes, ground-level fogging and
icing, drift effects, and cloud and precipitation formation.

Visible Plumes -

Part of the evaporated water in a natural-draft cooling system recondenses inside the tower.

When the effluent leaves the tower, it mixes with cooler, less humid ambient air and more of the
water vapor in the discharge condenses in the form of a visible cloud-1like plume. Because of the
plume's buoyancy and momentum, under most conditions it will continue to rise and carry along
with it a mist of water droplets (drift) swept from the circulating water in the fill. The drift
will contain whatever soluble and suspended chemicals are present in the circulating water.

Under most meteorological conditions, the water droplets in the visible plume evaporate within a
few. hundred meters of the towers. Hanna?3 reports that the median p]ume length for NDCTs with a
heat 1oad similar to that of the two-unit SSES is about 250 to 500 m in summer and 500 to 1000 -m
in winter; plumes as short as 50 m have been observed on sunny summer afternoons. Hanna's data,
combined with other observations of plume lengths (References 22, 24, and 25) show that the

applicant's model grossly overpredicts the frequency of long visible plumes. Under other condi-
‘tions (especially periods with low air temperatures, high humidity, moderate wind speeds, and a

stable atmosphere), the visible plume may extend for many kilometers, sometimes forming a stratus
deck below the main cloud deck. Under these conditions, the plume may rise one or more k11ometers
before 1eve11ng off, typically below the base of an inversion aloft.22-2%

Ground-leveljFogging and Icing . _ . )

Fog could be created downwind of NDCTs in two ways: -aerodynamic downwash (as discussed) and
downward dispersion of moisture from an elevated plume. Due to the height of the NDCTs and added
plume rise caused by buoyancy and momentum, downwash fog is a rare event in level terrain. No
cases of ground- 1eve] fog caused by the downward dispersion of humidity from NDCT plumes; have
been reported.22,23



Drift

A small fraction (estimated at 0.002% or less for towers with modern drift eliminators in good
repair) of the cooling water is carried into the plume and discharged into the atmosphere as
drift. These droplets, carrying dissolved and suspended solids in the circulating water, could
cause impacts due to wetting, icing, and deposition of salts onto soil, plants, and structures.
Most droplets that fall from the plume evaporate before reaching the ground close to the towers.
Evaporation results in small salt particles that are carried away by wind; these salt particles
return to earth through precipitation or dry deposition. Some drift droplets do not evaporate
before reaching the ground and are deposited at varying distances from the tower, depending on
drop size and atmospheric conditions.

Observations at dozens of modern NDCTs with state-of- the -art drift eliminators in Europe and the

United States show that most of the drops that reach the ground do so within 0.5 to 1.0 km of the
towers and that most of the predicted adverse drift impacts do not, in fact, occur.22-25,28

Cloud and Precipitation Formation

The visible plume from a cooling tower is an artificial cloud. In addition, clouds are sometimes
observed to form in the updraft created by a cooling tower after the initial visible plume has
evaporated. A few occurrences of snow due to cooling~tower plumes have been reported, but never
Tiquid precipitation.22,23,26,27 (goling-tower plumes slightly alter the amount of incident
solar radiation reaching the ground in the immediate area, but no evidence is available to
indicate that they significantly alter local weather conditions or generate thunderstorms .23

Summary and Conclusions . /

The natural-draft cooling tower is a proven, effective, economical way to dissipate large heat
loads. The atmospheric impacts of such a tower, using fresh water for makeup, are minimal. The
primary adverse impact is visual, i.e., the structures and their visible p]umes.22s23’20»28
Natural-draft cooling towers rarely, if ever, cause significant ground-level fog and icing;
drift impacts are negligible for units with state-of-the-art drift eliminators in good repair
using fresh water for makeup.

Based on experience with many natural-draft cooling towers in the northeastern section of the
country, the staff expects no adverse environmental impacts, other than the occasional generation
of long plumes aloft during the winter season and perhaps the generation of local snowfalls, from
the operation of the two cooling towers at the Susquehanna Steam Electric Station.

4.5 RADIOLOGICAL IMPACTS FROM ROUTINE OPERATION

4.5.1 Exposure Pathways .

The environmental pathways considered in preparing this sect1on are shown in Figure 4.1. The
specific pathways evaluated were:

1. . Direct radiation from the plant
2. For gaseous effluents
a. Immersion in the gaseous plume
b. Inhalation of iodines and particulates

C. Ingestion of jodines and particulates through the m11k cow, goat, meat animal,
and vegetation pathways
d. Radiation from iodines and particulates deposited on the ground

‘3. For liquid effluents
* a. Drinking water
b. Ingestion of fish '
- ¢. Shoreline activities, boating and swimming in water containing radioactive effluents

Only those pathways associated with gaseous effluents reported to exist at a single location were
combined to calculate the total exposure to a maximally exposed individual. Pathways associated
with liquid effluents were combined without regard to location and were assumed to be associated
with a maximally exposed individual other than the individual from gaseous effluent pathways.

The models and considerations for environmental pathways leading to estimates of radiation doses
to individuals near the plant and to the population within an 80-km radius of the plant resulting
from plant operations are discussed in detail in Regulatory Guide 1.109. Use of these models
with additional assumptions for environmental pathways leading to exposure to populations outside
the 80-km radius are described in Appendix D of this Statement. N
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4.5.2 Dose Commitments

The quantities of radioactive material that may be released annually from the plant are estimated
based on the description of the radwaste systems given in the applicant's environmental report
and FSAR and using the calculational model and parameters described in NUREG 0016, Revision 7
("Calculation of Releases of Radioactive Materials in Gaseous Liquid Effluents from Boiling Water
Reactors"). The applicant's site and environmental data provided in the environmental report and
in subsequent answers to NRC staff questions were used extensively in the dose calculations.
Using this information on the quantities of radioactive materials released and. exposure pathways,
the dose commitments to individuals and the population were estimated. Population doses were
based on the projected population distribution for the year 2000.

The dose commitments in this statement represent the total dose received over a period of 50 years
following the intake of radioactivity for one year under the conditions existing 15 years after
the station is started up. For the younger age groups, changes in organ mass with age after the
initial intake of radioactivity are accounted for in a stepwise manner.

In the analysis of all effluent radionuclides released from the plant, tritium, carbon-14,
cesium, cobalt, krypton, xenon and iodine, inhaled with air and ingested with food and water were
found to account for essentially all total-body dose commxtments to 1nd1v1dua1s and the popula—
tion within 80 km of the plant.

N

Dose Commitments from Radiocactive Releases to the Atmosphere

t

Radioactive effluents released to the atmosphere from Susquehanna Station, Units 1 and 2, will
result in small radiation doses to individuals and populations. NRC staff estimates of the
expected gaseous and particu]ate releases listed in Table 4.4 and the site meteorological con-
siderations discussed in Section 2.4 of this statement and summarized in Table 4.5 were used to-
estimate radiation dose to 1nd1v1dua]s and populations. A discussion of the results of the
calculations follows.

1) Radiation Dose Commitments to - Individuals

Individual receptor locations and pathway locations considered for the maximum
individual are listed in Table 4.6. The estimated dose commitments to the maximum
individual from radioiodine and particulate releases at selected offsite locations are
listed in Tables 4.7, 4.8, and 4.9. The individual exposed to maximum doses is assumed
to consume well above average quantities of the foods considered (see Table E-5 in
Regulatory Guide 1.109).

_ The maximum annual beta and gamma air dose and the maximum total body and skin dose to
an individual, at the maximum site boundary, are also presented in Tables 4.7, 4.8, and
4.9,

2) Radiation Dose Commitments to Populations

Annual radiation dose commitments from airborne radioactive releases from the Susquehanna
nuclear station are estimated for two populations in the year 2000: 1) the population
within 80 km of the station (see Table 4.8) and 2) the entire U.S. population N
(Table 4.10). Dose commitments beyond 80 km are based on the assumptions discussed in
Appendix D. For perspective, annual background radiation doses are given for the popu-
Tation within 80 km of the site (see Table 4.8) and for the entire U.S. population

(see Table 4.10). The total body population dose to the population within 80 km of the
site from airborne radioactive releases from Susquehanna Units 1 and 2 (i.e., about:
9.4 person-rem) is a small fraction (less than 0.01 percent) of the corresponding popu-
lation dose from natural background radiation (i.e., about 160,000 person-rem). The
total body population dose to the entire U.S. population from airborne radioactive
releases from Susquehanna Units 1 and 2 (i.e., about 51 person-rem) is an even smaller
fraction (less than 0.0002 percent) of the corresponding U.S. population dose from
natural background radiation (i.e., about 27 million person-rem).

\

Dose Commitments from Radioactive Liquid Releases to the Hydrosphere

Radioactive effluents released to the hydrosphere from Susquehanna Station, Units 1 and 2,
during normal operation will result in small radiation doses to individuals and.populations.
NRC staff estimates of the expected liquid releases listed in Table 4.11 and the site hydro-
logical considerations discussed in Section 2.3 of this statement and summarized in Table 4.12

(
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Table 4.4. Calculated Releases of Radioactive Materials in Gaseous Effiuents
from Susquehanna Nuclear Power Station
. (Ci/yr per reactor)

"Gland Seal and

ngggggas Building Ventilation Mechanical Vacuum

Nuclides System Reactor Radwaste Turbine Vent " Pump Total
Ar-41 a . 25 a a a 25
Kr-83m 4 b b b . b 4
Kr-85m 1,700 6 b 14 b 1,700
Kr-85 270 b b b b 270
Kr-87 b 6 b 26 b 32
Kr-88 610 6 b 46 b - 660
Kr-89 b b. b b b b
Xe-131m 71 b b b b 71
Xe-133m 14 b b b b 14
Xe-133 10,000 130 10 50 2,300 12,500
Xe-135m b 92 b 130 b 220
Xe-135 b 72 45 130 350 590
Xe-137 b b b b b b
Xe-138 b 14 b 280 b 290
I-131 b 3.4 x 1072 5 x 10°2 1.9 x 1072 : 3 x 1072 1.2 x 10-1
1-133 b 1.4 x10°! 1.8 x 107! 7.6 x 1072 b 3.3 x 1071
H-3 A~ a - - - - 69
c-14 8.0 1.5 b b b 9.5
Cr-51 a 6 x 10-% 9 x 10-5 2.6 x 1073 a 1.2 x 10-%
Mn-54 a 6 x 10°5 3 x 1074 1.2 x 1076 a 3.6 x 107"
Fe-59 a 8 x10°% 1.5 x 107" 1 x1076 a 1.6 x 1074
Co-58 a 1.2 x 1075 4.5 x 1073 1.2 x 1076 a 5.8 x 105
Co-60 a 2 x107% 9 x 107% 4 x 1076 a 1.1 x 1073
In-65 a 4 x10°5 1.5 x 10°5 "4 x 1077 a 5.5 x 1075
Sr-89 a  1.8x10°% 4,56 x 107 1.2 x 1075 a’ 1.8 x 10-5
Sr-90 a 1 %1077 3 x 1076 4 x 1078 a 3.1 x 1076
Zr-95 a 8 x 1076 5 x 1077 2 x 1077 a 8.7 x 1076
Sb-124 a 4 x 1076 5 x 1077 6 x 1077 a 5.1 x 1076
Cs-134 a 8 x 107> 4.5 x 1075 6 x 1077 3 x10°6 1.3 x 10-*
Cs-136 a 6 x 1076 4,5 x 1076 1 x 1077 2 x 10-6 1.3 x 10°3
Cs-137 a 1.1 x 107* 9 x 1075 1.2 x 1076 1 x 1075 2.1 x 107%
Ba-140 a 8 x 1076 1 x 1076 2.2 x 1075 1.1 x 1075 - 4,2 x 10-5
Ce-141 a 2 x10°6 " 2,6 x10°5 ~ 1.2 x 1078 . a 2.9 x 1075
a

less than 1% of total nuclide.

less than 1.0 Curie/yr per reactor for noble gases and carbon 14 less than
1074 curie/yr per reactor for jodine.

b

J
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Table 4.5. Summary of Atmospheric- Dispersion Factors and Deposition Values
for Maximum Site Boundary and Receptor Locations Near SSES2

Location }.' Source x/Q (s/m3) Relative Deposition (m=2)
Nearestb site land boundary . A 3.7 x 10-6 8.0 x 10-9
(0.71 mi WNW)C | B 5.8 x 1076 1.1 x 10-8
) , . C 2.3 x 1075 4.2 x 10-8
Nearest residence, garden, _ A‘ 6.0 x 10-7 - 3.3 x 1079
milk animal, and megt . B 6.2 x 1077 , 3.3 x 1079
animal (2.2 mi E)<» c 1.4 x 10-6 : 7.8 x 1072

3source A is reactor bui]ding§ source B is?turbine building for Unit 2, continuous release; .
source C is .turbine building for Unit 2, periodic release. Meteorological dispersion factors -
for Unit 1 are slightly lower for the location (0.7 mi WNW).

“Nearest" refers to that type of location where the highest radiation dose is expected to
occur from all appropriate pathways.

b

“To convert mi. to- km, multiply by 1.6093. A » ‘

dThe maximum receptor location for iodines and particulates in the Draft Environmental State-
ment (DES) was listed as 0.7 mi NW. New information concerning this ]ocat10n,'rece1ved since -
publication of the DES has resu]ted in a change in the location.of the maximum receptor
location to 2.2-mi E. .

Table 4.6. Pathway Locations Considered for Selecting
‘Maximum Individual Dose Commxtmentsa ,

Site o , :  Milk Meat

Sector , - Boundary " Residence Garden Animal Animal
N 660 140 805 - 2410
NNE 780 1609 1450 - 8040

NE 1770 3700 _ 3700 . 61200 4180
ENE 1530 - 3860 4510 ~—- . - 5150
E » 1270 ' 2090 1130 3540 : 3380
ESE 760 76 2410 3860 3860
SE 550 - 610 . 644 4020 . 644
SSE 550 ©om3o . 644 4020° 4020
S 550 1770 1930 3860 3860
ssW 690 1220 966 4020 4020
SW . 610 1290 1290 4020 - 4020
WSW om0 - 0 1930 " 2580 . 1930
W 1030 1930 1130 7890 . 5470
W 1030 ~ 1140 2090 .- 2250
NW " g0 1290 1130 130 1130
NNW | 690 . 1220 1130 6600 6600

2 distance given in m.
Byilk goat at 5310 m.
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Table 4.7. Annual Dose Commitments to a Maximum Individual Near the Susquehanna Station:
Location Pathway - Annual Dose Commitment ‘
Noble Gases in Gaseous Effluents?
. . Total Body, Skin, Gamma Air Dose, Beta Air Dose, '
mrem/unit mrem/unit mrad/unit mrad/unit
Nearestb'site boundary Direct radiation \ 2.6 5.7 . 4.1 5.5
(0.77 mi WNW)< from plume ,
g . Iodine and Particulates in Gaseous Effluents
Total Body, Thyroid, Other Organ (if >10%
_ mrem/unit <~ mrem/unit of dose), mrem/unit
Nearestd residence Ground depositf <0.1 } <0.1 '
(2.2 mi E)C-€ Inhalation o <0.1 <0.1 , ' -
Vegetation 0.13 0.35 0.6 (bone) .
~ Mitk (infant) 0.14 4.2 - : 0.6 (bone)
- Meat - <0.1 , <0.1 0.1 (bone)
) ~ Liquid Effluents
Total Body, i Other Organ (if >10%
mrem/unit of dose), mrem/unit
Nearest drinking water Water ingesfion . <0.1 . 0.46 (thyroid)
at Danville T - - - S
Nearest fish near Fish ingestion \ 0.48 0.99 -(bone)

station discharge

3The doses for gaseous ‘effluents presented in this table and Tables 4.8 and 4.9 are corrected for radioactive decay
and cloud depletion from deposition, where appropriate, in accordance with Regulatory Guide 1.111, Rev. 1, "Methods
for Estimating Transport and Dispersion of Gaseous Effluents in Routine Releases from Light Nater Reactors," July 1977.

b"Nearest" refers to that site boundary location where the h1ghest radiation doses due to gaseous effluents have been

est1mated to occur.

“To convert mi to km, multiply by 1.6093.
d"Nearest" refers to the ]ocat1on where the highest rad1at1on dose to an 1nd1v1dua1 from all app11cab1e pathways has

been estimated.
‘ €see note d/, Table 4.5.
fTo a receptbr.

J/
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" Table 4.8. Calculated Dose Commitments tb a Maximum Individual and the
’ Population from the Operation of SSES

Annual Dose per Reactor Unit

Max1mum Individual Doses

Append1x I a - Calculated
Des1gn Objectives . Dosesb
‘Liquid effluents '
Dose to total body from all bathways 3 mrem 0.5 mrem
Dose to any organ from all pathways (bone) ‘ - 10 mrem 1.0 mrem
Noble gas effluents (at site boundar‘y)c
Gamma dose in air _ ' 10 mrad i 4.1 mrad
Beta dose in air : : : 20 mrad _ 5.5 mrad
Dose to total body of an individual v 5 mrem 2.6 mrem
Dose to skin of an individual . 15 mrem 5.7 mrem
Radioiodines and pérticu]atesd ' 7 _ - , o N
Dose to any organ from all pathways . ,' B
(1nfant thyro1d) L ; 15 mrem _ 4.3 mrem
Population DosesJWithin 80 km
. ‘Total Body . ' Thyroid
Natural radiation background® B 1.6 x 105 person-rem. h
Liquid effluents 0.12 person-rem . 3.5 person-rem
Noble gas effluents N . 3.7 person-rem - 3.7 person-rem
Radioiodines and particulates 1.0 person-rem .. 5.5 person-rem

Appehd1x I design objectives from Sections II.A, II.B, II.C, énd I1.D of Appendix I,
10 CFR Part 50, considers doses to max1mum 1nd1v1duals and popu]at1ons per reactor un1t From
Fed. Reg. V. 40, p. 19443, May 5, 1975.

Bsee footnote a/ of Table 4.7. )

CThe calculated doses are from noble gas effluents from Unit 2, doses from noble gas eff]uents
from Unit 1 are slightly lower.

dCarbon—14_and tritium have been added to this category. ‘

e“Natura] Radiation Exposure in the United States," 'U.S. Env1ronmenta1‘Protect1on Agency,
ORP-SID-72-1, June 1972; using the average Pennsylvania state background dose (96.8 mrem/yr),
and year 2000 projected popu]at1on of 1,610,000.

. S —
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Table 4.9. Calculated Dose Commitments to'a Maximum Individual from
Operation'of SSES

Annual Dose per Site-

RM-50-2 . Calculated
Design Objectives Doses
Liquid eff]uents
Dose to total body or any organ .
from all pathways . 5 mrem - ‘1.0 mrem
Noble gas effluents (at site boundary) -
Gamma dose in air 10 mrad . 7.6 mrad
Beta dose in air ' 20 mrad : 11.0 mrad
Dose to total body of an individual 5 mrem 4.9 mrem
Dose to skin of an individual 15 mrem 11.0 mrem
Radioiodine and particu]atesC
Dose to any organ from ail
pathways 15 mrem 8.6 mrem

3Guides on Design Objectives proposed by the NRC staff on 20 February 1974,
consider doses to individuals from all units on'site. From “Concluding
Statement of Position of the Regulatory Staff," Docket No. RM-50-2,

20 February 1974, pp. 25-30, U.S. Atomic Energy Commission, Washington, D.C.
also published as Annex to Appendix I to 10 CFR Part 50.

See footnote a/ of Table 4.7.
CCarbon-M and tritium have been added to this category.

b

Table 4.10. Annual Total Body Popd]ation Dose Commitments in the Year 2000

. ) U.S. Population Dose Commitment,
Category person-rem/yr per site

Natural background radiation _ 26,800,000°

‘Susquehanna nuclear plant operation
Plant workers ( ~ 3,200
General public:

Radioiodine and barticu]ates , , 41
Liquid effluents ‘ 0.3
Noble gas effluents , ) 10
Transportation of fuel

-and waste 14

aUsing the average U.S. background dose (102 mrem/yr) and year 2000 projected
U.S. population from "Population Estimates and Projections," Series IIJ

U.S. Dept. of Commerce, Bureau of the Census, Series P-25, No. 541

February 1975. See a]so footnote a/ of Table 4.7.
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Table 4.11. Calculated Releases of Radicactive Materials in
Liquid Effluents from Susquehanna .

Nuclide Ci/yr per reactor ° Nuclide . ‘Ci/yr per reactor

N

i Corrosion and Activation Products

10-2

Na-24 ‘6.4 x 10-32 ‘ Cu-64 1.7 %,
p-32 - 7.1 x 10°% o Zn-65 . 8.8 x 107"
Cr-51 .2 x 1072 . Zn-69m 1.3 x 1073
Mn-54 7.3 x 1073 Zn-69 1.4 x 1073
Mn-56 4,2 x 104 Zr-95 1.4 x 1073,
Fe-55 4.5 x 10-3 Nb-95 2 x 10-3
Fe-59 1.2 x 107 W-187  _ 3.6 x 107"
Co-58 4,8 x 1073 . Np-239 1.5 x 10-2
Co-60 1 x 10-2
Fission Products

Br-83 2 x 1073 . Te-13Tm 1.5 x 10-*
Sr-89 4,2 x 10-* ) < Te-131 -3 x 10°5
Sr-90 . 3 x 10-5 1-131 02,5 x 10-1
Y-90 1 %1075 = Te-132 2 x 1075
Sr-91 1.4 x 10-3 , I-132 1.8 x 10-%

Y-9Tm 9.3 x 1074 I-133 2.2 x 1072

Y-91 2.7 x 10~ / -Cs-134 1.8 x 1072
Sr-92 1 x 10-% v I-135 3.4 x 10-3

Y-92 7.7 x 10~ Cs-136 3.1 x 3073

Y-93 1.6 x 1073 Cs-137 - 3.6 x 10-2
Zr-95 3 x 10-° Ba-137m 1.1 x 10-2
Nb-95 3 x 10-5 Ba-140 1.4 x 10-3
Mo-99 4.6 x 1073 ) La-140 7.8 x 10-4
Tc-99m 6.8 x 10-3 . : La-141 3 x 10-3
Ru-103 2.2 x 107" : Ce-141 1.4 x 10-4
Rh-103m 8 x 10-3 Ce-143 - 5 x 10-°
Ru-105 1.2 x 1074 Pr-143 1.5 x 10~*
Rh-105m 1.2 x 10-* : Ce-144 5.2 x 1073
Rh-105 4.4 x 10-% . Pr-144 1 x 10-°
Ru-106 2.4 x 1073 ' A1l Others 4 x 10°5
Rh-106 1 x 1075 '
Ag-110m 4.4 x 107" Total
Te-129m 1.6 x 10-* (except H-3) 4.6 x 1071
Te-129 1 x 0t

H-3 ~ 17

Nuclides with release rates of less than 1075 Ci/yr per reactor are not .
listed individually but are included in the category "A11l Others.'

-

Table 4.12. Summary of Hydrologic Transport and Dispersion for L1qu1d
Releases from the Susquehanna Nuclear Power Stationd

Location . " Transit time (hr) Dilution Factor
Nearest drinking water intake '
(Berwick) 22 . 70
Nearest sport fishing location ‘ C
(plant discharge area)b 24 . 45
Nearest shoreline
(plant discharge area) ' 0.1 : 5

45 Regulatory Guide 1. 113, "Est1mét1ng Aquatic Dispersion of Eff]uenté
from Accidental and Routine Reactor Releases for the Purpose of Impiement-
ing Appendix I," Apr11 1977.

Assumed for purposes of an upper 1imit estimate, detailed information not
available.
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were used to estimate rad1at1on dose comm1tments to individuals and popu]at1ons A discussion
of the results of the calculations fo]]ows.

)

1)

Radiation Dose Commitments to Individuals

The estimated dose commitments to the maximum individual from liquid releases at selected

offsite locations -are listed in Tables 4.7, 4.8, and 4.9. The maximum individual is
assumed to consume well above average quantities of the foods considered and spend more
time at the shoreline than the average person (see Table E-5 in Regulatory Guide 1.109).

Radiation Dose Commitments to Populations

Annual radiation dose commitment from liquid radioactive releases from the Susquehanna
nuclear station are estimated for two populations in the year 2000: 1) the population
within 80 km of {the station (see Table 4.8) and 2) the entire U.S. population (see

Table 4.10). Dose commitments beyond 80 km are based on the assumptions.discussed in
Appendix D. For perspective, annual background radiation doses are given for the popu-
lation within 80 km of the site (see Table 4.8) and for the entire U.S. population (see
Table 4.10). The total body population dose to the population within 80 km of the site
from 1iquid radiocactive releases from Susquehanna Units 1 and 2 (i.e., about 0.3 person-
rem) is a small fraction (Tess than 0.001 percent) of the corresponding population dose
from natural’ background radiation (i.e., about 160,000 person-rem). The total body
population dose to the entire U.S. population from 1iqu1d radioactive releases from
Susquehanna Units 1 and 2 (i.e., about 0.3 person-rem) is an even smaller fraction

(Tess than 0.00001 percent) of the corresponding U.S. population dose from natural back-
ground radiation (i.e., about 27 million person-rem).

Radiation Exposure to Construction Workers

During the period between the operation of Unit 1 and the startup of Unit 2, the construc-
tion personnel working on Unit 2 will be exposed to sources of radiation from the opera-

tion of Unit 1. The applicant has estimated the integrated dose to construction personnel
to be 31 person-rem. Estimated values for other LWRs have ranged from 5 to 500 person-rem.

Direct Radiation

1)

‘0ccupat1ona1 Radiation Exposure

Radiation from the Facitity

Radiation fields are produced in ruclear plant environs as a result of radioactivity
contained within the reactor and its associated components. The applicant has calcu-
Tated a maximum direct radiation dose of 2.7 mrad/yr per unit at a site boundary loca-
tion 550 m south of the plant.

Direct radiation doses from sources within the plant are pr1mar11y due to n1trogen 16,

a radionuclide produced in the reactor core. In boiling-water reactors, nitrogen-16

is transported with the pr1mary coolant to the turbine building. The orientation of
piping and turbine components in the turbine bu11d1ng determ1nes, in part, the exposure
rates outside the plant. Because of variations in equipment Yayout, exposure rates

are strongly dependent upon overall plant des1gn

Based on radiation surveys that have. been performed around several operating BWRs, it
appears to be very difficult to develop a reasonable mode] to predict direct shine doses.
Thus, older .plants should have actual measurements performed if information regarding
direct radiation and skyshine rates is needed.

/ .
For newer BWR plants, with a standardized design, dose rates have been estimated using
soph1st1cated Monte Carlo techniques. The turbine island design proposed in the Braun
SAR2% s est1mated to have direct radiation and skyshine dose rates on the order of
20 mrem/yr per unit at'a typical site boundary distance of 0.6 km from the turbine bu11d-
ing. This dose rate is assumed to be typical of the new generation of boiling water
reactors. The integrated population dose from such a facility wou1d be less than one
person-rem/yr per unit. .

Low level radioactivity storage containers outside the p]ant are est1mated to contr1bute
less than 0.01 mrem/yr’ at the s1te boundary.

- The dose to nuclear plant workers varies from reactor to reactor and can be projected for

environmental impact purposes by using the experience to date with modern boiling water
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reactors (BWRs). Most of the dose to nuclear plant workers is due to external exposure
to radiation from radioactive materials outside of the body rather than from internal expo-
sure from inhaled or ingested radioactive materials. Recently licensed 1000-MWe BWRs are
designed and operated in a manner consistent with the new (post 1975) regulatory require-
ments and guidance. ‘These new requirements and guidance place increased emphasis on main-
taining occupational exposure at nuclear power plants as.low as is reasonably achievable

" (ALARA), and are outlined in 10 CFR Part 20, Standard Review Plan Chapter 12, and Regula~
tory Guide 8.8.30732 - The applicant's proposed implementation of these requirements and
guidelines are reviewed by the staff at the construction-permit licensing stage, the
operating-Ticense licensing stage, and during actual operation. Approval of the proposed
implementation of these requirements and guidelines is granted only after the review indi-
cates that an ALARA program can actually be implemented. As a result of the staff's review
of the Summer safety analysis report, it was determined that the applicant is committed to
design features and operating practices that will assure that individual occupational radia-
tion doses can be maintained within the 1imits of 10 CFR-Part 20 and that individual and
population doses will be as Tow as is reasonably achievable.

Based on actual operating experience, it.has been observed that occupational dose has
varied considerably from p1ant to plant and from year to year. Average individual and-
collective dose information is available from over 125 reactor years of operation between
1974 and 1979. These data indicate that the average reactor annual dose at BWRs has been
about 650 person-rems, with particular plants experiencing an average 1ifetime annual dose
as high as 1600 person-réems.33 These dose averages are based on widely varying yearly
doses at BWRs. For example, annual collective doses. for BWRs have ranged from 44 to

3142 person-rems per reactor 33 The average annual dose per nuclear plant worker has been
about 0.8 rem.33 ,

The w1de range of annual doses (44 to 3142 person-rems) experienced by U.S. BWRs is depen-
dent on a number of factors, such as the amount of required routine and special maintenance
and the degree of reactor opgrations and in-plant surveillance. Since these factors can
vary in an unpredictable manner, it.-is impossible to determine in advance a specific year-
to-year or average annual occupational radiation dose for a particular plant over its
operating 1ifetime. The need for high doses can occur, even at plants with radiation
protection programs that have been developed to assure that ‘occupational radiation doses
will be kept at Tevels that are ALARA. { Consequently, occupational dose estimates for
environmental impact purposes for the Susquehanna Station Units 1 and 2 are based on the
staff's conservative assumption that the Susquehanna plants may have a higher than average
level of special maintenance work. Based on the staff's review of the applicant's Safety
Analysis Report as well as occupational dose data from more than 125 BWR reactor operating
years,3% the staff projects that the_occupational doses at the Susquehanna Station could
average as much as {1600 _person- rems/ynlper unit when averaged over the life of the plant.
However, actual year-to-year doses at the Susquehanna Station may differ greatly from this
average, depending on actual plant operdating conditions.

3) Transportation of Radioactiye Mater?a]

The transportation of cold fuel to a reactor, of irradiated fuel from_ the reactor to
a fuel reprocessing plant, and of solid radioactive waste from the reactor to burial
grounds is within the scope of the NRC report entitied, "Environmental Survey of
Transportation of Radiocactive Materials to and from Nuclear Power Plants." The esti-
mated popu]at1on dose commitments associated with transportation of fuels and wastes
are listed in Tables 4.70 and 4.13.

4.5.3 Radiologica] Impact on Humans

The quantities of radioactive material that may be released annually from the plant are estimated
based on the description of the radwaste systems given in the applicant's environmental report
and FSAR. Therefore, the actual radiological impact associated with the operation of the
proposed Susquehanna nuclear power station will depend, in part, on the .manner in which the
radioactive waste treatment system is operated. Based on NRC staff's evaluation of the poten-
tial performance of the radwaste system, it is concluded that the system, as proposed, is _
capable of meeting the dose design objectives of 10 CFR Part 50, Appendix I, and those of RM50-2,
contained in the annex to Appendix I. The applicant chose to show compliance with the design
objectives of RM50-2 as an optional method. of demonstrating compliance with the cost-benefit
section of Appendix I, Section I1.D. Table 4.9 compares the calculated maximum individual doses
to the dose design objectives. However, since the facility's operation will be governed by

\ "operating license technical specifications and since the technical specifications will be based

on the dose design objectives of 10 CFR Part 50, Appendix 1, as shown in the first column of
Table 4.8, the actual radiological impact of plant operation may result in doses close to the
dose design objectives. Even if this situation exists the individual doses will still be very
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Table 4.13. Environmental Impact of Transportation of Fuel and Waste
. . to and from One Light-Water-Cooled Nuclear Power Reactord

Y
i

Normal Conditions of Transport

Heat (per irradiated fuel cask in transit) . 260 MJ/hr ")
Weight (governed by Federal or State restrictions) 33,000 kg per truck;
: 90,000 kg per cask per
rail car

Traffic density:

Truck _ < 1 per day
Rail ‘ . < 3 per month
i Estimated Range of Doses to Cumulative Dose to
N Number of "Exposed Individualsb Exposed ‘Population
Persons ' (mrem per - {person~rem per
Exposed Population Exposed reactor yr) S reactor yr)?
_Transportation worker 200 ' 0.01 to 300 4
General Public: .
Onlookers 1,000 . 0.003 to 1.3
Along route 600,000 - 0.0001 to 0.06 - . 3
: Accidents in Transport
Radiological effects ' sma119
Common (nonradiological) causes : 1 fatal injury in 100 reaétbr years

.1 nonfatal injury in 10 reactor years
$475 property damage per reactor year

Data supporting this table are given in the Commission’s "Environmental Survey of
Transportation of Radioactive Materials to and from Nuclear Power Plants," December -
1972, and Suppiement I, NUREG-75/038, April 1975.

The Federal Radiation Council has recommended that the radiation doses from all
sources of radiation other than natural background and medical exposures be Timited
to 5000 mrem/yr for individuals as a result of occupational ‘exposure and to

500 mrem/yr for individuals in the general population. The dose .to individuals due
to average natural background radiation is about 102 mrem/yr..

b

Cperson-rem is an expression for the summation of whole body doses to individuals in
a group. Thus, if each member of a population group of 1000 people were to receive
a dose of 0.001 rem {1 mrem), or if 2 people were to receive a dose of 0.5 rem
(500 mrem) each, the total cumulative dose in each case would be 1 person-rem.

dA]though the environméﬁta] risk of radiological effects stemming.from transporta-

tion accidents cannot current]y be numerically quantified, the risk remains small
‘regardless of whether it is being app11ed to a s1ng1e reactor or a multireactor
site.

small compared to natural background doses (~ 100 mrem/yr) or of the dose limits specified in
.10 CFR Part 20. As a result, the staff concluded that there will be no measurable radiological
impact on vumans from routine operation of the plant. _
‘Effective 1 December 1979, the Ticensee will also be regulated according to the Environmental
Protection Agency's 40 CFR Part 190, "Environmental Radiation Protection Standards for Nuclear
Power QOperations,” which specifies that the annual dose equivalent cannot exceed 25 mrems to
the whole body, 75 mrems to the:thyroid, and 25 mrems to any other organ of any member of the
public as the result of exposure to planned discharges of radiocactive materials, radon and its
daughters excepted, to the general environment from uran1um fuel cyc]e operations and radiation
from these operations.

4.5.4 Radiological Impacts on Biota Other Than Humans

~ Depending on the pathway and radiation source, terrestrial and aquatic biota will receive doses
approximately the same or somewhat higher than humans receive. Although guidelines have not

)
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been established for acceptable-1imits for radiation exposure to these species, it is generally
agreed that the 1imits established for humans are also conservative for other species. Experience
has shown that it is the maintenance of population stability that is crucial to the survival of
a species, and species in most ecosystems suffer rather high mortality rates from natural causes.
While the existence of extremely radiosensitive biota is possible, and whereas increased radio-
sensitivity in organisms may result from environmental -interactiohs with other stresses (e.g.,
heat, biocides, etc.), no biota have yet been discovered that show a sensitivity (in terms of
increased morbidity or mortality) to radiation exposures as low as those expected in the area
surrounding the Susquehanna nuclear power plant. Furthermore, there have been no cases of
exposures that can be considered significant in terms of harm to the species or that approachy
the exposure 1imits to members of the public permitted by 10 CFR Part 20 in any of the plants..
where an analysis of radiation exposure to biota other than humans has been made.35 Since the.
BEIR Report36 concluded that the evidence to date indicates that other 1iving organisms are not
much more radiosensitive than humans, no measurable radiological impact on ‘populations of b1ota
is expected as a result of the routine operation of this pTant .

1

4.5.5 Risks Due to Radiation Exposure from Normal Operations

The individual doses associated with exposures will be controlled so that the limits set forth
in 10 CFR Part 20 for exposure of workers and the general public are not exceeded. In addition,
the licensee's operating license will contain Technical Specifications to maintain radioactive
effluents to values as low as reasonably achievable according to the dose design objectives of
10 CFR 50, Appendix 1, for the general public. The Timits in 10 CFR Part 20 and the annual dose
design objectives in 10 CFR 50, Appendix I, are intended to ensure that the risk to any exposed
individual is extremely small. .

The risk estimates used in this report are derived from the recommendations of the National
Academy of Sciences Biological Effects of Ionizing Radiation Committee and GESMO.36,37 The
estimates of the risks to workers and the general public are based on conservative assumptions
(i.e., the estimates are probably higher than the actual number). The following risk estimators
were used to estimate health effects: 135 potential deaths from cancer per million person-rem
and 258 potential cases of all forms of genetic disorders per million persons-rem. The cancer
fatality risk estimates are based on the "absolute risk" model in BEIR I. Higher estimates can
be developed by use of the "relative risk" model along with the assumption that risk prevails
for the duration of 1life. This would produce risk values up to about four times greater than
those used in this report. The staff regards this as an upper limit of the range of uncer-
tainty. The Tower 1imit of the range would be zero. The range of uncertainty in the genetic
risk estimates extends a factor of about 6 above and about 4 below the preceding value (i.e.,
258 potential cases of all forms of genetic disorder per million person-rem). The number of
potent1a;8nonfata1 cancers would be approximately 1.5 to 2 times the number of potential fatal
cancers.

The preceding values for risk estimators are consistent with the recommendations of a number of
recognized radiation protection organizations, such as the International Commission on Radio-
logical Protection (ICRP), the National Council on Radiation Protection and Measurement (NCRP),
the National Academy of Sciences BEIR IIl Report, and the United Nations Scientific Comm1ttee on
the Effects of Atom1c Radiation (UNSCEAR) 38-41

4.5.5.1° Occupational Exposure

This section contains estimdtes of the risk of occupational radiation .exposure for three cate-
gories: 1) the nonradiological and radiological occupational risk experienced by the average
nuclear-power-plant worker, 2) the risk of potential fatal cancers in the exposed workforce
population, and 3) the r1sk of potential genetic disorders in all future generat1ons of the
exposed workforce population.

Risk to Workers

The average annual dose per nuclear-plant worker at operating LWRs (about 0.8 rem) has been well
within the Timits of 10 CFR Part-20. However, for comparative purposes, the staff has estimated
. the risk experienced by nuclear-power-plant workers. The nuclear-plant workers' risk is equal
to the sum of the radiation-related risk and the nonradiation-related risk. The occupational
risk associated with the industry-wide average radiation dose is about 11 potential premature
deaths per 105 person-years due-to cancer.* The number of potential nonfatal cancers would be

*Exposure to individual workers will vary from the avefage; however, exposure to individual
workers will be-Timited so as not to exceed the limits in 10 CFR Part 20 for occupational
exposure.
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approximately 1.5 to 2 times the number of potential fatal cancers.3® The nonradiation-related
- fatality incidence of nuclear-plant workers is ‘expected to beé no greater than the fatality inci-
dence for similar types of work. The average nonradiation-related risk for seven U.S. electri-
cal utilities over the period 1970-1979 is about 12 actual premature deaths per 105 person-
years.*2 Adding the nonradiation-relatéd risk to the potent1a1 radiation-related risk, the
comparable risk to a nuclear-power-plant worker receiving the average annual dose would be about
23 premature deaths per 10° person-years. .

The risks of various occupations, inciuding nuclear-plant workers, are shown in Table 4.14. In
terms: of job-related fatalities, the occupational. risk to a nuclear-power-plant worker (i.e.,
about 23 premature deaths per 105 person-years) is higher than the average private sector risk
(i.e., 10 premature deaths per 105 person-years). However, the risk to nuclear-plant workers is
lower than the risk for a number of other groups. The potential fatality incidence rates due to
radiation exposure that account for about half of the fatalities for the nuclear-power-plant
_workers that are listed in Table 4.14 are conservative estimates (i.e., the actual risk may be
much less than the estimates), whereas the fatality.incidences for other groups are based on
known instances of actual job-related fatalities. Based on these comparisons, the staff concludes
that the risk to nuclear-plant workers from operation of Susquehanna Station, Units 1 and 2, is
comparab]e to the risks associated with other occupations.

Table 4.14. Incidence of Job-Related Fatalities.

‘ . \

Fatality Incidence Rates
{premature deaths per

Occupational Group 105 person-years)
‘ Underground metal miners? : . ’ 1275
Uranium miners® -+ : ' _ _ 422
* Smelter workers® o ' : 194
Mining® - - Coe
Agriculture, forestry, and fisheriesbl . 35
Contract construction®- o ' A 33
Transportation and pub11c ut111t1es ' o 24
Nuclear-plant workerS o ‘ 23
Manufacturing =~ - X Lo ' : - 7 2

wholesa1e and retail trade ' .
F1nance, 1nsurance, and real estateb
Serv1cesb '

Total private sector? 3 o o , .10

3The President's Report on Occupational Safety and Health, "Report on
Occupational Safety and Health by the U.S. Department of Health, Education,
and Welfare," E. L. Richardson, Secretary, May 1972 (Reference 43).

U.S. Bureau of Labor Statistics, "Occupational Injuries and I11ness in-the
United States by Industry, 1975," Bulletin 1981, 1978 (Reference 44).

- “The fatality incidence rate for nuclear-plant.workers is based on an
‘annual exposure of 0.8 rem to the average worker, and the nonradiation- |
‘related fatalities for seven large U.S. electrical utilities over the '
period 1970-1979.42 About half of the estimated. fatality incidence rate
for nuclear-plant workers-is potential, rather than actual, premature
deaths that might be caused by radiation exposure.

/ . /

b
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A

Risk to Workforce Population

¢ ‘

- The risk of potential fatal cancers in the exposed workforce population, and the risk of poten-
tial genetic disorders in all future generations of the exposed workforce population, is esti-
mated as follows. Multiplying the annual plant worker population dose (i.e., about 3200 person-
rem) by the risk estimators, the staff estimates that about 0.4 cancer deaths may occur in the
exposed population and about 0.8 genetic disorders may occur in all future generations of the
exposed population. The value of 0.4 cancer deaths means that the probability of one cancer
death over the 1ifetime of the entire workforce due to one year of operations at Susquehanna
Station, Units 1 and 2, is about 4 chances in 10. The number of potential nonfatal cancers would
be about 1.5 to 2 times the number of potential fatal cancers. The value of 0.8 genetic disor-
ders means that the probability of 1 genetic disorder in all future generations due to one year
of operations at SSES is about 8 chances in 10. These health impacts will not be measurable
when spread over the lifetime of~the entire workforce. / -

4.5.5.2 Exposure of the General Public

The doses associated with exposure of the general public from radicactive effluents from normal
operations at SSES will be controlled so as not to exceed. the 1imits set forth in 10 CFR 20.-
In addition, the Ticensee's operating license will contain Technical Specifications. to maintain
radioactive effluents to values as low as reasonably achievable according to the annual dose
design objectives in 10 CFR 50, Appendix I. The following estimates of the risks to the general
public are based on conservative assumptions. For example, the BEIR III Committee has stated:
It is by no means clear whether dose rates of gamma or X-ray radiation of about. 100 mrads/
yr are in any way detrimental to exposed people; any somatic effects would be masked by
environmental or other factors that produce the same types of health effects as does
ionizing radiation. It is unlikely that carcinogenic effects of Tow-LET radiation
administered at this dose rate will be demonstrated in the foreseeable future.3®

The estimated annual doses associated with exposure of the general public from radioactive
effluents from normal operations at SSES are below the dose rate of 100 mrads/yr referred to by
the BEIR III Committee. Nonetheless, using conservative assumptions, calculations can be made
- of the risk of potential premature death from cancer to individuals and populations in the
vicinity of nuclear power reactors. N

Risks to Individuals

MuTtiplying the risk estimators in the preceding section by the 10 CFR 50, Appendix I, annual dose
design objectives, the risk of potential premature death from cancer to the maximum individual - ~
from exposure to radiocactive effluents from one year of reactor operations is less than one

chance in a million (i.e., about 7 x 10-7 for exposure to gaseous effluents and about 4 x 10-7

for exposure to Tiquid effluents) over the average lifetime.* The risk of potential premature
death from cancer to the average individual within 80 km of the reactor from exposure to
radioactive effluents from the reactors is less than 1 percent of the risk to the maximum
individual. The risk of potential nonfatal cancers is approximately 1.5 to 2 times the risk of
death from potential fatal cancers. .

For comparative purposes, the staff has estimated the risk of potential premature death from
cancer to the general public from exposure to other sources of radiation in the United States
(Table 4.15). These risks have been estimated using the same conservative assumptions that
‘were used in estimating risks to workers and the general public from exposure to radiation from
nuclear power plants. The risk to the maximum individual from expsoure to gaseous or Tigquid
radioactive effluents from one year of reactor operations is much less than the risk from
exposure to any of the major sources of radiation (e.g., smoking, medical exposure, and natural
background radiation) and within the same range as the risk from exposure to many of the other
common sources of radiation (e.g., airline travel, natural gas heating, and television viewing).
Since the risk from exposure to gaseous or liquid radioactive effluents from nuclear power
plants is so low compared with many other types of risk (radiation~related or otherwise), and
since the radiation-related risks are based on conservative assumptions, the staff considers
the risk to real individuals from exposure to radioactive effluents from normal operations at
the Susquehanna Station, Units 1 and 2, to be insignificant.

‘Risk to U.S. Population

Multiplying the annual U.S. general public population dose from exposure to radioactive effluents
and transportatiqn of fuel and waste from the operation of 'SSES (i.e., 65 person-rem) by the

*The risk of potential premature death from cancer to the maximum individual from exposure to
radioiodines and particulates would be in the same range as the risk from exposure to the other
types of effluents.
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Table 4.15. Approximafe Ranking of Risks from Various Sources
of Radiation Exposure in the United States

o Appréximate Risk,P
Exposed Part of Body Average Annual Chance of Premature

Source of Exposure _Group Exposed ~ Dose@ (mrem) - Death in a Million
Natural radioactivity smokers " bronchial ,8000 180
in.tobacco , epithelium .
Medical diagnosis patients Jbone marrow 300 40
by radiopharmaceuticals _ : :
Medical diagnosis adult patients _bone marrow , 103 14
by X-rays
Natural background total popu- whole body « 80 : 11
radiation Tation : .
Many types of radio- users whole body 8 1.1
luminous clocks :
Building materials population in whole body 7 0.9
brick and .
masonry -
buildings '
Commercial nuclear )
power plants A o
Gaseous effluents maximum ' total body 5 0.7.
individual (Appendix 1 .
~ . : ) i objective) .
Liquid effluents maximum. total body 3 0.4 -
individual (Appendix 1
objective)
Atmospheric weapons total popu- whole body ) a4 0.5
tests “lation
-Unvented heaters users bronchial 22 0.5
using natural gas . ; epithelium
Airline travel passenéers whole body
Dental diagnosis ) adult patients bone marrow ' 3 0.4
Many types of users gonadal dose
Tuminous wristwatches v _ equiva1ent
Natural-gas cooking users bronchial AT 0.2
ranges epithelium
Television receivers ‘viewing gonads - 0.8 0.1
population
Commercial nuclear -
power plants
Liquid and gaseous population total body ~Q.003 0.0004
effluents within : ’ :
. 80 km

¢

Average annual-doses for all sources except commercial nuclear power p1ants were taken from
either BEIR 11138 or NCRP.“5> The average annual dose to the maximum individual from effluents
from commercial nuclear power plants is the 10 CFR 50, Appendix I, total-body annual dose
design objectives. While other body organs may receive slightly higher doses (e.g., the
thyroid dose is limited to 15 mrem/yr from radioiodines and particulates), the risk from the
dose to other body organs will not significantly affect the approximate ranking. The average
annual dose to the average individual ‘within 80 km of a commerc1a1 nuclear power p1ant is
derived from Table 4.8.

bR1sk was calculated-by multiplying the average annual dose (in rem) by risk estimates of 135
and 22.2 potential cancer.deaths per million person-rem for total body and lung exposures,
respectively. The total-body risk estimator was used to approximate the risk from the dose to
the bone marrow from medical exposure The risk of potential nonfatal cancers would be about
1.5 to 2 times the risk of potential cancer fatalities. .
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preceding risk estimators, the staff estimates that 0.009 cancer deaths may occur in the exposed
population and 0.02 genetic disorders may occur in all future generations of the exposed popu-
Tation. The number of potential nonfatal cancers would be approximately 1.5 to 2 times the
number of potential cancer deaths. The probability of one cancer death over the lifetimes of
the U.S. general public due to exposure to radiocactive effluents and transportation of fuel and
waste from normal annual operation of Susquehanna Units 1 and 2 is less “than one chance in 100.
The probability of one genetic disorder in future generations of the U.S. general public due to
exposure to radioactive effluents and transportation of fuel and waste from normal annual opera-
- tion of Susquehanna Units 1 and 2 is less than 1 chance in 50. For comparative purposes, the
-staff has estimated the risk of potential premature death from cancer to the general public from
exposure to. natural background radiation. Multiplying the U.S. ‘population dose from one year's
exposure to background radiation by the preceding risk estimators, the staff estimates that
about 3600 cancer deaths may occur in the exposed population and about 7000 genetic disorders’
may occur in the future. generations of the U.S. population due to exposure to one year of back-
ground radiation. The risks to the general population from exposure to radioactive effluents
and transportation of fuel and waste from each year of operation of the Susquehanna nuclear
station are a very small fraction (less than 0.0003%) of the risks to the U.S. population from
each -year of exposure to natural background radiation.

Another way to put the risk to the general public from exposure to radioactive effluents and
transportation of fuel and waste from the annual operation of SSES in perspective is to compare
the preceding risks (i.e., 0.009 potential cancer deaths and 0.02 potential genetic disorders)
with the risk to the year 2000 population using the current incidence of actual cancer fatalities
and actual genetic disorders.” Multiplying the estimated U.S. population for the year 2000
{i.e., 260 million persons) by the current incidence of actual cancer fatalities (i.e., ~20%)
and the current incidence of actual genetic diseases (i.e., ~6%), about 52 million cancer deaths
and about 16 million genetic abnormalities are expected.3¢:%6 The risk to the general public
from exposure to radiocactive effluents and transportation of fuel and wastes from the annual
operation of Susquehanna Station, Units 1 and 2, are very small fractions (about 1 part in a
billion or less) of the estimated incidence of cancer fata11t1es and genetic abnormalities in
the year 2000 population. ’

On the basis of the preceding comparisons (i.e., comparing the risk from exposure to radioactive
effluents and transportation of fuel and waste from the annual.operation of the Susquehanna
Units 1 and 2 with the risk from exposure to other sources of radiation, and the risk from the
estimated incidence of cancer fatalities and. genetic abnormalities in the year 2000 population),
the staff concludes that the risk to the public health and safety from exposure to radiocactive
effluents and the -transportation of fuel and wastes from normal operation of Susquehanna Sta-

tion, Units 1 and 2, will not be significant.
: N

4.5.6 The Uranium Fuel Cycle

On 14 March 1977, NRC presented in the Federal Register (42 FR 13803) an interim rule regarding
the environmental considerations of. the uranium fuel cycle. It revises Table S-3 (reproduced
hére as Table 4.16) of Paragraph (e) of 10 CFR Part 51.20. In a subsequent announcement on

14 April 1978 (43 FR 15613), the Commission further amended Table S-3 to delete the numerical
entry for the estimate of radon releases-and to explain that the table does not cover health
effects. The effectiveness of the interim rule has been extended several times.

On 27 July 1979, the Commission approved a final rule setting out revised environmental-impact

. values for the uranium fuel cycle to be included in environmental reports and environmental
statements for reactors (44 FR 45362). The final rule reflects the latest information relative
to reprocessing of spent fuel and radiocactive waste management as discussed in NUREG-0116,
-"Environmental Survey of the Reprocessing and Waste Management Portions of the LWR Fuel Cyc]e"“7
and NUREG-0216,“8 which presents staff responses to comments on NUREG-0116. The rule also
considers other environmental factors of the uranium fuel cycie, including aspects of mining and
milling, isotopic enrichment, fuel fabrication, and management of low- and high-level wastes.
These are described in the Atom1c Energy Commission report WASH-1248, "Environmental Survey of
the Uranium Fuel Cycie".43 -

Specific categories of natural-resource use are included in TJable S-3 of the final rule and are
reproduced here as Table 4.16.* These categories relate to land.use, water consumption, thermal
effluents, radioactive releases, burial of transuranic and high- and low-level wastes, and

radiation doses from transportation and occupational exposures. The contributions in Table S-3

N
!

*A parrative explanation of Table S-3 was published on 4 March 1981, in the Federal Register
(46 FR 15154-15175).
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Table 4.16. (Table S-3) Summary of Environmeptal Considerations
for the Uranium Fuel Cycle e

Normalized to’,:model LWR annual fuel requirement (WASH- 1248} or reference reactor yeasr (NUREG-0116)

Natural resource use Total Maximum sffect per annual fusl requirement or referance reactor year ot mods! 1000-MWe LWR
Land, scres
Temporarily committed® 100
Undisturbed ares I
Disturbed area 22 Equivalent to 110-MWae coal-fired powsr plant
Permanently committed 13 . o ; :
. Ovarburden moved, mitlions ot metric tons 28 Equivalent to 95-MWe coal-fired power plant
Water, millions of gallons r~
Discharged to air 160 Equals 2% ot model 1000-MWe LWR with ooéling tower
Discharged 1o water bodies 11,080
Ditcharged to ground 127 ~
Total 11,3717 Less than 4% of model 1000-MWe LWR with once-through cooling -
Fossil tuel . . -~
Electrical energy, thousands of 323 Less than 5% of modei 1000-MWe LWR output T )
megawatt hours - -
Equivalent coal, thousands 18 Equivalent to the consumption of a 45-MWa coal-fired
of matric tons power plant \ .
Natural ges, millions of standard cubic teet 135 Less than 0.3% of model 1000-MWe energy output
Effluents — chemical, metric tons . . . - .
Gases {including entrainment)® N
° s0, 4,400
NO, ¢ 1,190 Equivatent to emissions trom 45-MWe coal-fired power plant for a yeasr -
Hydrocarbons 14
co 296
Particulates 1.154
Other gases
F- 0.67 Principally from UF 4 production, enrichment, and reprocessing. Concentration within range of state standards —
‘ below lavel that has effects on human heaith
Hal 0014 Coe
Liquids . . ,
SO"' 99 From enrichment, fuel hbr'ccl.(ion, and repi ing steps. C: that i L ial for adverse
NO,~ | 258 environmental effect are present in dilute concentrations and receive sdditional dilution by receiving bodies
Fluoride R 12,9 of water 10 levels below px issi ds. The that require dilution and the flow of dilu-
Ca?” 54 tion water »
[ 85 NH, - 600 cfs
Na* 121 NO, - 20cfs
NH, 100 Fluoride — 70 cfs
Fe 4 04
Tailings solutions, thousands of metric tons 240 From mills only ~ no signifi etfluents to N
Solids 91,000 Principally from mills — no significant effluents to environment
Effiuents ~ radiological, curies
Gases (including entrainment) . .
Rn-222 - Presently under ation by the C.
Ra-226 0.02
Th-230 0.02
Uranium 0.034
Tritium, thoussnds 181
AN} b2 ,
Kr-85, thousands 400
Ru-106 0.14 Principally from tuel reprocessing plants
129 1.3
11131 0.83 /
Tc-99 Presently under consideration by the Commission . -
Fission products and transuranics 0.203 :
Liquids
Uranium and daughters 21 Principaily from milling — included in 1ailings liquor and returned to ground — no etfluents: therefore, no eftect on
' : environment -
Ra-226 0.0024 From UF, production
Th-230 0.0015
Th-234 0.01 From tuel fabrication plants - concentration 10% of 10 CFR Part 20 for total processing 26 annual fuel requirements
for model LWR Y .
Fission and activation products 59X 10°¢
Solids (buried on site)
Other than high level (shallow) 11,300 9100 Ci come from low-level reactor wastes and 1500 Ci come trom reactor ion and
. ing — buried at land buriat tacilities. Mills produce 600 Ci — included in tailings returned to ground; about 60 Ci *
come from conversion and spent-tuel storage. No significant effluent to the environment
TRU and HLW (deep)} ' 1.1 %107 Buried at Federal repository '
Effiuents — thermal, billions of British 4,063 Less than 4% of model 1000-MWe LWR '
thermal units B .
Transportation, person-rems 25 !
Exposure ot workers and general public
Occupational exposure, person-rems From ing and waste

226

%1n some cases where no entry appears, it is clear from the background documents that the matter was addressed and that, in effect, this table should be read as if a specific zero entry
had been made. However, there are other areas that are not addressed at al in this table. Table S-3 of WASH- 1248 does not include heaith efects from the effluants described in this
table or estimates of releasas of Radon-222 fraom the uranium fuel cycle. These issues which are not addressed at all by this table may be the subject ot litigation in individual licensing
proceedings. Data supporting this table are given in the Environmental Survey of the Uranium Fuel Cycle, WASH-1248, April 1974: the Environmental Survey of the Reprocessing and Waste
Management Portions of the LWR Fuel Cycle, NUREG-0116 (Suppl. 1 t0 WASH.1248): and the Discussion of Comments Regarding the Environmental Survey of the Reprocessing snd
Waste Management Portions of the LWR Fuei Cycle, NUREG-0216 (Suppi. 2 to WASH.1248). The contributions from reprocessing, waste management, and transportation of wastes are
maximized for either of the two fuel cycles (uranium only ‘and no-recyle). The contribution from transportation excludes transportation of coal tuel to a reactor and of irradiated fuel
and radioactive wastes from a reactor which are considered in Table S-4 of Sect. 51.20(g}. The contributions from the other steps of the fuel cycle are given in columns A - € of

Table S-3A ot WASH-1248.

land from

2The contributions to temporarily

services | reactor for 1 year or 57 reactors for 30 years.
‘Enimu_od ettluents based on combustion of equivalent coal for power generation.

91.2% from natursl gas use and process.

) g are not prorated over 30 years, because the complete temporary impact accrues regardless of whether the plant

3
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for reprocessing, waste management, and transportat1on of wastes are max1m1zed for either.of the
two fuel cycles (uranium only and no recycle); ‘that is, the cycle that results 1n the greater
impact is used.

. i - . ’
The following assessment of the environmental impacts of the fuel cycle as related to the opera-
tion of the proposed project is based on the values given in Table S-3 and the staff's analysis
of the radiological impact from radon and technetium-99 releases. For the sake of consistency,
the analysis of fuel-cycle impacts has been cast in terms of a model 1000-MWe Tight-water-cooled
reactor {LWR) operating at an annual capacity factor of 80%. In the following review and
evaluation of the environmental impacts of the fuel cycle, the staff's analysis.and conclusions
would not be altered if the analysis were to be based on the net electrical power output of the
proposed project.

4.5.6.1 Land Use

The total annual Tand requirement for the fuel cycle supporting a model 1000-MWe LWR is about
46 ha. About 5 ha/yr are permanently committed Tand and 41.ha/yr are temporarily committed.*
0f the 41 ha/yr of temporarily committed land, 32 hd/yr are undisturbed and 9 ha/yr are dis-
turbed. Considering common classes of land use in the United States,** fuel-cycle land-use
requirements to support the mode1 1000-MWe LWR do not represent a significant impact.

4.5.6.2 Water Use

The principal water-use requirement for the fuel cycle supporting a model 1000-MWe LWR is that
required for removal of waste heat from the power stations supplying electrical energy to the -
enrichment step of this cycle. Of the total annual requirement of 43 x 10 m3, about 42 x 10° m3
are required for this purpose, assuming that these plants use once-through cooling. Other water
uses involve the discharge to air (e.g. evaporation losses in process cooling) of about

0.6 x 105 m3/yr and water discharged to ground (e.g. mine drainage) of about 0.5 x 108 m3/yr.

On a_thermal-effluent basis, annual discharges from the nuclear fuel cycle are about 4% of those

from the model 1000-MWe LWR using once-through cooling. The consumptive water use of 0.6 x 105 m3/yr
is about 2% of that from the model 1000-MWe LWR using cooling towers. The maximum consumptive

water use (assuming that all plants supplying electrical energy to the nuclear fuel cycle use

cooling towers) would be about 6% of that of the model 1000-MWe LWR using cooling towers. Under

this condition, thermal effluents would be negligible. The staff finds that these combinations

of thermal loadings and water consumption- are acceptable relative to the water use and thermal
d1scharges of the proposed project. .

"4,5:6.3 Fossil-Fuel Consumption

Electrical energy and process heat are required during various phases of the fuel-cycle process.
The electrical energy is.usually produced by the combustion of fossil fuel.at conventional power
plants. Electrical energy associated with the fuel cycle represents about 5% of the annual
electrical power production of the model 1000-MWe LWR. Process heat is generated primarily by
the combustion of natural gas. This gas consumption, if used to generate electricity, would be
less than 0.3% of the electrical output from the model plant. The staff finds that the direct
and indirect consumptions of electrical energy for fuel-cycle operations are small and accep-
table relative to the net power production of the proposed project.

4.5.6.4 Chemical Effluents

The quantities of chemical, gaseous, and particulate effluents associated with fuel-cycle-

processes are given in Table S-3. - The principal species are sulfur oxides, nitrogen oxides, and
particulates. Judging from data in a Council on Environmental Quality report,5% the staff finds
that these emissions constitute an extremely small additional atmospheric loading in comparison
with those from the stationary fuel-combustion and -transportation sectors in the United States;
i.e. about 0.02% of the annual national releases for each of these species. The staff believes

that such small increases in releases of these pollutants are acceptable.
! ~

1N

*A "temporary" land commitment is a commitment for the 1ife of the specific fuel-cycle plant;
e.g. mill, enrichment plant, or succeeding plants. On abandonment or decommissioning, such
land can be used for any purpose. "Permanent" commitments represent land that may not be
released for use after plant shutdown and/or decomm1ss1on1ng

**A coal-fired power plant of 1000-MWe capac1ty using strip-mined coal requires the disturbance
of about 81 ha/yr for fuel alone.
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. ‘ - (
Liquid chemical effluents produced in fuel-cycle processes are related to fuel-enrichment,
~fabrication, and -reprocess1ng operations and may be released to receiving waters. These
eff]uents are usually present in dilute concentrations such that only small amounts of dilution
water are required to reach levels of concentration that are within established standards. The
flow of dilution water required for specific constituents is specified in Table S-3. - Addition-
ally, all liquid discharges into the navigable waters of the United States from plants asso-
ciated with the fuel-cycle. operat1ons will be subject to requirements and limitations set forth
in the NPDES permit.

Tailings solutions and solids are generated during the milling process. These solutions. and
solids are not released in quantities suff1c1ent to have a significant impact on the environ-
ment .

4.5,6.5 Radioactive Effluents

Radioactive effluents estimated to be released to the environment from reprocessing and waste-
management activities and certain other phases of the fuel-cycle process are listed in Table S-3.
Using these data, the staff has calculated the 100-year involuntary environmental dose commit-
ment* to the U.S. population. It is estimated from these calculations that the overall involun-
tary total-body gaseous dose commitment to the U.S. population from the.fuel cycle (excluding
reactor releases and the dose commitment due to radon-222 and Tc-99) would be about 400 person-
rem for each year of operation of the model 1000-Mde LWR (reference reactor year, or RRY).

Based on Table S-3 values, the additional involuntary total-body dose commitment to the U.S.
population from radiocactive 1iquid effluents {exciuding Tc-99) due to all fuel-cycle operations
other than reactor operation would be about 100 person-rem for each year of operation. Thus,
the estimated involuntary 100-year environmental dose commitment to the U.S. popu1ation from-
radioactive gaseous and liquid releases due to these port1ons of the fuel cycle is about 500 person-
rem (whole  body) per RRY.

At this time, the radiological impacts associated with radon-222 and Tc-99 releases are not
addressed in Table S-3. Principal radon releases occur during mining and milling operations and
as emissions from mill tailings, whereas principal technetium-99 releases occur from gaseous
diffusion enrichment facilities. The staff has determined that radon-222 releases per RRY from
these operations are as-given in Table 4.17. The staff has calculated population-dose commit-
ments for these ‘sources of radon-222 using the RABGAD computer code described in NUREG-0002,
Appendix A, Section IV.J.37 The results of these calculations for mining and milling activities
prior to rec]amation of open-pit uranium mines and tailings stabilization are given in Table 4.18.

¢

Table 4.17. Radon Releases from Mining and Milling -
Operations and Mill Tailings for Each Year of
Operation of the Model 1000—MWe LWR

1

Radon-222
Source . Release
“Mining? o ~ : 4060 Ci
Milling and tailings®
(during active milling). S . 780 Ci
: Inactive tai]ingsb (prior - ‘
to stabilization) o . 350 Ci. S
Stabilized tai]ingsb
(for several hundred years) ‘T to 10 Ci/yr
Stabilized tai]ingsb (after i ’
several hundred- years) . “110 Ci/yr

aTestimony of R. Wilde from: "In the Matter of Duke
Power Company (Perkins Nuclear Station)," U.S. Nuclear
Regulatory Commission, Docket No. 50-488, filed
April 17, 1978.

bTestimony of P. Magno from: "In the Matter of Duke
Power Company (Perkins Nuclear Station)," U.S. Nuclear
Regulatory Commission, Docket No. 50-488, filed

: April 17, 1978.

-

" *The environmental dose commitment (EDC) is the integrated popu]at%on‘dose for 100 years; i.e.
it represents the sum of the annual population doses for a total of -100 years.. The population
dose varies with time, and it 1§ not practical to calculate this dose for eveny year.

/



4-32

ATab]e 4.,18. Estimated 100- Year Env1ronmenta1 Dose Comm1tment ’
for each Year of 0perat1on of the Mode1 1000-MWe LwR )

l ' Radon- 222_ Population-Dose Commitment (person-rem)
- . Release v Lung (bronchial
Source - Co{ci) ¢ Total Body - - Bone epithelium)
Mining 4100 © ' - 110 2800 2300
’ Milling and active . o .
' tailings : 1100 ' 29 750 . 620
- Total | R o 140 3600 - 2900 -

I3

When added to the 500 person-rem total- -body dose comm1tment for the balance of the fuel cycle,
the overall estimated total-body involuntary 100-year environmental dose commitment to the U.S.
population from the fuel cycle for the model 1000-MWe LWR is about 640 person-rem. Over this
period of time, this dose is equivalent to 0.00002% of the natural-background tota] body dose of
about three billion person -rem to the U.S. population.*

The staff has considered hea]th effects associated with the releases of radon-222, including
both the short-term effects of mining, mi11ing, and active tailings, and the potential long-term
effects from unreclaimed open-pit mines and stabilized tai]ings. The staff has assumed that
underground mines will be sealed after completion of -active mining, with the result that releases
of radon-222 from them will return to background levels. For purposes of prov1d1ng an upper-
bound impact assessment, the staff has assumed that open- p1t mines will be unreclaimed and has
calculated that, if all ore were produced from open-pit mines, releases from them would be

110 Ci/yr per RRY. However, because the distribution of uranium-ore reserves available using
conventional mining methods-is 66.8% underground and 33.2% open-pit,>! the staff has further
assumed that uranium to fuel LWRs will be produced by conventional mining methods in these
proportions. This means that Tong- term releases from unreclaimed open p1t mines w111 be

37 Ci/yr (O. 332 x 110) per RRY.

Based on these assumptjons, the radon re1eased'from unrec]aﬁmed open-pit mines over 100- and

~ 1000-year periods would be about 3700 Ci and 37,000 Ci per RRY, respectively. The total dose

commitments for periods of 100, 500, and 1000 years would be as shown in Table 4.19., These

commitments represent a worst-case situation because no mitigating circumstances are assumed.

However, it is very probable that reclamation will be required for open-pit uranium mines. If
, long-term releases from such mines should approach background levels. ‘

Table 4.19. Population-Dose Commitments from Unreclaimed
Open-Pit Mines for Each Year of Operation
of the Model 1000-MWe LWR

Population-Dose Commitment

’ Time - Radon-222 _(person-rem)
. Period Release - Lung (bronchial
] (yr) (ci) Total Body Bone epithelium)
100 3,700 ' 96 _2,500 2,000
500 19,000 480 13,000 © 11,000
1,000 37,000 960 - 25,000 20,000

\

*Based on an annual average natural-background 1nd1v1dua1 dose commitment of 100 mrem and a
stabilized U.S. population of 300 million. .
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For long-term radon releases from stabilized-tailings piles the staff has assumed that the
tailings would emit, per RRY, 1 Ci/yr for 100 years, 10 Ci/yr for the next 400 years, and

100 Ci/yr for periods beyond 500 years. With these assumpt1ons, the cumulative radon-222 release
per RRY from stabilized-tailings piles would be 100°Ci in 100 years, 4090 Ci in 500 years, and
53,800 Ci in 1000 years.37 The total-body, bone, and bronchial-epithelium dose commitments for
these per1ods are as shown in Table 4.20.

Table 4.20. Population-Dose Commitments from Stabilized-
Tailings Piles for Each Year of Operation
of the Model 1000-MWe LWR

, Popu]at1on -Dose Commitment , (
_ Time  Radon-222 (person-rem)
Period Release _ Lung (bronchial
© (yr) (ci) Total Body Bone epithelium)
100 © 100 2.6 68 56
500 4,090 110 2,800 2,300
1,000 53,800 1,400 37,000 . 30,000

Using risk estimators of 135, 6.9, and 22.2 cancer déaths per million person-rem for total-body,
bone, and lung exposures, respectively, the estimated risk of cancer mortality due to mining,
milling, and active-tailings emissions of radon-222 is about 0.11 cancer fatality per RRY. When
the risk due to radon-222 emissions from stabilized tailings over a 100-year release period is
added, the estimated risk of cancer mortality over a 100-year period is unchanged Similarly, a
risk of about 1.2 cancer fatalities per RRY over a 1000-year release period is estimated. When
potential radon releases from reclaimed and unreclaimed open-pit mines are included, the overall
risks of radon-induted cancer fatalities per RRY range as follows:

0. 0 19 fatality for a 100-year period, .
0.19-0.57 fatality for a 500-year period, and
1.2 -2.0 fatalities for.a 1000-year period.

To illustrate: A sing1e model 1000-Mde LWR operating at an 80% capacity factor for 30 years
would be predicted to induce between 3.3 and 5.7 cancer fatalities in 100 years, 5.7 and 17 in
500 years, and 36 and 60 in 1000 years as a result of releases of radon-222. (
These doses and predicted health effects have been compared with those that can be expected from
natural-background-emissions of radon-222. Using data from the National Council on Radiation
Protection (NCRP),52 the average radon-222 concentration in air in the contiguous United States
is about.150 pC1/m3, which the NCRP estimates will result in an annual dose to the bronchial
epithelium of 450 mrem. For a stabilized future U.S. population of 300 million, this represents
a total lung-dose commitiment of 135 million person-rem per year. Using the same risk estimator
of 22.2 lung-cancer fatalities per million person-rem (lung) used to predict cancer fatalities
for the model 1000-MWe LWR, lung-cancer fatalities alone from background radon-222 in the air
can be calculated to be about 3000 per year, or 300,000 to 3,000,000 lung-cancer deaths over

. periods of 100 and 1000 years, respectively.

The staff is current]y in the process of formulating a spec1f1c mode] for ana]yz1ng the poten-
tial impact and health effects from the release of technetium-99 during. the fuel cvcle. However,
for the interim period until the model is completed, the staff has calculated that the potential
population dose commitment from the release of Tc-99 should not exceed 100 person-rem per RRY.
These calculations are based on the gaseous and the hydrological pathway model systems described
in NUREG-002, Section IV. J., Appendix A. When added to the 640 person-rem total-body dose
commitment for the balance of the fuel cycle, including Rn-222, the overall estimated total-body
involuntary 100-year environmental dose commitment to the U.S. population from the fuel cyc]e

for the model 1000-MWe LWR is about 740 person-rem. Over this period of time, this dose is equi-
valent to 0.00002% of the natural-background total-body dose of about three billion person-rem

to the U.S. population.*

*Based on an annual everage natural-background individual dose commitment of 100 mrem and a
stabilized U.S. population of 300 million.

RN ) 4
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J
The staff also considered the potential health effects associated with this release of
technetium-99. Using the modeling systems described in NUREG-002, the major risks from Tc-99
are from exposure of the GI tract and kidney, although there is a small risk from total-body .
exposure. Using the BEIR-I organ specific risk estimators, these individual organ risks can
be converted to total-body risk equivalent doses. Then, by using the total-body risk estimator
of 135 cancer deaths per million person-rem, the estimated risk of cancer morta11ty due to
technetium-99 releases from the nuclear fuel cycle is on the order of one chance in a 100 per
RRY over the subsequent 100 to 1000 years.

In add1t1on,to the radon- and technetium-related potential -health effects from the fuel cycle,
other nuclides produced in the cycle, such as carbon-14, will contribute to population expo-
sures. It is estimated that an additional 0.08 to 0.12 cancer death per RRY may occur (assuming
that no cure for or prevention of cancer is ever developed) over the next 100 to 1000 years,
respectively, from exposures to these other nuclides. :

These exposures also can be compared with those from naturally-occurring terrestrial and cosmic-
ray sources, which average about 100 mrem. Therefore, for a stable future population of 300 mil- .
1ion persons, the whole-body dose commitment would be about 30 million person-rem per year, or
three billion person-rem and 30 billion person-rem for periods of 100 and 1000 years, respec- i
tively. These dose commitments could produce about 400,000 and 4,000,000 cancer deaths during

the same time periods. From the preceding analysis, the staff conc]udes that both the dose
commitments and health effects of the uranium fuel cycle are insignificant when compared with

dose commitments and potential health effects to the U.S. population resulting from a]] natural-
background sources.

4.5.6.6 Radioactive Wastes

The quantities of buried radioactive waste material (low-level, high-level, and transuranic
wastes) are specified in Table S-3. For low-level waste disposal at land-burial facilities, the
Commission notes in Table S-3 that there will be no significant radioactive releases to the envi-
ronment. For high-level and transuranic wastes, the Commission notes that these are to be ‘buried
at a federal repos1tory, and that no release to the environment is associated with such disposal.
It is indicated in NUREG-0116,*7 in which are provided background and context for the high-Tlevel
and transuranic Table .S-3 va1ues established by the Commission, that these high-level and trans-
uranic wastes will be buried and will not be released to the biosphere. No radiological envi-
ronmental impact is expected from such disposal.

4.5.6.7 OQOccupational Dose

The "annual occupational dose attributable to all phases of the fuel cycle for the model 1000-Mie
LWR is about 200 person-rem. - The staff concludes that this occupat1ona1 dose will not have a
significant environmental impact. o

4.5.6.8 Transportation

The transportatﬁon dose to workers and the pub11c is specified in Table.$-3. This dose 1s small
and. is not cons1dered significant in comparison with the natural-background dose.

—

[

4.5.6.9 Fuel Cycle

The staff ana]ysis of the.uranium fuel cycle does not depend on the selected- fuel cyc1e {no-
recycle or uranium-only recycle), because the data provided in Table $-3 include maximum
recycle-option -impact for each element of the fuel cycle. Thus, the staff's conclusions as to
acceptabiiity of the environmental impacts of the fuel cycle are not affected by the spec1f1c
fuel cycle- selected.

4.6 SOCIOECONOMIC‘IMPACTS,

The following is an assessment of the potential socioeconomic impacts of the Susquehanna plant's

operation on local communities in Luzerne and Columbia counties. Direct and indirect changes to

the sociocultural subsystems of local communities are primarily the result of the effects of the

operational workforce, the presence in a rural area of a Targe generating plant with transmission
corridors, and the functioning of PP&L public educational and recreational facilities.
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4.6.1 Demograghx_'v

The total operational workforce will comprise 358 individuals of which 170 have already been
employed (ER-OL, Socioeconomic Question 1). In November 1978 the applicant submitted a question-
naire to these 170 workers; varying numbers of individuals (122 to 157) responded to demographic,
settlement pattern, and occupational questions (ER-OL, Question SOC No. 1). This information is
summarized in Table 4.21; these responses were used to project trends that may be expected for
the entire workforce. About 80% of the sample Were in-migrants, with a bi-modal tendency in
family size centering on two and four persons, respectively; the mean household size was 2.93.

If this survey is representative of trends for the entire workforce, the total operational work-
force, including family, will be about 1050 individuals; 839 of them will be in-migrants.

)

Table 4.21. Current and Projected Profile for the Operational Workforce

Operational WOrkfo>ce 19782 Projected Operational Workforce
Currently Employed--170 kTota] Expected Employment--358
.'Numbér of Survey Respondents (125) Workforce Projections (358)
) Operational % of % Projected for ' Projected Family Size
Famjly Size . Workers Respondents ~ Total Employees © for Total Workforce
T person _ 23 \ 18.4 66 _ 66
2 persons 33 26.4 . 95 : 190
3 persons 19 - 15.2 - 54 o 162
4 persons - S35 28.0. - - 100 400
5 persons N 8.8 32 160
More than 5 persons - _4 3.2 1 : _ __ng
Total » 125 . . : 358 1050
Average Fami]y Size = 2.93 ' )
Number of Survey Respondents (156) Residency Projections
Operational % of Projected Residency
Residency Status Workers . Respondents Residency Status Status
In-migrants v 124 79.5 " In-migrants ,285
Local residents 32 20.5 © Local residents 13
Total 156 Total 358
Number of Survey Respondentsx(122) ' Household Type Projections (358)
Operational % of o Projected Number of
Residence Type i Workers Respondents Residence Types o Households
Single-family home = - 86 70.5 Single-family home 252
Apartment . 30 24.6  Apartment _ , 88
Mobile home/duplex _ 6. 4.9 " Mobile home/duplex _lg'
Total 122 Total 358

%pata in this column was derived from the applicant's November 1978 questionnaire survey of the
part of the operational workforce currently employed.

Pestimated. : : ‘. . '
| . .
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In addition, the population may also increase due to the in-migration of service workers, although
it is difficult to reliably assess the number of people and associated family members that may

.be generated by the needs of the operational workforce. The applicant used.the HUD Base-to- '
Service Multiplier, which requires 243 secondary service workers for an operational workforce of
358 individuals (ER-OL, Socioceconomic Question 3) to arrive at its projection. Approximately

80% of the secondary workers are expected to be: in-migrants. Assuming that there would be 194
secondary in-migrants {ca. 80%) and that they would have the same average family size (2.93) -as
the operational workforce, another 570. individuals could move intoc the area. However, due to'

the high Tocal unemp]oyment this prOJected estimate of in-migrants may be too large for th1s
particular area.

The average household size of the operat1ona1 workforce is comparab]e to patterns identified for
the Tocal residents. The pr1nc1pa1 age group of the in-migrants is estimated to be between 20
and 50 years.%3,5% In-migrants in the lower end of this age group may help to counter some of
the strong out-migration trends that have been experienced in both Luzerne and Columbia counties
(see Sec. 2.2.2.2?.

4.6.2 Settlement Pattern

4.6.2.1 Housing . ;

Based on housing type and locational preference identified in the applicant's survey, the staff
has projected a general model for housing needs and county settlement pattern trends for the.
entire workforce (see Table 4.21). This projection assumes: 1) no difference in housing
preference and family size between in-migrants and local residents and 2) that each of the 358
operational workers is the head of a separate household. Approximately 839 in-migrants, repre-
senting 286 families with an average size of 2.93 people per family, will require 201 s1ng1e-
family homes, 70 apartments, and 14 duplexes or mobile homes. An estimated 57% of the in-
migrants will settle in Columbia County while 43% will elect to live in Luzerne County. A1l
respondents prefer living in a rural/small town setting (ER-OL, Socioeconomic Question 1). In
addition, another 570 service workers and their families could move into the area; this is
probably a maximal estimate (information on housing preference was not available for this group).

;

Although it is expected that the majority of in-migrants will relocate in Columbia County,
Tocational data were not specific enough to predict thé exact neighborhoods or rural areas
Tikely to experience housing demands from 1n-m1grant operational workers and in- m1grant house-~
holds. However, it is possible that some areas in the two -county reg1on could experience signi-
ficant demand for housing.

4,6.2.2 Industry

The staff's experience indicates that there are no instances of rapid industrialization in vicin-
ities of nuclear power plant areas because of the power plants.

4.6.2.3 Recreation

The applicant is developing a 148-ha public recreational and educational facility on the flood-
plain below the plant (ER-OL, Sec. 2.1 and 3.1.6). This facility is designed to minimize disrup-
tion of the natural environment, maintain prime land in agricultural reserves, and improve the
wildlife habitat (ER-OL, Sec. 3.1.6). Outdoor recreational facilities will include a small
lake, restoration of the North Branch Canal and Towpath, family and group picnic areas, and a
hiking trail system (ER-OL, Sec. 3.1.6). Table 4.22 lists the kinds of recreational areas that
are planned and specific details on the estimated annual visitor use (progected to be 800 people
per day). An Energy ‘Information Center will also be available for visitor orientation and
"indoor public programs (ER-OL, Sec. 3.1.6). Once the recreational area is completed, PP&L will
supply a permanent staff, as we11 as scheduling and maintenance programs, during the plant's

~ operation (ER-OL, Question No. 10). .

The use of the floodplain for recreation and tourism, preservation of open space, and restora-
tion of the historic canal are compatible with the recreational goals of Luzerne County and the
recreational areas projected for this area (see Sec. 2.2.3.3). The applicant's facility will
provide almost half of the projected recreational area needed for the Wilkes-Barre area county
and community parks by the year 2000. The construction and maintenance of this facility by PP&L
will benefit the local area because it will contribute to projected county land-use needs and
local demands for more facilities, particularly small parks and open space, without drawing upon
county, township, or borough funds (see Sec. 2.2.3.3).,
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Table 4.22. Estimated Annual Visitor Use for Planned Recreational Areas

Daily Capacity

Area ‘ : Cars - People/Car - Turnover People/Day
Two-family picnic areas 100 (50 ea) 3.5 1.5 525
Group picnic area 30 : 4.5 1 135
Boating and fishing 30 2.5 1.5 752 (113)¢
Nature preserves ' 20 3 1 60
7950 (833)°

Annual Capacity
Daily capacity - 800 x capacity days/yr - 50 = 40,000

b (42,000)¢/year.

Data -derived from ER-OL, Response to Socioeconomic Quest1on 5.
App11cant s estimate. ’
Cstaff estimate.

4.6.3 Social Organization

4.6f3;1 Direct Impacts

Impacts. to the social organizétion of the two-county area are a result of the effects of in-
migrant operational and service workers on the social structure of Tocal communities and neighbor-
hoods; these may affect the lives of local residents as well as the workforce and their families.
Direct social impacts will probably be minimal since the settlement pattern of the in-migrants

is 1ikely to be dispersed. Many of the current in-migrants appear to have been accepted into
Jocal communities®*>5% and this may be the case for the operational workforce as well. Moreover,
it has been sugggested by Policy Research Associates that rural industrialization either has
Tittle effect on social participation rates or has actually resulted in increased participa-.
tion.56 Social-participation rates are usua]]y correlated with social integration and stability
in an area.>® Thus sévere social stress is not expected to affect Tocal or in-migrant families.

<

4.6.3.2 Indirect Impacts

) . . . l N . .
. The /in-migration of new residents and the siting of a new industrial facility contribute to

changing a rural area and associated lifestyles. Desired additional changes should be planned
to ensure ggat new growth will not destroy the specific features that originally attracted
residents. ‘ .

4.6.4 Social Services

Impacts to social services will result from: 1) increased demands from the‘in—migrant workforce,
service workers, and families (see Sec. 4.6.2) and from 2) municipal services that are tradi-
tionally supported by voluntary funds and that will be used by PP&L for the local homes that - -
have been purchased and that will be maintained in the Bell Bend area. .. »

4.6.4.1 Education and Hospitals

Based on available data (see Sec. 2.2.4.2), the in-migrant population is not expected to stress
current and projected educational and hosp1ta1 facilities because current facilities are opera-
_t1ng below the1r capacities. . .

4.6.4.2 Sewage and Water
Household water requirements are approximately 190-265 L/person per day.5® Sewage-treatment

needs for septic and publi¢ facilities are estimated to be comparable. Service limitations, new
expansions, and improvements are planned in both counties (see Sec. 2.2.4.2), although the
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applicant's monitoring study did not identify construction-related "service" stresses in:.1976.5%
Unless site- or neighborhood-specific sewage/water problems already exist, a dispersed in-
migrant population is expected to have 1ittle impact on these service categories.

i

4.6.4.3 Police and Fire Protection

\
In the northeastern part of the state, police and fire protection personnel per 1000 population
are 3.31 and 1.92, respectively.>? G1ven these ratios, approximately 4 to 6 police and 2 to 3
fire personnel wou]d be needed regionally for the estimated 1409 new in-migrants if regiona]
maintenance service standards are to be consistent with other northeastern cities and munici-
palities. Spec1f1c communities or service districts receiving concentrat1ons of in-migrants
might experience stresses on personnel.

Use of police and fire services for the applicant's purchased residential properties will place
a burden on such services.

4.6.5 Political Organization

Operational impacts to the political organization of local municipalities, boroughs, townships,
and counties will involve decision making and financing on two basic issues. One involves the
meeting of service needs if the in-migrant population settles in areas where select services are
at or near capacity. The second concerns future Tand-use alternatives and the best planning
decisions for the siting of new housing developments and industry. The latter issue may be of
particular importance in Salem Township (see Sec. 4.6.3.1) ’

’

4.6.6 Economic Impacts

- The economic impacts will consist of the jobs, expenditures, and taxes generated by the plant.
There will also be impacts on Tand and housing prices. These impacts will occur both locally,

in Luzerne and Columbia counties, and outside the impact region. For example, taxes paid by
public utilities are paid directly to the State of Pennsylvania and then disbursed by a formula
designed to account for fiscal effects in communities throughout the state. Jobs and expendi-
tures will also be generated outside the region to the'extent that jobs are taken by in-migrants
(rather than Tocal residents) and to the extent that infrequent, specialized, and larger expendi-
tures are incurred in Scranton or elsewhere. .

’

4.6.6.1 Employment and Income Impacts

As noted in Table 4.21, approximately 80% of the operational workforce hired by November 1978
were in-migrants rather than Tocal workers. Typical “mid-range" salaries for Union Local 1600
indicate that relative to the economic base industries examined in Sec. 2, the Susquehanna plant
is a desirable employer with respect to wage level (FR-OL, Socioeconomic questions). A further
benefit to the local area is the skills and training received. The fact that more local resi- .
dents are not hired has been a concern in the local community.5“ Given the "low wage" composi-
tion of the Luzerne and Columbia counties employment base, the Tocal residents' concern has a
definite Tink to perceived opportunities to improve the economic climate of the local area.

Because the BE?wick-B1oomsburg area in Columbia County is not within the geographic boundaries
of many union hiring halls, the non-resident/resident ratio may be considered unfavorable to the
local area dur1ng the construction period. The objective of increasing the local share of job
opportunities is potentially of even greater local concern during the operation period. The
jobs offered are likely to be permanent and desirable relative to other opportunities in the
area. More Tocal hires would also help to reducehthe pressure on housing demand.

, , \ ,
During the construction period, Bechtel, the contractor, offered a training program. As of June
1976, forty-six of the fifty-two people who went through the program were local residents.S"

“Although the definition of '“local area" varies, it cannot be expected that jobs will be confined
to communities receiving the 1mpacts Many migrants may be expected to move to Columbia County
communities and find housing in reasonable proximity to the site because their communities offer
more attributes of rural Tiving than do the Luzerne communities. In contrast, the more populous
Luzerne County is apt to be a better Tabor market for "local hires" and it is expected many of
these residents would not move their present homes in order to be a few kilometers closer to the
site. For this reason, the perception that PP&L is not hiring 1oca11y may persist even if the
statistics indicate reasonable success at local recruitment.
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The income-wage distribution from the construction period indicates that approximately 70% of
the wages (1973 1982; projected)s* are being paid to residents of Luzerne-and Columbia counties.
Locally-spent income will be largely retained in those counties although Lackawanna County may
benefit to some. extent.

4.6.6.2 Taxes

Taxes paid by PP&L to the state and then distributed to local communities indicate that Luzerne
County can expect to receive ’about $55,000 per year and Columbia County about $10,000 (ER-OL,
Socioeconomic questions). The total state tax bill for thé two Susquehanna units will be about -
$5.5 million. The small proportion of the total taxes that will be distributed locally is
attributable to the State of Pennsylvania tax Taw regard1ng utilities; th1s law helps to equalize -
tax benefits and burdens around the state.

While it may be argued, based on.Sections 2 and 4, that Columbia County has received a greater
relative share of the impacts due to the nuclear units compared to the tax benefits, the Pennsyl-
vania law allows some tax relief to Columbia County. ‘Not all the tax benefits would go to
Luzerne County, as would be the case in most states; the Pennsylvania Public Realty tax law
allows for distribution of funds throughout state. For example, Luzerne's 1977 share of the
public utility realty tax from all sources was $519,974, while Columbia's was $93,180 (ER-OL
Socioeconomic questions). No additional state funds are available to Columbia and Luzerne
counties, but homes purchased by PP&L in Bell Bend remain part of the locally taxable portion of
the site. In 1978, PP&L paid $1,480.95 in Tocal property taxes in Luzerne and $4,309.60 for
Berwick area schools in Columbia County. These property and school taxes are in addition to
those paid directly to the state. '

4.6.7 Summary and Conclusions

The 'staff concludes that operational impacts in the two-county region will be minimal if the in-
migrants are dispersed throughout this area. The applicant's recreational and educational
facilities will be of direct benefit to the needs of the local communities. However, specific'.
prob]ems could occur if the in-migrant operational and service workforce and families concen-
trate in communities or rural areas that are current]y experiencing a tight housing market and
stresses in water and sewage services. ’

At the regional level, additional police and fire persohnel may be needed if the area population
grows. ‘Moreover, some individuals, families, and communities may experience dissatisfaction
with changes that could affect the rural appearance of their surroundings and associated life-
styles. Planning and managing any associated changes 'in the land use of the area will be a
concern of the local communities (see Sec. 4.2). :

The staff considers continued applicant efforts to Tocally recruit operation workforce personnel
as a valuable benefit to the communities for reasons presented in Sections 2 and 4. The two
nuclear units represent valuable employment- and training opportunities in the area (particularly
relative to existing industries); local hires will also help to mitigate the demand for housing.
The applicant should work with 1oca1 and state agencies to recruit and train local personnel

for jobs required for the plant's operation. . Y

J

4.7 TIMPACTS TO CULTURAL RESOURCES - )

Direct impacts of the plant's operation on cultural resource sites are expected to be minimal if
known prehistoric sites are protected by a well-designed mitigation/avoidance program, and if
care is exercised to recognize and protect cultural resources d1scovered dur1ng operational
‘activities involving disruption of topsoil or vegetation.

The staff and the State Historic Preservation Office are currently reviewing the floodplain
survey. Upon consultation with the State Historic Preservation Office, the staff will seek a
determination of eligibility of those sites deemed significant and will instruct the applicant
to provide protection to those sites.



4-40

References

1.

10.

1.
12.
13.

14.
15.
16.

17.
18.

19.

20.

G. dirka and D. R F. Harleman, "Mechanics of Submerged Multiport Diffusers," Ralph M.. Parsor ‘
Laboratory, Report No. 169, MIT, Cambridge, MA, 1973. :

R. M. Bean, D. C. Mann, and D. A. Neitzel, "Quarter1y Progress Report Covering Period
January 1, Through March 31, 1981, Biocide By-products in Aquatic Environments," Pacific
Northwest Laboratory, proposed for USNRC Contract DE-ACOG-76 RLO-1830, Apri] 1981.

C. Vogt and-S. Reg11, "Contr0111ng Tr1ha1omethanes While Attaining Disinfection,* Journa] AWW
January 1981. v _ , ’

U.S. Environmental Protection Agency,"'Primary Drinking Water Regulations: Contro1 of
Organic Chemical Contaminants in Drinking Water," 44FR68623, 29 November-1979.

U.S. Environmental Protection Agency, "Information on Levels of Environmental Noise

‘Requisite to Protect :Public Health and we1fare w1th an Adequate Marg1n of Safety,"

Washington, .DC, 1974

"Final Env1ronmenta1 Statement Related to the 0perat1on‘of Dresden Nuclear Power.Station,
Units 2 and 3," Commonwealth Edison Company, Docket Nos.: 50-237 and 50-249, U.S. Atomic
Energy. Comm1ss1on, November 1973 o ' :

T. L. Lauver, C. R. Curtis, G. W. Patterson, and L. W. Doug1as, "Effects of Saline Cooling
Tower Drift on Seasonal Variations of Sodium and Chloride Concentrations in Native Perennial
Vegetation," pp. I1-49 through 1-63, In Proceedings of a Symposium on Environmental Effects

_of Cooling Tower Emissions, May 2-4, 1978, University of Maryland, College ‘Park, MD, 1978.
" C. L. Mulchi and J. A. Armbruster, "Effects of Simulated Salt Drift on Corn and Soybeans

Using Brackish Water from the Cooling Towers at Chalk Point," pp. 71-77, In "Cooling Tower
Effects on Crop and Soils, Post Operational Report No. 3, F1na1 Report, FY78," PPSP-CPCTP-
23, WRRC Special Report No. 11, Water Resources Research Center, University of Mary]and
Co]]ege Park, MD,.1978.

Letter from W. H. Regan, U.S. Nuclear Regulatory Comm1ss1on, to N W. Curt1s, Pennsylvania

‘Power and Light Company, March 8, 1976.

Letter from W. H. Regan, U.S. Nuclear Regulatory Commission, to N. w Curt1s, Pennsylvania
Power and Light Company, January 26, 1977. _

R. D.- Ph1111ps, "Biological Effects of Electric Fields on Sma]] Laboratory An1mals,“ Batelle
Memorial Institute-PNL, U.S. DOE, Office of E]ectr1c Energy Systems-1980, Contractors
Review Meeting, 18- 19 November 1980

R. K. Sharma, "Perspectives on Fish Imp1ngement " Proceed1ngs of‘the Fourth.Nationa1
Workshop on Entrainment and Imp1ngement Loren D. Jensen (ed.), E. A. Communications,

. Melville, NY, December 1977

J. C. Sonnichsen, "F1sh Protect1ve Devfces A Comp11at1on ofy Recent Des1gns, Concepts,
and Operating Experience of Water Intakes. Used in the United States," Hanford Eng1neer1ng
Deve1opment Laboratory, HEDL-TME 75 38, Richland, WA, Ju]y 1975.

"Susquehanna Steam Electric Station, Environmental Report- Operat1ng L1cense Stage,"” Pennsyl— -
vania Power and Light Company, A]]entown, PA, May.1978. . '

W. F. and C. A. Ga]e, “Spawn1ng Hab1ts of Spotfin Shiner (Notropis spilopterus):-a. Fract1ona1
Spawner," Trans. Am Fish Soc., Vol. .106. No,-2.,‘pp 170 177, 1977.

NRC Regulatory Guide 4. 2, Sec. 2. 2., Rev. 2., July 1976.

S. Eddy and J. Underh111 "Northern F1shes,” Un1vers1ty of M1nnesota Press, M1nneapo11s, 1974.

W. B. Scott and E. J Crossman, ”Freshwater F1shes of Canada,” Bu11et1n 184. Fish. Res.

Board Can s Ottawa 1973.

“Summary of the Environmental Assessment of the Once—through"Condenser Coo]ing System," :
Connecticut Yankee Atomic Power Company, Northeast Utilities Service Company, September 1974.
v )

B. Marcy, Jr., "Spawning of the American shad (4losa sapidissima) in the “Lower Connecticut
River," Chesapeake Science, Vol. 13, No. 2,. pp. 116-119, June 1972. .



~

4-41

21. E. Dettman, R. Freeman, and R. Sharma, "Summary of Fish Impingement at Power Plants in the.
~United States, Vo] IV, Composite Data Eva]uation (braft)," Argonne National Laboratory,
Argonne, IL : i . , : /

22. .J. E. Carson, “Atmospheric Impacts of Evaporat1ve Coo11ng Systems," Argonne National .
Laboratory Report Argonne, IL, ANL/ES-53, 48 pp., 1976. {

23. S. R. Hanna, "Atmospher1c Effects of Energy Generation," National Oceanic.and Atmospheric
Administration, Oak Ridge, TN, ATDL Contribution No. 77/9, 101 pp., 1975.

24. Cooling Tower Environment- 1974, :ERDA Symposium Series, CONF-740302, U.S. Energy Research
and Development Administration, Techn1ca] Informat1on Center, 0ff1ce of Public Affairs,
Wash1ngton DC, 638 pp., 1975. _ .

25. Cooling’ Tower_Env1ronment-1978. Proceedings (with Supplement) of meeting held in College
Park, Maryland, May 2-4, 1978. Water Resources Research Center, University of Mary]and,
Co]]ege Park, MD, 1978 _ L=

26. R. E. Otts, "Loca]]y Heavy Snowfa]] from Cooling Towers," NOAA  Tech. Memo, NWSER-62, 1976.

27. M. L. Kramer, et al. ”Observat1ons of L1ght Snow from Natura] Draft Coo]1ng Towers,'
Science 193-1239 1976

28.- 0. B. Leason, "P]ann1ng Aspects of Coo11ng Towers," Atmos Environ. 8'307-312 1974.
29. Braun Safety Ana]ySJs Report, Docket No. STN 50-532, p. 12.1-56, 27 June 1975.
30. 10 CFR Part 20, "Standards for ProtectiOn against Radiat1on," NRC, October 1980.

31. "Rad1at1on Protection," Chapter 12 of Standard Review Plan, NUREG 75/087 ,November 1975.*

32. "Informat1on Relevant to Ensuring that 0ccupat1ona1 Rad1at1on Exposures at Nuclear Power
~. Stations Will Be As Low As Is Reasonably Achievable," Regulatory Guide 8.8, rev. June 3,
1978.

_33.A‘B Brooks, “Occupat1ona1 Rad1at1on(Exposure at: Commerc1a1 Nuclear Power Reactors," NUREG-
0594 OMPA NRC, 1978.%* .

34, ”Safety Eva]uat1on Report Susquehanna Units 1 and 2 " NUREG- 0776, Apr1] 1981, **

35.- B..G. Blaylock and J. P. w1therspoon, "Radiation Doses and Effects Estimated for Aquatic
"'Biota Exposed to Radioactive Releases from LWR Fuel Cyc]e Facilities," Nucl. Safety 17:351,
1976. . o :

36, "The Effects on Popu]at1ons of. Exposure to Low Levels of lonizing Radiation," BEIR Reports,’
NAS-NRC, 1972. : :

37. U.S. Nuclear Regu]atory Comm1ss1on, "Final Gener1c Environmental Statement on the Use of
Recycle Plutonium in Mixed Oxide Fuel in L1ght -Water- Cooled Reactors," NUREG-0002,
-Washington, DC, August 1976.%

38. "The Effects on Populations of Exposure to Low Leve]s of Ionizing Radiation, BEIR III,"
National Academy of Sciences, 1980.

39. International Commission on Radio1ogica1 Protection, "Recommendations of the International
: Commission on Radiological Protection," ICRP Publication 26, January 1977.

40. National Council on Radiation Protect1on and Measurements, "Rev1ew of the Current State
of Radiation Protection Philosophy," NCRP Report No. 43, January 1975. .

41, United Nations Scientific Committee on the Effects of Atomic Rad1at1on, "Sources and -
Effects of lonizing Radiation," 1977. '

42. R. Wilson and E. S. Koehl, "Occupational Risks of Ontario Hydro's Atomic Radiation -
Workers in Perspective,"” presented at Nuciear Radiation Risks, Vol. 1, Occupational
Radiation Standards, A Utility Medical Dialogue, International Inst1tute of Safety and
Health, 22-23, September 1980. . .



4-42

43, The President's Report on Occupational Safety and Health, "Report on Occupational Safety
and Health by the U.S. Department of Health, Education, and Welfare," E. L. Richardson, -
Secretary, May 1972.

44, U.S. Bureau of Labor Stat1st1cs, "Occupational InJur1es and I11lness in the United States
by Industry, 1975," Bulletin 1981, 1978.

45. National Council on Radiation Protection and Measurements, "Radiation Exposure from Con-
sumer Products and Miscellaneous Sources," NCRP Report No. 56, November 1977.

46, American Cancer Society, 'Cancer Facts and Figures 1979," 1978."
47. U.S. Nuclear Regulatory Commission, "Environmental Survey of the Reprocessing and Naste -
Management® Portions of the LWR Fuel Cycle," NUREG-0116 (suppl. 1 to WASH-1248), Washington,
DC, October 1976. * '
48. U.S. Nuclear Regulatory Commission, "Public Comments and Task Force ﬁggponses Regarding
the Environmental Survey of the Reporcessing and Waste Management Portions of the LWR
Fuel Cycle," NUREG-0216 (suppl. 2 to WASH-1248), Washington, DC, March 1977.*

49, U.S. Atomic Energy Commission, "Environmental Survey of the Uranium Fuel Cycle," WASH- 1248, \
Washington, DC, April 1974.

50. Council on Env1ronmenta1 Qua11ty, “The Seventh Annual Report of the. Counc11 on Environ-
mental Qulaity," September 1976, Figs. 11-27 and 11-28, pp. 238-239.

51. U.S. Department of Energy, "Statistical Data of the Uranium Industry,“ GJO- 100(78),
Jan. 1, 1978.

52. National Council on Radiation Protection and Measurements, "Publication 45,"’1975.

53. "The Emerging Labor Force, A Strategy for the Seventies," Chamber of Commerce of the United.
States, Washington, DC, n.d. .

54. Community Affairs, Pennsy]vania-Power and Light Company, “A Monitoring Study of Community
Impact for the Susquehanna Steam Electric Station," Allentown, PA, 1976 (Site Visit:Report).

55.. Staff Site Visit Report from S. A. Curtis to Argonne National Laboratory Project Leader.

56. Policy Research Associates, "Socioeconomic Impacts: Nuclear Power Station Siting,"
NUREG~0150, prepared for the Nuclear Regulatory Commission,.June 1977.%

57. D. L. Brown (ed.), "Rural Deve]opment Perspectives," Economic Development Division,
U.S. Dept. of Agriculture, November 1978. ‘

- 58. J. DeChiara and L. Koppelman, "Urban Planning and Design Criteria," 2nd Edition, Von Nostrand
Reinhold, Co., NY, 1975. '

© 59. “The Municipal Yearbook," International City Management Association, Washington, DC, 1978.

~

*Available for purchase from the National Technical Informat1on Serv1ce, Springfield, VA 22161.
**Available for purchase from the NRC/GPO Sales Program, U.S. Nuclear,Regulatory Commission,
Washington, DC 20555, and/or the National Technical Information Serv1ce Springfield, VA 22161.

v
i



5. ENVIRONMENTAL MONITORING

v

5.1 RESUME . _ -

The applicant's preoperational and operational monitoring programs have been evaluated. The )
preoperational monitoring programs are discussed in Section 5.2 and include meteorology, water
quality studies, groundwater monitoring, terrestrial and aquatic ecological studies, and back-
ground radiological monitoring. The operational monitoring programs are discussed in Section 5.3.
The operational meteorological, radiological, and other monitoring programs will be extensions

of the preoperational programs. Limited operational water quality and effluent monitoring will"’
be performed in conjunction with biological monitoring and NPDES permit requirements.

"- 5.2 PREOPERATIONAL MONITORING. PROGRAMS

5.2.T Onsite Meteorological Program

In November 1972, a '91.5-m tower was installed about 340 m southeast of the nearest station
structure. Wind speed and direction are measured at the 9.6-m and the 91.5-m levels. Ambient
temperature and dewpoint readings are made at the 9.6-m level. Temperature differences are
measured between 30.5 and 9.6 m and between 91.5 and 9.6 m; these measurements are used to
estimate atmospheric stability. Precipitation is recorded near the base of the tower. In 1973,
recovery frequency of the joint temperature gradient and wind data measured at the 9.6-m level
was only 70%. More than half of the winter season's and about half of the summer months' joint
wind speed, wind direction, and vertical temperature gradient were missing. During 1974 and
1975, an unusually high frequency of unstable atmospheric conditions were recorded in comparison
with data representative of long-term conditions collected at other sites in the area. Data

for the calendar year 1976 appeared to be reasonable with good data recovery (94%).. In addi- '
tion, 23-m and 3-m poles were installed in the site v1c1n1ty to study local flow patterns, data
were collected for several years before decommissioning in 1974 and 1975, respectively.!

5.2.2 Water Quality Monitoring

As ,stipulated in the NPDES (permit number PA0027448) issued for the construction phase for SSES,
Pennsylvania Power & Light Company has monitored the Susquehanna River for flow rates, total
‘suspended solids, BOD-5, fecal coliforms, and pH. These measurements and others made by the
applicant and by its consultant (Ichthyological Associates) are summarized in Sec. 2.3.4.1.

\

5.2.3 Groundwater Monitori;g

The quality of the groundwater in 14 wells was mon1tored for 29 d1fferent parameters Measure-
ments made during 1977 are summarized in Sec 2.3.4.2.

5.2.4 Aquatic Biology

The preoperational aquatic monitoring program was not presented in the FES-CP; however, since
1971 the applicant has conducted several environmental monitoring programs in the vicinity of
SSES to collect baseline data. Aquatic parameters that have been monitored include: physical/
chemical parameters, phytoplankton, periphyton, aquatic vascular plants, zooplankton, macro-
invertebrates, larval fish, and fishes. Results of these monitoring programs are summarized in
Sec. 2.5.2 of this'report. Detailed discussions of the programs can be found in the applicant's
ER-OL and the various annual reports. The applicant's consultant, Ichthyological Associates,
Inc.;, also published many papers that resulted from the preoperational studies conducted in the’
v1c1n1ty of SSES in profess1ona1 journals; these are’ listed as References 2-32. \

_ 5.2.5 Terrestrial Monitoring Programs (

The preoperafiona1 terrestrial monitoring efforts were outlined in the FES-CP (Appendix B)
issued in 1973. The results of the various surveys or studies of the terrestrial biota in the
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vicinity of the Susquehanna Station that were subsequently reported include the following.
Transect and commun1ty studies of the local vegetation were conducted in 1973-1974 (ER-OL,

Sec. 2.2.2.1) and in 1977.33 Mammal surveys, including trapping studies, were completed during
the 1972-1974 period (ER-OL, Sec. 2.2.2.4). Migratory and resident waterfowl populations
occurring in segments of the Susquehanna River adjacent to the -station were censused in 1971-
1973 (ER-OL, Sec. 2.2.1.9) and 1977;33 upland bird studies were conducted in 1973-1974 (ER-OL,
Sec. 2.2.2.3) and 1'977.33 Locally occurring reptiles and amphibians were collected or observed
in 1972-1973 surveys. Additionally, a survey of bird impingements on the meteorological tower

‘and the nearly completed-cooling tower at the Susquehanna Station was conducted during the 1978

fall migration period; this survey will be "resumed for the spring m1grat1on" (ER-OL, Supp.,
Response to Q.TER-1. 1) .

Ambient sound pressure levels at various offsite locations surrounding the station were surveyed
from 1972 through a 'portion of 1974, prior to initiation of station construction activities
(ER-OL, Sec. 2.7). Results of these surveys will serve to establish incremental noise due to |
station operation. . -

The staff considers that the preoperational monitoring efforts completed or planned by the

applicant will provide an adequate information base for detecting and evaluating:station opera-
tional impacts on terrestrial environments.

5.2.6 Radiological Monitoring

Radiological environmental monitoring programs are established to provide data on measurable
levels of radiation and radicactive materials in the site environs. Appendix I to 10 CFR Part 50
requires that the relationship between quantities of radioactive material released in effluents
during normal operation, including anticipated operational occurrences, and. resultant radiocactive
doses to individuals from principal pathways of exposure be evaluated. Monitoring programs are
conducted to verify the effectiveness of in-plant controls used for reducing the release of
radioactive materials and to reassure the pub11c that undetected radiocactivity will not build up
in the environment. A surveillance program is established to identify changes 1in the use of

unrestricted areas to provide a, basis for modifications of the mon1tor1ng programs.

The preoperational phase of the monitoring program provides for the measurement of background
levels and their variations along the anticipated important pathways in the area surrounding the
plant; the training of personnel; and the evaluation of procedures, equipment, and techniques.

This is discussed in greater detail in NRC Regulatory Guide 4.1, Rev. 1, "Programs for Monitor-
ing Radioactivity in the Environs of Nuclear Power Plants," and the Radiological Assessment

- Branch's Technical Position, Rev. 1, November 1979, "An Acceptable Radiological Environmental

Monitoring Program."

The applicant has proposed a radiological environmental monitoring program to meet the objec-
tives discussed in the Branch Technical Position, Rev. 1, November 1979. The applicant's.

proposed preoperational radiological environmental monitoring program is presented in Sec-

tion 6.1.5 and Appendix F of the applicant's Environmental Report and summarized here in Table 5.1.

The applicant has initiated parts of the program prior to the operations of the facility, with
the remaining portions beginning either six months or one year prior to operation. The staff
concludes that the preoperational monitoring program proposed by the applicant is generally
acceptable provided that a few changes are made {e.g. the number of direct radiation measure-
ment stations should be increased) to conform with Revision 1 of the Branch Technical ‘Position.

4

5.3 OPERATIONAL MONITORING

5.3.1 Onsite Meteorological Program

The onsite meteorological measurements program will cont1nue in operation during the 11fet1me of
the Susquehanna Nuclear Generating Station.

5.3.2 Water Quality Monitoring

7

The applicant has applied for an NPDES permit for p]ant operation from’ the State of Pennsylvania

(see Appendix F). The guality of effluents d1scharged to the Susquehanna River shall meet the

requirements stipulated by the NPDES permit. The NPDES permit will also stipulate the frequency
and type of water quality monitoring to be conducted. The NPDES permit will require monitoring
at all discharge points for any effluent which has the potential for exceeding federal or state
regulations.



Table 5.1. SSES Radiological Environmental Monitoring Program@

Collection

Lower Limit

Sample Type Location Frequencyb Analysis of Detection Units
Air Particulates N
SS-AP-553 North of I.A. '
SS-AP-11A1 SW corner of site
SS-AP-GB1 Near transmission field W Gross beta 0.01 pCi/m3
SS-AP-12E1 Berwick Hospital : Gamma emitters 0.01 pCi/m3
SS-A1-7H1 PP&L roof .
Air Iodine
SS-A1-553 North of I.A.
SS-AI-11A1 SW corner of site o
SS-AI-9B1 Near transmission field W I-13 0.07 pCi/m3
SS-AI-12E1 Berwick Hospital
S$S-AI-7H] PPAL roof
Surface Water
SS-SW-1D2 At 1.A. M Gamma emitters 15 pCi/L
SS-SW-12F1 Berwick Bridge H-3 2,000 pCi/L
. '
Drinking Water
SS-PWT-12F2  Berwick Water Co.
(treated) . . M Gross beta 4 4 pCi/L
SS-PWT-12H2 Danville Water Co. Gamma emitters 10 pCi/L
, : (treated) H-3 1,000 pCi/L
Fisnd '
SS-AQF-INI Outfall SA Gamma emitters 130 pCi/kg (wet)
SS-AQF-2G1 Upstream .
Sediment
$S-AQS-11C1 Hess Is. .area SA Gamma emitters 150 pCi/kg (dry)
Milk )
$S-M-10CH Farm e
SS-M-128B1 Schultz Farm 2/M I-131 1 pCi/L
SS-M-12B2 Young Farm Gamma emitters 15 pCi/L
$S-9G1 Crystal Spring Dairy :
Food Products ,
SS-FP-5B1 Farm A Gamma emitters 130 pCi/kg (wet)
Direct Radiation
" $5-1D-351 Susquehanna River
SS-1D-4S1 Susquehanna River
$S-10-581 North of 1.A.
SS-ID;7S] On 230-kV tower Q Gamma dose -- mrem/std. mo.
SS-ID-1181 " On 230-kV tower
SS-1D-98B1 Near transmission field
SS-1D-12E1 Berwick Hospital
-SS-1D-7H1 PP&L roof

3 rom enclosure to letter from N.W. Curtis, PP&L, to D.E. Sells, NRC, 10 September 1979.

bFrequency Codes: W = weekly; M = monthly; Q = quarterly; SA = semiannually; A

C = composite.

annually; 2/M = twice

CLLDs per Draft Radiological Effluent Technical Specifications (BWR), NUREG 0473, October 1978.

dImportant classes of fish will be analyzed separately (bottom feeders and game fish).

®Milk collected and analyzed semimonthly from April through October, monthly during other months.

each month;
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5.3.3 Groundwater Monitoring

"The applicant has not suggested a plan for groundwater monitoring during operation of the p]ant

The staff ?as reviewed groundwater monitoring and found it to be accpetab]e (NUREG 0776
Sec. 2.4.7

5.3.4 Aquatic Biological Monitoring

Thermal characteristics of the cooling water discharge, pH, biocide concentrations and other
chemicals that may affect water quality are to be monitored as stated in the applicant's ER-OL.
Monitoring for these data will be defined in the applicant's operational NPDES permit. Monitor-
ing requirements will be defined in the applicant's NPDES permit. Because Pennsylvania is an
agreement state, the Pennsylvania Department of Environmental Resources has the authority to
issue. the NPDES permit.

With respect to impingement and entrainment studies, DER has accepted the applicant's predictive
impingement study and will not require monitoring of fish 1mp1ngement at this time. However,

Special Condition C of the NPDES permit will require monitoéring for entrainment of fish eggs and
larvae (see Appendix G).3435 )

)

Imp1ngement/entra1nment studies can be-required by EPA and/or the agreement states as often as

every five years, if conditions warrant. For example, if American shad are reintroduced into
the Susquehanna River, the applicant may be required to re-evaluate the operational impacts
associated with the SSES intake. .

The app11cant also proposes to monitor algae and benthic macroinvertebrates both above the
intake and below the discharge. ,

N

5.3.5 Terrestrial Monitoring Program

The applicant is committed to conducting studies designed to evaluate station.operational impacts
on terrestrial biota (ER-OL, Supp., Response to Q.TER-4.1). The monitoring period will extend
for at Teast two years after Station Unit 2 is in operation (ER-CP, Sec. 5.5.5.2). 1In view of
the general nature of the app11cant s monitoring, the staff has 1dent1f1ed specific areas of
concern.

The staff requires that general monitoring for bird imﬁingement on cooling towers be continued.

Based on projections by the “applicant, roise levels attributable to station operation will
exceed the EPA recommended limit of 55 dBA (day-night equivalent sound level) at offsite loca-

tions to the southwest of the station (Sec. 4.4.1.1). The projected levels are based on calcu-

lations involving various assumptions (ER-OL, Sec. 2.7), and are therefore cause for an unknown
degree of uncerta1nty Accordingly, the staff requires that the applicant monitor operational
noise levels in the above mentioned area as well as at other locations where relatively high
noise levels can be anticipated. The sound surveys should be conducted during the first year of
on-1ine operation for each of the two reactor units.

The applicant will be required to maintain records of transmission line management. The records
shall include observations made during inspection surveys as well as details concerning all
management actions undertaken. Of particular import, all pertinent information, i.e., kinds,
amounts, concentrations, application methods, etc., relevant to chemicals used in right-of-way.
management shall be specified. Likewise, inspection surveys and remedial actions to ensure the
efficacy of erosion control measures shall be documented. Brief summary reports of inspections
and management actions shall be submitted as a part of routine env1ronmenta1 operat1ng reports
(ER-OL, Appendix F). .

5.3.6 Radiological Monitoring

L

The operational offsite radiological monitoring program is conducted.to measure radiation levels
and radioactivity in the plant environs. It assists and provides backup support to the effluent
monitoring program as recommended in NRC Regulatory Guide 1.21, "Measuring, Evaluating and
Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials in Liquid and
Gaseous Effluents from Light-Water Cooled Nuclear Power Plants.” The effluent monitoring program
is required to evaluate individual and population exposures and verify projected or anticipated
radioactivity concentrations.
. /

The applicant plans essentially to continue the proposed preoperational program during the

operating period. However, refinements may be made in the program to reflect changes in land
use or preoperational monitoring experience. N

K
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6. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

6.1 PLANT ACCIDENTé .

The staff has considered the potential radiological 1mpacts on the environment
of possible accidents at the Susquehanna Steam Electric Station Units 1 and 2
in accordance with a Statement of Interim Policy pub]1shed by the Nuclear

Regu]atory Commission on June 13, 1980. (1) The following d1scuss1on reflects
these cons1derat1ons and conc]us1ons S

The f1rst‘sect1on deals with general characteristics of nuclear power plant
accidents including ‘a brief summary of safety measures to minimize the prob-
ability of their occurrence and to mitigate their consequences if they should
occur. Also described are the important properties of radioactive materials
and the pathways by which they could be transported to become environmental
hazards. Potential adverse health effects and impacts on society assoc1ated
with actions to avoid such health effects are also identified.

Next, actual experience with nuclear power plant accidents and their observed
health effects and other societal impacts are then described. This is followed
by a summary review of safety features of the Susquehanna Units 1 and 2 facili-
ties and of the s1te that act to mitigate the consequences of accidents.

The results of ca]cu]at1ons of the potent1a1 consequences of accidents that

have been postulated in the design basis are then given. Also described are

the results of calculations for the Susquehanna site using probabilistic methods
to estimate the possible impacts and the risks associated with severe acc1dent
sequences of exceedingly low probability of occurrence.

6.1.1 General Characteristics of Accidents:

The term accident, as used in this section, refers to any unintentional event
not addressed in Section 4.5 that results in a release of radioactive materials
into the environment. The‘predominant focus, therefore, is on events that can
lead to releases substantially in excess of perm1ss1b]e limits for normal opera-
tion. Such limits are specified in the Comm1ss1on s regulations at 10 CFR -
Part 20 and 10 CFR Part 50, Appendix I.

There are severa] features which combine to reduce the risk associated with -
accidents at nuclear power plants. Safety features in the design, construction,
and operation comprising the first 1ine of defense are to a very large extent
devoted to the prevention of the release of these radioactive materials from .
their normal places of confinement within.the plant. There are also a number
of additional lines of defenses that are designed to mitigate the consequences
of failures in the first line. Descr1pt1ons of these features for. the Susque-
hanna Units 1 and 2 plant may be found in the applicant's Final Safety Analysis

Report @) , and in the staff's Safety Evaluation. Report. (3) The most important
m1t1gat1ve features are described in Section 6 1.3.1 below. '
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These safety features are designed taking into consideration the spec1f1c loca~
tions of radioactive materials within the plant, their amounts, their nuclear,
physical, and chemical properties, and their relative tendency to be transported
~into and for creating biological hazards in’ the environment.

6.1.1.1‘ Fission Product Characteristics

By far the largest inventory of radioactive material in a nuclear power p]ant

is produced as a byproduct .of the fission process and is Tocated in the uranium
oxide fuel pellets in the the reactor core in the form of fission products.

During periodic refueling shutdowns, the assemblies containing these fuel pellets
are transferred to a spent fuel storage pool so that the second largest inventory
of radioactive material is located in this storage area. Much smaller inven-
tories of radioactive materials are also normally present in the water that
circulates in the reactor coolant system and in the systems used to process
gaseous and liquid rad1oact1ve wastes in the plant.

These radioactive materials exist in a variety of physical and chemical forms.
Their potential for dispersion into the environment is dependent not only on
mechanical- forces that might physically transport them, but also .upon their
inherent properties, particularly their volatility. The majority of these
materials exist as nonvolatile solids over a wide range of temperatures. Some,
however, are relatively volatile solids and a few are gaseous in nature. These
character1st1cs have a significant bearing upon the assessment of the environ-
mental rad1o]og1ca1 impact of acc1dents .

The gaseous mater1a]s include rad1oact1ve forms of the chemcially 1nert noble
gases krypton and xenon. These have the highest potential for release into

the atmosphere. If a reactor accident were to occur involving degradation of

the fuel cladding, the release of substantial quantities -of these radioactive
gases from the fuel is a virtual certainty. Such accidents are very low fre-
quency but credible events (cf Section 6.1.2). It is for this reason that the
safety analysis of each nuclear power plant analyzes a hypothetical des1gn basis
accident that postulates the release of the entire contained 1nventory of radio-
active noble gases from the fuel into the containment system. If further released
- to the environment as a possible result of failure of safety features, the hazard

a to individuals from these noble gases would arise predominantly through the

external gamma radiation from the airborne plume. The reactor containment system
. is designed to minimize this type of release. : .

Radioactive forms of iodine are formed in substantial quantities in the fuel
by the fission process and in some chemical forms may be quite volatile. For
‘these reasons, they have traditionally been regarded-as having a relatively
high potent1a1 for release from the fuel. If released to the environment, the
: pr1nc1pa] radiological hazard associated with the radioiodines is 1ngest1on
into the human body and subsequent concentration in the thyroid gland. Because
of this, its potential for release to the atmosphere is reduced by the use of
- special systems designed to retain the iodine. .

. The chemical forms in which the fission product radioiodines are found are
generally solid materials at room temperature, however, so that they have a
strong tendency to condense (or "plate out") upon cooler surfaces. In addition,
‘most of the iodine compounds are quite soluble in, or chemically reactive with,



water. Aithough these properties do not inhibit the release of radioiodines
from degraded fuel, they do act to mitigate the release from containment systems
~that have large 1nterna1 surface areas and that contain large quantities of
water as a result of an accident. The same properties affect the behavior of
radioiodines that may "escape" into the atmosphere. Thus, if rainfall occurs
during a release, or if there is moisture on exposed surfaces, e.g., dew, the
radioiodines will show a strong tendency to be absorbed by the moisture.

Other radioactive materials formed during the operation of a‘'nuclear power plant
- have lower volatilities and therefore, by comparison with the noble gases and
iodine, a much smaller tendency to escape from degraded fuel unless the tempera-
ture of the fuel becomes very high. By the: same token, such materials, if they
escape by volatilization from the fuel, tend to condense quite rapidly to solid
form again when transported to a lower temperature region and/or dissolve in
water when present. The former mechanism can have the result of producing some
~solid particles of sufficiently small- size to be carried some distance by a ~
moving stream of gas or air. If such particulate materials are dispersed into
the atmosphere as a result of failure of the containment barrier, they will

tend to be carried downwind and deposit on surface features by grav1tat10na1 .
settling or by precipitation (fallout), where they will become ' contamination r
hazards in the énvironment.

A11 of these radioactive materials exhibit the property of radioactive decay '
with characteristic half-lives ranging from fractions of a second to many days
or years (see Table 6.1.4-3). Many of them decay through a sequence or chain
of decay processes and all eventually become stable (nonradioactive) materials.
The radiation emitted during these decay processes is the reason that they are
“hazardous materiais

6.1.1.2 Exposure Pathways

The radiation exposure (hazard) to individuals is determined by their proximity

to the radioactive material, the duration of exposure, and factors that act to
shield the individual from the radiation. Pathways for the, transport of radia-
tion and radioactive materials that lead to radiation exposureé hazards to humans
are generally the same for accidental as for "normal" releases. These are depicted
in Section 4, Figure 4.1. There are two additional possible pathways that could:

be significant for accident releases that are not shown in Figure 4.1. One of
these is the fallout onto open bodies of water of radioactivity initieiiy carried
in the air. The second would be unique to an accident that results in temperatures
inside the reactor core sufficiently high to cause melting and subsequent penetra-
tion of the basemat underlying the reactor by the molten core debris. - This

creates the potential for the release.of radioactive material into the hydrosphere
through contact with ground water. These pathways may lead to external exposure

to radiation, and to internal exposures if radioact1v1ty is 1nha1ed or 1ngested
from contaminated food or water.

Jt is characteristic of these pathways that during the transport of radioactive
material by wind or by water, the material tends to spread and disperse Tike _
a plume of smoke from a smokestack becoming less concentrated in larger volumes
of air or water. The result of these natural processes ‘is to-lessen the intensity
of exposure to individuals downwind or downstream of the point of release, but:
they also tend to increase the number who may be exposed. For a release into the



atmosphere, the degree to which dispersion reduces the concentration in the

plume at any downwind point is governed by the turbulence characteristics of

the atmosphere which vary considerably with time and from place to place. This
fact, taken in-conjunction with the variability of wind direction and the pre-
sence or absence of precipitation, means that consequences of accidental releases
to the atmosphere would be very much dependent upon the weather conditions exist1ng
at the time.

6.1.1.3 Health Effects

The cause and effect relationships between radiation exposure and adverse health

effects are quite comp]ex(4a) but they have been more exhaustively studied than
any other environmental contaminant. 4 _

Whole-body radiation exposure resulting in a dose greater than about 10 rem

for a few persons and about 25 rem for nearly all people over a short period

of time (hours) is necessary before any physiological effects to an individual .
are clinically detectable. Doses about ten to twenty times larger, also received
over a relatively short period of time (hours to a few days), can be expected

to cause some fatal injuries. At the severe, but extremely low probability

end of the accident spectrum, exposures of these magnitudes are theoretically
possible for persons in the close proximity of such accidents if measures are -
not or cannot be taken to provide protection e.g., by sheltering or evacuation.

Lower -1evels of exposures may also const1tute a hea]th risk, but the ab111ty

to define a direct cause and effect relationship between any given health effect
and a known exposure to radiation is difficult given the backdrop of the many
other possible reasons why a particular effect is observed in a specific indi-
vidual. For this reason, it is necessary to assess such effects on a statistical
basis. Such effects include randomly occurring cancer in the exposed population
and genet1c changes in future generations after exposure of a prospective parent.
Cancer in the exposed population may begin to develop only after a lapse of 2

to 15 years (latent period) from the time of exposure and then continue over a
period of about 30 years (plateau period). However, in the case of exposure
of fetuses (in utero), cancer may begin to develop at birth (no latent period)
and end at age - 10 (i.e., the plateau period is 10 years). The health consequences
model currently being used is based on the 1972 BEIR Report of the National

(5) ‘

Academy of Sciences.

Most authorities are in agreement that a reasonable and probably conservative
estimate of the randomly occurring number of health effects of low levels of
radiation exposure to a large number of people is within the range of about 10
to 500 potential cancer deaths per million person-rem (although zero is not

excluded by the data). The range comes from the latest NAS BEIR III Report(s) .
(1980) which also indicates a probable value of about 150. This value is vir-
tually identical to the value of about 140 used in the current NRC health effects
models. In addition, approximately 220 randomly occurring genetic changes per
million person-rem wou]d be progected by BEIR 1II over succeeding generations.
That also compares well with the value of about 260 per million person rem
currently used by the NRC staff
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6.1.1.4 Health Effects Avoidance

Radiation hazards in the environment tend to disappear by the natural process
of radioactive decay. Where the decay process is a slow one, however, and where
the material becomes relatively fixed in its location as an environmental con-
taminant (e.g., in soil), the hazard can continue to exist for a relatively

Tong period of time--months, years, or even decades. Thus, a possible conse-
quential environmental societal impact of severe accidents is the avoidance of
the health hazard rather than the health hazard itself, by restrictions on the
use of the contaminated property or contaminated foodstuffs, milk, and drinking
water. The potential economic impacts that this can cause are discussed below.

6.1.2 Accident Experience and Observed Impacts

The evidence of accident frequency and impacts in the past is a useful indicator.
of future probabilities and impacts. As of mid-1980, there were 69 commercial
nuclear power reactor units licensed for operation in the United States at

48 sites with power generating capacities ranging from 50 to 1130 megawatts
electric (MWe). (The Susquehanna Units 1 and 2 are designed for 1135 MWe each.)
. The combined experience with these units represents approximately 500 reactor
years of ‘operation over an elapsed time of about 20 years. Accidents have

occurred at several of these facilities. 7) Some of these have resulted in
releases of radioactive material to the environment, ranging from very small
fractions of a curie to a few million curies. None is known to have caused

any radiation injury or fatality to any member of the public, nor any signif-
icant individual or collective public radiation exposure, nor any significant
contamination of the environment. This experience base is not large enough to
permit a reliable quantitative statistical inference. It does, however, suggest
that significant environmental impacts due to acc1dents are very un]1ke1y to
occur over time periods of a few decades. \

,Me1t1ng or severe degradation of reactor fuel has occurred in only one of these-
units, during the accident at Three Mile Island - Unit 2 (TMI-2) on March 28,
1979. In addition to the release of a few million curies of xenon-133, it has
been estimated that approximately 15 curies of radioiodine was also released

“'to the environment at TMI-2. ) This amount represents an extremely minute
fraction of the total radioiodine inventory present in-the reactor at the time
of the accident. No other radiocactive fission products were released in mea-
surable quantity. :

(

It has been estimated that the maximdm cumulative offsite radiation dose to an

individual was less than 100 mi]]irem.(g’g) The total population exposure has
been estimated to be in the range from about 1000 to 3000 person-rem. This
exposure could produce between none and one additional fatal cancer over the
lifetime of the exposed population. The same population receives each year from
natural background radiation about 240,000 person-rem and approximately a half-

million cancers are expected to’ develop in this group over its ]1fet1me,(8 9
primarily from causes other than radiation. Trace quantities (barely above the
limit of detectability) of radioiodine were found in a few samples of milk pro-
duced in the area. No other food or water supplies were impacted. :



{

Accidents at nuclear power plants have also caused occupational injuries and a
few fatalities but none attributed to radijation exposure. Individual worker
exposures have ranged up to about 4 rems as-a direct consequence of accidents,
but the collective worker exposure Tevels (person-rem) due to accidents are a
small fraction of the exposures experienced during normal routine operations
that average about 500 person-rem per reactor year.

Accidents have also occurred at other nuclear reactorvfac111t1es in the United

States and in other countries. 7 Due to inherent differences.in design, con-
struction, operation, and purpose of most of these other facilities, their
accident record has only indirect relevance to current nuclear power plants.
Melting of reactor fuel occurred in at least seven of these accidents, includ-
.ing the one in 1966 at the Enrico Fermi Atomic Power Plant Unit 1. This was

a sodium-cooled fast breeder demonstration reactor designed to generate 61 MWe.
The damages were repaired and the reactor reached full power in four years
following the accident. It operated successfully and completed its mission in
1973. This accident did not release any rad1oact1v1ty to the environment.

A reactor accident in 1957 at Windscale, England released a s1gn1f1cant quantity
of radioiodine, approximately 20,000 curies, to the environment. ' This reactor,
which was not operated to generate e1ectr1c1ty, used air rather than water to
cool the uranium fuel. During a special operation to heat the large amount of
graphite in this reactor, the fuel overheated and radioiodine and noble gases
were released directly to the atmosphere from a 405-foot stack. Milk produced
in a 200-square mile area around the facility was impounded for up to 44 days.
This kind of accident cannot occur in‘a water-coo]ed reactor like Susquehanna
however. :

6.1.3 Mitigation of Accident Consequences

Pursuant to the Atomic Energy Act of 1954,‘fhe’Nuc]ear'Regu]atory Commission
has conducted a safety evaluation of the application to operate Susquehanna
Units 1 and 2. Although this evaluation contains more detailed information on
plant design, the principal design features are presented in the following
section. ’ : ’

6.1.3.1 Design Features

Susquehanna Units 1 and 2 are essentially identical units. Each contains
features designed to prevent accidental release of radioactive fission products
from the fuel and to lessen the consequences should such a release occur. Many
of the design and operating specifications of these features are derived from
the analysis of postulated events known as design basis accidents. These acci-
dent preventive and mitigative features are collectively referred. to as
engineered safety features' (ESF).

The containment system, one such ESF, is a passive mitigating system designed
to minimize accidental radioactivity releases to the environment. The contain-
ment system is composed of two parts. The primary containment encloses the
reactor vessel, the reactor coolant recirculation loops, and other reactor
coolant system components. The secondary containment (also knownas the
reactor building) encloses the primary containment, the spent fuel pool, and
other aux111ary equlpment
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An emergency core cooling system (ECCS) is designed to prov1de cooling water
to the reactor core during an accident to prevent or minimize fuel damage. A
pressure suppression system is installed to prevent containment failure due to
overpressure fo]]ow1ng an accident.

The Standby Gas Treatment System (SGTS) is des1gned to estab11sh and maintain
a negative pressure in the secondary conta1nment following the signal for its
isolation in the event of release of radioactivity to this building in an
accident. Negative pressure, with respect to the outside atmosphere, would
‘prevent out-leakage of radioactivity from this building to the environment
except along the release path controlled by the SGTS. Radioactive iodine and
particulate fission products would be substantially removed from the flow
stream by safety-grade activated charcoal and h1gh efficiency particulate air
filters.. )

The main steam isolation valve leakage control system is designed to control
the release of fission products through the main steam isolation valves. This
system directs the leakage through these valves to the area served by the SGTS.
The spent fuel storage pool is located in the secondary containment where

potential radioagtive leakage from the stored fuel can be directed through the
SGTS.. :

The mechanical systems ment1oned above are supplied with emergency power from
onsite diesel generators in the event that normal offsite station power is
interrupted. :

‘Much more extensive d1s¢uss1on$ of the safety features and characteristics of
Susquehanna Units 1 and 2 may be found in the applicant's Final Safety Analysis

Report. (2) The staff evaluation of these features are addressed in the Safety

Eva]uat1on-Report.(3) In addition, the implementation of the lessons

learned from the TMI-2 accident, in the form of improvements in design and
procedures, and operator training, will significantly reduce the 1ikelihood of

a degraded core accident which could result in large releases of fission products
to the containment. Specifically, the applicant will be required to meet those
TMI-related requirements specified in NUREG-0737. As noted in Section 6.1.4.7,

no credit has been taken for these actions and 1mprovements in discussing the
radiological risk of accidents.

6.1.3.2, Site Features

In the process of considering the suitability of the site of Susquehanna Units 1
and 2, pursuant to NRC's Reactor site criteria in 10 CFR Part 100, consideration
was given to certain factors that 'tend to minimize the risk and the potential
impact of accidents. First, the site has an exclusion area as provided in

10 CFR Part 100. The exclusion area of the 1,075-acre site has a minimum
exclusion distance of 1800 feet from the common release point to the closest
site boundary. The applicant owns the exclusion area including mineral

rights .and, therefore, has complete authority to determine all activities within
that area, as requ1red by Part 100. The only area within the exclusion area in
which act1v1t1es unrelated to plant operation will occur is Township Route T-419.
This road serves several local residences and does not carry through traffic.

It is approximately 1600 feet from the center of the exclusion area. The



applicant has made arrangements with Salem Township Supervwsors and with the .
Pennsylvania State Police for control of traffic on Township Route T-419 in the
event of an emergency.

.
Second, beyond and surround1ng the exc1us1on area is a low population zone (LPZ),
also requ1red by 10 CFR Part 100. This is a circular area with a radius of -
three miles. Within this zone the applicant must assure that there is a reason-
able probability that appropriate and effective measures could be taken on behalf
of the residents and other members of the public in the event of a serious acci-

" _dent.> In case of a radiological emergency, the applicants have made arrangements

with agencies of the state and local governments to control all traffic on the
ra11road and roadways near the nuclear plant.

Th1rd, Part 100 also requires that the nearest population center of about 25,000
"or more persons be no closer than one and one-third times the outer radius of
the LPZ. The purpose of this criterion is a recognition that since accidents

of greater potential hazards than those commonly postulated-as representing an
upper limit are conceivable, although highly improbable, it was considered
desirable to add the popu]at1on center distance requ1rement to provide for
protection against excess1ve exposure doses to people in ]arge centers.

Thevpopulat1on w1th1n the three mile low population zone is about 2423. The
nearest population center is Hazelton, Pennsylvania (population of 30,246),
located about 15 miles southeast. This distance is at least 1-1/3 times the.
Tow population zone distance, as required by Part 100. The Wilkes-Barre/Scranton
corridor with a total popu]at1on of 388,700 is 1ocated from 10 to 40 miles
northeast of the site.

The transient population within the low population zone is Tow. No schools,
hospitals, state or municipal parks are located within the LPZ. Industrial
‘activities within the LPZ include the Luzerne Outerwear Company, emp]oy1ng 486 .
persons, CAR-MAR, employing 70 persons, and two sand and gravel processing
facilities. No exp]os1ves are used or stored. at the latter two fac111t1es

The safety evaluation of the Susquehanna site has also included a review of

. potential external "hazards, i.e., activities offsite that m1ght adversely affect
the operation of the plant and cause an accident. This review encompassed nearby
industrial, transportation, and military facilities that might create explosive,
missile, toxic gas, or similar hazards. The staff has concluded that the hazards
from nearby industrial, military, mining, pipelines, air transportation, water-
ways, and railways are negligibly small. The staff has recently learned of an
industrual park near the site and has requested,additiona1 information from the ¢
applicant. The results will be reported in the staff's Safety Evaluation Report,
as amended. A more detailed discussion of the site features is included-in the
Safety Evaluation Report

6.1.3.3 Emergency Preparedness

Emergency_préparednéés pTans including protective action measures for the
Susquehanna facility and environs are in an advanced, but not yet fully com-
pleted stage. In accordance with the provisions of 10 CFR Section 50.47,
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effective November 3, 1980, no operating license will be issued to the appli-
cant unless a f1nd1ng is made by the NRC that the state of onsite and offsite
emergency preparedness provides reasonable assurance that adequate protective
measures can,and will be taken in the ‘event of a rad1olog1ca] emergency. Among

the standards that must be met by these ‘plans are provisions for two Emergency
" Planning Zones (EPZ). A plume exposure pathway EPZ of about 10 miles in radius
and an ‘ingestion exposure pathway EPZ of about 50 miles in radius are required.
Other standards include appropriate ranges of protective actions for each of
these zones, prov1s1ons for dissemination to the public of basic emergency
p1ann1ng 1nformat1on provisions for rapid notification of the public dur1ng a
serious reactor emergency, and methods, - systems, and equ1pment for assessing
and monitoring actual or potent1a1 offs1te consequences in the EPZs of a
rad1o1og1ca1 emergency cond1t1on

‘NRC f1nd1ngs will be based upon a review of the Federal Emergency Management
Agency (FEMA) findings and determinations as to whether State and Tocal govern-
ment emergency plans are adequate ‘and capab]e of being implemented, and on the
NRC assessment as to whether the applicant's onsite plans are adequate and
capable of being implemented. Although the presence of adequate and tested
emergency plans cannot prevent the occurrence of an accident, it is the judgment
of the staff that their implementation can and will substant1a11y mitigate the
consequences to the public if an acc1dent should occur. T

6. 1 4 Acc1dent Risk and Impact. Assessment

6. 1. 4 1 Des1gn Basis Acc1dents

As a means of assuring that certain features of the Susquehanna Units 1 and 2
plants meet acceptable design and performance criteria, both the applicant and
the staff have analyzed the potential consequences of a humber of postulated
accidents. Some of these could lead to significant releases of radioactive
materials to the environment, and calculations have been performed to estimate
the potential radiological consequences to persons offsite. For each postulated
initiating event, the potential radiological consequences cover a considerable
range of values dependlng upon the particular course taken by the accident and
~the conditions, including wind d1rect1on and weather preva]ent dur1ng the
acc1dent

In the safety analysis and eva]uat1on of the Susquehanna Units 1 and 2 plants,
three categories of accidents have been considered by the app]1cant and the
staff. These categories are based upon their probability of occurrence and
include (a) incidents of moderate frequency, i.e., events that can reasonably

be expected to occur during any year of operation, (b) infrequent, accidents,
i.e., events that might occur once during the lifetime of the plant, and (c)
}imitlng faults, i.e., accidents not expected to occur but that have the
potential for significant releases of radioactivity. The radiological conse-
quences of incidents in the first category, also called anticipated operational .
_occurrences, are discussed in Section 4. Some of the initiating events postu-
lated in the second and third categories for the Susquehanna Units 1 and 2 are
shown in Table 6.1.4-1. These events are des1gnated design basis accidents in
that specific design and operating features as described above in Section 6.1.3.1
~are provided to limit the1r potential rad1olog1ca] consequences Approximate

[



radiation doses that might be received by a person at the nearest site boundary
(1800 feet from the plant).are also shown in the table, along with a characteri-
zation of the time duration of the releases. The results shown in the table
reflect the expectation that engineered safety and operating features designed
to mitigate the consequences of the postulated accidents would funct1on as
1ntended

An 1mportant implication of this expectation is that the radicactive releases
considered are limited to noble gases and radioiodines and that any other
radioactive materials .e.g., in part1cu1ate form, are not éXpected to be
released. The results are also quasi- probab111st1c in nature in the sense

that the meteorologicdl dispersion conditions are taken to be neither the best
nor the worst for the site, but rather at an average value determined by ,
actual site measurements. In order to contrast the results of these calcula-
tions with those using more pessimistic, or conservative, assumptions described
- below, the doses shown in Table 6.1.4-1 are sometimes referred to as "reallstlc"
doses. ¢

.Calculated population exposures for these events range from a small fraction |
of a person-rem to about 37 person-rem for the population within 50 miles of
the Susquehanna Steam Electric Station. These calculations for both individual
and population exposures ‘indicate that the risk of incurring any adverse health
effects as a consequence of design basis accidents is exceedingly small. By
compar1son with the estimates of radiological impact for normal operations shown:
in Chapter 4, we also conclude that radiation exposures from design basis acci-
dents are rough]y comparable to the exposures to individuals and the population
from normal station operations over the expected lifetime of the p]ant. '

~The staff has also carried out calculations to estimate the potent1a1 upper
bounds for individual exposures from the same 1n1t1at1ng accidents in

Table 6.1.4-1 for the purpose of implementing the provisions of 10 CFR Part 100,
"Reactor Site Criteria." For these calculations, much more pessimistic (con-
servative or worst case) assumptions are made as to the course taken by the
accident and the prevailing conditions. These assumptions include much larger
amounts of radioactive material released by the initiating events, additional"
single failures in equipment, operation of ESF's in a degraded mode,* and very
poor meteorological dispersion conditions. The results of these calculations
show that, for these events, the Timiting whole-body exposures are not expected
to exceed 1 rem to any 1nd1v1dua1 at the site boundary. They also show that
radioiodine releases have the potential for offsite exposures ranging up to about
150 rem to the thyroid.- For such an exposure to occur, an individual would have
to be located at a point on the site boundary where the radioiodine concentration
in the plume has its highest value and inhale at a breathing rate characteristic
of a person jogging, for a.period of two hours. The health risk to an individual
receiving such a thyroid- exposure is the potential appearance. of benign or 1
malignant thyroid nodules in about 5 out of 100 cases, and the development of a-
fatal cancer in about 2 out of 1000 cases. «

*The containment system, however, is assumed to prevent 1eakage in excess of
that which can be demonstrated by test1ng, as provided in 10 CFR Part 100.11(a).
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None of. the calculations of the impacts of design basis accident§ described in
this section take into consideration possible reductions in individual or
population exposures as a result of taking any protective actions.

6.1.4.2 Probabilistic Assessment of Severe Accidents

In this and the following three sections, there is a discussion of the probabil-
~ities and consequences of accidents of greater severity than the design basis
accidents identified in the previous section. As a class, they are considered
less likely to occur, 'but their consequences could be more severe, both for

the plant itself and for the environment. These severe accidents, heretofore
frequently called Class 9 accidents, can be distinguished from design basis
accidents in two primary respects: they involve substantial physical deteriora-
tion of the fuel in the reactor core, including overheating to the point of

- melting, and they involve deter1orat1on of the capability of. the containment
system to perform its intended function of limiting the release of rad1oact1ve
materials to the environment.

~The assessment methodo]ogy emp]oyed is that descr]bed in the Reactor Safety

Study (RSS) which was pub]1shed in 1975. (10)x However, the sets of accident -
sequences that were found in the RSS to be the dom1nant contributors to the

risk in the protetype BWR (Peach Bottom Unit 2) have recently been updated(ll)
("rebaselined"). The rebaselining has been done largely to incorporate peer

group comments(lz), and better data and analytical techniques resulting from
research and development after the publication of the RSS. Entailed in the
rebaselining effort was the evaluation of the individual dominant accident _
sequences-as they are understood.to evolve. The earlier technique of grouping

‘a number of accident sequences into the encompassing Re]ease Categories as was

. done in the RSS has been largely eliminated. i

The Susquehanna Units 1 and 2 are General Electric designed BWRs having similar
design and operating characteristics to the RSS prototype BWR. Therefore, the
present assessment for Susquehanna has used as its starting po1nt the rebaselined
accident sequences and sequence groups referred to above, and more fully described
in Appendix J. Characteristics of the sequences (and sequence groups) used

(a1l of which involve partial to complete melting of the reactor core) are shown
in Table 6.1.4-2. Sequences initiated by natural phenomena such as tornadoes,
floods, or seismic events and those that could be initiated by deliberate acts

of sabotage are not included in. these event sequences. The radiological con-
sequences of such events would not be different in kind from those which-have
been treated. Moreover, it is the staff's judgment, based upon design require-
ments of 10 CFR Part 50, Appendix A, relating to effects of natural phenomena; .
and safeguards requ1rements of 10 CFR Part 73, that these events do not contrib=
ute. significantly to risk.

Calculated probability per reactor year associated w1th each accident sequence
(or sequence group) used is shown in the second column in Table 6.1.4-2. As
in the RSS there are substantial uncertainties in these probabilities. This
is due, in part, to difficulties associated with.the quantification of human

*Because this report has been the subject of considerable controversy, a
discussion of the uncertainties surrounding it is provided in Section 6.1.4.7.
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error and to inadequacies in the data base on failure rates of 1nd1v1dua1 plant

components that were used to calculate the probabilities. (12) (See Section 6.1.4.7
below.) The probab111ty of accident sequences from the Peach Bottom plant were
used to give a perspective of the societal risk at Susquehanna Units 1 and 2
because, although the probabilities of particular accident sequences may be
substant1a11y different or even 1mproved for Susquehanna, the overall effect

of all sequences taken together is likely to be within the uncerta1nt1es (see -
Section 6.1. 4. 7 for discussion of uncertainties in risk estimates).

The magnitudes (cur1es) of rad1oact1v1ty releases for each accident sequence

or sequence group are obtained by multiplying the release fractions shown in |
Table 6.1.4-2 by the amounts that would be present in the core at the time of
the hypothetical accident. These are shown in Table 6.1.4-3 for a Susquehanna
plant at the core thermal power leve] of 3440 megawatts.

The potential radiological consequences of these releases have been ca]cu]ated

by the consequence model used in the RSS(13) and adapted to apply to a specific

site. The essential elements are shown in schematic form in Figure 6.1.4-1.

Environmental parameters spec1f1c to the Susquehanna site have been used and

include the following: ¢ :

(1) Meteoro]ogica] data for the site representing a full year of consecutive
hourly measurements and seasonal variations.

(2) Projected population for the year 2000 extending throughout regions of 50
.and 35? miles radius from the site (the Tatter region includes parts of
Canada

(3) The habitab]e land fraction within the 350-mile radius, and

(4) Land use statistics, on a state-wide basis, including farm land values,
farm product values including dairy production, and growing season infor-
mation, for the State of Pennsylvania and each surrounding State within
the 350 mile region. : '

(5) Land use statistics including farm land values, farm product values
including dairy production, and growing season information for the
- adjoining regions of Canada, within 350 miles, based on. comparison with
the values for the nearby states of the U.S. ' '

To obtain a probability distribution of consequences, the calculations are per-
formed assuming the occurrence of each accident release sequence at each of 91
different "start" times throughout a one-year period. Each calculation utilizes
the site-specific hourly meteorological data and seasonal information for the

time period following each "start" time. The consequence model also contains
provisions for incorporating the consequence reduction benefits of evacuation

and other protective actions: Early evacuation of people would considerab]y
reduce the exposure from the radioactive cloud and the contaminated ground in

the wake of the cloud passage. The evacuation model used (see Appendix K) has
been revised from that used in the RSS for better site-specific application.

The quantitative characteristics of the evacuation model used for the Susquehanna
site are best estimate values made by the staff and based upon preliminary evacua-
tion time estimates prepared by the applicant. Actual evacuation effectiveness
could be greater or less than that characterized but would not be expected to be
very much less.

i /
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The other protective actions include: (a) either complete den1a1 of use (inter-
diction), or permitting use only at a sufficiently later time after appropriate
decontamination of food stuffs such as crops and milk, (b) decontamination of
severely contaminated environment (land and property) when it is considered to
be economically feasible to lower the levels of contamination to protective
action guide (PAG) levels, and (c) denial of use (interdiction) of severely
contaminated land and property for varying periods of time until the contamina-
tion levels reduce to such values by radioactive decay and weathering so that
land and property can be economically decontaminated as in (b) above. These

- actions would reduce the radiological exposure to the people from immediate
and/or subsequent use of or living in the contaminated environment.

Early evacuation within the plume exposure pathway EPZ and other protective
-actions as mentioned above are considered as essential sequels to serious nuclear

* reactor accidents involving significant release of radioactivity to the atmosphere.
Therefore, the results shown for the Susquehanna reactors include the benefits of
these protect1ve actions.

- There are also uncertainties in the estimates of consequences, and the error
bounds may be as large as they are for the accident probabilities. It is the
judgment of the staff, however, that it is more 1ikely that the calculated
results are overest1mates of consequences rather than underest1mates

The results of the calculations using this consequence model are radiological

doses to individuals and to populations, health effects that might result from

these exposures, costs of implementing protective actions, and costs associated
with property damage by radioactive contamination.

6.1.4.3 Dose and Health Impacts of Atmospher1c Releases

The resu]ts of the calculations of dose and health 1mpacts performed for the
-Susquehanna facility and site are presented in the form of probability distri-
butions in Figures 6.1.4-2 through 5 and are included in the impact Summary
Table 6.1.4-4. A1l of the six accident sequences and sequence groups shown in
Table 6.1.4-2 contribute to the results, the consequences from each being
weighted by its associated probability.

_ L _
Figure 6.1.4-2 shows the probability distribution for the number of persons
who might receive whole-body doses equal to or greater than 200 rem and .25 rem,
and thyroid doses equal to or greater.than 300 rem from early exposure,* all on
a per-reactor-year basis. The 200-rem whole-body dose® figure corresponds approxi-
mately to a threshold value for which hospitalization would be indicated for
the treatment of radiation injury. The 25-rem whole-body (which has been
identified earlier as the Tower 1imit for a clinically observable physiological
effect in nearly all people) and 300-rem thyroid figures correspond to the
Commission's guideline values for reactor siting in 10 CFR Part 100.

BV

© *Early exposure to an 1nd1v1dua1 1nc1udes external doses from the radioactive
cloud and the contaminated ground, and the dose from internally deposited
radionuclides from inhalation of contaminated air during the cloud passage.
Other pathways of exposure are excluded.
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The figure shows. in the left-hand gortion that there is less than two chances

in 100,000 per year (i.e., 2 x 10-°) that one or more persons may receive doses
equal to or greater than any of the doses specified. The fact that each of

the three curves approaches a horizontal 1ine shows that if one person were to
receive such doses the chances are about the same that several tens to hundreds
would be so exposed. The chances of larger numbers of persons being exposed

at these levels are seen to be considerably smaller. - For example, the chances
are less than 2 in 10,000,000 (2 x 10-7) that 10,000 or more people might receive
whole body doses of 200 rem or greater. A maJor1ty of the exposures reflected
in this figure would be expected to occur to persons within a 20-mile radius

of the plant. Virtually all would occur within a 100- mile radius.

Figure 6.1.4-3 shows the _probability distribution for the total population ,
exposure in person-rem, i.e., the probab111ty per year that the total population
exposure will equal or exceed the values, given. Most of the population exposure
up to 10 million person-rem would occur within 50 miles, but the more severe
accident sequences or sequence groups such as the first three in Table 6.1.4-2
would result in exposure to persons beyond the 50-mile range as shown

For perspective, population doses shown in F1gure 6.1.4-3 may be compared w1th
the annual average dose to the population within 50 miles of the Susquehanna . -
site due to natural background radiation of 160,000 person-rem, and to the
anticipated annual population dose to the general public from normal station
operation of about 65 person-rem (excluding plant workers)--see Section 4.

Figure 6.1.4~4 shows the probability distributions for acute fatalities, repre-
senting radiation injuries that would produce fatalities within about one year
after exposure. All of the acute fatalities would be expected to occur within

a 20-mile radius and the majority within a 15-mile radius. The results ©f the .
calculations shown in this figure and in Table 6.1.4-4 reflect the effect of
evacuation within the 10-mile plume exposure pathway EPZ onlty. For the very -
Tow probability accidents having the potential for causing radiation exposures
above the threshold for acute fatality at distances beyond 10 miles, it would

be realistic to expect that authorities would evacuate persons at all distances
at which such exposures might occur. Acute fatality consequences would therefore
reasonably be expected to be very much less than the numbers shown. (Figure K-1
of Appendix K illustrates the potential benefits of, evacuation within 15 miles.
Calculations predict zero acute fatality for evacuation within 20 miles.)

Figure 6.1.4-5 represents the statistical relationship between population exposure

and the induction of fatal cancers that might appear:over a period of many years

following exposure. The impacts on the total population and the population
within 50 miles are shown separately. Further, the fatal, latent cancers have

~ been subdivided into those attributable to exposures of the thyroid and all

other organs. :

6.1.4.4 Economic and756cietal Impacts

As noted in Section 611.1, various measures for avoidance of adverse health
effects including those due to residual radiocactive contamination in the envi-
ronment are possible consequential impacts of severe accidents. Calculations
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of the probabilities and.magnitudes of such iﬁbacts for the Susquehanna facility
and enviroens have also been made. Unlike:the radiation exposuré and adverse
health effect impacts discussed above, impacts associated with adverse health
effects avoidance are more readily transformed into economic impacts.

The results are shown as the probability distribution for costs of offsite
mitigating actions in Figure 6.1.4-6 and are included in the impact Summary
Table 6.1.4-4. The factors contributing to these estimated .costs include the
following: - ] _ -

o  Evacuation costs

o Value of crops contaminated and.cbndemned ,

lq' Value of milk contaminated and coﬁdemned

) Costs of decontamination of property where practical

.0 Indirect costs due to loss of use of property and incomes derived therefrom.
The last named costs would derive from the necessity for interdiction 'to prevent
the use of property until it is either free of contamination or can be econom-
ically decontaminated. :

Figure 6.1.4-6 shows that at the extreme end of the accident spectrum these
costs could exceed ten billion dollars but that the probability that this would
occur is exceedingly small, less than one chance in ten million per reactor-year.
Additional'economic impacts that can be monetized include costs of decontamina-
tion of the facility itself and the costs of replacement power. Probability
distributions for these impacts have not been calculated, but they are included
in the d1scuss1on of risk considerations in Section 6.1. 4 6 below.

.6.1.4. 5 Releases to Groundwater

As identified in Section 6.1.1.2, accidental releases of rad1oact1v1ty to

ground water could provide a pathway for public radiation exposure and environ-
mental contamination. Consideration has been given to the potential environmental
impact of this pathway for the Susquehanna plant. The principal contributors to
the risk are the core melt accidents. The penetration of the basemat of the con-
tainment building can release molten core debris to thé strata beneath the plant.
Soluble radionuclides in this debris can be leached and transported with ground-
water to downgradient domestic wells used for drinking or to surface water b0d1es
used for drinking ‘water, aquat1c food and recreation,

An analysis of the potential consequences of a liquid pathway release of rad1o-
activity for generic sites was presented, in the "Liquid Pathway Generic Study"

(LPGS).(14) The LPGS compared the risk of accidents involving the liquid path-
way (drinking water, irrigation, aquatic food, swimming and shoreline usage)
for four conventional, generic land-based nuclear plants and a floating nuclear
plant, for which the nuclear reactors would be mounted on a barge and moored
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in a water body. Parameters for the land-based sites were chosen to represent
averages for a wide range of real s1tes and are thus "typ1ca1 " but represented
no real site in part1cu1ar

The discussion in this sectlon is an ana]ys1s to determ1ne whether or not the
Susquehanna site liquid pathway consequences. would be:unique when compared-to
land-based sites considered in the LPGS. The method consists of a direct scaling
of the LPGS population doses based on the relative values of key parameters
characterizing the LPGS "river" site and the Susquehanna site. The parameters
which were evaluated included amounts of radioactive materials entering the

- ground, groundwater travel time, sorption on geological media, surface water
transport aquat1c food consumpt1on and shore11ne usage

Doses to 1nd1v1dua]s and popu]at1ons were ca]cu]ated in the LPGS w1thout con-
~sideration of interdiction methods such as isolating the contaminated ground-
water or denying use of the water. In the event of surface water contamination,
commercial and sports fishing, as well as many other water-related activities
would be restricted. The consequences would therefore be largely economic or
social, rather than radiological. In‘any event, the individual and population -
doses for the liquid pathway-range from fractions to very small fract1ons of
those that can arise from the a1rborne pathways

The Susquehanna reactors are founded on a Devonian shale,’ the Mahantango Ferma-
tion, that is overlain by Pleistocene sand and gravel depos1ts Groundwater.
flow is primarily in the upper, fractured portion of the bedrock -and in 'the
overburden. The water table is above the basemat of the reactors. The ground-.
water gradient is generally east toward the Susquehanna River, although it is
locally controlled by the thickness and permeability of the overburden

"~ There are 2 potent1a1 ‘groundwater pathways from the reactor bu11d1ngs to the
river. Groundwater contour maps drawn by the applicant show a grad1ent to.a |,
bedrock valley north of the plant area. From there the gradient is directly. -
to the river. There-is also a bedrock valley south of the plant area and the
potential exists for the groundwater gradient to be towards this.valley,
espec1a11y from the unit 2 reactor. The groundwater gradient within this -
valley is also towards the river. The pathways, via the two valleys, are
discussed separately in the following ‘paragraphs. &

There are no offsite we]]s ‘that could be affected by contaminated ground water
between the plant and- the river via the northern bedrock va]]ey pathway

The staff conservat1ve1y est1mated the trave] time in the groundwater to the
river to be 9.2 years. For travel times that long, the only potentially signifi-
cant contributers to population dose are Sr-90 and Cs-137. Values of retardation
factors, which reflect the effects of sorption of the radionuclides within the
aquifer, were conservat1ve]y estimated to be 35 for Sr-90-and 500 for Cs-137

in the overburden and 1 for both nuclides in the fractured bedrock. (15) The
mean transport time from the reactor buildings to the Susquehanna River is-
conservatively estimated to be 264 years for Sr-90 and 3750 years for Cs-137.
When compared to the 5.7 years for Sr-90 and 51 years for 'Cs-137 in the LPGS
land-based river case, the Tonger travel times for the Susquehanna site would
allow a larger proport1on of the original rad1onuc11de to decay 1n the aquifer

~
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and a relatively smaller percentage of radioactivity to enter the river. This
reduction in radioactivity entering the river is about a factor of 375 for Sr<90
compared to the LPGS value. Virtually all of the Cs-137 will have decayed before
reaching the Susquehanna River. ‘ |

The population dose calculated for the LPGS study was based upon a hypothetical
surface drinking water population of 620,000 people, an-annual fish harvest of
1.2 x 108 Kg, and recreational.usage. Ne1ther the drinking water population-
nor the annual fish harvest downstream of the Susquehanna site is a factor of
375 times as great as the LPGS values. Additionally, the-LPGS recreational
usage population dose results almost exclusively from Cs-137, a ‘nuclide that
would have virtually disappeared, through radioactive decay, before contaminated
groundwater could reach the Susquehanna River. We therefore conclude that the
contribution to population dose from the northern bedrock valley pathway is
smaller than that predicted for the LPGS river site. :

. C o '
The groundwater transport characteristics for the southern bedrock valley path-
way would be similar to that of the northern bedrock valley pathway. The con-
, c]us1ons with respect to popu]at1on dose attributable to surface water usage
would thus also be similar, i.e., the population dose would be less than that
estimated for the LPGS river site.

There -are, however, 17 wells and 2 springs between the plant and the Susquehanna
River near the postulated southern groundwater pathway. These wells and springs
. currently serve less than 200 people including about 100 daily customers at a

. restaurant. The closest well is about 600 meters southeast of the plant. In
the event of a core melt accident and a groundwater pathway along the southern
bedrock valley, concentrations of at least some nuclides could be in excess of
10 CFR 20, Appendix B limits. Wells and springs would thus have to be abandoned.
However, since the groundwater travel time to the nearest well is estimated to
.be 3.2 years, there would be ample time to establish a groundwater monitoring
program and to arrange for alternative water supp11es

F1na11y, there are measures wh1ch could be taken to minimize the impact of the.
liquid pathway. The staff estimated the minimum groundwater travel time from -
the plant to the closest well to be in excess of 3 years. The travel time to
the Susquehanna River was estimated to be 9.2 years, with many radionuclides
having a much longer travel time. There is, therefore, ample time for
engineering measures, such as slurry walls and well- po1nt dewatering, to be
completed and thus isolate the radicactive contaminants near the plant.

6.1.4.6 Risk Considerations

The foregoing discussions have dealt with both the frequency (or likelihood of
occurrence) of accidents and their 1mpacts (or consequences). Since the ranges
of both factors -are quite broad, it is useful to combine them to obtain average
measures of environmental risk. Such averages can be particularly instructive
as an aid to the comparison of radiological risks associated with accident
.releases and with normal operational releases.

A common way in which this combination of factors is used to estimate risk is
to multiply the probabilities by the consequences. The resultant risk is then
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expressed as a number of consequences expected per unit of time.- Such a quanti-
fication of risk does not at all mean that there is universal agreement that
people's attitudes about risk, or what' constitutes an acceptable risk, can or
should be governed solely by such a measure. At best, it can be a contr1but1ng
factor to a risk judgment, but not necessarily a dec1s1ve factor.

In Table 6.1.4-5 are shown average values of risk associated with population
dose, acute fatalities, latent fatalities, and costs for early evacuation and
other protective actions. These average values are obtained by summing the
probabilities multiplied by the consequences over the entire range of the dis-
tributions. Since the probabilities are on a per-reactor-year basis, the
averages shown are also on a per-reactor-year basis. :

‘The popu]at1on exposure r1sk due to accidents may be" compared with that for
-normal operations. These are shown in Section 4, for Susquehanna Units 1 and

2 operating concurrently. The radiological dose to the population from normal
operation of each unit may result in about 33 person-rem per year which may
result