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SUMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U.S. Nuclear Regulatory Commission, Office of
Nuclear Reactor Regulation (hereafter referred to as the staff). j

l. The action is administrative.

2. The proposed action is the issuance of an Operating License to the South Carolina Electric
and Gas Company (the applicant) for the Virgil C. Summer Nuclear Station Unit 1 (Summer)
located in Fairfield County, South Carulina, 42 km (26 rr.iles) northwest of Columbia, South
Carolina, and 1.6 km (1 mile) east of the Broad River, near Parr, South Carolina. The South
Carolina Public Service Authority owns a one-third interest in this generating unit.

The facility employs a pressurized water reactor (PWR) to produce up to 2775 MWt. A steam
turbine generator will use this heat to provide 900 MW (net) of electric power capacity.

The plant site is adjacent to Monticello Reservoir, a 2750-ha (6800-acre) reservoir
created by the applicant as part of a pumped storage hydroelectric station.

3. The information in this statement represents the second assessment of the environmental
impact associated with the Summer station pursuant to the guidelines of the National Envi-
ronmental Policy Act (NEPA) of 1969 and 10 CFR Part 51 of the Commission's Code of Federal
Regulations. After receiving an application for construction of this p1rnt, the staff
carried out a review of impacts that would occur during the canstruction and operation of'
this plant. This evaluation was issued as a Final Environmental Statement in January 1973.
As a result of this <.nvironmental reviw, a safety review, an evaluation by the Advisory
Committee org Reactor Safeguards, and public hearings, the U.S. Atomic Energy Comission
(now U.S. Nuclear Regulatory Commission) issued a permit in March 1973 for the construction
of the Summer station. As of March 24, 1981, the plant was approximately 98% complete,
with a proposed fuel-loading date of August 1981. The applicant has applied for a license to
operate the nuc' ear unit. The required safety and environmental reports to support this
application were submitted in December 1976. The staff has reviewed tne activities asso-
ciated with the proposed operation of this plant; the potential impacts, both beneficial
and adverse, are summarized as follows:

a. The increased generating capacity will support the increased load demand of the
combined systems and will result in increased :yste.n and regional reliability. The
increased electric energy production at the Sumcer station will result in production
cost savings in 1981 as consumption of coal or oil at existing fossil-fueled units
is reduced (Sect. 7).

b. Conversion of 1057 ha (2616 acres) of farmland and forestland for the plant and its
transmission lines has been necessary. The area impacted is only about 0.1% of the
combined forest and agricultural land use in the counties inolved (Sects. 4.2 and
8.2.1).

Plant operation and employment is not expected to create a significant local socialc.
impact. The potential exists for increased economic development and associated popu-
lation growth resulting from advantageous county tax income paid by South Carolina
Electric and Gas Company to Fairfield County. Increased recreational benefits wf!1
accrue from a 120-ha (300-acre) subispoundment and eventually possibly from all of
Monticello Reservoir (Sects. 4.2 and 4.6).

d. The impacts cn terrestrial biota from plant operation and transmission corridor
maintenance clearing will be acceptable.

The thermal and chemical effluents from the station will comply with the requirementse.
of the National Pollutant Discharge Elimination System (NPDES) permit and are not

i expected to significantly affect potential future recreational use of Monticello
Reservoir or downstream water resources of the Broad River (Sects. 4.3 and 4.4).
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f. The advIrst impacts en (qu: tic bieta of Monticallo RIs2rvoir thtt will occur from

impingement en intik2 scrIens, entrainment through the cooling system, and imposi-
tion of the thermal effluent on portions of Monticello Reservoir near the discharge
canal are not expected to be critical to the biological population of the reservoir.
Significant ef fects of the nuclear station operation are not expected to extend to
Parr Reservoir or the downstream rivers (Sect. 4.4.2).

g. No measurable radiological impact on man or biota is expected to result from routine
operation (Sect. 4.5). The environmental risk from radiation exposure is very low.

4. The following Faderal, State, and local agencies were asked to comment on this
Environmental Statement:

Advisory Council on Historic Preservation
Department of Agriculture
Department of the Army, Corps of Engineers
Department of Commerce
Department of Energy
Department of Health, Education, and Welfare
Department of Housing and Urban Development
Department of the Interior
Department of Transportation
Environeental Protection Agency
South Carolina Department of Health and Environmental Control
South Carolina Water Resource Commission
South Carolina Public Service Semission
South Carolina Wildlife and Marine Resources Department
Fairfield County Administrator, Winnsboro, South Carolina

5. This Final Environmental Statement was made available to the public, to th*e Environmental4

Protection Agency, and to other specifled agencies in May 1981.

The following organizations submitted comments on the Draft Environmental Statement,
which was published in June 19/9:

Department of the Army, Corps of Engineers
Department of the Interior
Environmenta! Protection Agency
South Carolina Department of Health and Environmental Control
South Carolina Electric and Gas Company

The following organizations submitted comments on the supplement to the Draf t Enviroi.inental
Statement, which was published in November 1980:

Advisory Committee on Reactor Safeguards
Council on Environmental Quality
Department of Commerce
Department of the Interior
Environmental Protection Agency
South Carolina Electric and Gas Company
Washington Public Power Supply System

6. On the basis of the cnalysis and evaluation set forth in this statement and after weigh'ng
the environmental, econcaic, technical, and other benefits against environmental and
economic costs, the actfun called for under NEPA and 10 CFR Part 51 is the issuance of an
operating license for the Virgil C. Summer Nuclear Station Unit I subject to the following

' conditiu.s for tha protection of the environment:

a. License Conditions

Before engaging in operational activities that may re, ult in a significant adverse
environniental impact that was not evaluated or that is significantly greater than,

evaluated in this Environmental Statement, the licensee shall provide written notiff-
cation of such activities to the Director, Office of Nuclear Reactor Regulation, and
receive written approM1 from that office before proceeding with such activities.

11
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b. Significtnt Envirtnment:1 T chnic31 SpIcificaticn Requirements

(1) The applicant will carry out the environmental (meteorological, radiological,
and ecological) monitoring programs outlined in this Statement as modified and
approved by the staff and implemented in the Environmental Protection Plan and
the Radiological Effluent Technical Specifications incorporated in the operating
license for the Virgil C. Summer Nuclear Station, Unit 1. Monitoring of the
aquatic environment will be as specified in the NDPES permit issued by the
South Carolina Department of Health and Environmental Control (SCDHEC).

(2) Tne applicant shall notify the Director, Office of Nuclear Reactor Regulation,
of all cases in which the discharge limits included in the NPDE5 permit, are
exceeded or if an application has been submitted to the permitting authority
requesting revision of the limits.

(3) If, during the operating life of the plant, environmental effects or
evidence of irreversible environmental damage are detected, the applicant
shall provide the staff with an analysis of the problem and a proposed course
o'.iction to alleviate the problem.

i
;

|

|
,

I

a

111

- _ _ _ _ _ _ - - - - - - . _ _
._ - ___



CONTENTS

Page

SUMMARY AND CONCLUSIONS i. . . . . . . . .........................

FOREWORD xy........................................

1. INTRODUCTION 1-1. . .. . . .. . . . .........................

1.1 HISTORY 1-1. . .. . .. . . . . .........................

1.2 PERMITS AND LICENSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

2. THE SITE 2-1....................... ... ..........

2.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2 REGIONAL DEMOGRAPHY AND LANO USE . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.2.1 Population changes 2-1.. .........................

2.2.2 Changes in land use . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
2.2.3 Changes in the local economy 2-7......................

2.3 WATER RESOURCES 2-10. . . . . . . .........................

2.3.1 Hydrologic engineering description 2-10...................

2.3.2 Water use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-13
2.4 METEOROLOGY 2-14. . . . . . .. . .........................

2.4.1 Regional climatology 2-14.. ........................

2.4.2 Local meteorology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-14
2.4.3 Severe weather 2-15. .. . .........................

2.4.4 Long-term (routine) dispersion estimates 2-15................

2. 5 SITE ECOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17
2.5.1 Terrestrial ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-17
2.5.2 Aquatic ecology . . . . . . . . . . . . . . . . . . . 2-18.........

REFERENCES FOR SECTION 2 2-26. . . ... ............ ..........

3. THE STATION . . . . . . . . . . . . . . . . . 3I...................

3.1 INTRODUCTION . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . 3-1

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2.1 Water supply 3-1. . .. . .........................

3.2.2 External appearance . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.2.3 Reactor and steam-electric system . . . . . . . . . . . . . 3-2......

3.2.4 Heat dissipation system . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.2.5 Radioactive waste systems . . . . . . . . . . . . . . . . . . . . . . . . 3-8
3.2.6 Chemical, sanitary, and other waste treatment . . . . . . . . . . . . . . 3-8
3.2.7 Transmission lines 3-12.. .........................

3.2.8 Nuclear fuel shipment . . . . . . . . . . . . . . . . . 3-13........

3.2.9 Solid radicactive waste shipment. . . . . . . . . . . . 3-13.......

REFERENCES FOR SECTION 3 3-14. . ... .........................

4. ENVIRONMENTAL EFFECTS OF STATION OPERATION 4-1.....................

4.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.2 IMPACTS ON LAND USE 4-1. . . . . . .........................

4.3 IMPACTS ON WATER RESOUDCES . . . . . . . . . 4-2.................

4.3.1 Hydrologic impacts of construction 4-2...................

4.3.2 Hydrologic impacts of operation . . . . . . . . . . . . . . . . . . . . 4-3
4.3.3 T h e rma l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-3
4.3.4 Industrial chemical wastes and sanitary wastes 4-4.............

4.3.5 Applicable effluent guidelines and limitations 4-4.............

4.3.6 Effects on vater users through changes in wster quality . . . . . . . . . 4-4
4.3.7 Effects on grcundwater 4-4.........................

4.4 IMPACTS ON SIOTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
4.4.1 Terrestrial environment . . . . . . . . . . . . 4-4............

4.4.2 Aquatic environment . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.5 RADIOLOGICAL IMPACTS . 4-14.. . .... ....................

4.5.1 Exposure pathwn.c . 4-14.. . .......................

4.5.2 Dose commitments 4-15. . . .........................

v

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



c -
.

P_ age

4.5.3 Radiological impact on man 4-25.....,.................

4.5.4 Radiological impacts to biota other than man 4-25..... ........

4.5.5 Risks due to radistion exposure from normal operations 4-25.........

4.6 SOCI0 ECONOMIC IMPACTS 4-31....... ......................

4.6.1 Social impacts of construction labor force 4-31...............

4.6.2 Social impacts of the operating labor force . . . . . . . . . . . . . . . 4-33
4.6.3 Economic impacts 4-35............................

4.6.4 Recreational impact . 4-37.. .......................

4.6.5 Impact on historic and ab.naeological sites . . . . . . . . . . . . . . . 4-37
4.6.6 Summary of socioeconomic impacts 4-38....................

4. 7 THE URANIUM FUEL CYCLE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-38
4.7.1 Land use 4-40................................

4.7.2 Wa t e r u s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-40
4.7.3 Fossil fuel consumption . . . . . . . . . . . . . 4-40...........

4.7.4 Ciiemical effluents 4-40...........................

4.7.5 Radioactive effluents . . . . . . . . . 4-41................

4.7.6 Radioactive wastes 4-43...........................

4.7.7 Occupational dose . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-44
4.7.8 Transportation 4-44......... ....... ..........

4.7.9 Fuel cycle 4-44........... ...................

4.8 AIR QUALITY TMPACTS 4-44........ ......... ....... ...

4.9 DECOMMISSIGNING 4-44.... ......................... .

4.10 NOISE 4-46.......... ..........................

REFERENCES FOR SECTION 4 4-47......... ....................

5. ENVIRONMENTAL MONITORING 5-1..............................

5.1 INTRODUCTION . . . . . . . .'. . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 PRE 0PERATIONAL MONITORING PRU.1 RAMS . . . . . . . . . . . . . . . . . . . . . . . 5-1

5.2.1 Onsite meteorological program . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2.2 Water quality and aquatic biological monitoriig . . . . . . . . . . . . . 5-1
5.2.3 Groundwater monitoring ~.............. 5-2..........

5.2.4 Terrestrial monitoring 5-2........................

5.2.5 Radiological monitoring . . . . . . . . . . . 5-2.............

5.3 OPERATIONAL MONITORING PROGRAMS 5-3...... ............. ..

5.3.1 Onsite meteorological program . . . . . . 5-3...............

5.3.2 Water quality and aquatic biological monitoring . . . . . . . . . . . . . 5-3
5.3.3 Groundwater monitoring 5-3................... .....

's.3.4 Terrestrial monitoring 5-3 -
........ ................

5.3.5 Radiologital monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 5-4

6. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS 6-1....................

6.1 PLANT ACCIDENTS 6-1....................... .. .....

6.1.1 General Characteristics of Accidents 6-1.............. ...

6.1.2 Accident Experience and Observed Impacts 6-4. ..............

6.1.3 Mitigation of Accident Consequences . . . . . . . . . . . . . . . . . . . 6-5
6.1.4 Accident Risk and Papact Assessment . . . . . . . . . . . . 6-7.....

6.1.5 Conclusions . . . . . . . . . . . . . . . . 6-28.... ........

6.2 TRANSPORTATION ACCIDENTS . . . . . . . . . . . . 6-28...............

REFERENCES FOR SECTION 6 6-30.. ................. .........

7. NEED FOR THE STATION 7-1................... .. .........

7.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1......

7.2 SERVICE AREA AND REGIONAL RELATIONSHIPS 7-1........ .... ......

7.2.1 Service area 7-1............. ... . ..........

7. 2. 2 Regional relationships 7-1............ ...........

7. 3 8ENEFITS OF OPERATING THE STATION 7-2......... .............
17.3.1 Mintaization of production costs 7-2............... ....

7.3.2 Load growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7.3.3 Energy consumption 7-5...... ... . ..............

7.4 CONCLUSION . . . . . . . . . . . 7-7. .......... .........

REFERENCES FOR SECTION 7 7-E..... .. ....... ....... .....

vi

_ _ _ -



i

|
|

Page

8. EVALUATION OF THE PROPOSED ACTION . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . 8-1.........

8.2 ADVERSE EFFECTS THAT CANNOT BE AVOIDED . . . . . . . . . . . . . . . . 8-1....

8.2.1 On land . . . . . . . . . . . . . . . 8-1...............

8.2.2 On surface waters . . . . . . . . . . . . 8-1............
8-18.2.3 On groundwater ... ..... .......... ... ..

8-18.2.4 On air ................................

8.2.5 Terrestrial ecology . . . . . . . . . . . . . . . . . . . . . 8-2.....

8-28.2.6 Aquatic ecology ......................... .

8.2.7 Radiological 8-2............ ..... .... ......

8.3 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY . . 8-2................
8-28.3.1 Scope . . . . . . . . . . . . . . . . . .. ... ........

8.3.2 Short-term uses and productivity 8-2.. .......... ......

8-28.3.3 Long-term productivity ............... .........

8.4 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 8-3... ........

8-38.4.1 Scort . .......... .... ........ ......

8.4.2 Come Laents considered 8-3...... ..... . ... ......

8.4.3 Biotic resour.es 8-3............... .... .... ..

8.4.4 Materials of construction . . . . . . . . . . . . . . . . . . . 8-3....

8.4.5 Uranium fuel and its availability . . . . . . . . . . . . . . . . . 8-4..

8.4.6 Other replaceable components and consumable materials . . . . . . . . 8-4.

8.4.7 Water and air resources . 8-4... .. .. ....... ....

8-48.4.8 Land resources ................. ......... .

8.5 ALTERNATIVES TO THE PROPOSED ACTION. . . . . . . . . . . . . . . . 8-4.. .

8.5.1 Resumd 8-4
....... ....... . ....... .......

8.5.2 Alternatives 8-4.......... .............. ...

REFERENCES FOR SECTION 8 8-6
.. . ...... ............... ..

9. BENEFIT-COST SUMMARY 9-1
... ...... ............ ......

9.1 INTRODUCTION . . . 9-1................ ... ... ....

9.2 BENEFITS . . . . . . . . . . . . . 9-1........ . . . . ..

9.3 ECONOMIC COSTS . . . . . . . . . . 9-1...... ... .........

9.4 ENVIRONMENTAL COSTS 9-1........... .... .... ... ....

9.5 SOCIAL COSTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-2
9.6 ENVIRONMENTAL COSTS OF THE URANIUM FUEL CYCLE AND TRANSPORTATION 9-2.. ..

9. 7 SUMMARY OF BENEFIT-COST 9-2
. ... ... . ..... ....... ..

. . . 10-110. DISCUSSION OF COMMEHTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT
10-110.1 BACKGROUND ....... .................. . ..

10.2 THE SITE 10-2........ . ...... ..... ....... ..

10.3 THE STATION . . . . . . . . . . . . . . . . 10-2. . ............

10.4 ENVIRONMENTAL EFFECTS OF STATION OPLRATION 10-2. ...... .... ...

10.5 ENVIRONMENTAL MONITORING 10-4................ ..........

..... ........ . 10-510.6 ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

A-1APPENDIX A - COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT .. . . . ......

........ ...... .. B-1APPENDIX B - NEPA POPULATION DOSE ASSESSMENT

APPENDIX C - NPDES PERMIT C-1.......... ....... . . ... .. .

APPENDIX D - LETTER FROM SOUTH CAROLINA STATE ARCHAE 0LOGIST D-1.. ...... .....

APPENDIX E - LETTER FROH SOUTH CAROLINA STATE HISTORIC PRESERVATION OFFICER E-1.. ..

APPENDIX F - THERMAL EFFECTS STUDY PLAN AND 316 (b) DEMONSTRATION PLAN . F-1. ... .

APPENDIX C - LETTER TO THE SOUTH CAROLINA DEPARTMENT OF HEALTH AND ENVIRONMENTAL
CONTROL . . . G-1.. .. .. .... . .. ..

APPENDIX H - TRIP REPORT MEMORANDUM FOR GEORGE LEAR FROM MICHAEL T. MASNIK . H-1....

I-lAPPENDIX I - EVACUATION MODEL ..... ...... . ... .. ...

vii

__



LIST OF FIGU4ES

Figure Page

2.1 Area within 30 km (50 miles) of the site 2-2..... ................

2.2 Pcpulation within 80 km (50 miles) of the site, 1970, 1979, 2010 ?-3. .......

2.3 Low-flow frequency and duration, Broad River at Richtex, South Carolina,
2-111931-1967 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.4 Flow and volume relationships of Monticello and Parr reservoirs . . . . 2-12......

2.5 Percent occurrence of wind by direction at the Summer site 2-1E............

3-43.1 Design details of the intake structure ......................

3-53.2 Site area map for the Summer station .......................

3.3 Average temperature rise vs time at Fairfield Pumped Storage Hydrostation
3-6intake for operation of the Summer station ....................

3.4 Corrected average temperature rise vs time at Fairfield Pumped Storage
Hydrostation intake for operation of the Summer station . 3-7.............

4.1 Typical vertical temperature profiles expected in Monticello Reservoir near the
4-8Sumrer station discharge canal ..........................

1

42 Potential reduction of entrainable ichthyoplankton population from Summer
4-13station operation . . ...............................

4-154.3 Exposure pathways to man .............................

6.1 Schematic outline of consequence model 6-13......................

6.2 Drobability distribution of individual dose impacts . . . . . . . . . . . . . . . . 6-15

6.3 Probability distribution of population exposures 6-16.... ............

6.4 Probability distribution of acute fatalities 6-17' ............ ......

6.5 Probability distribution of cancer fatalities . 6-18. ....... ........

6.6 Probability distribution of mitigation measures cost 6-22.......... ...

6.7 Individual risk of dose as a function of distanco 6-24...... .. . ..

6.8 Isopleths of risk of acute fatality per reactor year to an individual . . . . . . . 6-25

6.9 Isopleths of risk of latent cancer f atality per reactor year to an individual 6-26.

ix

_ _ _ - _ - _ _ -



LIST OF TABLES

Table P_ age

2.1 Population for Central Midlands region, 1970-2000 . . . . . . . . ?-3........

2. 2 Racial composition of Central Midlands region, 1970 and 1976 2-4...........

2.3 Land use in the Central Midlands region, 1972-1973 2-6........... ....

2.4 Land use regulations in the Central Midlands region, August 1978 2-6.........

2.5 Land own" ship in the Central Midlands region, 1976-1977 2-6.............

2.6 Nonagricultural wage and salary employment for the Central Midlands
2-8region, 1972 and 1977 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.7 Per capita personal income and retail sales for South Carolina and the
2-9Central Midlands region, 1970-1976 ........................

2-142.8 Significant downstream surface-water users ............. .......

2.9 Water quality data for Frees Creek and Broad River 2-20........... ....

2.10 Trace metal analyses of surface waters of the Broad River study area 2-21.......

2.11 Species composition, relative abundance, and average standing crop estimates
for fish collected from the Broad River study area 2-22................

3-13.1 Flow rates .................................. .

3.2 Characteristics of steam generator blowdown based on continuous discharge . . . . . 3-10

3.3 Transmission corridors originally proposed and those actually constructed
3-12by SCE&G ....................................

3.4 Estimated annual quantities of solid radioactive waste from the Summer
station . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-13

4.1 Surface area and shoreline affected in Monticello Reservoir by thermal discharge
4-5from the Summer station .............................

4.2 Incipient lethal temperatures for selected fish species expected in
Monticello Reservoir 4-9................. .............

4.3 Maximum nonlethal exposure times in relation to exposure temperatures . . . . 4-9..

4.' 4 Intake velocities for operating power plants in the southeastern United
4-12States ........................ ........ ....

4.5 Calculated releases of radioactive materials in gaseous effluents from
the Summer station 4-16

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

4.6 Summary of atmospheric dispersion factors and deposition values for maximum
site boundary and receptor locations near the Summer station 4-17...... . ..

7

4.7 Receptor and pathway locations considered for selecting maximum individual
. . 4-18dose commitments ............................

4.8 Annual dose commitments to a maximum individual near the Summer station . . . . . . 4-19

xi



'
,

Tab 17 P3
4.9 Calculated dose commitments to a maximum individual and the population

within 80 km from Suw.er station operation 4-20....................

4.10 Calculated dose commitments to a maximum individual from Summer station
operation . . . . . . . . . . . . . . . . 4-21........ ...........

4.~ 11 Annual total-body population dose commitments in the year 2000 4-21..........

4.12 Calculated releases of radioactive materials in liquid effluents from
the Summer station 4-22............... ................

4.13 Summary of hydrologic transport and dispersion for liquid releases from
the Summer station ................................ 4-23

4.14 Environmental impact of transportation of fuel and waste to and from a
light-water-cooled nuclear power reactor 4-24.............. ......

4.14a Incidence of job-related fatalities . . . . . . . . . . . . . 4-27..........

4.14b Approximate ranking of risks from various sources of radiation exposure
in the United States 4-29........................... ,...

4.15 Peak construction work force living within 80 km (50 miles) of the site . . . . . . 4-32

4.16 Operating personnel for the Summer station 4-33..... .... ........

4.17 Operations period employment and associated population 4-34... ..........

4.18 Plant-induced population relative to existing population in the
Central Midlands region 4-35............ ................

4.19 Projected plant-induced revenues relative to current revenues in
Fairfield County 4-36................... .... .. .....

4.20 Summary of environmental considerations for uranium fuel cycle 4-39..........

4.21 Ra' W ases for each year of operation of the mod:1 1000-MWe LWR . . . . . . . . 4-41

4.22 ( . 100 year environmental dose commitment per year of operation
of me model 1000-MWe LWR . . . . . . . . . . . 4-42....... ........

5.1 Radiological environmental monitoring program for the Summer station 5-4.. ....

6.1 Approximate radiation doses from design basis accidents . . . . . . 6-3.......

6.2 Summary of atmospheric release categories representing hypothetical accidents
in a PWR 6-9....... ... ...... .. ... ........ .

6.3 Activity of radionuclides in the Summer reactor core at 2775 MWt 6-10....... .

6.4 Summary of envirer. mental impacts and probabilities 6-20.. ..... ......

6.5 Average values of er.'<ironmental risks due to accidents per reactor year . . . . . . 6-23

6.6 Environmental risk of accidents in transport of fuel and waste to and from
a typical light water-cooled nuclear power reactor 6-29. ....... .. .

7.1 1982 fuel cost in mills /Kwh . . . . . . . . . . . . . . . . . . . . . . .. 7-2

7.2 Projected load responsibility for SCE&G through 1985 7-3. . .. ...

7.3 Existing capacity, additions, and retirements through 1985 for SCE&G . ... 7-3

xii



'
_

|
|
i

Tablo @
7.4 Power system reserves for SCE4G with and without Summer station . . . . . . . . . . 7-4

/. 5 Projected load responsibility for SCPSA through 1985 7-4. . . . . . . . . . . . . . .

7. 6 Existing capacity, additions, and retirements through 1985 for SCPSA 7-5. . . . . . .

7.7 Pov,r system reserves for SCPSA with and without Summer station . . . . . . . . . . 7-5

7.8 Projected annual energy consumption througf. 1985 in service areas of SCE&G
and SCPSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-6 ,

9-39.1 Benefit-cost summary ...............................

,

t

5

.. . . - , .. - _ . _ . _ . _ - _ . _ _ _ _ . _ _ _ _ _ _ _ _---



_ _ _ _ . ___ _ _ _ _ _ _ _ . . . . _ _ ~ __ ._

FOREWORD

This Final Envir3nmental Statement was prepared by the U.S. Nuclear Regulatory Commission (NRC),
Office of Nuclear Reactor Regulation, in accordance with the Commission's regulation, 10 CFR
Part 51, which implements the requirements of the National Fnvironmental Policy Act (NEPA) of
1969.

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

Fulfill the responsibilities of each generation as trustee of the environment for-

succeeding generations.

Assure for all Americans safe, healthful, productive, and aesthetically and culturally-

pleasing surroundings.

Attain the widest range of beneficial uses of the environ % nt without degradation, risk-

to health or safety, or other undesirable and unintended conseq.?ences.
,

Preserve important historic, cultural, and natural aspects of our national heritage, a w-

maintain, wherever possible, an environment that supports diversity and variety of
individual choice.

Achieve a balance between population and resource use which will permit high standards-

of living and a wide sharing of life's amenities.

I Enhance the quality of renewable resources and approach the maximum attainable recycling-

of depletable resources.

Further, with respect to major Federal actions signif6cantly affecting the quality of the human
environment, Sect.102(2)(C) of the NEPA calls for preparation of a detailed statement on:

(i) the environmental impact of the proposed action;

(ii) any adverse environmental effects th n cannot be avoided should the proposal be ,

'

; implemented;

(iii) alternatives to the proposed action;

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

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

An Environmental Report accompanies each application for a construction permit or a full power
operating license. A notice of availability of the report is issued. Any comments by interested
persons on the report are ccnsidered 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 nes information from the applicant that might be needed for an adequate assessment, and to

In addition, thee m ure that the staff has a thorough understanding of the proposed project.
staff seeks infcrmation from other sources that will assist in the evaluation and visits and

,

I

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

|
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a H th2 foregoing and oth:r such activities or inquirits as are d:emed us2ful and appropriato,
thi stsff takts an indep:ndint ass 2sreant of th2 considzrations sp;cified in S:ct. 102(2)(C) of
the NEPA and 10 CFR Part 51.

This evaluation leads to the publicatiren of a Oraft Environmental Statement, prepared by the
Office cf M lear Reactor Regulation, which is then circulated to Federal, state, and localgovernment agencies for comment. A summary notice is published in the Federal Register of
the availability of the applicant's Environmenial Report and the Draft Environmental Statemm t.
Interested persons are also invited to comment on the preposed action and tha draft statement.

Af ter receipt and consideration of comments on the draf t statement, the staf f prepares a
Final Environmental Statement, which includes a discussion of questions and objections raised
by the comments and the disposition thereof; a final cost-benefit analysis, which considers
and balances the environmental effects of the facility and the alternatives available for
reducing or avoiding adverse environmental effects with tne environmental, economic, technical,
and other benefits of the facility; and a conclusion as to whether - after the environmental,
economic, technical, and other benefits are weighed against environmental costs and after
available alternatives have been considered - the action called for, with respect to environ-
mental issues, is the issuance or denial of the proposed permit or license or its appropriate
conditioning to protect environmental values. This Final Environmental Statement and the
Safety Evaluation Report prepared by the staf f are submitted to the Atomic Safety ard Licensing
Board (ASLB) for its consideration at public hearingr. held in connection with all construction
permit applications and with operating license applications as ordered.

This environmental review deals with the impact of operation of the Virgil C. Summer NuclearStation Unit 1. Assessrnents that are found in this Statement supplement those described in
the Final Environmental Statement-Construction Permit (FES-CP) that was issued in January
1973 in support of issuance of a construction permit for the unit. The information to be
found in the various sections of this Statement updates the FES-CP it. 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
'cere described in the preconstruction review; (2) by reporting the results of studies that
had not been completed at the time of issuanca of the FES-CP and that were under manoate from
the NRC staff to be completed before initiation of the operational review; (3) by evaluating
the applicant's preoperational monitoring program and factoring the results of this program
into the design of a postoperational surveillance program and into the development of
environmental technical specifications; and (4) by identifying studies being performed by the
applicant that will yield additional information relevant to the environmental impacts ofoperating the Summer station.

Single copies of this Statement may be obtained by writing the:

Director Division of Technical Information
and Document Control

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. William F. Kane is the NRC Project Manager for this project. Mr. Kane may be contactedat the following address or at (301) 492-8969.

Division of Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555
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1. INTRODUCTION

T.1 HISTORY

On June 30, 1971, the South Carolina Electric and Gas Company (SCE&G), the applicant, filed an
application with the U.S. Atomic Energy Commission (AEC) (now U.S. Nuclear Regulatory Commission
(NRC)) for a permit to construct the Virgil C. Summer Nuclear Station Unit 1, a pressurized-
water reactor (PWR) with a thermal rating of 2775 MW and an electrical rating of 900 MW.

The conclusions reached in the staff's environmental review for construction were issued as a
Final Environmental Statement-Construction Permit (FES-CP) in January 1973. Following reviews
by the staff and the Advisory Committee on Reactor Safeguards, public hearing + were held before
an Atomic Safety and Licensing Boarc' (ASLB) concerning safety and environmanti.1 matters on
January 29 and 30, 1973. Construction Permit No. CPPR-94 was issued accordingly on March 21,
1973.

Amendment No. 2 to the construction permit (December 3, 1974) authorizes SCE&G to transfer
one-third ownership of the Summer station to South Carolina Public Service Authority (SCPSA)
and designates the latter as a coapplicant. However, SCE&G retains sole responsibility for
technical direction of all phases of the project throughout the station's useful life.

Ir, December 1976, SCE&G submitted an application, including a Final Safety Analysis Report
f.FSAR) and an Operating License-Environmental Report (OL-ER), requesting the issuance of an
Operating License for the Summer station. These documents were docketed on February 24, 1977,
and the operational safety and environmental reviews were initiated at that time.

As of March 24, 1981, construction of the Summer statica was-approximately 98% complete,
and the applicant expects that the facility will be ready for fuel loading in August 1981.

The Summer station is part of a larger power generation complex that includes the Fairfield
pumped storage facility. The environmental assessment of the pumped storage facility was the
responsibility of the Federal Power Commission (Final Environmental Statement, Parr Hydroelectric
Project, Federal Power Counission, Washington 0.C. , March 1974).

1.2 PERMITS AND LICENSES

The applicant has summarized its contacts and coordination activities with the pubite and
governmental agencies in Chap. 12 of the O'.-CR. In compliance with regulatory requirements,
SCE&G has obtained the fol' awing permits:

1. ronstruction permit for a nuclear facility from the AEC (now NRC);
2. buU ling permit from Fairfield County, South Carolina; and
3. National Pollutant Discharge Elimination System (NPDES) permit from the South Carolina

Department of Health and Environmental Control (Appendix C).

1-1
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2. THE SITE

,

2.1 INTRODUCTION

The staff revisited the site and reviewed documentation submitted by the applicant to dt .armine
if any sign'ficant changes at the Summer site had occurred that would alter the staff's evalua-
tion presented in the FES-CP issued in January 1973. Changes in the socioeconomic stru:ture of
th2 community during the subsequent five-year construction period and additional understanding
of the ecological baseline gained from preoperational monitoring studies are addressed ia the
following sections.

t

2.2 REGIONAL DEMOGRAPHY AND LAND USE4

Th2 Virgil C. Summer Nuclear Station is located in the southerstern corner of rural Fairfield
County, South Carolina. The plant property covers approximately 890 ha (2200 acres) (0L-ER,
p. 2.1-2) exclusive of the Monticella Reservoir associated with the project and the Fairfield
pumped storage facility. The closest incorporated community is Peak, 6 km (4 miles) south of

j th2 site in neighboring Newberry County, with 31975 population cf 75. Other incorporated
consnunities within 16 km (10 miles) of the facility are Pomaria, Chapin, and Little Mountain,i

cacn with 400 residents ur less. Within 32 km (20 miles) of the site are a number of other
cities and towns; the two largest are Newberry, the county seat of Newberry County, with 8998
rzsidents, and Winnsboro, the county seat of Fairfield County, with a population of 3257.1 In
addition to the above, there are also a number of small, unincorporated communities (0L-ER,'

p. 2.1-8). The area within an 80-km (50-mile) radius of the site is shown in Fig. 2.1.
Columbia, the State capital, is 42 km (26 miles) southeast of the site and with 111,616 reu -
dentsi is the only city within the 80-km (50-nile) area with a population exceeding 35,000
(0L-ER, p. 2.1-31).

The region in which the Summer site is located is known as the Central Midlands and consists of
Fairfield, Newberry, Lexington, and Richland counties. Alchough located in Fairfield County,
the proposed plant is in close proximity to the other three counties. Like Fairfield, Newberry
County is primarily rural. The counties of Lexington and Richland, on the other hand, are much

- more urbanized and make up the Columbia Standard Metropolitan Statistical Area (SMSA). Employee
residence statistics compiled by the applicant's principal contractor during the peak construc-
tion period show that approximately 70% of all workers living within 80 km (50 miles) of the
site made their homes in the four-county Central Midlands region.2 The above figures indicate
that plant-intaced impacts have centered in the Central Midlands, and it is the opinion of the
staff that this situation will continue. The following discussion of population, land use, and
economics will therefore focus on Fairfield, Newberry, Lexington, and Richland counties.

I

2.2.1 populat'' changes

As of 1970, only eight people were living in the exclusionary zone within 1.6 km (1 mile) of the
Summer site. Within 16 km (10 miles) of the proposed plant 6370 persons resided, an overall
d2nsity of 20.3 persons per square mile. Figure 2.2, whicn gives population figures by annular
rings for the area within 80 km (50 miles) of the site through the year 2010, shows that the
d:nsity witnin 16 km (10 miles) of the site is expected to remain fairly low in the years ahead;
the high projection for 2010 calls for an average density of only 27.2 persons per square mile.

- Pepulation between the 32- to 48-km (20- to 30-mile) rings was the highest in the area in 1970
and will remain so through 2010 because of the presence of the Columbia SMSA. The crowth rate
in this ring is also expected to be the greatest in the years to come although population
it creases in the rest of the area should be substantial. The average density in the 80-km
(bO-mile) circle was 90.0 persons per square mile in 1970 and will be somewhere between 126.9
and 151.8 persons per square mile in 2010.

2-1
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Fig. 2.1. Area within 80 km (50 miles) of the site.

The above population figures were developed by the Bureau of Economic Analysis (BEA) in late
1975 and differ somewhat from the 2010 projections presented in the FES-CP (FES-CP, p.11-7).
Overall, the high projections given above are very close to the earlier figures; the low pro-
jections are, though, substantially less than those previously proposed. The older figures were
based on the assumption of substantial future economic growth and consequent in-migration,
whereas the newer figures reflect the possibility of slower growth. The following paragraphs
give population figures for the area surrounding the plant site by county and, where appropri-
ate, by municipality.

2.2.1.1 Fairfield County

| Between 19/0, befcre construction began on Virgil C. Summer fluclear Station, and 1976, when
peak construction was reached, the population of Fairfield County increased by 0.5%, from
19,999 to 20,l00 (Table 2.1), and the composition changed slightly (Table 2.2). Between now
and 1985, population growth will be fairly slow, but the last 15 years of this century are
expected to bring a dramatic upswing. The projected population for Fairfield County in the
year 2000 is 35,000 residents, an increase of E').1% froni 1985 and 74.1% from 1976.

In 1970, the city of Winnsboro, the county seat, had 3411 residents. By July 1975 that figure
had fallen to 3257, a decline of 4.5%.

|
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Fig. 2.2. Population within 80 km (50 miles) Of the site, 1970, 1979, 2010.

Table 2.1. Population for Central Midlands region, 1970-2000

County 1970 1976 1980 1985 1990 1995 2000

Richland 233.868 252.600 266,000 292.700 322,000 270,000 416,000
Lexington 83.012 120.600 140,000 161.000 181,000 220.000 255.000
Newberry 29,273 31.200 32,200 33,800 38,250 42,750 47,500

Fairfield 19,999 20.100 20,700 21,750 25.500 29.500 35,000

Source: Central M d: ands Regional Planning Council. Population Projections for the
Central Midlands Region. Colurnb,a, S.C. June 1977.
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Table 2.2. Racial composition of Central. *Aidlands region,1970 and 1976

Population by county (percentage of total)

Fairfield Newberry Lexington Richland
*

1970 1976 1970 1976 1970 1976 1970 1976
4

White 40.6 38 1 66.9 66.9 87.6 92.2 88.0 64.0
' Minorities 59.4 61.9 33.1 33.1 12.4 7.8 32.0 36.o

Source: U.S. Bus.w on the Cereus and South Carolina Departrnent of Labor. Division
of Research md Statis$ cal Services, south Carolina Statistical Abstract.1977, Columbia,

'

S.C.

J

C.2.1.2 Newberry County

The population of Newberry County increased by 6.6% between 1970 and 1976 (Table 2.1). Between'

now and the year 2000, total county population is expected to increase by another 52.2%, from31,200 to 47,500.

Between 1970 and 1975 the population of Newberry, the county seat, declined by 2.4%, from
9218 to 8998.

2.2.1.3' Richland County

Betreen 1970 and 1976 the number of residents in Richland County rose by 8%, from 233,868 to
252,600(Table 2.1). Between now and the turn of the century, Richland County is expected to
grow at a rate midway between those expected for Fairfield and Newberry Counties. The pro-

. jected population for the year 2000 is 416,000, 64.7% greater than the 1976 figure.

Like Winnsboro and Newberry, the city of Columbia also lost some residents in the years between
1970 and 1975. During that time, population;in the capital city dropped by 1.7%, from 113.542
to 111.616.

'

2.2.1.4 Lexington County

} Of all the counties in the. Central Midlands region. Lexington County has experienced by far the
fastest growth. From 1970 to 1976, its population grew from 89,012 to 120,600, a jump of 35.5%
(Table 2.1). Between now and the year 2000, Lexington County's rapid growth is expected to
continue and should surpass projected increases for the rest of the region. By the turn of
the century, a population of 255,000 is expected,111.4% greater than that in 1976.,

i

t

2.2.2 Changes in land use
T

Land use in the vicinity of the site was described in the FES-CP. The only major changes in
land use that have occurred since the FES-CP was issued in 1973 have resulted from construction
of the Suniner station and the adjacent Fairfield pumped storage facility. Before construction
began, the nuclear plant site was totally forested. Its 356 ha (880 acres) consisted of 243 ha
(600 acres) of co'.iferous forest, dominated by pines; 73 ha (180 acres) of deciduous forest; and
40 ha (100 acres) of mixed coniferous-deciduous forest (OL-ER, lable 4.1-1). The 356 ha cleared
now support bare ground, occasional herbaceous weed consnunities, and the plant structures.
During plant operation, 263 ha (650 acres)'will remain cleared (0L-ER, Table 4.1-2), but 93 ha
(230 acres) will be allowed to revert to natural vegetation. The nuclear unit and associated
facilities will use about 81 ha (200 acres) of the cleared area (FES-CP, p. II-8).1

Although the impacts on the land area affected by the pumped storage project are not a direct
result of'the nuclear plant licensing action, the staff presents the following sumary of asso-
ciated land use changes because of the recognized. interrelationship of the two projects.

The 2750-ha (6800-acre) Monticello Reservoir previously consisted of 1267 ha (3130 acres) of
,

! coniferous forest, 441 ha (1090 acres) of deciduct.s forest, 531 ha (1560 acres) of mixed
. coniferous-deciduai s forest, and 413 ha (1020 acres) of pasture ad cropland. The enlargement

'

l
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of Parr Reservoir inundated 20 ha (50 acres)'of coniferous forest, 870 ha (2150 acres) of
Reiduous hardwood forest, 81 ha (200 acres) of nixed coniferous-deciduous forest, and 40 ha
(100 acres) of pasture and cropland (OL-ER; Appenitix 2A, p. 5.3-13).

Transmission corridor construction resulted in destruction of 634 ha (1567 acres) of forest and
als3 crossed 161 ha (399 acres) of pasture and cropland and 14 ha (34 acres) of water (OL-ER,
Table 4.2-1 as corrected by the staff).

The area within an 8-km (5-mile) radius of the site includes parts of Fairfield and Newberry
counties. Current land use in the 8-km radius, exclusive of the areas disturbed for construc-
tion, is dominated by lumber and pulpwood production (0L-ER, Fig. 2.1-25). Over 78% of the land
is in second-growth forest; pasture and cropland cover about 12.8% of the area. Cropland is
more-frequent west of the plant site in Newberry County. Residential land uses control 1% of
th2 land area and occur primarily along South Carolina Highway 215 from Jenkinsville to
Monticello. Industrial and commercial land uses (including the plant site) involve less than 1%
of the area; 3% of the area within 8 km of the plant site is cleared land (0L-ER, Table 4.1-1).
The nuclear plant site and the previously forested portion of the transmission corridors con-
stitute 2.5% of this land area. Most of Monticello and Parr reservoirs also lie within the
8-km radius, constituting almost all of the surface waters and covering 4.2% of the area (0L-ER,
Table 2.1-6). The land area used for the reservoirs is not, however, a direct result of the

nuclear station.

With one exception, no recognized Federal, State, or 'ocal public recreation areas existed
within 8 km of the site before construction began (0L-ER; p. 2.1-12 Table 2.1-3). The excep-
tioa is the Carlisle Game Management Area, which covers 60,000 ha (148,000 acres) of private and
public land. It includes the nuclear plant site and approximately one-third of the Sumter
National Forest lands, which occur 8 km north-northwest of the plant site. An index of the
relatively good hunting potential of the game management area is provided by 1976 hunter-kill
data on deer. Hunters in the management area bagged one deer per 41 ha (101 acres) (0L-ER,
Sect. 2.1.4.1.3.4), whereas hunters in Newberry and Fairfield counties, which both overlap the
management area, only bagged about one deer per 149 and 270 ha (369 and 667 acres) respectively.

Future land use projections for the 8-km area (OL-ER, Fig. 2.1-29) indicate that the growth rate
is expected to be slow in this area, with minor residential development occurring along South
Carolina 215. More rapid and widespread growth is expected in eastern Newberry County, where
Interstate 26 has precipitated moderate urban and residential expansion, and in eastern Fair-
field County after Interstate 77 is completed there. These potential growth areas are beyond
the 8-km radius. A discussion of land use, land use regulations, and ownership for each of the
counties in the Central Midlands region follows.

2.2.2.1 Fairfield County

In 1972-1973, almost 91% of the land in Fairfield County was used fer forestry, and another 7%
was used for agriculture. Less than 1% was residential; a negligible amount was used for manu-
facturing, transportation, and trade (Table 2.3). According to projections made by the Central
Midlands Regional Planning Council, increased residential and industrial development will occur
b tween now and the year 2000, necessitating more land for these purposes. Forestry should,
however, continue to command a significant amount of the county's acreage.3

As shown in Table 2.4, the only land use regulation currently in effect in Fairfield County is a,

sediment-control ordinance. The county seat of Winnsboro, on the other hand, has no such
ordinance but does have housing and construction codes, subdivision regulations, and zoning and
mobile-home-park ordinances.

Over 95% of the land in Fairfield County is privately owned. Of the publicly owned land, 2.8%
is controlled by the Federal government,1.4% by the State, and less than 0.2% by municipalities,
special districts, and the county combined (Table 2.5). Nearly all the Federal land is in the
Sumter National Forest, whereas most State land is taken up by highway rights-of-way.

.

. .-_ - - - - - ,
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Table 2.3. Land use in the Central Midlands region, 1972-1973

Land use by county (percentage of total *)

Ltxington Richland Newberry Fairfield

Residential 4.8 6.9 1.6 0.9
Manufacturing 0.3 0.9 0.1 0.0
Transportation 0.3 0.3 0.0 0.0

,

Trade and services 0.2 0.4 0.0 0.0
Recreation 6.0 2.2 0.1 0.0
Agriculture 22.2 18.3 25.0 7.0
Forestry . 65.9 57.5 71.0 90.8
Mining 0.2 1.6 0.0 0.1
Undeveloped 0.0 0.0 2.2 1.1

* Totals may not equal 100% because of rounding or missing data.
Source: ER, p. 2.138.

Table 2.4. Land use regulations in the Central Midlands region, August 1978

" "IConstruction Housing Subdivision Zoning Mobile-home- Storm drainage'"" " *"codes code regulations ordinances park ordinances ordinance
,

;

Fairfield County No No No No No Yes No
Ylinnsboro Yes Yes Yes Yes Yes* No No

Newberry County No No Yes No No No No
Newberry Yes Yes Yes Yes Yes* No No

Richland County Yes No Yes No Yes No Yes
Columbia Yes Yes Yes Yes Yes* No Yes

Lenington County - Yes No Yes Ye:8 Yes .6 Yes Yes
s

8 Contained in the zoning ordinance.
8

0nly in the Seven Oak area of unincorporated Lexington County.

Source: Central Midlands Regional Pfanning Council, Regional Codes and Ordinances Study, Columbia, S.C.,1973
[ updated in August 1978),

i

Table 2.5. Land ownership in the Central Midlands region, 1916-1977
_

Ownership (percentage of total)County
Federal State Municipal County Special district Private

Fairfield 2.8 1.4 0.07' O.02 0.1 95.61
Newberry 13.6 1.8 0.01 0.02 0.1 84.47
Lexington 2.7 0.1 0.4 0.6 96.2
Richland 11.6 4.9 0.2 0.2 0.3 82.8

Sources:

State Land Resources Conservation Commission, S.C. Pub //c Land Ownership
inventory: State and Federal Owned Lands,1977, Columbia, S.C.

State Land Resources Conservation Commission, S.C. County and Municipal Public
Land Owership Inv rntory,1976, Columbia, S.C.

State Land Resources Conservation Commission,S.C. SpecialPurpose Districts Pub /ic
Land Owership Inwntory,1977, Columbia, S.C.

. . - - ,
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2.2.2.2 Newberry h unty

As seen in Table 2.3, 71% of Newberry County's land was used for forestry and 25% for agriculture
in the years 1972 and 1973. Another 1.6% was residential, and only 0.1% was devoted to manu-
facturing. Long-range plans include increased residential and industrial usr.s; however, large
portions will remain forested or in agriculture.3

The only land use control enacted to date by Newberry County has been a set of subdivision
r;gulations; the town of Newberry has these plus construction and housing codes, a zoning
ordinance, and a mobile-home-park ordinance (Table 2.4).

The Federal government owns 13.6% of tne land in Newberry County, most of this inside the Sumter
National Forest. Another 1.8% is State owned, and 0.13% belongs to municipalities, special
districts, and the county itself. The remaining 84.47% is in private hands (Table 2.5).

2.2.2.3 Richland County

Table 2.3 shows 57.5% of Richland County in forestry and 18.3% in agriculture. About 6.9% of
the land area is residential, and another 0.9% is devoted to manufacturing; both of these
figures are higher than those for anywhere else in the Central Midlands region. In addition,
more land is used for mining and trade here than in the other Central Midlands counties. Plans
fannulated by the Central Midlands Regionsi Planning Council call for increasing residential and
industrial uses while protecting prime agricultural land and forestry areas.3

As seen in Table 2.4, Richland County has more types of land use controls then do the two
counties previously described. Construction codes, subdivision regulations, and mobile-home-
park end storm drainage ordinances are all in effect here. The city of Columbia has the above
plus a housing code and zoning ordinance.

There is more publicly owned land in Richland County than in the other Central Midlands counties.
Of the total,11.6% is Federally owned, most of that in the Anny's Fort Jackson, and another
0.7% belongs to municipalities, special districts, and the county. The State owns an additional
14.9%; about half of the State land is in highway rights-of-way, and the other half is split.

'

b2 tween parks, forests, properties for correctional and mental health facilities, and other
issser uses. The remaining 82.8% of Richland County is privately owned (Table 2.5).

2.2.2.4 Lexington County

In 1972-1973, 65.9% of Lexington County was used for forestry and 22.2% for agriculture. Of the
remaining 11.9%, 6.0% was in recreational use, 4.8% was residential, and lesser amounts were
used for manufacturing, transportation, trade, and mining (Table 2.3). The amount of land
divoted to recreation is much larger than in the three counties discussed above, and the resi-
d:ntial area here is nearly double that in Newberry and Fairfield counties combined. Future
projections include a continuation of the urbanization that has occurred here over the last two
d: cades, with both residential and industrial uses expected to increase; however, substantial
portions of Lexington County should remain in forestry and agriculture.3

i Lexington County also has numerous land use controls. The er. tire county has construction codes,
! subdivision regulations, and sediment contral and storm drainage ordinances, and part of the

county also has zoning and mobile-home-park ordinences (Table 2.4).

Less land is publicly owned in Lexington County than in the rest of the Central Midlands. There
is no Federally owned land here. The State owns 2.7% of the county land, mostly in highway
rights-of-way, and another 1.1% is controlled by special districts, municipalities, and the
county itself. The remaining 96.2% is privately owned.

2.2.3 Changes in the local economy

i
2.2.3.1 Fairfield County'

Between 1973, the year construction began on the Virgil C. Sumer Nuclear Station, and 1978,
Fairfield County's unemployment rate has fluctuated. From 4.9% in 1973 it climbed to 7.3% in

_

.
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1977 and then came back down to 5.0% for the first five months of 1976. This is above the 1978
Statewide imemployment rate of 4.4% but is closer to it than was the case in 1973 when the State
figure was a low 3.6%.

As shown in Table 2.6, nonagricultural wage and salary employment in the county rose from 4690
persons in 1972 to 7480 in 1977. Most of this increase was th,e to a jump in construction
activity directly attributable to the Sununer station. At the same time, the number of manu-
facturing jobs in the county fell slightly whereas the government, services, finance, and trade
sectors all experienced moderate gains. Though the number of jobs in transportation and public
utilities more tbn doubled, their total still made up a minor share of the total. Of total
county employment, 35.0% was in construction, 29.9% in manufacturing,15.5% in government, and
8.4% in wholesale and retail trade.

Table 2.6. Nonagricultural wage and salary employment for the Central Midlands region,1972 and 1977

Average number employed annually 8

Fairfield County Newberry County Lexington County Richland County
1972 19778 1972 19778 1972 19778 1972 19778

Manufacturing 2,580 2,240 4,820 5,220 10,000 10,700 f 12,700 13,400
Food and kindred products 400 300 1,200 1,103
Textile mill products and apparel 2.800 2,950 900 2,200 1,600 1.400Lumber and wood products 400 330 540 1,290 300 300 500 200
Printing and publishing 400 500 1,000 1,200
Stone, clay, and glass products 120 50 400 300 800 700Fabricated metal products

700 800 1,300 1,600Machinery, except electrical 1,200 1,300
Other manufacturing 2,060 1,860 1,480 980 6,900 5,100 6,300 5,900

Construction 80 2,620 290 330 2,100 2.900 7,400 5,000
Transportation and public utilities 140 350 230 250 1,600 2,600 6,200 5,800
Wholesale and retail trade 600 630 1,350 1,790 4,400 7,000 22,000 26,500
Finance, insurance, and reat estate 80 90 200 200 500 900 7,400 11,100
Services 200 290 WO 910 2,400 3,600 15,300 19,700
Government 960 1,160 1,230 1,530 4,000 5,600 32,900 44,200
Other nonmanufacturing 50 90 10 10 200 400 300 300

Total 4,690 7,480 9,C*iG 10,230 25,200 33,700 104,200 125,900

* Employment by establishment or place-of-worir basis Because of rounding, terals may not be exact.
8 Preliminary,

Source: South Carolina Employment Security Manpower Research and Analysis, South Caro /ina ManpowerlaIndustry,
Columbia, S.C June 1978.

Between 1970 and 1976, average per capita income in Fairfield County increased by 91.1%, from
$2209 to $4221 (Table 2.7). Of the 46 counties in South Carolina, Fairfield was ranked 36th in
1975,5 but incomes were closer at that time to the State average than they were in 1970. During
the same time period. retail activity in Fairfield County more than doubled; sales rose from
$15,064,000 to $31,787,000 (Table 2.7).

2.2.3.2 Newberry County

Between 1973 and 1978, the unemployment rate in Newberry County went from 3.1 to 4.5%, which,
though a marked increase, was considerably less than the peak of 6.1% reached in 1975.4

Total nonagricultural employment increased from 9030 in 1972 to 10,230 in 1977, and most of the
major economic sectors experienced moderate gains. In both years, manufacturing accounted for
sli9htly over 50% of all jobs in the county. Wholesale and retail trade provided 17.5% of the
total in 1977, government contributed another 15%, and services accounted for an additional 8.9%of all jobs (Table 2.6).

_ _ __ _ - _ . . _ . _ - _ _
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Table 2.7, Per capite personal income end retail sales for South Carolina
and the Central Midlands region 1970-1976

Per capita ewie Total retail sales

197o 10)b 19/8' 6270 ($103) 1976 ($103) Percent change from 1970 to 1976

Fairfield 2,209 3,789 4,221 15,o64 31,787 111.0
Lexington 3,409 4,78J 5,118 4 029 63,166 55.5
Newberry 3,127 4.634 5,013 109,322 273,377 150.1
Richland 3.444 5.446 5.969 418.872 tE3,636 106.2
Duth Carolina 2,990 4.650 5,147

* Estimates derived from everage annual growth rate data by South Carolina Department of Labor, Division of Research
and Statistical Services.

Sources: U.S. Department of Commerce, Bureau of Economic Analysis, and South Carolina Department of * Labor,
Division of Research and Statistical Services, Per Capita Perrsonst income in South Carotir,s Counties, 1970-1976, South
Carolina State Development Board, Colun.bia, S.C Oct. 28,1977.

Per capita income in Newberry County rose 60.3% between 1970 and 1976, from $3127 to $5013, but
this did not equal the Statewide increase of 72.1% in those same years (Table 2.7). Resident
incomes ranked 12th in the State in 19755 and were almost identical to the State average; this
reflects a loss since 1970 when they were slightly greater than the average.

htween 1970 and 1976, retail activity increased less in Newbr ,ry than in any of the other
C;ntral Midlands counties. Sales here rose 55.5%, from $40,6h ,000 to $6't.166,000 (Table 2.7).

2.2.3.3 Richland County

Between 1973 and 1978. Richland County's unemployment rate went from 3.2%, slightly below the
Statewide average, to 4.7%, slightly above it.

The number of nonagricultural jobs in Richland County grew from 104,200 in 1972 to 125,900 in
1977; the current figure rspresents over seven times the number of jobs in Fairfield and New .
b:rry counties combioed (Table 2.7). Government, finance, service, and trade employment
increased markedly while manufacturing increased slightly. Construction and transportation and
public utilities declined during these years. The major employers in 1977 were government,
accounting for 35.1% of the total number of jobs; wholesale and retail trade with 21.0%; services '

with 15.6%; manufacturing with 10.6%; and finance, insurance, and real estate with 8.8%. As a
proportion of total employment, the government and service sectors here are significantly larger
than those in r6 cal Fairfield and Newberry counties, whereas the manufacturing sector is sub-
stantially smaller.

Per capita income in Richland County rose from $3444 in 1970 to $5969 in 1976; this is a gain of
73.3%, which is slightly hi@er than the Statewide increase of 72.1% (Table 2.7). In both 1970
and 1976, income in Ricniand County exceeded the Statewide average, and in 1975 it ranked second
out of the 46 counties'in the State.s In this same time period, retail sales increased by over

! 100%, from $418,878,000 in 1970 to $863,636,000 in 1976 (Table 2.7).

2.2.3.4 Lexington County

Between 1973 and 1976, unemployment in Lexington County rose from 3.2 to 6.4% and then declined
to 3.5% for the first five imnths of 1978.'' This latest figure is substantially below the
Statewide rate of 4.4%.

The number of nonagricultural jobs in Lexington County rose from 25,200 in 1972 to 33,700 in
1977(Table 2.6). Nonagricultural employment for the Columbia SMSA, consisting of Lexington and
Richland counties, totaled 159,600, or 90% of all such jobs in the Central Hidlands region.
Within Lexington County itself there was a substantial increase in the number of jobs in all
major sectors except for manufacturing, which g~w only slightly. The latest figures show that
manufacturing accounts for 31.8% of all employment, wholesale and retail trade for 20.8%,
g:vernment for 16.6%, services for 10.7%, construction for 8.6%, and transportation and public
utilities for 7.7%.

-
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From 1970 to 1976, per capita income in Lexington County rose by 50%, from $3409 to $5118
(Table 2.7). This growth rate is less than that experienced by South Carolina as a whole, and
the incomes of county residents have dropped slightly below the Statewide average. Still,
incomes here were ranked 8th in the State in 1975.5

Between 1970 and 1976, retail activity in Lexington County increased more than in any of the
oth & Central Midlands counties. Sales went from $109,320,000 to $273,377,000, a jump of just
over 150% (Table 2.7).

2.3 WATER RESOURCES

The impacts of the Sucuner station on the hydrology of the site region will generally be few,
especially when compared to those effects projected for the operation of the Fairfield pumpni
storage facility, as reporteri in the Final Environmental Statement by the Federal Power Com-
mission (now the Federal Energy Regulatory Commission) for the Parr Hydroelectric Project.6
Environmental impacts forecast at the construction pennit stage and reported by the staff
in the FES-CP remain essentially unchanged. The hydrologic engineering summaries presented
in subsequent sections retlect the conclusions reached in the FES-CP with minor revisions and
updating based on the OL-ER and the FSAR.

2.3.1 Hydrologic engineering description

The site is located approximately 1.6 km (1 mile) east of the Broad River and 4.8 km (3 miles)
north-northeast of Parr Dam. The site is situated on a hilltop at an elevation of 133 m
(435 f t) above mean sea level, or about 55 m (180 ft) above the Broad River floodplain.

The region surrounding the site is characterized by a network of small tributaries and a few
substantial rivers draining the rolling, low-profile terrain into the Broad River. Available
data indicate that the runoff is about 0.4 m (17 in.) annually.

2.3.1.1 Broad River and Perr Reservoir

The Broad River, the principal hydrologic feature in the vicinity, drains an extensive river
f basin above the site of about 11,800 km2 (4550 sq. miles). The riwr basin lies between two
, - southeast-northwest trending ridges stretching from Columbia, South Carolina, to the headwaters

about 161 km (100 miles) northeast in North Carolina. The average annual runoff is about
'

i 5.1 x 109 m3 (4.1 x 106 acre-ft). Many streams and creeks carry runoff and groundwater drain-
age into this water course; the important rivers draining into the Broad River basin include
the Enoree, the Tyger, and the Pacolet. Near Columbia the Broad River joins the Saluda to,

form the Congaree River. Because it is very turbid, generally shallow, and has many rapids,
the Broad River is not attractive for recreational use; there is also no commercial navigation.
At Columbia, approximately 45 km (28 niles) downstream from the site, the water is a source
of municipal and industrial supply.

In the vicinity of the Suniner station, the Broad River is about 610 m (2000 ft) wide and quite
shallow, ranging from 1 m or less to about 5 m deep. Many islands appear during nonnal floy.
The shallow depth in this region is the result of silting behind the Parr Dam.1

The river flow
in the vicinity of Parr Dam averages 173 m /sec (6100 cfs), with a wide range between floods3

and low water. It is essentially unregulated except during operations of the river hydro-
,

electric projects, such as at Parr and Neal Shoals, which modify river flow. The record flood
flow and low flow at the Richtex Station [11.3 km (7 miles) downstream from Parr Dam and about
18 km (11 miles) from the Summer station] were 6460 m3/sec (228,000 cfs) on October 3, 1929,3
and 3 m /sec (105 cfs) respectively. The lowest rec?rded daily average flow was 4.2 m3/sec: (149 cfs). Low-flow frequencies for different durations of flow are shown in Fig. 2.3. The| daily cycle of operation of the Fairfield Pumped Storage Hydrostation will transfer about
4'7 m3 sec (29,000 acre-ft/ day) of water between Monticello Reservoir and Parr Reservoir and/
back. The daytime drawdown will last about 8 hr and the nighttime pump-up about 10 hr, leaving

'

a 6-hr daily slack time. This operation mode will be in effect Monday through Saturday; the
station will operata at about half capacity on Sunday. The water level in Parr Reservoir has
been raised 2.7 m (9 f t) by increasing the dam height at the Parr hydrostation. The operating
drawdown of the pool will be about 3.0 m (10 f t).

;

1

3 - w -- - r - - - - - , . . - - - - -- - - . - . - . - , - , _ , - - - - - - -,,r-
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Fig. 2.3. Low-flow frequency and duration Broad River at Richtex, South Carolina,
1931-1967. Note: Discharge is given as the average for the indicated time intervals. Source:
FES-CP, Fig. 8.

The applicant has entered into an agreement (February 1973) with the South Carolira Wildlife
and Marine Resources Department to maintain a minimum instantaneous flow release of 28 m3/sec
(1000 cfs) at Parr powerhouse during striped bass spawning (Aarch, April, and May).7 Minimum
daily average release would be the natural inflow of the Broad River into Parr Reservoir.
During other perf ads of the year, the minimum release would be 4.3 m /sec (150 cfs), with a3

minimum daily average of 23 m /sec (800 cfs).3

2.3.1.2 Monticello Reservoir

Monticello Reservoir has been fonned in the Frees Creek valley and receives water from Parr
Reservoir through the Fairfield pumped storage facility. The impoundment has a surface area of

| about 2.8 x 107 m2 (6800 acres) and extends north of the Summer site for about 11 km (7 miles).
; The average depth is 17 m (57 ft), and in the deepest parts the impoundment is about 30 m
| (100ft). During planned operations, the nonnal drawdown in the impoundment will be about 1.4 m

(4.5 ft), representing about 3.6 x 107 3 (20,000 acre-ft). The design elevation of the tipound-m
ment,130 m (425 ft) above mean sea level, will be reached each day by pumping water bact from
Parr Reservoir. The impoundment, without the nuclear station, is expected to have an average
surface evaporation rate of 0.93 m3/sec (33 cfs). After initial filling, only the evaporation
losses and seepage to groundwater will have to be made up from the Broad River. Seepage is
expected to reent3r the Broad River as groundwater. Figure 2.4 shows the flow and volume
relationships between Monticello Reservoir, the Summer station, and the environs. As can be
seen from this illustration, Monticello Reservoir is larger than Parr Reservoir, and the daily
circulation through the Sunner station is a small fraction of the Monticello Reservoir volume.

2.3.1.3 Other reservoirs

Columbia Dam is aoproximately 45 km (28 miles) downstream from the site on the Broad River. It
is a small reservoir with a surface area of only about 1.1 x 106 m2 (265 acres).
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Thsre are two small impoundments within Monticello Reservoir, The first is a small recreational
impoundment in the riorthern portion that is physically isolated and not subject to water level
changes from operation of the pumped storage facility. The second is the service water pond,
which is protected by Seismic Category I dams and is part of the ultimate heat sink system for
the plant.

2.3.1.4 Groundwater

Groundwater in the region occurs in two types of formations: (1) jointed and fractured crystal-
lin2 bedrock and (2) the lower zones in the residual soil overburden. Recharge to these forma-
tions is by infiltration of precipitation falling in the upland areas. Some of the water
infiltrating the surface soils ev3porates, transpires from plants, or reemerges at the surface
at short distances downslope from the point of infiltration. A small portion of the water
parcolates to perched water zones in the lower soils and into the water table in the underlying
jointed bedrock.

In general, the groundwater table follows the land surface but with more subdued relief.
Groundwater discharges as visible seeps and springs and/or percolates through the ground into
crs:ks and streams. Some groundwater is discharged via wells, but the amount pumped is very
small because the formations are generally not permeable enough to sustain well yields greater

3than 30 to 61 m / day (5 to 10 gpm). Construction and operation of the Sununer station should not
affect local use of groundwater.

The overburden soils release water slowly to the lower, more permeable units. As a result of.

the storage effect, yields of wells and flows of springs remain fairly constant and are sus-
tained during periods of deficient precipitation.

The quality of groundwater that occurs within 61 m (200 ft) of the surface in the region is
satisfactory for most industrial and domestic purposes. The water is low in dissolved solids,
but high iron concentrations are commonly reported.

! Following the recent impoundment of Monticello Reservoir, groundwater elevations may be expected
to gradually rise. This is discussed further in Sect. 4.3.

2.3.2 Water use
'

2.3.2.1 Groundwater use

There are approximately 100 wells within 32 km (20 miles) of the site. Groundwater in the
' region is principally used fcr individual households and livestock. Wells in the region range

from 19 to lli m (62 to 365 f:) deep but are commonly less than 61 m (200 ft) deep, yielding
61 m3/ day (10 gpm) and less. Future groundwater development in the region is limited by the
relatively law yield of the groundwater systems. The nearest well to the site is approximately
1.6 km (1 mile) to the east. The nearest public water supply is the well field at Jenkinsville,
about 4 km (2.5 miles) southeast of the site. No groundwater will be used in the operatien of
the Summer station.

2.3.2.2 Surface-water use

Downstream of the site, surface water is withdrawn by a number of municipalities and industries.
The largest user and the nearest population center on the Broad River is the city of Columbia,
approximately 45 km, measured along the river (28 river miles), from the site. Columbia uses an
average of 1.2 x 105 3m / day (28.8 x 106 gpd), and nearly all municipal water is obtained from
the Broad River. Table 2.8 gives approximate surface-water consumptive use from the Broad River
downstream from the site.

Surface water is not used for irrigation at the present time, and there is no evidence that this
practice will begin in the near future.

_ - _ _ _- _ .___ _ . _- . _ ,
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Table 2.8. significant downstream surface water users

^# * 9' Population or
Location and daily use for gg g,g pg

water user drinking water
(Mgd)

Fairfield County
SCE&G, Parr Dam 0.030 Broad River

Richland County
Cit, et Columbia 27.0 228.456 Broad River,Saluda River

Lexingwn County
City of West Columbia 2.8 19,690 Saluda River

Calhoun County
Caroli,u Eastiaan Co. 0.036 800 Congaree River

Berkeley County
Georgia Pacific 0.; Lake Moultrie
Santee Wool Combing Co. 0.366 Santee River
Ciiy of Cnarleston 1.5 Black River Reservoir
Verona Div. Baychwn Corp. NS' Black River Reservoir
The DuPont Co. NS Cooper River
SCE&G, Williams Station 0.003 65 Cooper River
Amoco (future plant) NS Black River Reservoir

Georgetown County
Unknown user NS North Santee River

*NS - Average riaily use not specified for new, future, and unknown users.

Source: OL ER. Table 3.3.1.

2.4 METEOROLOGY

2.4.1 Regional climatology

The climate of the Summer site can be described as temperate and is characterized by long, wartt
sumers and cool winters. Cold air movine ,outhward into the area is modified by crossing the
Appalachian Mcuntains. The summet & cu',ation pattern is dominated by the semipermanent Bermuda
high~ which brings warm, moist air up from the Gulf of Mexico. The mean number of days annually,

with temperatures of 32*C (90*F) or higher is about 60; the mean number of days annually with
temperatures of 0*C (32*F) or lower is also about 60.

2.4.2 Local meteorology

Data from the Climatic Atlas,8 data for Columbia 8 located about 42 km (26 miles) southeast of
the Summer site and available onsite informationto,31 were used to assess the local meteorological
characteristics of the site.

Mean monthly temperatures in the vicinity of the site may be expected to range from about 7*C
(45*F) in January to about 27*C (81*F) in July. Record maximum and minimum temperaturcs at
Columbia are 42*C (107*F) and -19*C (-2*F) respectively.

Annual average prec*pitation at Columbia is about 1170 mm (46 in.) and is well distributed
throughout the year. The maximum monthly average of about-140 mm (6 in.) at Columbia occurs
in both July and August. The minimum monthly average at Columbia, about 60 mm (2 in.), occurs
in November. The maximum 24-hr rainfall reported at Columbia is about 195 mm (7.66 in.), record *d
in August 1949. Annual average snowfall is between 25 and 50 mm (1 to 2 in.), although 399 mm
(15.7 in ) of snow fell at Columbia in a 24-hr period in February 1973.
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At Columbia, heavy fog (visibility 400 m (1300 f t) or less] occurs on about 30 days annually,
avsraging 3 days each month f rom Sefitember through January.

The applicant has provided three years (January 1975 through December 1977) of meteorological
data representative of site conditions.81 The wind rose for the 10.5-m (34.4-ft) level for ;

this three year period is shown in Fig. 2.5. Winds from. the southwest and south-southwest are
'

most frequent (9.6 and 9.3% respectively), with winus from the east-southeast ar.d east being
1sss frequent (3.8 and 4.0% respectively). Calm conditions were recorded less than 0.1% of
the time at the 10.5-m level.,

4

2.4.3 Severe weather

The Summer site may be af fected by thundersturms, tornadoes, tropical storms, and hurricanes.
'

Thunderstorms can be expected to occur,on about 55 days per year; 60% of these days should occur
in June, July, and August.9 The applicant estimates that lightning (usually accompanying
thunderstorms) will strike the reactor building about once every two years. Severe thunderstorms
can be accompanied by high winds and hall; there were 22 reports of winds of 25 m/sec (50 knots)

,

or more and 14 reports of hail 20 mm (three quarters of an inch) or more in diameter during thep;riod 1955 through 1967 in the one-degree latitude-longitude square containing the site.1
Tha " fastest mile" wind speed reported at Columbia was 27 m/sec (60 mph).

Information indicates that 49 tornadocs were reported in the period 1953 through 1974 in a
10,000-sq -mile area containing the site, a mean annual frequency of 2.2.13 The computed
ricurrence interval for a tornado at 'the plant site is about 1590 years.14

in the period 1871 through 1977, about 45 tropical depressions, storms, and hurricanes passed
within 80 km (50 miles) of the site.85,86

In the period 1936 through 1970, there were about 84 atmospheric stagnation cases, totalling
tbout 340 days, reported in the site area.37 About eight cases lasted seven days or more. The
maximum monthly frequency occurs in October.

2.4.4 tong-term (routine) dispersion estimates

Th2 applicant provided onsite meteorological data in the form of joint frequency distributions
of wind speed, wind direction, and atmospheric stability for the period January 1975 through
D2cember 1977. Wind speed and direction were measured at the 10.5-m level, and atmospheric
stability was defined by the vertical temperature gradient measured between 10- and 61-m (33-
and 200-ft) levels. Data recovery for the perind January 1975 through December 1977 was 96%.

Estimates of annual average atmospheric dispersion conditions were made for the Summer site
,

using the three years of meteorological data as input to the atmospheric dispersion model
prssented in NUREG-0324.sa This model is based on the " Constant Mean Wind Direction" model
discribed in Regulatory Guide 1.111.19 All releases were considered as ground level, and,

adjustments were.made for mixing within the building cavity. An esti;aate of the increast in
relative concentration (x/Q) and relative deposition (D/Q) because of spatial and temporal
variations, in airflow, not considered in the straight-line model, was included as presented
in NUREG-0324.

Th2 calculation also included consideration of intermittent releases during more adverse atmos-
ph2ric conditions than indicated by an annual average calculation by using the methodology

-discribed in NUREG-0324 that considers the total duration of release. Radioactive decay of
effluents and depletion of the effluent plume were considered as described in Regulatory
Guide 1.111.

!

_ - - - _ _ _ _ _ _ . _ _ _ _
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Fig. 2.5 Wind Rose at 10.5 meter level - January 1975 through December 1977-
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2.5 SITE ECOLOGY

2.5.1 Terrestrial ecology

Ec3 logical features of the plant site and vicinity were described in the FES-CP. Major changes
in the terrestrial ecological features of the area since construction began have resulted
primarily from land clearance for construction of the nuclear plant [356 ha (880 acres)], the
filling of Monticello Reservoir [2750 ha (6800 acres)], increasing the capacity of Parr Reser-
v2ir [1012 ha (2500 acres)], and transmissiors line construction [572 ha (1410 acres) excluding
168 ha (415 acres) of unforested area that undsrwent no clearing before construction].

2. 5.1.1 Plants

The vegetation associations removed by construction can be subdivided into four major com-
munity types (OL-ER, p. 2.2-1). A coniferous community on the well-drained upland sites was
dominated by loblolly pine (Pinus taeda) and lungleaf pine (P palustris). Lowlands were
c vered on well-drained sites by deciduous species, including yellow poplar (Liriodendron
tulipifera), oak species (Quercus ,sp_.), and sycamore (Platanus o,ccidentalis), and on poorly
drained sites by willow (Salix _sp_.), blackgum (Nyssa sylvatica), water oak (Wercus nigra),
and red maple (Acer rubrum). Mixed coniferous and deciduous comm.inities, composed piImarily
cf the aforementioned species, occurreu c,n slopes where pine was logged allowing deciduous
understory species to reach the forest canopy. A prairie-like community occurred on lands
us:d as open pasture and on abandoncd farmlands. The community was dominated by grass species
in spring (bluestems, Andropogon virginicus and A. gerarc!; * w e-awn, Aristid
members of the sunflower or aster family (goldenrod, Solidago sp; fleabane, Er$ sp.) and bywa y sn; etc.)
in late summer.

The flora observed at the Summer site consisted of 108 identified species, 99 genera, and
51 families (OL-ER, Appendix 2A, Tables 3.4.1 and 5.3.1). The staff finds that none of the
species encountered in the site area are listed or proposed for Federal status as endangered or
threatened.20

To date, the only plant species listed as endangered that occur in South Carolina include
Trillium persistens and Sagittaria fasciculata (on the coastal plain).20

Ec:nomically important tree species include lobiolly pine, several Oak species, sweetgum
(Liquidambar styraciflua), hickcry species (Carya sp. ), and red cedar (Juniperus virginiana).
S;cond growth lobiolly pine is the principal commercial species in the study area. As deter-
cinec' primarily from loblolly production, Newberry County was first and Fairfield County second
among South Carolina counties in pulpwood production during 1975.21 Ar.nual loblolly pine pr":-
duction in the site area is about 575 bd ft/ha (OL-ER, p. 4.1-2).

2. 5.1. 2 Animals

In wildlife surveys conductsd before and after issuance of the FES-CP, terrestrial vertebrate
species observed on the nuclear plant site totaled 170, including 127 birds (0L-ER, Appendix 2A,
Table 5.6.1, and Appendit 2B, Table 5.6.2a), 20 mammals (0L-ER, Appendix 2A, Sect. S /.3; FES-CP,
Appendix A, Table 5.5.1), and 18 reptiles and 5 amphibians (OL-ER, Appendix 2A, Table 5.5.1).

Little new information on important species was glear,ed from extensive sampling subsequent to
issuance of the FES-CP, although there were minor differences in observations of vertebrate
species of recreational importance (white-tail deer, turkey, bobwhite quail, mourning dove, and
wood duck). An additional eleven transient species of ducks (black, pintail, ring-r.ecked,
buf flehead, baldpate, gadwall, and euddy ducks; American widgeon, blue-winged teal; hooded and
common mergansars) were observed either wintering in the area or migrating through it (OL-ER,
Appendix 2A, Tacle 5.6.4, and Appendix 28, Table 5.2.6a). No additional game mammals were seen,
cithough the oppossum, a furbea m r, was observed. Also, the red iox (Vulpes fulva) and the
bobcat (Lynx rufus) were mentioned as likely residents of the area (OL-ER, p. 2.2-9).
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Several endangered or threatened species 22 were observed or generally occur in the region, but
all are known to be transients rather than residents. The red-cockaded woodpecker was observed
in the region in 1971 (OL-ER, Appendix 2A, p. 5.6-30). The southern bald eagle, which normally
nests along the Atlantic coast, was observed at Pa:*r Reservoir in early August 1973 (OL-ER,
Appendix 2A, p. 5.6-30). Suitable nesting habitat for Bachman's warbler (heavily timbered
swamp, low brush, briers, or cane less than 1 m above the ground) occurs sporadically along the
Broad River, but the warbler has never been seen there (OL-ER, Appendix 2A, pp. 5.6-30 and
5.6e31). The eastern indigo snake is testricted to coastal plain areas and IIves primarily in
sandhill communities where it frequents streams and swamps.23

Among endangered mammals, only the mountain lion (Felis concolor) was reported * in the project
vicinity (OL-ER, Appendix 2A, p. 5.7-10). The citation did not specify date or location; the
staff believes it is very unlikely that the mountain lion (if correctly identified) could be
part of a reproducing population.

2. 5. 2 Aquatic ecciogy

The Summer station is loi.ated on the shon of the newly formed Monticello Reservoir. It will
utilize the reservoir as a water sourt.e for its once-through cooling system. Monticello Reser-
voir has only recently been filled (spring 1978), and baseline data on water quality are sparse
and are nonexistent for aquatic .sta. A baseline preoperational aquatic survey of Monticello
is currently oeing conducted by the applicant and will provide data useful in more accurately
predicting operational Impacts. The generalized analysis of projected aquatic impacts from
station operation (Sect. 4.4) is based on data presented here, which the applicant collected for
the preimpoundment Parr Reservoir Broad River area, and a postulated aquatic ecosystem for the
newly formed ffonticello Reservoir.

2.5.2.1 Surface-water description

Parr Reservoir was created by the 1914 damming of the Broad River to provide a pool for the
original Parr hydroelectric facility. It was a relatively small and shallow (generally <6 m in
depth) turbid m3in channel reservoir characterized by fairly low productivity, Monticello
Reservoir was formed by the damming of Frees Creek, a very small tributary of the Broad River
that flowed into Parc Reservoir about 2 km (1.2 miles) upstream from i.5e existing Parr Dam. It
was designed to serve both as the cooling lake for the Summer nuclear stab on and as the upper
pool for the Fairfield pumped storage facility (with an enlarged Parr Reservoir serving as the
lower pool). Water flow from Frees Creek into the newly created Monticello Reservoir was
negligible, and use of the Fairfield pump / turbines was necessary to initially fill Monticello
with water from Parr Reservoir and will be needed to maintain the m rage level in Monticello.

The amount of water that will be removed and returned to Parr daily (Sect. 2.3.1) represents
approximately 88% of Parr's total capacity (1.1 day turnover rate) and will produce 3-m (10-ft)
water f1tetuations in Parr, exposing and recovering about 1030 ha (over 2550 acres) of littoral
zone with each cycle. This daily " tide" will af fect about a 16-km (10-mile) stretch of shore-
line in Parr Reservoir. There will be an accompanying smaller water fluctuation of about 1.4 m,

(4.5 ft) in the much larger Monticello Reservoir, exposing about 64 km (40 miles) of shoreline.-

The daily water exchange through Fairfield represents about 7% of the total water volume in:

Monticello (14 day turnover rate).

Baseline water quality and aquatic biota data presented in the following sections are a summary
of the efforts made by the applicant to characterize this region before the enlarging of Parr
Reservoir or the construction of Monticello Reservoir. In addition, since the filling of
Monticello Reservoir, the Fairfield pumped storage facility has been intermittently operational
at reduced capacity, and its effects on the enlarged Parr Reservoir are not reflected in the
following data.

Reported to the applicant by W. Schrader, a local private citizen.

. - -- . - _ . _ _ _ . _
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2.5.2.2 Water quality

Seven transects with a total of 15 collecting points were designated by the applicant in the
1971 to 1974 baseline study (0L-ER, p. 3.1-1). These transects and stations were located above,
below, and within Parr Reservoir and in Frees Creek (OL-ER, Appendix 2A, Map of Project Area).

Water temperatures were recorded at six stations from June 1971 to May 1973. Surface tempera-
tures varied between 31.5'C (88.7 F) and 7.0 C (44.6'F) and bottom temperatures between 28.5 C
(83.3*F) and 7.5*C (45.5'F).

Transparency in the Broad River was poor regardless of location or date of sampling and was
restricted primarily by silt and clay. Secchi disk readings vaeled between 0.1 m (0.3 ft) and
0.1 m (2.3 ft) and averaged 0.35 m (1.2 ft). Sediment samples teken in the Parr Reservoir
indicated that silt and clay predominated although some stations had a substrate consisting
of a mixture of coarse, medium, and fine sand.

Some water quality values for the Parr Reservoir are given in leies 2.9 and 2.10. Dissolved
cxygen values were near saturation for both surface and bottom sqles in the shallow Parr
R2servoir. The pH was approximately neutral. Dissolved and suspended solids averaged
119.5 mg/ liter and 295.2 mg/ liter, respectively, and the water was sof t, with total hardness

24 indicate thatavsraging 17.8 mg/ liter. Preliminary data from preoperational monitoring
dissolved oxygen concentrations in Monticello are high (even at depth); flushing action of the-

adjacent pumped storage facility is probably the cause of these concentrations.

2.5.2.3 Biota

A total of 260 phytoplankton species wet e collected from Parr Reservoir during the baseline
study. The major groupings were Chlorophyta, 48 species; Chrysophyta,199; Cyanophyta, 6;
Euglinophyta, 5; and Pyrrhophyta, 2 (0L-ER, Appendix 2C, p. 2.3-1). Seasonal fluctuations of
sp aies composition were observed; greatest diversity usually occurred in March. Densities
were low, varying from 134 to 1163 per liter (averaging 497 per liter). Taxa of the
Chlamydomonadaceae (unidentified) were the most abundant algae, and Melosira distans andi

Nitzschia palea the next most abundant. Net phytoplankton biomass ranged from 0.3 to 22.8 mg
pIr 100 liters (ash-free dry weight), with means of 2.1,10.2, and 5.5 mg per 100 liters for the
months of November, February, and May 1972 '.o 1973 respectively (0L-ER, Appendix 2A, Sect.
3.3.4.3). Assimilation values for carbon-14 were moderate, about 18 mg C m 3 hr 2 (0 L- E R ,
Appendix 2C, Sect. 2.3.3.1.2).

Thirty-four zooplankton species were collected in the most recent phase of the baseline study
fer Parr Reservoir: Protozoa, 6 species; Porifera, 20; Copepeya, 2; and Cladocera, 3 (0L-ER, ;

2s and com-Appendix 2C, Sect. 2.3.3.2.1). Rotifers are usually the mos* ~3tmndant zooplankter
prised up to 73% of some Broad River samples. No one species wac clearly dominant, and mean
densities were usually less than 50 per liter. The copepod and cladoceran densities were low.
In general, the relatively low densities of phytoplankton and zooplankton in Parr Reservoir
indicate that a restricted productive capacity existed in this river system, probably because of
the high turbidity and lotic cond;tions.

Eighteen species of vascular hydrophytes were identified in this study (0L-ER, Appendix 2A,
SIct. 3.4.1). The predominant emergent species was cattail (Typha latifolia), which occurred in
d:nse colonies along portions of the shoreline. Submergent species were generally not abundant,
but were most prevalent in areas of reduced water flow.

1

Ekman dredge samples of the benthic community were taken to characterize this important habitat ,

(0L-ER, Appendix 2A, Sect. 3.5.2). Sixty-six insect taxa were collected; Diptera and Ephemero-
ptera species dominated. Numerically, the dominate species were chironomid larvae, the phantom
cidge (Chaoborus punctipennis), and the burrowing mayfly (Hexagenia limbata). Densitites of
insects ranged from 0 to 3/63 per square meter, with the greatest densities occurring in June
and November. The turbidity, current, substrate, and silt deposition in Parr Reservoir probably
limited both insect diversity and density.

. - -- - . - - - _ _ _ - _ .
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TaWe 2.9. Water quehty dr a. for Frees Creek and Bened River

Data in mg/ liter except as noted
j

Station *

B- D+ A-
Determinaten

Number Number Number
Minimum Maximum Mean of data Minin.um Manimum Mean of data Minimum Maximum Mean of data

points points points

Total dissolved solids 32 33 32.5 2 7 580 107.5 20 8 865 142 2 20
Total suspended solids 74 79 76.5 2 12 1110 275.9 20 16 1170 275.4 20

; Total solids 106 112 109 2 49 1310 385 20 48 1750 417.6 20
Specific conductance, umhos/cm 53 103 81 20 27 100 58 5 318 33 116 63 218
Total alkalinity 31 44 37 2 13 29 21 20 13 26 20 20
Calcium hardness 18 20 19 2 4 18 12.4 20 10 16 13 20
Magnesium hardness 2 10 6 2 2 6 2.7 20 2 6 2.6 20 7

Total hardness 20 30 25 2 12 20 15.5 20 14 20 15.6 20 @
Chlorides (Cl) 4.89 5.89 5.39 2 1.89 6.89 4.56 20 1.30 5.89 434 20 t
Sulfates (SO.) 13 2.0 1.6 2 2.0 5.5 3.6 20 2D 53 3.5 20
Nitrates (NC ) 0.51 051 0.51 2 033 0 89 0.70 20 0a"! 0.89 0.67 203

pH 6.7 7.4 7.2 20 6.4 7.6 7D 315 6.3 8.0 7.2 207
Air temperature, C 0.6 23.1 12.8 20 33 17.6 318 0.0 29.7 16 218
Water temperature,*C 6.6 21.5 12.7 20 33 29.7 16.0 318 33 28.1 14.9 218
Dissolved oxygen 5.8 10.4 8.2 20 3.8 13.2 7.7 318 5.0 14.8 83 218 I

Secchi disc, m 0.25 0.41 0.33 2 0.03 0.51 0.28 20 0.03 0.46 023 20
Color 75 125 100 2 40 750 122 20 40 750 143 20'

Chemical oxygen demand 9.7 11.0 10 4 2 0 47 15.12 15 0 65 60 19.G1 16
'

Soluble SiO 30.0 30.5 30.2 2 12 23 18.6 20 12 22.5 18 0 20 |2

Sediment 20 140 .5 20 40 4780 450 '319 60 6340 623 218
>

* Station 8- located about 1.5 km (0.3 mile) upstivam in Frees Creek. D+ located on upstream side of Parr Dam, and A- about 14 km (8.7 miles) above Parr '

Cam.
Source: OL-ER, A pdix 28. Tables 3.2.9a and 3.2.10s.

|
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Table. 2.10. Trece metal snelyses of surface waters of the
Brood River study eroe (April 24,1974)

Dati in mg/ liter except as noted

Station *
Determination

B- D+ A-

Sodium (Na) 8.3 6.2 3.6

Magnesium (Mg) 2.7 1.5 1.7

Aluminum (AI) 1.9 2.9 1.8

Arsenic ( As) 0.01 <0.01 0.01

Cadmium (Cd) <0.01 <0.01 <0.01
Chromium (Cr), total <0.03 <0.03 <0.03

Fluoride (F) 0.19 0.18 0.10
Iron (Fe), total 2.7 1.2 0.95

Lead (Pb) <0.05 <0.05 <0.c5
Manganese (Mn) 0.82 0.06 0.05

Mercury fHg), pg/ liter <0.2 <.0.2 <0.2

Nickei (Ni) <0.02 <0.02 <0.02

Tin (Sn) <2.0 <2.0 <2.0 ,

Zinc (Zn) <0.02 <0.02 <0.02

Selenium (Se) <0.01 <0.01 <Lh1
Vanadium (V) <0.01 <0.01 <0.01

Beryllium (Be) <0.02 <0.02 <0.02

Boron (B) <0.1 <0.1 <0.1

Cobalt (Co) <D.02 <0.02 <0.02
Molybdenum (Mo) <0.3 <0.3 <0.3
Silver ( Ag) <C.02 <0.02 <C.02

Strontium (Sr) 0.6 0.3 <0.2
Copmr (Cu) 0.036 0.008 0.008

* Station B- locateo about 1.5 km (0.9 mile) upstream in
Frees Creek. D+ located on upstresm side cf Parr Dam, and
A- about 14 km (8.7 miles) above h.y Dam.

Source: OL.ER. Appendix 2B, Table 3.2.12a.

Oligochaetes and molluscs were also important components of the benthic fauna. The Oligochaeta
Branchiuran sowerbyl was a dominant form as were the pelecypods Corbicula malinensis (Asiatic

(ash-free dryclam) and Sphaerium sp. Biomass studies indicated values of 1.2 to 6.6 gm/mz

2 forwM ght) for lentic-like areas (mostly chironomids and oligochaetes) and 22.4 to lE4.1 gm/m
lotic-like areas (mostly Corbicula manilensis).

Bluegill (Lepomis macrochirus) was the most abundant fish species collected in Parr Reservoir.
Gizzard shad (Dorosoma cepedianum), mosquito fish (Gambusia affinis), white crapple (Pomoxis
ant,ularis), recear sunfish (Lepomis microlophus), and largemouth bass (Micropterus salmoides)
were found in decreasing abundan E Table 2.11 lists the species collected, along with standing
crop estimates.

2.5.2.4 Summary of baseline data for Broad River /Parr Reservoir area

The Broad River in the study area was characterized (before alteration) by a high silt load,
high dissolved oxygen and suspended solids levels, and low buffering capacity. Parr Reservoir,
a narrow, shallow, channelized run-of-the-river reservoir, had a relatively high flow rate and a
low storage ratio (less than I day turnover rate). As a result, the main portion of the
reservoir had lotic rather than lentic characteristics.

Phytriplankton production was greatest in the more lentic zones, whereas benthic cacroinverte-
brate biomass was greatn t in the lotic areas near the dam. Diatoms were numerically the
dominant species of phytoplankton. Densities of phytoplankton were always low, and population
levels fluctuated greatly throughout the study periori. Turbidity and lotic conditions appeared
to be the primary factor limiting autotrophic production. As a consequence, phytoplankton

- - - _ _ _ _ _ _ _ _ _ .
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Telde 2.11. Species eumposition, relative abundance, and everage standing
crop estimetes for Msh collected from the Broad River study aree

Standing
Percentay

, Common rame . Scientific name cropa

" " *
(Kg/ha)

81uegalt lepomis macrochirus 25.4 31.8
Girsatd shad Dorosoma cepMianum 513 15.4
Mosquito fish Gambusin affinis 73'
White crappio Pomonis annularis 2.18 6.4

~ Redear sunfish Lepomis micrc%phus 5.0 5.5

Black crappie Pomonis n gronuculatus 8.4b 5.1
Longnnse gar Lepiso.a.ws osaeus 4.1
Largemouth hass Micropterus salmoides 14.9 2.7
Wattr;outh Lepomis gulosus ~ 2.2 23
DuWtack eatpsucker Carpiodes cyprinus 2.1

/ Charim4 catfish Ictaturuspunctatus 5.8b 1.8
Shorthead redhorse ' Moxostoma anacrolepidotum 1.5
Whitefin shiner Notropis n/wus 1.0
Redbreast sunfish Lepomis auritus 0.9
Carp Cyprinus carpio 0.8

Sandbar shiner Netropis scepticvs G.8
- Brown bu1\ head ic alurusnebulosus 0.6
White catfish f(tJiurus catus 25.76 0.5
River caroucker Carp / odes carpio 0.5
Snail but| head Ictaturus brunneus 0.4

Tessellated derter Etheostoma almstedi 0.4
Golden redhorse Waxosterna erythrurum 03
Highfin carpsucker Carpiades velifer 03
SJvery minnow Hybognathus nuctslis 03

-
Scottail shiner Notropis hudsonius 03

Yellow butthead Ictalurus natalis 0.2
Pumpkinseed Lepomis gibbosus 0.1
Black bullhead /etalurus melas 0.1
Silver redhotse Moxostoma anisurum 0.1
Striped jumprock Moxostoma rupiscartes 0.1

Spotted gar Lepisostaus oeulatus 0.1
Swamp datter Etheostoma fusiforme , 0.1
Golden shiner Novemigonus chrysoleuras 0.1
Margened madtom Noturus instnis 0.1
Hybrid sunfish Lepomis sp. 0.1

Species identified subsequent to sempling

White bass Morone chrysops
Johnny darter Etheostoma nigrum
American eel Anguilla rostrata
Green sunfish Lepomis cyanellus

~

Spotted sucker Minytrema melanops

Satintm shiner Notropis analostanus
Yellow perch Perca flawscens
Longear sunfish Lepomis megalotA'
Smallfin redhorse Moxostoma robustum
Chub Hybopsis sp.

Pallid shiner Notropis amng
Creek chubsucker Erimyron oblongus
Tadpote r.t Jtom Noturus gyriv>us
Speckled mamom Naturus lentacantl..is
Threadfin shad Dorosoma perenense
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Table 2.11. foontinued)

Sta e ng Percentage

Common name Scientific name crop"
by number

(Kg/ha)
-

Cc nmon shiner Notropis corr >utus

Srnatimouth buf fato /ctiobus bubalus
Spotted sunfish Lepomis punctatus

Black redhorse Monostoma duquesnei

Suckermouth minnow Phenacobius mirabilis

White sucker Catostomus commersoni

Ffat butihead Ictaturus platycephalus
.

" Values averaged for two sample locations.See standing crop data in OL-ER, Appen-

dix 2C. Tables 2.59 and 2.5.10.
* Data for one collection site.

tppeared to contribute only marginally to the productivity of the Broad River. Allochthonous
crganic material apparently provided a large portion of the energy requirements for the river
biota.

The composition of zooplankton of the study area was numerically dominated by rotifers. The
community of benthic macroinvertebrates was characterized by relatively low diversity but, in
some portions of the reservoir, high biomass. The Asiatic clam (Corbicula malinensis) was found
in high densities in the reservoir. The burrawing mayfly (Hexagenia limbata) occurred through-
cut,the system and contributed significantly to the benthic invertebrate biomass.

Submergent vascular hydrophytes were scarra and found mainly in protected areas near the dam.
Although their abundance was usually low, emergent hydrophytes, which predominated, were found
throughout the reservoir. The paucity of submergent forms in the protected arms of the reser-
voir probably resulted from the high turbidity and fluctuating water levels.

The fishes of the study area were represented by more than 55 species, dominated numerically by
the bluegill sunfish, an important sport and ferage species. Gizzard shid, a noasport species
but important primary consumer and forage species, ranked second. Standing crop data suggest
that gizzard shad, bluegill sunfish, white catfish, and largemouth bass were the dominant
species by biomass.

2.5.2.5 Predicted limnology of Monticello Reservoir

B;cause the water and biota now found in Monticello originated in Parr Reservoir and Frees Creek,
biseline data gathered for that system will in some ways be applicable in predicting the aquatic
h:bitat and ecology sf donticello. However, there are important differences between the physical
cnvironmer.ts of Monticello and Parr reservoirs, and these must be taken into consideration when
p::stulating the aquatic ecology for Monticello.

Physical description

Monticello Reservoir differs physically from the old Parr Reservoir primarily in five respects:

1, Monticello is larger - about 100 times the volume of prealtered Parr Reservoir.

2. Monticello has-a lentic environmert (except as modified by the pumped storage facility),
whereas old Parr had lotic regions influenced by Broad River flow.

3. Monticello is deeper, averaging 17.5 m (57 ft) in depth alth a maximum of about 34 m
(110 ft); old Parr Reservoir was quite shallow, averaging less than 4 m (13 ft).
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4. Monticello is subject to stratification because of its morphometry, but old Parr rarely
exhibited signs of classical thermal stratification because of shallowness and lotic
conditions.

5. Monticella will be influenced by daily water level fluctuations of 1.4 m (4.5 ft)
induced by Fairfield pumped storage operation.

Water quality

Waterqualit{ min Monticello will be influenced by pumped storage operation and the transferof 3.57 x 10 3 (29,000 acre-ft) of water da'ly between Monticello and Parr. Preliminary
thermal mapping by the applicant (June and July 1978) indicated that thermal and dissolved
oxygen stratification and increased clarity (compared to Parr Reservoir levels) were in evidence
in Monticello even when measured near the Fairfield intake structure. However, the Fairfield
pumped storage facility had not been fully operational before these neasurements were taken.
Pemped storage operation will most likely disturb limnetic stratification, increase turbidity,
dnd increase dissolved oxygen levels of the deeper water levels in Monticello near the intake /
discharge structure. Vertical and horizontal circulation within Monticello will probably be
enhanced by pumped storage operation.

Preliminary water quality data for Monticello indicate a fairly good aquatic environment.
Surface dissolved oxygen values averaged near 8.9 mg/ liter, or about 100% saturation, at the
measured temperatures. Dissolved oxygen values decreased with depth, averaging 4.4 mg/ liter at
an average temperature of 14.2 C (57.6 F) and an average depth of 22 m (66.2 ft). These are,
however, preliminary data for this newly formed system and will change as it ages and Fairfield
becomes fully operational.

Aquatic flora and fauna

The recent impoundment of Monticello, the substantial but undefined influence of the Fairfield
pumped storage facility, and the absence of an adequate biological data base for Monticello
limit the ability to qualitatively and quantitatively predict the fauna ar/1 flora that will
develop in this aquatic environment. It is assumed that Monticello will undergo a postimpound-
ment development cycle (" aging") of from three to ten years, and after maturity its biota will
be similar to other lakes and impourrhents in this generL1 area (as modified, however, by pumped
storage and nuclear plant operation).

B' otic colonization of Monticello has been initiated and will be influenced in its early stages
mainly by input from Parr Reservoir through the Fairfield pumped storage facility. Species
t.ransported from Parr or that were in Frees Creek before inundation and are adapted ta a
shallow, flowing habitat will be quickly eliminated or eventually displaced (successicn) bythose adapted to a more lentic environment.

Leaching of nutrients from the newly inundated soils and vegetation along with more lentic
conditions, relatively reduced turbidity, and enhanced nutrient mixing through pumped storage
operation should stimulate phytoplankton and zooplankton community diversity and allow achieve-
ment of densities above the low values reported in the basaline survey for Parr (Sect. 2.5.2.3).
Copepod and cladoceran species will become more abundant, of ten the case for lentic conditions.24
Probably fewer insect, mollusc, and fish species will utilize the benthic environment because of
the morphology and possible oevelcpment of an oxygen deficient hypolimnion; although depending
on the sediment types and extent of deoxygenation, the midge /oligochate/ mollusc communities mayattain relatively hign densities. The fish species listed in Table 2.11 for Parr Reservoir will
be introduced to Monticello either as egg, larval, juvenile, or adult forms. In addition, a
State-sponsored stocking program for the fishing impounJment in upper Monticello will introduce
forage and game species (bluegill, largemouth bass) into this environment.

Establishment of thesa species will be in proportion to their abilities to adapt to this lentic
environment as pe,rturbed and modified by pumped storage operation. Pumped storage operation
will modify the biotic environment in Monticello primar.ly in two ways: by induced water fluc-
tuations and uiixing in Monticello and by direct turbine related fatalities caused by passage of
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organisms through the Fairfield system. The standing crop of littoral benthic hydrophytes can
b2 expected to be relatively low because of the daily 1.5-m (4.5-ft) water fluctuations,
r:;sulting in reduced primary productivity and reduced juvenile fish habitat in Monticello.
Species that use the shoreline during reproduction (nest-building species and those that ("s-
perse their eggs alongshore), in particular, may be adversely influenced by water level 1 luc-
tuitions in Monticello.2s_2s The extent of possible interference with the reproductive
activities of. nest-building centrarchids (bluegill, largemouth bass, other sunfish, etc.) and/or
cgg-dispersing clupeids, both important prey species, is uncertain. Rapid water level fluctua-
tions during the spawning season can induce mortality in both groups through egg desiccation.
There is some evidence, however, that centrarchids are able to adjust to periodic water level
fluctuations by building their nests below minimum pool elevacion,26,2s but in such situations
they are adversely affected by water valocities.2s If shoreline water velocities in areas of
Monticello exceed about 0.2 m/sec during pumped storage operation, then centrarchid reprodection
may be further hindered.

Pumped storage operation (enhanced mixing and input of highly turbid Broad River water) will
krep the turbidity level in Monticello above that which would otherwise occur. The higher
turbidity will reduce phytoplanktonic and littoral rooted vascular hydrophyte productivity.
The productivity of the latter will also be reduced by daily 1.4-m (4.5-ft) water level fluctua-
tions. This reduction in primary productivity is difficult to predict, but may be significant.
Organic input to this system may rely heavily on allochthonous material received either directly
from the surrounding shoreline or indirectly fro;n Parr Reservoir through the pumped storage
facility.

Pissage of fish and other organisms through the Fairfield pumped storage pump /turbinas will'

induce mortalities and probably affect standing crops of fish in Monticello. Fish screens are
nit present, and approach velocities during generation vary from about 150 cm/sec (5 fps) in
front of the trash racks to over 600 cm/sec (20 fps) approaching the four 8.4-m-diam (26-ft)
intakes. One pass mortalities for pumped storage passage range between 33 and 75%, averaging
about 60%.2s Specific mortalities for this facility and their effect on standing crops are
difficult to predict because they depend on the mechanical design of the pumped storage
fccility, the species composition, size class, distribution of fish, and the strata from which
the station draws off water. For example, upper strata withdrawal for the Jocassee Hydrostation
Entrains more young-of-the year fish than does deep water withdrawal.27 At Fairfield, water
will be withdrawn from bo.h the surface and deeper strata during generation. Fish passing
stfely through Fairfield into Parr will most likely be drawn back throu0h the pump / turbines
Preliminary biological and water quality data received by the staff from the applicant 24,so
since publication of the DES indicate that Monticello Reservoir is undergoing biological coloni-
zition. Benthic macroinvertebrates were dominated by Diptera, with others (including C_orbicula,
the Asiatic clam) becoming established. Centrarchids (8 species) dominate the fish population,
with bluegills the most abundant. The creek chubsucker was the second most abundant species.
Gizzard shad had become established but were not abundant. Icthyoplankton samples indicate
that reproducing populations of crappie, gizzard shad, and sunfish exist in Monticello. Vascular
hydrophytes are sparse and are confined to the littoral zone.

These preliminary data describe an evolving system. Alterations may be expected as the system
Eges prior to commencement of operation of the Summer Station.

The staff expects that a species composition typical of reservoirt in this general area will
eventually evolve in Monticello Reservoir, although primary productivity and standing crops of
fish species may be reduced by the predictable but unquantifiable perturbations induced by
pumped storage operation.
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3. THE STATION

3.1 INTRODUCTION

Since the issuance of the FES-CP, there have been a few relatively minor changes in the
design parameters of the Virgil C. Summer Nuclear Station. In the following sections,
the staff presents updated evaluations of plant systems operations. Particular emphasis is
given to radioactive waste treatment systems, chemical waste treatment systems, and waste
h:at dissipation. Major system changes are noted where applicable.

3.2 DESIGN AND OTHER SIGNIFICANT CHANGES

3.2.1 Water supply

All water necessary for plant operation will be supplied from Monticello Reservoir. Table 3.1
givds anticipated flow rates of all plant water supply systems for maximum pcwer operations,
minimum power operations, ar.d temporary shutdown. The only consumptive use of Monticello
Reservoir water will ce from the increased evaporation (above ambient) due to the thermal loads
imposed by the plant. The incremental increase is estimated to be about 0.37 m /sec (13 cfs).3

Tha ultimate sources of makeup water to the reservoir will be the Broad River, runoff from
several small t-ibutaries of Monticello Reservoir, and direct rainfall into the reservoir.

Table 3.1. Flow rates (gpm)

Maximurn power Minimum anticipated Temporary
operat.on power operation shutdowr.

Circulating water. total 534,000 400,000 400,000

Main condensers 480,000 360,000 366,000

Other coohng services 54,000 34.000 34.000

Service water, total 12,000 12.000 12,000

Component cooling heat exchangers 9,000 9,000 9,000

Other cooling services 3.00? 3,000 3.000

25J.0 30.0 30.0
Steam generator
San tary wastes 15.6 8.o 8.0i

Miscel:aneous nonnuclear drains 66.0 10.5 10.5

Water trer.. ment studges 20.0 2.1 2.1

lon exchange regenerant 11.1 2.1 2.1

o.14 0.14 0 14
Reactor grade water
Nuclear plant drains 0.93 o.93 0 93

Laundry and hot showers o.31 0.31 0.31

Potable water usage 15.6 15.6 15.6

Source: FSAR, Table 3.3 2.

The average annual flow of the Broad River is 173 m3/sec (6100 cfs). The large storage volumes
provided by Parr and M0nticello reservoirs would be able to maintain the minimum flow require-
ment of 4.2 m /sec (149 cfs) discharge over Parr Dam for an extended period of drought and still3

3 The staff lprovide the nominal 3.37 m /sec of makeup water for the operation of the plant.
therefore concludes that there is adequate water supply for plant operation.

3-1
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3.2.2 External appearance

The applicant has decided to let the exposed surfaces of the concrete reactor-containment
building and other concrete structures weather naturally rather than applying any surfacecoating. The steel-framed structures are enclosed with metal siding of bluish color. Where
feasible, the metal siding has been subdivided with vertical panels of. translucent material,
which permit diffused natural light to enter the buildings and add a visually pleasing changeto the expanse of metal siding.

In their site visit, the staff found that the Sumer station is not usually noticeable except
from tb.e open fields adjacent to Monticello Reservoir and from the State highway crossingthe reservoir. This highway crosses at the 121-ha (300-acre) public recreation area near the
extre.:.e end cf the reservoir, about 8.9 km (5.5 miles) away from the plant site.

3.2.3 Reactor and steam-electric system

The nuclear steam supply system (NSSS) for the Summer station is a three-loop PWR designed
and furnished by Westinghouse Electric Corporation and has a core thermal power level of
2775 MW. The turbine-generator was supplied by General Electric Company and has a nominalpower output of 900 MWe.

Subsequent to the construction permit proceedings, the reactor fuel element design for the
Summer station has been slightly altered (FES-CP and OL-ER). This design change neither alters
the maximum reactor thermal power level nor results in any change-in the environmental impact.

There have been no other changes in the design of the reactor and steam-electric system that
would result in a significant difference in the impact of the station on the environment.
Tlerefore, Sect. III.C. of the FES-CP is still valid (Appendix H).

3.2.4 Heat dissipation system

The heat dissipation system at the Sumer station consists of two subsystems: the circulating
water system and the service water system. Makeup water for both of tnese systems is obtained
from Monticello Reservoir.

3.2.4.1 Circulating water system

The circulating water system is designed to remove 6.67 x 109 Btu /hr of heat from the main and
auxiliary condensers as well as the turbine auxiliaries. Cooling water is withdrawn from
Monticello Reservoir at a rate of 2030 m / min (534,000 gpn), paned through the system, and3

ultimately returned to Monticello Reservoir. The intake structure, located along the south
shoreline of the reservoir, has three pump bays, each with two entrances. Each entrance is
4 m (13 f t) wide and 7.8 m (25.5 ft) high, extending from the bottom of the pap house
[ elevation 119 m (390.0 ft)] to the bottom of a skimmer wall [ elevation 126.5 m (415.5 ft)].Each entrance has two sets of trash racks, conventional vertical traveling screens, ard addi-
tional trash bars downstraam of the screens. The applicant estimated the velocities within
the intake structure for specific reservoir levels with all pumps operating. These velocities
should be as follows:

Emergency Normal low Normal high
drawdown level level

[ elevation [ elevation [ elevation
127 m (418 ft)] 128 m (420.5 ft)] 129.5 m (425 ft)]

Approach velocity 0.17 (0.55) 0.16 (0.51) 0.13 (0.44)measured midway
between traveling
screen ano tra^
rack, m/sec (.gs)

- - . . -
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Emerg:ncy Normal low Normal high

drawdown level level

[ elevation [ elevation- [ elevation
127 m (418 ft)] 128 m (420.5 ft)] 129.5 m (425 ft)]

Vslocity through the
scr:en, m/sec (fps),
whrn screens are

100% clean 0.38(1.24) 0.34(1.13) 0.30 (1.00)
0.40 (1.?2)

75% clean 0.50 (1.65) 0.46 (1.51) -

50% clean 0.76(2.48) 0.69 (2.27) 0.60 (1.98)

Further design details of the intake structure are shown in Fig. 3.1.

Tha heated water is returned to Monticello Reservoir via a discharge canal. The circulating
water is delivered through a 12-f t-diam concrete pipe, which has an invert elevation of 123 mThe outlet(403.5 ft), to a semienclosed basin created by the dam for the service water pond. This canalfor this basin is a canal that discharges the water to a sidearm of the reservoir.
is trapezoidal, with an invert elevation of 123 m (404 ft); the canal bottom 1:. 25 m (75 ft)

A jetty, 792.5-m (2600-ft) long, was built to inhibit recir-wide and the side slopes are 3:1.
culation of the heated water. A plan view of the power plant, its intake structure, and dis-
charge canal is shown in Fig. 3.2.

3.2.4.2 Thermal analysis

A thermal analysis w'as performed for the applicant by Alden Research Laboratory.1 A complete
- discussion of this analysis is given in Sect. V.B of the FES-CP.

Tha staff reviewed the appl'icant's thermal analysis and finds the results to be too conservative.
Because the excess temperatures measured in the Alden physical model do not include cny
correction for the effect of the model scaling on the surface heat transfer, the results
incorrectly indicate that the thermal effluent for the Summer station would violate the
NPDES permit condition for excess temperature at the intake to the Fairfield pumped storage

After applying an appropriate correction (discussion of which follows), the stafffacility.
finds that cperation of the Summer station will be in compliance with the NPDES permit
limitations.

The relevant section of the NPDES permit (Appendix C) reads:

A monthly average surface temperature as high as 32.2 C (90 F) may be
discharged from Monticello Reservoir; however, this surface temperature shall
not be greater than 1.66"C (3.0*F) above ambient temperature on a' monthly
averaged basis. Surface temperatures shall be considered only during the
generating mode of the Fairfield Pump Storage F'.cility.

Figure 3.3 shows plots of surface temperature, as predicted by the Alden physical model, at
the intake to the Fairfield pumped storage facility averaged over the generating mode as a
function of time under various ambient conditions. As this figure indicates, during extended
piriods of low ambier.t temperatures and Broad River flows of less than the average flow of

;

!

|
170 m3/sec (6000 cfs), the AT limitation of the NPDES permit would be exceeded.

Th2 staff has undertaken to correct this result using a more realistic surface heat transfer.
Th2 FES-CP stated that the surface heat transfer coefficient used in the Alden study was

| too low by a factor of 1.4. To correct this deficiency, the incorrect surface heat transfer
co:fficient must first be removed from the Alden results. This is accomplished through the

| formula
(1)AT' = ATo exp(ht/pC 6) ,p

wh2re AT' is the excess temperature without surface heat transfer, ATo is the excess temperature
predicted by the physical model, h is the surface heat transfer coefficient, e is time, o is the;
d.nsity of water, Cp is the heat capacity of water, and 6 is the depth of the heated layer.
Using the corrected surface heat transfer coefficient gives

aT = AT' exp(-l.4ht/pC 6) , (21
p

_ - . . - - ---
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Fig. 3.1. Design details of the intake structure. Source: OL-ER, Fig. 3.4-3a.
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ES-4664
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Fig. 3.3. Avera0e temperature rise vs time at Fairfield Pumped Storage Hydrostation
intake for operation of the Summer station. Source: Alden Research Laboratories, Progress
Report 3, Parr Hydroelectric Project, Worcester Polytechnic Institute, Holden, Mass. ,
June 1973, Fig. 57.

where AT is the corrected excess temperature. Combining Eqs. (1) and (2) gives the correction
factor to the Alden results as

AT = ATo exp(-0.4ht/pC6). (3)p

To apply this correction, the travel time from the discharge to a position x in Monticello
Reservoir must be estimated. This is simply the ratio of the distance to the discharge velocity,or

e = x/u . (4)

To estimate the velocity, u, this discharge is assumed to be a two-dimensional laminar jet,
a conservative assumption. If this theory is used, it can be shown that (ref. 2)

u = dx-1/3 ,
(5)

where d is a constant that depends on discharge conditions. Combining Eqs. (3), (4), and (5)gives the final fonn for the correction factor as
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AT = ATo exp(-0.4hx"/3/ doc 6) . (6)
p

The staff used this formula to correct the excess tempert.tures given in Fig. 3.3. In applying
this formula, the following values were used:

h = 120 Btu /(ft . day *F) ,2

x = 18,000 ft ,

d = 86,400(f t)''/3/ day ,
3p = 62.4 lb/ft ,

c = 1 Btu /(lb *F) .
P
6 = 15 ft .

The corrected excess temperatures at the intake to the Fairfield facility averaged over the
generating mode are given in Fig. 3.4. As can be seen, these calculations result in a 25%
reduction in the excess temperatures given by the applicant. Figure 3.4 indicates excess
temperatures greater than 1.7'c (3.0'F) during persistent periods of low flow and low ambient
temperatures. Because of the conservatism in the staff's analysis and the low probability of
these conditions occurring at the Sumer site, the staff believes that the State thermal
standards will be satisfied.

ES-4662

3 20 - 1 I l i I I

84,9 m/sec (3000 cf s) - 3.53'

D t.75 -

24.3 m3/sec (860 cis)
d - 3.0
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$ ,,33 _

469.8 m /sec (6000 cfs)3

o
- 2.0$ ('F)o 1.0 -
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- 1.50

g 0.75
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PROTOTYPE DAYS

Fig .3.4. Corrected average temperature rise vs time at Fairfield Pumped Storage
Hydrostation intake for operation of the Summer station. Source: Modified from Alden
Research Laboratories Progress Report 2, Parr Hydroelectria Pro, fear, Worcester Polytechnic
Institute, Holden, Mass., June 1973 Fig. 57.

An additional concern is the effect of reservoir stabilization on the behavior of the discharge
structure. The plant's discharge system is designed to induce stratificatfor in order to
maximize surface heat transfer and thereby minimize the temperature rise at the intake to the
Fairfield pumpe ' storage facility. This stratification is a necessary condition for meeting
State thermal ,tandards. The staff analyzed the thermal behavior of the discharge canal and
found that, as designed, the desired stratification will be achieved. However, during the
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evolution of Monticello Reservoir, silting can be expected and could alter the bathymetry of the dis-
charge canal to the point that stratification would no ?onger occur. Under these circumstances, State ,"

standards would probably not be satisfied. Because of this concern, the staff recommends that the
appilcant periodically survey the bathymetry of the discharge canal and, if necessary, dredce this
canal to a level at which the discharge densimetric Froude number would be no more than 0.6, as
determined from the ambient surface temperature measured at monitoring station 17 (Fig.' 5.1). This
value is a conservative value and was selected because at this value a cold water wedge could intrude
into the discharge canal and proper stratification would still be assured. Such a procedure is judged
as an appropriate precautionary measure to ensure continuous proper performance of the heat dissipation
system.

3.2.4.3 - Service water system

A detailed description of the Summer station service water-system can be found in Sect. III.D.1.c of
the FES-CP. The source of the service water supply is also shown in Fig. 3.2. No change has taken
place in the design of this system.

3.2.5 Radioactive waste systems

Part 50.34a of Title 10"of the Code of Federal Regulations requires an applicant for a construction-
permit for a nuclear power reactor to submit a preliminary description of the design of equipment to
be installed for controlling levels of radioactive materials in effluents to unrestricted areas.
These effluent levels must be.kept as low as is reasonably achievable. The term "as low as is
reasonably achievable? Implies consideration of the state of existing technology. T N economics of
improvement in relation to benefits to the public health and safety and other societal ano socio-
economic considerations and in relation to the utilization of atomic energy in the public interest
are equally important in this aetermination. Appendix I to 10 CFR Part 50 provides numerical
guidance on design objectives for light water-cooled nuclear power reactors in meeting the "as low
as is reasonably achievable" requirement.

To meet-the requirements of 10 CFR Part 50.34a, the applicant elected to meet the requirements of
the Annex to Appendix I, dated September 4,1975, in lieu of performing the cost-benefit analysis
required by Sect. II.D of Appendix I. The applicant provided final designs of the radioactive
waste systems and effluent control measures for keeping radioactive materials in effluents to
levels that will conform with the requirements of Appendix I to 10 CFR Part 50 and the Annex to
Appendix I. In addition, the applicant provided an estimate of the quantity of each principal
radionuclide expected to be released annually to unrestricted areas in liquid and gaseous effluents
produced from normal operation, including anticipated operational o:currences.

The staff's detailed evaluation of the liquid and gaseous radioactive waste systems and the capabil-
ity of this system in meeting the requirements of Appendix I are presented in Chap.11 of the Safety
Evaluation Report (SER). The quantities of radioactive material the staff estimates will be released
from the plant are also presented in Chap. 11 of the SER and in Sect. 4.5 of this Statement. The
calculated doses to individuals and the population that will result from these effluent quantities
are included as well.

At the time of issue of the operating license, the applicant will be required to submit technical
specifications that will establish release rates for radioactive material in liquid and gaseous
effluents. These specifications will also provide for the routine monitoring and measurement of all
principal release points to assure that the facility operates in conformance with the requirements
of Appendix ! to 10 CFR Part 50.

The staff's detailed evaluation of the solid radwaste system and its capability to accommodate the
solid wastes expected during normal operation, ind uding anticipated operational occurrences, are
presented in Chapter 11 of the SER. The staff estimates that approximately 15,000 fts of " wet"
solid wastes containing approximately 860 Cl o activity (mainly Cs-134, CS-137, Co-58, Co-60, and
Fe-55) and approximately 10,000 ft3 of " dry" solid wastes containing less than 5 Ci of activity will
be shipped off-site annually from the Summer Nuclear Station to a licensed burial site. The packag-
ing and shipping of all these wastes will be in accordance with the applicable requirements of
10 CFR Parts 20 and 71, and 49 CFR Parts 170-178.

3.2.6 Chemical. sanitary, and other waste treatment

The operation of the Summer station will result in the discharge of treated chemical wastes into the
circulating water discharge canal. The several categories of chemical wastes and changes in treatment
methods from those indicated in the FES-CP are briefly described below.

_-
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3.2.6.1 Startup wastes

The treatment of the startup wastes will be essentially the same as described in the FES-CP except
fcr a few minor changes. All of the startup wastes will be pt.mped to one cf the lagoons normally
us;d for the water treatment wastes (0L-ER, Fig. 3.6-1) rather than to an oxidation pond or to the
sInitary system, as described in the FES-CP. During the initial plain-water wash, the lagoon will
tct as a sedimentation basin for removal of trash ar.d suspended solids. After settling, the plain-
w;ttr rinse will be decanted to the debris layer, and then 760 m3 (200,000 gal) of phosphate deter-
gent flush [as opposed to 2300 m3 (600,000 gal) of phosphate detergent, as specified in the FES-CP]
and 2300 m3 (600,000 gal) of final rinse water will be accumulated in the lagoon and treated on a
bitch basis. Characteristics of the startup wastes are given in the OL-ER, Table 3.6-3. Treatment,
including pH adjustment, phosphate precipitation, and possible oil removal, will ccntinue until
(nalysis shows that the waste is of acceptable quality for discharge to the Monticello Reservoir.
Aftir treatment, the supernatant will be decanted and discharged to the reservoir. Acceptability of
the treated startup wastes for discharge to Monticello Reservoir will be determined by compliance
with the discharge limitations imposed by the NPDES permit (Appendix C). Any significant sludge
accumulation will be dewatered and disposed of in a sanitary landfill.

3.2.6.2 Floor drains and oil-contaminated waste

This source of waste includes spills, leakar"*, and general cleanup from various floor drains and
sttrm drainage from the transformer area and from the fuel' oil storage and handling facilities.
Avtrage flow of this stream will be 75,706 liters / day (20,000 gpd), with a maximum flow of
359,605 liters / day (95,000 gpd) and a minimum of 56,779 liters / day (15,000 gpd). In a change from
the FES-CP, the applicant now plans to separate the oil in a retention basin using a skimmer rather
thin using an oil separator before introduction of the waste to a retention pond. Recovered waste
oil will be sent offsite for disposal. The treated effluent will gravity flow from the retention
basin and combine with treated sanitary and other treated industrial wastes before entering the
circulating water discharge canal. The applicant estimates that the retention basin effluent will
cf.ntain 15 mg of oil per liter innd have a BOD of 25 mg/ liter (0L-ER, p. 3.6-2). In the treatment
d; scribed in the FES-CP, the final effluent leaving the pond was expected to have a 800 of 37 mg/
liter, which is somewhat greater than the currently anticipated discharge level. The FES-CP gave no
ccncentration of oil in the final effluent but indicated the concentration of oil in the effluent
from the oil separator was expected to be less than 100 ppm.

3.2.6.3 Ion-exchange regenerant waste

Icn-exchange demineralization will be used to purify feedwater to the steam generators and water
ustd as the primary coolant for the reactor. Staff review indicates some minor but no significant
chinges between the FES-CP and the OL-ER. The sodium hydroxide and sulfuric acid regenerant wastes
will be combined and the pH adjusted between 6 and 9 (formerly 7 i 1) before being discharged. In
the OL-ER, the applicant indicated the rate of discharge of this stream to be 946 liters / min
(250 gpm) to the circulating water discharge in quantities ranging from 41,638 to 60,565 liters / day
(11,000 to 16,000 gpd). The corresponding discharge time would range from 44 to 64 min / dry.
Discharge of this stream at the maximum concentration of 11,500 mg/ liter of total dissolved solids
(OL-ER, Table 3.6-2) and at a rate of 946 liters / min (250 gpm) into the circulating water discharge
of 2,021,366 liters / min (534,000 gpm) will yield a concentration of approximately 5 mg/ liter total
dissolved solids (primarily sodium and sulfate ions) in the circulating water discharge during the
44 to 64 min / day discharge period. Averaged over a 24-hr period, the maximum average concentration
of ion-exchange regenerate waste in the circulating water discharge should be less than 0.25 mg/ liter.
This concentration will be reduced further when the discharge is diluted with the water of Monticello
Riservoir. The concentrations of total dissolved solids from regenerate waste discharged into
Monticello Reservoir are small compared with those naturally present (q50 mg/ liter) in the reservoir.3

3.2.6.4 Steam-generator blowdown

The steam generator blowdown system continuously purges the steam generator of impurities, maintain-
ing the secondary water chemis cry. The blowdown is essentially demineralized water to which small
anounts of chemicals are added to act as oxygen scavengers and to maintain the water quality within
sp;cifications. The blowdown can be discharged to either the circulating water discharge or to the
nuclear blowdown processing system. Effluent from this latter system will be recycled to the main
c:ndenser hot well or to the penstocks of the Fairfield pumped storage facility. Table 3.2 lists
the expected characteristics of the steam generator blowdown.

. . _ _
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Table 12. Characteristics of steam-generator blowdown
based on coratinuous discharge

Characteristic or Concentration (mg/ liter)# Aveiage discharge
constituent Maximum Average (Ib/ year)8

pH, at 25'C 10.0 8.9
Free hydroxide (CACO ) 0.15 0.15 823
Sodium 0.5 0.1 55
Chloride 0.5 0.15 82
Ammonia 0.5 0.25 137
Hydrazine 150 Negligible Negligible
Silica 5 1.0 548
fron 1.0 0.5 273
Copper 1.0 0.5 273
Suspended solids 9.0 3.0
Flow, gpm 250 125

.

" Units are in milligrams per litcr excent for pH measurements and flow rates.
8

Maximum values are based on startup conditions that may occur once per
year, discharging approximately three steam-generator volumes equivalent to 0.4

SX IO lb/ year.
Source: OL-ER Table 3.61.

3.2.6.5 Water treatment plant wastes

Water treatment plant wastes were not discussed in the FES-CP; therefore, a brief description
of this treatment follows.

Water for uses other.than cooling will be treated in the water treatment area. The raw water
will be taken frorn the Monticello Reservoir and may receive all or part of the following
treatment:

:1. clarification,

2. sand filtration,

3. carbon absorption, and

4. demineralization (ion exchange).

The backwash from the demineralization facilities will be discharged to the circulating water
system. The blowdown from the clarification precess and the backwash from the sand
filtration and carbon absorption precesses will be collected in a sump and transferred to the
waste treatment arc: for treatment. Treatment will consist of sedimentation before combination
with the other effluents for release to the circulating water discharge canal.

From past experience with similar types of operation, the applicant expects that the approximate
! quantities of waste will be:

liters / day spd
Clarifier blowdown 18,927 5,000

Sand-filter backwash 52,995 14,000
Cartir,n-filter backwash 37,853 '10,000

The water treatment plant wastes will be treated to remove suspended solids; by doing so,
the BOD in the clarifier sludge will also be removed. The treatment system will use two
lagoons operated on a batch basis. These lagoons will have variable-level discharge facilities
to al?ow decantation of the supernatant as the lagoons are filled. Periodically, the lagoons
will be retired from service and the sludge allowed to compact. After sufficient compaction
has taken place, the sludge will be removed to a landfill site. The suspended solids and 800
levels of the lagoon-treated effluent are expected to have average values of about 24 and
16 mg/ liter respectively (0L-ER, pp. 3.6-3 through 3.6-6).
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3.2.6.6 -Condensate polishing waste

Treatment of condensate polishing waste was not described in the FES-CP. The condensate
polishing system will be operated during startup and shutdown and during condenser leakage
as required to maintain acceptable water chemistry levels. Up to about one-h?.lf of the con-
d:nsate flow [about 1.7 m /sec (60 cfs)] can be procassed by the condensate polishing system,3

which consists of powdered-resin filter /demineralizers. Because condenser inleakage of coolant
water will be a relatively small percentage 7f the total condensate flow, the quantities of
impurities to be removed by the system from this source will be correspondingly low. Polishing
system wastes nomally will be discharged to ere of the lagoons used fcr water treatment wastes.
After settling, wastes will be discharged ultimately to the circulating discharge canal and then
to Monticello Reservoir.

3.2.6.7 Sewage and sanitary waste

The sanitary system will handle domestic waste from the rest room and cafeteria facilities.
Critarria for. the design basis for the sanitary system were a plant work force of 225 maximum
-(including refueling personnel), 380 liters (100 gal) per capita per day, and 91 g (0.2 lb) per
capita per day nf BOD.

The waste will be collected in a lift station and pumped to the waste treatment area. Treatment
will consist of aeration followed by stabilization and chlorination. The effluent from the
chlorine contact tank will be combined with the other wastes and discharged to the Monticello
R2servoir via the circulating water discharge channel (0L-ER, pp. 3.7-1 and 3.7-2 and Fig. 3.6-1).

The applicant anticipates, considering the assumed loadings, that the final effluent character-
istics will be as follows:

Concentration
(mg/ liter)

Suspended solids 30

B00 253

Dissolved oxygen 5

Residual chlorine 0.5

These impurity concentrations are consistent with the values stipulated in the applicant's NPDES
permit (Appendix C). In addition, it can be shown that the sewage effluent will have little or'

no influence on the concentration of suspended solids in the circulating water.

3.2.6.8 Stonn drainage

The stonn drainage system described in the OL-ER is essentially the same as that describeri in
the FES-CP with the exception of the capacity relative to heavy rainfall. The FES-CP states
that the , storm drainage system is designed to carry the rainfall from a 3-hr rain of 54.4 cm
(21.4 in.). The OL-ER states that the' storm drainage system is designed for a 17.8 cm/hr

-(7 in./hr) rainfall intensity; no duration is indicated. Drainage from potentially con tmi-
nated areas, such as those containing chemicals and oils, will be conducted to drainage>

reczptors for treatment and eventual disposal.

3.2.6.9 Compliance with regulations

In controlling the discharge of effluents from the station, the applicant will be required to
meet all local, State, and Federal regulations as administered by the proper permitting
authority. As determined from the above review of expected effluents of the various subsystems,
the waste impurities discharged to Monticello Reservur will be a small fraction of the naturally
occurring impurities in toe water. Only in the case of suspended solids in the sanitary waste
system effluent is there a possible, but relatively unimportant, infraction of the NPDES permit
limitations (Sect. 3.2.6.7)-

._ -. -
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3.2.7 Transmission lines

Modifications made to approved transmission corridors and lines are described below. Additional
lines to Blythewood [37 km (23 miles)] and to Newberry [27 km (17 miles)] were constructed by
the Central Electric Power Cooperative, Inc., for lease by the South Carolina Public Service
Authority (SCPSA). These lines are assessed in a separate FES issued by the U.S. Rural

,Electrification Administration [USDA REA-EIS (adm)-76-1-F; April 1976]. The SCPSA transmission !

lines require about 174 ha (429 acres) of additional land (OL-ER, Table 3.9-2), but about 44% |

of SCPSA lines from the Summer station parallel South Carolina Electric and Gas (SCE&G) lines.

The transmission lines built by SCE&G from the Summer station include (0L-ER, Fig. 3.9-3)
several short lines, which terminate near the station (Suniner-Parr No.1 and No. 2, Summer- ,

'

Denny Terrace No.1, Parr-Summer Safeguard, and Fairfield-Summer NO. 1 and No. 2 lines),
and three longer lines (Summer-Pineland No. I and No. 2. Summer-Denny Terrace No. 2, and
Summer-Graniteville lines). In general, the lines built are shorter than those originally
planned. Except for construction of the additional Summer-Fairfield line [1.6 km (1 mile)],
which connects the pumped storage facility to the nuclear station, and termination of the
originally proposed Summer-Urquhart line (0L-ER, Fig. 3.9-2) at Graniteville, about 35 km
(22 miles) shorter than planned, the final lines differ little from those originally proposed.
Constructic of the SCE&G transmission lines did not involve removal of any dwellings or
other structures, and no designated parks, monuments, historic sites, archaeological sites,
or recreation areas were intersected by the lines (OL-ER, Sect. 3.9). The Summer-Fairfield
line, built entirely within the station boundary, was not assessed in the FES-CP.

The lines constructed by SCE&G total 193.3 km (120.1 miles), which is 46.5 km (29 miles)
shorter than the originally proposed lines (Table 3.3). The as-built corridors, 637.4 ha
(1575 acres), occupy about 110 ha (272 acres) less than originally proposed..

Table 3.3. Transmission corridors originally proposed and those actually constructed by SCE&G

Length Row width Land area

Line name Proposed * Constructedh Proposed Constructed Proposed Constructed
..

km miles k r's miles m t m ft ha acres ha acres

Parr Summer Safeguard 4.8 3.o 4.2 2.6 30 5 100 30.5 100 14.6 36 12.6 31
(115 kV)

Summer-Fairfield No. I 1C 1.0 51.8 170 3.1 20
and No. 2 (230 kV)

| Summer Denny Terrace 5.6 3.5 4.0 2.5 30.5 100 30.5 100 17.0 42 12.1 30
No 1 (230 kV)

Summer.Parr No.1 4.8 3.0 3.7 2.3 73.2 240 73.2 240 35.2 87 26.3 65
I and No. 2 (230 kV)

Summer-Pinefand 30.6 19 29.4 18.25 73.2 240 73.2 240 23'.7 570 214.5 530
No. I and No. 2 14.5 9 8.9 5.5 30.5 100 30.5 100 43.7 108 26.7 67
(230 kV)

Summer.Denny Terrace 30.6 19 29 4 18 25 o' Oc Oc 0'
No. 2 (230 kV) 12. t 7.5 11.4 7.1 30.5 100 30.5 100 43.7 108 33.6 83

Summer Urquhart 107.8 67 93.7 58.2 30.5 100 30.5 100 329 8124 285.3 705
Summer-GraniteCHe 16.1 10 7.1 4.4 21.3 70' 25.9 85' 34.4 85* 18.2 45'

(230 kV) 12.9 8 .4 o' o'
| Total 239.8 149 193 120.1 748.3 1848 637.4 1576
i
i *CP E R, Suppl.1.

60 L. E R. Sect. 3.9
' Utilizes right-of-way of Summer Pineland corridor.
dCP-E R endecated 3300 he (8100 acres); an appar'ent error.
' Parallels existing right of way,
futJiies existing right of way letween Graniteville and Urquhart.

!
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3.2.8 Nuclear fuel shipment

Frash fuel elements are expected to be delivered by truck from a manufacturing facility in
Columbia, Sot.th Carolina. Five shipments per year will be requ? red to deliver the annual
r2 fueling load of 52 fuel element assemblies weiching a total or 33,100 kg (73,000 lb; OL-ER,
p. 3.8-1).

A similar number of fuel element assemblies will be removed froin the reactor each year. Cur-
rent Federal policy mandates that these spent fuel elements be placed in either onsite or
away-from-reactcr (AFR) long-terni storage facilities until ultimate storage or reprocessing
facilities are. approved and made available.

For offsite transportation, the spent-fuel elements will be placed in Interstate Commerce
Commission approved and NRC licensed casks. The casks will be transported by truck or rail,
depending on the location and/or distance of the offsite depot. The nearest projected spent-
fuel AFR storage facility is about 130 km (80 miles) away at Barnwell, South Carolina. This
facility may eventually be licensed for reprocessing. Judging from the above transportation
distance by truck and the types of casks currently in use, the applicant estimates a range of
2320 to 6700 km (1440 to 4160 miles) per vehicle per year (0L-ER, p. 3.8-2).

3.2.9 Solid radioactive waste shipment

The estimated annust quantities of solid radioactive waste material obtained from the solid
radioactive waste processing and packaging system (0L-ER, Sect. 3.5.4) are summarized in
Table 3.4 (OL-ER, Table 3.5-9). Shipment of this material to licensed storage facilities
will conform to requirements of 10 CFR Part 20,10 CFR Part 50, and 49 CFR Part 171 through
49 CFR Part 179 (0L-ER, p. 3.5-19). The radioactive material is shipped in 50-ft3 containers,
which are shielded with 1.5 in. of lead when necessary.

Table 3.4. Estimated annual quantities of solid radioactive waste from the Summer station

Activity

Type of waste Waste volume Shipped volume Maximum Average Comment

m ft' m' ft' Ci/m' Ci/ft' Ci/m Ci/f t'3 8

Evrpoiztor bottoms 110 4,000 150 5,300 18 0.5 0.18 0.005 Shipped volume is based on 3:1
Chemical lab samples 8.5 300 11 400 1.8 0.05 0.18 0.005 volume ratio of radioactive waste

to solidification agent

Spent resins

Primary 8.5 300 8.5 300 350 10 18 0.5 Waste and shipped volumes are the

Secondan, 13 450 13 450 35 1 0.18 0.005 same because water or liquid
waste and sof.dification agent 'l
voids between the resin beads

Filtrr cartridges
Primary 30 cartridges 0.28 10 140 4 3.5 0.1 High-activity cartridges or hardware

Secondary 100 cartridges 1.9 70 14 0.4 o.35 0.01 are placed in a basket located in
the center of a 50-f t' container.
Low activ.ty cartridges .*..e
randomly dropped inu the 50-f t'

Radioactive hardware 2.8 100 2.8 100 12,500 350 180 5 containers. In both cases, the void
is filied with liquid radioactive
weste and solidification agent

% sestlaneous 55 2,000 Negligible Waste is compressed into 55 sal

compressible waste (after compaction) drums by a dry waste compactor

.
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4. ENVIRONMENTAL EFFECTS OF STATION OPERATION

4.1 INTRODUCTION

As a result of new laws and regulatory requirements, increased understanding of environmental
isso;s, and new impact assessment methodologies, the staff has reconsidered the cperating
impicts of the Virgil C. Summer Nuclear Station.

First, the assessments in this statement examine compliance with the requirements of the
Fsdiral Water Pollution Control Act Amendments of October 1972 (FWPCA). Second, potential
impacts on the aquatic environment have been thoroughly reassessed, primarily because the
ass:ssments in the FES-CP did not consider impacts resulting from impingement and entrainment
of aquatic biota. In addition, the original assessment did not attempt to estimate the syner-
gistic (or relative) effect of the operation of the Summer station within the caatext of the
(qustic ecosystem established by operation of the Fairfield pumped storage facility.

Th2 radiological impacts on man and other biota have been reassessed considering the final
radiological waste system designs and operating characte~istics. Impacts on terrestrial eco-
systems, particularly along transmission corridors, are discussed in relation to endangered
or threatened species. Finally, the relatively minor impactr of operation on land use, air
qutfity, water use, and socioeconomics are also described.

4.2 IMPACTS ON LAND USE
,

Land use impacts associated with the Summer station were assessed in the FES-CP. Very few
changes have occurred to alter the conclusions in that assessment. As discussed in Sect.
2.2.2, by the time plant operations begin the applicant will own or control about 4500 ha
.(11,000 acres) in the vicinity of the site. Because the majority of this was flooded by the
new Monticello Reservoir or by expansion of the neighboring Parr Reservoir, it is lost to its
former uses of forestry and agriculture. This acreage, however, also serves the Fairfield
pumped storage facility and is much larCer than would be needed for the nuclear station alone.

Pulp and lumber production will be excluded from the 896 ha (2217 acres) of original forest
land used for permanent site structures and transmission lines. Assuming the productivity for
this forest land is equivalent to the annual value cited in Sect. 2.5.1 for loblolly pine of
575 bd ft/ha, the staff estimates that approximately 2 x 107 bd ft of pulpwood and lumber will
be lost during the 40 year operating life of the plant. The staff estimate is believed to be
c:nszrvatively high in that it is unlikely that all of the forest land preempted would maintain
pr:ductivity i s high as the value given for loblolly pine.

Pasture and cropland preempted by the nuclear plant project amounts to 161 ha (399 acres).
Most of this land area is on transmissior, line rights-of-way. Because farming activities can,

| continue during line operation, the use of land for transmission lines does not constitute
ptrmanent loss of farmland. In~ addition, the classification of agricultural land as " prime"
and " unique"1 was initiated after construction of the nuclear station facilities was begun
and the site altered. (1973-1976; OL-ER, p. 4.0-1). Because of these factors, the staff
do:s not attribute loss of prime and unique farmland to operation of the nuclear station
cnd transmission lines.

|

Outside the immediate area of the site, plant-induced impacts on land use should be much less
pronounced. Areawide growth projections (Sect. 2.2.2) indicate that residential, commercial,
or industrial future growth on lands now preempted for the project will be unlikely. As will
bm discussed more fully in-Sect. 4.6.2, population growth resulting from the in-migra;lon of
w:rk rs, both for jobs at the plant itself and for service-oriented jobs stimulated by plant
operations, is expected to be small compared to existing population in the Central Mid. ands,

4-1
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region. Because of tnis, the amount of land converted here from agriculture and forestry to
residential and commercial uses should also be small. However, this land conversion may be
accelerated by the movement of businesses and individuals to Fairfield County as a result of
the lower taxes and/or improved public services likely to occur because of the plant's sub-
stantial contribution to the local tax base. A further discussion of the projected tax
situation will be found in Sect. 4.6.3.

Finally, as recounted in Sect. 4.6.4, recreational land uses in the site area will increase
slightly. The staff concludes therefore that operation of the nuclear plant is not expected to
significantly affect land use, other than for lumber and pulpwood production, on the project

' property.

4.3 IMPACTS ON WATER RESOURCES

4.3.1 Hydrologic impacts of construction

. -Constration of the Summer station resulted in several adverse impacts on the surface water and
' groundwater of the region; these impacts do, however, differ from the radical hydrologic impacts

caused by construction of the Fairfield pumped storage facility. The following construction
activities or effects of construction caused the hydrologic impacts at the Summer site:

soil erosion from cleared or excavated areas;*

sanitary and chemical waste; ande

construction along shoreline or underwater.*
.

The applicant used standard engineering precaWons to reduce the impacts of soil erosion.
These measures included use of gradual slopes where possible, retaining natural vegetation or
replanting ground cover, and the use of settlir.g basins in conjunction with the storm water
drainage system. A 'imited quantity of silt has ben deposited in the waterways. Facilities
were provided for the disposal of sanitary, chemical, or other liquid wastes. Finally, the
hydraulic structures necessary for the operation of the nuclear plant, such as the intake,
discharge, and dividing dike, were constructed before the filling of Monticello Reservoir to

i minimize the impacts normally experienced with construction on shorelines. Because the waters
of the Brcad River are characteristically laden with sediment, additional solids contribution
from plant construction was not significant.

| Constructios of the Sunrer station did not interfere with use of the regional water resources.

The Summer plant is located on the shore of Monticello Reservoir, which is an artificial water
body built previously for pumped-storage and for plant cooling purposes. The construction of;

.
Monticel'o reservoir predates the Summer plant, and therefore the staff has not considered

i the effects of the reservoir itself on floodplains of any nearby river. The staff has restricted

i its analysis to effects of the plant itself to the floodplain issues covered by Executive Order
11988.

.

The water level in Monticello Reservoir.will normally fluctuate over about a 1-m (4-ft) range
because of the operation of the pumped-storage turbines. The 100-year floodplain as inter-
preted from Executive Order 11988 is the area inundated by the 100-year flood in Monticello
Reservoir. The applicant has performed t. analysis on this event by assuming that Monticello
Reservoir is at tha maximum pool elevation of 129 m (425.0 ft) Mean Sea Level (MSL) and that
the 100-year 24-h point precipitation falls over the entire basin of the reservoir. Without
the effects of infiltration, the estimated water level was predicted ta be 130 m (426.0 ft)
MSL. The staff considers this analysis to be conservative.

The area of the plant site is shown in Fig. 3.2 and in ER Fig. 3.4-1. Structures in the
floodplain which are clearly asscciated with the Summer plant are the intake and discharge
structures and the emergency cooling pond dam. The only effect of these structures on the
floodplain of Monticello reservoir wouU be that they displace a volume of water that diminishes
the capacity of the reservoir. This volume is insignificant compared to the total volume of
the reservoir. Therefore, there should be no measurable effect of flooding in Monticello
reservoir or in the Broad River due to the presence of the Summer plant.

.. . ... . --. . - - -
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4.3.2 Hydrologic impacts of operation

The operation of the Sununer station will have only a minor effect on the hydrology (other than
temperaturc and water supply) of the region. As discussed in Sect. 3.3.2, plant operation is
Gxpected to cause an additional 0.37 m /sec (13 cfs) evaporation from Monticel% Reservoir,3

thich is an insignificant cuantity. The main hydrologic impact of the site will be from the
presence and operation of tne Fairfield pumped storage facility. These impacts would be present
whether or not the Summer station operated, even though one of the purposes for constructing
Monticello Reservoir was for use as the water resource for the once-through cooling system.

The main impacts of Monticello Reservoir on groundwater hydrology were discussed in the Environ-
mental Report for the Parr Hydroeicctric Project 2 which was submitted to the Federal Power
Comission (now the Federal Energy Regulatory Comission) and which is partially excerpted

As descr ' sed in the report, the impoundment will raise the water table to the impound-ihere.
ment level at the lake border. The water table will slope away steeply and reverse the ground-
tater flow local,1y away from the Frees Creek basin. Ultimately, however, this groundwater will
return to the Broad River via the Terrible Creek, Mayo Creek, or Little River valleys. The low
permeability of soils and bedrock in the site vicinity will limit the amount of groundwater,

flow from the impoundment.

The impoundment of Monticello Reservoir and operation of the facilities are not expected to
have a significant impact oa the surrounding springs or wells or on streamflow in the adjacent
drainage basin. Wells close by reay experience a rise 'in water level, but the rise is expected
to be slight, probably only a few feet. The water quality in Monticello Reservoir is expected
to be essentially the same as the current quality in the Broad River. However, should any
contaminants enter the impoundment and move into the groundwater system, the filtration and ion-
exchange properties of the soil, coupled with the extremely slow movement of the groundwater,
make the possibility of contaminating existing wells remote. Water quality and gross beta'

radioactivity will be determined by mter samples collected at selected wells ar. springs in
the path of the slow-moving groundw ar. This will be done as part of the general hydrologic

.

monitoring program (Sects. 5.2.3 and 5.3.3).
<

Except for small areas near the circulating water intake and discharge structures, operation of
the Sumer station will not interfere with physical use of Monticello Reservoir when, and if,
the applicant and regulatory agencies permit public use of the water body.

4.3.3 Thermal

Some water will be lost from Monticello Reservoir because of Sumer operation. The thermal
discharge will increase reservoir temperature, which, in turn, will causa increased evaporation.
The applicant estimates that the average annual rainfall of 114 cm (45 in.) falling into
Monticello Reservoir corresponds to an average inflow rate of about 1 m /sec (35 cfs). Because3

the lake area comprises about 70% of the Frees Creek drainage basin, runoff into the reservoir
from the remaining catchment area is not considered. Ambient evaporation from the reservoir
was estimated by the applicant (OL-ER, Sect. 2.4.1.3.3) at 0.93 m /sec (33 cfs); an additional3

+

0.37 m /sec (13 cfs) of latent evaporation was estimated for condenser operation. The staff,3

assuming that all of the 7.1 x 1012 J/hr (6.7 x 109 Btu /hr) of waste heat will be dissipated by
Gvaporation of water from Monticello Reservoir, concludes that the maximum water loss caused by
the Sumer plant should be about 0.70 to 0.85 m /sec (25 to 30 cfs). Because the staff's3

assumption ignores heat dissipation by natural processes other than evaporation, the staff
finds the applicant's estimate of evaporation of 0.37 m /sec to be reasonable. The total3'

evaporation of 1.3 m /sec (46 cfs) will produce a flow deficit of about 0.3 m3/sec (11 cfs)3

less any runoff from the remaining land area of the drainage basin. To maintain the long-term
water balance, this flow deficit of 0.3 m /sec must be replaced by pumpage through 'he Fairfield3

pumped storage facility (OL-ER, p. 2.4-6). Because the loss is only a very smali fraction of'

the pumping rate of the Fairfield facility [1133 m3/sec (40,000 cfs)], the staff does not
consider this loss significant. It will be automatically replaced during the daily pumping
mode through an additional 30 sec of operation.

Should the Monticello Reservoir not be replenished for 30 days because cf both icoperation of
the Fairfield pumped storage facility and lack of rainfall, lowering of the reservoir would
occur. Using the combined values of natural evaporation and that imposed by the Summer plant
Cperation [0.93 m /see + 0.37 m /sec = 1.3 m3/sec (33 cfs + 13 cfs = 46 cfs)], the staff cal-

,
3 3

culated that the Monticello Reservoir would decrease by less than 15 cm (0.5 ft) during the
30-day period. This is a relatively inconsequential change occurring as a result of a very
unlikely set of events.

. . - -- .- _ _ _ _ _ _ _ _ _ _ _
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The applicant originally had no plans to perm!t general public use of Manticello Reservoir for
recreation or consumption. However, because of the favorable water quality since the initial
operation of the pumped storage facility, the applicant now plans to permit public use of the
reservoir. The impacts of dissipation of wasta heat on Monticello Reservoir were describe 1 in
the FES-CP, Sect. 5.B. In the current review (Scct. 3.2.4), the staff finds that the original
analysis was unrealistically conservative. Thus the reservoir area affected by the therma
plume will probably be smaller than previously predicted. The water near the discharge canal
may be somewhat warmer than desirable for human contact, particularly in the summer season. The
remaining larger portion of the reservoir is not expectert to be unduly impacted by the thermal
plume. Therefore, thermal discharge should not affect any possible potential recreational uses.
Thermal impacts on biota are described in Sect. 4.4.

4.3.4 Industrial chemical wastes and sanitary wastes

The Summer station will discharge some nonradiological chemical and sanitary wastes into the
circulating water discharge canal after treatment. Because the concentrations of the waste
impurities to be discharged to Monticello Reservoir (Sect. J.2.6) are small compared to the
concentrations of these impurities occurring naturally in this water body, the staff concludes
that the release of these wastes will have a negligible impact on ran's use of the reservoir
water. Mixing and dilution of impurities are further enhanced in Monticello Reservoir by the
rapid exchange of water to and from the Parr Reservoir as a result of the pumped storage
generating operation. The applicant will also be required to meet all local, State, and
Federal regulations relative to the discharge of chemical and treated sanitary waste effluents
from the station.

4.3.5 Applicable effluent guidelines and limitations

Pursuant to the requirements established under the FWPCA, the applicant has applied for and
received frnm the South Carolina Department of Health and Environmental Control an NPDES permit
(Appendix C). Effluent limitations, monitoring schedules and reporting requirements for
discharge of waste into Monticello Reservoir are described in the permit.

4.3.6 Effects on water users through c.sances in water quality

The water quality of Monticello Reservoir will not be affected by the discharge of treated
nonradiological chemical and sanitary wastes, which will meet NPDES effluent limitations.
Furthermore, subsequent dilution will reduce water quality impact to negligible levels.
Because this impact will be negligible, the impact on the water quality of the Parr Reservoir
and Broad River downstream from Monticello should be even less because of further dilution
through upstream drainage into these water bodies.

4.3.7 Effects on aroundwater

The Summer sta' :on will use no groundwater during operation and should, therefore, have no
direct effect on groundwater levels. Should any contaminants, radioactive or nonradioactive,

;
' enter the impoundment and move into the groundwater system, the filtration and ion-exchange

properties of the soil, coupled with the extremely slow movement of the groundwater, make the
possibility of contrinating existing onsite or offsite wells remote (FES-CP, p. V-8). Ground-
water flow direction at the plant site is expected to be to the south and west in the direction
of the Broad River. There are no domestic or industrial wells downgradient of this predicted
flow (OL-ER, p. 2.4-8).

4.4 IMPACTS ON BIOTA

4.4.1 Terrestrial environment

4.4.1.1 The nuclear stationi

!

Impacts of Summer station operation will be minimal, probably insignificant. Effects of
chemical air pollutants require no consideration because there will be little nonradiological

|
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emissions from the station. Also, there are no closed-cycle cooling systems to emit drift salts or
crust ice formation on surfaces. Noise from the facility will be minimal except when outdoor loud-
sp2akIr systems are used. No endangered or threatene'1 plants or animals are thought to occur near
th2 fscility.

4.4.1.2 The transmission lines

Th2 power transmissio. lines were described in the FES-CP and the OL-ER. As noted in Sect. 3.2.7,
th2 Summer-Blythewood line [230 kV; 37 km (23 miles)] and the Summer-Newberry line [430 kV; 27 km
(17 ciles)] have been built by Central Electric Power Cooperative, Inc., since publication of the
FES-CP for use by the South Carolina Public Service Authority (SCPSA) and were the subject of an EIS
issu;d by the U.S. Rural Electrification Administration in April 1976. The impacts of operation dis-
cusstd below for tne South Caralina Electric and Gas Company (SCE&G) transmission lines will gen-
trally apply to those used by SCPSA. Differences will be noted where appropriate.

Op: ration of t M transmission lines will produce minimal impacts on known biological resources.
Eff cts on recreationally important wildlife, such as white-tailed deer, squirrels, rabbits, foxes,
rtcenons, mourning dove, bobwhite quail, turkey, and woodcock, will be either beneficial or unimpor-
tant. Except for the woodcock, these animals benefit from the mosaic of forests and fields created
whira the transmission line rights-of-way intersect closed forest stands.3

El ctrostatic effects upon wildlife from overhead power transmission lines are undetectable at the
maxirum voltage being supplied by SCE&G,4.s and the staff therefore expects no impacts to wildlife
from this source.

M; int nance procedures will affect animals that take up residence in the rights-of-way. Tall shrubs
and trees are removed by SCE&G about every three years using herbicides, which are applied by heli-
copttr, vehicle, or backpack sprayer (OL-ER, p. 5.5-1). It is, howevcc, SCE&G policy to maintain
rights-of-way in or near waterways by hand clearing." Mechanical clearing with bush hogs and hand
cl:rring will occur throughout the SCE&G transmission corridors (OL-ER, p. 5.5-1) every five years.
The transmission line maintenance pr',cedures usEd by SCPSA consist of mechanical clearing by bush
hog and bog plow supplemented by hand clearing and hand spraying of herbicides on a four year basis
(OL-ER, p. 5. 5-2). The mechanical clearing will destroy nests and dens, whereas the spray treat-
ments, particularly from helicopters, will disrupt reproduction in and adjacent to rights-of way.
HIrbicides are most effective in the spring when, coincidentally, vertebrates reproduce. In addi-
tien, herbicide treatment every third year will destroy berry- and fruit producing shrubs on which
wildlife species grow dependent during nonspray years.

Information on endangered animal species given in Sect. 2.5.1 indicates that such species are not
liksly to breed in the reglun of the transmission line rights-of way. Even if tnere were such
britding populations in the vicinity of the lines, the staff believes the populations would suffer
little or no impact as a result of the presence of the lines or the maintenance of the rights-of-
wry. Conductor lines are at least 2.74 m (9 f t) from any grounded surface (0L-ER, Figs. 3.9-8 and
3.99),andthelargestendangeredbirdspeciespotentiallyinthearea,thebaldeagle,hasawing-
spin of 2.4 m (8 ft) or less. None of the endangered or threatened species breed in open habitats
lika the rights-of way; thus, periodic maintenance is unlikely to disrupt reproduction.

Judging from the information given in Sect. 2.5.1.1, the impacts of proposed maintenance procedures
en listed endangered or threatened plant species are unlikely, inasmuch as the two identified
condingered sTecies do not appear to occur in the region traversed by the transmission lines (see
also Sect. 10.4.4).

4.4.2 Aquatic environment

Op; ration of the Summer nuclear facility will directly affect the aquatic environment in
Monticello Reservoir and, because of the substantial daily water transfer from Monticello
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to Parr via the Fairfield pumped storage facility (Sect. 2.3), will indirectly affect Farr
Reservoir and the Broad /Congaree Rivers below Monticello. Possible impacts to the aquatic
environment and biota include effects from (1) the physical and chemic.al characteristics of
the discharge of the Summer once-thrcugh cooling system and (2) the impingement /entrainment
losses associated with the cooling system.

I

4.4.2.1 Effects of thermal discharge in Monticello Reservoir

The staff assessed the probable extent and magnitude of the thermal plume gerorated by the
once-through cooling discharge from Summer (Sect. 3.2.4). An analy!is of the distribution |of surface temperatures in Monticello Reservoir, 5ased on the application of the staff's ;

corrtetion to the applicant's thermal modeling data, is given in Table 4.1. When ambient
water temperatures are near 6.6*C (44*F), the staff predicts about 9% of the surface area
of Monticello will have a 4*C (7.2*F) or greater elevated temperature (AT) as a result of
Suniner operation. Only 7% of the surface area is expected to experience a AT of >4*C when
ambient water temperatures are near 15.6*C (60'F).

Table 4.1. Surface ares anet sho.eline affected in Monticello Reservoir by
thermal disdiarge from the Summer station *

Percentage af fected when
ambient water temperature is:

6.6*C (44*F)8 15.6*C (60*FF

'" *'
'C 'F Shoreline Shoreline

,

8 14.4 1 2.5 1 2

6 10.8 4 3.5 2 3

4 7.2 9 8 7 5

2 3.6 63 43 18 18

' Values are approximate and are derived from surface isotherm
model data contained in an Alden Research Laboratories report foe
Monticello (Alden Research Laboratories. Progree Ret ort 2, Parr
Hycfroelectric Project. Worcester Polytechnic institute. Holden, Mass..
June 1973) as modified by a staff correction factor (Sect. 3.2.4L

* Test No. 66.
' Test No. 72.

.

Phytoolankton

Optimal temperatures for growth and metabolism of phytoplankton vary with species and group.

In general, the order of increasingly) thermophilic groups is (1) diatoms (Bacillariophyceae).
|

(2) green algae (Chlorophyta), and (3 blue-green algce (Cyanophyceae).e Overall increases
in temperature below absolute upper thermal tolerance levels in certain areas of Monticello
Reservoir may cause a general shift in population structure toward increased abundance of

! green and blue-green algae.

The possibility of algal blooms in Mcnticello Peservoir is dependent on temperature, nutrient
, concentrations (primarily nitrate and phosphatt levels),andlightpenetration.e
|
| Preliminary water quality data for Montice1109 indicate nitrate values average 1.25 mg/ liter
| and ortho-phosphate levels average 0.014 mg/ liter.* These nutrient values are not limiting for
i

*
Ortho-phosphate values reported as <0.01 mg/ liter were averaged into the mean as

| 0.005 mg/ liter.
!

|
|
|

. .



_ - . _

,

I

4-7;

algal growth (even to "bloon" proportions) but, as has been observed in other impoundments
in this general area, reservoir " aging" may reduce these values.10 Because of the input:

of turbid waters from Parr Reservoir (Fairfield will introduce about 7% of Monticello's
volume daily from Parr), the staff predicts turbidity in Monticello will be fairly high.
Secchi disk readings in Parr are in the order of 0.3 m (1 ft) and have been recorded as
low as 0.1 m (4 in.; OL-ER, p. 3.2-5). Preliminary Secchi disk values for Monticello, with
the Fairfield facility only intermittently operational (at reduced capacity), have been
relatively low [mean 1.25 m (4.1 ft)].9 These readings will probably be further reduced
when Fairfield becomes fully operational. Expected limited light penetration :nay limit
phytoplankton densities to below bloom levels.

Phytoplankton mortalities from plune entrainment are expected to be negligible because of the
restricted area and the plume temperatures involved (=2% surface area at a AT of >6 C,
Table 4.1). The design of the discharge canal will further minimize plume mixing. Data for
postimpoundment Lake Keowee, South Carolina, after start-up of the Oconee nuclear station
(which has nutrient values similar to those predicted for Monticello) indicate that major
changes in phytoplankton composition or densities were not evident after start-up.10

Zooplankton

Zooplankton densitfes are closely linked to phytoplankton densities through trophic relation-
ships.e The density of zooplankton in Monticello should correlate with phytoplankton densities.
Plume entrainment of zooplankton and subsequent mortality should not be significant because of"

1 the low AT's involved and limited plume mixing. Data for Lake Keowee, South Carolina,10 indicate
; that the thermal effluent from the Oconee nuclear station affected neither the observed densi-
i ties nor the population structure of zooplankton.

Benthic invertebrates

The effects of thermi.1 discharge on benthic invertebrate density are variable; the discharge'

can cause an increase or a decrease or can effect no change.11,12 Benthic invertebrate density
; and/or diversity will probably be adversely affected within the discharge canal, where predicted
i AT's will be >10 C (18"F). However, the discharge canal represents only a small portion of the

available bottom habitat in Monticello; thus the staff assesses the impact of the discharge
canal on the overall benthic community as acceptable.

The design of the canal will allow the discharge of the thermal plume into Monticello as a
heated surface layer. The plume should not subject a significant portion of the remaining
benthic environment to a high aT. As determined from the applicant's thermal modeling data
and the staff's correction for AT (Sect. 3.2.4), the thermal plume will primarily be a surface
phenomenon [3 m (10 ft) in depth], and the predicted AT ac the substrate, even near the point'

of discharge during warmer months, will be only about 1*C (1.8 F), as shown in Fig. 4.1. Thus
the staff expects that the thermal discharge will have an .nsignificant impact on the overall
benthic community in Monticello Reservoir.

Fish

} Temperature is an important factor in the aquatic environment and has been shown to iniluence
fish distribution, physiology, behavior, reproduction, and species composition. The problems
associated with, and the assessment of, thermal pollution are quite complex and have received
much attention.13-15 In addition, indirect mortalities have been a;sociated with temperature
extremes; mortalities occur, for example, when low temperatures interfere with swimming abili-
ties and thereby expose populations to impingement or when temperatures alter toxicity levels
of pollutants or susceptibility of fish to disease.16

The staff calculated the approximate surface areas of Monticello that will be affected by the
various AT's caused by Sumer operation (Table 4.1). The applicant has not thennally modeled

3
' Monticello for ambient temperatures greater than 15.6 C (60.l*F). Results have shown that with

increasing ambient temperature (6.6*C to 15.6*C) thermally affected areas in Monticello are4

i

_ _ _ _ _ _
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Fig. 4.1. Typical-vertical temperature profiles expected in Monticello Reservoir near the
Sumer station discharge canal. Note that this is the orofile for a location at which the -
AT is about 6.5*C; an ambient water temperature of 15.6*C (60.l*F) is assumed. Source: Alden;

- Research Laboratories, Progress Report 2, Parr Hydroelectric Project, Wcrcester Polytechnic<

Institute,~ Holden Mass., June 1973. Fig. 55.

, reduced in area because of increased rates of natural cooling. However, to directly extrapo-
| late these results to higher ambients than actually modeled would be incorrect. The staff,

although recognizing that this is probably a conservative approach, therefore used areas cal-,

; culated for the 15.6*C test in the following analysis.

The addition of the )redicted AT's to the highest surface temperatures recorded for Parr during
the baseline survey :31.5*C (88.7"F)] yields the following. abcut 7% of Monticello's water'

I surface will be >35.5*C (95.9*F) and 18% will be >33.5*C (92.3*F). These temperatures will
be experienced only during the warmest parts of the year primarily in the ccater of the plur.,9
as it is discharged into the lake but not along extensive portions of the shoreline. Tempera-
tures will also decrease sharply witz. depth because the plume is predicted to be a surface
phenomenon maximizing heat lost to the~ atmosphere (Fig. 4.1).

f

The lethal threshold temperatures for some of the major fish species expected to inhabit,

'

Monticello Reservoir are pravided in Table 4.2. Expected maximum temperatures in portions
of Monticello near the Summer station discharge will approach or exceed some of these

,'

reported limits, particularly during high-temperature periods in the summer months.

F

_ _ - - . ,- -n #
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Table 4.2. Incipient lethal temperatures for selected
fish species expected in Monticello Reservoir 8

_

Lethat threshold
Species

*C *F

Gizzard shad, 36 96.8
Dorosoma cepedianum .

(fmgerling)

Mosquito fish, 37 - 98.6
Gambusia affinis

Brown bullhead catfish, ' 34.8 94.6
Icraturus nobulosus

Bluegill, 33.8 92.8
Lepomis macrochirus

Longear sunfish, 36.8 S3.2
Lepomis megalotis

(juvenile, > 12 mm)

Largemouth bass, 36.4 97.5
Micropterus salmoides

8 Data are for adults unless specified otherwise; an
acclimation temperature of 30*C (86*F) is assumed.

Source: Committee on Water Qual;ty, National
Academy of Sciences. Water Quality Criteria, Envi-
ronmental Studies Board, Washington, D.C.,1972.

Because of the characteristics of the plume, the high plume temperatures will be concentrated
toward the center of Monticello as a shallow [3 m (10 ft)] surface layer. Some fish mortality
may occur as a result of the highest plume temperatures.

Deleterious effects of thermal exposure have been shown to be related to both the temperature
and duration of exposure.17 Fish exposed to a varied thernal regime will, though, choose a
zone of thermal preference if allowed.18 The staff calculated the maximum nonlethal durations
of exposure at specific levels of thennal stress (assuming a peak ambient reservoir temperature
of 31*C) for a few of the more coninon species that may be found in Monticello (Table 4.3). The
NPDES pi rmit (Appendix C) limits the monthly average L.scharge plume temperature to 32.2*C
(90*F). Considering that relatively small surface areas will be raised to these temperatures
and only during wanner parts of the year and the limited vertical extent of the plume (Fig. 4.1),
the staff feels that there will often be the opportunity for fish to avoid lethal thennal
exposures. Therefore, the staff expects that plume mortalities should not be excessive.

Table 4.3. Maximum roniethal exposure times in ufat on to exposure temperatures *i

_ _ ._. _ _ _ _ . . . . _ _ _

Maximum noniethal exposure
Plume Percentage of times

temperature surface (min)

*C 'F area affectedb
,

Largemouth L ngear GinardBW
bass sur fish shed

33 91.4 13 >9000 549 >1000 ==

35 95 5 368 27 150 >1000
37 98.6 1 14 1.2 15 25

39 102.2 0.5 0.5 <o.5 1.5 0.5

* Exposure times were calculated from data in Waty Ouality Criteria (Committee on
Water Quality, National Academy of Sciences, Water Quality Criteria, Environmental
studies Board, Washington, D.C.,1972) based on log (time) = a + b(t + 2) and incorporate
a 2*C " margin of safety." Maximum exposure times depend on many factors, such as
physiological condition, acclimation temperature, etc., and are not absolutes.

8 Ambient temperature is assumed at 31*C; see Table 4.1.

. _ . -
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Fluctuating temperatures can adversely affect spawning of some freshwater fish.19 The tempera-
ture Of shoreline areas affected by the plume will fluctuate with changes in plant output.meteorological conditions, etc. The magnitude of these fluctuations is uncertain, but because
of the expected small shoreline area involved (Table 4.1) and the probable limitation of littoral
zone reproduction as a result of fluctuating water levels (pumped storage operation), the magni-
tude of this impact is assessed by the staff as acceptable. i

|

A sudden decrease in canal temperature could occur as a result of plant shutdown. During winter
months this thermal stress could directly or indirectly induce mortality (" cold shock") of fish
inhabiting the discharge plume that have acclimated to the elevated temperatures (especially4

threadfin shad). These cold shock mortalities will be dependent on unscheduled and infrequent {winter shutdowns. If the average percentage of forced outage time is assumed to be 11%20 and
the period of concern for cold shock mortalities to be December through February (90 dags), thenumber of forced outage days will be about ten. If the average outage lasts 6.25 days, 0 then'

an average of 1.6 cold shock events per season can be expecud. However, the actual magnitude
of cold shock mortalities and the effect on the fish populations in Monticello Reservoir are
difficult to predict because the densities, distribution, and species composition of fish that
will be in Monticello (or in the discharge canal) are unknown.

Gas bubble disease in fish results from exposure to water that is supersaturated with dissolved
gasses. Symptoms in fish include exophthalmia (" popeye"), hemorrhaging, cutaneous blisters,
and occlusion of gill filaments. Death often results from severe cases.21

Water can become supersaturated primarily in the following two ways: by passing through a
plunging discharge (for example, a hydroelectric facility discharge) or by, rapid heating of
water at or near the saturation level. The delta-t of 14*C (25'F) through the cooling system,

4

of the Virgil Sunner power plant is large enough to inouce gas supersaturation, particularly
during the winter months when the water may naturally be close to saturation. In this case,

! there is a possibility of gas bubble disease for those fish in Monticello that may congregate
in or near the discharge canal. Compensating factors include the presence of the plant-induced

{ thermal plume as a surface phenomenon (Fig. 4.1) and the availability of a deep water refuge
-near the discharge canal into which affected fish may retreat.

Visual inspection of fish captured during the monitoring program should identify the presence
of gas bubble disease in the fish population in Monticello. Mitigating measures, such as use
of deep, nonsaturated water withdrawal for the cooling system, can be adopted if necessary.

-

4.4.2.2 Effects of thermal discharge on the biota of the Broad /Congaree River System

As shown in Fig. 3.4, discharge AT's will be highest during the winter months because of lower
rates of natural (evaporative) cooling. With low Broad River flow and an ambient temperature
of 7.2*C (45'F), the predicted AT for the discharge into Parr will be <l.1'c (2.0*F). At the

; same temperature and with average water flow [170 m /sec (6000 cfs)], the predicted af will be3
'

about 0.75"C (1.4*F). When water flow is average and the ambient temperature is 15.6*C (60.l'F),
the predicted AT will be about 0.5 C (0.9"F). These differential temperatures represent surface
measurements at the Fairfield intake in Monticello compared to ambient temperatures recorded
near the upper end of the reservoir. There may be a substantial decrease in water temperature
with depth near the Fairfield intake. Temperdturedeclines(withdepth)of>10C(18'F)have
been recorded in the forebay of the Smith Mountain (Virginia) Reservoir pumped storage facility.22
Even a moderate 3 to 4*C decline of temperature with depth in Monticello near the Fairfield

; intake would substantially reduce the AT of the discharge to Parr. These small AT's are not
expected to adversely affect biota in Parr Reservoir, which, because of drastic fluctuations,

in water level and volume, is expected to be a marginal aquatic habitat at best.

Landlocked striped bass (Morone scratilis) spawn in the Congaree River (an extension of the
Broad below the Summer plant). The closest reported spawning area is at river mile 53, about
58 km (36 miles) downstream from Parr Reservoir.23 Predicted thermal discharge temperatures
into Parr under the ambient water temperature conditions expected during the spring striped bass
spawning season [=15.6*C (60'F)] indicate that expected surface AT's at the Monticello intake
to Fairfield will be <0.5 C (0.9*F; Fig. 3.4). This AT will be reduced through xillution with
cooler underlying water in Monticallo, with dilution flows from the Saluda River (about 30%
flow addition at its confluence with the Broad River), and by natural cooling as the wanned
water flows downstream from the Parr Dam. It is the staff's opinion that the negligible AT (if

4 any) experienced in the Congaree River will have no effect oc the spawning of striped bass.
t

.
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4.4.2.3 Operational effects on dissolved oxygen

. Th2 cooling water passing through the condenser of the nuclear plant will experience a 13.9'C
(25'F) rise in temperature. The solubility of oxygen in water decreases with increasing temper-
ature, and there will probably be some decrease in the dissolved oxygen (CO) content of the
discharge water. Under theoretical conditions, water at saturation might lose approximately
30% of its D0 content at this AT.24 However, if the incoming water were not at saturation
and/or underwent supersaturation when heated at the condensers (a common phenomenon), it would

-lose less of its 00 content.

Although difficult to quantify, the staff believes that there will be little, if any, effect on
tht D0 of Monticello Reservoir from operat'on of the Sumer station for the following reasons:
(1) the plant will withdraw or.ly a small portion of the water in Monticello (approximately 0.5%
on a daily basis, equivalent to about a 175 day turnover rate), (2) the discharged water will
be released as a surface flow, which will maximize oxygen readsorption from the atmosphere,
(3) the discharged water will be prevented from directly reentering the Summer intake structure
(allowing time for reaeration), and (4) the Fairfield pumped ste, rage system will remove and
return approximately 7% of Monticello's volume (14 times the daily volume passing through the
Sumer statian) on a daily basis. The round trip passage through the Fairfield tailraces and
th2 movement in shallow Parr Reservoir should foster reaeration of this water mass and will
probably compensate for the amount of D0 removed by Summer operation.

4.4.2.4 Ccoling system impingement /entrainment,

impingement

Inflowing water passes through
The Sumer plant utilizes a shoreline cooling (water intake.0.375 in.)] screen before circulating througha'trashrackandaconventionalmesh(9.5mm
the plant. Fish that are too large to pass through the screen and that cannot actively avoid
it will be impinged on the screen and often killed. Such mortilities can be substantial 25
but depend on a number of factors such as species composition, size frequency, density and
behavioral characteristics of indigenous fish, intake locatio ,and design, and approach veloc-
ities, among many 'thers.26,27 Monticello Reservoir is a newly created impoundment and descrip-
tive biological data are not available. The eniv 6ta available for the Sumer plant are the
intake design, location, and calculated approach velocities.

The designed average approach velocity is about 0.15 m/sec (0.5 fps; Sect. 3.2.4). An approach
velocity of 0.15 m/sec is recommended as a reasonable goal and should assist in achieving, but
will not guarantee, low impingement mortalities.26,27 The approach velocities at Sumer will
generally be within these guidelines and will be substantially lower than many other operating
plants in the Southeast (Table 4.4). I g ingement mortalities vary with plant siting and do not
necessarily correlate closely with intake velocities. For example, at the Kingston (Tennessee)
Steam Plant approach velocities averaged 0.13 m/sec (0.42 fps) and about 405,000 threadfin shad
wzre impinged during a five-month monitoring program. During the same period, only about
14,000 threadfin shad were impinged at nearby Bull Run (Tennessee) Steam Plant even though the
approach velocities were considerably higher, 0.37 m/sec (1.22 fps).20 The staff cannot make
en accurate assessment of the impingement mortalities expected to result from Summer station
operation because of the absence of necessary information. Data from the preoperational anti
operational menitoring program are necessary for a more accurate assessment of the effect of
impingement losses on the t.quatic ecology of Monticello as it develops. The applicant has also
developed monitoring studies (Appendix F) to satisfy the requirements of the NPDES pemit in
regard to paragraphs 316(a) and 316(b) of FWPCA, which require use of the best available tech-
nology to minimize the environmental impact of cooling water intake structures. The results of
these monitoring studies can be used to detemine mitigating measures should they, become nec-
essary. Appropriate mitigating measures could include various intake scretning devices, fish
barriers, and relocatien of the water intake.

Entrainment

Organisms in the water column smaller than the traveling screen mesh size [9.5 m (0.137 in.)]
that cannot avoid the cooling intake will be entrained into the cooling water system. Because
of rapid temperature rise [13.9'C (25'F)] and mechanical stress, passage through the cooling
system can induce mortalities. A mechanical system of cordenser cleaning will be employed

.. ._ . - _-
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Table 4.4. Intake ulocities for operating power plants in the
southoestern United States

Maximum approach

Plant (state) velocity

cm/sec fps

Dan River (Nc th Caredna) 284 14 0.46
Clif fside (North Caroiinal 770 24 o.?9
Hatch (Georgia) 716 26 0.85
Robinson (South Caro;ina) 375 6,64 0.02. 2.M8

- Lee (Sm.tn Carolina) 323 88 2 39
Ghent (Kentucky) 511 25 0.82
Handley (Texas) 523 31 1.02
Greene County (Alabama) 568 33 1.08
Riverbend (North Carolina) 730 35 , 1.15
Buck (North Carolina) 519 82 2.69
Allen (North Carolina) 1140 19 0.62
Gaston (Alabama) 1061 19 0.62
Green River (Kentucky) 263 28 0.92
Gorgas (Alabama) 1546 31 1.02
Cane Run (Kentucky) 1o17 46 1.51
Oconee (South Carolina) 2658 51 1.67
Wateree (South Carolina) 772 15 0.49
Marshall (North Carolinal 2025 21 0.69
Browns Ferry Mlabama) 3456 27 o.89
Eagle Mounte (Texas) 706 46 1.51
Mill Creek (Kentuck y) 330 47 1.54
Tradinghouse (Texas) 1380 56.82 1.84, 2.69'
Arkansas (Arkansas) 820 90 2.958

Mean 40 1.31

8T.vo units.
b intake canal velocity.
Source: J. Loar, J. Griffith, and K. Deva Kumar, "An Analysis of

Factors influencing the impingement of Threadfin Shad at Power
Plants in the Southeastern United States," in fourth National
Workshop on Entrainment and /mpingement, L. Jensen. Ed.,1978.

(biocides will not be used to control condenser fouling; FES-CP, p. III-34, and OL-ER, p. 3.4-3)
that should reduce potential entrainment mortalities. The daily volume passing through Summer
is so small in comparison with the total volume of Monticello (=0.5%) that the entrainment of
organisms with rapid turnover times and high fecundity (phytoplankton, zooplankton) is expected
to have a negligible impact on their population in the reservoir. Moreover, any such organisms
killed in passage will be released in the plume, and their biomass will enter the food chain as
detrital material.

Organisms on which entrainment can potentially have a significant impact, however, are the
punktonic larval forms of fish species, that is, ichthyoplankton. The loss of ichthyoplankton
from entrainment at the Summer station will depend on their distribution in Monticello, their
d:nsities near the intake structure, their growth rates and behavioral characteristics, and the
entrainment mortality rate. Because of the absence of such data concerning the newly fonned
reservoir, the staff calculated potential ichthyoplankton stock losses for various periods of
exposure to entrainment at the Summer station determined from a range of entrainment mortalities
and the assumption of uniform ichthyoplankton densities throughout Monticello (Fig. 4.2).
Goodyear's lake / reservoir model28 was used to predict entrainment loss.

A species whose ichthyoplankton/ juvenile stages are vulnerable to entrainment for a period of
60 days, for example, would suffer about a 24% loss of its entrainable population under the
assumption of one-pass mortality of 0.8 and a uniform distribution of entrainable stages in
Monticello (Fig. 4.2). However, ichthyoplankton entrainment mortality relies greatly on
ichthyoplankton dir'.ribution within Monticello, for which there is no data. If the density
of entrainable stages were three times as high in the intake area as in Monticello as a whole
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Fig.'4.2. Potential reduction of entrainable ichthyoplankton population from Sumer
station o The time scale refers to the duration of the fish life cycle (as ichthyo-
plankton)peration.when the fish is susce;'.tible to entrainment mortality. Unifom ichthyoplankton
censity is assumed for Monticello. Calculations are based on methodology reported in C. P.
Coodyear, Mathematical Methods c< Evaluate Entrainment of Aquatic Organisms by Pouer Plants,
Fublication No. FWS-0BS-76/20.3, U.S. Fish and Wildlife Service, Septemt'er 1977.

(including hypolimnion) and the one-pass mortality were 1.0, the percent reduction of entrain-
able stock would increase to about 65%. However, if the density in the intake area were one-
third the average for Monticello and the one-pass mortality were 0.5, then the percent reduction
would be only about 6%. The magnitude of the impact on any individual species will vary and is
dependent on distribution within the environment (in turn depending on the lake morphometry and
the habitat development in Monticello), growth rates (as they influence the length of entrain-
ment susceptibility), and ambient temperatures (which affect both growth rates and the absolute
temperature achieved in the cooling cycle), among other factors. An assessment of absolute
irrpacts based solely on pumping rates is not possible.

At this time, the potential entrainment losses from Summer operation cannot be quantified
because of the absence of necessary data. Estimated reductions in entrainable populations of
ichthyoplankton can vary greatly with alterations in underlying assumptions. Therefore, the
inpact of entrainment losses from Summer operation on the aquatic biota of Monticello, as it
will evolve and be influenced by pumped storage operation, cannot be predicted at this time.
Tre applicant is required by the NPDES pemit to pedom a 316(b) demonstration study (Apperdix
F}. The results of this study will quantify the,e in. pacts and aid in determining any neces3ary
mitigating measures.

Preliminary preoperational biological monitoring data 29,30 indicate ichthyoplankton densities
in the cooling water intake area to be lower by approximately 50% as compared to areas in the
upper portion of Monticello. If such distributions are maintained as Monticello ages, then the
ichthyoplankton losses may be in the lower portion of the range calculated above. Should
entrairwent losses be unacceptably high, relocation of the water intake should be considered.

4.4.2.5 Impacts of chemical discharges

The description of the chemical discharges expected during operation of the Summer nuclear
facility is given in Sect. 3.2.6. The values for wastes generated by startup, ion-exchange
regenerate wastes, blowdown, and sanitary and general plant wastes measured at the discharge are
generally low, and the staff does not anticipate any adverse effects from these chemical
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discharges. Chlorine will not be used as a biocide to prevent fouling of the condenser tubes
(FES-CP, p. III-34, and OL-ER, p. 3.4-3), and chlorine used in the treatment of sanitary wastes
will yield a total residual chlorine quantity of 0.5 mg/ liter before dilution and a negligible
2.4 x.10-8

.

mg/ liter after dilution with the cooling water.

4.4.2.6 Summary of potential aquatic impacts

The staff is limited in accurately assessing all possible aquatic impacts that will result from
Sumer station operation because Monticello Reservoir is a newly formed and developing environ-
ment that will be influenced to an unknown extent by pumped storage operation. Biological data
for this reservoir are currently not available.

The staff predicts that Sumer operation will have no adverse effect on temperature or oxygen
content downstream from Parr Reservoir and, specifically, will not interfere with striped bass
spawning in the Congaree River. Possible impacts of the thermal discharge on the aquatic ecology
in Monticello should not be significant because of the small surface area involved and the
release of the plume as a surface phenomenon. Dissolved oxygen depletion in Monticello is not

. predicted to be co . sequential. Losses from impingement and entrainment are impossible to quan-
tify. However, Qe staff feels that Monticello will most likely be a marginal aquatic habitat
because of the adverse influence of the Fairfield pumped storage facility and that impingement
and entrainment losses at Fairfield will greatly exceed losses from Sumer operation. In addi-
tion, impingement losses will be monitored, and if necessary, corrective actions can be taken
after startup (Sect. 5.3.5). The applicant is required to undertake 316(a) and 316(b) demon-,

stration studies to quantify thermal and entrainment/ impingement impacts on Monticello Reservoir1

(Appendix F). Such data will aid in determining mitigating neasures to be imple.nented should
they be necessary.

6.5 RADIOLOGICAL IMPACTS

4.5.1 Exposure pathways

The environmental pathways considered in preparing this section are shown in Fig. 4.3. The;

pathways evaluated were direct radiation from the plant and pathways associated with the gaseous,

i and liquid effluents. For gaseous effluents, the following pathways were evaluated:

imersion in the gaseous plume;*

inhalation of iodines and particulates;*

ingestion of iodines and particulates through the milk cow, goat, meat animal, and*

vegetation pathway; and
radiation from iodines and particulates deposited on the ground.*

For liquid effluents, the following pathways were evaluated:

drinking water,*

; ingestion of fish and invertebrates, and*
'

* shoraline activities and boating and swimming in water con:aining radioactive effluents.

Only those pathways associated with gaseous effluents reported :o exist at a single location
were combined in calculating the total exposure to a maximali, exposed individual. Pathways4

i associated with liquid effluents were combined without regard e location but were assumed to
be associated with a different maximally exposed individual than the one considered for gaseous
effluent nathways.

The models and considerations for environmental pathways used in estimating radiation doses1
'

resulting from plant operations to individuals near the plant and to the population within an
80-km (50-mile) radius of the plant are discussed in detail in Regulatory Guide 1.109. Use of

'

these models and additional assumptions about environmental pathways leading to exposure to
populations outside the 80-km radius are described in Appendix B of this Statement.

.
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|
(

! 4.5.2 Dose commitments

| The quantities of radioactive material released annually from the plant were estimated using
the description of the radioactive waste systems given in the applicant's Environmental Report'

| and the calculational model and parameters described in NUREG-0017.31 The applicant's site and
environmental data provided in the Environmental Report and in subsequent answers to NRC staff
questions were used extensively in tM dose calculations. Using these quantities of radioactive
materials released and exposure pathway information, the dose commitments to individuals and
the population were estimated. Population doses were based on the projected population distri-
bution of the year 2000.

l
! The dose commitments in this Statement represent th'e total dose received over a period of

50 years following one year's intake of radioactivity under the conditions existing 15 years
after the station is started. For the younger age groups, changes in organ reass with age af ter
the initial intake of radioactivity are accounted for in a stepwise manner.

1
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In the analysis of all effluent radionuclides released from the plant, tritium, carbon-14,
radiocesium, and radiocobalt inhaled with air and ingested with food and water were found to
account for essentially all total-body dose commitments to individuals and the population
within 80 km (50 miles) of the plant.

4.5.2.1 Dose commitments from radioactive releases to the atmosphere

Radioactive effluents released to the atmosphere from the Summer facility will result in small
radiation doses to indiviJtale and populations. The NRC staff estimates of the expeited
gaseous and particulate releases listed in Table 4.5 and the site meteorological con iderations
discussed in Sect. 2.4 and summarized in Table 4.6 were used to estimate radiatfor aoses to
individuals and populations. The results of the calculations are discussed bel" .

Table 4.5. Calculated releases of radioactive mate. sal in
gaseous effluents from the Summer station
(Ci/ year)

Waste gas- Reactor Auxiliary Turbine A!r
Nuclide decay buf1 ding . building building ejector Total

tanks exhaust

K.--83m a 1 a a a 1
Kr-85m a 11 2 a 1 14
Kr-85 203 5 a a a 210
Kr-87 a 2 1 a a 3
Kr-88 a 14 4 a 3 21
Kr-89 a a a a a a
Xe-131m 3 10 a a a 13
Xe-133m a 43 2 a 1 46
Xe-133 a 2500 110 a 70 2700
Xe-135m a a a a a a
Xe-135 a 55 7 a 4 66
Xe-137 a a a a a a
Xe-138 a a 1 a a 1

Total Nob!e Gases 3100

bI-131 a 4.2E-2 1.4E-2 1.2E-3 8.4E-7 6.6E-2
I-133 a 3.3E-2 2E-2 1.4E-3 1.2E 2 6.6E-2

Tritium 800

C-14 7 1 a a a 8
Ar-41 a 25 a a a 25
Mn-54 4.5E-5 2.1E-4 1.8E-4 e c 4.4E-4
Fe-59 1.5E-5 7.3E-5 6E-5 c c 1.5E-4
Co-58 1.5E-4 7.3E-4 6E-4 c c 1.5E-3
Co-60 7E-5 3.3E-4 2.7E-4 c c 6.7E-4
S r-89 3.3E-6 1.7E-5 1.3E-5 c c 3.3E-5
S r-90 6E-7 2.9E-6 2. 4 E-6 c c 5.9E-6
Cs-134 4.5E-5 2.1E-4 1.8E-4 c c 4.4E-4
Cs-137 7.5E-5 3.7E-4 3E-4 c c 7.5E-4

"Less than 1 Ci/ year for noble gases and carbon-14, less than 10 4 Ci/ year
for iodine.
b
Read as 4.2 x 10 2,

c
Less than 1% of total for this nuclide.
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Table 4.6. Summary of atmospheric dispersion factors and
values for maximum site boundary and receptor
locations near the Summer station

Location Source * x/Q (sec/m ) Relative8

deposition (m 2)

b c
Nearest sit land boundary A 4.4E-6 1.8E-8

(1.0 mile NNE) B 9.1E-6 3.7E-8

bNearest garden / residence A 2.6E-6 ~8.2E-9

(1.2 miles E) B 6.7E-6 2.1E-8

Source A is the reactor buildi~- aux',liary building, turbine building,a

nd air ejector exhaust; release is continuous. Source B is the waste
gas decay tank; there are 15 purges per year, 8 hr each purge.

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

CRead as 4.+ x 10 8

J

..mj p ts to individualsEadiation n

Individual recept.or locations and pathway locations considered for the maximum ind'vidual are listed
in Table 4.7. The maximuna individual is assumed to consume well above average quantities of.the -
foods considered (see Table E-5 in Regulatory Guide 1.109). The estimatM dose commitments to the
maximum individual from radioiodine and partictlate releases at the selected offsite location and
the maximum annual beta and gamma air dose and the maximum total-body and skin dose to an individual
ct the selected site boundary location are presented in Table 4.8. These calculated doses are com-
pared with the design objective values of 10 CFR Part 50, Appendix I, and of RM-50-2, contained in
the Annex to Appendix I, in Tables 4.9 and 4.10 respectively.

Radiation dose commitments to populations

Annual radiation dose commitments from airborne radioactive releases from the Summer nuclear station
are estimated for two populations in the year 2000: (1) the population within 80 km (50 miles) of
the station (T,.ble 4.9) and (2) the entire U.S. population (Table 4.11). Dose commitments beyond
80 km (50 miles) are based of the assumptions discussed in Appendix B. For perspective, annual back-
ground radiation doses are given for the population within 80 km (50 miles) of the site (Table 4.9)
and for the entire U.S. population (Table 4.11). The total body population dose to the population
with 80 km (50 miles) of the site from airborne radioactive releases from the Summer nuclear station
(i.e., about 1.8 person-rem) is a small fraction (less than 0.002 percent) of the corresponding pop-
ulation dose from natural background radiation (i.e., about 105,000 person-rec). The total body pop-
ulation dose to the entire U.S. population from airborne radioactive releases from the Summer Nuclear
Station (i.e., about 28 person-rem) is an even smaller fraction about 0.0001 percent) of the corre-
sponding U.S. population dose from natural background radiation (i.e., about 27 million person-rem).
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Table 4.7 Receptor and pathway locations
considered for selecting maximum
individual dose commitments

Distance
Sector (miles)

Site boungary NNE 1.0
Residence ESE 1.1 -
Garden / residence E 1.2Milk cow NNE 4.5
Meat animal SE 2.2cSpecial receptor or pathway WNW 0.4

a
8 eta and gamma air doses and total-body and skin
doses from noble gases are determined at site
boundaries.

b
Dose pathways, including inhalation of atmospheric
radioactivity, exposure to deposited radionuclides,
and submersion in gaseous radioactivity are eval-
uated at residences.

c
A special receptor or pathway would be a worker
at the Fairfield pumped storage facility likely
to be exposed via the same pathways as an
individual at the nearest residenceb for a fractionof the year.

i

4

$
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Table 4.8. Annual dose commitments to maximum ir.11vidual

near the Summer station

Dose are corrected for radioactive decay and cloud depletion from
deposition, where appropriate, in accordance with Regu ntory Guide 1.111,
Rev. 1, Methods for Estimating Atmospheric Transport and Oispersion of
Gaseous Effluents in Routine. Releases from Light Water Reat.' ors, July
1977. All doses except gamma and beta air doses, which are .'n millirad
per year, are in millirems per year

Doses from noble gases in gaseous effluents
Gamma Beta

Total air air

Location Pathway body Skin dose dose

Nearest * site boundary Direct radiation
(1.0 mile NNE) from plume 0.14 0.42 0.23 0.57

Doses from iodine and particulates in gaseous effluents

Total
Location Pathway body Thyroid Liver Lung GI tract

bNearest Ground
garden / residence deposit 0.01 0.01 0.01 0.01 0.01
(1.2 miles E) Inhalation 0.07 0.17 0.07 0.07 0.07

Vegetation
(to a child) 0.34 0.57 0.35 0.34 0.34

Doses from liquid effluents
,

Total
Location Pathway body Thyroid Liver Bone

DNearest Water ingestion 0.01 0.01 0.01 <0.01
drinking water
intake (city of

Columbia)

Nearest sport Fish ingestion 0.04 <0.01 0.05 0.03
location (Parr-
Monticello
reservoir system)

Nearest" refers to that site boundary location where the highest dosesa

from gaseous effluents are estimated to occur.

" Nearest" refers to the location where the highest radiation dose to an
individual from all applicable pathways is estimated to occur.
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Table 4.9 P=lculated dose commitments to a maximum individual and
population within 80 km from Summer station operation

All doses to the individual are in millirems per year except as noted

Individual doses
Appendix I Calculatedadose design objective doses

Liquid effluents

Dose to total body from all pathways 3 0.05
Dose to any organ from all pathways 10 0.06

Noble gas effluents (at site boundary)

Gamma dose in air, millirads per year 10 0.23Beta dose in air, millirads per year 20 0.57Dose to total body of an individual 5 0.14
Dose to skin of an individual 15 0.42

bRadiciodine and particulates
Dose to any organ from all pathways 15 0.75

Annual population doses (person rem)

Total body Thyroid

cNatural background rad etion 105,000
Liquid effluents 1.0 1. 0Noble gas effluents 0.40 0.40Radioiodines and particulates 1. 4 3.0 '

" Appendix I design objectives from Sects. II.A, II.8, II.C, and II.0 of
Appendix I to 10 CFR Part 50, consider doses to maximum individual and
population per reactor unit. Fed. Reg: 40 19442 (May 5, 1975).

b
Carbon-14 and tritium have been added to the category.

c
U.S. Environmental Protection Agency, Natural Radiation Exposure in
the United States, Report ORP-SID-72-1, June 1972; calculated using
the average South Carolina State background dose of 97 millirems
per year and year 2000 projected population of 1.08 x 108

..
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Table 4.10 Calculated dose commitments to a maximum individual
from Summer station operation

All doses to the individual are in millirems per year
/*r site except as noted

RM-50-2 Calculated
dose design objective' doses

Liquid effluents
Dose to total body from all pathways 5 0.05
Dose to any organ from all pathways 5 0.06
Non-tritium releases 5 Ci/yr/ unit 0. 2t,

Noble gas effluents (at site boundary)
Gamma dose in air, millirads per year 10 0.23
Beta dose in air, millirads per year 20 0.57
Dose to total body of an individual 5 0.14

Dose to skin of an individual 15 0.42

bRadioiodine and particulates
Dose to any organ from all pathways 15 0.75
I-131~ releases 1 Ci/yr/ unit 0.07

Guides on design objectives proposed by the NRC staff on Feb. 20, 1974a

consider doses to individuals from all units on site. From U.S. Atomic
Energy Commission, " Concluding Statement of Position of the Regulatory
Staff," Docket No. RM-2, Washington, D.C., Feb. 20, 1974, pp. 25-30 pub-
lished as Annex to Appendix I to 10 CFR Part 50.

bCarbon-14 and tritium were added to this category.

Table 4.11 Annual total-body population dose commitments in the year 2000

U.S. population dose commitment
Category (person-rem per year)

aNatural background radiation 27,000,000

Summer station operation
D

Plant workers 1300
General public
Radiciodine and particulates 27
Liquid effluents 1.1
Noble gas effluents 0.8
Transportation of fuel and waste 7

Calculated using the average U.S. background dose (102 millirems pera

year) in U.S. Environmental Protection Agency, Natural Radiation Exposure
in the United States, Report ORP-SID-72-1, June 1972, and year 2000 pro-
jected U.S. population from the U.S. Dept. of Commerce, Bureau of the
Census, Population Estimates and Projections, Series II, Series P-25,
No. 541, February 1975.

bThe average reactor annual dose is 410 pe rson-rem. 88 '" Particular
plants have experienced average lifetime annual doses as high as
1300 person rem. For purposes of conservatism the staff has used the
higher value in this assessment.

_
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4.5.2.2 Dose commitments from radioactive liquid releases to the hydrosphere

Radioactive effluents released to the hydrosphere from the Summer station during normal operation
will result in small radiation doses to individuals and populations. The NRC staff estimates of the
expected liquid releases listed in Table 4.12 and the site hydrological considerations discussed in
Sect. 2.3 of this Statement and summarized in Table 4.11 were used to estimate radiation dose commit-
ments to individuals and populations. The results of the cabulations are discussed below.

Radiation dose commitments to individuals

The estimated dose commitments to the maximum individual from liquid releases at solcated offsite
locations are listed in Tables 4.8, 4.9, and 4.10. The maximum individual is assumed to constme
well above average quantities of the foods considered and st i 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 release- < rom the Summer nuclear station
are estimated for two populations in the year 2000: (1) the r _ dation within 80 km (50 miles) of
the station (Table 4.9) and (2) the entire U.S. population (l u le 4.11). Dose commitments beyond
80 km (50 miles) are based on the assumptions discussed in Appendix 8. For perspective, annual
background radiation doses are given for the popula'. ion within 80 km (50 miles) of the site
(Table 4 9) and for the entire U.S population (Tabla 4.11). The total body population dose to the
population within 80 km (50 miles) of the site from liquid radioactive releases from the Sumer
Nuclear Station (i.e., tout 1 person-res) is a sm;'l fraction (less than 0.001 percent) of the ;

corresponding population dose from natural backgrourst radiation (i.e. , about 105,000 person-rem).
The total body population dose to the entiro U.S. population from ifquid radioactive releases from
the Summer nuclear station (i.e., about 1.1 person-rem) is an even smaller fraction (less than
0.00001 percent) of the corresponding U.S. population dose from natural background radiation (i.e.,
about 27 million person-ree).

Table 4.12 Calculated releases of radioactive
materials in liquid effluents from
tl.s Summer station

Nuclide Ci/ year Nuclide Cf/ year

Corrosion and Acivation Te-129m 9E. 5
Produce re-129 6.5aCr-51 1.1E-4 I-130 1.9E-4

Mn-54 IE-3 Te-131m SE-5
Fe-55 1.1E-4 I-131 IE-1
Co-58 SE-3 I-132 3.8E-3
Fe-59 6E-5 Te-132 9.4E-4
Co-60 8.8E-3 I-133 5.7E-2
Zr-95 1. 4 E- 3 I-134 1E-5
Nb-95 2E-3 Cs-134 1 ?E-2
Np-239 4E-5 I-135 4.3E-3

Cs-136 2.7E-3
Fission products C5-137 3E-2
B r-83 4E-5 Ba-137m 5.7E-3
Rb-86 2E-5 Ba-140 1E-5
Sr-89 2f-5 La-140 1E-5
Mo-99 2 8E-3 Ce-144 5.2E-3
Tc-99m 3E-3 All others 4E-5

Total except

Tritium 0.26 ;

Ru-103 1.4E-4
Ru-106 ?.4E-3
Ag-110m 4.4E-4 Tritium 360 i

Te-127m 2E-5
Te-127 2E-5

j

i
aRead as 1.1 y 10 i.
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' Table 4.13 Summan of hydrologic transport and disgersion for
liquid releases from the Summer statiot,

Transit time Dilution factor
-(hr)

Nearest drinking water intake- 33 1

_. (city of Columbia)

Nearest sport fishing location 0. 0 ~ 1
(Parr-Monticello reservoir system)b

Nearest shoreline
(Parr-monticello reservoir system)D 0.0 1

"See Regulatorv Guide 1.113, Estimating Aquatic Disperson of Effluents
from Accidental and Routine Releases for the Purpose of implementing
Appendix 1. April 1977.

DAn almost uniform concentration would be established throughout this
water body and its shoreline.

4.5.2.3 Direct radiation

Radiation from the facility

Radiation fielos are produced in nuclear plant environs as a result of radioactivity contained with-
in the reactor and its associated components. Doses from sources within the plant result primarily
from nitrogen 16, a radionuclide produced in the reactor core. S c ause the p'imary coolant of a PWR
is contained in a heavily shielded area of the plant, dose rates in the vicinity of PWRs are gen-
erally undetectable (less than 5 millires per year). Low-level radioactivity storage containers out-
side the plant are estimated to contribute less than 0.01 millirem per year at the site boundary.

Occupational radiation exposure

The dose to nuclear plant workers varies from reactor to reactor and can be projected for environ-
. mental impact purposes by using the experience to date with modern pressurized water reactors (PWRs).
Most of the dose to nuclear plant workers is due to external exposure to radiation from radioactive
materials outside the body rather than intert al exposure from inhaled or ingested radioactive mate-
rials. Recently licensed 1000 MWe PWRs are designed and operated in a manner consistent with the
new (post-1975) regulatory requirements and guidance. These new requirements and guidance place
increased emphasis on maintaining occupational exposure at nuclear power plants as low as is reason-
ably achievable (ALARA), and are outlined in 10 CFR Part 20, Standard Review Plan Chapter 12, and
Regulatory Guide 8.8.ss,es,s7 The applicant's preposed implementation of these requirements and
guidelines are reviewed by the NRC staff at the cmtruction permit licensing stage, the operating
license licensing stage, and during actual operation. Approval of the proposed implementation of
these requirements and guidelines is granted only after the review indicates that an ALARA program
can actually be implemented. As a result of our review of the Summer safety analysis report, the
staff has determined that the applicant is committed to design features and operating practices that
will assure that individual occupational radiation doses can be maintained within the limits of
10 CFR Part 20 and that individual and population doses will be as low as is reasonably achievable.70

Based on actual operatlog experience, it has been observed that occupational dose has varied consids -
ably from plant to plant, and from year to year. Average individual and collective dose information
is available from over 190 reactor years of operation between 1974 and 1979. These data indicate
that the average reactor annual dose at PWRs has been about 410 person-rems, with particular plants
experiencing an average unual dose as high as 1300 person-rems.es,es These dose averages are based
on widely varying yearly doses at PWRs. For example, annual collective doses for PWRs have ranged
from 18 to 5262 person rems per reactor.** The average annual dose per nuclear plant worker has been
about 0.8 rem.as

The wide range of annual doses (18 to 5262 person-rems) experienced by U.S. PWRs is dependent on a
number of factors such as the a1ount of required routine and special maintenance, and the degree of

. _ _ _ _ .
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reactor operatioas and inplant surveillance. Since these facters 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 If fetime. 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 levels that are Al. ARA. Consequently, the
NRC staff's occupational dose estimates for environmental impact purposes for the Summer nuclear
station are based on th) conservative assumption that the Summer plant say have a higher than average
level of special maintenance work. Based on the Staff's review of the occupational dose data for
over 190 PWR reactor operating years, the NRC staff projects that the occupational doses at Summer

' could average as much as 1300 person-rems /yr when averaged over the life of-the plant.70 However,
actual year to year doses at Summer may differ greatly from this average depending on actual plantoperating conditions.

Transportation of radioactive material

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 entitled, " Environmental Survey of Transportation of Radioactive Materials
to and from Nuclear Power Plants."3s The estimated population dose commitments associated with

4

transportation of fuels and wastes are listed in Tables 4.11 and 4.14.

Table 4.14. Environmental impact of transportation of fuel and waste to and from
a light-water <ooled nuclear power reactor

-

Normel conditions of transport

beat (per irra diated fuel cask in transitt 260 MJ/hr
Weight (governed by Federal or State restrictions) 33,000 kg per truck;

90 MT per cask per
,

rail car
Traffic density

Truck
Less than one per day

Rad
less than three per month

Exposure to population

Exposed populatic, Estimated Range of doses Cumulative dose to
number of to exposed exposed population
persons individuals 8 (man-rems per reactor
exposed (millirems per year)6

reactor year)
Transportation -

worker 200 0.01 to 300 4
General public

Onlookers 1,100 0.003 to 1.3
Along route 600,000 0.001 t0 0.06 3

Accidents in tunsport

Radiological offacts Small'
Common (nonradiological) causes 1 fatal injury in 100 reactor years:

1 nonfatal iajury in 10 reactor years;
$475 property damage per reactor year

8The rederal Radiation Council has recommended that the radiation doses from all sources of radiation
other than natural background and medical exposures should be limited to 5000 millirems per year for
individuals as a result of occupational exposure and should be limited to 500 millirems per year for
individuals in the general population. The dose to individuals from average natural background radiation is
about 102 millirems per year.

6
Man-rem is an expression for the summation of whole body doses to inefividuals in a group. Thus if

each member of a population group of 1000 people were to receive a dose of 0.001 rem (1 rnibrem), or if 2
people were to receive a dose of 0.5 rem (500 milbrems) each, the total cumulative dose each case would be
1 man-rem.

'Although the environmental risk of radiological ef fects stemming from transportation accidents cannot
currently be nur"terically quantified, the risk remains small regardless of v6hether it is being applied to a
single reactor or a multireactor site.

Source: Data supporting this table are given in the Commission's Environmenta/Sasvey of Transporta-
tion of Radioactive Materials to and from Nuclear Power Plants. Report WASH-1238. December 1972, and
Suppl. I, Report NUREG-75/038, April 1975.

.. - .- , .. . . - . - .
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4.5.3 ~ Radiological impact on man

The actual radiological impact associated with the operation of the proposed Summer station will
depend, in part, on the manner in which the radioactive waste treatment system is operated. As
concluded from the NRC staff's evaluation of the potential performance of the radioactive waste system,
the proposed system is capable of meeting the dose design objectives of 10 CFR Part 50, Appendix I,
and those of RM-50-2 contained in the Annex to Appendix I. The applicant chose to show compliance

-

with the design objectives of RM-50-2 as an optional method of demonstrating compliance with the
cost-beqefit section of Appendix I,- Sect. II.D. Tables 4.9 and 4.10 compare the calculated maximum
individual doses to the design objective doses. However, becaure the facility's operation will be
governed by operating license technical specifications and because the technical specifications will
be based on the design objective doses of 10 CFR Part 50, Appendix I, shown in Table 4.9, the actual
radiological impact of plant operation may result in doses close to the design objective doses. Even
if this situation exists, the individual doses will still be very small compared to natural background
doses (q100.:llliress per year) or the dose limits specified in 10 CFR Part 20. As a result, the
staff concludes that there will be no measurable radiological impact on man from routine operation
of the plant.

The licensee is also subject to EPA's 40 CFR Part 190, " Environmental Radiation Protection Standards
for Nuclear Power Operations." This specifies that the annual dose equivalent should not exceed
25 milliress to the whole body, 75 milliress to the thyroid, and 25 mill * rems to any other organ of
any member of the public as the result of exposures to planned discharges of radioactive materials,
radan and its daughters excepted, to the general environment from uranium fuel cycle operations and
radiation from these operations.

4.5.4 Radiological impacts to biota other than man

Depending on the pathway and radiation source, terrestrial and aquatic biota will receive doses
approximately the same or somewhat higher than those man will receive. Although guidelines L. ave not
been established for acceptable limits for radiation exposure to species other than man, it is gen-
erally agreed that the limits established for humans are also conservative for other species.
Experience has shown that it is 1.he maintenance of population stability that is crucial to the sur-
vival of a species, and species in most ecosystems suffer rather high mortality rates from natural
causes. Although the existence Jf extremely radiosensitive biota is possible and although increased
radiosensitivity in organisms cay result from environmental interactions 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
Summer station. Futhermore, at all the nuclear plants for which an analysis of radiation exposure
to biota other than man has been made, there have been no cases of exposures that can be considered
significant in terms of harm to the species or that approach the exposure limits to members of the
public permitted by 10 CFR Part 20.84 Because the BEIR Reportas concluded that the evidence to date
indicates that no other living organisms are very much more radiosensitive than man, no measurable
radiological impact on populations of bftta is expected as a result of the routine operation of this
plant.

4.5.5 Risks due to radiation exposure from normal operations

The individual doses associated with exposures will be controlled such 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 reasonable achievable (ALARA) in order that the dose design objectives of 10 CFR
Part 50 Appendix I, can be met for the genera? public. The limits in 10 CFR Part 20 and the annual
dose design objectives in 10 CFR Part 50 Appendix ! are intended to assure that the risk to any
exposed individual is extremely small. The risk estimates are derived from the recommendations of
the National Academy of Sciences Biological Effects of Ionizing Radiation Committee (BEIR I) and
GESMO.71 72 The following 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 potential health effects: about 140 potential
deaths from cancer per million person rem and about 2u0 potential cases of all forms of genetic
disorders per million person-rem. The cancer fatality risk estimates are based on the " absolute
risk" model described 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 life. This would produce
risk values up to about four times greater than those used in this report. The NRC staff regards
this as a reasciable upper limit to the range of our uncertainty. The lower limit of the range
would be zero. The range of uncertainty in the genetic risk estimates extends a factor of about 6
above and abort 4 below the preceeding value of about 260 potential cases of all forms of genetic
disorders per million person-rems. The BEIR III Report estimates that the number of potential
nontatal cancers would be approximately 1.5 to 2 times the nur.-ber of potential fatal cancers.75

-
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It should be noted that the preceeding values for risk estimators are consistent with the
recommendations of a number of recognized radiation protection organizations, such as the

-International Commission on Radiological Protection (ICRP), the National Council on Radiation
Protection and Measurement (NCRP), the National Academy of Sciences BEIR III Report, and the United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).rs.7s
4.5.5.1 Occupational exposure

This section contains estimates of the risk of occupational radiation exposure for three categories:
(1) the non radiological and radiological occupational risk experienced by the average power plant

' worker; (2) the risk of potential fatal radiation-induced cancers in the exposed workforce popula-
tion; and (3) the risk of potential radiation-induced genetic disorders in all future generations
of the exposed workforce population.

Risk to workers

The average annual dose per nuclete plant worker at operating LWRs (about 0.8 ree) has been well
within the limits of 10 CFR Part 20. However, for comparative purposes, the NRC staf f 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 /105
persons per year of exposure at 0.8 rea/yr due to cancer.* The number of potential nonfatal cancers
would be approximately 1.5 to 2 times the number of potential fatal cancers.75 The nonradiation
' job related nortality' incidence of nuclear plant workers is expected to be no greater than the
- job related mortality incidence for similar types of work. The average nonradiation job-related
risk for 7 U.S. electrical utilities aver the period 1970-1979 is about 12 actual premature
deaths /105 person years. " Adding the nonradiation job-related risk to the potential radiation-
related risk the comparable risk to a nuclear power plant worker receiving the average annual dose
would be about 23 premature deat5s per 105 person years.

The risks of various occupations, including nuclear plant workers, are shown in Table 4.14a. In
terms of job-related fatalities, the occupational risks to a nuclear power plant worker (i.e., about23 premature deaths /105 person years) is higher than the average private sector risk (i.e. ,10 premature
deaths /105 person years). However, the risk to nuclear plant workers is lower than the risk for a
number of other groups. It should be pointed out that the potential mortality 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 4.14a are conservative estimates (i.e., the actual risk may be much

- less than the estimate), whereas the mortality incidences for other groups are based on known
instances of. actual job-related fatalities.

Based on the above comaarisons, the staff concludes that the occupttional risk to nuclear plant
workers f rom operation of the Summer nuclear station is comparable to the risks associated with

-other occupations.

Risk to workforce population

The risk of potential fatal cancers in the exposed workforce population, and the risk of potential
genetic disorders in all future generations of the expoteff workforce population is estimated as
follows. Multiplying the annual plant worker population dose (i.e. ,1300 person-res) by the risk
estimators, the NRC staff estimates that 0.2 cancer deaths may occur in the exposed population and
0.3 genetic disorders may occur in all future generations of the exposed population. The value of
0.2 cancer deaths means that the probability of one ca..cer death over the lifetime of the entire work-
force due to one year of operation at the Summer nuclear station is about 2 chances in 10. The num-
ber of potential non-fatal cancers woJ1d be about 1.5 to 2 times the number of potential fatal can-

The value of 0.3 genetic disorders means that the probability of I genetic disorder in allcers.
future generations due to exposure to radiation during one year of operations at the Summer nuclear

. station is about 3 chances in 10. These health impacts will not be measurable when spread over the
lifetime of the entire work force.

4.5.5.2 Exposure of the general public

The doses associated with exposure of the general public from radioactive effluents from normal
operations at the Summer nuclear station will be controlled so as not to exceed the limits set forth
in 10 CFR Part 20. In addition, the licensee's operating license will contain Technical Specifica-
tions to maintain radioactive effluents to values as low as reasonably achievable according to the

" Exposure to individual workers will vary from the average; however, exposure to individual workers
will be limited so as not to exceed the limits in 10 CFR Part 20 for occupational exposure.
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Table 4.14a Incidence of job-related fatalities

Mortality incidence rates
Occupational group. (premature deaths /105 person years)

a 1275Undergroundmegalminers
Uranium miners 422'

aSmelter workers 194

cMining 61
cAgriculture, forestry, and fisheries 35

cContract construction 33

Transportation and public utilities 24
bNuclear plant worker 23

cManufacturing 7

cWholesale and retail trade 6

cFinance, insurance, and real estate 3

cServices 3

cTotal private sector 10

a"The President's Report on Occupational Safety and Health," May 1972.78
bThe fatality incidence rate for nuclear plant workers is based on an
annual exposure of 0.8 rem to the avert.ge worker, and the nonradiation-
related fatalities for 7 large U.S. electrical utilities over the period
1970-1979.77 About half of the estimated mortality incidence rate for
nuclear plant workers is potential, rather than actual, premature deaths
that might be caused by radiation exposure.

c" Occupational Injuries and Illness in the United States by Industry, 1975,"
Bureau of Labor Statistics, Bulletin 1981, 1978.78

____
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annual dose design objectives in 10 CFR Part 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 t'y no means clear whether dose rates of gamma or x r4 Mrtion of about 100 mrads/yr
are in any way detrimental to exposed people; any somatic efie. i 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 low-LET radiation admi-
nistered at this does rate will be demonstrated in the foreseeable future.7s

The estimated annual doses associated with exposure of the general population to radioactive
effluents from normal operations of the Summer nuclear station are far below the dose rate of
100 mrads/yr referred te by the Beir III Committee.

Risk to individuals

Multiplying 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 radioactive effluents from one year of reactor operations is less than one chance in a
million (i.e., about 7 x 10 7 for exposure tn gaseous effluents and about 4 x 10 7 for exposure to
liquid effluents) over the average lifetime.* The risk of potential premature death from cancer to
the average individual within 50 miles of the reactor from exposure to radioactive effluents from
the reactor is less than 1 percent of the risk fo the maximum individual. The risk of potential
non-fatal cancers is approximately 1.5 to 2 times the risk of death from potential fatal cancers.

For comparative purposes, the NRC staff has estimates the risk of potential premature death from
cancer to the general oublic from exposure to other sources of radiation in the United States (see
Table 4.14b). 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 exposure to gaseous or liquid 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 radiatM and
within the same range as the risk from exposure to many of the other common sources of re L ion
(e.g., airline travel, natural gas heating, and television viewing). Since the risk f.om 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 NRC staff considers the risk to real individuals from expo-
sure to radioactive effluents from u rmal operations at the Summer nuclear station to be
insignificant.

Risk to U.S. population

Multiplying the annual U.S. general public population dose from exposure to radioactive effluents
and transportation of fuel and waste from the operation of the Summer nuclear station (i.e., about
36 person-rem), by the preceding risk estisators, the NRC staff estimates that there may occur 0.005
cancer deaths in the exposed population, and 0.01 genetic disorders in all future generation of the
exposed population. The number of potential non-fatal 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 radioactive effluents and transportation of fuel and
waste from normal annual operation to the Summer nuclear station is less than 1 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 fuel and waste from normal annual operation of the
Summer nuclear station is about I chance in 100. For comparative purposes, the NRC staff has esti-
mated the risk of poential 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 NRC staff estimates that there may occur
about 3600 cancer deaths in the exposed population and about 7000 genetic disorders in the future
generations of the U.S. population due to exposure to background radiation. The risks to the gen-
eral population from exposure to radioactive effluents and transportation of fuel and wastes from
each year of operation of the Summer nuclear station are a very small fraction (less than 0.0002
percent) 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 trans-
pcrtation of fuel and waste from the annual operation of the Summer nuclear station in perspective

"The risk of potential premature death from cancer to the maximum individual from exposure to radio-
iodines and particulates would be in the same range as the risk from exposure to the other types of
effluents.

_ _ _ _ _ _ _
-



__

! Ttbla 4.11b Appr:xisatt rinking cf rists from varitus s:urc;s
of radiation exposure in the United States

Approximate risk,D
Exposed Part of body Averageannual chance of premature

Szurce of exposure group exposed dose, arem death in a million
| c

| Nztural radioactivity Smokers .. Bronchial epithelium 8000 180

! in tobacco
Medical diagnosis Patients Bone marrow 300 40

by rtdiopharmaceuticals
Medical diagnosis Adult patients Bone marrow 103 14

i by X-rays
Nttural background Total population .Whole body s80 11

ridiation
Many types of radio- Users Whole body 98 1.1

luminous clocks
Building materials Population in Whole body 7 -0.9 '

brick and
masonary building p-

QI
l

| Commercial nuclear
power plants

j Gtsrous effluents Maximum individual Total body 5 0.7

|
(Appendix I objective)

| Liquid effluents Maximum individual Total body 3 0.4
> (Appendix 1 objective)

Atmospheric weapons Total population Whole body $4 0.5
ttsts

Unvznted heaters Users Bronchial epithelium 22 0.5
using natural gas
Airline travel Passengers Whole body 3 0.4

Dental diagnosis Adult patients Bone marrow 3 0.4
>

|
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Table 4.14b (continued)
~

l

Approximate risk,b
Exposed Part of body Averageannual chance of premature

5:urce of exposure group exposed dose, mrem . death in a million

Many types of Users Gonadal dose 3 0.4
luminous wristwatches equivalent
Natural gas cooking Users bronchial epithelium $7 0.2
ranges

Teltvision receivers Viewing population Gonads s0.8 0.1
Commercial nuclear
power plants

Liquid and gaseous Population within Total body s0.003 0.0004
effluents 50 miles -

a
Average annual doses for all sources except commercial nuclear power plants were taken from either
BEIR III75 or NCRP.so The average annual dose to the maximum individual from effluents from commercial
nuclear power plants is the 10 CFR 50 Appendix I total-body dose design objectives. While other body
organs may receive slightly higher doses (e.g. , the thyroid dose is limited to 15 mrem /yr from radio-
iodines and particulates), the risk from the dose to other body organs will not significantly affect tthe approximate ranking. The average annual dose to the average individual within 50 miles of a
commercial nuclear power plant is derived from Table 4.9. g

Risk was calculated by multiplying the average annual dose (in rem) by risk estimates of 135, and 22.2
pot:ntial cancer deaths per million person-rem for total body and lung exposures, respect.1vely. 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 non-fatal cancers would be about 1.5 to 2 times the risk
of potential cancer fatalities.

c
Hypothetical maximum at highly localized points.

__- - ___ - _ ______ _- ___
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is to compare the preceding risks (i.e. , 0.005 potential cancer deaths and 0.01 potential genetic
disorders) with the risk to the year 2000 population using the current incidents of actual cancer
f;talities and actual genetic discrders.

Multiplying the estimated U.S. population for the year 2000 (i.e. , s 260 niillion persons) by the
current incidence of actual cancer fatalities (i.e., $20%) ar.d the current incidence of actual
genetic diseases (i.e., s 6%), then about 52 million cancer deaths and about 16 million genetic
abnormalities are expected.71.st The risk to the general public from exposure to radioactive
cffluents and transportation of fuel and wastes from the annual operation of the Summer nuclear
station are very small fractions (less than 1 part in a billion) of the estimated incidence of
c'ncer fatalities and genetic abnormalities in the year 2000 population.

On the basis of the preceding comparisons (i.e. , comparing the risk from exposure to radioactive
cffluents and transportation of fuel and waste from the annual operation of the Summer nuclear
station with the risk from exposure to other sources of radiation, and the risk from the estimated
incidence of cancer fatalities and ger. etic abnormalities in the year 2000 population), the NRC staff
c ncludes that the risk to the public health and safety from expsara to radioactive effluents and
the transportation of fuel and wastes from normal operation of the Summer nuclear station will not
be significant.

4.6 SOCI0 ECONOMIC IMPACTS

4.6.1 Social impacts of construction labor force

C:nstruction of the Summer station began in April 1973 with approximately 500 workers. A year
1cter, the construction work force numbered over 1000, and by the end of 1975 the figure had climbed
to roughly 1500. A rapid increase in construction activity occurred in 1976; slightly over 3000
workers were on the job by November of that year. The size of the work force dropped markedly in
J:nuary 1977 and remained between 2240 and 2455 the entire year. The number of workers is expected
to be fairly constant through 1978 as well, ranging between 2200 and 2400. In 1979, construction
activity should decline steadily from 2200 workers at the start of the year to only 1650 at the end.
The construction activity will continue to decline throughout 1980 until commercial operation
commences.

At the same time that the Summer station was under construction, the applicant w.e also engaged in
building the Fairfield Pumped Storage Hydrostation about I mile away. Although an assessment of
that project's impacts is beyond the scope of this study, the staf f notes that peak construction
&ctivity was reached there around the same time the Summer work force was at its highest. By adding
the roughly 1500 Fairfield workers employed at that time to the 3000 working at Summer, a peak con-
struction work force of 4500 is obtained fcr the two projects combined.ss

In mid-November 1976, when construction was at its peak, approximately 2400 of the 3000 workers on
the Summer project were craftsmen employed by the primary contractor, the Daniel Construction
Company of Greenville, South Carolina. The remainder vere salaried and office workers and tradesmen
employed by the various subcontractors engaged in the project.87 Of the 2400 Daniel Company crafts-
men, a survey conducted by the Daniel personnel department shows that over 1900 of them, or nearly
80%, lived within 80 km (50 miles) of the construction site. Table 4.15 shows that nearly 50% of
this " local" group lived in Lexington and Richland counties, which together comprise the Columbia
Standard Metropolitan Statistical Area (SMSA), and over 70% resided in the Central Midlands region,
c:nsisting of the SMSA plus Fairfield and Newberry counties. The rest of the local workers were
spread among nine neinhboring counties. Of those workers living outside the 80-km (50-mile) radius,
many prooably lived in the Greenville, South Carolina, and Augusta, Georgia, areas (OL-ER, p. 4,1-9).

In addition to those engaged directly in the construction of the Summer facility, there are workers
whose jobs have been created " indirectly" by the project. These people provide the goods and ser-
vices required in the course of building the facility as well as those demanded by the construction
work force. According to the U.S. Department of Housing and Urban Development, between 0.3 and 0.9
indirect jobs are created by each construction job.sa for the Summer project this represents
b; tween 690 and 2070 additional workers for the years 1976 through mid-1978, when the average con-
struction work force was about 2300. Because the plant site is so esose to the Columbia SMSA, where
t u re is a highly developed service sector, the number of new indirect jobs necessitated by con-
struction has probably been in the low end of the range.

To assess the social imoacts of construction, it is not enough to know how many direct and indirect
jobs are created by the project; the number of these jobs filled by in-movers, who require various
services and facilities, must also be ascertained. Assuming that those direct employees not counted
in the Daniel Company survey had similar residence pat *arns to those responding and that indirect
workers were roughly the same, the result is a construct 1i.1 period work force located predominantly
in the Central Midlands region. As discussed in Sect . 2.2.1, the population of Fairfield County
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grew by only 100 from 1970 to 1976, so it is obvious that plant-related in-migration was limited
there. In Newberry County, the population grew by slightly less than 2000 in those same years, an
increase of 6.6%. Only half of this growth was from in-migration,38 and even if this were entirely
plant related, it would still represent a small portion of the base population. The remainder of
construction-related personnel in the Central Midlands lived in the Columbia SMSA, where the popula-
tion is approximately 375,000 and growth in the years 1970 to 1976 was over 50,000.38 Compared to

,

these figures, plant-induced in-migration would have been relatively small even if all construction- !
related workers in the SMSA were in-movers, a condition that the staff considers highly unlikely.

Because the number of workers moving into the Central Midlands counties has been small relative to
existing population, the rtaff feels that the accompanying social pressures have also been small.
According to the county administrators of rural Fairfield aad Newberry counties, plant construction
has had minimal effects on the demand for housing and public scrvices there.40,41 In Lexington and
Richland counties, atty increased demand for services caused by ceristruction of the Summer facility
is a small part of the total brought about by continuing growth in tbc region.

Because plant construction has not brought substantial growth to the Central Midlands, any cut-
migration of construction workers that may occur af ter completion of the plant is likely to have
little impact on the area.

Table 4.15. Peak construction work force * living within 80 km (So miles) of the site

Work force Work force Work force
residents residents residents

;' Richland County Laurens County Cherokee County
Columbia 535 C!inton 61 Gaffney 12Olythewood 17 Laurens 35
Eastover 13 Joanna 23
Hopkins

-
g Greenwood County7

Ware Shoals 11572 Kershaw Coure:y
Lexiagton County Camden 75

West Columbia 105- Lugoff 28 Total 1913
Lexington 55 5
Batesburg 35

Union CocntyChapin 33
Union 52Cayce 31
Carlisle 18aston 25
Buffalo 11Leesville 24 _

trmo 23 81

Gilbert 12 Yo-k County
Swansea J Eock Hill 60

355 York 12

Newberry County
Newberry 115 80

Pomaria 43 Chester County
Prosperaty 30 Chester 43
Whitmor e 26 Lockhart 17
Little Mountain 16 Great F. '8s 13
Peak 12 Leeds 5
Silverstreet J y

251 Lancaster County
'

Fairfield County Lancaster 23
Jenkinsville 57 E. gin 13
Blair 52 36

""'
Saluda CountyBlackstock 17 ,

Ridgeway J
179 !4

u

"Craf tsmen employed by the Danir' Construction Company as of Nov. 14,1976.

Source: Written communication trom Jim Steely, Personnel Depement, Daniel Construction Company,
Greenville, South Carolina.
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Between 1970 cnd 1976, retail trade in Fairfield County more than dov51ed (Sect. 2.2.3) despite
the fact that population incre.ased by less than 1%. The staff feels that construction of the
Summer station is partly responsible for this trend; money spent by workers is,the vicinity of
the plant has had the effect of stimulating the local economy. In the rest 1 the Central
Midlands, increases in retail sales have been substantial but the Summer project has played a
far lesser role in this regionwide growth.

In the same period, per capita income in the Central Midlands has increased substantially.
Well paying jobs associated with the Summer facility have contributed to this trend, but these
jobs comprise such a small portion of total region employment that Summer's influence .as
probably been relatively minor. On the other hard, in Fairfield County, where population is low
rnd wages have long been the lowest in the regio % the creation of a substantial number of new,
high paying constrtiction jobs has had a more pronounced effect, as evidenced by the fact that
(verage income climbed more here than in the other Central Midlands counties (Sect. 2.2.3).

Despite the new jobs created by the Summer project, unemployment has still risen in the Central
Midlands region in the five years since construction began (Sect. 2.2.3). Without this activity,
however, the increase would have been even greater.

According to ae a;plicant, traffic congestion has been very pronounced in the vicinity of the
construction site at the beginning and end of the day shift. This increase in road use has
resulted in inconvenience to local residents and in accelerated road wear (OL-ER, Sect. 4.1.4).

Finally, there has been an increase in the incidence of certain crimes in the vicinity of the
site during the construction period. between 1974 and 1977, breaking and entering, larceny,
tnd motor vehicle theft all increased in Fairfield County at a much greater rate than in the
state as a whole.42 The staff believes that the jump in these crimes is partly a result of
the increased presence of people and money in the area as a result of plant construction. In
all these categories, however, the number of crimes in Fairfield County is still below the
State average.

4.6.2 Social impacts of operating labor force

During the operation period, expected to begin around mid-1980, the applicant plans to employ
213 people at the site. Table 4.16 shows that slightly more than one-third of these will be
involved in maintenance, over one-fourth will be administrative employees including security
persannel, almost one-fifth will be involved in techC cal supr'rt, and another ond-fifth will
be responsible for actual operations.

Table 4.16. Operatog personnel for the summer station

QPosition Personnel i. Position Personnel y Position Personnel

Administration Maintenance Technical support
Piant manager 1 Maintenance supervisor 1 1 Technical supr art. 1

Assistant plant manager 1 Mechanical supervisor 1 1 engineering supervisor
Administrative supervisor 1 Mechanics 10 ! Nuclear engineer 1

'

Ouality con trol engineers 4 ! Apprentice mechanics 10 Plant engineers 10
Plant cler k 1 Electrical supervisor 1 Health Physics supervisor 1,

Assistant clerks 5
'

Electricians 8 Health Physics technicians 12
Security 40 Apprentice electricians 8 Results engineer 1

Training _5 instrument supervisor 1 Computer technicians 3
58 instrument mechanics 10 Clerks 3

Operations #PP''" U'' I"'* * *"' ""''4 '"P""'' ' I
mechanicsOperations supervisor 1

Chemistry technicians 8,
' " ' " 1Shir opervisors 6 4I
'"*"Control room operators S Total operating 213*"I'"'""'"9"Assistant operators and 30 personnet

station attendants

E ! 73
'

> ___

Source: Written communicatron from Mark Whitaker. Nuclear Licensing, SCE&G September 1978.
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,4ccording to economic base theory, basic activities such as manufacturing drive,the local
economy by bringing in money from outside the immediate area, which in turn creates jobs in the
nonbasic, service-oriented sector. Data compiled at the Argonne National Laboratory indicate
that each new basic job in Fairfield County results in 0.7 nonbasic jobs.43 Because the pro-
duction of electricity is considered a basic activity, the 213 operations jobs at the Summer
station should create are additional 149 jobs in the nonbasic sector. These jobs are not created
immedi @ ly but develop over time in response to changes in basic employment. Counting both
direct and indirect employment associated with the Summer project, 362 new jobs sill be created
during the operations period. In Fairfield County, there will be an average of 1.8 nonworking
dependents for each worker.43 Applying this ratio to plant-induced employment, a total popula-
tion of 1013 is reached (Table 4.17).

As discussed in Sect. 4.6.1, the majority of construction workers on the Summer project lived in
the Central Midlands region, and the greata t share of these were in the Columbia SMSA. This
clustering of employees in the Central Hidlands is expected to continue in tne operations period
and, in fact, is likely to become even more pronounced as permanent workers choose to limit
commuting time by living closer to their place of employment. Within the region, Fairfield and
NewLarry counties may receive a higher proportion of plant-induced population than in the past
because of their closer proximity to the site, although the Columbia SMSA is sure to retain its
attractiveness for many.

I+. is unclear what portion of those operations period workers residing in the Central Midlands
will be in-movers. Table 4.18 shows the magnitude of projected plant-induced population rela-
tive to existing population levels in the four Central Midlands counties and their major cities.
If the entire 1013 people associated with this project were in-movers settling in Richland
County, they would represent less than 0.5% of the existing population there. In Lexington
County, such an in-migration would incerase population by less than 1%. Population increases of
3.2 and 5%, respectively, would be associated with an influx of 1013 new residents in Newberry
and Fairfield counties. In the municipality of Newberry, absorbing all plant-induced growth
would increase current population by 11.3%, whereas in Winnsboro this number of new residents
would mean a jump of 31.1%.

The above figures indicate that even for the smaller counties in the region, absorbing total
plr t-induced growth would bring only moderate growth. On the local level, impacts could be
mucn more substantial if all operations perled workers were in-movers and all settled in a
single municipality. Neither of these conditions should occur, and growth within any single
jurisdiction should be moderate compared to existing population levels.

According to the county administrators of rural Fairfield40 and Newberry counties,41 operation
of the Summer station is not expected to bring sufficient population growth to strain existing
public service delivery systems, a judgement with which the staff concurs. In both counties,
telephone service and electricity are available throughout, and water is provided through both ,

publicly and privately operated systems in those areas where population is most concentrated.

Table 4.17. Operations period employment and essociated population
-

__

D* rect employment Indirect employment

Nonwor kingggg g Nonwor king population
dependents' dependents *

213 383 149 268 1013

* Based on number of nonworking dependena per worker m Fairheid County, from
entenehjem and Metiger.

# Based on ratro of nonbasic to basic employment m Frrfield County, from
Stenehjem and Metiger.

Sources: Written commumcation from Mark Whitaker, Nuclear Licensmg. SCEAG,
September 1978 (derect employment); E. J. Stenehjem; and J. E. Metzger, A framework
for Projecting Employment andPopulatoon Changes Accompanying Energy Development,
Argonne Natior.at Laboratory, Argonne, Ill., August 1976 (mdirect employment and
nonwork ng dependents).
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Sewer facilities are more limited; they are provided by those individual municipalities with the
highast populations. Both counties also provide public education through * heir school districts,
plus fire protection and recreation facilities.** Improvements in many of the systems discussed
above ars currently planned to handle additional growth anticipated between now and the turn of
the century.48

In Lexington and Richland counties, the area covered by water and sewer systems is much larger
than in the two rural counties just discussed. There are a number of municipal and private
water systems serving residents here, although certain rapidly growing portions of Lexington
County currently have no service. Sewage treatment is also provided in the most densely popu-
lated parts of both counties but is not as widely trallable as is water service. As in the
other Central Hidlands counties, public education, recreation, and fire protection are provided,
as is telephone and electric service.44 Public service improvements are planned to handle the
growth that is expected to continue in the SMSA,48 the vast P*jority of which is due to forces
other than the Summer station.

Over the past decade, the construction industry has been active in the Central Midlands region.
Although the majority of new residential units erected have been in the Columbia area,88 Newberry
and Fairfield counties each averaged about 100 new units annually between 1970 and 1976, exclud-
ing mobile.40,45 The building industry capability and the supply of available land are such
that sufficient units can be made available for the plant-induced population influx in the
region.

4.6.3 Economic impacts

The 362 jobs created directly a.3d indirectly by Summer operations represent 0.2% of all non-
agricultural wage and salary employment in the Central Midlands (Sect. 2.2.3), from which most
of the workers involved will be drawn. Because of the small contribution to total employment,
the Summer facility will have little influence on the nature of the regional economic base or
the rate of urtaployment. Overall, regional income will increase slightly because the wages
to be paid a' the nuclear plant are substantially higher than the Central Midlands average
(OL-ER, Rey,onses to Questions Sect. 8.0, No.1).

Table 4.18. Plant induced population relatm to enesting populateon
in the Central Midlands region

_ _. _,

'" "
E xistmg

***E''*'"'''' '
population

existmg po;valation*

6Fairf eld County 20.100 5.0

Winnsbora 3.257' 31.1

6Newberry County 31,200 3.2
Newberry 8.998' 11.3

Richland County 252.600s o.4

Columbia 111.616' o9

Lenington County 120.6oo* o8
___ ._ _

* Plant induced population is prerected to tw 1o13 during the
operations period.

" As of 1976.
'As of July 1.1975.

Sources:

Populatua, Pro;ectrons for the Central Afodlands Region, Centual
Midlands Reg.onal Plannmg Councel, Columbia. S.C.. June 1977.

South Carotea Statisticat Abstract,1917 South Carolma Division
of Rewarch and Stat stical Services, Columbia. S.C.

Wntten Communication from Mark Whitaker, Nuclear Licen
SCE&G. September 1978 (direct employment); E. J. Stenehsem and
J, E. Metzger. A framenerk for Protectmg Employmerst anti Popula.
t!a9F Changes Accompanying Ensegy Developmen Argonne Nat,onal
Laboratory, Argonne, lit, Augrit 1976 (indireu employment and
nonworking dependents).
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The Summer station will generate substantial tax revenues at several different levels. The
Federal government is expected to collect about $10 million annually in corporate income tax
(OL-ER, p. 8.1-16). The State of South Carolina will receive around $4 million a year from the
State corporate income tax, franchise fee, gross receipts tax, electric power generation tax,
and levy in support of the public service commission. In addition to this, the SCPSA will
return to the state roughly $200,000 each year in surplus earnings from its one-third share of
the power station (CL-ER, p. 8.1-15). Finally, those counties in which the plant, substations,
and transmission lines are located will collect property tax on the value of the land and fixed
assets involved.

Because Fairfield County houses the station, it will receive by far the largest share of SCE&G's
property tax payments. Over 95% of these revenues will accrue to Fairfield County where it
will be divided between the county's various funds and the school district. In M81, the first
year taxes are expected to be paid on the plant, Fairfield County will receive $3,220,379,
whereas Richland, Aiken, Saluda, Edgefield, and Newberry counties will split another $126,123
between them. Because all manufacturers in South Carolina are exempt from general county
government taxes during their first five years of operation, SCE&G's tax payments will jump
substantially in 1986 when general county taxes are added to the school taxes the company will
have already been paying on the value of the plant. Transmission lines and substations are not
considered manufacturing enterprises and therefore will have been taxed fully all along.
Fairfield County will get $4,545,261 in 1986, whereas the other counties' share will have
fallen to $111,949 because of depreciation of transmission lines and substations.48

In 1979, the first year the Fa mfield pumped storage facility will be taxed, $1,832,000 will be
paid to Fairfield County; in 1984, when the five year exemption on general county taxes has
passed, Fairfield County will receive $2,974,000. In 1986, the amount will be D ,883,000, a
slight decline because of plant depreciation.48 Adding to this the $4,545,261 ; aid by the
Summer facility in 1986, a figure of $7,428,261 is reached, representing the total property tax
revenues paid to Fairfield County by SCEAG in this peak year.

As mentioned earlier, the SCPSA is to own one-third of the Summer station. Because it is a
State agency, SCPSA is exemot from property taxes, but it will make in-lieu-of-tax payments to
those counties where the plant, substation, and transmission li.ies are located. These payments
will be insignificant compared to SCE&G's taxes; the payments c*e equivalent to the taxes
levied on the properties in question before their acquisition by SCPSA. Because of this, the
tax revenues received by those counties with SCPSA transmission lines and substations will not
chang ^ ' rom the precperations level, and the opportunity for future improvements, and larger
revenues, will be lost. Finally, Fairfield County will receive approximately $25,000 annually
from the State because of the plant's location here and the surplus revenues it is expected to
generate (CL-ER, pp. 8.1-12 and 8.1-13).

The above discussion points out that nearly all the property taxes paid on this project will go
to Fairfield County. As Table 4.19 shows, the $4.5 million to be paid on the nuclear station by

Table 4.19. Projected pla ,iduced revenues relative to current revenues in Fairfield County

Projected property taxes paid by SCE&G Nuclear station property Combined property taxes"
($) taxes' as a percentage of: as a cercentage of:

6 Nn ageNuclear plant Combined 1976 property Total 1976 1976 property To tal 1976
1981* 1986 1986 tax revenues # revenues * tax revenues # revenues *

1979' 1986

3.220.379 4,545.261 1,832,000 2.883,000 7,428,261 314.6 58.5 514.2 %.1

' As of 1986
8 Includes taxes on transmission lines and substations vethin Fairfield County.
'All manufacturing facilities in South Carolina are exempt from nonschool property tai for the first five ye rs of operation.
# 1976 property tax revenues were $1,444,761.31,
' Total 1976 revenues were $7,733.536 53.

Sources:

Written Communication from D. F. Ford, Tax Manager. SCC &G, Sept. 6,1978.
Audit of fairfield County. South Carolina, Fiscal Year 1976-77,



4-37

SCE&G in 1986 is more than three times tre total tax revenun received by that county in 1976
ant' over one-half the total revenues received from a)1 sources. The 1986 property taxes on the
nuclear plant and r aped storage facility combined comes to over five times Fairfield County's
1976 tax revenues and it nearly equal to total revenues from all sources for that year.

Clearly, the property taxes anticipated by Fairfield County as a result of the Summer project
are very suostantial compared to current revenues. According to the county administrator, the
i c al legis1sture is considering improving public services and also decraasing taxes. Service
improvement <, would focus on upgrading the existing education system as well as expanding water
and sewage facilities. Decreasing the millage would offer tax relief to the residents and
businesses of Fairfield County and might also stimulate industrial and residential growth.
Both' improved services and decreased taxes will probably be offered, but the exact combination
is currently uncertain.40

As mentioned above, lowering taxes and/or improving ;ublic services in Fairfield County may act
as a stimulus for individuals and businesses to relocate here. Growth cannot be predicted
accurately, but plant-induced tax revenues are likely to provide a push in that direction. With
the completion of Interstate 77 in 1982, providing improved access from eastern Fairfield County
to Columbia, this area may become even more attractive for residential and commercial uses. At
that time, a favorable tax /public service situation could encourage more growth than may have
otherwise occurred.

4. 6.1 Recreational impact

Recreational opportunities will be provided in conjunction with the Summer project by the crea-
tion of a 120-ha (300-acre) subispoundment on the northern end of Monticello Reservoir. This
area will be distinct from the main body of the reservoir and will be managed by SCE&G as a
fishing lake for public access. Swimming and picnic areas will be provided, as will be a beat-
launching ramp for nonmotorized craft.47 Other SCE&G recreation facilities will include a
wildlife sanctuary, diked waterfowl habitats, and possibly a camping area. Because of its
fluctuating water levels, the utility of the main body of the reservoir for recreation is un-
clear, but its future use for this purpose is still a possibility (OL-ER, Responses to Questions,
Sect. 5.1, Nos. 6 and 7).

Because South Carolina has a large supply of lakes and rivers for water-based recreation, it is
unlikely that the SCE&G facilities will draw substantial numbers of visitors from outside the
immediate area. The 21,000-ha (52,000-acre) Lake Murray, in Lexington and Newberry counties, is
in close proximity to the SCE&G site, as is the sizable Wateree Lake on the eastern border of
Fairfield County. Still, the 120-ha (300-acre) fishing lake is expected to be well used by
local residents and may become more attractive to those outside the iak.2date area as other more
popular recreation sites become increasingly crowded in the future.4s

4.6.5 Impact on historic and archaeological sites

The applicant has provided a discussion of the documented historic and archaeological sites
within 15 km (9.3 miles) of the Summer station and of the historic sites within 2 km (1.2 miles)
of the associated transmission lines (OL-ER, Sect. 2.6 and Appendix 2E). The inforea' ion was

48 and from the Central Midlands historicderived from the bational Register of Historic Places
| preservation survey.50 The applicant found that six of the identified historic and archaeo-
! logical sites within 15 km of the Summer station and one eithin 2 km of a transmission line

were listed in the National Register of Historic Places as of August 8,1978 (OL-ER, p. 2.6-1
and Fig. 2.6-1). The staff has surveyed the National Register of Historic Places through
December 5,1978, and concurs with the applicant's, compilation.

The applicant states that the Summer station car be seen from three of the historic sites:
Monticello Methodist Church, Davis-Robinson Plan.ation, and White Hall African Methodist
Episcopal Church. These sites are located near the eastern shoreline of Monticello Reservoir
(OL-ER, Fig. 2.6-1). The staff has viewed the Summer station from the highway near these sites
and concludes that the station will not adversely affect their historic character or the public's
use of these historic facilities.

The applicant had an archaeological survey performed in the area affected by the Summer station
and also consulted with the South Carolina Department of Archives and History concerning his-
toric sites. The responsible State officers concluded that construction and operation of the
Summer station would not have an adverse affect on archaeological or historic sites listed in,
or likely to be eligible for, the National Register of Historic Places (see Appendices D and
E). The staff concurs in this assessment.
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4.6.6 Summary of socioeconomic impacts

The primary benefits that will result from the operation of the Summer station are the creation of a
small but stable number of high paying jobs for area residents and the substantial increase in
Fairfield County's revenues expected as a result of SCE&G's property tax payments. This sudden
increase in local revenues will probably influence the county to cut tax rates and/or increase
services, actions which could serve as a stimulus to additional residential and commercial growth.

As stated earlier, the population growth expected as a result of t'e creation of about 200 new jobsn
at the Summer plant and another 150 new service-oriented jobs in the region will be small compared
to existing population levels. Consequently, the existing housing market and service delivery
systems shtold not be strained as a result. If, however, changes in Fairfield County's public
services and tax rates bring rapid, unplanned growth there in ensuing years, additional services may
be demanded in scattered areas throughout the county, and the existing quality of Ilfe may decline
because of conflicts between incompatibts land uses. These consequences are not, however, inevitable.
Through advance planning and such techniques as the enactment of zoning and moulle-home park ordinances
and the selective provision of public services in sectors earmarked for development, the local govern-

,

ments can assure orderly growth and many negative impacts can be averted.

It is the judgment of the staff that prospective socioeconomic benefits of the Summer station outweigh
the potential socioeconomic costs, especially because, with the proper local government actions, many
of those costs can be avoided,

4.7 THE URANIUM FUEL CYCLE

On March 14, 1977, the Commission presented in the Federal Register (42 FR 13803) an interim rule
regarding the environmental considerations of the uranium fuel cycTe. The interim rule revises
Table S-3 of Paragraph (e) of 10 CFR Part 51.20. In a subsequent announcement on April 14, 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 July 27, 1979, the Commission approved a final rule setting out revised environmental - impact
values for the uranium fuel cycle to be used in environmental reports and environmental statements
for reactors (44 FR 45362).

The final rule reflects the latest information relative to the reprocessing of spent fuel and to
radioactive waste management as discussed in NUREG-0116, Environmental Survey of the Reprocessing
and Waste Management Portions of the LWR Fuel Cycle,51 and NUREG-0216." whicn presents staff
responses to comments on NUREG-Oll6. The rule also considers other environmental factors of the
uranium fuel cycle, including aspects of mining and milling, isotopic enrichment, fuel fabrication,
and managment of low- and high-level wastes. These are described in the AEC report WASH-1248,
Environmental Survey of the Uranium Fuel Cycle.53

Specific categories of natural resource use are included in Table S-3 of the final rule and are
-reproduced here as Table 4.20*. These categories relate to land use, water consumption and 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 for reprocessing,
waste management, and transportation of wastes are maximized for either of the two fuel cycles
(uranium only and no recycle); that is, the cycle that results in the greater impact is used.

The following assessment of the environmental impacts of the fuel cycle as related to the operation
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 releases. For the sake of consistency, the analysis of fuel cycle
impacts has been cast in terms of a model 1000-MWe light-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.

"A narrative explanation of Table S-3 was published on March 4, 1981 in the Federal Register
(46 FR 15154-15175).

- - - - .
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4.7.1 Land use

The total annual land requirement for the fuel cycle supporting a model 1000-We LWR is about 46 ha
(113 acres). Approximately 5 ha (13 acres) per year are permanently committed land, and 41 ha
(100 acres) per year are temporarily committed. (A "tesporary" land commitment is a commitment for
the life 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 decommissioning.) Of
the 41 ha (100 acres) per year of temporarily committed land, 32 ha (79 acres) are undistarbed and 9
ha (22 acres) are disturbed. Considering common classes of land use in the United States,* fuel
cycle land use requirements to support the model 1000- W e LWR do not represent a significant impact.

'

4.7.2 Water use

The principal water use requirement for the fuel cycle supporting a uodel 1000- We LWR is that
required to remove waste heat from the power stations supplying electrical energy to the enrichment
step of this cycle. Of the total annual requirement of 43 x 108 m (11.4 x 108 gal), about 42 x 1083

3
are required for this purpose, assuming that these plants use once-through cooling. Other waterm

uses involve the discharge to air (e.g., evaporation losses in process cooling) of about 0.6 x 108
m3 (16 x 107 gal) per year and water discharged to the ground (e.g. , mine drainage) of about 0.5 x.

108 m per year.a

On a thermal effluent basis, annual discharges from the nuclear fuel cycle are about 4% of the model
1000- We LWR using once-through cooling. The consumptivs water use of 0.6 x 108 m per year is about3

2% of the model 1000- We LWR using cooling towers. The maximum consumptive water use (assuming that
all plants supplying electrical energy to the nuclear fuel cycle used cooling towers) would be about
6% of the model 1000- We LWR using cooling towers. Under th15 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 discharges of the propraed project.

4.7.3 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 elec-
trical power production of the model 1000- We LWR. Process heat is primarily generated 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 acceptable
relative to the net power production of the proposed project.

4.7.4 Chemical effluents

The quantities of chemical, gaseous, and particulate effluents with fuel cycle processes are given
in Tablo 4.20. The principal species are 50 Judging from data in a
Council on Environmental Quality report," t5e, NO , and particulates.st5fffindsthattheseemissionsconstitutean
extremely small additional atmospheric loading in comparison with these emissions from the
stationary fuel-combustion and transportation sectors in the United States, that is, about 0.02% of
the annual national releases for each of those species. The staff believes such small increases in
releases of these pollutants are acceptable.

,,

Liquid chemical effluents produced in fuel cycle processes are related to fuel-enrichment,
-fabrication, and -reprocessing operations and may be released to receiving water >. These effluents
are usually present in dilute concentrations such that only small amounts of dilution water are

"A coal-fired power plant of 1000-We capacity using strip-mined coal requires the disturbance of
about 81 ha (200 acres) per year for fuel alone.

,
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required to reach levels of concentration that are within established standards. Table 4.20 spect-
fles the flow of dilution water required for specific constituents. Additionally, all liquid dis-
charges into the navigable waters of the United States from plents associated with the fuel cycle
operations will be subject to requirements and limitations set forth in the NPDES permit.

Tailings solutions and solids are generated during the milling process. There solutions and solids
tre not released in quantities sufficient to have a significant impact on the environment.

4.7.5 Radic3ctive effluents

Radioactive effluents estimated to be released to the environment from reprocessing and waste manage-
sant activities and certain other phases of the fuel cycle process are set forth in Table 4.20.
Using these data, the staff has calculated the 100 year involuntary environmental dose commitment *
to the U.S. population. These calculations estimate that the overall involuntary total-body gasecas
dose commitment to the U.S. population from the fuel cycle (excluding reactor releases and the dose
dimitment due to radon-222) would be approximately 400 person-rems per year of operation of the
si.odel 1000-MWe LWR. Based on Table 4.20 valoes, the additional involuntary total-body dose commit-
ment to the U.S. population from radioactive liquid effluents due to all fuel cycle operations other
than reactor operation would be approximately 100 person-rems per year of operation. Thus the esti-
mated involuntary 100 year environmental dose commitment to the U.S. population from radioactive
gaseous and liquid releases due to these portions of the fuel cycle is approximately 500 man-rems
(whole body) per year of operation of the model 1000-MWe LWR.

At this time Table 4.20 does not address the radiological impacts associated with radon-222
releases. Principal radon releases occur during mining and milling operations and as emissions from
cill tailings. The staff has determined that releases from these operations.for each year of opera-
tion of the model 1000-MWe LWR are as given in Table 4.21.

R

The environmental dose commitment (EDC) is the integrated population dose for 100 years;
that is, it represents the sum of the annual population doses for a total of 100 years. The
population dose varies with time, and it is not practical to calculate this dose for every year.

Table 4.21. Radon releases for each year of operation
of the model looOMWs LWR

Radon source Ouantity released Source

Mining 4060 Ci ,

Milhng and taihngs
(during active milhng) 780 Ci a

Inactive taihngs (prior
to stabditation) 350 Ci 6

Stabihred taihngs
(several hundred years) 1 to 10 Ci/ year o

Stabihred taihngs (af ter
several hundred years) 110 Ci/ year 6

* R. Wdde, U.S. Nuclear Regulatory Commission
transcript of direct testimony given in the Matter of
Oike Poner Company (Perkins Nuclear Station),
Docket No. SO488, Apr.17,1978.
8P. Magno. U S. Nuclear Regulatory Commission

transcript of direct testimony given /n the Matter of
Duke Poner Company (Perkins Nuclear Station).
Docket No. 50 488. Apr.17,1978.

. --



.-
__ .

4-42

The staff has calculated population dose commitments for these sources of radon-222 using the RABGA0
computer code described in Appendix A of Chap. IV, Sect. J, of NUREG-0002.ss The results of these
calculations for mining and milling activities prior to tailings stabill:ation are listed in Table
4.22.

When added to the 500 rson-reas total-body dose commitment 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 approximately 640 person-rems. Over this period
of time, this dose is equivalent to 0.00002% of the natural background dose of about 3 billion
person-rems to the U.S. population."

The staff has considered the health effects associated with the releases of radon-222, including
both the short-term effects of mining, milling, and active tailings and the potential long-term
effects from unreclaimed open pit mines and stablitzed tallings. The staff has assmed that after
completion of active mining underground mines will be sealed, returning releases of radon-222 to
background levels. For purposes of providing an upper-bound impact assessment, the staff has
assumed that open pit mines will be unreclaimed and has calculated that if all ore were produced
from open pit mines, releases from them would be 110 Ci per year per reference reactor year (RRY).
However, because the distribution of uranium ore reserves available by conventional mining methods
is 66.8% underground and 33.2% open pit,se the staff has further assumed that uranium to fuel LWRs
will be produced by conventional mining methods in these proportions. This means that long-term
releases from unreclaimed open pit mines will be 37 CI (0.332 x 110) per year per RRY.

Based on the above, the radon released from unreclaimed open pit mines over 100- and 1000 year
periods would be about 3700 Ci and 37,000 Ci p r RRY respecti ely. The total dose commitments for a
100 to 1000 year period would be as follows:

Population dose commitments (person-res)
Time span (years) Releases (C1) Total body Bone Lung (bronchial epithelium)

100 3,700 96 2,500 2,C00
500 19,000 480 13,000 11,000

1,000 37,000 960 25,000 20,000

The above dose commitments represent a worst-case situation in that no mitigating circumstances are
assumed. However, state and Federal laws currently require reclamation of strip and open pit coal'

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

Table 4.22. Estimated 100-year environmental done commitment
per year of operation of the model 100SMWe LWR

Dosage

**"Radon source Releases (Cd

Total body Bone ""8 "

epithehum)

Mining 4100 100 2800 2300
Milhng and .ctive

taihngs 1100 3 750 620
Total 140 3600 2900

._

" Based on an annual average natural background individual dose commitment of 100 millfrems
and a stabilized U.S. population of 300 million.

. _
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Fcr long-term radon releases from stabilized tailings piles, the staff has assumed that these
t;ilings would emit, per RRY,1 Ci per year for 100 years,10 Ci per year for the next 400 years and
100 Ci per year for periods beyond 500 years. With these assumptions, the cumulative radon-222
rolease from stabilized tallings piles per RRY would be 100 Ci in 100 years, 4090 Ci in 500 years
and 53,800 Ci in 1000 years.57 The total-body, bone, and bronchial epithelium dose commitments for
these periods are as follows:

Time span (years) Releases (Cl) Population dose commitments (person-rem)
Total body Bone Lung (bronchial 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 deaths per million een-rems for total-body, bone,
tnd lung exposures, respectively, are used, the estimated risk of cancer mortality resulting from
cining, milling, and active tailings emissions of radon-222 is about 0.1? cancer fatalities per RRY.
When the risk from 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 is estimated over a 1000 year release period per RRY. When
potential radon releases from reclaimed and unreclaimed open pit mines are included, the overall
risks of radon induced cancer fatalities per RRY range as follows: 0.11 to 0.19 fatalities for a
100 year period, 0.19 to 0.57 fatalities for a 500 year period, and 1.2 to 2.0 fatalities for a
1000 year period.

To illustrate: A single-model 1000-MWe LWR operating at an 80% capacity factor for 30 years would
b2 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 expected from natural back-
ground emissions of radon-222. Calculated using data from the National Council on Radiation Pro-
tIction (NCRP)ss the average radon-222 concentration in air in the contiguous United States is about
150 pCi/m , whicn the NCRP estimates will result in an annual dose to the bronchial epithelium of3

450 millirems. For a stabilized future U.S. population of 300 million, this represents a total lung
dose commitment of 135 million person-rems per year. If the same risk estimator of 22.2 lung cancar
fatalities per million person-lung rems used to predict cancer fatalities for the model 1000-MWe LWR
is used, estimated lung cancer fatalities alone from background radon-222 in the air can be calcu-
lated to be about 3000 per year, or 300,000 to 3,000,000 lung cancer deaths over periods of 100 and
1000 years respectively.

In addition to the radon-related potential health effects from the fuel cycle, other nuclides pro-
duced in the cycle, such as carbon-14, will contribute to population exposures. It is estimated
that 0.08 to 0.12 additional cancer deaths may occur per RRY (assuming that no cure or prevention of
ctncer is ever developed) over the next 100 to 1000 years, respectively, from exposures to these
other nuclides.

The latter exposures can also be compared with those from naturally occurring terrestrial and
cosmic-ray sources. These average about 100 millirems. Theaefore, for a stable future population
of 300 million persons, the whole-body dose commitment would be about 30 million person-rems per
ysar, or 3 billion person-rems and 30 billion person-rems for periods of 100 and 1000 years respec-
tively. These dose commitments could produce about 400,000 and 4,000,000 car.cer deaths during the
same time periods. From the above analysis, the staff concludes that both the dose commitments and
health effects of the uranium fuel cycle are insignificant when compared to dose commitments and
potential health effects to the U.S. population resulting from all natural background sources.

4.7.6 Radioactive wastes"

The quantities of buried radioactive waste material (low-level, high-level, and transuranic wastes)
are specified in Fable 4.20. For low-level waste disposal at land burial facilities, the :ommission '

notes in Table 4.40 that there will be no significant radioactive releases to the environment. The
1
y
e
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Commission n6es that high-level and transuranic wastes are to be buried at a Federal Repository and
that no release to the environment is associated with such disposal. NUREG-0116,51 which provides
background and context for the high-level and transuranic Table 4.20 values established by the
Commission, indicates that these high-level and transuranic wa$tes will be beleJ and will not be
released to the biosphere. No radiological environ.sental impact is anticipatet from such disposal.

4.7.7 Occupational dose

The annual occupational dose attributable to all phases of the fuel cycle for the model 1000-MWe LWR
is about 200 person rems. The staff concludes that this occupational dose will not have a signifi-
cant environmental impact.

4.7.8 Transportation

The transportation dose to workers and the public is specified in Table 4.20. This dose is small
and not considered significant in comparison to the natural background dose.

4.7.9 Fuel cycle

The staff's analysis of the uranium fuel cycle did not depend on the selected fuel cycle (no recycle
or uranium-only recycle), because the data provided in Table 4.20 include maximum recycle option
impact for each element of the fuel cycle. Thus the staff's conclusions as to acceptability of the
environmental impacts of the fuel cycle are not affected by the specific fuel cycle selected.

4.8 AIR QUALITY IMPACTS

The only significant emission of waste gases will originate from auxiliary boiler operation during
startup and shutdown and from emergency diesel engine operation. Both operations will use No. 2
diesel fuel oil with a sulfur content of 0.5% by weight. The emissions from the auxiliary boiler
are well below applicable limits. The applicant's estimate of 502 emission is 0.54 lb/10' Btu; the
Federal standard is 0.8 lb/108 8tu and the State standard 3.5 lb/108 Btu. The Federal standards
apply only to units of 250 x 108 Btu /hr input or greater; State standards apply to all units (OL-ER,
p. 3.7-3). The staff concludes that the quality of the emissions and the limited use of these
facilities will result in a negligible impact on air quality.

|

4.9 DECOMISSIONING

A license to operate a nuclear pcwer plant is issued for a term not to exceed 40 years, beginning
with the issuance of the constra .cion permit.59 At the end of the specified period, the operator of
a nuclear power plant must renew the license for another time period or must dismantle the facility
and dispose of its components. Before expiration of the operating license, if technical, economic,
or other factors are unfavorable to continued operation o' the plant, the operator may elect to

! apply for license termination and dismantling authority at that time.80 In addition, at the time of
applying for a license to operate a nuclear power plant, the app!icant must show that he possesses
"or has reasonable assurance of obtaining the funds necessary to cover the estimated costs of
permanently shutting the facility down and maintaining it in a safe condition."st These activities,
termination of operation and plant dismantling, are generally referred to as " decommissioning."

The applicant is not required by NRC regulations to submit decommissioning plans at the time the
construction permit or operating license is obtained; conseq- atly, no definite plan for the
decommissioning of the plant has been developed. At the end of the plant's useful lifetime, the
applicant will prepare a proposed decommissioning plan for review by the Commission. The plan will
comply with NRC rules and regulations then in effect. At this time, Regulatory Guide 1.86,
" Termination of Operating Licenses for Nuclear Reactors,"s2 provides guidance on methods and pro-
cedures for the termination of operating licenses for nuclear reactors.
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Although N large-scale nuclear power plants have been decommissioned, experience in the decommis-
sioning of reactors is available. As of 1975, 5 licensed nuclear power plants, 4 demonstration
nuclear power plants, 6 licensed test reactors, 28 licensed research reactors, and 22 licensed cri-
tical facilities had been or were in the process of being decommissioned.88 The primary methods of
decommissioning consist of mothballing, entombment, dismantling, or a combination of these three
alternatives. The three primary methods are defined below in terms of the definitions provided in
Regulatory Guide 1.86,

1. Mothballing is the process of placing a facility in a nonoperating status. The facility may be
left intact except that all reactor fuel, radioactive fluids, and nonfixed radioactive wastes
(e.g., ion exchange resins) must be removed from the site. The existing license is amended to
a " possession-only" status and continues in effect until residual radioactivity is removed or
is at a level acceptable for unrestricted access. The " possession-only" license is a reactor
facility license that permits a licensee to possess the facility but prohibits operation of the
facility as a nuclear reactor. Adequate radiation monitoring, environmental surveillance, and
security procedures must be maintained to ensure that the health and safety of the public are
r.ot endangered.

2. Entombment consists of removing all fuel assemblies, radioactive fluids, and wastes, followed
by the sealing of the remaining radioactive material, within a structure integral with the bio-
logical shield or by some other method, to prevent unauthorized access into radiation areas. A
program of inspection, facility r6diation surveys, and environmental sampling is required for a
licensee's entombed facility.

3. Dismantling is defined as removal of all fuel, radioactive fluids and waste, and all radio-
active structures. Surface contamination levels described in Regulatory Guide 1.86, Table 1,

idefine the recommended radioactivity levels for unrestricted access to be met before term na-
tion of the facility license. In addition to surface contamination levels, the acceptability
of the presence of materials that have been made radioactive by neutron activation will be
evaluated on a case-by-case basis prior to termination of the license. If the facility owner
so desires, the remainder of the reactor facility may be disnantled and all vestiges removed
and disposed of.

The mothballing alternative costs * about $2.45 million initially, plus $167,000 annually for main-
t; nance and surveillance. If a 24-hr manned security force is not required (e.g., a site with con-
tinuing operations), the annual cost could be reduced to $88,000. If these costs are translated
into unit cost of generating electricity, the 30 year levelized unit cost would be about 0.04
cills/ kwhr or, if a manned security force is not required, about 0.03 mills / kwhr.s4

The entombment alternative costs * about $7.58 million initially, plus $58,000 annually for main-
t nance and surveillance for the duration of the entombment period.84 These costs, when translated
to a 30 year levelized unit cost basis, amount to about 0.06, mills / kwhr.

The dismantling alternative costs * about $26.3 million, the cost of removing the radioactive struc-
tures required by the NRC rules for terminating a possession-only license. An additional $4.8
cillion would be needed to remove the nonradioactive structures (cooling towers, administrative
buildings, etc.) to below grade.84 There are no annual costs associated with this alternative.
When the dismantling costs are translated to a 30 year levelized unit cost basis, this amounts to
about 0.18 mills / kwhr.**

Combinations of mothballing and delayed (about 100 years) dismantling have 30 year levelized unit
costs that are about the same as the mothballing alternative costs. Likewise, the costs for the
cntomboent-delayed dismantling combinations are about the same as the entombment cost. In b s
instances, tne annual maintenance cost for mothballing and entombment alternatives, when convy ted
to a common basis, is sufficient to ccver all the delayed dismantling cost for the mothballing
alternative and about 80% for the entombment alternative.

m

Costs are in 1975 dollars.
ca

Based on a 1200-MWe generating unit beginning operation in 1985, a capacity factor of 60%, an
escalation rate of 5%, and a discount rate of 10%.

, _ _ . .
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The above costs are for a one-unit station. The savings associated with multiunit stations are small;
thus the unit cost (alli' hr) is essentially the same for a single-unit station or multiunit station.

Studies of social and t,._fronnental effects of decommissioning large commercial power generating units
have not identified any sigr'ficant impacts beyond those already known. Each alternative will have
radiological impacts associated with the transportation of radioactive material, but these should be
no different than t' Me associated with transportation impacts during normal facility operation.
Also, studies l' s ,e that occupational radiation doses can be controlled to IcVels comparable to
occupational doses experienced with operating reactors through the use of approp iate work proce-
dures, shielding, and remotely controlled equipment. To date, experience at decoalssioned
facilities has shown that the occupational exposures are generally less than those issociated with
the facility when operational.

The applicant may retain the site for power generation purposes indefinitely after the useful life
of the station. The degree of dismantlement will normally be determined by an economic and environ-
mental study comparing land and scrap values with the cost of complete demolition and removal of the
complex. In any event, the operation will be controlled by rules and regulations in effect at the
time to protect the health and safety of the public.

#.10 NOISE

There are no sources of noise resulting from plant operation that impact the offsite environs. The
testing of the early notification system to be installed as part of the emergency preparedness planmay result in an occasional noise.

.
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5. ENVIRONMENTAL MONITORING

5.1 INTRODUCTION

The applicant's environmental monitoring program for the Virgil C. Summer Nuclear Station began in
connection with the monitoring for the FalMield Pumped Storage Hydrostation. The data obtained
between 1970 and early 1973 were reviewed, and impact assessments for construction of the nuclear
st:tign were presented in the FES-CP. Environmental monitoring has continued during the construc-
tirn phase in an effort to monitor the effects of construction and to establish a larger resource of
basaline information. There have been changes in the monitoring effort to improve the usefulness of
the information gathered. The following discussions summarize the applicant's proposed preoperational
Cnd operational environmental monitoring programs and staff recommendations for changes where it is
belicved that additional effort or programs would be beneficial.

5.2 PREOPERATIONAL MONITORING PROGRAMS

5.2.1 Onsite meterological program

The prioperational onsite meteorological measurements program was initiated in June 1973. A 15-month
period was necessary to allow for system shakedown and to minimize the susceptability of the system
to lightning damage. Thus the current data collection program began in November 1974, with one year
cf dita being corpleted at the end of 1975.

.The 61-m (200-f t) primary meteorological tower is located about 457 m (1500 feet) west of the reacte
compl:x, very near the shore of Monticello Reservoir. Measurements of wind speed and direction are
cade at the 10.5- and 61 m (34.4- and 200-ft) levels of this tower, and vertical temperature gradient
is me:sured between the 10- and 61-m (33- and 200-ft) levels and between the 10- and 40-m (33- and
131-ft) levels. In addition, dry bulb and dew point temperatures are measured at the 10-m (33-ft)
1: vel, and precipitation and solar radiation measurements are made near the tower at the 1.5-m (5-ft)
isval.

The applicant has presented the accuracies of the meteorological sensors and components in the data
r duction system separately but has not compared the accuracies of the complete data collection and
riduction system with the system accuracies specified in Regulatory Guide 1.23. The sensors hate
typical accuracies and thresholds for meteorological measurements at nuclear power plant sites.
HowevIr, the primary data reduction system consists of pulse rates recorded on magnetic tape
cirtridges. Other utilities have had difficulty complying with the accuracy specifications of
R;guistory Guide 1.23 using similar pulse rate systems. The secondary data reduction system is on
strip charts.

Additional meteorological measurements (wind speed and direction and dry bulb temperature) art made
atop a 10-m (33 ft) mast located across Monticello Reservoir from the primary meteorological t wer.
Strip charts are used for data collection. The applicant anticipates operating this tower for one
yIar after initiation of commercial station operation to provide comparative data from which the
Envirenasntal effects of the heat dissipation system (including atmospheric transport and diffusion
across the reservoir) may be estimated. This study of the effects of the heat dissipation system
will be provided to the staff before discontinuance of the additional meteorological measurements
program.

Complate calibrations of the meterological measurement program are performed at six-month intervals.
The system is checked daily for instrument malfunction, and calibration checks are performed every
two weeks.

5.2.2 Water quality and aquatic biological monitoring

The applicant's preoperational monitoring program to measure physical, chemical and ecological
parameters of surface waters is presented in Appendix F and entitled " Thermal Effects Study Plan and
316 (b) Demonstration Study Plan." This document was prepared by the applicant as required by the
NPDES Permit No. SC0030856 issued by the South Carolina Department of Health and Environmental
Control (SCDHEC). SCDHEC has approved the applicant's study plans. The NRC staff reviewed the aquatic
biological and water quality monitoring programs contained in the document and notified SC0 HEC of
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our recommendations in a letter dated May 15, 1979 (Appendix C). These recommendations were
reiterated in the DES-OL of this facility. SCDHEC and South Carolina Electric and Gas Company

.(SCEGC) responded to the recommendations contained in the DES-OL by letters dated August 24, 1979
and August 17, 1979 respectively (Appendix A). The response precipitated a meeting between SC0 HEC,
SCEGC, and NRC staff. The meeting resulted in the resolution of all issues. A meeting summary ispresented in Appendix H.

5.2.3 Groundwater monitorina

The applicant has established seven groundwater (bservation wells at locations adjacent to the
nuclear unit and at distances up to 600 m (2000 f t) from the unit (OL-ER, Fig. 6.1-2). The
preoperational program consists of quarterly measurements of groundwater level. This information
will be used to ascertain changes that may occur during the year following the filling of MonticelloReservoir. Two onsite and offsite wells will also be monitored for radioactivity (Sect. 5.2.5).

5.2.4 Terrestrial monitorina

Preoperational monitoring of terrestrial biota at the Summer station can be subdivided into three
Initial monitoring prior to connencement of construction (1970-1973; CP-ER, Sect. 6) wasphases.

evaluated in the FES-CP. Monitoring prior to completion of construction (1973-1976; OL-ER, Appendix
2A-0) was approved in the FES-CP. No significant changes were made in that approved monitoring
program. Finally, monitoring prior to full-scale operation of the station was proposed in the CL-ER
(Sect. 6.1.4.3). This program, which was initiated in mid-1978, is evaluated below.

5.2.4.1 Nuclear station area

Proposed vegetation monitoring prior to rtation operation will be based on false-color infrared
aerial photography. Infrared photographic information has been collected each spring since 1974
(OL-ER,6.1-30). Should changes be detected in vegetation, the applicant proposes to assess the
changes through consultation with NRC and State agency personnel and through subsequent collectionof appropriate field samples. The NRC has no reason to expect changes in vegetation.

Bird populations will be monitored during the winter and summer before commercial operation of thestation. Birds were chosen as the primary indicator of faunal impacts because (1) they are sensitive
to environmental change; (2) they are active and conspicuous during daylight hours; and (3) they are
abundant enough to provide valid data for statistical analyses. Standard survey methods will be
employed (OL-ER, Sect. 6.1.4.3.2). The NRC staff considers this an adequate, logical program for
the early detection of biotic impacts resulting from station operation.

5.2.4.2 Transmission rights-of way

No biotic monitoring programs were proposed for transmission corridors. The applicant has a state-
approved rights of-way maintenance program that includes broadcast aerial spraying, except for hand
clearing along waterways and near critical habitat. The staff believes these procedures will providereasonable protection to the environment.

5.7.5 Radioloalcal monitorina

Radiological environmental monitoring programs are established to provide data on measurable levels
of radiation and radioactive materials in the site environs. Appendix I to 10 CFR Part 50 requires
that the relationship between quantitles of radioactive material released in effluents during normal
operation, including anticipated operational occurrences, and resultant radioactive doses to
individuals from principal pathways of exposure be evaluated. Monitoring programs are conducted to
verify the effecti.eness of in plant controls used for reducing the release of radioactive materials
and to provide public assurance that undetected radioactivity will not build up in the environment.
A surveillance program is established to identify changes in the use of unrtstricted areas to provide
a basis for modifications of the monitoring programs.

The preoperational phase of the monitoring program includes measurement of background levels and
their variations along the anticipated important pathways in the area surrounding the plant,
training of personnel, and evaluation of procedures, equipment, and techniques. This is discussed
in greater detail in NRC Regulatory Guide 4.1, Rev.1, " Programs for Monitoring Radioactivity in tbc
Environs of Nuclear Power Plants," and the Radiological Assessment Branch Technical Position,
Revision 1, November 1979, "An Acceptable Radiological Environmental Monitoring Program."
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The applicant has proposed a preoperational radiological monitoring program to meet the objectives
discussed above. The applicant's program is presented in Sect. 6.1.5 of the applicant's OL-ER and
is summarized here in Table 5.1. The applicant has initiated parts of the program; the remaining
p rtiens will begin either six months or one year prior to operation. The staff concludes that the
pr: operational monitoring program proposed by the applicant is acceptable.

5.3 OPERATIONAL MONITORING PROGRAMS

5.3.1 Onsite meteorological program

Far the operational meteorological monitoring program, the applicant is considering alternatives to
the present digital data recording (pulse rates on magnetic tape). Because of the difficulties
identified by other utilities with the pulse rate system, a change in the digital data reduction
system at the Summer site is encouraged. This change in data reduction systems will be coordinated
with, and approved by, the staff. It is also recommended that the applicant determine that the
accuracles for the current meteorological data collection system (not just " meteorological
instrumentation") conform to the recommendations of Regulatory Guide 1.23.

The cperational program will emphasize measurements of wind speed and direction and vertical
temp;rature gradient for estimating atmospheric dispersion conditions. However, precipitation
meisurements should also be continued to document periods of washout of the effluent plume.

5.3.2 Water quality and aquatic biological monitoring

Th2 applicant's operational monitoring program to measure physical, chemical, and ecological
parameters of surface waters is presented in Appendix F and entitled, " Thermal Effects Study Plan
and 316(b) Demonstration Study Plan." This document en prepared by the applicant as required by
the NPDES Permit No. 500030856 issued by the South La.olina Department of Health and Environmental
Centrol (SCDHEC). SCDHEC has approved the applicant's study plans. The NRC staff reviewed the
tquatic biological and water quality monitoring programs contained in the document and notified
SCDhEC of our recommendations in a letter dated May 15, 1979 (Appendix G). These recommendations
were reiterated in the DES-OL for this facility. SCDHEC and South Carolina Electric and Gas Company
(SCEGC) responded to the recommendations contained in the DES-OL by letters dated August 24, 1979,
tnd August 17, 1979 respectively (Appendix A). The response precipitated a meeting between SCDHEC,
SCEGC, and the NRC staff. The meeting resulted in the resolution of all issues. A meeting summary is
przsented in Appendix H.

5. 3. 3 Groundwater monitoring

Tha applicant will continue to monitor onsite groundwater level for a period of one year after the
Summer station goes into commercial operation. Radioactivity measurements outlined in Sect. 5.2.5
will be cnntinued for an undetermined period.

5.3.4 Terrestrial monitoring

5.3.4.1 Nuclear station area

Th2 program of terrestrial monitoring described in Sect. 5.2.4 will be continued for one year after
initial commercial operation of the nuclear station. Considering that impacts of station operation
on t rrestrial biota are likely to be immeasureably small, the staff believes this program will be
tdequate.

5.3.4.2 Transmission rights-of-way

No terrestrial monitoring program was proposed for transmission line rights-of-way. The state-
approved maintenance procedures will be continued into the operational phase of this project.
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5. 3. 5 Radioloalcal monitorina

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 recommended in NRC Regulatory Guide 1.21, " Measuring. Evaluating and Reporting Radioactivity
in Solid Wastes and Releases of Radicactive Materials in Lt4uld and Gaseous Effluents from Light-Water
Cooled Nuclear Power Plants." The effluent acnitoring program is required to evaluate Individual
and population exposures and verify projected or anticipated radioactivity concentrations.

The appifcant plans to continue the proposed preoperational program (Table 5.1) during the operatingperiod. However, refinesents may be made in the program to reflect changes in land use or
preoperational monitoring experience.

The details of the required monitoring program will be incorporated into the Environmental Technical
Specifications for the operating lictise.

Table 5.1 Radiological environmental monitoring program for the Summer station

Sample locations

Distance and Type andExposure pathway Criteria for selection of Samp1tng and Numbar direction frequency of
a

and/or sample sample number and location collection from site analysis
frequency (miles)

1

Airborne

I. Particulates A. Three indicator samples to Continuous 2 1.1 SW Gross beta
be taken at locations (in sampler 5 1.3 SE following filterdifferent sectors) beyond but operation with 10 2.4 NNE change; monthlyas close to the exclusion weekly composite (byboundary as practicable where collection location) forthe highest offsite sectoral gamma isotopic
ground-levelcogcentrations
are anticipated

B. One indicator sample to be 6 1.1 ESEtaken in the sector beyond
but as close to the exclusion
boundary as practicable cor-
responding to the residence
having the highest anticipated
offsiteground-fevelconcen-
tration or dose

C. One indicator sample to be 1(c 5.2 Wtaken at the location of one
ofthedafriesegstlikelybte be affected '

O. Two control samples to be 17 24.7 SEtaken at locations at least 16 28.0 W10 air miles from the site
and not in the p st prevalent
wind directions

- __
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Table 5.1 (continued)
_

Sample locations

Distance and Type and
aExposire pathway Criteris for selection of Sampling and Number direction frequency of

andhr sample sample number and location collection from site analysis
frequency (miles)

II. Radiciodine A. Three indicator samples to be Continuous sampler 2 1.1 Sir Gamma isotopic
taken at two. locations as s pration with 5 1.3 SE screening of all
given in I.A weekly cannister *10 2.4 NNE five indicators

collection withconjunctive
screening of the
two controls; if
screening is
positive, each
sample will be
subjected to
isotopic analysis
for iodine

B. One indicator sample to be 6 1.1 ESE
taken at the locatten as
given in I.B

d
C. One indicator sample to be 14 5.2 W

taken at the location given
in I.C

0. Two enntrol samples to be 17 24.7 SE
taker at locations similar in 16 28.0 W
nature to those in I.A
through I.C

III. Direct A. Five indicator sas.ples to be Monthly ex- 2, 5, Monthly gamma
d dtaken at the locations as ccange ; two or 6, 10, dose

given in I.A through I.D more dosimetert 14
at each locati>n

B. Three additional Indicator 1 1.3 5
samples to be taken in sectors 4 1.2 NW
different from III.A t,eyond b.st 8 1.3 ENE
as close to the exclusion
boundary as practicable

C. Control samples to be taken at 16 28.0 W
the locations as given in I.0 17 24.7 SE

D. One additional control sample 18 16.5 5
to be taken at a location as
set forth in I.D

,

E. Additional sites 3 0.8 WSW
7 1.7 E
9 2.6 NE
11 3.6 NNE
12 4.3 N
13 2. 9 NW
15 2.3 SSW
19 17.9 ESE
20 22.0 W

.. . . .-.
_
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Table 5.1 (continued)

Sample locations

Distance and Type andExposure pathway Cri*eria for selection of Sampling and Number direction frequency of
. a

and/or sample s ple number and location collection from site analysis
frequency (miles)

F. Accident Quarterly 41 3.75Evaluation exchange, two 42 3.6 $$W
or more dosin- 43 4. 7 SW

* eters at each 44 2.3 WSW
location 45 5.4 WSW

46 3.7 WNW
47 1.0 NW
48 2.4 NW
49 4.6 NNW
50 5.6 N
51 5. 6 N
52 4.3 NNE
53 3.6 NE
54 2.2 ENE
55 3.2 E
56 2.0 ESE
57 2.7 SE
58 2.4 SSE
59 2.1 SSE
60 5.7 WSW

Waterbone

IV. Surface water A. One indicator sample to be Time composite 21''I 2.7 SSE Gamma isotopictaken at a location that samples with with quarterlyallows for mixing and collection composite (by4dilution in the ultimate every montn Ic ation) to bereceiving river (corresponds to
USGS continuous analyzegfortritium
sampling site)

B. One control sample to 22' 12-15 NNW
be taken at a location
on the receiving river,
sufficiently far
upstream so that no
effects of pumped
storage operation are
anticipated

C. One indicator sample Monthlygrab 23' <1 E As in Vto be taken in the sampling
upper reservoir of tne

pumped storage facility

D. One indicator sample to be 24' 4.7 Ntaken in the upper reservoir's
nonfluctuating recreational
area

V. Groundwater A. Two indicator samples to be
Quarter 1g grab 26 Onsite Quarterlytaken within the exclusion sampling 27 Onsite gamma isotopicboundary and in the direction

of potentially affected grounde andtritgum
analyseswater supplies

.. - -_ _
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Table 5.1 (continued)

Sample locations

Distance and Type and
Exposure pathway Criteria for selection of Sampling and Number * direction frequency of
and/ir sample sample number and location collection free site analysis

frequency (miles)

8. One control sample from an 16 28.0 W
unaffected location

VI. Drinking A. One indicator sample from Monthlygrab 28 1.3 (SE Monthly gamma

water nearby public groundwater sampling isotopic and
supply source grossbega

analyses
and quarterly
tritium

9analyses

B. One indicator sample from Timecposite 17 24.7 5 Monthly gamma
a iocation immediately sample with isotopic and
upstream of the nearest morthly gross k gaddow.1 stream municipal collection analyses and
* ter supply quarterlywa

tritium
9analyses

Incestion
d CVII. Milk A. One 1.1dicator sample to be Semimonthly when 14 5.2 W Gamma isotopic

taken at the location of animals and I-131

oneofthedairiesmo8fd pasture,greonmontgly analysis semi-
likely to be affected at other times monthly when

animals
pasture,greon
monthly at
other

dtimes

B. One control sample to be 16 28.0 W
taken at the location of
a dairy 10-20 miles distant
and not in the a st prevalent

bwind direction

C. One indicator grass (forage) Monthlywgen 6 1.1 ESE Gamma

sample to be taken at one available isotopic
of the locations beyond but
as close to the exclusion
boundary as practicable when
the highest offsite sectoral

. ground-levelcogcentrations
| are anticipated

CD One indicator grass (forage) 14 5.2 W
sample to be taken at the
location of VIII.A when
animals are on pasture

._ _ _ _ _ _ . .
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Table 5.1 (continued)

Sample locations

Distance and Type andExposure pathway Criteria for selection of Sampling and Number' direction frequency ofand/or sample sample number and location collection from site analysis
frequency (miles)

E. One control grass (forage) 16 28.0 Wsample to be taken at the
location of VIII.B

VIII. Food A. One indicator sample to be Annually at the 6 1.1 ESE Gamma isotopic onproducts taken at a nearby garden approximate median edible portion;likely to be affected harvest time for radiofodine on
the area; samples, green, leafy
if available, will vegetables
include green leafy,
fruit, and grain

B. One control sample for the 18' 16.5 5
same foods taken at a
location at least 10 miles
distant and not in the
most prevalent wind direction

iIX. Fish A. One indicator sample to be Semiannual 23' O.3-0.5 Gamma isotopic
taken at a location in the collection of on edible
upper reservoir the fo'J10 wing portions

species types
if available:
(1) bass,
bream, and crapple,
(2) catfish and
carp, and (3)
forage fish
(shad)

B. One indicator sample to be 21' 1-3
taken at a location in the
lower reservoir

C. One indicator sample to be 24' 4-5 N
taken at a location in the
upper reservoir's nonfluctuating
recreational area

D. One control sample to be taken 22' 12-15 NNW
at a location on the receiving
river sufficiently far upstream
so that no effects of pumped
storage operation are anticipated

A,g;ffe,
X. Sediment A. One indicator sample to be Ser,iannual grab 23' O.3-0.5 Camma isotopic'taken at a location in the semple

upper reservoir

B. One indicator sample to be taken 24' 45Nin the upper reservoir's nonfluc-
tuating recreational area

C. One indicator sample to be 21' l-3
taken on the shoreline of the
lower reservoir

,
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Table 5.1 (continued)

Sample locations

Distance and Type and
aExposure pathway Criteria for selection of Sampling and Number direction frequency

and/or saeple sample number and location cullection from site analysis
frequency (miles)

-

D. One control sample to be taken 22' 12-15
in receiving river sufficiently
far upstream such that no effects
of pumped storage operation
are anticipated

0Location numbers refer to ER, Figs. 6.1-3 and 6.1-4.
bSample site Iscations are based on the meteorological analysis for the period of record as presented in

ER, Chaps. 5 and 6.
CMilking animal and garden survey results will be analyzed annually. Should the survey indicate new dairying

activity of a significant nature (five or more cows milking) in a quadrant (s) other than W or NW and
closer than 5.7 miles, the owners shall be contacted with regard to a contract for supplying sufficient
samples. If contractual arrangements can be made, the site (s) will be added for additional
cilk sampling.

dNot to exceed 35 days.
'Though generalized areas are noted for simplicity of sample site enumeration, airborne, water, and
sediment sampling is done at the same location, whereas biological sampling sites are generalized
areas to reasonably assure availability of samples.

ITime composite samples a're sams.ies collected with equipment capable of collecting an aligout at
time intervals that are short ( c , hourly) relative to the compositing period.

9Not to exceed 100 days.
hNot to exceed 18 days.
I Not to exceed 200 days.

Note: Deviations from this sampling schedule may occasionally be necessary if sample
media are unobtainable because of hazardous conditions, seasonal unavailability, insufficient
sample size, malfunctions of automatic sampling or analysis equipment, and other leqitimate
reisons. If specimens are unobtainable because of sampling equipment malfunctions, every
cffort shall be made to complete corrective action before the end of the next sampling period.
Deviations from sampling-analyses schedule will be described in the annual report.
5:urce: ER, Tab?e 6.1.15.

.-- . . -



6 ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

6.1 PLANT ACCIDENTS

The staff has considered the potential radiological impacts on the environment of possible
accidents at the Summer Nuclear Station in accordance with a Statement of Interim Policy
published by the Nuclear Regulatory Commission on June 13, 1980.1 The following discus-
sion reflects these considerations and conclusions.

The first section deals with general characteristics of nuclear power plant accidents
including a brief summary of safety measures to minimize the probability of their occurr-
enc? cnd 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 associated with actions to avoid such health effects are also identified.

Next, actual experience with nuclear power plant accidents and their observed health
cffects and other societal impacts are then described. This is followed by a summary
review of safety features of the Summer facility and of the site that act to mitigate the
c:nsequences of accidents.

The results of calculations of the potential consequences of accidents that have been
postulcted in the design basis are then given. Also described are the results of calcula-
ti:ns for the Summer site using probabilistic methods to estimate the poss'ible impacts and
the risks associated with severe accident sequences of exceedingly low probability of
occurrence.

6.1.1 General characteristics of accidents

The tcra accident, as used in this section, refers to any unintentional event not
addr ssed in Section 4.5 that results in a release of radioactive materials into the
cnvi r:nnent. The predominant focus, therefore, is on events that can lead to releases
subst ntially in excess of permissible limits for normal operation. Such limits are
specified in the Commission's regulations in 10 CFR Part 20.

There are several features which combine to reduce the risk associated with accidents at
nuc1ccr power plants. Safety features in the design, construction, and operation compris-,

ing the first line of defense are to a very large extent devoted to the prevention of the
rel;cs2 of these radioactive materials from their normal places of confinement within the
pitnt. There are also a number of additional lines of defenses that are designed to miti-
gata the consequences of failures in the first line. Descriptions of these features for
the Summer plant may be found in the applicant's Final Safety Analysis Peport.2 and in the
st ff's Safety Evaluation Report.8 The most important mitigative features are described
in Section 6.1.3.1 below.

.

Thes2 safety features are designed taking into consideration the specific locations of
r:ditactive materials within the plant, their amounts, their nuclear, physical, and
chemical properties, and their relative tendency te be transported into and for creating
bislogical hazards in the environment.

6.1.1.1 Fission product characteri:Lics

By fcr the largest inventory of radioactive material in a nuclear power plant is produced
ts a byproduct of the fission process and is located in the uranium oxide fuel pellets in
the rccctor core in the form of fission products. During periodic refueling shutdowns,
the cstcaolies containing these fuel pellets are transferred to a spent fuel storage pool
90 th;t the second largest inventory of radioactive material is located in this storage
arsc. Much smaller inventories of radioactive materials are also normally present in the
wat:r that circulates in the reactor coolant rystEm and in the systems used to process
gasacus and liquid radioactive wastes in the plant.

Thes2 radioactive materials exist in a variety of physical and chemical forms. Their
pot:ntial for dispersion into the environment is dependent not only on mechanical forces
that cight physically transport them, but also upon their inherent properties, particularly
their volatility. The majority of these materials exist as nonvolatile solids over a wide

6-1
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range of temperatures. Some, however, are relatively volatile solids and a few are
gaseous in nature. These characteristics have a significant bearing upon the assessment
of the environmental radiological impact of accidents.

The gaseous materials include radioactive forms of the chemically inert noble gases kryp-
ton 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 quantitles of these radioactive gases from the fuel is 4 virtual certainty.
Such accidents are very low frequency but credible events (see Section 6.1.2). It is for
this reason that the' safety analysis of each nuclear power plant incorporates a hypothett-
cal design basis accident that postulates the release of the entire contained inventory of
radioactive noble gases from the fuel into the containment structure. If further released
to the environment as a possible reruit of failure of safety features, the hazard to indi-
viduals from these noble gases would arise predominantly through the external gamma radia-
tion from the airborne plume. The reactor containment structure is designed to minimize
this type of release.

Radioactive forms of iodine are formed in substantial quantities in the h l by the
fissicri process and. in some chemical forms, may be quite volatile. For this reasnn, the:
have traditionally been regarded as having a relatively high potentici for release from
the fuel. The chemical forms in which the fission product radiolodines are found are
generally solid materials at room temperatures, however, so that they have a strong
tendency to condente (or " plate out") upon cooler surfaces. In addition, most of the
lodine compounds are quite soluble in, or chemically reactive with, water. Although these
properties do not inhibit the release of radiofodines from degraded fuel, iney do act to
mitigate the release from containment structures that have large internal surfaces areas
and that contain large quantitles of water as a result of an accident. The same properties
affect the behavior cf radioindines 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 radio-
fodines will show a strong tendency to be absorbed by the moisture. Because of radiolodine's
distinct radiological hazard, its potential for release to the atmosphere has also been
reduced, as a result of special consideration in the safety analysis of postulated accidents,
by the use of special filter systems and/or containment spray systems. If released to
the environment, the principal radiological hazard associated with the radiolodines is
ingestion into the human body and subsequent concentration in the thyroid gland.

Other radioactive material found during the operation of a nuclear power plant have lower
volatilities and therefore, by comparison with the noble gases and lodine, a much smaller
tendency to escape from degraded fuel unless the temperature of the fuel becomes quite
high. By the same taken, such materials, if they escape by volatilization from the fuel,
tend to condense quite rapidly t.u solid form again when transportated 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 atmos-
phere as a result of failure of the containment barrien they will tend to be carried
downwind and deposit on surface features by gravitational settling or by precipitation
(fallout), where they will become " contamination" hazards in the environment.

All of these radioactive materials exhibit ~the property of radioactive decay with charac-
teristic half-lives ranging from fractions of a second to many days or years (see Table 6.1).
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 1the reason that they are hazardous materials.

6.1.1. 2 Exposure pathways
1
1

The radiation exposure (hazard) to individuals is determined by their proximity to the |
radioactive material, the duration of exposure, and factors that act to shleid the indivi- |dual from the radiation. Pathways for the transport of radiation and radioactive materials !

that lead to radiation exposure hazards to humans are generally the same for accidental as I

for " normal" releases. These are depicted in Section 4. Figure 4.3. There are two
additional possible pathways that could be significant for accident releases that are not
shown in Figure 4.3. One of these is the fallout of radioactivity initially carried in
the air onto open bodies of water. The second would be unique to an accident that results
in temperatures inside the reactor coM sufficiently high to cause melting and subsequent
penetration 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 radicxtivity is inhaled, or irgested from contaminated food or water.

J

_ _ _ _ __
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Table 6.1

Cproximate Radiation Doses from
Design Basis Acct &nts

Dose (rem) at 1 Mile
Duration

Infrequent Accidents of Release Whole Body Thyrrid_

Waste Gas Tank Failure < 2 hrt 0.04 nil

Small-Break LOCA2 hrs-days 0.02 < 0.001

Steam General Tube
, Rupture < 2 hr 0.04 < 0.001d

Fuel Handling Accident < 2 hr 0.10 < 0.005

Limiting Faults

Main Steam Line Break < 2 hr 0.0005 < 0.0001

Control Rod Ejecticn hrs-days 0.06 0.1'

Large-Break LOCA hrs-days 0 50 < 1. 0

t< means "less than."
'LOCA - loss of coolant accident;.the TMI-2 accident was
one kind of a small-break LOCA.

8See NUREG-06515 for descriptions of three steam generator
tube rupture accidents that have occurred in the United
States.

It is characteristic of these pathways that, during the transport of radioactive material
by wind or by water, the material tends to spread and disperse, like 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.

d".astream of the point of release, but they also tend to increase the number who may be
< posed. 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 character-
istics 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 presence or
absence of precipitation, means that accident consequences are very auch dependent upon
the weather conditions existing ht the time.

6.1.1.3 Health effects

The cause and effegts relationships between radiation exposure and adverse health effects
4are quite complex but they have been more exhaustively studied than any other environ-

mental contaminant.

Whole-body radiation exposure resulting in a dose greater than about 10 rem for a few per-
sons and about 25' rem for nearly all people over a short period of time (hours) is r.eces-
sary before any physiological effects to an individual are clinically detectable. Doses
about 10 to 20 times larger than the latter dose, also received over a relatively shott
period of time (hours to a few c'ys), can be expected to cause some fatal injuries. At
the severe, but extremely low procability end of the accident spectrum, exposures of these
magnitudes are theoretically passible for persons in the clost proximity of such accidents
if measures are not or c enot be taken to provide protection, e.g., by sheltering or
evacuation.

Lower levels of exposures may also constitute a health risk but the ability to define a
direct cause and effect relationship between any given health effect and a known exposure

-- __ _-
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to radiation is difficult given the backdrop of the many other possible reasons why a
particular effect is observed ;n a specific individual. For this reason, it is necessary
to assess such effects on a statistical bcsis. Such effects include cancer in the exposed
population and genetic changes in future generations after exposure of a prospective parent.
Cancer in the exposed population may begin to develop only af ter a lapse of 2 to 15 years
(latent period) from the time of exposure and then continue over a period of about ~;0 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., Ee plateau period is 10
years). The health consequences model currently being used is based on the 1972 BEI"! Report
of the National Academy of Sciences (NAS).5

Most authorities are in agreement that a reasonable, and probably conservative, estimate
of the statistical number of health ef fects of low levels of radiation exposu e to a large
number of people is within the range of about 10 to 500 potential cancer deatas (although
zero is not excluded by the data) per million person-rem. The range comes ftom the latest
NAS BEIR III Reports (1980) which also indicates a probable value of about 150. This value
is virtually identical to the value of about 140 us% in the current NRC health effects
models. In addition, approximately 220 geneti:: changes per million person-rem would be
projected by BEIR III over succeeding generations. That also compares well with the value
of about 260 per million person-rem currently used by the NRC staff.

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 contaminant (e.g., in soil), the hazard
can continue to exist for a relatively long period of time--months, years, or even decades.
Thus, a possible consequential 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 social and 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 ana 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 Summer plant is designed
to produce 900 MWe.) 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 significant 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 he to accidents are very unlikely
to occur over time periods of a few decades.

Melting ar severe degradation of reactor fuel has occurred in only one of these units,
during the accident at Three Mile Island Unit 2 (Thl-2) on March 28, 1979. In addition to

j the release of a few million curies of xenon-133, it has been estimated that approximately
15 curies of radiolodine was also released to the environment at THI-2.s This amount

'

represents an extremely minute fraction of the total radiofodine inventory present in the
reactor at the time of the accident. No other radioactive fission products were released
in measurable quantity.

It has been estimated that the maximum cumulative offsite radiation dose to an individual
was less than 100 ml111 rem.8'8 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 population. Tha same population
receives each year from natural background radiation about 240,000 person-rem and approx-
imately a half-million cancers are expected to develop in this group over its lifetime,8'8
primarily from causes other than radiation. Trace quantities (barely above the limits of
detectability) of radiciodine were found in a few sanples of milk produced in the area.
No other food or water supplies were impacted.
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Accidents at nuclear power plants have also caused occupational injuries and a few fatali-
ties but none attributed to radiation exposure. Indlyidual worker exposures have ranged
up to about 4 rem as a direct consequence of accider.ts, but the collective worker exposure
levels (person-res) are a small fraction of the exposures experienced during normal routine
operations that average about 400 person-res per reactor year for PWRs.

Accidents have also occurred at other nuclear reactor facilities in the United States and
in other countries.7 Due to inherent differences in design, construction, operation, and
purpose of most of these other facilities, their accident record has only indirect rele-
vance to current nuclear power plants. Melting of reactor fuel occurred in at least seven
J these accidents, including the one tw 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 fuctor reached full power in four years following
the accident. It operated successfully and complated its mission in 1973. This accident
did not release any radioactivity to the environment.

A reactor accident in 1957 at Windscale, England, released a significant quantity of
radiolodine, approximately .0,000 curies, to the environment. This reactor, which was not
operated to generate electricty, used air rather than water to cool the uranium fuel.
During a special operacion to heat the large amount of graphite in this reactor, the fuel
overheated and radiciodine and noble gases were released directly to the atmosphere from a
123m (405-foot) stack. Milk produced in a 200-square-mile area around the facility was
irpounded for up to 44 days. This kind of accident cannot occur in a water-cooled reactor
like Summer, however.

6.1.3 Mitigation of accident consequences

Pursuant to the Atomic Energy Act of 1954, the Nuclear Regulatory Commission has conducted
a safety eval"stion of the application to operate Summer Nuclear Station.a Although this
evaluation contains more detailed information on the plant design, the principal design
features are presented in the following section.

6.1.3.1 Design features

The Summer Nuclear Station 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
accident preventive and mitigative features are collectively referred to as engineered
safety features (ESF). The possibilities or probabilities of failure of these systems is
incorporated in the assessments dl5 cussed in Section 6.1.4.

The steel-lined concrete containment building is a passive mitigating system which is
designed to minimize accidental radioactivity releases to the environment. Safety injec-
tion systems are incorporated to provide cooling water to the reactor core during an acci-
dent to prevent or t'nimize fuel damage. Cooling fans pr3 vide heat removal capability
inside the c " tainment following steam release in accidents and help to prevent contain-
ment failure dua to overpressure. Similarly, the containment spray system is designed to
spray cool water into the containn.ent atmosphere. The spray water also contains an addi-
tive (sodium hydroxide) which will chealcally react with any airborne radiciodine to
remove it from the containment atmosphere and prevent its release to the environment.

The mechanical systems mentioned above are supplied with emergency power from onsite
diesel generators in the event that normal offsite station power is interrupted.

The Summer containment ventilv.fon system also contains high efficiency filters to remove
radioactive particulate fission products from the containment atmosphere to minimize their
release.

The fuel handling area located in the auxiliary building also has accident mitigating
systems. The safety grade ventilation system contains both charcoal and high efficiency
particulate filters. This ventilation system is also designed to keep the area around the
spent fuel pool below the prevailing barometric pressure during fuel handling operations
so that out-leakage won't occur through building openings. If radioactivity were to be
released into the building, it would be drawn through the ventilation system and
radioactive for'ine and particulate fission products would be removed from the flow stream
before exhausting to the outdoor atmosphere.
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There are features of the plant that are necessary for its power generation function that
can also play a role in mitigating certain accident consequences. For example, the main
condenser, although not classified as an ESF, can act to mitigate the consequences of
accidents involving-leakage from the primary to the secondary side of the steam generators

-(such as steam generator-tube ruptures). If normal offsite power is maintained, the
ability of the plant to send contaminated steam to the condenser instead of releasing it
through the safety valves or atmospheric datp valves can significantly reduce the amount
of radioactivity released to the environment. In this case, the fission product removal
capability of the normally operating off gas treatment system would come into play.

Much more extensive discussions of the safety features and char <cteristics of the Sumer
Nuclear Station may be found in the applicant's Final Safety Analysis Report.2 The staff
evaluation of these features are addressed in tne Safety Evaluation Report.8 In addition,
the implementation of the lessons learned from the TMI-2 accide9t, in the form of improve-
ments in design, and procedures and operating training, will significantly reduce the
likelihood of a degraded core accident which could result in large releases of fission
products to the containment. Specifically, the applicant is expected to follow the
guidance on TMi-related matters specified in NUREG-0737. As noted in Section 6.1.4 7, no
credit has been taken for these actions and improvements in discussing the radiological
risk of accidents.

6.1.3.2 -Site features

In the process of considering the suitability of the site of the Summer Nuclear Station,
pursuant to NRC's Reactor Site Cliteria 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 for in 10 CFR Part 100. The purpose of
the exclusion area is twofold, to assure that activities that might be hazardor's to the
plant cannot be located too close to it, and to exclude residential or transient use of

- the close-in property that might involve an unnecessarily large number of people. This
area comprises approximately 890 ha (2200 acres) of property. The reactor building is so
situated that the closest boundary of this area is approximately one mile distant. Thus,
this is the minimum distance at which any permanent residents could live. A part of
Monticello Reservoir is also within the exclusion area. Under South Carolina law the sur-
face water of this reservoir is in the public domain and there is expected to be some
recreational use within the exclusion area. Provisions for the warning and evacuation of
such persons have been made in the event of an emergency. There are no public highways or
railroads traversing the exclusion area.

Second, beyond and surrounding the exclusion area is a low population zone (LPZ), also
required by Part 100. This is a circular area of 4.8 kn (3 miles) outer radius, also
centered on the reactor building. The purpose of this zone is also twofold, to assure ,

that the total number and density of residents are such that there is a reasonable prob-
ability that appropriate protective measures could be taken in their behalf in the event
of a serious accident, and to assure that the nearest populatior center containing more
than about 25,000 persons is outside this zone. Current and projected population
densities in the LPZ are substantially lower than current regulatory guidelines which are
intended to minimize acc4 dent risk. Out to 48 km (30 miles), the population density is
not expected to exceed 250 persons per square mile at any time during the operating life
of the facility. The nearest population center, Columbia, South Carolina, is approxi-
mately 37 km (23 miles) southeast of the site. More complete descriptions of the site,
its population and land use characteristics are given in Section 2.

The safety evaluation of the Summer site has also included a review of potential external
hazards, i.e., activities offsite that might 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 risk to the Summer plant from such hazards has been found to be negligibly small.
More detailed discussion of the compliance with the Comission's siting criteria and the
consideration of external hazards are given in the staff's Safety Evaluation Report.3

6.1.3.3 Emergency preparedness

Emergency preparedness plans including protective action measures for the Summer facility
and environs are in an advanced, but not yet fully completed stage. In accordance with
the provisions of 10 CFR Section 50.47, effective November 3,1980, an operating license
will not be issued to the applicant unless a finding is made by the NRC that the state of
onsite and offsite emergency preparedness provides reasonable assurance that adequate pro-
tective measures can and will be taken in the event of a radiological emergency. Among

_- __ _ _-____ . - _ _
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the standards tnat must be met by these plans are provisions for two Emergency Planning
Zones (EPZs). A plume exposure pathway EPZ of about 16 km (10 miles) in radius and an
ingestion exposure pathway EPZ of about 80 km (50 miles) in radius are required. Other
standards include appropriate ranges of protective actions for each of these zones, pro-
visions for dissemination to the public of basic emergency planning information, provisions
for rapid notification of the public during a serious reactor emergency, and methods,
systems, and equipment for assessing and monitoring actual or potential offsite consequences
in the EPZs of a radiological emergency condition.

NRC findings will be based upon a review of the Federal Emergency Management Agency (FEMA)
findings and determinations as to whether State and local government emergency plans are
adequate and capable of being implemented, and on the NRC assessment as to whether the
applicant's onsite plans are adequate and capable of being implemented. NRC staff pre-

mented.gfindingsarereportedinthestaff'sSafetyEvaluationReporttobesupple-liminar
Although the presence of adeouate and tested emergency plans cannot prevent the

occurrence of an accident, it is the judgment of the staff that they can and will
substantially mitigate the consequences to the pbblic if one should occur.

6.1. 4 Accident risk and impact assessment
0.1.4.1 Design basis accidents

As a means of assuring that certain features of the Summer plant meet acceptable design
and performance criteria, both the applicant and the staff have analyzed the potential
consequences of a number 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 rad'J1ogical consequences to persons offsite. For each postu-
lated initiating event, the potential radiological consequences cover a considerable range
of values depending upon the particular course taken by the accident and the conditions,
including wind direction and weather, prevalent during the accident.

In the safety analysis and evaluation of the Summer plant, three categories of accidents
have been considered. These categories are based upon their probability of occurrence 9d
include (a) incidents of moderate frequency, i.e., events that can reasonably be expe a d
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) limiting faults, i.e., accidents not
expected to occur but that have the potential for significant releases of radioactivity.'

The radiological consequences of incidents in the first category, also called anticipated
operational occurrences, are discussed in Section 4. Initiating events postulated in the
second and third categories for the Summer plants are shown in Table 6.1. These are collec-
tively designated design basis accidents in that specific design and operating features as
described in Section 6.1.3.1 are provided to limit their potential radiological consequences.
Approximate radiation doses that migtf. be received by a person 1 mile from the plant are
also shown in the table, along with a characterization of the time duration of the releases.
The results shown in the table reflect the expectation that engineered safety and operating
features would function as intended.

An important implicat.on of this expectation is that the releases considered are limited
to noble gases and radiciodines and that any other radioactive materials, e.g., in partic-
ulate form, are not expected to be rcleased. The results are also quasi probabilistic in
nature in the sense that the meteorological dispersion conditions are taken to be neither
the oest 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 calculations with those using
more pessimistic, or conservative, assumptions described below, the doses shown in Table
6.1 are sometimes referred to as " realistic" doses.

Calculated population exposures for these events range from a small fraction of a person rem
to about 200 person rem for the population within 50 miles of the Summer plant. These
calculations for both individual and population exposures indicate that the risk of incur-
ring any adverse health effects as a consequence of these events is exceedingly small. B,

,

comparison with the estimates of radiological impact for normal operations shown in Chapter
4, we also conclude that radiation expasures from design basis accidents are roughly com-
parable to the exposures to individuals and the population 4 m normal station operations0
over the expected lifetime of the plant.

The staff has also carried out calculations to estimate the potential upper bounds for indi-
vidual exposures from the same initiating accidents in Table 6.1 for the purpose of imple-
menting the provisions of 10 CFR Part 100, " Reactor Site Criteria." For these calculations,
much more pessimistic (conservative or worst case) assumptions are made as to the course
taken by the accident and the prevailing conditions. These assumptions include much larger

__ _ _.
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" amounts of radioactive material released by the initiating events, additional single fail-
ures in' equipment, operation of ESFs in a degraded mode,* and very poor meteorological
dispersion conditions. .The results of these calculations show that, for these events the..

_ limiting who!e-body exposures-are not expected to exceed 4 rem and must would not exceed 1
rem to any individual at the site boundary.s They also show that radiofodine releases have,

L the potential for offsite exposures ranging up to about 200 ree to the thyroid. For such
; an. exposure to occur, an individual would have to be located at a point on the site boundary
4 where the radiolodine concentration in the plume has its highest value and inhale at a

breathing rate characteristic of a p rson jogging, for a period of two hours. The health
risk to an' individual receiving such an exposure is the potential appearance of benign or r

; maligant thyroid nodules in about 7 out of 100 cases, and the development of a fatal.

: . thyroid cancer in about 3 out of 1,000 cases.

' None of the calculations'of the impacts of design' basis accidents 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

I; In this and the following three sections, there is a discussion of the probabilities and
[ consequences of accidents of. greater severity than the design basis accidents discussed in
i 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 distinguished1

j from design basis-accidents in two primary respects; they involve substantial physical
deterioration of the fuel in the reactor core, including overheating to the point of
melting, and they involve deterioration of'the capability of the containment structure to+

4 . perform its intended function of limiting the release of radioactive materials to the
p environment.
i

The assessment methodology employed is that described in the Reactor Safety Study (RSS),

which_was published in 1975.10** The Summer plant is a Westinghouse-designed pressurized
'

water reactor (PWR) very similar to the Surry Unit 1 facility used in the RSS as a proto- ,,

type for PWRs. This assessment has used as its starting point therefore, the same set of
y accident sequences that were found in the RSS to be dominant cer.tributors to risk in the

prototype PWR. The same set of nine release categories, designated PWR 1 through 9 have
also been used.to represent'the spectrum of severe accident releases that are hypothesized
for the Summer facility. Characteristics of these categories are shown in Table 6.2.

- Sequences initiated by natural phenomena such as tornadoes, flods, or seismic events and
'

those that could be initiated by deliberate acts of sabotage are not included in these event
sequences. The radiological consequences 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
requirements of 10 CFR Part 50,- Appendix A, relating to effects of natural phenomena, and

i safeguards requirements of 10 CFR Part 73, that these events do not centribute significantly;

to risk.
'

.

A calculated probability per reactor year associated with each release category is also
: shown in the'second column in Table 6.2. These probabilities are the result of a detailed
I - engineering analysis of the prototype PWR in the Reactor Safety Study. There are substan-

tial uncertainties in these probabilities. This is due, in part, to difficulties associ-
ated with the quantification of human error and to inadequacies in the data base on failure

, rates of' individual plant components that were used to calculate the probabilities.'
! (See Section 6.1.4.7.) 'Except as indicated in the footnotes in Table 6.2, the staff has

no present basis for judging whether the probabilities may be too high or too low. The,

error band for the probabilities of some of the event sequences could be as much as a'

! factor of 10 but is very unlikely to be as great as a factor of 100. The event sequences
i in categories PWR 1-7 lead to partial or complete melting of the reactor core while'those
[ in the last two categories do not involve melting of the core. In release categories 1 to
- - 3, the event sequences include containment failure by steam explosion, hydrogen burning,

or overpressure. Release categories 4 and 5 contain event sequences in which the systems<

intended to isolate the containment fail to act properly. In release categories 6 and 7,
1 the dominant containment failure mode is by melt-through of the containment base mat.

i- "The containment structure, however, is assumed to prevent leakage in excess of that which
can be demonstrated by testing, as provided in 10 CFR Section 100.11(a).-

i ^*8ecause this report has been the subject of considerable controversy, a discussion of the
|| uncertainties surrounding it is provided in Section 6.1.4.7.

_

i

}
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Table 6.2

i Summary of atmospheric release categories
j representing hypothetical accidents in a PWR

Fraction of Core Inventory steleased ")I
R:sinse Probability IC)
C tigory (reactor yr 2) Xe-Kr I Cs-Rb Te-Sb Ba-Sr Ru(D) La

PWR 1 5.1 x 10.a(d) 0.9 0.7 0.4 0.4 0.05 0.4 3 x 10 8

PWR 2 7 x 10 8 0.9 0.7 0.5 0.3 0.06 0.02 4 x 10 8

PWR 3 2.3 x 10 8 0.8 0.2 0.2 0.3 0.02 0.03 3 x 10 8

PWR 4 2.1 x 10 32 0.6 0.09 0.04 0.03 5 x 10 8 3 x 10 8 4 x 10 4

PWR 5 5 x 10.s 0.3 0.03 9 x 10 2 5 x 10 s 1 x 10 8 6 x 10 4 7 x 10 5 .

I PWR 6 6 x 10 7 0.3 3 x 10 8 8 x 10 4 1 x 10.a 9 x 10 5 7 x 10 s 1 x 10 5

PWR 7 4 x 10 5 6 x 10 8 4 x 10 5 1 x 10 5 2 x 10 5 1 x 10.s 1 x 10.s 2 x 10 7

PWR 8 4 x 10 5 2 x 10 3 1 x 10 4 5 x 10 4 1 x 10.s 1 x 10 s 0 0

PWR 9 4 x 10 4 3 x 10.s 1 x 10 7 6 x 10 7 1 x 10.e 1 x 10 81 0 0

(a) Background on the isotope groups and release mechanisms is presented in Appendix VII, WASH-1400
(Ref. 10).

(b) Includes Ru, Rh, Co, Mo, Tc.
(c) Includes Y, La, Zr, Nb, Ce, Pr Nd, Np, Pu, Am, Co.
(d) Current understanding of the phenomenon of containment failure by steam explusion embodied in

this release category indicates that this probability should be lower than stated.

NOTE: Please refer to Section 6.1.4.7 for a discussion of uncertainties in risk estimates.

._
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Table 6.3

Activity of Radionuclides in the
Summer Reactor Core at 2715 MWt

'
Radioactive Inventory

Group Radionuclide in Millions of Curies Half-Life (days)

A. Noble gases

Krypton-85 0.49 3,950
Krypton-85m 21 0.183
Krypton-87 41 0.0528
Krypton-88 59 0.117
Xenon-133 150 5.28
Xenon-135 29 0.384
B. Iodines

Iodine-131 74 8.05
lodine-132 100 0.0958
Iodine-133 150 0.875
Iodine-134 160 0.0366
Iodine-135 130 0.280

C. Alkali Metals
Rubidium-86 0.023 18.7
Cesium-134 6. 5 750
Cesium-136 2. 6 13
Cesium-137 4.1 11,000

D. Tellurium-Antimony

Tellurium-127 5.1 0.391
Te11urium-127m 0.95 109
Tellurium-129 27 0.048
Tellurium-129m 4.6 34
Te11urium-131m 11 1.25
Tellurium-132 100 3.25
Antimony-127 5.3 3.88
Antimony-129 29 0.179

E. Alkaline Earths
Strontium-89 82 52.1
Strontium-90 3.2 11,030
Strontium-91 95 0.403
Strontium-140 140 12.8

F. Cobalt and
Noble Metals

Cobalt-58 0.68 71
Cobalt-60 0.25 1,920
Molybdenum-99 140 2.8
Technetium-99m 120 0.25
Ruthenium-103 95 39.5
Ruthenium-105 62 0.185
Ruthenium-106 22 366.0
Rhodium-105 42 1.50

Note: The above grouping of radionuclides corresponds to
that in Table 6.1.

._ _- .-
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Table 6.3 (continued)

Radioactive Inventory
' Group Radionuclide in Millions of Curies Half-Life (days)

G. Rare Earths, Refractory Oxides and Transuranics-
-Yttrium-90 3.4 2.67
Yttrium-91 100 59
Zirconium-95 130 65.2
Zirconium-97 130 0.71
Niobium-95 130 35
Lanthanum-140 140 1.67
Ceriun-141 130 32.3
Cerium-143 110 1.38
Cerium-144 74 284
Praseodymium-143 110 13.7
Neodymium-147 52 11.1
Neptunium-239 1420 2.35
Plutonium-238 0.049 32,500
Plutonium-239 0.018 8.9 x 108
Plutonium-240 0.018 2.4 x 108
Plutonium-241 2.9 5,350
Americium-241 0.0015 1.5 x 105
Curium-242 0.43 163
Curium-244 0.020 6,630

Note: The above grouping of radionuclides corresponds to
that in Table 6.1.

,
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The magnitudes (curies) of radioactivity release.for each category are obtained by multi-
plying the release fractions shown in Table 6.2 by the amounts that would be present in
the core at the time of the hypothetical accident. These are shown in Table 6.3 for the
Summer plant at the core thermal power level of 2775 megawatts.

The potential radiological consequences of these releases have been calculated by the con-
sequence model'used in the RSSta adapted to apply to a specific site. The essential ele-
ments are shown in schematic form in Figure 6.1. Environmental parameters specific to the
site of the Summer facility have been used and include the following:

(1) Meteorological 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 80 km and 560
km (50 and 350 alles) radius from the site,

(3) The habitable land fraction within the 560-km (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 information, for the State of
South Carolina and each surrounding state within the 560-km (350-mile) region.

To obtain a probability distribution of consequences the calculations are performed
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 p?ople
would considerably reduce the exposure from the radioactive cloud and the contaminated
ground in the wake of the cloud passage. The evacuation model used (see Appendix I) has
been revised from that used in the RSS for better site-specific application. The quanti- *

tative characteristics of the evacuation model used for the Summer sits are best estimate
values made by the staff and based upon evacuation 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.

The other protective actions include: (a) either complete denial of use (interdiction),
or perr:itting use only at a sufficiently later time after appropriate decontamination of
food stuffs such as crops and milk, (b) decontamination of severely contaminated environ-
ment (land and property) whea it is considered to be economically feasfMe to lower the
levels of contamination to protective action guide (PAG) levels, and (c) denial of use
(interdiction) or severely contaminated land and property for varying periods of time until
the contamination 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 that 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 Summer reactor include the benefits of these protective actions.

There are also uncertaintles in the estimates of consecuences and the error bounds may be
as large as they are for tne probabilities. It is the judgment of the staf f, however, that
it is more likely that the calculated results are overestis.tes of consequences rather than
underestimates.

The results of the calculations using this consequence model are radiological doses to indi-
viduals and to populations, health effects that might result from these exposures, costs
of implementing protective actions, and costs as" fated with property damage by radioactive
contamination.

6.1.4.3 Dose and health impacts of atmospheric raleases

The results of the calculations of dose effects aad health impacts performed for the Summer
facility and site are presented in the form of probability distributions in Figures 6.2
through 6.5 and are included in the impact semmary Table 6.4. All of the nine release
categories shown in Table 6.2 contribute to the results, the consequences from each being
weighted by its associated probability.
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Figure 6.2 shows the probability distribution for the number c( persons who might receive
whole-body doses equal to or greater than 200 rem and 25 rem, respectively, 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 arproximately 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 _s the lower limit for a clinically '

observable physiological effect) and 300-rem thyroid figures correspond to the Commission's
guideline values for reactor siting in 10 CFR Part 100. '

The figure shows in the left-hand portion that there is approximately one change in 100,000
per year (i.e.,10 5) that one or more persons may receive doses equal to or greater than
any of the doses specified. The fact that the three curves run almost parallel in hori-
zontal lines shows that if one person were to receive such doses, the chances are about
the same that severcl tens to hundreds would be so exposed. The chances of larger numbers
ofpersonsbeingexhsedatthoselevelsareseentobeconsiderablysmaller. For example,
the chances are about 1 in 100,000,000 (1 x 10.s) that 60,000 or more people might receive
doses of 200 rem or greater. A majority of the exposures reflected in this figure would
be expected to occur to persons within a 56-km (35-mile) radius of the plant. Virtually
all would occur within a 160-km (100 mile) radius.

Figure 6.3 shows the probability distribution for the total population exposure in person-
rem, i.e. , the probability per reactor 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 80 km (50 miles), but the more severe release categories (PWR 1-3)
would result in exposure to persons beyond the 80-km (50-mlie) range as shown.

For perspective, population doses shown in Figure 6.3 may be compared with the annual
average dose to the population within 80 km (50 miles) of the Summer site due to natural
background radiation of 105,000 person rem and to the anticipated annual population dose
to the general public from normal station operation of 36 person rem (excluding plant
workers) (Section 4, Tables 4.9 and 4.11).

Figure 6.4 shows the probability distributions for acute fatalities, representing radia-
tion injuries that would produce fatalities within about one year after exposure. Vir-
tually all of the acute fatalities would be expected to occur within a 72-km (45-mile)
radius and the majority within 24-km a (15-mile) radius. The results of the calculations
shown in this figure and in Table 6.4 reflect the effect of evacuation within the 16-km
(10 mile) plume exposure pathway EPZ only. For the very low probability accidents having
the potential for causing radiation exposures above the threshold for acute fatality at
distances beyond 13 miles, it would be realistic to expect that authorities would evacuate
persons at all distances at which exposures might occur. Acute fatality consequences would
therefore reasonably be expected to be very much less than the numbers shown.

Figure 6.5 represents the statistical relationship between population exposure and the
induction of fatal cancers that might appear over a period of many years following expo-

The impacts on the total population and the population within 80 km (50 miles) aresure.
shown separately. Further, the fatal, latent cancers have been subdivided fr,to those
attributable to exposures of the thyroid and all othe' organs.

6.1.4.4 Economic and societal impacts

As noted in Section 6.1.1, the various measures for avoidance of adverse health effects
including those due to residual radioactive contamination in the environment are possible
consequential impacts of severe accidents. Calculations of the probabilities and magni-
tudes of such impacts for the Summer facility and environs have also been made. Unlike
the radiation exposure and 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 prouability distribution for cost of offsite mitigating
actions in Figure 6.6 and are included in the impact summary Table 6.4. The factors
contributing to these estimated costs include the following:

"Early exposure to an individual includes external doses from the radioactive cloud and the
contaminated ground, and the dose from interialy deposited radionuclides from inhalation
of contaminated air during the cloud passage. Other pathways of exposure are excluded.

. _ _ _ _ . __
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NOTE: Please see Section 6.1.4.7 for discussion of uncertainties in risk estimates.
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NOTE: Please see Section 6.1.4.7 for discussion of uncertainties in risk estimates.
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Evacuation c1sts.

Value of crops contaminated and condemned-

Value of milk contaminated and condemned-

Costs of decontamination of property where practical-

Indirect costs due to loss of use of property and incomes derived therefrom..

The last named cost would derive from the necessity for interdiction to prevent the use of
property until it is either free of contamination or can be economically decontaminated.

Figure 6.6 shows that at the extreme end of the accident spectrum these costs could exceed
several billion dollars but that the probability that this would occur is exceedingly small,
less than one chance in a million per reactor year.

Additional economic impacts that can be quantified include costs of decontamination 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 discussion of risk consider-
ations in Section 6.1.4.6.

- 6.1.4.5 Releases to groundwater

A pathway for public radiation excasure and environmental contamination that could be asso-
ciated with severe reactor accidents was identified in Section 6.1.1.2. Consideration has
been given to the potential environmental impact of this pathway for the Summer plant.
The principal contributors to the risk are the core-melt accidents associated with the PWR-1
through 7 release catecortes. The penetration of the basemat of the containment building
can release elten cori debris to the strata beneath the plant. Soluble radionuclides in
this deb-5 can be leached and transported with groundwater to down gradient domestic wells
used te drinking or to surface water bodies used for drinking water, aquatic food, and
ree.eation. In pressurized water reactors, such as the Summer unit, there is an additional
opportunity for groundwater contamination due to the release of contaminated sump water to
the ground through a breach in the containment.

An analysis of the potential consequences of a liquid pathway release of radioactivity for4

generic sites was presented in the " Liquid Pathway Generic Study" (LPGS).88 The LPGS com-
pared the risk of accidents involving the liquid pathway (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 in a water body. Parameters for the land-based sites were
chosen to represent averages for a wide range of real sites and are thus " typical." but
represented no real site in particular.

The discussion in this section is an analysis to determine whether or not the Summer 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 LPGS population doses based on
the relative values of key parameters characterizing the LPGS "small river" site and the
Summ e site. The parameters which were evaluated included amounts of radioactive mate-
r ui. entering the ground, groundwater travel time, sorption on geological media, surface
water transport, drinking water usage, aquatic food consumption, and shoreline usage.

Doses to individuals and populations were calculated in the LPGS without consideration of
interdiction methods such as isolating the contaminated groundwater or denying use of the
water. In the event of surface water contamination, alternative sources of water for
drinking, irrigation, and industrial uses would be expected to be found, if necessary.
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 froia fractions to very small fractions of those that can arise from the airborne
pathways.

The Summer site is underlain by a complex series of soil, metamorphic rock, and igneous
intrusions. The basemat of the reactor buildings is in a micaceous silty sand formation,
approximately 48-64 km (30-40 feet) above the underlying bedrock.

Groundwater at the site occurs in two types of formations:
'

(1) jointed and fractured crystalline bedrock, and

(2) the lower zones of the soll overburden.

m w w
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Table 6.4

Summary of Environmental Impacts and Probabilities,

Population
Probibility Persons Persons Exposure Millions Latent Cost of Offsiteof Impact Per Exposed Exposed Acute of Person-Rem Cancers Mitigating ActionsRrtetor-Year over 200 rem over 25 rem Fatalities 50 mi/ Total 50 mi/ Total Millions of Dollars

10 4 0 0 0 <0.001/<0.001 0/0 <.001

10 5 0 <1 0 <0.25/<0.25 <60/<60 1. 3

5 x 10 s <1 8,000 0 1/7 140/680 200

10 s 1,000 50,000 <1 3.5/25 470/2000 1,000 T1

10 7 60,000 130,000 500 20/60 3,000/4,500 2,800

10 8 60,000 200,000 2,300 50/90 5,300/5,900 4,000

Ralated Figure 6.2 6.2 6.4 6.3 6.5 6.6
" Includes cancers of all organs. Thirty times the values shown in Figure 6.5 are shown in this column reflecting
the thirty year period over which cancers might occur. Genetic effects might be approximately twice the number oflattnt cancers.

NOTE: Refer to Section 6.1.4.7 for a discussion of uncertainties in risk estimates.
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Estimates of groundwater travel time from the reactor building to the Board River varied
over a wide range from 1140 years in the overburden soils to a conservatively estimated
7.4 years in the fractured media. The latter value was used in the comparison for
conservatism.

For grounowater travel times of several years, the most important radionuclide contribu-
are Sr-90 and Cs-137. Conservative values of the retardationtors to population dosu

factors, which reflect the effects of sorption on geologic materials similar to the frac-
tured media at the site" of 8.6 for Sr-90 and 154 for Cs-137 were used in the present
analy sis. The transport time from the reactor building to the Broad River is, therefore,
conservatively estimated to be about 64 years for Sr-90 and 1140 years for Cs-137. When
these times are compared to 5.7 for Sr-90 and 51 years for Cs-137 in the LPGS land-based
river case, the relatively larger travel times for the Summer site would allow a smaller
portion of the radioactivity to enter the surface water. This reduction is about a factor
of 4 for Sr-90 over that predicted in the LPGS case. Virtually all of the Cs-137 will have
decayed before reaching the Broad River.

The Broad River would be the receptor for radionuclides mitigating through the ground. No
drinking water wells would be directly affected by the contaminated groundwater.

There would be two major municipal water users affected by the contamination of the Broad
River and other waterways downstream. The city of Columbia, South Carolina draws most of
its drinking water from the Broad River. An estimated 230,000 people would be affected.
'!ne City of Charleston South Carolina presently draws about 10% of its water from Lake
Moultrie. By 1990, this portion is expected to increase about 50%. The estimated 1990
population of Charleston affected would be 325,000 people. There are other smaller
drinking water users that would be affected between Columbia and Charleston.

The hypothetical LPGS river site had a drinking water population of 620,000 pegle distrib-
uted at multiple points down the river. Hence, the uninterdicted drinking water population
dose for the Summer site was calculated to be about 90% of that for the LPGS river site by
comparing the populations, groundwater travel times, and dilutions fo. the two sites, assum-
ing that the radioactive source terms at the sites would be identical.

Population dose from the consumption of finfish, molluscs, and crustaceans was calculated
in a manner similar to the drinking water population dose. The annual harvest which could
be affected by contamination downstream from the Summer plant has been estimated to be about
3.5 x 108 Kg. The LPGS small river site, by comparison, used an annual fish harvest of
1.2 x 10s Kg. The uninterdicted population dose from the Summer site was calculated to be
about 2 times greater than that of the LPGS site when consumption of the fisheries harvest,
dilution, and groundwater travel time were compared.

The Broad River and Monticello Reservoir are not heavily used for swimming or other recrea-
tion which would subject people to direct radiation from contaminated water and sediments.
There may be heavier usage in waters downstream. The LPGS population dose assessment, how-
ever, showed that virtually all of the beach shore, boating, and swimming dose was due to
Cs-137. Since virtually no Cs-137 is predicted to escape in the Summer case, the staff
concludes that there will be an insignificant contribution to population dose from shore-
line usage, boating, and swimming.

The Summer liquid pathway contribution to population dose has, therefore, been demon-
strated to be the same order of magnitude as that predicted for the LPGS river site, which
represents a " typical" river site. Thus, the Summer site is not unique in its liquid path-
way contribution to risk.

There are measures which could be taken to minimize the impact of the liquid pathway. The
staff estimated that the minimum groundwater travel time from the Summer site to the Broad
River would be 7.4 years, and that the holdup of radioactivity would be much greater, which
would allow ample time for engineering measures such as slurry walls and well point dewater-
ing to isolate the radioactive contaminants at the source.

6.1.4.6 Risk considerations

The foregoing discussions have dealt with both the frequency (or likelihood of occurrence)
of accidents and their impacts (or consequences). Since the ranges of both factors are
quite broad, it is also useful to combine them to-obtain average measures of environmental
risk. Such averages can be particularly instructive as an aid to the comparison of radio-
logical risks associated with accident releases and with normal operational releases.

!
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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 expressed as a number
of consequerces expected per unit of time. Such a quantification of risk does not at all
mean that there is universal agreement that peoples' attitudes about risk, or what consti-
tutes an acceptable risk, can or should be governed solely by such a measure. At best, it
can be a contributing factor to a risk judgment, but not necessarily a decisive factor.

In Table 6.5 we show average values of risk associated with population dose, acute fatali-
ties, latent fatalities, and costs for evacuation and other protective actions. These
average values are obtained by summing the probabilities multiplied by the consequences
over the entire range of distributions. Since the probabilities are on a per-reactor year
basis, the averages shown are also on a per-reactor year basis.

The population exposures and latent cancer fatality risks may be compared with those releases
for normal operation shown in Section 4, Tables 4.9, 4.11, and Section 4.5.5. The comparison

(excluding exposure to the plant personnel) shows that the accident risks are substantially
lower than those for normal operation.

There are no acute fatality nor economic risks associated with protective actions and decon-
tamination for normal releases; therefore, these risks are unique for accidents. For per-
spective and understanding of the meaning of the acute fatality risk of 0.0002 per year,
however, we note that to a good approximation the population at risk is that within about
10 miles of the plant, about 9,000 persons in the year 2000. Accidental fatalities per
year for a populatirn of this size, based upon cverall averages for the United States, are
approximately 2 from motor vehicle accidents, 0.7 from falls, 0.3 from drowning, 0.3 frombburns, 0.1 from firearms.4

Figure 6.7 shows the calculated risk expressed as whole-body dose to an individual from
early exposure as a function of the distance from the plant within the plume exposure path-
way EPZ. The values are on a per-reactor year basis and all release categories in
Table 6.2 contributed to the dose, weighted by their associated probabilities.

Evacuation and other protective actions reduce the risks to an individual of acute and
latent cancer fatalities. Figures 6.8 and 6.9, respectively, show curves of constant
risks per reactor year to an individual, living within the plume exposure pathway EPZ of
the Summer plant, of acute death and of death from latent cancer, respectively, as functions
of distarce due to potential accidents in the reactor. Directional variation of these curves
reflect the variation in the average fraction of the year the wind would be blowing into each
direction from the plant. For comparison, following risks of fatality per year to an
individuallivingintheU.S.maybenoted4ghe; automobilt accident 2.2 x 10 4,falls 7.7 x 10 5,

drowning 3.1 x 10 5, burning 2.9 x 10 s, and firearms 1.2 x 10 5

Table 6.5

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

Population exposure

Person-rem within 50 miles 24

Person-rem total 130

Acute Fatalities 0.00017

| Latent cancer fatalities
! All organs excluding thyroid 0.007

0.0024Thyroid only

Cost of protective actions
and decontamination $4,800

Note: Please see Section 6.1.4.7 for discussions of uncertainties in risk estimates.

_
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The economic risk associated with evacuation and other protective actions could be compared
with property damage costs associated with alternative energy generation technologies.
The use of fossil fuels, coal or oil, for example, would emit substantial quantities of

environmental,andecologicaldamagethroughthephenomenonofacidrain.4ghings,leadtosulphur dioxide and nitrogen oxides into the atmosphere, and, among other
This latter

effect has not, however, been sufficiently quantified to draw a useful comparison at this '
time.

There are other economic impacts and risks that can be monetized that are not included in
the cost calculations discussed in Section 6.1.4.4. These are accident impacts on the
facility itself that result in added costs to the public, i.e. , ratepayers, taxpayers,
and/or shareholders. These are costs associated with decontamination of the facility it-
self and costs for replacement power.

No detailed methodology has been developed for estimating the contribution to economic
risk associated with cleanup and decontamination of a nuclear power plant that has undergone
a serious accident toward either a decommissioning or a resumption of operation. Experience
with such costs is currentl) being accumulated as a result of the Three Mile Island accident.
It is already clear, however, that such costs can approach or even exceed the original
capital cost of such a facility. As an illustration of the possible contribution to the
economic risk, if the probability of an accident serious enough to require extensive
cleanup and decontamination is taken as the sum of the nine categories in Table 6.2, i.e.,
about 5 chances in 10,000 per reactor year, and if the " average" decontamination cost for
these nine categories is assumed to be one billion dollars, then the estimated economic
risk would be about $500,000 per reactor year.

The cost of replacement power is significantly affected by the point in the lifetime of
the plant at which a loss in electric generating capability might occur. The cost is
highest at the beginning of plant operating life decreasing to zero at the end of life.
For illustrative purposes, the costs and economic risk have been estimated for a " worst
case" situation for the 900-megawatt (electric) Summer plant by postulating a total loss
in the first year of a projected 30 year operating life. Replacement power at 57 mils per
kWh is assumed over aa S year period before a new plant of like capacity can be put into
service. Using a 60% capacity factor, the annual cost of replacement power would be $180
million per year for the 8 year period. Interest and depreciation charges for the new
plant are estimated at $77 million per year in 1980 dollars, representing the differential
cost of having to construct a new facility, and extending over the majority of the lifetime
of the original facility.

If the probability of sustaining a total loss of the original facility is taken as the
probability of occurrence of a core melt accident (approximated by the sum of the prob-
abilities for the categories PW: _ through 7 in Table 6.2), then the average contribution
to economic risk that would result from an early life loss of the Summer plant is about
$10,000 per year during the 8 year replacement period and about $3,000 per year for the
balance of the 30 year original lifetime.

Additional replacement power costs could be sustained by operators of nuclear power plants
other than the one directly involved in an accident if the cause of the accident is of a
generic nature and resulted in forced outages of other plants. Estimates of such additional
economic impacts would be speculative and have not been made by the staff.

6.1.4.7 Uncertainties

The foregoing probabilistic and risk assessment discussion has been based upon the method-
ology presented in the Reactor Safety Study (RSS) which was published in 1975.

In July 1977, the NRC organized an Independent Risk Assessment Review Group to (1) clarify
the achievements and limitations of the Reactor Safety Study, (2) assess the peer comments
thereon and the responses to the comments, (3) study the current state of such risk
assessment methodology, and (4) recommend to the Commission how and whether such methodology
can be used in the regulatory and licensing process. The results of this study were issued
September 1978.82 This report, called the Lewis Report, contains several findings and
recommendations concerning the RSS. Some of the more significant findings are sucmarized
below.

1. A number of sources of both conservatism and nonconservatism in the probability
calculations in RSS were found, which were very difficult to balance. The Review
Group was unable to determine whether the overall probability of a core melt given in
the RSS was high or low, but they did conclude that the erf or bands were understated.

_ _
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2. The methodology, which was an important advance over earlier methodologies that had
been applied to reactor risk, was sound.

3. It is very difficult to follow the detailed thread of calculations through the RSS.
In particular, the Executive Summary is a poor description of the contents of the
report, should not be used as such, and has lent itself to misuse in the discussion
of reactor risk.

Do January 19, 1979, the Commission issued a statement of policy concerning the RSS and
the Review Group Report. The Commission accepted the findings of the Review Group.

The accident at Three Mile Island occurred in March 1979 at a time when the accumulated
experience record was about 400 reactor years. It is of interest to note that this was
within the range of frequencies estimated by the RSS for an accident of this severity.*d
It should also be noted that the Three Mile Island accident has resulted in a very compre-
hensive evaluation of reactor accidents like that one, by a significant number of investi-
gative groups both within NRC and outside of it. Actions to improve the safety of nuclear
power plants have come out of these investigations, including those from the President's
Commission on the Accident at Three Mile Island, and NRC staff investigations and task
forces. A comprehensive "NRC Action Plan Developed as a Result of the TMI-1 Accident,"
NUREG-0660, Vol. I, May 1980 collects the various recommendations recommendations of these
groups and describes them under the subject areas of: Operational Safety; Siting and
Design; Emergency Preparedness and Radiation Effects; Practices and Procedures; and NRC
Policy, Organization, and Management. The action plan presents a sequence of actions,
some already taken, that will result in a gradually increasing improvement in safety as
individual actions are completed. The Summer plant is receiving and will receive the
benefit of these actions on the schedule indicated in NUREG-0660. The improvement in
safety from these actions has not been quantified, however, and the radiological risk of
accidents discussed in this chapter does not reflect these improvements.

6.1.5 Conclusions

The foregoing sections consider the potential environmental impacts from accidents at the
Summer facility. These have covered a broad spectrum of possible acciden;al releases of
radioactive materials into the environment by atmospheric and groundwater pathways.
Included in the considerations are postulated design basis accidents and more severe acci-
dent sequences that lead to a severely damaged reactor core or core melt.

The environmental impacts that have been considered include potential radiation exposures
to individuals and to the population as a whole, the risk of near and long-term adverse
health effects that such exposures could entail, and the potential economic and societal
consequences of accidental conta.2ination of ti,e environment. These impacts could be severe
but the likelihood of their occurrence is judged to be small. This conclusion is based on
(a) the fact that considerable experience has been gained with the operation of similar
facilities without significant degradation of the enviroament, (b) the fact that, in order
to obtain a license to operate the Summer facility, it must comply with the applicable
Commission regulations and requirements, and (c) a probabilistic assessment of the risk
based upon the methodology developed in the Reactor Safety Study. The overall assessment
of environmental risk of accidents, assuming protective action, shows that it is roughly
comparable to the risk from normal operation although accidents have a potential for acute
fatalities and economic costs that cannot arisa from normal operations. The risks of
acute fatality from potential accidents at the site are small in comparison with risks of
acute fatality from other human activities in a comparatively-sized population.

We have concluded that there are no special or unique circumstances about the Summer site
and environs that would result in different or substantially greater environmental impacts
than those from other presently operating pressurized water nuclear power plants. There-
fore, on the basis of this ar:alysis, no special or additional engineered safety features
are recommended for the Summer plant.

6.2 TRANSPORTATION ACCIDENTS

The trcnsportation of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel
reprocessing plant, and of solid radioactive wastes from tLe reactor to burial grounds is
within the scope of the NRC report entitled, " Environmental Survey of Transportation of
Radioactive Materials to and from Nuclear Power Plants."85 The applicant has facilities
available for shipping irradiated fuel by truck. The staff has examined these facilities
and feels that they will meet all staff requirements for shipping such wastes. The appli-
cant has stated that solid radioactive wastes will be transported from the reactor to
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burial grounds by truck (OL-ER, Sect. 3.5.4). The environmental risks of accidents in
- transportation are summarized in Table 6.6 (normal conditions of transpart are summarized
in Table 4.14).

Table 6.6

Environmental Risk of Accidents in Transport of Fuel and Waste
3To and From a Typical Light-Water-Cooled Nuclear Power Reactor

Environmental risk

bRadiological effects Small

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

aData supporting this table are given in the Commission's " Environmental Survey
of Transportation of Radioactive Materials to and from Nuclear Power Plants,"
WASH-1238, December 1972, and Supp. 1, NUREG-75/038, April 1975. Both documents
are available for inspection and copying at the Commission's Public Document
Room, 1717 H Street, NW., Washington, D.C., and may be obtained from National
Technical Information Service, Springfield, VA 22161. WASH-1238 is available
from NTIS at a cost of $5.45 (microfiche, $2.25) and NUREG-75/038 is available
at a cost of $3.25 (microfiche, $2.25).

bAlthough the environmental risk of radiological effects stemming from transpor-
tation accidents is currently incapable of being numerically quantified, the
risk remains small regardless of whether it is being applied to a single reactor
or a multireactor site.

i
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7. NEED FOR THE STATION

- 7.1 INTRODUCTION

This s:ction presents an analysis of the need for Unit 1 of the Virgil C. Summer Nuclear Station
bis;d en the energy demands of the service area, the potential for production cost avings, and the
incr tsed reliability of the applicant's system. Reflected in the analysis are the dramatic changes
thit hive occurred since the Arab oil embargo of.1973 and the downward revision of t ae applicant's

,lud f: recasts that resulted from those changes.

7. 2 SERVICE AREA AND REGIONAL RELATIONSHIPS

7.2.1 Service area

The 900-MWe Virgil C. Summer Nuclear Station is owned oy South Carolina Electric and Gas Company
(SCE&G) and the South Caroi'na Public Serv!ce Authority (SCPSA) in a two to one ratio. Power

. pr:duc:d by the plant will b ' allocated according to the ownership ratio, 600 MW to SCE&G and 300 MW
.t3 SCPSA. Constructicn, licensing, and operation of the power station is the responsibility of
'SCE&G.

The strvice area of SCE&G includes 24 of South Carolina's 46 counties in the southern portion of the
st*.tt and a population of more than 1.2 million. Electricity is provided at retail to more than

-336,000 customers (as of the end of 1979) in 127 communities. In addition, three municipalities and
six electric co-ops are served. Colustia and Charleston are the two major electrical load centers

-in the service area.

An entity of the State of South Carolina, SCPSA was created in 1934 to provide flood control,
drainige and navigation services, and electric power. Electric service is provided directly at
r tsil to approximately 37,000 residential and commercial customers in 8 communities (mostly in the
c: unties of Berkeley, Horry, and Georgetown), 3 military establishments, and 21 1arge industrial
customers. Wholesale sales are made to 2 communities and to 15 individual electric distributive
coop:ratives represented by the Central Electric Power Cooperative in 35 counties of the State.

7.2.2 Regional relationships

The SCE&G and SCPSA are members of the Southeastern Electric Relianility Council (SERC) and the
Virginia-Carolinas (VACAR) subregion group. Membership in these larger groups provides a means for
the member utilities to coordinate their load forecasting and system ;,eneration planning in a way
thtt will maximize reliability at acceptable costs of generation.

Tha transmission systems of SCE&G and SCPSA are interconnected at several points for emergency and
cconomic exchange purposes. The SCE&G also has interconnections with Georgia Power Company, Duke
Power Company, Carolina Power & Light Company, and the Southeastern Power Administration (SEPA);
SCPSA has other interconnections with Carolina Power & Light and SEPA. The SEPA interconnections
prcvide both utilities with strengthened ties with Georgia Power Company and Duke Power Company and
pIrmit transmission of SEPA generated electricity over SCE&G and SCPSA lines to power distribution
croptratives in much of South Carolina. The applicant's external interties provide the capability
of rzceiving emergency support from distant members of SERC and VACAR and from utilities in adjacent
ralfability council regions to the north and west through a weblike transmission interconnection
system.

7-1
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7.3 BENEFITS OF OPERATING THE STATION
i

7.3.1 Minimization of production costs i

In the absence of any overriding environmental or safety considerations, the decision to operate the
completed Summer station can be evaluated with respect to the economic merits of such action. The
applicant has provided 1982 projected fuel costs for its fossil-fueled generating facilities and for
the completed Summer Station. These cost data are summarized in Table 7.1. 1

'

Table 7.1 1982 fuel cost in mills /Kwh.

Fuel Cost (mills / kwhr)

Coal 19.6
Oil 44.2.

Nuclear 6.6

Because it is assumed that the station is completed and ready to operate, the investment costs are
expected to be borne by the consumer whether the plant operates or not. The economic comparison to
be made, therefore, is that of the nuclear fuel costs vs the fuel costs for increased use of the
existing fossil-fueled stations in bcth utility systems.' A comparison of the fuel costs presented
above reveals that the fuel costs at the nuclear plant will be aLout one-third to one-sixth of the

'

fuel-related portion of the generating costs at fossil-fueled stations. Assuming a 60% plant
capacity factor for its initial operation and 75% replacement by coal and 25% replacement by oil,
the staf f finds that the following additional (differential) cost of generation would result for the
combined owners if operation of the Summer station were delayed for one year:

Plant type Cost ($108)

Coal-fired plants (about 75% of system) 46.1
Oil-fired plants (about 25% of system) 44.5

Therefore, the total additional cost of generation from a one year delay in operating the Summer
station would be about $90 million in 1982.

A production-cost analysis should also include the differential in variable 0 & M costs between the
Summer Station and the units which would provide the replacement energy. However, these cost items
are quite small in relation to the fuel cost differential and could not alter the ultimate cost

, differential to any meaningful degree.
1

'

7.3.2 Load growth

Since the issuance of the FES-CP, SCE&G has nade extensive downward revisions in its projected load
growth for the late 1970s and early 1980s, reflecting the economic- and conservation-related after
effects of the Arab oil embargo of 1973 and subsequent increase in costs of all forms of nonrenewable
energy resources. lhe most recent tabulation of load responsibility, shown in Table 7.2, indicates
that the current load responsibility for 1980 is about 1800 MWe lower than projected by SCE&G in the
early 1970s. The basic system annual load growth is projected to g?ow at an average annual rate of
about 2.5% between 1980 and 1985. This is significantly lower than the observed growth rate between
1970 and 1977.
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Table 7.2 Projected load
responsibility for SCE&G

through 1 85

i

Load Annual
Year responsibility change

(We) (%)

a
1977 2365

a
1978 ,b 2420 2.3

a
1979 2376 - 1. 8

a
1980 2563 7.9

C1981 2399 -6.4
1982 2483 3.5
1983 2631 6.0
1984 2760 4.9
1985 2899 5.0

* Actual.
b Decrease in actual load for 1979

due to expiration of 75 We control
with Georgia Power Company

C Decrease in projected load for 1981
due to expiration of 74 We contracts
with Carolina Power & Light and Duke
Power Companies. Projection for 1981
based on normal weather; whereas 1980
summer temperatures were abnormally high.
Source: Letter from T.C. Nichols, Jr.

(SCE&G) to H. Denton (NRC). Dec. 31.
1980.

The staff believes that the applicant's later* projection of a compound annual growth rate of 2.5
percent is not excessive when compared with the compound annual growth rates of 7% between 1%6 and
1978, or 2.7% between 1977 and 1980.

In response to the reduced growth rate of peak load, SCE&G reduced its planned growth of power
supply primarily by selling one-third of the capacity of the Summer station to SCPSA and deferring

.

construction of other new facilities. Table 7.3 shows SCE&G installed capacity (current and
projected) through 1985. The Summer unit is scheduled for commercial operation in late 1981.

Table 7.3 Existing capacity, additions, and
retirements through 1985 for SCE&G

Capacity
Unit (We) Year Type of use Type of Fuel

Existing 1977 1644 Base Coal
580 Base No. 6 oil

94 Peak No. 6 oil
290 Peak No. 2 oil
206 Peak Hydro

a
38 Base Hydro

Total 2852
,

Fairfield 256 1978 Peak Hydro pumped storage
Fairfield 256 1979 Peak Hydropumpet storage
Canadys 8 D80 Base Coal
Pan- -13 1490 Peak No. 2 oil
Summer con 1982 Base Nuclear

Available capacity dependent on flow cf rivers.
Letter from Nichols (SCE&G) to Denton (NRC),
December 31, 1980.

__
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The applicant is committed to maintaining a reserve capacity equivalent to tla greater of either 20%
of the load responsibility or the capacity of thc largest unit in the system. These are generally
considered by the industry and regulatory groups 1 to be acceptable criteria for establishing reserve
capacities. The power system genera Ion reserve capacities with and without the Summer station in
operation, determined from the load responsibility and planned system capacity (Tables 7.2 and 7.3),
are shown in Table 7.4 for the years 1982 thaugh 1985. By comoaring the data in Table 7.4 with the
reserve criteria, the staff finds that the Summer station will be needed to maintain minimum
reliability conditions by 1985.

Table 7.4 Power system reserves for SCE&G
with and without Summer station

Reserves with Reserves without
Year Summer station Summer station

MLe % of peak load We % of peak load

1982 1476 59.4 876 35.3
1983 1328 50.5 728 27.7
1984 1199 43.4 599 21.7
1985 1080 36.6 460 15.9

The projected load responsibility for SCPSA through 1985 is shown in Table 7.5. Compound annual
load growth for the 1980-1985 period is projected at about 6% by SCPSA for the basic service area.
This is below the growth rate of 8.8% per year since the Arab oil embargo and lower than the 12% per
year from 1966 to 1973 (OL-ER, Table 1.1-12). ; additional load of 360 W for a new aluminum-"

smelting plant is added (in segments) to the base-load projections for 1980 and 1981. Considering
the consistent growth pattern of load responsibility and the trend toward increased use of electric-
ity by residential consumers, the staff believes that the SCPSA near-term load growth projections
are not unreasonable.i

Table 7.5 Projected load
responsibility for SCPSA

through 1985

I

Load Annual
Year responsibility Change

(We) (%)

a
1977 1161a
1978 1231 6.0

a
1979 1352 9.8

a
1980 1508 11.5
1981 1868 23.9
1982 1966 5.2
1983 2084 6.0
1984 2227 6.9
1985 2377 6.7

d Actual.
Note - A new aluminum production
company began operation in late,

i 1980 and accounts for the large
| growth rate in 1981 and part of

the growth rate in 1980. Source:
i Letter fram Nichols (SCE&G) to
j Denton (NRR), December 31, 1980.

|
o
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To meet the projected load responsibility, SCPSA currently plans to operate the generating resources
!!sted in Table 7.6. Determined from this resource planning (including purchases) and tha projected
load responsibility (Table 7.5), the system reserve capacities with and without the Summer station
through 1985 are shown in Table 7.7. By the same 20% reserve criteria. SCPSA will need its share of
the Summer unit in 1982.

Table 7.6 Existing capacity, cdditions, and
retirements through 1985 for SCPSA

Capacity
Unit (MWe) Yen Type of use Type of fuel

Existing 1980 1152 Bne Coal
170 Intermediate Coal
130 Intermediate

(or base) Hydro
92 Peaking No. 6 oil

177 Peaking No. 2 oil
Total 1721

Winyah Unit 4 280 1981 Base Coal
Summer 300 1982 Base Nuc. ear

aSt. Stephen 84 1983 Intermediate Hydro
Cross Unit 2 450 1984 Base Coal

a Owned by Corps of Engineers; dispatched by SCPSA.
Source: Letter from Nichols (SCE&G) to Denton (NRC), December 31, 1980.

Table 7.7 Power system reserves for SCE&G
with and without Summer station

Includes 155 MWe of purchases

Reserves with Reserves without
Year Summer station Sumer station

MWe % of peak load MWe % of peak load

1932 490 24.9 190 9.7
1983 456 21.9 156 7.5
1984 763 34.3 463 20.8
1985 613 25.8 313 13.2

i

However, if all other VACAR units planned for initial commercial operation in 1980 and 1981 were
delayed beyond the summer of 1981, the regional reserve level during the 1981 sumer peak-load
period would be about 8.5%, which is not adequate.

Considering the recent history of delay in completion of base-load steam-electric generating
stations, the staff believes it is prudent for SCE&G to complete the Sumer station as scheduled to
assure SCE&G and SCPSA system reli1bility in 1982.

7.3.3 Enerw consumption

The projected annual energy requirements and growth rates for both utilities are shown in Table 7.8.
A combination of extrapolation techniques, judgment based on experience, and econometric modeling
are used by SCEAG to forecast its annual energy requirements. The econometric model (0L-ER,
Sect. 1.1.1.2.2) is based on correlations of historic energy consumption with economic activity in
the following three sectors defined by the U.S. Bureau of Economic Analysis (BEA):

1. finance, insurance, and real estate;
2. transportation, communication, and public utilities; and
3. professic al services.

.

_ _ _ _ _ _ . . . - _ _ -
! -
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Table 7.8 Projectedannualenergyconsumption
through 1985 in service areas of SCE&G and SCPSA

SCE&G SCPSA

Year Annual Annual Annual Annual

(10' kwhr)- change
energy changeenergy

(%) (108 kwhr) (%)

a
1977 11.14 5.788
1978 11.62 4. 2 6.25 8.1
1979 'D 11.25 (3.2) 6.59 5.4

8
a

1980 11.79 5.0 7.84 19.0C
1981 11.49 (2.5) 10.28 31.1
1982 11.90 3.5 10.70 4.1
1983 12.62 6.1 11.22 4.9
1984 13.24 4.9 11.64 5. 5
1985 13.91 5.1 12.50 5.6

" Actual consumption figures.
D
0ecrease in SCE&G 1979 energy consumption due to expiration
of 75 We contract with Georgia Power Company

C
Decrease in SCE&G 1981 energy consumption due to
expiratfor. of 74 We contract and abnormally high
summer temperatures in 1980

Source: Letter from Nichols (SCE&G) to Denton
(NRC). December 21, 1980.

Projections of future electricity consumption are made by applying BEA proje';tions of economic
activity in these sectors to the basic model and making adjustments for losses and expected future
perturbatbns.

The projected compound annual growth rate of energy generated by SCE&G is about 3.4% from 1980
through 1985, compared with 7.7% for the period 1966 through 1977.

By combining historical trend extrapolation, forecasts from its wholesale customers (cooperatives
and major users; f.e., those who purchase more than 83% of the system's generated energy; OL-ER,
Sect.1.1.1.2.3), new customer needs, and independent evaluation of economic gr.eth in the service
area, SCPSA develops its annual energy forecast. The projected compound annual growth rate
generated by SCPSA for the system is about 9.8% between 1980 and 1985. However, because of the
significant energy consumption of a new aluminum production company in the service area, the annual
growth rate for the basic service area is significantly less.

The energy consumption growth rates projected by SCE&G and SCPSA are significantly higher than those
determined in recent State-level analysis by Chern et al.2 However, the staff believes the
applicant's projections are reasonable for the next few years judging from the overall effects of
the following factors:

1. the price of electricity,
2. the price and availability of natural gas,
3. the number of electric heating and air-conditioning customers, and
4. population and economic growth.

The price of electricity in the service area of the two utilities has been increasing slightly
faster than the general inflation rate as reflected by the gross national product price deflator.8
The increasing real price of electricity is expected to act as a depressant on growth of
consumption.

The price of natural gas has also increased rapidly in the last few years. There have also been
occasional actual, and/or expected, shortages in supply. These factors have fostered an increase in |

the number of current and new customers requesting service for electric heating and air conditioning.
For example, SCE&G has observed an increase in all-electric heating customers from 16,700 in 1970 to
more than 56,000 in 1977 (OL-ER, Table 1.1-14). Electricity was used for heating in about 7% of South
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Carclins residential units in 1970,4 and the staff finds that the current proportion of electrically
tc ted homes exceeds 20%. Natural gas prices are expected to continue to increase more rapidly than
the general inflation until its energ/ cos'. is equivalent to fuel cil and coal.

There is, determined from the 1969 popula ion and the State projections for 1980 and 1990 (CL-ER,
Table 1.1-21), an annual compound growth of population of 4.5% per year. This population growth,
which is much greater than for the nation, will induce economic growth and demand for energy,
p rticularly electricity. This population growth rate is also about 50% higher than the value used
in the projections prepared by Chern et al.2

7.4 CONCLUSION

The staff concludes that timely operation of the nuclear unit will result in production cost savings
thrzugh the reduction in consumption of the more exper.sive coal and oil fuel resources. The staff
cincludes that it is prudent for the utilities to operate the Summer station to ensure the reliability
cf their systems in 1982 (particularly SCPSA) ad to maintain acceptable regional reserve levels in
cis2 other units under construction are delayed.

High state-wide population and economic growth in recent years, combined with an increasing proportion
of cnergy use in the form of electricity, will result in a growth rate of electricity demand in South
Ctralina greater than that observed on the national scale. The staff finds that the Summer station
will be useful in meeting the increased demand for electric energy.

.

!

I
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8. EVALUATION OF THE PROPOSED ACTION

8.1 INTRODUCTION

The staff has reassessed the physical, social, and economic impacts attributable to the
Summer station. Because the plant is currently under construction, mani e F the predicted
cnd expected adverse impacts of t% construction phase are evident. None of then impacts
has been significantly greater than predicted in the FES-CP, and none has significantly
ch'nged the benefit-cost balance determined during the construction permit stage. Also,
no urexpected impacts have occurred that influenced the benefit-cost balance.

Operation of the station has been reassessed, with increased emphasis on impacts of impingement
and cntrainment on the aquatic biota of Monticello Reservoir. Changes in transmission line
rcuting and new environmental protection laws regarding endangered ard threatened species have
nec:ssitated new assessment of terrestrial impacts of station construction and operation.
Alth ugh no impacts of operation are expected to significantly change the benefit-cost
balance, ecological and physical monitoring data during operat?on, as outlined in Sect. 5, are
needed for verification. The applicant is required to submit this information in fulfilling
the requirements set forth in its NPDES permit (Appendix C). The specific studies required to
comply with the NPDES permit are detailed in Appendix F. .

8.2 ADVERSE EFFECTS THAT CANNOT BE AVOIDED

8.2.1 On land

In S cts. 2.2 and 4.4, it was stated that plant operations would result in the conversion of
some forested and agricultural land for use primarily for the generating station, substations,
cnd transmission lines. This loss of forest and agricultural resources can be considered an
adverse impact, although the amount to be taken is a small fraction (0.1%) of the total forest
and agricultural resources of the affected counties in this predominantly rural region.

8.2.2 On surface waters

The discha ge of treated chemical and sanitary wastes from operation of the Summer station
(S;ct. 3.2.6) to Monticello Reservoir and subsequently to the Parr Reservoir and Broad River
is expected to have no measurable adverse effects on these water bodies.

The discharge of waste heat will result in an acceptable increase in the temperature of
Monticello Reservoir (Sect. 4.3.3). The temperature of the water discharged through the
Fairfield pumped storage facility will satisfy the limitations imposed by the NPDES permit
(Sect. 3.2.4).

8.2.3 On groundwater1

B;cause the discharge of treated chemical and sanitary wastes is expected to have enly
'

cinimal adverse impact on surface waters, infiltration of water from Monticello Reservoir
into the groundwater system will likewise be expected ta have minimal adverse effects.

8.2.4 On air

Thz quantity of nonradioactive gaseous effluents released during operation will be small and
insignificant in effect. Because the plant will use once-through cooling and have no cooling
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towers, the heat dissipation system w|11 cause only minor increases in evaporation and will have no
significant impacts on air.

8.2.5 Terrestrial ecology

Terrestrial blotic impacts of Summer station operation are expected to be insignificant and
immeasurchle.

8.2.6 Aquatic ecology

The unavoidable adverse effects on the regional aquatic ecology because of Summer operation are
identifiable but are not easily quantified. Operation of the Summer facility may adversely affect

i the fish population in Monticello by impingement of adults, entrainment of larvae, and perhaps
thermal shock in and near the discharge canal area. The aosence of baseline data for the Monticello
Reservoir environment and the additional perturbations from nearby Fairfield operation preclude the*

quantification of these unavoidable impacts. It is the staff's opinion that the adverse environmental
effects of Summer operation will not be unduly severe and, in particular, will be small compared to
those expected from Fairfield operation.

8.2.7 Radiological

Releases of radioactive materials to the environment for normal operation will occur in small
quantities and are not expected to have ary measurable effects.

8.3 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

8.3.1 Scope

The National Environmental Policy Act requires the staff to consider specifically the long-term con-
sequences to biological productivity of building and operating the Summer station and of alternative
short-term uses of man's environment. In this context, short-term is the period of construction and
operation, and long-term is the period beyond the service life of the facility. In the case of nuclear
power facilities, there may be strong economic pressures to continue to use the chosen site (or
adjacent ones) for power generation for several facility lifetimes. In this event, the long-term
effects on productivity will increase but not to a significant level when compared to the regional
biological productivity.

8.3.2 Short-term uses and productivity

Electricity generation for which the site is needed, possibly on a short-term basis, is described in
Sect. 7. Before construction most of the site and transmission corridors was wooded, and in the short- '

term, the forest products from these areas will be unavailable to man. Agricultural land in the ;

transmission corridors will for the most part continue in agricultural use. Although the trees will '

be removed from the transmission corridors, this area can still remain biologically productive through
growth of grasses, shrubs, and other vegetation and thus provide habitat and feeding areas for tauna.
The staff does not believe there will be any serious impacts on short-term productivity or use of
the heavily forested area of the proposed power station.

i

|

8.3.3 Long-term productivity

The potential exists that the plant structures will not be dismantled until sometime after operation
ceases. In this case the Summer ststion will directly affect the long-term productivity of the
forested environment. About 81 ha (200 acres) will be affected on a long-term basis. However, the
remaining portion of the area cleared for plant use will be landscaped or allowed to revert to
natural vegetation.

.

|

|

|
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8.4 IRREVER518LE AND IRRETRIEVA8LE C0pellTMENTS OF RESOURCES

8.4.1 Scope

Irreversible commitments generally concern changes set in motion by the proposed action that,
at some later time, could not be altered to restore the present order of environmental resources.
Irretrievable commitments are generally the use or consumption of resources that are neither
renewable nor recoverable for subsequent utilization. The detailed discussions of the impacts
are in Sect. 4,

8.4.2 Commitments considered

The types of resources of concern in this case can be identified as (1) material resources,
such as materials of construction, renewable resource material consumed in operation, and
depletable resources consumed, and (2) nonmaterit,1 resources, including a range of beneficial
uses of the environment.

Resources that, generally, may be irreversibly committed by the operation are (1) biological
species or species' populations destroyed; (2) construction materials that cannot be recovered
and recycled with present technology; (3) materials rendered radioactive that cannot be
decontaminated and materials consumed or reduced to unrecoverable waste, incluutng the
uranium-235 and uranium-238 consumed; (4) the atmosphere and water bodies used for disposal of
heat and certain waste effluents to the extent that other beneficial uses 4re permanently
curtailed; and (5) land areas rndered permanently unfit for other uses.

8.4.3 Biotic resources

8.4.3.1 Terrestrial

About 81 ha (200 acre ,) of the site have been removed from natural biological pNductivity and
will remain so for tae life of the station. However, only that part of the site not recovered
when the plant is (asmantled, as determined by the eventual decommissioning method, can be
*onsidered a peratnent loss, and this is expected to be only a small portion of the land now

| in use. Virtua11, none of tre area affected by the transmission corridors is considered
irreversibly lost io blotic productivity.

8.4.3.2 Aquatic

Operation of the summer station will result in a small increase in the blotic impact caused by
the existing pumped storage facility. However, no irreversible impacts should occur.

8.4.4 Materials os construction

Materials of construt'. ion are almost entirely of the depletable category of resources. Con-
crete and steel const.tute the bulk of thest materials; numerous other mineral resources are

-incorporated in the ptysical plant. No commitments have been made on whether these materials
will be recycled when : heir present use terminates.,

Some materials are of 'uch value that economics clearly promote recycling. Facility operation
will contaminate onlv a portion of the plant to such a degree that radioactive decontamination
would be needed to r.:laim and recycle %e constituents. Some parts of the facility will
beco e radioac.tive by neutron activat on. Radiation shielding around the reactor and around
otNr components inside the primary neutron shield co%titu'.es the major material in this
e,tegory, for which it is not feasible to s2prt*at the activation prode:ts from the base
raterials. Components that come l'. cor. tact with reactor coolant or with radioactive wastes
till sustain variable degrees of surface contamination, some of which would be removed if
recycling is desired. The quantities of materials that could not be decontaminated for
elimited recycling probably represent very small fractions of the resources available in kind
and in bro.d use in industry.

Many materials on the " List nf Strategic and Critical Materials"8 (e.g., aluminum, asbestos,
beryllium, cadmium, lead, nickel, platinum, silver, tin, tungstun, and zine) are used in
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nuclear facilities. Construction materials are generally expected to remain in use for the full
life of the facility, in contrast to fuel and other replaceable components discussed later. There
will be a long period of time before terminal disposition must be decided. At that time, quantities
of materials in the categories of precious metals, strategic and critical materials, or resources
having small natural reserves must be considered individually, and plans to recover and recycle as
much of these valuable depletable resources as is practicable will depend on need.

'8.4.5 Uranium fuel and its availability

Department of Energy resource estimates indicate that sufficient uranium resources exist in the
United States to fuel all operating reactors, reactors under construction, and reactors being
planned for their full 30 year lifetimes at a U 0 c st (1978 dollars) of $30/1b or less. These38quantitles of uranium can be supplied from the resource categories designated as " reserves" and
" probable potential," the two most certain resource categories.2

8.4.6 Other replaceable components and consumable materials

Gther materials consumed, for practical purposes, are fuel-cladding materials, reactor-control
elements, other replaceable reactor core components, chemicals used in processes such as water
treatment and fon exchanger regeneration, fon-exchange resins, and minor quantities of materials
used in saintenance and operation.

The consumed resource materials have widespread usage. However, their use in the proposed operation
is expected to be reasonable with respect to needs in other industries.

8.4.7 Water and air resources

3A maximum of about 0.37 m /sec (13 cfs) of water will be lost from the Summer station through
evaporation. However, the use of the water can be viewed as an irreversible loss only in the same
sense that natural evaporation from water bodies is an irreversible loss. The staff does nct
believe that such usage will have a long-term effect.

Operation of the Summer station will have little affect on air resources beyond the minimal impact
caused by various equipment emissions.

8.4.8 Land resources

The staff's assessment of this impact has essentially not changed since the earlier review, except
for a decrease of ab"t 9.% (22 acres) of transmission line corridors. Land is not necessarily
irreversibly and irretrievably committed in the long term ;,<caua ast or all of it could be used
for other purposes in the future. On the site, land not c.mmitted te buildings, the switchyard, and
other facilities will be landscaped or covered with vegetation. Ai mough the applicant will
probably continue to use the land for an extended period for electric power production, with
adequate effort at some future time the land could be restored for other useful purposes.

8.5 ALTERNATIVES TD THE PROPOSED ACTION
8.5.1 Rdsund

During the construction permit (CP) review stage, the staff analyzed alternative sites, plant
designs, and methods of power generation, including the alternative of not adding production
capacity. The staff concluded, based on its analysis of these alternatives, as well as on a
cost-benefit analysis, that additional capacity was needed, that a nuclear-fueled plant would be an
environmentally acceptable means of providing the capacity, and that the Summer Station at a
specified site and of a specified design, was acceptable from both economic and environmental
perspectives. Since that time, construction of Summer Station has been nearly completed; and many
of the economic and environmental costs associated with the construction of the station have already
been incurred and must be viewed as " sunk costs" in any prospective assessment.

8.5.2 Alternatives

The staff believes the only reasonable alternative to the proposed action of granting ai, operating
ifcense for Summer Station available for consideration at the operating license stage is denying the
license for operation of the facilf ty and thereby not permitting the constructed nuclear facility to
be added to the applicant's generating system. Alternatives such as construction at alternative
sites, extensive station modification, or construction of facilities utilizing different energy

- , _
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sources would each require additional construction activity with its accompanying economic and
cnvironmental costs, whereas operation of the already constructed plant would not create these
costs. Therefore, unless the major safety or environmental concerns resulting from operating the
plant are revealed that were not evident and considered during the CP review, these alternatives are
unreasonable as compared to operating the already constructed plant. No such concerns have been
revealed with regard to operation of the Summer Station.

With respect to the proposed action of operating the facility, it was shown in Section 7 that the
addittun of Summer Station to the SCE&G and SCPSA systems is expected to result in savings in
the system production costs of about $90 million per year. Further, operation of this unit will
provide diversity of fuel sources, thereby decreasing dependence on oil, and coal, and will
c:ntribute to increased system reliability. The environmental impacts of operation are reassessed
in Section 4 of this statement. As discussed in Section 9 as a result of this reassessment, the
staff has been able to forecast more accurately the effects of operation of Summer Station and has
determined that the station will operate with acceptable environmental impacts.

The alternative of not operating the facility will require the utilities to substitute approximately
4.73 billion kWh per year of electrical energy that would have been provided by SCE&G and SCPSA with
cther sources of energy which have a greater economic cost and have an equal or greater environmental
c st. As indicated above, the additional economic cost has been estimated at approximately $90
pallion per year.

After weighing the above described options, the staff concludes the preferable choice is operation
of the Summer Station.

I
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9. BENEFIT-COST SUMMARY

9.1 INTRODUCTION

There has been relatively little change in the benefits and costs (excluding effects of inflation)
cf operation of the Virgil C. Summer Nuclear Station since issuance of the FES-CP in 1973. In the
pr: ceding sections of this statement the staff has provided reassessments of the terrestrial, aquatic,
social, and radiological impacts, incorporating updated information and improved methods of analysis.
The st:ff has also reappraised the benefits of the additional generating capacity in meeting the power
demands in South Carolina and in , supplying an economic substitute for the fuel oil used in existing
power plants.

The rssults of these assessments are summarized in the followir.g sections and are displayed in Table 9.1.

9.2 BENEFITS

The primary benefits to be derived from operation of the Summer Station include about 4.73 billion
kWh of baseload electrical energy that the station will be able to produce annually (assuming an
av; rage 60% capacity factor) and improve reliability of the SCE&G and SCPSA systems brought about by
the addition of 900 MWe of generating capacity to the system, as well as the saving of about $90
Gillien in production costs per year. Finally, the operation of the Summer Station will increase
the diversity of fuel supply of the SCE&G and SCPSA systems by providing baseload generating capacity
using a fuel type other than coal and oil presently used by their systems (Sec. 7).

An imp rtant consideration for the local area are the property taxes that will be paid to Fairfield
C:unty. The annual payments related to the nuclear station and its transmission lines will be about
thre2 times the county property tax revenue in 1976 (before operation) or more than one-half of all
c:unty revenues in 1976 (Table 4.20). However, these local economic benefits are not used in the
benefit-cost balancing because they are actually transfer payments from those paying for the electricityt

produced (the price of which is adjusted to recover taxes) to those people residing near the facility.

Operation of the Summer station will also result in a small but stable number of high paying jobs
for area residents.

9.3 ECONOMIC COSTS

If a 5% per year escalation rate and a 10% discount rate are assumed and the 1981 estimates of
production costs cited in Sect. 7.3.1 are used in the calculations, the 30 year levelized production
ecsts for the Summer station at 60% plant factor are as follows: fuel costs - $50.3 million per year;
(perating and maintenance costs - $15.1 million per year. The generation cost related to decommissioning
by removal of the facility at the end of a 30 year life is about 0.18 mills / kwhr at 60% plant factor
(Sect. 4.9). This is equivalent to about $850,000 per year.

9,4 ENVIRONMENTAL COSTS

The current assessment of environmental costs associated with operation of the Summer station is
generally similar to that presented in the FES-CP. The major cost in land use is the lifetime loss
of abrut 2 x 107 bd ft of forest production on 896 ha (2217 acres) of the plant site and transmis-
sien line corridors (Sect. 4.2). The thermal and chemical effluents from the station are not expected
t2 h:ve a deleterious impact on the water resources, Monticello and Parr reservoirs, or on man's use
cf thm reservoirs (Sect. 4.3).

Environmental costs relatea to tenestrial biota consist primarily of periodic destruction of animal
hibitat (nests, dens, and food) and of proposed threatened or endangered plant species, if proposed
corridor maintenance procedures are used (Sect. 4.4.1). In the context of the regional environment,
tha wildlife losses are not considered significant. If necessary, mitigating measures to avoid
distruction of the plint species will be required (Sect. 5.2.4.2).
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There will be a small, but insignificant, environmental cost in the fish mortality that will result
f.am the high-temperature plumes to occur in Monticello Reservoir during sunser months. Impingement!

and entrainment losses at the Summer station are, however, expected to be overshadowed by losses
from operation of the pumped storage facility. Thermal effluents of the Summer station are not
expected to have an adverse effect on biote in Parr Reservoir or the downstream rivers (Sect. 4.4.2).

Radiological effluents during normal piant operation are not expected to cause a measurable adverse
impact on human and biotic populations (Sect. 4.5). The environmental risk from t.ccidental radiationcxposure is very low (Sect. 6).

9.5 SOCIAL COSTS

If public services are improved and/or tax rates are lowered in Fairfield County as a result of its
greatly expanded tax base, rapid, unplanned growth may occur there. This could bring a costly demand
for additional public services in scattered areas throughout the county and could degrade the existing
quality of life through conflicts between incompatible land uses. These consequences are not inevitable,
however, and can be largely averted through adequate advance planning by the county officials.

9.6 ENVIRONMENTAL COSTS OF THE URANIUM FUEL CYCLE AND TRANSPORTATION

The staff evaluated the environmental impacts of the uranium fuel cycle as given in Table 4.20. The
staff finds that these fuel cycle impacts are sufficiently small so that, when added to the other
enviror. mental impacts predicted for the proposed project, they do not alter the overall benefit-cost
balance.

,

9. 7 SLW ARY OF BENEFIT-COST

As the result of this second review of potential environmental, economic, and social impacts, the
staff has been able to provide additional insight into the effects of plant operation. No unique
and/or Sigificant environmental impact of operation has, however, been identified by the staff in
this assessmer.t. Consequently, the staff concludes that the environmental and social costs of plant
operation are acceptable, and the total costs (including economic) are outweighed by the benefits of
aded capacity, energy produced, potential production cost savings, and increased reliability.

1
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Table 9.1 Benefit-cost summary |

Primary impact and population Magnitude of impact
or resource affected

Direct benefits
Energy, kwhr 4.73 x 108 (60% plant factor)
Capacity, MWe 900

Indirect benefits
Taxes paid by SCE&G,$/ year
Local - Fairfield Coun+y

1981 3,220,379,
1986 4,545,261

State 4,000,000
Federal 10,000,000

' Employment
Plant operation jobs 213'

Community support jobs 149

Economic cost

Operating cost, 30 year levelized (1980),$/ year
Fuel (60% plant f:: tor) 50,300,000
Operation and cainttaance 15,100,000

Decommissioning 850,000
! Environmental cost

Impacts on land use
Forest (site and transmission rights of way)
Land, ha (acres) 896 (2217)
Pulp and lumber prod 2 x 107 lifetime loss

Pastureandcropland,getionlost,bdft
i

ha (acres) 161 (399)
Impacts on terrestrial blota Not significant in region, but possiole

impacts on endangered or threatened plant
species

Impacts on water use
aConsumption,m /sec(cfs) 0.37 (13)

Heat discharged to Monticello reservoir, 8tu/hr 6.67 x 10'
Chemicals and sanitary waste discharged
to Monticello reservoir
Feople . Negligible
Aquatic blota Negligible
Water quality Negligible-

Groundwater
Chemical and sanitary waste Negligible
Change in groundwater levels Negligible

Effects on aquatic blota
Thermal Small, not significant
Impingement and entrainment Small compared with losses from operation

of pumped storage facility'

Impacts on air
Operation of auxiliary boiler during startup Negligible
and shutdown and emergency diesel

Radiological impact on population
Normal Operation (year 2000)
Plant workers 410 person-rem /yr (average); 1300 person-rem /yr
General public 36 person-res/yr

Accidents
Within 80 km (50 miles) 24 person-rem /yr

-Total 130 person-rem /yr
Transportation 7 person-rem /yr

'All manufacturing facilities in South Carolina are exempt from nonschool property taxes for
the first five years of operation.

b8ecause this land area is on transmission line rights-of-way, farming activity during line
operation.

- , _.
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10. DISCUSSION OF COP 94ENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEHENT

10.1 BACKGROUND

Pursuant to 10 CFR 51.25 the Draft Environmental Statement (DES) for operation of the
Virgil C. Summer Nuclear Station was transmitted with a rer,uest for coments to:

Advisory Council on Historic Preservation
Department of Agriculture
Department of the Army, Corps of Engineers
Department of Commerce
Department of Energy
Department of Health, Education, and Welfare
Department of Housing and Urban Development
Department of the Interior
Department of Transportation
Environmental Protection Agency
South Carolina Depertment of Health and Environmental Control
South Carolina Water Resource Commission
South Carolina Public Service Commission
South Carolina Wildlife and Marine Resources Department
Fairfield County Administrator, Winnsboro, South Carolina

.In addition, the NRC requested comments on the DES from interested persons by a notice
published in the Federal Register on July 10, 1979 (44 FR 40460). Coments in response to
the requ"sts referred to above were received from:

Dertrtment of the Army, Corps of Engineers (COE)
Soutn Carolina Electric and Gas Company (SCEG)
William A. Lochstet (WAL)
South Carolina Department of Health and Environt. ental Control (SCDHEC)
Environmental Protection Agency (EPA)
Department of the Interior (001)

Additionally, a supplement to the DES was transmitted with a request for coments to:

Advisory Council on Historic Preservation
Department of Agriculture
Department of the Army, Corps of Engineers
Department of Commerce
Department of Education
Department of Energy
Department of Health and Human Services
Department of Housing and Urban Development
Department of the Interior
Deparment of Transportation
Environmental Protection Agency
Federal Emergency Management Agency
Rural Electrification Administration
South Carolina Department of Health and Environmental Control
South Carolina Water Resource Comission
South Carolina Public Service Comission
South Carolina Wildlife and Marine Resources Department
Fairfield County Administrator, Winnsboro, South Carolina

The NRC requested comments on the DES supplement from interested persons by a notice
published in the Federal Register on November 14, 1980 (45 FR 75399). Comments were
received (within the extended 60-day comment period) from:

Advisory Committee on Reactor Safeguards (ACRS)
Anna Wasserbach (AW)
Council on Environmental Quality (CEQ)
Department of Commerce (DOC)
Federal Energy Regulatory Commission (FERC)

10-1
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Department of the Interior (DOI)
Environmental Protection Agency (EPA and Mills)
South Carolina Electric and Gas Company (SCEG)
Washington Public Power Supply System (WPPSS)

The staff consideration of comments received and disposition of the issues involved is
reflected in part by text revisions in other sections of the Final Environmental Statement
(FES) and in part by the following dischssion which will reference the comments by use of
the abbreviations indicated above. As noted earlier, all comments received are included
in Appendix A of this statement. The pages in Appendix A on which copies of the respec-
tive comments appear are indicated by each subject title relating to the comment.

10.2 THE SITE-
10.2.1 Omission of aeology discussion from DES (DOI. A-25)

This environmental statement relates to the operation of the Summer plant and its purpcse
is to update information relating to plant operation which was presented in the environ-
mental statement issued at the construction permit stage. Site geology as it relates to
plant safety is discussed in Section 2.5 of the Safety Evaluation Report (NUREG-0717).

10.3 THE STATION'

10.3.1 Sanitary waste water treatment (EPA. A-23)

The applicant notified NRC by letter of October 12, 1979 that "the value given for the
concentration of suspended solids (40 mg/1) is incorrect and should read 30 mg/1" and will
be corrected with the next amendment to the operating Ifcense environmental report for the
V. C. Summer Nuclear Station. The text in this statement (Section 3.2.6.7) has beenchanged to reflect this new information.

10.4 ENVIRONMENTAL EFFECTS OF STATION OPERATION
10.4.1 Health consequences of radon-222 are improperly evaluated (WAL. A-8)

Dr. Lochstet's basic contention is that "the health consequences of radon-222 emissions
from the uranium fuel cycle are improperly evaluated" in the Summer Draf t Environmental
Statement (DES, NUREG-0534). The basis for Dr. Lochstet's contention is that the NRC
staff has arbitrarily evaluated the health impacts of radon-222 releases from the wastes
generated in the fuel cycle for 1000 years or less, rather than for "the entire toxic life
of the wastes." Dr. Lochstet then estimates that radon-222 emissions from the wastes
from each annual reactor fuel requirement will cause about 600,000 to 12 million deaths
over time periods of more than one billion years.

The major difference between the NRC staff's estimated number of health effects from
radon-222 emissions and Dr. Lochstet's estimated values is the iss'ue of the time period
over which dose commitments and health effects from long-lived radioactive effluents
should be evaluated. Dr. Lochstet has integrated dose commitments and health effects over
what amounts to be an infinite time interval, whereas the NRC staff has integrated dose
commitments from radon-222 releases over a 100 year period, a 500 year period and a
1000 year period.

The NRC staff has not estimated health effects from radon-222 emissions beyond 1000 years
for the following reasons. Predictions over time periods greater than even 100 years are
subject to great uncertainites. These uncertainties result from, but are not limited to,
political and social considerations, population size and health characterisites, and, for
time periods on the order of thousands of years, geologic and climatologic effects. In
contrast to Dr. Lochstet's conclusion, some authors estimate that the long-term (thousands
of years) impacts from the uranium used in reactors will be less than the long-term impacts
from an equivalent amount of uranium left undisturbed in the ground. For exaaple, see B.
L. Cchen, " Radon: Characteristics, Natural Occurrence, Technological Enhancement and
Health Ef fects," Progress in Nuclear Energy, Vol. 4,1979, pp 1-24. Consequently, the NRC
staff limits its time periods of consideration to 1,000 years or less for decision making
and impact-calculational purposes.

10.4.2 Impacts of plant operation on wetlands (epa. A-23)

Impad s of station operation upon the Monticello Reservoir and the Broad River are
described elsewhere (Sections 2.5.2 and 4.4.2). Impacts of station operation upon other
wetlands will encompass, at most, possible effects of transmission corridor maintenance
near streams. Because SCE&G maintains rights-of way near wetlands by hand clearing
(Section 4.4.1.2, paragraph 4), the staff expected no detectable impacts.
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10.4.3 Suggestion of buffer zone at transmission line stream crossing (EPA, A-23)

The suggestions for transmission line construction (spanning streams, non-disturbance of
streasside vegetation) are cogent to the construction of the nuclear station, but the
staff did not coraider them within the confines of this present statement on operation
impacts. EPA ccaments on the construction of the station were considered in the
Virgil C. Summer Nuclear Station Unit 1 FES, January 1973.

10.4.4 Terrestrial survey of transmission lines and site to identify endangered or
threatened species (SCEG, A-2 DOI, A-25)

The staff agrees with the comment of D. A. Rayner regarding the two federally listed
erdangere<1 plant species (letter to M. B. Whitaker, Jr. , SCE&G, from D. A. Rayner, South
Cavulina Heritage Program, October 21, 1960). Since publication of the Summer DES, Isotria
medeoloides has been proposed for inclusion on the federal list of Threatened and Endangered
Species (45 FR 82484, December 15,1980). From the staff's information on critical habitat;

requirements for this species,- there appears little probability that the Summer transmission
rights-of-way, presently cleared of wooded forest habitat, would contain suitable conditions'

for this species.

On December 15, 1980, the Fish and Wildlife Service published a notice of review for plant
taxa (45 FR 82479). This notice contained lists of plant taxa including Myriophyllum
laxum which are being censidered for listing as endangered or threatened. The service
recommends that these plant taxa should be considered in environmental planning but that
publication of proposed and final rules allowing inclusion of these taxa on the federal
list has not occurred. Myriophyllum laxum is not known to occur on site or in the vicinity.

The staff has discussed and reviewed the DES requirements (Sections 5.2.4.2 and 5.3.4.2 of
the Summer DES) with Dr. R?yner and the applicant. The applicant has provided additional
information concerning the use of mowing, hand clearing, and herbicide uses alnng their
transmission rights-of-way (letter to H. R. Denton, Director, Office of Nuclear Reactor
Regulation, USNRC, from T. C. Nichols, Jr. , Vice President, South Carolina Electric and ,

Gas Company, March 24, 1 P.1) . Based upon its review of the current status of plant taxa
contained in Section 5.2.4.2 of the DES and discussions with Dr. Rayner and the applicant,
the staff, as part of its environmental considerations, has concluded that the added
economic cosh and greater potential erosion impacts associated with sowing and hand
clearing the offficult terrain along the Summer transmission system do not justify
restricting the use of herbicides. Therefore, Sections 2.5.1.1, 4.4.1.2, 5.2.4.2,
5.3.4.2, 8.2.5, and the summary and conclusions have been modified to reflect these
conclusions.

10.4.5 Fish and wildlife resources (DOI, A-25)

The staff concurs with the D01's concern that pumped storage operation will be the major
impact on the fishery re wurces in the project vicinity. The recreational impoundment is
presently being stocked and managed to maximize the recreational fishery. Additionally,
the main body of Monticello is experiencing post-impoundment high productivity and is
supporting a large recreational fishery.

~New data have been received from the applicant subsequent to the DES and have been
incorporated into the FES.

The staff is not overly concerned about phytoplankton and/or zooplankton entrainment at
i the station due to high reproductive rates of these biotic groups. Icthyoplankton losses

are of greater concern. Preliminary data (referenced in the FES, 4.4.2.4) indicate that
sampled icthyoplankton densities were lower by 50% in the vicinity of the water intake
than other sampled areas of Monticello. These data suggest that entrainment losses will
be within the lower portion of the range given in the DES. The need to consider
rdlocating the water intake (should operational impingement or entrainment losses be
unacceptably high) has been added to the FES.

10.4.6 Thermal and dissolved oxygen stratification and station operation in Monticello
Reservoir (DOI, A-25)

The staff believes that the discussion in this section adequately addresses the thermal
stratification issue. Dissolved oxygen stratification will probably not be a problem as
pumped storage operation will flush Monticello Reservoir with riverine water approximately
every 15 days. Preliminary preoperational data reviewed subsequent to the DES (referenced
in the FES, Sect. 2.5.2.2) indicates that dissolved oxygen levels in Monticello are high,
even at depth in the summer, probably due to the flushing action of the adjacent pumped-
storage facil: ,.
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10.4.7 Effects of discharge on phytoplankton (001, A-25)

The only sewage discharge into Monticello will be from the nuclear facility. It will be
treated as described in Section 3.2.6.7. It is anticipated that the limited sew.le source,
limited area affected by the thermal plume, and the quick (15 day) flushing rate with a
riverine system (the Broad River) induced by pumped-storage operr. tion will reduce the
probability of propagation of large concentrations of undesirable phytoplankton.

10.5 ENVIRONMENTAL MONITORING
10.5.1 Rejection of staff recommendation of monthly fish sampling (SCEG, A-2 and

SCDHEC, A-20)

Subsequent to the issuance of these comments at the staff's request, a meeting was held.

between the SCDHEC, the staff (NRC and ORNL), and the applicant on November 15, 1979, in
Columbia (Appendix H). At that meeting, the staff stated that its primary concern was
that infrequent sampling combined with natural sample variance could confound statistical
interpretation of the results. The SCDHEC agreed to meet with the applicant's consultant
to discuss the addition of two sampling efforts at two existing stations to better estimate
fish standing crops (Appendix H).

10.5.2 Rejection of staff recommendation of weekly impingement monitoring (SCEG, A-2 and
SCDHEC, A-20)

The NRC staff met with the applicant and the SCDHEC on November 15, 1979, in Columbia,
S.C. A state fisheries biologist indicated that past experience in this region has shown
that bi-weekly (twice monthly) impingement sampling would be an adequate monitoring effort
(Appendix H). The staff agreed with this conclusion.

10.5.3 Rejection of staff recommendation that impingement monitoring begin before
commercial operation (SCDHEC, A-20)

The staff met with the SCDHEC and the applicant subsequent to this comment (Appendix H).
At that time an agreement was made that impingement monitoring would commence at the time
the station reaches commercial operation (Appendix H).

i 10.5.4 Preoperational thermal monitoring of Monticello Reservoir (SCEG, A-2 and
SCDHEC, A-20)

.

The staff suggested a standard statistical data analysis method which, based on the
l staf f's exprience with similar cases, is consistent with the state's thermal standards.

Such a regression analysis is routinely included in the basic programs library provided
by computer vendors. A similar analysis was performed during an evaluation of the environ-
mental technical specifications for the Peach Bottom Atomic Power Station.1 The physical
mechanisms controlling the thermal structure of the impoundment for Peach Bottom are quite
similar to those for Monticello Reservoir. Monthly-averaged upstream / downstream temperature
differences were computed for both a preoperational and operational period. The analysis
showed that it is quite difficult, if not impossible, to segregate temperature variations
resulting from station operation from those resulting from natural variations. (It is
expected that a similar situation exists in Monticello Reservoir.2) To deal with this,
a monthly station by station quadratic regression analysis was performed on the pre-
operational chermal monitoring data. The object of this analysis was to determine
the coeff'.cients A, 8, C in the formula T = AT 2 4 BT + C which is used to predict an
ambient temperature T at some monitoring statibn base 6 on the observed temperature T at

cthe control station. The procedure was performed for two separate candidate control
stations il order to identify the most suitable control station location. Having developed
a statistically significant method for inferring ambient temperature, monthly-averaged
excess temperatures at each station were determined.

While this data analysis method was suggested by the staff for Virgil C. Summer Nuclear
Station, the practical method suggested by the applicant and approved by SCDHEC is
acceptable.
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10.5.5 Staff recommendation of alternative method for biomass determinatlin (SCEG, A-2,
and SCDHEC, A-20)

The applicant and SCDHEC both concur with the recommendation that phytoplankton biomass
determinations be made using pheophyton corrected chlorophyll measurements.

,

10.5.6 Staff recommendation of monthly ichthyoplankton samples durina October, November,
Mcember, and January (SCEG, A-2 and SCDHEC, A-20)

The SC0 HEC indicates that the NPDES permit will be modified to include monthly ichthyo-
plankton monitoring during the period October through January.

10.5.7 Staff recommendation for rotenonina neutralization (SCEG, A-2 and SCDHEC, A-20)

The applicant and SCDHEC both indicated that neutralization by the applicant of an
appropriate oxidizing agent to avoid unintentional fish mortalities is standard procedure
during sampling.

10.5.8 Aquatic hydrophyte monitoring program (001, A-25)

A hydrophyte monitoring program is required by the Thermal Effects Study Plan (Appendix F).

10.6. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS
10.6.1 Adequate emergency response preparations (EPA, A-61)

The NRC must receive a favorable finding from the Federal Emergency Management Agency
(FEMA) regarding the State's emergency response plan prior to issuing an operating license
for the plant. Tha NRC staff is responsible for reviewing and determining the adecuacy of
the applicant's emergency plans. For a discussion of emergency planning, refer to
Section 13.3 of the Safety Evaluation Report for Summer Nuclear Plant (NUREG-0717).

10.6.2 Health effects (WPPSS, A-66, SCEG A-64, and AW A-32)

This section has been modified in the FES to include a discussion of the susceptibility of
fetuses (in utero) to the development of latent cancers.

The staff agrees that the health experts still claim they do not kr.ow precisely how mucl.
low-level radiation is harmless to human health. The key word is " precisely." No one
knows now and no one ever will know the impacts of radiation at dose rates on the ceder of
100 millfrem per year or less. The average American receives on the order of M millf rem
per year from natural background radiation, medical, and dental X-rays, co.uumer products,
aircraft flights, technologically * enhanced natural radioactivity, and fallout from nuclear
weapons testing. Variation in natural backgrouna alene tre cmonly in the range of 20 to
50 millirem per year, and people are exposed to thousands of millirems over their life-
times from these sources. As a result, it will never be possible to observe the effects
of small additional radiation doses (e.g., the average dose to the 50-mile population at
TMI was about 1.5 millirem, and normal operation of the Summer plant would contribute much
less than 1 millirem per year to nearby populations. As a result, the NRC staff, and
other responsible scientists, assume that there is always some risk of cancer and genetic
effects regardless of how small the dose may be, even though the latest estimates of the
National Academy of Sciences Committee on the Biological Effects of Ionizing Radiation
(BEIR III, 1980) concluded the data do not exclude the possibility that the risks at doses
on the order of 100 millirem per year or less may be zero.

The NRC, join''j with EPA, nas prepared a report on "The Feasibility of Epidemiologic
Investigations of the Health Effects of Low-Level Ionizing Radiation" (December 1980) to
Congress as required by Public Laws 95-601 and 96-295. The investigations were prepared
by the Health Systems Division of Equifax Inm , e independent, private concern specializing
in health program monitoring, occupational healtn studies, and evaluations of health care
delivery models. The studies were monitored by the Interagency Scientific Review Group,
composed of representatives of the N!'C, EPA, and Hucan and Health Services (formerly HEW).
The investigation, which began shortly after the TMI accident, considered the feasibility
of a long-term epidemiological study of the general population around TMI and concluded
such a study would be an effort in futility for the same reasons presented above.

10.6.3 Accident experience and observed impacts ACRS, A-29)

The paragraph summarizing the Windscale accident was included primarily because it was
unique with respect to environmental impact rather than being indicative "of the consider-
able experience available from the operation of reactors not licensed by the NRC."
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10.6.4 Desion features (ACRS A-29 and SCEG A-64)

This section has been modified in the FES to incorporate the comment that all such featureshave some probability of failure.

10.6.5 Accident risk and impact assessment (ACRS A-29)

This section of the FES has been modified to reflect consequence and risk reduction benefits
that can reasonably be expected to reflect the implementation of the Commission's require-ments for emergency preparedness. An appendix has also been added that describes the
evacuation model employed for the calculations. This is believed to be an improved version
over that which was used in the Reactor Safety Study. The results of research efforts to
improve t..e consequence model (CRAC Code) are being assimilated and used as they becomeavailable.

- Mills A-59: EPA A-61

In the original DES the discussion of impacts of normal operational releases asstees that
such releases have essentially unit probability of occurrence. By contrast, accidental
releases have less than unit probability of occurrence. The staff believes that the
potential magnitude of consequences has not been " glossed over" and that the distinction
among probabilities of occurrence, impacts, and risk has been preserved.

- CEQ A-33

The staff believes that the general discussion of the potential impacts of serious accidents
in human health and the environment that is given in Sections 6.1.1 and 6.1.2 should be
readily understood by the public. The treatment of risk and impact given in Section 6.1.4
is in conformance with the Commission's Statement of Interim Policy in that the prob-
abilities of occurrence of accidents and the probabilities of the consequences of accidents

; are given approximately equal attention. The staff has attempted to present this discussion
in a clear and understandable manner and welcomes specific suggestions as to how it mightbe made clearer. The staff's response to an EPA comment (see Section 10.6.8 below) is aneffort in this direction.

The number of specific accident sequences that is included in the probabilistic treatment
is very large. The staff believes that it would not serve either public understanding or
the decision process to enlarge the discussion in this statement to include complete
descriptions of these sequences. They have been identified and described in the Reactor
Safety Study, WASH-1400.

The magnitude of uncertainty in the probabilistic assessmer.ts is discussed in the text.
The staff believes that the inclusion of error bands on the referenced figures would tend
to misrepresent the state of knowledge regarding the magnitude of uncertainty and would
serve no useful purpose in these discussions.

10.6.6 Design basis accidents (WPPSS A-66)

It is the staff's judgment that the health effects attributable to a population exposure
of 200 person rem are exceedingly small. The sentence has been revised in the RS,
however, to avoid a misunderstanding based upon use of the term " design basis accidents."

10.6.7 Probabilistic assessment of severe accidents (WPPSS A-66)

The consequence model used was structured to account for 100% of the radioactive material
released in an accident, even if a small fraction of it could be carried in the atmospherebeyond 50 miles. The relative importance of the environmental parameters beyond 50 miles
is clearly shown in the probability distribution Figures 6.3 and 6.5 for population
exposures and latent cancer fatalities. Although not stated in the text, the calculations
also use the average U.S. population density for all regions beyond 350 miles.

- ACRS A-29

The text in the FES has been mudified to include a discussion of natural phenomena and,
'

sabotage as potential causes of accidents.

10.6.8 Dose and health impacts of atmospheric releases (EPA A-61 and DOC A-25)

New Figures 6.8 and 6.9 have been added in the FES to provide a representation of the risk
to individuals at various distances ard directions from the plant site. Wind rise data
for 16 compass sectors are incorporated in the consequences calculations.

. __
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10.6.9 Economic and societal impacts (WPPSS A-66)

TheconsiderattunsemplogedtoderivetheeconomiccostsinFigure6.6aredescribedin
the reference provided, Overview of the Reactor Safety Study Consequence Model," NUREG-0340,
October 1977.

10.6.10 Summary of environmental impacts and probabilities (EPA A-61)

Nine tables similar to Table 6.4 could have been dis 0 layed to show the imret contri-
butions from each of the nine release categories. The staff judgment, however, is that
the summary table, reflecting the sums of the contributions from all of the release
categories, is sufficient. Information regarding the relative contributions of the
release categories is available in the Reactor Safety Study, WASH-1400.

10.6.11 Releases to Groundwater (ACRS A-29)

The development of better methods for estimating the impact of releases via the liquid
pathway is included within the scope of the NRC staff's TM1 Action Plan, NUREG-0660, item
III.D.2.3.

- EPA A-61

It is the staff's judgment that if a core melt accident were to occur, interdiction of
groundwater pathways would be employed to assure that no groundwater users would be
impacted and that no surface water contamination would result. The cost of interdiction,
while not explicitly arialyzed, is judged to be within the uncertainty associated with the
estimate of potential decontamination costs discussed in Section 6.1.4.6.

- EPA A-61; WPPSS A-66

The scope of the staff's assessment of the liquid pathway was limited to a determination
as to whether the Summer site represented a unique or special circumstance outside the
range of a " typical" river site as analyzed in the Liquid Pathway Generic Study. Since
the site was found not to be unique, detailed consequence calculations have not * *en
performed. In the judgment of the staff, such added detail would neither contribute to
nor alter the conclusions.

- DOI A-57

The method employed for estimating groundwater travel times is the same as that desi.ribed
in the Liquid Pathway Generic Study, NUREG-0440.

- DOI A-57

The shortest conservatively estimated groundwater travel time of 7.4 years was estimated'

from groundwater transport from the reactor to one of the small channels flowing into the
Broad River. Transport times through the groundwater directly to the Broad River would be
at the higher end of the range.

10.6.12 Risk considerations (Mills A-59; EPA A-61)

Standard methods for estimating costs of reactor building cleanup and decontamination and
replacement power for the economic risk calculations are under development. Reasonable
estimates of costs of plant decontamination and replacement power have been made, however,
and are discussed in Section 6.1.4.6. Staff conclusions on the benefit cost balance are
reported in Section 9.

- EPA A-61

Estimates of risk reduction benefits of evacuation are more explicitly reflected in the
FES. (See also response to comment on Section 6.1.4 above.) ,

- WPPSS A-66

The Summer station is a single unit and SCE&G presently operates no other nuclear power
plant and no application has been received that would indicate an intent to construct
additional units. The FES has been modified, however, to reflect the pbssibility that
forced outages of other plants could occur.

- . _ - __--
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- WPPSS A-66

I
The reference to environmental impacts of alternative energy generating technologies,
e.g., acid rain, is judged to be relevant, even though not quantified.
- WPPSS A-66

.

The reference to individual plant insurance coverage was not for purposes of comparison,
but rather to indicate that there is a relationship between the cost and amounts of such
coverage and the discussion of the economic risks associated with plant cleanup and
decontamination. This matter is more properly treated in the benefit-cost balance, and
the reference to insurance has been removed from this section in the FES.

10.6.13 Uncertainties (DOI A-57)

The staff believes that is hat ,.ven adequate attention to the existence of uncertainties
in this treatment of accident impacts.
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SOUTH CAROLINA ELECTRIC a gas COMPANY |

l.,o,,,e.....

COLuwsiA,Souin CAnouma assie
E.H.Casws,Jn.

v.cea .. o .w
c- - .= t a-- August 17, 1979

i
,

Mr. Don E. Sells, Acting Director
Environmental Project Branch No. 1
Division of Site, Safety & Environmental Analysis
United States Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Virgil C. Sumner Nuclear Station

Docket No. 50/395

Dear Mr. Sells:

Pursuant to 10CFR51, South Carolina Electric & Gas Company, acting
for itself and as agent for the South Carolina Public Service Authority
offers the enclosed comment relgted to the Draft Environmental Statement
for the Virgil C. Summer Nuc at itation dated June 29, 1979.

e y ruly yoursq /
,

E. H. !ews, Jr.

MBW:EHC:rh

cc: H. T. Babb
G. H. Fischer
W. C. Mescher
W. S. Murphy
W. A. Williams, Jr.
T. B. Conner, Jr. I

NPCF/Dixon
File

j
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C000ENTS - DRAFf ENVIR0tGENTAL STATEMENT ,

Reference:

Page 5-5, Section 5.2.5.1, and
'Page G-5, Item I.B.1f

The comment included on both of the above referenced pages recommends
applicant consider using an alternative method for biomass determination
not influenced by suspended solids. :

Comment:

Applicant concurs with this recommendation. .

t

Reference:

Page 5-6, Section 5.2.5.3; and
Page G-5, Item I.B.2

The comment included on both of the above referenced pages recoomends
thar the spplicant should take ichthyoplankton samples on a monthly'

bedis for the months of October, November, December, and January.

Comment:

The applicant is presently sampling (sampling began for the agencies
June,1978) ichthyoplankton on a weekly basis during each of the months '

from February through June and bi-weekly during each of the months from
July through September. No ichthyoplankton samples are presently being
taken during the months of October through January. From the present
sampling program, applicant has demonstrated that the current sampling'

schedule is sufficient for this particular aquatic ecosystem. Results
from data collected during'the early spring of 1979 showed that larval

,

fish and eggs were first found in samples collected during the first
week of April. Sampling was carried out during late February and all of
March proceeding April 1979, and no larval fish or eggs were found from

j those samples. If ichthyoplankton sampling were to be conducted during
the period October through January in addition to the present sampling

| schedule, the results would yield no useful data on spawning characteristics
of fish in the study area.

Reference:;

'

Page 5-6, Section 5.2.5.5; and
Page G-5, Item I.B.3

|
| The comments included on both of the above referenced pages recommends
| that the applicant conduct fish sampling on a monthly basis.

Comment:

The applicant presently is sampling (sampling began for other
i

agencies June, 1978) fish on a quarterly basis. The present sampling

i

-1-
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; schedule has demonstrated its sufficiency to answer the questions related
to this particular program. By sampling quarterly, for fish, adequate>

representative numbers are collected from all the species on a seasonal
ba. sis . These fish are in a relatively closed aquatic system as opposed
to a continuous flowing stream. It can be demonstrated that all of the
species collected and the populations represented will be in this
system and that the present sampling scheme, is sdequately sampling
these populations. Applicant feels that the data collected during the |preoperational program will establish the baseline conditions for Monticello
Reservoir. In fact, if sampling were to be conducted monthly there is
the possibility that impacts could be created to the fish populations as'

a result of the sampling efforts.

Reference:

Page 5-12, Section 5.3.5.1; and
Page G-5, Item I.B.5

The commenta included on both of the above referenced pages recommends
that impingement monitoring be conducted on a weekly basis rather than
bi-weekly,

Comment:

Applicant is of the opinion that bi-weekly sampling for impingement
monitoring is adequate for this particular aquatic ecosystem. There are
no threatened or endangered species of fish found in this area, nor are
there any species of spacial interest, such as species that should move
upstream to spawn. Impacta due to impingement are adequately assessed
from samples taken every teo weeks.

Reference:

Page 5-6, Section 5.2.5.5; and
Page G-5, Item 1.B.6

The commento included on both of the above referenced pages recommends
that any riverine rotenoning be neutralized by the application of an
appropriate oxidizing agent to avoid unintentional fish mortalities.

Comment:

Following the rotenone operation, Applicant utilizes an appropriate
oxidizing agent, potassium permanganate. The collecting permit issued
by the South Carolina Department of Wildlife and Marine Resources stipulates
that this procedure be folinwed.

Reference:

Page G-5, Item II.A

The staff believes after reviewing the applicant's monitoring
program that the thermal monitoring procedures as proposed may not

-2-
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be adequate to consistantly and reliably determine compliance with state
temperature limits."

Comment:

The staff recommends a sophisticated physical mathematical approach
for establishing a predictive means of determining compliance with the
state temperature limir- 'iat is not acceptable.

Applicant is presently performing extensive thermal surveys of the
,

Monticello Reservoir including continuous monitoring of the water
temperature at Stations 17 and 12 to develop a history of temperature
variations throughout the entire volume of the reservoir prior to operation
of the Summer Station. This survey work is being performed anticipating
the possibility of odd temperature distributions caused by the operation
of the Fairfield Pumped Storage and influence of weather conditions.
When the Summer Station begins operation, these tests will enable the
Applicant and the State of South Carolina to objectively determine any
changes required to the State's temperature monitoring requirements.

Reference:

Page 4-5, Section 4.4.1.2, 3rd Paragraph

" Judging from the information and assumptions given in Section
2.5.1.1, the impacts of proposed maintenance procedures on proposed
endangered or threatened plant species (if present) are likely to be
significant. Specifically, Draba aprica (proposed as endangered),
Helianthus schweinitzii, Rhus michauxii, Isoetes melanospora, Platanthera
flava, and Echinacea laevigata (proposed as threatened) occur in open

,

fields as well as forest and therefore could occur in the rights of way.

Page 4-5, Section 4.4.1.2, 4th Paragraph

"However, plant species within the corridors were already virtually
destroyed during clearing of the corridors, and maintenance clearing
will not have a significant additional impact."

| Page 4-5, Section 4.4.1.2, 3rd Paragraph
i

| " Judging from the information and assumptions given in Section
| 2.5.1.1, the impacts of proposed maintenance procedures on proposed
!

endangered or threatened plant species (if present) are likely to be
significant. Specifically, Draba aprica (proposed as endangered),

j Helianthus schweinitzii, Rhus michauxii, Isoetes melanospora, Platanthera
flava, and echinacea laevigata (proposed as threatened) occur in open

j
fields as well as forest and therefore could occur in the rights of way.,

Page 5-2, Section 5.2.4.2

"Considering the information in Sections 2.5.1.2 and 4.4.1.2, the
staff requires that the applicant submit an in-depth terrestrial survey

|

-3-
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of the area along the transmission corridors that will be subject to
broadcast spraying of herbicides. This survey will determine the presence
of the important plant species discussed in Sections 2.5.1.1 and 4.4.1.2."

Page 8-2, Section 8.2.5 I4

" Terrestrial biotic impacts of maintaining the transmis sion lines
associated with the Summer Station are expected to be minimal if broadcast
spraying of ~ 2rbicides is eliminated from the maintenance procedures
(Section 4.4.1.2).

Comment:

The applicant contends (1) that the broad assumptions of the staff
of existence of proposed endangered or threatened species is unjustified
and, (2) that the requirement for the applicant to submit an in-!apth
terrestrial survey along the routes of the Summer Station transmission
corridors is unjustified for the following reasons:

'

1. Dr. D. A. Rayner, Field Botanist for the South Carolina Wildlife
Department Hertiage Truse Program, confirmed the same fact
stated in your report in Section 2.5.1.1 that there was only
one plant species (Trillium ersistens) on the endangered list
when your report was written. Dr. Rayner stated that only one
more species (Sagittaria fasciculata) has been added since the
writing of your report. Both species are found in the upper
areas of the State and are not impacted by Applicants transmission
corridors.

,

2. Dr. Rayner affirmed the fact that the six species listed in
Section 4.4.1.2, paragraph four (4), are all proposed; but,
are not listed. In regards to these six (6) listed species,
the applicant has these comments:

A. Draba aprica (proposed as endangered) is only found in
South Carolina in shallow soils around granite outcrops.
The habitat given in Table 2.8 of Section 2.5.1.1 by.

small is incorrect. This species is found in clearings
.

in Arkansas, Missouri, and Oklahoma. The fact that this
species occurs in open clearings and woods in these three
otates, is not true for South Carolina and cannot be
assumed.

B. Rhus michauxii (proposed as threatened) is not on any
federal register list.

C. Isoetes melanospora (proposed as threaten. 2) according to-

State authorities, has never been found in South Carolina.

-4-

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



W'
.

| A-7
c. n.

t

D. -Platanthera flava (proposed as threatened) is so wide
spread in louth Carolina that it is considered by State
authorities as not being rare.

.

E. anlianthus schweinitzii and Echinacea laevigata (proposed
as threatened) occur only in dry woods in the Uplands and
Piedmont, respectively,-in South Carolina. The applicant
therefore, insists that four of the six species listed in
Section 4.4.1.2 can be eliminated from possible concern
(A through D above) and that there is only the remotest
of changes that the remaining two species (E above) would
ever be impacted.

3. According to the latest data output and county overlays from
the South Carolina Wildlife and Marine Resources Heritage
Trust Program, wnich identify locations of endangered plant
and animal specie.s in South Carolina, none of the listed
syecies have erar beca sited or documented as occuring in any
areasaffectedbyphetransmissionrightsofway.

4. Applicant's aerial spraying of transmission rights of way is
done *2nder the supervision of a registered forester. Both the
Supervisor and Pilot are South Carolina State registered
applicators. The herbicide application is done by helicopter
at close range and miltiple passes with a micro-foil boom
which gives an even 0.06 particle size. A consistent large
. particle size gives a very precise controlled pattern. It has

been tha Applicant's experience in applying herbicides that
the short distance of application and controlled particle size
reduces to a minimum any adverse affects of broadcast spraying
on plant species outside the rights of way. In 1979 to date,

Applicant has had claims on only 2 acres of timber damaged out
of 3700 acres sprayed. It is stated in Section 4.4.1.2 that
maintenance within the corridors will not have a significant

,

additional impact due to the plant destruction during initial
clearing. Applicant ascertains that due to its type of supervised
helicopter maintenance, the concern over impact on species
outside the specified corridor, which lands are not under the
. supervision, control or ownership, of the Applicant, are not
justified.

Applicant feels that it is clear that the need for a plant species

( survey outlined in Sections 4.4.1.2 is unwarranted and unjustified, and
! should be eliminated from the Final Environmental Report, Section

| 2.5.1.1. Other related sections of the report should be corrected to
'

reflect accurate information.

;

|

.
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104 Davey Lahoratory
Penn. State "niversity

University P:r':

Pa., 16802 |

19 August 1979

Director, Division of Site Safety

and Environmental Analysis
U.S. Nuclear Regulatcr7 Oc:::::11ssion

t'ashington , D.C.

20555

Gentlemen:

Enclosed are my comments on the Draft Environmental Statement

for the Virgil C. Summer Nuclear Station, NUREG-0536. Please

note that the Information presented is my own and not
necessarily the position of the Pennsylvania State University,
which affiliation is given for identification purposes only.

|

My comments consist of one page of hain text ( beyond this

page) and ten pages of appendix, which I would like to have

considered in entirety.

Sincerely,

W& a M
S'g. A. Lochstet

.

90
..
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gJ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

*% mc8 REGION IV

345 CoURTLAND STREET
ATLANTA. GEORGIA 30308

August 24, 197%

4SA-EIS

Mr. Ronald L. Ballard
Chief Environmental Projects Branch 1
Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Ballard:

We have reviewed the Draf t Environmental Impact Statement on the operation
of Virgil C. Summer Nuclear Station (Unit #1) in Fairfield County, South
Carolina, and offer these comments:

Page 3-11, Section 3.2.6.7, Sewage and Sanitary Waste

Sanitary waste water treatment systems can readily meet the 30 mg/ liter
monthly average stipulated in the NPDES permit. If necessary, the present
system may have to be redesigned to meet this requirement.

Section 4.2, Impacts on Land Use

Appropriate data should be included in the Final Statement describing all
wetlands which exist at the plant site and along the transmission lines as
well as the impact of the facility on these plant communities. It is
indicated that the transmission corridors and the plant site occupy 2,217
acres of original forestland, but there is no indication what portion of
these forestlands can be classified as wetlands.

To retain the integrity of streams / wetlands and to maintain water quality
we recommend that these sensitive areas be ipanned and that a buffer zone
of undisturbed vegetation (at least 50 feet wide) be lef t on the crossing.
Tall trees which might interfere with the transmission lines may be re-
moved but other vegetation should be lef t intact.

Our review of the document indicates that the plant should be capable of
operation in accordance with EPA 40 CFR 190, Environmental Radiation
Standards for Nuclear Power Operations, and the radionuclide portion of
40 CFR 140 Interim Drinking Water Regulations. However, the reactor acci-
dent at the Three Mile Island has focused attention on the need for a
thorough re-examination of reactor' safety. We believe it is incumbent on
the NRC to carefully review its programs and procedures for identifying,

b ffgw
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assessing and acting on potential accident sequences as operating ex-
perience with reactors increases.;

We are particularly concerned about the States' emergency response
preparations. Those States having reactors should be urged to develop
adequate emergency recponse preparations. Those plans that have re-
ceived NRC concurrenei. should be updated as necessary. Emergency
preparedness at every level of responsibility (including licenses com-
pliance with Reg. Guide. 1.101) is imperative to protect the public
health and safety in the event of a severe nuclear power plant accident.

. We will have additional comments on the in-stream effects of the plant
t

as soon as the 316A/B Studies are completed. On the basis of our review
a rating of LO-2 was assigned, i.e. , we have no significant reservations,
but some additional information is requested.

If we can be of further assistance, feel free to call on us.

Sincerely yours,

'
-

Jo'hn E. Hagan, II
j ,,, Chief, EIS Branch

i
,
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/i e United States Department of the Interior-

g
--/ OFFICE OF THE SECRETARY

WASHINGTON, D.C. 20240

ER-79/633
SEP 18 1979

Mr. Ronald L. Ballard, Chief
Environmental Projects Branch 1
Division of Sita Safety and
Environmental Analysis

Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Ballard:
The Department of the Interior has reviewed the draft
environmental statement for Virgil C. Scamer Nuclear
Station as requested in your June 29, 1979, letter. We

have the following comments.

General

Our comments and concerns are primarily with the fish
and wildlife resource discussions and with the nuclear
risk analysis discussions.
The statement is generally adequate and addresses potential
impacts on terrestrial systems at the project site and inHowever, the assessment ofthe transmission corridors.
aquatic impacts in the Monticello Reservoir is unsupportedTheby baseline data for the new aquatic system.
Department's Fish and Wildlife Service GWS) is aware
that the majority of impacts on fishery resources in the
project vicinity will occur as a result of pumped storage
which will create water level fluctuations of as much as
10 feet in Parr Reservoir and !+.5 feet in the Monticello
Reservoir. These unstable conditions will either severely
limit or preclude the use of the affected area for spawn-
ing or nursery habitat. We therefore urge that every
effort be made to increase the benefits of the proposed
recreational subispoundment which will not be aff'ected by
water level fluctuations.

d
\
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The FWF concurs with the NRC staff recommendations regarding
modification of the proposed aquatic and terrestrial bio-
logical monitoring program. Any new data generated from the
monitoring study should be incorporated into the final state-
ment. Although baseline conditions will not be representative
of later saral stages in the reservoir, the data collected
will enhance predictive capabilities of entrainment, impinge-
ment, and thermal impacts. Aquatic impacts from actual
station operation will center around entrainment, impingement, |and thermal effluent. Location of the cooling water intake '

will have a direct effect on entrainment and impingement. l

Also, secondary effects regarding water quality impacts may I

stem from alteration of circulation in the reservoir. A
series of alternative depths for the cooling water intake
should be discussed. Advantages to locations below both the
hypolimnion and photic zone which includes reduction in
phytoplankton entrainment and the use of cooler, less
oxygenated water for plant cooling should also be discussed.

Our comment on the environmental statement for the construction-permit stage about the lack of evaluation of a class 9 (core
melt) accident was answered by reference to the low probability
of such accidents (page H-109, item 13). Since then, NRC's
Reactor Safety Study has shown the probability of such
accidents to be much higher than had been assumed previously. |

The review of this study, organized by NRC, was unable to
determine whether these probabilities were high or low, but
concluded that the error bands were understated (page 6-2,
item 1), or that the confidence placed in these probabilities
was rather low. How much confidence can then be placed in
the conclusion, continued in the present environmental state-
ment, that the probability of class 9 accident is so stall
that their environmental risk is extremely low (page 6-2,

!

paragraph 1)? We continue to believe that environmental
analyses of nuclear reactor sites are not complete without
due consideration of the consequences of class 9 accidents.

The section on In-plant Accidents enumerates some of the more
significant findings of the Lewis Report (pages 6-2 to 6-3).
The three findings that are enumerated exclude the final
finding of the Leuis Report.

- ste. r DD
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EXECUTIVE OFFICE OF THE PRESIDENT [* 'O
COUNCIL ON ENVIRONMENTAL QU ALITY ~,.

722 JACKS 0N PL. ACE. N. W.
WASHMGTON. D. C. 20006 ] 3

I21981>h
-

D O'';,: ef p, g,%7
Cmell t 4 se.3fe,CCCKET NUMBER g.

PROD. & UTIL FAC.. . February 4, 1981 i 80 "4

1 ;G

Samuel J. Chilk
SMretary of the Commission gg %g ,u, 5 ',,U.S. Nuclear Regulatory Commission g**'" 8"u ' 'W:shington, D.C. 20555 -- -

Diar Secretary Chilk:

Enclosed for filing in both Proposed Rule Docket PR 50, 51 (45 FR
40101) and Licensing Docket No. 50-395 are the Council's comments
en the Draft Supplement to the Draft Environmental Statement for
the Virgil C. Summer Nuclear Station Unit No. 1 (NUREG-0534).

Sincerely,

c4 -

C. FOSTER K IG
Acting General Counsel

e
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COMMENTS OF THE |
COUNCIL CN ENVIRONMENTAL QbALITY '

ON NUREG-0534
.

The Council on Environmental Quality has reviewed the Draft
Supplement to the Draft Environmental Statement related to the
operation of the Virgil C. Summer Nuclear Station Unit No.1
(NUREG-0534) and has the following comments pertaf ning to the
adequacy of that document under the National Environmental Policy

. Act (NEPA) and the Council's regulations for the implementation
of NEPA.

Back ground

The Council provided earlier guidance to the Nuclear Regulatory
Conaission on the analysis of serious nuclear accidents
in Environmental Impact Statements (EISs) in a letter dated March
20, 1980 (copy attached). In that letter the Council indicated
that its review of NRC impact statements on nuclear power plants
had revealed them to be "largely perfunctory, remarkably
standardized, and uninformative to the public." Additionally,
the Council found that the potential impacts of serious nuclear
accidents on human health and the environment were presented in a
cursory and inadequate manner with little attention to
facilitating public understanding. The Council urged the
Commission to move quickly to revise its policy on accident
analysis in EISs and to implement 40 C.F.R. Sec. 1502.22(b) of
the Council's regulations. Specifically, the Council urged the

!

,

Commission to (a) discuss the full range of potential nuclear i

reactor accidents, including " worst case" accidents previously
1

categorized as " Class 9" accidents, in EISs and supplemental
EISs; (b) include in the analysis the likely range of
environmental and other consequences from severe and other
accidents; (c) include within these EISs and supplements the best

,estimates of the likelihood of such events; and (d) broaden the I

range of variables used in determining accident impacts and
!expand the discussion in EISs of the impacts of nuclear accidents

on human health, the natural environment, and local econor.ies.

| On August 14, 1980, in response to the NRC's Interim Policy
| Statement of June 13, 1980, the Council transmitted a letter to
| the Commission stating that the general approach of the
I Commission appeared to conform to the Council's basic outline for

the treatment of serious nuclear accidents (copy attached). The
Council also indicated it would provide the NRC with comments on
the first NEPA analysis issued by the Commission in this
connection.

Specific Comments

The Council has not critically reviewed the data or calculations
presented in NUREG-0534. aRather.pthe following comments pertain
to the approach and format |orl helacciden't analysis presented.t

i T Cbr gj' ']u
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U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attention: Director, Division of Licensing

Dear Sir:

This is in reference to your supplement to the draft environmental impact s

statement entitled, " Virgil C. Summer Nuclear Station, Unit No. 1." The
enclosed comments from the National Oceanic and Atmospheric Administration
are forwarded for your consideration.

Thank you for'giving us an opportunity to provide these comments, which we
hope will be of assistance to you. We would appreciate receiving ten (10)
copies of the final statement.

Sincerely,

'i . , . -,

J..n..'
Robert T. Miki
Deputy Assistant Secretary for

Regulatory Policy (Acting)

Enclosure Memo from: Mr. Kenneth D. t'adeen
Environmental Dat.0 and Information Service
National Oceanic and Atmospheric Administration

!
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Center for Environmental Assessment Services

December 15, 1980 OA/D242:DL

TO: PP/EC - Joyce Wood

. pg/ f #- G "3j
FROM: 0A/D2x1 - Kenneth D. Hadeen -s'

SUBJECT: DEIS 8011.03 - Virgil C. Summer Nuclear Station Unit No. 1g
(Docket No. 50-395) Supplement-

Ceneral Comments: None

Specific Comments: pg. 6-14 par. 6.1.4.3
f

It appears that wind rose data (frequency distributions). are not considered
in determining probability of total population exposure. Why not?

4
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Ji, . L.:. 2 Sta:fs Dept.m _c.: :: i: : ::::.2
. - u.p
-I "i CFFICE OF THE SEC.'.2T.'.I.'
\ / WASHINGTON, D.C. 2024)

JAN 5ER-80/1338

'

Mr. A. Schwencer, Chief
Licensing Branch No. 2
Division of Licensing -

Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

Thank you for your letter of November 10, 1980, transmitting
copies of a supplement to the draft environmental statement,
operating license stage, for the Virgil C. Summer Nuclear Station,
Unit 1, Fairfield County, South Carolina.

Groundwater
For the evaluation of the consequences of core-melt accidents,
groundwater travel times to the Broad River are estimate 1 to r ange
from 1,140 years in the overburden soils to 7.4 years in the
fractured media; the derivation of these estimates should be given.
The site area is drained by a number of sr:a'.1 channels leading to
deeply encised valleys downstream from the site. These channels,
either directly tributary to the Broad River or indirectly via
Freese Creek and Mayo Creek, are shown as ephemeral in the site
area on the Jenkinsville, South Carolina, 7.5-minute topographic
map (U.S. Geological Survey, 1969) but, subsequent to the filling
of Monticello Reservoir, sustained flow in some or all of these
channels appears likely due to the probable rise in groundwater
levels. In the event of a core-melt accident, contaminated
groundwater from the site would be likely to first reach surface
waters in these small channels west and south of the reactor.
It appears that this ,has been ignored in the estimates of travel
times of contaminants to the Broad River. The derivation of these
estimates should be made available for review prior to issuance of
the final environmental statement.

Uncertainties
This section enumerates "Some of the more significant findings..."
from the Lewis Report. However, the three findings summarized on
page 6-31 exqTude the final finding of that report which is:

- n
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"There have been instances.in which WASH-1400 has been misused
~

as a vehicle to judge the' acceptability of reactor' risks.. In
other cases it may have been used prematurely as an estimate of
the absolute risk of reactor accidents without full realization
of the wide band.of uncertainties involved. Such use should be
' discouraged." (NUREG/CR-0400, page x)

That finding appears particularly pertinent to the discussion
heading. -The finding of the Lewis Report that there is a wide band
;of uncertainty in the, risk of. reactor-accidents should be' discussed
'in the, final. statement.

We hope these-comments will be helpful to you in the preparation of
a final statement.

. Sincere.1/ ,

'
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Dr. William E. Kreger

Assistant Director for
Radiation Protection (P-302)

Nuclear Regulac, y Commission
Washington D.C. 20555

Dear M eger:

In response to your request, I had my staff revie4 the Siipplement
to the Draft Environmental Statement (DES) for the Virgil C. Summer
Nuclear Power Plant. Secause this particular DES considers the possible
impacts of the occurrence of a class 9 type accident, we were pleased to
have this opportunity to comment specifically on this consideration. 'ie

have encouraged the inclusion of this class in environmental statements
on light-water reactors and view this as a continuing practice. Ne
believe that a discussion of the possible impacts resulting from core
melt accidents can provide a more comprehensive evaluation of the
overall environmental risk associated with an individual nuclear power
plant. Although our detailed comments are being forwarded to our Region
IV office for a coordinated EPA response to NRC, there are a couple of
thoughts I want to pass on to you.

The original DES presented operational inpacts without a discussion
of probability of occurrence. In the supplement, the discussion of
accident impacts in terms of risk biases the presentation by glossing
over the magnitude of the consequences. It is our view that the
discussion of probabilities of occurrence, magnitude of consequences,
and risk considerations of accidents in environmental statements should
be given separate attention.

The other point I want to express is the need to develop standard
methodologies for incorporating costs of reactor building clean-up and
decontamination and replacement power into the economic risk

|
calculations. These factors are significant and important to the

| benefit-cost balance.
i
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Thank you for the opportunity to review this document. Do.not
hesitate to contact me if I'can be of further assistance. I look

~ forward to our continued close wor.cing relatioaship.

Sincererly yours,

.

:

William A. Mills, ?h.D.
Director

Criteria & Standards Division (.U?,-463)
Office of Radiation Programs

j cc: C. Wakamo, Region IV

1

!
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g i UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION IV% ,6
345 COURTLAND STREET
ATLANTA. GEORGIA 3036 5

.

.:

'JAN 121981
4SA-EIS

Mr. William Kane, Project Manager ]
Office of Nuclear Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Kane:

In our previous reviews of environmental documents dealing with Light Water
Reactors (LWR) EPA has consistently emphasized the need for a thorough
evaluation of the environmental impacts from different LWR accident scenarios
to include Class 9 accidents. The discussion of the environmental and so-
cietal impacts of a core melt down accident included in the Supplement to
the Draft Environmental Impact Statement (DEIS) for the Virgil C. Summer
Nuclear Plant Unit No. 1 is a step forward in this respect and as a result,
EPA applauds NRC's decision to prepare this Supplement.

The assessment of environmental impacts for severe accidents at the Suruner
plant uses methodologies originally developed in the Reactor Safecy Study
(WASH-1460) and the Liquid Pathway Genenu Study (NUREG-0440) . Because these
two studies will be the cornerstones for similar assessments for other nuclear
power plants environmental statements, we would refer NRC to EPA's original
technical comments on these studies. These comments can be found in " Reactor
Safety Study (WASH-1400): A Review of The Final Report" and my letter to
NRC's Voss Moore dated February 8, 1977.

Our specific comments on the Supplemental DEIS on the Summer Plant are
included in the attached technical comments.

Sincerely yours,

9% w . lA~
Rebecca W. Hanmer
Regional Administrator

i Enclosure
! Technical comments

(
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TECHNICAL COP 9 TENTS:

4

Section 6.1.4.3 and-6.1.4.4

i Section 6.1.4.3 and 6.1.4.4 of the Supplement discuss radiation dose and
health effects in terms of yearly probability distributions (risk) and
are consistent with the discussions in the original DEIS. However, the
discussion in the Supplement of the operational impacts of the facility
is in teems of consequences. We believe that is desirable to maintain

i

consistency between the original DEIS and the Supplement in this regard
and therefoca, would suggest impacts in both documents be presented in

| terms of consequences. .We feel this approach will be more meaningful to-

the general public.
i '

. Table 6.1.4.4

This Table should correspond on a one-to-cne basis with the release
categories (PWR 1-9) in Table 6.1.4-2.

!

Section 6.1.4.5
!

!

In the discussion in this Section it is not clear whether the socio-economic
' cost of an accident involving groundwater contamination were considered in;

Sections 6.1.4.4, 6.1.4.6 and Section 9 (of the original DEIS, June 1979).
- If not, the cost of these impacts and mitigating measures should be included
in the overall risk assessment and benefit-cost balance in Table 9.1 of the,

original DEIS.-

j Section 6.1.4.6
i

- It is unclear what is the basis of the conclusion that " Estimates of risk
reduction by evacuation of the public within the 10-mile emergency planning
zone'for accidents can be reduced by a factor of ten to twenty..." This
statement seems inconsistent and premature considering the following:

1. The emergency preparedness plans and protective action measures for the
Summer facility are not yet complete.

|
!. 2. NRC and Federal Emergency Management Agency's (FEMA) review of State and
[ local government emergency plans have not been accomplished.

f 3. The NRC's Safety Evaluation Report (SER) which reviews the applicant's
( on site plan is not yet available.

l

General Comment

To facilitate the understanding of impacts from the liquid pathway it would
be helpful to provide a-summary of the environmental consequence and risks

b N [N ld| sI
'
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SOUTH CAROLINA ELECTRIC & GAS COMPANY

CoLumeiA,50a14 CamoumA isais

T. C. NicMots, Jn.
ma r.u.- sw r,um December 23, 1980

%e.

Director, Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Subject: Virgil C. Summer Nuclear Station
Supplement to Draft Environmental
Statement
Docket No. 50/395

Dear Sir:

South Carolina Electric and Gas Company, acting for itself and as agent for
South Carolina Public Service Authority, has reviewed NUREG-0534 Supplement " Draft
Environmental Statement related to the operation of Virgil C. Sumer Nuclear
Station Unit No. 1" and finds that the statement addtesses the Commission posi-
tions as stated in NRC interim policy statement (45 FR 40101). However, we do
offer the following comments for your consideration:

1. The document should further, if not quantitatively address the ap-
proximate resultant reduction in effects anticipated with mitigative'
actions required by a basic emergency plan consistent with NRC re-
gulatory mandate. Of particular interest would be population effects
of the worst case accident and the resultant dose benefit of emergency
mitigative actions.

2. Section 6.1.1.3 should be expanded to include further discussion of
the dose-health relationship with particular note made of the
sources of this information.

3. Page 6-7, last paragraph, first line " auxiliary" should be changed
to " fuel handling".

1
'

4 Page 6-6, fourth paragraph, eighth line " sodium" is misspelled.
| In our opinion, this supplement appears to fulfill the interest of the Com-

mission's policy statement, and is an acceptable statement of accident impacts.

| Very truly yours, ,.

f
T. C. Nicnols, Jr.

RBW:TCN:glb OY
i 4'O| cc: Page 2 *
!

?
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for the c:mmer Plant and the risk and consequence developed in the Liquid
Pathway Generic Study (NUREG-0440),

As the Three Mile Island-2 (TMI-2) accident pointed out, the cost of reactor
building decommissioning and replacement power cost are sizable. These
costs could significantly change the benefit-cost balance in Section 9 of
the original DEIS. Future EIS's or Supplements to EIS's should evaluate
these costs and include them in their benefit-cost analysis.

A figure should be included showing dose versus distance from the plant for
severe accidents. This would allow the local population to judge individual
risks.

!
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@l
Washington Public Power Supply System

A JOINT OPERATING AG(NCY

I

P.O. SOX 964 3000 QEO. WASHINGTON WAY
MCHL.AND. WASHINGTON 99352 PHONE (509) 372 $000

January 19, 1981

Docket No. 50-395

U.S. Nuclear Regulatory Commission
1717 H. Street N.W. ,

Washington, D.C. 20555

Attention: Director, Division of Licensing

Gentlemen:

Subject: Coments on Draf t Envircnmental Statement Suoplement

Reference: Draft Environmental Statement Related to the
Operation of Virgil C. Summer Nuclear Station
Unit No. 1, NUREG-0534 Supplement, November 1980

Based on o'ur experience with previous NRC Environmental Statements, we
suspect that the reference supplement may be prototypical of the environ-
mental analysis the Conrnission Staff will prepare in other operating
license cases. We, therefore, have reviewed the subject report and find
that, while it generally complies with the NRC interim policy statement
(45 FR 40101), it can be improved in a few area,s.

Subsection 6.1.1.3 seems excessively brief, given the body of literature
and public interest in radiation exposure health effects. This general
discussion should relate pathways and individual organ doses to health
effects. The susceptability of different age groups should also be dis-
cussed.

The second sentence of the fourth paragraph of Subsection 6.1.4.1 should
be deleted. The judgment that the health effects of design basis accidents
are " exceedingly small" contributes nothing and invites debate.

In Subsection 6.1.4.2, we can find no explanation for considering environ-
mental parameters out to 500 miles. Such a large exposure area is not
required by the NRC policy statement. The projection of population and
land use statistics for this area to year 2000 is not a useful exercise
when the health-related exposures would virtually all occur withm a 50-
mile radius (see Subsection 6.1.4.3). Such projections and the attendant
assumptions only invite unproductive criticism.

Subsection 6.1.4.4 is weak in that the considerations employed to derive
the economic costs in Figure 6.1.4.-6 are not explained. For instance,
the reader doesn't know what uses of property or services are assumed to

h00
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Director, Division of Licensing
December 23, 1980
Page 2

cc: V. C. Summer
G. H. Fischer
T. C. Nichols, Jr.
E. H. Crews, Jr.
O. W. Dixon, Jr.
D. A. Neuman
O. S. Bradham
W. A. Williams, Jr.
A. A. Smith
A. R. Koon

'

R. B. Clary
J. B. Knotts, Jr.
J. L. Skolds
B. A. Bursey

NPCF/Whitaker
File'

i
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FEDERAL ENERGY REGULATORY COMMISSION
WASHINGTON 2G426

3 IN REPLY REFER TO: |

.a 1
Ei.

:'
- ,_

December 10, 1930

h

Mr. A. 5chwencer
i Chief, Licensing Branch No. 2

Division of Licensing
U. S. Nuclear Regulatory Comm.
Washington, D. C. 20555

.

Dear Mr. Schwencer:

I am replying to your request of November 10, 1980 to the
Federal Energy Regulatory Commissic.1 for comments on the Drafti

Environmental Impact S tatement related to the Operation of the
Virgil C. Summer Nuclear Station Unit No. 1. This Draft EIS
has been reviewed by appropriate FERC staff components upon whose
evaluation this response is based.

This staff concentrates its review of other agencies' en-
vironmental impact statements basically on those areas of the
electric power, natural gas, and oil pipeline industries for
which the Commission has jurisdiction by law, or where staff
has special expertise in evaluating environmental impacts in-
voled with the proposed action. It does not appear that there
would be any significant impacts in these areas of concern nor
serious conflicts with this agency's responsibilities should
this action be undertaken.

Thank you for the opportunity to review this statement.

Sincerely, .

pm _ - -_ -
ck M. Heinemann
dvisor on Environmental Quality

,
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U.S. Nuclear Regulatory Comission
Page Two
January 19, 1980
Comenv on Draft Environmental Statement Supplement

be foregone and for how long. (In this section, and in others, there is
inadequate cross-raferencing to other sections of the DES which provide
thebasis.) Also not considered are the probable costs associated with
forced outages of other units of similar design operated by SCE&G or
other licensees (ala TMI-1).

Radiological impacts via the groundwater pathway, discussed in Subsection
6.1.4.5, are referenced to the " Liquid Pathway Generic Study" (LPGS)
results. The reader doesn't really know what water sources are made
unusable or whether the individual doses in Columbia and Charleston,
South Carolina, and other comunities would exceed 40 CFR Part 141
standards. As presently written, the reader is told that the drinking
water of upwards of 550,000 people "would be affected" without being
given any basis for assessing the significance of the contamination. It

is stated that the population doses for the liquid pathway from Sumer
are the same order of magnitude as for the LPGS, but it would be more
effective to provide the calculated doses.

Reference to the latest environmental crisis--acid rain--at the top of

Page 6-20 seems patror.izing. On the same page, the economic risks
associated with cleanup and decontamination are inappropriately compared
with individual plant insurance coverage.

In summary, the DES supplement appears to fulfill the intent of the'

Commission's policy statement and provides a generally good statement of
environmental impacts due to accidents. The length and detail of the
discussion in general seems appropriate for the uncertainties and assump-
tions inherent in the subject matter.

Very truly yours,
.~ , . _ .

- x. . w; ., .

I-G. D. Bouchey
Nuclear Safety Director

shm

4 cc: J. R. Lewis, BPA
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DEPARTMENT OF THE ARMY

@
y one on.esascownseron

cow asston,souri.c - n :

SACEN-E 23 July 1979

Mr. Ronald L. Ballard, Chief
Environmental Projects Branch 1
Division of Site Safety and Environmental

Analysis
U. S. Maclear Regulatory Commissica - - -
Washington, D.C. 205SS

Dear Mr. Ballard:

This is in response to your letter dated 29 June 1979, concerning the
Draft Environmental Impact Statement for the operation of Virgil C.
Summer k: lear Station, Unit No.1.- We have reviewed the statement
and have no comments in connection with environmental considerations.
However, Department of the Army permits will be required for some of
the proposed work.

Should you have any questions concerning Department of the Army permits,
please telephone Mr. A. B. Gould, Jr., at (803) 724-4610.

Sincerely,

kh-| =-

xlu.1 ,W. =DWu
Colonel, Corps of Engineers
District Engineer

Copy furnished:
HQDA (DAEN-CWP-V)
WASH DC 20314

Division Engineer, South Atlantic
| ATIN: SADPD-R p,
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