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' INTRODUCTION 

By application dated March 20, 1967, and 28 amendments thereto, The Virginia 

Electric and Power Company (Applicant) applied to the U. S. Atomic Energy 

Commission for a license to construct and operate a nuclear power station 

on a site at Gravel Neck in Surry County, Virginia, to be known as the Surry 

Power Station. The station consists of two virtually identical pressurized 

water reactors supplied by Westinghouse Electric Corporation, each designed 

for a warranted power output of 2441 megawatts thermal (MWt) with an equivalent 

warranted gross output of 822.6 megawatts electric (MWe). Each unit is designed 

to be capable of attaining a maximum capacity of 2546 MWt, corresponding to 

a gross electrical output of 855.2 MWe. The design of Surry Power Station is 

based upon proven concepts which have been developed and successfully applied 

in the construction of other Westinghouse supplied pressurized water reactor 

systems recently authorized by AEC: eg., H.B. Robinson No. 2, Indian Point 

No. 2 and Diablo Canyon. 

Each unit at Surry Station incorporates a closed-cycle pressurized water 

Nuclear Steam Supply System, a turbine generator and their necessary auxiliaries. 

The Reactor Coolant System for each unit consists of three loops, each loop 

having a steam generator, pump and two reactor coolant loop stop valves. 

Radioactive waste disposal systems, a fuel handling system and all auxiliaries, 

structures and other on-site facilities were designed and installed so as to 

curtail radiological releases to the environment to the lowest practicable 

limits. 
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This project is being constructed by Vepco with. the assistance of its architect

engineer, Stone & Webster Engineering Corporation. Site preparation of both 

units began in December 1966. Unit 1 is currently 95% complete and the current 

construction schedule indicates that fuel loading for Unit 1 will be possible no 

later than April 1972, and that commercial operation can be attained in the 

early summer of 1972. The appropriate corresponding periods for Unit 2, which 

is 79% complete, are the late summer of 1972 and the latter quarter of 1972. 

The Surry Power Station will provide the additional base-load generating capacity 

required to enable the Ap?licant to meet projected system load conditions and 

reserve requirements of the public served by Vepco in Virginia, North Carolina 

and West Virginia. 
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I. INTRODUCTION 

A. Location of the Facility 

Surry Power Station is in Surry County, Virginia, on the south shore of the 

James River, on a point of land called Gravel Neck which projects into the 

James from the south, as shown in Figures I A-1 and I A-2. The coordinates 

are approximately 76°42' west and 37°10' north. 

The region 20 to 30 miles southeast of the site is the urban area of Hampton, 

Newport News, Norfolk, and Portsmouth, Virginia. This area includes a major 

Atlantic Coast seaport and a U. S. naval base. The largest industry encompassed 

in the area is shipbuilding. 

The regions immediately north and south of the site, except for the Williamsburg 

historical area, are principally rural and agricultural. The same is true to 

the west until one reaches the Richmond-Petersburg region. Richmond is an 

industrial center as well as the State capital, with chemicals and tobacco the 

two major industries. 

There are several military and naval reservations within a twenty-mile radius 

of the site. Camp Wallace Military Reservation is north-northeast of the site; 

Fort Eustis Military Reservation is east of the site along the northern shore 

of the James River; a U. S. Naval Reservation,including Cheatum Annex and Camp 

Peary, occupies a large portion of the land area north and northeast of the 

site between the James and York Rivers. The U. S. Naval Reservation is bordered 

to the east-southeast by the Yorktown portion of the Colonial National Historical 

Park. None of the aforementioned military installations are within.a five-

~ mile radius of the Surry site. 
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Jamestown Island, part of the Colonial National Historical Park, is on the 

northern shore of the James River some three miles to the northwest'. The 

city of Williamsburg, seven miles north of the site, is a major national tourist 

attraction and educational center. The only manufacturing facilities located 

in or around Williamsburg and Jamestown are a synthetic fiber plant and a 

brewery employing 250 to 500 people each. There is relatively little agricul

tural production in James City County. The military reservations previously 

discussed represent a major source of employment in the area. 

Adjacent to the site, on a contiguous island, is a State waterfowl refuge, 

with a public access road running through the site. Public parking and 

viewing points are provided by the State within the refuge. 
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B. Physical Characteristics of the Facility 

The Surry Power Station consists of two virtually identical pressurized water 

reactors, each designed for a warranted power output of 2,441 megawatts thermal 

(MWt) with an equivalent warranted gross output of 822.6 megawatts electric 

(MWe). Each unit is designed to be capable of attaining a maximum capacity 

of 2,546 MWt, corresponding to a gross electrical output of 855.2 MWe. 

The Reactor Coolant System consists of three loops, each loop having a steam 

generator, pump, and two reactor loop stop valves. 

The reactor containment vessel for each of the Surry units is a domed 

structure of reinforced concrete with a steel innerliner. It is designed 

and constructed so that subatmospheric conditions will normally be maintained 

within the structure, thereby positively terminating out-leakage to the envir

onment under normal operating conditions and within 40 minutes after the 

hypothetical "loss of coolant" known as the design basis accident. 

The containment and the engineered safeguards together protect the public and 

the station in the event of a design basis accident. The engineered safeguards 

minimize the accident by performing three functions. 

1. Supply borated water to the Reactor Coolant System to 

cool the core, decrease reactivity, limit fuel rod 

cladding temperatures and metal-water reaction, and 

ensure that the core remains intact. 

2. Reduce the concentration of airborne fission products 

that can be released to the environment by leakage. 
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3. Limit the driving potential of differential pressure 

and the time duration for leakage out of the contai.nment 

structure. 
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1. Nuclear Steam Supply System Operation 

a. Reactor 

The reactor core, the source of heat energy, is installed in a heavy wall 

steel pressure vessel which is connected to the reactor coolant system. 

Heat generated within the·core is removed by the reactor coolant (water) which 

transfers the heat in turn to three steam generators before returning to the 

core. The reactor coolant system is a closed system contained within corro-

sion-resistant stainless steel components. The reactor vessel, reactor 

coolant system, and steam generators are enclosed within a reinforced concrete 

containment structure. This containment is maintained at pressures below 

atmospheric to ensure that leakage out of the containment will not occur during 

normal operations. 

Heat which has been transferred to the steam generators is used to produce 

steam. Steam from each steam generator is piped to the turbine located in 

the turbine-generator building outside the containment structure. The exhaust 

steam from each turbine is cooled in a single-pass condenser. The residual 

heat from the steam is transferred to the James River as the steam is condensed 

to water in the condenser. This condensate is then returned to the steam 

generators for subsequent reuse. 

Several events related to the brief description above may produce environmental 

effects. The necessity of removing heat from the condenser releases heat to 

the environment. Small amounts of radioactivity will be released from the 

nuclear steam supply system by required coolant sampling, maintenance, and 
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control functions associated with reactor operation. 

b. Radioactive Waste Disposal System 

The Waste Disposal System .includes the equipment required to collect, process, 

and prepare for disposal the radioactive liquid, gaseous and solid wastes 

which are generated by the station in the course of power operations with 

two units in service. 

Liquid wastes are collected and then subjected to filtration, demineralization 

and/or evaporation as appropriate prior to discharge to the river. The sequence 

of processes used may vary depending on the activity concentration of liquid 

waste to be handled and will be selected to ensure that releases are as low 

as practicable. Evaporator residues and noncombustible solid wastes are 

drummed for off-site disposal as are combustible solid wastes that can be 

baled or drummed. The ultimate disposal will be at an authorized location 

off-site. 

Gaseous wastes will be collected, processed to reduce the hydrogen concentration, 

and then held-up a minimum of sixty days in gas-decay tanks prior to controlled 

release to th~ environment. 

A more detailed discussion of the various components of the Radioactive Waste 

Disposal System can be found in Appendix A. 
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2. Condenser Cooling Water System Operation 

The circulating water system is designed to provide once-through cooling water 

for both units. The system is comprised of an inlet channel, an intake 

structure and pumps, a high-level intake canal, intake screen structure, once

through condenser, a sea-level discharge canal, and a rock groin mixing facility. 

Circulating water is taken from the James River on the.downstream side of the 

site, transported through the condensers, and discharged into the river on 

the upstream side. The shoreline distance between intake and discharge points 

is about 5.7 miles; the overland distance across the peninsula, about 1.9 miles. 

Each unit requires 840,000 gpm of river water to supply condensing and service 

water needs. The maximum temperature elevation of this water as a result of 

passage through the condensers is 14°F. After passing through the station, 

the water is rapidly mixed with river water through a jetting action and 

heat dissipation occurs rapidly. Complete discussion of thermal effects 

produced on the water body is provided in the treatment of thermal effects in 

the text at~ II.I.C.2.c.(2) and in Appendix B. 

Circulating water is withdrawn from the James River through a channel dredged 

in the riverbed between the main river channel and the eastern shore of the 

site, a distance of approximately 5,000 ft. The channel invert is 150 ft 

wide at El. -13.3, permitting use of the channel for shipping materials and 

equipment to the permanent dock on the east side of the site. 

The circulating water intake structure is an eight-bay reinforced concrete 
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structure located at the shore end of the river intake channel. The exposed 

deck of the structure is at El. +12; however, the pillbox enclosure for the 

service water pumps is protected from flooding to El. +21 and from wave run-up 

to El. +33.5. The invert of the intake structure is at El. -25.25. Each bay 

houses one of the eight circulating water pumps. These pumps are rated 

at 210,000 gpm at 28 ft total dynamic head when running at 220 rpm. 

Each pump is driven by a vertical, solid-shaft, 2,000 hp induction motor. 

Each pump discharge line is a 96 in diameter steel pipe which conveys 

the water over the embankment of and into the intake canal. 

The intake canal is about 1.7 miles long and is designed to convey the circu

lating water flow for the station. The canal is lined with concrete for 

.erosion rr.otection and has an average bottom width along its length of 

32 ft. The side slopes are 1 1/2 horizontal to 1 vertical. The invert 

elevation varies from El. +5 at the station end of the canal to El. +6.8 

at the river end of the canal. The berm along each bank of the canal is 

at El. +36.0. 

The water levels in the canal are controlled by the piping system friction 

losses within the power station and the prevailing river level. The normal 

water elevation at the power station end of the canal will vary between El. +21 

and El. +23, depending upon the tide. A minimum freeboard of 10 ft is to be 

maintained between the canal water surface and the berm during hurricane flooding 

.of the river thereby preventing any spillage from the canal. This freeboard 

is also adequate to contain surges in the canal which could occur with a loss 
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of station power with the river flooded; it will be maintained under these 

circumstances by progressively reducing the number of pumps in operation by 

manual control as the river level rises above El. +5.0. 

A reinforced concrete structure is provided in the canal at the intake of 

each power station unit. Each structure contains four bays, and each bay 

contains a trash rack, a traveling screen, and an inlet to a 96 in diameter 

condenser intake line which is made of reinforced concrete in the station 

yard and welded steel encased in concrete under the station. 

Electric-motor-operated butterfly valves are provided at the condenser inlets 

for condenser isolation when required. An "Amertap" condenser tube cleaning 

strainer is installed in each of the four condenser discharge lines between the 

condenser discharge nozzle and the motor operated condenser discharge butterfly 

valves to maintain clean condenser tubes. thereby eliminating the need for 

chemical injection. These discharge lines terminate at the reinforced concrete 

discharge tunnel, which then carries the water to the conunon circulating water 

discharge canal. 

The discharge canal is designed to carry the flow of the two units with a 

velocity of about 2.2 fps at mean low water. The invert of the canal is at 

El. -17. 5 and the sides slope at 2 horizontal to 1 vertical; this slope is 

stable under design basis earthquake conditions. The bottom width of the 
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canal varies between 20 ft and 65 ft. 

The discharge canal extends about 1,200 ft into the James River on the west 

side of the site and is lined with concrete to prevent erosion of banks and 

sub-surface soil. This extension·has rock-filled groins along each side 

to minimize siltation and to provide the means to maintain a 6 fps terminal 

velocity of the discharge water. The opening between the groins is sized to 

ensure proper mixing with the river. A timber pile trestle having five 10-

foot-wide bays, in which timber gates may be placed, extends about halfway 

across the opening in the groin. The timber gates may be installed in this 

structure using mobile hoisting equipment to reduce the net area of the opening 

between groins and thereby maintain the 6 fps terminal flow velocity for various 

operating conditions and when a unit is taken out of service. 

The canals and supporting facilities have been constructed to function properly 

under accident conditions. In the event of complete loss of off-site power, 

the intake canal would contain enough water for 45 days emergency service water 

supply. 
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3. Switchyard and Transmission Lines Description 

Surry Power Station is connected with the Vepco system at a transmission sub

station and switchyard on the site, across the intake canal from the turbine 

building (See Figure I.B.3-1). Major structures in this area are transformers, 

circuit breakers, electrical disconnects, and the "backbone" structures which 

are used to convey overhead high voltage lines from the turbine building to 

the substation. 

The substation is divided into two switchyards. Electrical energy generated 

by Unit 1 at 22 kv is raised to 230 kv by the main transformer and delivered 

to the 230 kv switchyard. Electrical energy generated by Unit 2 at 22 kv is 

raised to 500 kv by the main transformer and delivered to the 500 kv switch

yard. Figure I.B.3-2 is a single line diagram of the transmission substation 

for Surry Power Station. 

The 230 kv switchyard is of the "breaker and a half" design with facilities 

for six 230 kv lines in service with Unit 1 and seven 230 lines in service with 

Unit 2. The 500 kv switchyard is also of the "breaker and a half" layout. 

Initially, when Unit 1 is placed in service, it will be connected to a single 

500 kv line by one of the autotransformers. When Unit 2 is placed in service, 

the 500 kv substation will be expanded to a five position ring bus with 

connections to the Unit 2 generator, two 500 kv lines, and two 500/230 kv 

autotransformers. 

With Unit 1, both 500/230 kv autotransformers are in service to supply reserve 

station power from the 34.5 kv tertiary windings. Initially one autotransformer 
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is connected to the 500 kv and 230 kv systems and the other connected at 230 kv 

only, but, with the addition of Unit 2 the connection is completed to the 500 kv 

substation. The 500 kv and 230 kv systems are generally independent and provide 

alternate sources of reserve station power. The substation can be expanded 

for future units and lines as required.* 

Station service transformers connected to the isolated phase bus from each main 

generator normally supply power to the auxiliaries of each unit at 4,160 v. 

During start-up and emergencies, reserve station service power for the auxiliaries 

of either unit is supplied from tertiary windings of two 500/230 kv transmission 

intertie autotransformers which connect the 500 kv and 230 kv sections of the 

substation. 

Transmission system connections for Unit 1 consist of the following lines which 

are an integral part of the Vepco transmission system: 

1. One 500 kv line to Elmont substation near Richmond, Virginia. 

2. Two 230 kv lines to Hopewell substation near Hopewell, Virginia. 

3. One 230 kv line to Suffolk substation near Suffolk, Virginia. It 

will connect to two 230 kv lines going to Vepco service area in 

North Carolina and one 230 kv line to the Norfolk area. 

4. One 230 kv line to Churchland substation in Portsmouth, Virginia. 

5. One 230 kv line to Newport News substation in Newport News, Virginia. 

6. One 230 kv line to Whealton substation in Hampton, Virginia. 

*Also located on the substation site adjacent to the 230 kv switchyard are two 
gas turbines with combined capacity of 41 MW, installed in 1970. These turbines, 
used to supply peaking power, are not related to the Surry nuclear facility and 
are located at Surry for area peak load capability. They have been located on a 
gas transmission line which passes conveniently through the site. (See Figure I.B.3-3) 



Additional transmission system connections for Unit 2 consist of: 

1. One 500 kv line to Carson substation near Petersburg, 

Virginia. 
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2. One 230 kv line to Greenwich substation in Virginia Beach, 

Virginia. 

The transmission lines l~ave the high voltage substation along two main 

rights-of-way. Each right-of-way includes transmission lines which principally 

route toward east ancl west locations in the Virginia Electric and Power Company 

system. The transmission system can handle the full output of both units at 

Surry upon the loss of any two transmission circuits connected to the Surry 

substation. Figure I.B.3-4 is a location map showing Surry Power Station, the 

associated transmission lines, and their system connections. 

Additional information relating directly tq the environmental effects of 

Surry transmission is provided in the text at ,r 11.I.C.2.e. below •. 
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Figure I.B.3-1 
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4. Accident Prevention and Control System 

There are three general categories of accident prevention and control systems 

which have been employed along with an extensive quality assurance program 

throughout construction. The first category is the personnel who operate the 

reactor. The reactor operators, who are trained in accordance with ANS-3, can 

detect problems before they reach the accident stage through redundant alarm 

systems. Continual surveillance of plant operations is fundamental to safe 

reactor operation and is instilled in the operators by constant drilling. 

The second category of systems includes those mechanical and electrical systems 

designed to prevent or control accidents. The reactor protection and control 

system is installed to monitor, control, and respond automatically to abnormal 

conditions, and to cope with an emergency even without the assistance of the 

operator. All protection systems are redundantly installed to guard against 

potential failures of components or connecting wiring. 

The third category of systems includes the inherent stability of pressurized 

water reactors resulting from negative reactivity coefficients that are 

characteristically present during operating conditions. 

For more detailed discussion of accident prevention and control systems, see 

the discussion of accident effects at~ 11.I.C.2.c. in the text below and 

Appendix A. 
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5. Miscellaneous Remaining Systems 

The Surry facility contains several additional major systems essential to its 

functioning as a power plant, though they are not commonly associated with the 

plant's principal environmental effects. These systems are the fuel handling 

systems, turbines and auxiliaries, and electrical systems. They will be 

described in summary form here, with references to more complete treatment of 

the environmental effects with which they are indirectly associated. 

a. Fuel Handling Systems 

The reactor is refueled using equipment designed to handle spent fuel under

water from the time it leaves the reactor vessel until it is placed in a cask 

for shipment from the site. Transfer of spent fuel underwater permits the 

use of an optically transparent radiation shield, and provides a reliable 

source of coolant for removal of residual heat. Monitoring throughout the 

transfer process is achieved by underwater television specially designed for 

nuclear power plant applications. 

b. Turbines and Auxiliaries 

Each turbine is a tandem-compound, three element, 1,800 rpm unit having 44 

inch last stage exhaust blading in the low pressure elements. Four combination 

moisture separator-reheaters are employed to dry and superheat the steam between 

the high and low pressure turbine cylinders for each unit. A single-pass, 

deaerating surface condenser installed in two sections, two 100% capacity steam 

jet air ejectors, three 50% capacity condensate pumps, two 50% capacity steam 

generator feedwater pumps, two auxiliary feedwater pumps, and six stages of 

feedwater heating are provided. 
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c. Electrical Systems 

The main generator for each unit is an 1,800 rpm, 22 kv, 3 phase, 60 cycle, 

hydrogen inner-cooled unit. A main step-up transformer delivers power to the 

high voltage switchyard. 

The Station Service System for each unit consists of auxiliary transformers, 

4160 volt and 480 volt switchgear and busses, 480 volt motor control centers, 

115 a-c volt vital bus, and 125 d-c volt batteries and equipment. The normal 

source of station service power is obtained from the main generator, and 

standby sources serving both units are available from the high voltage sub

station. 

Emergency power is supplied by alternate sources, including one emergency 

diesel-driven generator for each unit and a third diesel-driven generator 

shared by both units. Each diesel driven generator is capable of operating 

post-incident containment recirculation spray pumps as well as charging 

pumps and low head safety injection pumps and other equipment essential in an 

emergency to ensure an acceptable containment pressure transient during design 

basis accidents. 



C. Environment of the Area 

1. Land Systems 

a. Natural Aspects 

(1) Geographic and Topographic 

(a) Site Area 
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The location of the Surry Power Station is in Surry County, Virginia, on a 

point of land called Gravel Neck which juts into the,James River from the south. 

The site comprises 840 acres south of and adjacent to the Hog Island State 

Waterfowl Refuge and is bordered by the James River on either side of the 

peninsula. The coordinates are approximately 76°42' W, and 37°10' N. The 

Atlantic Ocean lies some 40 miles east of the site. Figure I.A-2 above shows 

the site and the general topography over an area to a radius of about 50 miles. 

Greater detail of site topography is shown in Figure I.C.1-1. 

The ground surface at the site is generally flat, with steep banks sloping down 

to the river and to the low level waterfowl refuge. Preconstruction elevations 

within the site boundaries ranged fFom river level to a maximum of 39 ft with 

a mean elevation of approximately +34 feet. Station ground grade has been 

established at an elevation of 26.5 feet above the USC&GS mean sea level datum 

at Hampton Roads, Virginia. Beyond the site boundaries, maximum land elevations 

within a 5 mile radius are generally in the range of 40 to 60 feet. Further away, 

the countryside is gently rolling, with few land elevations in excess of 200 feet 

within 50 miles. Much of the region is characterized by marshes, extensive 

swamps, small streams, and pocosins. Water tables are very near to the surface 

throughout the entire area, accounting for the large amount of surface waters. 
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Drainage throughout the area is toward Hampton Roads, on the Atlantic Ocean 

and near the mouth of the Chesapeake Bay. 

(b) Surry Region 

Surry County, in which the Surry Station is located, was formed in 1652 from 

James City County, the county where Jamestown, the first permanent English 

settlement, is located. Surry was named for Surrey County in England, although 

the "e" was dropped in the spelling of the American county. Surry lies just 

across the James River from Jamestown and was explored and settled early by 

the colonists. In 1609 Captain John Smith built a fort, Smith's Fort, on 

Gray's Creek, just north of the town of Surry. By 1623 there were 64 settlers 

living in Surry County - 31 of these were living on Hog Island. 

Surry County, whose topography is representative of that of the whole Tidewater 

region, lies in the Coastal Plain bordering .the James River. Its area consists 

of 280 square miles of land (179,200 acres) and 26 square miles of inland water. 

The surface is gently rolling or quite level, with some high points that rise 

about 93 feet above sea level in the eastern part of the county and about 120 

feet in the western part of the county. Temperature averages 41° in January, 

78° in July. Precipitation amounts to about 46 inches annually and is well 

distribut~d. About 76 percent of the land area is wooded, and production of 

pulpwood and lumber is an important business in Surry. Marl, clay, sand, and 

gravel are the only significant mineral resources. There are no significant 

mineral resources at the site. 

Beyond the northern boundary of the site on Gravel Neck is Hog Island Waterfowl 

Refuge, a 4,285 acre tract on the James River set aside as a winter home for 

Canadian geese and other migratory fowl. On Blackwater River, northeast of 
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Dendron is the Heron Rookery Natural Area, a new sanctuary, recently donated to 

the State as a heron preserve. 

The James River, which provides cooling water for Surry Power Station, comes 

together with the Nansemond and Elizabeth Rivers 25 miles downstream to form 

that part of Chesapeake Bay known as Hampton Roads. The Atlantic Ocean is some 

40 miles east of the site. The James River drainage basin above the station is 

9,517 square miles, contained wholly within Virginia. 

The climate of the area is a modified marine variety, primarily due to the 

proximity of the Atlantic Ocean and Chesapeake Bay. Winters are mild and short; 

spring and fall are usually very comfortable and summers are long, hot and humid, 

frequently tempered by cool periods associated with east and north-east winds 

off the Atlantic Ocean. 

The area around the site receives a total annual average rainfall of approximately 

46.0 inches. Tropical and subtropical storms frequently travel northward along 

the Atlantic Coast and 15 hurricanes or tropical storms were experienced during 

the period 1871 through 1963. Snowfall is scarce and dissipates rapidly 

because of relatively warm winter temperatures. 

(2) Geologic 

East of the Blue Ridge, Virginia may be divided into two broad physiographic 

units, the Piedmont Province and the Coastal Plain Province. 

The Piedmont is essentially a bedrock plateau. Surface deposits are primarily 
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residual soils derived from weathering of underlying bedrocks which are 

basically a complex of meta-sediments of pre~cambrian and early Paleozoic age, 

with some areas of sedimentary and igneous rocks of Triassic age. 

The boundary between the Piedmont and Coastal Plain Provinces, termed the Fall 

Line, extends from New Jersey to Alabama and passes through Richmond and Peters

burg. Slow regional downwarping along the axis of the Fall Line began in early 

Cretaceous time, about 120 million years ago, and continued through Tertiary 

time. 

South and east of the Fall Line, the Piedmont surface was depressed to a gentle 

downward slope until at Cape Henry it is about 2,800 feet below sea level. 

This downwarped surface formed a base on which Cretaceous and later sediments 

have been deposited in a general wedge-shaped mass, with individual members 

also being wedge-shaped and thickening toward the southeast. Based on regional 

data, these sediments are undeformed. They show no evidence of metamorphism 

and even the earliest are still essentially clays and sands. All available 

evidence indicates that, since early Cretaceous time, the crystalline basement 

beneath the Coastal Plain has been tectonically dormant. No faults are known 

or suspected on the site or in the vicinity of the site. 

The surface of the Coastal Plain slopes gently in an east to southeast direction 

from about El. +200 at the Fall Line to sea level at the coast and thence out 

under the ocean. The slope is not uniform, but is characterized by essentially 

flat areas separated by gentle slopes of a few degrees which are termed scarps. 

The average slope in the region of the site is about 1.5 ft per mile. 
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During the progressive downwarping of the crystalline basement of the Coastal 

Plain, various portions of the area were above, at, or below sea level, with 

alternating periods of marine and continental deposition occurring. A columnar 

geologic section for the site area is shown on Figure I.C.1-2. 

The morphologic boundaries of Gravel Neck are the James River on the west, north 

and east sides, and the Chippokes scarp to the south. This scarp is about five 

miles long, lies in a southeast-northwest direction, is 45 to 50 feet in 

height, and has a surface sloping downward toward the northeast at about 3 degrees. 

In the site area, surface deposits are sediments of the Norfolk Estuarine Forma

tion of the Pleistocene age, extending to depths of about 50 to 80 ft. The 

upper 20 to 35 feet of the Norfolk Formation consists of layers of brown and 

mottled brown sand, silty sand, organic and inorganic silts and clay. Inter

spersed are thin lenses of iron oxide cemented sands. The lower part of the 

formation consists of layers of gray sand, silty sand~ and organic and inorganic 

silts and clays, many of which contain decayed vegetation and shell fragments. 

These most probably were deposited under estuarine, lagoonal and swamp conditions. 

The Norfolk Formation unconformably overlies the Chesapeake Group of Miocene 

age. Upper Miocene, Pliocene and early Pleistocene deposits, which may have 

existed, have been removed by erosion. Within the site area, the surface of 

the Miocene sediments, estimated to be 240 ft thick, are found at elevation 

varying from 16 to 47 ft below mean sea level. 
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The Chesapeake Group (Miocene age) in the site area consists of compact, very 

stiff, tough clays green to dark gray in color, with occasional compact sand 

and silt members. Shell fragments are conunon. These soils are strong and 

stable with moderate to high shearing strengths. Underlying the Miocene 

sediments are Eocene, Paleocene, and Cretaceous sediments. These are estimated 

to be about 45, 55, and 800 feet thick, respectively, based on wells drilled 

in the general area. From seismic investigations about two miles southeast of 

the site, crystalline bedrock is estimated to be at a depth of about 1,300 ft. 

The above analysis has been obtained through combined effort of Stone & Webster 

Engineering Company and Dames & Moore, Consultants in the Earth Sciences. 

Relative to site suitability for Applicant's use, Dames & Moore have considered 

the following: 

"a. The Coastal Plain sediments at and in the vicinity of the site 

are undeformed. The younger strata in the stratigraphic section 

occur in simple layered sequence. 

b. No fault is known or suspected at the site. 

c. The Miocene sediments at the site will provide adequate foundation 

support for the proposed facilities. 

d. The geologic conditions at and in the vicinity of the site are 

satisfactory for the construction of the proposed facilities." 

In addition to these general investigations, Applicant has also established 

locations of natural radioactivity sources in the area. Routine water samples 

have been taken from the James River in the area of the station, where the 

river water is brackish. Basic sulfide and carbonate precipitation methods 
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were used to analyze the water instead of simply boiling the water to dryness 

and counting the residue. During mid-1968, a sample from Cobham Bay had a 

carbonate activity of 20 pCi/liter. This was greater than other samples taken 

from the river. 

To investigate possible causes, the beaches along Cobham Bay were explored. 

There are numerous locations where the high banks along the river have been 

wasted away, exposing outcroppings of the Yorktown formation which date from 

the Miocene Epoch (approximately more than 12 million years old). It seems 

that wherever the outcroppings exist, strata of a black, heavy, sand-like 

material are very abundant on the beaches in formations up to about one inch 

thick and several feet wide. Several samples of the black sand were taken 

and in addition, numerous fossilized whale bones which were also found in the 

area were taken. Gamma spectral analysis by Vepco indicated a relatively 

high Thorium-232 content in the black sand and a relatively high Uranium-238 

content in the fossils. 

In early 1969 a representative of Froehling and Robertson, Inc., of Richmond, 

Virginia took six (6) samples of the black sand and sent them to International 

Chemical and Nuclear Corporation for an analysis. The existence of Thorium-232 

and its decay daughters was confirmed. 

During the early part of 1969 a majority of the beaches along the James were 

explored in an effort to determine the extent of the black sand deposits. 

Deposits were found scattered all along the southern shore of Cobham Bay. 

Locations were also found at outcroppings on Burwell's Bay south of Hog Island. 

In addition, deposits were found on the north shore of the James, near Camp 
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Wallace, which is northeast of the station site. 

In June 1969, a representative of the Bureau of Radiological Health, Depart

ment of Health, Commonwealth of Virginia was shown the deposits on Cobham Bay~ 

Since the sample of Cobham Bay water of 1968, other grab samples have varied 

from non-detectable limits up to 49 pCi/liter, with the majority below 10 pCi/liter. 

(3) Seismologic 

(a) Tectonics 

The site is located in the Coastal Plain Physiographic Province. In Virginia, 

the province is bounded on the east by the Atlantic Ocean and on the west by 

the Fall Line and the Piedmont Physiographic Province. The crystalline basement 

rock crops out near the Fall Zone about 50 miles west of the site. From the 

Fall Zone, the basement surface slopes geritly to the southeast and is overlain 

by Cretaceous and Tertiary sediments which are about 1,300 feet in thickness 

at the site. 

The Coastal Plain sediments effectively mask the crystalline basement rock so 

that no faulting can be identified in the area. However, the available 

regional data and the geologic studies at the site indicate that the overlying 

Cretaceous and Tertiary sediments are essentially undeformed in the site area. 

The absence of folding and faulting in the exposed sedimentary strata of the 

Coastal Plain in the vicinity of the site indicates that any displacements along 

possible unknown faults have been negligible. 

The closest known fault systems are found in the rocks of the Piedmont Province 

in central Virginia about 50 miles west of the site. The rocks of the Piedmont 
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Province generally consist of igneous and metamorphic materials of Precambrian 

and early Paleozoic age. Smaller areas of sedimentary and igneous rocks of 

Triassic age have also been mapped. 

The geologic history of the Piedmont Province is complex. Major tectonic 

activity has occurred in the distant geologic past and many zones of major 

faulting have been identified. However, geologists believe there has been no 

significant orogenic activity since mid-Mesozoic Time, approximately 140,000,000 

years ago. Most of the minor earthquake activity near the site can be related 

to known faulting in the Piedmont. 

A possible fault was at one time postulated, trending northwest-southeast in 

the basement rock beneath the James River. This postulation is based upon 

anomalies in the contour of the base of Miocene sediments in the area. The 

data supporting this postulation are extremely limited and there are other 

probable reasons for the anomalies in the base of the Miocene, such as erosion 

of the surface on which the deposits were laid down. The thickening of the 

Eocene deposits, on,which this postulation was made, has now been disproven 

and this postulated fault may be discounted. 

(b) Seismicity 

The site is situated in a region which has experienced only infrequent minor 

earthquake activity. The closest major earthquakes to the site, the Charleston 

earthquakes of 1886, (with a maximum epicentral intensity of IX), had their 

epicenters about 350 miles southwest of the site.* No shock within 50 miles 

*All intensity values in this report refer to the Modified Mercalli Scale as 
abridged in 1956 by Richter. The intensity scale is a means of indicating the 
relative size of an earthquake in terms of its perceptible effects. 
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of the site has ever been large enough to cause structural damage. Since 

the region has been populated for over 300 years, it is probable that any 

earthquake of moderate intensity, VI or greater, would have been reported 

during this period. It is very likely that all earthquakes with intensities 

of V or greater within the last 200 years have been reported. 

Most of the nearer recorded earthquakes in the region have occurred in the 

Piedmont Province, west of the Fall Zone. The closest approach of the Fall 

Zone to the site is about 50 miles. These shocks.are generally related to 

known faults in the Piedmont rocks. Several shocks have occurred in the 

Richmond, Virginia area, which is on the Fall Zone. This activity along the 

Fall Zone is consistent with similar occurrences both to the north and south of 

the site area. An earthquake which occurred near Richmond, Virginia, in 1875, 

is the largest reported earthquake within 100 miles of the proposed station. 

It is not possible to locate precisely the epicenter of this shock with the 

limited data available, but it is probable that the earthquake occurred just 

to the southwest of Richmond. It may be associated with some of the intrusions. 

along the James River or the Triassic-Age Richmond basin. Based on the available 

damage reports and the area of perceptibility, we estimate that the epicentral 

.. intensity was about VI or VII. This shock was felt throughout most of Virginia 

and North Carolina. The main shock and an aftershock the following day were 

felt at Williamsburg, less than 10 miles from the site. 

There have been some reported earthquakes in the Coastal Plain Province. 

These shocks are probably related to unidentified faulting deep in the basement. 

rock beneath the Co.astal Plain sediments. Most of these reported shocks were 

minor. However, there have been several moderate to large shocks.with epicenters 
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in the Coastal Plain, the largest of which was one of the Charleston, South 

Carolina earthquakes in 1886. We estimate the magnitude* "m" of the largest 

shock was about VII. The intensity of this shock in the region of the Surry 

site was about V or VI. This earthquake was most·likely related to faulting 

in the basement rock near Charleston. 

Another significant series of earthquakes in the Coastal Plain occurred near 

the northern New Jersey coast about 250 miles northeast of the Surry site in 

1927. The maximum reported epicentral intensity of these earthquakes was 

VII. Three shocks were felt over an area of about 3,000 square miles from 

Sandy Hook to Toms River, New Jersey. Highest intensities were felt from 

Asbury Park to Long Branch, where several chimneys fell, plaster cracked, and 

articles were thrown from shelves. This shock has not been related to any known 

geologic feature, although there is some suggestion that they could be related 

to possible geologic structure associated with the Hudson River Valley to the 

north. 

There have been small shocks in the Coastal Plain closer to the site. Few of 

these earthquakes caused any structural damage, and they are of interest only 

in that they iadicate the possible presence of unidentified faulting in the 

basement rock beneath the Coastal Plain. 

The closest reported earthquakes co the site were two small shocks, felt only 

at Suffolk, Virginia, on April 19, 1918. It is possible that these shocks were 

not of tectonic origin; however, if they were valid earthquakes, they could 

*Earthquake magnitudes in this section, designated by "m", refer to the 
magnitude scale developed by Richter. The magnitude scale is a means of indi
cating the size of an earthquake in terms of its total energy release. 
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indicate the presence of minor faulting in the basement rock close to the 

site. The locations of these and other earthquakes in the region surrounding 

the site are shown in Figure I.C.1-3. 

(c) Ground Acceleration 

From the above discussion, it is apparent that the site is in a region of 

infrequent and minor seismic activity. It is estimated that its maximum 

horizontal particle acceleration at planned foundation levels at the site from 

the Design Basis Earthquake would be no more than about 15% of gravity. Vertical 

acceleration is assumed to be 2/3 of the horizontal value, acting simultaneously. 

The design basis analysis for determination of the above values is given in 

Chapter 2.5 of the FSAR. 

Applicant has considered several associated effects. They include soil 

conditions, liquefaction potential, piling requirements for structure support, 

relative displacements, and stability of slopes and banks. A discussion of 

each is contained in Chapter 2 of the FSAR. 

(4) Inventory of Natural Flora 

Various shoreline segments of the Surry Power Station site consist of tidal 

marshes. Lower portions of the marshes, areas affected by normal tidal 

inundations, are discussed elsewhere in this report. In the higher, fresher, 

and less watery portions of these marshes, marsh elder (Iva frutescens), as well 

as the groundsel tree (Baccharis halimifolia) and the partridge pea (Cassia 

fasciculata), two flowering tracheophytes, are common, along with bush clover 

(Lespedeza capitata) above the shorter grasses and shrubs. 
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Wax myrtle (Myrica cerifera) and buttonwood (Cephalanthus occidentalis) grade 

into pine and softwood forests on the higher inlands; occasionally they line 

the shore itself. (Wass, M. L. and Wright, T. D., Coastal Wetlands Ei_ Virginia, 

Virginia Institute of Marine Science, Gloucester Point, Virginia, December, 1969). 

The general woodland type for the entire region and, more specifically, for 

the site of the Surry Power Station, is mixed pine and hardwood. The pine is 

predominantly loblolly (Pinus tae<la) with a scattering of Virginia pine (Pinus 

virginiana) and shortleaf pine (Pinus echinata). White oak (Quercus alba) and 

post oak (Quercus stellata) constitute the bulk of the hardwood population, 

along with the red oak (Quercus rubra) and scarlet oak (Quercus coccinea). 

Completing the bulk of the biomass on the site, other merchantable species 

are hickory (Carya sp.), black gum (Nyssa sylvatica), red gum (Liquidambar 

styracilua), and red maple (Acer rubrum). 

The primary understory species consist of dogwood (Cornus florida), sourwood 

(Oxydendrum arboreum), farkleberry (Vaccinium arboreum), and the American 

holly (Ilex opaca). Noteworthy is an individual I. opaca, 40 feet tall with 

a circumference of 10.5 feet, that was found on the southern edge of the Hog 

Island Wildlife Preserve property. This is believed to be the largest example 

of this species east of the Mississippi River. Particular care has been taken 

by the State to preserve this specimen although it is in an advanced stage 

of decay from insect infestation. 

In a preliminary survey of the property before constructuion was begun, an 

interesting observation was made. Yellow poplar (Liriodendron tulipifera) and 

honeysuckle (Lonicera japonica), which are generally prevalent in the understory 
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fauna of the Coastal Plain of Virginia, were almost nonexistent on this 

particular tract of land. 

In nearby areas such as on the Chippokes Plantation site, cypress-gum swamps 

occur. They are characterized by growths of red cedar (Juniperus virginiana), 

black gum (Nyssa sylvatica), red ash (Fraxinus pensylvanica), and elm (Ulmus sp.). 

Along the river, in certain areas, one may see cypress (Taxodium distichum) 

growing abundantly at the water's edge. 

(5) Inventory of Natural Fauna 

(a) Birds 

The inunediate area surrounding the Surry Power Station site is composed of a 

variety of different avian habitats including tidal brackish marshes, non-tidal 

freshwater marshes, swamps, pine and softwood forests, hardwood forests, and 

cleared and fallowed fields. The overall region is located on the Atlantic 

Flyway, a north-south migratory bird route. This highly productive area, 

especially the Hog Island Wildlife Preserve, supports a diverse and stable 

resident and migratory avian population. 

The Virginia game, inland fish, and dog Code (Virginia Code Titles X and 

XXIX) defines the area's non-migratory game birds as the grouse, bobwhite, 

pheasant, and wild turkey. Migratory game birds are identified as the dove, 

duck, brant, goose, swan, coot, gallinule, sora and other rails, plover, snipe, 

woodcock and yellowleg (Reprinted Articles from "Virginia Wildlife", May 1960. 

"Virginia's Game Birds", Virginia Commission of Game and Inland Fisheries, 

Richmond, Virginia) . 
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The following Table I.C.1-1 is an annotated list of common names of birds that 

have been recorded in the area or whose known range includes the area surrounding 

the Surry Power Station site: (Murray, Joseph James, A Checklist~ the Birds 

of Virginia. Virginia Society of Ornithology. 1952) 

Greater Common Loon 
Holboell's Red-necked Grebe 
Northern Pied-billed Grebe 
Gannet 
Northern Great Blue Heron 
Common Snowy Egret 
Little Blue Heron 
Black-crowned Night Heron 
Eastern Least Bittern 
Whistling Swan 
American Brant 
Blue Goose 
Black Duck 
American Pintail 
Blue-winged Teal 
Shoveler 
Redhead 
Canvasback 
Lesser Scaup Duck 
Oldsquaw 
Surf Scooter 
Northern Ruddy Duck 
Lesser Red-breasted Merganser 
Black Vulture 
Northern Red-shouldered Hawk 
American Marsh Hawk 
American Peregrine Falcon 
Eastern Pigeon Hawk 
Eastern Bob White 
Northern King Rail 
Sora 
Eastern American Oystercatcher 
Eastern Piping Plover 
Black-bellied Plover 
Wilson's Common Snipe 
Eastern Solitary Sandpiper 
Western Willet 
Greater Yellowlegs 
American Know 

TABLE I. C .1-1 

Least Sandpiper 
Sanderling 
American Herring Gull 
Laughing Full 
Forster's Tern 
Eastern Least Tern 
Cooper's Hawk 
Eastern Dowitcher 
Semipalmated Sandpiper 
Red-throated Loon 
Horned Grebe 
Atlantic Wilson's Petiel 
Northern Double-crested Cornorant 
American Common Egret 
Louisiana Tricolored Heron 
Eastern Green Heron 
American Bittern 
Wood Ibis 
Canada Goose 
Greater Snow Goose 
Common Mallard 
Gadwall 
Green-winged Teal 
American Widgeon 
Wood Duck 
Ring-necked Duck 
American Greater Scaup Duck 
Bufflehead 
Eastern White-winged Scooter 
American Black Scooter 
American Common Merganser 
Eastern Turkey Vulture 
Northern Sharp-shinned Hawk 
Eastern Red-tailed Hawk 
Southern Bald Eagle 
American Osprey 
Northern Sparrow Hawk 
Eastern Wild Turkey 
Northern Virginia Rail 
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TABLE I.C.1-1 (Cont'd) 

Northern American Coot 
Semipalmated Ringed Plover 
Northern Killdeer 
American Woodcock 
Spotted Sandpiper 
Red-backed Dunlin 
Stilt Sandpiper 
Western Sandpiper 
Great Black-backed Gull 
Ring-billed Gull 
Bonaparte's Gull 
Northern Common Tern 
Caspian Tern 
Common Dovekie 
Eastern Mourning Dove 
North American Barn Owl 
Eastern Horned Owl 
Northern Short-eared Owl 
Eastern Whip-Poor-Will 
Chimney Swift 
Eastern Belted Kingfisher 
Southern Pileated Woodpecker 
Southern Hairy Woodpecker 
Eastern Kingbird 
Eastern Phoebe 
Eastern Wood Pewee 
Tree Swallow 
American Barn Swallow 
Northern Common Raven 
Fish Crow 
Tufted Titmouse 
Eastern Brown Creeper 
Northern Carolina Wren 
Wayne's Marsh Wren 
Eastern Mockingbird 
Eastern Br.own Thrasher 
Wood Thrush 
Olive-backed Swainson's Thrush 
Eastern Blue-Gray Gnatcatcher 
Eastern Ruby-crowned Kinglet 
Northern White-eyed Vireo 
Southern Parula Warbler 
Northern Black-throated Blue Warbler 
Eastern Yellow-throated Warbler 
Northern Prairie Warbler 
Eastern Ovenbird 
Maryland Yellowthroat 
Hooded Warbler 
European House Sparrow 
Eastern Common Meadowlark 
Orchard Oriole 
Purple Crow-blackbird 

Florida Crow-blackbird 
Eastern Cardinal 
Indigo Bunting 
Eastern Red Crossbill 
Ipswich Sparrow 
Eastern Grasshopper Sparrow 
Northern Seaside Sparrow 
Eastern Chipping Sparrow 
Eastern Fox Sparrow 
American Royal Tern 
American Black Tern 
Northern Black Skimmer 
Rock Dove 
Eastern Yellow-billed Cuckoo 
Southern Screech Owl 
Northern Barred Owl 
Chuck-Will's Widow 
Ea.stern Common Nighthawk 
Ruby-throated Hummingbird 
Yellow-shafted Flicker 
Eastern Red-bellied Woodpecker 
Southern Downy Woodpecker 
Northern Great-crested Flycatcher 
Acadian Flycatcher 
Prairie Horned Lark 
Common Bank Swallow 
Northern Purple Martin 
Northern Blue Jay 
Eastern Common Crow 
Southern Carolina Chickadee 
Northern Brown-headed Nuthatch 
Eastern House Wren 
Long-billed Marsh Wren 
Catbird 
Eastern Robin 
Eastern Hermit Thrush 
Eastern Common Bluebird 
Eastern Golden-crowned Kinglet 
Gammon Starling 
Prothonotary Warbler 
Eastern Yellow Warbler 
Eastern Myrtle Warbler 
Northern Pine Warbler 
Western Palm Warbler 
Louisiana Waterthrush 
Eastern Yellow-breasted Chat 
Southern American Redstart 
Bobolink 
Red-wing Blackbird 
Rusty Blackbird 
Eastern Common Cowbird 
Eastern Blue Grosbeak 



TABLE I.C.1-1 (Cont'd) 

Eastern American Goldfinch 
Red-eyed Eastern Towhee 
Eastern Savannah Sparrow 
Labrador Savannah Sparrow 
Sharp-tailed Sparrow 
Northern Slate-colored Junco 

Eastern Song Sparrow 
Mississippi Song Sparrow 
Atlantic Song Sparrow 
White-throated Sparrow 
Southern Swamp Sparrow 
Eastern Snow Bunting 
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The Department of the Interior, Bureau of Sport Fisheries and Wildlife has 

compiled a list of 101 species and subspecies of wildlife in the United States 

that are now threatened with extinction. There are 50 species of birds on 

that list, of which two occur in the area of the Surry Power Station. One 

species is the Southern bald eagle, Haliaeetus leucocephalus leucocephalus. 

It is of interest to note that a pair of bald eagles nested and reportedly 

hatched young on the Hog Island Wildlife Preserve in the spring of 1969. In 

the fall of 1971, two adults were still present on Hog Island. The other 

species is the American Peregrine Falcon, Falco peregrinus anatum. (Rives, 

W. C., 1890, ! Catalog~ the Birds~ the Virginias. Proc. Newport Nat. Hist. 

Soc., Doc. VII, Newport, R. I. lOOp.) Occupied nests were found near Cape 

Henry in 1946 (Auk, Vol. 63, p. 592). Described as "not unconunon on the 

Eastern Shore", there are four records of occurrences at Richmond with probable 

occurrences at sites between Richmond and the Eastern Shore. 

(b) Amphibians 

Amphibians, smallest in number of the five major classes of vertebrates, are 

intermediate in many characteristics between fish and reptiles; indeed, most 

amphibians must return to the water to reproduce. Because of the many brackish 
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and freshwater swamps and marshes in the area surrounding the Surry Power 

Station, amphibians abound, with frogs and toads by far the most prolific. 

The following Table I.C.1-2 is an annotated list of amphibians which have been 

recorded or whose range is in the area of Gravel Neck, Surry County, Virginia 

(Reprinted Article from "Virginia Wildlife", September, 1959. "A Checklist of 

Virginia's Mammals, Birds, Reptiles, and Amphibians", Virginia Commission of 

Game and Inland Fisheries, Richmond, Virginia). 

TABLE I. C .1-2 

Hellbender (Cryptobranchus alleganiensis alleganieniis) 
Mudpuppy (Necturus maculosus) 
Dwarf Waterdog (Necturus punctatus) 
Greater Siren (Siren lacertina) 
Two-toed Amphiuma (Amphiuma means) 
Marbled Salamander (Ambystoma opacum) 
Spotted Salamander (Ambystoma maculatum) 
Red-spotted Newt (Notophthalmus viridescens viridescens) 
Northern Dusky Salamander (Desmognathus fuscus fuscus) 
Southern Dusky Salamander (Desmongnathus auriculatus) 
Red-backed Salamander (Plethodon cinereus cinereus) 
Slimy Salamander (Plethodon glutinosus glutinosus) 
Wehrle's Salamander (Plethodon wehrlei) 
Four-toed Salamander (Hemidactylium scutatum) 
Many-lined Salamander (Stereochilus marginatus) 
Eastern Mud Salamander (Pseudotriton montanus montanus) 
Northern two-lined Salamander (Eurycea bislineata bislineata) 
Three-lined Salamander (Eurycea longicauds guttolineata) 
Eastern Spadefoot (Scaphiopus holbrooki) 
Southern Cricket Frog (Acris gryllus gryllus) 
Green Tree Frog (Hyla cinerea cinerea) 
Pine Woods Tree Frog (Hyla femoralis) 
Squirrel Tree Frog (Hyla squirrella) 
Northern Spring Peeper (Hyla crucifer crucifer) 
Little Grass Frog (Hyla ocularis) 
Upland Chorus Frog ~udacris triseriata feriarum) 
Brirnley's Chorus Frog (Pseudacris brimleyi 
Eastern Narrow-mouthed Toad (Gastrophyryne carolinensis) 
Bullfrog (Rana catesbeiana) 
Carpenter Frog (Rana virgatipes) 
Green Frog (Rana~mitans melanota) 
Southern Leopard Frog (Rana sphenocephala) 
Pickeral Frog (Rana palustris) 
Southern Toad (Bufo terrestris) 

_ __j 
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(c) Reptiles 

While the Age of Reptiles, the Mesozoic Era, ended about seventy million years 

ago, a diverse and hardy population of reptiles still exists. Virginia, and 

specifically the Gravel Neck Area of Surry County, contains habitats for 

representatives of two of the four reptilian orders: the turtles and the 

snakes and lizards. While amphibians are generally dependent upon water for 

at least part of their life cycle, reptiles are almost completely terrestrial 

(realizing, of course, that species such as the snapping turtle and water 

snake are occasional re-entrants to the water). Most reptiles are land 

breeders. 

The following Table I.C.1-3 is an annotated list of reptiles which have been 

recorded in, or whose range includes, the area near the site of Surry Power 

Stati~n (Reprinted Article from "Virginia Wildlife", September, 1959. "A 

Checklist of Virginia's Mammals, Birds, Reptiles, and Amphibians", Virginia 

Commission of Game and Inland Fisheries, Richmond, Virginia). 

Common Snapping Turtle 
Eastern Mud Turtle 
Eastern Box Turtle 
Eastern Painted Turtle 
Red-bellied Turtle 
Six-lined Race Runner 
Five-lined Skink 
Southeastern Five-lined Skink 
Brown Water Snake 
Northern Water Snake 
Glossy Water Snake 
Northern Red-bellied Snake 
Rough Earth Snake 
Eastern Hognose Snake 
Eastern Worm Snake 
Rough Green Snake 
Black Rat Snake 
Eastern King Snake 
Coastal Plain Milk Snake 
Southeastern Scarlet Snake 
Eastern Cottonmouth 
Canebrake Rattlesnake 

TABLE I. C .1-3 

Stinkpot 
Spotted Turtle 
Northern Diamondback Terrapin 
River Cooter 
Northern Fence Lizard 
Ground Skink 
Broad-headed Skink 
Eastern Slender Glass Lizard 
Red-bellied Water Snake 
Queen Snake 
Northern Brown Snake 
Eastern Garter Snake 
Eastern Earth Snake 
Southern Ringneck Snake 
Northern Black Racer 
Corn Snake 
Northern Pine Snake 
Eastern Milk Snake 
Mole Snake 
Northern Copperhead 
Timber Rattlesnake 
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(d) Mammals 

Despite man's dramatic alteration of the land over the last 350 years, the 

mammalian fauna in the immediate area of the Surry Power Station still retains 

its diversity. Most mammals can co-exist naturally with man in the rural 

environment. Important or dangerous species such as the mountain lion 

(Felis concolor couguar), and the timber wolf (Canis lupus lycaon), the· 

American elk (Cervus canadensis), and possibly the bison (Bison bison bison) 

which was never common locally, had all been eradicated from the Virginia 

Coastal Plain by the year 1700. 

Today, the popular index animal is the white-tailed deer (Odocoileus virgin{anus 

virginianus) which is fairly abundant in the area, feeding from the river's shore 

to the lowland swamps and marshes and on to the wooded uplands. The omnivorous 

black bear (Ursus americanus americanus) and the strictly carnivorous bobcat 

(Lynx rufus) are rare game animals which share similar habitats. 

In Virginia, the otter (Lutra canadensis lataxina) is a threatened species 

although it is now making somewhat of a comeback. Partially because of the 

otter, mink (Mustela vison mink), weasel (Mustela frenata noveboracensis), and 

skunk (Memphitis memphitis nigra), the area has a stable rodent population. 

The gray fox (Urocyon cinereoargenteus cinereoargenteus) abounds throughout 

the brush and forest habitats of the area. The red fox (Vulpes fulva) is 

extending its range, quite possibly as far east as southeast Virginia. They 

are important predators, especially in controlling varmints. 
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The opossum (Didelphis virginiana virginiana) occurs nearly everywhere. 

Undaunted by civilization, its habitats range from inland forests to marshes 

and swamps to farms and fields. It is both now and historically one of the 

most prolific mammal species. The opposum shares a similar habitat with the 

popular raccoon (Procyon lotor lotor). 

The family Sciuridae--squirrels--are second only to the rabbit in number killed 

by hunters in the area. The range-extending woodchuck (Marmota monax monax), 

the abundant gray squirrel (Sciurus carolinensis carolinensis) and the common 

southern flying squirrel (Glaucomys volans volans) comprise the family. 

The largest of the North American rodents, the beaver (Castor canadensis 

canadensis) was totally exterminated by man from Surry County in 1895. 

Reintroduced in the 1930's, the beaver has accomplished a spectacular comeback. 

Requiring streams of low gradient with a forested margin, typical of inland 

areas in Surry and nearby counties, the beaver and its dam aid in flood and 

silt control. (Virginia Academy of Science. 11 The James River Basin; Past, 

Present, and Future", Richmond, Virginia, 1950). 

The rabbit is the roost commonly hunted and killed game animal in Virginia. 

Probably more abundant than ever, the eastern cottontail rabbit (Sylvilagus 

floridanus mallurus) is likely now the only species of native rabbit in the 

area. 

No other mammals in the area can equal the rats and mice in number of species 

or in number of individuals. Virtually every terrestrial niche has its 

complement. Comprising three families, rats and mice are the base food, 
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either directly or indirectly, of nearly all predators. Oddly, in this manner 

and because of their role in insect control, the native rats and mice--

family Cricetidae--are beneficial to man, despite certain nuisance habits. 

In all likelihood the white-footed mouse (Peromyscus leucopus leucopus) is the 

most abundant mammal in the region. Other cricetids recorded in the region are 

the rice rat (Oryzomys palustris palustris) which is found in fresh and brackish 

marshes, the golden mouse (Peromyscus nutalli nutalli) of which the James River 

marks the northern boundary of its range, and the meadow mouse (Microtus 

pennsylvanicus nigrans); the pine mouse (Pitymys pinetorum pinetorum) probably 

occurs. Along the water courses and in marshes, the economically important 

muskrat (Ondrata zibethica macrodon) is abundant, being most n~merous in the 

sanctuary-managed tidal marshes such as the Hog Island Wildlife Preserve. 

Little good can be said about the family Muridae, or introduced rats and mice. 

They are of the most unwanted of all mammals. Originally introduced from 

Europe, they live by preference in and about the haunts of mankind. However, 

in many parts, house mice are now established as a permanent part of the fauna 

of forests, fields, and marshes. The black rat (Rattus rattus rattus) may now 

be exterminated due to competition by the house rat. The roof rat (Rattus 

rattus alexandrinus) fared better and exists today in isolated abundance. The 

house rat (Rattus norvegicus) is very abundant in all settled parts of the 

region, as is the house mouse (Mus mustulus). 

Perh~ps the most insignificant· and economically unimportant mammals in the 

region are the jumping mice or Zapodidae. The only local species is the sparse 

and irregularly distributed meadow jumping mouse (Zapus hudsonius americanus). 

Feeding solely on weed seeds and green vegetation, it is the only area mouse 
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which truly hibernates in winter. 

The rarely seen moles conunonly occur throughout the region. Chiefly represented 

by the conunon mole (Scalopus aquaticus aquaticus), the very rare star-nosed 

mole (Condylura cristata cristata) may also be found. Nearly completely 

subterranean manunals, they are ecologically valuable as insect eaters and 

soil aerators. 

Shrews are one of the few manunal groups which can be said to be wholly beneficial 

to man. An insectivorous species, they feed primarily on beetles and grubs 

found in decaying vegetative matter. Three species may be fqund locally; the 

long-nosed shrew (Sorex longirostris longirostris) which is relatively unconunon, 

the least shrew (Cryptotis parva parva) which is relatively conunon, and the 

short-tailed shrew (Blarina brevicauda) which, in a defined habitat, may 

outnumber even the mice. 

Bats, the nocturnal flying manunals, are strictly insect predators. With few 

natural enemies, the presence of man has probably enhanced the numbers and 

range of bats. Six species conunonly occur in the region. The little known 

brown bat (Myotis lucifugus lucifugus) and the long-eared bat (Myotis keenii 

septentrionalis) are similar appearing bats preferring natural or man-made 

structures for roosts. The silver-haired bat (Lasionycteris noctivagans) which 

is a migratory species, probably occurs briefly locally. The evening bat 

(Nycticeius humeralis) is a sparse inhabitant, preferring hollow trees to 

roost. The pipistrelle (Pipistrellus subflavus subflavus), a conunon species, 

prefers roosts similar to Myotis. The most abundant and widespread bat is 

the red bat (Lasiurus borealis borealis), a migratory species, which occurs 
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in summer only and roosts under the concealment of leaves and trees and shrubs. 

(e) Insects 

Invertebrates by far surpass the vertebrates in numbers and diversity; arthropods, 

and especially insects, are unquestionably the most prolific. Many insect 

populations have been enhanced by man. Consequently, certain insects are 

regarded contemptuously as pests and carriers of disease. The common black 

widow spider (Latrodectus mactans), an arachnid, not a true insect, is the 

only arthropod lethal~~' to man that is actually recorded for the area. 

Another venomus spider with lethal capabilities, the brown recluse spider 

(Loxosceles reclusa), is presently extending its range and may occur in the 

area. 

The class Arachnida contains spiders, ticks, and mites among others. With 

the above exceptions, spiders are generally beneficial; they abound in the 

marshes, fields, and forests, and through the buildings in the area. Ticks 

are disease carriers, notably of spotted fever. Several species occur 

abundantly. Chiggers (Eutrombicula alfreddugesi), a mite, abound in the 

underbrush. 

Insects, in one manner or another, inhabit virtually every niche imaginable 

in the area. Several important orders include such insects as springtails 

(Collembola), silverfish (Thysanura), dragonflies (Odonata), cicadas and aphids 

(Hemiptera), beetles (Coleoptera), fleas (Siphonaptera), true flies and 

mosquitoes (Diptera), moths and butterflies (Lepidoptera), grasshoppers, crickets, 

cockroaches, termites and mantids (Orthoptera), wasps, bees, ants (Hymenoptera), 
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and three separate orders of lice (Barror, D. J. and White, R. E., A Field 

Guide !9._ the Insects of America North£!_ Mexico, Houghton, Mifflin Co., 

Boston, 1970). 

Of all the arthropods, and insects particularly, only a relatively few are 

deleterious to man. On Gravel Neck, perhaps the greatest insect pest is the 

mosquito. With over thirty species known in Virginia, at least two species 

(Aedes sollicitans and Aedes taeniorhynchus) are salt marsh breeders. 

A variety of flies, notorious pests and disease carriers, occur; the common 

housefly (Musca domestica) constitutes about 90% of all flies that enter 

houses. Sand flies (Culicoides sp.), black flies (family Simuliidae), horse 

flies (family Tabanidae), marsh flies (family Sciomyzidae), and others are 

notoriously bothersome. 

Three species of ticks are important pests of man and animals in the area: 

The American dog tick or wood tick (Dermacentor variabilis), the transmitter 

of spotted fever; the brown dog tick (Rhipicephalus sanquinius), and the 

lone star tick (Amblyomma americanum). 

There are three important species of cockroaches in the area; the American 

cockroach (Periplaneta americana), German cockroach (Blattella germanica), and 

the oriental cockroach (Blatta orientalis). 

The above are but a few of the more important and economically significant 

arthropods. Others, of course, are the bees, wasps, etc. with their role 

pollination, and the destructive grasshoppers, aphids, and termites. The 
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larval stages of many moths and butterflies are tremendously destructive in 

the area. Many beetles are important factors in wood and tree destruction 

and decay. 

Arthropods are vital participants in ecological cycles. They are a base and 

staple diet for many vertebrates. They are vital in plant reproduction and 

most exist benevolently and congruously with man. 

Other invertebrates beside arthropods are significant terrestrial animals. 

Many of the lower, unsegmented worms exist, primarily in moist areas, although 

some are parasites. Snails and slugs (class Gastropoda) are'common inhabitants. 

Annelids are represented by three-classes: (Polychea.ta) - the tube worms; 

(Oligochaeta) - earthworms; and (Hirudinea) - leeches. 

(6) Overall Terrestrial Ecological Balance 

The land area surrounding the site of the Surry Power Station, with its 

diversity of flora and fauna, is typical of most areas in Coastal Plain 

Virginia. The overall ecological balance of the terrestrial system appears 

to be based on sound environmental relationships between flora and fauna and, 

hence, is good. An incident of overpopulation which was brought naturally 

back into balance will illustrate the point. Deer in recent years had surged 

dramatically in number; then, in the late summer of 1971, an epizootic caused 

by a virus killed about 35 deer in an overpopulated area of James City County 

across the river from the Surry site. Similar epizootics also occurred about 

the same time in other areas of Virginia and North Carolina. 

b. Human Uses of Land Systems 

(1) Population Patterns 

(a) Permanent Population Densities 

The population center nearest to the Surry Power Station is the city-county of 
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Newport News, whose nearest point is 4.7 miles southeast of the site boundary. 

Table I.C.1-4 below lists all the population centers of 25,000 population or 

greater within 50 miles from the site: 

Population 
Center 

Norfolk 

Richmond 

Virginia Beach 

Newport.News 

Hampton 

Portsmouth 

Chesapeake 

Petersburg 

TABLE I. C .1-4 

POPULATION CENTERS WITHIN 50 MILES OF SITE 

Direction Distance From 
From Site Center of Site, Miles 

SE 25.0 

NW 46.5 

SE 45.0 

SE 17.0* 

SE 18.5* 

SE 20.0 

SE 45.0 

w 40.0 

*Nearest distance to high population density areas. 

1970 Census 
Population 

307,951 

249,621 

172,106 

138,177 

120,779 

110,963 

89,580 

36,103 

Distribution of the estimated 1966 population, as determined by field checking 

of homes in 16 directional sectors within a five-mile radius of the station 

location, is shown in Figure I.C.1-4. In addition to the population shown in 

this figure, there are approximately 200 summer residents distributed along 

the southern shore of the James River west of the site. 

Figure I.C.1-5 shows the 1960 and the projected 1980 population in eight 
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directional sectors within 50 miles of the station. The 1960 figures are 

based on the 1960 census populations of minor civil divisions and urban areas. 

The projected 1980 populations are based on projections performed by the Virginia 

Outdoor Recreation Study Commission, information provided by the Williamsburg 

Chamber of Commerce, and extrapolation of 1940, 1950, and 1960 census data. 

In 1970 the population of Surry County was 5,882. The State Division of 

Planning and Community Affairs has predicted that the county's population 

will decrease at an average annual rate of 0.5 percent and will reach 

5,600 by 1980.* 

(b) Transient and Military Populations 

Local areas of interest and their distance and direction for the Surry site 

are as follows: 

Jamestown National Historical Park 5 mi WNW 

Jamestown Festival Park 6 1/2 mi WNW 

Colonial Williamsburg 7 1/2 mi NNW 

Yorktown National Historical Park 10 mi ENE 

Fort Eustis 6 mi ESE 

Smith's Fort 6 mi WNW 

Chippokes State Park 3 mi WSW 

Anheuser Busch (projected) Brewery 6 mi N 

*Center Planning District Commission, Toward~ Land Development Plan 
(August 1971), p. 43. 
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According to the Virginia State Travel Service, Jamestown Island National 

Historical Park had an annual attendance of 368,146 in 1968, 433,464 in 1969, 

and 601,824 in 1970. Over the period from 1964-1969 the attendance data 

indicates an average annual growth of 4.3%. Count is taken at the Jamestown 

Entrance of the Colonial Parkway which also carries some local commuter traffic. 

Peak attendance occurs in August with approximately 16% of the annual attendance 

occurring in that month. For purposes of projection to the year 1980 the 

Virginia State Travel Service count is used. 

Jamestown Festival Park, according to the Virginia State Travel Service had 

an annual attendance of 411,158, 407,236 and 423,540 in 1968, 1969, and 1970 

respectively. Peak attendance normally occurs in August with about 18% of the 

annual attendance at this time. 

Colonial Williamsburg (1970 population of 9,036) had paid admissions of 765,716 

in 1968 and 800,847 in 1969, with peak attendance occurring during the month 

of August. Smith's Fort (Rolfe-Warren House) had a 1968 attendance of 2,436 and 

a 1969 attendance of 3,562 for an increase of 46%, and the Surry Information 

Center at the Surry site has drawn 38,655, 40,564, and 49,200 in 1968, 1969, 

and 1970 respectively. This illustrates a marked annual increase since the 

facility was opened in late 1967. 

Figures supplied by the Virginia State Travel Service indicate that Yorktown 

National Historical Park had an annual attendance of 189,563 in 1968 and 196,612 

in 1969. Between 1964 and 1969 the annual attendance shows a growth rate of 

3.5% per year. Yorktown National Historical Park also experiences peak attendance 
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in August of each year with approximately 18% of the annual attendance 

occurring in that month. 

The Virginia State Travel Service has surveyed the attendance of all the above 

tourist attractions since 1961. Since that time attendance at these attractions 

has shown an increase at an annual rate of 5-10% according to that source. 

Attendance figures of the National Park Service on the other hand, would 

indicate that a 5% per year growth is conservative. The attendance at the 

State and National historical and other tourist attractions is displayed on 

Figure I.C.l-6 for the year 1969 and for the year 2000. The year 2000 

attendance figure is arrived at by assuming a 5% annual growth rate in attendance 

which is consistent with the observations of the Virginia State Travel Service 

and the National Park Service. Peak attendance can be reasonably assumed to 

occur in August with about 20% of the annual attendance occuring in that month. 

In addition to the established tourist attractions, the State of Virginia has 

recently opened the Chippokes State Park 3 miles WSW of the Surry site. This 

park when completed will have facilities for camping, swimming, and boating in 

addition to other normal State park facilities. The park was opened in late 

summer of 1970, hence attendance figures are not reliable for estimating annual 

attendance. However, a comparable State park (Seashore State Park at Virginia 

Beach) had 584,000 visitors for the first 10 months of 1970 or an annual 

attendance of slightly less than 700,000. The estimated attendance for the 

Chippokes State Park is included in Figure I.C.1-6. 

The Anheuser Busch Company is constructing a 2,000,000 b.arrel/year brewery 
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six miles from the site on the north side of the James River. Construction 

is to be completed in 1971 and conducted tours are planned starting in 1972. 

Also planned at the brewery site is a Busch Gardens scheduled to open 3-5 years 

after the brewery is completed similar to others the firm has constructed in 

other parts of the country. Combined attendance is expected to eventually 

reach 1,000,000 visitors per year. 

Fort Eustis, located six miles east-southeast of the Surry site has personnel 

assigned to it at the following average strengths: 

Personnel assigned to Fort Eustis 
Dependent wives living on post 
Children and others, living on post 

Total on post 

13,313 
1,500 
3,750 

18,563 

Fort Eustis has in addition, a transient population consisting of students 

stationed temporarily at the training schools and reservists who take annual 

training at the Fort. The maximum transient strengths occur during the summer 

months. Based on data supplied by the Fort Eustis Public Information Office, 

the transient strength from April 24, 1970 to September 4, 1970 was 6,671. 

There are no presently known announced plans to change the manning of the post. 

The future of the Fort and its level of activity are dependent upon several 

factors, primarily the prevailing international military, political and economic 

situations. Therefore, it is not possible to accurately predict its permanent 

or transient population for the year 1980. 

(c) Radiation Requirements and Population Distribution 

In compliance with 10 CFR 100, Applicant has defined a restricted area, an 

exclusion area, and a low population zone for Surry Power Station. The 

restricted area, as shown in Figure I.C.l-7 is the area enclosed by the site 

boundary. The Applicant owns and controls access to this area and exposure 

of individuals to radiation in this area will be within limits established 
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in 10 CFR 20. The boundary of the restricted area will be clearly posted 

to ensure that unauthorized personnel will not transgress the boundary. 

The exclusion area, as shown in Figure I.C.1-7, is bounded by a 1,650 ft 

radius circle centered at reactor containment building No. 1 and entirely on 

the facility site. The circle size was determined by the shortest distance to 

the site boundary and is sufficient, in conjunction with the plant design, to 

ensure that the dose limitations of 10 CFR 100 are met. The site includes 

more land than that indicated as the exclusion area, and it is entirely owned 

and under the control of the Applicant. 

The low population zone, as shown in Figure I.C.1-7, is bounded by a three

mile-radius circle centered at reactor containment building No. 1. The 

nearest boundary of Newport News (the nearest densely populated center) is 

4.7 miles and this distance, is known as the population center distance which 

is greater than one and one-third times the low population zone boundary 

distances as required by 10 CFR 100. In addition, the dose limitations of 

10 CFR 100 are met with considerable conservatism. 

(2) Land Use Patterns 

(a) State, Regional or Local Land Use Plans 

Surry County has been placed in Virginia Regional Planning District Number 

19 (Crater District), which also contains the counties of Dinwiddie, Prince 

George, Sussex, and Greensville and the cities of Colonial Heights, Emporia, 

Hopewell, and Petersburg. Crater District has had board members appointed 

from each governing body and has recently appointed an executive director. 
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Visitor Center 1969 2000 
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Thorough factual studies have been completed (See Appendix D), but no overall 

plan has yet been developed in final form for the district. A preliminary map 

containing the rudiments of a suggested land use plan for Surry County has 

recently been drawn up by the district and is shown in Figure I.C.1-8. Its 

land-use projections and the Surry Power facility are not in conflict, however. 

Surry County has a local planning commission and an industrial development 

commission to attract new,industry into the county. The county has no zoning 

ordinance, but in 1967 adopted subdivision regulations; however, these do not 

conflict with the plans for Surry Power Station. The only effects from the 

facility on land use will be indirect, in that the additional revenues 

generated from added local jobs and the approximately million-~ollar annual 

increase in tax money should provide the capital necessary to carry out future 

State, Regional or Local land use plans. 

(b) Transportation Facilities 

Surry Power Station is located on Route 650 approximately seven miles north 

of Virginia State Route 10, .the only major east-west State highway passing 

through Surry Cbunty. Route 650, a State secondary road, provides the only 

land access to the Surry facility. No railway lines or airport exist in the 

immediate area of the Surry Station. 

The James River flows in an easterly direction past the northern end of Gravel 

Neck peninsula, on which the Surry site is located, and is navigable from 

Hampton Roads as far west as the City of Richmond. The U. S. government 
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maintains a channel 25 feet deep and 300 feet wide in the vicinity of the 

station. The site borders on the James River on the east and west side of 

Hog Island and is easily accessible by a variety of water craft. A channel 

dredged on the east side of the island from near the intake structure to the 

25-foot channel allows heavy equipment to be transported by water to the site. 

Service roads then connect to the plant, allowing all major equipment to be 

delivered to the reactor site without congesting the limited land routes 

available. No other means of transportation exist in the area. 

(c) Other Present and Projected Land Use 

(i) Commercial 

Available statistics on retail, wholesale and service trades in Surry County 

show only a marginal increase in recent years. The economy of this county is 

basically agricultural and the buying pattern of county residents is to shop in 

nearby metropolitan areas such as Petersburg, Hopewell, Hampton Roads, and 

Newport News. The Surry station is not expected to alter significantly the 

existing commercial structure. 

(ii) Industrial 

The present limited industrial economy of the county consists of two sawmills 

and one meat processing plant. Each of these enterprises employs fewer than 

50 workers and, according to Virginia Employment Commission statistics, wages 

range from $1.60 to $2.40 per hour. The Surry station will ·employ approximately 

100 persons on a normal basis when both units are in operation. The resulting 
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changes in the present local employment situation are expected to be minimal. 

A number of factors would seem to discourage massive industrial expansion in 

the county. These include a lack of transportation facilities, the depressed 

state of the present economic base, and the large percentage of untrained labor. 

It should also be noted that Tidewater industrial and governmental facilities 

employ most of the out-migrating workers in the county. 

(iii) Agricultural 

Surry is a rural county and agriculture is the principal industry. The sandy 

loam soil is well adapted to general crops. In particular, Surry is known 

for its peanuts and ranked sixth among Virginia's peanut-producing counties in 

1970. In recent years hog production has increased and the county ranks sixth 

among Virginia counties in value of farm income from hogs. There is a ready 

market in the meat-packing houses of neighboring counties in this famous 

"Virginia ham" country. Soybeans and corn are also raised in rather large 

quantities. Some farms specialize in poultry, hogs, and cattle. Surry County's 

usable agricultural land is nearly saturated and no significant future expan

sion of agricultural production is foreseen. The land immediately bordering 

the site to the south is undesirable or unsuitable for farming. There are 

three dairy farms in the county, with a total of approximately 120 cows, and 

all three are located near Bacon's Castle. The dairy farm closest to the site 

is approximately 3.5 miles NNW on the northern shore of the James River. 

The county has only about 600 persons involved full-time in agriculture. 

However, the economy is based on agriculture and Surry County farming operations 
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are among the more prosperous in the state. Following the national trend, 

however, the number of agricultural operations in the county is expected to 

decline by about three (3) percent per year during the 1970-1980 decade. The 

Surry Station should have little or no effect on the agricultural sector of 

the economy. 

(iv) Regional Demographic Structure 

Surry County declined in population by 5.4 percent from 1960 to 1970. Total 

population in 1970 according to figures from the U. S. Census Bureau was 5,882. 

This trend is not expected to change appreciably during the next ten years. 

(Population may move up slightly as a result of some in-migration and natural 

increase). Surry County, the slowest growing area within Planning District 

19, is projected to increase only to 7,400 by the year 2020. The Virginia 

Division of Planning and Community Affairs believes that the Surry Station will 

not effect the population appreciably. 

The closest dwelling to the facility, presently used only as a part-time summer 

cabin, is 0.6 miles SW of the nearest reactor containment. The nearest 

currently occupied private year-round residence is 1.7 miles south of the 

nearest reactor containment. 

(v) Regional Employment Structure 

Employment in supporting services and contract construction has increased in 

the past four years and is expected to remain stable for the next two to three 



,.e 

67 

years because of the presence of 2,300 construction workers employed in 

building the Surry Plant. When the major portion of construction is completed 

in 1972, the employment in construction and supporting services is expected to 

decline rather rapidly. Virginia Division of Planning estimates that 

approximately 350 or more persons will be employed permanently in service 

trades than were at the beginning of the construction phase. Other types of 

employment are not expected to be effected substantially because most of the 

permanent residents of the county who are employed in manufacturing out-migrate 

to Tidewater area jobs. This trend is not expected to change considerably in 

the near future. 

(vi) Regional Supply of Government Services 

Any change in the type, quantity, or quality of services from local government 

will be as a direct result of the additional tax monies put into Surry County 

by the physical presence of the Surry Station. At present, the governing body 

of the county has not indicated any firm plans as to how these additional 

revenues will be used. 

(vii) Miscellaneous Land Uses 

No other land uses such as parks, wildlife areas, wilderness areas, hunting 

areas, etc. are expected to result from the presence of the Surry Station. 

(d) Esthetic Character of Site Area 

The site is located near the center of the Hog Island peninsula on Gravel 

Neck and is essentially surrounded by over 700 acres of forest land. The point 

of the peninsula has the esthetic values associated with a controlled marsh 
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land form and serves as a wildlife preserve. Wooded areas envelop the reactor 

site from the southern edge of the marsh around the entire perimeter. Thus, 

viewed from any direction, the reactor site should be described as having the 

esthetic character of a naturally wooded landscape. 

(3) Historic and Cultural Background of the Site Area 

Surry County is just across the James River from Jamestown Island, the site 

of the first permanent English settlement in America. The settlement of Surry 

started shortly thereafter. Several old houses built in the 17th Century still 

stand and attract visitors during "Historic Garden Week" and the "Annual 

Autumn Pilgrimage". Among them is the Warren House built on land given in 1614 

by Chief Powhatan to John Rolfe on the occasion of his marriage to Pocahontas, 

daughter of Powhatan. Near this is the site of Fort Smith built in 1609 by 

Captain John Smith. Not far from Scotland Wharf Ferry is Pleasant Point, 

said to be the third oldest house in Virginia, and nearby stand three of its 

original dependences, the spring house, smokehouse, an_d one of the kitchens. 

Another place of interest.is "Bacon's Castle". 

Directly adjacent to the power facility are Hog Island Wildlife Management 

Area and Chippokes State Park, the only State Park on the James River. Both 

of these locations played significant roles in the historic development of the 

area and on the basis of information set out below, it is felt that each will 

benefit directly or indirectly by the location of this power facility. 

The Applicant and the Virginia State Game and Inland Fisheries Commission 
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mutually agreed on a program to prevent salt water intrusions into the water 

surrounding the Hog Island Game Management Area by constructing and improving 

dikes in the vicinity. This program should improve the reservoir food supply, 

thus providing a better winter home for migratory water fowl and attracting 

more tourists and nature lovers to this part of the State. 

Continuing with its efforts to inform the populace about nuclear power, 

Applicant has constructed an informative Nuclear Information Center which 

has attracted over 170,000 visitors since opening in December, 1967. A 

number of these people indicated that their visit to the Information Center 

also included a tour of nearby Chippokes Plantation. It is felt, therefore, 

that the net effect of the Surry Power Station on the cultural and historic 

areas of Surry County will be to the advantage and enhancement of the entire 

area. 

(4) Governmental Patterns of Site Area 

The incorporated towns in Surry County are Claremont, Dendron, and Surry. 

Each is governed by a town council, composed of either five or six men, and a 

mayor who is elected by the voters of the respective towns. Since towns are 

part of the county, the ordinances and regulations of the county are effective 

i~ them and sin~e the residents of the towns are effected by two governments-

both town and county--the qualified voters of the towns vote for officials of 

the two governing bodies. However, county residents do not vote for, or come 

under, the government of the town officials. 
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Surry County is currently in the process of redistricting the county's magisterial 

districts in order to comply with the principle of one-man-one-vote. Pending 

the approval of the U. S. Attorney General the county will be divided, politically, 

into five election districts, effective January 1, 1972. From each of these, a 

representative is elected to serve for four years on the board of supervisors, 

the county 1 s governing body. These supervisors have no election district 

functions, but are individually responsible to their electorate. Collectively 

the board serves as the legislative and policy-making branch of the county 

government. They meet once a month, or more ofte~ if necessary, at the court 

house in Surry. Meetings are open to the public. Other elected officials of 

the county are chosen by the electorate of the entire county including the 

towns which are politically a part.of the county and qistrict in'which they are 

located. Surry County is a member of the 19th District (Crater District) 

Planning Commission, whose role in land planning has been discussed above in 

1 I.C.l.b.(2). 

Neighboring military installations are cited in Sections I.A. and I.C.l above. 

There are no present plans to use the site area for military or other 

governmental purposes. There will, however, be continued emphasis on main

taining the Hog Island Waterfowl Refuge and Chippokes Plantation as State 

attractions. 

(5) Unique, Rare, or Irreplaceable Land Forms or Land Uses 

(a) . Scenic Vistas 

The site surrounding the Surry Power Station is typical of most Coastal Plain 
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Virginia rivers which are characterized by a few high bluffs overlooking the 

flatlands and water. Although the overview of the river and surrounding 

land at these particular points is extremely impressive, neither the configuration 

of the land nor the view afforded could be considered unique for the area. 

(b) Open Spaces 

The site of the Surry Power Station cannot be considered as unique, rare, or 

irreplaceable from the standpoint of open spaces. 

(c) Geologic Formations 

High bluffs which contain exposed outcroppings from the Miocene geologic 

epoch occur near Chippokes Plantation upstream on the south side of the river, 

and near Carters Grove Plantation on the north side of the river. These 

formations, which contain innumerable shells, whale bones, and shark teeth, 

are estimated to be 10,000,000 to 30,000,000 years old. One unique feature of 

the shark teeth and whale bones is that they contain concentrations of Uranium-

238. Applicant's studies have also determined that extensive deposits of 

black sand containing Thorium-232 exist not only at Chippokes Plantation beach, 

but on every major river system in Virginia. Radiation from these fossils and 

sand deposits is several times greater than that from the natural background. 

Miocene outcroppings are readily apparent on all of Virginia's major river 

systems since the Miocene lens or layer extends from southern Virginia into 

Maryland and has been generally exposed by erosion along the edge of the river. 

This layer is not exposed at the station site because it has dipped beneath 

the more recent layers at that point. These outcroppings can be considered to 
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be unique in that most contain remnants of species peculiar to that particular 

geographical location in the ancient Miocene Sea. They might also be 

considered irreplaceable because of their age and because they represent an 

important span of geologic time. Nevertheless, they are not unique to the site 

area itself and the construction of the facility has had no significant effect 

on these ·geologic formations. 

(d) Other Unique Natural Environments 

There are no unique natural land environments in the site area that would come 

under this classification except the Hog Island Wildlife Preserve and possibly 

some of the pocosins or swamps which are unique unto themselves. The Hog 

Island Wildlife Preserve is unique in that it is a low, controlled marsh and 

pond area that offers protection and food to migratory waterfowl as they 

migrate north and south during the course of the year. There are few sights 

as unique or breathtaking as the spontaneous flight of thousands of Canadian 

geese. 

(e) Sites, Buildings, or Other Structures of Historical 
and/or Cultural Significance 

In the area surrounding the station site are a number of sites and buildings 

of historical and/or cultural significance. This is not an unusual occurrence 

since Eastern Virginia is rich with the history of Indian and Colonial cultures. 

Some of the more notable areas of significance include: Jamestown Island, 

Colonial Williamsburg, Carters Grove Plantation, Bacon's Castle, Rolfe-Warren 

house, Chippokes Plantation, Smith's Fort, Hog Island, Yorktown, and the site 

of the New World's first glass furnace near Jamestown. The site of an original 
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colonial church, Lawnes Creek Parish, was thought to be on station property 

but, after a careful archaeological excavation funded by Applicant and 

coordinated by the Virginia Historical Society, this belief proved to be 

false. The original site is still unknown. 



e 

2. Water Systems 

a. Natural Aspects 

(1) Hydrology 

(a) Watershed or Waterbody Description 
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The James River Basin, the southernmost of Virginia's major river basins, 

contains.10,102 square miles~ just over 25% of the State'~ total land area.* 

The basis stretches from Highland, Bath, Alleghany, and Craig Counties in 

the west, to Hampton Roads at the edge of Chesapeake Bay in the east. From 

its mouth to its headwaters, the James River Basin extends about 230 miles 

in length with width variations of 10 to 90 miles. 

The James River proper arises in the mountains of Virginia and courses mainly 

through rapids and shallow water to the City of Richmond. Here, the river 

becomes tidal as it crosses the natural fall line, and meanders east to the 

Chesapeake Bay. From Richmond downstream, the channel depth of the river is 

maintained at 25 feet; however, depths of 60-90 feet are not unconunon in the 

lower reaches. The river's width varies from about 600 feet to about 6 miles. 

The river is ~bout d miles wide at Hog Point. 

(b) Streamflow 

In the vicinity of the Surry Power Station, the James River is a tidal estuary. 

The oscillatory ebb and flood of the tide constitute the dominant motion 

in both the estuary proper and the tidal river upstream. Just above the 

upstream influence of the tide, at Richmond, is the last downstream gagirig 

*Information in this section, unless otherwise specifically attributed, is 
drawn from a report by the consulting firm of Pritchard-Carpenter, "Hydrology 
of· the James River Estuary", attached as Appendix E. 
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station on the main body of the James. This gage monitors a drainage area of 

6,757 square miles. About 875 cubic feet per second (cfs) of water, on the 

average, is diverted around this gage through the Kanawha Canal at the City 

of Richmond. There is an additional drainage area of 2,760 square miles· 

between Richmond and Hog Point which is also considered for purposes of 

estimating the fresh water inflow of the James River to Hog Point. The 

following Table I.C.2-1 gives the monthly mean discharge of the James River 

at Hog Point for the water years 1935 through 1965. 

TABLE LC. 2-1 

James River Mean Monthly Discharges, 1935-65-

Minimum monthly mean discharge ........................ 857 cfs 

90% of monthly mean discharges greater than ............ 2,660 cfs 

75% of monthly mean discharges greater than ............ 4,370 cfs 

Median monthly mean discharge ..•.....•.....•........... 7,860 cfs 

Mean monthly discharge ....•.........•.•.............. ,. 9,952 cfs 

25% of monthly mean discharges greater than ............ 14,336 cfs 

10% of monthly mean discharges greater than ..... ,., ... , 20,225 cfs 

Maximum monthly mean discharge., .......... , .......... ,. 39,778 cfs 

(c) Current-flow Patterns 

The James River in the vicinity of the Surry Power Station is a tidal estuary. 

As such, the river is subject to a predominantly semi-diurnal tide with two 

high waters and two low waters each lunar day of 24.84 hours. The periodic 

rise and fall of the water surface at the mouth of the James River causes a 
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progressive wave which proceeds up the river from its mouth. Attenuation 

takes place as the wave proceeds upstream with resulting energy loss. Without 

energy loss, a standing wave would result in the waterway. In the vicinity 

of Hog Point, maximum flood current precedes high slack water by about 50 

minutes, causing tidal characteristics intermediate between a progressive 

wave and a standing wave. Based on a datum plane of mean low water, the 

mean tide level at Hog Point is +1.0 foot, mean tidal range is 2.1 feet, and 

mean spring tide range is 2.5 feet. 

At Hog Point the ebb current is stronger and has a longer duration than the 

flood current. The average maximum ebb current is about 1.3 knots while the 

average maximum flood current is about 1.1 knots. Spring tide current is 

about 1.9 knots for ebb conditions and about 1.6 knots for flood conditions. 

The predominance of ebb flow over flood flow will decrease with decreasing 

river discharge. 

(d) Characteristics of Salinity Interface with Fresh 
~t~ 

Salinity characteristics of the fresh water/salt water interface around Hog 

Point have been studied extensively by the Virginia Institute of Marine Science. 

Hog Point, in the vicinity of the Surry Power Station, is located directly in 

the transition zone between fresh and salt water. With the exact location 

of the interface being largely dependent on fresh water inflow from upstream, 

the waters around the site are subject to wide salinity variations of between 

0.0 parts per thousand and about 18 parts per thousand. 

Salinity in this tidal estuary generally increases with depth and is greatest 
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on the north shore of the river due to the rotation of the earth. In the 

vicinity of Hog Point the salinity on the bottom of the channel is from 1 to 4 

parts per thousand greater than the salinity on the surface. A discussion 

of salinity and other aspects of water quality is given in the following section. 

Moderate.to heavy ice has been known to occur in James River waters around the 

station site. This ice cover, usually occurring in January or early February, 

reaches from shore to shore except in the main channel of the river, where 

formation is minimal because of tidal flow and shipping traffic. 

Wave heights in the river range from dead calm to about three feet. The 

intensity and physical location of wave action in the area is a direct 

function of wind speed, wind direction, and tidal stage. For example, water 

on the discharge side of the station during a westerly wind would be very 

choppy while water on the intake side at the same time would be relatively calm. 

(2) Water Quality 

The Surry site is located at the transition point in the James River between the 

tidal river and the saline estuary, with salinity depending upon fresh water 

run-off from upstream. The following Table I.C.2-2 gives salinity ranges 

observed around the power station site by Pritchard-Carpenter: 
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TABLE I .C. 2-2 

Observed Salinity Range (Parts Per Thousand) 

Off the downstream side of 
power plant site .......... "······ Surface ........... 0.0 to 16.95 

At 25 feet· ........... 0.0 to 21.13 

Off Hog Point. Cl •••••••••••••••• o. Surface ........... o.o to 12.20 
At 20 feet 0 e a e e e e e e e I 0.0 to 14.20 

Off upstream side of 
power plant site ................. Surface ........... 0.0 to 9.19 

At 20 feet ........... 0.0 to 11.16 

Other sea water solids will vary directly as the salinity values outlined 

above. 

Table I.C.2-3 below shows results of chemical data gathered at Buoy #42, off 

Hog Point, by the Commonwealth of Virginia State Water Control Board from July 

1968 through August 1971. Average, maximum and minimum values and the number 

of analyses involved in each average are shown. 

0 /00 
0 /00 

0 /00 
0 /00 

0 /00 
0 /00 
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TABLE I.C.2-3 

Number 
Parameter Avg. Max. Min. Tests 

pH - field 7.80 9.00 6.80 
pH - Laboratory 7.20 7.50 6.80 

Mg/L UNLESS STATED OTHERWISE 

Total Solids 1736.00 4130.00 250.00 
Suspended Solids 26.00 43.00 11.00 
Dissolved Solids 1711.00 4119. 00 217.00 
Total Alkalinity as Caco3 34.00 42.00 26.00 
Ammonia Nitrogen as N 0.22 0.73 0.02 
Nitrite Nitrogen as N 0.02 0.08 0.01 
Nitrate Nitrogen as N 0.59 1.09 0.02 
Total Nitrogen as N 0.59 1.13 0.30 
Total ~hosphorous as P 0.11 0.20 0.05 
Ortho Phosphates as P 0.05 0.14 0.01 
Dissolved Oxygen 8.10 11.20 6.20 
B.O.D., 5 day 20°C 1.10 2.10 0.20 
Lead, Pb 0.01 
Mercury, Hg 0.0005 
Copper, Cu 0.02 0.04 0.01 
Zinc, Zn 0.02 0.03 0.01 
Chromium, Cr 0.02 0.03 0.01 
Arsenic, As 0.005 
Pesticides, ppb DDE 0.01 0.03 0.00 
Pesticides, ppb DDT 0.02 0.06 0.00 
Turbidity, Jackson Candle Units 18.00 20.00 15.00 
Total Colifor~, MPN/100 ml 127.00 930.00 30.00 
Fecal Coliform, Millipore Filter 180.00 400.00 100.00 

Table I. C. 2-4 is a listing of the analyses performed on a "grab" sample of 

the James River water on the downstream side of the site (circulating water 

intakes) and submitted to the U. S. Army Corps of Engineers as required under 

the 1899 Refuse Act. 
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pH 

Alkalinity.as Caco3 
Total Solids 
Total Dissolved Solids 
Total Suspended Solids 
Total Volatile Solids 
Ammonia as N 
Kjeldahl Nitrogen as N 
Nitrate as N 
Phosphorus as P 
B.O.D., 5 day 
c.o.n. 
Chlorides as Cl 
Chromium as Cr 
Zinc as Zn 
Pheols 
Sulfite as S01 

TABLE I. C. 2-4 

Mg/L UNLESS OTHERWISE STATED 

Radioactivity~* (See further data in Appendix C) 
Alpha (no analysis due to saline water) 
Beta pCi/L 
Gamm.a (none detected over background and system sensitivity) 
Tritium pCi/L 

*Sampled at later date than remainder of values. 

7.20 

33.00 
1330.00 
1325.00 

5.00 
296.00 

0.22 
1. 60 
0.27 

0. 0.15 
4.20 
8.50 

4220.00* 
0.006* 
0.000* 
0.000* 
0.000* 

4 ± 1 

0 ± 1 
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**Results from Eberline Instrument Company, Consultants on pre-operational 
radioactivity surveillance program. 

The data given above and in Tables I.C.2-3 and I.C.2-4 indicate that the waters 

of the James River in the vicinity of the Surry site conform with State standards 

for the stream classification at this point, namely, "II-B-a" which covers 

estuarine waters generally satisfactory for use as public or municipal water 

supplies, primary contact recreation, propagation of fish and other aquatic 

life, and other beneficial uses and propagation of shell fish. 
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(3) Inventory of Natural Flora 

(a) Emergent and Submergent Aquatic Vegetation 

Very little emergent or submergent aquatic vegetation has been observed in the 

James River proper in the vicinity of Surry Power Station. Eelgrass (Zostera 

marina) and widgeon grass (Ruppia maritima), however, are known to occur in 

the area downstream in the more saline parts of the river. 

Brackish, slightly brackish, and fresh water marshes, notably those in the area 

of the Jamestown Thorofare, Lawnes Creek, Lower Chippokes Creek, College Creek, 

and College Run, contain species such as giant cordgrass (Typha cynosuroides), 

common cattail (Typha latifolia), narrow-leaved cattail (Typha angustifolia), 

arrow arum (Peltandra virginica), and various insignificant marsh species. 

Other grasses, rushes, and sedges become more abundant upstream with decreasing 

salinity. During times of extreme high tide or high runoff from the marshes, 

these marshes contribute significantly to the biological production of the river. 

(b) Phytoplankton 

Phytoplankton collections in the vicinity of the station were started on a 

monthly basis by the Virginia Institute of Marine Science in January, 1971.* 

For purposes of this report, samples have been sorted and identified for the 

sample months of February, May and August, 1971. Samples were taken using a 

Kemmerer Bottle at mid-depth from the intake area and from two instrument towers 

located near the discharge groin (one just off the groin, one directly across 

the river). From a one-liter whole water sample, 0.20 milliliter of water 

*For a description of the methodology and time schedule of VIMS biological 
studies in the Surry Area, see Appendix F. 
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from each sample was examined with an inverted microscope using the Utermohl 

Method. Cell counts were recorded as the number of cells per milliliter of 

sample. Cells are. enumerated by species and recorded as percentages of the 

total identified population. The following Table I.C.2-5 illustrates the 

breakdown by phylum, the percentage occurrence, the number of species in a 

phylum, and cell· counts per milliliter: 

TABLE I. C. 2-5 

24 February Diatoms .(Chrysophyta) 

Greens (Clorophyta) 

Dino flagellates 
(Pyrrophyta) 

Count 

19 May Diatoms (Chrysophta) 

Greens (Clorophyta) 

Dino flagellates 
(Pyrrophyta) 

Count 

9 August Diatoms (Chrysophyta) 

Greens (Clorophyta) 

Dinoflagellates 
(Pyrrophyta) 

Count 

96. 72% (21 sp) 96.70% (27 sp) 

2.46% ( 1 sp) 0.00% 

0.82% ( 1 ~p) 3.30% ( 5 sp) 

610 cells/ml 905 cells/ml 

95.91% (28 sp) 97.45% (16, sp) 

0.00% 2.04% (11 sp) 

4.09% ( 4 sp) 0.41% ( 1 sp) 

1225 cells/ml 1225 cells/ml 

90.53% (17 sp) 94.38% (18 sp) . 

0.59% ( 1 sp) 1.26% ( 1 sp) 

8.88% ( 4 sp) 3.36% ( 3 sp) 

845 cells/ml 1190 cells/ml 

Sources: Unpublished data 
generated by VIMS under Vepco 
contract, February -
September, 1971. 

It is of interest to note that no genera of the phylum Cyanophyta (Myxophyta), 

the blue-green algae, appeared in the samples. They are undoubtedly present, 
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however, and may appear in subsequent samples. 

(4) Inventory of Natural Fauna 

(a) Zooplankton 
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An inventory of the species and abundance of z9oplankton that inhabit the waters 

of the James River in the vicinity of Surry Power Station has been underway 

since January 1971, by the Virginia Institute of Marine Science. Samples have 

been collected monthly near the station intakes and at two instrument towers 

in the vicinity of the discharge groin. A sample consisting of three vertical 

tows was taken with a 1/3 meter net of number 30 mesh. 

Zooplankton samples for the year 1971 have been sorted and identified and show 

a relative paucity of zooplankters for the James River waters around the 

station. The most abundant species collected at any one time during the 

course of the year consisted of 13 amphipods (Gammarus sp.). This particular 

collection also yielded 3 specimens of another amphipod (Corophium sp.) to 

complete the sample. The most productive samples came during April, May and 

June, during the upstream spawning of anadromous fish such as striped bass, 

Marone saxatilis, shad and herring, Alosa sp. These samples contained amphipods 

(Gammarus sp.), copedods (Acartia sp., Cyclops sp., Eurytemora sp., Diaptomus sp.), 

cumaceons (Diastylis sp., Leptodora sp.), dipterans of the family Tendipedidae, 

shrimp (Palaemonetes sp.), mysids (Neomysis sp.), decapods (Rhithropanopeus sp. 

zoea), harpacticoids (Ectinosoma sp.), and various rotifers: 

(b) Meroplankton 

Meroplankton samples are being collected, sorted, and identified in conjunction 
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with zooplankton sampling by the Virginia Institute of Marine Science. Known 

to exist are temporary planktonic forms such as oyster larvae, crab zoea, 

barnacle larvae, and miscellaneous fish eggs and larvae. Their relative 

abundance to date, however, has been slight. 

(c) Macroinvertebrates 

Baseline studies conducted by the Virginia Institute of Marine Science have 

indicated a typical transition zone fauna that is characterized by relatively 

few species and large biomass. The overwhelmingly dominant benthic invertebrate 

in the area of Surry Power Station is the marsh clam, Rangia cuneata, which 

contributes over 90% of the total biomass of the benthos. Rangia cuneata has 

probably been in the James River for about 10 years and is presently extending 

its range northward to other Virginia rivers. Other invertebrates found during 

benthic sampling at 31 stations in the James River around Hog Island include: 

worms (Scoleocolepides viridis, Laeonereis culveri, Tubulanus pellucidus, 

Heteromastus filiformis); amphipods (Gammarus sp., Corophium lacustre, 

Lepidactylus dytiscus, Monoculodes edwardsi); an isopod (Cyathura polita); 

various insects (Dipteran larvae); mussels (Congeria leucophaeta, Brachidontes 

recurvus); and clams (Macoma phenax, Macoma balthica). 

Probably the most abundant seasonal macroinvertebrate in the area is the decapod 

crustacean Callinectes sapidus, the blue crab. All stages in the life cycle 

from zoea to adult are present in varying numbers in the vicinity of the 

station at different times of the year. When the adults migrate up the estuary 
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for a short time in the spring, there is a considerable crab pot fishery in 

the area. 

Oysters, Crassostrea virginica, are present in conunercial abundance at Deep 

Water Shoal across the river from the intake side of Surry Power Station. The 

upstream limit of commercial abundance on the south side of the river is 

Burrells Bay, about 5 miles downstream. Whereas oyster larvae are present in 

varying numbers in the waters around the station because of their planktonic 

nature and the tidal flows, those that set in the area are usually killed by 

natural spring freshets which lower the salinity of the water for prolonged 

periods of time. Upstream availability of oysters is a direct function of the 

average salinity of the water in which they set. 

Barnacles, Balanus sp., abound in the waters around Hog Point. This species, 

like the oyster, will set and grow during periods of suitable salinity. They 

also, like the oyster, are killed by increased fresh water inflow from the river. 

The largest size observed for this species in the vicinity of the station is 

about one-quarter inch in diameter. 

Small Penaeid and Palaemonid shrimps occur along the edge of the river in 

varying numbers. These shrimps occur along the edge of the river in varying 

numbers. These shrimps appear to exhibit a good tolerance to wide salinity 

changes in their environment. 

(d) Fish Population Studies 

Fish collections have been underway for many years by scientists of the Virginia 



e 

86 

Institute of Marine Science, who utilize shallow-, mid-, and deep-water trawling 

gear. Three of their James River sample stations are Deep Water Shoal, Hog 

Point, and Jamestown Island. In addition, Applicant instituted monthly supple

mental haul seine studies in early 1970 at 7 locations around the station site. 

Ichthyoplankton and shallow water trawl samples are also being collected monthly 

at selected stations in the river for future reference.· Haul seine and trawl 

collections during the past 20 months have yielded the following species of 

fish as illustrated below: 

TABLE I. C. 2-6 

Gobiosoma bosci 
Micropogon undulatus 
Dorosoma cepedianum 
Bairdiella chrysura 
Anguilla rostrata 
Lepomis sp. 
Gambusia affinis 
Cyprinus carpio 
Etheostoma olmstedi 
Notropis bifrenatµs 
Umbra pygmaea 
Paralichthys dentatus 
Micropterus salmoides 
Fundulus diaphanus 
Alosa aestivalis 
Alosa pseudoharengus 
Alosa mediocris 
Alosa sapidissima 
Marone americana 
Marone saxatilis 
Perea flavescens 
Menidia sp. (menidia and beryllina) 
Brevoortia tyrannus 
Anchoa mitchilli 
Fundulus heteroclitus 
Notemigonus crysoleucas 
Pomatomus saltatrix 
Lepomis gibbosus 
Ictalurus catus 
Trinectes maculatus 
Ictalurus nebulosus 

Naked goby 
Atlantic croaker 
Gizzard .shad 
Silver perch 
American eel 
Sunfish 
Mosquitofish 
Carp 
Tessellated darter 
Bridle shiner 
Eastern mudminnow 
Summer flounder 
Largemouth bass 
Banded killifish 
Blueback herring 
Alewife 
Hickory shad 
American shad 
White perch 
Striped bass 
Yellow perch 
Silvers ides 
Atlantic menhaden 
Bay anchovy 
Mummichog 
Golden shiner 
Bluefish 
Pumpkinseed 
White catfish 
Hogchoker 
Brown bullhead 



TABLE I.C.2-6 (Cont'd) 

Cynoscion regalis 
Leiostomus xanthurus 
Ictalurus. punctatus 
Notropis hudsonius 
Strongylura marina 
Fundulus majalis 
Caranx hippos 

(5) Subsurface Water Resources 

Weakfish 
Spot 
Channel catfish 
Spottail shiner 
Atlantic needlefish 
Striped killifish 
Crevall jack 
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The hydrologic boundaries of the site proper are the James River on the east 

and west, Hog Island to the north and Chippokes and Hunnicut Creeks about 

one mile to the south. A water budget analysis indicates that, of the total 

precipitation, 37 percent runs off and the remaining 63 percent is lost through 

evapotranspiration. Low soil permeabilities preclude significant g~ound water 

recharge from local precipitation. 

The soils in the site area consist of a series (50 to 80 ft thick) of lenticularly 

interbedded fine sands, clays, and silts. These clay and silt members are 

essentially i~permeable and the sand member showed field permeabilities on the 

order of 1 x 10-4 cm/sec. Eleven shallow wells within a five-mile radius of 

the site yield small supplies of water for domestic purposes from these sands. 

The above deposits are underlain by 240 to 270 ft of tough impermeable clay 

containing only occasional and limited sand members. At a depth of about 320 

ft below the surface, Eocene and older sediments are encountered. The sand 

members of these sediments are excellent aquifers; many domestic.wells and 

some industrial wells in the area obtain water supplies from this source. There 

l 
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are 18 wells ranging in depth from 280 to 799 ft within a five-mile radius of 

the site which obtain supplies from this source. In general, yields range 

from 15 to 50 gpm; however, a well 799 ft deep at Bacon's Castle, about five 

miles to the south, yielded under test 940 gpm with only 20.25 ft of drawdown. 

In addition to the 340 ft well on the State Waterfowl Refuge which existed 

prior to station construction, there are four operating water wells on the 

site property which were constructed to serve several purposes. These wells 

are about 400 ft deep and obtain water from the Eocene sediments. Two of these 

wells yield 200 gpm each and are for makeup and domestic uses at the station. 

A separate well having a 120 gpm pump supplies the Visitors Information Center 

and the fourth well supplies 75 gpm to the concrete batch plant at the eastern 

end of the site. 

Based on the results of borings, the general geology of the area and the location 

of the site, the coefficient of permeability of the soil mass in a horizontal 

direction is estimated to be several orders of magnitude greater than in the 

vertical direction. The coefficient of permeability of material at the site to 

the depth tested ranges from a minimum of .0036 feet per day to a maximum of 

.5240 feet per day. The average permeability of the entire section is 0.0521 

feet per day. Water that does enter the soil will move laterally to the east, 

north or west and discharge to the James River. There is no possibility of 

surface or near-surface water migrating downward to enter the aquifers of Eocene 

or older ages. 

(6) Overall Ecological Balance of the Water System 

That portion of the James River around Surry Power Station site is characterized 
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biologically by a relatively high biomass representing a relatively few species 

(exclusive of migratory fishes). Salinity, one of two ecological master factors 

in the aquatic environment governing the distribution and abundance of both 

fresh and salt water species, ranges from O parts per thousand to 18 parts per 

thousand depending on tidal stage and fresh water inflow. This particular 

salinity regimen, found in most tidal Virginia rivers, dictates the aquatic 

fauna and flora, which is typical of both fresh and salt water environments. 

The dominant benthic organism, representing over 90% of the biomass, is the 

marsh clam, Rangia cuneata, a species that appears to be tolerant of relatively 

wide temperature and salinity changes. Despite its apparent·abundance, Rangia 

cuneata is not now of significant.commercial importan~e, as it is in some areas 

of Maryland and Texas. With an estimated 75,000 tons available for harvest 

in the James River alone, it appears to be only a matter of time before 

commercial harvest becomes a reality. 

During the course of the year, many species of fish as well as the blue crab, 

Callinectes sapidus, make an appearance in the river around the station site. 

The fish species are largely migratory, anadromous species such as the shad, 

herring, and striped bass that appear in the spring and fall. Few species of 

fish are considered resident in the area and these are largely intra-estuary 

migrants. These include the hogchoker, Trinectes maculatus; white perch, 

Marone americana; brown bullhead, Ictalurus nebulosus; and white catfish, 

Ictalurus catus. The American eel, Anguilla rostrats, is a catadromous species 

that spends a large part of its adult life in the area, returning to sea to 

spawn. Centrarchids such as the pumpkinseed, Lepomis gibbosus, and largemouth 
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bass, Micropterus salmoides, appear in the sample catches but this species is 

probably a straggler to this part of the James River proper, coming rather 

from the tributaries to the river or from upstream. Other resident species, 

inhabitants of the shore zone, include important bait fish such as the 

mummichog, Fundulus heteroclitus, and the striped killifish, Fundulus majalis. 

The area is known to support a population of larval and juvenile fish during 

certain times of the year. This age group, composed mainly of striped bass, 

Marone saxatilis, shad and herring, Alosa sp., Atlantic croaker, Micropogon 

undulatus, spot, Leiostomus xanthurus,_ and white perch, Marone americana, utilize 

the estuarine portion of the James River as a nursery ground .. Based on 

preliminary data from the fish collections, the extent and composition of the 

population appears to be a function of peak spawning time for a particular 

species, strength of the year-class, and the prevailing salinity range at the 

particular time of the year. Additional studies are currently underway to 

obtain comprehensive data on these populations in terms of diversity, size 

range, abundance, and seasonality. 

Oysters, Crassostrea virginica, are limited in their commercial abundance to 

Deep Water Shoal on the North side of the river and Burrells Bay on the south 

side of the river, both downstream from the station intake. The success of 

these populations is more or less directly dependent on the salinity range of 

their environments. Oyster larvae that set upstream from these two points 

appear to be killed by freshets in the river which lower the salinity of the 

water to 0.0 parts per thousand for extended periods of time. 
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The shrimp, Neomysis sp., in other rivers of Virginia, constitutes a major 

staple in the diet of juvenile striped bass. In the James River, however, 

there appeared to be a scarcity of Neomysis sp. in 1967, thereby causing a 

shift in the diet of the striped bass. One theory as to why the scarcity of 

Neomysis sp. was so prevalent is that the abundance of the clam, Rangia cuneata, 

has caused a reduction in detritus resulting in little available food for the 

shrimp. As this clam extends its range northward into other Virginia rivers, 

this theory can be proved or disproved by a stomach content analysis of juvenile 

striped bass in conjunction with other studies. 

There is only one species of fish appearing on the list of 'endangered species 

published by the U. S. Department of the Interior, aureau of Sport Fish and 

Wildlife, that may or may not be present in the waters of the James River. The 

shortnose sturgeon, Acipenser brevirostrum, was taken in 1899 by Smith and Bean 

in the Potomac River. Hildebrand, in 1928, expressed some doubt as to its 

occurrence in the Chesapeake Bay, notwithstanding the fact that it had been 

recorded in the scientific literature. Its close relative, the Atlantic 

sturgeon, Acipenser oxyrhynchus, after a sharp decline in numbers near the turn 

of the century, appears to be holding its own in Virginia waters. The latter 

species is under protection by the State in that it is unlawful to remove a 

sturgeon that is less than five feet in length. The Atlantic sturgeon is 

known to occur in the James River commercial fishery but has not been taken 

during the present biological surveys. 

In general, it can be said that the overall ecological balance of the James 
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River in the vicinity of Surry Power Station is relatively good and is 

typical of that found at the fresh water/salt water interface in most relatively 

unpolluted tidal rivers in Virginia. While it is true that the James River 

is highly polluted between the cities of Richmond and Hopewell, natural 

purification has, for the most part, occurred by the time waters reach Hog 

Island. 

The only exception that might be taken to this assessment of the ecological 

balance of the James River would be the possible eventual detrimental effect 

of a shift in the feeding habits of juvenile striped bass. Otherwise, 

healthy populations exist and co-exist, each a part of its own particular 

ecological niche or as an interwoven part of an ecologically important 

functional group. 

b. Human Uses of the Water System 

(1) Water Resources Planning 

A comprehensive water resources plan for the James River Basin is being prepared 

and published in six volumes by the Virginia Department of Conservation and 

Economic Development, Division of Water Resources, as Planning Bulletin 213. 

Volumes V and VI had not been published at the time of preparing this environmental 

report. Volume VI will contain the comprehensive plan with reconunendations 

necessary for accomplishing orderly basin development and in anticipation of the 

final report, the following conunents are pertinent. 

Human uses of the James River around the site of the Surry Power Station, while 

not developed to their fullest extent, are many and diverse. Sport fishing 
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upstream in the Chickahominy River, waterfowl hunting, and boating in the James 

and its tributaries draw many participants as does sightseeing in this historically 

rich area. Commercial fishing for oysters, crabs, and finfish provides a liveli

hood for many, residents living in the area of the river. With an increase in the 

national population and perso~al income, it is anticipated that such utilization 

of James River resources would increase proportionately. 

The potential for development of human uses of the surface waters of the James 

River, especially from the standpoint of recreation, is still extensive at the 

present time. 

(2) Existing and Anticipated Future Uses of the Water Resources 

(a) Other Anticipated Future Uses 

The major content of this section has been covered in a preceding discussion. 

There are no known municipal users of James River water from the city of Hopewell 

downstream. The reason for this is that the middle reaches of the river are 

relatively undeveloped and the river becomes increasingly saline as one travels 

downstream, thereby precluding its use as a source of municipal water. Like

wise, there are no known irrigation diversions. Industrial users of significance 

in the area at the present time are limited to the Dow-Badische Company which 

discharges process water into Skiffes Creek, a tributary of the James River, 

across the river from the station intakes; and the Newport News Shipbuilding and 

Dry Dock Company, which withdraws 17 million gallons per day from the river. The 

city of Newport News withdraws 27 million gallons per day from the Chickahominy 

River, an upstream tributary of the James. 
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(b) Recreational Uses 

Public recreation facilities in the vicinity of the site consist of several 

bathing beaches and boat landings upstream and downstream of the site as well 

as fishing areas along the James River and its tributaries, some of which are 

stocked by the Virginia Department of Game and Inland Fisheries. 

A public ferry, which connects Jamestown Island to Surry County, operates at 

Scotland Wharf, upstream from the site. This ferry provides the only river 

crossing between the Harrison Bridge at Hopewell and the James River Bridge 

at Newport News. An attempt is being made by Surry County interests at the 

present time to induce the State to construct a bridge or tunnel to replace the 

existing ferry. Should such a bridge or tunnel be approved, construction would 

not be completed until the late 1970's or early 1980's, but would undoubtedly 

play a major role in the development of Surry County. Another use of the 

surface waters is realized in the anchorage of the reserve mothball fleet in 

the river adjacent to and downstream from the station intake. The fleet is 

comprised of about 100 ships. 

(c) Subsurface Water 

There are, however, no present or anticipated withdrawals of subsurface water 

from the resources at the site. Public water in most of James City and York 

Counties and the City of Newport News is supplied by an aqueduct running from 

the Chickahominy River through a reservoir about 7 1/2 miles east of the site, 

on the north side of the James River, and then down to Newport News. Public 

water is also supplied to Newport News from the Williamsburg reservoir, located 
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about 10 miles northwest of the site, also fed from the Chickahominy. A few 

homes have private wells. 

There are public water supplies in two small communities in Surry County: one 

at Claremont, 16 miles west-northwest of the site, and the other in Surry, 

7 1/2 mile~ west-southwest of the site. In addition, the community of Dendron 

is presently considering the installation of a public water supply. All other 

water is supplied from private wells, some of which are mentioned above. 

There are no public water supplies from the James River downstream of Hopewell, 

Virginia, approximately 40 river miles upstream from the site. 

(3) Unique, Rare or Irreplaceable Water Systems 

(a) Surface Waters 

(i) Physical Environment 

The one unique feature of the James River in the vicinity of Surry Power Station 

is that this particular st:retch of the river, in relation to the river as a 

whole, is the· transition zone between salt water from the Chesapeake Bay and 

fresh water from upstream. Every major river in Virginia has such a zone that 

is unique to that particular river. Its uniqueness lies mainly in the environ

mentally tolerant floral and faunal species found in this zone. 

(ii) Esthetic Aspects 

There are no unique, rare or irreplaceable water system environments or water 

uses from the esthetic point of view unless one considers that each river has 

its own unique beauty. 
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(iii) Cultural Aspects 

There are no unique, rare or irreplaceable water system environments or water 

uses from·the cultural point of view. 

(iv) Historic Aspects 

The James River in the vicinity of the Surry Power Station is unique historically, 

since English ships first sailed into these waters in 1607. The ships' company 

landed across the river from the site on Jamestown Island and established the 

first permanent English settlement in the New World. These waters served as 

the life line shipping lanes during the first few years of the settlement's 

existence. Hog Island, which is now the Hog Island W~ldlife Preserve, as its 

name implies, was the site where settlers kept their livestock in early Colonial 

years. Access to Hog Island from Jamestown Island was by row boat and history 

records the loss of several settlers who were attempting to cross the river 

during times of rough water. Waters of the James River were also important 

during the Revolutionary and Civil Wars in that men and equipment were transported 

extensively by ship during these times. 

(b) Subsurface Waters 

There is nothing unique, rare or irreplaceable about the water system environ

ments or water uses of the subsurface waters around the Surry Power Station site. 
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3. Air Systems 

a. Natural Aspects 

(1) Climatology 

(a) Methodology of Base-Line Study 
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The methodology of the base-line climatological studies of the Surry site was 

to summarize the best available and relevant data applicable to this area. This 

purpose was accomplished through the use of weather stations and a search of the 

literature on acknowledged techniques for predicting the frequency of unusual 

adverse climatological conditions which could have a direct significance in the 

design and operation of the Surry Station. 

(b) General Discussion 

The climatology of the lower James River Basin, the area in which the Surry site 

is located, is of a temperate variety. It is moderated by a marine influence 

due to the area's proximity to the Chesapeake Bay and the Atlantic Ocean. 

Winters are mild and short; spring and fall are typically comfortable and 

summers are long, hot and humid, frequently tempered by east and northeast winds 

from the Atlantic. 

(c) Temperatures 

The annual average temperature for the site is approximately 60°F. The annual 

area temperatures range from approximately a monthly mean low in January of 42°F 

to a monthly mean high in July of 78°F. Table I.C.3-1 presents the monthly mean 

temperatures for selected area weather stations. 
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TABLE I,C,3-1 

Lower James River Basin TemEerature (•F) 
Mon~hly Averages 

STATION JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC AN'L HIGH . LOW 

Hopewell 40.4 41.3 49,2 58.6 68.3 74.7 77.6 77.4 72,1 60.5 50.0 41.2 59.3 106 -10 

Newport News 43.9 45.2 49,2 60.8 68.5 76.8 81.1 79.7 73.5 63.6 53.5 44.6 61. 7 105 10 

Norfolk 42.1 42.8 49 .. 0 57.7 67,1 75.0 78,8 77. 7 72.6 62,4 52.2 43.8 60.1 105 

(d) Precipitation 

(i) Rainfall 

The area around the site receives a total annual mean rainfall of approximately 

46 inches. Rainfall is fairly evenly distributed throughout the year except 

during July, August and September, when monthly totals rise to approximately 

5 inches because of thunderstorm activity. Table I.C.3-2 presents annual 

2 

mean, maximum annual and maximum monthly precipitation data for several locations 

near the site. 

Twenty-four hour precipitation data available for Norfolk Weather Bureau Air

port shows a maximum value of 11.40 inches (August, 1964). 

YllS 

64 

13 

90 
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During a one-year study at the site, inversions (as measured by a 

140-foot tower) occurred nearly 39% of the time. The average wind 

speed during inversions was about 6.3 mph. 

Temperature and Precipitation 

Temperature data from the records of Vernon (one-half mile south) 

and Brattleboro (6 miles north) are representative of the values 

for the site and are shown in Table 2.6-1. 

Precipitation at the site averages 43 inches per year and is dis

tributed rather evenly throughout the 12-month period. Snowfall is 

moderately heavy on the average, but there is considerable variation 

in amounts from year to year. Nearly all winter precipitation is 

in frozen form, although not entirely as snow. Sleet and freezing rain 

are not uncommon. 

Intense rainfall will be produced by the occasional severe thunder

storm or modified hurricane. 

Snowfall 

The site being located in the northeastern part of the United States 

is subjected to a wide range of snowfall, which may be as little as 30 

inches or as much as 118 inches. Average snowfall statistics for Vernon 

(25 years of record) follow and are representative for 

the site. 

Average Monthly Snowfall (inches) for Vernon 

Jan Feb Mar ~ May June July Aug Sept Oct Nov Dec Ann 

1 6 . 4 1 5 . 7 1 2 . 1 2 . 1 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 T 3 . 3 1 0. 5 60 . 2 

T = Trace 

The most significant departure from the historical values occurred 

in the amount of snowfall at Vernon between November 1 968 and February 1 969. 

2.6-2 



Station 

Cape Henry 

Cheriton 

Hopewell 

Langley A.F.B. 

Newport News 

Norfolk W.B.A.P.* 

Smithfield 

Suffolk 

Williamsburg 

Area Average 

TABLE I.C.3-2 

Precipitation Data 1951-1960 
(All Data in Inches) 

43.76 52.12 (1957) 

44.98 57.36 (1958) 

45.81 52.28 (1958) 

42.78 51.80 (1958) 

44.44 55.46 (1958) 

44.94 57.78 (1958) 

44. 71 51.83 (1960) 

47.56 50.88 (1954) 

47.81 58.24 (1958) 

45.19 54.19 

*Data cover years 1871 through 1965. 

(ii) Snowfall 

9.28 (Aug. 1958) 

10.46 (Aug. 1955) 

12.92 (July 1959) 

10.91 (July 1959) 

9.19 (Oct. 1956) 

15.61 (Aug. 1942) 

9.94 (Aug. 1955) 

11.61 (July 1959) 

10. 76 (Aug. 1955) 

Snowfall is sparse and dissipates rapidly because of the relatively warm winter 

temperatures. Norfolk data is available for snowfall and shows a maximum 

annual snowfall of 37.7 inches (winter, 1935-1936); a maximum monthly fall of 

18.6 inches (December, 1892); and a maximum 24-hour fall of 17.7 inches (December, 

1892). Norfolk generally records approximately 7 inches of snowfall annually. 

(e) Extreme Winds and Storms 

The Surry site lies in the occasional paths of low pressure tropical or sub-
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tropical depressions and hurricanes. From 1871 through 1969, over 15 hurricanes 

or tropical storm centers have passed in the vicinity of the site, High winds 

and unusually low barometric pressures are associated with the passage of these 

centers. The lowest recorded barometric pressure at Norfolk weather station was 

28.35 in Hg, in 1932. A maximum barometric pressure decline of .30 in Hg over 

an 18 minute period was recorded in 1960. · 

During the period 1959 through 1968, tornadoes were reported in Virginia about 

four times per year. During this period, an annual average of 0.8 tornadoes 

was reported in the 35-mile radius surrounding the site. According to 

statistical forecasting techniques by Thom*, and the mean area, frequency of O. 8 

occurrances per year within a 35-mile radius, the probability of a tornado 

striking a particular point within that 35-mile radius is 4.74 x 10-5 per year. 

At a confidence level of 95% this frequency level indicates a recurrence interval 

of one tornado in 12,500 to 68,000 years. On the basis of 21 years of wind data 

and the forecast by Thom, extreme winds in excess of 50 mph are not to be expected 

more than once in 2 years, winds in excess of 71 mph are not to be expected more 

than once in 15 years, winds in excess of 80 mph are not to be expected more than 

once in 50 years and winds in excess of 100 mph are not to be expected more than 

once in 100 years. These recurrence intervals are for winds at 30 foot elevation 

and have probabilities of 0.50, 0.07, 0.02 and 0.01 recurrences per year 

respectively. 

(2) Site Meteorology 

(a) Methodology of Base-Line Study 

The methodology of the on-site base-line meteorological studies being conducted 

*Thom, H. C. S., "Tornado Probabilities", Monthly Weather Review, Vol. 91. 
No. 10-12. 
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at the Surry site is to monitor those atmospheric parameters which effect the 

dilution capability of the atmosphere and its ability to disperse radioactive 

material releases. This approach calls for the recording of wind speed and 

wind direction and the use of these and other relevant factors in the calcula

tion of the general site atmospheric dilution characteristics. 

Two data stations were established on site to transmit data. A 150-foot 

meteorological tower is located near the center of the site in a clearing among 

trees which are approximately 70 feet high and approximately 75 feet away from 

the tower in all directions. Instrumentation includes a set of Belfor_t type "M" 

wind speed and wind direction transmitters (starting threshold of 2.0 miles 

per hour) located at the 150-foot level on the tower. 

The second data station, referred to as "Hog Island", is located near the tip 

of the peninsula. The Hog Island sensors also consist of Belfort type "M" 

transmitters on a 20-foot mast. This site has only low "scrub brush" to effe.ct 

the accurate recording of wind patterns. Figure I.C.3-1 illustrates the 

geographic locations of these towers. 

The data collected at these meteorological conditions monitoring stations are 

reduced on a real-time basis by a NUS Variance Computer to provide four 15-minute 

averages per hour of wind speed and wind direction to be used in the data analysis 

The periods 2/1/68 - 2/1/69 for the Hog Island station and 1/1/68 - 1/1/70 for 

the Surry Tower Station have been chosen for the purpose of establishing base

line conditions. 
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(b) Dispersion Characteristics 

(i) General Discussion 

In assessing the base-line meteorology of a nuclear reactor site, the purpose 

is to ascertain the dilution capacity of the atmosphere for the dispersion of 

radioactive material releases. Wind direction and speed are obvious factors 

since the direction determines the trajectory of the material, and the speed 

is a measure of the flow into which the discharge is diluted. Wind turbulence 

expands and dilutes the plume about its centerline and is also considered. 

(ii) Wind Speed 

Tables I.C.3-3 and I.C.3-4 present the base-line wind speed characteristics of 

the power station locality. 

Calm 

3.52 

Calm 

. 73 

lto2 

14.25 

lto2 

4.66 

TABLE I.C. 3-3 

Summary of Wind Speed and Distribution 

Hog Island Station (2/1/68 - 2/1/69) 

3to4 

19.54 

Wind Speed Distribution, Percent 

5to6 

19. 78 

7to8 

19.13 

9toll 

14.36 

12to14 

5.91 

Surry Tower Station (1/1/68 - 12/31/69) 

TABLE I .C. 3-4 

3to4 

13.07 

Wind Speed Distribution, Percent 

5to6 

21.73 

7to8 

26.14 

9toll 

18.93 

12to14 

8.15 

15to18 

2.42 

15to18 

4.59 

19to23 GT 23 

.64 .44 

19to23 GT 23 

1.52 .48 
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The wind speed is slightly higher at the Surry Tower Station than at the Hog 

Island Station due to the difference in elevation of the sensors. The wind 

speeds are consistent with the general meteorological history of this portion 

of Virginia as recorded at the various weather stations in the area. 

(iii) Wind Direction 

Tabl,.3 I.C.J -~ through I.C.3-7 present the wind direction characteristics and 

the relation of the wind direction and wind speed monitored during the base

line meteorological survey. 

NNE NE ENE E 

TABLE I. C. 3-5 

Wind Direction Distribution, Percent 
(Calm Conditions Not Included) 

Hog Island Station (2/1/68 - 2/1/69) 

ESE SE SSE s SSW SW WSW w WNW NW NNW N 

5.61 5.83 3.21 5.02 4.93 4.82 4.77 6.41 3.30 5.42 7.11 8.80 7.68 7.27 9.03 9.90 

TABLE I.C.3-6 

Surry Tower Station (1/1/68 - 12/31/69) 

NNE NE ENE E ESE SE SSE s SSW SW WSW w WNW NW NNW N 

5.31 4.44 4.11 4.89 4.98 5.35 3.91 5.92 .7.87 8.21 6.57 6.31 6.86 9.23 8.29 7.23 

There appears to be no annual predominant wind direction at the Surry site, although 

there are some minor seasonal variations in wind direction distributions which 

reflect the large-scale wind systems of the area. In general, the wind systems 

seem to be comparable to historical speed and directional patterns of the area 

as recorded at various weather stations in this portion of the State. 

' 



-TABLE IC 3-7 

Wind Speed Versus Direction, Percent 
(Calm Conditions Not Included) 

. Hog Island Station (2/1/68 - 2/1/69) 

NNE NE ENE E ESE SE SSE s SSW ST/ WSW w WNW NW NNW N 

1 to 2 .40 .54 .48 .81 - .43 .63 .61 1.00 .90 1. 26 . 78 1. 29 1.18 1.12 1. 79 1.56 

3 to 4 1.04 .81 .51 . 78 .55 .83 1.16 1.61 1.18 1.15 1.35 1. 99 1.84 1.46 2.15 1. 85 

5 to 6 1.35 1. 01 .58 .83 .93 .98 1. 20 1.62 1. 06 1.10 1.39 2.31 1. 72 1.03 1. 62 1. 76 

7 to s 1.12 1. 26 .52 .98 .93 1.06 .90 1. 26. . 70 1.13 2.33 1.87 1.18 1.18 1. 65 1. 75 

9 to 11 .87 1.18 .41 1.13 1. 47 .92 .66 .75 .23 .55 1.06 .97 .92 1. 29 .97 1. 50 

12 to 14 .57 .61 .25 . 23 .32 .34 .21 .17 . 08 .11 .18 .26 .58 .70 .57 .95 

15 to 18 .21 .21 .17 .OS .14 .06 .03 0.00 .05 .12 .02 .11 .21 .37 .26 .51 

19 to 23 .05 .18 .21 .06 .05 0.00 0.00 0.00 0.00 o.oo 0.00 0.00 .03 .06 0.00 .02 

GT 23 0.00 . 03 .08 .15 .11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .02 .06 .02 0.00 

Surry Power Station (1/1/68 - 12/31/69) 

1 to 2 . 27 .23 .22 .24 . 23 .28 .22 .24 . 26 .33 .37 .47 .37 .41 .28 .22 

3 to 4 .80 .81 .64 . 71 .81 . 72 .48 .73 .66 .74 .74 1.06 1.16 1. 24 1.01 .85 

5 to 6· 1.37 1.35 1. 27 1. 62 1. 58 1.34 .86 1.11 1. 27 1.47 1.45 1.30 1.25 1.36 1. 55 1. 63 

7 to 8 1. 50 1.20 1. 22 1.86 1. 56 1. 50 1.53 2.02 2.45 2.16 1. 75 1.18 1.14 1.49 1.67 2.09 

9 to 11 1.03 .60 .57 .68 .54 1. 08 .68 1.45 2.23 1.96 1.10 1.04 1.05 1. 69 1. 71 1.64 
f--' 
0 

12 to 14 .26 .17 .11 .10 .11 .31 .10 .25 .74 .95 .59 . 72 .76 1.41 1. 07 .54 .i:-

15 to 18 .16 .OS .03 .03 .04 :10 1.04 .10 .20 .47 .44 .45 .75 .98 .69 .21 

19 to 23 .02 .02 . 03 . 04 . 01 .02 .00 .01 .04 .14 .09 .07 .31 .42 .26 .OS 

CT 23 .oo .01 .02 .03 0.00 0.00 0.00 0.00 .02 0.00 .03 .02 .07 .23 .05 .00 
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(iv) Atmospheric Stability 

By definition, a stable atmosphere is non-turbulent and an unstable one is 

quite turbulent. Since atmospheric turbulence is used to establish the dilution 

capability of the atmosphere, this capacity must first be approached by estimating 

atmospheric stability due to wind direction variance in terms of categories 

proposed by Pasquill.* 

The stability classes proposed by Pasquill range from "A", the most unstable, 

to "F", the most stable. Wind direction variance, or standard deviation, can 

be used to classify data in the various categories. A still more stable 

classification, category "G", has been recognized by the Atomic Energy Commission 

to revise atmospheric measurement further. 

A low degree of wind turbulence and consequently r~latively unfavorable diffusion 

conditions can be expected for stable conditions. Conversely, during periods of 

instability, a high degree of wind turbulence associated with favorable dilution 

conditions can be expected. 

Pasquill 0
8 

stability distribution have been prepared from the base-line 

meteorological data. Table I. C. 3-8 summarizes the stability distribution data. 

(c) Atmospheric Dilution 

Annual average atmospheric dilution factors (X/Q) have been calculated for the 

Surry Station site. These factors, expressed in the units sec/m3 , enable one 

*Pasquill, F., "Estimates of the Dispersion of Windborne Material", 
Meteorology Magazine, 1961. 
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TABLE I.C.3-8 

METEOROLOGICAL DATA SUMMARY 

HOG ISLAND (2/68 - 2/69) AND SURRY (1/68 - 1/70) 

PASQUILL cre STABILITY DISTRIBUTION 

Frequency 
A B C D E F G of calms,% 

20' Hog Island 3.89 17.84 30.63 31.80 14.62 1. 22 0.00 2.33 
Spring 

150' Surry 7.95 18.10 37.55 27.75 6.99 1.19 0.47 0.29 

20' Hog Island 7.39 22.47 41.56 21.65 6.93 0.00 0.00 3.32 
Summer 

150 1 Surry 11.61 16.09 31.29 28.36 10.29 1. 60 0. 77 1.08 

20 1 Hog Island 5.61 22.74 36.21 22.11 12.98 0.35 0.00 6.25 
Fall 

150 1 Surry 7.65 13.85 35.53 29.31 10.56 2.28 0.83 0.81 

20' Hog Island 6.75 15.59 34.80 28.38 13.23 1. 21 0.05 2.74 
Winter 

150' Surry 5.75 8.52 28.55 41.75 12.93 1. 97 0.52 o .. 54 

20' Hog Island 5.91 19.44 35. 70 26.26 11. 95 o. 72 0.01 3.52 
*Annual 

150' Surry 8.28 13.99 33.20 31.67 10.36 1.83 0.67 0.73 

20' Hog Island 0.11 10.18 36.34 27.33 10.43 0.59 0.02 3.21 
**Average 

150' Surry 8.24 14.14 33.23 31. 79 10.19 1. 76 0.65 0.69 

* Based on total observations 
** Based on equally weighting each season 
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to calculate the human dose to be received at a given distance from the plant 

site for any radioactive gaseous release. 

The (x/Q) factor incorporates the dilution due to atmospheric turbulence 

expressed as a Pasquill 0 8 stability, the distance of the point in question from 

the source, the wind speed from the source to the point in question and a 

vertical dispersion factor based upon the change in atmospheric temperature with 

a 1,000 foot change in elevation. 

Temperature-elevation (~T) data was not available for the Surry Site. Very 

conservative ~T data from Beaver Valley, Pennsylvania was used in conjunction 

with the base-line meteorological data accumulated on-site. 

The annual average XIQ value with a 95% confidence level at the north site 

boundary (503 meters), based on the Surry data, is 4.0 x 10-6 sec/m3 ; and 

7.8 x 10-6, based on Hog Island data. Hog Island data is more conservative. 

(3) Site Air Quality 

(a) Radioactivity 

(i) General Discussion 

Virginia Electric and Power Company initiated in 1968 an extensive environmental 

monitoring program for establishing base-line radiological conditions in the 

environment surrounding the Surry Power Station site. The surveillance program 

is currently being conducted on a consultant basis by Eberline Instrument 

Corporation, in cooperation with Vepco. One phase of this program is the 

monitoring of airborne radiation. Radiation levels associated with both air 
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particulates and radioactive gases are being monitored for the purpose of 

establishing normal background conditions. 

(ii) Radioactive Gases 

Lithium fluoride thermoluminescent dosimeters (TLD's), double sealed in plastic, 

are being used for the surveillence of area background radiation levels. Figure 

I.C.3-2 indicates the distribution of sampling locations in the area surrounding 

the station site. Prior to May 1970, a single dosimeter was placed at each 

location; subsequent measurements are based on 5 TLD's at each point. TLD's are 

exposed for approximately one month. Each dosimeter is analyzed using an 

Eberline Model TRL-5 reader with results reported as cumulative dose (mrem) for 

the exposure period. 

Tables I.C.3-9 and I.C.3-10 present the results of the area monitoring program 

from January 1970 through June 1971. 

(iii) Particulates 

Air particulate samples are also collected at the land-based sampling points as 

shown on Figure I.C.3-2. These samples are collected to measure the low back

ground radioactivity associated with particulate radioisotopes. 

The sampling apparatus is a low-volume electric pump equipped with a glass fiber 

filter, vacuum gauge, rotameter and timer. Air samplers are on for 2 hours 

and then off one hour. When possible, samplers are located within substation 
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Control 
Richmond 
Surry Station 
Hog Island Reserve 
Bacon's Castle 
Alliance 
Colonial Parkway 
Dow 
Fort Eustis 
Newport News 
Smithfield 

Jan Feb Mar April 

5 0 28 52 
10 5 33 61 

5 6 35 50 
7 9 33 57 
6 4 34 51 
7 5 34 46 
5 4 28 60 
8 8 28 63 
6 13 14 43 
7 7 32 50 
8 3 31 so 

e 

TABLE I.C.3-9 

Area Monitors - TLD 

(Dose for Period - mrem)* 

1970 

May June July Aug --

20 19 15 10 
20 18 15 10 
11 15 12 10 
15 15 15 9 
14 13 14 8 
16 12 12 9 
14 17 15 10 
15 19 14 9 
17 16 13 10 
19 14 16 9 
16 18 14 10 

*Control not subtracted from dosimeter readings 

Sept Oct 

15 19 
15 21 
15 20 
15 17 
12 17 
12 17 
13 18 
13 18 
13 24 
13 22 
14 25 

Nov 

27 
36 
29 
30 
27 
26 
28 
31 
30 
30 
32 

Dec 

22 
28 
23 
22 
19 
19 
21 
24 
24 
25 
23 

e 

1--' 
0 
I.O 



Control 
Richmond 
Surry Station 
Hog Island Reserve 
Bacon's Castle 
Alliance 
Colonial Parkway 
Dow 
Fort Eustis 
Newport News 
Smithfield 
Scotland Wharf 
Jamestown 
Lee Hall 
Route 10 and 676 

Jan 

24 
** 
24 
24 
22 
25 
24 
24 
24 
** 
25 

Feb 

24 
28 
24 
22 
22 
** 
23 
24 
22 
25 
25 
18 

TABLE I.C.3-10 

Area Monitors - TLD 

(Dose for Period - mrem)* 

Mar April 

9 13 
12 ** 
ll+r 12 
11 13 
10 11 

9 12 
11 11 
11 13 
12 12 
11 13 
11 16 
11 11 

17+ 11 11 
** 13 15 
20 11 12 

May June 

7 18 
** 23 

7 22 
7 25 
8 *** 
7 17 
8 16 
7 16 
7 19 
8 19 

11 20 
8 18 
7 16 

10 21 
7 15 

*, Control not subtracted from dosimeter readings. 
** Dosimeters lost. 

*** Readings not available due to instrument malfunction. 
+ Dosimeter was out for 21 days. 

+r Dosimeter was out for 29 days. 
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enclosures; otherwise they are located 12 feet above ground on distribution 

poles with a transformer for the power supply. 

The filters are exchanged weekly and are analyzed after decay of radon daughters 

for gross .beta with a Nuclear-Chicago Low Beta Counter. These initial gross 

beta measurements are confirmed by sending nine (9) samples per month to 

Eberline Instrument Corporation where they are analyzed for gross beta with 

a Beckman Wide Beta I or Beckman Wide Beta II low background beta counter. The 

results are reported as pCi/m3 based upon the actual sample volume. 

Since there are many variables involved in the collection of this sample, 

measurements are only interpreted relative to the activity of previous samples. 

Tables I.C.3-11 through I.C.3-16 present the low background levels recorded from 

January 1970 through June 1971. 

Appendix C, Surry Power Station Environmental Radiation Surveillance Report 

contains a complete discussion of the airborne radioactivity monitoring phase 

of the environmental program being conducted at Surry. 

(b) Other Air Pollutants 

(i) General Discussion 

Base-line air contaminant inventory studies for non-radioactive pollutants are 



Location 

Richmond 

Station 

Bacons Castle 

Alliance 

Colonial Parkway 

Dow 

Newport News 

Hog Point 

Fort Eustis 

L 

TABLE I. C. 3-11 

Gross Beta Activity in Air Particulates 

First Quarter 1970 

(Concentrations in pCi/m3) 

Number of 
Analvses HiniTPur.1 :Maximum 

11 0.06+.0l 0.18+. 01 

13 0.04+.01 0.19+.01 

13 0.08+.01 0.26+.01 

12 0.07+.0l 0.48+.02 

13 0.06+.0l 0.20+.0l 

12 0.06+.01 0.19+.01 

13 0.06+.0l 0.2o+.Ol 

4 0.08+.01 0.18+.0l 

13 0.06+.01 0.14+.0l 

Average 

0.10+.03 

O.lo+.04 

0.16+.05 

0.17+.10 

0.11+.03 

0.11+. 03 

0.11+. 04 

0.15+.03 

O.lo+.03 

112 

Avg 113 Sampled 
Per Sample 
--· 

161 

152 

160 

151 

158 

155 

157 

140 

197 



Location 

Richmond 

Station 

Bacons Castle 

Alliance 

e Colonial Parkway 

Dow 

Newport News 

Hog Point 

Fort Eustis 

TABLE I.C.3-12 

Gross Beta Activity in Air Particulates 

Second Quarter 1970 

(Concentrations in pCi/m3) 

Number of 
Analyses Minimum Maximum 

13 0.14+.0l 0.52+.0l 

13 0.15+.0l 0.45+.0l 

13 0.2o+.Ol 0.77+.02 

13 0.19+.0l 0.71+.02 

13 0.15+.0l 0.46+.02 

13 0.14+.0l 0.48+.0l 

13 0 .18+. 01 0.47+.02 

10 0.15+.0l o.50+.02 

13 0 .13+. 01 0.43+.02 

113 

Avg H3 Sampled 
Average Per Sample 

0.34+. ll 157 

0 .32+. 09 158 

0. 53+.17 158 

0.49+.15 143 

0.35+.10 156 

o. 36+. ll 153 

0. 34+. 09 162 

0 .32+. 09 144 

0.31+.10 202 



Location 

Richmond 

Station 

Bacon's Castle 

Alliance 

Colonial Parkway 

Dow 

Newport News e Hog Point 

Fort Eustis 

TABLE I.C.3-13 

Gross Beta Activity in Air Particulates 

Third Quarter 1970 

(Concentrations in pCi/m3) 

Number of 
Analyses Minimum Maximum 

10 0.12±. 01 0.48±.02 

13 0.10±.01 0.40±.02 

13 0.14±.01 0.44±.02 

13 0.11±.01 0.56±.02 

13 0.12±.01 0.42±.02 

13 0.11±.01 0.42±.02 

13 0.10±.01 0.38±.01 

13 0.07±.01 0.42±.02 

13 0.07±.01 0.30±.01 

Average 

0.22±.10 

0.02±.09 

0.31±.15 

0.26±.14 

0.22±.10 

0.22±.09 

0.22±.10 

0.20±.10 

0.17±.07 

114 

Avg M3 Sampled 
Per Sample 

199 

149 

165 

142 

152 

146 

153 

149 

199 
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TABLE I.C .3-14 

Gross Beta Activity in Air Particulates 

Fourth Quarter 1970 

. (Concentrations in pCi/m3) 

Number of Avg M3 Sampled 
Location Analvses Minimum Maximum Average Per Sample 

Richmond 9 0.11±.01 0.37±.01 0.18±.09 156 

Station 13 0.06±.01 0.26±.01 0.12±.05 161 

Bacon's Castle 12 0.08±.01 0.42±.02 0.17±.02 186 

Alliance 12 0.03±.01 0.37±.01 0.14±.08 157 

Colonial Parkway 13 0.07±.01 0.28±.01 0.14±.05 155 

Dow 13 0.07±.01 0.32±.01 0.14±.07 149 

Newport News 13 0.08±.01 0.33±.01 0.14±.07 149 

Hog Point 13 0.06±.01 0.27±.01 0 .12±. 06 156 

Fort Eustis 13 0.06±.01 0.28±.01 0 .13±. 07 199 



Location 

Richmond 

Station 

Bacon's Castle 

Alliance 

Colonial Parkway 

Dow 

Newport News 

Hog Point 

Fort Eustis 

TABLE I. C. 3-15 

Gross Beta Activity in Air Particulates 

First Quarter 1971 

(Concentrations in pCi/m3) 

Number of 
Analyses Minimum Maximum 

10 0.02±.01 0.09±.01 

13 0.06±.01 0.25±.01 

13 0.09±.01 0.33±.01 

13 0. 02±. 01 0.30±.01 

13 0.06±.01 0.22±.01 

13 0.07±.01 0.30±.01 

13 0.06±~01 0.30±.01 

13 0.06±.01 0.26±.01 

12 0.05±.01 0.28±.01 

Average 

0.03±.02 

0.13±.06 

0.19f.08 

0.17±.08 

0.14±.05 

0.15±.07 

0.15±.07 

0.13±.06 

0.13±. 07 

116 

Avg M3 Sampled 
Per Sample 
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171 

146 

172 

163 

154 

155 

156 

184 



Location 

Station 

Bacon's Castle 

Alliance 

Colonial Parkway 

Dow 

Newport News 

Hog Point 

Fort Eustis 

TABLE I.C. 3-16 

Gross Beta Activity in Air Particulates 

Second Quarter 1971 

(Concentrations in pCi/m3) 

Number of 
Analyses Minimum Maximum 

13 0.28±.01 0.62±.02 

13 0.25±.01 0.84±.02 

13 0.07±.01 1. 00±. 03 

12 0.26±.01 0.52±.01 

13 0.18±.01 0.63±.02 

13 0.15±.01 0.62±.02 

13 0.15±.01 0.67±.02 

13 0.17±.01 0.59±.01 

Average 

0.40±.12 

0.56±.16 

0.47±.,29 

0.38±.11 

0.42±.13 

0.42±.12 

0.41±.12 

0.41± .12 
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Avg M3 Sampled 
Per Sample 

161 

160 

157 

173 

163 

154 

151 

166 
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not being conducted for the Surry area. The base-line conditions have been 

evaluated by a review of the air quality control regional plans proposed for 

the State of Virginia by the Division of State Planning and Community Affairs 

in cooperation with the State Air Pollution Control Board. 

The Surry site is located within the proposed region V of this plan. Region V 

would encompass Charles City, Chesterfield, Goochland, Hanover, New Kent, 

Powhatan, Dinwiddie, Greensville, Prince George, Sussex and Surry Counties. 

The regional approach to air pollution is based upon several administrative 

guidelines. An effort is made to make regions self-contained with respect to 

both air pollution receptors and sources. Future air system use is anticipated 

in order to prepare for foreseeable air quality impacts and regions are 

delineated to optimize inter-jurisdictional cooperation in handling present 

and future air resource management. 

The metropolitan areas of Richmond and Petersburg - Hopewell - Colonial Heights 

are also located within Region V. All of the major industrial pollutant sources 

of the region are located within these metropolitan areas and future industrial 

expansion is anticipated to be concentrated in these metropolitan areas also. 

The regional proposal indicated no major industrial pollution sources located 

within Surry County. 

(ii) Non-Radioactive Particulates 

The sampling program for radioactive airborne particulates has been used for 

establishing total particulate background level trends. The system was not 
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established for extra-radioactivity monitoring purposes and the data has been 

treated on a qualitative comparison rather than strictly quantitative basis. 

The data is indicative of the general rural nature of the area and is consistent 

with the description of this section of the proposed Region V. Several sampling 

points tend to increase in total particulates during early spring; this is felt 

to be associated with the plowing of fields in the immediate vicinity. The 

Surry Station location reflects the added dust loading due to localized vehicle 

traffic. 

(4) Overall Ecological Balance of Air Resource System 

The air resource of the area potentially under the influence of Surry Power 

Station is a complex and dynamic medium. As is typical of all air systems, 

it is in constant interplay with every other environmental parameter. The 

summation of these interactions constitutes the natural environment. 

Due to the dynamic nature of any ecosystem, the balance or lack of balance in 

the system is a nebulous characteristic to address. No set of concrete 

measurements can be made which will totally describe the entire picture. 

Nevertheless, on the basis of the best available subjective analysis of the 

air system in this area, the Applicant can find no set of cause-and-effect 

relationships which leads it to believe that the air resource system in its 

interaction with other ecosystems is in a state of ecological imbalance. 

b. Human Aspects 

The base-line air shed use patterns in the area potentially under the influence 
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of the Surry Station are typical of a rural setting. This area is neither 

reputed as a sanctuary from air quality degradation nor does it display the 

extensive air contamination conditions found in many metropolitan environments. 

The human-use characteristics of the air shed are neither precluded by nor 

dependent, upon its air quality. The pr,ojected land use patterns and the 

air quality -effects associated with these uses tend to predict a continuation 

of present air quality conditions and human uses of the area air shed. 
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D. Environmental Approvals artd Consultations 

Numerous governmental bodies responsible for environmetal standards must be 

dealt with in the course of licensing a nuclear power facility. What follows 

is a discussion of the specific relationship existing with each cognizant 

governmental agency, including permits, if any, which must be obtained. 

1. Required Governmental Approvals 

This section discusses the course of dealings between Vepco and the various 

Federal, State, and Local agencies contacted from which some form of specific 

approval is required for construction or operation of the Surry Power Station. 

Each of the immediately following pages presents a discussion, in standardized 

form, of one of the specific approvals listed immediately below, in the order 

in which they are listed. In addition to the titles of the relevant permit, 

license or approval, the discussion lists the cognizant governmental agency, its 

statutory authority, the environmental effect with which each permit is concerned, 

and the status of each. Copies of certifications issued are attached as Appendix 

G to this report. 

a. Federal 

(1) Atomic Energy Commission 
(a) Nuclear Station Construction Permit 
(b) 
(c) 
(d) 
(e) 

Nuclear Station Operating License 
Nuclear Station Operating Personnel Licenses 
Special Nuclear Material License 
Byproduct Material License 

(2) U. S. Army Corps of Engineers 
(a) Refuse Discharge Permit 
(b) Intake Channel Markers Permit 
(c) Instrument Towers Permit 
(d) Dredging Permit 



(3) U. S. Coast Guard (Department of Transportation) 
(a) Daybeacons Authorization 
(b) Groin Lights Authorization 
(c) Tower Lights Authorization 
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b. State 

c. 

(1) Virginia State Corporation Commission 

(2) Virginia State Department of Health 

(3) Virginia State Department of Highways 

(4) Virginia State Water Control Board 

Local 

(1) Surry County Department of Health (See Virginia State Department 
of Health) 
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2. Specific Approvals Not Required 

The material below contains comments on the Surry Power Station rendered by 

governmental and private agencies which are interested in.the project but 

hold merely advisory power in relation to it. 

Listed first are Federal agencies which have commented on the original 

environmental report submitted by Vepco to the Atomic Energy Commission. Also 

included in this section are comments and recommendations from State and Local 

agencies and associations having special interest in environmental matters in 

the State. The comments of each agency are treated on individual pages, as was 

done in the discussion of required approvals. Copies of relevant, specific 

comments are included in Appendix G to this report. 

, a. Federal 

(1) Department of Agriculture 

(2) U. S. Army Corps of Engineers 

(3) Department of the Interior 

(4) Advisory Council on Historic Preservation 

(5) Department of Transportation 

(6) Federal Power Commission 

(7) Environmental Protection Agency 

b. State 

(1) Virginia Air Pollution Control Board 

(2) Governor's Council on the Environment (for itself and numerous 
other State agencies). 



(3) Virginia Commission of Game and Inland Fisheries 

(4) Virginia Commission of Outdoor Recreation 
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(5) Virginia Department of Conservation and Economic Development 

(6) Virginia Historic Landmarks Commission, Archeological Society 
of Virginia and Association for the Preservation of Virginia 
Antiquities 

(7) Virginia Institute of Marine Science 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Construction Permit 

(13) Government from which it must be obtained: 

U. S. Atomic Energy Commission 

(C) Statutory or Regulatory Authority: 

Atomic Energy Act of 1954; 10 CFR 50 and National Environmental Policy, 
Act of 1969 § 102 (2)(c); Executive Order 11514 (March 4, 1970) 

(U) Environmental effects to which directed: 

Pre-NEPA, primarily radiological, all ecological systems; under NEPA, 
all environmental effects, all ecological systems 

(E) Whether obtained yet or not: 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-1 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Reference: AEC Dockets 50-280 and 50-281 



REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Pennit, Etc. Name: Operating License 

(B) Government from which it must be obtained: 

U. S. Atomic Energy Commission 

(C) Statutory or Regulatory Authority: 

ACRS (Advisory Committee on Reactor Safety) 
ALSB (Atomic Licensing & Safety Board) 
AEC, Division of Reactor Licensing 
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Atomic Energy Act of 1954, as amended; 10 CFR 2, 20, 30, 50, 70, 71, 140 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

(D) Environmental effects to which directed: 

Under Atomic Energy Act, radiological and Public Health & Safety factors 
must be considered. 

Under NEPA, all types of environmental considerations in all ecosystems 
must be examined before an operating license may be issued. 

(E) Whether obtained yet or not: Not obtained yet. 

(1) If obtained, enclose copies of any certifications issued. 

N/A 

(2) If not yet obtained, indicate status of efforts to obtain. 
The following required items have been submitted: 
(1) Operating License Application, Part A 
(2) FSAR, Part B 
(3) Initial and Supplementary Environmental Reports 

The following procedural stages must yet be completed: 
(1) ACRS hearing 
(2) Public hearing on welding problems (no date set) 
(3) NEPA hearing (date unknown) 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Application for operating license includes Applicant's Initial and 
Supplementary Environmental Reports. 

Reference: AEC Dockets 50-280 and 50-281 



129 

REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Operating Personnel License 

(ll) Government from which it must be obtained: 

U. S. Atomic Energy Commission 

(C) Statutory or Regulatory Authority: 

Atomic Energy Act of 1954 as amended 
National Environmental Policy Act of 1969, § 102 (2)(c); Executive Order 
11514 (March 4, 1970) 

(D) Environmental effects to which directed: 

None 

(E) Whether obtained yet or not: Not obtained yet. 

(1) If obtained, enclose copies of any certifications issued. 

N/A 

(2) If not yet obtained, indicate status of efforts to obtain. 
Resumes of qualifications of people expected to take exams forwarded to 
DRL, requesting DRL comments on employee qualifications. No comments 
yet received. 

Exams presently scheduled for Jan. 4 & 5, 1972. 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Results of exams should be obtained approximately one month after exam. 

Reference: AEC Dockets 55-1402, 3253, 3254, 1741, 3636, 3403, 
3154, 1112, 3158, 3162, 3402, 3517, 3518, 3405, 3406, 
3627 - 3635. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Special Nuclear Material License and 
amendment thereto 

(13) Government from which it must be obtained: 

U. S. Atomic Energy Commission 

(C) Statutory or Regulatory Authority: 

Atomic Energy Act of 1954, as amended; 
10 CFR 30, 40, 70 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

(D) Environmental effects to which directed: 

Primarily radiological, all ecological systems 

(E) Whether obtained yet or not: Issued 8/11/70 and 8/20/71 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-2. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Expires 31 December 1972 or conversion of CPR-43 and CPR-44 to operating 
licenses, whichever occurs earliest. 

Reference: AEC Dockets 70-1249, 70-1295 



- REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Byproduct Material License 

(11) Government from which it must be obtained: 

U. S. Atomic Energy Commission 

(C) Statutory or Regulatory Authority: 

Atomic Energy Act of 1954, as amended 
10 CFR 30, 32, 33, 34, 35 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

(D) Environmental effects to which directed: 

Primarily radiological, all ecological systems. 
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(E) Whether obtained yet or not: Issued 5/20/70, amended 4/14/71 

(1) If obtained, enclose copies of any certifications issued. 

App end ix G- 3 , 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Expiration 31 May 1974 or upon attainment of Unit 1 Surry Operating License 
(CPR-43), whichever is sooner. 

Reference: AEC Dockets 50-280 and 50-281 



REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Refuse Discharge Permit 

(li) Government from which it must be obtained: 

U. S. Army Corps of Engineers 

(C) Statutory or Regulatory Authority: 

Rivers and Harbors Act of 1899, § 407; 33 USC§ 407 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Water Quality Improvement Act of 1970 § 21(b), 33 USC § 117l(b) 
Executive Order 11514 (March 4, 1970) 

(D) Environmental effects to which directed: 
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All kinds of refuse matter, including heat, discharged into navigable 
waters. 

(E) Whether obtained yet or not: 

(1) If obtained, enclose copies of any certifications issued. 

N/A 

(2) If ~ot yet obtained, indicate status of efforts to obtain. 
(1) Letter to Army Corps of Engineers covering Application, Part 1 and 

indicating grounds of protest, June 29, 1971. Appendix G-4 
(2) Letter covering Application, Part II, October 22, 1971. Appendix 

G-4a. 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 
The Discharge Permit can be secured from the Army Corps of Engineers only 
after a Certificate of Assurance has been granted pursuant to§ 2l(b) of the 
Water Quality Improvement Act of 1970, by the State Water Control Board 
Applicant has applied for a Certificate of Assurance and is confident that 
it will be granted, and that the Discharge Permit can therefore be issued. 
For more complete coverage, see the discussion of the application for a 
Certificate of Assurance, below, and in Appendix G-14. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Timber Pile Channel Markers Permit for 
Intake Channel 

(ll) Government from which it must be obtained: 

U. S. Army Corps of Engineers 

(C) Statutory or Regulatory Authority: 

Rivers and Harbors Act of 1899, § 10 (33 USC, §403); 33 CFR 209, 120 
National Environmental Policy Act of 1969 § 102 (2)(c); 
Executive Order 11514 (March 4, 1970) 

(U) Environmental effects to which directed: 

Protection of navigation by marking location of Surry Intake Channel with 
seven timber pile channel markers. 

(E) Whether obtained yet or not: Obtained 2/12/68 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-5. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Installation completed 4/8/68, in accordance with attached permit conditions. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Instrument Towers Permit 

(ll) Government from which it must be obtained: 

U. S. Army Corps of Engineers 

(C) Statutory or Regulatory Authority: 

(D) 

Rivers and Harbors Act of 1899, § 10 (33 USC § 403); CFR 209, 120 (b), (d) 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

Environmental effects to which directed: 

Protection against navigational hazards posed by placement of seven 
instrument towers in the James River to measure water temperatures and 
salinity. 

(E) Whether obtained yet or not: Obtained 7/16/69 

(1) If obtaiqed, enclose copies of any certifications issued. 

Appendix G-6. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction completed 9/16/69 in accordance with conditions set out in 
attached construction permit. Towers must be removed no later than 
31 March 197 5. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Dredging Pennit (also screenwell, docks, 
and groins installation) 

(11) Government from which it must be obtained: 

U. S. Army Corps of Engineers 

(C) Statutory or Regulatory Authority: 

Rivers and Harbors Act of 1899, § 10 (33 USC§ 403) 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

(D) Environmental effects to which directed: 

Effects on navigability of water and on fish and wildlife, from dredging 
and depositing dredged soil outside of navigable waters. 

(E) Whether obtained yet or not: Issued 8/21/67 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-7. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction-associated dredging has been completed. Additional permits 
will be obtained as the need arises. Current permit extended to 12/31/71. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Daybeacons (intake channel markers) 
Authorization 

( ll) Government from which it must be obtained: 

Department of Transportation (U, s. Coast Guard) 

(C) Statutory or Regulatory Authority: 

14 USC § § 81, 83, 85, 633; 49 use § 1655 (b) 
33 CFR 66 

(D) Environmental effects to which directed: 

Protection of navigation against hazards arising from construction of 
intake canal. 

(E) Whether obtained yet or not: Approved 3/15/68 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-8. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Constructed in compliance with permit. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Installation of Groin Lights along Discharge 
Canal 

(ii) Government from which it must be obtained: 

Department of Transportation (U. S. Coast Guard) 

(C) Statutory or Regulatory Authority: 

14 use§§ 81, 83, 85, 633; 49 use § 1655 (b) 
33 CFR 66 
Private Aids to Navigation Application (CG 2554) 
National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 

(U) Environmental effects to which directed: 

Protection of navigation against hazards arising from the placement of 
rock pilings along the edges of the discharge canal 

(E) Whether obtained yet or not: Approved 2/18/70 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-9 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction was in compliance with terms of permit. Lights are permanently 
installed; permit is permanent. 



REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Instrument Tower Lights 

(ll) Government from which it must be obtained: 

Department of Transportation (U. S. Coast Guard) 

(C) Statutory or Regulatory Authority: 

14 USC§§ 81, 83, 85, 633; 49 USC §1655(b) 
33 CFR 66 

(D) Environmental effects to which directed: 
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Protecting navigation against potential hazards caused by placement in 
river of towers to support instruments to monitor water temperatures and 
salinity (See also Corps of Engineers Instrument Towers Permit, above 
and Appendix G-12). 

(E) Whether obtained yet or not: Approved 8/25/69 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-10 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction completed 9/16/69. According to the terms of an additional 
permit required by the Corps of Engineers, the towers on which these 
lights are mounted must be removed from the James River by the date on 
which an Operating License is obtained, or March 1975, whichever occurs 
sooner. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Certificate of Public Convenience and 
Necessity 

(l.\) Government from which it must be obtained: 

Virginia State Corporation Commission 

(C) Statutory or Regulatory Authority: 

Utilities Facilities Act 
Code of Virginia, Titles Sb § 265 

(U) Environmental effects to which directed: 

No specific cons.ideration of environmental problems is required by 
Utilities Facilities Act . 

(E) Whether obtained yet or not: Issued 7/16/68 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-11, G-lla 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction of transmission lines and related facilities is proceeding 
in accordance with the Certificate. 
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REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Sewage Treatment Plant for Surry Facility 

(ll) Government from which it must be obtained: 

Surry County Health Department (in cooperation with the State Water Control 
Board and Department of Health) 

(C) Statutory or Regulatory Authority: 

Code of Virginia, Title 32 §§ 9, 61 

(U) Environmental effects to which directed: 

Effects on land and water system from construction and use of septic 
tank and of sewage disposal facility. 

(E) Whether obtained yet or not: Obtained 2/27/69 

(1) If obtained, enclose copies of any certifications issued. 

Appendix G-12. 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 

(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Construction of facilities mentioned above has been completed in accordance 
with terms of permit. 



REQUIRED ENVIRONMENTAL APPROVALS 

(A) License, Permit, Etc. Name: Relocation of Route 617 

(ll) Government from which it must be obtained: 

State of Virginia Department of Highways 

(C) Statutory or Regulatory Authority: 

Code of Virginia, Title 33.1, § 18 

(D) Environmental effects to which directed: 

Land 

(E) Whether obtained yet or not: Approved 12/12/66 

(1) If obtained, enclose copies of any certifications issued. 

Letter granting approval, Appendix G-13, G-13a 

(2) If not yet obtained, indicate status of efforts to obtain. 

N/A 
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(F) Whether or not obtained, set forth date or projections showing compliance 
or how compliance will be accomplished. 

Road constructed in accordance with plans approved' by the Department of 
Highways. 



149 

ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Cominents 

Comments to AEC on Surry Environmental Report filed 22 March 1971, by 
Federal Power Commission 

(B) Governmental Agency Involved 

U. S. Federal Power Commission 

(C) Applicable Statutory or Regulatory Authority 

National Environmental Policy Act of 1969 § 102 (2)(c) 
Executive Order 11514 (March 4, 1970) 
C.E.Q. Guidelines 36 Fed Reg 7724 (23 April 1971) ~ 7 

(D) Environmental Effects to Which Directed 

Need for generating capacity in Vepco service area. 

(E) Comments on Other Documents 

Letter of 6/4/71. See Appendix G-21 

Applicant's present and projected power needs are outlined in Section II.I.E. 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Comment to AEC on Surry Environmental Report filed 22 Match 1971, by 
Environmental Protection Agency 

(B) Governmental Agency Involved 

Environmental Protection Agency 

(C) Applicable Statutory or Regulatory Authority 

National Environmental Policy Act of 1969 § 10.2 (2) (c) 
Executive Order 11514 (March 4, 1970) 
C.E.Q. Guidelines (April 23, 1971), 17 

(D) Environmental Effects to Which Directed 

All effects on ecosystem 

(E) Comments on Other Documents 

EPA letter of comment, August 16, 1971. Apendix G-22 and G-22a 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Consultations relating to emission standards with Virginia State Air Pollution 
Control Board 

(B) Governmental Agency Involved 

Virginia State Air Pollution Control Board 

(C) Applicable Statutory or Regulatory Authority 

Air Pollution Control Law of Virginia, Title 10, §§ 10-17 110 through 
10-17.30 

(D) Environmental Effects to Which Directed 

"To achieve and maintain such levels of air quality as will protect 
human health, welfare and safety and to the greatest degree practicable 
prevent injury to plant and animal life and property." 

(E) Comments on Other Documents 

A permit or license is not required for an air pollution source in 
Virginia under the present rules. 

The Surry Power Station has two package boilers used only for start~up 
steam and building heating - each rated at 80,000 pounds of steam per hour. 
These units are to be operated infrequently and are designed to burn No. 2 
commercial grade fuel oil with a 0.75% maximum sulfur content. These units 
will be regulated under Rule 3 (smoke opacity not to exceed Ringelman 2) and 
Rule 7 of the Air Pollution Control Board, and are expected to comply with 
their regulations. 

The estimated regulated emissions from each of these units is expected 
to be as follows: 

6 
(a) 0.7565 pounds so2 per 10 Btu heat input for each hour of operation. 

(No Virginia statute or regulation presently directly limits so
2 emissions.) 
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(b) 0.1065 pounds particulate per 10
6 

Btu heat input for each hour 
of operation. (Rule 7 reguires that emissions not exceed 0.8 
pounds particulate per 10 Btu heat input.) 

(c) Ringelman opacity cannot be estimated in advance, but is expected 
to be well below Ringelman 2. 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Comments from Governor's Council on Environment (for itself and numerous 
other State agencies). 

(B) Governmental Agency Involved 

See Appendix G-23. 

(C) Applicable Statutory or Regulatory Authority 

(D) Environmental Effects to Which Directed 

(E) Comments on Other Documents 

See Appendix G-23 for comments from: 

(1) Virginia Department of Health 
(2) Virginia Department of Conservation and Economic Development 
(3) Commission of Outdoor Recreation 
(4) Commission of Game and Inland Fisheries 
(5) State Corporation Commission 
(6) Virginia State Water Control Board 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Discussions with Virginia Commission of Game and Inland Fisheries 

(B) Governmental Agency Involved 

(C) Applicable Statutory or Regulatory Authority 

Code of Virginia, Title 29, §§ 3-23.1 

(D) Environmental Effects to Which Directed 

Effects on wildlife and fish due to thermal discharges. Discussion on 
disposal of surplus material from construction. 

(E) Comments on Other Documents 

See Appendix G-23. 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Discussions with Virginia Outdoor Recreation Commission 

(B) Governmental Agency Involved 

(C) Applicable Statutory or Regulatory Authority 

Code of Virginia, Title 10, § 21 et. seq. 

(D) Environmental Effects to Which Directed 

Assessment of effects in all ecosystems of locating power plants on 
existing, proposed, or potential recreation areas. 

(E) Comments on Other Documents 

See Appendix G-23. 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Discussions with Virginia Department of Conservation and Economic 
Development 

(B) Governmental Agency Involved 

(C) Applicable Statutory or Regulatory Authority 

Code of Virginia, Title 10, §§ 17, 117 

(D) Environmental Effects to Which Directed 

Improvement of the hydrologic characteristics of the stream effected for 
the purpose of beneficial uses consistent with the primary function of the 
energy producing facility. 

General ecological effects on water systems. 

(E) Comments on Other Documents 

General comments only. See Appendix G-23. 



ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Discussions with: 
(1) Virginia Historic Landmarks Commission 
(2) Association for the Preservation of Virginia Antiquities 

(B) Governmental Agency Involved 

Virginia Historic Landmarks Commission 

(C) Applicable Statutory or Regulatory Authority 

157 

Code of Virginia, Title IV, § 135 et.~- (Virginia Historic Landmarks 
Commission) 

The Association for the Preservation of Virginia Antiquities is a private 
organization. 

(D) Environmental Effects to Which Directed 

Preservation of historic landmarks 

(E) Comments on Other Documents 

See Appendix G-24, and G-24a 
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ENVIRONMENTAL CONSULTATION OR COMMENTS 

(A) Type of Consultation/Comments 

Document relating to Ecological Research Program undertaken with Virginia 
Institute of Marine Science 

(B) Governmental Agency Involved 

Virginia Institute of Marine Science 

(C) Applicable Statutory or Regulatory Authority 

Code of Virginia, Title 28.1 § 195 ·et.~· 

(D) Environmental Effects to Which Directed 

Ecological study of the environment and the aquatic life. in the James River. 

(E) Comments on Other Documents 

See Appendix F. 
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E. Electric Power Supply and Demand 

1. Present and Projected Power Needs of Area 

a. Load Forecasts 

(1) Regional 

159 

The Applicant is located in the Southeastern portion of the United States 

and in the Federal Power Commission's Region III. The Applicant is a member 

of the Southeastern Electric Reliability Council. Regional forecasts of loads 

for the Southeast are accumulations of load forecasts by individual operating 

entities. One such accumulation is shown in the "Regional" column Figure IE .1-1. 

These forecasts covering the period 1971-1975 indicate a sustained growth rate 

greater than the national average over the entire period included. 

(2) Power Pool* 

The Applicant is not now a member of a formal power pool. The Southeastern 

Electric Reliability Countil is divided into subregions having mutuality 

of interest and a history of cooperation. The Applicant is a member of the VACAR 

(Virginia-Carolinas) subregion which also includes Carolina Power and Light 

Company, Duke Power Company, South Carolina Electric and Gas Company, South 

Carolina Public Service Authority, Southeastern Power Administration and 

Yadkin, Inc. The forecast for the subregion is also an accumulation of 

individual forecasts by the VACAR participants. The latest published VACAR 

peak load forecast is shown on Figure I~ .1-1 under the VACAR column. The 

growth rate for VACAR is very similar to that of the entire region. 

(3) System 

The Applicant serves a large portion of Virginia, the northeastern corner of 

*Applicant is still under contractual obligations with members in the VACAR 
Pool until April 30, 1973. See 1 I.E.l.c.(2). 

________ j 
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North Carolina and five counties in West Virginia. The Applicant now has 

more than one million electric customers in its service areas. Its load 

forecasts for the next five years are indicated by the Vepco column of 

Figure I.E.1-1. This forecast indicates a growth rate in excess of those 

of the VACAR subregion, the Southeast Region and the nation as a whole. 

While the 19% growth rate predicted for 1972 may appear excessive, local 

conditions over the past two years prevented the Applicant from reaching its 

estimated loads in both 1970 and 1971. A return to more normal conditions 

in 1972 will also return the Applicant's load to anticipated levels. The high 

growth rate of the Applicant's load is based on the continuing extension of 

the eastern seaboard megalopolis southward from Washington through the urban 

corridor of Virginia to Richmond and Norfolk. 

b. Nature of the Demand and Growth Pattern 

(1) Population Growth 

Growth of population in the Applicant's service area for the decade 1960 to 1970 

was 17.2% compared with a national average of 13.3%. The Applicant believes 

this larger-than-average growth will continue through at least 1980. 

Projections of population for the State of Virginia show a 16.5% increase 

over the next ten years. The Applicant's present service area, including 

the urban corridor, has 75% of the State's population; the urban corridor 

alone contains 59% of the State's population. Population growth in the urban 

corridor from 1960 to 1970 was about 26%, a rate almost twice the national 

rate and one and a half times the overall State rate. The exceptionally 

rapid growth of this portion of the State is expected to continue during the 

coming decade,* 

*Demographic data and projections are based on U. S. Department of Commerce
Census, and Virginia Chamber of Commerce. 
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YEAR LOAD GROWTH RATE 

1970 274.6 

1971 304.3 10.8% 

1972 330.5 8.6% 

1973 359.8 8.9% 

1974 390.1 8.9% 

1975 421.9 8.2% 

1976 455.0 7.9% 

e 
FIGURE I.E .1-1 

FORECAST OF LOAD 

NATIONAL, REGIONAL, POWER POOL SYSTEM 

REGIONAL VACAR GROUP 

' I 

LOAD GROWTH RATE LOAD GROWTH RATE 

52.6 

58.7 11.6% 19.0 

64.9 10.6% 21. 0 10.5% 

71.8 10.5% 23.2 10.5% 

79.2 10.3% 25.6 10.4% 

86.5 9.3% 28.2 10.2% 

94.6 9.4% 30.8 10.1% 

LOAD 

4.9 

5.3 

6.3 

7.0 

7.8 

8.7 

9.6 

Notes: (1) All loads in thousands of Megawatts 

(2) National and Regional data taken from EEI 49th Semi-Annual Electric Power Survey 

(3) VACAR data taken from SERC Report to FPC dated 4/1/71. 

(4) Vepco data is forecast approved 9/23/71. 

e 

VEPCO 

GROWTH RATE 

9.1% 

19.0% 

11.3% 

11.1% 

11.2% 

11.0% 
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(2) New Industry 

While heavy industry is not the mainstay of the economy of the Applicant's 

service area, its desirable location, willing work force. transportation 

facilities and other natural inducements continue to attract industry. The 

Applicant had 639 customers classified as industrial in 1960; by 1970 this 

number had increased by 36.5%, to 873. The Applicant sold two billion 

kilowatt-hours of electricity of industrial customers in 1960 and four and 

a half billion kilowatt-hours in 1970. During 1975 the Applicant has forecast 

sales of six and one quarter billion kilowatt-hours to industrial customers. 

The Applicant continues to work with State and local bodies engaged in 

attracting new industry to its service area. 

(3) Increased Per Capita Demand 

In 1960 the average annual use of kilowatt-hours by residential customers in 

the Applicant's service area exceeded the national average by 133 kilowatt-hours 

or 3.5%. In 1970 the average annual use of kilowatt-hours by these residential 

customers exceeded the national average by 1815 kilowatts of 25.7% above the 

national average. By 1975 the Applicant has forecast the average residential 

use on its system will have increased 42.6% over the 1970 value.* 

c. Reserve Requirements 

(1) System 

The Applicant has established a minimum reserve level of 15% for use on its 

*Forecast based on statistical projections which consider sales, population 
growth, load growth, weather, economic conditions, etc. 
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system. The optimum maximum level which the Applicant strives for is 18%. 

In general. reserve levels are established based on a thorough knowledge of 

the individual system and on the experience and judgment gained through years 

of successful operation of a bulk power supply system. The reserve level 

requirement is based on the size, type and condition of generating equipment, 

on the capability and extent of the transmission system, and on the existence 

of useful interconnections and emergency power contracts with neighbor supply 

systems. The Applicant plans for a strong transmission system with inter

connections suitable for relaying, on an emergency basis, any sudden loss of 

a major generator. Applicant's reserve is expected to provide for four major 

contingencies: loss of the largest generator on the system, incidental 

curtailment or reductions in capacity of generation in service, errors in 

forecasts, and occurrence of weather more severe than anticipated. To provide 

for these contingencies the Applicant has established its reserve level to 

range from 15-18% of the forecasted load. All the Applicant's plans now 

are aimed at providing this reserve. Figure I.E.1-2 is a tabulation of the 

Applicant's peak load, capacity and reserve as now anticipated through 1976. 

(2) Power Pool 

Until April 30, 1973 the Applicant is under contractual obligations to share 

reserves with Carolina Power and Light Company, Duke Power Company, and 

South Carolina Electric and Gas Company. This arrangement is designed to 

provide members of the former CAR.VA pool with time to establish their own 

individual reserves. Sharing of reserves is based on the principle that 

each participant will retain the same percentage level of reserves as the 
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FIGURE I. E .1-2 

PEAK LOAD CAPACITY AND RESERVE 

1972 - 1976 

RESERVE 
YEAR PEAK LOAD CAPACITY MW % 

1972 6300 7271 971 15. 4 • 

1973 7010 7958 948 13.5 

1974 7790 9349 1559 20.0 

1975 8660 10133 1473 17.0 

1976 9610 11050 1440 15.0 

Note: All values are megawatts 

*Based on Surry 1 and Oconee 1 in service. 
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other participants. The Applicant expects to purchase 387,000 kilowatts 

from the other participants during the summer of 1972. Beginning May 1, 1973 

the Applicant has no plans for sharing reserves with any other system or pool. 
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2. Regional Power Supply 

a. Institutional Arrangements 

With the exception of sharing of reserves through April 30, 1973 as described 

in paragraph I.E.l.c.2 above, the Applicant, now and in the future, will plan 

for and develop its own power supply resources. Through participation in the 

Southeastern Electric Reliability Council the Applicant is able to cooperate 

with other companies in developing resources and facilities adequate to the 

electric requirements of the region. Because of the Applicant's location at 

the edge of the Southeast Region, the Applicant has undertaken joint studies 

with the power systems to the north and west to ensure orderly development 

of the resources and facilities of the combined areas. 

The Applicant follows a long-established policy of owning sufficient generation 

to serve its peak loads. When generation additions are delayed or load growth 

is greater than anticipated, the Applicant must arrange for capacity enough to 

allow it to serve its load and provide an adequate reserve. The Applicant 

will, when necessary, arrange for purchases from neighboring systems. At 

this time, the Applicant has contracts for purchases through 1976, as shown 

on Figure I.E.2-1. 

In addition to purchases now under contract, the Applicant has contracts with 

the Allegheny Power System, the Appalachian Power Company, the Carolina Power 

and Light Company and the Pennsylvania-New Jersey-Maryland Interconnection which 

provide for purchase and sale of capacity and energy when both parties agree 

and which provide for assistance in times of emergency. 



FIGURE I.E.2-1 

ALL PURCHASES 

1972 - 1976 

SELLER 1972 1973 1974 1975 1976 

Southeastern Power Administration 132 132 132 132 132 

Appalachian Power Company 300 300 

Allegheny Power Company 332 100 

Carolina Power & Light Company-Limited Term 387 

Carolina Power & Light Company 43 29 15 

South Carolina Electric & Gas Company 99 99 99 

Total Purchases 1293 660 246 132 132 

Note: All v·alues are megawatts 
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b. Physical Interconnections 

The Applicant maintains thirteen major interconnections with neighboring 

utilities as shown on Figure I.E.2-2. The Applicant has plans for adding 

three major interconnections within the next five years: 

(1) 500 kv with Carolina Power & Light Company 

(2) 230 kv with Carolina Power & Light Company 

(3) 500 kv with PJM Interconnection 

The Applicant will continue to study, in conjunction with its neighbors, the 

need for and usefulness of additional interconnections. The Applicant expects 

to construct interconnections that will provide for continuing reliability of 

service in its service area, but does not plan to develop interconnections as 

a permanent alternative to providing its own power supply. 



e 
FIGURE I.E.2-2 

MAJOR INTERCONNECTIONS 

OF 

VIRGINIA ELECTRIC AND POWER COMPANY 

COMPANY 

Carolina Power & Light Co. 

Appalachian Power Company 

Allegheny Power System 

PJM Interconnection 

INTERCONNECTION DESIGNATION 

Aurora - Greenville 
Rocky Mount - Everetts 
Rocky Mount - Lakeview 
Henderson 
Farmville 
Rocky Mount - Battleboro 

Cloverdale - Lexington 
Hinton 
Altavista 
Bremo 

Ft. Martin - Mt. Storm 
Daubs 

Dickerson - Pleasant View 

VOLTAGE 

230 000 
230 000 
230 000 
115 000 
115 000 
115 000 

500 000 
138 000 
138 000 
138 000 

500 000 
500 000 

230 000 
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3. Relation of Proposed Facility Output 

The Applicant has proposed the addition of the Surry No. 1 and Surry No. 2 

units to expand its power supply resources to meet its growing load require

ments and to provide a reserve consonant with its established reserve policy. 

Extraordinary load growth followed the decision to construct these units, 

requiring adjustments in both the Applicant's generation and purchase 

schedules. The Applicant has installed 391,000 kilowatts of peaking gas 

turbines in the years 1967 to 1970. The delay in commercial generation of both 

of the Surry units required the Applicant to secure additional gas turbines 

capable of generating 140,000 kilowatts for 1971 summer operation. In 

addition, the Applicant has made relatively large purchases of capacity to 

meet its peak loads in 1970 and 1971. Figure I.E.3-1 is a summary of the 

Applicant's power supply resources through 1976. Section A summarizes the 

cond.itions that will prevail if Surry No. 1 and Surry No. 2 units are placed 

in commercial operation prior to the summers of 1972 and 1973, respectively. 

Even with Surry No. 1 available the Applicant expects to purchase 1293 megawatts 

from its neighbors in order to meet its minimum reserve standard of 15.4%. 

Following commercial operation of the Surry units, and assuming orderly 

progress of the Applicant's announced generation program, the amount of 

purchases will decline while the reserve level remains at or near the Applicant's 

established standard. Section B of Figure I.E.3-1 summarizes the condition 

that would prevail if neither Surry unit were placed in operation. In 1972 

the reserve would fall to 11.5%. Reserve is kept from falling lower because 

the Applicant's portion of shared reserves, discussed in paragraph I.E.l.c.2 
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FIGURE I.E. 3-1 

SUMMARY OF POWER SUPPLY RESOURCES 

WITH AND WITHOUT SURRY #1 & SURRY #2 

1972 - 1976 

1973 1974 
CAPACITY RESERVE CAPACITY RESERVE CAPACITY RESERVE 

A. With Surry #1 & #2 

Installed Capacity 5978 

Purchases 1293 

Total 7271 

B. Without Surry #1 & #2 

Installed Capacity 5190 

Purchases 1834 

Total 7024 

( ) Denotes negative value 

15.4% 

11.5% 

Notes: (1) All loads in megawatts. 

7298 

660 

7958 

5722 

660 

6382 

13.5% 

(9.0%) 

9103 

246 

9349 

7465 

246 

7711. 

(2) Assumes Oconee #1 to be in service prior to June 1, 1972. 

20.0% 

(1. 0%) 

1975 1976 
CAPACITY RESERVE CAPACITY RESERVE 

10001 

132 

10133 

8363 

132 

8495 

17.0% 

(1. 9%) . 

10918 

132 

11050 

9280 

132 

9412 

15.0% 

(2.1%) 
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above, would increase by 541 megawatts if only Surry No. 1 were delayed and 

the other participating companies were able to make their planned generation 

available. Specifically, the ~eserve of 11.5% is predicated on a purchase 

of 1834 megawatts, a substantial portion of which is dependent on the 

operability of Duke Power Company's Oconee Unit 1 by June 1, 1972. Continuing 

purchases of this magnitude will load the interconnections with our neighboring 

companies, making their assistance during an emergency on the Applicant's 

system almost impossible. Without assistance during an emergency a high degree 

of probability would exist that the Applicant would find it necessary to curtail 

service to its customers. Beginning in 1973, and continuing without the Surry 

· units, the Applicant would have less generating capacity than load - a condition 

that would certainly require load curtailment. This evaluation assumes that, 

with the exception of Surry No. 1 and No. 2, the Applicant's planned generation 

addition pr_ogram is carried out. 
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4. Consequences of Delays in Constructing the Facility 

The major consequences of a delay, short or extended, to either or both Surry 

No. 1 and Surry No. 2, is a sharp decrease in the reliability of electric service 

to the Applicant's customers, the reliability of the Applicant's bulk power 

supply system and to the bulk power supply in the Southeast and in other 

neighboring systems. The delay would necessarily increase our required pur

chases, placing a reciprocal burden on our neighbors: first, the Applicant would 

have to call upon them for help, especially during periods of heavy load, during 

incidental curtailments of generation, and a major loss of generation; and 

second, neighboring utilities would not, in the event of trouble on their 

own systems, be able to rely upon capacity assistance from the Applicant, even 

temporarily. 

A second consequence of delay would be the inevitable increase in cost of 

electric service to the Applicant's customers. The Surry Power Station is 

expected to provide significantly lower generating cost than other alternative 

generating methods when it goes into service: saving in fuel expenditures 

was one of the major reasons for electing this particular form of generation. 

Delay will not only preclude the advantage of low-~ost fuel, but will also 

penalize the Applicant's customers by increasing the use of high-cost genera

tion which would otherwise not be used, and by increasing the amount of 

purchases which will cost much more than the delayed capacity would. 

A third consequence of delay would be the loss in flexibility of operation of 

the bulk power supply system. Purchases of the magnitude needed to serve the 
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load and meet reserve requirements, will burden transmission facilities, 

including the interconnections with other systems, to the extent that no 

major change in supply or in level of load may be taken without the 

possibility of overloading specific circuits or the transmission network 

generally. This loss of flexibility may effect neighboring systems which 

desire to make operating adiustments but may not be able to do so because 

of internal conditions on the Applicant's system. 
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II.I. ENVIRONMENTAL IMPACT 

A. Construction Phase 

1. Land System Effects 

a. Natural Effects 

(1) Physical Effects 

(a) Placement of Fill From Excavation 

Construction of Surry Power Station has required the excavation of a significant 

amount of earth in connection with the construction of the reactor containments 

and associated structures. The earth excavated from the site has been put to 

two primary uses. A relatively small portion of it was used as necessary in 

the site area for fill landscaping, etc. The greater portion and more signif

icant environmental use of the fill, however, has been that used for the erection 

of barriers for the benefit of the Hog Island Game Preserve. 

The Hog Island Preserve area offers refuge for a large variety of migratory 

waterfowl such as brant, coot, duck and geese, in the semi.-freshwater marsh areas 

formed by a system of di.kes. In the past it has experienced a substantial 

amount of "washing" resulting from brackish water spilling over the dikes, 

causing sudden increases in the salinity of the marsh water. These periodic 

salt water intrusions result in a large reduction of available food for migratory 

fowl and a number of years are required, under normal tidal conditions, for 

the marsh water and food supply to return to normal. 

To aid in eliminating these periodic salinity intrustions, Applicant at the 

request of the Virginia State Game and Inland Fisheries Commission, transported 

the excess excavated material from plant construction and deposited it in fill 
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areas of the Preserve as designated by the Virginia State Game and Inland 

Fisheries Commission. This work which is virtually completed, has involved the 

placement of an estimated 1,500,000 cubic yards of surplus material on the Hog 

Island Preserve in order to improve the existing dikes and roads. 

(b) Sanitary Waste Disposal 

The sanitary waste system in use at the station and at the Information Center 

has the approval of and is checked periodically by the Virginia Department of 

Health. The system consists of septic tanks, tile fields, level-control tanks, 

chlorine treatment, and hold-up tanks. Ultimate release is into the cooling 

water discharge canal where the effluent is rapidly dissipated. 

The treatment system meets all standards of both the Virginia Department of 

Health and the State Water Control Board and contributes no BOD (Biochemical 

Oxygen Demand) to the estuary. No effects on water quality from sewage discharges 

are anticipated from the use of this system. 

Portable chemical toilets have been provided at the site for use by construction 

personnel. These are of approved construction, are serviced regularly, and 

have no environmental impact on the station or site area. 

(c) Erosion 

As in all cases of land disturbance, there is a potential for erosion. The 

local flat topography has assisted Applicant in its erosion control measures, 

however, and the overall effect on the James River from site erosion has been 

insignificant. 
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At the present stage of construction, little erosion potential remains in areas 

other than those surrounding the discharge canal, where dredging and lining 

operations are still in progress~ Spoil from dredging operations is being 

placed on-site, and planting and other erosion-control measures are being taken 

to reduce any adverse environmental impact. 

(2) Biological Effects 

(a) Timber and Other Flora Destroyed From Clearing Access 
Construction, Etc. 

The general woodland near the Surry Power Station site is a mixture of pine 

and hardwood. Before construction started, this tract of land had been cut over 

at least twice, once about 20 years ago and once more recently about 10 years 

ago. The better pines and hardwoods were removed each time. 

In constructing the Surry facility, only that land actually required to build 

the station and adjoining roads was cleared to ground level. Excavations for 

the intake canal, discharge canal, reactor containments, and adjoining buildings 

resulted in about 1,500,000 cubic yards of excess material which was reused for 

stabilizing the adjoining Hog Island Wildlife Preserve against adverse environ

mental conditions such as salt water intrusion into waterfowl ponds. The net 

effect of land clearing and excavations is judged to be beneficial in that the 

resulting system of stabilized, controlled dikes and ponds on the game preserve 

should result in more suitable habitats for waterfowl during their migrations. 

(b) Wildlife Displaced by Clearing, Fencing, Etc. 

When clearing 453 acres of land, a number of animals are unavoidably displaced . 
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These mainly include deer, rabbits, squirrels, forest birds, reptiles, and 

others. Few amphibians were displaced because of the elevated topography of 

the land that was cleared. These animals probably retreated to adjacent wooded 

areas which are located north and south of the site. Although a fence was 

placed around the cleared area of the site and around the intake canal, free 

access to Hog Island for these animals was maintained near the discharge canal. 

Reseeding with pine seedlings and natural regrowth of the cut areas has resulted 

in increased growth of herbs and hardwood sprouts within the easy reach of 

deer and rabbits. Reasonable care has been taken to retain the forest environ-

ment over a large portion of the Surry tract. 

b. Human Use Effects 

(1) Economic Effects of Construction 

Construction of Surry Power Station posed no human relocation problems since 

no persons were living within the exclusion boundary initially. A station 

emergency plan has been provided to cover a spectrum of measures necessary to 

protect the public health and safety in the event of an accident; no involuntary 

relocations from or within the low population zone are thus under consideration.* 

No damage has been done to nearby property by blasting or other construction 

activities. 

Employment in supporting services and contract construction has increased in 

the past but is expected to remain stable in the near future, because of the 

continued presence of about 1,600 construction workers employed in building the 

Surry Power Station. Construction and supporting services are expected to decline 

*See Paragraph II.I.B.l.b.(4) for a complete discussion of the Surry Emergency 
Plan. 
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rather rapidly following completion of the station in 1972. The Virginia 

Division of Planning and Community Affairs estimates that approximately 350 

more persons will be employed permanently in service trades than were at the 

beginning of the construction phase. Other types of employment are not expected 

to be effected substantially. 

Highway transportation in Surry County is the only available mode of land travel. 

The county has one Virginia Primary Highway running east-west; two Virginia 

Primary Highways running north-south; and several Virginia Secondary Highways 

interconnecting the Primary Routes. The nearest major U. S. Highway east-west 

is located approximately 18 miles south of the site; the closest Interstate 

Highway running north-south is 37 miles to the west and the nearest Interstate 

Highway running east-west is 29 miles to the northeast. Except for routine 

repair and improvement projects under the State Department of Highways and 

temporary congestion from construction personnel, no changes in the existing 

network or traffic are expected to result because of construction of the station. 

It is not anticipated that the addition of 350 employed persons with their 

families will significantly increase the level of demand for governmental 

services within the County. Such increases as occur will clearly be more than 

compensated for, however, by the tax revenues generated by the plant, which 

alone will more than equal the County's entire present tax revenues. At 

present, the County's Board of Supervisors has not indicated any firm plans 

as to how these additional revenues will be used. 

For additional regional effects resulting from the location of the Surry facility, 
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refer to projections booklet from the Virginia Division of Planning and 

Community Affairs contained in Appendix D of this letter. 

(2) Effects on Area Esthetics 
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Since the project, in its present state, is incomplete, there is a temporary 

adverse impact on local esthetics. Whereas incomplete buildings and construction 

equipment (cranes, scaffolding, etc.) may be somewhat objectionable, their 

adverse effect is only temporary and will be decreased as the station progresses 

toward completion. 

The containment structures, auxiliary and service buildings, fuel storage 

buildings, high voltage switchyard, Information Center, and various external 

storage tanks are 95% completed. Principal remaining construction activities 

will involve completion, checkout and testing of interior systems and some 

limited deliveries of equipment being procured off-site for Unit 2. Continued 

construction of these facilities will have negligible effect upon area esthetics. 

Although there will be some noise·associated with these activities, as well 

as dust, they will not constitute a general nuisance to others because of 

the site's remoteness to any population center. 

Applicant has, in fact, expended considerable effort to plan a completed facility 

which will blend harmoniously with the surrounding landscape. As examples, the 

containment foundations were constructed approximately 50 ft below grade to 

lower the tops of the domes and minimize their effect on the skyline of nearby 
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Colonial Williamsburg and Jamestown Island. The use of blue-green-colored ~teel 

siding will also help to blend the major structures into the natural forest 

background; and a protecting stand of trees will partially screen the station 

from the river. 

Continued construction of the station will result in a continually diminishing 

adverse impact on the local esthetics, as structures are completed and land

scaping efforts continue. 
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2. Water Systems 

a. Natural Effects 

(1) Physical Effects 

(a) Effects on Stream Flow and Water Body Dimensions from 
Erection of Structures in water. 

Seven instrument towers have been placed at selected positions in the James 

River to provide a support for instrumentation in order to measure temperature 

and salinity (Figure II.I.A.2-1). These towers will have no adverse effect 

on stream flow and water body dimension. 

(b) Placement of Fill 

The majority of the excavation fill materials was placed on the Hog Island 

Wildlife Preserve and has had no effect on the waters of the James River except 

possibly some temporary and intermittent increase in local turbidity. 

(c) Silting from Disruption of Flow and Erosion 

No appreciable siltation resulted from erosion during the construction phase at 

the Surry Power Station. There was no disruption of the James River flow. 

Due to the elevated nature of the Surry site, no flooding resulted from the 

removal of timber and other cover. Minor erosion occurred for a short time 

at the downgrades of the intake and discharge canals until landscaping resulted 

in stabilization of the project. 

(2) Chemical Effects 

Chemical waste discharges during construction· are minimal. Blowdown from the 
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auxiliary heating boilers, when in service; blowdown of the flash evaporator, 

at approximately five times the concentrations of well water; and neutralized 

regeneration solutions from the mixed bed polishing demineralizer, comprise the 

chemical additions to the environment. These small quantities of wastes are 

discharged to the circulating water discharge canal and diluted with cooling 

water flows. 

The chemical solutions used for cleaning the auxiliary boilers are hauled by 

tank truck to one of the Company's fossil stations for proper disposal. 

Cleaning solutions used in cleaning the secondary cycle, composed of alkaline 

phosphate solutions and rinse water, will be diverted to a lagoon for storage 

and eventual evaporation at which time the lagoon will be back-filled with earth. 

Wastes discharged during construction comply with State standards and a permit 

has been obtained from the State Water Control Board that covers all the 

discharges mentioned (See Appendix G for permits). 

Sanitary wastes from the Information Center and from the plant proper have 

secondary treatment. 

This secondary treatment is provided by septic tanks, the discharge of which 

goes to a subterranean sand filter. The effluent of the sand filter goes to 

level control tanks, is chlorinated, forwarded to hold-up tanks and i.s ultimately 

released to the circulating water discharge canal where it is immediately diluted 

and loses its chemical identity. 
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Portable chemical toilets, provided around the construction site for use by 

construction personnel, pose no problem to water systems. 

This combination of systems was designed with the assistance of the Virginia 

Department of Health and meets all standards of this Department and the State 

Water Control Board. No effects are anticipated on the natural water systems. 

(3) Biological 

Overall, little, if any, permanent effect on the fauna and flora of the James 

River has been observed as a result of the construction of the Surry Power Station. 

Several aspects of the construction, however, merit individual consideration in 

connection with assessing effects on aquatic flora and fauna. 

An "L"-shaped channel, about 150 feet wide by 13 feet deep by 6,450 feet long 

has been dredged from the main channel of the river to the area of the intakes 

on the southeast side of the plant. The purpose of this channel is to provide 

water access to the station Site. This particular project resulted in short

term siltation and a semi-permanent disruption of the benthic biota in the area. 

Shore and migratory fish movement patterns were temporarily disrupted resulting 

from dredging operations although some species such as catfish were probably 

attracted to the area to feed on stirred up benthos. The hydrologic and 

physico-chemical characteristics of the river in this area dictate that this 

dredged channel will eventµally silt in unless it is maintained. The major 

organism displaced was the marsh clam, Rangia cuneata, which is the dominant 

benthic species in the area. Haul seine samples for fish taken along the 

shore on both sides of the channel show little difference in species composition 
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and abundance between the two sides indicating that, in the long run, fish 

populations were little ~ffected. No aquatic plants were affected. 

Construction of a floating dock, intake structure, and concrete batch plant 

at the shore end of the channel resulted in a short-term disruption in the 

migrations of shore fish such as the mummichog, Fundulus. heteroclitus. However, 

now that intake structure construction is complete, the fish population appears 

once again to have resumed its previous migratory movement. 

A channel dredged for the discharge groin resulted in temporary displacement of 

the marsh clam, Rangia cuneata. Since the completion of dredging, however, the 

clam has once again occupied a niche at the bottom of the channel. 

A discharge groin constructed of granite rock, about 1200 feet long and 11 feet 

deep, protrudes into the river. This construction resulted in a temporary 

disruption of migratory patterns of shore fish, but since the completion of 

construction, fish appear to be moving around the end of the structure again. 

One benefit of the structure has been to provide additional surface areas for 

the growth of sessile forms which attract zooplankters, which serve as food 

for certain shore zone fish species. 

Construction of the station itself has had little effect on the biology of 

the James River. Limited localized siltation resulted during construction, 

but this has since stabilized. 
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b. Human Use Effects 

(1) Navigation -- Effects from Placement of Structures, Silting, 
Dredging, Etc. 

Seven instrument towers were placed in strategic locations in the James River to 

house instrumentation for recording salinity and temperature. These towers are 

of steel pile construction, lighted according to Coast Guard specifications, 

and located out of the navigable shipping channels. Since they are easily 

seen by day or night, they do not constitute any hazard to navigation in the 

area. 

Channel markers have been placed at intervals specified by the Coast Guard along 

the dredged intake channel, and constitute no more of a hazard to night naviga

tion than the numerous pound net and gill net stakes that abound in the James 

River in this area. 

Dredging, and the limited associated siltation, has not resulted in a hazard 

to navigation. 

The construction of the Surry plant has not produced a volume of traffic on 

the navigable channel of the James River sufficient to interfere in any way with 

the normal use of that channel by commercial traffic. On occasion heavy equip

ment has been transported to the Surry site by water, and occasional intermittent 

use will likely be made of the channel for similar purposes during the life of 

the plant. These infrequent uses of the water body should not disrupt the 

normal flow of commercial traffic on the river. 
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Aside from the structures mentioned earlier, and the infrequent use to be 

made of the James River in transporting heavy equipment to the facility, the 

Surry Power Station will have no effect whatever on the navigability of the 

James River. The effects mentioned will not be harmful. 

(2) Economic -- Effects on Downstream Industrial Uses of Water 

There has been no aspect of station construction that has resulted in any 

measurable effect on downstream industrial uses of James River water. 

(3) Human Consumption Quality of Water Supply for Human Use 

Since the water of the James River immediately above or below the station is not 

used for human consumption, there has been no effect of station construction 

on the quality of James River water that could be classed as detrimental for 

human consumption. 

(4) Recreational -- Effects on Fishing, Boating, Swimming, and 
Other Water Sports 

Station construction has had no appreciable effect on recreation in the James 

River. Commercial fishing pound and gill nets in the area of the discharge 

groin appeared to remain productive during the construction in the discharge 

groin area. 

(5) Esthetics -- Effects of Discoloration, Odor, and Silting on 
Scenic Aspects of the Water Body 

The turbidity of the James River is more or less directly dependent on upstream· 

water flow: the river runs muddy during perio~s of high flow, clear during 
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periods of low flow. The construction of the station has produced no appreciable 

general or enduring discoloration, odor, or siltation. Localized discoloration 

and siltation did occur during dredging operations, but these were short-tenn, 

as is the case with any dredging operation. Water around historic areas such 

as Jamestown Island and Chippokes Plantation was not effected by station 

construction. 



3. Air Systems Effects 

a. Natural Effects 

(1) Climatology 

There exist no detrimental effects on the natural air systems as a result of 

site clearing or construction efforts at Surry Power Station. 

(2) Meteorology 

During the clearing of the Surry site, some minor changes in the ground level 

wind patterns, either in velocity or direction distributions, might be expected 

from the loss of foliage. Due to efforts to minimize the area cleared, the 

minor effects, if any, experienced would have been limited to only those 

individual areas where clearing operations were actually conducted. There should 

be no noticeable meteorological effects outside the Station property boundaries 

due to this removal of natural ground-level foliage. 

On-site continuous meteorological monitoring instruments record wind speed 

and direction patterns and any slight changes in the wind patterns due to the 

removal of trees and other ground level growth would be monitored at the instru

ment sites. These conditions would then be accounted for in developing gaseous 

release procedures. No further meteorological effects resulted from construction, 

per se, of the facility. 

(3) Air Quality 

During the pre-construction site preparation, a limited amount of burning was 

conducted to dispose of timber cuttings. All burning was conducted in .accordance 
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with applicable air pollution and fire safety regulations; precautions were 

taken to ensure that favorable weather conditions prevailed and that accepted 

forest management procedures· for burning were followed. The adverse air quality 

effects on the area-wide airshed from this type of burning were minimized by 

the remote nature of the site and by minimizing clearing burning of the site 

property. 

During the excavation and general construction phases of the project, some 

minor adverse air quality effects were expected and experienced. These 
' 

effects were limited to an increase in atmospheric dust caused by the movement 

of trucks and heavy equipment and the operation of a small batch concrete mixing 

facility, and to the introduction of small amounts of gaseous air contaminants 

into the atmosphere from the operation of an open burning pit, and from emissions 

by mobile sources at the site. 

During periods of extended dry weather, on-site mobile construction equipment 

and vehicles resulted in small quantities of dust being picked up by the air. 

In addition, dtiring the hauling of excavation material to the wildlife preserve, 

small amounts of this refuse were blown from truck beds. 

Initially, water was sprayed to wet down exposed ground surfaces; later, additives 

were substituted to improve dust control. It is felt that increased fugitive 

dust loadings from the movement of construction vehicles were essentially confined 

to the station property and that any off-site effects were indistinguishable from 

normal background level fluctuations. 

Some small additions of particulate matter to the airshed would be expected 
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during operation of a batch concrete mixing installation on the site. The 

dust associated with this installation was limited by the small size of the 

operation, and the adverse ai°r quality effects are felt to have been minor 

and primarily confined to the site property. 

Discarded wooden or other combustible construction materials were often disposed 

of in an open burning pit. Use of this pit had the approval of local fire 

authorities and was in compliance with applicable open burning ordinances. 

Burning was suspended during periods of high forest fire potential. No gaseous 

air pollutant monitoring programs were initiated in regard to this burning. 

Due to the relatively small amounts of material burned and the remote and open 

nature of the site, only an insignificant, temporary adverse impact to the 

area airshed has been observed. 

The internal combustion construction equipment and vehicles on-site emit 

typical amounts of combustion by-product pollutants. No control devices or 

monitoring programs have been used to limit emissions or to monitor ambient 

concentrations of the contaminants. It appears reasonable, however, to assume 

that the relatively limited number of mobile sources operating on the site have 

only a minor adverse impact on the area air quality. 

(4) Biology 

Adverse biological effects on plant life attributable to a particular gaseous 

air pollutant are dependent upon the sensitivity of the individual plant and 

the duration and concentration of the pollutant. The organic matter being 
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I~ burned during pre-construction site preparation did not produce sufficiently 

high concentrations of the detrimental products of combustion to cause acute 

short-term plant exposure damage. The burning did not last long enough to 

cause the adverse effects on plants due to chronic low level pollutant exposure. 

Even had damage to very sensitive species been caused by air pollutants generated 

in the burning operations, the impact would have been localized to the area 

immediately adjacent to the burning and the effect on the flora beyond the 

property boundaries would be virtually undetectable. 

There have been no reported or observed adverse effects to the air bio-systems 

from air contamination associated with the construction activities on-site. 

This lack of evidence of ecological disturbance is consistent with the limited 

number and extent of construction practices which could cause more than a very 

localized air-contamination-related biological effect. 

b. Human Use Effects 

The limited and localized air contamination resulting from site preparation 

efforts or subsequent site construction activities at Surry Power Station 

has had no effect upon human uses of the local air resources. 
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B. Effects From the Facility's Existence 

1. Land Systems Effects 

a. Natural Effects 

(1) Physical/Topological 

Of the 840 acres purchased for Surry Power Station, approximately 450 acres 

were forest and scrub land. The total transmission line rights-of-way have 

displaced approximately 3,540 acres of wooded land out of the 4420 acres 

purchased for transmission line purposes. The remaining acreage on the site 

has been either landscaped or placed under a forest management program. 

The cleared wooded rights-of-way have rapidly revegetated and these "edges" 

in the forest are now providing a variety of food for wildlife. The open 

rights-of-way are still being farmed as in the past. 

No significant erosion problems have occurred or are anticipated from land 

clearing or landfill operations. Banks of the intake canal are protected by 

a concrete apron to retain the best water quality practicable prior to entry 

into the condensers. 

The discharge canal upper banks will be earthen, but the bottom and sides will 

be concrete-lined to the high water line to preclude scouring and extensive 

erosion. 

(2) Geological 

A full summary of Applicant's foundation design studies is contained in the 

record of Section 2.4.7 of the FSAR. Long-tenn settlement of the major structures 
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is not expected to exceed 0.5 inches. 

With respect to mineral resources, existence of the station has not precluded 

future exploitation of any significant known reserves. Surry County is situated 

in the Coastal Plain province and is underlain by sedimentary rocks, over which 

there is a 1000-foot layer of sand, gravel, marl, and clay. Sand and gravel 

occur along the James River and at other localities in the county and have been 

utilized in the past for building purposes and for highway construction, and 

maintenance. Calcareous marl has been produced near Claremont for use in 

agriculture. Clay samples from various localities have been tested and found 

potentially suitable for use in the manufacture of face brick, flue tile, porous 

ware and earthenware. However, there has been no commercial mineral production 

in Surry County to date. There are no commercially developable sand, clay or 

gravel deposits at the reactor site and the facility will thus have no 

appreciable adverse effect on the limited mineral supply in the Surry area. 

(3) Biological 

(a) Permanent Obstacles Posed by Roads, Railroad Tracks, Etc. 
to Wildlife Use of Land 

Although Surry Power Station, including the intake and discharge canals, stretches 

across the width of Hog Island peninsula, it is not considered to be a permanent 

obstacle to wildlife migrating to and from the Hog Island Wildlife Preserve. 

Animal access to the preserve is retained by road. The station is expected to 

have minimal impact on the migration of wildlife. 

(b) Effect of Removal of Land Area from Use as Wildlife and 
Flora Habitat 

While about 453 acres of the Applicant's 840 acre tract has been cleared and 
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is no longer available for use by wildlife, the remaining estimated 387 acres has 

been placed under a forest management program. Selective cutting and pine tree 

seeding have been conducted; these efforts should result eventually in a more 

suitable habitat for wildlife. The overall effect of removing 453 acres from 

wildlife production is thus expected to be negligible in view of the other 

hundreds of acres of similar habitat both on and adjacent to the site. 

(c) Effect of Water Level Fluctuation on Terrestrial Wildlife 

Results of borings indicate that the coefficient of permeability of the soil 

mass in a horizontal direction is estimated to be several orders of magnitude 

greater than that in the vertical direction. Water that does enter the soil 

will move laterally to the east, north, or west and discharge into the James 

River. With little vertical migration, there are expected to be no water 

fluctuations that would adversely effect terrestrial wildlife. Likewise, 

construction of the station has caused no effect on water level fluctuations 

normally caused by the oscillatory tidal movement in the James River. 

b. Human Use Effects 

(1) Economic 

(a) Regional Effect of Surry Nuclear Plant 

Conversations with staff members of the Virginia Division of Planning and 

Community Affairs confirm our belief that the regional effect of the station will 

be limited to Surry County and Isle of Wight County. The increases in population 

and employment that have occurred during the construction of the station will 

be substantially reduced upon completion of construction. These effects are 
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summarized below: 

Land Use: Surry County has been placed in Regional Planning District 

Number 19, which consists of ·the additional counties of Dinwiddie, Prince George, 

Sussex, and Greensville and the cities of Colonial Heights, Emporia, Hopewell, 

and Petersburg. Region 19 (Crater District) has had board members appointed 

from each governing body and is presently formulating an overall plan, the first 

draft of which was made available in August 1971. Surry County is included in 

the preliminary plan which is shown in Figure I.C.1-8. 

Tax Base: Applicant will pay approximately one million dollars to 

Surry County in annual real and personal property taxes on the plant site and 

improvements, based on present tax and assessment rates. This will approximately 

double the present tax revenues of that county. The revenues from sale of the 

electric power generated at Surry will also increase substantially the amount of 

taxes paid by Applicant to the State and Federal governments. 

(b) Regional Economic Structure 

Commercial: The latest available statistics on the retail, wholesale 

and service trades in Surry County show only a marginal increase when compared 

with previous years. 

Volume of Sales - Surry County 

No. of Establishments Sales (000) 
1963 1967 % Change 1963 1967 % Change 

Retail 45 37 -17.78 $2,845 $2,846 +0.035 

Wholesale 2 3 +50.00 (*) 512 

Services 12 10 -16.67 87 93 +6.890 

Totals 59 50 -15.26 $2,932 $3,451 

* Not given in source material. 
Source: U. S. Department of Commerce, Census of Business, 1967. 
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The economy of the county is basically agricultural. The buying pattern of 

county residents is to shop in nearby metropolitan areas such as Petersburg, 

Hopewell, and the cities bordering Hampton Roads. The Surry station is not 

expected to change this pattern. 

Industrial: The present limited industrial economy of the county con

sists of two saw mills and one meat processing plant, which together employ 

fewer than 100 workers. According to the Virginia Employment Commission 

statistics, wages range f~om $1.60 to $2.40 per hour. The Surry station will 

employ approximately 100 persons on a normal basis with an annual payroll 

in excess of $800,000 when both units are in operation. Effects on the 

present local employment situation are expected to be minimal. A number of 

factors would seem to discourage massive industrial expansion in the county. 

These include a lack of transportation facilities, the depressed state of 

the present economic base, and the large percentage of labor which is un

trained. It should also be noted that Tidewater industrial and governmental 

facilities employ most of the out-migrating workers in the county. 

Agricultural: The county has only about 600 persons involved full-time 

in agriculture, according to the latest available statistics. However, the 

economy is based on agriculture and Surry County farming operations are among 

the more prosperous in the State. Following the national trend, however, the 

number of agricultural operations in the county is expected to decline about 

three (3) percent per year during the decade 1970-1980. The Surry station 

should have little or no effect on the agricultural sector of the economy. 
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(c) Regional Demographic Structure 

The population of Surry County declined by 5.4 percent to 5,882 from 1960 to 

1970. This trend is not expected to change appreciably during the next ten 

years although population may move up slightly as a result of some in-migration 

and natural increase. Isle of Wight County had an increase of about five (5) 

percent between 1960 and 1970 to 17,952 persons. This rise in population is 

probably the result of some housing development and in-migration from nearby 

metropolitan areas. The Virginia Division of Planning believes that the Surry 

station will not affect population appreciably, so that the demand for schools, 

local services, and fire and police protection will be only nominally increased. 

(2) Land Use 

~ The existence of the Surry facility will have no effect on the land use plans 

e 

within the region, which are discussed in Section I.C.l.b. and Section II.I.B.l.b.(1) 

above. The general design of the plant is consistent with the regional land use 

and Applicant has cooperated with all concerned parties sharing mutual interest 

in.the preservation of Virginia historical sites prior to and during the entire 

con~truction phase. The Applicant will continue to operate the facility in a 

manner consistent with local plans and policies within the area. 

(3) Esthetics and Recreational 

(a) Effects on Area Esthetics 

The Surry Power Station is located in the heart of colonial America, and 

preservation of historic values.was considered in the location and construction 

of the facility. The facility is located in the center of the Hog Island 

peninsula on Gravel Neck and is essentially surrounded by over 700 acres of 
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forest land. It is remote from any residential areas and from frequently 

traveled roads. The plant was located ''in shore" and screening timber surrounding 

the plant site has also been maintained to the maximum extent possible. Initially 

there was concern that the tops of the containment structures would be plainly 

visible from Jamestown Island and would ·thus detract.from the beauty of the natural 

historic surroundings. To avoid this; Applicant designed its containment buildings 

so their elevation would be low enough to blend with the adjoining forests and 

thus not intrude on the skyline view from the sites across the river. In order 

to verify its conclusion, Applicant conducted an experiment prior to construction 

by raising a cluster of 10 ft diameter weather ballons to the height of the 

finished containment building, Photographs were then taken at various locations, 

as shown in the Figure II.I.B.1-1. These experiments have been verified by more 

recent photographs of the actual .structures. Consideri.ng thaLfinished containment 

structures will be a natural gray in color and that the profile of the facility 

is relatively low, its visual impact when viewed from the surroundipg areas 

and historical sites will be insignificant. 

(b) Effects on Cultural and Historical Landmarks 

The Applicant has cooperated with all concerned parties sharing mutual interest 

in the preservation of Virginia historical sites prior to and during the entire 

construction phase. On one occasion, the Applicant supplied the manpower needed 

to excavate what was believed to be the ruins of ·a colonial period church in 

a wooded area near the facility. This exploration was to no avail and there 

are no known archaeological or historical sites worthy of preservation or 

additional study which will be affected by the construction or operation of 
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the Surry Power Station. The general opinion of acceptance of the facility in 

the area has been sunnned up in a letter from the Director of the Thomas Rolfe 

Branch of the Association for the Preservation bf Virginia Antiquities, 

Mrs. George L. Mumford, attached in Appendix G-24a. 

The Applicant has also designed and constructed the entire power facility in 

an effort to minimize any adverse esthetic effects on national landmarks. 

The Surry station is finished in a blue-green color and its relatively low 

profile is shielded from Colonial Williamsburg and Jamestown Island by trees 

and vegetation that surround the Hog Island peninsula. 

Chippokes Plantation is in the area adjacent to the power facility. The Advisory 

Council on Historical Preservation stated in their letter dated April 13, 1970 that 

" •••• the probable effect upon the Chippokes Plantation cannot be judged to be 

sufficiently adverse to warrant Council comment." Attached in Appendix G-19 

is a copy of the letter from Mr. Robert Garvey, Jr., Executive Secretary of 

the Advisory Council on Historical Preservation to the Division of Reactor 

Licensing. 

(c) Effects on Recreation 

As in all the Tidewater counties, hunting and fishing provide good recreational 

activities. Many deer and some wild turkey are found in Surry County and Hog 

Island Waterfowl Refuge is the winter home of Canadian geese and many varieties 

of duck. Although the waterfowl may not be hunted on the Island or within 1,000 

yards of its shore, geese and duck seeking refuge on the Island spread out and 

feed on nearby farms and streams to provide excellent waterfowl shooting. 



202 

Surry County is just across the James River from Jamestown Island, the site 

of the first permanent English settlement in America. The settlement of Surry 

started shortly after the settlement of Jamestown; several old houses built in 

the 17th centur;y still stand and attract visitors during "Historic Garden Week" 

and the "Annual Autumn Pilgrimage". Among them is the Rolfe-Warren House built 

on land given in 1614 by Chief Powhatan to John Rolfe on the occasion of his 

marriage to Pocahontas, daughter of Powhatan. Near this is the site of Fort 

Smith built in 1609 by Captain John Smith. Not far from Scotland Wharf Ferry 

is Pleasant Point, said to be the third oldest house in Virginia, and nearby 

stand three of its original dependencies, the spring house, smokehouse, and one 

of the kitchens. Another place of interest is "Bacon's Castle". 

The attached Figure II.I.B.1-2, prepared by the Division of Water Resources of 

Virginia Deaprtment of Conservation and Economic Development, lists only two 

existing recreation areas of major importance in the James River Basin near 

the Surry facility. These are Hog Island Wildlife Management Area (#41) and 

Chippokes State Park (#25). It is felt that both of these locations will 

benefit directly or indirectly by the location of the power facility as 

explained below. 

As mentioned earlier, the Applicant and the Virginia State Game and Inland 

Fisheries Commission have mutually agreed on a program to stabilize the reservoir 

food supply by constructing and improving the dikes surrounding the Hog Island 

Game Management Area. It is hoped that by providing a better winter home for 

migratory fowl, this area will attract more tourists and nature lovers, while 

also providing an excellent hunting environment. 

Chippokes Plantation, the only State Park on bhe James River, was opened recently 
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by the Division of Parks. It is felt that visitation to Chippokes will be 

significantly increased due to close proximity of the Surry Information Center. 

The Applicant has canvassed a number of the 170,000 visitors to the Surry 

Information Center and found that their visitation also included a tour of the 

Chippokes Plantation. Therefore, it is felt that the net effect of the Surry 

Power Station on the recreation areas and facilities will be to the advantage 

and enhancement of the entire area. 

(4) Emergency Plan 

Th~ Surry Power Station Emergency Plan has been submitted to the Atomic Energy 

Commission as an appendix to the Final Safety Analysis Report. The fundamental 

objective of this plan is to ensure protection of the health and safety of 

station personnel and the general public in the event of an emergency situation 

at the facility. The plan provides the necessary guidelines for station personnel 

to follow during emergency situations and is sufficiently flexible to be adapted 

to all emergency situations. Detailed information related to responsibility, 

duties, training, emergency equipment, exposures, reports, liability, and 

notification are among some of the major areas covered in the plan. 

The Emergency Plan is supplemented by an outline of Emergency Procedures and the 

Emergency Operating Procedures. The Emergency Procedures provide definite and 

detailed guidelines for credible postulated emergencies. The full spectrum of 

postulated, credible emergencies, ranging from a minor accident effecting only 

the station and not involving radioactive materials, to an accident resulting 

in the release of radioactive materials, is addressed. The Emergency Operating 

Procedures provide detailed step-by-step procedures for manipulation of plant 
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controls and equipment to minimize the consequences of specific accidents and 

~ to place the reactor plant in a safe condition after an accident. 

e 

In the formulation of emergency plans, the Applicant has consulted with those 

off-site agen·cies, both governmental and private, whose assistance may be required 

during an emergency. Among the off-site agencies who may render aid during an 

emergency are: 

(1) AEC Compliance Office 

(2) AEC Radiation Emergency Team 

(3) Virginia Health Department, Bureau of Radiological Health 

(4) Civil Defense 

(5) Medical College of Virginia 

(6) Surry and Smithfield Rescue Squads 

(7) Surry and Smithfield Fire Departments 

(8) Surry County Sheriff 

(9) Virginia State Police 

(10) State Department of Game and Inland Fisheries 

(11) State Forestry Department 

Large scale off-site evacuation is not required, even in the highly unlikely 

event of a Design Basis Accident.* Because of the subatmospheric design 

of the Surry Power Station's containment structures, outleakage of radioactive 

* The Design Basis Accident, a hypothetical event postulated in accordance 
with the requirements of 10 CFR 100 to include the most severe accident effects 
credible, provides the basis for the design of the safety systems of the facility. 
This accident, and the systems for coping with it, are discussed in detail in 
the Surry Power Station Final Safety Analysis Report, Docket Nos. 50-280 and 
50-281, Section 14.5. 



207 

material and the formation of a radioactive plume will be terminated within a 

maximum of forty minutes after the Design Basis Accident. This design feature 

reduces the calculated off-site radiation doses resulting from the postulated 

accident and eliminates the need for off-site personnel evacuation. Neverthe

less, in accord with regulatory requirements, Applicant's Emergency Plan, 

therefore, is designed to assess the potential effects of any releases, and to 

permit selected evacuation of Low Population Zone segments, if it appears that 

individuals, be remaining within those areas, could receive a significant whole 

body dose. 

As is stated in the Emergency Plan, the Virginia Health Department, .Bureau of 

Radiological Health, would have the prime responsibility for handling off-site 

radiation emergencies by supplying trained manpower to coordinate the response 

of all other agencies, and by furnishing_basic monitoring equipment. Any 

evacuation that would be initiated would be an orderly, planned evacuation and 

would be similar to evacuations conducted in anticipation of floods, with the 

exception that measures would be employed to limit, as practicable, the spread 

of contamination. The number of off~site persons to be evacuated would be 

dependent upon the distribution of population and of contamination. The 1966 

off-site population distribution within five miles of the station is shown in 

Figure II.I.B.1-3. As can be ascertained from the figure, the 1966 population 

within the Low Population Zone was 121. The population of this area should 

not increase significantly during the lifetime of the station. 

If on-site evacuation were to be ordered, personnel would assemble in assigned 

locations, accountability would be established and maintained, and necessary 

personnel radiation monitoring and decontamination would be performed as 
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practicable. Normally, evacuees would proceed in their automobiles to a 

Remote Assembly Area, at the intersections of Highway Routes 650 and 617. 

(Figure II.I.B.1-4). Evacuees.would remain at the Remote Assembly Area to await 

further instructions and monitoring if required. Any individuals requiring 

hospital treatment would be transported to the Medical College of Virginia in 

Richmond, by the local rescue squads. Training off-site personnel in the caring 

for, and transporting of, contaminated patients has been conducted. 

The number of individuals that would have to be evacuated from the station would 

depend on the type of accident and the number of individuals at the site. 

The staff of the station will be approximately 135 people. During t~e completion 

of construction of Surry Unit No. 2, there will also be construction personnel 

on-site. After additional monitoring, if required, at the Remote Assembly Area, 

the majority of the evacuees can return to their homes. No temporary shelters 

or other measures would be required for these individuals. 

(5) Effect of Project on Unique, Rare, or Irreplaceable Land Forms 
or Land Uses 

(a) Scenic Vistas 

Surry Power Station has been designed to minimize environmental impact on scenic 

vistas. The reactor containment structures, for example, have been lowered into 

the ground so that they will blend in with the tree line when viewed from across 

the river. Instead of one large vent stack, numerous small vent pipes loca_ted 

on the containment dome were installed to also reduce the impact. Furthermore, 

the turbine buildings have been painted blue-green so that their appearance 

will not be unpleasing when viewed from a distance. Long-boom cranes will 

have only a temporary adverse effect on scenic vistas, since they will be 

/ 
removed when construction is complete. 
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(b) Open Spaces 

Existence of the Surry Power Station has no appreciable effect on open spaces. 

(c) Geologic Formations 

The existence of Surry Power Station has no effect on the Miocene outcroppings 

which are considered unique, rare, and irreplaceable. Subterranean Miocene 

layers were removed during excavation for the reactor containments and were 

reused for building dikes on the Hog Island Wildlife Preserve and resulted in 

no effect on existing outcroppings. 

(d) Other Unique Natural Environments 

Construction of Surry Power Station has had a significant effect on the Hog 

Island Wildlife Preserve. This effect, however, is, on balance, beneficial 

since excavation soil has been used to build dikes and roadways on the preserve 

to create stabilized ponds suitable for waterfowl. There have been no effects 

on the pocosins or swamps in the area. Without the upgrading as a result of station 

construction, the preserve could not have been stabilized until the year 2000 

according to State employees. 

(e) Sites, Buildings, or Other Structures of Historical and/or 
Cultural Significance 

Despite the number of sites and buildings of historical and/or cultural significance 

surrounding the site, existence of the station will have no adverse effect on these 

areas. In fact, a recent poll revealed that a significant number of the approx

imately 170,000 visitors to the Surry Information Center also visit Chippokes 

Plantation State Park. Although the pr"imary attraction is undetermined, it is 
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clear that some of the tourists who visited Chippokes Plantation State Park 

would not have done so if the Information Center at Surry Power Station had 

not also been nearby. 
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2. Water Systems Effects 

a. Natural Effects 

(1) Physical Effects on Current, Water Body Shape, Tidal Behavior, 
Etc., from Permanent Physical Structures, Fill, Etc. 

Existence of the intake channel and related structures will have no adverse 

effect on current, water body shape, or tidal behavior of the James River. 

Existence of the discharge groin will cause localized eddies in the current of 

the water from its physical presence. These eddies, however, will be small in 

relation to the size of the river, which is about 3 miles wide at this point. 

The eddies will also aid in mixing as the tide flows by the groin. There will 

be no effects on water body shape or tidal behavior in the James River. 

(2) Silting, Layering, Euthrophication, Thermal Stratification 

No effect in any of these categories will-occur from the existence of either 

intake, discha_rge, or instrument tower structures. 

(3) Biological 

(a) Effects on Fish, Other Biota, and Plants from Physical 
Phenomena Outlined Above 

There will be no adverse effects noted from the physical phenomena outlined 

above due to the existence of either intake, discharge, or instrument tower 

structures on the flora and fauna in the aquatic environment. 

(b) Effects on Water Birds from Physical Phenomena 

The effects of the existence of intake, discharge, or instrument tower structures 
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on water birds, either migratory or resident, should be negligible. 

(c) Effects on Amphibians and Water-Dependent Mannnals 

No permanent adverse effects have been observed on amphibians and water-dependent 

mammals from the existence of either intake, discharge, or instrument tower 

structures. The discharge canal, however, was constructed partially through 

a small natural valley and swamp which resulted in the displacement of a 

small, though undetermined number of amphibians. 

b. Human Use Effects 

(1) Navigation Obstructions from Physical Structures in Water 

The seven instrument towers in the James River pose no obstruction to navigation. 

They are out of the main shipping lanes and are lighted according to Coast Guard 

specifications. The channel markers for the intake channel might possibly pose 

a hazard to small boats at night but no more so than the hundreds of other 

unlighted obstructions such as fish net stakes already in the water. The 

discharge groin, although well away from shipping channels and lighted on the 

end, could conceivably pose a hazard to small boats at night. 

(2) Effects on Downstream Uses 

There will be no effects from the existence of the station that would preclude 

present or anticipated future uses of the downstream waters of the James River. 

(3) Recreation -- Swimming, Boating, and Fishing 

The existence of the physical structures of the station will have no adverse 
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effect on swimming, boating, or fishing in the James River except as listed 

previously. 

(4) Esthetic Effects 

(a) Appearance of the Shoreline 

As stated previously, the Surry Power Station has been designed to blend in with 

the natural background wherever possible and is judged to have no adverse effect 

on the appearance of the shoreline. 

(b) Discoloration, Excessive Algae Growth, Odors in Water 

The existence of the station will have no effect on the discoloration of the 

water, excessive algae growth, or odors in the water of the James River. 

(c) Effects on Historical Sites 

Effects of the site on historical sites in the region have been entirely discussed 

in section II.I.B.l.b.(3) above. 

(5) Effect of Project on Unique, Rare, Qr Irreplaceable Water 
Systems Environments 

The existence of the project will have. no adverse effect on·unique, rare, or 

irreplaceable water system environments . 
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(1) Climatology 
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No effects exist on the regional climatology as a result of the existence of 

Surry Power Station. 

(2) Meteorology 

The physical presence of the completed Surry Station would be expected to cause 

minor localized modification, if any, of the surface level wind flow. To 

-incorporate the effect of any disturbance that the station presence c0uld cause 

in the dilution capability of the atmosphere at the point of disturbance, a 

building wake factor has been incorporated into the calculations of atmospheric 

dilution capability. 

b. Human Effects 

The presence of Surry Power Station will have no effect on human uses of the 

site air systems, and will present no hazards to normal aircraft flight patterns. 
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C. Plant Operation Effects 

1. Uranium Mining, Processing, Transportation, and Ultimate Disposal 

In the following section the environmental impact of the .entire nuclear fuel 

cycle will be discussed. Emphasis will be placed on those aspects of the fuel 

cycle which are peculiar to Surry Power Station itself, Thus, transportation of 

new fuel to the station and spent fuel and radioactive wastes from the station 

will be discussed in more specific detail than uranium mining or spent fuel 

reprocessing, which may provide services for a number of different reactors. 

An additional restriction on the specificity of discussion of several phases 
.r. 

of the fuel cycle stems from the fact that (a) no single vendor supplies all 

of the product or service i~ question or (b) no contract has been let for its 

provision to Surry. In addition, such contracts as have been let are all of 

much shorter dµration than the plant life. Hence, any discussion of the 

environmental impact of a current supplier may not apply to his successor.* 

a. Fuel Exploration and E~traction 

(1) Mining and Milling 

The nature of the current Surry nuclear fuel contract does not require.Applicant 

to procure uranium in the form of u3o8 (yellowcake). The present contract permits 

purchase of finished fuel assemblies. Since Applicant has not established any 

U308 procurement contracts, the environmental impact of uranium mining and milling 

*Several of the current Surry suppliers had not submitted an environmental 
impact report prior to the preparation of this document. Hence, in these areas, 
the discussion of environmental impacts is based on the information contained in 
Environmental Reports filed by other firms in the same area. Such information, 
while.considered to be accurate and generally representative of solutions reached 
by competent firms in the particular area, perforce, cannot attain the same level 
of specific accuracy as would information gained from the firm actually supplying 
Surry. 
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will be discussed in an overall industry context rather than one limited to a 

specific supplier's impact. 

(a) Mining 

When the search for uranium began in earnest in the late 1940's, there were many 

"lone wolf" prospectors in small mining ventures. Today, uranium mining and 

milling has developed into a mature industry. 

The bulk of the ore deposits in the United States occur in two western regions. 

One is the Colorado plateau which encompasses parts of Utah, Colorado, Arizona, 

and New Mexico; the other is central Wyoming. There are also some uranium 

-
deposits in Texas, South Dakota, and Washington. The average uranium content 

of these deposits is currently about four pounds of u3o8 per ton of ore. 1* 

Two methods of mining (open-pit and underground) are used to extract the ore 

from the ground. Open-pit mining is usually selected when the ore is located 

close to the surface. Overburden removal is necessary to permit access to the 

ore. The waste overburden is normally stored close to the pit site. The size 

of the open-pit area is determined by the for~ation of the ore body. In general, 

uranium deposits are concentrated in small ore bodies compared to those of other 

mineral deposits. One- such open-mine area at the Humble Highland mine is not 

2 expected to exceed 120 acres. 

In general, ore bodies are located below the water table, which necessitates 

removal or lowering of the water level in order to operate equipment in the mine •. 

The traditional method for lowering the water table is to allow the water to drain 

*The numbered footnotes are shown following section II.I.C.l. 
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into the pit and collect at a low point sump. From the sump water is pumped 

out of the pit. The water present in the pit walls reduces their strength, 

making necessary relatively flat pit slopes and large stripping requirements. 

Another method of dewatering is the use of a ring of wells located around the 

periphery of the mine. With proper placement, these wells can cause a localized 

depression in the water table and a drier mine. 

The actual mining of the ore body is usually accomplished by large earth shovels. 

The ore is loaded into trucks and hauled to storage areas at the mill site. 

The second method of mining, underground, is selected when the ore body lies 

deep beneath the surface and the cost of removing the waste material to expose 

the ore as in open-pit mining would be extremely high. The ore bodies are 

outlined by underground longhole drilling and the holes probed to determine the 

location of ore. Vertical holes (shafts) are sunk to the ore-bearing formations. 

From each shaft, various levels or tunnels are driven horizontally outward. These 

levels are located beneath the ore bodies in order to utilize gravity for ore 

handling and for drainage of ground water. The ground water flows from the 

levels to the shaft and down to a collecting sump at the bottom of the shaft. 

The water is then pumped through a vertical pipe to the surface. Raises for 

ore passes and manway accesses are driven vertically from the levels to the ore 

bodies. The ore is drilled, blasted and removed by mechanical slushers to 

the raises, from which it is pulled put of chutes at the bottom of the raises 

into ore car trains. The trains move the ore to the shaft where it is hoisted 

to the surface for subsequent transportation to the ore.storage site at the 

mill site. 
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Because of the radiation hazard in the mine, fresh air must be forced into the 

mine, normally through one of the shafts; used air is usually returned to the 

surface through a second shaft. 

Waste material in the mine is handled the same as the ore except, that it is dumped 

onto a waste storage pile and not processed in the mill. 

(b) Milling 

The milling process involves placing the uranium contained in the ore into 

solution, concentrating the uranium, and converting it into a salable form. 

The process consists of preparation of the ore, leaching, concentration, pack

aging, and handling of waste products. 

In general, mill designs are based on some average ore concentration character

istic. Blending ore from various parts of the mine is required to maintain 

average characteristics. The blended ore is crushed to reduce the particulate 

size. This is necessary for two reasons: (1) exposure of substantially all 

of the uranium mineralization to the leaching agent is necessary for maximum 

recovery, and (2) the ore particles must be fin~ enough so that they can be pumped 

through pipes and process equipment without settling out and clogging the system. 

The crushed ore is mixed with water and ground in rod mills to form a mud slurry. 

The slurry is fed into a leaching process where the uranium minerals are dissolved 

from the bulk of the valueless material. There are two leaching processes which 

can be used: (1) acid leach, with the use of sulfuric acid. and sodium chlorate; 
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and (2) alkaline leach, with the use of a carbonate solution. 

The recovery of uranium from the leach solution is accomplished in four sequen

tial steps. The first involves the separation of the dissolved uranium from the 

insoluble waste material or tailing; the second is the concentration of uranium 

by extraction from the leach solution; the third is the precipitation of the 

uranium from solution as yellowcake; and the final step involves drying and 

packaging the yellowcake product. The standard shipping container for yellowcake 

is a 55-gallon drum. 

The tailings from the milling process are pumped to a tailing pond for permanent 

storage, 

(2) Environmental Impact 

(a) Land Systems 

(i) Mining 

Both open-pit and underground mining will temporarily limit the use of the land 

in the vicinity of operations. In general, current uranium mining operations 

are performed· in remote areas where the land has little value for other commercial 

uses. 

The overburden and waste storage areas around the mine·can create erosion problems 

and esthetic effects if not properly managed. This problem is more severe in 

open-pit than in underground mining. Steps have been taken within the industry 

to minimize these effects. Revegetation has been used on the disturbed land 

to reduce erosion, and the shape and size of the storage piles can be controlled 

to blend into the surroundings. 
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It should be mentioned that the problems discussed above are typical of all 

open-pit mining; however, the environmental impact of waste displacement in 

open-pit uranium mining is less severe than it is, for instance, in open-pit 

coal mining. The open-pit area in uranium mi~ing is usually in the range of 

hundreds.of acres as compared to the thousands of acres required for open-pit 

coal mining. The total amount of earth displaced in open-pit uranium mining 

is less, by about a factor of ten, than that displaced in open-pit coal 

mining. 

After mining operations are completed, the land can be returned to normal use. 

Open pits can be refilled with the overburden and shafts to the underground 

mines can be closed off with concrete caps. 

(ii) Milling 

The esthetic effects of the mill facilities will be minimal since they are 

normally located in remote areas near the uranium mines. After operations are 

closed down, these facilities can be removed to permit normal use of the land. 

The major impact on the land will be caused by the. tailings impoundment area. 

After operations are terminated, the tailings pile must be stabilized to prevent 

· wind and water erosion. The present method of tailings pile stabilization is 

accomplished by backfilling the whole pile surface and revegetating the area. 

Because of the residual radioactivity in the tailings from radium and the 

remaining uranium, access to this area must be prohibited until the radiation 

levels have decreased to a value that has been determined as being safe for the 

general public. Access is normally controlled by posting signs and fencing off 

the area. 



-

-

223 

(b) Water Systeni.s 

(i) Mining 

The pumping of water for mine dewatering will lower the water table in the 

immediate area. This effect on the ground water is exptected to be only 

· temporary, and the aquifer in the immediate area is expected to refill to or 

near its original level when operations cease. 

The sediment content of the water being pumped from the mine may be very hig~. 

If this is the case, the water will be discharged to the tailing pond, treated 

and used in the milling process, or treated and discharged to local streams.· 

Before discharging to the local streams, the water will be monitored to ensure 

that the radioactive level meets pertinent loca~ and federal regulations. 

(ii) Milling 

The water requirements for the milling process will tend to suppress the local 

water table. The Humble mill is desi~ned to require about 500 gallons per miriute.3 

Some of this requirement can be fulfilled by the water from the mine dewatering 

operation. The additional water must be supplied from local wells or possible 

recycling of the water from the tailings pond. 

Contamination of ground water can occur if spills from the milling p~ocesses 

are not contained. In general, buildings are designed to contain spills with 

overflows being drained to the tailings ponds. 

The desig~ and location of the tailings storage site is extremely critical because 

of potential contamination of local ground water. The tailings pond is designed 
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to: (1) serve as a collection point for all of th.e liquid and solid wastes 

generated in the milling process, (2) permit the evaporation of most of the 

contained water, and (3) serve as a permanent receptacle for the residual c0Jids, 

Because of the radioactive content of the tailings effluent (the milling process 

only removes 15% of the radioactivity present in the untreated ore4) and its 

pH level (2 for acid leaching5 and 9.5 for alkaline leaching6), it must be 

impounded. Seepage of the tailings solution into che ground water can be 

pfevented by proper construction of the tailing basin. Sampling wells are used 

by the milling industry to detect any excess seepage. If contamination is dis

covered which could be harmful to the environment, additional wells can be 

constructed to permit recycling of the contaminated ground water to the tailing 

pond. 

(c) Air Systems 

(i) Mining 

In the open-pit mining operations, the only impact on air quality would come 

from dust discharges prcrduced by wind erosion of the disturbed soil and by 

equipment movement in and around the mine. Revegetation of the disturbed so.il 

will greatly surpress dust originated from wind erosion, Where there is much 

mechanical agitation of the surface such as on haul roads, dust can be controlled 

with water sprinkling to reduce any potential health hazard to employees. 

For underground mining, dust discharges are not so severe as in open-pit mining 

simply because the disturbed surface area is not so great. The most severe impact 

on the air environment is caused py airborne radiation in the mines. The new 

,_J 
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mine safety regulation effective July 1, 1971, limits exposure for mines to 

4 working level months (WLM).* To meet thi~ requirement, large volumes of fresh 

air must be forced down into the mines. The exhaust air does contain some air, 
borne radiation; however, the high velocity at discharge will cause good dispersion. 

Radiation detection equipment will be located around the site to ensure that 

radiation concentrations are not harmful to the public or mining employees. 

(ii) Milling 

Dust can be generated in the milling process by (1) dust from ore crushing 

operations, (2) dust from tailing ponds, and (3) dust from yellowcake. The 

use of dust collectors and wet grinding equipment can help reduce much of this 

dust. Humble presented evidence in its Environmental Report showing that discharges 

from the dust collector systems would not expose the public to harmful radiation 

doses. 7 The radioactivity in the tailing solution is principally due to 

dissolved thorium-230 and radium-226. Since the tailings pile is primarily 

underwater, there is very little possibility that this radioactivity will 

become airborne. In the event that solid tailings material should become 

exposed, these areas can be covered to stabilize the exposed part of the pile. 

The milling industry uses frequent air sampling teehniques to detect any potentially 

hazardous condition prior to its becoming harmful to the public and employees. 

*The working level (WL) was defined by Dr. Paul C. Tompkins at the 1967 
Hearings as: " •.• the working level (WL), a unit which is any combination of 
radon daughters in 1 liter of air that will result in the emission of 1.3x105 
Mev. of potential alpha energy. This· concentration, in turn is equivalent to the 
radon daughters at radioactive equilibrium with 100 pCi. (10-10 curies) of radon 
-222 in 1 liter of air ...• Exposure to radon daughters over a period of time may 
be expressed in terms of cumulative working level months (WLM). Inhalation of air 
containing a radon daughter concentration of 1 WL for 170 working hours (4 1/4 - 40 
hour work weeks) results in an exposure of 1 WLM. 11 Radiation Exposure~ Uranium 
Miners, Hearings Before the Joint Committee on Atomic Energy on Radiation Exposure of 
Uranium Miners, Congress of the United States, Ninetieth Congress First Session, 
(1967), Part 1, p. 20. 
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(d) Irreversible and Irretrievable Conunitments of Resources 

The removal of the uranium from the ground is the largest irreversible and 

irretrievable commitment of a natural resource resulting from the mining and 

milling operations. The uranium will eventually be utilized as fuel to generate 

energy in the electric power industry. This uranium will replace fossil fuel. 

It should be mentioned that fossil fuels such as coal and oil have other indus

trial uses besides generating energy. This is not yet so for uranium. The 

only present peaceful use for uranium is in the generation of energy. 

b. _fuel Pro~essing 

(1) U30g Conversion 

As in mining and milling, Applicant has not yet been r~quired to contract for 

the conversion of u
3
o8 to UF 6 . The discussion in this section will thus be 

generic rather than limited to any specific vendor. 

(a) Background 

There are a number of chemical techniques which can be used to accomplish 

yellowcake (U 3o8) refining and conversion, but only two have been developed to 

a point where they have proved useful as large-scale economic industrial 

processes. One is a wet process used by Kerr-McGee and the other is a dry 

process used by Allied Chemical. Both processes produce uranium hexafluoride 

meeting United States Atomic Energy Commission specifications at about the 

same overall efficiency and cost; both processes guarantee a yield of 99.5%. 

They differ primarily in the method used to separate the uranium from the 

impurities present in the concentrate. 
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In the wet process, the impure yellowcake is dissolved in nitric acid (HN0 3) in 

digester tanks. The acid solution from the digesters is contacted in a series 

of pumper-decanters, where, within a 30% solution of tributyl phosphate (TBP) in 

hexane, the uranium is preferentially transferred from the aqueous to the immiscible 

organic phase. The aqueous phase, containing the impurities and trace amounts of 

uranium, is sent to waste disposal. The uranium-bearing organic phase, after 

a wash cycle to remove residual impurities or entrained aqueous phase, is 

recontacted in pulse columns under conditions where the uranium is transferred 

to an aqueous phase as highly pure uranyl nitrate. 

The purified uranyl nitrate solution is concentrated by evaporation and the 

uranyl nitrate hexahydrate (UNH) thus formed is denitrated to orange oxide (Uo
3

) 

by heating. The uo3 from the denitrators is pulverized and treated with hydrogen 

made from cracked ammonia and reduced to brown oxide (U02) in a fluid bed. The 

uo2 is then converted to uranium tetrafluoride (UF
4
), commonly known as green 

salt, with anhydrous hydrofluoric acid (AHF) in a two-stage fluid bed. The 

UF4 is converted in a flame-type reactor by reaction with elemental fluorine 

generated by electrolysis of molten KF-HF. Excess F2 is used to assure complete 

conversion to UF6 . The gaseous UF6 product is condensed in cold traps from 

which it is loaded into cylinders for shipment to gaseous diffusion plants. 

In the dry process, impure yellowcake is treated directly with hydrogen, produced 

by cracking ammo9-ia, in a solid-gas c.ontacting fluid bed to produce impure 

uranium dioxide (U02). This impure uo2 is contacted with anhydrous hydrofluoric 

acid (AHF) in a second fluid bed to produce impure uranium tetrafluoride (UF4). 
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The primary purification steps take place in the course of the conversion of UF4 

to UF
6

, which is accomplished by treating the uranium tetrafluoride with elemental 

fluorine. Here, UF4 is mixed with the diluent calcium fluoride (CaF2) and 

fluorinated in a fluid bed reactor. The elements which form non-volatile fluoride 

remain with the diluent which is removed from the reactor. The UF6 and other 

volatile fluorides such as molybdenum and vanadium fluorides, together with the. 

excess F
2

, leave the reactor and are routed through coolers and filters to cold 

traps where the volatile fluorides are condensed. 

The UF6 , which contains only the volatile fluoride impurities after being 

condensed in the cold traps, is finally purified by a two-stage fractional 

distillation process in large bubble-cap distillation columns. The purified 

UF6 from this operation is transferred to cylinders for shipment to the gaseous 

diffusion plants. 

(b) Environmental Impact 

(i) Land Systems 

The impact .on the land from conversions is very small. A certain amount of land 

will be r~quired to site the chemical conversion facilities. The commitment of 

this land is not irretrievable since it can be restored to its original condition 

at the end of the plant lifetime. There are no residual effects such as radio

activity which would limit the use of the land. 

(ii) Water and Air Systems 

Very little information is available about the U30g-to-UF6 conversion processes 

that would establish the environmental impact of the liquid and gaseous effluents. 

\ 
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Both the wet and dry processes do employ condensation operations so there must 

be some thermal discharges. Because of the acid content and trace amounts of 

uranium, the liquid waste generated during the conversion processes will require 

monitoring and possible treatment prior to its release to the environment. The 

same types of controls are required for the gaseous releases. 

With the technology and equipment available today, it is reasonable to assume 

that the environmental impact of this industry can be kept to a minimum. 

(2) Enrichment 

The gaseous diffusion facilities, which are used to enrich the natural uranium, 

are owned and operated by the U. S. Atomic Energy Commission. The details of 

the gaseous diffusion operations are presently classified by the Government. 

Because of this, information on the environmental impact of this industry is 

not available. 

(3) Uranium Oxide Fuel Fabrication 

The discussion in this area of the fuel cycle will be of a general nature. Much 

of the information used in this section was obtained from the environmental report 

submitted by Jersey Nuclear Company since no other fabricator has thus far 

submitted an environmental report. 

(a) Background 

The fabrication of nuclear fuel has evolved into a rather significant industry. 

Mjiny individual companies have become or are planning to become involved in at 
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least some portions of the fuel fabrication industry. A current list of these 

companies includes Babcock & Wilcox Co., Combustion Engineering Inc., General 

Electric Co., Gulf United Nuclear Corp., Jersey Nuclear Co., Kerr-McGee Corp., 

Nuclear Fuel Services, Inc., and Westinghouse Electric Corp. 

The fabrication of nuclear fuel is still considered an art by most of the 

companies involved in this industry, and detailed information about the processes 

utilized is considered proprietary to the individual vendors and is not 

published in public documents. 

The operati?ns involved in manufacturing nuclear fuel are listed below to 

provide some general insight into the steps involved. 

(a) Slightly enriched uranium (less than or equal to Sw/o U-235 is 
received in the form of Uranium hexafluoride [UF6]) 

(b) The UF6 is vaporized and mixe~ with water to form a uranyl fluoride 
(U02F6) solution. 

(c) The uo2F2 solution is treated with ammonium hydroxide to form a 
slurry of ammonium diuranate (ADU or [NH4] 2u2o7). 

(d) The ADU slurry is dewatered, dried and fired (at approximately 1200°F) 
in a reducing atmosphere to form UOz. 

(e) The uo2 chunks from the reduction furnace are pulverized, blended 
and treated in preparation for pelletizing. 

(f) The granulated uo2 powder is compacted and pressed to form what are 
generally called "green" pellets. 

(g) The "green" pellets are placed in trays and sintered in a controlled 
atmosphere furnace at about 3,000°F. 

(h) The sintered pellets are wet centerless ground to final dimensions. 

(i) The ground pellets are dried and prepared for fuel tube loading. 

(j) The uo2 pellets are loaded into fuel tubes. 

(k) The fuel tubes are sealed with end plugs and loaded into an assembly 
structure. 



-

231 

(b) Environmental Impact 

(i) Land Systems 

The impact on land is very small. A certain amount of land will be required to 

site the facilities; however, the amount of land required is no greater than 

that required for any other medium-sized industry. The commitment of this land 

is not irretrievable since it can be restored to its original condition at the 

end of the plant lifetime. There are no effects such as those from residual 

radioactivity which would limit the use of the land. 

(ii) Water Systems 

To support the fabrication processes, water is required, primarily to cool 

chemical reactions and process equipment. In the case of the proposed Jersey 

Nuclear facilities, approximately 110,000 gallons8 of water per day will flow 

through the plant. This quantity of water should have only a negligible effect 

on the water supply in most industrial areas in the United States. 

As mentioned above, much of the water is required for cooling, so there is some 

thermal discharge associated with the fabrication processes; the increase in 

cooling water temperatures, however, is considered very small. Jersey Nuclear 

has shown, for example, that the heat added to the coolant will be dissipated 

to the ground in the sewer run between their plant and Richland sewage treatment 

plant. 9 

Uranium discharges to the sewage system must be minimized to eliminate any 

public hazards. Methods are available to the industry to protect against such 

discharges. The following methods are frequently used as deemed appropriate. 
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Floor drains in process areas where uranium could be spilled can be capped 

or equipped with filters. Liquid waste streams from the UF6-uo
2 

conversion 

process and smaller streams such as rinse waters from other processes known 

or suspected to contain uranium can be passed through high efficiency centri

fuges and clarifiers for particulate uranium recovery. The waste streams can 

be further processed through ion-exchange columns to remove soluble uranium 

and then routed to quarantine tanks to be held for evaluation and eventual 

waste disposal. 

Jersey Nuclear has taken additional action to protect against inadvertent 

entry of uranium into the Richland sanitary sewage system. They will install 

in the sewage line a sensitive radiation detector, capable of detecting and 

alarming for uranium activity. Provisions will be made for manual diversion of 

the process waste water to one of two 30,000-gallon retention tanks if there is 

any indication that the uranium concentration exceeds 5 x 10-4 µci/ml (the 

applicable Federal and State limits). Waste water, so diverted, will be pumped 

out of the retention tanks and either disposed of by a licensed waste disposal 

contractor or processed to reduce the uranium concentration. Table II.I.C.1-1 

lists the daily average concentrations of liquid radioactive effluents for the 

Jersey Nuclear plant at full operation. The radioactivity being discharged is 

well below any biologically significant levels. 

Other processes will also generate liquid wastes containing fluorides, sulfates, 

sodium, and nitrates or wastes which are ~trongly acidic or basic, These wastes 

will be collected, the pH adjusted to within the acceptable range, and the 

chemical concentration assured to be well within safe criteria. 
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(iii) Air Systems 

The principal gaseous releases will come from the UF6-uo2 conversion process. 

These gaseous releases must be treated by liquid scrubbing, primarily for 

fluoride and ammonia removal~ and by filtering to remove the uranium before 

discharging the gases to the environment. Table II.I.C.1-2 lists the expected 

annual average ~oncentrations from gaseous radioactive effluents for the Jersey 

Nuclear plant. If one assumes that the concentration shown in Table II.I.C.1-2 

at the maximim concentration point exists for the entire year, the annual release 

of uranium from the stack is 1.5 x 10-4 curies. 10 This complies easily with 

the permitted amount of 10 curies per year specified in 10 CFR 20.106. 

Air monitoring programs have been established throughout the industry in order 

to·assure no adverse radiological effects on the environment. 

(iv) Material Resources 

The fuel fabrication industry will require the commitment of a certain amount 

of land, water, and various chemicals. The commitment of water is temporary 

since it i~ returned to the local water source. The land commitment is not 

irretrievable since it can be restored to its original condition at the end of 

the plant lifetime. Chemicals used in the various processes, such as nitrogen, 

propane, ammonia, hydrofluoric acid, nitric acid, etc., are all common and are in 

no sense limited resources. 

(4) Spent Fuel R~processing 

(a) Techniques of Reprocessing 

Spent fuel discharged from nuclear reactors is transported to the spent fuel 
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TABLE II.I.C.1-1 

ESTIMATED LIQUID RELEASES 

Daily Average Concentrations at Various Discharge Points 
Confluence of 

Radioisotope Plant Boundary 
Estimated State & Federal Limita 

Municipal Sewage Treatment Plant 
Estimated State & Federal Limit0 

Yakima & Columbia Rivers 
Estimated Already Press 

Uranium (Mass) 0.24 ppm 

Uranium (Curiage) 5.4xlo-7µCi/ml 

225 ppm 

5x10-4µCi/ml 

1. 2x10- 2ppm 

2.6xl0-8µCi/ml 

Assumptions: (1) Maximum throughput in U02 plant. 

(2) Average water (total) flow from plant. 

(3) Average flow through municipal 

(4) Minimum flow in Columbia River 

(5) Uranium assumed to 5% enriched 

a 10 CFR 20.303 and WAC-402-24-140 

b 10 CFR 20.106 and WAC-402-24-050 

sewage 

(Daily 

U-235. 

treatment 

average). 

c If measured total alpha emitters were all natural uranium. 

plant. 

9 ppm 5.8x10-7ppm <1. 9xlo-3 

2xlo-5µCi/ml l.3xlo-12µCi/ml <1.3xlo-9 
µCi/ml c 



Radioisotope 

Uranium 

12 TABLE II.I.C.1-2 

ESTIMATED GASEOUS DISCHARGES 

Annual Average Concentrations at Various Points 

At Maximum Concentration Radius (450 feet) 
At Plant Stack Estimated State & Federal Limit 

2xlo-13µCi/ cc 

Assumptions: (1) Maximum throughput in uo 2 Plant 

(2) Sutton diffusion equations used in analysis 

(3) Average meteorological conditions for site 

(4) Double filtering of 99.95% efficiency for 0.8µ particles. 

alO CFR 20.106 and WAC-402-24-050 

N 
Lu 
Vl 
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reprocessor for recovery of uranium and plutonium. The basic operations in 

reprocessing spent fuel, which are normally performed remotely either beneath 

a water shield or inside a massive concrete chamber, are summarized below.* 

1. Shipping casks containing spent fuel are unloaded from the carrier 

and placed in a deep water-filled unloading pool. The cask is unloaded and the 

assembly is placed in an underwater storage rack to await reprocessing. 

2. The fuel assemblies are sheared into small pieces to expose the fuel 

material. 

3. Nitric acid is used to dissolve the fuel from the hulls, which are 

removed for packaging and burial. 

4. Uranium and plutonium are chemically separated from the bulk of the 

fission product mixture, then separated from each other and further treated to 

remove residual fission products. 

5. The purified uranium and plutonium are packaged and shipped to other 

sites for reuse. 

The treatment and disposal of the resulting high level wastes are discussed in 

Section II.I.C.l.c. 

Fuel reprocessing plants are subject to many of the same design considerations 

and stringent licensing requirements as nuclear reactors. 

1. The design must be such that multiple simultaneous independent errors 

or malfunctions, each of very low probability, would have to exist before an 

accident of consequence to plant personnel or the public could occur. 

*Information on this stage of the fuel cycle is not presently available from 
specific contractors with Surry Power Station, and has therefore been abstracted 
from a number of disparate sources. However, Allied Gulf Nuclear Services has 
indicated that their environmental impaet report is being prepared on approximately 
the same schedule as this Report. 
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2. Potentially mobile radioactivity must be confined in multiple barriers 

of determinable integrity. 

3. The plant must be designed to withstand, without loss of safety 

functions, the same earthquake and tornado conditions specified for reactor 

facilities. 

4. The sequence of AEC staff analysis, ACRS review, and ASLB Public 

Hearing prior to issuance of a construction permit or operating license required 

of reactor facilities is also required for reprocessing plants. 

The only radioisotopes escaping from reprocessing plants in significant quantities 

are·Kr-85 and tritium, which have approximately 10-year half-lives and relatively 

low biological toxicity. Other shorter-lived fission products will have decayed 

sufficiently during the cooling period at the reactor sites and subsequent 

transportation so as to make detection difficult even on-site. 

Measurement of releases by the Nuclear Fuel Services, Inc. West Valley, N.Y., 

indicates that gaseous effluents have never exceeded 35% of the permitted annual 

concentration and in 1967 were only 3.8% of the permitted concentration. Liquid 

effluents range from 6% to 18% of the limit permitted by federal regulations, 

with a typical value of 10%. Off-site measurements of water activity in the 

area outside the site boundary were at least an order of magnitude below the 

10 CFR 20 limits while air activity was essentially indistinguishable from 

13 background. 

Based on estimates of the growth of the nuclear industry, as late as the year 

2000 the respective predicted annual average doses from Kr-85 and tritium would 
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be approximately 10% and 0.001% of background. Prior to that time, one of 

several methods for reducing the release of these isotopes now under study 

will have been developed and implemented.14 

(b) Environmental Impact 

(i) Land System 

The site upon which each of the existing or planned reprocessing plants are 

constructed cannot be used for any other purpose until the radioactive material 

has been removed and decontamination to permissible levels has occurred. At 

such time the land could be returned to general use. The sites of these facilities 

will occupy a total of 6300 acres. However, the security or exclusion areas 

will be much smaller. Since the sites are in remote areas, primarily farmland 

and forest land has been displaced. 

(ii) Water Systems 

Certain isotopes, chiefly tritium, may be released in small quantities to the 

liquid effluent. However, as discussed above, the quantities which are carefully 

monitored, have been and will continue to be well within permitted limits. 

(iii) Air Systems 

Release of Kr-85 through the stack constitutes the chief local source of radio

activity in the air. However, there are indications that technological advances 

(such as the ORNL Freon Scrubbing System or the INC cryogenic recovery system) 

will reduce an already low release rate to extremely low levels. All gaseous 

effluents are passed ;hrough high-efficiency filters to remove particulate 
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material and gases other than noble gases. 

In light of these considerations it is felt that the processing of nuclear fuel 

will have little effect on the air system. 

c. Transportation 

(1) Transportation of New Fuel 

(a) Procedures for Shipment 

Each year approximately one-third of the core of each Surry unit will be removed 

and replaced by new fuel. This will necessitate the transportation of 104 fuel 

assemblies from the fabrication plant to the site. Every precaution is taken 

to ensure that both the public and the environment are protected from any possible 

risks. Under present contractual arrangements, new fuel for approximately 10 

years' operation of each unit will be fabricated by Westinghouse Electric 

Corporation at their plant near Columbia, South Carolina. Westinghouse will also 

be responsible for transporting the assemblies from Columbia to the plant site. 

Fuel assemblies will be trucked in shipping containers designed to meet the 

criteria of the United States Atomic Energy Commission set forth in 10 CFR 71, 

"Packaging of Radioactive Materials for Transportation," and the Department of 

Transportation as established in 10 CFR 173 subpart G. "Poisonous Materials 

and Radioactive Materials". The requirements for shipping fissile and radio

active materials are more stringent than the requirements for shipping·any 

other potentially hazardous material. 

Shipment will be in Westinghouse containers, either of type RCC or type RCC-1, 

under USAEC Special Nuclear Materials License No. SNM-338*·and DOT Hazardous 

Materials Regulation Board Special Permit No. 5450.* A single truck will 

*Obtaining these licenses is the responsibility of Westinghouse. They have 
not, therefore, been included among the licenses discussed in the portion of this 
Environmental Report (~I.D.) which covers this area. 
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transport a maximum of seven containers (fourteen assemblies). Normally there 

will be a maximum of one shipment per week during the time that shipping is 

required. The routing of the shipment will be over U.S. 96/378 from Columbia, 

South Carolina to Sumter, South Carolina; 1-95 from Sumter to Stony Creek, Virginia; 

Va. U.S. 40 from Stony Creek to Spring Grove, Virginia; Va. 10 from Spring Grove 

to Surry Virginia; Va. 650 from Surry to the plant site. The total distance 

from Columbia to the plant is 408 miles. The Surry Station will receive eight 

shipments each year. Current plans call for refueling one unit each spring and 

the other each fall. 

The primary reason for using a shipping container is to protect the fuel. Since 

the assemblies have not been irradiated, the only radioactivity is due to the 

natural decay of U-235. This radioactivity results in the emission of alpha 

particles, which are quite easily absorbed; They are stopped by a few centi

meters of air and are incapable of penetrating the skin. Therefore, the major 

concern in shipment is the possibility of accidental criticality. 

The fuel being shipped is of low enrichment, meaning that a relatively small 

amount of fissile material is present; the shipping containers are designed so 

that it is physically impossible for ~ny critical conriguration to form accidentally. 

The criticality standards for transportation of fissile material state that the 

package shall remain subcritical even if water leaks into the container such 

that moderation occurs to the most reactive extent possible, with the shipping 

container reflected on all sides by water. 

The shipping package is thoroughly tested to ensure that these standards are 
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met both during normal transportation and under accident conditions. The 

container must withstand the following events in the most adverse sequence 

without permitting criticality: 

1. A thirty-foot drop onto a flat, unyielding surface. 

2. A forty-inch drop onto a six-inch diameter cylindrical steel bar 

mounted on a flat, unyielding surface. 

3. A thirty-minute exposure to a 1475°F heat source. 

4. Immersion in at least three feet of water for eight hours. 

The shipment of new fuel elements is analogous to the shipment of any other 

heavy cargo. There is no radiological hazard. The possibility of accidental 

criticality has been eliminated. All shipments may be made safely with no 

adverse effects on the environment. 

(b) Environmental Effect of New Fuel Transportation 

The overall effect of transportation on the air, water, and land systems is 

small. The portion of the route to Surry which experiences the lowest trailer 

truck traffic density on the entire route, Va. Route 10, sees over 35,000 

trucks each year. An additional 16 trucks (ei.ght trucks into the site and 

eight trucks leaving) is inconsequential even on that highway. An accident, 

which is unlikely because of the small number of shipments, the experience of 

the drivers, and the low accident rate experienced by trailer trucks, would be 

no more harmful than an accident involving any other heavy object carrier. There 

would be no radiological emissions and no possibility of inadvertant criticality 

even under the most severe hypothetical conditions. 
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(i) Land System 

The pollution conditions created by the shipment of the new fuel are no more 

severe than those of any other type of truck shipment. Land area will be 

occupied by the trucks, but it will be area already allocated to highways. No 

additional land space will be required. It will not change any natural areas. 

Other people will continue to have access to the highways. Human usage will 

not be limited under normal conditions. Under accident conditions access may 

be restricted in a specific area for a short period of time; however, no long

term effect will be produced by the vehicle. 

(ii) Water System 

There will be no effect on water quality resulting from the shipment. There 

is no interaction between the transportation and the ·water system; that is, no 

effluents are emitted to the water system, no waste heat is discharged, and 

the waterways are not used as a means of transportation. 

(iii) Air System 

The impact on the air system will be minimal. Some gaseous and.particulate matter 

will be given off by the engine of the truck. Again, it is noteworthy that these 

trucks represent only a very small portion of total truck traffic. The minute 

additional discharges are negligible when compared to those of the trucking 

industry as a whole. 

The new fuel shipping containers have met rigid Federal regulations for shipping 
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and have passed stringent tests for mechanical integrity. The levels of radio

activity in the fuel elements are extremely low. The :f;irst core for Surry 1 

and portions of the first core for Surry 2 have been delivered with no incidents 

and no environmental impact. Therefore, it may be concluded that the shipment 

of new fuel elements will continue to be compatible with the ideals of conser

vation of natural resources and the protection of the environment. 

(2) Spent Fuel Transportation 

(a) Procedures for Shipment 

In the course of power generation utilizing nuclear reactors, the fissionable 

isotopes in the nuclear fuel will be partially depleted, and part of this fuel 

must be discharged annually and replaced with fresh fuel. At this point, the 

depleted or "spent" fuel still contains about one-third of the original 

fissionable uranium and also plutonium, both of sufficient value to warrant 

recovery. This operation can most safely and economically be carried out at 

a separate fuel recovery facility serving many individual customers. Therefore, 

such fuel must be transported to the recovery facility where valuable uranium 

and plutonium are recovered and residual radioactive wastes are packaged for 

safe disposal. 

Failure to recover the uranium and plutonium would increase the costs between 

$6,000,000 and $8,000,000 per year for the two Surry units. In addition, the 

fuel would have to be transported either to an off-site storage facility, which 

would involve the same considerations as the shipment to the reprocessors or 

stored on-site, which is not feasible for extended periods without the construction 

and licensing of a special spent fuel storage facility. In either event, the 

additional expenses associated with the disposal would be considerable. 
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The two units of Surry Power Station will discharge approximately 104 spent 

fuel assemblies containing 48 metric tons of uranium and 400 kg of plutonium 

each year after the first 16 months of operation. The spent fuel will be 

cooled in the reactor plant storage pool for about four. to five months to reduce 

the radioactivity and heat generation in the spent fuel before being shipped. 

During this period, the fuel assemblies will be-inspected to determine whether 

the fuel is normal( fuel that can be shipped in standard packaging), or leaking 

(fuel which may have developed minor defects requiring special packaging). Both 

standard and special packaging will be used for safe transportation of all fuel 

discharged. When cooled, the spent fuel will be packaged in containers designed 

and constructed to meet rigorous hypothetical accident requirements of the USAEC 

and USDOT as described in section II.I.C.l.c.(l)(a). These requirements provide 

for protection of the public from abnormal and accident conditions as well as 

under normal conditions of transport. Under normal conditions the following 

maximum radiation limits apply. 

1. 1000 millirem per hour at 3 feet from the external surface of the 
cask. 

2. 200 millirem per hour at any poirtt on the exterior surface of the 
vehicle. 

3. 10 millirem per hour at6 feet from the external surface of the 
vehicle. 

4. 2 millirem per hour at any normally occupied position in the vehicle, 

Under hypothetical accident conditions the direct radiation dose shall not exceed 

criterion 1 above and the mechanical integrity of the cask shall be maintained 

such that the release of radioactivity is limited to gases and contaminated 

coolant containing total radioactivity exceeding neither 0.1 percent of the.total 

radioactivity of the shipping cask contents nor 0.01 curies of Group 1 radionuclides, 
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0.5 curies of Group II radionuclides and 10 curies of Group III radionuclides, 

except that for inert gases, the limit is 1000 curies. 

Prior to use, each container design and its transport system will be reviewed 

and approved by USAEC and USDOT, and transportation will be authorized by a 

license issued by the USAEC. License provisions will include adequate Quality 

Assurance and Testing Programs and Operating Procedures to ensure that equipment 

is constructed and used in accordance with approved designs and procedures. 

When loaded, containers will be carefully surveyed and inspected to ensure that 

they have been properly prepared for shipment and fully comply with the license 

provisions governing transportation. Shipments will also be placarded in 

accordance with federal regulations to warn the public that radioactive materials 

are contained in the vehicle. The loaded vehicle will not be left unattended 

while in transit. 

Spent fuel will be transported by exclusive-use truck, since rail service is 

not available at the Surry site. Capacity is limited to one fuel assembly per 

shipment. The trailer which will carry the shipping cask will be specially 

designed to support and protect the cask in the event of an accident. Thus 

the trailer will provide added assurance that the cask will not be subjected 

to forces in excess of those specified for the hypothetical accident. Approximately 

104 truck shipments will be made each year from the Surry station. The destin

ation during the period 1973 to 1978 will be Allied-Gulf Nuclear Services in 

Barnwell, South Carolina. The destination beyond 1978 is unknown since contracts 

for reprocessing beyond 1978 have not been let. Truck routing to Barnwell will 

be via Va. 650 and 10, 1-95, and S. C. 64, a distance of 455 miles, which will 
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require approximately 15 hours of travel. This represents a total of approximately 

480,000 round-trip vehicle miles over the five-year contract life, of which 

240,000 miles will involve the transportation of spent fuel. 

The total yearly spent fuel shipping program will be carried out in approximately 

2-3 months by exclusive-use truck. In all cases where possible, truck sliipments 

will be routed to avoid heavily populated and congested areas as well as grade 

crossings and tunnels, bridges or toll roads which prohibit such shipments. 

Each truck will be manned by personnel specially trained in driving skills, health 

physics, and container operation;and progress will be frequently reported enroute. 

Instruments for detection of abnormal conditions and instructions for immediate 

action will accompany all truck shipments. Should a vehicle become disabled in 

a public area the operators will make every effort to establish an exclusion 

area. 

Before the first shipment a formal Accident Control and Recovery Plan will be 

developed which will provide for rapid and orderly utilization of utility, carrier, 

Allied-Gulf, State and municipal emergency personnel, and USAEC radiological 

assistance teams as required, in the event that any abnormal condition or 

accident is encountered. Even though the probability of an accident which could 

effect container integrity is extremely remote, the plan will include control of 

contamination and exposure to the public. The plan will also include salvage 

and recovery as well as control of bodily injury and property damage. Similar 

plans will be provided by subsequent reprocessors. 

Insufficient data exist to establish meaningful accident statistics for the 
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conunercial shipment of spent nuclear fuel. In 1963 F. F. Leimkuhler of Johns 

Hopkins published the results of an analysis of truck accident trequencies for 

various types of interstate carriers.15 He anticipated a rate of 3.63 accidents 

per million vehicle miles for radioactive shipme~ts. This agrees fairly well 

with the Virginia statistics for conventibnal trailer trucks for 1970, which 

indicate a rate of slightly over 3 accidents per million vehicle miles. However, 

as he pointed out, the available statistics do not adequately correlate cargo 

damage to accident rate. 

The forces on the cask associated with the hypothetical accident which the 

cask must survive are so great that extensive vehicle damage would almost 

certainly be incurred if these forces were approached. Ther.efore, attempting to 

equate total accident rates to cask damage and subsequent release of radioactivity 

produces highly conservative estimates. One measure of the frequency of 

accidents in which significant damage might occur would be to assume that such 

damage occurs in accidents involving one or more fatalities.* This assumption 

was also utilized in a discussion of spent fuel transportation in Italy. 16 

According to Virginia highway statistics for 1970 there were 7117 fatal accidents 

involving trailer truck combinations in approximately 850,000,000 vehicle miles. 18 

The postulated rate is therefore 0.09 fatal accidents per million vehicle miles. 

During the five years of the contract with Allied Gulf Nuclear Services, (AGNS), 

approximately 240,000 vehicle miles involving spent fuel transportation will be 

accumulated. Communications with the North Carolina and South Carolina highway 

departments indicate that the Virginia statistics are consistent wiEh those for 

*Some severe accidents may not involve fatalities, while some accidents which
involve fatalities may produce no substantial physical damages. Still, this measure 
will eliminate consideration of a number of clearly minor accidents. 
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their states; therefore, over the five years of the AGNS contract the upper 

limit for number of accidents of at least moderate severity as defined above 

is 0.02 accidents. If the vehicle miles accumulated during the remaining years 

of the plant life are comparable, then one could expect a maximum of 0.12 

accidents with the potential for cask damage over the 30 year plant life. Since 

the fatality ·data include deaths in the trailer truck, passengers in other vehicles 

involved in the same accident, and/or pedestrians; these accident rates as a 

measure of the rate of accidents involving severe damage to the trailer truck 

are probably very conservative. AGNS, in their draft environmental impact report, 

projects 0.04 accidents which might involve cask damage per million vehicle 

miles based on Federal Highway Administration statistics for large interstate 

motor carriers. 19 

Virginia highway statistics for 1970 indicate that the average annual trailer 

truck density on the portions of Va. 10 and 1-95 to be traversed by spent fuel 

shipments are approximately 35,000 and 620,000 vehicle miles/mile respectively. 

As a result, the additional traffic load from 208 trips per year (including 

return trips with empty casks) would be 0.6% for Va. 10 and insignificant on 1-95. 

Since the average annual increase in trailer truck traffic is 7.2% per year, the 

effect on Va. 10 would also be very small. 

Data are not avail~ble for Va. 650. liow~ver, it is anticipated that the traffic 

involved with spent fuel transportation will form a significant portion of the 

total trailer truck traffic. The mileage is very small (1040 vehicle miles/year). 

(b) Environmental Impact 

~ On the basis of the preceding discussion, we can draw the following conclusions 

regarding the effects of spent fuel transportation on the environment. 
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During normal conditions the additional environmental impact of the spent fuel 

transportation over and above the effects of current trailer truck traffic is 

negligible (see above). The only characteristic which distinguishes spent fuel 

shipments from ordinary heavy object shipments is radiation which must be main

tained within the limits specified earlier in this section. These limits, which 

have been set low enough so as not to endanger the public health and safety, are 

monitored prior to and during shipment to ensure compliance. In actual practice 

the radiation field several yards away from a typical spent fuel shipment is 

virtually undetectable. ZO 

The probability of severe accidents involving heavy object carriers in general 

appears to be very low. The careful screening and training which drivers will 

receive and the additional equipment design and operational safety requirements 

associated with spent fuel shipments will further reduce the accident probability. 

Should an accident involving cask damage occur, the effect of the release of 

volatile fission products would be small. AGNS estimates the doses from an 

accident involving a ten-assembly rail cask. These estimates extrapolated to a 

single assembly cask indicate a 2 mrem whole. body and a 23 mrem thyroid dose at 

100 meters. Both are small when compared with background. 

The safety record thus far for a limited number of corrunercial spent fuel shipments 

plus numerous shipments of spent fuel from various research, production, prototype 

power reactors, and naval propulsion reactors has been excellent. Although 

transportation accidents have occurred there has been no instance of radip.tion 
,21 

injury resulting from spent fuel shipments. 
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(3) Radioactive Wastes Transportation and Disposal 

Several types of solid, non-fissile radioactive wastes are generated from the 

operation of the Surry Power Station, namely: 

(1) Spent demineralizer resins 

(2) Filter basket assemblies 

(3) Evaporator bottoms 

(4) Low-level rubbish 

For ultimate disposal, these wastes must be properly packages and transported 

off-site to specially approved burial grounds. 

(a) Procedure for Shipment 

The spent resins and filter assemblies will be transported in disposable containers 

placed inside shielded casks. This packaging will meet all applicable USAEC and 

USDOT regulations (10 CFR 71 and 49 CFR 170-179) for transportation of radioactive 

materials, which include: 

(1) Under normal conditions, a maximum dose rate of 200 mrem/hr on the 

external surface of the package 

(2) Under accident conditions, a maximum dose rate of 1000 mrem/hr three 

feet from the external surface of the package. [These accident conditions are the 

same as those for new and spent fuel shipping casks, and are described in 

Section 11.I.C.l.(c) (l)(a)]. The evaporator bottoms, which.will be mixed with cement, 

and the low-level rubbish will not have a surface dose rate of greater than 200 

mrem/hr. These wastes will be transported in 55-gallon drums. 

The method of transport is expected to be by legal-weight trailer truck. 

Approximately.60 shipments will be required per year, of which one half will be 
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drummed evaporator bottoms and low-level rubbish, one-third filter assembly 

casks, and the remainder spent resin casks. Normally, each shipment will consist 

of either one cask or about 40 drums. When loaded, the containers will be care

fully surveyed and inspected to ensure that they have been properly prepared for 

shipment and fully comply with all Federal and State regulations. Also, they 

will be periodically monitored during shipment. 

For the foreseeable future, all of the wastes will be buried at the Nuclear 

Engineering Company's (NECO) facility near Morehead, Kentucky. Of the five 

burial sites currently available for solid, non-fissile, radioactive wastes, 

this facility is the nearest to Surry Power Station. It is approximately 500 

miles from the station via the most direct route: Va. 650 to Va. 10 to I-95 to 

I-64 to I-81 to I-77 to I-64. 

(i) Effects of Shipment 

The effect on the environment of the solid wastes shipments, from a traffic 

increase standpoint, is negligible. Over the primary and interstate routes 

from the station to the burial site, the average trailer truck traffic density 

ranges from on the order of 30,000 to 600,000 vehicle miles per mile (1970). 

The maximum added traffic density resulting from the 120 trips per year for 

waste shipments (including return) is less than 0.5%. 

The only other possible impact of the shipments on the environment is from the 

release of radiation. Under normal conditions, the maximum surface dose rate of 

any of the waste containers will be below 200 mr/hr and the dose rate outside the 

transport vehicle will be one order of magnitude below this. Therefore, even 

- if a member of the general population were to remain close to the vehicle (within 



e 

252 

a few feet) for as long as an hour, he would receive a dose of at least an order 

of magnitude below typical annual natural background levels. For accident 

conditions, the containers are designed such that, even under the most severe 

circumstances, the maximum dose rate will be 1000 mrem/hr at three feet from the 

container. The probability of a severe accident is very small, even using the 

very conservative accident rates given in Section II.I.C.l.c.(2) on the order of 

0.1 s·evere accidents can be expected over the life of the station. However, 

even in the unlikely event that an accident does occur, and a member of the 

general population were near the container, the dose received would only be on 

the order of the annual natural background dose during one hour's period. In 

addition, even under severe accident conditions, there should be no release of 

radioactive material outside the containers since .there are no gaseous or 

liquid materials involved. The effect on the environment from solid waste 

shipments, therefore, will not be significant.· 

(ii) Ultimate Disposal 

As indicated above, all the wastes will be .buried at the NECO facility near 

Morehead, Kentucky. This facility, which is located at Maxey Flats in Fleming 

County, has been licensed by the Kentucky Department of H~alth, under authority 

granted by the USAEC, to dispose of "low-level" wastes. The term "low-level" as 

applied to this burial site refers to the fact the wastes are solids and as such 

there is little likelihood that they will be dispersed into the environment. 

Prior to issuance of a license for the facility, the topographical, geological, 

meteorological, and hydrological characteristics of the site, as well as the 

usage of ground and surface water in the general area, are examined. In addition, 

in order for the license to remain in effect, the wastes have to be buried in 
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accordance with strict regulations on the quantity and type of radioactive 

material that can be buried, the depth of trenches and type of backfill, the 

marking of the filled trenches, the records kept on the material buried, and 

the ground water sampling program, to ensure that the radioactivity is contained. 

These measures ensure that there will be no undue meterological hazard to the 

general public or any significant effect on the environment outside the site. 

The wastes from the Surry Station will be buried in disposable containers in 

conformance with the applicable regulations. Over the life of the station, 

approximately 300,000 ft 3 of wastes will be buried. Under present burial reg

ulations and procedures, this will require only about three acres of land. 

On the basis of these considerations, it is concluded that the burial of the 

solid, non-fissile wastes will not have a significant impact on the general 

environment. 

(iii) Irreversible and Irretriev~ble Conunitments of 
Resources 

The transportation of radioactive wastes will have no permanent effect upon 

land use. However, the burial site will be lost to general use for an indefinite 

period. 

(4) High Level Radioactive Waste Disposal 

(a) Background 

The storage of high level radioactive waste concentrates on an industrial scale 

has been dealt with successfully for more than two decades at AEC plutonium 
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production facilities. The experience gained is being factored into the design 

of new facilities in which wastes tram commercial spent fuel reprocessing will 

be stored. 

In two of the three existing or projected reprocessing facilites, high level 

liquid wastes will be generated at a rate of approximately 100 gallons/metric 

ton uranium (MTU). In the third facility high level wastes will be generated 

in solid form at between 2 and 2.5 ft 3/MTU. These rates indicate that the Surry 

nuclear units will generate either 4800 gallons of waste in liquid form or 

approximately 100 ft 3 of solid wastes annually. If all wastes are solidified*, the 

-total amount of waste accumulated over the life of ·the Surry station would be 

3000 ft 3 • This is approximately tqe volume enclosed within a 15 foot cube. 

During the interim between formation and solidiftcation, high level liquid 

wastes are stored in large welded steel underground storage tanks which are 

installed in massive concrete vaults far underground at the site of the reprocessing 

plant. Elaborate precautions are taken to prevent leakage, and multiple 

barriers with detection equipment at each barrier are provided in the event that 

leakage does occur. Standby tanks of identical size and design are available 

to receive the con~ents of any tank which shows signs of leakage. The design 

life of the. tanks is 50 years. However, alternate storage methods, i.e., 

solidification and shipment to off-site repositories, will probably be utilized 

before that time. 

The most promising method for the storage of solid high level wastes .appears 

to entail the use of abandoned salt mines as Federal repositories. The wastes 

*It is anticipated that, eventually, processes will be required which will 
dispose of all high level wastes in solid form. 
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would be solidified and encapsulated in high-integrity containers, shipped to 

the repository, and imbedded in salt deep within the mine. 

Transportation of the solid wastes would involve many of _the same considerations 

as spent fuel shipment, and the same regulations for shipping would apply. How

ever, the probability for release of radioactivity to the environment would be 

even lower because of the solidification. 

(b) Environmental Impact 

(i) Land Systems 

The use of land occupied by the reprocessing plants (1500 acres each for two of 

the plants and 3300 acres for the third) will be lost to the general public for 

the life of the reprocessing plant and beyond, until the last of the stored 

~ high level wastes can be shipped to a repository and the on-site storage facilities 

decontaminated. At this point in time the land could be used for other purposes. 

Since the Federal repositories will most probably be deep underground in salt 

mines, the environmental impact on the surface from this method of disposal will 

be minimal. 

(ii) Water Systems 

(~) Liquid Waste Storage 

Careful design of liquid waste storage tanks, redundant barriers, automatic 

leak detectors, standby tanks, and careful siting should preclude the contamina

tion of ground water. With solidification long, continuous utilization of the 

tanks will not be required. 

~ 

I 
I 
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(E._) Solid Waste Storage 

Solid wastes will be encapsulated in high-integrity containers and buried in 

salt formations remote from ground water supplies. Should the containers fail 

and water be present, the solid material will resist leaching. 

(iii) Air Systems 

The design of the liquid waste storage tanks and the nature of the solid wastes 

and the associated repository preclude release of radioactivity to the air. 

(iv) Irreversible Commitment of Resources 

Unless some leakage occurs in a liquid waste storage area there will be no 

permanent loss of land use. 

Solid waste repositories would monopolize the use of the area around the mine 

mouth for handling incoming wastes until the repository was filled. Afterwards, 

a limited amount of land would be required to monitor the repository. 

(5) Miscellaneous Transportation 

(a) Background 

Other stages of the nuclear fuel cycle include transportation of nuclear material 

not covered in the preceding sections, These are: 

1. Yellowcake from the mill to the converter. 

2. UF6 from converter to AEC. 

3. Enriched UF 6 from AEC to fabricator. 

4. Recovered UF6 from reprocessor to AEC. 

5. Recovered plutonium nitrate from reprocessor to fabricator. 
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Of these only plutonium nitrate is significantly toxic or radioactive. The 

remaining shipments involve mildly radioactive material and hence the environ

mental impact is comparable to that for the new fuel transportation. 

Plutonium will be transported as plutonium nitrate in a liquid solution of 

nitric acid for the near term. The prime objective for plutonium product 

packaging and transportation is "absolute containment" even under the most 

severe realistic accident conditions that can be postulated. In addition, the 

safeguards against loss or diversion of plutonium under all conditions will be 

given prime consideration. It is believed that these objectives are realistic 

for plutonium nitrate and can be achieved.z2· 

(b) Environmental Impact 

It is felt that the environmental impact of the transportation of the.se miscel

laneous items will be minimal. 

" d. Economic Impact of the Nuclear Fuel Cycle 

A beneficial effect of the nuclear fuel cycle for the Surry Station is that it 

will increase the number of people needed to work in the industries that produce 

nuclear fuel. An estimate of the number of new jobs created was made by comparing 

the number of employees in a particular plant and the output of the plant. Data 

from several suppliers was compared to determine an industry-wide average. For 

example, statistics were obtained concerning several mining and milling companies, 

five conversion facilities, two reprocessors, and others. The Atomic Energy 

Conunission was consulted about the enriching process. An estimate of the number 



of people needed to supply the Surry units is given. 

Number of People Employed for Surry in Nuclear Fuel Cycle 

Mining and Milling 
Conversion 
Enrichment 
Fabrication 
Transportation 
Reprocessing 
Total 

40 
20 
30 
15 

2 
8 

115 
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Thus over one hundred new jobs in the industry comprising the nuclear fuel cycle 

are created by the needs of the Surry site. Many of these will be filled by 

people who are at present unemployed or underemployed. For example, many 

uranium miners are living in areas which are economically depressed. The 

demand for nuclear fuel will cause the opening of new mines and open up new 

jobs for these men. A skilled labor pool will be utilized to a much greater 

extent than it is presently being used. Furthermore, jobs will not necessarily 

be lost in competing fields. In the extreme energy crisis facing the nation over 

the next decade and the limited amount of low sulfur coal and oil available on 

the east coast, the fossil fuels which are being replaced by nuclear fuels can 

be used profitably by other utilities and industries. For example, coal can 

also be used by the chemical industry and to produce synth.etic natural gas. In 

addition, there will continue to be a large market for fossil fuels among 

utilities. Uranium has no significant uses other than as an energy source or 

in nuclear weapons. 

The creation of one hundred new jobs in a manufacturing area can also create 

other new jobs in areas. According to a 1963 study by Fred D. Lindsey of the 
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U. S. Chamber of Connnerce, one hundred new jobs in a single town would have the 

following effects: 

Total Population Increase 
New Households 
Added School Children 
New Personal Income (year) 
New Bank Deposits (year) 
More Passenger Cars 
More Workers Employed (non-manufacture) 
New Retail Establishment 
More Retail Sales (year) 

359 
100 

91 
$710,000 
$229,000 

97 
65 

3 
$331,000 

Data are being compiled for these statistics based on the 1970 census but are 

not available at the present time. The 1963 estimates are conservative. The 

enriching process must be considered a special case, in that enrichment uses 

an enoarmous amount of pewer. The impact on the power industry is much greater 

than that of mining or fabrication. Therefore, one could expect more than 65 

new jobs in non-enrichment areas for each 100 jobs in enrichment, due to the 

increased need for power and workers to produce it. In addition to creating new 

employment, the nuclear fuel industry will increase the purchasing power in 

specific areas by increasing total cash influx. It will contribute a large sum 

in taxes to Federal, State and Local governments • 



260 

REFERENCES 

1 U. S. Reserves, Nuclear News, June 1971, page 52. 

211Applicant's Environmental Report, Highland Uranium Mill Converse County, 
Wyoming", Docket No. 40-8102, submitted by Humble Oil and Refining Company, 
July 1971. 

3Ibid. 

411Deposition and Control of Uranium Mill Tailings Piles in the Colorado River 
Basin", U.S. Department of Health, Education and Welfare, FWPCA, Region VIII, 
March 1966, page 9. 

5Humble Oil and Refining Company 

6"Applicant's Environmental Report Operating License Stage for Uranium Con
centration", submitted by Rio Algom Corporation, Moal, Utah, page 41. 

7Humble Oil and Refining Company, pp. 44-47. 

811Applicant's Environmental Report--Jersey Nuclear Company Uranium Oxide 
Fuels Plant", Docket No. 70-1257, September· 1970, page 26. 

9Ibid., page 20. 

lOibid., page 23. 

11Ibid., page 21. 

12Ibid., page 22. 

13Testimony by T. 

14source Book in 
Electric Company). 

C. Runion 

Support of 

before the Joint Committee on Atomic Energy. 

Electric Power and the Environment, (The General 

15Leimkuhler, F. F. "Trucking of Radioactive Materials", Johns Hopkins Press, 
Baltimore, 1963. 

16Proceedings - Third Internation~l Symposium - Packaging and Transportation 
of Radioactive Materials, August 16-20, 1971. Richland, Washington, U.S.A. 

17virginia Traffic Crash Facts 1970. Department of State Police, Richmond, 1971. 

18Average Daily Traffic Volumes on Interstate, Arterial, and Primary Routes 1970, 
Commonwealth of Virginia Department of Highways, Richmond, 1971. 



.261 

REFERENCES (CONT'D.) 

l9BNFP Environmental Report Appendix VII - Transportation (Draft). Allied 

Gulf Nuclear Services. 

20The General Electric Company 

21Nuclear Power In The South. 1970 Southern Governors' Conference, September 

22, 1970. 

22Allied Gulf Nuclear Services. 



2. Operating Effects 

a. ~echanical Effects 

(1) Water Systems 

(a) Physical Effects 

(i) Volume of Water Used 
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Surry Power Station is comprised of two pressurized water reactors, each re

quiring 840,000 gallons per minute of river water to supply the condenser and 

service water needs. This amounts to a total of 1,680,000 gpm or about 3,740 

cubic feet per second. The James River is tidal in this section of the river, 

and it has been estimated by Pritchard-Carpenter, Consultants, that the total 

new dilution water flow rate to the tidal segment adjacent to the plant site 

is approximately 25,000 cfs. Comparing this with the 3,740 cfs passed through 

the station, it is seen that only 14.96% of the net new dilution water available 

is utilized for cooling purposes. The 14.96% figure appears to be a valid 

figure in that Pritchard-Carpenter have stated that the total new dilution 

water available is very nearly independent of fresh water river flow. 

The effect of utilizing 3,740 cfs of water for cooling purposes on the fresh 

water/salt water boundary is expected to be negligible since the location of the 

boundary is governed largely by the fresh water inflow from upstream. During 

times when the intake water is higher in salinity than the waters of the dis

charge area (about 2 parts per thousand on the average), it is anticipated that 

the inshore waters of Cobham Bay around Hog Point will be increased in salinity 

by less than 1 ppt, if at all, well within the tolerance limits for euryhaline 

species. Data from Deep Water Shoal has shown, for example, as much as 8 ppt 

fluctuation on a tidal cycle. 
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designed low velocities, are expected to be insignificant. 

To further ensure that nekton are not drawn into the intake structures, 

various techniques for diverting fish are now undergoing investigation. One 

such method utilizes an "air bubbler" technique. This device is being installed 

because of its demonstrated operational effectiveness and lack of harmful effects 

to the fish that inhabit the area. 

A two-inch pipe will be laid along the river bottom in a semi-circular arrange

ment in front of the intake bays. The pipe will contain holes 1/16 inch in 

diameter ·and four inches apart. A compressor will supply the pipe with 100 psi 

compressed air. The air from the pipe forms a curtain of air bubbles which 

serves to divert a large percentage of fish approaching the intake trash racks. 

At least one user has r~ported the air curtain to be 90 -.95% effective* and 

it is hoped that similar performance can be obtained at Surry. 

If there is evidence that large quantities of nekton are drawn into the intake 

structure even with the air bubbler system in service, then the Appli~ant will 

take additional steps to protect the aquatic environment taking full cognizance 

of the cost-benefit relationship of such additional devices. Applicant has 

already provided the slots and supports for traveling screens on the structure 

at the intake to the pumps; however, it believes that the effort to ~eep the 

fish away from the intake has greater merit than keeping them out by traveling 

screens. 

*EEI Prime Movers Committee Operating Experience Report, Consumer Power 
Company. May 10-12, 1971. 
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(ii) Effects on Ground Water 

The use of the James River waters for cooling purposes will have no adverse 

effect on the ground water levels in the area of Gravel Neck. As stated 

previously, water drains to the east, north, and south toward the river in 

the vicinity of the site. Since the elevated intake canal is concrete-lined, 

there will be no fluctuation of the ground water table. 

(iii) Turbulence at Discharge Point 

Turbulence will be produced at the point of discharge due to the design of 

the discharge groin. The discharge structure has been designed as a variable 

jet which will have an exit velocity of 6 feet per second with a transverse 

current due to the tide of about 1.2 feet per second. The purpose of this 

design is to utilize the Venturi principle and entrain cooler waters rapidly 

to aid in mixing. When considering the overall width of the river, the area 

of turbulence is expected to be small. 

(iv) Effects of Intake Structures 

The intake structures, consisting of eight bays containing one circulating water 

pump each, are located on the south shore of the James River downstream from 

Hog Point. There are no appurtenances protruding into the water to any extent 

sufficient to cause eddies around the structure. River water passes through a 

trash rack at the mouth of each bay. Each rack is serviced by a manually 

actuated movable trash rack rake which cleans the face of the racks. Maximum 

velocity at the face of the racks will be approximately 1.0 fps to reduce the 

probability that fish will be attracted or drawn into the intake canal. The 

physical effects of the pumps, and the intake structures with their specially 
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(b) Biological Effects 

(i) Effects on Fish and Other Life Forms From Intake 
Mechanisms 

Haul seine shore fishery studies, conducted over the past 18 months upstream 

and downstream from the intake structures, have. shown a substantial population 

of silversides, Menidia sp., which have appeared in 98% of samples taken. The 

next most common species, the white perch, Morone americana, has occurred in 

59% of the total samples. Silversides are strongly positive-rheotactic and 

have been observed maintaining their position in a tidal current as strong as 

3-4 fps, They are not expected to pose a problem. The white perch is not 

as strongly positive-rheotactic, however, as is the silversides. 

(ii) Non-Thermal Effect on Aquatic Biota Passage 
Through Condenser 

In order to reach and pass through the condenser of the Surry Power Station, 

any organism would have to pass through 14 gage wire with 3/8 in mesh traveling 

screens located ahead of the condenser box at the station. Phytoplankton and 

zooplankton, as well as ichthyoplankton, however, will pass through the condensers. 

There has been little research into the mechanical effects of plankton passage 

through power station condensers. Problems hav.e been encountered in sampliµg 

techniques at the outfall, in that mechanical effects from passage through conden

sers could not be separated from mechanical effects of the sampling gear. Results 

generally show, however, that phytoplankton and zooplankton were not adversely 

effected when passed through a condenser or a similar mechanical structure. 
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Research by the Johns Hopkins University and Natural Resources Institute 

bear similar results in this respect. Generally, the smaller the organism 

passing through the condenser, the less likely it is to sustain harm. 

Flemer, D. A. , _et al, in a study entitled "Preliminary Report on the Effects 

of Steam Electric Station Operation on Entrained Organisms" that appeared in 

C. B. L. Reference #71-24a, showed either no mechanical effects or depression 

of 21% in the photosynthetic rate of phytoplankton that had been passed through 

a cold condenser. They concluded that, from work on temperature effects, there 

was only minor effect on the passage of phytoplankton through a power station 

condenser. In related work, they concluded that, even under test conditions 

of maximum temperature rise, effects on zooplankton were slight. These studies 

also included mechanical effects. Effects on fish eggs and larvae were not 

considered significant due _to too few numbers. 

(iii) Effect From Scouring and Other Physical Outfall 
Phenomena 

Limited scouring is expected in the discharge canal.which will be lined to 

the area of the groin. Any scouring that does occur will, after stabilization 

of the bottom in the area of the scour, have no adverse effect on fish or other 

biota. Turbulent mixing is expected to occur in the vicinity where the discharge 

from the station enters the discharge canal. Other turbulent mixing will occur 

where the discharge groin jet goes back into the James River. Such turbulence 

will have no adverse effect on fish as finfish will either cope with the 

situation or shy away from it. Scouring is also expected over a limited area 
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in the vicinity of the jet discharge. Initially, this scouring will uncover 

some individuals of the marsh clam, Rangia cuneata, and possibly wash them to 

less turbulent areas where they should be able to survive. This scouring will 

have little,or no effect on floating organisms. 

(2) Human Use: Effect of Intake or Outfall Turbulence on 
Swinuners or Boaters 

There will be little or no turbulence around the intake structures. Boaters 

will be warned by signs to keep away from the area. No swimming is expected 

to occur in the area. 

TurbulenG~ created by the variable jet discharge will be marked and noted by 
. . .- '·· 

signs w:arnigg boaters of the hazards associated with boating in the immediate 
. ...:;,,,•, 

vicinity_., The closest swinuning beaches are located near the Colonial Parkway 

across the river near Jamestown Island, and upstream near Scotland Wharf. 
: ,, ... ..:. ; .; .. 

Future swimming activity is anticipated at Chippokes Plantation Sti\1!t1e. Park. 

I.n any event, discharge turbulence will have no effect on swimming at these 

locations. No swimming activity has been observed in the vicinity of the 

station discharge. 

b. Thermal Effects 

(1) Land Systems 

(a) Natural Effects 

The heat rejection rate at full load for the condenser cooling water system with 

two. 822 MWe units in operation will .be 12 x 109 BTU per hour. The corresponding 

"delta-T" rise will be 14°F. Based on operating experience at other Vepco 
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stations, namely Yorktown and Portsmouth, localized fogging might be expected 

to occur under certain atmospheric conditions. Fogging occurs naturally 

already in the James River Basin, however; particularly in the spring and fall, 

it is known to occur in densities great enough to limit visibility to less than 

100 feet. There may be locali~ed fogging in the vicinity of the discharge 

canal but the contribution of the station to overall area atmospheric fogging 

is expected to be minimal. The once-through cooling utilized by the Surry 

Power Station is not expected to produce water drift or salt deposition effects 

of any measurable significance. This conclusion is based on observations at 

Yorktown, Portsmouth, and on waste heat reservoirs such as those located at 

Par Pond, South Carolina; near Roxboro, North Carolina; and near Asheville, 

North Carolina. Vegetation adjacent to these heated reservoirs is lush and 

plentiful. 

(b) Human Uses 

(i) Effects on Roads, Etc. 

The only effect anticipated from operation of the condenser cooling water system 

is possible localized fogging on the bridge over the discharge canal under 

certain atmospheric conditions. There will be no effects on other roads, air

ports, nearby population centers, agriculture, or forests. Operation of the 

condenser cooling water system is expected to eliminate or minimize the 

incidence of ice formation during winter along the south shore of the James 

River from Chippokes Plantation State Park downstream to the eastern shore 

of Hog Island peninsula. 
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(ii) Inhibition of Industrial Development 

Industrial development will not be hampered in the area since the majority 

of the heated effluent will be discharged on the south shore of the James 

River along the boundaries of the Hog Island Wildlife Preserve and, will not, 

therefore, effect the availability of land for future development. 

(iii) Compatibility with Planning 

Since there will be no inhibitions to further industrial development, the 

cooling water system use does not conflict with anticipated regional planning 

guidelines. 

(2) Water Systems 

(a) Natural Effects 

(i) Physical Effects 

(~) Mixing Zone 

A mixing zone is produced in the James River by the heated discharges from 

Surry Power Station. Physical model studies of the mixing zone have been 

conducted by the consulting firm of Pritchard-Carpenter, on the Army Corps of 

Engineers' model of the James River in Vicksburg, Mississippi. These studies 

were filed in connection with Vepco's application for Virginia State Water 

Control Board Certificate #1843 (Appendix G-14); they are also attached as 

Appendix B to this report. The studies indicate, in general, that the anti

cipated thermal plume will swing upstream into Cobham Bay proper on an incoming 

. tide and downstream around Hog Point on an outgoing tide. They also indicate 

that the mixing zone complies with the State Water Control Board's requirements 
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that a thermal barrier not be created. With the special design of the variable 

jet discharge, the artificially produced thermal gradients will decrease rapidly 

as the heated water mixes with cooler river water and moves away from the point 

of discharge. 

Temperature recorders at seven locations in the James River as seen in Figure 

II.I.A.2-1 measure mid-depth and bottom temperature and have recnrded natural 

· pre-operational river temperatures as high as 87°F at mid-depth. Diurnal 

variation has been as great as 3°F with little change noted as result of tidal 

fluctuations. Most of this diurnal variation is probably induced by solar 

radiation. It is interesting to note that, around the first of November, 1970, 

there was a decrease in water temperature of 16°F in a period of 3 days. Thermal 

stratification between mid-depth and bottom has been on the order of 0-3°F, 

dependent on time of year and tidal stage. 

Oxygen levels are not expected to be significantly effected during operation 

of the station. Pre-existing dissolved oxygen levels in the James River around 

the Hog Island Peninsula were near saturation and ranged from a low of about 

7.0 parts per million upwards to about 12.0 parts per million, dependent on 

temperature. In past operating experience at other stations, oxygen levels 

have tended to increase about 1 ppm in the summer and decrease by a like 

amount in the winter as a result of passage of water through the station. Though 

this result may appear puzzling in light of the fact that increased temperature 

reduces the solubility of oxygen in water, it is explained by the fact that 

the stations where this phenomenon occurs employ specially designed seal pits 
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which afford aeration for the condenser water through turbulence prior to 

returning it to the main stream. The design of the jet discharge at Surry 

should result in a similar type phenomenon. The following table illustrates 

the solubility of oxygen in water at various observgd temperatures: 

Temperature (OF) Dissolved Oxygen (ppm) 

32 14.6 

41 12.8 

59 10.2 

77 8.4 

86 7.6 

95 7.1 

104 6.6 

As can be seen, even at 104°F, it is theoretically possible to have more than 

an adequate amount of oxygen dissolved in water for the maintenance of fish 

life. 

Phytoplankton, zooplankton, meroplankton, and fish larvae will unavoidably be 

passed through the station during the process of heat dissipation. Whether any 

of these organisms would be effected during passage through the station is a 

function of the temperature rise, exposure duration, pressure changes, size of 

the organism, age of the organism, and past thermal history of the organism. 

Previous discussion has dealt with the effects of entrainment alone on organisms. 

Based on limited research, the effects of pumping alone on aquatic organisms 

appears to be insignificant. 
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Assuming that the worst possible condition, i.e., retention time at 14°F 

"delta-T" is long enough and at a high enough temperature to kill 100% of 

the entrained organisms, the question arises as to what effect this situation 

would have on the ecological balance in the James River. By assuming that the 

station passes less than 15% of the net water avaiiable for dilution and 

uniformity exists in the dist~ibution of phytoplankton and zooplankton popula

tions, one might assume that 15% of the standing crop were destroyed and hence 

15% of the productivity of the river. However, due to the tidal nature of this 

estuary and some re-use of the cooling water, this statement is not statistically 

supportable. Considering the rapidity of the reproduction rates of phytoplankton 

and zooplankton, the influence of the mixing zone on stimulation of reproduction, 

and the variability between seasons and years, this reduction could hardly be 

measured wit~ any statistical reliability. 

The distribution of fish eggs and larvae, however, ~snot uniform. The only 

eggs that would be drawn into the station are the pelagic eggs of the inter

face spawners that happen to be in the water column subject to the intakes 

of the station. The majority of the pelagic fish eggs found in the intake are 

probably those of the Bay anchovy, Anchoa mitchilli, and hogchoker, Trinectes 

macuiatus. Fish larvae are free to move about but are more or less at the 

mercy of the currents. While the intake structure has been designed with an 

approach velocity of approximately one foot per second to minimize attracting 

or drawing in small fish, a small unknown percent will still enter the intake 

canal. After passage through the station, these larvae may or may not survive. 

Ichthyoplankton samples have been taken, but not sbrted, to attempt to identify 
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fish egg and larvae populations and their season of occurrence. To date, the 

spring and summer months appear to prod~ce the most larvae which are largely 

Menidia sp. and Anchoa mitchilli. Few eggs have been taken in the intake 

samples to date. 

The physical arrangement of the cooling cycle was engineered as the best 

alternative for the reduction of temperatures in the waters of the James River. 

Several alternatives were explored both from the physical model and a mathematical 

model by Pritchard-Carpenter, Consultants. Results of their studies are 

attached in Appendix n to this report. In addition to the present arrangement 

utilizing a jet discharge of 6 feet per second, discharges of 12 feet per 

second were explored as a possibility. Also, spray coolers in conjunction 

with a 12 feet per second discharge, and a deep water diffuser were explored 

as possible means of dispersing waste heat. Each method had both good and 

bad features and some entailed a thermal blockage of the river at some stage 

in the tidal cycle. It was concluded that the present arrangement utilizing 

a 6 feet per second jet discharge would produce the minimal impact on the 

ecology of the James River. 

The segment of the James River from the Chickahominy River downstream to 

Deep Water Shoal appears to be utilized by young-of-the-year and juvenile fishes 

as a nursery area. Young-of-the-year white perch, striped bass, shad, and herring 

have been taken along the shore zones. In addition, the Atlantic croaker and 

spot have been taken in deep water trawl studies. Any fish exposed to the 

thermal plume of the discharge, have the choice of seeking water temperatures 
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more suitable for their development or remaining in the thermal plume. The 

plume from the station will, in the summer months, cause temperature intolerant 

shore zone fish to move away from the shore zones on either side of the discharge 

structure. When water temperatures in the area become more suitable for these 

yo_ung, mainly in the fall and winter, there will be an increase in the populations 

in this zone. The net effect of the station on the anticipated shift in popula

tion distribution is expected to be minimal; however, post-operational studies 

by Virginia Institute of Marine Science will be carried out to determine the 

net effect (Appendix F). 

(E_} Water Sources Outside Mixing Zone 

There is expected to be little effect from the temperature of the James River 

water outside the area of the mixing zone. The warmer water discharged from 

the station is designed, utilizing the Venturi principle, to quickly mix with 

surrounding ambient water. This mixed water will eventually stratify and be 

confined to the upper ten feet of the water column, leaving the remainder of 

the water column unaffected by an increase in temperature. Outside the mixing 

zone, the operation of the station will have no appreciable effect on diurnal 

and seasonal variations, systematic temperature changes over time, changes in 

oxygen supply, solubility of salts, or rates of chemical reaction. Data taken 

from the seven instrument towers in the James River will be used to assess the 

accuracy of the physical model and to compare pre-operational and post-operational 

conditions in the river. 

(£.) Projection Models 

The thermal plume characteristics for the James River have been predicted based 
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on simulation of station operation in the U. S. Army Corps of Engineers model 

of the James River at Vicksburg, Mississippi. These variable intake-discharge 

arrangements, and variable tide stages, are outlined in the appended report by 

Pritchard-Carpenter, Consultants (Appendix B). In addition, winter operating 

conditions and resulting thermal plume characteristics have been simulated with 

a mathematical model by Dr. D. W. Pritchard whose results are appended. The 

physical effects of the operation of the station on the James River are out

lined in these reports. 

(~) Applicable Regulations 

Water quality standards for the State of Virginia became effective on July 

20, 1970 with subsequent approval by the Federal Government. Criteria applicable 

to the James River in the vicin~ty of the Surry Power Station include: a 

minimum dissolved oxygen content of 4.0 mg/1 and a daily average of 5.0 mg/1, 

pH range of 6.0 - 8.5, and an allowable rise above natural temperature of 

4.0°F from September through May and l.5°F from June through August. The 

temperature rise will be measured at the edge of a defined mixing zone, the 

boundaries of which are to be determined on a case--by-case basis. These zones, 

however, shall occupy as small an area and.length as possible, and shall not 

prevent ftee passage of fish. 

In the case of the Surry Power Station, waters of other states will not be 

effe_cted by effluents from the station. 

The effect of the station on water quality is a subject within the jurisdiction 
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of the Virginia State Water Control Board. The Company applied to that Board 

and obtained a permit for use by its two nuclear generating units of the James 

River for cooling in the· manner proposed. The Company has applied to the Board 

for a certificate of compliance under Section 21 (b) of the Federal Water 

Pollution Control Act and has reasonable assurance that, within the required 

three-year grace period specified in Section 21 (b), a certificate can be obtained. 

(ii) Biological Effects 

(~) Effects on Plant Life 

The effects of the condenser cooling water system on plant life in the James 

River is expected to be minimal. As indicated earlier, emergent and submergent 

vegetation is practically nonexistent in this portion of the river except in 

the marsh areas. Phytoplankton pr~duction is expected to be slightly reduced 

in the summer months and stimulated during the winter months, based on studies 

at other power stations that are in operation. Blue-green algae may be 

produced in the discharge canal during the summer months although none has been 

collected. This should pose no problem in the river proper due to the avail

ability of cooler waters. The heating of the intake water by 14°F at maximum 

station load is expected to have little, if apy, effect on the oxygen levels 

in the river that might result in a detriment to plant or algae production. 

(E_) Effects on Fish, Shellfish, and Functional 
Groups 

Particular attention was paid to the effects of plant operation on fish, shell

fish, and supporting functional groups from changes in temperatures, oxygen level, 
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and plant life level in water during passage through the condenser and within 

the discharge canal in di.scussion of phys~cal effects (section II.I.2.a.(l)(a)). 

Within the mixing zone the effects, if any, on these parameters are expected to 

decrease with decreasing temperature levels. Beyond the mixing zone, effects are 

expected to be insignificant if indeed they can be reliably measured at all. 

It is of interest to note that the model studies show a continuous zone of 

passage for anadromous fish species both horizontally (no thermal blockage of 

the river) and vertically (thermal stratification). Upstream, at Vepco's 

Chesterfield Power Station, studies have shown that no thermal blockage exists 

since the heated effluent tends to stratify on the surface. As a result, 

anadromous species such as shad and herring have free access to their spawning 

grounds all the way to the fall line at Richmond, Virginia. During the shad 

spawning season, an extensive sport fisher·y exists at Richmond despite heavy 

sewage pollution in that section of the river. 

Of the connnercially important fish that pass the area during spawning runs, 

such as striped bass, Merone saxatilis, and the shads and herrings, none 

appears to utilize the waters around the Surry Power Station as a spawning 

area. Rather, these species spawn upstream from the station; the striped bass 

spawn in the Chickahominy River and in the James River between the Chickahominy 

and Hopewell, while the shads and herrings utilize the river and its tributaries 

from the Chickahominy to Richmond. There is expected to be little, if any, 

effect on spec·ies composition. Studies are currently in progress, however, which 
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will give information on species composition that will be used in comparison 

with post-operational data to assess the~e effects. 

The question often arises as to the possibility of a "cold kill" caused by 

a thermal shock to fish resulting from a sudden shutdown of a unit in the 

winter. With at least two units utilizing a common discharge canal, as is 

the case at all other Vepco stations, this possibility is minimized in that 

the probability of both units shutting down at the same time is remote. 

Species stability and total productivity of the James River in the vicinity 

of the station should not be affected by the operation of the station. It is 

anticipated that they will remain within the normal seasonal and annual cyclic 

variability encountered in estuarine biological systems. Nutrient circulation 

should be increased in the immediate area of the discharge, but, due to the 

strong tidal currents in the river, there will be no net effect on the river 

proper. 

(b) Human Uses 

(i) Industrial 

(~) Reduction in Available Cooling Capacity 
Downstream 

Model studies have shown that the bulk of the heated plume will remain in the 

I 

vicinity of the Hog Island Peninsula. Since this is a State.wildlife refuge, 

the chances for industrial development in this area are nil. Therefore, the 

·effectcif heated-water on the available cooling capacity of dovmstream waters 

is insignificant. 
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(E_) Increase in Corrosion Rate 

Operation of this facility is not expected to increase the rate of corrosion 

in water or structures exposed to the water. Rather, the level of salinity 

is expected to be the governing factor in the rate of corrosion. 

(~) Commercial Effect of Biological Effect 

The effects of the operation of the station on the commercial fisheries in 

the area are expected to be beneficial rather than detrimental. There will be 

no net effect on the seed oyster industry located 5 miles downstream from 

the intake structure. There is an extensive seasonal crab pot fishery in 

the area of the station. Part of this fishery is located in the area to be 

covered by the discharge plume and lasts about 1-2 months during a year. Based 

on operating experience at other stations, the blue crab, Callinectes sapidus, 

will be attracted to the heated discharge area. The net result may be increased 

catches and an extension of the crab season by an estimated 1 month. An 

extensive gill net fishery also exists in the area of the discharge during 

anadromous fish runs. During the time of these runs, mainly spring and fall, 

certain species are likely to be attracted to the area of the plume. This, also, 

should result in dn intensified fishing effort with resulting increased catches 

for commercial fishermen. The regular fishing season is not expected to be 

lengthened. A possibility exists for the development of an extensive winter 

fishery for white perch and catfish in that both species appear to be attracted 

by a heated plume. 

(ii) Recreational Effects 

Sport fishing activity in the area of the heated. effluent is expected to increase 
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in the fall and spring months. Also, a wintertime fishery is expected to develop. 

There is, at present, no significant summertime sport fishery in the area of Hog 

Point. Farther downriver, in·Burwells Bay, there is a summer sport fishery for 

Atlantic croaker and spot. The operation of the station is not expected to have 

an effect on boating in the area except in the immediate area of the jet dis

charge, where turbulence may preclude the use of boats. Swimming, across the 

river near the Colonial Parkway and upstream near Scotland Wharf, will not be 

affected due to the operation of the station. 

(iii) Effect on Other Uses 

There are no known municipal users of James River waters that will be affected 

by operation of the station. Likewise, no irrigation uses are known. Federal 

installations, possibly using James River waters, are located across the river 

from the intakes at Fort Eustis and downstream at Newport News. These instal

lations will not be affected by the operation of the station. 

(c) Air Systems 

The effect of station operation on fogging in the James River is expected to 

be limited to the area of the discharge canal and exist only under certain 

atmospheric conditions; i.e., when the air is cooler than the water. The James 

River proper normally experiences heavy fog at such times, usually early in the 

morning, with associated burn-off occurring by noon. Fog produced in the discharge 

canal is not expected to add appreciably to the overall fog produced in the river 

proper. 

The James River in the vicinity of the Surry Power Station has experienced icing 
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conditions, usually once or twice a year. The ice varies from surface sheet 

ice to layers as much as 6 inches thick in shallow waters. Operation of the 

Surry Power Station is expected to minimize ice conditions in the area off the 

south shore of the river under the influence of the heated plume. 

Condensation resulting from heated water in the discharge canal is expected to 

be limited to the area immediately adjacent to the canal. Storm frequency or 

intensity in the area will not be effected by operation of the station. 

c. Chemical Effects 

(1) Land Systems 

Absorption of effluents from water into the earth is highly improbable. All 

wastes are discharged to the circulati_ng water discharge canal where they will 

be diluted with such large quantities of cooling water they will in effect 

lose their identity. In addition, the soil at the site is highly impervious 

and absorption would not proceed to any degree. 

No direct discharge of liquid wastes into the earth is anticipated with the 

exception of sanitary waste which is discussed in 'ii II.I.A.La. (1) (b), 

(2) Water Systems - (Non-Radioactive) 

(a) Physical Aspects 

Liquid wastes with their expected flows and chemical composition are listed below: 

(i) Condenser cooling water with a flow of approximately 

840,000 gpm of river water for each unit. No biocides or other chemical solutions 
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will be added to this water. No biocides are required due to the fact that 

e mechanical condenser cleaning will be employed through use of an "Amertap" system 

which passes sponge rubber balls through the tubes to maintain cleanliness. 

(ii) Bearing cooling water with a flow of 36,000 gpm 

of river water for each unit. No biocides or other chemical additions will be 

added to this water. 

(iii) Component cooling system with a flow of 18,750 gpm 

of river water. No biocides or other chemical additions will be added to this 

water. 

(iv) The chilled water system will have a flow of 2,190 gpm 

per unit of river water with no biocides or other chemical additions. 

(v) Steam generator blowdown will be 22 gpm per unit 

and will discharge to the circulating water system unless a steam generator 

tube leak occurs, at which time the blowdown will be diverted, under administra

tive control, to the radioactive waste disposal system as necessary. Normal 

chemical concentrations will be 5 to 10 ppm of P04 as sodium phosphate and 

0.5 to 1.0 ppm of cyclohexylamine. 

(vi) The waste sump from the flash evaporator of each 

unit will discharge to the circulating water discharge line and will normally 

be flash evaporator blowdown composed of three '(3) to five (5) concentrations 

of well water. Approximately each thirty days the polishing demineralizer will 

be regenerated aqd the neutralized acid and caustic plus rinses will be combined 
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with the flash evaporator blowdown. The regeneration will require about 67 lbs 

of sulfuric acid and 78 lbs of sodium hydroxide plus 3000 gallons of rinse water. 

These neutralized wastes will -be slowly released to the discharge canal and 

result in no significant environmental impact. 

(vii) The air conditioning system will use 100 gpm of 

river water for cooling. This flow will be returned to the circulating water 

discharge tunnel with no chemical or biocide addition. 

No treatment of chemical waste, other than neutralization of demineralizer 

wastes, is necessary. 

(b) Sanitary Wastes 

Sanitary wastes will be treated in the same manner as during construction namely, 

secondary treatment approved by the State Health Department and State Water 

Control Board. 

(c) Ground Water Quality 

No effect on ground water quality is anticipated from operation of the station. 

(d) Chemical Discharges 

No concentration of chemical discharges in the bottom sediments is anticipated. 

No measurable suspended solids, other than those in the inlet cooling water, 

will be discharged. 
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(e) Corrosion of Structures 

Corrosion of structures erected in the water will contribute no measurable 

quantities of corrosion products to the environment. Most corrodible materials 

are protected by non-leaching, non-toxic coatings. 

(f) Biological Aspects of Chemicals 

In view of the minuteness of the station chemical releases and the voluminous 

amount of discharge water for dilution purposes, there are not anticipated 

to be any chemical effects on either aquatic flora or fauna. 

Since there will be no chemical effects on plants or animals, there likewise 

will be no effect on human use of the water source to obtain these plants and 

animals. Nor will chemical concentrations, which are within regulatory limits, 

effect the utility of the water for other economic or recreational purposes. 

d. Radiological Effects 

This portion of the Environmental Report will consider the radioactive releases 

from the Surry Power Station and their environmental effects under both normal 

operating conditions and accident conditions. At the outset, it should be noted 

that the Surry Power Station is designed to preclude the occurrence of any 

significant adverse radiological effects on the environment. Small quantities 

of radionuclides will be released to the environment under carefully controlled 

and monitored conditions and in accordance with the applicable requirements 

specified by the Atomic Energy Commission. It must be noted that the assumptions 
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used in this section are the result of realistic evaluations and are not the 

same as the conservative assumptions used for design in the FSAR or Appendix H. 

Realistic analyses show that radioactivity levels in the discharge canal, 

resulting from liquid releases from the station's liquid waste disposal system, 

will be less than 1% of the maximum permissible concentrations currently 

specified in 10 CFR 20. It is expected that no significant adverse effects 

on the environment will result from the very small quantities of radionuclides 

released during normal station operations. In the event of postulated major 

incidents, primarily the highly unlikely and hypothetical "design basis loss-of

coolant accident", there would be no accidental discharges of radioactive liquid 

wastes to the James River or into the subterranean acquifers. 

Gaseous release from the facility, under normal operation, will be less than 0.4% 

of the allowable limit as specified in 10 CFR 20. Realistic analyses show that 

in the event the design basis accident should occur, all gaseous outleakage from 

the containment would be terminated within 10 minutes by the restoration of 

sub-atmospheric pressure and any off-site doses would be well below the limits 

suggested by 10 CFR 100.* 

(1) Normal Operations 

The following paragraphs will treat the radiological effects stemming from normal 

plant operation. The discussion will begin with a summary of background information 

*In the realistic case, we assume all safeguards are functional-. For 
additional information see the accident analysis in Section II.I.C.2.d.(2).following. 
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on the plant operating modes which produce radiological effects, the principal 

sources of these effects, and general assumptions used in the subsequent 

analysis. The actual releases expected from the plant are then presented·; their 

expected effects on living organisms are outlined, with emphasis on the principal 

pathways to human exposure and expected levels of exposure. The format of 

discussion of radiological effects is slightly different from that of the other 

portions of this report , since radioactive releases from a power plant actually 

occur only in the water and in the air, there will be no separate treatment of 

"land systems". Effects on land systems w±ll be considered in the context of 

the pathway to exposure; the possibility of human exposure to radioactivity 

through eating contaminated shellfish, for example, would be treated under the 

general heading of "water systems". 

(a) Background 

Radioactive effluents are produced in three modes of normal plant operation; 

start-up, normal power operation, and transient power conditions. The levels 

of releases from the Surry Plant which are outlined below are those expected 

during a hypothetical year of operation, when all three relevant modes of 

operation would occur. It has been assumed, in accordance with the hypothetical 

planned plant operating procedures, that the plant will undergo one scheduled 

start-up from cold conditions after refueling and one additional start-up from 

cold conditions per year. In normal power operation, the plant will be contin

uously base loaded unless conditions dictate a reduction in output. Transient 

power conditions for the analyses below include a hypothetical load reduction 

to 20% of power on three out of every four weekends and load reductions to 0% 
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power on the fourth weekend of every month for the l~year period. The radio

active effluents resulting from these three hypothetical modes of operation 

have been combined in the presentation below. 

Th~reare several sources of radioactive release from within the Surry plant. 

First, as the plant's fuel is depleted, the concentration of boric acid in the 

primary coolin$ system is reduced proportionately. ,Approximately 92%. of this 

boron let down flow will be recycled to the primary coolant system; the remain-

i,ng. 8% will be processed in the liquid waste disposal system prior to release.* 

'l'he amount of boron let down flow, and hence of releases therefrom, is, of 

course, directly dependent on the number of hours the plant has operated during 

the year. In addition, several sources of liquid or gaseous release will occur 

at a rate independent of the level of operation of the plant. These sources 

includ~ st~,'llll generator primary-to-secondary leakage~ laundry, the liquid waste 

sampling system, primary cool~nt system leakage, spent resin flush, and laboratory . . 

waste.· Table II.l;.C.2-11:i.sts the expected non ... tritium activities released from 

ea¢hsource. 

During normal operations, all effluents proce~sed by the liquid waste disposal 

system will be held up in excess of 10 hours for processing through the w~ste 

dispo~al ~vaporator. The gaseous waste disposal system will be operated so that 

gases are held up for at least 60 days before release. Further delay in 

rel~asing gaseous wastes would not significantly reduce their activity since more 

*Figures bas.ed on operation of Surry' s ~oron Recovery Sys tern 



Source 

Stearn generator blowdown 

Laundry 

Sampling system 

Boron recovery letdown 

Spent resin flush 

Laboratory wastes 

TABLE II.I.C.2-1 

Expected Non-Tritium Activity 

Released by Each Source 

Non-Tritium Release 
(Curies/Year) 

Primary coolant system leakage 

23.2000 

0,0040 

0.0160 

0.1800 

0.0020 

o.0006 

0.0020 

TOTAL 23.4046 

---------
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NOTE: Expected releases based on 0.2% failed fuel are listed above. The 

maximum design condition releases are presented in Appendix H. 
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than 95% of the content of the tank after 60 days is Kr-85, which has a half

life in excess of 10 years. 

Before enumerating the plant's specific radiological effects on the environment 

it is well to consider the unit of dose which will be used and its level in 

comparison with radiation encountered in normal.daily life. All doses ~re 

presented in units of mrem per year. It has been estimated that the average 

annual dose in the United States from medical x-rays is 50 mrem/year.1* The 

exposure to the population from materials of house construction will vary from 

50 to 65 mrem/year for wood, increase to 75 to 90 for brick or concrete and 

reach 85 to 130 mrem/year for stone construction. 2 As another illustration 

of the average exposure of the population to radiation, it has been shown that 

the average person receives from 80 to 200 mrem per year whole body exposure 

from naturally occurring background radiation. 3 These examples should serve 

to put the doses that follow in perspective. 

(b) Water Systems 

(i) General 

The amount of each radionuclide released to the circulating water discharge 

canal during expected normal operation is shown in Table II.I.C.2-3 This 

calculation considers the following based on an expected performance of the 

facility: 

a. 0.2% failed fuel** 

*The numbered footnotes are shown following this section. 

**A ~ailed-fuel rate of 0.2% has been assumed on the basis of the operating 
experience of plants similar to Surry in design. These plants estimated failed
fuel levels and accompanying radionuclide liquid releases are set out in Table 
II.I.C.2-2. 
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TABLE II.I.C.2-2 

LIQUID RELEASE OF MIXED FISSION AND CORROSION PRODUCTS (Ci) 4 •5 

POWER YEAR OF OPERATION 
STATION 1967 1968 

Indian Point 28.000 34.600 

Yankee 0.056 0.009 

Connecticut Yankee 0.390 3.800 

San Onofre 0.320 1.500 

Ginna 

EXPECTED SURRY RELEASE= 23.4 Ci (Non-Tritium) 

Indian Point 

Rowe 

Ginna 

San Onofre 

Yankee 

ESTIMATED FAILED FUEL EXPERIENCE% (1971) 6 

<0.10 

0.00 

0.50 

0.10 

0.02 

196~ 

28.000 

0.019 

12.000 

8.000 

0.020 

EXPECTED SURRY = 0.2% (Estimated based on actual· experiences with above operating 
PWR' s) 

NOTE: Each of these plants is similar in design to Surry, and therefore should 
have failed fuel rates similar to those to be expected at Surry. 
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TABLE II.I.C.2-3 

Radionuclide Concentration in Circulating Discharge Canal 

EXPECTED* ACTIVITY IN 
NUCLIDE DISCHARGE (Ci/yr) DISCHARGE CANAL{µc/cc) 

H3 9.4 + '1 3.1 - 7 
Cr 51 1.2 2 3.8 12 
Mn 54 9.9 - 3 3.2 - 12 
Mn 56 4.3 - 2 1.4 - 11 
Co 58 3.2 - 1 1. 0 - 10 
Fe 59 1.3 - 2 4.3 - 12 
Co 60 9.6 - 3 3.1 - 12 
Sr 89 9.6 - 3 3.2 - 12 
Sr 90 3.0 - 4 9.6 - 14 
Sr 91 1.5 - 3 4.8 - 13 
Y 90 3.4 - 4 1.1 - 13 
Y 91 1. 7 - 3 5.6 - 13 
Y 92 4.8 - 4 1. 5 - 13 
Zr 95 1. 9 - 3 6.0 - 13 
Nb 95 1.9 - 3 6.0 - 13 
Mo 99 6.0 2.0 - 9 
I 131 5.4 1. 7 - 9 
I 132 6.8 - 1 2.2 - 10 
I 133 4.8 1. 6 - 9 
I 134 5.8 - 2 1. 9 - 11 
I 135 1.3 4.0 - 10 
Te 132 5.2 - 1 1. 7 - 10 
Cs 134 6.2 - 1 2.0 - 10 
Cs 136 5.6 - 2 1.8 - 11 
Cs 137 3.4 1.1 - 9 
Ba 140 5.2 - 4 1. 7 - 13 
La 140 3.2 - 3 1.0 - 12 
Ce 144 7.2 - 3 2.4 - 12 

~OTAL NON-TRITIUM 23.4 Ci 

U3BREVIATIONS USED ABOVE: 2 - 3 = 2 X 10-3 

~OTE: Releases based on conservative design performance are contained in Appendix 
The values listed above are the realistically expected values. 
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b. 1 liter/hour primary-to-secondary leak rate/unit 
' ' 

c. two units, 2546 MWt each 

d. DF of mixed - bed demineralizer equal to 10 for all radionuclides, 

except Y-90, Mo-99, Cs-134, Cs-137, for which DF equals 1. 

e. DF of waste disposal evaporator equal to 104 for all radionuclides. 

f. decay time of 10 hours for all radionuclides which pass through the 

waste disposal evaporator. 

g. no decay time for radionuclides which do not pass through the 

waste disposal evaporator. 

h. discharge canal flow resulting from two unit operation equal to 

to 1.55 x 106 gpm* 

The eight assumptions listed above are used to provide a realistic assessment 

of the effluents from the Surry Power Station. The doses resulting from liquid 

releases are primarily dependent upon fission product release which is a function 

of percentage of failed fuel. The 1% failed fuel parameter has been used 

consistently in the NUS Corporation report which is included in Appendix H. 

This section is directed toward a realistic dose assessment based on 0.2% 

failed fuel. 

(ii) Pathways to Man 

(~) Ingestion of Seafood 

Since there are no public water supplies from the James River downstream of 

Hopewell, Virginia, approximately 40 river miles upstream from the site, and no 

irrigation activities, the major- exposure pathway to man of concern is that from 

edible marine organisms harvested from the James River. 

*The flow used in this analysis is somewhat less than the actual case. This 
reduced flow,reflects the postulated actual average flow for one year. 
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Marine organisms through biological processes have the ability to concentrate 

the radionuclides released from the plant. This concentration of activity in 

seafood which in turn may be ingested by man must be considered in determining 

the possible dose to man. The ratio of the concentration of a radionuclide in· 

a marine organism to that in its medium is known as the concentration factor (CF). 

The concentration factor varies among the different species of marine life and, 

for a given species, varies with the different radionuclides. Also, the concen

tration may vary considerably between different organs of an organism. For the 

dose calculations presented, appropriate concentration factors were used for the 

edible portions of the fish and shellfish?, shown in Table II.I.C.2-4. Another 

variable is the difference in concentration factors between fresh water and 

seawater. Whenever there were different concentration factors given in the 

reference for fresh water and seawater, the most conservative value of the two, 

i.e., the highest concentration factor, was selected. 

In order to determine the maximum individual dose to humans, the quantity of 

seafood eaten is estimated at 50 grams/day. This is about four times the per 

capita consumption of seafood in the United States. 

The maximum expected whole body doses shown in Table II.I.C. 2-4 were calculated 

assuming that an individual consumed 50 grams of seafood per day for 365 days of 

the year, and that the seafood had been raised in water with activity concentra

tions equal to that of the discharge canal. No credit was taken for depletion 

by radioactive decay or deposition once the material left the plant. In addition, 

the calculated doses include a factor of a 10% increase to account for any recircu-
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lation effects due to the fact that the discharge for the Surry plant is located 

upstream from the intake. The recirculation effect could vary from 0% at flood 

tide to an estimated maximum of 15% at ebb tide; a recirculation factor of 10% 

is considered to be conservative. 

The maximum expected whole body dose to an individual is calculated to be less 

than 1.0 mrem per year from eating seafood raised in the discharge canal. During 

operations at the maximum design condition of 1% failed fuel, the dose would be 

less than 5 mrem per year.* 

-The dose rate to specific organs of the human body from ingestion of seafood 

was calculated for the critical organs which concentrate certain radionuclides. 

Figure II.I.C.2-1 shows the dose to critical organs for an individual who consumes 

~ 50 grams/day of shellfish raised in the discharge canal. The highest doses 

were found to exist for 1-131 in the thyroid and Cs-137 in the liver; spleen, 

and muscle. Doses resulting from consumption of seafood raised in the James 

River will be about a factor of four lower than those shown on Table II. I.C. 2-4 · 

The total population whole body dose from eating seafood raised in the James 

River adjacent to the site was realistically estimated at 16.4 man-rem/yr, 

and the maximum design condition dose estimated at 81. 7 man-rem/yr. This number 

can be compared with the population whole body dose from natural background 

radiation of 2.45 x 105 man-rem/yr, or less than 0.01% of the natural background 

dose in the realistic case. 

*The term "maximum expected dose" refers to the dose resulting from the best 
estimate of anticipated releases. The term, "maximum design condition dose" is used 
in reference to the dose resulting from operation with 1% failed fuel. 
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TABLE II. I. C. 2-4 

MAXIMUM EXPECTED WHOLE BODY DOSE 
CONCENTRATION FACTOR (REM/YR) 

NUCLIDE FISH SHELLFISH FISH SHELLFISH 

H3 9.3 - 1 9.3 + 1 7.2 - 7 7.2 - 7 
Cr 51 4.0 + 2 2.0 + 3 3.3 - 10 1.8 - 10 
Mn 54 3.0 + 2 5.0 + 3 1.5 - 8 2.5 - 7 
Mn 56 3.0 + 2 5.0 + 3 1. 8 - 9 2.9 - 8 
Co 58 5.0 + 2 1.5 + 3 1. 6 - 6 4.8 - 6 
Fe 59 3.0 + 3 2.0 + 4 8.1 - 7 5.4 - 6 
Co 60 5.0 + 2 1.5 + 3 1.9 - 7 5.7 - 7 
Sr 89 4.0 + 1 7.0 + 2 2.2 - 8 4.0 - 7 
Sr 90 4.0 + 1 7.0 + 2 . 1. 2 - 7 2.2 - 6 
Sr 91 4.0 + 1 7.0 + 2 1. 2 - 10 2.2 - 9 
Y 90 1.0 + 2 1.0 + 3 4.6 - 14 4.6 - 14 
Y 91 1.0 + 2 1.0 + 3 3.6 - 12 3.6 - 11 
y 92 1.0 + 2 1.0 + 3 7.2 - 15 7.2 - 14 
Zr 95 1. 0 + 2 1.0 + 3 7.6 - 13 7.6 - 12 
Nb 95 3.0 + 4 1.0 + 2 5.6 - 10 2.2 - 12 
Mo 99 1.0 + 2 1.0 + 2 3.2 - 6 3.2 - 6 
I 131 1.0 + 1 5.0 + 1 1.1 - 6 5.4 - 7 
I 132 1.0 + 1 5.0 + 1 7.8 - 8 3.4 - 7 
I 133 1.0 + 1 5.0 + 1 2.2 - 7 1.1 - 6 
I 134 1.0 + 1 5.0 + 1 2.4 - 10 1.2 - 9 
I 135 1.0 + 1 5.0 + 1 2.6 - 8 1. 3 - 7 
Te 132 1.0 + 1 1.0 + 2 4.2 - 8 4.2 - 7 
Cs 134 1.0 + 3 1.0 + 3 2.8 - 4 2.8 - 4 
Cs 136 1.0 + 3 1.0 + 3 2.6 - 6 2.6 - 6 
Cs 137 1.0 + 3 1.0 + 3 7.0 - 4 7.0 - 4 
Ba 140 1.0 + 1 2.0 + 2 4.2 - 11 8.6 - 10 
La 140 1.0 + 2 1.0 + 3 6.6 - 13 6.6 - 12 
Ce 144 1.0 + 2 1.0 + 3 9.8 - 11 9.8 - 10 

TOTAL 9.9 - 4 9.9 - 4 

ABBREVIATION USED ABOVE: 2 - 3 2 X 10-3 

NOTE: Doses listed above are the maximum realistically expected doses. Doses 
based on conservative design performance are contained in Appendix H. 
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(E_) Internal Dose From Ingestion of Drinking 
Water 

Although there are no public water supplies taken from the James River down

stream of the Surry site because of its relatively high salinity, a calculation 

was performed to estimate the maximum dose to an individual from ingestion of 

drinking water containing radioactive nuclides discharged from the plant. The 

assumption was made that an individual drank 2200 cc/day of water with a 

concentration of activity equal to that shown in Table II.I.C.2-3 for the discharge 

canal. The whole body dose from ingestion of this water (including tritium) was 

calculated to be less than 1 mrem/year for both the realistic and design 

condition releases. 

(£) Doses Resulting From Swimming and Sunbathing 

An assessment of the maximum design doses to swimmers and sunbathers in the area 

of the station is given in a report by NUS Corp. (Appendix H). The total annual 

whole body dose to swimmers is 3.8 x 10-3 mrem/yr assuming 200 hours submerged 

exposure. 

The total annual whole bcdy dose resulting at design conditions to sunbathers, 

assuming a total annual exposure on the beach of 200 hours, is about .5 mrem/yr. 

This analysis assumes a reconcentration factor in sand of 103 , excluding tritium, 

with the sunbather receiving one-half of the dose expected from full immersion 

in the sand. 
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(c) Air System 

(i) General 

The estimated maximum design quantities of gaseous radioactivity released from 

the Surry Power Station on an annual basis are shown in Table II.I.C.2-5. These 

values are based on the assumption that one percent of the fuel elements in both 

units have defective cladding, and that the waste gas system operates on a 

330 day fill, 60 day decay, and 10 day bleed cycle. Under these conditions and 

the design station operation as described in introductory paragraphs above, the 

maximum gaseous activity release is estimated to be 16,200 curies per year. 

The conservatism of the assumptions employed in reaching this estimate of 

gaseous activity release is illustrated by comparing this figure with the much 

lower figures obtained on gaseous releases from operating pressurized water 

reactors to date. The annual average release rate experiences is sununarized 

in Table II.I.C.2-6 On the basis of this experience (with the exception of the 

first year of Ginna experience, which is atypical), the Surry extrapolated 

release rate would range from a minimum of 22 Ci/yr to a maximum of 2680 Ci/yr, 

6 
assuming a total of 7.10 x 10 MWe-hr per year from the two Surry units (see 

Appendix H). 

(~) Dispersion 

The calculation of radioactive gas dispersal during normal modes of plant 

operation is dependent upon the atmospheric dilution of those gases. 

Annual average atmospheric dilution factors (x/Q) were determined for the 

Surry Power Station site. Figure 11.I.C. 2-2 shows the distribution of x/Q in 



NUCLIDE 

Kr 85 

Xe 131m 

Xe 133 

Xe 135 

I 131 

TOTAL 
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TABLE II.I.C.2-5 

MAXIMUM GASEOUS RELEASES FROM SURRY POWER STATION 

ANNUAL AVERAGE GASEOUS 
ACTIVITY RELEASE (Curies) 

1. 62 X 10 
4 

4.5 

1. 2 X 101 

3.4 X 10-47 

1.06 X 10-4 

1. 62 X 104 

Based upon: Two units, 2546 MWt each 

1% failed fuel 

330-day fill, 60 day decay, 10-day bleed 

90% filter efficiency for iodine removal 
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TABLE II. I. C. 2-6 

PWR WASTE GAS RELEASE EXPERIENCES 

ANNUAL AVERAGE EXTRAPOLATED EXPECTED 
RELEASE RATE SURRY RELEASE RATE* 

PLANT (µCi/sec)/1000 MWe-hr Ci/y_r 

Indian Point /fl (265 MWe) 1.2 X 10-2 (1963-1970) 2,680 (Maximum) 

Yankee Rowe (17 5 MWe) 1.0 X 10-4 (1964-1970) 22 (Minimum) 

San Onofre (430 MWe) 5.0 X 10-3 
(1967-1970) 1,120 

Connecticut Yankee (600 MWe) 3.0 X 10-3 (196 7-1970) 671 

Ginna (420 MWe) 1.4 X 10-1 (1970) 31,300 (Atypical maximum) 

NOTE: Surry design basis annual average gaseous release rate= 16,200 Ci/yr 

6 *Based on a total of 7.10 x 10 MWe-hr per year from both units operating in a load following 
mode at 65 percent of full power and an annual load factor of 80 percent. 

w 
0 
0 
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seconds per cubic meter based on Surry tower data. The results set out below 

represent sector-average concentrations obtained from the following standard 

Pasquill-Gifford diffusion equation for a ground-level release: 

x/Q 

where: 

X = 

Q = 

ti = 

a z = 

i = 

n = 

F. = 
l 

f. 
l 

X = 

8 
7f 

concentration, units per cubic meter 

source strength, units per second 

mean wind speed, meters per second 

vertical dispersion parameter, meters 

Pasquill stability categories (A-G) with numerical values (1-7) 

number of stability classes (seven-from A-G) 

fraction of time stability conditions II i II exists 

fraction of time wind associated with conditions II i II 

distance downwind, meters 

Dilution factors can be considered as relative concentrations, i.e., concentra-

tion relative to the source strength. The configuration of x/Q isopleths 

reflects the annual distribution of wind dir.ection, wind speed, and atmospheric 

stability. The annual average dilution factor value based on Surry data at 

the north site boundary is 5.0 x 10-6 sec/m3 and 8.8 x 10-6 sec/m3 based on 

Hog Island data. At the south boundary the dilution factor is 1.0 x 10-6 sec/m3 

based on Surry data and 3.0 x 10-6 sec/m3 based on Hog Island data. 

The dilution factor at the nearest off-site habitation, located six-tenths of 



303 

a mile southwest of the reactor containment, is 5.5 x 10-7 sec/m3 based on 

-7 I 3 Surry data and 7.8 x 10 sec m based on Hog Island data. 

However, it is important to consider that diffusion at the Surry site will not 

be confined to the 20' height (the elevation at which Hog Island data were 

procured) but will be effected and in fact dominated by conditions at higher 

elevations (similar to the 150' height of the Surry tower) which are associated 

with better diffusion conditions with increasing distance downwind for ground 

level releases. Releases at greater heights will be effected by wind and 

stability conditions associated with higher elevations at the time of release. 

(E._) Pathways to Man 

There are a number of potential pathways through which local populations may 

be exposed to the radioactive effluents from nuclear operations. These are 

illustrated in Figure II.I.C.2-3. Three general pathways may be identified for 

the gaseous effluents: (1) direct radiation exposure, (2) inhalation exposure 

and (3) exposure to particulates through food chains. 

(ii) Noble Gas Dose 

The importance of each of the three pathways is determined by the quantity and 

chemical nature of the gases released. It may be observed in Table II.I.C.2-5 

that the primary constituents in the gaseous effluent are the noble gases, 

krypton and xenon. Since the noble gases do not react chemically with other 

substances under normal conditions, there is no physical basis either for their 

transport through food chains or their reconcentration within the human body. 
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In terms of inhalation and absorption in the body, both krypton and xenon may 

be present in physical solution, chiefly in the bod; water and fat.9 Several 

human exposure experiments revealed that inhalation of relatively large amounts 

10 11 of radioactive noble gases only resulted in less than 10 millirem tissue exposures. ' 

In general, it may be estimated that the internal dose from radioactive noble gases 

dissolved in body tissue following inhalation from a cloud is negligible, i.e., 

12 less than one percent of the associated external whole body dose. The result-

ant doses from exposure to noble gases, therefore, are considered to be external 

whole body doses only. 

Although external doses are the only concern from the parent noble gases, there 

is one particulate daughter product (Cs-135) from the parent noble gas nuclide 

Xe-135 which is theoretically available for food chain transport. The two 

routes of exposure, external and food chain transport, are considered in the 

following paragraphs. 

(~) External Cloud Dose 

The external doses were calculated using the ICRP
13 

"infinite semispherical 

cloud" model; that is, the exposed individual is assumed to be located at the 

center of an infinitely large semispherical cloud of uniform radioactivity 

concentration equal to that of the centerline, or maximum, concentration level 

of the plume at the specified distance. 

The ICRP method for calculating whole body dose assumes that beta radiation with 

an energy of 0.1 MeV or greater is considered as contributing to the 

external whole body dose to the same extent as gamma radiation. This is a 
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conservative assumption and in the case of nuclides which are primarily beta 

emitters, such as Kr-85 (the major contributor to the dose from the Surry 

gaseous effluents), results in a substantial over-estimate of the genetically 

significant dose. 12 

Since the dose calculations included atmospheric diffusion parameters, meteoro

logical information was required. Data was obtained from the Surry Weather 

Station. Based on this data the highest annual average x/Q value (8.8 x 10-6 

sec/m3) was found to occur at the north site boundary. 

The annual average whole body doses from exposure to the noble gases are presented 

in Table II.I.C.2-7 for an individual at the site boundary and for the population 

within 50 miles of the plant. The doses were calculated for the maximum 

annual average release for the plant with one percent fuel defects. The doses 

were also calculated for the high and low extrapolated expected Surry releases, 

based on the releases per unit of energy generated at operating U. S. PWR 

stations (Table II.I.C.2--0.). Included for comparison are the individual and 

population doses estimated to result from natural background radiation. 

(.£.) Food Chain Transport 

One of the gaseous radionuclides has a particulate daughter which can enter 

the food chain and be transported to man. The decay chain of interest is: 

9.2 
hour 

xel35 ~~~~;511a=- csl35 

2 X 106 

year 
~~~~~,._._ Bal35 
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TABLE II. I .C. 2-7 _., 

ANNUAL WHOLE BODY RADIATION DOSES FROM SURRY GASEOUS RELEASES 

Type of Dose 

1. INDIVIDUAL DOSE, PLANT ORIGIN 

a. Dose rate (mrem/yr) at site 
boundary 

2. NATURAL BACKGROUND DOSE (mrem/yr) 

3. POPULATION DOSE* WITHIN 50 MILES 
OF THE PLANT 

a. Total Plant derived dose 
(man-rem/yr)_ 

b. Total natural background 
dose (man-rem/yr) 

Maximum Dose Based 
on Release with 
1% fuel defects 

8.87 

125 

5.93 

'v2. 45 X 105 

Dose Based on Expected Releases 
Extrapolated from Previous Operating 

Experience 
Maximum 

1. 46 

125 

0.978 

5 
'v2.45 X 10 

*Based on a projected 1980 population of 1,959,000 within 50 miles of the Surry Power Station 

w 
0 
-...J 
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(iii) Radioiodine Doses 

A small amount of radioactive iodine in addition to the noble gases will be 

released with the gases from the Surry plant. Iodine is an insignificant 

contributor to the external whole body dose but may produce potentially sig

nificant internal doses due to the preferential concentration of iodine in the 

human thyroid gland. Iodine may enter the body either through inhalation or 

by ingestion. The most critical pathway for environmental transport of the 

routine releases of radioiodine is the pasture-cow-milk-man pathway. 

(~) Thyroid ingestion dose 

Iodine-131 has been identified as the principal iodine nuclide of concern due 

to the relatively greater amount released and its long half-life compared to 

the other iodine nuclides. The critical exposure pathway is through its absorp

tion by pasture grass, which is ingested by grazing cows, transferred to milk 

and subsequently ingested by man. The most sensitive receptor in the population 

(in terms of total thyroid dose per unit intake) has been determined to be a 

young child six months to one year of age. This is due to the child's smaller 

thyroid mass and greater radiosensitivity. 

Using the conservative child dose model detailed in Appendix H, the maximum 

annual thryoid dose was calculated to be less than 0.03 mrem/yr. 

(.£.) Thyroid Inhalation Dose 

The adult thyroid dose at the site boundary resulting from inhalation of the 

released radioiodines was calculated for the Surry plant. The dose was deter-

4llt mined to be less than 4 x 10-4 mrem/yr. 

*The functions of the Federal Radiation Council were incorporated into 
those of the above Environmental Protection Agency in December, 1970. 
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\ 
(d) Land Systems 

Existence of the exclusion and low population density zones has posed no undue 

hardship on local level use patterns. Although any use of the site area for 

homesites and commercial/recreational development,of segments of Gravel Neck 

have been precluded, there was no significant preconstruction use for either 

of the above categories. 

The exclusion area is primarily forest; other than timber value, no additional 

loss has resulted from existence of the station. Preconstruction agricultural 

activities will continue in the low population zone since the normal radio

logical impact will be negligible. No other local uses have been initiated 

for these areas, but alternatives are not considered impossible during the 

anticipated useful life of the plant. 

(e) Other Miscellaneous Effects 

Since the river is very wide near the plant and the plant is located inland on 

Gravel Neck Peninsula, the exclusion area does not extend into or preclude the 

use of local waters for navigation and recreational purposes. There are no 

restrictions on navigation in the main river channel. Similarly, releases 

expected from the station will necessitate no restrictions on swimming·or 

boating activities in the area. Except for the physical presence of the dis

charge canal groin, the station will have no effect upon these activities. 
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- (2) Accidents and Occurrences 

(a) Introduction 
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This section evaluates the environmental impact of postulated accidents and 

occurrences which may occur, however remote the probability, during the 

operating life of the Surry Power Station. The evaluation follows the guide

lines given in the AEC document "Scope of Applicants' Environmental Reports 

with Respect to Transportation, Transmission Lines, and Accidents" issued on 

September 1, 1971. The assumptions and calculations used in this evaluation 

indicate that the consequences and occurrences have no significant adverse 

environmental effects. 

The postulated accidents and occurrences are divided into the nine accident 

classes identified in the AEC guide of September 1, 1971 as shown in Table II.I. 

C.2-8. The environmental impact of the postulated incidents is evaluated using 

assumptions in the analyses as realistic as the state of knowledge permits. 

Past operating experience has been considered in selecting the assumptions, .and 

the analyses are based on those conditions that are expected to exist if the 

postulated accident were to occur. The radiological consequences of an accident 

are evaluated on the basis that average meteorological conditions, as calculated 

from the actual site meteorology data and the population distribution at 1980, 

exist at the time of an accident. This is considered realistic for random events. 

In the following pages, a typical accident for each class is described and 

its consequences evaluated. Where only one accident example is considered in 

a class, the postulated accident·was selected from consideration of several 
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possible accidents in that class. Consideration of the nine classes reveals 

that these classes can be conveniently grouped on the basis of their likelihood 

of occurrence as follows: 

Class 1 through Class 5 

This group deals with events which may occur at one time or another during 

the life of the plant. The compilation of a complete list of events with their 

corresponding frequency which fall in this group is neither practical nor 

necessary. The environmental impact of each event, as will be shown later, is 

very small. Throughout plant operatinr, life, a record of the magnitude and 

consequences of each event will be maintained and the cumulative effect of sub

sequent occurrences evaluated. This procedure will give timely identification 

of any possible cumulative effects or trends leading to environmental effects. 

This will also allow corrective actions (such as equipment repair, changes in 

procedure, frequent inspection, temporary plant shutdown, etc.) to be taken 

before a significant adverse impact on the environment can be imposed. 

Postulated occurrences for Classes 2 through 5 are considered in the following 

pages. Class 1 events are considered small spills or leaks inside the containment. 

Release to the environment, if any, would be insignificant, therefore, they need 

not be considered because of their trivial consequences. 

Classes 6 and 7 

This group deals with refueling and fuel handli~g accidents inside and outside 

the, containment. Detailed procedures are provided to handle irradiated fuel 

propefly. H~wever, considering the large number of fuel ass~blies handled during 

the life of the plant, an incident falling in this category could conceivably· 
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occur during the plant life. The consequences of such an accident, as shown in 

the subsequent pages, would cause no significant adverse impact on the environment. 

Class 8 

This class includes those accidents that are not expected to occur during the 

life of this plant and whose initiation events are considered in the Final 

Safety Analysis Report available in the public record. 

Each accident is treated separately in the following pages. The treatment con

sists of a brief description of the accident, a summary of the steps taken in 

the design, manufacturing, installation and operation te minimize the possibility 

of its occurrence, a list of the most significant assumptions used in the analyses 

and the results of the dose calculations. The accident consequences are evaluated 

by using the analytical models described in the FSAR. The basic difference between 

the FSAR evaluations and those presented in this section is represented by the 

values of the parameters used as inputs in the analytical models. The FSAR 

analyses are based on extremely conservative input parameters while the analyses 

performed in this report are based on realistic assessments of the performance of 

the nuclear plant safeguards. 

It can be concluded that accidents falling in this class will have no significant 

adverse environmental effects because: 

i) hypothetical FSAR types of accident initiation events are not expected 

to occur during the life of this plant because of the numerous steps taken 

in design, manufacture, construction, operation, and maintenance to prevent 

them, and·. 

ii) the expected environmental consequences if any one of the accidents 



- were to occur are below the limits considered safe for normal 

operation (10 CFR 20). 

Class 9 
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This accident class involves hypothetical sequences of failures more severe than 

Class 8, i.e., successive failures of multiple barriers normally provided and 

maintained. 

Considering, as an example, the rupture of a Reactor Coolant System pipe, Class 

8 covers the c~se of this initiation event and expected performance of plant 

safeguards. Class 9, on the contrary, would consider the initiation event, 

i.e., rupture of a Reactor Coolant System pipe, plus hypothetically deteriorated 

performance of plant safeguards, for example, failure of outside power supply, 

and/or failure of a diesel, and/or failure of a high head safety injection pump, 

and/or failure of a low head safety injection valve, and/or failure of a containment 

spray pump, and/or failure of a containment spray valve, etc. 

The Final Safety Analysis Report contains studies on the consequences of many 

successive failures. The likelihood of the combustion of the initiation event 

and these successive failures is extremely remote. The consequences, as pre

sented in the FSAR, are within the allowable limits for remote probability 

accidents (10 CFR 100 limits). 

The possibility of occurrence of successive failures as presented in the FSAR or 

beyond is so remote that its environmental risk is extremely low. Hence, it 

is not necessary to discuss these multiple barrier failures in the present 

report, as indicated in the AEC guide published on September 1, 1971. 
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TABLE II, I. C • 2- 8 

CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES 

DESCRIPTION 

Trivial Incidents 

Misc. Small Releases 
Outside Containment 

Radwaste System Failures 

Events that release radio
activity 

Events that release radio
activity into secondary 
system 

Refueling accidents inside 
containment 

Accidents to spent fuel 
outside containment 

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

Hypothetical sequences of 
failures more severe than 
Cl;:iss 8 

EXAMPLE(S) 

Small spills 
Small leaks inside containment 

Spills 
Leaks and pipe breaks 

Equipment failure 
Serious malfunction or human 
error 

Fuel failures during normal 
operation. Transients out
side expected range of 
variables. 

Class 4 & Heat Exchanger Leak 

Drop fuel element 
Drop heavy object onto fuel 
Mechanical malfunction or loss 

of cooling in transfer tube 

Drop fuel element 
Drop heavy object onto fuel 
Drop shielding cask - loss of 

cooling to cask 
Transportation incident on site 

Reactivity transient 
Rupture of primary piping 
Flow decrease - Steamline break 

Successive failures of multiple 
barriers normally provided and 
maintained 



316 

(b) Meteorology And Population Distributions 

(i) Meteorology 

The meteorological data used in this section is obtained from the site atmos

pheric stability analysis contained in the Final Safety Analysis Report (FSAR). 

Average values are used for establishing the x/Q for each sector which is a 

conservative estimate of the exponential type X/Q versus distance function. 

The annual average dilution factor at the site boundary used in this report is 

the maximum annual average value occurring at the site boundary. 

(ii) Population Distribution 

The population distribution used in this analysis is taken from the FSAR. Using 

this population distribution, the average environmental effect of the plant over 

its expected lifetime is estimated by the methods shown in Section II.I.C.2.d.(2)(j). 

(c) Evaluation of Class 2 Events 

Discussion Of Class 2 Events 

Class 2 events include spills and leaks from. equipment outside the containment. 

Small valve leaks and pipe leaks may be expected during the lifetime of the plant. 

There is expected to be a low level of continuous leakage from components such as 

valve packing and stems, pump seals, flanges, etc. Infrequent increases in leakage 

from specific components might occur; however, these would be detected by operators 

and/or inplant monitoring and repaired to minimize any potential off-site effect. 
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Description Of Representative Class 2 Event 

A significant valve and/or pipe leak in the reactor coolant letdown line may 

occur during the lifetime of the plant. A representative example of such an 

occurrence would be a leak in the volume control tank sampling line which would 

allow a fraction of the contents of the volume control tank to be released. 

Were such a leak to occur, the Radiation Monitoring System would detect the 

activity and with appropriate operator action the release could be limited to 

10% of the noble gas contained in the tank. The event used to evaluate the 

environmental effect is defined as the release to the outside atmosphere of 

10% of the noble gas activity in the volume control tank. 

Discussion Of Remoteness Of Possibility Of Volume Control Tank Release 

The volume control tank is designed to withstand 75 psig with a normal internal 

operating pressure of approximately 15 psig. 

The volume control tank design philosophy provides for level alarms, pressure 

relief valves and automatic tank isolation and valve control to assure that a 

safe condition is maintained during system operation. 

Quality control in the design, manufacture, and installation introduces a high 

degree of reliability and confidence to further assure that no failure in this 

system will occur. 

Since the volume control tank is not subject to high pressure or stress, and is 

designed to ASME III, Class C Code, an accidental release from the tank is 

considered very remote . 
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Analysis And Evaluation Of Volume Control Tank Release 

Assumptions 

The following assumptions are used in the evaluation of the environmental effect 

of the release of the volume control tank activity. 

The activity in the tank is based on 0.2% equivalent fuel 

defects. 

Within two hours after initiation of a noble gas activity 

release from the volume control tank, 10% of the tank noble 

gas inventory is released. 

Iriunediately after the noble gas activity escapes from the 

volume control tank, it is released from the auxiliary building 

at ground level to the outside atmosphere. Holdup in the aux

iliary building is expected, thus reducing even further the 

environmental effect of this occurrence. However, no credit is 

taken in the analysis for this additional hold-up time. 

Natural decay is neglected after the activity is released to the 

outside environment. 

Justification for Assumptions 

The 0.2% defect level is based on reactor operating experience with WPWR 

Zircaloy fuel to date. 

Nonvolatile fission product concentrations are greatly reduced as the reactor 

coolant is passed through the purification demineralizers. An iodine removal 

factor of at least 10 is expected in the mixed bed demineralizers. 
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The released noble gas will be detected by the plant vent monitor and cause an 

alarm in the control room. Once the operators have been alerted, the leak can 

be detected and isolated to hold the activity release to 10% of the total noble 

gas inventory of the volume control tank. 

Doses at the Site Boundary and Total Population Dose (Man-Rem) 

The parameters used to calculate the noble gas activity in the volume control 

tank are given in Table II.I.C.2-9. Based on these parameters, 10% of the total 

noble gas activity in the tank, which is assumed to be released instantaneously 

to the environment, is 250 curies of equivalent Xe-133. 

The whole body dose at the site boundary, as calculated by the method shown in 

Section II.I.C.2.d.(2)(j), is 0.1 mrem from the released noble gas activity, 

while the total population dose is 0.076 man-rem. 

TABLE II. I.C. 2-9 

PARAMETERS FOR COMPUTING VOLUME CONTROL TANK 

SPECIFIC ACTIVITY OF EQUIVALENT Xe-133 

1. Core thermal power, MWt 

2. Fraction of fuel containing clad effect 

3. Reactor coolant liquid volume, cu ft 

4. Reactor coolant average temperature, °F 

5. Purification flow rate (maximum), gpm 

6. Volume control tank volumes 

a. Vapor, cu ft 

b. Liquid, cu ft 

7. Fission product escape rate coefficients: 

-1 a. Noble gas isotopes, sec 

2456 

0.002 

9380 

560 

60 

180 

120 

-8 6,5 X 10 
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Class 3 events cover equipment malfunction and human error which may result in 

the release of activity from the Waste Disposal System. The malfunction of a 

valve or the inadvertent opening of a valve by an operator may cause such a 

release. This type of event is expected to occur infrequently during the 

operation of the plant. 

Description Of Representative Class 3 Events 

The major collection point for activity outside the containment is the gaseous 

waste section of the Waste Disposal System. A representative example of a 

Class 3 event would be a malfunction or error which would allow initiation of 

activity release from the waste gas decay tank. It is assumed that the gaseous 

waste disposal flow control valve fails open and that 10% of the contents of a 

full waste gas decay tank discharges to the atmosphere. Normally this accident 

is prevented by (1) the fail-safe mode of operation of the flow control valve 

which requires the presence of control air pressure to open, (2) normally closed 

manually operated valves on the discharge of the waste gas decay tank prior to 

the flow control valve, (3) alarm of the radiation monitor of gaseous effluents, 

and (4) the automatic closure of the flow control valve upon alarm of the radiation 

monitor. 

Discussion Of Remoteness Of Possibility Of A Gas Decay Tank Release 

The gas decay tRnks contain the gases vented from the reactor coolant system and 

the volume control tank. Sufficient volume is provided in each of these tanks 

to store the gases evolved during 330 days of reactor operation. 
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Because of the conservative design, quality assurance, the close monitoring 

and sampling throughout the system, and since the gas decay tanks are not 

subjected to any high pressures or stresses, an accidental release from any 

of the tanks is highly unlikely. 

For these reasons the release of 10% of the noble gas stored in the gas decay 

tank is considered to represent the consequences of accidents and occurrences 

falling in this class. 

Analysis And Evaluation Of Gas Decay Tank Release 

·Assumptions 

The following assumptions are used in the evaluation of the environmental effect 

of the release of activity from the waste gas decay tank. 

0.2 percent fuel defects. 

Within 2 hours after initiation of noble gas activity reiease 

from the gas decay tank, 10% of the noble gas is released. 

Immediately after the noble gas activity escapes from the 

waste gas decay tank it is released through the process vent 

to the outside atmosphere. 

Natural decay is neglected after the activity is released to 

the outside environment. 

Justification for Assumptions 

e The 0.2% equivalent fuel defect level is based on reactor operating experience 

with W PWR's. 
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The process vent monitor will detect the noble gas activity being released 

to the outside atmosphere and cause closure of the waste gas control valve 

and annunciate in the control room. This alerts the operator and the leak 

can be detected and isolated to hold the activity release to 10% of the total 

noble gas activity in the waste gas decay tank. 

Doses at Site Boundary and Total Population Dose (Man-Rem) 

The noble gas activity released to the environment is 2520 curies of Xe-133 

equivalent. From this activity release the whole body dose at the site boundary 

is 1.0 mrem and the total population dose is 0.76 man-rem. 

(e) Evaluation Of Class 4 Events 

Discussion Of Class 4 Events 

These are described as those events that release radioactivity into the primary 

system. Examples given include assumptions of fuel failures during normal 

operation and transients outside expected range of variables. 

The nuclear steam supply system is designed so that it may operate with an 

equivalent 1% fuel defect. The defect level averaged over the life of the plant 

will be much less than the design value as shown by the experience of similar 

plants to date. The occurrence of a fuel defect in itself will not result in 

any environmental impact because of the multiple barriers provided in the 

Westinghouse pressurized water reactor. Nevertheless, this occurrence may 

result in activity levels which could affect the consequences in other accident 

classes which are evaluated in other appropriate sections of this report. 

Operational transients for the plant such as turbine trip, load changes, rod 
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withdrawals and any other conceivable transient within accident conditions 

covered in other classes are not expected to increase the defect level. The 

FSAR demonstrates this as follows: 

Analysis And Evaluation Of Fuel Defects 

Assumptions For Termination Of Transients 

A plant operational transient could result in an uncontrolled addition of 

reactivity. As,suming the source and intermediate range alarms are ignored, a 

transient will be terminated by the following automatic Safety Features: 

(1) Source range flux level trip - actuated when either of two 

independent source range channels indicates a flux level above a preselected, 

manually adjustable value. This trip function may be manually bypassed when 

either intermediate range flux channel indicates a flux level above the source 

range cutoff power level. It is automatically reinstated when both intermediate 

range channels indicate a flux level below the source range cutoff power level. 

(2) Intermediate range control rod stop - actuated when either of 

two independent range channels indicates a flux level above a preselected, 

manually adjustable value. This control rod stop m~y be manually bypassed 

when two out of the four power range channels indicate a power level above 

approximately 10 percent of full power. It is automatically reinstated when 

three of the four power range channels are below this value. 

(3) Intermediate range flux level trip - actuated when either of 

two independent intermediate range channels indicate a flux level above a 

preselected, manually adjustable value. This trip function may be manually 

bypassed when two of the four power range channels are reading above approx

imately 10 percent of full power and is automatically reinstated when three 

of four channels indicate a power level below this value. 
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(4) Power range flux level trip (low setting) - actuated when two 

out of the four power range channels indicate a power level above approximately 

25 percent of full power. This trip function may be manually bypassed when two 

of the four power range channels indicate a power level above approximately 10 

percent of full power and is automatically reinstated when three of the four 

channels indicate a power level below this value. 

(S) Power range control rod stop - actuated when one out of the 

four power range channels indicates a power level above a preset setpoint. 

This function is always active. 

(6) Power range flux level trip (high setting) - actuated when 

two out of the four power range channels indicate a power level above a preset 

setpoint. This trip function is always active. 

Justification For Assumptions 

The nuclear power response to a continuous reactivity insertion is charac

terized by a very fast rise terminated by the reactivity feedback effect of the 

negative fuel temperature coefficient. This self-limitation of the initial 

power burst results from a fast negative fuel temperature feedback (Doppler 

effect) and is of prime importance during a startup incident since it limits 

power to a tolerable level prior to external control action. After the initial 

power burst, the nuclear power is momentarily reduced and then if the incident 

is not terminated by a reactor trip, the nuclear power increases again, but at 

a much slower rate. Termination of the reactivity incident by the above protec

tion features prevents core damage. In addition, the reactor trip from high 

reactor pressure serves as a backup to terminate the incident before an over

pressure condition could occur. 



325 

Consequences 

None from this class. 

(f) Evaluation Of Class 5 Events 

Discussion Of Class 5 Events 

The Class 5 events are defined as those accident events that transfer the 

radioactivity in the reactor coolant into the secondary system through steam 

generator tube leakage, with a fraction of the transferred radioactivity in turn 

being released into the environment through the condenser off-gas. A release of 

radioactivity into the environment from accidents in this class requires a con

currence of two independent events: fuel defects and steam generator tube l~akage. 

The likelihood· of simultaneous occurrence of these two independent events, and 

hence of significant release of radioactivity to the environment. is unlikely. 

However, even if those events do occur simultaneously, at worst they would be 

evaluated continuously within plant secondary system activity technical speci

fication limits, and corrective steps taken before any limit is approached. 

Description Of Class 5 Events - Fuel Defects With 
Steam Generator Tube Leakage 

In the unlikely concurrent incidence of fuel defects and steam generator tube 

leakage, the secondary system would contain fission products and radioactive 

corrosion products. The degree of fission product transport into the secondary 

side is a function of the amount of defective fuel in the core and the primary

to-secondary leak rate. These parameters also determine the radioactivity 

releases from the secondary system if the plant were to continue to operate 

under these off-normal conditions. Since the condenser off-gas effluent is 
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automatically monitored for radioactivity, an alarm would sound upon detection 

of the steam generator tube leakage and the resultant radioactivity releases. 

Blowdown is terminated upon receipt of a high radiation signal. In addition, the 

steam generator liquid sample monitor provides backup information to indicate 

primary-to-secondary leakage. The operator must evaluate secondary system 

activity in terms of the plant technical specifications. If the primary-to

secondary leak rate and the resultant releases are insignificant, the operator 

may continue to operate the plant until a convenient time is available to shut 

down and repair the leaking steam generator. 

Discussion Of Remoteness Of Possibility Of An Off-Normal 
Operational Release 

An off-normal operational release requires fuel defects and a simultaneous steam 

generator tube leakage. Since each of these events has an independent, low 

probability of occurrence, the likelihood of their simultaneous occurrence 

resulting in an off-normal release is very remote. 

In addition, the radiation level of the condenser off-gas discharge and steam 

generator liquid are monitored and any excessive gaseous or liquid releases would 

be detected by the monitor system and terminated by the operator. 

To represent events in Class 5 conservatively, it has been assumed, for the 

purpose of analysis, that full power operation with 1 gpm primary-to-secondary 

leakage and 0.2% equivalent fuel defects is continued for 1 day. 

Analysis And Evaluation Of Off-Normal Operational Release 

Assumptions 

An analysis has been performed of possible releases of radioactivity from the 
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secondary system in the event of fuel defects with concurrent steam generator 

tube leakage. The analysis is based on the following assumptions: 

1) 0.2% defective fuel 

2) The primary-to-secondary leak rate is 1 gpm 

3) No steam generator blowdown during off-normal operation; the 

condenser off-gas discharge is the only release. 

4) The period of off-normal operation is 1 day at full power. 

5) The atmospheric dispersion factor at site boundary used in the 

dose calculation is the annual average. 

6) Secondary system decontamination factors: 

Steam generator water to steam 

DF 
µc/gm SG water 

= 10 µc/gm Steam (all halogens) 

DF = 1 µc/gm SG water (all noble gases) 
µc/gm Steam 

Steam to condenser off-gas 

DF = 104 µc/gm Steam 
µc/cc Air 

DF = 1 µc/gm Steam 
µc/cc Air 

(all halogens) 

(all noble gases) 

7) No noble gas accumulated in the steam generator water since these 

are continuously released from the condenser off-gas system. 
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8) Air flow rate through the condenser off-gas system is 12.5 scfm. 

Justification for Assumptions 

The first assumption is based on plant operating experience to date. The 

second assumption is a conservative one well within the leak-rate which can be 

detected and result in remedial action. The third assumption is based on the 

fact that the steam generator blowdown is terminated within a few minutes of 

institution of the off-normal operation. The 1 day off-normal operation there

fore will not result in blowdown release. The 1 day off-normal operation at 

full power of the fourth assumption is the expected off-normal operational time; 

the operator can shut the plant down sooner if the releases are excessive. 

Assumption 5 is based on the site meteorological data. Assumption 6 is based 

on the reference: 

Styrikovich M.A., Martynova O. I., Katkovska K. Ya., Dwbrovskii 

I. Ya., Smrinova I. N. "Transfer of Iodine from Aqueous Solutions 

to Saturated Vapor," Translated from Atomnaya Energiya, Vol. 17 

No. 1, P. 45-49, July, 1964. 

The condenser off-gas flow rate of 12.5 scfm is a system parameter. 

Doses at Site Boundary and Total Population Dose (man-rem) 

With the above assumptions the thyroid dose and the whole body dose at the site 

boundary resulting from the condenser off-gas release are 3~3 x 10-4 mrem and 

0.11 mrem, respectively. The total population whole body dose is .083 man-rem. 
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(g) Evaluation Of Class 6 Events 

Discussion Of Class 6 Events 

Accidents which fall into accident Class 6 are: fuel element mishandling and 

mechanical malfunctions or lo~s of cooling in the transfer tube. 

The only event in this accident class which may possibly result in a release 

of radioactive gases from a fuel assembly is the mishandling of a fuel element. 

Fuel handling procedures are such that no objects can be moved over any fuel 

elements during their transfer or storage. A loss of cooling in the transfer 

tube will not cause the cladding of a fuel assembly to be damaged. The residual 

heat generated by the assembly will be removed by natural convection. 

Description Of Class 6 Events - Refueling Accident Inside Containment 

The accident is defined as the mishandling of a spent fuel assembly. The 

accident is assumed to result in the equivalent of one row of fuel rods in the 

assembly being damaged. The subsequent release of radioactivity from the 

damaged fuel element will bubble through the water covering the assembly. where 

most of the radioactive iodine will be entrained, and be released to the con

tainment atmosphere. 

Discussion Of Remoteness Of Possibility Of A Fuel Handling 
Accident Inside Containment 

The possibility of the postulated fuel handling incident is remote due to the 

administrative controls and physical limitations imposed on fuel handling 

operations; these are described immediately below. All refueling operations 

are conducted in accordance with prescribed procedures under the direct sur-
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veillance of personnel technically trained in nuclear safety. In addition, 

before any refueling operations begin, verification of complete rod cluster 

control assembly insertion is obtained by tripping each rod individually to 

obtain indication of rod drop and disengagement from the control rod drive 

mechanisms. Boron concentration in the coolant is raised to the refueling 

concentration and verified by sampling. Refueling boron concentration is 

sufficient to maintain the clean, cold, fully loaded core subcritical with all 

rod cluster assemblies withdrawn. The refueling cavity is filled with water 

meeting the same boric acid specifications. 

After the vessel head is removed, the rod cluster control drive shafts are 

removed from their respective assemblies. A spring scale is used to verify 

that the drive shaft is free of the control cluster as the lifting force is 

applied. 

The fuel handling manipulators and hoists are designed so that fuel cannot be 

raised above a position which provides adequate shield water depth for the 

safety of all operating personnel. This safety feature applies to handling 

facilities in both the containment and in the spent fuel pit area. 

Adequate cooling of fuel during underwater handling is provided by convective 

heat transfer to the surrounding water. The fuel assembly is immersed continuously 

while in the refueling cavity or spent fuel pit. Even if a spent fuel assembly 

becomes stuck in the transfer tube, natural convection will maintain adequate 

cooling. 

Two Nuclear Instrumentation System source range channels are continuously in 

operation and provide warning of any approach to criticality during refueling 

operations. This instrumentation provides a continuous audible signal in the 
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containment, and would annunciate a local horn and a horn and light in the plant 

control room in the unlikely event that the count rate increases above a present 

low level. 

Refueling boron concentration is sufficient to maintain the clean, cold, fully 

loaded core subcritical by at least 10 percent ~p with all rod cluster control 

assemblies inserted. At this boron concentration the core would also be more 

than 2 percent ~p subcritical with all control rods withdrawn. The refueling 

cavity is filled with water meeting the same boric acid specifications. 

Special precautions are taken in all fuel handling operations to minimize the 

possibility of damage to fuel assemblies during transport to and from the spent 

fuel pit and during installation in the reactor. All handling operations on 

irradiated fuel are conducted under water. The handling tools used in the fuel 

e handling operations are conservatively designed and the associated devices are 

of a fail-safe design. In addition the motions of the cranes which move the fuel 

assemblies are limited to a low maximum speed. 

The design of the fuel assembly is such that the fuel rods are restrained by 

grid clips which provide a total restraining force on each fuel rod. If the 

fuel rods are in contact with the bottom plate of the fuel assembly, any force 

transmitted to the fuel rods is limited due to the restraining force of the grid 

clips. The force transmitted to the fuel rods during fuel handling is not 

sufficient to pierce the fuel rod cladding. If the fuel rods are not in 

contact with the bottom plate of the assembly, a 60 pound friction force would 

have to be overcome before the rods would be able to slide. This would absorb 

the shock and thus limit the force on the individual fuel rods. 

After the reactor is shut down. the fuel rods contract during the subsequent 

cooldown and would not be in contact with the bottom plate of the assembly. 
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Considerable deformation would have to occur before the rod would make 

contact with the top plate and apply any appreciable load on the fuel rod. 

Based on the above, it is felt that it is unlikely that any damage would 

occur to the individual fuel rods during handling. If one assembly is 

lowered on top of another, no damage to the fuel rods would occur that 

would break the integrity of the cladding. 

Refueling operation experience that has been obtained with Westinghouse 

reactors has verified that no fuel cladding integrity failures have occurred 

during any fuel handling operations involving over 50 reactor years of W 

PWR operating experience, during which more than 2200 fuel assemblies have 

been loaded or unloaded. 

Analysis and Evaluation of Fuel Handling Accident Inside Containment 

Assumptions 

The following assumptions are postulated for a calculation of the fuel 

handling accident: 

a) The accident occurs at 100 hrs following the reactor shutdown; i.e., 

the time at which spent fuel would be first moved. 

b) The accident results in the rupture of the cladding of the equivalent 

of one row of fuel rods. 

c) The damaged assembly is the one that had operated at the highest power 

level in the core region to be discharged. 

d) The power in this assembly, and corresponding fuel temperatures, establish 

the total fission product inventory and the fraction of this inventory 
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which is present in the fuel pellet-cladding gap at the time of reactor 

shutdown. 

e) The fuel pellet-cladding gap inventory of fission products in these 

rods will be released to the spent fuel pit water at the time of the 

accident. 

f) The spent fuel pit water retains a large fraction of the gap activity 

of halogens by virtue of their solubility and hydrolysis. Noble gases 

are not retained by the water as they are not subject to hydrolysis 

reactions. A decontamination factor of 760 for the halogens is used 

in this analysis. 

g) A small fraction of fission products which are not retained by the 

water are dispersed into the containment. 

h) Since the operator has the option of releasing the radioactive effluents 

under controlled conditions with better than average meterology, a fuel 

handling accident inside the reactor contaip.ment will result in a smailer 

dose at the site boundary than a fuel handling accident outside the 

reactor containment. 

Justification for Assumptio~s 

a) It is approximately 100 hours after shutdown that the first fuei assembly 

is removed from the core. The time delay between shutdown and removal 

of the first assembly is due to the time required to depressurize the 

reactor coolant system, remove the vessel head and other refueling 

procedures. 
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b) Analyses have shown that mishandling of a spent fuel assembly is not 

expected to result in damage of the cladding of any fuel rods in the 

assembly. The impact of a spent fuel assembly onto a sharp object may 

result in the rupture of the cladding of some fuel elements in the assembly. 

Damage to the equivalent of one row of fuel elements is considered to be 

a conservative upper limit. 

c) The highest-powered assembly in the discharged region would have the 

largest quantity of radioactivity in the fuel pellet-cladding gap of 

all the assemblies to he discharged. 

d) The quantity of radioactivity in the fuel pellet·-cladding gap is dependent 

on the power level and temperature distribution of the assembly. 

e) Since all fuel handling operations are conducted under water, the release 

of any radioactive gases from a damaged assembly would be in the form 

of bubbles to the water covering the assembly. 

f) An experimental test program was conducted by Westinghouse to evaluate 

the extent of iodine removal as the halogen gas bubbles rise to the 

surface of the pool from a damaged irradiated fuel assembly. 

g) The radioactive gases remaining in the bubbles when they reach the 

surface of the pool are released to the atmosphere atop the pool. 

h) Any increase in radioactivity concentrations in the containment will 

be detected by radiation monitors. Upon high radiation signal the 

purge line from the containment will be isolated. 

i) Since the pressure in the containment will be atmospheric at the time 

of the postulated accident and no pressure rise is expected due to 
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the accident, the leak rate from the containment is expected to be near 

zero. 

Consequences 

Less severe than those listed for Class 7. 

(h) Evaluation of Class 7 Events 

Discussion of Class 7 Events 

Accidents which fall into accident Class 7 are: Mishandling of fuel element, 

dropping of heavy object onto fuel, dropping of shielding cask or loss of 

cooling to cask and transportation incident on-site. 

The only event in this accident class which could possibly result in a 

release of radioactive gases from a fuel assembly is the mishandling of 

a fuel element. Fuel handling procedures are such that no objects can be 

moved over any fuel elements being transferred or stored. Shielding and 

shipping casks are designed to be dropped with no subsequent damage to the 

cask or the assembly. Spent fuel is not moved off-site until 90-120 days 

after refueling, by which time most of the major contributing isotopes to the 

thyroid and whole body dose have decayed to a negligible level. 

Description of Class 7 Event - Refueling Accident Outside Containment 

The accident is defined as the mishandling of a spent fuel assembly. The 

accident is assumed to result in the equivalent of damage to one row of fuel 

rods in the assembly. The subsequent release of radioactive gases from the 

damaged fuel element will bubble through the water covering the assembly, 
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where most of the iodine will be entrained, and be released to the spent fuel 

building. The activity is then exhausted to the environment via the plant vent. 

Discussion of Remoteness of Possibility of a 
Fuel Handling Accident Outside Containment 

A fuel handling incident outside the containment is considered to be as 

remote as that inside the containment. The administrative controls and 

physical limitations imposed on fuel handling operation are essentially the 

same as those described for the Class 6 events. As was noted earlier, the 

fuel handling manipulators and hoists are designed so that the fuel assembly 

is continuously immersed while in the spent fuel pit. In addition, the design 

of storage racks and manipulation .facilities in the spent fuel pit is such that: 

Fuel at rest is positioned by positive restraints in an eversafe, 

always subcritical, geometrical array, with no credit for boric 

acid in the water. 

No more than one fuel assembly can be manipulated at a time. 

Violation of procedures by placing one fuel assembly in with 

any group of assemblies in racks will not result in criticality. 

In summary, those factors which are discussed under Section_II.I.C.2.d.(2)(g) 

regarding remoteness of possibility of fuel handling accidents within the 

containment also apply here. 

Analysis and Evaluation of Refueling Accident Outside Containment 

Assumptions 

The identical assumptions a) through g) of the above referred section are also 
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postulated for calculation of the fuel handling accident outside the containment. 

Justification for Assumptions 

The justification for the assumptions are the same as given in SectionII.I.C.2.d.(2)(g). 

Doses at Site Boundary and Total Population Dose (man-rem) 

The doses at the site boundary from a refueling accident outside the containment 

are 0.015 mrem thyroid and 0.33 mrem whole body. The total population dose from 

this accident is 0.25 man-rem whole body. 

(i) Evaluation of Class 8 Events 

Discussion of Class 8 Events 

e Accidents considered in this class include events resulting from loss of 

e 

coolant, steam line break and steam generator tube rupture. These extremely 

unlikely accidents are used, with highly conservative assumptions, as the design 

basis events to establish the performance requirements of engineered safety features. 

For purposes of this environmental report, the accidents are evaluated on the 

realistic basis that these engineered safeguards will be ~vailable and will either 

prevent the progression of the accident or mitigate the consequences. 

Loss of Coolant (LOCA) 

Description of Class 8 Event - Loss of Coolant 

A LOCA is defined as the loss of primary system coolant due to a rupture of 

a Reactor Coolant System (RCS) pipe or any line connected to that system. Leaks 

or ruptures of a small cross section would cause expulsion of the coolant at a 

rate which can be accommodated by the charging pumps. The pumps would maintain 

an operational water level in the pressurizer, permitting the operator to execute 
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orderly shutdown. A small quantity of the coolant containing fission products 

normally present in the coolant would be released to the containment. 

Should a break occur beyond the capacity of the charging pumps, depressurization 

of the RCS causes fluid to flow from the pressurizer to the break resulting in 

a pressure decrease in the pressurizer. Reactor trip occurs when the pressurizer 

low pressure set point is reached. The Emergency Core Cooling System (ECCS) is 

actuated when the pressurizer low pressure and low level set points are reached. 

Reactor trip and ECCS actuation are also provided by a high containment pressure 

signal. These countermeasures limit the consequences of the accident in two ways: 

a. Reactor trip and borated water injection supplement void formation in causing 

rapid reduction of the core thermal power to a residual level corresponding 

to the delayed fission product decay. 

b. Injection of borated water ensures sufficient flooding of the core to limit 

the peak fuel cladding temperature to well below the melting temperature of 

Zircaloy-4 in addition to limiting average core metal-water reaction to 

substantially less than 1%. 

Before the reactor trip occurs, the plant is in an equ'ilibrium condition, i.e., 

the heat generated in the core is being removed via the secondary system. Sub

sequently, heat from decay, hot internals, and the vessel is transferred to the 

RCS fluid and then to the secondary system. The ECCS signal terminates normal 

feedwater flow to the steam generators by closing the main feedwater line 

isolation valves and initiates auxiliary feedwater flow by starting the motor

driven auxiliary feedwater pumps. If off-site power is available, steam may 

be dumped to the condenser, depending on the size of the break. The secondary 
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flow aids in the reduction of Reactor Coolant System pressure. If the Reactor 

Coolant System pressure falls below the setpoint, the passive accumulators 

inject borated water due to the pressure differential between the accumulators 

and the reactor coolant loops. 

While the ECCS prevents fuel clad melting, as a result of the increase in 

cladding temperature and the rapid depressurization of the core, some cladding 

failures may occur in the hottest regions of the core. Some of th~ volatile 

fission products contained in the pellet-cladding gap may. be released to the 

containment. These fission products, plus those present in that portion of the 

primary coolant discharged to the containment, are partially removed from the 

containment atmosphere by the spray system and plateout on the containment 

structures. Some of the remaining fission products in the containment atmosphere 

will be slowly released to the external environment through minute leaks in the 

containment during the time when the containment pressure is above atmospheric 

pressure. These minute leaks could be expected to be choked by water and water 

vapor, although credit for this was not taken in evaluating releases. 

Discussion of Remoteness of Possibility of Loss of Coolant 

The rupture of a reactor coolant pipe or a pipe connected to it is not expected 

to occur because of very careful selection of design, construction, operation, 

and quality control requirements. A very strict and detailed "Quality Assurance 

~rogram" is conducted to make sure that the specific requirements are met during 

the various stages of ~esign, construction, erection, and fabrication. 

The reactor coolant system is designed to withstand the "maximum potential 

earthquake" at the site and assure capability of shutdown and maintain the nuclear 

facility in a safe condition. Pressure-containing components of the reactor 
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coolant system are designed, fabricated, inspected and tested in conformance with 

the applicable codes. The design loads for normal operational fatigue and faulted 

conditions are selected by conservatively predicting the type and number of cycles 

that the plant is expected to experience, as described in the FSAR. Also, essential 

equipment has been placed in a structure which is capable of withstanding extra

ordinary natural phenomena, such as tornados, flooding conditions, high winds or 

other natural phenomena. 

The Illfl;terials and components of the reactor coolant system are subjected to 

thorough non-destructive inspection prior to.operation, and a preoperational 

hydro test is performed at 1.25 times the design pressure. 

The plant is also operated under very closely controlled conditions to ensure 

that the operating parameters are kept within the limits assumed in the design. 

The concentration of oxygen (~0.10 ppm) is kept to low levels so that the integrity 

of the reactor coolant system is assured under all opera~ing conditions. The 

reactor pressure vessel is given particular attention because of the shift in 

nil ductility transition temperature (NDTT) with irradiation. Therefore, tech

nical specification limits are imposed on the maximum heatup and cooldown rates 

to make sure that the vessel wall temperature is above the NDTT whenever stresses 

become significant. Construction materials are selected for expected environmental 

and service conditions in accordance with the appropriate code requirements. 

It is expected that for pipes of the size, thickness, and material used in the 

RCS, significant leakage will occur before catastrophic failure. The plant is 

provided with various means of detecting leakage from the reactor coolant system. 

The sensitivity of these leak detection systems gives reasonable assurance that 

a small crack will be detected and repaired before it reaches the size that 

will cause failure. 
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Furthermore, provisions are made for periodic inspection, in situ, of all areas 

of relatively high stress in order to discover potential problems before signi

ficant flaws develop. The inspection processes vary from component to component 

and include such techniques as visual inspection and ultrasonic, radiographic 

and magnetic particle examinations. This in-service inspection program (des

cribed in the FSAR) provides additional assurance of the continuing integrity 

of the Reactor Coolant System. 

To further demonstrate the adequacy of the reactor coolant system, certain 

abnormal conditions are analyzed in detail in the FSAR. 

Those credible transients which could cause pressure surges have been designed 

for by: 

Reactor protection system trips 

Incorporation of relief and safety valves in the pressurizer and 

appropriate sizing of the steam side safety and relief valves. 

These ensure that the system pressures and temperatures attained under expected 

modes of plant operation or anticipated system interactions, will be within the 

design limits, giving further assurance that a rupture of the Reactor Coolant 

System is very remote. 

Analysis and Evaluation of Loss-of-Coolant Accident 

Assumptions 

The analysis for this accident is based on: 
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Only activity in the fuel pellet-clad gap (~1.5% of core halogen 

and 1.2% of core noble gases) would be available for release. 

Fuel clad perforation ranges from zero for small breaks to a maximum 

of 70%. The fuel rods represented in this 70%, however, generate ~90% 

of the core power, so that ~90% of the total gap inventory would be 

released. 

Of the fission product activity which is released from the gap, 25% 

of the halogens and 100% of the noble gases are available for leakage 

from the containment. 

The containment leak rate is 0.1% for the first 10 minutes after which 

the containment is returned to subatmospheric pressures. 

(ii) Justification for Assumptions 

Fission product diffusion through the fuel pellet is a temperature-dependent 

process. Since the reactor has been made subcritical, fissioning ceases and 

the pellet temperature begins to drop from the operating value almost innnediately. 

The gap activity represents 1-1/2 years of operation. The additional fission 

product diffusion to the gap after the accident is negligible. 

Extensive analyses of the core behavior during a LOCA, based on theoretical 

and experimental evidence, has been performed. These analyses are reported in 

the FSAR, supplemented by Amendment 25, (Appendix C), Emergency Core Cooling 

Performance, September 30, 1971. 

As used in the model in TID 14844, 25% of the released iodine is considered 
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available in the containment atmosphere after plate-out on reactor internals 

and containment structures and entrainment in the coolant and condensed steam. 

Data presented in the FSAR indicate that little organic iodine is released 

from the fuel. 

The calculation of the spray effectiveness for iodine removal is based on the 

dr9p diffusion model developed by L. F. Parsly.* The spray drop size data used 

in this model are based on drop size measurements performed by Westinghouse, 

which have been previously reported in the FSAR. The effects of liquid phase 

resistance, steam condensation, and drop coalescence are accounted for in the 

model. The input parameters for spray evaluation are based on realistic esti

mates of the expected performance of the spray system. 

The containment is tested for leakage as specified in Technical Specification 

4.4-1 of the FSAR to ensure that the integrated containment leakage rate does 

not exceed 0.1 percent of the containment volume per 24 hours. 

Doses at Site Boundary and Total Population Dose 

With the above assumptions the thyroid dose and the whole body dose at the 

site boundary are 1.6 mrem and 0.013 mrem, respectively. The total population 

whole body dose is 0.0103 man-rem. 

Steam Line Break 

Description of Class 8 Event - Steam Line Break 

A rupture of a steam line is assumed to include any accident which results 

* L. F. Parsly, "Design Considerations of Reactor Containment Spray Systems, 
Part VII", ORNL-TM-2412, Part VII, Oak Ridge Nati'onal Laboratory. 
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in an uncontrolled steam release from a steam generator. The release can 

result from a break in a pipeline or a valve malfunction. The steam release 

results in an initial increase in steam flow which decreases during the accident 

as the steam pressure falls. 

The following systems limit the potential consequences of a steam line break: 

1) Safety Injection System actuation on any of the following: 

a) One of three pressurizer coincident low pressure and low level signals 

b) Two of three differential pressure signals between any main steam line 

and the main steam header 

c) High steam flow in two of three main steam lines (one of two per line) 

in coincidence with either low Reactor Coolant System average temperature 

(two of three) or low main steam line pressure (two of three). 

d) Three of four high containment pressure signals. 

2) The overpower reactor trips (nuclear flux and ~T) and the reactor trip_ 

occurring upon actuation of the Safety Injection System. 

3) Redundant isolation of the main feedwater lines. Sustained high feedwater 

flow would cause additional cooldown; thus, in addition to the normal control 

action which will close the main feedwater valves, any safety injection signal 

will rapidly close all feedwater control valves, trip the main feedwater pumps, 

and close the feedwater pump discharge valves. 
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4) Trip of the fast acting steam line isolation valves on: 

a) High steam flow in two of three main steam lines in coincidence with 

either low Reactor Coolant System average temperature or low steam 

line pressure. 

b) Three of four high containment pressure signals. 

Each steam line has a fast closing isolation valve and a check valve. These 

four valves prevent blowdown of more than one steam generator for any break 

location even if one valve fails to close. For example, for a break upstream 

of the isolation valve in one.line, closure of either the check valve in 

that line or the isolation valve in the other line will prevent blowdown of 

the other steam generator. 

If there are no steam generator tube leaks (Class 5), there would be no 

fission product release to the atmosphere from this accident. With tube 

leaks, a portion of the equilibrium fission product activity in the secondary 

system will be released. In addition, some primary coolant with its entrained 

fission products will be transferred to the secondary system as the reactor is 

cooled down. The steam is dumped to the condenser, and the noble gases transferred 

from the primary system would be released through the condenser off-gas system. 

Discussion of Remoteness of Possibility of a Steam Line Break Accident 

A steam line break is considered highly unlikely; the steam system valves, 

fittings, and piping are conservatively designed according to ASME Code for 

Pressure Piping, ANSI B 31.1. The piping is a ductile material completely 
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inspected prior to installation. After installation, the entire system under

goes hot functional testing prior to fuel loading. 

In addition to pre-operational tests to ensure the steam system integrity, 

during operation the water in the secondary side of the steam generators is 

held within chemistry specifications to control deposits and corrosion inside the 

steam generators and steam lines. A chemical treatment is used to prevent the 

formation of free caustic which would cause this corrosion. 

With this combination of conservative design, quality control and assurance, 

pre-operational testing, and control over steam chemistry, the potential for 

a'steam line break is minimal. 

Analysis and Evaluation of Steam Line Break 

Assumptions 

The analysis for this accident is based on: 

An equilibrium radioactivity in the secondary system of 0.2% equivalent 

fuel defects with a 20 gpd steam generator leakage prior to the accident. 

No additional fuel defects or additional releases from fuel occur due 

to the accident. 

Primary-to-secondary leakage of 20 gpd occurs for 8 hours after the 
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accident. 

The break occurs outside the containment. 

The condenser (and thus off-site power) is available for steam dump· 

after the faulted line is isolated. 

Justification for Assumptions 

The fuel defect level and steam generator leak rate are derived from 

operating experience with Westinghouse pressurized water reactors. 

Fuel rods will not have .a minimumDNBR (Departure from Nucleate Boiling 

Ratio) of less than 1.3, and thus there is no clad damage. 

Eight hours is required for an orderly cooldown and depressurization 

of the primary system. Primary-secondary coolant transfer occurs for 

this time period. 

Doses at Site Boundary and Total Population Dose 

With the above assumptions the thyroid dose and the whole body dose at the 

site boundary are 5.6 x 10-3 mrem and 2.3 x 10-4 mrem respectively. The total 

population whole body dose is 1.7 x 10-5 man-rem. 

Steam Generator Tube Rupture 

Description of Class 8 Event - Steam Generator Tube Rupture 

This accident consists of a complete single tube break in a steam generator. 

Since the reactor coolant pressure is greater than the steam generator shell 
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side pressure, contaminated primary coolant is transferred into the secondary 

system. A portion of this radioactivity would be vented to the atmosphere 

through the condenser off-gas. The sequence of events following a tube rupture 

is as follows: 

The operator will be notified within seconds by the condenser off-gas 

vent monitor of a radioactivity release. 

Pressurizer water level will decrease for one to four minutes before an 

automatic low pressure trip occurs. Seconds later, low pressurizer level 

will automatically complete the safety injection acutation signal. 

Automatic actions and cooldown precedures are as follows: 

Automatic boration by high head safety injection pumps. 

Restoration of discernible fluid level in the pressurizer by safety 

injection pump operation. 

Operator-controlled reduction of safety injection flow to permit the 

RCS pressure to decrease below the setting of the lowest affected 

steam generator safety valve. 

Operator-controlled steam dumping to the condenser in order to: (1) 

reduce the reactor coolant temperature; (2) maintain primary coolant 

subcooling equivalent to a suitable over-pressure; (3) to minimize 

steam discharge from the affected steam generator. 

Isolation of the affected steam generator will be achieved by: 
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Identifying the affected steam generator by observation of rising 

liquid sample activity monitor. 

Closing the steamline isolation valve connected to the affected steam 

generator. 

Securing the auxiliary feedwater flow to that steam generator. 

Blowdown from all steam generators is terminated at tne start of 

accident. 

Discussion of Remoteness of Possibility of Steam Generator Tube Rupture 

It is expected that rupture would be preceded by cracking, induced by fretting, 

~- corrosion, erosion or fatigue. This type of failure is of such a nature as to 

produce tell-tale leakage. Activity in the secondary system is continuously 

monitored via the condenser off-gas discharge and periodic sampling and 

continued unit operation is not permitted.if the leakage exceeds technical 

specification limits. As a result·,, any failure of this nature would almost 

unquestionably be detected before the large safety margin of pressure strength 

is lost and a rupture develops. 

e 

Finally, in over 400,000 tube years for Westinghouse-Built steam generators, 

there have been no gross tube ruptures. This experience, combined with 

stringent quality control requirements in the construction of the generator 

tubes and constant monitoring of the secondary system, renders the likelihood 

of a steam generator tube rupture highly remote. 

Analysis and Evaluation of Steam Generator Tube Rupture 
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Assumptions 

The analysis of this accident is based on: 

Activity in primary coolant based on 0.2% equivalent fuel defects. The 

accident will cause no additional fuel damage. 

126,000 pounds of primary coolant are carried over to the secondary side. 

An iodine partition factor of 10 µc/gm._water in the steam generator. 
µc/gm steam 

The faulty steam generator is isolated within 30 minutes. 

4 µc/gm steam 
An iodine par.titian factor of 10 in the condenser. 

µc/gm air 

Justification for Assumptions 

, ~e 0.2% defect level is based on average reactor operating experience with W 

PWR Zircaloy fuel. No clad damage is anticipated as described in the FSAR. 

The steam generator leakage is based on plant operating experience with W 

PWR Inconel steam generators. 

The 126,000 pounds of primary coolant carryover is based on the amount of time 

it takes for the primary system pressure to come into equilibrium with the 

secondary side, as described in the FSAR. 

The iodine partition factors in the steam generator and condenser are based 

on the following reference: 
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Styrikovich M.A., Martynova 0. I., Katkovska K. Ya., Dwbrovskii I. Ya., 

Smrinova I. N. "Transfer of Iodine from Aqueous Solutions to Saturated 

Vapor", Translated from Atomnaya Energiya, Vol. 17, No. 1, P. 45-49, July, 

1964. 

The 30 minute steam generator isolation time is based on estimates on the time 

it would take for the operator to identify the faulted steam generator from the 

instrumentation provided in the control room, and effect isolation. 

Doses at Site Boundary and Total Population Dose 

With the above assumptions the thyroid dose and the whole body dose at the 
-4 

site boundary are 2.8 X 10 mrem and 1.56 mrem respectively. The total 

population whole .. body dose is 1.18 man-rem. 

(j) Table of Doses for Each Class 

For each of the accident classes considered in this report an average site 

boundary thyroid and whole body dose were computed. The average total body 

dose includes the beta skin dose contribution. In addition, the total dose 

to the total population within a 50 mile radius of the site was analysed 

for each accident class using the meteorological and projected 1980 population data. 

The results are summarized in Table JI.I.C.2-10 

The models used to compute the thyroid, whole body and population doses are 

presented below. 

1) Thyroid Dose 
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The.average thyroid dose at the site boundary was computed using the 

equation: 

Thyroid Dose= (x/Q) X B X S.B. A x DCF 
i i 

where: A 
i 

Activity release to the environment of isotope i 

DCF = Dose conversion factor of isotope i 

B = average breathing rate of the average man 

Cx/Q) 
S.B. 

-6 
= average annual x/Q at the site boundary (7.5 X 10 

3 
sec/m) 

2) Whole Body Dose 

The average whole body dose, including the beta contribution, at the site 

boundary was computed using the equation for a semi-finite spherical cloud 

as given by: 

Whole Body Dose 

where: A 
i 

E 
Y. 

l 

= o.246 x (x/Q) 
S.B. 

X 
E 

i 
A 

= activity released to the environment of istope i 

Gamma energy of isotope i 

E = Beta energy of isotope i 
s 

i 

Average annual x/Q at the site boundary (7.5 x 10 
3 

sec/m) 

-6 
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(The assumption of a semi-infinite spherical cloud is conservative.) 

3) Population Dose 

The total population dose was computed using the equation: 

Population Dose 

where: 

r = 0.246 [. 
l 

A 
i X 

and E are the same as given for the total body dose 
f\ 

model, and 

x/Q = the x/Q for a given sector(¢) and distance (r) 
r,¢ 

P the population estimate for a given sector(¢) and 
r,¢ 

distance (r) 

The releases from a plant are monitored by the environmental monitoring system 

which provides additional information which would indicate any inadvertent 

exposures. 
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CLASS 
ACCIDENT 

2 

3 

4 

5 

6 

7 

8* 

TABLE II. I.C. 2~0 

SITE BOUNDARY DOSE (mrem) 
THYROID · WHOLE BODY 

3.3 X 10-4 

<0.015 

0.015 

2.8 X 10-4 - 1.6 2.3 

0.1 

1.0 

0.11 

<0.33 

0.33 
-· 

' X 10-4--

* Class 8 accident doses are given in ranges 

1. 56 
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WHOLE BODY 
POPULATION DOSE(man-rem) 

1. 7 X 

.076 

- 0. 76 

0.083 

<0.25 

0.25 

10-5 - 1.18 
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(k) Conclusions 

On the basis of the evalµations of the various postulated accidents and 

occurrences in Sections ·(cYthro~gh· (i) and the resultant radiological results 

as tabulated in Section (j), it is concluded that the environmental impact 

from these accidents and occurrences is insignificant. In fact. the maximum 

man-rem realistically established as a result of any accident is well within 

the increment of exposure to the general public corresponding to variations in 

natural background. 

e. Transmission Effects 

Right of way clearing began on the Surry project in March of 1967. Approxi

mately 4420 acres of land have been bought, and 3543 acres of wooded· land cleared 

for transmission lines and rights-of-way connected with this project. 

(1) Land Systems 

Much of the land purchased for transmission rights-of-way was forest before 

purchase and clearing. The area occupied by commercial forests in Surry County, 

Virginia accounts for 75.7% of the total area. Tree types are repres~nted within 

the county in the following levels: loblolly pine, 36%; oak-hickory, 27%; oak

pine, 19%; oak-gum-cypress, 13%; and short leaf and Virginia pine, 5%. The 

forested area in Surry County has been divided into classifications with respect 

to timber size. These classifications are sawtimber - 52%, pole size timber - 27%, 

and seedlings and saplings - 21%. During the 1965 - 1969 period, the area grew 

more timber than was cut. The timber sales associated with this project con

tributed economically to the area, but did not substantially reduce the ability 

of the area to produce commercial timber. 
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(a) Physical Effects 

The transmission clearing and associated timber sales were conducted on rights

of-way· varying in width from 120 feet to 350 feet. The 350-foot-wide rights-of

way were cut and cleared from the power site to a point approximately 11 miles 

south of the station. At this point, transmission lines branched off in four 

directions in order to serve the major substations in the general area. 

(i) Construction Effects, Etc. 

Prior to the clearing operation, estimates were made of the amount of timber 

involved. It was determined, based on information from this survey. to sell 

the timber prior to the clearing of the right-of-way. Each property owner was 

given the option of cutting his own timber or of allowing the Company to remove 

the timber after acquisition of its right-of-way. A number of large land owners,· 

including lumber companies, pulp and paper companies and other land owners with 

significant commercial timber land, elected to cut and market their own timber, 

and realized an economic benefit from this timber cutting. Vepco contracted 

with a local logger to remove timber from the other properties. These properties 

involved primarily small timber holdings from owners who were not experienced 

or knowledgeable in timber sales. Therefore, the timber harvested under tqe 

Vepco program represents timber that normally would have been lost during the 

right-of-way clearing operation. 

(~) Amount of timber cut 

The amount of timber cut represented a significant economic benefit to the area. 

The actual money received from the sale of this timber on the entire, project 
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was $48,274.41. This value represents a harvest of 2,554,971 board feet of 

timber and 24,048,692 pounds of pulpwood. Figure II.I.C.2-4, gives a 

breakdown of the timber sold 1n conjunction with the transmission right-of-way 

clearing project. 

(.Q) Other land uses interrupted 

Interruption of land use by the project, except for timber production, has 

been minimal. Transmission lines constructed over open land do not interfere 

with an owner's right to grow crops, graze the land or make other uses that 

are not inconsistent of the safe operation of the transmission line. The 

remaining land was virtually unaffected by the transmission construction. 

(£) Effects of excavation 

Some land was disturbed during the excavation of tower sites and by construction 

of roads to facilitate erection of towers. The disturbed area was revegetated 

by a crew after construction and the land was fertilized, disced and seeded in 

order to restore it to an acceptable condition. The cover established by this 

reseeding operation will be of significant value to wildlife. Expenditures 

for rehabilitation on the Surry - Hopewell transmission line amounted to $19,853.56. 

Expenditures on the Surry - Chuckatuck line totaled $5,344.68. Rehabilitation 

work has not yet been completed on other transmission line rights-of-way. 

(ii) Effects of lines once in existence 

The cleared right-of-way resulting from the construction of transmission lines 

offers certain benefits to the area, particularly if the line is routed through 
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FIGURE II.I.C.2-4 

TIMBER SALES - Sl'RRY TRANSMISSION LINE 

Date Volume Cut Volume Cut Volume Cut Volume Cut 
Timber Sale Contract Description Pine & Poplar Hardwood Pine Hardwood Money 

Number Signed Of Sale Board Feet Board Feet Cordwood - Lbs, Cordwood-Lbs. Received 

5 2-17-67 R/W E & W Leg 
1,087,308 502,393 4,187,480 8,504,502. $26,717.89 

Total 1,589,701 bd, ft. 
12,692,000 lbs. 

5A 8-22-67 R/W Surry-Hopewell 47,569 ·. 33,923 58,080 837,500 1,330.79 

Total 81,492 bd. ft. 
895,580 lbs. 

5 R/W E & Leg 135,165 18,761 '495,240 1,088,900 2,834.~0 
· Company Property 

Total 153,926 bd, ft, 
1,584,140 lbs. 

EW-2 7-26-68 R/W Elmont-Wards 4,051 6,746 46,800 350,00 Est. 
Creek. 

Total 10,796 bd, ft. 
46,800 lbs, 

25 10-7-68 R/W Surry-Suffolk 340,590 .18,683 1,661,380 1,858,480 8,628.75 

Total 359,273 bd. ft, 
3,519,860 lba. 

45 ;:;. 9-4-70 R/W Surry-Newport 2,500 3,230 235,140 234.75 
News Company 
Property 

Total 5,730 bd. ft. 
235,140 lbs. 

47 3-30-70 R/W Surry-Greenwich 16,225 95,570 421.06 
Surry-Carson 

Company Property 

51 6-15-70 R/W Surry-Carson 302,582 35,245 37770,870 1,208,750 7,756.77 v:J 
UI 

1,935,990 618,981 10,503,760 13,544,932 $48,274.41 
00 

Pine & poplar - International 1/2" Rule 
Hardwood - Doyle Rule 
Pine - 5,200 lbs,= 1 standard cord 
Hardwood - 6,000 lbs,= l standard cord 
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areas of standing timber. The right-of-way clearing provides a fire lane and 

easy a_ccess to the property. It also provides an attractive area for wildlife. 

These cleared areas are recommended by game biologists in order to improve 

wildlife habitat. It has been estimated that approximately 90% of upland 

wildlife is located within a few hundred yards of clearings. 

In the commercially managed forests found widely in Surry County, these rights

of-way often contain the only clearings to be found, and therefore make a 

substantial contribution to the quality of wildlife habitat. 

(a) Land used for right-of-way, total acreage 
taken; voltage of each line 

The transmission lines constructed in association with Surry Power Station 

are: Surry - Elmont 500 KV, 698 acres cleared; Surry - Suffolk 500 KV, 432 

acres cleared; Surry - Ghuckatuck (Greenwich) 230 KV, 234 acres cleared; 

Surry - Hopewell 230 KV, 982 acres cleared; Surry - Newport News 230 KV, 612 

acres cleared; and Surry - Carson 500 KV, 586 acres cleared. 

(iii) Effect of Constructed Lines: Consumptive Land Use 

Transmission lines of 500 and 230 kv will be used by the Applicant to transmit 

the approximate 1700 megawatt capacity of the two generating units at this 

facility. Utilization of these high voltage lines will decrease the number of 

circuits, towers and width of rights-of-way necessary to transmit this power. 

For instance, one 500 kv circuit is equivalent to approximately five (5) 230 kv 

circuits in power transmission capabilities. Also, by placing several circuits 
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on one right-of-way, Applicant has minimized the total land area and right

of-way clearing required, while maintaining necessary system reliability with 

at least two major corridors for each line. 

One right-of-way extending south from the power station will accormnodate one 

500 kv circuit and three (3) double circuit 230 kv tower lines, on a 350' 

utility corridor. An additional southerly right-of-way contains two 500 kv 

circuits and one 230 kv double circuit tower line. The right-of-way width 

for this corridor is also 350 feet. Centerline separation between tower lines 

on both corridors meets or exceeds requirements set forth by the National 

Electric Safety Code. Tower line separations that exceed the code requirements 

were made specifically to afford safe and satisfactory construction, maintenance 

and operation of these lines. 

Care has been taken to route the lines through rural and undeveloped areas in 

an effort to minimize their impact on any cormnunities. Uniquely scenic and 

recreational areas and historic landmarks, such as Bacon's Castle, have been 

avoided. A northerly route across the James River near the plant was not 

considered since the transmission lines would have skirted close to the historic 

Williamsburg area. Instead. expansions of the Yorktown Power Plant have been 

undertaken to serve the projected load requirements of the Peninsula area. 

The Applicant has employed a number of techniques to minimize the visual impact 

of the lines upon the environment, including the use of a steel alloy material 

for all tower structures which oxidizes to a russet brown color to blend with 

the predominantly sylvan landscape. The routes have been selected in such a manner 

as to avoid long views of transmission lines parallel to highways and the James· 
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River. Major road crossings have been kept to a minimum, and when such crossings 

were necessary, angles in the line were incorporated to provide crossings at 

sharp angles to the road, thus eliminating long views of the line from the motoring 

public. Natural screening at these crossings was maintained if possible, and 

when natural screening did not exist, steps were taken to plant such screening. 

The line route through wooded areas will provide fire breaks and at the same 

time provide a feeding place for wild game. 

(b) Biological Effects 

It is estimated that the biological effects of transmission line construction 

will tend to increase wildlife production in the immediate area. Right-of~way 

clearing produces what is referred to as an "edge effect". A mature forest 

contains, in addition·.to grass, low-growing species which often provide food 

and protection for small game animals. The resulting right-of-way clearing 

operation provides several hundred miles of transitional zone which is 

beneficial to small game animals. 

(i) Construction: disruption of wildlife or plantlife 

Disruption of wildlife and plantlife by right-of-way clearing and line construction 

is of a temporary nature. The area rapidly revegetates as a result of stump 

sprouting, reseeding and invasion of species which respond to seeding on bare 

soil. Approximately every three years the right-of-way requires chemical re

treatment, which destroys only wooded plant species but leaves grasses and low

level bushes intact. The chemical solutions are not harmful to either birds or 

wildlife which feed on grasses growing in the right-of-way. 
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Rights-of-way benefit wildlife only in forested areas. If the area is already 

clear, there is a neutral effect. 

The difference between right-of-way and the adjoining forest may be compared 

with an abandoned field left to return to forest. There are certain plants 

that seed and colonize a cleared area almost immediately. These alter the 

site somewhat, restrict temperature fluctuations and evaporation by wind, 

and increase the relative humidity. This improvement in the micro climate 

prepares the way for new species to move in and dominate the site. If seed 

is available. pine starts to influence the area in the 3rd or 4th year. By 

the 15th year, crown closure is complete and those species that originally 

.were dominant are shaded out and buried under pine needles. By the 30th year, 

seedlings of broadleaf trees have come up under the pine. In the southeast, 

.the oak-hickory is the climax forest type or the forest type that will perpetrate 

itself indefinitely, barring an unusual disturbance. 

Edge effects are the interspersion of different species of plants over any area 

where forest meets field, forest joins river, or plant meets plant. Wildlife 

utilize those areas that have the greatest edges. 

Plants growing in the rights-of-way grow rapidly, provide cover, and produce 

abundant seed and forage, which is also very nutritious and is readily available 

with a minimum of effort. Wildlife use rights-of-way not only for the necessities 

of life, such as cover and food, but also as places to bed down, sun themselves 

and dry out after a rain. 
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(c) Human uses 

The transmission lines are routed through predominantly rural areas· consisting 

primarily of farm land and forest land. It is known that one family was 

displaced as a result of the line construction. However, this family relocated 

to a newly constructed home which was a considerable improvement over the 

building which was vacated as a result of the line construction. 
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II.II. UNAVOIDABLE ADVERSE EFFECTS 

This section lists the adverse environmental effects discussed in detail 

in section II.I. above. The list is broken down among effects associated 

with construction, physical presence and operation of Surry Units 1 and 2. 

Construction is 95% complete on Surry Unit 1 and 79% complete on Surry Unit 

2. Thus, virtually all of the environmental effects numbered 1 through 13,· 

below, have been incurred and are therefore unavoidable. Any remaining effects 

to be incurred as a result of construction are negligible.· 

The effects numbered 14 through 22 and 23 through 33, below, are uµavoidable 

if the Units are completed and operated. 

It should be emphasized that this list includes all adverse effects, ·whether 

significant or insignificant, is for convenient reference only and should be 

used only in connection with the comprehensive discussion of such effects.in 

Section II.I. That discussion reveals that few of the effects listed bel9~ 

will be significant. 

The following effects have resulted from construction of Surry Units land 2 

(see Section II.I.A.): 

(1) Excavation of earth during construction 

(2) Erosion during construction 

(3) Timber and other flora destroyed during construction 

(4) Wildlife displaced during construction 

(5) Effects of area esthetics from construction 
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(6) Effect of placement of fill on James River 

(7) Chemical waste during construction 
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(8) Construction effects on fish, smaller biota, amphibians, 
and plant life 

(9) Effect on navigation from placement of structures in James 
River and infrequent use made of James River in transporting 
heavy equipment 

(10) Construction effects on fishing, boating, swimming, and o~her 
water sports 

(11) Effects of construction on meteorology 

(12) Effects of construction on air quality 

(13) Construction effects of transmission lines (see Section II.I.C.2.~) 

The following effects will result from the physical presence of Surry Units 1 

and 2 (see Section II.I.B.): 

(14) Use of land for plant site 

(15) Permanent obstacles to wildlife use of land posed by roads 
and site 

(16) Effect of Surry on the local demand for schools, local services, 
fire and police protection 

(17) Visual impact of Surry on surrounding historic sites 

(18) Effect of excavation on subterranean Miocene strata 

(19) Minor effects of the discharge groin on currents of the James 
River 

(20) Effects of the completed plant on micro-meteorology of the site 

(21) Land occupied by transmission lines (see Se~tion II.I.C.2.e,) 

(22) Esthetic effects of transmission lines necessitated by the Surry 
Project (see Section II.I.C.2.e.) 
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The following effects will result from the operation of Surry Units 1 and 2 

(see Section II.I.C.): 

(23) Effects from uranium m1n1ng, and processing, transportation 
and ultimate disposal of fuel 

(24) Effect of water use on the fresh water/salt water boundary 

(25) Effect of intake structure and canal on fish and other life 
forms 

(26) Non-thermal effect on aquatic life from passage to condenser 

(27) Effect from scouring or other physical outfall phe~omena 

(28) Potential fogging effect of thermal discharges 

(29) Effect on aquatic life from heat due to passage from condenser 

(30) Effect on aquatic life from thermal plume entering James River 

(31) Effect of chemical releases on the .:Tames River 

(32) Eff.~ct of radioactive releases during normal operations 

(33) Effects due to radiation exposure from accidents 
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The Code of Virginia, which confers on Vepco a service monopoly in its franchise 

area, also imposes a correlative "duty. to. furnish reasonably adequate 

service and facilities at reasonable and just rates to any person, firm, or 

corporation along its lines desiring same •.. · ." (§ 56-234). The statute 

excuses the power company from its duty of providing service under certain 

conditions beyond the utility's control (§ 56-250); under these conditions, the 

State Corporation Commission, which regulates power companies in Virginia, may 

prescribe rationing systems for the allocation of available power. Under normal 

circumstances, however, the State Corporation Commission may compel the utility 

to perform its duty of service by injunction or mandamus(§ 56-6). Under 

extreme circumstances, the General Assembly may even revoke the utility's charter 

(~ 56-8). 

It is thus clear that Vepco, a power company operating under Virginia law, is 

legally compelled to provide customers within ~ts service area with the power 

demanded by ·them. It possesses no legally compulsive means of controlling or 

regulating their demands for that power. The General Assembly is empowered to 

change the law governing Vepco's service obligations; it could amend the statutes 

either to permit or to require that Vepco not meet local demand. However, short 

of such legislation or of similar legislation by Congress Vepco has no legally 

permissible option but to provide service to anyone in its service area who 

demands it. 
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Nothing in the Atomic Energy Act of 1954, the National Environmental Protection 

Act (NEPA) or any other Federal statute eyidences any Congressional intent to 

pre-empt State law on this point. Moreover, to the extent the Congress has 

declared the public policy of the United States as to adequacy of electric power 

supply, Section 202 of the Federal Power Act declares the objective of "assuring 

an abundant supply of electric energy throughout the United States with the 

greatest possible economy with regard to the proper utilization and conservation 

of natural resources." 

The pros and cons of the Federal Government's adoption of (1) end-use 

allocation of all fuels, including the basic fuels as well as converted energy, 

or (2) deliberate energy curtailment and rationing, may appropriately be 

addressed to Congress, but they are beyond the scope of appropriate inquiry 

in this proceeding even under the broad scope of NEPA. 
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2. Alternative Means of Generation 

The Applicant began considering the possible addition of a nuclear facility 

in 1964. Preliminary evaluation indicated the need for additional base-load 

capacity. The Applicant studied an expansion of its generation facilities 

under a proposed program for mixing new base-load with new peaking equipment 

that would allow for maximum base-load operation of the new, efficient equip-

ment with lower operating costs. Older steam equipment, as well as newer peaking 

equipment, would be used to assist in meeting the peak loads. The study indicated 

the need for new base-load equipment in 1969 and 1971, with the first new major 

peaking addition in 1972. Thus, in 1964, the Applicant publicly announced plans 

1 for a 1972 pumped-storage hydro installation with an initial capacity of 

approximately 340 MW, with provisions for increase in capacity. An economic 

evaluation showed that, when compared on the same basis, nuclear generation was 

more favorable than coal-fired generation. However, to compete with this 

alternative, rail carriers proposed favorable freight tariffs for Applicant's 

Chesterfield Power Station and other generating facilities. This single factor 

shifted the balance of the evaluation to favor installing a coal-fired unit in 

1969 and a nuclear facility in 1971 for the base-load requirements. A summary 

of the 1965 - 1966 generation requirement studies for the 1971 addition follows. 

a. Peaking Considerations 

In reviewing its 1971 requirements, the Applicant determined that no additional 

new peaking capacity, other than the announced pumped-storage hydroelectric 

project, would be required in the years prior to 1973. An economic evaluation 

of this type of project in 1966 revealed its advantages over the other types of 

1There are no major potential conventional hydroelectric sites in Applicant's 
service area. The pumped-storage hydro must be complemented by a large low-cost 
base-load power source. 
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peaking generation equipment available at that time. The initial project was 

scheduled for 340 MW in 1972, to be expanded to 510 MW in 1973, which was the 

maximum firm capacity considered for the project site. 

For the remaining portions of peak and intermediate load, Applicant planned to 

use 458 MW of existing peaking equipment which was normally held in reserve. The 

total peaking capacity scheduled to be in service by 1972, then, was 798 MW 

(including the first year of the pumped-storage project). For 1973 this 

capacity was scheduled to expand by 170 MW of pumped-storage capacity, and 

by an additional 540 MW as another fossil unit that could be used for intermediate 

purposes became operational. Consequently, no peaking capacity was considered 

necessary for the 1971 addition, and Applicant continued with efforts to increase 

its base-load capabilities. 

b. Base Load Considerations 

The Applicant had thus eliminated peaking equipment for 1971 operation. The 

choice now lay between a base-load nuclear unit and a base-load fossil fuel 

unit. The fuel chosen for the fossil fuel alternative was coal. Gas was 

eliminated as a possible fuel since the Applicant had already been denied the 

use of natural gas by the Federal Power Commission as a boiler fuel for gener

ation purposes. Fuel oil was eliminated on the basis of price levels at the 

time and projections made from the existing price level. 

Coal was the most economical, as well as the most available, fuel at that time, 

and thus presented the most favorable alternative to nuclear generation. In 

1966 a comprehensive evaluation of the costs involved in constructing, operating 
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and maintaining both types of facilities was prepared. The results showed 

a significant annual savings in costs - more than four million dollars - in 

favor of the nuclear alternative. The Applicant continued to evaluate all 

proposals and began design of the installation. In 1967 new data were furnished 

on costs of both alternatives. This evaluation indicated an even larger savings 

associated with the nuclear alternative. (See Section II.III.B. below). 

c. The Alternative of Purchasing Power 

Purchasing power did not represent a satisfactory solution to the problem of 

supplying a part of Applicant's base-load generation requirements. First of 

all, no known source could readily supply the large amounts of capacity 

required. Secondly, even had such a source existed, the factors listed below 

raised serious doubt whether purchased base-load power would allow Applicant 

to provide even minimally acceptable service. The major objections were these: 

(1) The Applicant's load center is very close to its territorial 

center. Since the Applicant's service area is relatively large 

in land area and compact in configuration, (32,000 square miles), 

any capacity purchased would be located a minimum of 100 miles 

from the load center. 

(2) With purchased capacity located far from the load center, and 

the need for capacity fixed, at least for the level of firm 

purchase, the Applicant would require additional interconnection 

facilitie& suitable for moving the large bl6ck of purchased 
/-. ' 

power into its service area. In addition, sufficient capacity 

~would be required of these interconnection facilities to sustain 

'the loss of at least one significant transmission line without 
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requiring curtailment of purchases. 

(3) The Applicant would require internal transmission facilities to 

move the power purchased to power-deficient areas. Again, 

sufficient transmission facilities would be required to avoid 

curtailment of load in the event of a transmission line outage. 

(4) The Applicant must provide for relaying the loss of the firm 

purchase from outside its system. If the Applicant has 

sufficient reserve capacity within its system, this is not 

difficult. Should Applicant determine that sufficient in

system reserve capacity would be unavailable, it must also 

arrange for additional reserve capacity outside the system. 

(5) With purchased power coming from relatively distant sources, 

greater transmission losses would be experienced than would be 

the case if the Applicant generated its own power. Since the 

Applicant as a purchaser would have to bear the cost of these 

transmiss~on losses, the unit price of power into its system 

would be raised at least by that extent. 

(6) The Applicant may be unable to exert control over the operation 

of any unit from which it purchases power. While arbitrary 

operation of a unit from which power is purchased is not to be 

expected, the selling company's idea of proper operation may not 

be consistent with the buying company's requirements. Since the 

buyer does not own the unit, it has no choice but to accept that 

portion of capacity which the seller makes available. For 

these reasons the Applicant did not consider the purchase of 

generation from sources ~utside of its system to be a satisfactory 

long-term solution to its generation needs. 



e 

373 

3. Factors Causing Elimination of Certain Methods of Generation or Fuel 

The Applicant did not arbitrarily or automatically exclude from consideration 

any alternative form of generation for any reason. Sufficient lead time was 

available, barring significant delays or slowdowns, to construct any type of 

facility and have it in operation on schedule in 1971. A complete discussion 

of the alternatives of generation by types and fuels is contained in the immed

iately preceding paragraphs. 
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4. Site Selection 

The 1965 evaluation of the estimated growth of area loads within the Applicant's 

system through 1971 showed that a significant gap was developing between the load 

in its eastern area and the generation capacity available to supply that load. 

The Applicant, in 1965, was placing into service its first mine-mouth unit, with 

the second scheduled for the following year.· These units were located at a 

single site west of the Applicant's service area. A 500,000 volt transmission 

loop through the central and northern parts of Virginia was constructed to 

transport the bulk power from the station to these load areas. 

Some consideration was given to the possibility of locating additional capacity 

at another site somewhere in the coal fields. However, the site of the Applicant's 

announced pumped storage hydroelectric facility, scheduled for 1972 operation, 

was expected to be in or near the far western part of its system, and would 

utilize most of the remaining capacity of the 500,000 volt transmission line. 

Construction of additional capacity outside the service area would have 

necessitated construction of another 500,000 volt transmission system to ensure 

reliability and continuity of service. Furthermore, with this addition, 

Applicant would have had almost 40% of its total generating capacity located 

outside of its service area by 1973. Locating the 1971 generation additions 

external to the Applicant's system was discarded after considering the effect 

of these conditions on system operating reliability and efficiency. 

The next step in the search for site locations involved evaluation of existing 

generating station sites. Again, since the load requirement was substantially 

in the Applicant's Norfolk - Portsmouth area, those station siteij located rela

tively far from that area were eliminated because of the expense of developing a 
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transmission network capable of reliably carrying the bulk power required for 

serving the load. The two remaining existing sites, Portsmouth Power Station 

and Reeves Avenue Power Station, were eliminated because sufficient space was 

not available at either to construct and operate a unit of the size under 

consideration. 

It was thus necessary to utilize a new site, somewhere in the eastern area of 

the Applicant's system. The first site considered, Pig Point, was one 

which the Applicant owned just west of Portsmouth. This site was satisfactory 

for a fossil fuel unit, but, because of its proximity to large population con

centrations, was not suitable for a nuclear installation under the then current 

rules of the Atomic Energy Commission. A site on the James River in Prince 

G~orge County, Virginia was considered, but the physical arrangement of the 

land would have required construction of the station within full, unobstructed 

view of several historic plantations. In addition, the land that would have 

had to be acquired to meet AEC requirements included the site of one of these 

historic buildings. As a result of these considerations, this site was eliminated. 

Two other sites appeared to have merit: one in Surry County, Virginia, and 

the second on Currituck Sound in northeastern North Carolina. The Applicant 

began developing transmission plans based on generation located at both sites 

and also at Pig Point. At the same time, a closer evaluation of all three 

sites was undertaken to ascertain the overall adequacy of each. 

The Applicant discovered that, given a generating installation of the ultimate 

size contemplated, the Currituck site did not have sufficient water available 

for once-through cooling purposes. This lack of sufficient water for once

through cooling focused attention on the other two sites, since they did have 

sufficient water. 
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The Surry County site is located on the south side of the James River opposite 

Jamestown Island, a site of considerable scenic and historic importance. 

However, Applicant's studies determined that with the adjacent game preserve 

partially screening the station site and with adjustments in engineering design 

to minimize the view of the station structures from across the river, this site 

appeared to meet all the esthetic criteria for favorable acceptance as well as 

the standards governing the siting of a major nuclear station. 

The use of fossil fuel at the Surry site was never seriously considered. The 

construction of the stacks associated with such a station would have detracted 

from the.scenic view from Jamestown and normal stack emissions from such a 

station would have further increased objections to the installation. In 

addition, the Applicant would have had to construct, or cause to be con

structed, a spur line from the Norfolk & Western Railroad at least 20 miles 

in length to provide for coal deliveries. 

Pig Point had already been rejected as a nuclear site because of its relative 

nearness to the heavily populated Hampton Roads area. But the site was suitable 

for fossil fuel generation, and a spur line railroad track suitable for moving 

in coal already existed. The Applicant, then, had located two sites, one 

suitable for nuclear, and the other for fossil fuel, that would effectively 

serve as permanent generation locations in the general area in which the power 

would be needed. Installation of a unit at Surry would at first require trans

mission facilities in excess of those required if a unit at Pig Point were 

built, however, full development of generation at each site would, of course, 

eventually require nearly identical ultimate transmission facilities. 

The Applicant now had to decide between the two alternatives: nuclear at 

Surry versus fossil fuel at Pig Point. 
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5.Cost Benefit Analysis 

A quantitative cost-benefit comparison of Surry and its fossil fuel alternative, 

evaluated as of the present time, is set out in Section II.III.B. immediately 

below. The chain of decisions actually followed by the Applicant at the time 

the site and type of generation were selected in 1966 is set out in the following 

three sections. The Applicant had eliminated from consideration all but two 

sites and had narrowed the type of generation to one possibility at each site. 

Selection between the two possibilities was primarily based on economic benefits: 

determining which choice would provide the lowest cost of energy. 

a. Pig Point Evaluation 

The evaluation of the installation at Pig Point was based on installation of 

a 665 MW generator in 1971 and the addition of 56 MW of peaking gas turbines 

in 1973 at Portsmouth. Transmission additions were minimal with only one major 

new line required. This plan would have utilized existing or proposed 230 kv 

transmission lines to supply the Norfolk area. The one transmission addition 

would have been a 230 kv line bypassing the Pig Point station. 

The following factors were taken into account in the evaluation: 

(a) Fixed charges on investment in generation, transmission, and 

substation equipment, 

(b) annual operating and maintenance expenses, excluding fuel 

costs, 

(c) fuel oil, coal and coal inventory costs. 

An inflation factor of 3% per year was included in the operation, maintenance 

and fuel costs on this project. 
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b. Surry Evaluation 

The evaluation of the Surry installation was based on the installation of a 

633 MW generator in 1971 with an additional stretch capability of 65 MW to be 

available in 1972. Construction included a 500 kv substation as well as a 

230 kv substation. While the Applicant was able to utilize many lines already 

in service or planned, construction of two additional 230 kv transmission 

lines was necessary. One of these lines was the same as that required in 

the Pig Point evaluation; the other was an 11 mile 230 kv transmission line 

from Surry toward the east. 

The following factors were taken into account: 

(1) Fixed charges on investment in generation,transmission 

and substation equipment, 

(2) annual operation and maintenance expenses, excluding fuel 

costs, 

(3) nuclear insurance, 

(4) fixed fuel charges, 

(5) variable fuel charges. 

An inflation factor of 3% per year was included in the operation and maintenance 

expenses. Inflation had already been taken into account in working out detailed 

nuclear fuel costs and it was not necessary to inflate them further. 

c. Conclusions from evaluation 

The Applicant made a detailed comparison of costs between the two selected 

sites. Based on a fossil fuel cost of 28.8 cents per million BTU, a variable 
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fuel cost of nuclear fuel of 1.58 mills per Kwh, a 3% inflation factor and 

not allowing credit for plutonium produced from the uranium burn-up, the 

Applicant determined that a levelized annual savings of more than four million 

dollars would be realized if the nuclear unit were constructed rather than the 

fossil-fired alternative. A second evaluation, given in Section II.III.B. below, 

indicated levelized annual savings of four and one-half million dollars if the 

Applicant were to select the nuclear alternative. 

d. Selection 

The Applicant reviewed all of the data collected, including marine laboratory 

studies of thermal effects on the James River, and, on the basis of the facts, 

estimates, and evaluations, including the relatively clean profile of the 

nuclear station, and the anticipated economic attractiveness of the nuclear 

alternative, elected to construct the nuclear unit on the Surry site. 

e. Expansion 

Although the initial evaluation was for a unit of approximately 700 MW, Applicant 

expanded this capacity to 820 MW to take advantage of the larger size unit being 

offered commercially at that time. This decision, because of the large advantage 

of nuclear over fossil fuel for base-load units (see Section II.III.B. below) 

reinforced the analysis. 

In addition, based upon a late-1966 review of larger-than expected loads 

during the previous summer, the Applicant determined that an additional 

820 MW of capacity would be required in the same geographic area by 1972. 
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The site was therefore expanded to include a second nuclear unit of 820 MW 

capacity. This was consistent with the Applicant's policy of constructing 

multiple units on its power station sites, where practicable, to take advantage 

of shared facilities and to reduce overall costs. Expansion of the site to 

include Surry Unit 2 would necessarily produce a large economic advantage over 

any fossil-fueled alternative, at no significant increase in environmental costs. 

These advantages will be partially quantified in Section 11.III.B. 
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6. Alternative Methods,;:~f Environmental Control at the Surry Site 

a. Construction Effects 

The principal environmental effects from construction at Surry have already 

occurred. None of the remaining construction activities will create adverse 

environmental effects; thus, consideration of alternatives would produce no 

net beneficial results. 

b. Plant Physical Facility Effects 

The effects of the plant existence and operation are extensively set out in 

Section II.I above. Although no significant adverse environmental effects 

are anticipated from Surry Power Station, there are no aspects of plant design 

or construction which preclude, as a practical matter, consideration of alter

natives which may contribute to the improvement of existing environmental 

conditions. 

(1) Thermal Effects 

Applicant's studies of thermal discharges provide reasonable assurance that 

the operation of Units 1 and 2 as presently designed will be acceptable by 

current water quality standards. Even if ongoing NEPA review should indicate 

that additional measures are desirable, the most logical alternatives would 

not involve any basic redesign of the facilities now being constructed. These 

alternatives include: (a) tempering the station cooling water at its exit 

into the discharge canal and (b) installation of spray systems in the 

discharge canal. Neither of these alternatives would be precluded by 

continued construction of Surry Units 1 and 2 under the AEC construction 

I 
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permits since there is sufficient space to accommodate necessary equipment 

and systems, and nothing in the station design and arrangement prohibits their 

installation. 

(2) Seismic Effects and Effects on Hydrology 

Applicant has conducted extensive studies of seismic effects upon the plant as 

presently designed. These studies are a matter of public record as part of 

the Construction Permit application (SAR Sections 2.3, 2.4 and 2.5). Results 

of the seismic investigations were then used in the· subsequent system and 

equipment analyses. Where modifications were required corrective work was 

performed to reduce the potential geologic effect upon the plant. 

Effects upon site hydrology resulting from radiological releases during station 

operation are minimal (See Section II.I.C.2). 

(3) Effects on Local Ecosystems 

Applicant has in effect large-scale pre-operational monitoring programs which 

will assist in determining the long range ecological impact of the power station. 

The effectiveness of these programs, as well as that of the proposed post

operational continuation programs, is reviewed periodically, and comments 

relative to possible improvements receive proper consideration. In any event, 

continued construction of Surry Units 1 and 2 during the prospective NEPA review 

period will not preclude any improvements in the environmental monitoring 

programs. One example of a recent change in the program is the increase 

in gaseous waste products hold-up time from 20 to 60 days, following the 

suggestion of EPA. 
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(4) Radiological Effects 

The radiological protection and waste disposal systems are believed to be 

consistent with the latest technological developments.and will limit releases 

to small fractions of the existing permissible limits, thus providing no 

significant radiological effects. Should improved technological developments 

become available or more stringent effluent r~lease measures become effective, 

there is no aspect of the station design which would preclude. as a practical 

matter, incorporation of additional treatment facilities. either from a design 

or an operational standpoint. 

c. Alternate Cooling Methods 

Several types of cooling systems could theoretically be installed at the Surry 

Power Station to provide alternate means for coping with the thermal load. 

Applicant has considered several methods, but since there is sufficient water 

available in the river to support once-through cooling without affecting the 

ecological balance of the river, this was the method selected. Other methods 

were not incorporated for this and for the following additional reasons: 

(1) Dilution 

Dilution of the cooling water effluent would require additional expenditures 

for pumping the excess water into the cooling water system, without a net 

reduction in the heat load to the river. The Pritchard-Carpenter studies of 

several discharge configurations exit temperatures and flow rates, for example, 

revealed that neither of the alternate sets of operating conditions would 

change the effluent diffusion pattern or net temperature rise in the river 

significantly. 
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(2) Reservoirs, Lagoons, Cooling Ponds 

The Surry site is not suitable for reservoirs or cooling ponds as means for 

effecting a large water/air interface surface. Since the river itself provides 

much more than adequate surface area, and since the topography of the land is not 

suitable for large water holdup facilities, these alternatives are not feasible. 

(3) Spray Systems 

At the present time, spray or sparger systems in the discharge canal, for 

instance, are not considered necessary nor particularly effective. However, 

should such systems be required in the future, there is no aspect of the cooling 

system design which would preclude their consideration. As noted in section (4) 

below, however, the environmental effects of salt-laden spray from such an· 

installation could have adverse environmental effects. 

(4) Initial Studies, Cooling Towers 

Initial studies and preliminary investigations of the Surry County si~e made in 

1965 indicated that the area would be suitable for a nuclear station. Topographic 

maps of the James River around the peninsula were prepared and indicated that 

adequate river surface area and water volume were available to effectively 

dissipate heat rejected from a nuclear station with an ultimate capacity of 

3000 MWe. The river is about three-miles wide at this point, and flows in 

a semi-circular bend around the site property. There are approximately seven 

miles of water between the cooling water discharge on the upstream side of 

the river'and the intake which is located on the downstream side of the 

peninsula. Because this abundance of river water was available and because 

the configuration of the peninsula lent itself to designing the circulating 

water intake and discharge structure to protect downstream oyster beds, alter

native techniques for providing cooling were not believed necessary. 
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Even so, initial thought and design consideration was given to the installation 

of cooling towers. Further study indicated, however, that they were not feasible 

at Surry. There are not now in operation any salt-water towers of the size 

required for the Surry installation. Preliminary estimates were that two 

cooling towers would be required for each unit and the size of each tower 

would be approximately 370 feet in height and 400 feet in diameter at the base. 

These towering structures would soar high above the 132 foot containment domes 

and as such would be the dominant feature at the power station. It was estimated 

that they would be quite visible from Jamestown and from other points miles away, 

and that their vapor plume would be visible for even greater distances, creating 

an effect which would have been considered esthetically undesirable by many. 

The cooling towers would have had to operate on saline river water which contains 

chlorides or salt in concentrations approaching 20,000 ppm during certain portions 

of the year. These salts would be carried over into the cloud plume and this 

saline "drift" or "mist" would probably have a deleterious effect on.plant life 

and on the environment of the area. With a high deposition rate, the off

site area, particularly the adjacent game preserve,could experience serious 

problems with the growth, diversity and abundance of vegetation. The inherent 

operating and maintenance problems that would be experienced, such as fouling 

and corrosion of installed electrical and mechanical control equipment, were 

of equal concern. 

Costs were not considered in the above analysis since the cooling tower method 

was rejected on the basis of (1) need and expected technical problems, (2) 
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esthetic intrusion upon nearby park and historic areas, and (3) the availa

Lility of the once-through system. Applicant did conduct a study in 1970 for 

cooling towers at its Chesterfield Power Station, however. The expected cost 

for a system which would process 489,000 gpm (58.2% of the requirement, per 

unit, at Surry) of fresh water was on the order of $10 million for forced 

draft wet towers and $19 million for natural draft wet towers. A direct 

comparison of these costs with those which could be expected at Surry is not 

feasible because of the vastly different operating conditions. The figures 

do, however, give a conservative estimate of what such an installation at 

Surry could be expected to cost should it be considered at a future time. 

d. Alternative Chemical Waste Disposal Systems 

All chemical additions utilized in maintaining efficient support systems at 

the facility will either be diluted or neutralized to the extent that their 

environmental impact will be negligible. Any sources of chemical addition 

that normally exist in fossil fired plant operation that could have a significant 

environmental impact are not employed at Surry. Condenser .cleanliness is required 

at any power facility to help maintain the efficiency of the units and this 

is normally achieved by either a mechanical system or through the use of a 

biocide such as chlorine. Introduction of elemental chlorine into the 

circulating water reduces biomass build-up by destroying the organisms as 

they pass through. At Surry a mechanical system is employed at an approximate 

installed cost of $507,000/unit whereas a biocide system could have been in

stalled for approximately $54,000/unit but the impact on the environment would 

have been more pronounced. The mechanical system accomplishes a high degree of 

cleanliness by the wiping and polishing action of sponge rubber balls as they 

pass through the condenser tubes pushing out the bipmass. Applicant has thus 

installed a much more expensive alternate system to reduce the overall environ

mental impact. 
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e. Alternative Radioactive Waste Systems 

Consistent with Applicant's program of continuing reviews, the design and 

operation of the Surry Waste Disposal System has been reviewed and compared 

wi~h the information that has been presented on other announced systems having 

essentially zero or minimal release characteristics. The Westinghouse 

"essentially zero release" system is designed to be inc.orporated in units to 

be constructed later in time than Surry, such as 1976 or 1977, since portions 

of the system require further component development. The present Surry system 

is designed to restrict releases of radionuclides td a fraction of the 

10 CFR 20 limits and the Applicant plans to use this equipment to its 

fullest practical capacity in order to meet these requirements. As shown 

below, the basic difference between the "zero release" system and the Surry 

system is one of operating philosophy. 

The boron recovery system for Surry (which evaporates reactor coolant prior 

to the normal waste disposal in order to reclaim boric acid and primary grade 

water for future use) provides approximately 360,000 gallons of storage t'or 

both letdown and primary water make-up. This capacity provides substantial 

flexibility in water reuse during load follow cycles and consequently minimizes 

the discharge of liquid effluents from the plant. Boron recovery at Surry will 

be accomplished by evaporators instead of the ion exchange methods under develop

ment for a proposed "essentially zero release" system.· This evaporation process 

is well known and has been demonstrated to be of proven value in virtually all 

nuclear plants which have radioactive discharges of only a few percent of the 

maximum permissible concentrations. 
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Low level wastes are treated essentially the same in both systems. High level 

liquid waste mechanisms in both systems permit recycling of purified effluent 

back to the reactor make-up system to reduce tritium and other radioactivity 

release to the environment; however, in the current design for Surry, strict 

100% recycling is not anticipated, even though the capability for such recycle 

exists, and primary grade water management operations will balance tritium levels 

in the reactor coolant system with tritium releases to the environment to ensure 

that maintenance operations and the safety of stat{on personnel are not jeopardized 

while releases to the environment are kept to a minimum, only a few percent of 

the maximum permissible concentration (MPC). 

The desirability of strict 100% recycle of tritiated water is questionable at· 

this time because: 

(1) Due to the long half-life of tritium, its equilibrium concen

tration in the primary system components could continue to build up to un

desirable exposure levels in the reactor containment for station personnel. This 

would have the adverse effect of limiting ~eady access to tµe containment for 

performing maintenance and safety related tests. It could thus affect the 

reliability and eventually the safety of plant operation. Furthermore, during 

refueling operations, there is no practical method of removing tritium from 

water vapor in the containment atmosphere prior to purging, so that some 

radionuclide releases would have to occur. The proposed method of waste 

management of tritiated water at Surry will allow for maximum recycle consis

tent with ensuring that radiation exposures to station personnel will be kept 

within allowable limits, and maintaining the tritium release to the environ

ment below MPC. 
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(2) Use of purified liquid water for primary plant make-up has the 

potential for accidentally contaminating the reactor coolant system with 

relatively high levels of such deleterious ions as chloride and fluoride, 

Fluoride contamination, with its potential for corrosive effects on the 

Zircaloy fuel cladding is of particular concern. Present Surry waste manage

ment policy of a balance between recycle and controlled release of 

tritium will avoid this problem. 

In the Surry Station, the reactor coolant letdown is treated in the boron 

recovery system to produce a concentrated boron solution and purified water, 

and the effluent water can then be stored for reuse as primary water make-up. 

The concentrated boron solution can also be stored for reuse. To ensure 

that mechanical failure or lack of water storage capacity does not result in 

the need to dump primary grade water during a period of high reactor coolant 

letdown, such as during back-to-back heatup of two reactor plants, redundancy 

of pumps, heat exchangers, evaporators, and other processing equipment is 

provided. In addition, water storage of approximately 360,000 gallons for 

letdown coolant and 360,000 gallons for purified water make-up is provided. 

This compares favorably with a reactor coolant system volume of approximately 

68,000 gallons/unit. 

The "essentially zero release" system and the Surry waste gas systems are 

similar in concept except for the disposal of the end product gas. The Surry 

system presents the recycling of gas back to the reactor coolant system to 

minimize the discharge of gas to the waste handling system. During recycle, 

no gaseous activity would be released to the environment. The Surry gaseous 

waste disposal system also includes a catalytic recombiner to remove hydrogen 
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from the gases, thereby reducing the volume of waste gases entering the waste 

gas decay tanks. In the "essentially zero release" system it has been pro-

posed that the radioactive waste gases be bottled and stored on-site for 

eventual disposal off-site. Although the Surry design is compatible with such 

waste disposal techniques, we believe further analysis is required to make 

certain that such a technique would not advers_ely affect plant safety and 

operation. 

The Applicant is continuing to study and evaluate the various techniques and 

other aspects of the evolving technology in the area of radioactive waste 

disposal and believes that the Surry design provides sufficient flexibility to 

incorporate new concepts and techniques that are shown to be feasible and of 

practical value in further reducing the releases from the Surry Station. 

f. Transmission Effects 

Applicant has designed and constructed the transmission network at Surry Power 

Station to minimize its impact to the environment. By utilizing 500 kv circuits 

which are each equivalent to approximately five (5) 230 kv circuits, the 

right-of-way required was greatly reduced as well as the number of corridors 

needed to transmit 1640 megawatts capacity. In addition to reducing the total 

area required to transmit the power, Applicant has also employed a number of 

techniques to minimize the visual effect on the environment. These techniques 

include the use of steel alloy material for all tower·structures which oxidizes 

to russet brown color that blends with the predominantly wooded landscape. The 

transmission routes have all been selected in such a manner as to avoid long 

views of transmission lines parallel to highways· and rivers, scenic attractions, 

and crossings. Natural screening was maintained wherever possible. 
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When clearing the rights-of-way, all property owners were given the. 

option of cutting their own timber or allowing the Applicant to remove the 

timber after acquisition. Therefore, the timber harvested under this arrange

ment was not los~ because of right-of-way clearing operations. 
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·As set out in Section II.III.A. above, the immediate power requirement in the 

Applicant's service area is for 1640 MWe of base-load capacity near the Norfol~

Portsmouth load centers. The purpose of this section is to compare the eGonomic 

and environmental costs and benefits of meeting this requirement through Surry 

Power Station with those of available alternatives. This comparison shows 

that the generation of nuclear power at Surry has clear advantage over any 

alternate power source now available to the Applicant and can provide.the power 

needed at a lower cost than any presently feasible alternative.* 

*All of the following discussion must be read together with Section II.III.A. 
which discusses in detail alternative sites, means of generation and methods of 
environmental control. 

It should be further emphasized that the comparable costs given herein are 
costs to the Applicant only. Applicant's actual costs are of course important.to 
the rates it must charge its consumers. Unless increases in Applicant's costs 
are offset by other system economies, they must be passed on eventually to 
Applicant's consumers. Often because of the effect of income taxes, rate 
increases must be greater than the cost increases in order to produce the 
return on investment allowed by regulatory authorities. Increases in costs to. 
the public through rate increases resulting from requiring alternatives to the 
proposed action may in many instances exceed the costs to the Applicant set forth 
above. 
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2. Benefits from the Project 

The value to society (a "benefit") of the electric energy to be supplied by 

Surry Power Station is properly measured by the price consumers would be willing 

to pay for that electric energy. The price consumers actually do pay is below 

this level (in this case principally because it is regulated) and, therefore, 

. 1 
greatly understates the value of the benefits the consumers derive. 

Nevertheless, a bare minimum value for the benefit of the electricity supplied 

by Surry can be derived by multiplying the total generation by the average price 

per kilowatt-hour paid by all customers for their electricity purchases from 

the Applicant in 1971. Surry is expected to generate 3 .. 73 billion Kwh after 

start-up in 1972, and 8.2 billion Kwh thereafter annually, averaged over the 

expected 30-year economic life of the two units. 

The latter figure represents an annual figure of 1640 MWe at 57% load factor 

(5000 hrs/yr). 
: 2 

The average price paid by the customers of Vepco in 1971 was 

1.64 cents per kilowatt-hour. On this basis, the direct benefit of electricity 

expected to be supplied by Surry is $134 million annually. This compares 

with annual costs for generating this quantity of electricity of $33.2 · 

million, excluding capital costs of construction already incurred, and $72,4 

million with these capital costs included. 3 

1No attempt has been made at this time to estimate the value of the benefits 
based on prices consumers would be willing to pay. To do so would require an 
analysis of the price elasticity of demand (the percent change in demand for a 
given percentage change in price). The lower the elasticity (the less responsive 
demand is to changes in price) the greater the benefits exceed the actual price. 
Elasticity of demand for electricity, it is generally agreed, is less than un~ty, 
i.e., demand changes less than proportionately to the change in·price. 

2 12 months average through September 30, 1971 on sales of 24,459,791,000 Kwh. 

3The capital costs considered are the $65,000,000 remaining to be expended on 
the project and the previous expenditures of $305,000,000. Transmission and 
distribution costs are not included in the calculations since these would be 
relatively the same for any type of power source. 
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Other benefits from the existence and operation of Surry Power Station, som~ 

of which would accrue from an alternative means of generation, include: 

a. Educational and tourist benefits from the Visitor Center; 

b. Improvement to the game preserve; 

c. Creation of additional employment; 

d. Increase in the local tax revenues. 

Since quantitatively the benefits from the power constitute the greatest portion 

of total direct benefits, only the power benefits will be considered in this 

analysis. Also because these benefits greatly exceed the costs of the project, 

as set forth hereinafter, we need not attempt to quantify indirect benefits 

from the project for this analysis. 

Calculated on the same load factor and capacity basis, an alternative source 

of the same quantity of electricity would provide the same benefits. For the 

purposes of this cost-benefit analysis, therefore, the controlling objective 

is to determine the difference between the cost of generation supplied by 

Surry and the cost of electricity from available alternatives, including, in 

both cases, the cost of their respective environmental effects. 
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3. Available Alternatives 

This section will set forth the alternates which are theoretically available 

to the Applicant and will show that, for one or more reasons in each case, 

the alternate is either not feasible for this specific power need, or else 

is not legally permissible. 

a. Not Providing the Power 

As noted in Section 11.III.A.l above, failure to supply the demand for electricity 

is not an acceptable alternative under present law. The Applicant must, 'there-· 

fore, meet its obligations under State law and plan to satisfy the anticipated 

demands for its service, and as these demands increase with population and 

economic growth so must the Applicant continue to enlarge its system capabilities. 

The continued growth in the economy of the area served by the Applicant, 

particularly in the urban corridor of Virginia running from Washington, D.C. 

through Richmond to the Hampton Roads area, is also expected to increase greatly 

the public demand for electricity for such general purposes as schools, hospitals 

and street lighting. Associated with this public demand is the need for reliable 

electric service to many defense oriented facilities in Applicant's service •re,. 

Furthermore, there is an increasing need for electricity to reduce present 

environmental effects by means of rapid transit, sewage treatment, recycling, 

and a wide range of other services. 

The question, then, is whether any alternative to Surry for supplying power would 

be preferable, taking into account both the direct economic costs and the cost 

of the environmental impacts of each. 

. I 
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b. Alternative Methods of Generation 

As noted in Section II.III.A. above, the original 1966 choice between alternative 

methods of generation was in favor of a nuclear station at Surry versus a coal

fired station at the Pig Point site near Portsmouth. At this time, however, the 

most attractive alternate fuel source is oil. In order to meet anticipated air 

pollution standards, any new fossil-fired station will have to be designed for 

low sulfur, low ash content fuel. Low sulfur oil is presently available for 

this use (October 1971 price, delivered, is in the range of $h0-.70/10
6

BTU. Applicant 

has recently conducted studies of coal having low sulfur and ash content and has 

determined that the quantities needed for a 1640 MW alternate station are not reliably 

available and that the small amounts which possibly could be located would be 

comparably priced at at least $0.65 per million BTU. Furthermore, since coal-

fired units in Applicant's system presently require an additional $10/kw of 

capital funds, the costs of a coal-fired station are clearly greater than those 

of an oil-fired station. Thus, at this time, coal does not provide a feasible 

alternative to the Surry nuclear station. 

Natural gas also is not a viable alternative. A sufficient natural gas supply 

cannot be made available in adequate quantities because of the present gas 

supply shortage. This shortage is evidenced by the fact that limitations on 

gas usage are presently in force in certain areas of Virginia. 

Combustion turbine peaking units do not represent a feasible alternative to 

base-load units, whether fossil or nuclear. These peaking units are designed 

to operate for only a relatively few hours during the year; operation over 

extended periods of time can be attained only with drastic reductions in 

capacity. Operation of combustion turbines much in excess of 1,000 hours 

annually at rated peak load would require an extensive maintenance effort 
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resulting in very high maintenance and replacement costs, and would impair 

their essential availability during the relatively short peak periods. Such 

peaking units, therefore, cannot substitute for base-load units designed to 

operate around the clock for many thousands of hours annually. In addition, 

'peaking turbines are extremely costly sources of power. While their capital 

cost is somewhat lower than the cost of base-load units, they normally use very 

expensive No. 2 fuel oil or jet fuel, either of which costs much more than the 

oil consumed in steam boilers. Furthermore, their thermal efficiency is about 

one-third lower than the thermal efficiency of base-load steam generation. 

Their extended use, therefore, would have a significant adverse effect on fuel 

supply and would add to the costs of generation. 

c. Purchased Power 

The purchase of power from other electric utilities is not a feasible alternative. 

As described in the Applicant's '~equest to Continue Construction of Surry 

Power Station", dated October 9, 1971, and filed in Docket Nos. 50-280 and 

50-281 pursuant to Section E of Amended Appendix D to 10 CFR 50, in the absence 

of Surry, and given the possibility of delay or suspension of other nuclear 

units in neighboring systems, the power supply situation in Virginia will be 

marginal at best and the Applicant will have a precariously low reserve margin 

for the summer of 1972. Almost continuous investigation over the past two 

years of the possibility for obtaining supplementary supplies of power from areas 

outside Virginia indicates a lack of availability of adequate capacity for this 

purpose in adjoining areas. This power supply situation is discussed in Section 

I.E. of this Environmental Report. 

Construction of an oil-fired base-load plant (two or more units at the site) is 
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the only feasible alternative. 

4. Costs 

The Applicant's original choice was between a nuclear unit at Surry and a coal

fired unit at Pig Point. However, because the Applicant now needs two new units 

and because coal is no longer the least expensive fossil fuel in the site area, 

the following analysis will compare a two-unit nuclear plant at Surry with two 

replacement oil-fired units of equal capacity which might be built at the Pig 

Point site, based upon present costs. 

Whenever accurate quantification has been unavailable, conservative assumptions· 

are used to complete the analysis. The discussion proceeds in accordance with 

the following general outline: 

a. A comparison of the direct costs associated with the nuclear and oil-

fired alternatives, based upon present capital costs and fuel prices, and 

a comparison of the nuclear and coal-fired alternatives based upon the 

original 1966-1967 studies. 

b. A discussion of the unquantifiable costs which must be considered 

in addition to the direct costs of each alternative. 

c. A discussion of the comparative environmental costs of each alternative. 

a. Direct Costs 

The costs of electricity generated by Surry and by two alternative oil-fired 

~ units which might be built at Pig Point as a replacement are as follows: 
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TABLE II.III.B.4-1 

Surry-Nuclear Surry-Nuclear 
(including (excluding 

capital costs capital costs Pig Point 
expended) expended) .Oil-Fired 

Plant capital cost (million) 

Expended $305 $244
5 

Remaining 65 $ 65 

New site capital cost 106 

Total (million) .$3704 $ 65 $254 

Capital cost ($/Kw) 226 39.6 155 

Cost per Kwh (Mills): 

(a) Capital (5000 hrs/yr) 
7 5.81 1. 02 3.97 

(b) Operating & Maintenance8 0.50 0.50 0.50 

(c) Special Insurance9 0.20 0.20 

(d) Fuel 2.3310 10 
6.1211 

2.33 

Total B.84 4.05 10,59 

Annual cost (million) $72.4 $33.2 $86.9 

4Total estimated cost for the project in 1971 prices. 
5cost of 1976 oil-fired station, reflected in 1971 prices. 
6 Base unit used for costs in (5) is an addition to an existing plant. This 

number is added to account for site area and development costs and additional 
cooling water system costs. 

7capitalization rate, 12.8%, 30-year life. 

81ncludes normal insurance. 
9Additional liability insurance cost for nuclear plants. 

1°Fuel cost (levelized) including carrying charges 
11october 1971 energy cost from using 1% sulfur oil assuming 6.2 x 106 BTU/BBL, 

9260 BTU/Kw heat rate, and $4.10/BBL, delivered. 

I 
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As Table II.III.B.4-1 shows, the di.rect cost of electricity from an oil-fired 

replacement alternative is more than the cost of electricity generated by Surry 

(nuclear) -- 10.59 mills/Kwh compared to 8.84 mills/Kwh - even when the capital 

costs already incurred at Surry (sunk costs) are included. With this approach 

the total costs on an annual basis are $86.9 million for the oil-fired un~ts 

.~ and $72,4 million for Surry. 

It is correct, however, for purposes of this cost-benefit analysis, to exclude 

from Surry' s costs those capital expenditures already ,incurred. They cannot be 

eliminated by cessation of construction and the construction of an alternative 

generating source. Indeed, this is exactly how capital costs of all units are 

treated when scheduling their generation. As shown in Table II.III.B.4-1, the 

capital costs remaining to be expended to complete the Surry plant are $65 

million, compared to the $305 million previously expended. Exclusion of these 

previously expended costs would result in a nuclear cost of 4.05 mills/Kwh, or 

$33.2 million per year for the station energy output. Plainly, the removal of 

the $305 million of sunk costs places Surry in an even more favorable economic 

position compared to that of the most feasible alternative. 12 

Stated another way, complete abandonment of the Surry site would cause a ioss 

of the $305 million, in addition to contract severence and shutdown costs, already 

invested. At the present carrying charge of 12.8% this amount would represent 

$39, 2 million per year. It should be included as a cost of the alternative oil-. 

fired units if it is not subtracted from the total capitalized cost of Surry, 

12-rhe cost comparison between Surry and an alternative oil-fired station at 
Pig Point has been presented on the basis of costs as they would be incurred today. 
However, if we project back in time to when the decision was made to construct 
Surry, the nuclear cost advantage still resulted. This original comparison w.as 
between a nuclear station at Surry and a coal-fired station at Pig Point. The 
comparison was as follows (at its up-date on April 1, 1967), with prices estimated 

-continued-



401 

Viewed in this light, yearly costs (without regard at this point to the need 

for replacement energy while the oil-fired alternative is built) would be 

represented as follows: 

Surry (Nuclear) Oil-Fired (Pig Point) 

Remaining Costs $33.2 million $86.9 million 

Sunk Costs 39.2 39.2 

Total $72.4 million per year $126.1 million per yea+ 

The capital costs shown in the above table for the oil-fired alternative have 

been estimated on the basis of plans for oil-fired units which would b~ in 

service in 1976. The capital costs have been converted to mills per kilowatt

hour on the basis of 5000 hours use annually and 1971 dollars. This method of 

comparison, however, tends to understate the cost advantage of the nuclear units, 

since over the useful economic life of the plants the annual hours of operation 

of the oil-fired alternative are likely to decline much more rapidly than those 

of the nuclear ·units. Nevertheless, to be conservative and for purposes of 

simplification, it has been assumed that both the nuclear and fossil fuel units 

will have the same number of hours of operation. 

12-continued-

at that time, for 1971: 

Capital cost ($/kw) 
Annual fixed charges(mills/Kwh) 
Operating, Maintenance(mills/Kwh) 
Insurance (mills/Kwh) 
Fuel (mills/Kwh) 
Power Cost (000) 

Mills/Kwh 

Surry (nuclear) 
146 

2.57 
0.51 
0.13 
1. 79 

$24,715 
5.00 

Pig Point (coal-fired). 
121 

2.34 
.352 
.015 

3.21 
$29,221 

5.92 

These figures are for an 820 MW coal-fired unit and an 800 MW nuclear unit, with 
"stretch" to 820 MW. There is a predicted nuclear advantage of $4.5 million per 
year. By constructing two units at Surry, Applicant increased this advantage, 
since several systems could be used in common by both units (e.g., fuel building, 
boron recovery system), reducing the capital cost per unit of energy. · 

Even though the capital cost .of the nuclear plant has increased rapi~ly over 
the last several years to $226/Kw, capital costs of fossil plants have also increased 
considerably, and the fuel differential cost (fossil vs. nuclear) is increasing. 
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Once the generating units of an electric utility system are operational, they 

are assigned load in accordance with incremental costs; i.e., for any given 

increase in system load the generating unit with the lowest cost increment for 

the increase is assigned the additional load. The most important incremental 

cost factor is fuel cost. Since, over time, oil prices are expecfed to rise. 

more rapidly than nuclear fuel prices, the total annual hours of oper~tion 

for the oil-fired alternative are likely to fall more rapidly, and the total 

kilowatt-hours produced over the life of the oil-fired alternate unit on which 

to base the capital cost changes can be expected to be.lower than shown here. 

The total generating cost per kilowatt-hour would thus be raised. 

The fuel costs per kilowatt-hour of energy generated also understate. the advan

tage of the nuclear unit. Over the useful life of the nuclear unit, its fuel 

costs are expected to rise much more slowly than 1% sulfur oil prices. Indeed, 

if the rate at which nuclear units are installed should be retarded, the resulting 

upward demand pressure on oil supply could be expected to aggravate pressures for 

increases in oil prices. In any case, there appears to be little prospect of a 

significant reduction in oil prices below present levels so that the use of 

present prices tends, again, to understate the nuclear advantage. 

Should it become necessary to replace the capacity of Surry with an oil-fired 

generating station at Pig Point the earliest that such a station could be brought 

into.service would be 1976. 13 During the period 1972 - 1976, replacement capacity 

13The four-year period is a conservative minimum, especially when considering 
a two-unit station. It is probable that this time period should be extended by 
one or two years, considering the necessary environmental review and licensing 
procedures. 
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and energy would have to be provided, assuming that the capacity and energy could 

be obtained, to replace the capacity and energy expected to be supplied by Surry. 

Assuming current fuel costs hold for the 1972 - 1976 period, replacement power 

would cost at least an extra $68.0 million14 which must be added to the cost of 

the oil-fired alternative. The additional generation would be supplied either 

by purchase of available power, or by the use of peaking equipment with more 

intensive use of existing plants on the Applicant's system. As indicated earlier, 

units are assigned load on the basis of incremental cost with newer, more 

efficient generating units being loaded first. The increment in generation 

required by the shutdow1.• of Surry, therefore, would greatly increase the generation 

supplied by the older, less efficient, higher cost fossil units. Increased use 

of these units will, of course, result in increased emission of the .various air 

pollutants that they produce. Indeed, failure of the Surry nuclear units to come 

on line would jeopardize compliance with air quality standards in at least one 

case, since Applicant now has a commitment to the Commonwealth of Virginia to 

retire its Bremo Units 1 and 2 (30 MW total) when Surry 1 and 2 attain commercial 

operation. Applicant currently has a variance from air quality standards based 

on this commitment and utilizes these units only when necessary to supply peak 

load demands. 

14Replacement of 28.3 billion Kwh over the four-year period@ 2.4 mills/Kwh 
differential cost. This differential cost assumes that replacement power would 
be available and represents the difference between nuclear costs and .average 
system generation costs. There is no provision for increased capital costs to 
install replacement capacity for a portion of the time period. Costs of energy 
from the older plants would, of course, be much higher. 
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b. Unquantifiable Direct Costs 

The complete abandonment of Surry would necessitate producing replacement 

energy equivalent to that in 43 million barrels of oil during the 1972-1976 

period, based on a heat rate of 9260 BTU/Kwh and 6 million BTU per barre115 of 

oil. By comparison, the tot~l amount of oil consumed by the Applicant in the 
'I 

first 9 months of 1971 amounted to l~.5 million barrels. In changing existing 

coal-fired units over to oil, the Applicant has found that it could not arrange 

for long-term contractual connnitments at a fixed price for the needed oil supply. 

In order to assure a continuing supply of oil it was necessary to grant subscantial 

price increases. Apart from the difficolties which may be encountered in ob

taining the needed increase in oil supplies, it is likely that still higher 

prices will have to be paid to obtain so large an additional quantity of oil, 

either by the Applicant or by other utilities which would supply replacement 

power. The above estimate of the cost of replacement energy on the basis of 

current oil prices is, therefore, conservative.16 

It is clear, from a comparison of direct costs, that the nuclear plant under 

construction at Surry is far superior to the next best alternative available 

at this time. This is also true if the costs of environmental effects are 

included. 

c. Environmental Costs 

The major environmental impacts of construction of Surry have already been 

15some degree of conservatism is employed in this heating value of oil. 

16Increased oil prices are not likely to be confined to the particular utility 
concerned. The increased demand for oil to replace nuclear capacity would tend 
to result in oil price increases for all consumers. Indeed, to the extent that 
such demand and price increases are concentrated on low-snlfur oil in view of t.he 
limited supplies of such low-sulfur oil, co~sumers, where feasible, would ten~ 
to shift to the higher sulfur product. The result may be no net gain in air qua:)..ity 
from the national point of view and there may even be a deterio~ation. 
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produced. No large additional environmental effects of construction at the 

site would be incurred as a result of continued construction and operation of 

the units. Thus, this aspect of the environmental effects of Surry resulting 

from continued construction and operation has a negligible cost. The construction 

of an oil-fired alternative in lieu of Surry, however, would require the 

development of an additional site earlier than it would normally have been 

developed and, ultimately, the development of an altogether new site. The 

plant and its oil storage facilities would require the disturbance of a minimum 

of 250 acres together with the erection of the necessary structures. In 

addition it would require the construction of oil delivery facilities capable 

of handling oil tankers and barges, ash retention and disposal facilities, and 

transmission facilities. 

The major environmental effects of the nuclear and oil-fired units which need 

to be compared are those which result from the condenser cooling water system 

operation and from radiation releases. As described in Appendices B, C and F of 

this Report, extensive studies have been made of the aquatic environment in the 

Surry area. These studies have indicated that no significant effect upon the 

aquatic environment would result from the operation of the condenser cooling 

water system. 

On the basis of the studies that have been carried out, it can be concluded 

that the cost of the thermal impact on aquatic ecology from the operation of 

Surry will be virtually negligible. It can be assumed that these effec~s would 

be essentially the same with oil-fired units at Pig Point having the same type 

of condenser cooling water system. Whether the generating units were nuclear or 

oil-fired, they would be designed to meet the same water quality cr.iteria imposed 
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by State regulation. The costs for doing so at each site are incorporated in 

the capital costs for each alternative outlined above. Therefore, there is no 

reason to expect any difference in the cost of the aquatic effects of Surry and 

an oil-fired alternative at Pig Point. They are both virtually zero. 

Although the studies and experience to date indicate that there is no sig

nificant effect on the aquatic environment of the once-through condenser cooling 

system employed at Surry, alternative cooling systems have been investigated. 

Given the fact that there are no significant adverse effects on the aquatic 

environment of the condenser cooling system and that the thermal discharge of 

the condenser cooling water meets the State water quality standards, howeve~, 

there would be no significant environmental or other benefits to be gained from 

the substantial additional expenditures that would be required for their 

installation. 

The second major environmental cost to be considered is that resulting from 

the radiation effluent of Surry and the gaseous and particulate effluent of the 

oil-fired alternative. The monitoring program at Surry and its vicinity 

described earlier, will continue in the future during operation. The expected 

normal gaseous and liquid radioactive releases from Surry have been descriped 

earlier in Section II.I.C.2 and Appendix C. These radiation releases are expected 

to amount to only small percentages of the levels permitted by AEC limits and 

to have no adverse environmental effects. It is concluded, therefore, that the 

environmental effects of normal radiation releases from the Surry plant will 

have virtually no costs. 
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As described earlier in Section 11.I.C.2.d., various types of accidents which 

have been postulated by the AEC do not materially increase the total radiation 

releases to the environment of this plant. Therefore, the cost to the public 

from such accidents would also be negligible. 

The oil~fired alternative to Surry would effect air quality. Oil~fired units 

would have an optimum heat rate of about 9260 BTU per kilowatt-hour and would 

therefore consume approximately 75,800 billion BTU annually or 12.6 million 

barrels of oil. Assuming that 1. 0 percent sulfur oil can be made available 

in sufficient quantities, such a station would emit approximately 43,600 tons 

of so2 annually. 

A measure of the cost to society of environmental effects is the price soci~ty 

would be willing to pay in order to avoid those effects. The Octol;>.er 1971 pric1p 

of 2.9 percent sulfur oil in the Virginia area averaged $2.30 per barrel; 1% 

sulfur oil was $4.10 per barrel. Thus the market value of a reduction in sulfur 

content of oil by 1.9% was $1.80 per barrel. On this basis, a reduction of 0.1 

percentage point in the sulfur content would appear to be worth 9.47 cents per 

barrel. The sulfur emissions, therefore, associated.with an oil-fired station 

using 12.6 million barrels of 1.0 percent sulfur oil annually wouid have a 

minimum annual environmental cost of $11.9 million per year based on the price 

that now exists for a 0.1 percentage point reduction in the sulfur content of 

17 the fuel. 

Particulate emissions of alternate oil-fired units would be about 4810 to~s 

annually. At present, Federal regulations do not require particulate removal 

17clearly, this is a conservative estimate since at each step the next level 
of reduction in sulfur content becomes more costly. 
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from oil-fired effluents; however, the price for the oil-fired station used 

in the comparison above includes mechanical collectors which are 75-80% 

effective, and which Applicant is now providing on its oil-fired stations •. 

It is estimated that particulate collectors to remove $)9.5+ percent (assuming 

it were technically possible, as it is not), would cost an extra $4.0 per 

kilowatt of installed cost. For a 1640 megawatt alternative, the environmental 

effect of the particulate effluent would be equivalent to $6.56 million in 

capital costs. The annual capitalized operating costs of the collectors would 

greatly increase that figure. 18 

In addition to this effluent of so2 and particulates from the oil-fired alterna

tive, if extensive use of older generating units in the 1972-1976 period were 

necessary to generate replacement power until the new units could be completed 

and brought into service, effluents of so2 and particulates would increase even 

more. Furthermore, if these older units are needed to satisfy load requirements. 

during this period, their retirement, if scheduled would necessarily be delayed. 

Thus, the table on page 399 with the envirornnental costs included would be as 

follows: 

Surry Surry 
(including (excluding 
sunk costs) sunk costs) Pig Point 

Capital Cost ($/kw): 
Plant $226 $39.6 $155 
Particulate Emissions 4.0 
Total $226 $39.6 $159.0 

Cost Per Kwh (Mills): 
Capital (5000 hrs annually) 5.81 1. 02 4.07 
Sulfur Emissions 1.46 
Fuel 2.33 2.33 6.12 
Operation and Insurance 0.50 0.50 0.20 
Insurance 0.20 0.20 

Total 8.84 4.05 12.15 
Total Yearly Cost (Million) $72.4 $33.2 $99.6 

18As is the case of sulfur content, the higher the precipitator efficiency 
the more costly the next step in efficiency becomes. 
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5. Summary 

Consideration of a conservative comparison of costs and benefits for Surry. 

Power Station and its alternatives has clearly demonstrated that no feasible 

alternative is available for supplying the power required at economic or 

environmental costs lower than those for Surry. 

The benefits which will accrue from the existence and operation of the power 

station may be evaluated at a minimum of $134 million per year. The annual 

direct costs for providing these benefits with Surry Power Station would be. 

$33.2 million with sunk costs excluded and $72.4 million if one were to consi4er. 

·all capital expenditures for the project. 

To produce the same benefits with an oil-fired alternative station, the 

annual costs would be $86.9 million, excluding environmental costs, and $99.6 

million with environmental costs included. 

Thus, using the approach least favorable to nuclear, the costs of the oil-fired 

alternative units would exceed the costs of Surry by $27.2 million annually. 

On this basis, over the 30-year life of the project, the cost of oil would 

exceed the cost of nuclear by $816 million. Using the approach appropriate 

for a cost-benefit analysis and thus excluding the capital costs.of Surry 

already incurred, the costs of the oil-fired alternative units would exceed 

the costs of Surry by $66.4 million annually or $1.99 billion over the life 

of the project. 

In both cases th~ cost of replacement energy required during construction of 

the alternative oil-fired units - an additional cost of these units, estimated 
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at $68.Q million - has been omitted. 

In conclusion, therefore, it is clear that.continuing with the constr1,1ctiori 

and operation of Surry Power Station, both from environmental and economic 

considerations, is justified and would provide the benefits sought at a lower 

cost than any feasible alternative. 
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The short term use of the Surry site and of the necessary fuel resources by 

this generation and the next is for the conversion of heat energy to electrical· 

energy using a pressurized water reactor. The facility will not produce the 

airborne products of fossil fuels combustion such as sulfur dioxide, oxides of 

nitrogen and flyash. There will be no emission of particulate matter, and no 

massive daily shipments of fuel. No large land areas will be covered with 

solid waste (ash). The electric power generated is required for the health, 

safety and general well-being of all persons living with the Applicant's 

s.ervice area. 

In addition to the relatively clean production of electrical energy the short 

term uses of the Surry area will be enhanced by the creation of a~ improved 

water fowl refuge area which will indirectly serve local residents as well ·as the 

Tidewater area. 

The control of radioactive by-products is fully discussed herein and there is 

adequate assurance that these will not have any substantia) adverse effects 

on the environment, either short term or long term. 

The heat rejection from this process is being handled in a manner to optimize 

cooling by lowering the area of temperature influence. Rapid mixing of the 

circulating water discharge with the receiving waters by a jetting action provides 

this optimization. By using downstream water for cooling and discharging upstream, 

the downstream commercial oyster beds will not be exposed to heated effluents. 
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II.V. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

The useful life of a nuclear power station of the Surry type is expected to be 

approximately 30 years, or until improved generating plants warrant replacement 

for economic or other reasons. Since it is not inconceivable.that the facility 

could be dismantled, we believe there are no absolutely irreversible and irre

trievable commitments of resources in the long run ex;cept for the materials 

of construction and the Uranium-235 atoms fissioned in the urani.um dioxicle fuel. 

This depletion of Uranium-235, is, of course, partially offset by the production 

of fissile plutonium. It is the opinion of the Applicant that the benefits to 

be derived from resource commitments clearly justify them. 
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RADIOACTIVE WASTE CONTROL 

Radioactive waste control is provided thro.ugh the continuous use of the 

Waste Disposal Systems. 

These Waste Disposal Systems separate, treat and dispose of radioactive liquid, 

gaseous, and solid waste materials. Each of the liquid, solid, and gaseous 

Waste Disposal Systems is a common system designed to serve both reactor units. 

These systems incorporate one or more of the following basic processes: 

1. Filtration, for removal of particulate matter. 

2. Evaporation, for concentration of constituents 

into a smaller liquid volume and to enable the 

separation of liquid and gaseous phases. 

3. Demineralization, for removal of dissolved material. 

4. Baling, for reduction of the volume of compressible 

wastes. 

5. Natural decay of radioactive isotopes. 

6. Dilution, for reduction of concentration. 

Adequate sampling, analysis, and monttoring of the Waste Disposal Systems is 

provided to comply with the operating requirements. Radiation monitoring and 

parameter measuring equipmentare provided for surveillance of gaseous waste 

and process steam effluent to assure compliance with applicable regulations and 

to maintain releases of radioactive materials in effluents as far below the ap

plicable regulations as possible. Some of the features included in the design 

of the station that reduce the discharge radioactivity to the lowest practical 
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a. Use of Zircaloy-4 fuel claddi.ng which minimizes the 

release of tritium to a level well below that ex

perienced with stainless cladding used in earlier 

pressurized water nuclear power plants. 

A-2 

b. High throughput boron recovery and liquid waste 

disposal evaporators which enable maximum water 

re-use and maximum separation of nonvolatile nucl ides 

for burial disposal as sol ids. 

c. Special treatment of waters containing low levels o.f 

radioactivity filtration, and demineralization prior 

to release 

A discussion of each type of radioactive waste disposal system (i.e., liquld, 

gaseous, and sol id) is included below. 

LIQUID WASTE DISPOSAL SYSTEMS 

The Liquid Waste Disposal System, as shown on Figs. A-1-3, is designed to 

receive I iquid wastes, either directly from various sources or from the Vent 

and Drain System discussed in the Final Safety Analysis Report (FSAR). The 

Vent and Drain System classifies process liquids either for re-use or for 

disposal. The influent from the Vent and Drain System to the Liquid Waste· 

Disposal System is a small fraction of the Vent and Drain System. throughout. 

System influents from the Vent and Drain System are discharged to either the 

high level waste drain tanks or.the low level waste drain tanks, according to 
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influent activity level. 

Laundry waste, Personal Change Area (PCA) shower drains, and PCA lavatory 

drains will be discharged to the contaminated drain tanks. 

Laboratory drains and various flush lines from the drumming of concentrated 

liquid wastes, including spent resin flush drains, will be discharged directly 

to the high level waste drain tanks. 

The contents of the high level waste drain tanks, which may have activity 

levels in the order of up to 10-l µCi/cc are proce~sed by evaporation. The 

evaporator subsystem is designed to produce liquid effluents of an activity 

level no greater than 10-4 to 10-S µCi/cc, which are pumped to the waste 

-disposal test tanks. The contents of the test tanks are sampled to determine 

the radioactivity level and the chemical composition. The evaporator effluent 

in the test tanks, if contaminated, may be purified by circulating the contents 

through a mixed bed demineralizer and filter or reprocessed. The test tank 

effluent is, after confirmation that activity and chemical concentrations 

are below the specified maximum level, discharged directly through the liquid 

waste radioactivity monitoring station and flow control station. Off gas from 

the evaporator is vented to the Gaseous Waste Disposal System. The concentrated 

bottoms in the evaporator is then packaged for shipment off-site and ultimate 

disposal. 

Provision is made for the transfer of the high level waste drain tank contents 

to the low level waste drain tanks by means of a line under administrative 

control in the event that the high level waste drain tank contents do not re

quire evaporation. 

,. 



e 

A-4 

Provision is also made for conveying the contents of the low level waste 

drain tanks and contaminated drain tanks to the high level tanks if the 

activity level of any of these liquids should exceed about 10-3 µCi/ml. 

The contents of the contaminated drain tanks are filtered by the contaminated 

drain filters and conveyed into the liquid waste effluent header, where the 

effluent is monitored by a radiation monitor and ultimately discharged 

. into the circulating water discharge canal, via steam generator blowdown 

piping. If the activity level of the water exceeds the normal limits, it 

can be pumped to the high level waste drain tanks for reprocessing. 

The contents of the low level waste drain tanks are discharged through 
' 

filters and a radiation monitoring station to the circulating water discharge 

canal. If the activity level of this effluent is not within the discharge 

tolerance then it is pumped to the high level waste drain tanks for sub-
) 

sequent evaporation. 

All liquid waste discharges to the Circulating Water System are monitored to 

provide radiation tontrol of this discharge. Periodic sampling of the liquid 

waste effluent is conducted by station health physics personnel. The dis

charge rate is controlled by either of two parallel flow control valves, one 

handling low range, and the other handling high range flows. Excessive 

activities detected by the monitor overrides both valve controls and stop all 

discharge flow. 

The discharge flow from the Liquid Waste Disposal System is combined and mixed 

with the circulating water such that the net activity of the combined effluent 

will not exceed lOCFR20 unrestricted area limits and will be as far below these 

limits as practical. 
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Components 

High Level Waste Drain Tanks 

Two high level waste drain tanks are provided. Each tank has a capacity of 

2,390 gal. Level indicators will be provided. These will be stainless steel 

tanks designed according to Section IIIC of the Boiler and Pressure Vessel 

Code. 

Low Level Waste Drain Tanks 

Two low level waste drain tanks will be provided. Each tank will have a 

capacity of 2,847 gal. Level indicators will be provided. These will be 

stainless steel tanks designed according to Section I I IC of the ASME Boiler 

and Pressure Vessel Code. 

Waste Disposal Evaporator and Auxi 1 iaries 

One externally heated forced circulation evaporator with a feed and distil

late capacity of 6 gpm will be provided. The evaporator shell will be 

fabricated from a high nickel alloy in accordance with Section IIIC of the 

ASME Boiler and Pressure Vessel Code. Internals will be fabricated from an 

austenitic stainless steel not susceptible to stress cracking. 

The external heat source will be a shell and tube steam reboiler fabricated 

from a high nickel alloy in accordance with Section II IC of the ASME Boiler 

and Pressure Vessel Code, and TEMA Standards. 

Distillate is condensed in a water cooled shell and tube condenser fabricated 

from austenitic stainless steel in accordance with Section I IIC of the ASME 
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Boiler and Pressure Vessel Code and TEMA Standards. 

The condensed distillate is held in the distillate accumulator. This tank 

is fabricated from austenitic stainless steel in accordance with Section IIIC 

of the ASME Boiler and Pressure Vessel Code. 

A distillate cooler is provided to further cool the dis~illate. The distillate 

cooler is fabricated from austenitic stainless steel in accordance with 

Section II IC of the ASME Boiler and Pressure Vessel Code. 

Waste Disposal Evaporator Test Tanks 

Two waste disposal evaporator test tanks, each of 548 gal. capacity, with 

level indicators are provided. These tanks are stainle~s steel and designed 

according to Section I I IC of the ASME Boiler and Pressure Vessel Code. 

Waste Disposal Evaporator Demineralizer 

One waste disposal evaporator demineralizer is provided for evaporator dis

tillate polishing. The demineralizer will be fabricated from austenitic stain

less steel not susceptible to stress cracking in accordance with Section IIIC 

of the ASME Unfired Boiler and Pressure Vessel Code. 

Waste. Disposal Filters 

Liquid waste effluent filters, and the distillate demineralizer filters are 

cartridge type pressure filters. The vessels will be fabricated from austenitic 

stainless steel in accordance with Section I I IC of the ASME Boiler and Pressure 

Vessel Code, where applicable. The filter elements are the synthetic fiber 

disposable type. Filter cartridges are designed for removal as a single 
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or multiple basket assembly. 

Contaminated drain tank filters are provided to remove lint and other 

laundry waste matter which could be radioactive. This filter is op

erated on a precoat-filter-backwash cycle. 

Pumps 

Centrifugal frame mounted pumps with single or double mechanical seals are 

provided. The waste disposal evaporator bottoms pump is a canned pump. One 

pump is provided for each tank with cross ties where appropriate, su~h as 

on high level waste drain tank pumps. External cooling and seal water wi 11 

be supplied to radioactive pump services as required. 

SOLID WASTE DISPOSAL SYSTEM 

The Solid Waste Disposal .system provides holdup, packaging and storage 

facilities for the eventual shipment offslte and ultimate disposal of radio

active waste material. Materials handled as solid waste include concentrated 

liquid wastes from the waste disposal evaporator, concentrated boric acid 

not to be reused in the system from the boron recovery bottoms tank, spent 

resin slurries, spent filter cartridges, and other miscellaneo.us solid materials 

resulting from station operation and maintenance. The operation of this system 

involves various unit operations descriqed below. 

Drumming Operation 

The drumming operation involves the mixing of the concentrated solution in a 

drum with an absorbant and solidifier such as cement, the mixing and setting 
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up of the mixture, and the storage of the drum for ultimate offsite disposal. 

The drumming of concentrated evaporator bottoms is performed by mixing the 

concentrated waste with cement and/or diatamaceous earth in 55 gal. drums. 

The amount of waste liquid per drum is predetermined by analysis of the 

waste. The liquid waste is cooled in a heat exchanger prior to drumming. 

The drum is transported by overhead monorail to the drum rolling machine. 

The concentrated waste and absorbant is mixed by means of rotating the drum. 

After a predetermined time, the drum is transported to a storage area. 

The radioactivity level on contact with the surface of the drum 1s measured, 

recorded, and attached to the drum in accordance with the applicable fed~ral 

Regulations. The drums are stored until such time as they are to be shipped 

off site for ultimate disposal. 

Baling Operation 

Contaminated solid material resulting from station maintenance is stored in 

specified areas of the auxiliary building and decontamination building. The 

items are placed in polyethylene bags, if required, during storage with suitable 

labeling. 

Materials which are compressible, such as absorbant paper, cloth, rubber, and 

plastic are placed in 55 gal. drums. The drum and its contents, including the 

plastic bags, are placed in position on the solid waste baler. The compression 

plate compacts the contents of the drum into a high density bale. Additional 

compressible materials are added and the contents of the drum recompacted until 

the drum is filled. During baling operation the area is closed and the ventilation 
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air filtered to remove particulate matter. Contaminated metallic materials 

and other highly contaminated solid objects are placed inside a cylindrical 

concrete core at the center of a 55 gal. drum. The annular space between the 

core and drum and the bottom section of the drum is concreted prior to in

sertion of materials inside the core. After insertion of th~ contaminated 

materials, additional concrete is added to fill all remaining void spaces 

inside the drum. 

Spent Resin Handling Operations 

A spent resin holdup tank properly shielded is provided to accumulate resin 

from ion exchangers. A spent resin transfer system permits spent resin to be 

flushed from the holdup tank either to a disposable spent resin shipping cask 

or to a shielded tank truck. The disposable cask with its associated concrete 

shielding is normally in place and ready to receive high activity spent resin, 

while.other ~asks may be in shipment to or from a licensed disposal site. To 

ready this equipment for receipt of spent resins, the shipping container and 

cask is placed in the spent resin cask pit at the decontamination building, 

with piping connections made up in advance. Provision is also made to trans

fer spent resin directly to the disposable shipping drum from the ion exchanger. 

The spent resin from all high activity ion exchangers is handled in the same 

manner. 

The resin in an ion exchanger is considered to be "spent" when the decontamina

tion factor drops below a predetermi~ed value or the dose rate on the outside 

of the ion exchanger approaches predetermined limits. The unit is then isolated 

and primary grade water used to flush the spent resin into the spent resin holdup 

tank. The spent resin remains in the holdup tank and the flush li~uid passes 

through a filter element and discharges by way of the spent resin dewatering 

/ 
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tank and the Vent and Drain System into one of the waste drain tanks. When 

all spent resin from a single source has been transferred to the holdup tank, 

the flushing flow is stopped. A similar procedure transfers the resin to 

the spent resin shipping cask. After transferring the resin to the disposable 

drum, the disposable drum is·dewatered in its cask and stored in the yard area 

until it can be transported for ultimate disposal. In general, disposal 

procedures will be available and appropriate for the prevailing conditions. 

· Expended Filter Cartridge Handling Operations 

Filte.rs in radioactive liquid service are removed from service when the 

pressure drop across the filters becomes excessive or when the radiation level 

exceeds a predetermined maximu~. The filter cover is opened by personnel using 

~ppropriate tools, and protected by a filter re~oval shield, when required. 

High activity expended filter cartridges in their disposable basket are raised 

into the filter removal shield and placed in the filter shipping container 

shielded by a reinforced concrete shipping cask. Filter cartridges are packaged 

for ultimate disposal in 55 gal. drums to the extent possible. In each case, 

the packaging procedure is appropriate for the prevailing conditions. 

Ultimate Disposal Operations 

A 11 packages ·containing radioactive non-f i ss i onab le material and the procedures 

used to prepare these for offsite shipment are in· accordance with U. S. Depart

··ment of Trans.portation regulations. All waste material is transferred either 

to a licensed disposal contractor or to a common carrier for delivery to a 

licensed disposal contractor. 
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Components 

Spent Resin Holdup Tank 

One spent resin holdup tank is provided. The holdup tank is permanently 

installed in a concrete cubicle below grade.- The tank capacity is designed 

to contain the total dewatered res'in volume of approximately four demineralizers. 

The vessel is designed according to Section I I IC of the ASME Code for Boiler 

and Pressure Vessels. 

Baler 

One solid waste baler for contaminated, compressible materials is provided. 

Drum Roller 

Two 55 gal. drum rollers are provided for use at the bottoms drumming station. 

Spent Filter Shipping Cask 

Concrete shielded filter shipping casks, acceptable under the regulations, and 

related tools are provided. 

Spent Resin Dewatering Tank 

One spent resin dewatering tank is provided. The tank will be designed in 

accordance with Section I I IC of the ASME Code for Boiler and Pressure Vessels. 

Spent Resin Disposable Shipping Drum and Cask 

A number of standard 55 gal. shipping drums and casks, acceptable under the 

regulations, are available. 
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GASEOUS WASTE DISPOSAL SYSTEM 

The gaseo~s Waste Disposal System regulates the discharge of activity 

waste gases to the atmosphere. A ventilation vent subsystem controls 

potentially low activity air streams from the nuclear auxiliary facilities 

and a description of this subsystem can be found in the FSAR. Radioactive 

waste discharges from both systems are monitored by particulate and gas monitors. 

Gaseous wastes enter the Gaseous Waste Disposal System from the stripper in 

the Boron Recovery System, the Vent and Drain System, various pressure relief 

valves and the Containment Vacuum System as shown on Figs. A-4 and A-5. 

Waste gases, primarily hydrogen, nitrogen and minor amounts of fission product 

gases, such as xenon and krypton, are removed from reactor coolant letdown by 

the stripper in the Boron Recovery System. The stripped gases are processed 

in the Gaseous Waste Disposal System. 

Before processing the stripped gases in the recombiner, nitrogen and oxygen 

are added as required and the entire mixture preheated. The maximum hydrogen 

concentration is normally maintained at about 3 percent which is below the 

lower hydrogen flammability 1 imit of 4.4 percent. The gas mixture flows to 

the waste gas recombiner where about 99 percent of the hydrogen and oxygen is 

·catalytically reacted to produce water vapor. The gas volume to the waste gas 

tanks from the recombiner will be reduced by tenfold relative to the influent 

stripped gas entering from the boron recovery gas stripper. The effluent 

gas from the recombiner is cooled in the recombiner aftercooler and then flows 

to the moisture separator. Condensed 1 iquid from these two vessels is drained 

to the Liquid Waste Disposal System. 
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The waste gas stream from the moisture separator is recycled to the recombiners 

by the blowers. 

The recombiners are maintained at a pre-set pressure by bleeding from the 

recycle line upstream of the blowers using pressure control. The bleed stream 

is pumped from a small surge tank to the buried gaseous waste decay tanks by 

diaphragm compressors. The redundant hydrogen analyzers on the effluent line 

from the moisture separator shut the valves in the bleed stream in event of 

a high hydrogen concentration in the effluent from the catalytic recombiner. 

Duplicate oxygen analyzers on the moisture separator effluent reset the oxygen 

addition controller. 

Redundant hydrogen analyzers on the recombiner feed stream shut the two valves 

in series on the stripped feed for hydrogen concentrations exceeding 4 per cent. 

Simultaneously, redundant nitrogen purge lines open to dilute the hydrogen. 

Two double-walled waste gas decay tanks will be provided. Each tank is buried 

for tornado protection. The inner tank is fabricated from austenitic stainless 

steel in accordance with Section I I IC of the ASME Code for Boiler and Pressure 

Vessels and the outer tank from carbon steel in accordance with Section VI I I 

of the ASME Code for Boiler and Pressure Vessels. Sampling connections are 

provided for the tank contents, and for leakoff in the annular intercept space 

between the tanks. The decay tanks have piping connections for parallel 

operation with alternate feed and bleed. 

Overpressure relief protection is provided at the waste gas decay tanks in 

accordance with Section I I IC of the ASME Code. The protective devices consist 

of bellows sealed pressure relief valves followed by rupture disc assemblies. 

Rupture disc bypasses with a higher pressure rating are provided around the 
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relief valves. The use of bellow seals and rupture discs preclude leakage 

of the waste gas to the environment during normal operation of the Gaseous 

Waste Disposal System. The piping down stream of the protective devices 

relieve to the process vent through the radiation monitor station. 

Effluent from the waste gas decay tanks is mixed with dilution air, effluent 

from the Containment Vacuum System, and the aerated vents from the Vent and 

Drain System. The combined gaseous wastes are filtered through charcoal 

filters prior to being released to the atmosphere. The process vent blowers 

maintain a small vacuum in the charcoal filters to prevent out leakage from 

the filter assembly. The decay tank pressure relief valves discharge to 

the discharge side of the process vent blowers. The decay tank contents are 

sampled prior to any release to the process vent. 

The entire discharge stream of radioactive letdown gas and dilution air is 

monitored for flow rate, pressure, temperature, and particulate and gaseous 

activity prior to release through the process vents. The total flow is regulated 

by a flow control valve on the dilution air. The ratio of dilution air to 

waste gas letdown flow is such that the mixed streams never enter the flamma

b'ility region of the air, steam, hydrogen phase diagram. 

The process vent and the process vent blowers are sized such that the minimum 

exit velocity is approximately 100 fps. This exit velocity prevents any 

significant downdrafting of the effluent with atmospheric winds as high as 35 mph. 

The process vent terminates at an elevation approximately 10 ft. above the top 

of one of the containment structures. 

The process vent monitors are set such that the effluent activity release rate 

will result in concentrations less than those suggested as limits in lOCFR20 
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at the site boundary. In the event the activity of the effluent stream 

exceeds the setting of the monitors, the process vent control station 

automatically terminates the release of waste effluents with the exception 

of relief valve discharges. The monitor also alarms in the Control Room 

prior to valve closure if the activity approaches a preset value. Sub

sequent restart of the system is manual in accordance with administrative 

procedures. Discharge gases from the waste gas decay tanks are initiated 

and controlled separately. 

The Waste Gas Disposal System is designed to provide adequate radioactive 

decay storage time for the waste gases and, in addition, provide long term 

holdup of these gases when either high flow letdown is required or adverse 

meteorological conditions make it desirable to discontinue release of waste 

gas to the environment. 

Components 

One skid mounted catalytic recombiner system is prowided. The system includes 

duplicate full capacity catalytic recombiners, duplicate electric preheaters, 

one aftercooler-condenser, one moisture separator, duplicate recycle blowers, 

duplicate hydrogen analyzers of the thermal conductivity type, for the re

combiner influent and effluent, duplicate oxygen analyzers of the paramagnetic 

type on the recombiner effluent, a single oxygen analyzer on the recombiner in

fluent, and one bleed stream cooler. The recombiner system operates at approxi

mately 22 psia and has a feed capacity of 1.15 scfm. The dilutent is nitrogen. 

The catalytic recombiner system will be designed according to Section II IC of 

the ASME Code for Boiler and Pressure Vessels. 
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Waste Gas Surge Tank 

One waste gas surge tank with 15.7 cu. ft. capacity is provided. This tank 

is operated at a pressure of approximately 10 to 20 psia. The tank is 

fabricated from austenitic stainless steel in accordance with Section I I IC of 

the ASME Code for Unfired Boiler and Pressure Vessels. 

Waste Gas Compressor 

Two waste gas compressors of the diaphragm type are provided. Each has 

a capacity of 1.5 scfm and is capable of producing 120 psig. The compressor 

heads are leak tested to insure that the leakage does not exceed a predetermined 

amount. 

Waste Gas Decay Tank 

Two buried waste decay tanks are provided. These tanks have double wall 

construction with feed and bleed lines, sample nitrogen purge, drain and relief 

valve lines to the inner tank, and sample, nitrogen purge, drain, and relief 

valve lines from the outer tank. An access opening is provided to the inner 

tank. In addition, adequate grounding and corrosion protection is provided. 

The inner tank is fabricated from stainless steel in accordance with Section I I IC 

and the outer tank from carbon steel in accordance with Section VI I I of the ASME 

Boiler and Pressure Vessel Code. 

Process Vent Blower 

Two full capacity dilution air blowers of 300 cfm capacity at 2 psia are 

provided. The blowers are the centrifugal type located in the field fabricated 

box with the blower suction from the box 1 s interior. Some inleakage is tolerated. 
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Charcoal Filters 

Two charcoal filter beds are provided to service approximately 300 scfm 

radioactive gas. The filters are maintained at a subatmospheric pressure. 
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Tcm.perature Distribution in the James River Estuary 

Which Will Result From the Discharge of Waste Heat 

From the Surry Nuclear Power Station 

Background 

A Report Prepared for 

Virginia Electric and Power Company 
Richmond, Virginia 

As Part of the 

Surry Nuclear Power Station Site Study 

Prepared by 
Pritchard-Carpenter, Consultants 

20 8 Mac Alpine Road 
Ellicott City, Maryland 

B.-l 

The Virginia Electric and Power Company is constructing a nuclear 
power station on the James River estuary. The site of this station, called 
the Surry Nuclear Power Station, is located approximately 30 miles above 
the mouth of the James River at Old Point Comfort and 55 miles below 
Richmond, Virginia. This 85-mile stretch of the river is subjected to tidal 
motion, and hence is a tidal estuary. It is usual to designate that part of 
the tidal waterway between the mouth and the point of most upstream in
trusion of measurable ocean salt as the estuary proper, while the fresh 
water segment above that point up to the head of tide is called the tidal river. 

Hog Point is the northernmost point of a peninsula formed by a large 
bend in the James River estuary, as shown in Figure 1. The Surry Nuclear 
Power Station site extends across the central portion of the peninsula, the 
river forming both the eastern and western boundaries of the site. The 
peninsula to the north of the site is a low lying area of tidal marshes, tidal 
channels, and islands which serve as a wild fowl refuge, and terminates at 
Hog Point. 

The eastern boundary of the site, which borders the river along the 
downstream side of the peninsula, is approximately opposite Deep Water 
Shoals. The western boundary border~ the river on the upstream side of 
the peninsula at the northeastern encl. of Cobham Bay. In the following fre
quent reference will be made to Deep Water Shoals, or downstream, side, 
and to Cobham Bay, or upstream, side of the site. 
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The purpose of this report is to present the results of studies made 
to determ.ine the probable effect of the· discharge of waste heat in the con
denser cooling water fro1n the Surry Nuclear Power Station on the distribu
tion of te1nperature in the adjacent James River estuary. It will aid the 
discussion of the results of the thermal studies, however, to first briefly 
consider the pertinent features of the hydrography of the estuary. 

Hog Point is in the region of transition between the fresh tidal river 
and the estuary proper. Under conditions of very high river flow fresh 
water extends downstream of Deep Water Shoals. During periods of 
moderately high river flow, brackish water extends past Deep Water Shoals 
to the vicinity of Hog Point, while the Cobham Bay side of the site remains 
in the fresh water tidal river. Under flow conditions characteristic of 
1nost of the year the upper boundary of the estuary proper is located 
upstream. from the Cobham. Bay side of the site. 

Under all but the mo st extreme river flow conditions, the oscillatory 
ebb and flood of the tide constitute the dominant motion in both estuary 
proper and the tidal river. The net downstream flow required to discharge 
the fresh water seaward through any cross section represents but a small 
fraction of the tidal flows. 

The James River estuary has been classified in the literature as a 
partially mixed estuary. In such an estuary the salinity decreases in a more 
or less regular manner from the mouth toward the head. The salinity also 
increases with depth at any location. There usually occurs a layer near 
mid-depth in which the salinity increases more rapidly with depth than is 
the case in the overlying fresher layer or in the deeper, more saline layer. 
In spring and summer this intermediate layer is also a region of relatively 
rapid decrease in temperature with depth. 

The upper, less saline, layer has a net non-tidal motion directed 
toward the mouth of the estuary, while the lower, more saline, layer has a 
net non-tidal motion directed toward the head of the estuary. The boundary 
between these layers is generally sloped across the estuary so that the 
seaward moving surface layer extends to greater depths on the right side 
of the estuary (looking seaward) than on the left. Under some conditions, 
particularly in the wider sections of the estuary, the boundary between the 
counter-flowing layers intercepts the surface, so that there is a net seaward 
flow surface to bottom on the right side of the estuary (looking seaward) and 
a net flow toward the head of the· estuary on the left side of the estuary. 

This net non-tidal circulation pattern involves flow volumes large 
compared to the river discharge, but still small compared to the oscillatory 
tidal flow. For example, measurements made in July 19 50, at a time when 
the fresh water discharge at Hog Point was approximately 6000 cfs, showed 
a net non-tidal, seaward directed flow in the surface layers at Deep Water 
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Shoals of 18, 000 ds, and a counter-flow in the deeper layers of approximately 
12, 000 cf s (note that the difference in non-tidal flow of the surface and deep 
layers m.ust equal the river discharge). By comparison, the average volume 
rate of up- river directed flow during the flood-tide period, and of seaward 
directed flow during the ebb-tide period amounted to some 130, 000 cfs 
through the Deep Water Shoals section. 

At the tin1e of the above described flow 1neasurements, the salinity 
at the surface at Deep Water Shoals was about 4. 2%o, and at the bottom about 
6. l %0. At a point farther down the estuary, where the surface and bottom 
salinities were, respectively, about 11. Oo/oo and 14. 5%o, the net non-tidal 
seaward-directed flow in the surface layers was observed to be about 24, 000 
cfs, or some 4 tirnes the fresh water river discharge. In general, the 
volmne rate of flow of the net non-tidal circulation increases toward the 
111.outh of the estuary. 

As the river flow decreases, the salinity distribution moves up the 
estuary, so th.at at any location the salinity increases with decreasing river 
flow. Also, in general, the higher the salinity, the larger the ratio of the 
net non-tidal flow to the river flow. Thus, within the estuary proper, the 
water available for dilution of an introduced waste material at a given 
section does not decrease in direct proportion to the decrease in river flow. 

A more detailed description of the hydrology of the estuary is con
tained in the report "Hydrology of the James River Estuary with Emphasis 
upon the Ten- Mile Segment Centered on Hog Point, Virginia", previously 
submitted to the Virginia Electric and Power Company. 

Condenser Cooling Water System 

In order to convert the thermal energy produced by the reactors into 
electrical energy a certain amount of heat must be rejected at the condensers. 

' This waste heat, which for a nuclear power source at current practical 
efficiencies amounts to approximately 6. 8 x 106 BTU. hr-1 per MW produced 
electric power, is carried away from the condensers in the condenser cooling 
water. The volume rate of flow of the condenser cooling water is therefore 
determined by the design temperature rise at the condensers and the number 
of MW of electric power the plant is designed to produce. 

The studies described in this report were designed to determine the 
probable distribution of excess temperature in the James River estuary 
resulting from the discharge of 12 x 1 o9 BTU· hr- 1 of waste heat (corres
ponding to 17 64 MW produced electric power, or two units at 882 MW each), 
and of 24 x 10 9 BTU. hr-l of waste heat (corresponding to 3528 MW produced 
electric power, or four units at 882 MW each). A temperature rise at the 
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conde:1sers of 15°F was used in these studies, and hence the_volume rate 
of flow of the condenser cooling water for two units is 3530 cfs and for 
4 units 7060 cfs. 

The first unit now being constructed at the Surry Nuclear Power 
Station site is actually sized at 850 MW electrical power, and the heat 
rejected under full load for this unit will therefore be 5. 2 x 109 BTU. 
Some te·sts were conducted on the James River estuarine hydraulic model 
using this heat loading; however, since it is planned that a second unit, 
perhaps somewhat larger than the first unit,· will be added within a few 
years, and since it may be desirable ultimately to develop the site for 4 
units, most of the results presented here are for the higher values of 
rejected heat given in the previous paragraph. 

At the Surry Nuclear Power Station condenser cooling water is to 
be drawn from the estuary from one side of the Hog Point peninsula and 
discharged from the other side, thus the intake and discharge are separated 
by something over a tidal excursion. Tests were conducted both for the 
intake on the downstream side of the plant site and the discharge on the 
upstream side, and for the opposite arrangement. ·On the basis of these 
tests, it was determined that any possible influence of the heated discharge 
on the environment would be minimized if the condenser cooling water were 
withdrawn from the downstream, or Deep Water Shoals, side of the plant 
site and discharged from the upstream, or Cobham Bay, side. The major 
portion of the data presented here is therefore for this arrangement of 
intake and discharge. 

Description of Thermal Studies 

The distribution of excess temperature which will result from the 
discharge of waste heat from the Surry Nuclear Power Station as presented 
in the later sections of this report is based on studies conducted on the 
hydraulic model of the James River estuary located at the U. S. Army 
Corps of Engineers Waterways Experiment Station, Vicksburg, Mississippi. 
This model covers the entire tidal waterway from Richmond to the mouth, 
and also part of the lower Chesapeake Bay. The model has a horizontal 
.scale of 1:1000, and a vertical scale of 1:100. The approximately 90 nautical 
miles of the estuary are therefore represented by a model about 550 feet 
long. The time scale of this model is 1: 100; hence one day in the prototype 
occurs in about 14% minutes in the model. 

All pertinent features of tide, current, river inflow and mixing of 
sea water and fresh water (and hence the distribution of salinity) are properly 
scaled in the model. Density, temperature and salinity are all scaled 1: 1 in 
this model, and it has been shown that for models of this relative size, the 
thermal exchange processes at the water surface are also properly scaled. 
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A model thermal plant was constructed which consisted of a pump, 
a flow control system, an accurate volume rate of flow gage, electric 
heaters to simulate the condensers, a temperature sensing and control 
system to maintain a constant temperature rise of 15° F between intake and 
discharge. This model plant was set up on the hydraulic model of the 
James River estuary at the location corresponding to the Surry Nuclear 
Power Station site. 

Tests were conducted during two different periods. The first set 
of tests were made during the period 29 July through 1 August 1966, and 
the second series during the period 19 October through 23 October 1966. 
During the July-August studies, the model was run for a total of 47 5 tidal 
cycles, corresponding to approximately 246 days of prototype time. The 
river inflow at Richmond was maintained throughout this series at a simu
lated 2000 cfs. One of the main purposes of this first series of tests was 
to determine the degree of mixing produced by discharging the condenser 
cooling water as a jet having an initial velocity equal to or larger than the 
tidal velocity in the estuary. Tests were run with the velocity of the con
denser cooling water

1 
at the point of discharge into the waterway, of 

2 ft• sec- 1 , 4 ft• sec- , 4. 56 ft· sec- 1, 6 ft• sec- 1 and 9.15 ft• sec- 1 • On 
the basis of these studies, it was determined that a discharge velocity of 
6 feet per second would be most suitable for design of the condenser dis
charge structure. 

Tests were conducted during this July-August series with a simu
lated heat rejection at the condensers of 5. 2 x 109BTU•hr-l, correspond
ing to a single 850 MW unit, and at 12 x 109BTU•hr-1, corresponding to 
a total of 1764 MW electrical power production. Temperatures in the model 
were measured using a rapid response thermistor bead mounted on a motor 
driven trolley structure which ran across the model on a 16-foot long 
aluminum beam. A single run consisted of setting the beam across the . 
model at a designated cross- section, and running the thermistor sensor 
across the model to obtain a plot of temperature vs lateral distance made 
on a strip chart recorder. At each location runs were made each 1 t hours 
throughout a tidal cycle. During the July-August test series a total of 496 
such temperature runs was made. 

For the October series improvements were made in the temperature 
measuring system, so that two thermistor bead sensors were towed across 
the model on each run. The sensors were placed 18 inches apart, repre
senting a prototype distance of 1500 feet. Thus near the discharge structure 
one run provided data for two adjacent temperature cross sections. Farther 
away from the discharge, where the horizontal temperature gradients were 
small, the two simultaneous sections provided a check on the consistency of 
the data. During the October studies the model was run for a total of 7 84 
tidal cycles, corresponding to about 379 days of prototype time. Some 489 
temperature runs were made, each con$isting of at least one and in many cases 
two records of surface temperature across a section d 1he estuary. The loca-
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tions _of the sections at which temperature runs were made are shown in 
Figure 2. Again, as in the earlier series of tests, runs were repeated at 
each section for each l ± hours of the tidal cycle, for each set of test 
conditions. 

Tests were conducted for river inflows at Richmond of 2000 cfs and 
6000 cfs, and for heat rejected at the condensers of 12 x 109 BTU·hr-1, 
corresponding to two 882 MW units, and of 24x 109BTU·hr-l, corres
ponding to 4 such units. Most of the tests were run with the intake on the. 
_Deep Water Shoals side of the plant site, and the discharge on the Cobham 
Bay sj,de, as marked in Figure 2. One set of tests were, however, run 
with the intake and discharge reversed. 

During the October studies a special test was made to determine the 
surface heat exchange coefficient for the model. For this test Cobham Bay 
was blocked off from the re st of the model using a long rubber dam. Motor 
driven paddle wheels were mounted in the enclosed area to circulate the 
water at a speed corresponding to the mean tidal current. Thermistor bead 
temperature sensors were placed at several locations in the enclosed water 
area. Water from this area was circulated through the heaters until the 
temperature in the enclosed area was 20°F above the ambient water tem
perature in the adjacent model. A temperature-time record was then made 
as the water in the enclosed basin cooled. The rate of cooling provided a 
measure of the surface heat exchange coefficient. 

With the tests in the model running over several days during each 
series, the base or ambient temperature of the water in the model varied 
during the tests. It was therefore necessary to monitor the water tempera
ture in the model in areas which were sufficiently removed from the plant 
site so that the temperature of these areas represented the ambient water 
temperature. During both series of tests, fixed thermistor bead tempera
ture sens.ors were therefore placed in the model at positions well upstream 
and well downstream from the plant site. 

Treatment of Temperature Data; 
Some Theoretical and Empirical Relationships 

In the following the term excess temperature is used to designate 
the incremental increase in temperature of the water at a given point in the 
estuary over that which would occur if there were no discharge of waste 
heat to the estuary. Thus, if Th rep·resents the temperature of the water 
at a given position in the estuary under conditions of waste heat discharge, 
and Tn represents the temperature which would occur under natural condi-e tion s' then 

(1) e = Th - Tn 

defines the excess temperature, e. 
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Designating Qh as the rate of introduction of waste heat into the 
condenser cooling water, Qc as the volume rate of flow of the condenser 
cooling water, and 8 0 as the temperature rise at the condensers; then 

where p is the density of the water and CR is the specific heat at constant 
pressure. Further, if Hn designates the heat content per unit volume of 
a water parcel under natural conditions, and Hh designates the heat content 
per unit volume of that water parcel under conditions of discharge of waste 
heat to the waterway, then 

(3) h = H1 - H 1 n 

defines the excess heat content, h. Also, 

Consider a small parcel of water at the surface, having a vertical 
thickness Dh. This parcel will gain or lose heat through the sides and 
bottom due to exchange of water with adjacent parcels of different heat 
content (i.e., the processes of advection and turbulent diffusion). The 
parcel will also gain and lose heat across the water surface due to radia
tion processes and to exchange processes with the atmosphere. Under 
steady state conditions, all these gains and losses must be in balance. 
Hence, for natural conditions, the heat budget of the parcel can be written 

( 5) 

where: Q s = incident solar radiation on the water surface 

Cr = reflected solar radiation at the water surface 

Oa = long wave atmospheric radiation adsorbed by the water 

Qb = long wave radiation emitted by the water surface 

Qe = heat carried away from the surface by evaporation 

Qt = heat loss from water surface to atmosphere by conduction 

Qv = heat gained by advective processes 

Q"d = heat. gained by processes of turbulent diffusion 

A similar expression can be written for the case of introduction of waste 
heat to the waterway. Thus: 



Now the incoming solar radiation, the reflected radtation and the 
radiation from the atmosphere will be the same for· both cases; that is 

Hence, when equation (5) is subtracted from equation (6), we have 

where 

Equation (7) can be considered to express the budget for the excess heat. 
Note that this budget is independent of solar and atmospheric radiation. 

The last three terms in (7) represent the exchange of excess heat 
from the water to the atmosphere. The long wave radiation emitted by the 
surface of a parcel of water is proportional to the fourth power of the 
absolute temperature of the parcel. Because the difference in absolute 
temperature between the heated and natural conditions is relatively small, 
it can be shown that 

( 8) 
0 

qb = Fl . 9 

where F 1 is a slowly varying function of the ambient temperature, ·Tn. 

The amount of heat lost by evaporation from a parcel of water is 
given by 

where L is the latent heat of vaporization, W is the wind speed, es the 
saturated vapor pressure, and ea the vapor pressure of the air over the 
water (which in turn is given by R, es where R is the relative humidity). 
Now, since 

then 
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since ea will be the sarnc £or both natural and heated conditions. Thus the 
rate of excess heat loss by evaporation is dependent on the wind speed, and 
on the difference between the saturated vapor pressure for the heated and 
natural conditions. It is not dependent on the relative humidity. Now the 
saturated vapor pressure over a water surface is dependent only on the 
temperature of the water surface, and it can therefore be shown that 

where F2 is a slowly varying function of the ambient temperature, Tn, and 
to a lesser degree, of the excess temperature, e. 

The sensible heat loss term is related to the evaporative heat loss 
through the Bowen ratio. It can therefore be shown that 

·where F3 is a slowly varying function of the ambient temperature, Tn, and 
to a lesser degree of the excess temperature, e. 

Combining these expressions, w'e have 

where ~---, the surface heat exchange coefficient, is primarily a function of 
wind velocity, but also varies somewhat with the ambient temperature Tn, 
and only slightly with the execs s temperature, e. The various constants 
which enter the terms comprising '6" have been determined. Table 1 is an 
abbreviated table of'{- as a function of wind velocity, ambient temperature, 
and excess temperature, to show the primary dependence on wind velocity, 
the secondary dependence on ambient temperature, and the slight dependence 
on the excess temperature. 

~'~ 
0 

5 

10 

Table 1 

The surface heat exchange coefficient,'/-, as a function of 
the wind velocity W (miles per hour), the ambient temper
ature, Tn(°F), and the excess temperature, 0(°F) 

For 8 = 10° F For 9 = 2° F 

40° 60 ° 80° 40° 60° 80° 

0.017 0.020 0.022 0.014 0.016 0.017 

0.040 0.052 0.074 0.034 0.045 0.064 

0.062 0.085 0.125 0.055 o. 07 5 o. 111 



Returning to equation (7), it is seen that the excess heat budget can 
be written 

Now the advective and diffusive terms in this budget (the qv and qd) 
depend on the velocity field, the intensity of turbulence, and on the spat:j.al 
gradients of the excess temperature, 8. The hydraulic model is designed 
to reproduce the prototype velocity field and the intensity of turbulence. 
The relative pattern of the distribution of excess heat, as· shown by the 
excess temperature isolines as observed in the model, should be applicable 
to the prototype. However, the model is subject to a different heat exchange 
coefficient than will prevail in the natural environment. It is therefore 
necessary to adjust the excess temperature distributions, as observed in 
the model, to take into account the difference in surface exchange coefficient 
between model conditions and prototype conditions. The correction proce
d_ure is based on the expression: 

( 14) (Ae,)Z/(A ) 
. 0 1 

~ 
, e; 

; 

where (Ae)1 is the area inside the isoline of excess temperature e for a 
surface exchange coefficient"'\\; and (Ae)z is the area inside the isoline of 
excess temperature G for a surface exchange coefficient'{· 2 . In the region 
near the discharge, where the highest values of e are found, cooling has had 
little tirne to act. Hence the areas are to a fir st approximation independent 
of--:-.'··, and the ratio given in (14) is close to unity. For regions removed 
from the source, the area within an isotherm is inversely proportional to 
the surface exchange coefficient. However, since .the total heat lost to the 
atmosphere must in all cases equal the heat rejected at the condensers, the 
ratio of the areas for the two cases of surface cooling must be, for small 6, 
slightly less than the inverse ratio of the surface exchange coefficients. 
Therefore: 

( l 5) 
~ \ 1 f~r G large 

(Ag) Z/(A9) 1 ' ,~ l 
( n x )l---¢

2 
for e small, where n is a number slightly 

less than unity 

On the basis of available data, we have used the following relation
ships in converting the temperature data observed in the model to the 
conditions expected in the prototype 

( 16) = 1 fore?:-- 0.5 e o. 

_ o. 9 °: in for e~ 0.15 8 0 
'· p 

and a linear variation in the ratio for intermediate temperatures. 



The procedure in developing the expected distribution of excess 
ternpcrature for the James River estuary from the data obtained in the 
1nodel involved the use of the isothermal patterns as observed in the model, 
with an adjustinent to the areas contained within the isotherrns in accordance 
with equation ( 16). 

The Results of the Thermal Studies 

The results presented here are based primarily on the data colleGted 
during the October test series. A comparison of the results of the two 
series showed so1newhat lower excess temperatures in the August tests, as 
compared to the October tests, than could be accounted for by the difference 
in ambient te1nperature in the two cases. During the. August tests the large 
doors to the building containing the model were generally kept opened, and 
circulating fans were operating over various areas in the building (although 
not directly on the test area). The surface exchange coefficient increases 
rapidly with wind speed at wind speeds near zero. · It is likely that the 
surface exchange coefficient applicable to the August test~ corresponded to 
a finite but unmeasured wind speed. Further, there was an appreciable 
temperature gradient along the length of the model, and with tim.e q.uring 
the August serie ~ of tests not related to the introduction of waste heat. 
Hence the precise establishment of a base temperature was difficult for. 
this series. 

During the October series, the building was kept closed. Direct 
measurements of the surface exchange coefficient gave values appropriate 
for zero wind speeds. The ambient temperature variation in space apd time 
was much less in this series than in the August. studies, and the base 
temperature could be established with considerable confidence. 

While the results of the August tests show somewhat better conditions 
(lower excess temperatures) than the results of the October series, the 
differences are not of large magnitude. It was felt mo st appropriate tci 
restrict the presentation here to the data collected under conditions for 
which the greatest confidence could be placed in the results. 

Figure 2 shows the locations of the sections along which temperature 
data were obtained. The actual observed temperature for each of the 
sections occupied during the October test series, expressed in terms of 

. excess tem_perature, 8, is given in the appendix. 

Figures 3 through 34 present the excess temperature distribution as 
determined for the James River estuary, under conditions of an ambient 
temperature of 80 ° F and a wind velocity of 5 mph. The distribution is given 
as isolines of constant excess temperature, expressed in °C. These figures 
show the expected excess tem.perature distribution for the condenser cooling 
water discharge on the Cobham Bay side of the plant site, and the intake on 
the Deep Water Shoals side. 
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For each c01nbination of river discharge and rejected heat, the 
excess tcrnpcrature distribution is given for each li hours over a tidal 
cycle. The conditions of river flow and rate of heat rejection for each set 
of figures arc as follows: 

.Figure No. '-s River Flow, cfs Rate of Heat Rejection (Power Production) 

3 through 10 2000 12 x 109BTU-hr-l (1765 MW) 

llthrough 18 6000 12 x 109BTU·hr- 1 (1765 MW) 

19th.rough 26 2000 24 x 109BTU·hr-l (3530 MW) 

27 through 34 6000 24 x 109BTU·hr- 1 (3530 MW) 

As stated earlier in this report, tests were also conducted with the 
intake located on the upstream side of the plant site and the discharge on the 
downstream side. The distributions of excess temperature for this intake
discharge arrangement, and for a river flow ofZOOO cfs and a rate of heat 
rejection of 12 x 109BTU-hr-l are given for each 11- tidal hours in Figures 
3 5 through 42. Commercial oyster leases occur ju st downstream of the 
discharge on the west side of the river, and also just across the river from 
the discharge. It is evident that these oyster bars would be subject to con
siderably higher excess temperatures with the discharge on the downstream 
side than for the case of the discharge on the upstream side. Discharge of 
the condenser cooling water to the upstream, or Cobham Bay, side of the 
plant site has been shown by these studies to provide less possibility of 
harm to the environment, and further discussion is therefore limited to 
this discharge arrangement. 

A comparison of Figures 3 through 10, which are for a river flow of 
2000 cfs, and with Figures 11 through 18, which are for a river flow of 6000 
cfs, shows that there is very little difference in the distribution of excess 
temperature under different river flows. The following factors contribute 
to this lack of significant dependence on river discharge: 

(a) The initial mechanical mixing produced by the jet discharge, which 
provides for a rapid decrease in the maximum excess temperatures, 
functions independent of river flow. 

(b) Mixing provided by the oscillatory ebb and flood of the tide, which 
on a single flood tide passes an average of 190,000 cfs past the 
plant site, is not significantly influenced by river discharge except 
for very high river flows. 

(c) The net new water made available to the tidal segment adjacent to 
the nlant site, as a result of tidal mixing, is relatively constant 

~ . 
over a wide range of river discharges. The net flow of new water 
to the tidal segment is related to the vertical salinity distribution 
by foe following relationship: 
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( 1 7) r Su 
Q. = R 1 + 

1 L S.z - ] 
where Qi is the volume rate of inflow of net new water, R is the 
volume rate of inflow of fresh water (the river discharge), Su is 
the mean salinity in the upper layers of the estuary and Sl is the 
n.1.ean salinity of the lower layers of the estuary. Salinity data 
taken in the model during these thermal studies showed that at the 
Deep Water Shoals section, for a river discharge of 2000 cfs, 
Su= 11. 60%0 and SJ2. = 12. 52o/oo. Hence: 

11 60 
Qi = 2000 + 2000 X 

0
_-
92 

= 2000 + 25, 220 = 27,220 cfs 

For the river discharge ·of 6000 cf s, the 
Shoals gave Su = 5, 02%0 and S.Q. = 6. 46%0. 

6 6 
5.02 

6 Qi = 0 0 0 + 0 0 0 X l. 
44 

= 0 0 0 + 2 0, 9 40 

salinity data at Deep Water 
Hence for this river flow 

= 26, 940 cf s . 

Thus it is clear that the water available for dilution is relatively 
independent of river flow except perhaps at high river discharges. 

An inspection of Figures 3 through 18, · which are for a rate of heat 
rejection of 12 x 109BTU·hr-l, reveals that the area of the estuary having 
excess temperatures greater than 5°C is quite small compared to the area 
of the tidal segment into which the discharge is being made. The size of 
this area of warmest water is largest at tidal hour 4! for a river flow of 
2000 cfs (Figure 6), when it comprises a plume 3500 yards long with an 
average width of less than 300 yards. On the average over the tidal cycle, 
water having surface excess temperatures of 2°C or greater occupies less 
than one-third of the width of the estuary. 

The warmest water is confined primarily to the upper l O feet of the 
water column. Only when the excess temperatures are less than 2°C is 
there likely to be penetration of excess heat to greater depths. 

Inspection of Figures 19 through 34, which are for a rate of heat 
rejection of 24 x 109BTU, corresponding to 3530 MW produced electric 
power, reveals that while the areas within given isolines of excess tempera
ture are greater for this heat loading than in the case of a rate of heat 
rejection of 12 x 109BTU, the area of the estuary subjected to warm water 
is still not excessive. Averaged over the tidal cycle, the area having 
excess temperatures greater than 5° C occupies less than 14% of the width 
of the estuary, while the area having excess temperatures greater than 
2°C occupies less than half of the width of the estuary. 

As discussed earlier in this report, the distribution of excess tem
perature in the estuary results from a combination of mixing and cooling. 
The mixing produced by the jet discharge and by the tidal flow is very 
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i1nportant in reducing to a minimum the area having excess temperatures 
which might be of biological significance. Surface cooling alone could not 
accornplish this rapid reduction in excess temperatures. To see this 
consider the data given in Table 2. Here the area having excess tempera
tures greater than a given value, 9, as determined for the James River 
estuary for a rate of heat rejection at the co~densers of 12 x 109BTU·hr-l, 
is cornpared to the area of a flow through cooling pond required to reduce 
the excess temperatures to the given value, 8, by surface cooling alone. 
The cooling pond areas are based on the relationship 

QC a @O 
(18) A 0 = ;)"" Nftle 
where Ae is the area of the cooling pond required to reduce the excess 
temperature of the condenser cooling water from 8 0 , · the temperature 
rise at the condensers, to the value e; Qc is the volume rate of flow of the 
condenser cooling water; and','> ... is the surface heat exchange coefficient. 
For this comparison, the value of r."-- has been taken for an ambient water 
"temperature of 80 ° F and a wind velocity of 5 mph, which are the conditions 
taken for the estuary. 8 0 in both cases is 15°F (8. 33°C). 

Table 2 

Area (Ae) having excess temperatures greater than 
the given value of e, as determined for the James 
River Estuary and for a Flow Through Cooling Pond, 
for a Rate of Heat Rejection of 12 x 109BTU 0 hr-l, 
an Ambient Temperature of 80°F (26. 7°C}, a Wind 
Speed of 5 mph, and a Temperature Rise. at the 
Condensers of l 5°F (8. 33°C) 

Area, A 9 (ft 2 ) For 

e 0 c James River Cooling Pond 

5 0.29 X 107 0.93xl0 8 

4 l.63xl07 1. 33 X 10 8 

3 2. 04 X 107 l.86xl0 8 

2 4. 91 X 107 2. 59 X 10 8 

1 l.55x 10 8 3. 86 X 10 8 

This table shows that the area having excess temperatures greater 
than 5°C would be over 30 times as large for the case of surface cooling 
alone as for the case of the James River estuary where mixing and cooling 
are important. The area in the James River having excess temperatures 
for this rate of heat rejection of 2 °C or greater is only about one-half of 
the area of a cooling pond required to reduce the excess temperatures to 
s 0 c. 
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Conclusions 

1. The results of the thermal studies in the James River estuarine 
n10dcl for a rate of heat rejection of 12 x 1 o9BTU· hr- 1 , corresponding to 
17 65 MW electric power production, (Figures 3 through 18) show that only 
a sn.1.all portion of the estuarine water in the tidal segment adjacent to the 
plant site is subjected to excess temperatures which might have biological 
significance. Averaged over a tidal cycle, the area having excess tempera
tures exceeding 5°C occupies less than 7% of the width of the estuary. Over 
2/3 of the width of the estuary in the tidal segment adjacent to the discharge 
would have excess temperatures less than 2°C. The highest excess tem
perature which completely closes a cross-section would be O. 80°C which 
occurs on only one of the eight distributions over the tidal cycle. The 
average closing excess temperature over the tidal period is 0. 66°C. 

2. The excess temperature distribution in the James River estuary 
adjacent to the Surry Nuclear Power Plant site, as determined for a rate 
of heat rejection of 24 x 109BTU, reveals that even for this loading there 
is not an unreasonable use of the estuarine environment as a heat sink. 
Averaged over a tidal cycle, the area having excess temperatures exceeding 
5 ° C occupies less than 14% of the width of the estuary. Approximately one
half of the width of the estuary in the tidal segment adjacent to the discharge 
would have excess temperatures less than 2°C. The highest·excess tem
perature which completely closes a cross- section would be 1. 09 °C, and 
this occurs on only one of the eight distributions over the tidal cycle. The 
average closing excess temperature over the tidal cycle is O. 82 °C. 

3. A condenser cooling water circulating system with the intake on the 
downstream side of the site and the discharge on the upstream side is more 
de sir able, from the standpoint of the estuarine environment, than the opposite 
arrangement. 

4. The magnitude of the river discharge has little effect on the excess 
temperature distribution, except perhaps at very high discharges. 

5. The mechanical mixing produced by a jet discharge, and the turbu
lent mixing resulting from the tidal currents, contribute significantly to 
reducing the area occupied by the warmest water. Cooling alone would not 
be sufficiently effective in restricting the area subjected to the warm water 
to acceptable size. 

The attached appendix contains the observed temperature data, as read 
from the strip chart records, expressed as the difference between the observed 
temperature in ° F and the base, or ambient temperature for the time of each 
temperature section. These observed excess temperatures are entered along 
a line representing the section on which the measurements were taken, at a 
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position on the line representing the corresponding position on the section, 
The section locations are shown in Figure 2. 

August 30, 1967 

D. W. Pritchard 
Consultant 
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Figure 9 
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(INTERPOLATED FROM OBSERVED DISTRIBUTION 
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RIVER FLOW-2000 CFS AT RICHMOND 
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Figure 10 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 
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EXCESS TEMPERATURE D"jSTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE oi=' 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X\09BTU· HR"i) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 
TIDAL HOUR - 3 

c} 

Figure 14 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 BTU· HR"1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

TIDAL HOUR-41/2 
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Figure 15 
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WATER TEMPERATURE OF 26.6°C/80°F AND A 5 "MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

TIDAL HOUR -6 

Figure 16 
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WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL r,F.JECTED HEAT= 12 X 109 BTU· HW1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW -6000 CFS AT RICHMOND 
TIDAL HOUR - 7¥2 
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Figure 17 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 XJ09 BTU· HR"IJ 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRON~E_NTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT'RlCHMOND 

TIDAL HOUR-9 

Figure 18 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND 
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 XI09 BTU· HR-I) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

TIDAL HOUR-101/2 
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Figure 1~ 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

TIDAL HOUR-0 

c,' 

Figure 20 

... 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR /\N AMBIENT 

WATER TEMPERATURE OF 26.6°C/G0°F AND A 5 MPH WIND 
VELOCITY, FOR 4 UNITS (TOTAL rlEJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW - 2000 CFS AT RICHMOND 
TIDAL HOUR-ll/2 
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Figure 21 

. .,. 

EXCESS TEMPERATURE dlSTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED PROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

TIDAL HOUR- 3 

Figure 22 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT=24 XI09 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

rllVER FLOW- 2000 CFS AT RICHMOND 

TIDAL HOUR - 41/2 
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Figure 23 

... 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT=24 X 109BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

TIDAL HOUR-6 

Figure 24 

WMER ffMP[RA'flJl~E: OF 26.6"C/Q0°F /\ND/\ 5 MPH WIND 
VEL_OCITY, l'Orl 4 UNI 1·s (TOT/\L n1-:J1-:c ffD : 11-:/\T = 24 X 109 B ru- 1 llr1) 

(INTERPOUl:rED i=FlOM oosrnvrn l)ISl'lllOIJ 1·10N 

CORRECTED TO [NVIRONMl::NTAL surll'J\Cl: 111-:Ar EXCI 1/\NGE CONDITIONS} 

RIVER FLOW- 2000 cr-s AT 111CI IMOND 

TIDAL HOUR - 71/2 

B-2~ 
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Figure 25 

EXCESS TEMPEl"l/\TURE DISTRIBUTION, °C, FOR /IN AMBIENT 

WATER TEMPERATURE OF 2G.G°C/ll0°F /IND/\ 5 MPH WIND 

VELOCITY, FOR 4 UNl"i"S (l'Oli'\L IW,Jl.:CTED I IEAT = 24 X 109 ElTU · 11:rl) 

(INTERPOLATED IT/OM OOSE:lVf:D DISrnlOUTION 

CORRECTED TO ENVIRONMENTAL SURFACE I IEAl' EXCHANGE CONDITIONS) 

RIVER FLOW - 2000 CFS AT RICI IMOND 
TIDAL HOUR-9 

Figure 26 

WATER TEMPERATURE OF 26.6°C/80°F /IND A 5 MPH WIND 
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HW1

) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 
CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW - 2000 CFS AT RICHMOND 
TIDAL HOUR-101/2 

B,-3Q 
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Figure 27 

EXCESS TEMPERATURE DISTRIBUTION, 0 c, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED.FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

TIDAL HOUR-0 

G' 

Figure 28 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY; FOR 4 UNITS (TOTAL REJECTED HEAT= 24XI09 BTU· HW1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED 10 ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

TIDAL HOUR- IV2 
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Figure 29 

r~· .. 

EXCESS TEMPERATURE DjSTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24XI09 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 
TIDAL HOUR - 3 

r) 

Figure 30 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24XI09 BTU· HR"I) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 

Tl DAL HOUR - 41/2 

B ..... 32 
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Figure 31 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW - 6000 CFS AT RICHMOND 

TIDAL HOUR - 6 

G' 

Figure 32 
2 ............ .. -----------

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/B0°F AND A 5 MPH WIND 
VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW - 6000 CFS AT RICHMOND 

TIDAL HOUR- 71/2 
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Figure 33 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 X 109 BTU· HW1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW -6000 CFS AT RICHMOND 

TIDAL HOUR-9 

Figure 34 
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EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 26.6°C/80°F AND A 5 MPH WIND 

VELOCITY, FOR 4 UNITS (TOTAL REJECTED HEAT= 24 XI09 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-6000 CFS AT RICHMOND 
TIDAL HOUR - I0\12 
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Figure 3~ 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 BTU· HW1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 
TIDAL HOUR-0 NOTE, DISCHARGE ANDINTAJ<E REVERSED 

Figure 36 

~~~~---~----1-....... . 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 
VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 XI09BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVlrlONMENTAL SURFACE HEAT EXCHI\NGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

TIDAL HOUR - I 1/2 NOTE, DISCHARGE ANDINTAJ<E REVERSED 

B.-35 
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Figure 37 

... 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT, 12 X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SUf1FACE HEAT EXCH/\NG[: CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

TIDAL HOUR-3 NOTE, DISCHARGE ANDINTAJ<E REVERSED 

Figure 38 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 
VELOCITY, FOR 2 UNITS (TOTAL REJECl ED HEAT, 12 X 109 BTU· HR-I) 

(INTERPOLATED FROM OBSERVED DISTRIElUTION 

;., .. ,.,.; .. , .. 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCfl/\NGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 
TIDAL HOUR-41/2 NOTE, DISCHARGE ANDINTAJ<E REVERSED 
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Figure 

... 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 BTU· HW1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 

l'IDAL HOUR-6 NOTE, DISCHARGE ANDINTAKE REVERSED 

Figure 40 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12. X 109 BTU· HWI) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL_ SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW-2000 CFS AT RICHMOND 
TIDAL HOUR-71/2 NOTE, DISCHARGE ANDINTAKE REVERSED 
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Figure 41 

... 

EXCESS TEMPERATURE DISTRIBUTION, °C, FOR AN AMBIENT 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2UNITS (TOTAL REJECTED HEAT= 12XI09 BTU· HR"1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCl-1/\NGE CONDITIONS) 

RIVER FLOW - 2000 CFS AT RICHMOND 

TIDAL HOUR - 9 NOTE, DISCHARGE ANDINTAKE REVERSED 

c,' 

Figure 42 

WATER TEMPERATURE OF 15.6°C/60°F AND A O MPH WIND 

VELOCITY, FOR 2 UNITS (TOTAL REJECTED HEAT= 12 X 109 OTU · HR"1) 

(INTERPOLATED FROM OBSERVED DISTRIBUTION 

CORRECTED TO ENVIRONMENTAL SURFACE HEAT EXCHANGE CONDITIONS) 

RIVER FLOW -2000 CFS AT RICHMOND 

TIDAL HOUR-IOl/2 NOTE, DISCHARGE ANDINTAKE REVERSED 

B,.....38 



APPENDIX 

To The Report 

Temperature Distribution in the James River Estuary 

Which Will Result From the Discharge of Waste Heat 

From the Surry Nuclear Power Station 

Observed Excess Temperatures 

from the 

October 1966 Tests Carried Out in 

The James River Estuary Model 
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OBSERVED EXCESS TEMPERATURES 

( SECTION LOCATIONS SHOWN ON Fl GURE 2 ) 

FOR 
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REJECTED HEAT= 12x I09BTU/HR. 
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FOR 
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OBSERVED EXCESS TEMPERATURES 

( SECTION LOCATIONS SHOWN ON FIGURE 2) 

FOR 

RIVER FLOW= 2000 cfs 

e REJECTED HEAT= 24 x 109 BTU/ HR. 

TIDAL HOUR= 4 1/2 
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DISTRIBUTION OF EXCESS TE1v1PERATURE IN THE 

JAMES RIVER ESTUARY ADJACENT TO THE SURRY 

NUCLEAR POWER STATION FOR WINTER CONDITIONS 

A Report to 

Virg1nia Electric and Power Company 

Previous reports (November, 1966; August, 1967; September, 1970) 

e have described the hydrography of the James River Estuary in the vicinity 

-

of the site of the Surry Nuclear Power Station, and the distribution of excess 

temperature in the James River estuary adjacent to the plant site in the 

summer season. The purpose of this report is to present the probable 

<;listribution of excess temperature to be expected in winter. 

The distribution of excess temperature in the thermal plmne which 

extends in the downcurrent direction from the discharge orifice during each 

ebb and flood period of the tide depends upon: ( 1) the momentum entrainrnent 

of dilution water into the plume due to the excess momentum of the high speed 

thermal discharge; (2) natural turbulent mixing of the heated effluent and the 

receiving waters; (3) the background excess temperature of the receiving 

water entrained into and mixed with the thermal plume; and (4) the loss of 

excess heat fr_om the water surface to the atmosphere due to surface cooling . 
.. 

The background excess temperature is in turn dependent upon the net new 

"dilution" water made available to the tidal segment adjacent to the plant site, 

and surface cooling which occurs over the area of the tidal segments upstream 

and downstream from the discharge orifice. 
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At any given phase of the tide, the excess temperature in any cross

section across the thermal plume increases from the shoreline on the side 

of the estuary on which the plant is located to a maximum value along the axis 

of the thermal plume, and then decreases as the far shore of the estuary is 

approached. At a specific phase of the tide, the minimum excess temperature 

which occurs along the far shore in some specific cross-section will be 

greater than for any other cross-section, and for any other phase of the tide. 

This maximum value of the n1inimum excess temperature in the specific 

cross -section is called the closure temperature. Both hydraulic and numerical 

model studies indicate that the closure temperature occurs at the end of ebb 

tidal flow, along the north side of the James River estuary approximately 

opposite the tip of the Hog Island peninsula. 

With given discharge orifice dimensions, volume rate of flow of condenser 

cooling water, and temperature rise across the condensers, dilution of the 

thermal effluent by momentum entrainment will be independent of season. The 

energy for turbulent mixing of the thermal effluent and the receiving estuarine 

waters is provided by the tidal currents, which vary slightly with the phase of 

the moon and the relative position of earth, sun and moon but do not vary in a 

regular seasonal cycle. Thus the dilution of the thermal effluent by turbulent 

mixing is also independent of season. 

The net new water available to the tidal segment adjacent to the plant 

site for dilution was shown in our November 1966 report to be relatively 

-1 
independent of river flow, and hence of season, and to equal about 25,000 ft· sec . 

The only process ,vhich might lead to a seasonal difference in the 

distribution of excess temperature in the thermal plume, of the background 

~xcess temperature, and of the closure excess temperature, is then possible 

seasonal variations in the rate of loss of heat from the water to the atmosphere; 

that is, in season variations in the surface cooling coefficient. 

The surface cooling coefficient increases with increasing wind speed 

and with inc:;_:easing ambient temperature. Average wind speeds are somewhat 
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higher in winter than in summer, and so on the average this factor should 

lead to a higher rate of heat loss in winter than 1n summer. However, 

ambient temperatures are greater in sum1ner than in winter, and consequently 

this factor would result in higher rates of heat loss in summer than in winter. 

Since the higher winter wind speeds cannot always be counted on, the 

comparison between summer and winter conditions will here be m.ade assuming 

the same wind speed for both seasons. 

In our report of September 1970 use was made of surface cooling 

coefficients corresponding to a wind speed of 10 mph and. an arnbient tempera

ture of 80 ° F. In this computation of the distribution of excess temperature 

in winter conditions, surface cooling coefficients corresponding to a wind speed 

of 10 mph and an ambient temperature of 40°F have been used. 

Table l gives the length, width and area contained within specific 

isotherms of excess temperature for winter conditions, resulting from the 

discharge of a condenser cooling water flow of 3500 cfs with a temperature 

rise across the condensers of 14°F frorn the Surry Nuclear Power Station with 

two units at rated capacity. The discharge velocity is assumed to be 

6 ft · sec -1, and the computations apply to the end of the period of ebb tidal flow, 

which has previously been shown to be the most critical period with respect to 

closure temperatures. 

This coill.puted horizontal distribution of excess temperature for winter 

conditions is shown schematically in Figure 1. The closure temperature is 

also entered on this figure at a position just off the north shore of the estuary, 

across from the tip of Hog Island peninsula. 

Figure l of this report should be compared to Figure l of our report of 

September 1970. Note that the areas contained within given isotherms of 

excess temperature for winter conditions are about l. 8 times as l:=>ng as for 

summer conditions (the length of these areas in winter is, 

about l. 4 time~ as long as for summer). 

however, only 
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Table 1 

Length, ,f 
0

, Width, b
8

, and Area, A
9

, of Specified Isotherms of Excess 

Temperature, 8, in James River Estuary in Therrnal Plurn.e from Surry 

Nuclear Power Plant for Winter Conditions. Two Units, Discharging 

3500 cfs Condenser Cooling Water Flow at Temperature Rise Across 

Condensers of l4°F, at a Discharge Velocity of 6 ft · sec -l 

8( °F) R e(ft) b 
8 

(ft) A
8

(Acres) 

12 6.57xl0 
2 

l. lOxlO 
2 

l. 6 

10 l. 57xl0 
3 

2. 62xl0 
2 

9.4 

8 4.59xl0 
3 

7.65xl0 
2 

80.3 

6 1. 09xl0 
4 

l. 82xl0 
3 

4.50xl0 
2 

5 l. 7 lx 10 
4 

2.85xl0 
3 

l. 12x 10 
3 

4 3. 04x10 
4 

5.07xl0 
3 

3.SlxlO 
3 

3 4.75xl0 
4 . 3 

7.9lxl0 8.63xl0 
3 

2 6.86xl0 
4 

1. 14xl0 
4 

l. 80xl0 
4 
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Figure 1. Horizontal Distribution of Excess Te1npera1:ure in James River Estuary 

for End of F,bb Tidal Flow, for Winter Cone itions, Surry Nuclear Power 
Plant, Two Units, Tetnperature Rise at Condensers 14 ° F, Discharge 

Velocity 6 ft. sec- l Closure Teff;:Jei·aturc l.. 63°F. 

1000 0 1000 2000 3000 

e 
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The closure excess temperature for summer conditions, as shown 

in Figure 1 of our report of September 1970, is 1. 40°F. The closure excess 

temperature for winter conditions is, as shown on Figure 1 of this report, 

I. 63°F. The reason for this relatively small difference can be seen from a 

consideration of the processes which control the closure ternperature. 

The closure excess te1nperature can be considered to be determined 

primarily by two processes: (1) dilution of the excess heat discharged in 

the condenser cooling water by the 11 new 11 water available for dilution in the 

tidal segment adjacent to the plant site; and (2) surface cooling fron.1. the water 

surface area of the tidal segment adjacent to the plant site. For both summer 

and winter conditions the total new dilution water flow rate to the tidal 

segment adjacent to the plant site has been shown to be approximately 25,000 cfs. 

The closure excess temperature due to dilution alone is then 

9 1 = 9 X = 14° X 
C 0 

3500 
25,000 

= I. 9.6 ° F 

and is the same for summer and winter conditions. The closure excess 

temperature corrected for surface cooling is given by: 

e 
C 

= 8' 
C 

where Qh is the rate of rejection of excess heat at the condensers 

( 11. O x 10 9 BTU hr -l); _.,u is the surface cooling coefficient rn 

-2 -1 -1 
BTU ft ( ° F) hr , and I:::.. A is the surface area of the tidal 

8 2 
segment adj a cent to the plant site (3. 4 x 10 ft ) . For summer conditions 

the appropriate value of the surface cooling coefficient _...,u is 

6. 9 BTU 
-2 

ft 

is about 3. 4 BTU 

( o F) -1 

f 
-2 

t 

-1 
hr , 

( 0 F) -1 

while for winter conditions this coefficient 
-1 

hr . Substituting these values into 

the above equation gives the closure temperatures already quoted. 
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Note that even though the surface cooling rate per unit area in winter 

is only about one -half that for summer conditions, the dilution process, 

which is essentially the same both surrnner and winter, is so much more 

important than the cooling process, that the closure excess te1nperatures 

under winter conditions ( 1. 63 ° F} is only slightly higher than under surnmer 

conditions (l.40°F). 

D. W. Pritchard 
Consultant 
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INTRODUCTION 

The Surry Power Station was designed to operate safely without any adverse 

impact on the environment. The release of small quantities of radioactive 

gases and liquids may be expected but will be kept at levels well below the 

limits specified in the Code of Federal Regulations, Title 10, Chapter I, Part 

20 (10 CFR 20). Levels of release will be kept as low as practicable, consistent 

with AEC pol icy on implementation of the National Environmental Pol icy Act of 1969. 

Although no adverse effect on the environment is expected from the operation 

of the Surry Power Station, an environmental monitoring surveillance program 

has been established to measure changes in the background radiation and contam

ination levels around the faci 1 ity. 

This report covers work performed by Eberline Instrument Corporation (EiC) for 

the Virginia Electric and Power Company (VEPCO) in the vicinity of the Surry 

Nuclear Power Station. 

Data has been acquired since 1968 concerning the radioactivity content of the 

environment around the station site. Only the data obtained for all four quarters 

of 1970 and the first two quarters of 1971 are included in this report since 

the more recent data and sampling program reflect more closely the anticipated 

post operational environment sampling program. 

Air Particulate 

Samples of air particulate are collected on glass fiber filters from nine (9) 

locations shown in Table C-1 and Figure I. Air samplers are on for two (2) hours 
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and then off one (1) hour. The filters are exchanged weekly and are analyzed 

after decay of radon daughters for gross beta with a Nuclear-Chicago low back

ground beta counter. These initial gross beta measurements are performed by 

VEPCO on-site and the results are confirmed by sending nine (9) samples per 

month (one from each location) to EiC where they are analyzed for gross beta 

with a Beckman Wide Beta I or Beckman Wide Beta I I low background beta counter. 

Sensitivity is 0.05 pCi/m3 for one-hundred (100) cubic meter (m3) volume. (Table 

C-2) 

Radiogas 

Inert gases, primarily isotopes of krypton and xenon, may be released in low 

concentrations and may cause a slight increase in the background radiation 

level. The mill irem dose (beta plus gamma) per month is measured using five 

l/811 x l/8 11 x 0.03;; 11 sol id Li F thermo luminescent dosimeters double sealed in 

plastic bags. These dosimeters are placed at locations shown in Table C-1 and 

Figure I. Prior to Nay 1970, a single dosimeter was placed at each station, 

but subsequent measurements were based on five dosimeters at each station. 

Each dosimeter was read out using the Eberline Model TLR-5 reader. The com

bined thickness of both plastic bags is approximately 40 mg/cm2 . (Table C-3) 

Water 

Water samples are collected bi-monthly from the James River, locations 1, 3, 

6, 9, and 10 in Figure 2. These samples are analyzed for gross beta. Due to 

the salinity of this water, an oxalate.precipitation is performed and the pre

cipitate counted. A chemical recovery adjustment is made on sample before 

rep6Yting results. Each river water sample is analyzed for tritium by liquid 

scintillation counting. (Table C-4) 
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Water from two deep wells (Surry Station and llog Island Reserve) and two 

shallow wells (Bacon 1 s Castle and Jamestown) are collected semi-annually. An 

aliquot of each sample is evaporated on a metal planchet and analyzed for gross 

alpha and gross beta with a Beckman Wide Beta I proportional counter (alpha and 

beta measured separately). (Table C-5) 

Surface water is collected semi-annually from Chippokes Creek, Williamsburg 

Reservoir, Newport News Reservoir, and Smithfield. An aliquot of each sample 

is evaporated on a metal planchet and analyzed for gross alpha and gross beta 

with a Beckman Wide Beta I proportional counter. (Table C-6) 

Precipitation samples are collected at the site and at Newport News. A 

composite sample from each location is analyzed for tritium by 1 iquid 

scintillation counting and for gross beta by the procedure described above 

for surface and well water samples. (Table C-7) 

Biota 

Corn, peanuts, and soybeans are sampled at Bacon 1 s. Castle annually. The 

samples are analyzed for major gamma emitters by gamma spectrometry. The 

sample is then drl~d, ground, and blended. An aliquot is wet ashed and 

dissolved in acid. An aliquot of the solution is analyzed for potassium with 

an EEL Model 140 Atomic Absorption Spectrophotometer. The remaining solution 

is transferred to a metal planchet with acid, evaporated to dryness, and beta 

counted with a Beckman Wide Beta I or Beckman W[de Beta I I low background 

beta counter. Results for crop samples are reported as pCi/g (dry). (Table C-8) 

Fowl samples are collected semi-annually at hog Island Reserve. Combined 

muscle and tissue are analyzed for gross beta and K-40 by a procedure similar 

to that described for crop samples and results expressed in pCi/g (wet) 
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weight. Bone samples are analyzed for gross beta, K-40, and Sr-90. Results 

~ for bone are reported as pCi/g (dry) weight. Thyroid samples are analyzed for 

1-131 by gamma spectrometry and the results are reported in pCi/g (wet) weight. 

(Table C-9) 

e 

Oyster samples are collected bi-monthly from locations 8, 9, and 10 in Figure 2. 

The edible portion (tissue) is analyzed for major gamma emitters by gamma 

spectrometry. The sample is dried, ashed, and analyzed for K-40 and gross beta 

as described for crop samples. Results are reported as pCi/g (wet) weight. 

(Table C-10) Clam samples are collected bi-monthly from locations l, 2, 4, 5, 

and 7 in Figure 2. These samples are analyzed the same as described for oysters. 

(Table C-10) Crab samples are collected during the summer months from Deep 

Water Shoals and Point of Shoals. These are analyzed the same as described 

for oysters. (Table C-11) 

Si 1 t 

Samples of silt are collected at locations l, 3, 5, 6, 9, and 10 in Figure 2. 

Each sample is analyzed for major gamma emitters, gross beta, and K-40 using 

procedures similar to those described for biota samples. Results are reported 

as pCi/g (dry) weight. (Table C-12) 

Soil 

Soil samples are collected se~i-annual ly at the station site and five acidit:onal 

locations away from the site as shown in Table l. They are analyzed for Gross 

Beta, K-40 and Gamma Scanned. (Table C-13) 
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Samples of milk are collected bi-monthly from four locations near the site 

(locations 3, 6, 9, and 12 in Figure 1) with two samples from location number 3. 

Each sample is analyzed for Sr-90, Cs-137, and stable calcium. 1-131 analysis 

is performed by gamma spectrometry of a one liter sample in a Marinelli beaker. 

Sr-90 is separated from the milk with cation exchange resin, eluted from the 

resin and analyzed. Stable cesium is determined and reported. (Table C-14) 

The Surry Environemntal Sampling Program, with the type of analysis and frequency 

for the samples taken, is shown in the following exhibit: SURRY NUCLEAR STATION -

ENVIRONMENTAL SAMPLING PROGRAM . 
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SAMPLE TYPE 

I. WATERS 

A. James River 

l. Chickahominy 
2. Station Intake 
3. Station Discharge 
4. Point of Shoals 
5. Newport News 

B. We 11 s 

l. Surry Station (Ueep) 
2. Hog Island Reserve (Deep) 
3. Bacon 1 s Castle (Shallow) 
4. Jamestown (Shallow) 

C. Surface Water 

I. Chippokes Creek 
2. Willi~msburg Reservoir 
3. 1-Jewport News Reser·voi r 
4. Smithfield 

D. Pr~cipitation 

I. Surry Station 
2. llewpo rt NevJs 

11. Air 

A. Particulates 

l. Richmond 
2. Surry Station 
3. Hog Island Reserve 

e 
SURRY NUCLEAR STATION 

ENVIRONMENTAL SAMPLING PROGRAM 

FREQUENCY 

Bi-Monthly 

Semi-Annual 

Semi-Annual 

Monthly 
Semi -Annua 1 (composite) 

Weekly 
Monthly 

Soluble 
Insoluble 

TYPE OF ANALYSIS 

Gross Beta, Tritium 

Gross Alpha, Gross Beta 

Gross Alpha, Gross Beta 
Gross Alpha, Gross Beta 

Gross Beta 
Tritium 

Gross Beta 
Gross Alpha 



e 
SAMPLE TYPE 

A. Particulates (Cont'd) 

4. l:3acon's Castle 
5. Alliance 
6. Colonial Parkv,1ay 
7. Dow 
8. Fort Eustis 
9. Newport rfows 

B. Radiogas 

1-9. Same as 11-A 
10. Smithfield 

111. BIOTA 

A. Crops 

l. Bacon's Castle 

B. Fowl (Coot) 

1. Hog Island Reserve 

C. Oyster 

l. Deep Water Shoals 
2. Point of Shoals 
3. l~ev1port iJews 

D. Clam 

l. Chickahominy 
2. Chippokes Creek 
3. Hog Island Point 
4. Lawnes Creek 
5. Station Discharge 

e 
FREQUENCY 

Monthly TLD 

Annual Corn, Peanut 
& Soybean 

Semi-Annual Muscle & Tissue 
Bone 
Thyroid 

Bi-Monthly Tissue 

Bi-Monthly Tissue 

e 
TYPE OF ANALYSIS 

mR exposure 

Gross Beta, K-40, Gamma Scan 

Gross Beta, K-40 
Gross Beta, K-40 

I ' 

Sr-90 
1-131 

Gross beta, K-40, Gamma Scan 

Gross Beta, K-40, Gamma Scan 

n 
I 

'-.I 



r 

SAMPLI:: TYPE 

111. BIOTA (Cont 1 d.) 

E. Crab 

1. Hog Island Point to 
James River Bridge 

F. Fish (White Perch and Catfish) 

l. Intake and Discharge 

IV. SILT 

1. Chickahominy 
2. Station Discharge 
3. Hog Island Point 
4. Station Intake 
5. Point of Shoals 
6. f,levJport l~ews 

V. MILK 

l. Bacon 1 s Castle (Epps) 
2. Bacon 1 s Castle (Judkins) 
3 . D O\tJ [J a i r y ( RO s s ) 
4 . Sm i th f i e l d ( Ba r l ovJ) 
5. Colonial Parkway Dairy (Smith) 

VI. SO IL 

l. Al 1 iance 
2. Bacon 1 s Castle 
3. Colonial Parkway 
4. Dow 
5. Fort Eustis 
6. Surry Station 

FREQIJ ENCY TYPE OF ANALYSIS 

Summer Months Tissue Gross Beta, K-40, Gamma Scan 

Semi-Annual Tissue Gross Beta, K-40, Gamma Scan 

Bi-Monthly Gross Beta, K-40, Gamma Scan 

Bi-Monthly Sr-90, Cs-137, 1-131, & Calcium 

Semi-Annual Gross Beta, K-40, Gamma Scan 

r. 
I 

o::: 



Samp 1 e Medi um .. ** 

Air Particulate 
Radiogas 
Precipitation 
Milk 
Well Water 
Crop 
Surface Water 
Fowl (Coot) 
Soi 1 

X 
X 
X 

X 

.X 

2 3 

X X 
X X 

X (2) 
X X 

X 

X 
X 

TABLE C-1 
SURRY POWER STATION 

ENVIRONMENTAL SAMPLING PROGRAM 

LAND BASED SAMPLING STATIONS 

STATION NUMBER (See Figure l) 

4 _5_ 6 _7_ 8 

X X 
X X 

X 
X 

X X 

X X 

_9_ 

X 
X 

X 

X 

No. 9 - Dow (5,0) 

10 

X 
X 

X 

No. l - Surry Station (0) *** No. 5 - Alliance (5.0) 
No. 2 - Hog Island Reserve(19)No. 6 - Colonial Parkway(4.0) 
No. 3 - Bacon's Castle (4.6) No. 7 - Wi 11 iamsburg (9.5) 
No. 4 - Chippokes Creek(4.4) No. 8 - Jamesto\<m (6.5) 

No,. l O - Fort Eustis (4. 8) 
No. 11 - Newport News (19.0) 
No. 12 - Smithfield (13.0) 

Sample Medium~** 

James River Water 
Si 1 t 

X 
X 

X 

2 

X 

JAM~S RIVER SAMPLING STATIONS 

STATION NUMBER (See Figure 2) 

_3_ .4 

){ 

X 

X 

5 

X 

X 

..,. 

6 

X 
X 

7 

X 

8 

X 

9 

X 
X 
X 

]Q I 

X 
X 
X 

11 

X 
X 
X 

X 

Oyster 
Clam 
Crab * 
Fish ,~ 

No. 
No. 
No. 
No. 

1 -~ Chickah~mi~y (10°.9) No. 5 -
2 - Cobham Bay (1.5) ~o. 6 

~og-lsiani (3.8) 
Station Intake (6.9) 
Lawnes Creek (8.0) 

No. 9 - Poi~t of Shoals (13.3) 
No. 10 - Newport News· (23.·6) 

3 - Station Discharge (0.8)No. 7 -
4 - Jamestown (3.8) No. 8 - Deep Water Shoals (8.4) 

*Sampled in the vicinity of, station- usual i'v at intake-~tru~t~;~ 
**Intertidal vegetation sampled when available from discharge canal 

*** Approximate distance in miles from the station 
area. 

12 

X 

X 

X 

:;c 
(1) n 
< I 
• \.0 



TABLE C-2 
C-10 

Al R PARTICULATE 

QUARTERLY AVERAGES 

pCi /m3/QUARTER pC i /m3 /QUARTER pC i /m3 /QUARTER 
STAT I ON 1st Qt.! 1970 2nd Qt., 1970 3rd Qt., 1970 

Richmond 0. 10 ± 0.03 0.34 ± 0. 11 0.22 ± o. 10 

Surry Station 0. 10 ± 0.04 0.32 ± 0.09 0.20 ± 0.09 

Hog Island Reserve 0. 15 ± 0.03 0.32 ± 0.09 0.20 ± 0. 10 

Bacon I s Castle 0. 16 ± 0.05 0.53 ± 0. 17 0. 31 ± 0. 15 

Alliance 0. 17 ± o. 10 o.49 ± 0. 15 0.26 ± O. 14 

Colonial Parkway 0. 11 ± 0.03 0.35 ± 0. 10 0.22 ± 0. 10 

Drn>J 0. 11 ± 0.03 0.36 ± 0. 11 0.22 ± 0.09 

Fort Eustis 0. 10 ± 0.03 0.31 ± 0. 10 0. 17 ± 0.07 

Newport News 0. 11 ± 0.04 0.34 ± 0.09 0. 22 ± 0. 10 

oCi /m3 /QUARTER pC i /m3 /QUARTER pCi /r,i5/QUARTER 
STATION 4th Qt.' 1970 1st Qt., 1971 2nd Qt. , 1971 
Richmond 0. 18 ± 0.09 0.03 ± 0.02 0.40 ± 0. 12 

Surry Station 0. 12 ± 0.05 0. 13 ± 0.06 0.41 ± 0. 12 

Hog Island Reserve 0. 12 ± 0.06 0. 13 ± 0.06 0.56 ± 0. 16 

Bacon's Castle o. 17 ± 0. 10 0. 19 ± 0.08 0.1! 7 ± 0.29 

Alliance o. 14 ± 0.08 0. 17 ± 0.08 0.38 ± o. 11 

Colonial Parkway 0. 14 ± 0.05 o. 14 ± 0.05 o.42 ± 0. 13 

DOV•/ 0. 14 ± 0.07 0. 15 ± 0.07 0.41 ± 0. 12 

Fort Eustis o. 13 ± 0.07 0. 13 ± 0.07 o.42 ± o. 1.2 

New po rt News 0. 14 ± 0.07 0. 15 ± 0.07 o.42 ± 0. 12 



TABLE C-3 C-11 

AREA MONITORS - TLD 

(Dose for Period - mrem) >'< 

JANUARY FEBRUARY MARCH APRIL 1970 MAY 1970 
STATION 1970 1970 1970 03-30 to 05-11 05-11 to 06-01 

Control 5 0 28 52 20 

Richmond 10 5 33 61 20 

Surry Station 5 6 35 50 11 

Hog Isl and Reserve 7 9 33 57 15 

Bacon's Castle 6 4 34 51 14 

Alliance 7 5 34 46 16 

Colonial Parkway 5 4 28 60 14 

Dow 8 8 28 63 15 

Fort Eustis 6 13 40 4< 
.J 1 7 

Newport News 7 7 32 50 19 

Smithfield 8 3 31 50 16 

JUNE 1970 JULY 1970 AUGUST 1970 SEPTEMBER 1970 
06-01 to 07-20 07-20 to 08-18 08-18 to 09-08 09-08 to 09-29 

Control 19 15 10 15 

Richmond 1 8 15 10 15 

Surry Station 15 12 10 15 

Hog Isl and Reserve 15 15 9 15 

Bacon's Castle 13 14 8 12 

A 11 i ance 12 12 9 12 

Colonial Parkway 17 15 10 1 3 

Dow 19 14 9 1 3 

Fort Eustis 16 13 10 13 

Newport News 14 16 9 1 3 

Smithfield 18 14 10 14 

L 



TABLE C-3 

AREA MON I TORS - TLD (Cont 1 d) 

(Dose for Period - mrem)* 

STATION 

Control 

Richmond 

Surry Station 

Hog Island Reserve 

Bacon 1 s Castle 

A 11 i ance 

Colonial Parkway 

Dow 

Fort Eustis 

e tfowport News 

Smithfield 

Scotland Wharf 

Jamestown 

Lee Hall 

Route 10 and 676 

APRIL, 19 71 
04-01 to 05-11 

13 

+ 

12 

13 

11 

12 

11 

13 

12 

13 

16 

11 

11 

15 

12 

*Control not subtracted from dosimeter readings. 
**Reading not available. 

MAY, 19 71 
05-11 to 06- ') 1 

7 

+ 

7 

7 

8 

7 
I 

8 

7 

7 

8 

11 

8 

7 

10 

7 

C-12 

JUNE, 1971 
06-02 to 07-06 

18 

23 

22 

25 

;'~ ;'-; 

17 

16 

16 

19 

13 

20 

18 

16 

21 

15 



---

TABLE C-4 

JAMES RI VER \./ATER C-13 

(Gross Beta & Tritium) 

COMPOSITE 
STAT I ON COLLECTION DATE BETA pCi/1 H-3 pCi/ml 

Newport News 12-09-69 3 ± 6 ± 2 

Point of Shoals 12-09-69 5 ± 6 ± 2 

Station Intake 12-09-69 3 ± 5 ± 

Cobham Bay 12-09-69 2 ± 6 ± 2 

Newport News 01-27-70 0 ± 2 

Point of Shoals 01-27-70 3 ± 2 

Station Intake 01-27-70 8 ± 3 

Cobham Bay 01-27-70 4 ± 3 

Chickohominy 01-27-70 3 ± 2 

James River Bridge 03-19-70 8 ± 2 7 ± 2 

Point of Shoals 03-19-70 6 ± 2 11 ± 2 

Station Intake 03-19-70 6 ± 2 7 ± 2 

Station Discharge 03-19-70 10 ± 2 9 ± 2 

Chickohominy 03-19-70 12 ± 2 7 ± 2 

Newport News 05-20-70 2 ± 0 ± 2 

Point of Shoals 05-20-70 5 ± 2 ± 

Chickohominy 05-20-70 6 ± 2 0 ± 2 

Station Intake 05-20-70 2 ± 2 ± 

Station Discharge 05-20-70 7 ± 2 ± 

Newport News 07-02-70 7 ± 2 

Point of Shoals 07-02-70 7 ± 2 

Station Intake 07-02-70 5 ± 

Station Discharge 07-02-70 5 ± 

Chickohominy 07-02-70 10 ± 2 



. -- - - -
JAMES RI VER WATER (Cont I d) C-14 

(Gross Beta & Tritium) 

COMPOSITE 
STATION COLLECTION DATE BETA pCi/1 H-3 pCi/ml 

Newport News 09-02-70 2 ± 0 ± 2 

Point of Shoals 09-02-70 2 ± 0 ± 2 

Station Intake 09-02-70 2 ± 0 ± 2 

Station Discharge 09-02-70 6 ± 2 0 ± 2 

Chi ckohom i ny 09-02-70 2 ± 0 ± 2 

e 

) 



C-15 

TABLE C-4 

JAMES RI VER WATER (Cont 1 d) 

(Gross Be ta & Tri ti um) 

COMPOSITE 

STATION COLLECTION DATE BETA pC i /1 H-3 pCi/ml 

Newport News 11-19-70 6 ± 0 ± 

Point of Shoals 11-19-70 5 ± 0 ± 2 

Station Intake 11-19-70 4 ± 0 ± 2 

Station Discharge 11-18- 70 4 ± 0 ± 2 

Chi ckohom i ny 11-20-70 0 ± 2 0 ± 2 

Newport News 01-14-71 0 ± 2 

Point of Shoals 01-14-71 7 ± 

Station Intake 01-13-71 3 ± 

Station Discharge 01-13-71 10 ± 2 

e Chickohominy 01-13-71 3 ± 

Newp_o rt News 03-10-71 3 ± 0 ± 

Point of Shoals 03-10-71 9 ± 2 0 ± 

Station Intake 03-10-71 5 ± 0 ± 

Station Discharge 03-10-71 9 ± 2 0 ± 

Chickohominy 03-10-71 6 ± 0 ± 

Newport Nevis 05-19- 71 6 ± 0 ± 

Point of Shoals 05-19- 71 7 ± 0 ± 

Station Intake 05-20-71 4 ± 0 ± 

Station Discharge 05-20-71 9 ± 2 0 ± 

Chi ckohom i ny 05-21-71 9 ± 2 0 ± 



e 

STATION 

Bacon 1 s Castle 

Hog Island Reserve 

James trn·m 

Su ,- ry St at i on 

Bacon 1 s Castle 

Hog Island Reserve 

J a rne. s t 01·m 

Surry Station 

Bacon 1 s Castle 

Ho::i Is 1 and Reserve 

J a rne s t rn·m 

Su r rv St at i or, 

TABLE C-5 

WELL WATER 

(Gross Alpha & Beta) 

COLLECT I ON DATE 

04-14-70 

04-14-70 

04-14-70 

04-14-70 

09-29-70 

09-29-70 

09-29-70 

09-29-70 

04-05-71 

04-05-71 

04-05-71 

0!+-05-71 

ALPHA oCi/1 

0.0 ± 2.5 

0. ,'.) ± 2. 5 

3. 4 ± 1. O 

0.0 ± 2.5 

0.0 ± 2.5 

0.0 ± 2.5 

0.0 ± 2.5 

0.0 ± 2.5 

0 ± 2 

0 ± 2 

0 ± 2 

0 ± 2 

C-16 

BETA pCi/1 

16 ± 2.0 

5. ± 1. 5 

16 ± 2. ~-

4. 7 ± 1. 5 

10 ± 2.0 

0.0 ± 2.0 

3.2 ± o. 7 

0.0 ± 2 

S ± 2 

3 ± 

2 ± 



-
TABLE C-6 

SURFACE WATER 

(Gross f.l pha & Beta) 

COLLECT I ON DISSOLVED 

STATION DATE ALPHA pCi/1 BETA pCi/1 

Chippokes Creek 04-13-70 6 ± 7 ± 2 

Ne\•1port NevJS 04- 13- 70 0 ± 2 3 ± 

Smithfield 04- 13- 70 0 ± 2 0 ± 2 

Wi 11 i amsburg 04-1 3- 70 0 ± 2 2 ± 

Chippokes Creek 09-29-70 0 ± 2 3 ± 

Ne1r1port t~ews 09-29-70 0 ± 2 3 ± 

Smithfield 09-29-70 0 ± 2 2 ± 

\,/i 11 i 21~1s bu rq 09-23-70 0 ± 2 5 ± 

Chippokes Creek 04-05-71 0 ± 2 3 ± 

tJevJport :·lei-JS 04-05-71 0 ± 2 3 ± 

Smithfield 04-05-71 Q ± 2 6 ± 

Wi 11 i ams burg 04-05-71 0 ± 2 4 ± 

SUSPENDED 
ALPHA pCi/1 BETA 

5 ± 2 10 

3 ± 7 

5 ± 2 10 

4 ± 7 

0 ± 2 3 

0 ± 2 0 

0 ± 2 3 

!, ± 2 0 

0 ± 2 0 

0 ± 2 0 

0 ± 2 0 

0 ± 2 0 

pCi/1 

± 2 

± 

± 2 

± 

± 

± 2 

± 

± 2 

± 

± 

± 

± 

n 
I 



Station 

New po rt News 

Surry Station 

Newport News 

Surry Station 

Newport News 

Surry Station 

Newport News 

Surry Station 

TABLE C-7 

RAIN WATER COMPOSITE 

(Gross Beta & Tritium) 

Date Co 11 ected 

Jan.-March 
1970 

Ap r i 1 - Sept . 
1970 

Oct. -Dec. 
1970 

Jan.-June 
1971 

C-18 

Beta pCi/1 H·3 pCi/ml 

26±5 7±2 

28±4 8±2 

14±2 0±2 

20±3 0±2 

41±4 0±2 

41±4 0±2 

8. 72±1.11 0±1 

8.61±1.21 0±1 



• • 
TABLE C-8 

CROP SAMPLES 

(Cross Beta, K-40, & Gamma Scan) 

COLLECTION SAMPLE WET WT. DRY WT. BETA 
STATION DATE TYPE (g) (g) pCi/g (DRY) 

Bacon's Castle 10/69 Corn 223 200 3.96 ± 0.34 

Bacon I s Castle 12/69 Soybean 185 141 9.32 ± 0.16 

Bacon's Castle 12/69 Peanut 186 183 3.99 ± O. 11 

Bacon's Castle 10-05-70 Corn 360 334 1. 65 ± 0. 15 

Bacon's Castle 10-05-70 Peanut 325 310 9.76 ± 0.48 

Bacon's Castle 11-23-70 Soybean 1666 1300 13. 7 ± 1. 3 

* Gamma Scan indicated <5 pCi/total sample for Fe-59, Co-60, Zr-95, Ru-106, and Cs-137. 

K-40 
pCi/g (DRY) 

2.49 

2.99 

1.99 

0.84 

5.74 

9-57 

GAMMA SCAN 
pCi/g (DRY) 

* 

-;'c 

-;': 

.. ;9: 

;': 

-;': 

n 
I 

\.0 



TISSUE WET WT. DRY WT. 
TYPE {g) (g) 

Bone 90.7 59.9 

Muscle 476 155 

Thyroid 3.50 

TISSUE WET. WT. DRY WT. 
TYPE {g) (g) 

Bone 90 30.0 

Muscle 120 32.5 

C 

Bone 108 38.0 

Muscle 137: 34.5 

e 
TABLE C-9 

FOWL SAMPLES 

COOT 

Collection Date 04-24-70 

Hog Island Reserve 

(Gross Beta, K-40, Sr-90, & 1-131) 

BETA BETA K-40 
pCi/g(WET) pCi/g(DRY) pCi /g (WET) 

5.53 ± 0.67 

o.84 ± 0. 10 0. 14 

CLAPPER RA'I L 

Collection Date 03-13-70 

Hog Island Reserve 

(Gross Beta, K-40, Sr-90) 

BETA BETA K-40 
pCi/g(WET) pCi/g(DRY) pCi/g(WET) 

3.23 ± 0. 13 

0.99 ± 0.03 1. 41 

2.82 ± 0. 11 

0.93 ± 0.03 1. 45 

K-40 Sr-90 
pCi/g(DRY) pCi/g(DRY) 

1. 33 1.34 ± 0.13 

K-40 Sr-90 
pCi/g(DRY) pCi/g(DRY) 

4.70 0.55 ± 0.24 

3.71 o.41 ± 0.18 

1-131 
pCi/g(WET) 

5 

1-131 
pCi/g(WET) 

n 
I 

N 
0 



TISSUE WET WT. DRY WT. 
TYPE (g) (g) 

Bone 40 26.5 

Muscle 388 128 

Thyroid 2.5 

e 
TABLE C-9 

Collection Date 01-12-71 (Cont'd) 

Hog Island Reserve 

(Gross Beta, K-40, Sr-90, & 1-131) 

BETA 
pCi/g(WET) 

1.67 ± 0.20 

BETA 
pCi/g(DRY) 

6.63 ± 0.78 

K-40 
pCi/g(WET) 

0.76 

K-40 
pCi/g(DRY) 

4.59 

S r-90 
pCi/g(DRY) 

3.00 ± 0.27 

1-131 
pCi/g(WE 

5 

n 
I 

N 



; 

-TABLE C-10 

OYSTER AND CLAM SAMPLES 

(Gross Beta, K-40, & Gamma Scan) 

COLLECTION SAMPLE WET WT. DRY WT. BETA K-40 GAMMA SCAN 
STATION DATE TYPE (g) (g) pCi/g(WET) pCi/g(WET) pCi/g(WET) 

Newport News 12-09-69 Oyster 178 14.5 0.30 ± 0.06 0. 17 -;':; 

Deep Water Shoals 12-09-69 Oyster 209 16.0 0.25 ± 0.04 0. 11 ;':; 

Point of Shoals 12-09-69 Oyster 259 25.0 0.30 ± 0.06 0. 15 -;':; 

Lawnes Creek 12-12-69 Clam 309 39,5 0.35 ± 0.08 o. 15 ·l, 

Chippokes Creek 12-12-69 Clam 156 15.5 0.29 ± 0.06 0. 12 ;', 

Jamestown 12-12-69 Clam 124 16.0 0.26 ± 0.08 0. 13 ;', 

Newport News 01-27-70 Dys te r 128 12.5 0.22 ± 0.06 0.21 "k 

Deep Water Shoals 01-27-70 Oyster 143 11. 9 0.22 ± 0.04 0. 11 ;', 

Point of Shoals 01-27-70 Oyster 172 18.8 0.37 ± 0.06 0. 12 ·;';; 

Lawnes Creek 01-17-70 Cl am 222 36. 1 0.46 ± 0. 10 0. 16 ·k 

Chippokes Creek 01-27-70 Cl am 244 30.4 0.26 ± 0.06 0. 11 ;', 

Hog Island Point 01-27-70 Clam 200 18.6 0.21 ± 0.06 0. 11 ;':: 

Jamestmvn 01-28-70 Clam 176 11. 1 0. 10 ± 0.04 0.05 .,. 

Chickohominy 01-28-70 Clam 91 9. 1 o. 12 ± 0.02 0.07 ;':: 

Deep Water Shoals 03-19-70 Oyster 210 18.0 0.43 ± 0.07 0. 10 -;,':: 

Point of Shoals 03-17-70 Oyster 173 16.5 0.34 ± 0.08 0.29 ·/:: 

Lawnes Creek 03-19-70 Clam 199 25.0 0.37 ± 0.07 0. 11 -k 

n 
I Chippokes Creek 03-19-70 Clam 150 14. 0 0. 17 ± 0.05 0. 14 ,':: "-' 

N 

Hog Island Point 03-19-70 Clam 108 11. 0 0.44 ± 0.06 0. 12 ·k 



COLLECTION 
STATION DATE 

James tovm 03-19-70 

Chickohominy 03-19-70 

James R i ve r Br i d ge 03-17- 70 

e 
TABLE C-10 

OYSTER AND CLAM SAMPLES (Cont 1 d) 

(Gross Beta, K-40, & Gamma Scan) 

SAMPLE WET WT. DRY WT. BETA 
TYPE (g) ( g) pCi/g(vJET) 

Clam 162 22.0 o.43 ± 0.02 

Clam 121 7.0 0. 19 ± 0.05 

Oyster 159 15.0 0.94 ± 0. 10 

K-40 
pC i / g (\-JET) 

0.27 

0.05 

0.94 

GAMMA SCAN 
pCi/g(WET) 

;'>, 

·k 

-k 

n 
I 

N 
w 



---------

e 
TABLE C-10 

OYSTER AND CLAM SAMPLES (Cont 1 d) 

(Gross Beta, K-40, & Gamma Scan) 

COLLECT I ON SAMPLE. WET WT. DRY WT. BETA K-40 GAMMA SCAN 
STATION DATE TYPE (g) (g) pCi/g(WET) pCi/g(WET) pCi/g(WET) 
~ 

Deep Water Shoals 05-20-70 Oyster 225 19.0 o.48 ± 0.06 0.26 ;', 

Ne\vport News 05-20-70 Oyster 230 14.0 0.28 ± 0.04 0. 19 ";It 

Point of Shoals 05-20-70 Oyster 183 23.0 0. 77 ± 0.08 0.38 ;';. 

Chickohominy 05-20-70 Clam 154 11. 0 0.35 ± 0.05 0. 13 ;', 

Hog Island Point 05-20-70 Clam 111 15.5 0.91 ± 0. 11 o.43 ;', 

.James tovm 05-20-70 Clam 96. 5 10.0 0.26 ± 0.05 0.25 ;', 

Lawnes Creek 05-20-70 Clam 118 13. O o.44 ± a.of- 0.28 ;';. 

Station Discharge 05-20-70 Clam 11 3 11. 5 0.39 ± 0.06 ;', 

Ne,·Jpo rt News 07-02-70 Oyster 214 19.0 1. 20 ± 0. 13 1. 19 ;', 

Deep Water Shoals 07-02-70 Oyster 234 21. 0 0.93 ± 0. 11 0.86 ;';. 

Point of Shoals 07-02-70 Oyster 235 23.0 1 . 4 3 ± 0. 14 1. 31 ;', 

Lavmes Creek 07-02-70 Clam 190 33.0 1. 56 ± 0.22 1. 67 ;': 

Chippokes Creek 07-02-70 Clam 236 14.o o.43 ± 0.05 0.34 ;': 

Hog Island Point 07-02-70 Clam 244 19.0 0.81 ± 0.09 0. 74 ;', 

James trn,n 07-02-70 Cl am 173 21. 0 1. 00 ± 0. 13 0. 93 ;': 

Chickohominy C ,'-·O?- 70 ~: am 180 1 (). 0 0.23 ± 0.04 0.21 ·k 

Ne1-.ipo rt Nevis 09-02·· 70 Oyster 146 21. 0 0.91 ± 0. 10 0.55 ;', 
C, 

I 

Deep \./ate r Shoals OS'-23· 70 0'/S te r 244 30.0 1 . 11 ± 0. 15 0. 96 ;', N 
~ 

Lavmes Creek 09-23-70 C ! a1;, 378 49.0 0.90 ± 0. 12 0.75 ;', 



STATION 

Hog Island Point 

Station Discharge 

Chickohominy 

COLLECT I ON 
DATE 

09-23-70 

09-23-70 

09-23-70 

e 
TABLE C-10 

OYSTER AND CLAM SAMPLES (Cont 1 d) 

(Gross Beta, K-40, & Gamma Scan) 

SAMPLE WET WT. DRY WT. BETA 
TYPE (g) ( g) pCi/g(WET) 

Clam 150 18.0 0.83 ± 0. 11 

Clam 160 16.0 1. 05 ± 0. 15 

Clam 169 14.o 0.31 ± 0.04 

K-40 
pCi/g(WET) 

o.47 

o. 96 

0. 16 

GAMMA SCAN 
pCi/g(WET) 

·k 

,':: 

,,._ 

n 
I 

N 
v-, 



TABL~-10 

OYSTER AND CLAM SAMPLES (Cont 1 d) 

(Gross Beta, K-40, & Gamma Scan) 

COLLECT I ON SAMPLE WET WT. DRY WT. BETA K-40 GAMMA SCAN STATION DATE TYPE (g) (g) pCi/g(WET) pC i /g (WET) pCi/g(WET) 

Newport News 11-19-70 Oyster 278 22 1. 74 ± 0.21 1. 77 ;': 

Deep Water Shoals 11- 1 8- 70 Oyster 352 30 0.42 ± 0.07 0.27 ·k 

Point of Shoals 11-19-70 Oyster 322 26 0.60 ± 0.08 0.46 ·k 

Lawnes Creek 11-19-70 Clam 346 45 0.58 ± 0.07 0.25 ,1.; 

Hog Island Point 11-18-70 Clam 340 43 0.42 ± 0.06 0.24 ·k. 

Station Discharge 11-18-70 Clam 400 38 0.58 ± 0.08 0.54 ··/.. 

James town 11-18-70 Clam 356 47 0.67 ± 0. 10 0.51 ,'::. 

Chickohominy 11-20-70 Cl am 242 12 0.23 ± 0.04 0. 18 ;'::. 

Newport News 01-14-71 Oyster 230 24 0.83 ± 0. 11 0.54 ND 

Deep Water Shoals 01-14-71 Oyster 333 24 0.66 ± 0.08 o.44 ND 

Point of Shoals 01-14-71 Oyster 227 18 0. 71 ± 0.08 0.46 ND 

Lawnes Creek 01-14-71 Clam 336 18 0.27 ± 0.04 0. 16 ND 

Hog Island Point 01-13-71 Clam 333 16 0.27 ± 0.04 0. 15 ND 

Station Discharge 01-13-71 Clam 298 12 0. 12 ± 0.02 0.09 ND 

James town 01-13-71 Clam 282 16 0.25 ± 0.04 0. 14 ND 

Chickohominy 01-13-71 Clam 328 10 0. 17 ± 0.02 0.08 ND 

NevJport NevJS 03-11-71 Oyster 330 25 0.87 ± 0.09 0.51 ND n 
I 

N 
Ci' Deep Water Shoals 03-11-71 Oyster 312 30 0.58 ± 0.08 0.36 ND 

Point of Shoals 03-11-71 Oyster 328 31 0.80 ± 0. 10 0.49 ND 



e 
TABLE C-10 

OYSTER AND CLAM SAMPLES (Cont'd) 

(Gross Beta, K-40, & Gamma Scan) 

COLLl:CT I ON SAMPLE WET WT. DRY WT. BETA K-40 GAMMA SCAN 
STATION DATE TYPE (g) (g) pC i /g (WET) eCi/g(WET) pCi/g(WET) 
Lawnes Creek 03-10-71 Clam 216 28 o.4o ± 0.06 O. 18 ND 

Hog Island Point 03-10-71 Clam 368 36 0.39 ± 0.06 0. 15 ND 

Station Discharge 03-10-71 Clam 310 32 0.34 ± 0.05 O. 16 ND 

Jamestown 03-10-71 Clam 368 28 o.88 ± 0.08 0. 13 ND 

Chickohominy 03-11-71 Clam 269 17 0.20 ± 0.03 0.06 ND 

ND No detectable activity above background and system sensitivity other than naturally occurring 
uranium, thorium, and potassium. 

n 
I 

N 
-...J 



e 
TABLE C-10 

OYSTER AND CLAM SAMPLES (Cont I d) 

(Gross Beta, K-40, & Gamma Scan) 

COLLECT I ON SAMPLE WET WT. DRY WT. BETA K-40 GAMMA SCAN 
STATION DATE TYPE (g) (g) pCi/g(WET) pC i /g (WET) pC i /g (WET) 

Ne\•1port Nevis 05-19-71 Oyster 298 20 0.58 ± 0.06 0.32 ND 

Deep Water Shoals 05-20-71 Oyster 277 30 0.26 ± 0.04 0. 12 ND 

Point of Shoals 05-19-71 Oyster 320 37 0.67 ± 0.09 0.35 ND 

Lavmes Creek 05-20-71 Clam 324 114 1. 11 ± 0. 17 0.40 ND 

Hog Island Point 05-20-71 Clam 246 60 0.61 ± 0. 11 0.31 ND 

Station Discharge 05-20-71 Clam 192 40 0.56 ± 0. 10 0.23 ND 

Jamestovm · 05-21-71 Clam 165 32 0.63 ± 0.09 0.22 ND 

Chi ckohomi ny 05-21-71 Clam 11 6 14 0,43 ± 0.05 0. 13 ND 

ND= No detectable activity above background and system sensitivity other than naturally occurring uranium, 
thorium, and potassium. 

*Gamma Scan i~dicated <5 pCi/total sample for Fe-59, Co-60, Zr-95, Ru-106, and Cs-137. 
n 
I 

N 
00 



STAT I ON 

Station Discharge 

Station Intake 

COLLECTION 
D.l\TE 

07-02-70 

09-03-70 

TABLE C-11 

CRAB SAMPLE 

(Gross Beta, K-40, & Gamma Scan) 

HET WT. 
(g) 

130 

135 

DRY WT. 
(g) 

29 

29 

BETA 
pC i /g (\·JET) 

2.49 ± 0.35 

1.47 ± o. 18 

*Gamma Scan indicated <5 pCi/total sample for Fe-59, Co-60, Zr-95, Ru-106, and Cs-137. 

K-40 
pCi/g (\4ET) 

2.59 

1. 24 

GAMMA SCAN 
pCi /g (WET) 

n 
I 

N 
'-!) 



COLLECTION 
STATION' DATE 

Newport News 12-09-69 

Point of Shoals 12-09-69 

Station Intake 12-12-69 

Hog Island ·Point 12-12-69 

Station Discharge 12-12-69 

Newport News 01-28-70 

Point of Shoals 01-28-70 

Station Intake 01-28-70 

Hog Island Point 01-28-70 

Station Discharge 01-28-70 

Chickohominy. 01-28-70 

Poir:it of Shoals 03-17-70 

Station Intake 03-19-70 

Hog Island Point 03-19-70 

Station Discharge 03-19-70 

Chickohominy 03-19-70 

James River Bridge 03-17-70 

(Gross Beta, 

e 
TABLE C-12 

SILT SAMPLES 

K-40, & Gamma Scan) 

WET WT. (g) DRY WT. (g) 

333 183 

307 7.8.5 

408 173 

320 96.0 

402 239 

200 69.4 

409 175 

455 261 

265 105 

353 146 

290 167 

228 90.5 

277 125 

319 148 

234 89.0 

261 84.0 

268 88.0 

a, ,,w, 

BETA K-40 GAMMA SCAN 
pCi/g (DRY) pCi/g (DRY) pCi/g (DRY) 

5.29 ± 0.42 1.24 * 
3.47 ± 0.62 1. 35 ... 

'" 

2. 77 ± 0.58 1.29 * 
4. 13 ± o.64 1. 29 * 
2.08 ± 0.54 0.44 * 
2.61 ± 0.56 1. 65 * 
2,62 ± 0.56 1.85 ,": 

1.22 ± 0.48 o.86 * 
2.38 ± 0.54 1.07 * 
1. 71 ± 0.50 1. 15 * 
0.86 ± 0.46 0.84 * 
4.46 ± 0.64 1. 99 . * 
2.65 ± 0.56 1.23 * 
2.88 ± 0.56 1.23 * 
3.56 ± 0.60 1.23 * 

(") 

I 
~ 

0 

1. 36 ± o. 48 1.07 * 
5.03 ± o.66 2~83 * 
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TABLE C-12 

SILT SAMPLES (Cont 1 d) 

(Gross Beta, K-40, & Gamma Scan) 

COLLECT I ON BETA K-40 GAMMA SCAN 

STATION DATE WET \.JT. (g) DRY WT. (g) pCi/g (DRY) pCi/g (DRY) pCi/g (DRY) 

Chickohominy 05-20-70 220 102 3.32 ± 0.50 1. 84 ';'t. 

Hog Island Point 05-20-70 246 116 4.07 ± 0.57. 1. 23 ·k 

Newport News 05-20-70 254 125 3.91 ± 0.50 1. 76 .. k. 

Point of Shoals 05-20-70 220 146 4. 39 ± 0.60 1. 53 ;': 

Station Intake 05-20-70 295 173 3.24 ± 0.50 1. 15 -;';;. 

Station Discharge 05-20-70 155 106 3.39 ± 0.51 1. 68 ·k 

Newport Nevis 07-02-70 238 .137 8.76 ± 1. 39 9.59 ;';; 

Point of Shoals 07-02-7-0 203 74 12.8 ± 1. 4 9.59 ;';; 

Station Intake 07-02-70 198 100 7.55 ± 1. 03 5. 77 ;';; 

Hog Island Point 07-02-70 225 102 8.22 ± 1. 20 7.66 ;':. 

Station Dis.charge 07-02-70 204 7fi 4.23 ± 0.62 1. 94 ;';; 

Chickohominy 07-02-70 172 70 2.54 ± o.44 1. 31 .. k 

Newport News 09-02-70 374 196 . 5. 82 ± 0.89 5.74 ·k 

Point of Shoals 09-02-70 342 174 4.65 ± 0:69 3.83 ·k 
n 

I 

Station Intake 09-02-70 351 188 3. 13 ± o.49 1. 91 ;';; 
l.,.J 

Hog Island Point 09-02-70 372 161 2. 10 ± 0.35 0. 77 ;';; 

Station Discharge 09-02-70 334 133 5. 13 ± 0.70 3.83 ...,,,, 

Chi ckohumi ny 09-02-70 347 130 4. 19 ± o.67 3.83 ·;':. 



• TABLE C-12 e -SILT SAMPLES (Cont'd) 

(Gross- Beta, K-40, & Gamma Scan) 

COLLECTION BETA K-40 GAMMA SCAN 
STATION DATE WET WT. (g) DRY WT. ( g) pCi/g (DRY) eCi/g {DRY) pCi/g (DRY) 

Newport News 11-19-70 478 161 7.54 ±0.91 3.83 ·k 

Point of Shoals 11-19-70 554 209 4.99 ± 0.80 3.83 ";" 

Station Intake 11-19 .. 70 546 324 7.53 ± 1. 02 5,.74 "k 

Hog Island Point 11-18-70 606 324 5.24 ± 0.74 1. 91 ·k 

Station Discharge 11-18-70 612 304 6. 11 ± o.85 3.83 ··k 

Chickohominy 11-20-70 483 133 6. 51 ± 0. 77 1. 91 ·k 

Newport News 01-14-71 529 184 9.80 ± 0.95 2.78 ND 

Point of Shoals 01-14-71 651 228 4.32 ± 0.59 1. 08 ND 

Station 1ntake 01-14-71 672 356 7.30 ± 0.78 1. 08 ND 

Hog lsland Point 01-13-71 6fr4 308 4. 13 ± 0.56 0.76 ND 

Station Discharge 01-13-71 578 20] 5.67 ± 0.70 1. 54 ND 

Chi ckohom i ny 01-13-71 600 398 4.oi ± 0.53 o. 31 ND 

Newport News 03-11-71 659 442 2. 31 ± o.4o 0. 77 ND 

Point of Shoals 03-11-71 526 182 5. 5-1 ± 0.69 1. 15 ND 

Station Intake 03-10-71 655 297 4.10 cl: 0.57 o. 77 ND 
('") 

I 

Hog Island Point 03-10-71 55E 292 4.49 ± 0.60 0. 77 ND VJ 
N 

Station Discharge 03-10-71 576 268 3.79 ± 0.54 -o. 77 ND 

Chickohominy 03-11-71 632 308 3.03 ± o.49 0.92 ND 



e 
TABLE C-12 

SILT SAMPLES (Cont'd) 

(Gross Beta, K-40, & Gamma Scan) 

COLLECTION BETA K-40 
STAT I ON DATE WET WT. (g) DRY WT. (g) eCi/g (DRY) pCi/g (DRY) 

Newport News 05-19-71 508 172 6.21 ± 0. 77 1. 76 

Point of Shoals 05-19-71 474 162 8.01 ± 0.87 1. 84 

Station Intake 05-20-71 440 171 6. 0.3 ± o. 71 0. 77 

Hog Island Point 05-20-71 598 308 2.93 0. 77 

Station Discharge 05-20-71 484 244 5.00 ± o.84 0. 77 

Chickohominy 05-21-71 526 158 4.94 ± 0.62 1. 15 

,':Gamma Scan indicated <5 pCi/total sample for Fe-59, Co-60, Zr-95, Ru-106, and Cs-137. 

ND= No detectable activity above background and system sensitivity other than naturally 
occurring uranium, thorium, and potassium. 

GAMM.I\ SCAN 
pCi/g (DRY) 

ND 

ND 

ND 

ND 

ND 

ND 



---

~ 
SOIL SAMPLES 

(Gross Beta) 

COLLECTION BETA K-40 GAMMA SCAN 
STAT I ON DATE WET WT. (g) DRY WT. {g) pCi /g (DRY) pCi/g (DRY) eCi/9 (DRY) 

Alliance 04-13-70 636 536 1. 06 ± 0.23 ND 

Bacon 1 s Castle 04-13-70 742 716 1. 10 ± 0.24 ND 

Colonial Parkway 04-13-70 504 418 1. 63 ± 0.25 ND 

Dow 04-13-70 746 647 3.84 ± 0.30 ND 

Fort Eustis 04-13-70 668 615 0.90 ± 0.23 ND 

Surry Station 04-13-70 725 540 2.48 ± 0.27 ND 

Alliance 09-29-70 594 526 1. 67 ± 0.32 ND 

Bacon 1 s Castle 09-29-70 534 478 2.34 ± o.4o ND 

ColoniaJ Parkway 09-29-70 501 421 3.74 ± 0.54 ND 

Dow 09- 29-70 660 512 5.01 ± 0.64 ND 

Fort Eustis 09-29-70 506 412 4.27 ± 0.58 ND 

Surry Station 09-29-70 559 474 3. 11 ± o.48 ND 

Alliance 04-05-71 550 522 1. 39 ± 0.26 0.23 ND 

Bacon 1 s Castle 04-05-71 507 372 3.25 ± o.46 0.23 ND 

Colonial Parkway 04-05-71 582 484 3.47 ± o.48 0.04 ND 

Dow 04-05-71 473 398 3. 11 ± o.46 0.32 ND 

Fort Eustis 04-05-71 493 420 2.74 ± 0.43 0.36 ND 
n 

I 

Surry Station 04-05-71 450 350 2.28 ± 0.38 o.45 ND I.,.) 

.J::"-

ND = No detectable activity above background and system sensitivity -Other than naturally occurring 

uranium, thorium, and potassium, and a trace of cesium-137 from 0orldwide fallout. 
- -- ------- - ---- -- ----- -



e TABLE C. 
MILK SAMPLES 

(Sr-90, Calcium, Cs-137, & 1-131) 

COLLECT I ON Sr-90 CALCIUM Cs-137 1-131 
STAT I ON DATE pCi/1 pCi Sr-90/g Ca g/1 pC i /1 ~ 

Smith Dairy 02-23-70 Lost 

Ross Dairy 02-23-70 10.6 ± 1. 6 12.7 ± 1. 0 0.84 5.76 ± 0.28 <15 

Epps Dairy 02-24-70 11. 6 ± 1. 8 11 . 6 ± 1. 8 1. 00 6.75 ± 0.24 <15 

Jenkins Dairy 02-24-70 18.3 ± 2.2 18.0 ± 1. 1 1. 02 4.23 ± 0.22 <15 

Barlow Dai ry 02-24-70 11. 2 ± 1. 8 9.4 ± 0.8 1. 20 5.92 ± 0.30 <15 

Epps Dairy 04-04-70 9.39 ± 0.56 11. 2 ± 0.7 o.84 4.84 ± 0.30 <15 

Bar 1 ow Dairy 04-04-70 12.0 ± 1. 0 9.94 ± 0.80 1. 20 5. 13 ± 0. 18 <15 

Ross Dairy 04-28-70 9.69 ± 0.34 9.30 ± 0.33 1. 04 5.84 ± o. 18 <15 

J u d I .i n s D a i ry 04-28-70 18.5 ± 0.9 20. 1 ± 1. 0 0.92 7. 72 ± o. 18 <15 

Smith Dairy 04-28-70 14.7 ± 0.7 15.0 ± 0.7 0.98 5.25 ± 0.30 <15 

Epps Dairy 06-09-70 6. 74 ± 1. 48 4.41 ± 0.97 1. 53 12.9 ± 0.8 <15 

Barlow Dairy 06-09-70 2.61 ± 0.57 2. 12 ± 0.46 1. 23 6. 77 ± 0.20 <15 

Ross Dairy 06-09-70 1. 37 ± 0.30 0.98 ± 0.21 1. 40 5,76 ± 0.24 <15 

Judkins Dairy 06-09-70 3.90 ± 0.86 5. 13 ± 1. 13 0.76 1 0. 1 ± 0.2 <15 

North Shore Dairy 06-09-70 2.35 ± 0.52 1. 72 ± 0.38 1. 37 7.63 ± 0.22 <15 

Epps Dairy _08-- 18- 70 . i4. 3 ± 0.9 15.0 ± 0.9 0.95 5. 14 ± 0. 19 <15 

Barlow Dairy 08-18-70 8.56 ± o.68 7.64 ± 0.61 1. 12 3,59 ± 0.22 <15 n 
I 

\A) 

Ross Dairy 08-11-70 9.91 ± o.49 16.8 ± o.8 0.59 2.39 ± o. 17 <15 
V, 

Judkins Dairy 08-18-70 18.4 ± 0.9 16.5 ± 0.8 1. 11 2.22 ± O. 13 <15 

Smith Dairy 08-11-70 11. 0 ± 0.9 11. 2 ± -0. 9 0.98 4.65 ± 0.15 <15 



e 
TABLE C-14 

MILK SAMPLES (Cont 1 d) 

(Sr-90, Calcium, Cs-137, & 1-131) 

COLLECT I ON S r-90 CALCIUM Cs-137 1-131 
STATION DATE pCi/1 pCi S r-90/g Ca g/1 pCi/1 pCi/1 

Epps Dairy 04-05-71 7.21 ± 1. 30 13.8 ± 2.50 0.52 <10 <10 

Ba r l ow D a i ry 04-05-71 9.73 ± 0. 78 16.2 ± 1. 30 0.60 <10 <10 

Judkins Dairy 04-05-71 18.8 ± 1. 90 26.0 ± 2.60 0.72 <10 <10 

Smith Dairy 04-15-71 10.5 ± 1. 90 11. 4 ± 2. 10 0.92 <10 <10 

Ross Dairy 04-15-71 13. 1 ± 1. 30 13. 1 ± 1. 30 1. 00 <10 <10 

Epps Dairy 06-14-71 5.59 ± 1. 23 9.31 ± 2.05 0.60 <10 <10 

Barlow Dairy 06-14-71 8.26 ± 1. 82 12!9 ± 2.80 o.64 <10 <10 

Judkins Dairy 06-14-71 6.07 ± 1. 34 9.46 ± 2.08 o.64 <10 <10 

Smith Dairy 06-01-71 6. 74 ± 1. 08 10.5 ± 1. 70 o.64 <10 <10 

Ross Dairy 06-01-71 8.49 ± 1. 36 14. 1 ± 2.30 0.60 <10 <10 



FIGURE 1 
SURRY NUCLEAR STATION 

LAND BASED SAMPLING STATIONS 
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FIGURE 2 
SURRY NUCLEAR STATION 

JAMES RIVER SAMPLING STATIONS 
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SECTION I - INTRODUCTION 

SURRY COUNTY 

INDEX TO COUNTY LOCATION 
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Surry County was formed in 1652 
from James City County, the county 
where Jamestown, the first permanent 
English settlement, is located. 
Surry was named for Surrey County in 
England, although the "e" was dropped 
in the spelling of the American county. 
Surry lies just across the James River 
from Jamestown and was explored and 
settled early by the colonists. In 
1609 Captain John Smith build a fort, 
Smith's Fort, on Gray's Creek, just 
north of the town of Surry. By 1623 
there were 64 settlers living in 
Surry County - 31 of these were 
living on Hog Island, a peninsula 
of the county which juts into the 
James River. 

Surry County has many old homes of historical significance, some of which 
are open to the public. The land around Smith's Fort was a gift from the Indian 
Chief Powhatan to Thomas Rolfe, the son of his daughter Pocahontas, In 1652 
Thomas Warren built a house on this land, which still stands today and is known 
as the Rolf-Warren House. This house is open to the public. Another of the 
very old homes in Surry is Chippokes Plantation, one of the original land grant 
plantations, which still retains its original boundaries. Although this planta
tion has become a state park, it is still a working plantation and there are 
cows, sheep, soybeans and other crops raised here. Chippokes was named for 
an Indian, Chippoke, who was a great help to the early settlers of the county. 
Bacon's Castle, a privately owned home, was built around 1660 by Arthur Allen. 
Its name comes from Nathaniel Bacon, leader of Bacon's Rebellion, although he 
probably never saw the house. Other historic places are Claremont Manor, now 
a private school, the Glebe House in Southwark Parish, the ruins of Southwark 
Church and Pleasant Poirit. 

Surry County lies in the Costal Plain bordering the James River. Its 
area consists of· 280 sq. mi. of land (179,200 acres) and 26 sq. mi. of inland 
water, The surface is gently rolling or quite level, with some high points 
that rise about 93 feet above sea level in the e,1stern part of the county and 
about 120 feet in the western part of the county. Temperature averages 41° 
in January, 78° in July. Precipitation amounts to about 43 inches annually 
and is well distributed. About 76 percent of the Lmd area is wooded, and 
production of pulpwood and lumber is an important business in Surry. Marl, 
clay, sand and gravel are the only s:ignificant mineral resources. In 1970 
the population of Surry County was 5,882. The State Division of Planning 
and Corrnnunity Affairs has predicted that the county's population will decrease 
at an average annual rate of 0.5 percent and will each 5,600 by 1980. 

This is a rural county and agriculture is the principal industry. The 
sandy loam soil is well adapted to general crops. In particular, Surry is 
known for its peanuts and rank,id sixth rn:oong Virginia I s peanut-producing counties 

e 
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in 1970. In recent years hog. production has increased and the county ranks 
sixth among Virginia· counties in value of farm income from hogs. There is a 
ready market in the meat-packing houses of neighboring counties in this famous 
"Virgi'nia ham" country. Soybeans and corn are also raised in rather large 
quantities. Some farms specialize in poultry, hogs, and cattle. 

The only manufacturing concerns are a meat products company and several 
sawmills and planning mills. 

In the extreme northeastern corner of Surry County is Hog Island Waterfowl 
Refuge, a 2,485 acre tract on the James River, set aside as a winter home for 
Canada geese and other migratory fowl. On Blackwater River northeast of Dendron 
is the Heron Rookery Natural Area, a naw sanctuary, .recently donated to the 
state as a. heron preserve. It is their natural nesting.place. 

A nuclear 
kilowatt units 
at Hog Island. 
and will serve 

powered steam generating station which will house two 800,000 
is under construction by the Virginia Electric and Power Company 
This station is scheduled to open in 1972 for connnercial service 

approximately 400,000 households. 
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SECTION II - P0l1UIATION 

Table l • ..::..selected Popula.tion Statistics 

Surry County . .• ~--· .••••••••.••••••• ~ 
Town of Surry 
Town of Claremont 
Town of Dendron 

, 
·'' 

1940 . 
. -
6,193 

254 
380 
465 

6,220 
248 
374 
476 

Surry Coµnty 
1960 1970 

Median age ...... ~ .............. , ... . 

Age distribut'ion: 
Percent of total population 

0 to 4 ........ ................ . 
5 to 17 ....................... . 
18 to 20 ...................... . 
21 to 44 . ..................... . 
45 to 64 I • I I I I I I I I I I • • I I I I I I I I I 

65 and over ............ .- , ..... . 

Race distribution: 
Percent of total population 

White ........ -................. . 
Negro .•........................ 
Other race .............. ; ..... . 

Percent of family heads which 
are lllS. le ........................ . 

Percent of family heads which 

24.1 

13.1 
29.6 
4.0 

25.0 
18.5 
10.0 

35.3 
64.7 
o.o 

n.a. 

are female ... ,.................... n.a. 

Percent of total population of 
14 year olds and over in the 
labor force. . . . . . . . . . . . . . . . . . . . . . 50. 2 

Median school years completed b:, 
persons 25 years and over ..... ,.. 7 .5 

n.a. 

10.0 
29.0 
4.7 

24.7 
21.9 
10.8 

34.8 
65.2 
0.0 

75. l. 

10.0 

n.a. 

n.a. 
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6,220 
288 
377 
403 

1970!!.1 -· 
5,882 

269 
383 
336 

Virginia· 
1960 1970 - -
27.1 

11.6 
·25.4 

4.7 
32.9 
18.2 

. 7 .1 

79.2 
20.6 

0.2 

n.a. 

n.a. 

55.7 

9.9 

n.a. 

8.4 
25 .8 .· 
· 5 .8 
32,5' 
19.6 

7.9 

80.8 
18.6 
0.6 

88.7 

. ll.3. 

n.a. · 

n.a, 

~/ Population in 1970 by magisterial districts was Blackwater District 1,440,. 
Cobham District 2,704 and Guilford District 1;738. 

n.a. - not available 

Note: Details may not add to totals due to rounding. 

Sources: U.S. Bur.e.au of the Census, Census of Population, 1960, Vol. I, 
Characteristics of the Population, Part 48, Virginia, (Washington: Government 
P;_rinting Office, 1963); U.S. Bureau of the Census, 1970 Census of Population, 
PC(V2)-48, General Population Characteristics, Virginia, (Washington: Government 
Printing Office, February, 1971). 

,, ,1· 

··.--: 
. . . . 
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SECTION III - HOUSING 

Table 2.--Selected Housing Statistics for Surry County, 1970 

All housing units .•.•.•..•....•.•.. 
Year around housing units .••.•.•. 
Vacant-seasonal and migratory •••• 

Persons per unit occupied .••.••.••• 
Ot-7nership .................•.•... Ill 

Ren t:a.1 •.•••••••••••••••••••• · ••••• 
Units in structure: 

OI;ie unit ...•..•..... o ••••••••••••• 

Two uni ts or more •.•......•.•..•• 
Mobile home or trailer •••••.••••• 

Surry County 

2,041 
1,906 

135 
3.7 
3.5 
4.2 

1,745 
61 

100 

Virginia 

1;491,663 
1,483,026 

8,637 
3~2 
3.3 
3.0 

1,110,016 
326;496 
46,514 

Percent of 
Stat~ ... 

0.1 
CLl 
L~ 

115.6 
i06.t 
140.0 

0.2 
o.o 
0.2 

Source: U. s. Bureau of the Census, 1970 Census of Housing, HC(Vl)-48; Genetal 
Housing Characteristics, Virginia,(Washington: Government Printing Office; Februat"y; 
1971). 
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1970 
e 

Table 3.--Tenur~, Race, Value, and Contract Rent in Surry County, 

Percent Distribution of Housing 
Ntnnber of Housing Units Units 
Surry 

~ County Virginia Surry County Virginia 

Tenure and Race: 

Owner Occupied •. ~ .• · •.. ; •.. 1,,073 861,867 100;0 100.0 
White . .. ·. ~ ............... 548 746,619 51.1 86.6 
Negro~ ~ .............. · .... 525 113,126 49.0 13 .1 
Other. race •.•..•.•..•..• 0. 2,122 o.o 0.2 

Renter·occupied .•....•...• 507 528,360 100.0 100.0 
White . .................. 202 417,603 39.8 79.0 
Negro • .. I> •••••••••••••••• 305 106,941 60.2 20.2 
Other race ..•..........• 0 3,816 o.o 0.7 

Value: Specified 
Owner Occupied 

Less than $5,000 151 49,590 27.3 7.1 
$5,000 to $9,999 174 103,276 31.5 14.8 
$10~000 tci $14;999. 107 136,571 19."3 19.6 e $15,000 to '$19,999 64 129,246 11.6 18.5 
$20,000 to $24,999 35 90,874 6.3 13.0 
$25,000 to $34,999 16 99,608 2.9 14.3 
$35,000 to $49,999 5 62,585 1.0 9.0 
$50,000 or more 1 25 1454 0.2 3.6 

Total 553 697,204 100.0 100.0 

Contract Rent: Specified 
Renter Occupied 

Less than $40 116 50,923 41.1 10.5 
$40 to $59 29 65,425 10.3 13.4 
$60 to $79 16 70,971 5.7 14.6 
$80 to $99 14 56,543 5.0 11.6 
$100 to $119 6 48,437 2.1 10.0 
$120 to $149 13 73,074 4.6 15.0 
$150 to $199 2 59,828 0.7 12.3 
$200 or more 0 22,239 o.o 4.6 
No cash rent 86 38 2857 30.5 8.0 

Total 282 486,297 100.0 100.0 

Note: Details may not add to totals due to rounding. 

Source: U.S. Bureau of the Census, 1970 Census of Housing, HC(Vl)-48, General ~ 
Housing Characteristics, Virginia, (Washington: Government Printing Office, February, ~ 

1971). 
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SECTION IV - INCOME 

Table 4 .--Income Measures 

Total personal income: 
1960 ($000) ........••...•••...•....• 
1967 ($000) .........•.....•.••...... 

Per capita income: 
1960 . .............................. . 

Ratio to state average ...•..•..•.. 
196 7 . .............................. . 

Ratio to state average .•.••....... 
1959 family income: 

, Median . ...................... • ...... , 
.Ratio to state average ....•.•..... 

Percent less than $3,000 .•....••..•. 
. Percent $10,000 and over ........... . 

Surry County 

$ 8;138 
13,224 

$ 1,308 
.70 

$ 2,214 
.80 

$ 2,694 
.54 

55.4 
2.4 

D-9 

Virginia 

$ 7,339,300 
$12,778,000 

$ 1,856 
1.00 

$ 2,777 
1.00 

$ 4,964 
1.00 
27.9 
13.2 

Sources: U. s. Bureau of the Census, Census of Population, 1960, Vol. I, 
Characteristics of the Population, Part 48, Virginia (Washington: Government 
Printing Office, 1963); University of Virginia, Bureau of Population and Economic 
Research, Personal Income of Virginia Counties and Cities, 1960, 1965 1 and 1967, 
(Charlottesville: University of Virginia, 1969), Tables I and II. · 
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Table 5.--Adjusted Gross Taxable Income for Surry County, 1969~/ 

Source of income: 
Gross wagg' . ........ o ••••••••••••••••••••••••• 

Dividends- .................................. . 
Business gaig1or loss .........•......... ~ ..•... 
Capital gaitt- . ................................ . 

· Net farm ...................... •: ................ . 
Adjusted gross taxable income .•.•....•...•. 

Income per tax return . .. : ...................... . 

Income per tax return as a percent of the 
state average of $6,802 ...... · •.........•...... 

Surry County 

$8,788,637 
965,224 
251,814 
417,304 
824,742 

$11,247,721 

$ 5,384 

79.2 

Note: Details may not add to totals due to rounding. 

~/ Adjusted gross taxable income refers to adjusted gross income for state tax 
purposes as defined by the Virginia state tax law. There is. a distinction between 
adjusted gross taxable income a'.'J.d total personal income. Not included in adjusted 
gross taxable income but in total personal income are military income of non-Virginia 
residents, income in kind, unreported income under $1,000, transfer payments, other 
labor income (which is workmen's compensation and military reservist's pay minus 
personal contributions for social insurance and private pensions). Adjusted gross 
taxable income includes capital gains, but total personal income does not. 

'J:./ Includes dividends, interest, rents.and royalties, annuities or pensions, 
and the income from partnerships, estates and trusts. 

::/ Capital gain is the net gain (or loss) incurred from the sale or exchange of 
real estate, stocks, bonds and other personalty. 

Source: Commonwealth of Virginia, Department of Taxation, Income of Resident 
and Nonresident Individuals and Fiduciaries for the Taxable Year 1969,(unpublished 
tables). 

• 

e 
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SECTION IV - INCOME 

Table 4 .--Income Measures 

Total personal income: 
1960 ($000) .... , ...•....•.....••.... 
1967 ($000) ..............•.......... 

Per capita income: 
1960 ...................•...•.. , ..... 

Ratio to state average .....••..•.. 
1967 ............... ................ . 

Ratio to state average ... '''!""''' 

1959 family income: 
Median . ............... • ............. , 

Ratio to state average .•....•..... 
Percent less than $3,000 ........... . 
fercent $10,000 and over ........... . 

Surry County 

$ 8;138 
13,224 

$ 1,308 
.70 

$ 2,214 
.80 

$ 2,694 
.54 

55.4 
2.4 

D-9 

Virginia 

$ 7,339,300 
$12,778,000 

$ 1,856 
1.00 

$ 2,777 
1.00 

$ 4,964 
1.00 
27.9 
13. 2 

~ources: U. s. Bureau of the Census, Census of Population, 1960, Vol. I, 
Characteristics of the Population, Part 48, Virginia (Washington: Government 
Printing Office, 1963); University of Virginia, Bureau of Population and Economic 
Research, Personal Income of Virginia Counties and Cities, 1960, 1965, and 1967, 
(Charlottesville: University of Virginia, 1969), Tables I and II. 
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Table 5.--Adjusted Gross Taxable Incoine for Sur~y County, 1969~/ 

Source of income: 
Gross wagg? . .............................. , .. . 
Dividends- .................................. . 
Business gaig1or loss .••..••..••••.....••••• ~i. 

Capital gaitt-- ........ ......................... . 
Net farm . ...•••.........•...••..•........ , . • ... · 

Adjusted gross taxable income ..••.••.•••... 

Income per tax return . .. : ...................... . 

Income per tax return as a percent of the 
··state average of $6,802 .•.••. · •••.•••••.•.•.•.. 

Surry County 

$8,788,637 
965,224 
251,814 
417,304 
824,742 

$11,247,721 

$ 5,384 

79.2 

Note: Details may not add to totals due to rounding. 

~/ Adjusted gross taxable income refers to adjusted gross income for state ·tax 
purposes as defined by the Virginia state tax law. There is a distinction between 
adjusted gross taxable income a~d total personal income. Not included in adjusted 
gross taxable income but in total personal income are military income of non-Virginia 
residents, income in kind, unreported income under $1,000, transfer payments, other· 
labor income ·(which is workmen's compensation and military reservist's pay minus 
personal contributions for social insurance and private pensions). Adjustedgross 
taxable income includes capital gains, but total personal income does not. 

"E./ Includes dividends, interest, rents and royalties, annuities or pensions, 
and the income from partnerships, estates· and trusts. 

s./ Capital gain is the net gain (or loss) incurred from the sale or exchange of 
real estate, stocks, bonds and other personalty. 

Source: Corrunonwealth of Virginia, Department of Taxation, Income of Resident 
and Nonresident Individuals and Fiduciaries for the Taxable Year 1969,(unpublished 
tables). 

• 



-

D-11 
-11-

SECTION V - LABOR RESOURCES 

WORK FORCE 
. a/ 

Table 6.--Work Force Data for Surry County-

Population . ............................... . 
Civilian work force ....•..••••..••.•.••••. 

Percent of population.· .•.••• · ..••.•.••••• 
Unemployment ... .•• .- .••...••.• · .•.•••.•.•••• 

Percent of work force .•.•• ~ ..•.•...•.••. 
Employment . .............................. . 

Nonagricultural employment •..•..•....•.. 
Manufacturing .....•....•.•.•...•••••.• 
Nonmanufacturing •. ;; ..••.• ,. ..••...•.•• 

Contract construction .••.•..•..•..•. 
Trans. & public utilities ...•..•.•.. 
Wholesale and retail trade ..•.•..•.. 
Finance, insurance & real estate ...• 
Service . ........................... . 
Government . .......•.....•...•...•... 
All other nonmanufactur!18·········· 

All other nonagricultural- ....•....•.. 
Agricultural . .......................... . 

March 
1960 

6,220 
1,789 

28.8 
130 
7.3 

1,659 
729 
68. 

367 

* 
* 100 
* 

40 
202 

25 
294 
930 

March 
1970 

5,882 
3,487 · 
59.3 

54 
1.5 

3,433 
2,839 

54 
2,318 
1,828 

36 
121 
11 

* 
241 
81 

467 
594 

*Figures withheld to avoid disclosure of individual operations. 

Percent 
Change 
1960-70 

-5.4 
94.9 

-58.5 

107.0 
'289.4 
-20.6 
531.6 

. ... 
19.3 

224.0 
58.8 

-36,1 

~/ Employment data are based on place of work rather than place of residence. 

~/ Includes self-employed, unpaid family workers, and domestic workers in 
private households. 

Source: Virginia employment Commission, Division of Research, Stat{stics, and 
Information. 



WAGES 

Table 7 .--Average Number of Establishments, Average Employment, 
Total Wages,. and Average Wage Per Employee for the Twelve Month 

· Period Ending January 1, 1971~/ 

Item Construction Manufacturing Trade Services· 

Sur!:X Coup.tz 

Average no. of establishments' 4 3 11 * 
Average employment 1,867 52 96 * 
Total wages $26,138,040 $2~8,122 $347,319 · $* 
Average.wage per employee $ 14,000 $ 4,964 $ 3,618 $* 
Percent of county to state 

average wage 187.7 75.3 67.7 * 

State average wage per 
employee 7,457 $ 6,595 $ 5,346 $5,414 

*Figures withheld to avoid disclosure of individual operations. 

Total ~I 

18 
2,015 

$26,743,481 
13,272 

211.l 

$ 6, 2_87 

a/ Coverage includes nonagricultural employers having four or more workers for 20 weeks within a 
calendar year. It excludes government, railroad, self-employed, domestic service, unpaid family workers, 
and some no~profit organizations. 

~/ Total includes other employment sectors in addition to those shown. 

Source: Virginia Employment Commission, Covered Employment and Wages, (selected quarters). 

- -

I ..... 
~ 
I 

t::f 
I 

I-' 
N 
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WORK-RESIDENCE INFORMATION 

Table 8.--Work Residence Information for Surry County 2 April, 1960 

Total resident workers reporting a place of 

·Places of work reported: 

a/ work= . •.•..•.••..•. 

Suri;-y County . ••.•.•...•••••.•..•..•.•.••••••••••.•....•..... 

Out-Commuters from Surry County 

Newport News-Hampton Cities •••••••••••••••••••••••••••••••• 
Norfolk-Portsmouth Cities .•••••••••••• · •••••••••••••••••••••• 
Richmond City . •..•• · .•.•.••••....•.•.•...••••••.••....•..... 
Isle of Wight Cou~ty .........•••.......•. ....•..•••••.•.••.. 
Sout}:lampton County~ ...••••.•.•••••.•• o ••••••. • ••••••••••. • ••• 

Sussex· County ••••. · ••. ~ .•.. a •••••••••••••••••••••••••••••••• 

Prince George County •••••••••.•.••••••••••••• ~············· 
Petersburg City . .•••.••....•..•.•.••••.•••...•.••.••••. o •••• 

Hopewell CitY••••••••••••••••••o••••o•••••••••••••••••••••• 
Elsewhere • ..•.•.••.•..•.•.. o ••••••••••••••••••••••••••••••• 

Total . .•......••.. · ...•...•..•....•..•.•.••..•••.•...•••.. 

In-Commuters to Surry County 

Residence 

Southainpton Coun tY . . ; .. o • ~ •••••••••••• -••••••••••••••••••.••• 
Sus sex County • ...•••.•• · .... • ...••.. .- .••••.••.•....•.....•...• 
Prince George ~ounty . .•.••.....•...•..•••.••.•...•.•.. • .•... 

·J:Sl"Ef 9f Wight.·••-'•·•••••o••.••••••••••••••••••••••••••••••••·• 
Total ••••• ~ ••• ~ •••••••••••••••••••••• ~ •••••••• ~ ••••• ~ •••• 

Note: 

Total out-Commuters= 518 
Total in-Commuters = 52 
Net out-Commuters = 466 

Details may not add to totals due to rounding. 

Number 

1,852 

1,334 

110 
11 
11 

164 
7 

81 
32 

7 
47 
48 

518 

Percent 
of Total· 

100.0 

72.0 

6.0 
0.6 
0.6 
8.9 
0.4 
4.4 
1 .. 7 
0.4 
2.5· 
2.6 

28.1 

Number 

15 
14 
l1 
L'. 
52 

2:.I Resident workers not reporting a place of work totaled 26. 

Source: U.S. Bureau of the Census, Census of Population: 
tabulations based on a 25 percent sample). 

1960, (unpublished 
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SECTION VI• MAJOR EMPLOYMENT SECTORS 

MANUFACTURING. 

Table 9 • --Measures of Manufacturing in 1967 

Number of establishments: 
Total 
.~ith 20 or more employees 

All employees: 
Total number (000) 
Payroll (million dollars) 

Production workers: 
Total number (000) 
Man-hours (millions) 
Wages (million dollars) 
Average wage/ho~r 

Value added by manufacture 
(million dollars) 

Capital expenditures, new 
(million dollars) 

Surry County 

6 
1 

* "* 

* 
* 
* 
* 

* 

* 

Virginia 

4,938 
1,620 

339.8 
$1,905.1 

· 268.2 
535.0 

$1,296.1 
$2.42 

$4,067.7 

$347 .0 

D-14 

Percent of State 

0.1 
0.1 

... 

*Figures withheld to avoid disclosu7e· c,,,f individual operations. 

Sources: U.S. Bureau of the Census, 1967 Census of Manufactures, Virginia, 
MC67(3)-47, (Washington: U.S. Government Printing Office, 1970), Table 4. 



MANUFACTlJRING 

Name 

S. Wallace Edwards & Son 

Joseph Moore 

Seward Lumber Company 

Table 10.--Major Manufacturing Establishments in Surry County 

Location 

Surry 

Surry County 

Clareiµont 

Product , 

Meat Pr.oducts 

Logging 

Lumber 

Approximate Employal . ment- March, 1970 

1-19 

1719 

20.:.49 

Sources: Virginia Employment Commission; Virginia State Chamber of Commerce, Industrial Directory of 
Manufacturing in Virginia, (Richmond: Virginia State Chamber of Connnerce, 1969); Commonwe.alth of Virginia, 
Division of Industrial Development, unpublished material. 

I 
t-' 
Ln 
I 
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RETAIL TRADE 

Table 11.--Measures of Retail Trade in 1967 

Surry.· 
Item County 

No. of establishments 37 
Sales: 

Total sales ($000l; $2,846 
Per capita sales - $ 48 

Total payroll ($000) $ 219 

Lumber, building materials, 
and hardware .........................•. 

General merchandise .................•.... 
Food ...............................•.•... 
Automotive ................•.. , .......... . 
Gasoline stations ....................... . 
Apparel .................................. . 
Home.furnishings & equipment ............ . 
Drugs and sundries ....................... . 
All other ............................... . 

J:otal .................... ~ ......... . 

Virginia Percent 

32,315 

$6,150,202 
$ 
$ 

1,323 
709,339 

1967 Total Sales ($000) 

Surry County 

* 
238 
834 

* 
205 

0 

* 
* 

1,569 
2,846 

of State 

0 .• 1 

o.o 
3.6 
o.o 

* Withheld to avoid disclosure of individual operations and included i,n 
"all other." 

~/ The population figure used in determining per capita sales is tlle . 
1970 Census of Population figure. 

Sources: U. S. Bureau of the Census, 1967 Census of Business, Retail 
Trade, Virginia, BC67-RA48, (Washington: U. S. Gpvernrnent Printing Office, 
1969), Table 3; U. S. Bureau of the Census; 1970 Census of Population, 
PC(Vl)-48, Final Population Counts, Virginia, (Washington: Government 
Printing Office, December; 1970). · 

e 



D-17 

-11:.. 

Table 12 .--Taxable Sales for the Twelve Months Ending March 31, 1971 f!/ · 

Item 

Average number of registered dealers: 
12 months ending March 31, 1971 ••••••. 
Percent of state average ............. . 

Total·taxable sales: 
12 months ending March 31, 1971 .•••.• , 
Percent of state total ............•... 

. 1 b/ Per capita sa es-: 
12 months ending March 31, 1971 .••••.. 
Percent of state average ............. . 

Surry County 

102 
0.1 

$2,993,574 
o.o 

$ 508 
32.4 

Virginia 

74,377 
100.0 

$7,293,469,510 
100.0 

$1,569 
100.0 

f!/ Taxable sales and retail sales differ. Included in taxable sales but not 
in retail sales are. equipment rentals; repa~rs; · sales made by hotels, motels, and 
tourist camps; and a use-tax on items which are purchased outside the state but 
brought into the state for final use. Included in retail sale·s but not in taxable 
sales are gasoline; automobiles; ABC store sales; sales to any branch of govern
ment or to c·ertain state-franchised public utilities; certain sales to interstate 
airlines and shiplines; and sales by daily or periodic publications. 

~/ The population figure used in determining per capita sales is the~ 
Census of Population figure. 

Sources: Virginia Department of Taxation, Taxable Sales, Quarterly Report, 
(Richmond: Commonwealth of Virginia), selected quarters; U. S. Bureau of the 
Census, 1970 Census of Population , PC(Vl)-48, Final Population Counts, Virginia, 
(Washington: Government Printing Office, December, 1970). 
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WHOLESALE TRADE 

Table 13.--Measures of Wholesale Trade in 1967 

Surry County Virginia Percent of State 

No. of establishments 
Total saies ($000) 
Total payroll ($000) 

3 
$512 
$ 84 

4,577 
$6,162,254 
$ 339,005 

0.1 
o.o 
o.o 

Source:. U.S. Bureau of the Census, 1967 Census of Business. Wholesale Trade, 
Virginia, BC67-WA48,(Washington: U.S. Government Printing Office, 1969), Table 4. 

SELECTED SERVICES 

Table 14.--Measures of Selected Services in 1967~/ 

·· Item Surry County Virginia Percent of 

No. of establishments 10 19,986 0.1 

Receipts: 
Total receipts($0006 $93 ·$835,314 o.o 
Per capita receipts:.::./ $ 2 $ 180 1.1 

Total payroll ($000) $16 $273,615 

State 

~/ Selected services cover hotels, motels, camps, trailer parks, personal services, 
miscellaneous business services, automobile repair and services, and garages. Also in
cluded are miscellaneous repair services, motion pictures, and amusement and recreation 
services. Nonprofit membership recreational services are excluded. 

~/ The population figure used in determining per capita receipts is the 1970 Census 
of Population figure. 

Sources: U.S. Bureau of the Census, 1967 Census of Business. Selected Services, 
Virginia, BC67-SA48,(Washington: Government Printing Office, 1967), Table 3; U. S. 
Bureau of the Census, 1970 Census of Population, PC(Vl)-48, Final Population Counts, 
Virginia, (Washington: Government Printing Office, December, 1970). 

e 
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AGRICULTURE 

Table, 15.--Selected Measur~s of Agricµlture in Surry County 

Itein 

Number· of farms.·- . ........ o ••••••• o ••••••••• 

Commet'Cial .. farms. Cl· ••• II •••••• e GI ••• • ••• Ill •••••• • 

Tenant -farms~. '11 •••••••••••••••••• • ••••••• • ••• 

Percent of land area in 'farms ••.••••. , •..•. 
Average size of farms •.•..••.••..••• :.· •.••• 
Value of all farm products sold •••.•.•••••• 
Land in farms .. ~-.. o. ·D •••••••••••••••••• • ••••• 

Crop land. II ~ • o •••••• o 0 •••••••••••• o , ••••• 

Woodlan~
1

on farms •.••.••.••.•..•••.••.•. 
Pasture- ........................... 111 ••• 

Other land on farms .................... . 

Value of farm Eroducts 
sold 1 1964 Number 

County 

Under $500 .••. • · ••..•....•• · .•.• 36 
$500 to $ 9 9 g· • .•••••••.•••• 0 ••• 24 
$1,000 to $1 , -9 9 9 .•• , •.••• , • , • , 51 
$2,000 to $4,999. II e 8 ee CII e e O e e e e 91 
$5,000 to $7,499, ••••.....•..• 42 
$7,500 to $9,999 ....•.•....... 35 
$10,000 to $14,999 ••.•..••••.• 44 
$15,000 and over .••••••.•••••. 73 

Total 396 

Principal~sour~es of county farm income in 

1959 1964 

538 396 
363 307 
107 74 

43.8 39.3 
146.0 acres 177. 7 acres-

$3,332,064 $3,646,662 
78,554 acres 70,373 acres 
31,825 acres 34,253 acres 
42,160 acres 32,830 acres 

2,058 acres 1,616 acres 
2,511 acres 1,674 acres 

Percent 
of farms Distribution of farms 

Virginia County Virginia 

20,001 _10.0 24. 9 
10,952 6.1 13 .6 
12,630 12.9 15. 7 
16,555 23.0 20.6 

6,361 10.6 7,9 
3,529 8.8 4.4 
3,665 11.1 4.6 
6 1 661 18.4 8.3 ---80,354 100.0 100.0 

1964 were: 

$2,600,462 rro~ field crops other than vegetables, fruits or nuts. 
784,794 from livestock and livestock products, other than poultry and dairy. 
107,020 from forest products and horticultural speciality products. 

76,430 from poultry and poultry products. 

N6tei·' Detail~ may not add to totals due to rounding. 
' .. 

~/ Excludes woodiand pasture._ 

Sources: . u. s. Bureau of the Censt.i's,' 1964 Census of Agriculture, Virginia, 
Volume 1, Part 24, (Washington: U. S, Government.Printing Office, 1967), Table-s 
1 and 6; 1959 Census of Agriculture, Virgj,nia, Vplume 1, Part 24, (Washington: 
u. s. Government Printing Office, ,1%1)~ Tables 1 and 6. 
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SECTION VII - GOVERNMENT 

TYPE 

Surry County is currently in the process of redistricting the county's 
magii;;terial districts in order to comply with the principle of one-man one-vote. 
The three old magisterial districts will be retained for tax purposes. Pending 
the approval of the U.S. Attorney General the county will be divided, politically, 
into five election districts, which will become effective January 1, 1972. Fro~ 
each of these a representative, or supervisor, is elected to serve for four years 
on the board of supervisors; the county's governing body. These supervisors have 
no election district functions, but are individually responsible to their elec
torate. Collectively the board serves as the legislative and policy making 
branch of the county government. They meet once a month, or more often if 
necessary, at the court house in Surry. Meetings are open to the public. 
Other elected officials of the county are chosen by the electorate of the 
entire county including the towns which are politically a part of the county 
and district in which they are located. 

Claremont, Dendron and Surry are incorporated towns. Each is governed 
by a town council, composed of either five oi six men, and a mayor who is 
elected by the voters of the respective town~. Since towns are part of the 
county, the ordinances and regulations of the county are effective iq them 
and since the residents of the towns are affected by two governments--both 
town and county--the qualified voters of the towns vote for officials of 
the two governing bodies. However, county residents do not vote for, or .come 
under the government of the towri officials. 

PLANNING ACTIVITIES 

Surry County is a member of the 19th District Planning Connnission, head
quartered in Petersburg, which is staffed and operating and includes, also, 
the counties of Dinwiddie, Sussex, Prince George and Greensville and the cities 
of Emporia, Hopewell, Petersburg and Colonial Heights. Surry County also has 
a local planning connnission and subdivision regulation. The county also 
sponsors an industrial development corrnnission, which is endeavoring to bring 
new industry into Surry County. 

The town of Claremont has subdivision regulations. 

PUBLIC SAFETY 

Police protection - Surry County receives police protection from the county 
sheriff and his deputies and from the police officers 0f Claremont and Dendron 
There is now a central radio station with 24-hour dispatcher service to 
notify these men when they are needed. Troopers of the Virginia State Police 
provide highway supervision and aid local police officers when needed. All 
of these law enforcement units have radio cars. 

Fire protection - Volunteer fire companies are maintained at Claremont, 
Dendron and Surry. These companies are equipped with modern fire-fighting trucks 
and many of the memoers are trained in first-aid and rescue work as well as in 
the control of fire. These companies serve wherever and whenever they are needed. 

-
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Rescue Squads - There is an active county volunteer rescue squad which operates. 
out of the town of Surry. 
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SECTION VIII - LOCAL FINANCES 

FISCAL STATEMENT FOR COUNTY OF SURRY 
·. ~ . . ; . ' .' . ;~ ·. 

Table 16. --consolidated Statement of Fund .Accounts 
for the Year Ended June 30, 1970 

Description 

Adjusted Balance July 1 2 1969 

Credits 

Revenue:!./ 
From local sources 
From the counnonwealth 
From the federal government 

Total revenue 

b c/ Nonrevenue=i=-

Total credits 

Total credits and balance 

Description 

Debits 

Government operating expenses 
School operating expenses 
Capital outlays 
Interest and otherc?ebt costs 
Redemption of debt-

Total debits 

Balance. June 30 2 1970 

Amount 

$ 183,256 

351,493 
395,394 
140,8,62 
887,749 

580 

$ 888,329 

$1,071,585 

Amount 

$ 205,437 
648,589 

13,329 
7,533 

14,100 

$ 888,988 

$ 182,597 

Note: Details may not add to totals due to rounding, 

Percent of 
Total Credits 

39.6 
44.S 
15 .9· 
99.9 

0.1 

.100.0 

Percent of. 
Total Debits· 

23.1 
73.0 
1.5 
0.8 
1.6 

100.0 

!_I The annual or periodic collection of taxes and appropriations from the state 
and federal governments and sums from other sources which increase the cash. of a fund 
but do not increase a liability or a reserve of the fund. 

~/ Nonrevenue includes the additions to cash other than those from revenue 
sources such as receipts from the sale of assets or bonds and the recovery of expendi
tures. Proceeds of temporary loans made for operating purposes are not included. · 

s) In contrast to state fiscal statements where borrowing and debt redemptj.on 
are not treated as revenues and expenditures, borrowing is here treated as a_curreht; 
credit (nonrevenue), and the redemption of debt as a current expenditure. · 

Source: A~ditor of Public Accounts, Richmond, Virginia, County of Surry, 
Virginia: Report on Audit, Year Ended June 30, 1970, (V. Lee Parker and·company, 

Certified Public Accountants, Petersburg, Virginia, December, 1970). 

e·· 
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ASSESSED VALUE AND NET DEBT 

Table 11. --Total Assei"ssed Value and Net Debt in Surry County· 

1969 
Total Assessed Value~/ 

$12,318,042 

1969 b 
Net Debt-/ 

$253,200 

Percent of Net Debt 
to Total Assessed Value 

2.1 

_ ~/ Total assessed value of all locally taxable property for the tax year 
1969. 

E./ Net debt as of June 30, 1969. 

Sources: Department of Taxation, Report of the Dep.artment of Taxation to 
the Governor of Virginia for the Fiscal Year Ending June 30 1 1970, (Richmond; 
October, 1970); Auditor of Public Accounts, Report of the Auditor of Public 
Accounts of the Commonwealth of Virginia on the Comparative. Cost of Local 
Government for the Fiscal Year Ended June 30 1 1969, (Richmond: 1971 ), 
Exhibit C. 

TOTAL TAX LEVIES 

Table 18 .--Total Assessed Value and Total Levies Collected 
from All Locally Taxable Property in Surry County, 1969 

Assessed Local Leyie,:, 
Value, 1969 19l9~ Type of Tax 

Real estate •••• , ..••....•.•..•..•....•.•• , •.. , . $ 6,259,150 $143,960 
2,506,890 57,658 
3,220,022 74,061 

147,470 3,392 

Tangible personal property.,!.,., •.••.•....•..•.• 
P bl . . . !J/ u ic service corporations-, ....•.•..•.••.••••. 
Machinery and tools· .•.••••.••.• · .•. ·.· •. , •.... , .••• 

. Merchants' cap'ital ,· •.• , •• ,., .••••.••.•..•....• ,. 1842510 42244 

Total $12,318,042 $283,315 

~/ Town levies imposed by incorporated towns for town purposes are not 
included. 

l/ Public service corporations are taxed on real estate and tangible 
personal property. 

Source: Department of Taxation, Report of the Department of Taxation to 
the Governor of Virginia for the Fiscal Year Ending June 30, 1970, (Richmond: 
October, 1970). 
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REAL ESTATE 

Table 19.--Real Estate Assessment Ratios and Property Tax Rates 

Area 

Surry County 
Towns 

Claremont 
Dendron 
Surry 

·1971 
Nominal Tax 
Rate Per $100 

$2.00 

.60 
None 
None 

1971 
Assessment 

Ratio 

.20 

Effective True Tax 
Rate Per $100 

$.40· 

!::_I Levies are for town purposes only and are in addition to the basi·c county 
levy. 

Sources: County Conn:nissioner of the Revenue; Town Treasurer. 

MACHINERY AND TOOLS 

Table 20.--Ta.x Rates and A8sessment Ratios for Machinery and Tools 

Area 

Surry C£Jnty 
Towns-. 

Claremont 
Dendron 
Surry 

1971 
Nominal Tax 

Rate Per $100 

$2.00 

.60 
None 
None 

1971 
AssessJTlent 

Ratio§./ 

.50 

Effective True Tax 
Rate Per $100 

$1.00 

!::_I Assessed as ratio to cost in the county, ratio ·co fair market value in town • 

.!?/ Levies are for town purposes only and are in addition to the basic county 
levy. 

Sources: County Connnissioner of the Revenue; Town T-::-easurer. 
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e TANGIBLE PERSONAL PROPERTY 

e 

~ 

Surry CE}nty 
Towns 

Claremont 
Dendron 
Surry 

Table 21,--Tangible Personal Property Tax~/ 
I 

1971 1971 
Nominal Tax Assessmg?t 

Rate Per $100 Ratio-

$2.00 .50 

.60 
None 
None 

Effective True Tax 
Rate Per $100 

$1.00 

... 

2:,./ Tangible personal property includes motor vehicles, boats and mot9rs, 
trailers, farm machinery and tools, livestock and business furniture and fixtures. 
The tangible personal property of manufacturin·g establishments such as office 
furniture and fixtures, trucks, and company cars,ar,e not taxed locally. A manufac
turer is taxed on these items at the state rate of 30<;: per $100 book value, 

"E./ Assessed as ratio to fair market value. 

El Levies are for town purposes only and are in addition to the.basic county 
levy. 

Source: County Connnissioner of the Revenue; Town Treasurer. 

MERCHANTS' CAPITAL TAX 

Table 22,--Merchants' Capital Tax 2:.I 

Area 

Surry County 
Towns£/ 

Claremont 
Dendron 
Surry 

1971 
Nominal 

Rate Per 

$2.00 

.60 
None 
None 

Tax 
$100. 

1971 
Asses~mey7 Ratio -

.50 

Effective True Tax 
Rate Per $100 

$1.00 

~ .. 

a/ Merchants' capital is defined as inventory of stock on hand, the excess of 
bills-and accounts receivable over bills and accounts payable, and all other taxable 
personal property not offered for sale as merchandise. (This tax applies mainly 
to retailers and wholesalers. A manufacturer is taxed on these items at the stjate 

~ rate of 30¢ per $100 of book value.) 

"E.l Assessed as ratio to inventory in county, ratio to fair market value· ~n town. 

£/ Levies are for town purposes only and are in addition to the basic county 
levy. 

Sources: County Connnissioner of the Revenue; Town Treasurer. 
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OTHER TAXES 

Surry County does not levy either a merchants' license or a professional
occupational license tax. The town of Claremont levys both merchants' license 
and professional-occupational 'license taxes. 

The town of Claremont ch&rges a utility tax for both 8lectrical service 
and telephone service. 

An additional source of revenue for both town and county comes from the 
sale of motor vehicle license tags. Surry County charges $10.00 for auto tags, 
$10.00 up, based on weight, for truck tags and $5.00 for motorcycle tags •. 
The town of Claremont charges $6.25 for auto and pickup truck tags and $3.00 
for motorcycle tags. 

SECTION IX - TRANSPORTATION 

HIGHWAY 

State Highway Route 10 gives access to Hopewell, Petersburg and Richmond 
to the northwest and Norfolk and the Hampton Roads area to the southeast. 
Other state roads connect this highway with all parts of the county and with 
arterial routes north and south in adjacent counties, 

Trucking - Fr.eight transportation is available from six carriers authorized 
to provide interstate service in the area. Three of these companies also provide 
intra.state service, 

Bus - Passenger service is provided by Trailways Bus Line on the route 
between Richmond and Norfolk. Connections to distant points are made at these 
cities. Greyhound Bus Line service is available in Sussex County close to the 
Surry County line. 

RAILWAY 

There a.re no railroads in the county, but the Norfolk and Western Railway 
in adjoi.ning Sussex County provides freight service for the area. This railway 
and connecting lines at Petersburg, Norfolk and Richmond offer nati.onwide freight 
and passe~ger services. 

LICENSED PUBLIC AIRPORTS 

There are no licensed airports in Surry County but in adjacent Sussex County 
not far fr0m the.county line there are.two airfields ~uitable for business and 
pleasure flying. · The Waverly Municipal Airport has two sod runways, one 4,400 
feet and the other 2,000 feet long •. The field is unattended, The Wakefield 
Municipal Airport (app. 3 miles from the Surry County line) has a paved run~ay, 
with markers, 4,000 feet long. The field is attended during the day and food 
and lodging a.re available nearby •. Hopewell Airport, about 15 miles northwe.st 
of the county line, has three runways, one of which is ha.rd surfaced and 2,418 
feet in length. The two sod runways are 2,000 and 2,400 feet long, respectively. 
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The field is attended during the day, has hangars, unicorn, and IFR approach. 
Fuel, surface transportation, repairs, charter service, flight instruction 
and snacks are available. Food and lodging are available nearby. The 
nearest airport offering commercial airline service is Richard E. Byrd 
International Airport near Richmond which is served by five airlines .with 
direct flights to many points and world-wide connections. This field is 
about SO miles from Surry County and it.is a major airport offering many 
flights a day via commercial airlines. Charter flights, surface transportatio~, 
food, lodging, and many other services are available. Residents of the eastern 
end of the county are nearer either the Norfolk Municipal Airport in Norfolk 
or Patrick Henry Airport in Newport News, both very large airfields, which 
offer about the same facilities that are available at Byrd Airport. 

SECTION X - UTILITIES 

WATERWORKS SYSTEMS 

A privately owned system supplies water to the town of Claremont. The 
water is pumped from three wells into a concrete reservoir thence to the· 
distribution· and storage system. The estimated capacity of the wells and 
pumps is 100,000 gallons per day and the water production is estimated as 
50,000 gallons per day. 

At Surry a privately owned system obtains water from two wells, one 
equipped with a SO gallon per minute pump, the other a 10 gallon per minute 
pump which deliver the water to pressure tanks and the distribution system. 
The daily water usage is estimated as 30,000 gallons and hardness of the 
water is O.S grains per gallon. 

The town o.f Dendron has a water supply system under consideration. 

There are four privately owned water systems in the county which s~pply 
well water to subdivisions or summer cottages. Another supply is under 
consideration. 

SEWERAGE SYSTEMS 

Two schools provide secondary treatment for their sewage. There are 
no other sewerage systems in the County. 

Source: Virginia Department of Health. 
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WATER .AND SEWERAGE RATES 

Water Rates 

Claremont -. Flat monthly charge of $2. 00 for all users. 

Surry - Monthly rates are $2.00 for the first 4,000 gallons and 50¢ per 1,000 
gallons for all additional. 

SEWER RATES 

Neither Claremont or Surry have sewerage systems. 

ELECTRICITY 

The towns and communities of Surry County are supplied with electricity by 
the Virginia Electric and Power Company, which has its main offices in Richmond. 
This is the state's largest electric system. The greatest part of the county 
receives its power from the Prince George Electric Cooperative, which has offices 
in Waverly and receives its power from Virginia Electric and Power Company. 

Under construction, now, at Hog Island in Surry County is a $349 million 
nuclear power plant. Virginia Electric and Power Company plans to have this 
plant in operation by 1972. There will be two nuclear powered reactors to 
supply the power to electric generators, which will supply approximately 
1,600,000 kilowatts of electricity. The station will serve about 400,000 
families in an area of about 32,000 square miles. This area involves not 
only Virginia, but, also, northeastern North Carolina and eastern West 
Virginia. 1a1ie power plant has an information center, which is open daily 
Monday-Sunday and gives interesting information not only about the power 
plant,· ,but, also, about the history of electricity. 

NATURAL GAS 

An 8-inch pipeline of the Commonwealth Natural Gas Corporation crosses the 
eastern edge of Surry County to York County to supply the pipelines of the 
Virginia Electric and Power Company there. Connnonwealth Natural Gas Corporation's 
twelve-inch transmission pipelines pass through Sussex County just south of 
the Surry County line and cross the southern corner of Surry County not far from 
Dendron. The county itself has no natural gas service at this time. 
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SECTION XI - EDUCATION 

Public Schools 

Table 23 .--Selected Public School Information 

Item 

Number of children in 1970, 
Ages 7-19 

Enrollment, 1969-7~/ 

Gross ave67ge daily attendance, 
1969-7()=-

Cost of operation per pupil in 
gross avijraga daily attendance, 
196 9- 7 (}~./ 

Pupil-teacher ratio, 1969-7(}~./ 

Average annual teacher salary, 
1969-lCF-1 

High school enrollment, 1969-7oi/ 

High school graduates, 1969-70 

High school dropouts, 1969-7o8-/ 

Percent of high school graduates 
going to college, 1970 

Percent of high school graduates 
continuing education in other 
than college, 1970 

Surry County 

$ 

1,623 

1,311 

1,126 

536 

23.2 

$6,553 

397 

45 

17 

24.0 

16.0 
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Virginia 

1,192,883 

1,128,921 

1,002,961 

$ 644 

22.5 

$8,070 

398,349 

56,006 

17,872 

59.0 

10.0 

~/ Total number of pupils admitted to the school system; state figure adjusted to 
exclude ~ouble counting for transfers from one school system to another. 

£_/ Average daily attendance (ADA) of all schools in the county, plus AD\ of pupils 
for whom the area pays tuition, minus ADA of pupils for whom tuition is rece~ved. 

£./ Debt service and capital outlay excluded. The state figure is a weighted mean. 

~/ Average number of day school pupils per classroc~ teaching position. 

~/ Classroom teaching position (excludes supervisors, principals and head teachers). 

ii State figure adjusted to exclude double counting for transfers from one school 
system to another. 

g/ Pupils who drop out during the school term; sullilller dropouts are not included. 

Sources: State Board of Education, Superintendent of Public Instruction, Annual 
Report, 1969-1970,(Richmond: State Board of Education, December, 1970); State Depart
ment of Education, Division of Educational Research and Statistics, Virginia High School 
Dropouts, 1969-1970,(Richmond: State Department of Education, October, 1970); State 
Department of Educat'ion, Facing Up: Statistical Data on Virginia's Public Schools, No. 5, 
(Richmond: State Department of Education, January, 1971); U. S. Bureau of the Census, 
1970 Census of Population, PC(V2)-48, General Population Characteristics, Virginia, 
(Washington: Government Printing Office, February, 1971). 
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PRIVATE SCHOOLS 

Surry County has two private schools in the county. Surry Academy offers 
both primary and secondary classes and has an enrollment of about 250. In the 
town of Claremont is Claremont Academy, which is a Catholic school going up 
to the ninth grade at the present time. This school is in one of the historical 
old houses in the county, Claremont Manor. 

VOCATIONAL-TECHNICAL SCHOOLS 

There are no vocational-technical schools in Surry County, but facilities 
are available in the nearby cities and counties. In the.nearby city of Petersburg 
there are apprenticeship classes offered in the city's high schools. These 
classes are open to Surry County residents. Surry also falls in the Chesterfield 
Area for connnunity colleges and county residents can attend John Tyler Connnunity 
College in Chester. 

HIGHER EDUCATION 

Although Surry County has no colleges in the county itself, there are 
several within a short distance of the county. The College of William and 
Mary, across the James River in Williamsburg, is the nearest college to Surry e 
County. William and Mary is the second oldest college in the nation and the 
oldest in Virginia. If offers courses in arts and sciences, law and business 
administration. Tidewater Connnunity College near Portsmouth is one of the 
many connnunity colleges being developed in Virginia and it offers 2-year degrees 
in a number of fields. At Petersburg, less than 40 miles from the county, are 
Richard Bland College, a two-year college and Virginia State College, a four-year 
liberal arts college. John Tyler Connnunity College in Chester offers associate 
(2-year) degrees in a number of areas, from engineering to nursing, or credits 
gained here may be transferred to a four-year institution of higher learning. 
The many colleges of Norfolk, Portsmouth and Richmond are also available to 
Surry county residents and are in easy driving distance of the county. 

SECTION XII - RECREATION 

The wide tidal portion of the James River forms the northern boundary of 
Surry County offering opportunities for water sports and recreation. There 
are several beaches in this area and two of them have boat launching ramps. 
Grays Creek near the town of Surry also has a boat launching ramp. Chippokes 
Plantation State Park will offer a number of opportunities for different types 
of recreation. Chippokes Plantation is now open to the public and there is 
a large recreational area now under construction that will offer boating, 
swimming, camping and other outdoor activities. 

Fishing is good in the county and a number of fishing areas have been 
stocked with different species of fish. Sunken Meadow Pond near Claremont 
has been stocked w1th largemouth bass, crappie, bream and pickeral. There 
are boats available here. Grays Creek and the Blackwater River have been 
stocked with largemouth bass and bream and Chippoke Creek with these species 
and with crappie. 
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Surry County is a rural area and this being the case most of the county's 
recreational activities a.re sponsored by its schools, churches, 4-H Clubs or 
civic organizations. The county has a number of old homes, some open to the 
public, and is, also, just across the James River from Jamestown Island, site 
of the first permanent English settlement in America. 

·Surry County residents are also near Hopewell, Petersburg, Richmond, 
Hampton, Newport News, Norfolk and Portsmouth and can enjoy the opportunities 
for entertainment offered by these cities. 



D-32 
-32-

SECTION XIIJ - OTHER COMMUNITY FACILITIES 
f 1 , I \ I I 

FUlANCIAL 

Table 24.--Bank Deposits for Banks Within Surry County, June 30, 1971 

Location Total Deposits 

The Bank of Surry, Inc. Town of Surry $4,724,992 

!!:_I Includes deposits of branches not physically located in the county. 

Sources: R. L. Polk and Co., Polk's World Bank Directory, (Nashville, Tennessee, 
R. L. Polk and Company, March, 1970); State Corporation CollDllission. 

Table 24.~-Federal Deppsit In$urance Corporation Lisi~ngs for 
Total Accounts and Oeposits, June 30, 1970 

Total number of accounts ..••.•• ,,.,.• .•• ,.,,. 

Deposits; 
Tot al • o • , •• D 1 . , •• , • , • , , .•.••••• " .. , .... , .. Per ~a.pita. -. I!'., •••••••••••••••••••••• , a •• 

, Surry County 

3,003 

$4,113 
$ 70 

a/ Only deposits and accounts of banks and branches physically located in the 
county are shown. · 

E/ Population figure used in determining per ca.pita deposits is the 1970 Census 
of Population figure, 

Source: Federal Deposit Insurance Corporation, Summary of Accounts and Deposits 
in All Commercial Banks Richmond Re ion June 30 1970, (Washington: Federal Deposit 
Insuraqce Corporation, 1 71); U. S, Bureau of the Census, 1970 Census of Population, 
PC(Vl)-48, Final Population Counts, Virginia, (Washington: Government Printing Office, 
December, 1970). 

e 
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RELIGIOUS 

There are about 17 churches representing several Protestant denominations in 
Surry'County. Catholic services are held in Claremont. The nearest Catholic 
Church is in Hopewell and the nearest Jewish synagogue is in Petersburg. Most 
of the churches maintain Sunday schools, youth programs and other activities that 
make a valuable contribution to community life. 

MEDICAL 

There are no hospitals in Surry County, but there are a number of excellent 
facilities in the surrounding counties, which are available to Surry residents. 
The John Randolph Hospital in ·Hopewell is a very short distance from the county. 
Norfolk General Hospital in Norfolk, Petersburg General Hospital in Petersburg, 
LouiseObici Memorial Hospital in Suffolk, Portsmouth General Hospital in 
Portsmouth and the excellent medical facilities of Newport News and Richmond 
are all within easy driving distance of Surry County. The county public health 
department.is in the town of Surry and has a staff of nurses, sanitarians and 
a health director. The town of Surry, also; has a general practitioner and a 
drug store. 

LIBRARIES 

There are no libraries in Surry County, but there a number of facilities 
close to the county. The Walter Cecil Rawls Library and Museum is in neighboring 
Southampton County in Franklin City. The cities of Petersburg, Hopewell and 
Richmond all have good library facilities. Norfolk, Portsmouth and Newport 
News, also, offer good facilities·. 

SECTION XIV - NATURAL RESOURCES 

MINERALS 

Surry County is in the Coastal Plain province and is underlain primarily 
by sand, gravel, clay, and marl strata. No commercial rock or mineral production 
was reported in the county during 1969. 

In the pa.st, sand and gravel have been produced at several localities for 
building purposes and for use in highway construction and maintenance. Calcareous 
marl occurs in the county and was formerly produced at sites near Claremont and 
marketed for agricultural use. Clay materials at selected localities in the 
county have been tested and found potentially suitable for use in the manufacture 
of face brick, flue tile and garden pottery products. 

Source: Virginia Division of Mineral Resources. 
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GBOUND WATER 

Surry County is in the Coastal Plain Province and is underlain by un
consolidat;ed sediments consisting of sand, gravel,· clay, mar.1 and shell strata 
that dip and thicken to the east. These strata are underlain by bedrock that 
is present at a depth of approximately 6_00 feet near Laurel Spring in the west 
and 1,400 feet at Hog Island in the east. 

Ground water occurs under both artesian and water-table conditions in the 
county. The artesian aquifers are by far the most important and occur in two 
principal zones. The upper artesian aquifer is composed of shell, marl and 
thin-sand strata and is encountered at depths between 50 and 300 feet in the 
west and 80 and 400 feet in the east. Yields of up to 100 gallons per minute 
are usually possible from this aquifer. Higher yields h~ve been recorded along 
the James River where several wells have had natural flows. A 420 feet deep 
well owned by VEPCO at Hog Island had an initial yield of 200 gallons per minute. 

The lower artesian aquifer consists mainly of coarse sands and gravels 
and extends to bedrock from a depth of about 300 feet in the west and about 
400 feet in the east. There has. been very li_ttle development of this aquifer 
in the county, although the potential should be excellent. An 800 foot deep· 

. well at Bacon's Castle was formerly test pumped at a rate of 940 gallons per 
minute and wells have produced over a thousand gallons per minute from this 
aquifer elsewhere in the Cpastal Plain. It ls likely that sustained yields 
of up to 500 gallons per minute could be produced in most places from this 
aquifer. 

The county probably has some of the best potential for future development 
of ground water in the state. The artesian head has not been lowered· appreciably . 
in this area due to heavy pumping as has been the case in other parts of the 
Coastal Plain. It is estimated that four wells per square mile with yields 
of about 500 gallons per minute could be developed in-the aretsian aquifers 
without creating adverse effects on existing wells. This would mean a total 
production of almost three million gallons of water per day per square mile 
if the wells are pumped continuously. Careful attention would have to be 
given.to well spacing to insure optimum production. 

In the artesian aquifers total hardness decreases from 200 mg/1 (milligrams· 
per liter) in the west to less than 100 mg/1 in the eastern part of the county. 
The flouride content in the eastern part may require treatment and the iron 
content of water from the upper aquifer in the west may be high. Water used 
in boilers may need treatment for sodium carbonate. The chloride content is 
low but there is a danger of saline water encroachment if heavy pumping occurs 
in_ the northeast portion of the county. 

Domestic supplies of water are usually obtained from wells 15 to 80 feet 
deep in the sand and gravel deposits in the water table zone. The water is 

'·moderately hard, usually contains excessive quantities ·of of iron, and is 
often acidic •. The presence of ni~rates in the water indicates· the possibility 
of surface contamination. Springs yield low to moderate supplies of hard calcium 
bicarbonate water and are seldom used except for stock. purposes. 

Source: Virginia Division of Water Resources. (More detailed information 
may be obtained upon request.) 
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SURFACE WATER 

The James River fonns the northern boundary of Surry County. This is a. 
major stream and contains a large supply of water; however, the James River is 
affected by the tide and the salinity of the water is quite high. There are 
a few small creeks in the northern part of the county which feed into the 
James River. The central and the southern part of the county is in the watershed 
of Blackwater River. A gaging station has been maintained for a ntnnber of years 
on the Blackwater River near Dendron and the average stream flow is 187 million 
gallons a day. Records at this point i~dicate a good flow except during 
droughts when the flow gets very low. Flow duration and high-and low-flow 
sequence data are available for the gage on Blackwater River near Dendron. 
Records of temperature and water quality data are available for this gage. 

There are a few millponds which might furnish water supplies, especially 
if these ponds could be augmented. In general, reservoirs would be needed 
in order to furnish dependable sources of water during dry periods. 

Source: Virginia Division of Water Resources. (More detailed information 
may be obtained upon request.) 

FORESTS 

Accord'ing to _the 1966 Forest Survey, Surry County contains approximately 
135,687 acres of conn:nercial forest land. This is an increase of 800 acres of 
forest land since 1957. 

The ownership of connnercial forest land in Surry County is all in private 
holdings b_ut 1,100 acres. 

·In 1969 hardwood sawtimber was being cut slightly faster than it was growing. 
Other species groups in sawtimber sizes were growing faster than they were being 
cut. When considering total growing stock all species groups were growing 
faster than they.were being cut. A gradual build up in volume of growing stock 
has taken place during the past 10 years. Much of the area cut for sawth1ber 
during the past 10 years has reseeded and now is in the seedling and sapltng 
size class with an increase in total acreage of this size class and a 
corresponding decrease in the acreage of sawtimber size timber. 

Forest product markets are excellent in this county. Growth for this 
county is above .average. The major forest management needs are for continued 
thinnings in pole _size stands and release of desirable seedlings in the seedling 
and sapling stands. 

Source: , 1966 Forest Survey. Virginia Division of Forestry. 
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Table 26.--Selected Forestry Information 

Forest Types. 

Lobolly pine 
Shortleaf pine 
Virginia pine 
Oak-pine 

·Oak-hickory 
Oak-gum-cypress 

Total 

Stand Size Classes 

Sawtimber 
Pole size timber 
Seedlings and saplings 

Total 

1966 
Acres 

49,215 
3,190 
2,850 

26,333 
36,665 
17.434 

135,687 

1966 
Acres 

·10,596 
36,973 
28.118 

135,687 

Inventory, 1969 

. b a/ • Sawt1m er- G.. . s .. kb/ 
rowing toe -

Spe.cies Groups 

Softwoods 
Soft.hardwoods 
Hard hardwoods 

(million board feet) (thousand cords) 

340.0 
119.3 
137.0 

Total 596.3 

Estimated Current Annual Net Growth and Cut, 1969· 

1,348 
563 
718 

2,629 

Sawtimber Growing Stock 
(million board feet) . {thousand c1 ~) 

Species Groups Growth Cut Growth --
Softwoods 14.9 7.7 56 
Soft hardwoods 4.5 3.9 20 
Hard hardwoods 5.5 ~ 28. 

Total 24.9 17.5 104 

. . 

fl/ Softwoods 9"'DBH and over; hardwoods 11" DBH and over. DBH refers to 
diameter at breast height. The stem diameter is measured in inches and covers 
the outside bark measured at 4\ feet above the ground. 

E./ Growing stock, all merchantable trees 5" or over DHB. 

Source: Department of Conservation and Economic Development, Division of 
Forestry. 

Cut 

41 
16 
23 
80. 
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General Hyd:-ology, James River Estuary 

E-1 

.. 

The Surry Nuclear Powe1· St"'tion· site is located on the Jam.es River . 

approximately 30 miles above :he :.iver mouth at Old Point Comfort and 55 

miles below Richmond, Virginia. This 85-mile st:retch .of the river is· sub-· 

jected to tida.l motion, and hence is a tidal estuary. According t~ one clas~i.,. 

fication system { 1), that part of the tidal waterway betwee~ the mouth and. the 

point of most upst:.eam intrusion of measurable ocean salt is called the. 

estuary prope:., while the fres:1. water segment. above th.at point up to the head 

of tide is called the tidal river. 

Hog Point is the r..orthernr ... 1.ost point of a peninsula fo:.med by a large 

bend in the James River estuary, as shown in Figure 1. The Sur:.y Nuclear 

.Powe:- Station site extends ac:.oss the central portion of the peninsula, the 

Tiver :orming both the eastern and western boundaries of foe site. The ?e·ni.n,.. 

sula to the north of the site is a low lying area of tidal marsh.es, tidal channels 1 

and islands ,vr..ich serve as a ,,·ild fowl refo.:;e, and te:.minat,:!s at Hog Point. 

The eastern boundary of the site, which borders the ri.ver along the down

stream sic.e of the ryeninsula, is c::oo:roximately o,:,:>o.site Deco Water Shoals. 
4 • ""' • Iii ta · 

The western boundary borders the :::-iver o-:. t:.e U?stream sic'!e of the peninsul~ 

will be mad.:! to Deep· Yl_i..tc-:: Shoals, or downst1·c:~p1, side, ar.d. to Cobnam ~.;.y, 

t . ..J ~ 4-.. • ..:. or ups ream, s1 ... ~ c .... ;.1.e she. 
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Hog Point is in the region c,f transition between the fresh tidal river and 

the estuary proper. Under conditions of very high river flow fresh water 

extends downstream of Deep Wc:tcr Shoals. During pc riods of mode ratcly high 

river flow, brackish ,vater extends past Deep Water ShoaLsto the vicinity of 

Hog Point, while the Cobham Bay side of the site remains in the fresh water 

tidal river. Under flow conditi•)ns characteristic of most of the year the 

upper boundary of the estuary proper is located upstream from the Cobham 

Bay side of the site. The distribution of salinity in the estuary under various 

regimes of river flow will be discussed in a later section of this report. 

Under all but the most extreme river flow condit.ions, the oscillatory ebb 

and flood of the tide constitute the dominant rn.otion in both estuary proper and 
I 

the tidal river. The net downstream flow required to discharge the-·fresh 

water seaward through any cross section represents but a small fra.ction of 

the tidal flows. 

The James River estuary has been classified in the literature as a par

tially mixed estuary {2, 3)~ In such an .. estuary the salinity decreases in a 

more or less regular manner from the mouth toward the head. The salinity 

also in~reases with depth at any loc~tio~. There usually occurs a layer near 

mid-depth in which the salinity_ increases more rapidly with depth than is the 

case in the overlying fresher layer or in the deeper, more saline layer. How

ever, this layer of maximum vertical salinity gradient does not constitute a 

sharp interface as is the case in the classical salt-wedge estuary. 

The upper, less saline, layer has a net non-tidal motion directec toward 

the mouth of the estuary, while the lower,. more saline, layer has a net non

tidal motion directed toward the head of the estuary. The boundary between 

these layers is generally sloped across the estuary so that the seaward moving 

surface layer extends to greater depths on the right side of the estu13-ry (look

ing seaward} than on the left. Under some conditions, particularly in the 

wider sections of ·the estuary, the boun~ary between the counter-flowing layers. 

intercepts the surface, so that there is a net seaward flow surface to bottom 

on the right side of the estuar-y (looking seaward) and a net flow toward the 

head of the estuary on the left side of the estuary. 
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This net non-tidal circulation pattern involves flow volumes larg.! con.pared 

to the river dischar~e, but still smal! compared to the oscillatory tidal flo .... v. 

For exampl-c, measuretncnts n1adc in July 1950, at a tin1e when the fresh '\Vatcr 

dLscharge at I-Iog Point was approximately 6000 cfs, ::;howcd a net nor.-tidal, 

seav.rard dirl:!cted flow in the surface layers at Dc..::p_ ·water Shoals of 18, 000 cfs, 

and a counter-flow in the dcepi~r layers of approximately 12, 000 cis (note th3.t . _,___ -
t]:~ di_f~nce iE._:1,~!?::-_~ida.l __ f_l~~~ of the sur(·-:i-~_Q_and __ cl!?-_c_p_Ja_y~r_s_mu.s.Ler.i_...\J9-l..J..h.e.. 

river disc_'ti_?.rg~). By comparison, the avcrarrc volmne rate of up-river di..rected 

flow during the flood-tide period, and of seaward directed flow during fae ebb

tide period amounted to some 130,000 cfs thro.ugh the Deep ·water Shoabsection. ---------- --·------·... ---
At the time of the above described flow measurements, the salinity at the 

surface at Deep Water Shoalswas about 4, 2%n, and at the bottom about 6. lo/oo. At 

a point farther clown the estuary, where the surface and bottom salinities were, 

respectively, about 11. Oo/oo and 14. 5%~, the net non-tidal seaward-dire_cted flow 

in the surface layers was observed to be about 24, 000 cfs, or some 4 times the 

fresh water river discharge. In general, the volume rate of flow of the net 

non-tidal e-i-!£_ulation increases toward the mouth of the estuary. 

As the river flow decreases, the salinity distribution moves up the estuary, 

so that at any location the salinity increases with decreasing river flow. Also, 

in general, the higher th_e salir.ity, the larger the ratio of the net non-tidal flow 

to the river flow. Thus, within the estuary pro?er, the water available for 

dilution of an introduced waste material at a given section does not c ecrease in 

direct proportion _to the decrease in river flow, 

James River Discharge at Hog Point 

The farthest downstream gaging stati.:.·,-. on the main· stem of the Jc:;.~,es 

River is located near Richmond, Virginia, just above the upstream limit of 

tidal influence. The drainage area above this gage amounts to 6757 square 

miles, Some flow is diverted around this gage for _use as condenser cooling 

water and returned to the river below the gage. Daily records of this divc:-sion 

have been maintained, so that the adjusted flow at the Richmond gage can be 

compiled. 
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Between the Richmond gage and Hog Point, an additional 2 760 mi 2. drain 

into the James River. Gaging etations on tributary streams which em:er the 

James in this stretch of the river provide flow data for 1638 mi 2, leaving 

1122 mi2 or°ungaged drainage a:~ea. Ir. order to determine the probable fresh 

water discharge at Hog Point, it has bccri assu1ned here that the ob!:ierved 

discharge for the 1638 mi 2 of gaged ti"ibutary flow below Richmond is repre

sentative of the runoff for the 1122. mi 2 of ungaged drainage ·area. Therefore 

the discharge at Hog Point has been computed by adding to the adjusted flow 

at Richmond the drainage from the combined gaged and ungaged area between 

Richmond and Hog Point computed from the fo~lowing relationship: 

( l) r,D. h f h d ~ [Total, gaged plus ungaged area] 
~ isc arge rom t e gage area x [ d J · · 

gage area 

In compiling the river discharge data monthly mean flows have been used, 

rather than daily mean flows. This choice was made for the following reascins. 

In t;ie fifty miles or so of tidal :-iver below .Richmond the cross-sectional area 

of the waterway increases significantly compared to the stream above Rich

mond, and there is a somewhat irregular but significant increase in cross

sectional area with distance downstream. The mean travel time for a flow of 

14, 000 cfs (a flow which is exceeded only 25% of the time) from Richmond to 

Hog Point exceeds 20 days. Therefore it is probable that short period fluctu

ations in discharge at Richmond are considerably smoothed at Hog Point. 

Further, within the estuary proper there is. considerable inertia in the response 

of the salinity pattern and the net non-tidal circulation to rapid variations in 

river discharge. 

Table I lists the gaging stations used to determine the mean monthly flows 

for Hog Point. · Estimates of the flow in Kan/\wha Canal, which diverts an 

average of 875 cfs around the Richmond gage on the James River, were used to 

adjust the gaged dis_charge for the period October 1934 to September 1935, when 

direct measurements of the diversion ,vere not made. In. estimating the addi

tional runoff for the 2760 square miles of drainage area between the. Richmond 

gage and Hog Point, discharge from the gages on the Appomatto:::-: near 

Petersburg·. the Chic~ahominy near Providence Forge, and Falling Creek near 
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Dreury's Bluff were combined and used in eql'lation (l} for the period Septembc.L" 

1942 through September 1_956, and August 1957 through JunC:: 1964 when data 

from all three gag_eswere available.. The total gaged area cov~red by these 

three gage·s is l6:~_8,:_rrii 2 • During the periods January through Augu.st ~942, 

October 1956 throuf;h July 1957, and July. 196,1 through September 1965, data 

were not available for the Fa,L.ing Creek gage, leaving a ga~ed draina.ge area 

of 1584 miz. Between October 1934 and August 1942 discl~arge data from only 

the Appomattox River gage were available, thus providing a gaged draiiiage · 

area for that period of 1335 mi2. 

Table II gives the monthly mean discharge of the James· River at Hog Point 

for the water years 1935 through 1965 (i.e., from· October 1934 through Sep

tember 1965). The following statistics are derived from these 372 monthly 

mean discharges • 

. Minimum monthly mean discharge. 857 cfs 

90o/o of monthly mean discharges greater than 2,660 cfs 
I 

75o/o of monthly mean discharges greater than 4,370 cfs 

Median monthly mean discharge •• 

Mean monthly mean discharge . ·. . . 
7, s·6o cfs 

9,952 cfs 

Z5o/o of monthly mean discharges greater than 14, 366 cfs 

10% of monthly mean discharges greater than 20, 225 cfs 

Maximum monthly mean discharge. • • • • 39, 778 cfs 

For comparison, for the period 1935 through 1965, the estimated rr.h1imum 

daily discharge at Hog Point is 680 cfs, and the maximum instantan :!OUS dis

charge is estimated to be 175,000 cfs. Further discussion of high discharges 

is given under the section on Floods. 
. / 

Tidal Characteristics of Vlaterway _ 

The astronomical tide along the Atlantic coastline of the United States is 

predominantly a s_emi-diurnal tide, with two high waters and two low waters · 

each lunar day {24. 84 hrs). There are differences bct~vecr. each of two high 

·waters and between each of the two low \Vaters each day, but the differences 
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are not sufficient to classify th,~ ti.de as a mixed tide, This periodic rise and 

fall of water surface elevation at the :ntrance to the Chesapeake Bay pro_ceeds 

up the Bay and its tributaries as a pro;ressive wave, This ,,,ave is attenuated 

as it proceeds, and is ·also reflected fro·m the head of ti.de in the Bay and the 

tributaries, and also from prominences along the length of the Bay and tribu

taries. A progressive ,vave which proceeds up a closed channel without e.iergy 

loss, and is fully reflected, would produce a standing wave ia the ,vaterway. 

Because of the attenuation of tidal energy along the estuary, the combination 

of the incoming progressive wave with the complex reflected wave has charac

teristics intermediate between those of a progresstve wave and those of a 

standing wave. 

In a progressive tidal wave maximum flood current occurs at the same 

time as high water, while in a standing wave ma.xi.mum flood current precedes 

high water by approximately 3 hours. At Hog Point in the James River maxi

mum flood current precedes high water by about 50 minutes. Thus the tide 

has characteristics intermediate between a progressive and a standing wave, 

but slightly more like a progr~ssive wave, 

The datum plane for Coast and Geodetic Charts of the James River estuary 

is mean low water. On this datum, mean tide level at Hog Point is +.l. 0 foot, 

mean tidal range is 2, 1 feet, and mean spring d.de range is 2, 5 feet, 

The U. S, Coast and Geodetic Tidal Current Tables show that off Hog 

Point the ebb current is longer and stronger than the flood current. The 

average maximum ebb current is l, 3 knots (2. 2 ft. sec- 1) and the ave;age 

maximum flood current is 1. 1 knots (1. 9 ft. ·sec-1). During spring tides the 

ebb currents reach a maximum of 1. 9 knots (3. 2 ft. sec-1) and the flood 

currents a maximum of 1. 6 knots (2. S ft. sec-1). During the typical tidal 

period of 12 hours 25 minutes, the current, on the average, ·will ebb for 

7 hours and 5 minutes, and flood for 5 hours and 20 minutes. It should be 

pointed out that the data used to compile the USC+GS tables are based on near 

surface observations, and correspond to approximately mean river discharge. 

The predominance of ebb flow over flood flow ,vill decrcas~ with c.ccrcasi.n:; 

river discharge. Also, particularly ,vhen the boundary betv,;een the estuary 
. . . 
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proper and the tidal river is upstream of Hog Point (th,.t is, when measurable 

· concentrations of ocean s2.linii:y exter1el U?stream from Hog Point), the strength 

and duration of the ebb directed flow <lccrcascs with increa:;ing depth, while 

the strength and duration. of the flood directed flow increases with depth~ Thus 

in the deep waters of the channel the flood current will frequently be stronger 

and of longer duration than the ebb current. 

Probability of Flooding of the James River in the Vicinity of Hog Point 

Data on the magnitude and frequency of exceptionally high discharges 

{floods) of the James Rh·er at Richmond., and of several tributary streams 

which enter the James betv1een Richmond and Hog Point, .have been analyzed 

in order to determine the probability of flooding in the viciriity of Hog Point 

resulting from high river discharges. The estimate of the magnitude and 

frequency of flood flows at Hog Point is not amenable to a simple, straight

forward procedure. Maximum discharges of the main sterr~ at Richmond 

seldom occur simultaneously with ma..~imum inflow from.the downstream tribu

taries. Also, as pointed out previously, the relatively large cross-section of 

the tidal river over much of the 55 miles between Richmond and Hog ?oint 

results in some smoothing of short term fluctuations in river discharge. Even 

at very high river flows the discharge at Hog Point will reflect an average of 

the discharge at the upstream gaging stations over a period of at least several 

days. 

Several methods were employed, on a trial basis, to combine the data on 

the magnitude and frequency of floods on the James River at Richmond with 

data for the gaged tributaries dov,'Tlst:::eam from Richmond, taking into account 

the smoothing features of the stretch_ of tidal river betw~en Richmond and Hog 

Point. These trials led to the conclusion th::..t the magnitude and .frequency of 

flood discharges at Hog Point would not exceed those for the Richmond gage, 
- .. 

and to a first approximation the statistics available for_ the James River at 

Richmond could be used for the Jam.:! s River at Hog· Point. Even if no smooth

ing occurred in the tic.al river, maxir,rnm disch;:ngcs at Ho;_; Point would not 

exceed those at Ricnrn.ond by more thG.n c:..bout 20%, and, as will be sho,vn below, 

high river discharge is not likely to si_;nific,,nt1y increase in. water level in foe 
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vicir.ity o:. Hog Poini; in a-..,.y cas~. 

The ~~e:in annu.11 floo-:1 (that is, the flood with a probable recurrence 

interval of 2. 33 yrs) for the James R_ivcr at Richmond is 68,000 cfs. Based 

on the method outlined in the U. S. Geological Survey ·water Supr,ly Pa?er 

1673, "Ma:;nitude and FrequcnC)' of Floods in the United States", the following 

statistics have beP.n c.erived :for t:-ie James River at Hog Point. 

Ratio of Discharge to 
Recurrence Inte :rval Mean Annual Flood Discharge 

(years) {cfs) 

1. 1 0.40 27,200 

2 0.90· 61,200 

5 l. 46 99.280 

10 1. 90 129, 200 

20 2.40 163,200 

50 3.42 232,560 

There are no E:, priori meth0ds whereby the rise in water level associated 

with these maximum river discharge3 can be directly computed. However, 

some probable bounds on the effzct these flows would have on the water at 

Hog Point can be made. 

A comparison of_ these fresh water discharges with the volume rate of flow 

through the cross section at Hog ?oint associated with the normal ebb and flood 

of the tide provides one means of estimating the effect.s of high river discharge 

on water level. During each tidal cycle, ·approximately 190, 000 cfs flow first 

upstream for approximately 6 hours and then downstream for approximately 

6 hours. During spring tides this figur~ is increased to nearly 270,000 cfs 

averaged ov-=!" eacn. half tide. Thib oscillatory discharge through the section 

is associated with a periodic rise and fall of the water surface of 2. 1 ft or.. the 

average, and 2. 5 ft for spring tides. 0£ ,nor.a significance, t!lis flow during 

each nalf tidal cycle is associated v-:ith a longitudinal slope of the water surface 

along t}1e estuary oi less than 1 x 10-5 (i.. e., 1 ft in 30 mile.s). 

Anothc r a pp roach to the problem is to con.3ide r th.:! slope :res_ui red to main

tain a _.:.t~ady c:iscn::...1·ge ec:ual to, say, the flood which has a recurrence inte;rval 

/ 
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of once ~n 50 years, usin.s ti.1e classical Chbzy cql!ation for open channel flow . 

Such a computation -ilso gives a slope of about 1 ·x 10-5. Since the mean level 

of the Chesapea~e Bay outside th0. m·outh of the James is unlikely to be effected 

by suc~1 discharges from the Ja"Cnes, a c.i.;;cha:.ge of some 230,000 cfs could be 

ma~ntained if the mcc..H water level at Hog Point stood 1 foot above the normal 

mean water le•rel. 

Any surge asso-:ia:ed wit!1 the transient nature of such flood discharges 

would have thz same wave ::hara::::teristics 2.s the tide, since both must travel 

as lor.g waves in sucn. a relatively shallow channel as the James. Conse

quently the maximum rise in wc1.ter level whic.h might be associated with a 

!'lood of the m3.gnitude of 230, 000 cfa would not exceed the tidal "t'ange of 2. 5 

feat, and would likely be clos'er t0 the minimum estimate of l foot above 

normal mean water le-.rel. 

Of considerably greater. consequence with respect to water level are 

meteorological tides cz,.ui:;ed by a combinaticn of w~nd and ac.nospn.eTic pres

sure differences. The phenornena sometimes called sto=-m surges fall in this 

cat~gory of meteorologic:i.l tides. Storm su.:rges caused by hurricanes have 

cau·sed the largest increase in water level along coasts and within estuaries. 

No long term records have been loca~ed which give adequate statistics on 

the prooable influence of meteorological tides in the vicinity of Hog Point on 

the James River. Ho·.veve:::-; on the basis of other tributaries to the Chesa

peake Bay, mete()rological tides of up to 6 feet might be expected to occur at 

a frequency of once every two to three years, and an extreme meteorological 

tide of +12 feet above mean low water must be considered as possible at this 

loc~tion~ with a recurrence interval of perhaps 50 years. 

~alin:.t-r Dist:-ibution, James River E'stt:2.ry in the Vicinity of Hog Point 

Since 1942 some 3150 sali.n:.ty me2.sur2ments have been made in the ten

n1ile stretch of t::!;.e Jar..es River centered on 1·fo6 Point by personnel of the 

Virginia. Institute of Marine Science (formerly the Virginia Fisheries Labora-

t ) 1 + ,. C' ' B I · r ,.~. J . H , . U . . ,_ 0ry anG o. t.1e nesaj_:>ea,~c ay ,1st,tllte o ... 1.11~ onns ... Oj?,·:1ns n1vers1cy. 

These r.a.t3. are recorder:. on 2unch ca.res ;;.t the Vi1·.;inin. I-.1stitutt.:! of ~.,~a:d.ne 
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Science and on punch caz ds and magnetic tape at The Johns Ho?kir.s University. 

As fOir,~~d out in the section 0!1. 'the general feature of the hydrology of foe 

J~mes River estuary, Hog ::?oint is located in the transition region bet•.'1een the . 
tido..l river and the estuary proper. The area up<;trearn and downstream o~ Ho6 

Point is s.;.bject to a wide range of .salt ::oncentra~ion, dependent ?rimarily on 

river discharge. The 11 £resh11 v:a~cr of the tidal river has a dissolved soli:is 

concentration of a;:;out 100 ppm (O. 10 %a). Th.is salinity is readily distinguished 

from that ~·~sulting froIT.. t:13 intrusion of ocean derived sa'its, since the rattos 

a£ the major ions ;:..re vei·y different in the rive:':." as compared to the ocean. 

The river salts are quite low b chloride ion, which is les;5 than 10% of the total 

dissolved solids in the fresh water segment of the James River. Chloride ion 

constitutes OYer SO% of the dissclved solids in sea water. Thus, when the 

chioride ion exceeds O. OS%r., the "salinity" is about O. 1%o or greater, and the 

dissolved solids result p:dmarily from an admixture of ocean· water with the 

riv~r water, even though the river water would in this case constitute over 99% 

of the mixtlire. For the purp0s0s oi this discussion, a sa'linity of O. 1%o will be 

taken as a measure of the upstream limit of sea salt intrusion. 

At median river flows (about 7500 to 8000 cfs discharge) the U?Stream 

limit of measurable ocean salt concentrc:.tions is located at about Swann Point 

just upstrear.1. from Jamestown Island. The: salinity off the upstream, or 

Cobham Bay, side of the power plant site at this flow range is about O. 5%o 

(pa:rts pe .I." thousand); off Hog Point about 2%n, and off the downstream, or Deep 

Water Shoal, side of the power pl~nt site about 3. 5%n. 

At _a river discna.rge c,f 10, 000 cfs, the area from Hog Point U?Si:ream is 

in the ires.h wate::::- tidal river. The salinity in tb.e vicinity of Deep Water Shoals 

for this flow is about 1%o. 

The boundary between the fresh water tidal river a~1d the estuary pro?er 

moves downstream of Deep \'later S11·xt-:Sfor river discharge_s of 14,090 cfs and 

greater, 

Referring to the data on river dischz,r~e, it is seen t:lat saH .. ities exceecEng 

( O. 1%,, occur off the dcr~vns.::.·c:,.m side o[ t:·,c powc:r pla:.1t site c..?:?:..·oxim, .. tcly 75% 
'---

of the time, while upper limit of occaa salt,intrusion extends a0ove ·~he 
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ul?Strcarn side of the power plar.t site something over 50% of the time. 

High riv~r disc~1arge ~ox the mc-,st part occu_rs du:.;:ing foe ':=old~r months. 

· Du:::-ing the la.:.::: spring, summer and •early fall months, both sides of the 

power p~ant site will be aea,vard of the i.rJstream lir ... it of sea salt int:::-usion. 

Du~:ing th~ l.5.v_ll~\v_p~-r~~? __ <?f.}atc summer and e2-r.ly_fall, salinities in the 

vicinity of HGg Point can z..ttam rcb~ively high values. Thus in September 

of 1965, after several mo1.ths of discharge less tha.n 2000 cfs, the salinity 

at the surf2-ce off the downi::tre2.r.. side of the power plant site was observed 

to be 13. 5%<,;- off Hog Poin~ 10. Oo/oo; and off the upstream side oi the power 

plant site 6. 9%~. 

The salinity generally increases with depth, being fron-1 l t0 4%o greater 

on the bottom in the channel than on the surface. Thus, the observations 

discussed above for September 1965 showed salinities at a depth of 24 feet 

off the D~ep ·water Shoa:S side of the power plar,.t site of 14. 6%0; off Hog Point 

at 8 feet iu dept:. a salinity of 10. 6%11 was observed; and at the same depth off 

the upstream side uf the power plant site a salinity of 8. 7%o was found . 

These are not the highest salinities which have been observed at these 

·sites. Listed below are the observed ranges in salinity in the vicinity of the 

powe:..· plant site. Note tha.t a salinity of 0. 0 means no measurable sea 

derived salt. 

ObEerved Salinity Range 

·Of: the downstream side of 
the power p:ant site: 

Ofi Hog Point:. 

Off the upstream side 
the power plant site: 

of 

Surface -

at 25 feet -

Surface -

at 20 feet -

Surface -

0. 0 to 16. 95%0 

o. 0 to 21. 13%0 

0. 0 to 12.20%0 

0.0 to 14·. 20%0 

O. J to 9. 19%0 

o.t 20 foet - 0. 0 to 11. 16%0 

For compa::-isor.., the oce2.n salinity off the mouth of the Chesapeake Bay 

is approxi-mately 33%0. The bottom salinii:_y of£ the do·wnstrea.m side of the 

power plant site thus h;,,s, \inde r prolon;~cl low flow _co.-.dttions, a'.:ta.i.ned 

values·nearly two-tnirds that of the ace.an wa~::r &ource. 



- 12 - E-12 · 

'°J.'emperature Distribution, J2.1nc s River Estua rv 

Some 3000 water tempera·.:ure measurcmc.its have been made ir. the ten

mile stretch of the James River cent·ercd on Hog Point since 1<;'~2 by per:;onnel 

of the Virginia Institute of Marine Science (formerly the Vi:rginia Fisht:ries 

Laboratory) and of the Chcsci.peake Bay Institute, The Jo,ms Hopkins UnivP-rsity. 

These data are recorded on :;::)Unch cards at the Virginia Institute of Marine 

Science and on punch cares and magnetic tape at The Jol-m$ Hopkins University. 

Surface water temperature in the James Rive:;; ~stuary fn the vicini~y of 

the power plant site close_ly follows the mean dci.ily air temperature, -except 

for a slight lag during the spring period of ra?id heatin6 and the fall period of 

rapid cooling. 

The maximum surface water temperature which has been o:>oerved in 

this area of the Jar..-1.es River estuary is 33. 8°C {92. 8°F) and the minimum 

observed temperature 1. 8°C {35. 2°F). Since the observations are strongly 

biased toward the warm season, somewhat lower winter temperatures than 

the probable 1. 8°C occasionally occur. The majority of summer surface 

water temperatures fall in the range Z6°C to 28°G (78. 8°F to 82. 4°F}, but 

temperatures exceeding 3 0 ° C {86 ° F} are not uncommon. 

Water temperature in the ~stuary decreases with depth during spring and 

summer. The vertical gradient is largest during the s?ring period of rapid 

heating, about 4°C over 20 feet of water depth. In summer the temperature 

decrease over the sarr.e depth interval is 1 °C to 2°C. During the fall period 

of cooling water temperatures are usually uniform wifo depth, while in 

winter there is frequently a slight increase in temperature with depth. 

Movement, Mixing and Diffusion of Introduced '\'Taste Products 
in the James River Estua.ry 

The processes of movement, mixing and c.if.fo.sion of an introduced sub

stance or property {i.e., excess heat} will differ somewhat in the fresh water 

tidal river segment of the waterway as com?ared to the estuary p;:-o?er. At 

e sufficiently high river discharges (i.e., in excess of about 10, 000 cfs} dis-

t..... charges fror.i the u;,stream side of the powe:::- p~an:: site would be .:nace into 

the fresh water ticial river, The introduced m:-.._tcri~l will be i.1.iti::..lly a<lvected 
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away fro~ the source by the oscillc:.tory motion of the Ucic:, movin6 upstre~m 

on the flood tide and dow.istream on the ebb tide, The u·,st L·eam len.,:,:th of the . ~ . ,. 
· flood excu:::-sion is about,;, m{les, a,,.,d the downstream lcn::t:1 of foe ebb cxcur-o . 

sion is a".:>~ut 6 miles. Tl1us on each tidal. cycle there is a .:tet scz .. ward mdve

ment of the btrodc:.ced mz..terial. The :.2..te of this seaward movement '\vi.ll in 

a specific c2.se depend t:.r-,cn the rive:. discharge. 

The tidal v~loci;;ies at pe;ik of ebb and flood £low -are ori the o:::-der of 

2 £.. -1 
l., sec . Such flows in a watenvay such as the Jam~s River estuary ~):.:-o-

. . . ' 
duce signif'ica.nt turbulent fluctuations ·w;;.ich in tur.i provic;le fo·1· ra?id tu:rbule.:.t ···· 

mixing and diffo.sio.:.. of an introduced sub stance. Vertical1ni;.._ii1.g in the fresh 

water of the tic.al river is ve:.y rapid, since t:1.e density stratification is vr:;:.:-y 
. . 

weak. Ho:rizontal dispersion is enhanced by vertical and lateral shear in the 

mean velocity field, and large scale eddies lead to a sp:read of any b.troduced 

material across foe width of the waterway within a few tidal cycles after 

release of the material to the waterway. 

Within the tidal river, maximum_ diktion of a continuously discharged 

material will be that provided by the volume rate of fresh water discharge 

through the section of the waterway. 

Under river discharge conditions which occur about 60% of the time the 

upstream limit of measurable ocean derived salinity w~U e>ccu:r above the 
.. • :·: -:~··· 

power plant site. The fate of an introduced material will be modified, as 

compared to a discharge into the tidal river, both as a result of the vertical 

stratification associated with the vertical distribution of salinity, and as a 

result of the net ncn-tidal ci:r:::ulation patte:rn involving an 2..ugmented seaward 

flow oi the U?per layers a.:-.d a contrary net non-tidal flow of the lower layers. 

Vertical mixing is in this case somewhat inhibited by the vertic;;.l stab~li.ty. 

In addition to the movemer..t associat-ed with oscillatory motion_ of the tidal 

currents, material in ·the U?per laye:rs will _be advected seaward, while 

, material in the de'eper layers will be advected up the estuary. The amount 

of water available fo:r dilu::~on of an introduced n1.aterial in the surface layers 
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will lead to a spread of an introduced mate:rial upstream to the upper limit of 

salt intrusion. As in the case of discharge to the tidal rive·r, turbulent dif.fu-
> 

sion will be effective in dilution and s?read of the introduced material, both 

vertically and hori.zor.tally. 

Both empirical ar:.d theoretical studies of turbulent diffasion of an intro

du·ced contaminant in tidal wa:e:rways have been carried out by the Chesapeake 

Bay Institute of The Johns Ho:2ki:ns University. A number of field studies 

involving both contir.uous and instant2.neous discharges of tracer fluorescent 

dyes have been carried out in tidal estuaries of the Chesa?eake Bay syst_em. 

These field studies ho.ve been used to test the.oretical ·relationships, particu

larly those developed by Oku::>o (4, 5, 6). 

Work is n·ow underway to select the diffusion experiments which have been 

completed in tidal waterways closely similar to the James ·River in the vicinity 

of Hog Point, for a direct estimate of the diffusion characteristics of the 

es'tuarine environment adjacent to the power plant site. Theoretical studies 

r e are also unde:rway using the theoretical relationships which have proven most 
"--· 

s~ccessful in matching the .:>bserved distribution from field studies. 

·-Studies of the ·distribution of excess temperature from the condenser dis

charge have been made using the James River estuary hydraulic model at the 

U. S. Army Waterways Experiment Station, Vicksburg, Mississippi. The 

l"esults of these tests, which are now being analyzed, will provide valuable 

information on the dis?ersion of a contaminant introduced with the condenser 

cooling water discharge. 

The concentration of an introduced contaminant at a given point in·the 

-estuary or at a given time after discharge de·pends upon the manner of int:ro.:. 

duction (i.e., as a local, high concentrat:.on source or prer.nised into a large 

volume discharge; as a continuous discharge or .as a nearly instantaneous 

·rel~ase}, _as wel~ as on the inherent di..ffusion characteristics of the receivbg 

waters. The:.efore r.ur.i.e r:.cci.l staterr.ents respecting mover.,.ent and diffo.s:.on 

e of a.i i,1troduced subst2 ••. ce, as c.ist~r:.ct from t:1e quz..Etative descrip.:io.i given 

a.hove, ca~ Orlly ·be n"j,3..G.c to:- speciiic ca~~s ,,,:1e~e !} ... e source te::-m ~s a.Go~-

quately described. 
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The work now underway wUl treat the following specifi-: cases: (i) the 

continuous discharge of ve 1:y low level liquid wastes premi>:ed into the con-
~ 

denser cooling water discharge; (ii) an accidental pulse release of activity 

into the condenser cooling water discharge; (iii) the distrfol..tion of activity 

in the estuary resulting from t~e washout of material accid~ntally released 

, to ·the atmosphere. 

• 

Summary 

The 85-m·ue· stretch of th~ James River between Riehm.and, Vi:-gini~, 

and the mouth of the :.-iver at Old Point Comfort is subjected. to tidal motion 
. . 

and is hence a tidal estuary. The Surray Nuclear Power Station site, located 

some 30 miles above the mouth of the estuary, is in the transition region 

between the fresh water tidal river and the saiine waters of the estuary proper. 

At river discharges exceeding about 10, 000 cfs the upstrea-:n limit of measur

able ocean derived salt intrusion will be at or below Hog Point. Water adja

cent to the power plant site will be f::::-esh, but still subjected to the oscillatory 

tidal motion. For river discharges less than 10, 000 cfs (a condition occurr

ing approximately 60% of the time) the water ad3acent to foe power plant site 

will have varying concentrations o-: ocean derived salts, dependent on river 

discharge. 

The oscillatory ebb and flood of the tide .constitute the dominant motion 

in the waterway in the vicinity of the power plant site. The net downstream 

flow required to discharge the fresh wate::::- seawa:-d through any cross-section 

represents but a small fraction of the tidal flows. 

Within the estuary proper the salinity decreases in a more o:r less uni

form manner from the .mouth towa'l"d- the head, a-:1.d at any l9cation ~lso in

creases with depth.· Superimposed upon the oscillatory tide· the:::e is a net 

t 'd 1 ' l t· · h' h .. , , . 1· , . non- 1 a c1rcu a i,on :..n w. 1c. ~r.e upper, ... ess sa .. ne, ... ayers move seawarG., 

while_the deeper, ·more saline, layers move up the estuary. The nr.t non-tidal 

seaward dire.~.t~c. :low is st:::o-:iger and extends to 6 reater c!.ept!-.s on t:-.e :.-ight ·------ . -------· .... - - ....... -···-·---·- .. ···--- - - ------ ... - . -·· .. ·-···· - ·- ------·· ·--·---- --
• G • .._, ( 1 , • , , ) ' ' l .,. . s1 e o: ... n~ __ C_§_~~-Y- ... OOJ:~1rJ.~ GO\Vn.st:rea.T°4... :.-.L.:'.i':1. on t~1e. e_~_:· 

boundary betwee".1 these two coun~erflows becomes st:-onz1y sloped so thc:,t the· 
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seaward flow extends to all C:cpths on the right s·id~ of the estuary, and the flov .. • 

directed up the estuary occurs from bottom to surface on ·:he left side of the 

estuary. 

The volume rate of £low as sociatcd with this net non-tidal circulation p~Lttern, 

while small com?ar~ci to the oscillatory tidal flows, is severalfold la.rger than 

the volume rate of river discharge. In general, the higher the salinity, the 

larger the ratio of the :ratio :if the volume rate of seaward flow in the surface 

layers to the rive:. o.=.schargq. Consequently, since at any given section, the 

salinity inc~eases witn decreasing river discharge, the vc,lur.."le rate of flow 

associated with the net non-tidal circulation does not decrease directly as the 

river discharge. 

The drainage area of the.James River above Hog Point is 9517 square miles. 

The drainage area above the nearest gage on the main stem of the James River 

near Richmond, Virginia, is 6757 square r-1iles. An additio~al 1638 mi2 of 

drainage area on tributaries· between Richmond and Hog Point is gaged, leaving 

2 1122 mi ungaged. Discharge records for the gaged tributaries below Richmond 
. . 

have been used to estimate the discharge for the ungaged area, and the mo~thly 

discharges for the James River at Richmond, and for the gaged and ungaged 

araas below Richmo .. d, have been combined to provide estimates of the river 

discharge at Hog Point. Table II g:.ves values for the monthly dis_charge, in cfs, 

for the period October 193~ to September 1965. The following statistics are 

derived from these 3 72 monthly values: 

M' · "-"\..l " , 1n1mum rr..on ..... y mzan 01scnarge 857 cfs 

90% of montb.ly mean discharges greater than 2660 cfs 

75% of monthly mean discharges greater than -4370 cfs 

Median monthly mea-:1 di.scc:arge 7860 cfs 

Mean monthly mean discharge 9952 cfs 

25% of-monthly mean dischar~es g:-ec:..te:r tha.nl~, 366 cfs 

10% of monthly mean discharges g:.-eatc r faan 20, 225 cfs 

Maximurn n.o~.thly rr,ez'"n discharge 39,778 cis 
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TABLE I 

G- ·-' ~ .. - tio·1.s Used ht Co,,P)~lincr James R1°V€ r c...o· .'? .:.,'"',:;. "' .. ~ 

Discharge at }Iog Poi.r.t 

Drai11.age 
Locatio'1 Are2. (rr:i 2) 

. -Kanewha Can2.l Diversion around 
near Richmond Richmond Gage 

James River 6, 757 
near Richmond 

Falling Creek 54 
near Dreu .. :y' s Bluff 

Appomattox River l, 335 
near Petersburg 

Chickahominy Ri~r 
rear Providence Forge 

/ 

294 

866 (29 yrs) 

7,351 {Adjusted) 
(31 yrs} 

57 {20 yrs) 

1, 165 (3 9yrs) 

271 (23 yrs) 

Sc?t • .1935 to present 

Oct. 1934 to present 

Se?t. 1942 to July 1964 

Oct. 1926 to present 

Jan. 1942 to present 
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TABLE II 

Mean Monthly Discharge i_n cfs, James River at Hog Point, 

For Water Years 1935 throurrh 1965 
"' 

(i.e., Oct. 1935 th1·ough Sept, ll)65) 

Note: Total Drainage Arca ts 9517 mi2, of which 
8395 mi2 is gaged, Figures in this Table 
include estimates of the runoff for the 1122 
m.i 2 of ungaged Drainage Arca. 

~Month. 
Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. Sept. Year (Aver.) 

Watc!r ~ Oct. 
Year 

--
1935 5191 5011 20951 22488 14827 20490 32045 8304 7830 6402 5298 19092 13965 

1936 3145 8324 10336 39778 25806 '34620 20763 6702 4631 2849 3151 2157 !3501 

1937 5711 2765 9137' 36185 19862 10693 27926 13010 6674 5289 9281 10836 13331 

1938 24819 11 s·g 7 8764 ·12364 9991 13118 9179 6137 15797 17190 12997 3581 12217 

1939 2911 4931 9071 8997 26181 19751 10359. 5953 4666 7200 9128 3005 9247 

19'10 3096 4911 3552 5544 18319 9215 18959 10018 16688 7203 31397 7616 11559 

. 
19·1 l 3417 7722 7832 11332 6493 9135 22105 3919 3527 8708 1971 1258 6537 

19'12 857 1415 3828 4510 6329 9306 5227 13810 8358 3896 15167 t1836 6501 

1943 18256 7319 12771 14106 21118. 17614 14073 11788 7860 6619 2073 1508 11221 

19·11 1436 2971 2659 6547 10068 25264 14366 9823 3221 2312 2972 18310 8053 

1915 7251 4645 9886 13750 12804 12297 8909 10132 4178 10651 4616 12058 9280 

19,16 4294 5_330 14988 19225 18498 13666 10892 19707 8209 6974 3846 2744 10676 l:tj 

I ...... 
00 

\ 
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TABLE L . {continued) 

Wat~ Oct. Nov • Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Year (Aver.) 
. Year -....... 

l<),17 ' 2890 3155 4221 170•16 6213 15376 13026 6250 5107 4614 2686 3883 7082 

19·18 ,rno,1 1'1363 6176 9311 21776 21299 2S582 14626 7700 4667 12522 3051 l?.124 

l'J-19 ·7967 Br.so 311608 26301:5~ 19?.ll 166'1:3 17181 15102 8626 13777 .9774 6254 15814 

1950 4731 13681 8509 7858 17805 13292 7655 15239 8790 6295 3895 13?..68 10012 

1951 ,5073 113'13 17373 7512 17023 159 115 21682. 8253 13 '/ 26 5190 3216 2,119 10165 

1952 1827 5862. l·'!:255 20225 19361 26030 18012 1,13 76 11381 ,1Q•)O 5870 6139 11760 

1953 2759 10568 8983 1690?° 17612 21795 11829 10005 5261 28•1:2 1753 1618 9785 

1951 1,133 2203 5868 9705 7580 15!552 10258 10187 1231 2631 1,136 951 6066. 

1955 5197 6395 9880 8058 12374 25728 12307 5252 4733 3335 20886 ,~665 9996" 

1956 5551 3·159 2867 299 2 1163 2 10921 11667 4617 1176 3175 2259 22()0 s,n2 
' 

1<)57 1270 8315 7·161 7923 22606 16307 1'8 739 6662 6310 2116 1591 5050 8872 

l ') 58 1659 8 7 61 17261 16519 17213 20·'180 26168 20890 6557 4537 6597 2652 12675 

1<)59 .2897 2919 6019 9769 6379 8196 18616 6081 7729 4513 3874 2791 6665 

'1960 10816 9065 11290 10307 23161 17069 25301 14660 7471 2971 4371 6735 llS70 

1961 3169 3113 3700 5533 21475 16639 19391 14579 10072 4955 4776 4125 919,1: 

1962 ··15220 7049 20882 19484 15443 32186 22042 9135 9339 680°9 3624 2621 13677 

1963 2552 8733 5198 13541 9076 31513 6740 1762 1410 1690 1139· 1037 7567 

. 1961 1133 2662 1340 14509 16992 15649 9580 5522 2179 2071 1121 1630 6437 

1965 2834 3106 6777 11066 18268 18779 11588 6452 3123 2521 1182 1433 7223 

tri 
I 

I-' 

'° .. 
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The tide in th<:! Jarnes Rive::.· i.s a semi-diurnal ti.de, with two high waters 

and two lO\,V water::i each lunar c·ay of 24. 84 hours. The datum plane for U. S. 

Coast and Geodetic Survey char:s of tl1c James River is mean low water. On 

this datum, mean tide levd at Hog Point is + l. 0 foot, mean tidal range is 2. l 

ie~t, an'd mean spring tidal range is 2. 5 foct. 

The ebb current at the _surhce in the vicinity of Hog Point is of longer dura

tion and is stronger than the flo.:>d current. The average maximum ebb current 
. . ~ 

is 1, 3 knots (2. 2. ft· sec- 1), anc. the avera~e maxi.mu~ flood current is 1. l knots 

( 1. 9 ft· sec- i): During spring tides the ebb currents reach a maximum of 1. 9 

knots (3. 2 ft· sec- l)and the flood currents a maximum of 1. 6 knots (2. 8 ft, sec-1). 

During the typical tidal period of 12 hours 25 minutes, the current, on the aver

age, will ebb for 7 hours and 5 minutes, and flood for 5 hours and 20 minutes. 

The p;-edominance of ebb flow over flood flow will decrease with decreasing 

river discharge, and also with depth. When measurable concentratio:is of ocean 

salinity extend upstream from Hog Point, the flood current will usually be 

• stronger and of longer duration than the ebb current in the deeper layers of the 

L, channel. 

-

• 
Data on the magnitude and frequency of exceptionally high discharges(floods) 

of the James River at Richmond. and of the several tributary streams ·which 

enter the James between ·Richmond and Hog Point have been analyzed in order to 

determine the probability of flooding in the vicinity of Hog Point resulting from 

such high river discharges. It is concluded that the mean annual flood {that is, 

the flood with a recurrence interval of 2. 33 yrs) is 68,000 cfs. On the basis of 

this mean annual .Hood, the following statistics are derived for flood d:scharges 

at Hog Point: 

Recurrence Interval 
(years) 

1. l _ -

2 

5 

10 

20 

50 

Ratio of Disch~..r:;.:: to 
Mean Annual Flood 

· .. o. 40 

0.90 

1. 46 

1. 90 

2. ·10 

3. ,12 

Discharge 
(cfs) 

27,200 

61,200 

99,280 

129,200 

163,200 

232~560 
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An analysis of the probable rise in mean water level at Ho~ Point associated 

.with these flood discharges indkatcs thc1t even for the flood discharge having a 

recurrence interval o! only once in 50 years, the water level at Hog Point would . . 

ri:-;e no more than 1 foot above norm,d mean v,.:atcr level. 

Of considerably grc.::c.ttcr consec;,11cncc: with respect to water level are meteoro-
. . 
logical tic,!::; caused by a combi.11ation of wind and atmospheril: pressure difference . 

. 
It is estirr..atcd that meteorolo;;ical ticks of up to 6 feet might be expected to occur 

at a frequency of once every t\vo to throe years, and an extreme meteorological 

tide of +12 feet above mean low water level must be considered as possible at Hog 

Point with a r_ecurrence interval of once in 50 years. 

From the standpoint of the salinity distribution, Hog Point is located in a 

transition re~ion. The area upstream and downstream from Hog Point is subject . •·";• 

to wide range of salt concentration, dependent primarily on river discharge. At 

median river flows (about 7500 ::o 8000 cfs discharge} the upstream limit of 

measurable ocean salt concentrations is located at about Swann Point just up

stream from Jamestown Island. The salinity off the upstream side of the plant 

site at this flow range is about 0. 5%o {parts per thousand), off Hog Point abou.t 

2%il, and at Deep \Vater Shoals about 3. 5%r.. At a river discharge of 10,_000 cfs, 

the area upstream from Hog Point is in the fresh water tidal river, and the 

salinity in the_ vicinity of Deep ·water Shoals is about lo/oo. The boundary between 

the fresh water tidal river and the estuary proper moves downstream of Deep 

Water Shoals for river discharges of 14, 000 cfs and greater. 

Salinities exceed:ng 0. lo/on occur off the downstream side of the power plant 

site approximately 75% of the time, while the upper limit of ocean salt intrusion 

extends above the upstream side of the power plant site something over SC% of 

the time. During the low flow periods-of late summer and early fall, salinities 

in the vicinity of Hog Point can attain relatively high values. Listed below are 

the 09served rang~s- of salinity in the v.icinity of the power plant site. Note that 

a salinity of 0. O%n means no measurable sea de rived salt. 
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Observed Salinity Ra.ngc 

Off the downstream side of 
the power plant site: 

OH Hog Point: 

Off the upstream si.de of 
the power plant site: 

Surface - 0. 0 to 16. 95%0 

at 25 foet - 0. 0 to 21. 13%n 

Surface .- 0. 0 to 12. 20%n 

at 20 feet 0. 0 to 14. 20%n 

Surface - 0. 0 to 9. 19%n 

at 2 0 feet - 0. 0 to 11. l 6o/on 

E-22 

From these figures it is seen that the salinity in the deeper waters off foe 

do,vnstream side of the pm.ver plant site h.:i..s, under conditions of prolonged low 

river discharge, attained values nearly t\vo-thirds that of the ocean water source. 

/ 

/ Surface \vater temperatures in the James River estuary in the vicinity cf the 

_.:pow~r plant site closely follow the daily mean air temperature, except for a 

slight lag during the spring period of r~pid heating and the fall period of rapid 

cooling. 

The maximum ·surface water temperature which has been observed b this 

area of the James River estu_ary is 33. 8°C (92. 8°F) and the minimum observed 

temperature 1. 8° C (35. 2°F). The majority of summer surface water ten:pera

tures fall in the range 26 ° C to 28 ° C ( 78. 8 ° F to 82. 4 °F). but temperatures ex

ceeding 30°C (86°F) are not uncommon. 

·.Water temperatures decrease with depth during spring (about 4°C decrease 

in 20 feet) and during summer {about 1 ° to 2 ° C dee reas e in 20 feet). During the 

fall period water temperatures are usually uniform with depth, while in winter 

there is frequently a slight increase with. c.:c?th. 

'--------------
The processes of movement, mix.i.ng and-di.ffusi.on of an introduced substance 

or property will differ some\vhat under thos~ ri.ver flow' conditions such that the 

e power plant site is in the fresh water tidal river as compared to co:idition:::; when 

the boundary of the estuary proper extends upstream from the power pla!'lt site. 
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In both cases the introducc.!d ma~c rial will be ildv~ct.::d hack and forth pas·t the 

site. by the oscillatory motion of the tide. Also, in both case::; horizontal tur

bulent mixing ,vill b_e e[foctive in sprcadin.~ any inlroducc:cl rnatcrial across the 

width of the estuary wit:-:.in·a fow tidal cyclL'S i.Lltei· r.:,le;:-LfiC to the waterway. 

Within the tidal river vertical mi:-:in:,; v1ill abo be f;.,_i_rly rapid. During each 

tidal cycle, the introduct::d material will move upstrcz~m on ~r.e flood tide about 

4 n,iles, and cio,vnstrca1n about 6 miles, thus showing a net seaward advection 

which will in a_ specifi.c case depend on the magnitude of the .rive_r discharge. 

· Maximum dilu::ion of a continuo~s discharged material will be that provided by 

the volume rate of fresh water discharge throu;;h the section of the waterway. 

Within the estuary proper, the vertical stability associated with the vertical 

increase in salinity will inhibit the degree of vertical mixing somewhat. The net 

non-tidal circulation pattern will result in an augmented seawarc advection of 

material in the upper layers and a net movement up the estuary of material in 

the deeper layers. The amount of water available for dilutio:, of an introduced 

material in the surface layers will exceed, frequently by severalfold, the 

vo.h:me rate of river discharge past the section. 

The concentration of an int.::-oduced contaminant at a given point in the estu

ary or at a given time after release to the waterway depends upon the manner of 

introduction as well as on the inherent diffusion cha:;;-acteristics of the receiving 

waters. Both empirical and theoretical studies of turbulent diffusion of an intro

duced ·contaminant in the tidal ,vaterways of the C:i.esapeake Bay estuarine system 

have been carried out by the Chesapeake Bay Institute of The Johns Hopkins Uni-

versity. Wor~ is nov; underway in which these studies are being used in the 

treatment of the following specific cases of discharge of a co:-itaminant into the 

James River off the power plant site: _(i) the continuous discharge of very low 

level liquid wastes premixed into the condenser cooling wate::-- discha::.-ge; (ii) an 

accidental pulse rel_ea:: 2 of activity in_to the condenser cooling di_scha ::.-ge; ( iii} the 

distribution of activity in the estuary resulting from the· ,.-vashout of mate rial 

e accic.entaHy released to the atmosphere. 
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Sl]MMAR.Y OF RECENT, ONGOING AND FUTURE STUDIES CONDUCTED IN THE OLIGOHALINE 

SECTION OF THE JAMES RIVER ESTUARY 

Introduction 

The following report has been prepared in an attempt to summarize 

the relevant environmental studies which: (1) have been recently completed; 

(2) are presently being conducted; and (3) are planned in the vicinity of 

the Surry Nuclear Power Plant. Many of the studies have only a few stations 

located-in the vicinity of the Hog Island plant site, ·e.g. oyster studies 

which are limited to the rock at Deep Water Shoals, while others, e.g. benthic 

populations, are being sampled intensively in the area. 

Table 1 shows the major studie~ conduct~d in the area and the years 

in which actual data were collected, along with an identification number. 

The references or projects corresponding to these identific~tion numbers 

are tabulated in Table 2. 

Surry Plant 

In 1968 cooperative studies funded by VEPCO and VIMS were begun 

on the Hog Island plant site. These studies included both pre and post 

operational field programs and also laboratory studies on the possible effects 

of thermal shocks to both oyster and clam larvae .. 

The following is a brief summary of the biological research which 

is being done by VIMS under the cooperative program with VEPCO. In referring 

to sampling locations, the locations of the instrument towers are shown in 

Figure 1. 

Phytoplankton 

Collections are made monthly in the intake canal· and at towers CBN 



- and CBS. A one liter whole water sample is collected from mid-depth with 

a Kemmerer Bottle and preserved in modified Lugol's solution. Samples are 

being analyzed for species composition and abundance. Collections were begun 

in January of 1971 and will continue thru the post operational study phase. 

Zooplankton 

Collections have been made monthly since January 1971 in the intake 

canal and at towers CBN and CBS. A sample consists of 3 vertical tows with 

a 1/3 meter net of number 30 mesh. Samples are preserved in buffered formalin 

and are_being analyzed for species composition. Collections will continue 

thru the post operational study period. 

Fouling Plates 

Fouling plates consist of 125 mm by 75 mm asbestos plates suspended 

1 m above the bottom at towers DWS, CBN and CBS. There are two vertical and 

two horizontal plates at each station. One of each pair is left in place for 

a year to study succession and community development. The other plates are 

removed and replaced at bi-monthly intervals. These plates are frozen and 

later examined for .species composition. These studies will continue thru 

the post operational study period. 

Shrimp and Small Fish 

Monthly samples are collected using a benthic sled with an opening 

of l' by 2 1/2' and a 2 mm mesh bag. The sled is towed for 5 minutes in 

shallow and deep water (sand and mud bottoms) near the intake, in deep water 

(mud bottom) near the outfall, in deep water (mud bottom) near tower CBN and 

in shallow and deep water (sand and mud bottoms) in Cobham Bay. The location 

of the stations is shown in Figure 2. Organisms are removed from the net and 

preserved in buffered formalin. Collections have been made-since January 1971 

and will continue after the plant becomes operable. 
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Primary Productivity 

14 
Productivity measurements using a modified C procedure are being 

made at towers CBN, CBS and at the intake canal. Samples are taken from the 

upper 0.3 m of water and incubated shipboard for 4 hours. Samples are also 

analyzed for pH, alkalinity, salinity and temperature at the time of collection. 

The productivity studies were initiated in the spring of 1971 and will be 

continued at 6 week intervals throughout the field phase of the study. 

Benthic Studies 

Benthic grab samples have been taken in the spring, summer, fall 

and winter since June 1969. Two re~licates are taken at each of 16 stations 

from Jamestown Island to Deep Water Shoals (Figure 3). Samples are collected 

with a 0.07 m2 Van Veen grab, washed through a 1 mm screen and preserved in 

buffered formalin. In the lab, samples are. sorted, organisms are identified 

to species and counted. Total biomass in each replicate is determined. This 

sampling has shown that the benthos is overwhelmingly dominated by the brackish 

·water clam Rangia cuneata. Therefore, more detailed work with this species 

is being carried out. 

Growth of Rangia cuneata 

A study is underway on the effects of salinity and substrate on the 

growth of Rangia. Clams were collected in Cobham Bay, returned to the lab and 

weighed and length and width measured. Then a number was painted on each clam 

for later identification. These clams were planted in a sand and a mud bottom 

near the intake, outfall, tower CBN and the mouth of the Chickahominy River 

(Figure 4). The clams planted at each station were from 30 mm to 60 mm long, 

except near tower CBN where clams from 3 mm to 60 mm were planted. They will 

be left one year and growth determined. The clams were ·put out in July 1971 • 
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Condition Index of Rangia Cuneata 

Condition index compares clam tissues to their theoretical maximum 

size, that is, the volume of the shell cavity. In general it reflects stored 

energy over and above that required for the animal's maintenance and physiological 

activities. In this sense condition index may be considered to reflect the 

overall appearance of the environment to the organism. Condition index is 

determined monthly for 20 clams from 40 mm to 50 mm long, collected from the 

same locations as the growth studies (Figure 4). Collections have been made 

since July 1970. 

Gonads and Set Collections 

Rangia clams are being collected every two weeks at the intake, out

fall, tower CBN and the mouth of the Chickahominy River (Figure 4). Twenty 

clams 30-40 mm long from each station are shucked and histological slides are 

made of their gonads. ·Temperature and salinity data are taken at the time 9f 

collection to correlate changes in environmental factors with initiation of 

gonad development and subsequent spawning. Approximately two years of data 

have been collected. 

Set collectors are placed at the same lo·cations as above and sampled 

every two weeks (Figure 4). Set collectors indicate when the swimming larvae 

settle to the bottom and take on the appearance of adults. This informEtion 

will serve as a check on the gonadal studies and also indicate setting and 

recruitment patterns at the different stations. This study was started in 

the spring of 1970. 

Laboratory Experiments 

Rangia - Adult Rangia have been spawned in the laboratory and work 

on the developing embryos and larvae has been carried out. Embryos and straight 

hinge larvae have been placed in a factorial experiment to determine the best 
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survival and growth at 16 different combinations of temperature and salinity. 

Another factorial experiment dealt with the effects of the expected thermal and 

salinity shocks from the power plant on survival and growth of embryos and larvae. 

Crassostrea and Mulinia - The effects of thermal shocks of 5, 10, 15 and 20°C 

has been determined on larvae of the oyster, Crassostrea virginica and the clam, 

Mulinia lateralis. Oyster larvae were acclimated at 25 ± l°C and at a salinity 

of 20 ± 2 °/00, while the clam larvae were acclimated at 20 ± l°C and 20 ± 2 °/00 

salinity. The larvae received a 5 second thermal shock and were then allowed 

30 minutes to return to ambient. All larvae were maintained under controlled 

conditions and after the thermal shock were fed equal amounts of food, a pure 

Monochrysis algae culture. Control gr?ups were run with each set of shocked 

larvae. The effects of the thermal shock were assessed in terms of growth, 

mortality and setting success. 
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RECENT AND ONGOING STUDIES IN THE OLIGOHALINE SECTION OF THE JAMES RIVER ESTUARY 

TABLE 1 1965 1966 1967 1968 1969 1970 1971 1972 1973 

Phytoplankton 
Biomass 1- -3-- . I/ - ' j Species compositior . /4- -15 I/ - 1 Productivity .. ,,,. 

·1 IS" 
Zooplankton 

Species composition •2• •2• II' 
I 

'/.J" 
Benthic populations 

Biomass I 1-f I - II'= 
Species composition I I 

1$"- -I , 1y . 
Oyster populations 

Condition index /f, 
Spat success - I~ 
Population survey . /Za.. 

Rangia populations -
Growth & condition I - I 

IS L 17 
' 1. -Reproduction· - 18 . ,, -Fish populations 

Migratory 8 ea. 
Resident 8 I 13 

I - 2.0 8-I 

Chemistrv 
Heavy metals . s ~1--22 2~ . 
Nutrients I+-- I 3 --+- // - . 27 
Other - + 

Geological ' 
Foraminifera 10-
Sediment transport - 5 - 23 
Bottom sediments ~ 5 

Physical 
Currents l+--6,---+ . 24 
Temperature l,,t.-- 61---+ - :2.4-2.!i 
Model lo+- ti,._.. 

2' . 
Other loE-- 7~ u-

trj 
I 

°' 
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1. Brehmer, M. L. and S. O. Haltiwnager. 1966. A biological and chemical study 
of the tidal James River. Final Contract Report (FWPCA-PH 86-65-86). 

2. Calder, D.R. and V. G. Burrell, Jr. 1967. Occurrence of Moerisia lyonsi 
(Limnomedusae, Moerisiidae) in North America. Amer. Midl. Natur. 78: 540-541. 

3. Brehmer, M. L. 1967. Nutrient assimilation in a Virginia tidal system. 
P. 218-249. In: Proceedings of National Symposium on Estuarine Pollution, 
P. L. McCarty and R. Kennedy (Eds.) Stanford Univ. Press. 

4. Brehmer, M. L. et al. 1965-date. Pesticide levels in oysters. Contract 
Reports to EPA. 

5. Nichols, M. (in press). Sediments of the James Estuary. Geological Society 
of Amer. Mem. #133 

6. Shidler, J. K. and W. G. MacIntyre. 1967. Hydrographic data collectio~ 
for operation James River - 1964. Data Report No. 5, VIMS. 

7. Nichols, M. (in press). Effect of increasing depth on salinity in the 
James River Estuary. Geological Society of Amer. Mem. #133. 

8. Davis, J. 1967 to date. Striped bass populations. VIMS 

Sa. Davis, J. 1969 to date. Herring populations. VIMS 

9. Brehmer, M. L. 1967 & 68. Data report - heavy metals in shellfish. VIMS •. 

10. Nichols, M. and W. Norton. 1969. Foraminefera1 populations in a coastal 
plain estuary. Palaeogography, Palaeoclimatology and Palaeoecology 6: 197-213. 

11. Brehmer, M. L. 1970. Biological and chemical study of Virginia's estuaries. 
Final contract-report, OWRR-B003 Va, VIMS. 

12. Haven, D. S. 1968 to date. Oyster spat success - Marine Resources Bull. 
VIMS. 

12a. Haven, D. S. 1965 to date. Oyster populations of the James River. Marine 
Resources Bull. VIMS. 

13. Lanier, J. A·. 1971. Catfish management in the James River, Virginia. MS 
thesis. VIMS. 

14! VIMS - pre-operational survey at Surry. 

15. VIMS - post-operational survey at Surry. 

16. Haven, D. S. 1970 & 71. Oyster condition index. Marine Resources Bull. 
VIMS. 

17. Peddicord, R. 1970-72. Factors influencing the growth and survival of the 
brackish water clam (Rangia cuneata) Ph.D. thesis. · 
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18. Cain, T. 1970-72. 
(Rangia cuneata), 
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Reproduction and development of the brackish water cliillt 
Ph,,D, thesis. 

19. Post-operation studies on the growth, reproduction and survival of the brackish 
water clam (Rangia cuneata). 

20. Ichthyology Dept. - various beach seining studies. 

21, Huggett, R., M. Bender and H. D. Slone. 1971. Utilizing metal concentration 
relati'onships in the eastern oyster (Crassostrea virginica) to detect q.eavy 
metal pollution .. 

22, Slone, H. D., R. J, Uuggett and M. E. Bender. 1971. Nutrients and heavy 
metals in James River sediments. VIMS, 

23. Nichols, M. M. 1970 t~ date. Remote sensing and on site studies of 
sediment transport in the James Estuary. VIMS. · 

24. Fang, F. and E. Ruzecki. 1971. Hydrographic survey of the James Estuary, 
VIMS. 

25, Fang, F. 1971-1973. Thermal distribution off Hog Point. AEC Contract~ 

26. Uptake of metals by Rangia - Intake and outfall - post.,.operational st'll,dies. 
VIMS - VEPCO. 

27. Dynamics of phosphorus and nitrogen in the James River. VIMS and State 
Water Control Board. 
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Figure 1. VEPCO Instrument Towers 
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Figure 2. Bottom·. Tray,l StatioQs 
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· Legend 
B· = bottom trawl 

stations 
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Figure 3. Benthic locations in James River 
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UNITED STATES ATOMIC ENERGY COMMISSION 

DOCKET NOS. 50-280 AND 50-281 

VIRGINIA ELECTRIC AND POWER COMPANY 

NOTICE OF ISSUANCE OF PROVISIONAL CONSTRUCTION PERMITS 

G-1 (1) 

Notice is hereby given that, pursuant to the Initial Decision of the 

Atomic Safety and Licensing Board, dated June 25, 1968, the Director of the 

Division of Reactor Licensing has issued Provisional Construction Permits 

Nos. CPPR-43 and CPPR-44 to Virginia Electric and Power Company for the con

struction of two pressurized water nuclear reactors at the Company's site in 

Surry County, Virginia. The reactors, known as the Surry Power Station Units 

1 and 2, are each designed for initial operation at approximately 2441 thermal 

megawatts with a net electrical. output of approximately 780 megawatts each. 

A copy of the Initial Decision is on file in the Commission's Public 

Document Room, 1717 H Street, N.W., Washington, D. C. 

Dated at Bethesda, Maryland 
this day of June, 1968. 

JUN 2 5 13GB 

FOR THE ATOMIC ENERGY COMMISSION 

Peter A. Morris, Director 
Division of Reactor Licensing 



e 

VIRGINIA ELECTRIC AND POWER COMPANY 

DOCKET NO. 50-280 

ORDER EXTENDING COMPLETION DATE 

G-1 (2) 

Virginia Electric and Power Company has filed a request dated 

May 18, 1971, for an extension of the latest completion date specified 

in Provisional Construction Permit No. CPPR-43, for construction of a 

2441 megawatts (thermal) pressurized water nuclear reactor, designated 

as the Surry Power Station Unit No. 1, at the applicant's site in Surry 

County, Virginia. 

Good cause having been shown for extension of said date pursuant 

to Section 185 of the Atomic Energy Act of 1954, as amended, and Section 

50,55(b) of 10 CFR Part 50 of the Commission's regulations, IT IS HEREBY 

ORDERED THAT the latest completion date is extended from July 1, 1971 to 

July 1, 1972. 

Date of Issuance: 

FOR THE ATOMIC ENERGY COMMISSION 

< h. 
- !jl: ... \. {: { . '.-i 

Peter A. Morris, Director 
Division of Reactor Licensing 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

VIRGINIA ELECTRIC AND POWER. COMPANY 

-- . - ·-csuRRY POWER STATION, UNIT NO. 1) 

DOCKET NO. 50-280 

. - ---PROVISIONAL CONSTRUCTION PERMIT 

G-1 (3) 

Construction Permit No. CPPR-43 

1;' Pursuant to Section 104(b) of the Atomic Energy Act of 1954, as amended 
(the Act), and Title 10, Chapter 1, Code of Federal Regulations, Part 50, 
"Licensing of Production and Utilization Facilities," and pursuant to the 
order of the Atomic Safety and Licensing Board, the Atomic Energy 
Commission (the Conunission) hereby issues a provisional construction per
mit to Virginia Electric and.Power Company (the applicant), for-a utili
zation facility (the facility), designed to operate at 2441 megawatts 
(thermal), described in the application and amendments thereto (the 
application) filed in this matter by the applicant and as more fully 

2. 

. described in .the evidence received at the public hearing upon that appli
-~ation. The facility, known as Surry Power Station, Unit No. 1, will be 
located at the applicant's Surry County, Virginia site fourteen miles 

.. northwest of Newport News, Virginia. 

This permit shall be deemed to contain and be subject to the conditions 
specified in Sections 50.54 and 50.55 of said regulations; is subje~t to 
all applicable provisions of the Act, and rules, regulations and orders 
of the Conunission now or hereafter in effect; and is subject to the con
ditions specified or incorporated below: 

,' 

A. The earliest date for the completion of the facility is July 1, 1970, 
and the latest date for completion of the facility is. July 1, 1971. 

" 
B. The facility shall be constructed and located at the site as described 

in the application, northwest of Newport News, Virginia, 

C. This construction permit authorizes the applicant to construct the 
facility described in the application and the hearing record in accord
ance with the principal architectural and engineering criteria set 

·forth therein. 

3. This permit is provisional to the extent that a license authorizing opera
tion of the facility will not be issued by the Commission unless (a) the 
applicant submits to the Commission, by amendment to the application, the 
complete final safety analysis report, portions of which may be submitted 
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G-;l (4) 

-2-

and evaluated from time to time; (b) the Com.~ission finds that.the final 
design provides reasonable assurance that the health and safety of the 
public will not be endangered by the operation of the facility in accord
ance with procedures approved by it in connection with the issuance of 
said license; and (c) the applicant submits proof of financial protection 
and the execution of an indemnity agreement as required by Section i70 of 
the Act. 

Date of Issuance: ,JUN 2 5 1968 

FOR THE ATOMIC ENERGY COMMISSION 

Peter A. Morris, Director 
Division of Reactor Licensing 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, D.C. 20545 

VIRGINIA ELECTRIC AND POWER COMPANY 

(SURRY POWER STATION, UNIT NO. 2) 

DOCKET NO. 50-281 

PROVISIONAL CONSTRUCTION PERMIT 

G-1 

Construction Permit No. CPPR-44 

1. Pursuant to Section 104(b) of the Atomic Energy Act of 1954, as amended 
(the Act), and Title 10, Chapter 1, Code o·f Federal Regulations, Part 50, 
"Licensing of Production and Utilization Facilities," and pursuant to··the 
order of the Atomic Safety and Licensing Board, the Atomic-Energy . 
Commission (the Commission) hereby issues a provisional construction per
mit to Virginia Electric and Power Company (the applicant), for a utili
zation facility (the facility), designed to operate at 2441 megawatts 
(thermal), described in the application and amendments thereto (the appli
cation) filed in this matter by the applicant and as more fully described 
in the evidence received at the public hearing upon that application. The 
-facility, known as Surry Power Station, Unit No. 2, will be located at the 

(5) 

e applicant's Surry County, Virginia site northwest of Newport News, Virginia. 

e 

2. This permit shall be deemed to contain and be subject to the conditions 
specified in Sections 50.54 and 50.55 of said regulations; is subject to all 
applicable provisions of the Act, and rules, regulations and orders of the 
Commiss'ion now or hereafter in effect; and is subject to the conditions 
specified or incorporated below: 

A. The earliest date for the completion of the facility is July 1, 1971, 
and the latest date for completion of the facility is July 1, 1972. 

B. The facility shall be constructed and located at the site as described 
in the-application, northwest of Newport News, Virginia. 

C. This construction permit authorizes the applicant to construct the 
facility described in the application and the hearing record in accord
ance with the principal architectural and engineering criteria set 
forth therein. 

3. This permit is provisional to the extent that a license authorizing operation 
of the facility will not be issued by the Commission unless (a) the applicant 
submits to the Commission, by amendment to the application, the complete 
final safety analysis report, portions of which may be submitted and evalua
ted from time to time; (b) the Commission finds that the final design pro
vides reasonable assurance that the health and safety of the public will not 
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be endangered by the operation of the facility in accordance with procedures 
approved by it in connection with the issuance of said license; and (c) the 
applicant submits proof of financial protection and the execution of an 
indemnity agreement as required by Section 170 of the Act. 

Date of Issuance: JUN 2 5 1968 · 

FOR THE ATOMIC ENERGY COMMISSION 

Peter A. Morris, Director 
Division of Reactor Licensing 
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UNITED. STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 20545 

MATERIAL LICENSE 

Pursuant to the Atomic Energy Act of 1954, as amended, and 
Title 10, Code of Federal Regulations, Chapter 1, Part 30 and 
Part 70, a license is hereby issued authorizing the licensee. to 
receive and possess the materials designated below; use such 
materials for the purposes and at the place designated below; to 
transfer such material to persons authorized to receive it in 
accordance with the regulations in said Parts. This license 
shall· be deemed to contain the conditions as specified in Section 
70.32(a) of said regulations, and is subject to all applicable 
rules, regulations, and orders of the Atomic Energy Commission 
now or hereafter in effe·ct and to any conditions as specified · 
below. · 

1. Licensee 

Virginia Electric and Power Company 

2~ Address 

700 East Franklin Street 
Richmond, Virginia Z3209 

5. Materials 

Plutonium, uranium enriched U-235 
isotope, and byproduct material 

3. License No. 

SNM-1191 

4. Docket No. 

70-1249 

6. Expiratioq D.~!£ 
Dccfrnb~F 31~ 1971, or upon 
conversion of Construe-,:. 
tion Permit CPPR-43 
to an operating license, 
whichever is eariier 

7. Maximum quantity of material licensee may possess at any one time 
under the license. - • " ... -·-- • .,,_ 

•1• ~ 

a. 1863 kilograms U-235 as reactor fuel assemblies 
b. two polonium-beryllium neutron sources not to exceed a 

nominal value of 250 curies each 
c. two pluton:tum.,.beryllium boron analyzer neutron sources 

not to exceed a nominal value of 5 curies each 
d. 1 source assembly equivalent to those described in item (b) 

above · 
e. 80 milligrams of enriched uranium contained in up to 20 

incore monitoring system detectors 
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MATERIAL LICENSE 

Supplementary Sheet 

License Number SNM-1191 

G-2 (2) 

f. cesium-137, 1 sealed source, 5 millicuries 
g. cesium-137, 40 sealed sources, 10 microcuries each 
h. chlorine-36, 25 sealed sources, 10 microcuries each 
i. any byproduct material, any form, 25 millicuries total 
j. cesium-137, l sealed source, 100 millicuries 
k. cobalt-60, 1 sealed source, 1000 millicuries 

8. Authorized Use 

For use in accordance with the statements, representations 
and conditions speoified in the licensee's appli6ation dated 
5 May 1970" The enriched uranium contained in the fuel 
assemblies may be received, inspected and stored only. The 
other materials are authorized for receipt and storage only. 

9. Authorized P~~~~ 

The temporary fuel storage facility located at the Surry Power 
Station site, Surry County, Virginiao The licensee is hereby 
exempted from the requirements of Section 70.24, 10 CFR 70, to 
the extent that the section applies t:o the material covered by 
this lie ense. 

For the U.S. Atomic Energy Commission 

AUG 1 1 1970 J,,,,~~41 tf'. ~~~~-
Date ___________ _ by Donald A. Nussbaumer 

Divl!!lon cf Mater!al11 Licensing 
WHhlngton, D. C. 20545 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON. D.C. 205'45 

AMENDMENT NO. 3 TO AEC MATERIAL 
LICENSE SNM0 1191 

G-2 (3) 

Pursuant to Title 10, Code of Federal Regulations, Parts.30, 40 and 70, 
Items 6, 7, 8 and 9 of Materials Lice·nse SNM0 1191 are hereby amended and 
Item 10 is added to read as follows: 

6. Expiration Dat~ 

December 31, 1972 9 or upon-conversion of Construction Permit 
No. CPPR"'43 to an operating license, whichever is ·earlier. 

7. Maximum Quantities of Material Licensee May Possess at Any One 
Time Under This License 

a. 

b. 

c. 

d. 

e. 
f. 
g. 
h. 
i. 
j. 
k. 

1863 kilograms P"'235 in reactor fuel assemblies for Surry 
Unit No. 1 
80 milligrams of U=235 contained in incore monitoring system 
detectors 
two Pu~Be boron analyzer neutron sources not to exceed a 
nominal value ·of 5 curies each. . 
one source assembly equivalent to those described in Item 
(c) above 
cesiumml37, one sealed source, 5 millicuries 
cesium""l37, 40 sealed sourc·es, 10 microcuries each 
chlorine.,,36, 25 sealed sources, 10 microc;uries each 
any byproduct material, any form, 25 millicuries total 
cesium0 137~ 1 sealed source, 100 millicuries 
cobalt.,,60, 1 sealed source 9 ·, 1 curie . _ 
fou.r dosimeter capsules containing a total of 18 X 10"'3 
microcuries of U"'238 and 50 microcuries of Np 0 237. 

8. Authorized Use 

For receipt, inspection, possession, storage, transfer between the perman= 
ent Fuel Building and the temporary fuel storage facility, and packaging 
for transport of fuel in accordance with conditions specified in the 
licensee's appli.cation dated May 5, 1970, and supplement dated June 11, 
1971. The neutron source·described in Item 7d may be used as described 
in the licensee's January 27, 1971 supplement. 
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Docket 70-1249 Page 2 of 2 

AMENDMENr NO. 3 to AEC MATERIAL 
LICENSE SNM=ll91 

9. Authorized Place of Use 

The licensee's permanent Fuel Building and the temporary fuel storage 
facility located at the Surry Power Station;site, Surry County, 
Virginia. 

10. The licensee is hereby exempted from the requirements of;Section 70.24, 
10 CFR 70, to the extent that this section applies to material covered 
under this license. 

All other conditions of this license shall rem~in the'same. 

FOR THE U.S. ATOMIC ENERGY COMMISSION 

.. , 

DATE ----------
v'- . 6 . / 

/-.. )l·· {(<. ~ ._j {.' ' /~ ~,;_C. _____ ) 

/ Donald A. Nussbaumer 
Division of Materials Licensing 



UNITED STATES 

ATOMIC ENERGY COMMISSION 
MATERIAL LICENSE 

G-2 (5) 

Pursuant to the Atomic Energy Act of 1954, as amended, and Title 10, Code of 
Federal Regulations, Chapter 1, Parts 30, 40 and 70, a license is hereby 
issued authorizing the licensee to receive and possess the· materials desig~ 
nated belou; and to transfer such materials to persons authorized to receive 
them in accordance with the regulations in said Parts. This license shall be 
deemed to contain the conditions as specj.fied in Section 70.32 (a) of··said 
regulations, nn.d _is sub~iect to all applicable rules, regulations, and orders 
of the Atomic Energy Commission now or hereafter :i.n effect and to any condi
tions as specified below. 

,/ 

1. Licensee 

Virginia Electric and Power Company 

2. Address 

Richmond, Virginia 23209 

6. ~erials 

3. License No. 

SNM~l264 

4. Docket No. 

70-1295 

5. Expiration Date 

December 31, 1972, or upon 
conversion of Construction 
Permit CPPRm44 to an operat~ 
f.ng license, whichever is 
earlier. 

Plutonium, uranium enriched in the U-235 isotope, source material and byproduct 
material. 

7. !!,!ximum Quantities of Materials Licensee May Possess at A~y One Time Under 
TQ,bc; Licen~ 

a. 
b. 
c. 
d. 

1820 kilograms of Um235 contained in fuel assemblies for Surry Unit No. 2 
80 milligrams u-235 contained in incore detectors 
200 curies of Pu-238 as sealed Pu-B2 neutron sources 
four dosimeter capsules containing a total of. 16 X 10-3 microcuries of 
u ... 238 and 50 microcuries of Np=237. 

8. Authori?:erl Use 

For receipt, inspecti.on, possession,:storage~ transf.er between the·permanent 
Fuel Eui}.ding and the temporary fuel storage facility, and packaging for 
transport of fuel in accordance wi.th the statements, representations and 
conditi.ons spec:i.fied in the licensee's appl:i.cation dated June 11, 1971. 
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Licensee: V~rgini~ Electrtc r:lnd Power Company ,Page 2 of 2 

License No: · SNH-1261+ Docket No: 70~1295 

9. Authorized Place 0£ Une 

The licensee's permanent Fuel Building and the temporary fuel storag~ facility 
located at the Surry Power Station site, Surry County, Virginia. 

10. The licensee is hereby exempted from the requ:l'.rcments of Section 70. 24, 10 CFR 
70, to the extent that thiry section applies to material covered under this 
license. 

AUG. 2 0 1971 

IJ-l 
I 

FOR THE U.S. ATOMIC ENERGY COMMISSION 

/I / c· r! ,. ~ / • • fl 

i ··:~> {\_ -~/. : , I -'-- • .1.C ' .] 

Donald A. Nussbaumer, Chief 
Division of Materi~ds .Licensing 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 
WASHINGTON, O.C. ?.0545 

f1"'··:·"i. ;···'.;, .' 

G-2 

SNM-1191, Amendment No. 4 

,._ ·· ... ~- ·\ ;;~ T ·, 

Virginia Electric 8nd Po,;vcr Con1pany 
ATTN: Mr. Stanley i.{agone 

!.,,,!_ 

Vice Pr.es:i.d.::rnt 
P.O. Box 26656 
Richmond, Virginia 23209 

Gentlemen: 

Pursuant to 'fitle :w, Code of FcdcraJ. Regulations, I:'art 70, Item 7.1. 
is added to l'iat:eri;-,].s Li.cense, No. :~r-ZH-J.191 L~s follows: 

7.1. 200 curies of Pu-23B as sealed Pu-Be neutron sources. 

All other conditions of this license shall remain the same. 

FOR THE !,TOHIC ENERGY COMMISSION 

,, 

.ik~t)2~ 
Donald A. Nussb,rnmer, t'".:hief 
Fuel Fabrication and 

Tr.ansp1...1rtation Branch. 
Division of N2,:eriaJ.s Licensing 

(7) 
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30 !J!~f,o:,y~far)'otrrfi!e~ BYPRODUCTMJi .. '1'ER!F.J .. LICENS1~ , --:, ,- <:...;<, 
: .. . ~ LA_..· .. -"-'·-, ~- -,.-··:~ . '":! "7··. ; . . ··~, 

Pursuant to the Atomic Energy Act of 1954 and Title 10, Code of Federal Regulations, Chapter 1, Parts 3'), 
32, 33, 34, and 35, and in reliance on statements and representations heretofore rnade by· th·e licmi;::ee, a l!c:e:1se 
is hereby issued authorizing the licensee to receive, acquire, own, poss~.ii'..fra.D.~.W.t,gU9.~UtlP.O:d:.P.YPrPciu~t,maJe- . 
rial listed below; and to use such byproduct material for the purpose(s) and at i.he place(s} designated below. 
This license shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 
1954, and is subject to all applicable rules, regulations, and orders of the Atomic Energy Commission now br 
hereafter in effect and to any conditions specified below. ,·, -
-----------------------.,.----------------------\·, ... \'j 

Licensee " 

1. Virginia Electric ;;: Power 
Company 

2. 7th & Franklin Streets 
P • 0 a Box 11 9 l~ 
Richmond, Virginia 23209 

3. License number45-13670-0l 

4. Expiration date.see condition 15 .. below 

5. Reference No. 

6. Byproduct material 
(element and mass number) 

7. Chemical and/or physical 
form 

8. Maximum amount of radioac
tivity which licensee may 
possess at any one time 

A. Cobalt 60 
B~ Cesium 137 
C. Cesium 137 
D. Cesium 137 

E. Chlorine 36 

F. Any byproduct 
material ·1,;i th 
Atomic Numbers 
between 3 to 83, 
inclusive 

G. Polonium 210 

;/, 

.. 

A. Sealed source 
B. Sealed source 
Co Sea.led source 
D. Sealed sources 

E. Sealed sources 

F. Any 

G. Sealed sources 
(Po-Be neutron) 

1-/ ' , I /'i/J. 

A.~l\000 millicuri~s 
B. 5 millicuries 
C. 100 millicurics 
D. 0.4 millicurie 

total, Maximum 
Activity per Source, 
10 microcuries 

E. OG25 millicurie 
total, Maximum 
Activity per Source, 
10 microcuries 

F. 25 millicuries total 

G. 500 curies total, 
Maximum Activity per 
Source, 250 curies 

1-/ .::-- 1:r11.;, ! c" .'., ,,., . ..... 
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ei;?M (~1!:C•374A 
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U. S. A'I'O:\JTC E0:EHGY CO?\D1ISSIO>J 

BYPRODUCT ;'l'lATERIAL LICENSE 

Supplementary Sheet 

Page_L_oLLPages 
\. 10 CFR30 . 

9o Authorized use 

A. through C. Instrument calibration. 
D. through E. Check sources. 
F. Radiocho~ical analyses And instrument calibration. 

License Number 45-13670-01 

G. Storage only-reactor start-up sourcee 
) ·-1 ,.: . /- . .· ,I .• • ,' •.• ,~ ,/ / • ••• . ... ,/· .. :/;-' :· -·· ..... .:-_.,; ·:-~.-/ / ---~ -----COi.\rnT"'l';fYij~o~"N:i", ;:,:,,;o_.,., ___ ,, __ ,,,_, __________ ..,....._.,. __ _ 

.' .• . j 

10. Byproduct material may only be used at Surry Power Station, Surry, 
Virginia. 

11. The licensee shall comply with the provisions of Title 10, 
Chapte1: 1, Code of Federal Regulations, Part 20, ·· 11 standards 
for Protection Against Radiation." 

12. 

e 
Byproduct material shall be used by, or under the supervision of, 
W.W. Cameron, E. M. Sweeny, P.R. Beament, J. W. Martin, B. R. 
Sylvia, J. Horhutz, Jr., J.E. Massey, P.P. Nottingham or R. Do 
Terry. 

13.A.(l) Each sealed source containing byproduct material, other than 
Hydrogen 3, with a half-life greater than thirty days and in 
any form other than gas shall be tested for leakage and/or 
contamination at intervals not to exceed six months. In the 
absence of a certificate from a transferor indicating that a 
test has been made within six months prior to the transfer, 
the sealed source shall not be put into use until tested. 

(2) Notwithstanding the periodic lA,:l.k te~t required by the 
preceding paragraph, any licensed sealed source containing 
byproduct material is exempted from periodic leak tests 
provided the quantity of byproduct material contained in 
the source does not exceed ten times the quantity specified 
for the byproduct material in Column II, Schedule A, Section 
31.100, 10 CFR 31. 

(3) The periodic leak test required by this condition does not 
apply to sealed sources that are stored and not being useda 
The sources excepted from this test shall be tested for 
leakage prior to any use or transfer to another person unless 
they have been leak tested within six months prior to the 
date of use or transfer. 
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Page_3 __ oLl_______i:>ages - : . 

U. S. ATO:\UC E~EHGY CCJl\B1JSSIO~ 

BYPRODUCT MA TEfU AL LICENSE 

Supplementary Sheet 

-

-

License Number~S-136 70-01 

13. continued 

B. The test shall be capable of detecting the presence of 0.005 
microcurie of radioactive material on the test sample. The 
test sample shall be taken from the sealed source or from the 
surfaces of the device in which th,3 sealed source is perma
nently mounted or stored on which one might expect contamina
tion to accumula:e. Records of leak test results shall be kept 
in units of rnicr:ocuries and maintained for inspection by the 
Commission. 

C. If the test reve~ls the presence of Oe005 microcurie or more of 
removable cont.~;:;.:·J:Ln.:~tion, t:·~e licen::;ee shall irnmedint:cly withdri:\w 
the sealed source from use and shall cause it to be decontamina
ted and repaired or to be disposed of in accordance with 
Commission regulationso A report shall be filed within 5 days of 
the test with the Director, Division of Materials Licensing, 
u. s. Atomic Energy Corrnnission, Washington, D. c., 20545, 
describing the equipment involved, the test results, and the 
corrective action taken. A copy of such report. shall also be 
sent to the Di1:cctor, Region II, Division of Compliance, USJ,..EC, 
Suite 818, 230 Peachtree Street, Northwest, Atlanta, Georgia, 
.30303. 

D. Tests for leakage and/or contamination shall be performed by 
W.W. Cameron or by other persons specifically authorized 
by the Commission or an Agreement State to perform such 
services. 

14. Except as specifically provided otherwise by this license, the 
licensee shall possess and use byproduct material described in 
Items 6, 7, and 8 of this license in accordance with statements, 
representations, and procedures contained in the licensee's 
application dated .-'i.pril 29, 1970. 

15. This license, shall expire May 31, 1971, or upon conversion of 
Construction Permit CPPR-43 to an operating license, whichever 
is earlier. 

Date MAY 2 0 1970 ---

For th;,fI. S. Atomic Ene;gy Com. miRsion 

I( p U-·C:2!L,~---1t~-~'--
b Materiafs ,.B~anch 

y -- ··------··-------.. 
Division of Materinl~ Licer,sing 
Washington, D. C. :.?0545 
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U. S. ATOMIC ENERGY COMMISSION 

BYPRODUCT MATERIAL LICENSE 

Supplementary Sheet 
License Number4S-13670•01 

~ 

V1rg1n1a Elftctrtc and Power 
C(Mll;>any 

7th and l-rankU.n Streets 
P • o. Ha:{ 1194 
R!.cb.nond~ Virginia 23209 

ln aecord~nce with aµpllc~tion dated Aprll 1. 1971• License r~ber 
4S-l3670o0l is ~coded as follows: 

Subttet2 8.A. is ~~nded to read: 

8.A. 2 curies 

Condi tlo11 IS. 1s .a,uonded to read: 

1S. Thls ltcen.se shall ex,,tro May 31, 1974, or u,on conver$1on o.f 
Cons t'ruction 1~f'::.t1i t Cff,;:-43 to nn 02)eratin3 licrms~, ~hi chew~ 
ts earlier. 

For the U.S. Atomic Energy Commission 

!)ate~--------~~ l .APR 1 4 rm 

-· ) 
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District Engineer 
U. S .Army Corps of Engineers 
Norfolk District 
803 Front Street 
Norfolk, Virginia 23510 

Gentlemen: 

G-4 (1) 

June 29, 1971 

Enclosed is Section I of an application by the Virgiuia Electric 
a11d Power Comp!11..!Y to discharge waste from their __ Surt'Y'. .Power Station in Surry 
Coun~irg:!.nia under § 407 of the Rivers s.nd Harbors Act of 1899. A check 
for $350.00 is also_enclosed_t-0_cover the_feea_associated with thi~i~_l-n 
as is a copy of a Permit from the State l/ater Control Beard of the Cornmonwea-f 
of Virginia covering this facility. · 

Due to the short time alloted to complete thie application the necessary. 
drawings and analytical work have not been completed for. all discharges. rlease 
do not procesa this application until the completed Se~tion II forms are received. 
These forms should be completed by August 1, 1971. 

All discharges except roof drains, some yard drains and wash water 
from the inlet circulating water traveling s·creens have been included in the 
application. These discharges were omitted after consultation with the Corps 
of Enginecrso 

This application is filed under general protest includinr,, but not 
limited to, the following specific reservations: 

The Rivers and Harbora Act of 1899 does not confer Federal jurisdiction 
over discharges or deposits to either intrastate or interstate navigable waters 
where such discharges or deposits do not constitute an impediment to navigation 
or to interstate commerce. Insofar as it attempts to do so, the Act is uncon
stitutional. 

Insofar as the regulations publiohed in 33 C.F.R. § 209.131 are applied 
to navigable waters other than those considered navigable under 33 C.F. It. 
§ 209.260 as interpreted by the Corpe administrative practice in the past, or· 
to the extent that such regulations are applied to any tributary of a navigable 
stream other than ' 1uny tributary of any navigable water from which [refuse 
matters] shall float or be washed into such navigable water," the regulations 
are unauthorized by statute and unconstitut:f.onal. 

[The Corps of Engineers has no jurisdiction over thermal discharges 
since discharges of heated water are not "refuse matter0 under the Act.] 
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u. s. Army Corps of Engineers 6/29/71 2. 

[The Corps of Engineers has no jurisdiction oveX" radioactive dis
charges from a nuclear power station subject to the jurisdiction of the Atomic 
Energy Commission.] 

The delegation in 33 C~F.R. § 209.131 to the En~ironmental Protection 
Agency (EPA) of the authority and discretion vested exclusively in the Corps of 
Engineers by Congress to issue permits under the Rivers and Harbors Act of 1899 
is invalid, being both unauthorized by statute and unconstitutional. 

The state certification of reasonable aasurance required in some cases 
by § 2l(b) of the Uater Quality. Improvement Act of 1970 is conclusive as to the 

. effect of the discharge of pollutants on water quality standards and is likewise 
conclusive on the question whether or not a Corps permit. should be :f.ssued under 
the Rivers snd Ilarl,ors Act of 1899. Where a state cer.tif ication is not required, 
no letter from state regulatory officials, such as that proposed in 33 C.F.R. 
§ 209.131(h)(3) ,can lawfully be required. 

Neither F.:PA nor the Corps of Engineers has jurisdiction to impose 
so-called 11baae levels of treatment" criteria or any other effluent limitatiqn 
in the course of its implementation of the permit system. 

The points of discharge re.quired by the Corps to be specified in the 
application are properly the point of discharge from any discharge canal, private 
waste treatment facility, _lagoon, reservoir or ·any other waste treatment facility. 
Any attempt to exercise jurisdiction ovez discharges into any of the facilities 

· just mentioned is unconstitutional and is unauthorized by statute. In filing 
applications we have, therefore, designated what we believe to. be the proper 
points of discharge in addition to those which we have been instructed to use by 
Corps representatives. See discharge serial number 001A o( plot plan. 

Section l(d) of the form of permit proposed in the Corps Book of 
Instructions io unauthorized by at*atute. 

No provision of the Refooe Act authorizes a filing fee to be imposed. 

[Subject to the provieions of 33 C.F.R. § 209.13l(n)(l) Virginia 
Electric and Power Company requests that the permit for the plant be granted for 
the remaining useful life of this plant, estimated as but not limited to. 41 
years. A permit which must be revalidated·every five years may create serious 
,financing problems for the Company in raising additional private capital.] 

Nothing in this letter or this application shall prejudice or shall·. 
be construed in any way as a waiver, either in part or in full, of a~y or rul 
legal rights which the Company has to contest in pa.rt or in full the consti
tutionality, interpretation, validity or applicability of any statutes or 
regulations pursuant to which it is_ filed. 
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u. s. Army Corps of Engineers 6/29/71 3. 

Subject to the reservations outlined above and any others which it 
may lat:er assert Virginia. Electric and Power Company intends to cooperate with 
the Corpe of Engineers and with the Environmental Protection Agency in the smooth · 
functioning of this permit system. If we can be of assistance to you in fumish
ing further information or in clarifying any of the responses provided to date, 
please feel free to contact us. 

cc: State Water C.ontrol r,oard 
Commom-1eal th of Virginia 

.be: Messrs: . Stanley Ragone 
Harrison Hubard 
J. D. Ristroph 
T. T. Smith 
E. M. Sweeney, Jr. 

Very truly yours• 

!%J ,/%P 
E. ~chfield 
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Dir.:t:t."1-~t Eiwiri,w,'fi' 
Uc :J. A::.·1:,.y Cc,i:pza of 1.:r}gi1it:,m .. ·£:1 

?for-fol~~ ~)i_::;.t:::i.t.~t 
803 r~·tt1t~ street 
l~orf i:ilk, 'ii'ir::1.ntn 2351.0 

G-4a (1) 

Enclo.t;cd it.: };f.!ctfrr.. n: tma PD1?t E of f.'!}?, '.!!ff.tr:l i\34!t~l ,:c,ver!ni 
diadHu·11t1e h"C:~ C'l!t' ~:;tn.'1:y ruch:,.z:;r P,,~:ot' $ tt~tion :!:n f::u'.i::ey County~ Vir.ginia. 

tH.nec k:St #1 ot thin ot..i.,tfoti f;~i not o;c;ir.t::(:t:1l~d to r.o i.~to <rp~~atfr,n 
tmt.11. J!.d:<l 1972 l~w.d thtl! fZ tr,t.t in l~te 1~;)'2 t}Ul)' t'lcGStn data with 6ntiofttc.~d 
:r:c.i:·~fo·H..1t1 w.nd id.ni1;:ti!,, .J,11t11 i,g Ci~J\lo:ycci in. c;:.~l2J~1€!ting i:'.be> app11t:t:1t1oP. 

t;ett,til c.:r.-flwhit.n !i..lr. d 1-t:Idwrr.o lf(~rli-:l nmr.h£>'t.'t~ on1 c.ud (H)(i l'.'lit'(~ 0.1 ,1. 

CK~on dr.:·:.w;1in~. 'thG c,·&·:f.r::ini~'I.. i@ 1.H.tu~he<l t•:, thr: e~.1p:/.:ii.i:;t1tion fot' O{Jl 'c7fth r:.nl.y 
c:opi~s £l ttl\cbecl to (JO&., 

l}(tt~il ii~t\itdn,tn fm: <lfoc.hm:t,e iwidal mv,...thci:,;i 002~ 003, (JOl.i .r..nd OOS 
e.i-c on o cor,'C:J!on. ,h:'B:,dng 6 ''.rho orir.;imtl' 1.~: ttt.tt1chad t<~ the: appHcr,:,t:ion for f}{;;1 
vith C<~p~.(!tl i\t:tach<.:d t:.o (JO] f {;(},\ tm<i oof. . 

cc: Nr. A. u. PaemDler 
State Y.r,;t~r CnntrcC'•l z.t.onrd 
Ct.m:111CJ])W~4lth C}f V.h.·gini·6 

be: Mr. Stanley Rn?,one -~ 
Mr. J. D. Ristroph 1· 

Mr. T. T. Smith, Jr. 
Mr. E. H. Sweeney, Jr. 

BJP/PG 
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DEPARTMENT OF THE ARMY 
NORFOLK DISTAi(; T CORPS OF ENGINEERS 

FOR, NORFOLK 803 FRON, STREET 

NORFOLK VIRGINIA 23510 

G-5 (1) 

NAOOP-P(Ja.mes River) 12 February 1968 

Virginia Electric and Fower Company 
Richmond, Virginia 23209 

AT'rN: Mr. }I. M. Wills, Director 
Power Station Design 

Gentlemen: 

In response to your request of 5 February 1968, enclosed is an 
Army Department permit authorizing you to install and maintain seven 
timber pile channel markers in the James River to mark the intake 
channel at your Surry Power Station, Hog Island, Surry County, 
Virginia. 

If any material change in the plan of work is found necessary, 
a revised plan should be promptly submitted to this office for 
approval prior to any work involving su<:!h change. 

Your attention is invited to the conditions of the permit, 
including Condition (i) which requires that you notify this office 
of certain dates in connection with the work. 

If you have not already done so, it is necessary that you apply 
to the Cormnander, Fifth Coast Guard District, Federal Building, 
431 Crawford Street, Portsmouth, Virginia 23705, for his authoriza
tion of the markers. 

1 Encl 
Permit, 12 Feb 68 

Copy furnished: 
Conrrnander, 0-2, Fifth CG Dist, 
Portsmouth, w/dwg 

U. S. C. & G. S., Norfolk, w/dwg 

Sincerely yours, 

d
.:j -~. ~. 

r1 G. /i , ;t,···~ I l t·'· . .· , .· -,,,:;.·1· "i/r .· / / ct;/;t11ttt/ . 
" C • E. ADAMS, JR h 

Colonel, Corps of Engineers 
District Engineer 
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DEPARTMENT OF THE ARMY 

NoTE.-It is to be understood that this instrument does not give any property rights either in real estate or mate
rial, or any exclusive privileges; and that it does not authorize any injury to private property or invasion of private 
rights, or any infringement of Federal, State, or local laws or regulations, nor does it obviate the necessity of obtaining 
State assent to the work authorized. l:r~XPJUi:SSE&.THE..A.SSEN-T.oF-,!f,HB··~EE>EJR.Ml-GOY13RNMBN'i' se F/dl /tli! 88H t 

C!l!th s '!H!il PVBPQ ,IUG.Wll~-N,A,¥!C: 411JQW ( See Cummings v. Chicago, 188 U. S., 410.) 1e-1a168-Ja 

PERMIT 
U.S. Army Engineer District, 
Norfolk, Corps of Engineers. 

________ 12 ___ February _____________ , 1968 
Virginia Electric and Fower Company 
Richmond, Virginia 23209 

ATTN: Mr. W. M. Wills, Director 
Power Station Design 

Gentlemen: 

Referring to written request dated 5 February 1968 

I have to. inform you that, upon the recommendation of the Chief of Engineers, 

and under the provisions of Section 10 of the Act of Congress approved March 3, 

1899, entitled "An act making appropriations for the construction, repair, and 

preservation of certain .public works on rivers and harbors, and for other pur

poses, n you are hereby authorized by the Secretary of the Army. 

to install and maintain seven timher nile channel markers (the structures to be 
(Here deacr1be tJie Jtrol)Osed structure or wOl'k.) 

maintained in good repair or completely removed from the waterway; the markers 

to have the characteristics specified by the U.S. Coast Guard) 

in the James River, 
(Here tc be named the river, harbor, or waterway concerned.) 

to mark the inta~e channel 

at your Surry Power Station Hog Island, Surry County virginia, 
(Here to be named the nearest well-known locali(y-prelerably a town or city-and the distance in miles and tenths from some definite point In 

the same, stating whether above or below or giving direction by points of compass.) · 

in 2 sheets 
in accordance with the plans shown on .the drawing/attached hereto,' marked: 

(Or drawings; give file number or other definite identification marks.) 
"Day 

(2) 

Markers for Intake Channel Surry Power Station Stone & Webster Engineering 

Corp. 11-17-67 FSK-l./.2 Sheet 2 of 2 REVISED 12-28-67", 

subject to the following conditions: 



-
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(a) That the work shall be subject to the supervision and approval of the District Engineer, Corps of Engineers, 
in charge of the locality, who may temporarily suspend the work at any time, if in his judgment the interests of navi
gation so require. 

(b) That any material dredged in the prosecution of the work herein authorized shall be removed evenly and no 
large refuse piles, ridges across the bed of the waterway, or deep holes that may have a tendency to cause injury to 
navigable channels or to-the banks of the waterway shall be left. If any pipe, wire, or cable hereby authorized is laid 
in a trench, the formation of permanent ridges across the bed of the waterway shall be avoided and the back filling 
shall be so done as not to increase the cost of future dredging for navigation. Any material to be deposited or 
dumped under this authorization, either in the waterway or on shore above high-water mark, shall be deposited or 
dumped at the locality shown on the drawing hereto attached, and, if so prescribed thereon, within or behind a good 
and substantial bulkhead or bulkheads, such as will prevent escape of·the material in the waterway. If the mate
rial is to be deposited in the harbor of New York, or in its adjacent or tributary waters, or in Long Island Sound, a 
permit therefor must be previously obtained from the Supervisor of New York Harbor, New York City. 

(c) That there shall be no unreasonable interference with navigation by the work herein authorized. 
(d) That if inspections or any other operations by the United States are 'necessary in the interest of navigation, 

all expenses connected therewith shall be borne by the permittee. 
( e) That no attempt shall be made by the permittee or the owner to forbid the full and free use by the public of 

all navigable waters at or adjacent to the work or structure. 
(/) That if future operations by the United States require an alteration in the position of the structure or work 

herein authorized, or if, in the opinion of the Secretary of the Army, it shall cause unreasonable obstruction to the free 
navigation of said water, the owner will be required upon due notice from the Secretary of the Army, to remove or 
alter the structural work or obstructions caused thereby without expense to the United States, so as to render naviga
tion reasonably free, easy, and unobstructed; and if, upon the expiration or revocation of this permit, the structure, 
fill, excavation, or other modification of the watercourse hereby authorized shall not be completed, the owners shall, 
without expense to the United States, and to such extent and in such time and manner as the Secretary of the Army 
may require, remove all or any portion of the uncompleted structure or fill and restore to its former condition the navi
gable capacity of the watercourse. No claim shall be made against the United States on account of any such removal 
or alteration. 

(g) That the United States shall in no case be liable for any damage or injury to the structure or work herein 
authorized which may be caused by or result from future operations undertaken by the Government for the conserva
tion or improvement of navigation, or for other purposes, and no claim or right to compensation shall accrue from 
any such damage. 

(h) That if the display of lights and signals on any work hereby authorized is not otherwise provided for by law, 
such lights and signals as may be prescribed by the U.S. Coast Guard, shall be installed and maintained by and at the 
expense of the owner. 

(i) That the permittee shall notify the said district engineer at what time the work will be commenced, and as 
far in advance of the time of commencement as the said district engineer may specify, and shall also notify him 
promptly, in writing, of the commencement of work, suspension of work, if for a period of more than one week, 
resumption of work, and its completion. 

(j) That if the structure or work herein authorized is not completed on or before _th~ __ thi:r:.tY_-:_;Li,;r_~j;_; ___ day 
of _______ J)~s;;~ro_'Q~;c ________________ , 19 __ 6._9_, this permit, if not previously revoked or specifically extended, shall cease and 
be null and void. 

By authority o::· the Secretary of the Army: 

Plan attached 

e;i0t· ·1 • 

t/,; liu' . /P / / i I / 
.... L ·l(. L(.·{,//,i -. 1· 

/ I/ 
C. }:;, ADAMS, JR. _: 
Colonel, Corps opEngineers 
District Enginee'r 

~"~lr°~~ 1721 (Civil) This form supersedcs·En Form 96, dated l Apr 48, which m•y be used until exhausted. 

EM 1145-2-303 
'u, S. GOVERNMENT PA.IN~ ING OFFICE 16-13168-5 

(3) 
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IN RF.PLY REFCR TO 

DEPf:,HTMEN-1" OF THE P.F~,1:iY 

NOr?FOLK DISTr~!CT, COHPS OF ENGINEEHS 

FOnT N0!1FOLI(, 803 FHOl--iT STnECT 

NOl~FOLK, Vlr;GINIA 23510 

N!iOOP-P (Jamos llivcr) 

Vir3inia Electric and J!o,.;er Gornpnny 
P. 0. ]}ox 1J.9l:. 
Richmond, Vir3inia 23209 

ATTN: Hr., W, H. l-iills, Dir cc Lor, Po.;cr Station D~~~;ign 

Geni:lcm(·m: 

G-6 (1) 

16 July 1%9 

RegarcHni your rec1ncst of: 5 Jl~ne. 1969, cnclo[;ed is <'.ll 1-.nny Depm:trncnt pen:-d.t 
authorizing you to cm1.stn1ct [tnc.1. ternporc.J:jJ.y 1ad.ntc1in seve.n instrument towers 
in the James lUvcr neo.r Hog L,1.and, Stirry County, Virginia. 

If·any material chanzc in the plan of the uork is found necessary, revised 
plnrrn mi1st be submitted for our epproval prirn: to nny work involv:i.nr; such 
change. 

Your attention is invited to the conditions of the permit including Condition 
(i) requiring you to notify tld.s office of certain dates in connection with 
the work. 

Your attention is 6.lso invited to the fact that the to~-1ers must be pi"ovi.ded 
with lights, the chm:acteristics of. which must be! as prescribed by Comnander, 
Fifth Coast Guard District (o-2), Federal Building, 431 Crawford Street, 
Portsmouth, Virginia 23705; 2nd t.hr.t all of the. structures must be removed 
from the water not later tlwn 31 l~arch 197 5. 

1 Encl 
Permit, 16 Jul 69 

Copy furnished: 
U.S.C.&G.S., Norfolk, w/drawing 
Va. Institute 0£ Harinc Sci~nce, Gloucester 1-'i:.., w/cy permit 
Commander, Fifth Coast Guard District, w/cy pe:rmit 
Chairman, Board of Supervisors, Sur~y County, w/drawing 
Virginia Marine Resources Co,Te:nission, Ne.,·rport News, Va. w/drawing 
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No1·}~.-It is to be understood that this instrumcrli. does not giYC any property rights either in real estate or matC'
rial, or any exclusive privilcgC':J; nn,.l tlw.t it dors )l(>t. authorize any injury to private property or invasion of privafo 
rights, or any infringement. 0f Federal, Sblc, or local laws or rc;;ubiions, nor cloes it 0liviate the necessity of obtaining 
St(l fo a.sscnt to the work anthorizc:d. IT llll·:l:EJ,Y m:rrmss;.;s '!'fir: Al,SE>;T (JI,' 'l'J-H; F1-:UE!l:\I, Gon:I!NMENT so FAR AS CON-

-CERNS-T}rn l'UJ:r,IG l!IGJITS OF NAVIGATION. (See Cummings v. Chic(L!J(', 188 u. s., 4)0.) 16-13165-!l 

Virginia Elec td.c l<. Pm·,(~r Company 
P. 0. Box 119l, 
Richmond, Virginia 23209 

PER.iV'l!T 

Norfolk District,Corps of Engineers. 

16 JuJy 19 69 --- ----- ---- -- -_ ,/. ---- ··-· ----- --- ----- ------- -. 
ATTN: Hr. H. 1-1. Hills, IHi:e:ctm~, Po,·~c.r S~'.ution D2rd.gn 

Gentlemen: 

Referd.ng to writ ten request datocl 5 June 19G9, 

I have to inform yon that, upon the recommendation of tho Ch:lof of EnginoerG, 

and under the prov:lsions of Section 10 of tho Act of Congress approved Mai·ch 3, 

1899, entitled "An act mo.king appropriations for tho construction, repair, and 

preservation of certain .public works on ri vors and harbors, and for other pur

poses, n you arc hereby authorized by the Secretary of the Army. 

to install [:nd tcrnporc1_rily ma.intain 3-pile irn,trument towers (the structures to 

(2) 

{IIero dc11cribc th~ r,ropo!;cd fltn1cturc or work.) . 
be at least 15 feet above mean high ,70.i:.cr; each structure to carry night lighting-, 
the characteristics of which 2.re to b2 prescribed by Cornrnnnder, Fifth Coast Guard 
District; each structure to be maintnined in a condition satisfactory to District 
Engineer, or b2 co;-.,plet:el:1 removed from the wo.terway; each structure to be comi)letely · 
removed from the river not later the_n 31 N8rch l9i'5), 
in James I~i ve;:-, 

(Here tc be na::ned the river. harbor-. or waterway concerned.) 

8~ near Hog Island, Surry County, Viqi;inia, 
(Here to bo named the nearest well-known ·1ocality-prcfe.rably a town or city-and the distance in miles and tenths from aome definite point In 

the eo.mc, st..'!.ting ·whethe,: nbo\tO 0.1.· below or giving direction by points o! cornpas:s.) 

in accordance with the plans shown on the drawing attached hereto me.rked: "Proposed 
(Or drawin£:5: give file number or other dc:f:.ni!.e idc1Jtiflcntion nrn.!'ks.) 

Instrument Tow2rs in Jarn2s River near Hog Isle.ml., Virgi.niD., f.pplication by Virzinia 
Electric and Power Company, June 1969n, 

subject to the following conditions: 



~) 
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(a.) That the work shall lie snl.,jcd !.o the supcrvis:on and approval of the Dir.trict Engineer, Corps of gngineers, 
iu charge of the locality, who may icrn1io,·~,ri!y suspend the work at any time, if in his judgment the intcrer;ts of 1iavi
gation so require. 

(b) That any material dredged in the JJrnsccution of the work here:in authorized shall be removed evenly and no 
large rcfose piles, ridges ac1·oss the bed of the waterway, or deep hole,; that may have a tendency to cause injury to 
navir;ahle ch:rnncls or to·thc banks of the waterway shall be left. If any pipe, wire, or cable hereby authorized is laid 
in a trrnch, the formati011 of prrmane11t ridges ncro£s ihe J;cd of the waterway sktll be avoided and the hack filling 
shall be so done as not to increa,.,e ihc cost of fu\.ure clrcdeing for mcvir;ation. /..ny material to be deposited or. 
dumped under this authorization, either in the waterway or on shore aboYe high-water mark, s11all be deposited or 
dumped at ·the locality slv.Jwn on the clmwing hcn,to ailachecl, and, if so prescribed thereon, within or behind a. good 
and substantial bulkhead or bulkhc.:ids, such as will prr,vcnt escape of·the matcrbl in the waterway. If the mate
rial is to be deposited in the harbor of New York, or in ils adjacent or trih~1tary watets, or in Long Islnud Sound, a 
permit therefor must be previously obtained from the Supervisor of New York Harbor, New York City. 

(c). That there shall be no unreasonable interference with n::wig-ation by the work herein authorized. 
(d) That if inspections or any other operation" hy l.he United Stales arc necessary in the interest of 1iavigation, 

all expenses connected therewith slJ:-1.11 be b(,rne by the permittcc. 
( c) That no attempt shall be rn;,.clc l,y the pcrmittee or the owner to for hid the full and free use by the public of 

all navigable waters at or adjacent to the work or strnct.ure. 
(!) Tbat if future opc·rations hy the Uniter] Si:atcs require an alterntion in the position of the structure or work 

herein auihorizc·d, or if, in ihe opinion of ihc Secretary of the Army, it f;l1all cause unreasonable obstruction to the free 
navigation of. said water, t.hc owner will be required upon due notice :from the Secretary of the Anny, to remove or 
alter tl1e structural work or ohstrnctions caus:xl thereby without expense to the United States, so as to render-naviga
tion reasonably free, easy, mid m1ob::t.ructccl; and if, urion the C'Xpiralion or revocation of this permit, the structure, 
fill, cxcavrction, 02· other modification of t.l1e ,·:atc·ccourse hereby authorized shall not he completer], the owners shall, 
without expense to the United Slater;, and to such extent and in such time and manner as the Secretary of the Army 
may require, remove all or any portion of the unc:ornpletcd structure or fill and restore to its former condition the navi
gable capacity of the watercourse. No cl:i.im shr,11 be made against the United States on account of any such removal 
or alteration. 

(r;) That the U11ited States shall in no case be liable for ::1,1:: damage or injury to the structure or wo1·k he1·ein 
authoriz~d which may be caused by or result from future opcrntiom: undertaken by the Govel"nment for the conserva
tion or improvement of navigation, or for other purposes, and 110 claiu1 or right to compensation shall accrue from 
any such damage. 

(h) That if the display of lights and signals on any work hereby authorized is not otherwise provided for by law, 
such lights and signals as nw.y be prescribed by the U.S. Coast Guurd, shall be installed and maintained by and at the 
expense of the owner. 

(i) That the pcrmittee shall notify the said district eng-ineer at what time the work will be comnv:nced, and as 
far in advance of the time of commencc;ncnt as the said district c;1ginccr may specify, and shall also notify him 
promptly, in writing, of the commencement of work, suspension of work, if for a period of more than one week, 
resumption of work, and its completion. . • . 

(j) That if the structure or work herein authorized is not completed 011 or before __ th_~ ___ thJ~X_tY_:_:f:1_,_I§_t: ___ day 
of ______ N?::t::.r:h _______________________ , 191_.'L, this permit, if not prcvfously revoked or specifically extended, shall cease and 
be null and Yoid. 

By authority of the Secretary of the Army: 

Plan Attached 

/t!f!tt()/ ,{,) /:, ,-· 
"' '7· /-.· If ',f-; I! I V] 

~ c/t,·l-Ui1:f,;z,,::..tJt / 
•'c. E. ADAHS, JR., 
Colonel, Corps of Engineers 
District Engineer 

iN~EFPO~~. 1 7 21 (C j Vi I) 'l'h,s lorrn superse,lc., ED Form 9o, dnt,•d 1 .~pr 1S, which m~y be me.l until exhonstod. 
u. s. covr.!lin:rnr P;t!rt:IN'-' OP'rtCC 16-13tf)S-6 
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... REPLY REFEP TO NAOOP-P 

DEPARTMENT OF THE ARMY 
NORFOLK DISTRICT c..c,ri;,s or- ENGINEE.f-l'S 

FORT NORFOLK eo~ FRONT STAEE.T 

NORFOLK Vlf~GINI/\ :2'.~510 

21 August 1967 

Virginia Electric and Pcmcr Company 
Richmond, Vir3inia 23209 

Attn: Mr. H. M. Hills, Di.r.:'c tor Power Station Desi[;l1 

Gentlemen: 

G-7 

Referring to your npplicntion dated 1.6 June 1967, enclosed is an Army 
Department permit authocizing you to dredge• circulating wc1ter intake and 
discharge channels, to install a screen well, steel sheet-pile bulkhead. 
dock and temporary open-pile timber dock, and to install groins along the 
discharge ch8nnel in the James River at Hog Islnnd, Surry County, Virginia. 

You are cautioned that if for any reason any material change in the 
location or plan of the work is found necessary, revised plans shot1ld be 
submitted promptly to this office in order that they may receive the 
approval required by law before nny worl~ invoJ.vbg such chang~ is begun. 

Your attention is invited to tl;e various conc1iti.ons 0f the permit, 
including Conditions (h) and (i), relative to the marking of the groins 
and to notifying this office of certain dater; in connection with the work. 

It is necessary that you communicate directly with Commander, Fifth 
Coast Guard District, Portsmouth, Va. (Aids to Navigation Branch) telephone 
393-6081, extension 226, in order to determine the characteristics of the 
markers required on the groins. 

1 Encl 
Permit,.21 Aug 67 

Copy furnishi:·d: 
Commander, 5th C.G. District 

Very sincerely yours, 

f}/1 /J /J')· A 
l:.;y- 11"" J- ;.I ,l J •]. 

• '/::· • I,! .l ;'/ /,·:1/-" 11) 
~ _y~'..,,,,l!.,,~:f/.i~Ue~~ l • 

L. ADAM;;, J1t. 
Colonel, C9rps of Engineers 
District Engineer 

Attn: Aids to Navigation Brnnch, w/dwg 

U.S.C.&G.S., Norfolk, w/dwg 

Chairman, Bd. of Supervisors, 
Surry County, w/clwg 

(1) 
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DEPARTMENT OF THE ARMY 

Non:.-It is to be understood that this instrument does not give any property rights either in real estate or matt'~ 
rial, or any exclusive privileges; and that it does not authorize any injury to private property or inva1;1ion of pri~ate 
rights, or any infringement of Federal, State, or local laws or regulations, nor does it obviate the nc<'essjtyofobtaining 
State assent to the work authorized. I ur 10 • 111 A,~,·,n I ct as u Jil112Bmrn 8s 1r.~t:.o ss t u c 51 

anus • nzmz z nzznsz w tr t 1112 ITJObl, ( See Cummings v. Chiccii10, 188 U. S., 410.) 10-1a1es-. 

Virginia Electric and Power Company 
Richmond, Virginia 23209 
Attn: Mr. W. M. Wills 
Director Power Station Design 

Gentlemen: 

PERMIT 
U. S. Army Engineer District, 

Norfolk, Corps of Engineers. 

_____ 21 __ August -------------------- • 19 6 7 .. 

Referring to written request dated 16 June 1967, 

I have to inform you that, upon the recommendation of the Chief of Engineers. 

and under the provisions of Section 10 of the Act of Congress approved .Ma.rch 3, 

1899 9 entitled "An act making appropriations for the construction, repair, and 

preservation of certain public works on rivers and harbors,· and for otner pur

poses," you are hereby authorized by the Secretary of the Army. 

to dredge circulating water intake and discharge ch,'.mnels (the dredged material, 
, • (Here de,crlbe the prpwaed, etructur,,, or 'll{Ork.) • 

(2) 

approximately 395,000 cubic yaras, to oe aepositea on shore in such manner that 
it will not return to navigable waters) to install a screen well, steel sheet 
pile bulkhead dock and temporary open-p!le timber dock, and to install. stone groins 
along the discharge channel (the structures to be maintained in good condition or 
to be completely removed from the waterway, except th~t the temporary dock will be 
completely removed when its use is no longer required) 

in the James River 
(Here tc. be named the river, harbor, or waterway concerned,) 

at Hog Island, Surry County, Virginia, 
(Here to be named the nearest well-known locality-preferably a town or city-and the distance In miles and tenths from IIOUle definite poh1t tu 

the aame, stating whether above or below or giving direction by points of compa88,) . · 

in accordance with the plans shown on the drawing attached hereto, marked "Proposed 
(Or drawing•; give file number or other definite Identification marks.) 

Water Front Construction Ne~r Hog Island in James River· at Surry, Virginia ••• , 11 

subject to the following conditions: 



• 
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(a) .Thnt the work shall be subject to the supervision and approval of the District Engineer, Corps of Engineers, 

iu chnrge o~ the locality, who may temporarily suspend the work at any time, if in his judgment the interests of navi-
1:ntion so require. 

(b) That any mute1:ial dredged in the prosecution of the work herein authorized shall be removed evenly and no 
Jnrgl? refuse piles, ridges across the bed of the waterway, or deep holes that may have a tendency to cause injury to 
navigable channels or to-the banks of the waterway shall be left. If any pipe, wire, or cable hereby authorized is laid 
in a trench, the formation of permanent ridges across the bed of the waterway shall be avoided and the back filling 
shall be so done as not to increase the cost of future dredging for navigation. Any material to be deposited or 
dum1icd under this authorization, either in the waterway er on shore above high-water mark, shall be deposited or 
dumped ·at the locality shown on the drawing hereto attached, and, if so pres!!ribed thereon, within or behind a good 
un<l substantial bulkhead or bulkheads, such as will prevent escape of·the material in the waterway. If the mate
rial is to be deposited in the harbor of New York, or in its adjacent or tributary waters, or in Long Island Sound, a 
permit therefor must be previously obtained from the Supervisor of New York Harbor, New York City. 

(c) That there slia.11 be no unreasonable interference with navigation by the work herein authorized. 
(d) That if inspections or any other operations by the United States are necessary in the interest of navigation, 

all expenses connected therewith shall be borne by the permittee. 
(e) That no attempt shall be made by the permittee or the owner to forbid the full and free use by the public of 

all navigable waters at or adjacent to the work or structure. 
(/) That if future·operations by the United States require an alteration in the position of the structure or work 

herein authorized, or if, in the opinion of the Secretary of the Army, it shall cause unreasonable obstruction to the free 
navigation of sair.l water, the owner will be required upon due notice from the Secretary of the Army, to remove or 
alter the structural work or obstructions caused thereby without expense to the United States, so as to render naviga
tion reasonably free, easy, and unobstructed; and if, upon the expiration or revocation of this permit, the structure, 
fill, excavation, or other modification of the watercourse hereby authorized shall not be completed, the owners shall, 
without expense to the Un_ited States, and to such extent and in such time and manner as the Secretary of the Army 
may require, remove all or any portion of the uncompleted structure or fill and restore to its former condition the navi
gable capacity of the watercourse. No claim shall be made against the United States on account of any such removal 
or alteration. 

(g) That the United States shall in no case be liable for any damage or injury to the structure or work herein 
authorized which may be caused by or result from future operations undertaken by the Government for the conserva
tion or improvement of navigation, or for other purposes, and no claim or right to compensation shall accrue from 
any such damage. 

(h) That if the display of lights and signals on any work hereby authorized is not otherwise provided for by law, 
such lights and signals as may be prescribed by the U.S. Coast Guard, shall be installed and maintained by and at the 
expense of the owner. 

(i) That the permittee shall notify the said district engineer at what time the wo:rk will be commenced, and as 
far in advance of the time of commencement as the said district engineer may specify, and shall also notify him 
promptly, in writing, of the commencement of work, suspension of work, if for a period of more than one week, 
resumption of work, and its completion. . 

(i) That if.the structure or work herein authorized is not completed on or before .!h~_J;hJ:ItY.::JJ:I~.t ... day 
of . .ne.c.e.01b..e.t: _____________________ , 19 .. 1.Q, this permit, if not previously revoked or specifically extended, shall cease and 
be null and void. 

(k) That the pe1:mittee shall compiy promptly ~nth.any regulations, conditions, 
or instructions e..ffecting -the work. here by authorized if and when issued by the 
Federal Water Pollution Control Ad.111inistratiOn a...,d/ or the· State water pollution 
control agency having jurisdiction to abate or prevent water pollution. s,1ch 
regul~tions, conditions, or instructions in effect or prescribed by the Feceral 
Water Pollution Control Administration or State agency are hereby made a con
dition of this permit. 

By authori t.y of the Secretary of the Army: 

Plan attached 

~K:lrD~~ 1 7 21 ( C j V j I) This form supersedes ED Form !le, dated 1 Apr CS. 'll'blch m"Y be u-1 ontll ubau1ted. 

EM 114.G-2-803 
U. I. GOVlllfltlll.NT PIINllNG OPPICt 1&--11198~5 

(~) 
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DEPARTMENT OF TRANSPORTATION 

UNITED STATES COAST GUARD 

Address reply to: 
COMMANDER (o-2) 
Fifth Coast Guard District 
Federal Bldg. 

"Mr. W. M. Wills, Director 
Power Station Design 
Post Office Box 1194 
Richmond, Virginia 23209 

Dear Mr. Wills: 

431 Crawford St. 
Portsmouth, Va. 23705 

• 3264 
18 March 1968 

Returned herewith as enclosµre (1) is an approved 'copy of·your Private Aids 
to Navigation Application Form CG-2554 which authoriz'es the establishment of 
Surry Power Station Daybeacons 1, 2, 3, 5, 7, 9, and 11 to mark the Virginia 
Electric Power Company's intake channel in the James River at Hog Isl~nd, 
Surry County, Virginia. 

Please advise this office when these aids have been placed on station.so that 
the information may be published in this district's Local Notice to Mariners. 
A Coast Guard inspection will be scheduled at thqt time. 

Encl: (1) Approved CG-2554 

Sincerely yours, 

7~~~~~ 
JOHN A. DEARDEN 
Commander, U.S. Coast Guard 
Chief, Aids to Navigation Branch 
By direction of the Commander 
Fifth Coast Guard District 
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io DEPARTMENT OF ... 
TRANSPORTATION PRIVATE AIDS TO NAVIGATION APPLICATION Form app...;ve~ Badget Burey u; S. COAST GUARD (See attached instructions and coi,Yof Code of Fed. Reg:, Title 33, Chlf'. 1, Sec. 66) No. "8•R3i9. 1 · , . 

. ,_ CG-2554 (Rev. 4-67) _ 

1. ACTION REQUESTED FDR Pijl VATE 2. DATE ACTION· TD START . 
AIDS TO NAVIGATION: A. ~ ESTABLISH AND MAINTAIN B. D DI SCDNTINUE c. D CH AN GE o. D CHANGE OWNERSHIP March 1. 1968 

3. Al OS WI LL BE OPERATED: A, lsJ THRDUG-HDUT -YEAR B. 0 HMP~ RARI LY UN Tl L C. 0 ANNUALL V FROM TO 

4. NECESSITY FOR AID (Qmtinuein Block 8) -r~Q_ENERAL LOCAL I TY 6. CORPS OF ENGINEERS AUTHORIZED THIS ST~lfp'l.',fJW&s River) 
Guide shipping thru dredged channel - Jan_ U.we .... Island IKJPERMIT DR O LETTER(fileanddateJ•• • • •-'-

FOR DISTRICT COMMANDERS OHL Y ' 7. Af"PiJt~- WIU. P:11,..l IN APPLICABLE REMAINING COLUMNS 

LIGHT LIST ND. L 16 H T '"---; DEPTH CANO HGHT, STRUCTURE REIU_RKS 

NUMBER NAME OF Al D DR FLASH PDli TIIN, OF DL E- ABOVE TYPE, COLOR, and HEIGHT (See Instructions) 

Ii R PAGE L TR. PER. LGTH. COLOR. ' WATER POWER WATEI ABO YE GROUND 
(1) (2a) ( 2b) ( 2c.) ( 2 d). ( 2e) · t-s-11) ( 3b) . ( 4) ( 5) (6) (7) 

BEARING DISTANCE FlOM 
SROllE LINE 

• 
LLP 332 Surry Pwr. Sta. 1 N69-!'() '-OO"E · 2000 yds 12.) 10. 1 Single Pile Black l.eetangl• '. 

Dbns. : 

2 N69-30 •.-OO"E 2000 yds 12.> 10 .1~ Single Pile led Trianal" - -v -. 
: 0 

3 N69--30 1 -00"E 1525 yds 4.) 10. ~ -.. · Single Pile ;.A.tangle · 
.. ~ (;1-fn -

::e -X'3: ;:.. . 

s. N69-30 •-ooi'E 1050 yds 4. D 10. ~ Single Pile ~" o 0 P" 
Ct;._~ 

10. P c:::P II 
~M:~ 

7 N69-30 1 -00"E 575 yds 4.~ Single Pile - -, " 
cr:I <.:r.~ 

--to 
~ 

:n:::oo 
9 N69-30 1 -00"E 100 yda 2.:, 10. l Single Pile ~o~" -- :--t 

11 S - 00-0C 1 -00" E 250 yds 1. l 10. > Single Pile II 
Po 

11 

from steel 
bulkhead iiock 

(See Reverse) or No. 9 iaark ,r 
-· 

B. ADDI TIDNAL CDMMEN TS 

Protect oyater beds adjacent ·to channel by confining shipping to dredged area. 
\ 

' I 
c;Yl 
00 

9 a. NAME AND ADDRESS OF PERSON IN DIRECT CHARGE OF 1 Oa. NAME AND ADDRESS OF PERSON OR CORPORATIOI 1Db. THE APPLICANT AGREES TO SAVE THE COAST. GUARD HARML.ESS WITH 

' Alo. --AT. WHOSE -E·XPENSE UD -1-S MA-IN,TAINED RESPECT TO ANY CLAIM OR CLAIMS THAT MIi.¥ RESULT ARISING 

Mr. W. M. Will&.; flrector FROM THE ALLEGED NEGLIGENCE OF THE MAI~ OR 
.. 

Power Station s gn Virginia Electric and OPERATION OF THE Airir:t 1 : 11 _ ,. N 

P. o Anx 11g4_ Riclvnond.Va.23209 Power Company 
9b. TELEPHONE ND. 10c. DATE 11 Od, Sf'Gll,,\'TIJoREf AlfDITnllt 1l'F \ff~ SI GNlNG , 

77i-'271 1-1-6.R W .M Wi 11 s Di rA.-t-nr-Pnwo:ar c.•~ n ... c: i nnl 



------- - . ·-----------. -----------~---------~ 
· · G-8 \.3/ : 

,,, ______ nl "'""-~ CCA {Rev 4-67~ 
·, ... .. ·,--·-

.:. ,_ -- i 

FIRST ENDORSEMENT.FOR USE BY DISTRICT COMMANDER . I SERIAL 110,. --- -, 
tl. - . .... .. ·' .l, JI): Commandant (OAN) B, FROM: Commander' s;.&.l: .. 11 Coaat Guard Diatrict .. 

; YES NO F, CHARTS AFFECTED 16. CLASSIFICATION OF AIDS 
.... X 529 II: C , App~va1 la recomn1anded Clasa. . , . e D, Not~ce to Mariners· will be issued X ·H, DATE ... I .SIGNATURE (By dlre~orv '. 

E , Li.ht' Liat should be corrected A 3/8/6Q. . . J. . ., E. PHELPS- . ) 

; 

12, FOR USE BY COMMANDANT (OAN) -
RECD, I .. L, N·,M, 1 1 L/L l '· I 
CHART · ~- W,N;M, I l Fl LE l I 
13. SECOND ENDORSEMENT 

h·-T 0-: Commander h ~ ~- Coaat Guard Diatdct B, FROM: . Commandant (OAN) 

C' Aooroved 
F, DATE G, "'"'"' '"'"'~···'"$~ . D , Approved aa corrected x' AAR 1 5 1968 

J.A.GR~ E , llae Remarka 

REMARKS: UA.a'l"lU.l..l re. • .Wl•rcea POSL1.J.11111a ~11.1 oe: 11 . 
D/B No. 1 - 37•09•43n H, 76.39'06" w 

.. 

N~. 2 .. 37°09'47" N, 16•39 '06" w 

No. 3 - 37°09 '38" N. 76.39'19" w 

No .• i - 3J909'33" H, 76.39'37" w 
' 

No~ 7 - 37°0.9' 28" •• 7~0 39 '. 54" .. w . 
; .. 

No. 9 - 37°09'24" ~, 7~0 40 1
_ 10" w 

. ..---, 
, 

8ir l"r09 'l61r -N, 76.40 1 10" 
. 

w 
.. e -· 

;~ 
·• ., 

... -i 
, 

' ,, 
: . 
t .. 

" . 

.. 

. 

.. 
,, 

.. 

. , 
' 

DATE REFERENCE .. ACTION AND REMARKS .. 
1 

) 

' 
.. 

:j J ... 

' .. 
-.. 

. ) 
.. -

-1 e .. ~-. 
' 

.. 
I. J I F I M A I M J J A s I 0 I N I D I -

NAME OF AID .. .I L I GH T LI.ST N~, 
rA~E 

. 
' 

-·· l . -·· -·-- •.. ··-· . .. 

~-1 
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DEPARTMENT OF TRANSPORTATION 

UNITED STATES COAST GUARD 

•Mr. W. M. Wills, Director 
Power Station Design 
Virginia Electric And Power Company 
Post Office Box 1194 
Richmond, Virginia 23219 

Dear Mr. Wills: 

G-9 (1) 

Address reply to: 
COMMANDER(o-2) 
Fifth Coast Guard District 
Federal Bldg. 
431 Crawford St. 
Portsmouth, Va. 23705 

" 3267 
24 February 1970 

Returned herewith is an approved copy of your application for the installa
tion of lights to mark the stone groins along the discharge channel for 
yo~r Surry Power Station in the James River. 

As.indicated on the cover sheet of the application form, it is necessary 
for you to advise this office when the lights are placed in operation s.o 
that the information may be published in this district's Local Notice to 
Mariners to apprise traffic in that area of the purposeful existence of 
these two lights. 

Encl: (1) Approved Appl • 

Sincerely, 

JOHN A. DEARDEN 
Commander, U. s. Coast Guard 
Chief, Aids to Navigation Branch 
By direction of the Commander 
Fifth Coast Guard District 



•• • 
DEPARTMENT OF 

: TRANSPORT-A TION : . PRIVATE AIDS TO NAVIGATION APPLICATION 
· · U. s; ,COAST CUARD· · 
: · CG-2554 (Rh~ 4-67) : · · ' (See attached instructions and copy of Code of Fed. Reg., Title 33, ChlfJ. 1, Sec. 66) 

T, · ACTION- REQUEST"EO FOR PRIVATE 
. , AIDS TO NAYIGA'TION: ;". :·.. A, ~ ESTABLISH AND MAINTAIN B, 0 DISCONTINUE C, 0 CHANGE D, 0 CHANGE OWNERSHIP 

2, DATE 4CTION TO START, ·· · , ~-; i 

Approx~ June 15 ·1970 ~· 
3:";AIDS WILL BEO~ERATEO( _A~ []gTHROUGHOUT YEAR B,OTEMPORAR)LY UNTIL c. OANNUALLY FROM TO· _______ .'-·-;_ 

4,:NECESSHY· FD~ ~ID (Ch~t!nu~in Block B) L5. GENERAL LOCALITY 6, CORPS OF ENGINEERS AUTHORIZED THIS STRtMel)l'lPIIDY IIY. 

"1:=1tk Stone Gtoins·Atona Discharae Channel ames River - Hoa lslan raJPERMIT DR D LETTER(file..,ddateJ 21 August )967 
: i:'OR DISTRICT C:OMMAND.ERS ONLY 7, APPLICANT WILL FILL IN APPLICABLE REMAINING COLUMNS 

. LIGHT LI ST NO, L 16H T DEPTH CANO HGHT, STRUCTURE REIIAIKS' 
.. NUMBER 

.. 
NAME OF Al D OR FL ASH POSITION OF ABOVE TYPE, COLOR, and HEIGHT (See In11tructlons) OLE· 

OR PAGE L TR, PER, LGTH, COLOR 
< 3a> (Note 

WATER POWER WATER ABOVE GROUND 
(1) .. 

( 2a) ' : ( 2b) ( 2c) ( 2 d) ( 2e) 1.) (3b) ( 4) (5) (6) (7) I 

'·; .. 

3080.30 
'. 

704 20.~ ·VEPCO GRO;[N LT A 1.0 0.3 R E 2, 522, N.A 15 Single 1 i ght sup1 ort 

{Q.~ Fl: N 310, 434 pole; 1 i ght 15
1 

.. 
37° 10' 2011 N above top of 

76° 42' 2P' W stone groin ,. . 
.;, ,. 

3080.31 VEPCO GROIN LT B 1.0 0.3 R E 2, 522, 492 N.A 15 20.~ II 

(Q) Fl N 309, 975 

37° 10' 16" N 
76° 42' 24.SID W 

8, ADDITIONAL COMMENTS 

Note 1~ Virginia Plane Grid Coordinates, South Zone 

------.-------------------------------~---------------------------G"l 9a, NAME ANO ADDRESS OF PERSON IN DIRECT CHARGE OF I 1Da. NAME-ANO ADDRESS OF PERSON OR CORPORATIOI 10b, THE APPLICANT AGREES TO SAVE THE COAST GUARD HARMLESS WITH I 
AID" Mi-. E. M." Sweeney AT WHOSE EXPENSE AID IS MAINTAINED RESPECT TO ANY CLAIM OR Cl·A·IMS THAT MAY RES.ULT··ARISING. \0 

V
a. Electric & Power Co. Virginia Electric & Power Co. FROM THE ALLEGED NEGLIGENCE OF THE MAINTENANCE oR 

OPERATION_ OF THE A/PPRO~n A_ID(s

1
). ~.~ ;;/f 

. ~ur~v B~~.31~3883 P. O. Box 1194 (' /IA [ ,, ff ,;::; 
9b, TELEPHONE NO, Richmond, Virginia 23219 .. l-lO_c_._O_A_T_E ___ 1,......10-d-.-WJ'+-G+~-T""1J1~~:t'"°AN,11""""'U1-_..-,T+U...,...._IXF ... _""1e-l'-I C-1-AL-S-I G-N-IN_G ____ .. __ _ 

(703) 353-3184 Jan. 29,19701W. M. Wills,Dir.-Pwr. Sta. Design I 



G-9 (3) 
0 -··---- nf ""-.;2554 (Rev. 4-671 .. ,.. . ... ..,..,, .... . ~ ..... , .. , ~ " .. - ... 

11. FIRST ENDORSEMENT FOR USE BY DISTRICT COMMANDER ~~~t4N!7o-n 

/It,/. Y Yllf:Y y -FROM: Commander Fifth Coast Guard District 

YES NO F. CHARTS AFFECTED - G. CLASS I Fl CATI ON Of A I OS --

C. ApProval is ~ecomme.nded X s2g , qta"-' T 

D, Notice to Merlners ~ill be issued x' H. DATE I SIGNATURE (By dle!!''i!~ '~ l1 • 
E • Light List should be corrected y FEB 18 1970 

T'R 
- .. 

RECD. L. N.M. I I Lil I . I 
CHART W.N.M, I I Fl LE I 

.. I 
~ 
-~ ~ ~ ,., ~ ,. - ... .A -

C' Aooroved 
........ F, DATE G • SIGNATURE (By dlrectlorv ~~·L· /' ~ ,., ~' _i-D. Approved B'S corrected FEB 18 1910 - I E , See Rem!3rks S . G. CARKEEK 

REMARKS:" I : 

··- ..... 

.- .. 

- -

·-

. ' 

-- .. 

-·-· . .. 
.. 

.. . 
' . -

-

DATE REFERENCE ACTION AND REMARKS 
.. 

. 

.. 

I J F: I· M ',. ·A I ·. M .... .J .· .. . J ·, •. . ··A·.,. ·.S l D I N . I . D 1 .. 
NAME OF AID I l~s~f ¥~ND, 

rAGE 
VEPCO GROIN LTS A & B-CLASS I Assigned Norfolk Station .342 .. . .• 
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DEPARTMENT OF TRANSPORTATION 

UNITED STATES COAST GUARD 

• Virginia Electric and Power Company 
Richmond, 
Virginia 23209 

Attention: Mr. Kenny Moore 

Dear Mr. Moore: 

G-10 (1) 

Address reply to: 
COMMANDER (o-2) 
Fifth Coast Guard District 
Federal Bldg. 
431 Crawford St. 
Portsmouth, Va. 23705 

• 3264 
2 September 1969 

Enclosed herewith is an approved copy of your Private Aids to Navigation 
Application Form CG-2554 which authorizes the establishment of seven (7) 
lighted instrument towers in the James River near Hog Island. 

It will be appreciated if you continue to report to this office by tele
phone as each light is established, confirming by letter upon completion 
of all seven towers. 

Sincerely yours, 

<l"a-LA.~~ 
JOHN A. DEARDEN 
Commander, U. S. Coast Guard 
Chief, Aids to Navigation Branch 
By direction of the Commander 
Fifth Coast Guard District. 

Encl: (1) Approved copy of CG-2554 
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~PARTMENT OF 
_ ANSPORTATION PRIVATE AIDS TO NAVIGATION APPLICATION Form approved Budget B;,,.e11u l U.S. COAST GUARD (See attached instructions and copy of Code of Fed. Reg., Title 33, Chc.p. 1, Sec. 66) No, 48°R379, l ·:,: 

CG-2554 (Rev. 4-67) 

: "1. ACTION REQUESTED FOR PRIVATE 2, DATE AC~ON TO START --
AIDS TO NAVIGATION: 

A. Ix] ESTABLISH ANO MAINTAIN B. D 01 SCONTINUE c. D CH AN GE a. D CHANGE OWNERSHIP July l. 1969 .. 
" March 31 I 1915 

... 
3, AIDS WILL BE OPERATED: A, liJ TH RO U GHOUT YE AR B';'-g}_ TEMPO RA RI LY UNTIL c. D ANNUALLY FROM TO 

4, N~CESSITY FOR AID (Qmtinuein Block 8) - , 5. GENERAL LO CAL I TY ..:-,. 6. CORPS OF ENGINEERS AUTHOR I ZED TH IS s TRu Cl'fA!OOP .JPO Y { LJ'ames River 
-:\. 

) 
Environmental Survey Equipment Platform James River-Hog Island ~ PERM! T OR 0 LETTER (file end date) )6 111] ¥ 1969 

FOR DISTRICT COMMANDERS OHL Y 7, APPLICANT WILL FILL IN APPLICABLE REMAINING COLUMNS 

LI 6H T LI ST - ND. L 16H T 
NUIIIBER NAME OF Al D OR FLASH POSITION 

OR PAGE L TR. PER, LGTH. COLOR 
(1) ( 2a) ( 2b) ( 2c) ( 2 d) ( 2e) ( 3a) 

VEPCX> INSTRUMENT -1.0 0.3 w 37~ -09' -2511 N 
3068.10 TOWER LIGHTS A· 76" -37 1 -30" w 

:-11.0 o.J w 37" -12' -52" N 
3078.10 

. 
76° - 41' -1411 w 

J!IIIEI 1.0 0.3 w Jr -12• -0011 N 
3079.10. C· 76"' -41' -10 11 w 

.. ... 1.0 0.3 w 37" -12' -2011 N 
3079.20 B· .. 

" 76'' -43 1 -15" \-J 
Ill' 1.0. 0.3 .l:. 37' -11' -2511 t! 

3080.10 E ' - . 76'' -42' -4711 \,j .. l. .o 0 ... 3 vr· 37·> -10' -45" N 
3080 ... 20 F . ·- ~ 7.6,) -42 1 -2811 (~ .: ,.,... 1.0 0.1- . l\ 37'.'-11' -00 11 N 
3085.10 G q6° -45' -52" w -----·· 

;. ' 
•. 

I };.. 
~' t .. 

8, ADDI Tl ONAL COMM EN TS 

9a, NAME ANO ADDRESS OF PERSON IN DIRECT CHARGE 0~ 1 Oa. NAME ANO ADDRESS OF PERSON OR CORPORATIOI 
Al D AT WHOSE EXPENSE AID IS MAINTAINED 

Mr. B. J. Peters 
Vir3inia Elychric & Pwr.Co, 
P. • Box l 9 

Virginia ::nectric and 
9 b. TEL EPHON~ ~i.nmona ' v1rg1n1a L:)LU;J 

111-~·n6 l:'ower Cqmpany 

DEPTH 
OF 

WATER 
( 3b) 

5,5 

22.0 

l6.0 

7.0 

lO .o 

u .o 

25.0 

10 b. 

CANO HGHT, S_TRUCTURE REMARKS 

DL E- ABOVE TYPE, COLOR, and HEI 6HT (See Instn,ctions). · 

POWER WATEI ABOVE GROUND 
( 4) ( 5) (6) (7) _-

15 15 single light supp 1>rt 
pile & 3 battered DWG. FSK-506 
,ruard oiles DWG. FSK-507 

15 15 II II II II II II 

15 15 II II II II II II 

--
15 15 II II ,, II II II 

15 15 II II :1_( II " II 

--
15 15 II II II II ... '-.JI 

15 15 " II II " II II 

-- --
THE APPLICANT AGREES TD SAVE THE COAST GUARD HARMLESS WITH 
RESPECT TO ANY CLAIM OR CLAIMS THAT MAY RESULT ARISING 
FilOM THE ALLEGED NEGLIGENCE OF THE MAINTENANCE OR 
OPERATION OF THE APPROVED AIO(s),( 

"t Q ____ .,-;;) /-.""" ,(} / J/ ,1'~/-U ., •. ,;r-c'_:J.L _-$:<J:.. ~ 

I 
G') \ 

I-' 
0 

10c, DATE ig1 
Jul V 18, lJ 

10d. §II GNATURriND Tl~ OF OFFI Cl AL SIGNING I 
\\1 , M. \,.Ii ls Diiector - Pwr. Sta.Des-. 



I 
I c ••• A--~• '""'•2554 /Rev. 4-67) G-10 (3) 

I ~~fRST ENDORSEMENT FOR USE BY DISTRICT. COMM~NDER' I SERIA[ ND, 

,., '":A, TD; Commani:lant (OANJ e. FROM: Commandelil Fl.I:t:n Coast Guard Diatrict 

YES ND F, CHARTS A·FFECTED 16, CLASSIIICATIDN 0 F A I OS 

C , Approval is recommended I! 52.9 Class 

D • Notice to MBriners will be issued 
, .... H. DATE · 1 SI 6NATU RE ( By direction) ... 7/31/69 

E, Liitht List should be,corrected 
.,. · R •• E. PHELPS . 

e 
12. FOR USE BY COMMANDANT (OAN) .. . 

RECD, h \ 1r,· 5 196·~ ~.,°/,{ L. N,M, I I L/L I I .. 
CH ART I r2_c1 /1/ \ Altt'f.LJ W,N,M, I I Fl LE I I :; 

13. SE CON o-1:N oo'RsE/;(EN T 

A• TO; Commender ~~rH Coast Guard District B. FROM: Commandant (OAN) 

C • Approved )( F • . DATE 6. SIGNATURE (By direction) 

~,WG1JR 
D • Approved as corrected AUG 2 5 1969 
E • ~ee Remarks 

REMARKS: I/ .. .. .. 

'. 

: 

.. 

-
. ' 

... e 
' 

DATE REFERENCE ACTI DN AND REMARKS 

' .. 

' 

. 
'•. e 

~-
"' ... 

L.J., J I F I M A I M J J A s I 0 I N I. D I 
NAME OF Al D lll 6HT LI ST NO, 

rAGE. 
.. .. 
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COMMONWEALTH OF VIRGIN!A 

STATE CORPORATION COMMISSION 

-0--

CERTIFIC.A.TE NO. ET-138 
-0--

VIRGINIA ELECTRIC AND POWER COMPANY 

G-11 (1) 

by this Certificate of Public Convenience and Necessity is hereby authorized under the Utility Facilities Act to 

~~~KX ----------X5l<~t}()(d( 

construct and operate· propos.ed transmission lines. and other facilities 

in Surry County, including a proposed nuclear generating station, the· 

locations being shown by dashed blue and red lines, etc., 

as outlined -------------.-----------------------,-----

on the attached map stamped-Received _----'M-=a.;_r Ch 2 0 l 9 6 7 

-Dated at Richmond, Va. ___ M_a_r_c_h __ 2_7_,,,...._1_9_6_7_. ------------

STATE CORPORATION COMMISSION--· . , ~, / z ; -v_ .,. ,.. .. .._ .· _ . .-,,--- .,,-·· 

B 
',;:-<~,::__ .. -,,/_j /'\.:.;..-.-:\,-·.-'. _;-:-;:c_/,,,,/' 

y . ,, . ·! - ~ -- ·-·- ---. • - · .. • 

Commissioner 
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e 

COMMONWEALTH OF VIRGINIA 

STATE CORPORATION COMMISSION 

-0-

CERTIFJCA'l~ NO. ET-] 38a 
-0-

G-lla 

VIRGINIA Fl ECTRIC A.ND Pm/ER COM.e.A.+'4N ...... Y-----

by this Certificate of Public Convenience and Necessity is hereby authorized under the Utility Facilities Act to 

operate present transmission· lines and facilities. in Surry County, and 

to construct and operate transmission lines and facilities, previously 

approved but not constructed, and to construct and operate proposed 

transmission lines and facilities, including a proposed generating unit 

No. 2 at the Surry Power Station, as shown-

(Note: This Certificate Nd. ET-138a cancels 
and replaces Certificate No. ET-138, 
issued on March 27, 1967.) 

on the attached map stamped-Recei\·ed _J"'-=u-'-'-n=e--=-1..:..7 .... ,---'-l-"'9-=6_8.,'-".---------

Datcd at Richmond, Va. Jul 'i l.Q..,__l~ -9~6~8~·-------------

ST~ cp~PORATJPN COMMISS~ /. 

~</_~'r-c.}!) 1l:4:J7r · ~-·1-·f · 
Commtsszoncr 

.· (1) 



I 
OPERATION WITH THE 

SURRY COUNTY HEALTH DEPARTMENT 
SURRY, VIRGINIA 23883 

27 February 1969 

G-12 (1) 

, .. 
;, 11: DEPARTMENT OF HEALTH 

NOTED Mt1R O 3 1969 W.M.W. 

Mr. W. M. Wills 
Director, Power Station Design 
Virginia Electric and Power Company 
Richmond, Virginia 23209 

Rea Plan of Sewage Disposal System 
Vepco Power Station - Surry 

Dear Mr. Wills: 

The plans and specifications of the sewage disposal 
system for the Vepco Power Station have been reviewed by this 
department. 

This is to notify you that the plans have been 
approved and construction may begino 

RPO:b 

Sincerely, 

I) I) . 
I J.r /?fliif ~~ 

R. P. Oste'rgard, M. D., 
• Assistant Director, Surry Health Dept • 

. ~--A'.J ;.f .uy,,,.-J 
Gordon c. Berryman III, Sanitarian 
Surry Health Department 



(1) 

DOUGLAS B. FUGATE, COMMl8810NEft 
01:PUTY COMMISSIONER 81 CHIEF ENGINEER 

- L. BAUGHAN, LURAY, VA, 

&AMSDELL C~ILTON, LANCAHIUI, YA, 

~~ FLYTHE, MA·JITINaVILLIE, VA, · 

A. II, EURE, Dlllll:CTOR OP' ADMINISTRATION 

D. N, HUDDLE, DIRECTOR OP' ENGINEERING 

J, V. CLAR~E, DIRECTOR OP' OPERATION• R. S. HOLLAND, YlftGINIA llllACH, VA, 

GEORGE C. LANDRITH, ALEXANDJ1Ut., VA, 

LAWRENCE H. MCWANE, LYNCHaU"-CI, VA, 

W. M, SCLATER, JR., MARION, VA, 

ROBERT S. WEAVER, .JR,, VICTOJIIA, VA, 

DEPARTMENT OF HIGHWAYS 
RICHMOND, VA. 23219 

W. S. G. BRITTON, 
DUIECTOR OP' PROGRAMMING AND PLANNING 

CHARLES P. JOHNSTON 
DISTRICT ENGINEER 

e 

IN IIEPLV PLIEA•E R~FER TO 

Route 617 - Proj.0617-090-124 
Industrial Access Road 

OFFICE OF DISTRICT ENGINEER 
SUFFOLK, VA. 23434 

Waverly, Virginia 
December 12, 1966 

Mr. E. V. Crutchfield, Vice President 
Virginia Electric and Power Company 
Richmond, Virginia 23209 

Dear Mr. Crutchfield: 

This is to acknowleoge your letter of December 9j in which you wish 
to get permission to construct your detour as soon as possible. Insofar 
as this office is concerned, and I am sure that Mr. Blundon will agree, 
it is satisfactory for you to start construction on this detour at_YQ.1:!_r 
earliest conyenience! 

I do not have a set of the plans for the road in this office. By copy 
of this letter to Mr. H. G. Blundon, I am requesting him to furnish you 
this information as soon as possible. 

We appreciate your interest in getting this road in as soon as possible. 

r------.... ::ours v,ery ~-ruly, ~-' 
. ;;.~-6-····· .'. ~ ~ 

" ...... >·~- .-_~ (-::;-.--=--,..-.)-·--
w. Frank Ro inson 
Resident 

WFR/rc 
cc: Mr. H. G. Blundon 

NOTEo n,:-r, 1 
u.,_ '-.· 3 1968 

f.B.C. 

A HIGHWAY IS AS SAFE AS THE USER MAKES IT 



-

Mr. W. F. Robinson 
Rttaldeftt lnglneer 

DeCMber 9, 1966 

Virginia 0.partaent of Highways 
W.ver1y, Vlr9fnla 23890 

Dur Mr. Robinson: 

G-13a (1) 

A5 you knclw. Company pt1rson,-1 have dheu!sed with you and Mr. 
N. G .. llundeft. lnghwer ln Secondary loads, of the Highway Department. thu 
chng,u In State Rout• 617 that wll 1 be n.c•.Hary In order to perwdt the 
C<.wpany to construct lt1 $2.0o.oootooo nuclear poli,or plant In.Surry County. 
In thoM 411cus1&ons, In addition to lmprovel'Nnts to e,. ude by the State 
Highway DepartllllNlt In the portions of acute 617 lndlng to our property, t11lth 
Industrial •ccess funds, we hav• also dl1cus1ed with you the ne~e,slty of re
lOl.:f3ting the portion of that hfgt.,,ay that presently bl54Kts the prepot\ed plant 
s I tn. 

In these diacuuiont both you and Mr •. 91Uftden have advised u5 

that the State ltlgMy Oo,-rtffla'lnt wlll c.cnsent to the required reloc.tlon of 
Rout• 617 In the plant site ·ar•. You have assured us that the 1W11c:.euary con
veyances wfl I be u.uted by the Hlg._.y hpartMnt upon our c01Vtplet1on. et 
our a,cpenae, of an alternate rout• through our propei_rty~ meeting GS•3 standerds 
except for one curve, not to eJ(cead 16 degrees, as shewn on attached skot,;h 
F .. SK. No. J. u,S"OpOsad Reio.cation of Virginia Highway Route 617u. Pfoose. ad·· 
vise VI In the ftQr future a& to the t:ennection points et our property bot..rtd
arles, and we wl II •termine the euct location of the ~Ql1te throvgh our 
property. 

"-""'hile, as you know, we are most aructous to begin sit• p,ep
aretlon 11110rk as soon as possible and you have advised u:s that upon written 
requaut you wfl I gr•At us permission to clou that portfo" of the road through 
the plant site, provldad we construct a detour to assure continued use of tM 
rovte. W.- understand that this detour nnd not 11Mt •.II of the t;S-3 .-.qui re• 
liiifttl. 

We ~Id eppreclate your con,ent to_ thh detour es soon a, JK'l'li'3 t ble 
so ea ttet to delay O\oir schedule for ccnstruc:tlcm of the plant. 
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Kr. w. f. Robinson 

We -.uld e1$o appr.elate your &·dvhlng aa soon as po1alble as to 
tM ,.,...n61ii ¢0nMCting points refened to above. As soon as we rec•tve ct.• 
flaltlve ..or-4 froa you on this w wl I 1 be able to p,~ .. d f111ecUat•ly with 
the deslp end contt.nKtion of the rel!k41t*«I portion of Aoute 617 throuth our 
Pl"OIMrty. 

Sincerely yours, 

1 

Virginia Electric end Power Compen) 

cc: Nr. H. G. Blunder. 

be: Mr. J. D. RI stroph 
Mr. Ml les Cary 
Mr. W. M. Wilh ~--~-
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COM~~Nvr::.~~- STATE WATER CONTROL BAAR.n. 

P. 0, BOX 11143 - RICHMOND, VIRGINIA 23230 - (703) 770-2241 •OARD MEMl!Sl!RS 

Mr. J. D. Ristroph, Man.ager 
Power Production 

December I !5, I 967 

Virginia Electric and Power Company 
Surry Power Station 
Surry, Virginia 

Dear Mr. Ristroph: 

· W .... QIIIP'P'IN 

HIENIIY a. HOLLAND, Ill 

W, H, SINQLIETON 

IIOSS H, WALKIEII 

. E, IILACKl!IUIIN MOOIIE 

CHAIIIMAN 

Enclosed Is the original and twb copies of Certificate No. 1843. · Would 
you p I ease s. i g n th·e copy in the space indicated and return it to this 
office at your earliest convenience. 

Please note that Paragraph 5 pertains to the quality of.your effluent and 
its effect upon the receiving State waters. Water quality standards have 
been established by the Board for Section 26 of the Lower James River into 
which your effluent is discharged. 

With reference to the standards which have.been established, it is important 
that adequate analytical data concerning plant effluent aAd ~he receiving 
stream be obtained. · It w i 11 be your res pons i bi I i ty to keep the records as 
referred to in Paragraphs 13 and 14 of the certificate. 

We would I ike to confer !Jlith you later about the information which fhese 
reports should contain. 

If you have any questions, or if we can be of any assistance to you, please 
do not hestitate to contact us. 

CEC/mjs 
Encl-osures ('3)' 

pr~~ 

C. E. Cooley, Director ~ 
Pollution Abatement Divis!~ 

cc: State Corporation Commission 

STREAMS 
PROVIDE 
HEALTH 
WEALTH 

AND 
RECREATION 
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CLEAN 
STREAMS 

P, O. BOX 11143 - RICHMOND, VIRGINIA 23230 - (703) 770-2241 

CERTIFICATE NO. 1843 

Issued on December 12, 1967 in accordance with the 
State Water Control Law 

Chapter 2, Title 62, Code of Virginia, 1950 

to 

Virginia Electric and Power Company 
{of Richmond, Virginia) 

Surry Power Station 
Surry, Vi rg i n i a 

an "owner" as defined in the Law, to discharge industrial wastes 
waters into the James River (Section 26, Lower James River 
Basin), in accordance with the followi_ng conditions: 

I. Manufacturing operations and industrial wastes resulting 
therefrom shall be in accordance w-itha letter and report 
dated September I I, 1967, from Mr. J. D. Ristroph, Manager -
Power Production. · 

2. This certificate is in accordance with an action taken by 
the Board in Minute 31 of its meeting of November 28, 1967, 
at which time the Board approved the report described in 
(I) above. 

3. Al I industrial wastes from the owner's establishment shal I 
be treated in the facilities, or in such other manner as 
referred -to in Cl) above. 

4. The industrial wastes referred to in this certificate shall 
be maintained at al I times of such quality that, upon ade
quate mixing with the receiving State waters and in combina
tion wit~ any other waste· discharges certificated by the 
Board, the standards of quality established by the-·Board 
shal I be maintained in the receivi_ng State waters. 

I 

5. In issuing this certificate, the Board has relied upon the 
statements and representations made by the owner in its appli
cation and other correspondence or communications. 

6. In issuing this certificate, the Board has not taken into con
sideration the structural stability of any of the units or 
parts thereof. 

G-14 (2) 

BOARD MEMBERS 

W, P'. GRIFFIN 

HENIIY S, HOLLAND, 111 

W, H. ·s1NGLETON 

ROSS H. WALKER 

E. BLACKBURN MOORE 

CHAIRMAN 

PROVIDE NOTED DEC 2 2 1967 J.D.R. 
HEALTH 
WEALTH 

AND 
RECREATION 



STATE WATER CONTROL BOARD 

Certificate No. 1843 Page 2 

J. When the construction referred to in (]) above has been com
pleted, a statement shal I be submitted by the owner certifying 
that construction has been in accordance with (J) above. 

8. Operations involving the discharge of industrial wastes to 
State waters shall not be begun until the faci I ities referred 
to in (I) above have been completed. 

9. Sufficient maintenance shal I be practiced on the facilities 
referred to in (I) above at all times to insure effluent qual
ity in accordanc~ with the terms of this certificate. 

IO. Removal of any sol ids from the waste treatment facilities re
ferred to in (I) above shall be under such conditions that 
they do not subsequently reach State waters. 

II. This certificate 
here certificated 
months. 

shall become void should the establishment 
be closed for a period in excess of six 

12. Reports on the rece1v1ng stream and such other State waters 
as are or may be potentially affected as a result of the waste 
discharge referred to in (I) above shall be kept by the owner 
and s~bject to inspection by the Board's authorized represent
atives and shall be submitted with such frequency and in such 
detai I as to be satisfactory to the Board and its staff. 

13. Reports on the operation of the facilities referred to .in (I) 

above and the quantity and quality of effluent from such fa
ci I ities shal I be kept by the owner and· subject to inspection 
by th~ Board's authorized representatives and shal I be submit
ted with such frequency and in such detai I as to be satisfac
tory to the Board and its staff. 

14. This certificate cannot be transferred or assigned. Any new 
owner or successor in interest to the above owner must make 
application for a new certificate prior to assuming ownership 
and commencing operations. 

15. The Board may amend or revoke this certificate for. good cause 
and after proper hearing. 

CEC/mjs 
Enc. (3) 

. I J 
• , .... / / • I 

/",,/ _... ? I // .£ ,t• ' ( {. ._ ,··,. . ~./ t:, , .· /. ( ~- / I.· (. ,.. 

E. BLACKBURN MOORE, CHAIRMAN 
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State Water Control Board 
C°"'90nwealth of Virginia 
4010 West Broad Street 
Richmond, Virginia ·23230 

.. 
Attention: Hr. A. H. Paessler 

Gentlemen: 

G-14a 

June 29, 197°1 

We request that the State Water Control Board, on the basis 
of our Cer.tlflcate No. 1843, the lnfonnatlon suppl led In the appl lcatlon 
therefor and any other Information on file with your Board, Issue a· 
Certificate of Assurance for discharges from our Surry Power Station, 
as l'."equlred by p 21 (b) of the Water Q.ua1 lty· Improvement Act. If the 
staff needs any data other than that already on file, please feel free 
to contact us. · · 

JDR/db 

be: Mr. E. B. Crutchfield 
Mr. Stanley Ragone 
Mr. T. T. Smith 

Very truly yours, 

ls~roppL 
ecutlve Director 

nvlronmental Control 

(1) 
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IN lll.f'L Y rn:tT'.1 TO 

ENGCW-ON 

Mr, Harold L. Price 
Director of Ecg·t<!.nt:i.on 
1\tornic E1wrgy Co;:m1.i.ssion 
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\\'.•'\3H~l·!(::·1 .. :)N, ~J.C. 20315 
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Dear :Mr. Price: 

'( i ·, .L--t::tl
0 

') 11·· I. .l, 1 . I... • ._ 

G-17 

,JUN 2 1 1371 

On Harch 31 you requested our com:11entitim your draft detc.li1ed 
statement and the enviro,,rn.ental rei)or.t;'\,ubmittc:d by the Virginia 
EJ.ectric and Power Comrony for t'!ie M::c: ··(noc\.ct Nc)s. 50-:?_80 2.ncl 
50 28] ) r.,-1- ~ r" ~t ,:-:1;.. f· "cl-·:ir1 .· .. :··~,I"' ........ 1'.:l . '!,itl' S -.,f-~ - J... l.tlC _,-po, . \,-,::, .drnl,,.lE.~ 111 a. .. ~o •. ~.-~nc.e ,v_ , , eLc.J.011-
102 (2) (C) of the National~nvironmental Policy Act of 1969 in con
junction with a request for an, operaUci6 license for Surry Power 
Station, Units land 2, Surry C~unty, Virginia. 

This report l1as been reviewed by var.ious units of this Department 
having special expertise jn fields cover.eel by the draft statem(;.P.{. 
and their cornoents 2re included below for your considen1tio.ri-. 
Unit l is scheduled ::'or commercial oneration in late 1972. Unit 2 
is sch8duled · for oper2tion in the 2n~1 qtwrtcr of 19 72. 

Overall tl1e applicant has prepared a good cnvironm2ntal statement. 
The Company J-i2s cc1:·1ri}.:Led '\·ii th the various ).2,7S \•:hid: 2re appli
cable. Our conc:c:r,~ js thc1t the Cotr~pc')ny d(J',1pJy not only ,dth the 
law but with the intent so that the env"i.ronment c:an be fully prc
tected if not enh2nced. 

]'h~1.T.1a1_Xff_c:>~~----Thc James River estuary, jU::'.t belo• . ..-, this plant, is 
· the m2.jor seed oysu::r producing &rea in Virginj_a. To avoi.d any 
thermal impact on these oyster liecls, concic.nE;c.r cool:ing w2.ter :Ls to 

(1) 

b0. tnkcn from t:1:c. :fa.::es Ri,:er on the e.::;;:; t si 6c or downstream of the. 
site and, after being heated, discharged on tl1e west side or upstream. 
Cooling, w2t:er would be circuic:.ted at a rate of 3.f+Lf/f cfs (cubic feet 
per sc~on<l) for t~e two units. Based on rcco~ds.for the period 
Ocfober 193!; to Sc1it8:,1be.r 1965, the applirnnt determined that the 
nd.nimum r:1can--rr.c:1thly fresh-water discharr,c for ·the James River at the 
s1 te ha:::: been 85 7 cfs. But durJng the period An:;;us t th rough October 
1930, cLl, interpretation of upstream re.cords incU cates that mean flm-r 
was less than 700 cf::; ,d.t.h the 1.c~·Tes t mC!cm monthly flo~,r being about 
600 __ cfs. During this drcught. foe flm,; 1,,as about L;liO cfs for 7 
conriicutivG days. 
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As in most e~ tuaries, the oscillatory tidal flow is much greater than 
the fresh-water flow. BC!ing osci.11.atory, such flow flushes contami
nants out of the estuary .only by dispersion--since most of the same 
water moving sem,,ard on the ebb tide returns upstream on the flood 
tide. Dispersive ·flushing may be a very slow process, especially 
where tidal range in stage is sms.11, such as in the James River 
estuary. 

Superimposed upon the oscillatory tidal flows and the fresh-water 
flows, there is a net nontidal cir.culation caused by intrusion of 
saline water within the estuary.· The a11plicrrnt states that this 
circulatory flow is several-fold larger than the fresh~1ater di~
charge. Of the tidal, fre.sh--water, and circulatory discharges, 
convective trn.nsport of co~aminants by the last two may be the most 
important. 

The applicant has utilized a physical model to aid in de.signing the 
cooling water intake and discharge systems and to evaluate temperature 
effects in the estuary near the plant site. The desibn of the station 
discharge is intEmded to eause the water, wh:i.ch has been heated by 
14°F, to mix and thereby become rccl\1ced re.pidly in temperature. Based 
on these model tests, the applicant· states t.ha t a max:i.r.;urn ter;1pera ture 
rise of 1.4°1:' may be reaJized at _the far sbore under summer conditions. 
However, it :Ls bec::i;-ning ~~enerally recognized (IIarleman 2nd others, 
1966) that the rE!SU.1 ts of dispersion stu<l:i.es, such as the movement of 
he.ated wa tcr and raclionuc.iide.s' may. be j_nvaJ.:i.d \,hen bclse<l on physical 
models. 

The relia.nce on a physical model·for evaluatin3 temperature effects, the 
failure to consider the ,,0orst lm,, frcsh-,ui.ter flow couli.tions ~ and the 
possible overestimation of the ability. of tidal disclrnqo,es to flush 
contaminants from the cs tuary make the ap~1licrmt' s ev:-.lu2.tion of ·th,.?. 
thermal effect ques t:i.oni-2ble. Post-opera U.onal measurement. of tempera
tures is desirable and may dictate that remedial measures be taken if 
the present desi3n does not meet the new water-quality standards of the. 
Virginia State 1-!ater Control Boord .. Information on measures the com·
pany feels it could take if, for example, temperature standards were. 
not met should be added to the statement. 

Harleman, D. R. F., E. R. Holley, and W. C. Hube1:, Interpretaticn of Water 
PolJ~tion data from tidal estuary models: Proc., Third International Conf. 
on tl.1 ter l)ollution Research, 1966. 

2 
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~gu.:1 (~_i:::_J~r~_(t::!TC~_s-·- The cnvi romnen tal s tn temen t :i.i; inadequate because 
of failure to i.nclude provisions th~1 t the. cor.1;H-n1.y will make. modifica
tions in eriu.ipment or operations to correct any damages noted during 
preoperational and/or postoperational investigations or through acci
dental discharge from the plent. 

Compliance with the ubove considerations will assure protection of the 
indigenous fish and wildlife resources and other aquatic resources of 
the project area. 

·~,,tt 
We note with satisfaction the cooperative efforts of the applicant 
with the Virginia State Game and Inlarid TiE;heries Commission to s ta
bil:i.ze the n:~.f~ervoir of food by providing liOO, 000 cubic yards of surplus 
rna.tcrial for constructing and imp1·oving dikes surrounding the game man
agement are.a and pH!V(~ntinf "wiwhing" from salt ·water causing sudden 
changes in the. salinity of· tho::: ni'"rsh water.,), < 

Non.i.todn_g·--The environrecntal surveillance progrc,m set forth in the 
draft environmental statements of the Atbrn:tc Energy Commission and 
Virginia Electric and })ower Company appean, tc ·have only minor 
deficienc.:Les. 

F:lsh and aquatic vegetation should be sampled. We are concen1ed with 
the possib:Ll:ity of c!a.1;12.gE,s to fjnfish t.!nd <1C!11a tic life. Radiological 
monitoring s2rnpJ.ing E:Jw~:lcl i::.1.cli..1de: spec:i.es of Cc!.rnivorouE; and herhi\r
orous fishes c:.nd a;u::1 Lie· vegetation coJ.lec tt'!d within 500 . feet of the 
discharr,e. 

We do not: believe it neCC!SSary to select· s,{r;{p.les · c,f alJ. fiEh or 
aquatic plant speCiE;S. .A few repH,s~ntatiYC! species sho{tld provide 
an indication of radionuclide accun:ulatj_oa, if any. The inclusion of 
such s.::u:,ples in the cnvironrncnt.:il survcillc:mc:c progrru'J. would require 
little additional effort. 

~eologic rm<l Hyd-colog:i.c __ Safetv--·The. GeologicDl Survey has reviewed 
geologic and hyJrologic: aspects of the site for the Atomic Energy 
Commission, Div:i.sion of Regulations, in connection with the construc
ti-oi1 applications for both Units 1 and 2 (sec attnchrnents dated 
April 25, 1967, and Harch 18, 1968). At AEC's request, this review 
pertaj_ned t9 saL:ty as;Kcts of the site such as faulting, earthquake 

. effects, £01.mda ti.on condi tious, and flood protection. 

There is li.ti.:le r-;eologic information in C1e draft statement with which 
to ~tkke an e:valu;tion of the imp8ct: of the operation of the plant on 
the geologic environment. 

3 



-

-

G-17 (4) 

Historical a~_c!_Archeol(:'..S_icDl---The Jamcsto·,m !fotional Historic .Site and 
Chippokes Plan~ation (a National Register property) are located slightly 
upstream but in close prm:i:nity to.the station. Operation of the nuclear 
power station should have negligible, if any, din~ct adverse effect on 
the es the tic qualities of these. t"\-10 areas. There could be considerable 
indirect impact on the esthetics of this area of the James River. As 
pointed out above, model studies may fiat reflect actual operation. A ,, .. --,F 
statement should be included indicatir.g · the Compr.my wtll modify equip--
mentor operatio~s to protect the area if continuin~ monitoring discloses 
environmental degradation not revealed di.iring. the planning and construction. 

We are not aware of and the statement doe.s not dis'.cy.s.s:: any ~i.gnificant 
archeological remnins on the site. The statement should refl,~c:t the 
Company 1 s awareness of the i:nportancc of reporting -a~1d protecting archeo-
logical finds so that tlwy mir;ht rece:i.vs proper study ancl recognition. 

We appreciate the opportunity of commenting upon this proposa.l. 

Sincerely yours, 

. . I 
t·:• ' • .... ._.• ,,. 0 )-1;(./~-

llc-r,,,;•, .. ,, p.,_~·,,, ,.,,._ S"'cr-,,.t,,-.-v 
...... I ; ...... "'.'":··~~- c; 11.;;~ ........ J 

Mr. Harold L. Price 
Director of Regul2tion 
U.S. Atomic Ene.rgy Co:1~mission 
~ashington, D.C. 20545 

Enclosure 

!+ 
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of the 

I 
I 
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Vepco Response 

Applicant has considered all points commented upon in the letter from the U.S. 

Department of the Interior. All comments are directed toward possible improve

ments in Applicant's environmental protection program, rather than to specific 

omissions or errors. The Department states that " ... Applicant has prepared 

a good environmental statement ... " but that the primary concern is for 

" ... the Company [to] comply not only with the law but with the intent so that 

the environment can be fully protected if not enhanced. Vepco responses to 

specific items are given below: 

a. Thermal effects: Four studies of the James River Estuary hydrology 

in the vicinity of Surry Power Station have been conducted by Pritchard

Carpenter, Consultants, of the Chesapeake Bay Institute, for the Applicant. 

Their studies, over the period of November 1966 to January 1971, have utilized 

mathematical modeling techniques and represent extensions of Applicant's 

original work with the physical model. Factors considered in addition to 

net dilution water flow for mixing purposes are wind and ambient temperature 

conditions, as related to the air/water heat exchange capabilities. 

Appendix B) 

(See 

Results of the studies, some of which are on record in summary form with the 

State Water Control Board, we believe provide reasonable assurance that the 

proposed operation of Surry Units 1 and 2, as presently designed, will be 

acceptable by applicable water quality standards. 

As noted in Section I.D.l, Applicant ·has applied to the Corps of Engineers 

for a use permit, under 1899 Refuse Act, and is currently awaiting the outcome 

of that review. (See Appendix G-4) 
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b. Aquatic resources: Applicant is unaware of any significant damages 

~ to aquatic resources which have been or will be caused by Surry Power Station; 

furthermore, Applicant is willing to cooperate in efforts to monitor the 

e· 

e 

effects of the power station on these resources, in order that should significant 

adverse effects be detected, remedies may be considered and evaluated. 

c. Monitoring: Applicant has been conducting an ecological monitoring 

program for several years to determine pre-operational environmental conditions 

and construction effects. This program includes a representative sampling of 

fish and aquatic vegetation found in the vicinity of the station. Applicant is 

willing to consider the white perch for monitoring purposes but it has been 

unsuccessful in locating this fish on a periodic sample· basis in the vicinity 

of the station canal discharge. (See Appendix F). 

d. Geologic and Hydrologic Safety_: Applicant has conducted extensive 

studies of these effects upon the station as presently designed. These studies 

are a matter of public record in Sections 2.3, 2.4, and 2.5 of the Safety 

Analysis Report. Where results of the studies have indicated the need for 

corrective work, this work is now in progress. 

Radiological effects on site hydrology may be classified as consequences of 

radiological releases and will be discussed as such in the revised Environmental 

Report. Since expected maximum releases are as low as practicable, however, 

any effects on site hydrology will be minimal. 

e. Historical and Archaeological: Applicant's environmental monitoring 

program will point out those effects, including the effect upon local esthetics, 

which may need to be reduced or corrected to preserve environmental_ quality. 

Applicant acknowledges the importance of archaeological finds to society 
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and is most willing to cooperate in their protection. One such find, which 

~ was believed to have been the site of an old church, was excavated under 

Applicant's funding; however, nothing of significant importance was discovered. 

'.n 

f. Summary: Additional discussions of each topic above may be found 

elsewhere in this report. Pertinent sections are as follows: 

1. Thermal effects: Section 11.I.C.2 and Appendix B* 

2. Aquatic resources: Section I.C.2. and Appendix C 

3. Monitoring: Appendix C 

4. Geologic and Hydrologic: Section I.C. 

s. Historical and Archaeological: Section I.C.l. 

*Information relative to river flows can be found in Appendix B . 

• 

• 
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UNITED STATES 

ATOMIC ENERGY COMMISSION 

Docket r:o. 50-280 
and 50-231 

WASHINGTON, D.C. 20545 

OCT 2 1 1971 

Virginia [le:ct:ric and Pover Company 
.ATI'[f'T:. r~r. Stc~1lc·v R.:.1(~onc 

:, .I .. 

Vice Prcsj_cleat 
P. 0. Box 1194 
Richmond, Virginia 23209 

Gentlemen: 

G-18 (1) 

_:i.,.; ·' ' ... ~. ; 

During our n:,,,-i0,w of your application for an operating license for Surry 
Power Station, Units 1 a,"td 2, we requested the comr.1ents and recormnenda
tions of ti1e u. S. Dei'Jar tment of the Interior, Fish and Hildlif e Service. 
A copy of the Fisli ~mcl t-:'ildlife Service 7 s repcrt, containing comments and 
recommendations on environmental effects associated with the proposed con
struction and operation of the Surry Power Station, is enclosed for your 
information. Copies of the report are also being sent to the appropriate 
State and local officials. The information and recow.cnendations in the 
report will be considered in our overall evaluation of the Surry Power 
Station. 

We concur with the Department of the Interior's comments and recommenda
tions and therefore request that you implement them, including continuing 
to cooperate with appropriate Federal' and State agencies in developing the 
necessary program for the preoperational and post-operational environ.11ental 
monitorin;:; surveys. 11,-enty copies of the results of your preoperational 
surveilL=mce program should be submitted to us as soon as it is availab] 

Plec1se inform us in detail how you intend to iDplement each of the 
Department oi Interior's comments and recomm-2nc1ations. 

Enclosure: 
Fish & Wildlife Service Report 

dated 10/Li/71 

cc: (see nc:<t page) 

Sincerely, 

l -~ t ··.· J : •• • •• ~ 

Peter A. Morris, Director 
Division of Reactor Licensing 
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A=1:-•; .. ',( '•: 1 •• Y 1 r ... !''.· 1 i 1 ' ·' 

f :,_, •, i .: • ( •! ~ ., .. ';, l f I ,~ f 1 : I •', 

A',D b :~.t,_!i f. 

. ... ·.··· 
. : • j ;: ! 
: /•I 

- -·. I ' 
• ,,·· ,1,•' 

,. ,_::,.,. 

U . l ,. • i " ,- l l . • n 1 ten :.·,Li tc·~; , ;,_·p;:_rtrr:cn t 01 t ;c .in Len or 
FISH id~D Wfl_DL!f"T C[FNIC[ 

.IJUl,E/•.U or-· Sf'(irff FISHEr-:1.::s t,.:~l.) WILDLIFE 

\\':\)J !J>~cao.'-:, n:c. 2u'.-:-:o 

OCT 4 1~i'l 

r:r. H~:!'cld. L. :?r:i.cc 
Direct.or o:C' Hc:~11J c.~-;:.:ton 
U .f>. /:.to!::).c 1:::-H-:.1.'c:r Cc:.:::J ss:~.or1 
~)£i[;!lir~~:to:1, }).C., ~'(J)ii5 

'l'his letter cc::-:tc.:Lm, cur Eure~:~:. 1 s co:·-./2:"\t!.; c~1 the Vir,::;inia EJ cct;ric nnd 
r•o·..rcJ .. cc,::1:.,::-:.ny·' c ~{;:;)J.j cc-~t,j_: .. J;·l :Cc.i1 .... r...tJ o·;Jf;l .. v.t:L;-!:i: Jj_ct:.n.r:e f'o1~ t.h,-~ s~,.rr·y· 
J.)o·,1ex· ~-~t::::.;·.j_o:n, l]:1i~~r.> 1 ~.-.,~c.. 2, J :~:;.!es r\i\:\!r, './i1··:.:!!.~r~, J~f~C! Do\!~;et, i7os. 
)0-2CU a:1cl '.;C:-:.<:::.. 'l'he .?L,.:<!. :3c:I"i..:t.y i;.n:J .. ys:i..:.:; f:(:fc:.:·t o.nd aJ.l cub;;cqucnt 
cu;~cnd:·::ertts JG!1rc?::~)1 !~c·. 2-2 t:l;.;~ \·ter~ :r. .. c.·.·:lft,·:cd. i.!1 C(1n.j1..~:u:~ti.ct1 1·."J.ti1 t11e 
e.riJ)lic~.;.t,j_0n. 'J.11:~:: ec~:.:::e:r~.s of~ t.he l,!·lc1··/i .. t.le.n·:,ic Co::~;.~tc\.l l,i:;hc1~ies 
r:cse(,~ ... c.!1 Ct.~ni .. cl .. , r::.:·~.,2:. J)c}J:-.... :rt:-:~r:.:j:·!; c;~r Co.-~'..::~c:t ... cc, t:.:::x·c o1Jt~ir1cd. ~.n<.l nrc 
i1iclu~:cd. :i_n this :te:vie'";. 

0:1 i.::~e con-
' ~~1:_.r:~:Lc~t1-

f\.~[!t;ur-c:-; ot· t/nc. 1_:;x·c~Jcct, c~j.f;Cli_,J[j-:;d t1).c 1.'i:Jh. c.::.nt.l ~.-~:.J.(ilife l"c.sc;v.-ccc~ tl1E•.t 
,:ou1(l be. af:fcct.cd., ur.cl rccc-::r:--.. cncit3d r~cr:~u.rc:; to I:!'c·2,cc l.; t~l~c::t; rc.:;o\~rce:s 
frcw sJ.2:nii'icr~·1d:, d.f~::1;.:;e. l;,O!''T1cr Cc:·:~:,·t~;sio11::~1· i1 n.utzl:e' s let,t.c1'S of 
Feliru...:.ry 12 r;nci. l,r,ri:_ 9, l'~{U, proviC:Lc~~i. aclcLL ticr:al co:u:;cnts. 'j~he con
st1'uctj_\..1:1 perr:ii t; l,- P.s :i. s ~1u.cd or1 Jtu1e 2 5, 1~)68. \·:c \!l1G.c:r:-.;tb.Dri tbnt co11-
t:truct.i on of the 1.n·c,jcct iG sl1:Jstantially co;::pletc nnd fuel J.c~iding is 
schecluJ.cd for ,T.:inti.:{1':I' 1972. 

The l)l'C(\')C">''•1·i· C'118i l'"':,].· olr:':ic··tl '"',Q!li'·o--inr: 11,•oc·,.,,r, j r,;.;·i·, 4l·c·d in F·G8 . - j: ..... l•. U I. • - 1.1.'-"I.. .• () (. • '-•• "' \.I l..,i.. • t:.> .. - ~ -., .... C... ... • ....... V (.. • , • ./ 

is [.<.~ncra.ll;;r sat.:Lsi';;~to:cy. llcr.wver, it. r.:!to'.iJ.rl b-::: ex.onndcc.l. to :include 
rcprL'0c:1tc.t.ive :.'}:C:ciu; o.f cc:nii·,m·c~l:, v.nd. !:c.::·c::.v01·ou,3 fj_sli.e:.s .aid. aquat.ic 
VC(~ct~tiO?l C()J.1c..ct 1:~J \,:i·GLir1 ~O() 1·c'2t of' t1'!c l::Lt:(·~:~:'.·r~->~ IJO:ir .. 1;. \·li t}1 t}lC!i8 

additions, tl1c l"t!~iiolo;:ic~:.l r.;o:·1j_tori~1c 11:r_··c;:r~:..~1 1:c·~1J.(l -~-~,:; Dc:tisft1.ct.or~r 
insof.':J: ns the i':i.sh ,'..nd.. ,:iJ.dJ.j.fc.; rc.::;ourccs m·r..! cc-J1ccr·.ncd. I·~; wJ.ll be 
nece::;:,ar:{ to conci.t~ct })ostui;ic:i.·~lU.oncl :i.·G.d:i..oloz-;icD.1 ;:-.c,,i torir.G surveys to 
dctcri:dne the c:-:to~t oi' re.clioacti vi ty bui.J.dup, ii' c.u~r, in the c,q_uutic 
nnd terrestrial cr~:,i.nisi::G. 

OpcrLlt:i.cm of the rroj cct b~s the poti;..•ntinl of ui'i'cctin0 th(~ ac1tw.tic 
rc~;cntl'C~s of' t!1c Jn:·:·!c~ ]~:i.v·eI" cr;tun1"'y [v.lvcrsel~r. ~-:e: are co!1CCJ':1c.:i t}1~t 
clr11:1:l;:;c to nqu~~tic lii'c :::~;.{ rc;;ult fro:,, the rclc:cJ::--i of heat.eel conr;.cn~;cr 
cooli11t.; \·: ctcr :u1J.. tl~ r1

• t a r.:ign.i:t'i. co.11t 11t!~::1) er of .:iqti:!Jtic orc;a11i~11~s 1:·.ay 

l1eco::,c: cntrai?1cd j_n tbc coolinG water inta1~c Btn:cturc Dncl cic:...troyccl. 

• 'I ("': /'cl' r: '.t ·' 
;-· t.-'· .: : .. (.. 
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·~c:r.i. c.:1 record!:: i"c·r t.~1e 1-'(:;rj( .. l :·.::-·c.~. C<;1:.·~:.1_::_!.' J.:.,..:;,1: t(> ;~(\rtc:::!'tc11 1::.~~.~;, 
l~:c ~~;-~,·15..,:;c:~:.t c.i<;·:,(!l\ ·:~.~1cd tI·~a~ i.~1·! n:i!-~::· .. t~.~.1 !.~:-~::1~--::c)nt:!J~r fr~:~;!1-·,:ntc..r· 

• , . • -.. t• J••, ., •• • 1~..:,..- "'" • L,. J,1 I •, •' ~ ,\•,·'· ,.,.', !, ·") "I,,~•• c'~! r-7 'l'',-. 1' • ·.i.1::;C(~;'!.'1·-c 1C!"' ·:;c , .•.. ·_;;, .. \.L.l:.!. ,;~. l,.lC _.;.:O.Jr .. : .. l• ·---~-··._. -. ....... > >) C. .. }. _..,·.,,·:'...!'!~ 
·t.:~c 1;··.:·, io:.i t~.1.1_·~u::t tIL~cc1n~)1 O:.:t~::;_.c.:r 1)1:.,ci, <~·:·1 :l.r:t.:., .... ::)ret:·.tio:1 c:' t:~;:.;-:·.rc:GJ;l 

J·:·;co~·.::~ i~~d.ic.:.t~:..; t!·1 ./c :-:::::·:rr f.l.c:·,; ·.1~s Jc:: r.; i.J.1:::::! j()Cl c:C[; l.·i"l~l1 t.lic Jc.idf.:;st 
: ·. ·:rtn :::c!tth.1.y flc;,1 't;c:L1:~ t~Uc,u.t tJG:J cf~;. J~t~.rJr:~ ~Z1ir, ll:rott~·;11.J\.~, tb-(: :i.'J.o·w 
\';~;, ._:o::.,ul.; l;40 Cf;, i'Ol' .S-;;VC,n CC:i!;,:,cuti VC ci:·;Jr;, 

c::tt cJJ.' t-1!·~~ e:.~t-~ .. ~::1"'~,. 0:1~~-y 1):.r c1.::.~·:.;):::·1.'[.;~cir1 .... ~:.::~r1:.:'...: !: ~ :~t. c.r 1./:(.; ::a\!e ',tc!.L.i..::r 

i:.:.1vin~~ sc~·:.-::,::d on t,hs eblrtid .. :·:re·t·.un::; l1,,,c;·::ru.::: :n t:1c .i'.'Jc:(:J. t.Jd.::::. Di::;-
1~er~;j;'!(! flt!~:hir~~ r.~:·.;/ .DC a "':C}"'~., ;-:]_c-,; r~:::(·C!.2t! ;; , e~ ~·: 1~cir: .. 1 .. .l~, .. -:.-.th·:":l"'C tj_r_; :11 

rti.n[~e i11 st~~f.e :t::; f.:;tc:.1.1, nuci1 u.s in t,Jic t.1~::-:.;:..s ;_ i··/c1· c:-;L~u.::r·~". 

[)1.1J!Cl"'i.!:i;..,c,~; ed. u.pcn th c o~, cil~L:.~ t: ut·~t tid t~.l fJ. 0·1·,1 s ~--··.d. t. hr.! f':cc: ~ill-T,t ~1.t.c r flc'.,1 s, 
t!1crc j_:--) c. net r:011·~ic.L'".tl ci1~c~:] .. :.·~.ic:1 c:.:n~:~c~i t:r ~-:·.t!.~v.:~ior1 Of f.ioJ.:i..~iC! -..~(~.te:L' 

Oi' t:1() tio.~J., 
i'rc:::t--~,~~-~.:.~:1•, ::y;~i. c:i.:t"C"..tJ.(:.~,-.0.l'2t cJ.:i.:::;:·~::.l~f'>~;f_:, ~~o~·;,\rCC··.·.\.\ .. C t.}"'::n;;t,f.-'l"t C:f° C(}!1-
t.c~rr.:ie:~; ri~.=i t~r tb C! }.t.i[., t. ... (.,',10 r~~~Y 1}C t}1c !~:();~ t; ~i.!_···.'..·,'-1 ::···~·- ~::.nt.. 

'?he L~!)}-:.l}c:~nt u.:..;:.!0. u }?l·1Jrsicu1_ !~Lc;··lel to LJ.id in ,~·~sir.:.r1j_n.~: t.!1c ccol:i Ttf; 
,.:~:t~:r :t.r:/.:,rt·:\.c ~llli di~:(;!1t~l\~e S~/::.:\:.cr:r;; c:.n\i. i:.o c"l_. .. :.~}:·-.:·.:uc t::.:~·:·,~)~r:.1·~1.~_l'e t.;i_'/l.!Ct.s 

in t!1c e::-d .. ·.:..1~1·~.r- rh:.ur t.;~2 ~}lC1.r1t ~tt.c. 1The clc::;i~;~~J of· t.!1c ~;trr~j_o11 dir~chal~Le 
l.··~ 1·n1·_r•r·r··c·c1 to c~;,,,.-.~ ~-·n,-., ,.·n+.c·,· ,,,}11·c11 i•·1'-: 1-,.:,;,11 ··~··,i·l·,cJ hr 1//.l 1·~ {:r) Jlil0 ">; - ""'"-·"-"-"'- .......................... .&.._,c.:;. ...... ,~ .... , ........... --\.;,, ..... -'""t; ... , .... ·', ... , ..... ··-

[i!:d t!jc:::, ..... •....:b;~l 1Jcco::·.~ r~(it1cc~i. rr.·.ri:~ cfL~/ ir1 t~erx~.c.t·r:.t·.,...:::·c. T>r!:-.:ed C>!l i:.J1(:~;c~ 1.:icd.cl 
t~st:;, -'a.:.!:c [:.1-;r;lic~r~:G st:rte:., t.ti ..... t a 1t10.xi:;;i..l:;t t.c:;:·.~;_1--~r.::ltt~1::2 I"'i~c .of .l, 1;.0 11 

1::t:y be rc,lli:::.ed at t,h~ :Cur sllo;:c unck:r su:.':::c:r· c.::::,~·1ci.it1c,n~. 

A nr.ncr c11titlcd "JJYt:e:riirct:,ticD of ,-1:.1tcr 1)(,2.J.:'t·~:Lon D[,.tn f':rc:!', 'J:iu.:J_ 
l~st,1~.1 .. ~.,r 1-!oi~J_.::" t,y ]). }~·. 1,. }It~:\\cr::~~11, l~. }~ .. 1-:c:~.:~2~{ Jx·., ~~~~ ~!, C. !!\~1.iC~l"', 

:\ 

p11.bl:i:;:1.:.:d in the '.l'hjJ·d Jntcrrn\:,:).c,::10.J. Co:1:f."c:rc::1cr., 0~1 \·ir:.t(·r l;ollt1.Lic;n 
r.c.·ticr~rcl:, \70]1. 3, J_~i~<), i11~lic(~.t.c~; · t.ht~·t, t~~ic~ J·..::~\V~-~-:~f; c)f~ d .. i.t,p·~r~;j_c;11 e"l~ttd.:Lcs, 
suc11 c:1.~i tte r.:G\'c::~nt cf !Jt'~1.t,..:ct '\!r/~c:r. .. HH(i r·a:l:i_o~·!·~cl.:i.c1,;~;: rn(1.:;l bl:: :i.Lvnlid. 
,:hen b~·.scd. on p!iy~icr,J. r:10,1.els, 

~-·he reJ.:i [!!1CC c:1 a -:i1!·:y::;ic:nl 1!1c,JeJ. for C''!'~J.llL~.j.1i:-:. tc,,r:i,~n,(turc efS\::ets, 
the f'a.i:l.tn·e to consj c:.C!l' tbc ,,·c;1·::t 10·,·1 f:rc:.:,1--·r;(r\c::: rJ.o·.: ccm:.it:l.o:.i:;, :m,l 
i.Lc po;~;-;_i..l1J.e o-..·e:::.·cst:; '.:~·:':;:i.c!1 cf ·l.-iic ~,biJ.:i.t.-.:; oJ' ', :>.h1 (1L;chr.r;;cD to fJ.unh 
Ci ·~~t:. .. ·:-, i.~:C!l'v~. ~·:rc:J t.11.:: c~-; C.t~r~!'~t ~·~·;"!')2al"'~ to ]:~·.;:~c ;~~·.,2 .:;.J_)JjJ.icl~lt 1 s (.!\'C!~Ltu.1.tiu11 
of' the t .. :1cn:::,.l c'i:i'c,c ;; c1uc~, tic:-,~,.:;J.c. 

\, .tl.L l•c 1·,c:ci::~;~;::·r:,- tu u~tu·::·,ir:c- th,~ :i..r.,r,:~c.:t c,f ·t,":;(;. lk,,tci..L 
:JCJU[!tic re:.:;ou.:i"'ce:;. ~.'Jlc c.:o::·1J)(G-!S l~c.s cx1;i'"1...."':::.~t: c.i (.:..:.a1:r~~!1ce 
1 •.L( !:l r.::ferc1~c,_J. .:.oon~ ,:ill be )·.::;:;oly1;,l f.c~L:i.:~1'::·~·;::-::.,r:iJ.~,. 

2 

cl.'fJ.uc·i,t on 
th::tt i..-11"..! }.l l'0-

1.lhc1·efo:r:(:, \·:c 
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l,1 0· .. ~_1,;. lt:'..-."C no 0:.i.·icci:.5.~::1 "Le..> l:J·1.: :i.;.~:. 1.~:~.i·tr'l! <1i.' t.:~'~; c::-:.:_·r;_.;,'l,Jt:~; J.1~--~t:~1·-;c. II<..,,; ..... 
C:"."t..·!.',. i.:c· l'"'..!~:i:.:·.:; .. r.i-~d. ·L~·1::,t )trio~~ to :i.~~;_::~: .. :·~(.~C: ()f.' ·:.:~H.:: c·;:;:~·1·::.G:.!!:~ J.:Lc.:,:.::1:~c·, 
the (~·:··:;.,·J.ic; .. :1~·, }_'Tcvirlc ~!.:-:~:l:!'t:r~C(·: 1}~:}~~ t.::t.·! r~·c;]c~t \·:_!ll b-~ 0;1~~r; ~.c,: . .i.n ~!. 

1~:-~1:! .. ·1· ·. 1 l1:i.c~J ·.·.:J_:J ... r.c~~.; i-·1:{;_1.~.r.~c ~ .. :1i:.. c~·.:.~~.ij_·:.~,r ci' "'~:1c: '\,':.::'.~~:r c_ ... (•.i'/c .:~G ti· .. -; ~---~,,:; 
:-:"' .. 1 ,_:_: :L'.~li.i.\: .t,.'.t,n'_;,,rces .:.1..i·:J. t!h.~ ci1\"i~v~'l·.:c~:l'~ o::..· t~~t~ t"f~~:-:.e;.; r:1 ·vr..::.}" (!.~~~~.1r:_; 

(:~J .. ,· c ::.·· ~·:: c] :,'. 

2. Co:·:LJ..n~_~1_; t~o · co;~(li..2c-t r~·::·t:C'!"'·:..~·L~.i.u.~:.:J. rri.r-1.i..oln{~ic;::J_ ~:,.~1d .. e(~oJ.o~;
:i.c:~J_ S\":.!"'-:;c::-;-:, (lC\rt_;J_(:'.J(~{~ :i:1 CO(i_; _ _;(:}.';1."t,ic:! "\'Tith t,!·lc ai)OVC-ri..:~:.-:: .. :.:l 

C(··. 

l; • Cc:::~:_·.).--~·~·. : . : · .. -:. t:G~c.r·L t j 0~ ~ '.J. r: ·.• i 3.\.)}t:-;_ ·:~_c;cJ.. r:nd e:coJ.o~ ~i c~J. ~ :;y -.--~·~./ :.1 

5.n :·.cro~"i.:.: :·~(·. -. 1.·:t.~.-!1 ~:·l: !!:; l:=:\:·r·~.c~·.:i.·.d. 1.~:~_,1_c!r 1'cc:o::·,:·:· . .-.::.:1d.(!,l~:: c;; l::J. ]_ 

.1: . . :. :::.·· '· .-.. 

t}:;~G 1··.·u 

\. ~· l'i":\,:1 • .! j ~: L: ~ Lci~:l1 ccr:,.:;J_t~.~)i .... rcJ:,:-- c3l':··<:~1:: 1;:·:.:;J(.:.i 
'. .·.:.·.:.::- ~r::, [~(i.",.'C":" ;::: CC(i.:~:i~::~(\•i;':. c:-:i:-;t, LE:l r-t:.1.: .. :;l."C ;;).~-: 

co~·;j_c~ c;.i' ·:.:2~:c:::..; .:t:·.:.:port[~ i:.J the- JJi:r,;,:;c:L:c,1·, l)1trc~1tt of f~l)DJ.'t r~1.sl1c.::::.·ic;,j 
ari~ \:il.cl.1:~.~~c, i\)1 ... ·c'J ~J...-_IJJt;.·~·,ic.:.1. 

~, J.:~::.:.-. :.~ .. :.~-.. ,~-c": ::::~:-J.r~~~-t~ flc:-:i.l:5.J it~\' c,f p~_ci11 (tc:~:5 en to }")C!r~·:·d ·c ;i1.1(:l1 

tl:) .... _.~.J'j c~ .. :~· .. L~.;::.: ;; :) :.:,:-·o;je:~t !;i;:i:-\.lc.; .. _:1.1.:·:·:.}~~; ::·:-id. 0!·;21·0.t:i.011~, :i.r:c}l.:.~tL~·,:: 
i'~!c_i ~1.i<:.j.l::: ~--:-· 1-L ,:·!:.;(! -~j1:: t:..:~. _,_;1.:.::.·ul·,1::r·c c.~· t.}1e: cJ_';·J··.t(:r;t ",·;~~L:c:i: r.:.:/.l 
i1::.~·:.;-:J~.~-~~i.(.i o.~· ~·:~ .. ,~1 }iJ'O~!:--.:t:~i-: ... c clr.:\·5.c1..:.s r.'l. t}·l:.! i~;t.~_::(~ sl:r· .. ~.c·t,1~_1·c 

u:1(.}. 1:0~. ::~_.>: .. ~ ~--~:.:Le ... :~l S't~j" .:·-->·:; :::~:J. cr:·.!:c:r :.: i~l~ai(.·;.i t.o r(:.."O°(,(.:(~t; °:.'•!n,; S'i:.:::2 
E'.ttcl ,1iJ.cL1. .L :~·'-~ :re:; c-~-:.i·cc~ s ~: ::··:. t.!1c c; p.,r 3.1·c.:·i~::c·1 :t. 

Sincere].:{ ::,re~1.J:S, 
·--

(l// J 
1

{_ f/__ .0.}c~: 
L-

·1 ·~~ :. 1 ··;,-li:- Dire.ct.or ~ .:., .. -, • •.J ~ •• I L 

3 

,. 

(4) 
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i..i ... ; ~)' l 

· Concerns stated in the Fish and ~Jildiife Service lt:!ttc:: ,_,Jc:tober 4, 1971) 

are almost identical to those expressed above. in G-1 7 ,,nd G-l 7a. Applicant 

has already submitted the n,quin.:d number of copies of the miiterial -requested 

by the AEC letter (October 26, 1971) in lts FSAt: 1\Jn.::11dment 16 of December 1, 1970 

in answer to supplemental question 11.4. 
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;;-,\~ .. H ~~-·t,'i ,,:~. 11.c. :.1,: 1:, 

Hr. Pctt,r A. i·;u,-r:i!_,, l)_i_-,:.:,.·:tor 

D:Lvision of Hc,,~cl c,r tj cc:-:,~-Lng 
Atomic Ene}:gy c,-... ,.,;i.,>d.l;n 

w~ishins;ton, ll.C. 205!15 

Dc.:-n: Hr. 11orris: 

, 

G--19 

;\.p1·.i1 13, J.9/0 

I11 response tL> yo_u.r rcquc::,t of Harch 9, 1970) for the co;,:ment:s 

(1) 

of b1c Aclvj_sciry Council on 1/J.sto;"ic Pru;2rvat:ioa cunc:cn1i1~l: the 
locnt'i.on of the Surry Po'..'t~i:· Station .i.n Surry Cou.n.ty, v;_rf:;:i.rt:ia, 
in nJ.at:iL)n Lr> t.11,~ C.h:i.·11),c/~cf-' Pln11t:;;11.:'i.c.>n, the Cr,t•·,,c·i.l l~;;;s 
co:"i.si.ci1_:~ .. e:d t·L-~· t~f.fect of Ll!i~J u1:,dcct".~J:.i1i.~ upo:.1 tho h.:~Linn.=.1J 
}~egJ~.1lc-:r iiJ 1·,r:1.1.·L.)', 

In accorrl2i1:· .. ~-, ··:'.Ltli its y,rc1c-.c·.d1.n:c0.G th,;_·. Cuunc..i.l 11<:'.:'. receiv{.:d ctn 
evnl 1.1c; tic,n c'f L11(! cf .r:cc :. :·Jf- the po::~'l' ~~ Uit:i.ou :1 t the coirn i.--,~u<.: t.i.ou 
site~ ~nc1 L:-J.::.~ rl',:!cL(:d Lli,:., c·Jru:lu[;·i_..:...'n i..~bat t·hc prob~i.blc efft:·.ct: trpon 
tl1e C~·1·i1);1n!::,.=-: P_l:~:_:.!.:~:~.:!c:: ::~_:_~~~~ct t.2· j-.1i..1t:.~J. LU i.12 f;uffic~1.en:::J.y 
aclv0:r:se to ,,,ar::aHt Council. c,;n:,:,ent. 

Sinc.nen~ly yorrs, 

1
/,. 

!).. ., " , ,.JL.f\ \ ;·.,r~, .·: ,. ;;_-,, \.,./( 
l. ;:\ .. I : ! '·"· I ·,'; , . .-/ :.-, . /.· . I ' . . I ·. . . , • , • • . . 
\ 1··.'., 'V ·.· \t'il<' '· l ' f 

Robert R. -Garvey, Jr. 
Executive Secretary 

cc: Dr. Ech,c.rd P. Alc:-:,:1:de:r, State LL:d.son (Jffi.ccr. for Hi.storJ.c 
Preserv:1 t .. ; crc"t, l~oor.1 J JGC., St«tC' };-i_nth Sti:,::c:L' Office BuJ.Jdini, 
Ricbmnnct, V:i.q-;in:i o. ?.3'.U9 

'i'Hi:: u,t·:.;i::•. i.: d:n,·r1•'t!1 l,·1 ti:c _j,,' ,f r,.i: 1-·r ::,. 1-7::. 1•·iti: (•·l.-j :';i,., U:. [';·:-:i,.'1·1:t c:,·,f ('c,,:'.,,c:.'l i11 tli·· Jir!d c,f n:.~tr.ric. / 1 ,·,;.,.'/Ti 1 ,'i.,,, 
,·cc·v:11111~:·(.'1,.!1 11!,·t:•.ip·,··: f . ., ,, .. ,,.-,··1•:,.' · .. 1.,.1,·!i•,·11.' 1/ , .. ,;~ j;,·:·,·,•/\' c,::",;li·,:. ,ir:1·i·.·:·:1!J Qii O,r ,!'.·: ,·,·,:":11:((,1 ,: ,,; l::vi':'·<!':,1:1, r1:r11u.:1,;i.•I(,' ;11,,1, 1:1-

iidt•r:·,~f n:ir! "1:,/,',·i;,r:!i.·);1, r,,',)11111:u.,!i.-:!t tl.c ,·,,11- 1.i,.! 11.f .·;•,·.·icl .~t.!•li .. :. ,,fi,·i.-.:.".•a i~: tl:r• 111·,·;-:r:!:!."v~· n_r !,·yi.,·!c7li•)'!, a:,!. >:N,:1rr.r;i1•:1 s!•.ci,::i.":ol 
trl!iniuo en:.:! t,lH•·1!::(111, 'J'Ji•· (',.:!i:,·;/ <:I.-, lie.: t,'11. rr.,j ~-·:;i1Ji/it;1 t,, 1·1"1·11,1, 11! (u' /',·d,·ral or J',,!,·,..t!y.c.·: . .:i·d•·,! 1i1:J,·J'l1'.-i,:ti1: tl.,1f Ju?,'f' :;h ,:·:·L'.._·f 
011 , ullur.11 Jnc.•J'•'•-t!J li,:.tcd i,, ti:-''. Xnti,Jnnl N, ::·..-.·:!, r. · 

·1 ·, ., .; 
,; . J . .t. '·: 
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UNiTEu STATr:s cor~:::T GUi.\.RD 

·Mr. Harold L. Price 
Director of P.egulation 
u. s. Atomic Erie:?:"f.Y Co;r::11ission 
Washington, D. c. 20545 

Pear Hr. I':rice: 

tf
. ;;::,=~~TI__:(:, 

. ,,.,,....,~ ....... ,,/ ~ 
/ ,, n r Ii i' r-- '(,,- o 

• f > I ' • ; ~J \.- -' 
~;., l' : .,: j' ' \/ \ 
11 1 l I·' 1 , , • \_-•\ '''-· . ..,,,.~~ •" ._u ' -

. ._I r1r,,11·" .;•,-7-1 .. · r-r•.~ 'v-• 1·· r, T , .. · . I·.,.. i ·-' • 

\j IM ., I·.,/ - I 

- -., .. ,... ...... . . '·- I \ \ U.,. As,· ,1, :.;,,,,,) I 7 
, s\ }//\t~i . /7i . 

/
>,,. .:,.II.>, ... ,_ .. A/ 
/'r-.. ,·<{';/ 'u!rr~:-rv 

G-20 (1) 

/,!I!.!, f"'';t; , ~ .. t!:,· (":,. 

cmMN,~:r.1.r.rn (AWL) 
U.S. co,.~~T Gt.'/,f•;D 
W/,SHINGTQI,, O.C. 20~9) 

. '• 

This is in respor:se to your letter of 31 }1:n·ch ·1971 .:::dc11·essed to N1:·o M.ich3cl 
S. Cafferty~ Ac ting As si.stant Sccret:::.·:-y ir.•r r~m·iror.rn~ni. and U)_·b::n Syf;t:e1~1:.;., 
De? pr.T.trn2r1 t of T~ D.ns po;:-tc.. t i.cJn: co:: ~:e. ~~ ning yo·1..1r d r c\f t r; n,1 ironlit'".:!D t al st at~ .. rr~? n t 
and \ii.rgini.;;.. r:J~ctric c.!.'ld P,n,er. Corr,'.)a.ny' s cm\.·ironr,1~ntnl r~port for the !)'.:<cry 
P()\.,:-·c.r Station Un:Lts 1 an.d 2, presen.tly· ~~n·~.(;r con$trnct:i.on at Grt1vt~~1 L~(;,.::~-~; 

Ju:nez f?.i.vr:r i;.·L Surr:.,r Cour:ty, Virginiao 

The ccn::erned operating a:1od.ni~tr·ntioll _and staf:.( of tLr.:; Dt;pt·;.:::-t;r.·> ... ~nt of Tral1~~ .. , 
portatioi1 'ttrt\te L.'"t;\.riet,;red beth th,? d!'~ft str~t2.r:·r.-'!·~t r .. -."lJ c~1:\.,:Lrc..:111(.o::n~·aJ. '!~c.pc:-c1:. 
-- ..L .~ d.'..- ........ :.! -"-~ L'.~. c..;,. !.. :\..., L- • L. l,!1~ )'..;_, ! C. l~C,;. l ... - d.-- ... L l ..:.. .J.1i,1•'..: .... l ... J,. i.J..-.'.':• l· .... _i, .. '. I.... L 
Tt:·· .;<> tJ,, ·1·1-,r,r.;n·,'-i"'1 o·" ~~-,, T··7n· tr'-.,.1'· ,.;,~i· '-'·1n .:.-.,--,·,~•- rJ·"" t)-; · -,--o'· ··'-

upon tr.:rn.sµm~tc.1·.1 .. on l.S !Jl.l1l.Fl2.l. L • . 

Al ti·H:.t':::h th~.s 1'2p?.rtmc·;·u: re.co;;:r,,,,no.:=:, is suDrir.e c,f th(: licen.,::, and c:1rJ.y c,·,,,,., 
p1r:ti(1~·1 o[ t11e prcjc~ct ;,.;,.?. ;-;.re c::r~1t.:e·rr1cd rrec·!t:jy \·ritC, ~.:;!.ctl en· :i~3 11 !1._~nt · \1.:.:3·~ 

sipat:f.c..,rln, pn~c! 9 oi tl1i::; dr,tft. r<;'!pc~r,t:-
'• I • ~ 

The Ja:nce River is considered a navigable W,t!:en,•ay and i'ls snd1 thif> D~p,H·t:r·· 
ment is viU'.lly int~rested in .s.ny enviror:;r:i:.n.t-rd. aspect c.i'f":ct:i.<,, 1·he ri',"2:~-0 
Noted in the staff r~vJ_ew of the irnpc!ct st.'.'ltcrx,nt HilS the fact tL:1.t tl·!<': d,i!,:j1:n 
of the cooling water ~yslem 5.ndic2tes a potential for build-up of he~terl w~t~r 
in the river ,.;~·d::h coi~ld n·,70,::!ucc severe. envi:cc::1F.?.nt2J. .:;nd eco::!.o:).cal eff.:cts 
purticulm.:ly dm,in.;~ p::riodt' of lm-1 flow.. Frcn! a pr.::.ctical · stand:;i•.:.d.nt it can 
be assrnned t:ha.t the periods of J O'.J f lo':-J will be d,.:rir:g the swm:,\Y. rnonthf; ,ih:i.ch 
also har,pen i:o b(! th,:; rJ'.cri.ods yhcn the pJ.2r:l:l; \·Jill be C?,:!ratinr; at.: fc1:i.rly higl: 
·peaks '\·::Lth c.:i.c.h unit requirin6 8110,0.00 gpm. of river \-:rul:cr. to i,t1ppJ.y conck.,nsing 
and .. .service watr-r. needs a · This issue. certd.nly n~quircs furt:h,2.r di'scus.si.on in 
mo.re deta.i.1., 111is DefJnrtrneut clcfers to the reviews of tl;e Fish ~ml \•iildlifo. 

• I . . 

Servi;ae a!ld the Environmental Protection Agen_cy w~1ich a:-,pear to be c.s::;cn(ial 
in.'this Cc.!SCo 



e 

• 

G-20 li) 

The oppoitunity offered the DepaTtm~nt of Tr~11sportatio; t6 rcvi.ew and 
cormw~n~ on the en'.'i:.:-01-n!en(:al 5t:::t:em.~nt and the enviror!rncnt report for 
Surry Power Station Units 1 ancl 2 is apprcc:i.ated4 

Sincerely, 

/·····. 

. :,:{··- , .. _; 

/: 

,, 
l~ .. ·_.-i· .. z·; ., .. ·) .. :i·i-~"'" 

}~c·;~;· ./ ~>.~ 0

((:'!, L". j)~-- c:(.•t.!St. (;'!tru·} 

C'h.l£:j, c:·ff>·:? o/ i:~:: .. :~,{; G/.:i J1:,t.cr;-:.c.~·f,;ii(t/. . .4 ira.ir( 
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FEDERAL POWER COMMISSION 

WASHINGTON, D.C. 20426 

Mr. Harold L. Price 
Director of Regulation 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Mr. Price: 

JUN <l-

G-21 

19i1 

50-280 

50-281 

This is in reference to your letter of March 31, 1971, requesting 
comments of the Federal Power Commission on the Draft Detailed State
ment on Environmental Considerations by the U. S. Atomic Energy 
Commission related to the Proposed Operation of Surry Power Station 
Units 1 and 2 by the Virginia Electric and Power Company, Docket Nos. 
50-280 and 50-281. 

These comments are in accordance with the National Environmental 
Policy Act of 1969 and the guidelines of the President's Council on 
Environmental Quality dated April 23, 1971. Our comments take into 
account the fact that this project is in an advanced stage of con
struction and that the applicant is expecting the first unit to go 
into commercial service in February 1972 and the second unit in 
June 1972. 

The Need for Power 

The Surry nuclear power station is located on the James River 
in Surry County, Virginia, 25 miles northwest from Norfolk on a 
point of land called Gravel Neck. According to the applicant's 
environmental report, the Company's system reserve capacity during 
the coming summer of 1971 when augmented by firm purchases is expected 
to be 11.8 percent and that. of the summer of 1972 to be 14.8 p~rcent. 
The Company also states that without the 800-megawatt capacity of 
each of the Surry nuclear units, the power supply of its system 
would remain vulnerable to ma_ssive interruptions. Furthermore, 
according to the Company's report, this vulnerability could not be 
remedied by importation of power from neighboring utility systems 
because of a lack of existing transmission line capacity and because 
excess capacity in amounts sufficient to displace the capacity of 
the Surry units was not available in its region. 

-Rec'd O!t. Dir. o; Heg. 
Date ~

1
/z!J! 

Time · ,., r-/ () ).,j 

(1) 

''t 
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Mr. Harold L. Price 

A review of the information available in this office, based on the 
applicant's Monthly Power Statement, FPC Form 12-E and the April 1, 1971, 
report of the Virginia-Carolinas Subregion of the Southeastern Electric 
Reliability Council, confirms the precarious supply-demand situation 
which is expected to develop during the summer of 1972 and the general 
low-reserve situation of the utility systems who are members of the 
Virginia-Car.olinas Subregiqn. 

The following table summarizes data available from the reports which 
have been cited, but does not include capacity available from firm 
purchases: 

Not Including 
Surry Units No. 
and 2 
Capacity MW 
Peak Load MW 
Reserve MW 

Percent 

Including Surry 
Units No. 1 and 
Capacity MW 
Peak Load MW 
Reserve MW 

Percent 

1 

2 

. Virginia Electric 
Power Company 

Summer 1972 

5,188 
6,440 

-1,252 
-19.4 

6,764 
6,44Q 

32!i. 
5.0 

SECR 
Virginia
Carolina~ 
Subregion 

Summer 1972. 

22,304 
·20,980 

1,324 
6.3 

23,943 
20,980 

2,963 
14.1 

Southeastern Electric 
Reliability Council 

Summer 1972 

75,197 
64,746 
10,451 

16.1 

76,836 
64,746 
12,090 

18.7 

It will be noted that bar:~d on the capacity owned by the applicant 
and without taking into accour: the capacity of the Surry units, the 
Company would have been enterL1g the 1972 summer peaking season with a 
capacity of 1,252 megawatts le,;s than the current projected sum.mer peak 
load. When account is taken of the Surry units, the Company's reserve 
situation improves to 5.0 percent. Thus, even when the Surry units 
are available, the Company will find it necessary to continue to 
depend on firm purchases from neighboring utilities to maintain reliable 
services., While the reserve cdpac ity. of the Virginia-Carolinas Sub;. 
region, with and without the : 1rry units, is somewhat higher, these 
reserves are not high enough i-.-, assure full confidence in a troubleless 
summer of 1972. 
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- 3 -

Mr. Harold L. Price 

In general the Commission's Bureau of Power regards a reserve 
capacity of about 20 percent as essential under many present utility 
syste~ operating ·conditions. During the past several years, there 
have been many delays in availability of new power system facilities, 
particularly with large new generating units. When the reserve margins 
of any system, in a theoretical determination such as we have made based 
on data available to us, tends to approach or fall below the 15 percent 
level, the Commission's Bureau of Power feels that there should be 
ample cause for apprehension. 

Alternates to Proposed Action 

Since the construction of the Surry units is in its final stage 
with the scheduled date for commercial operaticin lesi than one year 
away, there are no practical alternatives to the project which could 
provide the needed capacity by the summer of 1972. The applicant is 
unable to rely on capacity elsewhere in the Virginia-Caiolinas Sub
region. Importation from the Pennsylvania-New Jersey-Maryland Inter
connection to the north similarly cannot be counted upon because of 
the general low-reserve situation among the· electric utility systems 
of the Eastern seaboard. A lack of suffici~nt transmission capacity 
to the west precludes hope of support from that direction. There is 
not sufficient time, moreover, to consider a fossil fuel s~bstitute 
plant. For the same reason a hydroelectric installation cannot be 
regarded as a practical substitute. 

Sincerely, 

. A/ !fto~I .. ., 
I V - I v0--1Yit4' ~-

John N. Nassikas 
Chairman 



ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

Mr. Harold L. Price 
Director of Regulation 
U.S. Atomic Energy Commission 
Washington, D.C. 20545 

--------'"Dear Mr. Price: 

AUG 1 6 m, 

G-22 

Thank you for your let.ter of March 31, 1971, requestin~ C~!illZCnts 
on your draft detailed statement for the Suny Power St&ticn Units l 
and 2. 1'/e are pleased tc; provide the cmclor.ed ~port Yhich tu~ri tt:£ 
our ev.;.luat.ion of the potential environmental effects of oporatinf~ the 
proposed facility. The report represents a compil~tion Df CO!ln:.cnt:..i 
<leve1opod by our Office of Radiation Program:; Md Office of ~ater 
ProE;rams, 

Our_ most important. conclusions a.re relative to potent in! shollf. ih 
····--·-····----conta1!i.:.::,:ition ~ gaseous waste holdup, and a popubtio:t d:)se .;ssoss~r.l ., 

As detail co _i.n our report, technical specifications proposed by the 
A applicaut woulu ;-ermit substantial quD.nti ties 0£ iodin~-131 to oo dis 
• chi~rged per year. Our analysis indicates that· discharges or: iodina-~;·· 

should be rest!"ict.ed to less than two curies of iodine-131 per ye:ir H 
t:nu J>otcntial- dose to an in.dividual due to shellfish ca.nst:-i.l)tion is to 
be ~ithin applicable regulations. · · 

With :respGct to gaseous effluents from tho p.h!nt: it b .:;u,< vkw 
that reduction of environi:1ental e;.posure justifi~s longc,: t).(:!'3i~p tir-.,c 
than indicated. Al though a recombiner has been i!lcorporate:a ir-·~-a th~ 
gas handling system, thus allowing a longer feed tiP"~ into o ~-·:ny tnnk 
and fewer releases per year, only a 20-day holdup is proposed. It is 
believed that it is reasonable to control the gaseous rel~nsl!!:; from the 
~la1_1t such that they are co11'.priscd oss<mtially of Kr-BS C'bnly (:ihout 9S~ 
of the mixture). An effective holdup time of about 60 days wc..atd 

·nol"r.ially be required to meet this criterion for typical estint:Jt<."s of 
PWR fission product production. 

I . 

·A dose assessment of the population at risk is significant in 
evaluating the overall potential in:pact of the plant. It is m:-~g~sted 
that such an analysis be presented in the final l!nvironm.,mta.l r; tato~nt 
for the facility taking into account the final design or the waato 
·treatment facilities, 

. t-· ~-; •• 
. ... .. 

(1) 
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raee 2 - }.fr. llarol<l J... Price 

We app:r.e ci a·te the opportunity to ~vj ew nncl comJ1\<.mt cm the 
potential e:nviromr.ental impact of the Surr:-1 Pcwnr Station Units 
1 a::1d 2. If we can assist you fur.thc~r in th:is natter, please 
let us knm:. 

Sincerely, 

,)l·;z· 1'1,M( ,,,1:.€ 

G-22 (2) 

----------·--··--· ~· .... J-............ _..._ __________________________________ .. _ ----~--~-..:.. 

l~n c los m•c 

<~eorge Ma:rlanthal 
/1ctint.1. lilroctor 
Office of Feder.al ,r.cti.vi tics 
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Vepco Response 

Concerns of the Environmental Protection Agency (EPA) focus on three areas: 

potential shellfish contamination from radionuclide releases, gaseous waste 

holdup durations, and population dose assessment. Their recommendations are 

summarized below. 

(a) Shellfish contamination. " ..• Our analysis indicated that discharge 

of Iodine-131 should be restricted to less than two curies of Iodine -131 

per year if the potential dose to an individual due to shellfish consumption 

is to be within applicable regulations." 

(b) Gaseous waste holdup. " •.. I.t is believed th_at it is reasonable to 

control the gaseous releases from the plant such that they are comprised 

essentially of Kr-85 only (about 95% of the mixture). An effective holdup 

time of about 60 days would normally be required to meet this criterion for 

typical estimates of PWR fission production." 

(c) ;population dose assessment. "It is suggested that such ~n analysis 

be presented in the final environmental statement for the facility taking 

into account the final design of the waste treatment facilities." 

Vepco response. In reply to the EPA review of the Draft Environmental 

Statement for Surry Power Station, the following comments represent E summary 

of Applicant's portion on the three items of concern. 

(a) In determining the allowable release rate of I-131, the Environmental 
I 

Protection Agency used a concentration factor of 10,000 for I-131 in shellfish 

based on C. L. Weaver's article, "A Proposed Radioactivity Concentration Guide 

for Shellfish", which appeared in the September 1967 edition of Radiological 

Health Data artd Reports. Vepco is of the opinion that .a concentration factor 

of 50 is a more realistic value for shellfish, based upon UCRL Report 50564 by 



G-22a (2) 

W. H. Chapman and others titled, "Concentration Factors of Chemical Elements 

in Edible Aquatic Organisms" dated December 1968. 

It should be noted that Weaver's article lists concentration factors for I-131 

in shellfish which may vary between 100 and 10,000 and which were ''not used in 

deriving the guides but are presented as one of the considerations for selection 

of the radionuclides" to be used as radiological guides. Inasmuch as UCRL-50564 

is based on recent experimental evidence, Applicant feels that a shellfish 

reconcentration factor or 50 is more realistic. Since the EPA figure of 1.8 Ci/yr 

for a concentration factor of 10,0-0 is equivalent to 360 Ci/yr for a concentration 

factor of 50, the maximum design releases of 26.5* Ci/Y.r (expected releases are 

about 5.4 Ci/yr based on a realistic estimate of 0.2% failed fuel) are well 

within limitations. 

The oyster beds below the station site are extensive but are mainly a source of 

seed oysters, to be taken and replanted in other waters and then re;aken, in most 

cases after one year. The beds are in a tidal estuarine environment which 

increases the dilution water available from the· fresh water flow above the bed 

significantly. 

(b) With respect to gaseous waste discharges, all gas accumulated in the 

treatment system after the feed period will be held for at least 60 days to 

ensure that the total mixture is essentially Kr-85. This is in agreement with 

*The figure of 26.5 Ci/yr differs from the 14 Ci/yr given in the Vepco 
Request to Continue Construction. The figure of 26.5 Ci/yr reflects primarily 
blowdown from both reactor units with steam generator leakage in both units, 
whereas the figure of 14 Ci/yr resulted from blowdown of only one reactor unit. 



--

G-22a (3) 

iPA recollllllendatione. 

(c) The Environmental Protection Agency noted that for gaseous releases 

of halogen and particulate isotopes with half lives greater than 8 days, the 

maximum permissible concentration limits should be reduced by a f~ctor of 700. 

This concentration limit reduction was incorporated into the Technical 

Specifications as Item TS-3.11.B.1 on May 31, 1971. 

(d) Applicant's Environmental Report contained analyses of the net 

gaseous and liquid releases. A population dose assessment, as such, was not 

included. Applicant has recently conducted a populat~on dose analysis which 

estimates the exposures resulting from maximum expected radioactive liquid 

and gaseous releases. Results of this study are given in Appendix H. 
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LINWOOO HOLTCN 
OovrPNOR 

COMMONWEALTH OF VIRGINIA 

GOVERNOR'S OFFICE 

COUNCIL ON THE ENVIRONMENT 

EIGHTH STREET OFFICE BUILDING 

RICHMOND 23219 
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GERALD P. M,C,.BTHY 
EXECUTIVE DIRECTOP. 

August 25, 1971 

Dr. Peter A. Morris, Director 
Division of Reactor Licensing . 
u. S. Atomic Energy Commission 
Washington, D. C. 20545 

Dear Dr. Morris: 

Surry Nuclear Power Station 
Docket Nos. 50-280 and 50-281. 

(1) 

Before replying to your letter of March 26, 1971 
and the notice published in the Federal Register on Decem
ber 4; 1970, this office wanted to circulate the draft 
detailed statement and a copy of the environmental report 
submitted to the Atomic Energy Commission by Virginia Elec
tric and Power Company to the environmentally related state 
agenciesj including the Department of Health, the Department 
of Conservation and Economic Development, the Corm11ission. of 
Outdoor Recreation, Commission of Game and Inland. Fisheries 
and the State Corporation Commission, requesting their re
view and comments. In addition, I noticed that copies of 
the draft detailed statement were also fon.;iarded to the Ex
ecutive Director of the State Water Control Board. 

On behalf of each of these agencies and the State 
\·later Control Board, this will advise you that none of the 
state agencies has reported unfavorably; to the contrary, 
most ag(~ncies were favorably impressed with the environmental 

I 

report., an<l are of the view that the impact of this project 
on the environment will be minimized .. These state agencies 
will, of course, continue to re\Tiew the project and exer
cise their appropriate jurisdiction. 

Sincerely, 

GPMcC/fo 

/JauM f> ~.t(7.u r/....,./ 
Gerald P. McCarthy ~ 
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('iake.Me.lrf, V,Utn.i.11-la 
J ultj 19 , 19 6 6 

G-24 (1) 

. Ml!.. A. H. Mc.Vowell., PJz.e..6-lde.n:t 
V,i/r..9,i.nia. E.le.c.:t,uc. and Pot•JeJt Co1:1pa.nu 
7th. a.nd FJz.anllin S:tJte.e.:t.6 

Nono JUL 21 1966 A.HJ:.tD . 

R,lc.hmo nd, V ,t11.a. ,lnia. 

Ve.alt MJz.. ilc.Vowe.U: 

t10Tt' rq: ~ .,.., ,ar·I'.! RM H I Lk· t.-10L .. r::, :I.) !d0'0 , , • 

At .the. Jz.e.gula/t me.e.:unn Of) .the. Thor.YU Roi.fie l3Jr..rtnc.h, AMoua:Uon (ioJz. 
.the. PJz.U. e.Jz.va...tfon. of V,t11.n,ln,la An:Uqu),.tie..6, a..t. .the. Rc,l ~ e.-(·.laMe.n HoM e., 
SuMtJ, Vill.(linia., on i\londa.y, July 18, 1966, the. me.r.1be.M vo.t.e.d .tha..t. I 
e.xpJz.e..6.6 .to you and uou11. f,i.ne. Ofr.~aniza..t.ion the.ill. de.£.inht in luwinri .tlie. 
ne.w nuc.le.M p.C.cmt toe.ate. at Hoa I.6land. 

TheiA f e.e.Unq Wa..6 one. o fl a WCVtr,, welc.or·!e. .to .the. many wlw w.U.l c.ome. 
.to SuMIJ, e.i.th.e.Jz. .t.e.r:1p0Jz.Mil!J 011. a..6 pe.Ju:ian.e.n:t Jz.e..6ide.nt.6. 

Iv., incU.c.ate.d o..t. .the. me.e..t.i..nq, thi...6 plaiit 11.e.pll.e..6 e.nt.6 .the. n·1any wonde.ll...6 
06 .the. .twe.ntie.th c.e.ntuxy. In c.on.tJtaJ.i.t., the. Rof.~e.-('ICVtJr.e.n HoMe. built in 
16 5 2 and lo c.ate.cl ne.M 81;:ilh' .6 F 011.t bu.i..U in 16 0 9, Mww.6 the. taJ.i.te..6 and 
peJ1.ma.ne.nc.U O ;{ btuldin,n that the. e.aJzi.J Enpli.6 h .6 e.:t.ile.ll...6 cf; OU.h.. C.Otin.tJr.y 
had. r11lih u.ndau.n.te.d c.ouJz.a.g e., .the.y c.Mve.d out a f .t.Jz.e.e..6, bJz.lc.h., r,1c,Jr-taJt 
a.nd land a. plac.e. .tftcr.,t WO.J., to b e.c.or.'!e. .tf 1e. ~11.e.a;t c.oun.t.Jty .thax we. £.,i.v e. in 
and e.njoy :today. 

Su.Jz.Jz.y Cowi.ty i.6 tr.i...qli.t:(u.£.ly .6pof<-e.n o ! a.t. the. "Mo.t.he.11. o ( Countie..6", 
toJz. one. hi.6.t.oJz.-lan hr.Ji .6.tate.d tha.t one.-e.iah..th o!. :the. c.owitie..6 a(. ViJz.qini.a. 
we.11.e. c.Mvecl 51ron iv., bow1daJ'i.ic.-6. It frnJ.i .6e.ve.Jz.<U. plac.u o{ u.nu.6u.n..t 
hi.6 .to Jz.-l c.ai. .6 ,lci ni Mc.an c. c. • 

The. c.ilize.11.6 .eoo/:2 :{011.i~ict.Jtd to the. ne.w cJr.a. with inte11.u:t, cr..nd at the. 
.6ame. ;t .. i.me., ll..e./f('.c..t. on :tlic. tric .. h fie.11.ilace. the. c.ountlj ?w.1.i. 

Co.>tdia.tC.y, 

{' . . ,;) 
.__;_~ .- ._ .L...... ( , 

~J, / ' -·1 
~ '--··1 I~ . '( .. '•.:./ \ . 

(I.ms. GEORGE L. ill[Jt.JFORV) 
THO!IAS ROLFE 3RAIJCf/, A. P. V. A. 
V ,Ute. c..t.Jz.e.6.6 
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EDWARD PORTER ALEXAND~~ 

JAMES GEDDY HOUSE 

WILLIAMSBURG, VIRGINiA 

Mr. Eugene B. Crutchfield 
Vice President 
Virginia Electric and Power Company 
7th and Franklin Streets 
Richmond, Virginia 

Dear Mr. Crutchfield: 

September 9, 1966 

It was a great pleasur~ to meet you the other day and 
to hear of your plans for the new Surry atomic plant. I have had 
a chance to discuss them since with my fellow members of the 
Virginia Historic Landmarks Commission. 

We are, of course, greatly interested in seeing that such 
a development does not affect adversely important historic landmarks 
such as Bacon's Castle, Chippokes Plantation, Jamestown, or Carter's 
Grove. 

Your plans to achieve a low profile for the main building 
of the plant, to avoid if at all possible a high stack, to screen 
the plant and its canal with plentiful timber, and to keep the power 
lines themselves at a distance from Bacon's Castle and Chippokes and 
screened as much as they can be are greatly to be commended. 

: I see every reason to hope· that wise industrial progress 
can be achieved with proper regard for the historical landmarks of 
this great Commonwealth and I appreciate your cooperative and 
understanding attitude. 

Sincerely, . ~ 

~~!~t 
Chairman, Virginia Historic 
Landmarks Commission 

(1) 
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I. INTRODUCTION 

The Surry Power Station consists of two virtually identical pressurized 

water reactors, each designed to be capable of attaining a maximum 

capacity of 2546 MWt, corresponding to a gross electrical output of 

855 MWe. The Surry Station is located on a point of land projecting 

into the James River approximately 25 miles northwest of Norfolk, Virginia, 

and 46 miles southeast of Richmond, Virginia. During the normal opera

tion of the station, small quantities of radioactive materials will be 

released on a controlled basis to the environment. · 'l.'he releases may 

consist of both gaseous and liquid discharges. These discharges will 

be limited by Title 10, Part 2 0 of the Code of Federal Regulations · 

(10 CFR 20) and in conformance with the Surry Technical Specifications. 

The radioactive materials, both gaseous and liquid, are assumed to 

impose a very low but theoretically calculable radiation exposure on 

the local population. The purpose of this study is to quantify and. 

assess the potential radiation exposure to the public resulting from 

operation of the Surry Power Station. This evaluation cons~ders the 

total dose to the population within a 5 0 mile radius of the plant as well 

as the per capita dose. The study includes the dose to a hypothetical 

"maximum" individual who resides full-time at the site boundary, consumes 

seafood raised in the discharge canal, drinks discharge canal water, and 

as a child,· drinks milk from cows which graze at the site boundary, all 

during a period of activity release from the plant under an assumed set 

of "worst case" conditions. The significant environmental pathways by 

which the activity released from the plant could conceivably reach the 

public have been evaluated in detail. 

-1-
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Since the applicable regulations are based on a consideration of average 

annual dose, this study is directed at determining the maximum doses 

averaged over a year. The estimated doses to individuals and the popu

lation are compared to existing dose guidelines and to normal background 

radiation doses. 

-2-
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II. SUMMARY AND CONCLUSIONS 

The radiation exposure to the public resulting from operation of the Surry 

Power Station is evaluated in this report. The quantities of the radio

active gaseous and liquid effluents released from the plant were obtained 

for an assumed combination of plant operating conditions which would 

provide maximum discharges. These assumptions included 1 % fuel 

defects and steam generator tube leaks in both reactor units. In addition, 

very pessimistic environmental dilution and concentration factors were 

assumed so that the annual average doses calculated in this study are 

the maximum values which could reasonably be expected to occur. 

A. Source Terms 

The most significant gaseous constituents are the fission product noble 

gases. A much smaller quantity of radioactive iodines are released. 

A total of 16,220 Ci/yr of gaseous effluents are projected to be released 

from the plant. 

The liquid activity released, with 1 % fuel defects and steam generator 

leaks, is estimated to total 105 7 Ci/yr of which 942 Ci is tritium. The 

total concentration of activity in the discharge canal with a canal flow 

rate of 1. 55 x 10 
6 

gpm is 3. 43 x 10-
7 

µCi/cc. The dilution water flow 

rate in the James River adjacent to the station site, based on the mean 

monthly discharge rate, is approximately 4. 5 x 10
6 

gpm. This result$ 

in a dilution factor of about 4. 

-3-
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B. Exposure Pathways 

The radiation doses to humans calculated for the Surry Station indicate 

that th.e most significant exposure pathways are external exposure to 

the noble gas discharges, and internal exposure due to the ingestion of 

seafood in which the nuclide activities in the liquid discharges have 

been re concentrated. Other exposure pathways which were considered 

and found to be minor contributors to the dose were ( 1) inhalation of 

radioactive gas, (2) noble gas particulate daughter nuclides in the food 

chain, (3) i.ngestion of drinking water, (4) swimminq in the James River, 

(5) lying along the shore of the James River (sunbathing), and (6) a child 

drinking milk from cows grazing at the site boundary. 

C. Doses 

The maximum annual average whole body dose to the projected 1980 
I 

population within 50 miles of the Surry site is 87 .6 man-rem/year from 

both gaseous and liquid discharges. This includes an external popu

lation dose of 5. 93 man-rem/year from the noble gases and an internal 

population dose of 81. 7 man-rem/year from the ingestion of seafood. The 

ingestion dose was based on the assumptions that the entire commercial 

harvest of edible seafood landed in the James River plus an estimated 

sport catch was raised in waters with activity concentrations equal to that 

of the river adjacent to the discharge canal and consumed by the population 

within 50 miles of the site. 

The maximum annual average per capita dose within 50 miles of the plant 

from both gaseous and liquid discharges is O. 0689 man-rem/year. 

-4-
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This can be compared to the average dose from natural background 

sources of about 125 mrem/year to obtain an estimate of the impact 

of plant operations on the general population in the area . 

The external whole body dose from design basis gaseous discharges to 

an individual who resides full time at the site boundary is 8. 87 mrem/ 

year. 

A hypothetical individual who consumes 50 grams per day of seafood 

which has been raised in undiluted discharge canal water would receive 

an internal whole body dose of 4. 98 mrem/year. The corresponding 

dose from seafood raised in the James River adjacent to the site is 

1. 28 mrem/year. 

Critical organ doses of 5. 39 mrem/year to the thyroid, muscle, liver, 

and spleen result from the consumption of 50 gm/day of seafood raised 

in the James River. If the seafood was assumed to be raised in the 

discharge canal, the critical organ doses would be about a factor of 4 

higher. 

There are no public drinking water supplies taken from the James River 

downstream from the site. However, for the purpose of this report, it 

was calculated that an individual who received his entire drinking water 

supply from the discharge canal would receive a dose of O. 287 mrem/year. 

A person who swam 200 hours/year in the James River could receive a 

-3 I whole body dose of 3. 82 x 10 mrem yr. A sunbather who lies on the 

shore of the James River adjacent to the site 200 hours/year could 

-5-
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receive a whole body dose of 0.482 mrem/year from radioactive 

materials accumulated on the shoreline sand. 

H-11 

The hypothetical "maximum" individual who resides full time at the 

downwind site boundary, eats 50 grams/day of seafood raised in the 

discharge canal, obtains his entire supply of drinking water from the 

discharge canal, swims 200 hours/year in the James .River, and sunbathes 

200 hours/year on the shore adjacent to the site would receive an annual 

average whole body dose of 14. 6 mrem/year. 

Comparison of Surry derived doses with Federal standards '(10 CFR 20) 

and natural background radiation indicate that: 

1. The maximum whole body dose to the average individual within 

50 miles of the Surry Plant from gaseous and liquid discharges 

is O. 041 % of the 10 CFR 20 limit ( 170 mrem/year) and about O. 055% 

of the natural background. 

2. The hypothetical "maximum" individual would receive 2. 92% of 

the 10 CFR 20 limit (5 00 mrem/year) and about 12. 0% of natural 

background. 

D. Conclusions 

Consideration of the per capita dose in the vicinity of the Surry Plant 

from gaseous and liquid discharges indicates that the Federal limit for 

permissible dose ( 170 mrem/year) would riot be remotely approached. 

-6-
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The "maximum" individual at the site boundary receives from all exposure 

pathways for the gaseous and liquid discharges less than 3% of the 

Federal limit for permissible dose (500 mrem/year). 

It is concluded that operation of the Surry Power Station even with the 

. maximum design basis conditions assumed for this study will not impose 

a significant radiation risk on either individuals or the general public 

as a whole. 

-7-
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III. POPULATION EXPOSURE FROM GASEOUS EFFLUENTS 

There are a number of potential pathways through which local populations 

may be exposed to the radioactive effluents from nuclear operations. 

These are illustrated in Figure 1. Three general pathways may be identi

fied for the gaseous effluents: (1) direct radiation exposure, (2) inhala

tion exposure and (3) exposure to particulates through food chains. The 

importance of these inq.ividual pathways is determined by the quantity 
' 

and nature of the radionuclide constituents in the gaseous effluent. 

Thus, the first step in estimating population exposure is a quantitative 

identification of the constituents in the projected gaseous effluents. 

A. Projected Gaseous Effluents 

The estimated maximum quantities of gaseous radioactivity released 

from the Surry Power Station on an annual basis are shown in Table I. 

These values are based on the assumptions that 1% of the fuel elements 

in both units have defective cladding and that there is a 330-day fill, 

60-day decay, and 10-day bleed cycle for the waste gas decay tanks. 

Under these conditions, the maximum gaseous activity release is esti

mated to be 16,220 Ci per year. 

The conservatism of the assumptions employed in estimating the gaseoo s 

activity release is illustrated by comparison with the gaseous activities 

which have been released from operating pressurized water reactors to 

date. The annual average release rate experience (l) is summarized in 

Table II. Based on this experience (with the exception of the f:lrst year 

of Ginna experience which is atypical),· the Surry extrapolated release 

rate would range from a minimum of 22 Ci/yr to a maximum of 2680 Qi/yr, 

-8= 
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TABLE I 

MAXIMUM GASEOUS RELEASES FROM 

THE SURRY POWER STATION 

Nuclide 

Kr-85 

Xe-l 3lrn 

Xe-133rn 

Xe-133 

Xe-135 

I-129 

I-131 

I-133 

Gaseous Releases Based Upon· 

(1) Two units, 2546 MWt each 
(2) One percent failed fuel 

Annual Gaseous 
Activity Release 

Curies 

16,200 

4.48 

2. 02 X 10 
-6 

12.0 

3.4lxlo-47 

l.32xl0 
-8 

l.06xl0 
-4 

1.42 X 10-24 

( 3) 3 3 0 day feed, 60 day decay, and 10 day bleed cycle for the 
waste gas decay tanks. 

-10-
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TABLE II 

PWR WASTE GAS RELEASE EXPERIENCE (1) 

Annual Average Extrapolated Expected 
Release Rate Surry Release Rate* 

Plant (µCi/sec)/ 1000 MWe-hr Ci/yr 

Indian Point #1 (265 MWe) 1. 2 X 10 - 2 (19 63-1970) ·2,680 (Maximum) 

Yankee Rowe (175 MWe) 1.0 X 10-4 (1964-1970) 22 (Minimum) 

San Onofre (430 MWe) 5. 0 X 10-3 (19 67 -1970) 1,120 

Connecticut Yankee (600 MWe) 3. 0 X 10-3 (19 67 -1970) 671 

Ginna (420MWe) 1.4 X 10-l (1970) 31,300 (Atypical Maximum) 

NOTE: Surry design basis annual average gaseous release rate = 16,220 Ci/yr 

*Based on a total of 7 .10 x 10 6 MWe-hr per year from both units operating in a load following 
mode at 65 percent of full power and an annual load factor of 80 percent 
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6 
assuming a total of 7 .10 x 10 MWe-hr per year from the two Surry units. 

The activity release rate used in this study is 16,220 Ci/yr. Another 

factor which should be noted is that the plants listed in Table II do not 

provide for the extended decay period made possible by the recombiners 

in the Surry gaseous waste disposal system. With recombiners operating, 

the ·release rates at the existing stations would be expected to be less 

than those shown and, consequently, the extrapolated expected release 

rate for the Surry Plant would be reduced even further below 2680 Ci/yr. 

B. Doses From Gaseous Effluents 

1. Noble Gas Dose 

As has been mentioned earlier, there are three general pathways by which 

humans may be exposed to the gaseous radioactivity released from a 

nuclear plant. The importance of each of the pathways is determined by 

the quantity and chemical nature of the gases released. It may be observed 

in Table I that the primary constituents in the gaseous effluent are the 

noble gases, krypton and xenon. Since the noble gases do not react 

chemically with other substances under normal conditions, there is no 

physical basis for either transport through food chains or reconcentratjon 

within the human body for these gases. 

In terms of inhalation and absorption in the body, both krypton and xenon 

may be present in physical solution, chiefly in- the body water and fat(
2
). 

Several human exposure experiments revealed -that inhalation of relatively 

large amounts of radioactive noble gases resulted in very low tissue 

exposures. (3 ' 4) In general, it may be estimated that the. internal dose 

-12-
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from radioactive noble gases dissolved in body tissue following inhala

tion from a cloud is negligible, i.e., less than 1 % of the associated 

external whole body dose. (
5

) The resultant doses from exposure to noble 

gases, therefore, are considered to be external whole body doses only. 

Although external doses are the only concern from the parent noble gases, 

there is one particulate daughter product (Cs-135) from the parent noble 

gas nuclide Xe-135 which is theoretically available for food chain trans

port. The external exposure and food chain transport routes of exposure 

for the noble gases are considered in the following paragraphs. 

a. External cloud dose 

The external doses were calculated using th~ ICRP(5) 11 infinite semispherical 

cloud" model; that is, the exposed individual is assumed to be located at 

the center of an infinitely large semispherical cloud of uniform ra.dioacti

vity concentration equal to that of the centerline, or maximum, c9ncen

tration level of the plume at the specified distance. 

The ICRP method for calculating whole body dose assumes that beta 

radiation with a maximum energy of O. 1 MeV or greater is considered af 

contributing to the external whole body dose to the same extent as gamma 

radiation. This is a conservative assumption and in the case of nuclides, 

which are primarily beta emitters such as Kr-85 (the major contributor to 

the dose from the Surry gaseous effluents), results in a substantial over

estimate of the genetically significant dose. (5) 

Since the dose calculations include atmospheric diffusion-parameters, 

meteorological information was required. Data was obtained from the Hog 

-13-
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Island Weather Station, which was located approximately two miles 

north-northeast of the reactor site. One year of Hog Island data (2/1/68-

2/1/69) was reduced and summarized using the NUS computer program, 

WINDVANE. Based on this data, the highest annual average X/Q value 

(8.8 x 10-
6 

sec/m
3
) was found to occur at the north site boundary. 

The annual average radiation dose was calculated for each of the popu

lation ring sectors shown in Figures 2. 1-4 and 2 .1·-5 of the FSAR. (7) 

The population dose (in man-rem/year) was calculated by multiplying the 

average dose for a sector by the number of people projected for the year 

1980 for that sector, and summing over all sectors out to 50 miles from 

the site. The average per capita dose was calculated by dividing the 

population dose by the total 1980 population. A detailed summary of the 

computational model is described in Appendix A. 

The annual average whole body doses from exposure to the noble gases 

are presented in Table III for an individual at the site boundary (8. 87 

mrem/year) and for the population within 50 miles of the plant (5. 93 

man-rem/year). The doses were calculated for the maximum annual 

average release for the plant with 1% fuel defects. The doses were 

also calculated for the high and low extrapolated expected Surry relE ·ases, 

based on the releases per unit energy generated at operating U.S. PWR 

stations (Table II). Included for comparison are the individual and 

population doses. estimated to result from natural background radiation. 

Figures 2 and 3 show the population doses for each sector from O to 5 

miles and from 5 to 50 miles, respectively. The annual average dose 

isopleths (mrem/year) out to 50 miles are shown in Figure 4. 

-14-
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TABLE III 

ANNUAL WHOLE BODY RADIATION DOSES FROM SURRY GASEOUS RELEASES 

Maximum Dose Based Dose Based on Expected Releases 
on Release with Extrapolated from Previous Operating 

Type of Dose 1 % Fuel Defects Experience 

Maximum Minimum 

1. INDIVIDUAL DOSE, PIANT ORIGIN 

Dose rate (mrem/year) at site 8.87 1.46 l.22xl0 
-2 

Boundary 

2. NATURAL BACKGROUND DOSE (mremiyear) 125 125 125 

3. POPULATION DOSE* WITHIN 50 MILES 
OF THE PIANT 

a. Total Plant derived dose 
5.93 0.978 

-3 
(man-rem/year) 8.18 X 10 

b. Average annual per capita -3 -4 -6 
dose (mrem/year) 

3.03x 10 4.99 X 10 4.18 X 10 

c. Total natural background 
2.45xl0

5 5 5 
dose (man-rem/year) 

2.45 X 10 2.45 X 10 

*.Based on a projected 1980 pop11l=ition of l, 959,000 within 50 miles of the Surry Power Station f 
N 
0 
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b. Food chain transport 

One of the gaseous radionuclides has a particulate daughter (Cs-135) 

which can enter the food chain and be transported to man. The decay 

h ' f · t t . (B) c a1n o 1n eres 1s: 

~ 
hour 

6 
2 X 10) 
year 

The amount of Xe-135 estimated to be released from the Surry Station, 

as shown in Table I, is extremely small, 3.41 x 10-
47 

Ci/year. Assuming 

that all of this activity decayed immediately to Cs-135, the potential 

dose contribution from this route of exposure was evaluated and found 

to be insignificant. 

2 . Radioiodine Doses 

A small amount of radioactive iodine in addition to the noble gases will 

be released with the gases from the Surry Plant. Iodine is an insignifi

cant contributor to the external whole body dose but may produce poten

tially significant internal doses due to the preferential concentration of 

iodine in the human thyroid gland. Iodine may enter the body either 

through inhalation or by ingestion. The most critical pathway for 

environmental transport of the routine releases of radioiodine is the 

pasture-cow-milk-man pathway. 

a. Thyroid ingestion dose 

Iodine-131 has been identified as the principal iodine nuclide of concern 

due to the relatively greater amount released and its long half-life 
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compared to the other iodine nuclides. The critical exposure pathway is 

through deposition on pasture which is ingested by grazing cows, trans

ferred to the milk and subsequently ingested by man. The most sensitive 

receptor in the population (in terms of total thyroid dose per unit intake) 

has been determined to be a young child six months to one year of age. 

This is due to the child's smaller thyroid mass and greater radiosensiti

vity. 

The child thyroid dose for the Surry Station was calculated by assuming 

that the grazing cows were located at the site boundary. In this case 

the south boundary of the site was selected as the point of reference 

because the north side of the site is completely bounded by the Hog· 

Island State Waterfowl Refuge, a State game preserve. Dose conversion 

parameters recommended by the ICRP(
6

) and the Federal Radiation Council 

(FRC) (9)* were utilized. The cows were assumed to be grazing continu

ously through the 10-day vent period as the activity builds up on the 

pasture and through the period following the cessation of venting as the 

activity on the pasture decayed. The effect of delay between the produc

tion and consumption of the milk was not included nor was the effect of 

dilution by other milk supplies. The child thyroid dose model is shown 

in detail in Appendix A. 

Using this conservative child dose model, the maximum annual thyroid 

dose was calculated to be O. 0289 mrem/year. The thyroid dose to an 

adult would be at least a factor of 10 less than this based primarily on 

the difference in size between the adult and child thyroid glands. 

* The functions of the Federal Radiation Council were incorporated into 
the Environmental Protection Agency in December, 1970 . 
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One of the conservatisms applied in calculating the child thyroid dose 

was the assumption that cows were grazing at the site boundary. In 

fact, there are no cows grazing at the site boundary and the nearest 

dairy herd is estimated to be about 3. 5 miles from the site. Only three 

dairy farms are located in Surry County. The additional atmospheric 

dilution to the nearest dairy herd would reduce the child thyroid dose 
-4 

to8.63xl0 mrem/year. 

b. Thyroid inhalation dose 

The adult thyroid dose at the site boundary resulting from inhalation of 

the released radioiodines was calculated for the Surry Plant. The dose 

was determined to be 3.19 x 10-
4 

mrem/year. The method utilized to 

calculate the thyroid inhalation dose is given in Appendix A. 

3. Dose at Visitor's Center 

The whole body dose and the thyroid inhalation dose were calculated at 

the Surry Visitor's Center. The Visitor's Center is located approximately 

900 feet north of the reactor site. The whole body dose at the Center was 

determined to be O. 378 mrem based on a four hour visit at the Center 

during the period when gaseous activity was being vented to the atmos

phere. 

The thyroid inhalation dose was calculated to be 1. 36 x 10-S mrem for 

a four hour visit. No credit was taken in any of the calculations for the 

shielding effect of the Center building itself. 
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IV. POPULATION EXPQSURE FROM LIQUID EFFLUENTS 

This section of the report is directed at estimating the internal radiation 

doses to man resulting from the ingestion of the small quantities of 

radioactive materials discharged from the Surry Plant. Since there is 

no public water supplied from the James River downstream of Hopewell, 

· Virginia, approximately 40 river miles upstream from the site, and no 

irrigation activities, the exposure pathway of concern is that from 

edible marine organisms harvested from the James River. External 

exposure pathways considered were swimming in the James River adjacent 

to the site and sunbathing along the shore. 

A. Projected Liquid Effluents 

Table IV shows the estimated maximum annual liquid releases from the 

Surry Station. These estimated values are based on the conservative 

assumptions that in both units 1 % of the fuel elements will have cladding 

defects, equilibrium corrosion products will exist in the primary coolant, 

and the steam generators will leak at the rate of one liter/hour per unit. 

The nuclide concentrations in the discharge canal are based upon the 

release of liquid wastes from both reactor units with a circulating water 
6 flow rate of 1. 55 x 10 gpm. 

The segment of the James River adjacent to the Surry Plant is a tidal 

estuary and subject to tidal motion. The site is in the transitional region 

of the estuary between the fresh water tidal river and the saline waters. 

The oscillatory ebb and flood of the tide constitutes the dominant motion 

in the waterway in the vicinity of the site. It has been established that 
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Nuclide 

H-3 
Cr-51 
Mn-54 
Mn-56 
Co-58 
Fe-59 
Co-60 
Sr-89 
Sr-90 
Sr-91 
Y-90 
Y-91 
Y-92 
Zr-95 
Nb-95 
Mo-99 
I-131 
I-132 
I-133 
I-134 
I-135 
Te-132 
Cs-134 
Cs-136 
Cs-137 
Ba-140 
La-140 
Ce-144 

TOTAL 
TOTAL 

H-28 

TABLE J)J 

MAXIMUM CONCENTRATION OF RADIONUC LIDES 
IN SURRY POWER STATION LIQUID DISCHARGES 

AND IN JAMES RIVER ADJACENT TO THE SITE 

Annual Activity 
Concentration in Concentration in 

Discharge Canal (b) James River(c) 
Release(a) Ci 

_s)_w (µCi/ cc) _Q.Jv (µCi/cc) 

9.42 (+2) 3.06 (-7) 7.89(-8) 
1.18(-2) 3.83 (-12) 9.88 (-13) 
9.96 (-3) 3.24 (-12) 8.36 (-13) 
4.27 (-2) 1.39 (-11) 3.59 (-12) 
3.17 (-1) 1.03 (-10) 2.66 (-11) 
1. 32 (-2) 4.27 (-12) 1. 10 (-12) 
9.59 (-3) 3.12 (-12) 8.05 (-13) 
4.81 (-2) 1. 56 (-11) 4. 02 (-12) 
1.48 (-3) 4.80.(-13) 1.24 (-13) 
7. 42 (-3) 2.41 (-12) 6.22 (-13) 
1.70 (-3) 5.51 (-13) 1.42 (-13) 
8. 62 (-3) 2. 80 (-12) 7. 22 (-13) 
2.35 (-3) 7.63(-13) 1.97 (-13) 
9. 30 (-3) 3o 02 (-12) 7.79 (-13) 
9.36 (-3) 3.04 (-12) 7.84(-13) 
3.05 (+l) 9. 9 0 (-9) 2.55 (-9) 
2.65 (+l) 8. 61 (-9) . 2.22 (-9) 
3. 44 (+0) L 12 (-9) 2.89 (-10) 
2.45 (+l) 7. 9 5 (-9) 2.05 (-9) 
2.92 (-1) 9.50 (-11) 2.45 (-11) 
6.27 (+O) 2.04 (-9) 5.26 (-10) 
2.58 (+0) 8.38 (-10) 2.16(-10) 
3.10 (+O) 1. 01 (-9) 2.61 (-10) 
2.81 (-1) 9 .14 (-11) 2.36 (-11) 
1.72 (+l) 5.58 (-9) 1. 44 (-9) 
2.61 (-3) 8.49 (-13) 2.19(-13) 
1.59 (-2) 5.15(-12) 1.33(-12) 
3.64 (-2) 1.18 (-11) 3. 04 (-12) 

1. 06 (+3) 3.43"(-7) 8.85 (-8) 

(non tritium) 1.15(+2) 3.74 (-8) 9.65 (-9) 
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TABLE IV ( Continued) 

+ Numbers are powers of 10 

a. Activities based on the following assumptions: 
1. two units, 2 546 MWt each 
2. one percent failed fuel and equilibrium corrosion products in 

each unit 
3. steam generator 'tube leakage of 1 liter/hour per unit. 

b. Discharge canal flow rate= 1.55 x 10
6 

gpm 

H-29 

c. Minimum volume rate of fresh water flow available for dilution assumed 
to be 9,952 cfs 
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the average monthly discharge rate of fresh water flow seaward in the 

tidal segment centered at the site and, hence, the average amount of 

"new" water available for dilution of the discharged nuclides, is about 

4. 5 x 10
6 

gpm (9,952 cfs). (
9

) This results in a dilution factor of approxi

mately 4 which was applied to the activities in the discharge canal to 

obtain the maximum nuclide concentrations in the James River adjacent 

to the site, shown in Table IV. 

B. Doses from Liquid Effluents 

Since the James River contains productive shellfishing grounds and com

mercial and sport fishing are significant enterprises in the lower James 

River and Chesapeake Bay, the potential exposure from ingestion of 

seafood affected by the Surry Station discharge must be considered in any 

evaluation of the radiation doses to humans. The dose from ingestion 

of drinking water is not of concern; however the maximum possible dose 

from drinking discharge canal water has been calculated for this report. 

1. Internal Dose from Ingestion of Seafood 

A number of factors are required to compute the internal doses from inges -

tion of seafood which might conceivably contain radioactivity from the 

plant liquid effluents. In addition to the activity concentrations in the 

waters of interest, the concentration of the activity in the seafood and 

the amount consumed must be established. 

Marine organisms through biological processes have the ability to con

centrate the radionuclides released from the plant. This concentration 
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of activity in seafood which is in turn ingested by man must be considered 

in determining the possible dose to man. The ratio of the concentration 

of a radionuclide in a marine organism to that in its ambient water is 

known as the concentration factor (CF). The concentration factor varies 

among the different species of marine life and, for a given species, varies 

with the different radionuclides. Also, the concentration may very con

siderably between different organs of an organism. For the dose calculations 

in this report, appropriate concentration factors were used for the edible 

portions of the fish and shellfish, ( lO) shown in Table V. Another variable 

is the difference in concentration factors between fresh water and seawater. 

For the purpose of this study, whenever there were different concentration 

factors given in the reference for fresh water and seawater, the most 

conservative value, i.e., the highest concentration factor; was selected. 

In order to determine the dose to humans, the quantity of seafood eaten 

must be estimated. The dose model used postulates that the maximum 

individual consumes 50 grams of shellfish flesh every day. This is about 

equal to the seafood consumption reported for commercial fisherman ( l l) 

and about four times the annual per capita consumption of seafood in the 

United Stated. (1
2

) A consumption of 50 gm/day of shellfish results in 

a slightly higher dose than a consumption of 50 gm/ day of fish. 

The dose to an individual from ingestion of seafood containing radioactivity 

is determined from the rate of intake of each component ·radionuclide and the 

application of the computational model of the ICRP(
6
) which is presented 

in Appendix B. The ICRP dose conversion values used were those for 

the whole body and for a chronic exposure period of 168 hours per week. 
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TABLE V 

· INDIVIDUAL WHOLE BODY DOSE FROM 
INGESTION OF SEAFOOD 

(MPC)w Concentration 
a 

Whole Body Factor 
~;;/~~~l:b 

Highest Expected 
168 hr/Wk CF Whole Body Dose c 

Isotope· µCi/cc cc/gm mrem/yr mrem/yr 

H-3 5.0 (-2) 9.3 (-1) 7. 08 (-4) 1.83 (-4) 
Cr-51 2. 0 (-1) 2.0 (+l) 4.79 (-6) 1 . 24 ( -6) 
Mn-54 8.0(-3) 5. 0 ( +3) 2. 5 3 (-4) 6. 53 (-5) 
Mn-56 3 . 0 ( -1) 5.0(+3) 2.89 (-5) 7 .46 (-6) 
Co-58 4. 0 (-3) 1.5(+2) 4.83(-:3) 1. 25 (-3) 
Fe-59 2. 0 (-3) 2.0 (+4) 5 .34 (-3) 1.38 (-3) 
Co-60 1.0 (-3) 1.5(+2) 5. 85 (-4) 1.51(-4) 
Sr-89 7.0 (-4) 1.0 (+2) 2. 78 (-4) 7 .17 (-5) 
Sr-90 4.0(-6) 1. 0 (+2) .1.50 (-3) 3. 87 (-4) 
Sr-91 2 .o (-2) 1. 0 (+2) 1.51 (-6.) 3.90 (-7) 
Y-90 3.0 (+l) 1. 0 (+3) 2. 30 (-9) 5.93 (-10) 
Y-91 2.0(+0) 1. 0 (+3) 1. 75 (-7) 4. 52 (-8) 
Y-92 3.0(+2) 1. 0 (+3) 3.18 (-10) 8.20 (-11) 
Zr-95 1.0(+0) 1. 0 (+3) 3.77 (-7) 9. 73 (-8) 
Nb-95 4. 0 (+0) 1.0 (+2) 9.49(-9) 2.45 (-9) 
Mo-99 8.0 (-3) 1. 0 (+2) 1.55(-2) 4.00 (-3) 
I-131 2. 0 (-3) 5.0 (+l) 2. 70 (-2) 6.97 (-3) 
I-132 4.0 (-2) 5.0 (+l) I. 75 (-4) 4 .52 (-5) 
I-133 9.0(-3) 5.0(+1) 5.52 (-3) 1.42 (-3) 
I-134 1.0 (-1) 5.0(+1) 5.94(-6) 1 .53 (-6) 
I-135 2.0 (-2) 5.0 (+l) 6. 38 (-4) 1.65 (-4) 
Te-132 5. 0 (-3) 1.0 (+2) 2.09 (-3) 5.39 (-4) 
Cs-134 9. 0 (-5) 1. 0 (+3) 1. 41 ( +0) 3.64 (-1) 
Cs-136 9.0(-4) 1. 0 ( +3) 1.27 (-2) 3. 28 (-3) 
Cs-137 2. 0 (-4) 1. 0 (+3) 3.49 (+O) 9.00(.,.1) 
Ba-140 5 .o (-3) 2.0 (+2) 4. 25 (-6) 1.10 (-6) 
La-140 2. 0 (+ 1) 1. 0 (+3) 3. 22 (-8) 8. 31 (-9) 
Ce-144 3. 0 (-1) 1. 0 (+3) 4. 92 {-6) 1. 27 {-6). 

TOTAL 4. 98 mrem/yr 1. 28 mrem/yr 

+ Numbers denote powers of 10. 

a Concentration factors obtained from reference ( 10) with the following 
exceptions: 
1. Concentration factor for Sr obtained from S. Thompson, Lawrence 

Radiation Lab, Univ. of Calf. , to be published. 
2. Concentration factor for Te obtained from A. M. Freke, Health 

Physics, Vol. 13, 1967. 

b Maximum whole body dose from ingestion of seafood raised in water at 
the maximum concentrations estimated for the discharge canal . 

c Highest expected whole body dose from ingestion of seafood raised in 
water at the maximum concentrations estimated for the James River 
adjacent to the site. 
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The maximum whole body doses shown in Table V were calculated by 

assuming that an individual consumed 50 grams of shellfish per day for 

365 days of the year which had been raised in water with activity con

centrations equal to that of the discharge canal. The highest expected 

whole body dose, also shown in Table V, assumed that the 50 grams 

of shellfish consumed daily has been raised in the James River adjacent 

to the site in which the discharge water had been diluted to the concen

trations shown in Table IV·. In both cases, no credit was taken for deple

tion by radioactive decay or deposition once the material left the plant. 

In addition, the calculated doses include a factor of a 10% increase to 

account for any recirculation effects due to the fact that the discharge 

for the Surry Plant is located upstream from the intake. The recirculation 

effect could vary from 0% at flood tide to an estima_ted maximum of 15% at 

ebb tide and a recirculation factor of 10% is considered to be conservative. (1
3

) 

The dose rate to specific organs of the human body from ingestion: of 

seafood was calculated for the critical organs which concentrate certain 

radionuclides. Table VI shows the dose to critical organs for an indi

vidual who consumes 50 gm/day of shellfish raised in water with activity 

concentrations equal to those shown in Table IV for the discharge canal 

and for the James River adjacent to the Surry Station (with a 10% increase 

to account for possible recirculation effects). The highest doses were 

found for I-131 in the thyroid and Cs-137 in the liver, spleen, and muscle. 

To estimate the maximum population dose, it was assumed that the entire 

commercial harvest of edible fish and shellfish taken from the James River plus 

an estimated sport catch was raised in water at the maximum activity 

concentrations computed for the James River adjacent to the discharge canal 
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TABLE VI 

DOSES TO CRITICAL ORGANS FROM SHELLFISH INGESTION 

C 't' 1 0 (6) n 1ca rgan 

Muscle 

Spleen 

Liver 

Bone 

Kidney 

Lower Large Intestine 

Upper Large Intestine 

Thyroid 

Radionuclide s 
Considered 

Cs-137 

Cs-137, Fe-59 

Cs -137, Mn-54, Ce-144 

Sr-89, Sr-90, Y-91, 
Ba-140 

Mo-99 

Sr-91, Y-90, Sr-90, Mn-54, 
Y-91, Fe-59, Zr-95, Nb-95, 
Mo-99, Te-132, Ba-140, 
La-140, Co-60, Co-58, 
Mn-56, Cr-51 

Y-92 

I-131, I-132, I-133, I-134, 
I-135 

Dose mrem/year 
At Discharge 

Canal At James River 
Concentrations 

20.9 

20.9 

20.9 

.0446 

.186 

.545 

-6 4. 77 X 10 

'·. 20. 9 

Concentrations 

5.39 

5.39 

5.39 

0.0115 

0.0480 

0.141 

-6 1. 23 X 10 

5.39 
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and was consumed by the population within 50 miles of the site. 

A detailed description of the commercial fishery landings from the James 

River was obtained from the National Marine Fisheries Service for the 
(14) . 

year 19 69, the latest year for which complete data was available. The 

seafood was divided into two categories, fish and shellfish, because 

of their differing tendencies for reconcentration of radioactive materials. 

The sport fishing catch was estimated to be 25 to 50% of the commercial 

catch, excluding the alewives and menhaden, (ls) with the upper value 

of 50% being selected for this tabulation. For fish, it is estimated that 

only about one-third of the gross (landed) weight is utilized for food. 0 5) 

Therefore, the total edible amount of fish was obtained by multiplying 

the gross pounds of edible fish by this. conversion factor. For the shell-

fish category it was estimated that the sport catch was 10% of the commercial 

catch. ( lS) The edible amount of hard crabs was obtained by multiplying 

the gross weights by the conversion factor of 15% (soft crabs were con

sidered to be completelv edible}. (1 5) The landed weights for the mollusks 

(clams and oysters) are reported in pounds of meat, therefore, it was not 

necessary to convert these weights. 

The total gross weights for seafood from the James River and the edible 

amounts used to determine the population seafood dose were as follows: 

Fish 

Shellfish 

Gross Pounds Per Year 

2,493,000 

3., 137,000 

-30-
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Two species of fish which are found in the James River and in quantity 

make up a large part of the commercial catch were not included in the 

seafood tabulation. These species, alewives and menhaden, are not 

normally used for human food but rather are processed into fish meal 

or oil or are used for bait. 

The total population whole body dose was 81. 7 man-rem/year and the 

per capita whole body dose O. 0659 mrem/year from seafood (based on a 

1960 population of l, 240,000 to maximize the per capita dose). A 

more detailed description of the computational model_ is given in 

Appendix B. 

2. Internal Dose from Ingestion of Drinking Water 

Although there are no public water supplies taken from the James River 

downstream of the Surry site because of the water salinity, a calcula

tion was performed to estimate the maximum dose to an individual from 

ingestion of drinking water containing radioactive nuclides discharged 

from the plant. The assumption was made that an individual drank 2200 

cc/day of water with a concentration of activity equal to that shown in 

Table IV for the discharge canal. The 2200 cc/day is the daily consump

tion of water in the diet recommended by the ICRP as representative of 

the standard man. ( 6) The whole body dose from ingestion of this water 

was calculated to be O. 287 mrem/year, shown in Table VII. 

3. External Dose to Swimmers 

The direct irradiation of humans while swimming presents only a minor 

exposure pathway. It is postulated that an external dose is derived from 
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TABLE VII 

WHOLE BODY DOSE FROM THE INGESTION OF WATER 

Maximum Individual Dose* 
Isoto2e mremfyear 

H-3 3.37 (-2) 
Cr-51 1.05 (-7) 
Mn-54 2.23 (-6) 
Mn-56 2.55 (-7) 
Co-58 1.42 (-4) 
Fe-59 1 .17 (-5) 
Co-60 1. 72 (-5) 
Sr-89 1.23 (-4) 
Sr-90 6.60 (-4) 
Sr-91 6.63 (-7) 
Y-90 1.01 (-10) 
Y-91 7.70 (-9) 
Y-92 1.40 (-11) 
Zr-95 1.66 (-8) 
Nb-95 4 .18 (-9) 
Mo-99 6. 81 (-3) 
I-131 2.37 (-2) 
I-132 1.54 (-4) 
I-133 4.86 (-3) 
I-134 5.23 (-6) 
I-135 5 .61 (-4) 
Te-132 9.22 (-4) 
Cs-134 6.17 (-2) 
cs-136 5.59 (-4) 
Cs-137 1.53 (-1) 
Ba-140 9.34 (-7) 
La-140 1.42 (-9) 
Ce-144 2.16 (-7) 

TOTAL 0. 28 7 mrem/year 

+ Numbers denote powers of 10 

* Maximum dose assumes individual's entire supply of drinking water 
obtained from discharge canal 
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the discharge liquid effluents by swimming in the James River adjacent 
~ 

to the site. 

The exposure to swimmers may be conservatively estimated by assuming 

that the swimmer is completely immersed in an infinite medium of uniform 

concentration and receives the same dose as the water itself. The ex

pression for the dose rate is given by: 

D(rem)= fc•w ~-)(1.0 cc)(E M.ev)(3600 sec)(3.7 x 10
4 

dis . ) 
hour \ cc gm dis hr sec-µC1 

w . 

(
1. 6 x 10-S gm-rem) 

MeV 

where C'w, the concentration of the radionuclides in the James River, 

is given in Table IV, and E is the energy per disintegration. This 

relationship applies only to an infinite medium where the energy released 

per unit volume by the radionuclides is equal to the energy absorbed per 

unit volume of the medium. It is a conservative calculation and will tend 

to overestimate the dose. 

The results of this calculation for the various nuclides discharged into 

the James River are shown in Table VIII. Only the nucludes which con

trib-1te significantly to the dose are shown. The James River activity 

concentrations include a factor of a 10% increase to account for the possible 

effects of recirculation. 
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TABLE VIII 

IMMERSION DOSE FROM SWIMMING 

James River 
Energy Dose Rate 

Isoto:12e Concentration 
Me~dis mrem/hr 

µCi/cc 

H-3 8.68(-8) 0.01 1. 85(-6) 

Mo-99 2.81(-9) 0.5 3.23(-6) 

I-131 2.44(-9) 0.6 2.96(-6) 

I-132 3.17(-10) 2.9 L 96(-6) 

I-133 ?..?.5(-9) 1. 0 4. 79(-6) 

I-134 2.70(-11) 2.6 1. 50(-7) 

I-135 5.78(-10) 2.1 2.59(-6) 

Te-132 2.38(-10) 0.3 1.57(-7) 

Cs-134 2.86(-10) 1. 0 6.09(-7) 

Cs-136 2.59(-11) 2.4 1.32(-7) 

Cs-137 1.58(-9) 0.2 6.40(-7) 

TOTAL 1. 91 (-5) mrem/hr 

e 
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4. External Dose to Sunbathers 

The radionuclides in the liquid wastes discharged to the James River 

from the Surry Station can be expected to accumulate to some degree 

on the bottom sediments and the shoreline sand. A potential external 

exposure pathway exists for persons sunbathing or walking along the 

river's edge. The affected area would be limited to approximately the 

area of the beach between the low and high water marks. 

The concentrations of the radionuclides on the shore are influenced 

by the dilution that occurs in the river, the chemical composition of 

the effluent ::is well as the marine environment, and the sorptive capacity 

of the shoreline soil which is usually expressed as a concentration 

factor between water and soil. The ability of soils to concentrate 

radioactive materials differs widely from one element to another. Radio

nuclides are removed from solution primarily by adsorption and ion 

exchange. Generally, the fine grained bottom sediments are more 

effective sorbers of radionuclides than are the coarser grained sands. 

The largest discharges of radioactive liquids to the environment are 

made from the Windscale site in England and at Hanford in the United 

States. Smaller discharges have been made from the Oak Ridge National 

Laboratory into the Clinch River and from the Savannah River Plant. 

At Windscale, where the principal radioactive effluents are fission products 

derived from the processing of spent fuel elements, the discharges are 

made directly to the marine environment whereas the Hanford wastes are 

discharged to the Columbia River some several hundred miles from the 

Pacific Ocean. An extensive environmental monitoring program at Windscale 
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has resulted in the development of concentration factors for several 

radionuclides ''on shoreline sand (l ?) with the highest concentration 

factor reported for the Windscale studies being 1000. (1 8) 

The Windscale concentration factors were utilized in the Surry study 

to obtain an estimate of the significance of the sunbathing route of 

exposure. 

It was assumed that an individual lying on the shore would receive 

half the dose that he would receive if he were completely immersed in 

the sand. A calculation similar to the swimming dose calculation with 

sand as the infinite medium and with the concentration factors applied 

results in a whole body dose of 2. 41 x 10 - 3 mrem/hr. Assuming an 

exposure period of 200 hours per year, the annual dose to a sunbather 

from the Surry Station would be O . 48 mrem. 

I 
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V. TOTAL DOSES AND COMPARISON WITH FEDERAL 
REGULATIONS AND NATIB AL BACKGROUND 

H-42 

A summary of the maximum annual average whole body doses i:iesulting 

· from the gaseous and liquid effluents discharged from the Surry Station 

is given in Table IX. The table includes all of the exposure pathways 

which are considered significant contributors to the whole body dose; 

the genetically signific~nt dose. The whole body doses from gaseo1,1s · 

and liquid discharges can be added directly to obtain the total whole 

body dose either to an individual at the site boundary or to an c).verage 

member of the population within a 50 mile radius of the plant, Table · 

IX also includes the dose from natural background sources for comparison. 

Under the very pessimistic plant and environmental conditions assumed, 

i.e. , maximum activity release and minimum dilution, the maximum 

annual average whole body dose to the population resulting from both 

gaseous and liquid emissions is 87. 6 man-rem/year and the maximum per• 

capita dose is O. 0689 mrem/year. This amounts to O. 041 % of the per 

capita dose permitted by Federal regulations and O. 055% of the per capita 

natural background dose, as shown in Table X. 
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TABLE IX 

MAXIMUM ANNUAL AVERAGE WHOLE BODY DOSES 
FROM GASEOUS AND LIQUID EFFLUENTS OF THE 

SURRY POWER STATION 

1. INDMDUAL DOSE 

2. 

A. External Whole Body Dose (mrem/year) 
From noble gas discharge at site boundary 
From swimming 
From sunbathing 

B. Internal Whole Body Dose (mrem/year) 
From ingestion of seafood 
From ingestion of water 

C. Natural Background Dose (mrem/year) 

POPULATION DOSE WITHIN 50 MILE RADIUS 

A. External Whole Body Dose From 
Noble Gas Discharge (man-rem/year) 

B. Internal Whole Body Dose 
From ingestion of seafood (man-rem/year) 

TOTAL POPULATION .DOSE 

C. Total Natural Background 
Dose (man-rem/year) 

D. Annual Average Per Capita 
Dose (mrem/year) 

-38-
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DOSE 

8. 87 -3 
3.82xl0 
0.482 

4.98 
·o.287 

125 

5.93 

81. 7 

87.6 

2.45 X 10 

.0689 

5 



1. 

I 
w 
lO 
I 

2. 

TABLE X 

COMPARISON OF MAXIMUM ANNUAL AVERAGE DOSES 
TO FEDERAL REGULATIONS AND NATURAL BACKGROUND 

INDIVIDUAL DOSE RATIO 

A. External Whole Body Dose 
From noble gas discharge 
From swimming 
From sunbathing 

B. Internal Whole Body Dose 
From ingestion of seafood 
From Ingestion of water 

POPULATION DOSE RATIO 

Annual Average per Capita Dose 

Fractional Dose = 
( 

Surry Dose ) 
Dose From Other Sauces 

10 CFR 20 Levels 
(0. 500 Rem/Yr) (0. 170 Rem/Yr) 

-2 
l.77xl0_

6 
7.64xl0_

4 
9.64 X 10 

-3 
9.96 X 10_

4 
5.74xl0 

4. 05 X 10 
-4 

Natural 
Background 

(0 .125 Rem/Yr) 

-2 
7, 10 X 10 _

5 
3.06xl0_

3 
3.86x10 

-2 
3.98xl0_3 
2.30xl0 

5.51 X 10 
-4 
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APPENDIX A 

COMPurATIONAL METHODS FOR DOSES 
RESULTING FROM GASEOUS EFFLUENTS 

A. Whole Body Dose 

H-47 

As indicated in Table I, the gaseous radioactive effluents consist pri- . 

marily of the noble gases krypton-85 and xenon-133~ Exposure of a 

man to an atmosphere contaminated with these radionuclides results 

only in an external, whole body dose, from submersion in the radio

active cloud. Since these radionuclides are not incorporated into 

the human body to a significant degree, there are no resultant internal 

doses. 

The external, whole body, population dose within a sector 11 s" resulting 

from the release of Q. curies of the ith radionuclide per year from the 
1 

Surry Power Station was computed by means of the following equation: 

(1) D . (man-rem/year) = 
s,1 

2
l [ p X x/Q X Q, X 10 -

6 
X 10 

6 
X 3. 7 X 10 

4 
X E, X 1. 6 X 10 -

6 
X 1. 13 X 

S 1 1 

1 
-3 

l.293xl0 X ]~2 J 

A-1 



where: 

1/2 

p 
s 

(X/Q\ 

4 
3. 7 X 10 

E. 
1 

1.13 

= 

= 

= 

= 

= 

= 

= 

= 

= 

H-48 

'-· 

Geometry factor. The body is assumed to be irradiated 

from half the solid angle by the radioactive cloud of 

large volume, that is, it is assumed to be surrounded 

by an infinite, semi spherical radioactive cloud. 

Estimated number of persons living within sector II s 11
• 

Factor computed from atmospheric dispersion equations 

for the distance of the midpoint of sector II s II from the 

station, and expressed in units of sec/meter
3

. 

Number of curies of the /h radionuclide released from 

the station per year. 

3 
m /cc 

µCi/Ci 

dis/sec-µCi 

Effective energy (of ~ 1 s and YI s) per disintegration of 

h .th d' I'd ' M V t e 1 ra 1onuc 1 e , 1n e • 

Stopping power of tissue relative to air, for ~·sand 

secondary electrons produced by x- and y-radiation. (l) 
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-3 
1.293 X 10 = 

= 
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Density of air, gm/cm 
3

. 

ergs/gm-rem. 

It should be noted that for the gaseous radionuclides Kr-85, Xe-13lm, 

Xe-133m, and Xe-133, the biological factors for converting rads to rem 

(the Quality Factor QF and the relative damage factor "n") are taken to 

be unity. Therefore, the ratio of rem to rads is unity and the dose equation 

given above may be expressed in units or either rad or rem. 

To facilitate the calculations, the terms in the above equation were 

grouped as follows: 

(2) D . (man-rem/yr) = F x F. 
S ,1 S 1 

where: 

F 
s 

F. 
1 

= 

= 

(P ) (X/Q) 
s s 

( 0 • 2 6) ( Q.) (E.) 
1 1 

As such, F is a function of population, direction, and distance from the 
s 

station; and F. is a function of a specific radionuclide. 
1 

Values for P were estimated for the year 1980 population data presented 
s 

in Figures 2. 1-4 and 2. 1-5 of the Surry FSAR. In these figures, ten 

concentric circles of varying radii are drawn about the Surry site, form

ing annuli, and population data are given for each annulus by compass 
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sectors. All values of P used in these dose calculations were estimated 
s 

values for the year 1980. 

The average value of (X/Q) for a specific sector was taken to be that 

for the distance of the midpoint of that sector from the station. For 

example, the average X/Q for a sector 10-20 miles in a given direction 

was taken to be that for a distance of 15 miles from the station in the 

given direction, The numerical values for X/Q used in this evaluation 

were obtained using the NUS computer code WINDVANE. The Q. values 
1 

used in the dose calculations are given in Table 1 in the body of the 

report. These gaseous releases are based on assumed one percent fuel 

defects. 

The remaining factor in the dose equation is E., the effective energy 
1 

(i:i' s and Y's) per disintegration of the /h radionuclide. The value of 

E. for each radionuclide of interest was obtained from ICRP Publication 
1(1) 

2 and entered in Table A-1. 

Values for the factors, F of equation (2) were· computed for each sector 
s 

of each annulus, summed and entered in Table A-2. Similarly, the values 

for the factor, F., were computed for the four radionuclides concerned 
1 

and summed to obtain LF. as shown in Tables A-1 and A-2. Using 
1 

equation (2), the value of D . (man-rem/year) was computed and entered 
s,1 

in Table A-2. 

The population dose (man-rem/year) within the entire area (considered 

to be within a SO-mile radius of the station) resulting from the release 

of the radionuclides is given by the equation: 
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TABLE A-1 

CALCULATION SHEET FOR WHOLE BODY DOSES FROM NOBLE GASES 

E. Unit Dose 
F. 

1 

Gases Curies/Year 
1 3 Whole Body Dose/Exposure 

Considered Mev/Disintegration rem/Ci-sec/m 3 
rem-m /sec-yr 

Kr85 16,200 0.24 0.062 1010 
:i:,, 

Xe 131m I 4.48 0. 16 0.041 0.186 u, 

Xel33m -6 
0. 2 3 * 

-8 
2.02xl0 0.060 2.79 X 10 

Xel33 12.0 0 .19 0.049 0.591 

TOTAL 17,443 LF. - 1011 
1 

133m . . · * The value of E. for Xe is not listed m ICRP II. Value 
1 

obtained from the Radiological Health Handbook of the Public Health 

Service, dated January 197 0. 



:X::0 
1 

0) 

TABLE A-2 

NOBLE GASES EMISSION DOSE 

Population 
Basis 

1,959,000 
(1980) 

F 
a 

Weighted Unit Exposure 
3 

man-sec/m 

-3 
5.89xl0 

Er. 
1 

Whole Body 
Dose/Exposure 

3 
rem-m /sec-yr 

1011 

Site Boundary X/Q = 8 .B x 10-
6 

sec/m 
3 

(FSAR p. 2. 2. 3-2) 

Dy: 
-J 

Population Whole 
Body Dose 

ma n-rern/yr 

5.93 

,, -6 
Site Boundary Whole Body Dose = (8. 8 x 10 ) (1011) .= 8. 87 mrem/year 

D 
Average Whole 

Body Dose 
rem/yr 

-3 
3.03xl0 

f 
\JI 
N 
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n 
(3) D = I: 

s = 1 
D . 

S ,1 

where "n" is equal to the total number of sectors. 

The following equation was used to compute D, the average annual dose 

per person living within the entire area of interest. 

(4) D - nL/£: 7s 2= 1 

p 
s 

n 
where L 

s = 1 
P is the total population within 50 miles of the site. 

s 

The results of computations carried out using the above equations are 

presented in Table A-2. 

The dose rate in mrem/year, at the site boundary due to the radiogases 

released, was also computed. This value is included in Table A-2 for 

comparison purposes. For a continuous one-year occupancy at the 

site boundary, a person would receive a dose of 8. 9 mrem from expos

ure to the four noble gases released. 

The computed dose and dose rate values entered in Table A-2 are based 

on the estimated maximum releases of radiogases listed in Table 1 in 

the body of the report. However, significantly lower releases would be 

expected based on experience in operating PWR plants (see Table 2). 

The lower expected releases from the normal operating conditions of 
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the-Surry station result in proportionately lower doses and dose rates, 

and provide a basis for calculating a range of expected doses. These 

lower values may be computed directly by multiplying the dose values 

in Table A-2 by the ratio of the expected release to t~ assumed release 

based on 1 % fuel defects, shown in Table 2. Thus, the values in 

Table A-2 may be multiplied by the following factors to yield maximum 

and minimum expected doses: 

(a) 0.165 - to obtain the maximum expected values 

(b) 0. 00138 - to obtain the minimum expected values 

B. Thyroid Inhalation Dose 

A small amount of radioactive iodine, principally I-131, is relea.sed from 

the Surry plant during normal operation. The external whole body dose 

resulting from submersion in a cloud of radioactive iodine is negligible, 

however, iodine which is taken into the body produces an internal dose 

as the iodine is preferentially concentrated in the thyroid gland. The 

thyroid dose was calculated by the following equation: 

(5) D (rem/yr) = Q x X/Q x BR x DCF 

where (X/Q) and Q. are the same as defined previously and: 
l 

BR = 
DCF = 

-4 3 · 
Breathing rate, 2.31 x 10 m /sec for the "standard man. 11 

Dose coversion factor, 1. 48 x 106 rad/curie I-131 inhal~a'Z) 
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C. Child Thyroid Milk Ingestion Dose Model 

A small amount of gaseous radioiodines will be released from the Surry 

plant in addition to the noble gases. The critical pathway for iodine 

ingestion is the pasture-cow-milk-man pathway with the thyroid being 

the critical organ. The most sensitive receptor in the population in 

terms of a thyroid dose from milk ingestion is a young child six months 

to one year old. The following mode/ 
3

' 
4

) was used to compute the child 

thyroid milk dose from the radioiodine of concern, I-131: 

4 4 . 
D = 0.01 x 8.64 x 10 x 0.09 xX/Q xQ x 1.0 x 3.7 x 10 · x 0.35 x 0.18 

2.0 X 0.139 X 0.116 X 6.24 X 105 
X 100 

where: 

o. 01 = Deposition velocity of iodine onto pasture, (
5

) m/sec 

4 
8. 64 X 10 = sec/day 

0.09 = Milk-to-grass ratio, (5) µCi/1 milk per µCi/m 2 pasture 

X/Q = Atmospheric dilution factor at the site boundary, sec/m 3 

Q = Number of curies of I-131 released, µCi/yr 

1. 0 = Child milk intake, (6) 1/day 

4 
3.7xl0 = Disintegrations/ sec -µCi · 

A-9 
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0.35 = 

0.18 = 

2. 0 = 

0.139 = 

0.116 = 

5 
6.24xl0 = 

100 = 

H-56 

Fraction of Iodine ingested which reaches thyroid(
7

} 

Effective energy deposited in the thyroid, MeV(
7

} 

Mass of child's thyroid, (5) gm 

D t f . d' (5) d -1 ecay constan or 10 me on pasture, ay 

Effecti~e decay constant for iodine in child's thyroid, (
5

) 
-1 

day 

MeV/erg 

ergs/gm-rad 

Since the quality factor and relative damage factor are taken to be unity 

for I-131, the ratio of rem to rad is unity and the dose equation given 

above may be expressed in units of either rem or rad. 
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A. Whole Body Doses From Seafood 

The annual whole body dose (rem/year) received by a person who con

sumes 50 grams daily of seafood of type "a" grown in waters contaminated 

with radionuclide "i II can be determined from the following equations: 

D. 
1 

Daily intake of II i" via seafood 
= Daily intake of 11 i 11 resulting in 5 rem/year x 5 (rem/year) 

( ) D (rem/ = 1 
a, i year) 

(
µCi/g ) 

50 (g /day) x C (µCi/cc ), x CF c·/ a 
a w w 1 µ 1 cc . 

W 1 

(MPC) (µCi/cc ) . x 22 00 (cc /day) 
(rem/ 

X 5 year) 
W W 1 W 

where: 

C = Concentration of radionuclide ui 11 in the ambient waters 
w 

of the organisms. 

CF = Concentration factor for the edible part of the marine 

organisms concerned. Values compiled by the Lawrence 

Radiation Laboratory were used in these calculations. 
( 1 ) 

(MPC) = ICRP - derived value ( 
2 

) for the maximum permissible 
w 

concentration of radionuclide II iu in potable water, 

applicable to chronic intake (168 hr/week) and for the 

whole body as the organ of reference. 

2200 cc/day 
( 2 ) 

= Intake of water by standard man. 
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5 rem/year = .,., Whole body dose resulting from continuous daily intake 

(by ingestion) of [(MPC)w (µCi/cc) x 2200 (cc/day)] µCi 

of radionuclide II i 11 
• 

For the radionuclides of interest, the Qf (Quality Factor) and the relative 

damage factor II n 11 are both taken to be unity. Hence, the ratio of rems to 

rads is unity and the dose equations in the Appendix may be expressed in 

units of either rads or rem. 

When the seafood is contaminated with "n" radionucli.des, the total, annual 

whole body dose is: 

(2) D (rem/year) = 
a 

n 

L 
i = l 

D . a, 1 

The nuclide concentrations listed in Table IV for the James River, with 

an increase of 10% to account for the possible occurrence of recircula

tion of the discharged effluents through the plant, were considered for 

these calculations. The results are shown in Table 

The general population doses resulting from the ingestion of seafood 

raised in the liquid effluents discharged to the James River were 

calculated as follows: 

The average amount of seafood consumed annually per person within 50 

miles of the plant, assuming that all of the seafood harvested in Virginia 

is eaten within 5 0 miles of the plant is: 
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A (gross lbs/yr) x f edible llbbs x 454 (gm/lb) 
( ) - ( / ) a a gross s 
3 A a gm yr ::;: -----P-(p_o_p_u_l_a_ti-·o_n_w---...::;it_h_i_n_S_O_m_i_l_e ..... s) ___ _ 

where: 

A 
a 

f 
a 

p 

= 

= 

Gross pounds per year of fish and shellfish 

0. 35 for fish 

= 0 . 15 for hard crabs 

= 1. 0 for soft crabs, all mollusks 

= Population within 50 miles of the plant, based on 

19 60 population of 1,240,000 to maximize per 

capita dose. 

The whole body dose received by an individual in the population who 

consumes an annual average of A grams of seafood of type "a" can . a 
be determined by the expression: 

D 
a 

= Yearly intake of seafood "a" x D (rem/yr) 
a 

Yearly intake of "a" resulting in D (rem/yr) 
a 

(4) D a (rem/yr) = A ,_(.._..g._m_,_/ ...... y_r,_) _____ _ 
sB (gm/ day)(365 day/yr) 

x D (rem/yr) 
a 

where D is determined by equations (1) and (2) for the activity con
a 

centrations computed for the James River adj a cent to the plant (with a 

10% increase for recirculation of the effluents). 
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The total population dose (man-rem/yr) is the average individual dose 

multiplied by the 19 60 population within 50 miles of the plant: 

(5) Dr (man-rem/yr) = I: P (persons within 50 miles) x Da (rem/yr} 
a 

The calculated doses are shown below: 

Per Capita Dose Population Dose 
Type of Seafood A (gm/yr) D (rem/yr/person) D~ (man-rem/yr) 

a a 

Fish 320 2. 24 X 10-5 27.8 

Shellfish 619 
_i::; 

4.35 X 10 " 53.9 

TOTAL 81. 7 

B. Whole Body Dose From Drinking Water 

The annual whole body dose (rem/year) received by a person who consumes 

his total daily water intake (2 200 cc) contaminated with radionuclides II i" 

can be calculated from the following equations: 

(6) 

D. = 
1 

Concentration of II i 11 in drinking water 
Concentration of "i" resulting in 5 rem/yr 

Di (rem/yr) = ~ (µCi/c.cw)i 
· PC)w (µCi/ccw)i 

x 5 (rem/yr) 

x 5 (rem/yr) 

Here, C and MPC are defined the same as on page B-1 and are 
w w 

numerically equal to their respective values in Table IV of the text. 
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When the water is contaminated with "n" radionuclides, the total annual 

whole body dose is: 

(7) 

n 

D (rem/year) = ~ 
i = l 

B-5 
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SECTION ONE 

NEED FOR POWER 

I-2 

Ql. What is the composition of Vepco's projected load growth for the next 
five years by major categories? 

ANSWER 

The applicant projects only its total peak loads; a projection relating 

the con tr i but ion of each category or type of load to the total peak· load is 

not attempted. The Applicant does, however, project its energy sales by 

major categories. Table 1-1. 11 Peak Loads and Sales, 1972-1976,'' lists for 

1972-1976, the latest projections for energy sales, by major categories, 

and the latest projections for peak load. 
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TABLE 1-1 
VIRGINIA ELECTRIC AND POWER COMPANY 

PEAK LOADS AND SALES 
1972 - 1976 

A. MEGAWATTS AND KILOWATT HOURS 

PEAK SALES-KWH(MILLIONS) 
LOAD 

YEAR· (MW) TOTAL RES'DL COM'RL INDUST'L ST LGT. 

1972 6300 28198 9460 6845 5064 124 
1973 7010 31360 10505 · 7671 5432 131 
1974 7790 34809 11624 8594 5827 138 
1975 8660 38650 12817 9627 6250 146 
1976 9610 

B. PERCENTAGES 

GRO~fffrtl'AL PERCENT ... PERCENT ANNIJ~L SALES.: 
PEAK TOTAL 

VEAR LOAD SALES RES'DL COM'RL INDUST'L ST.LGT. -~ 

1972 19.0 14.3 33.6 24.3 18.0 o.4 
1973 11. 3 11. 2 33,5 24.5 17.3 o.4 
1974 11. 1 11. O 33.4 24.7 16.7 0.4 
1975 11. 2 11. 0 33.2 24.9 16.2 0.4 
1976 11.0 

NOTE.; Off I. C tAL SALES FQRECAST EXTENDS ONLY THROUGH 197 5. 

I 

AUT~~l~t~ES Sftk~~LEOR 

3704 299.4 
4141 3456 
4634 3992 
5190 4620 

PUBLru SALES FOR 
AUTHORITIES RESALE 

13. 1 10.6 
13.2 l 1. 0 
13.3 11. 5 
13.4 11. 9 

OTHERS 

7 
24 

OTHER 

0 
0. 1 
Q 

0 

H 
I 

l,.) 
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Q2. Why is the load growth rate for 1972 so much greater than for other 
years? (19% according to Fig. I.E.l-1 on P. 161 of the Environmental 
Report Supplement Volume l) 

ANSWER 

Over the past several years the Applicant has experienced wide 

variations in its rate of load growth. These variations have an apparent 

direct relationship to specific weather conditions. The following table 

lists the Applicant 1 s peak load growth from 1964 to 1971 and provides a 

descriptive weather evaluation for the summers of these years. 

( l ) 

Year 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

Summer Peak 

Load-MW 

2316 

2510 

2900 

3320 

3499 

4253 

4639 

4852 

5295 

Increase Over 
Previous Year - % 

8.4 

15,5 

14. 5 

5.4 

2 l. 5 

9. l 

4.6 

9. l 

Weather (l) 
Evaluation 

Mild 

Average 

Hot 

Mild 

Hot 

Average 

Average 

Very Mild 

Descriptive weather evaluation term applied to each year was 
based on review of weather statistics collected at the 
Applicant 1 s three major load centers. 

C 
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With the exception of 1970 and 1971, the impact of weather sensitive 

loads is apparent: a hot or average summer following a mild summer produces 

a much larger than average increase in peak load; a hot summer following 

an average summer produces an above average increase; an average year 

following a hot year produces a slightly smaller than average increase. 

The apparent discrepancies in this review appear in 1970 and 1971, 

The 4.6% increase in load in 1970 from an average summer to an average 

summer is very low while the 1971 increase of 9, 1% from an average to a 

very mild summer is exceedingly high. The reason for this apparent 

discrepancy is that actual data in 1970 does not reflect the true conditions 

existing at the time of the system peak. Because of a generation short-

age on its system as well as on the entire east~rn seaboard, the A~plicant 

had been forced to institute three measures to curtail its load at the 

time of its 1970 summer peak load. It is estimated that the 1970 peak 

load was curtailed by 290 MW by taking the following steps: 

(1) 5% voltage reduction - 120 MW 

(2) Telephone appeal to selected commercial and industrial customers 

- 70 MW 

(3) Radio - television appeal to all customers - 100 MW. 

Without this load curtailment the Applicant would have experienced a 

much higher 1970 load which would have produced the peak loads and p_ercentage 

increases shown in the following table: 



Year 

1969 

1970 

1971 

Summer Peak 

Load-MW 

4639 

5142 

5295 

Increase Over 
Previous Year - % 

10.8 

3.0 

I-6. 

.Weather 
Evaluation 

Average 

Very Mild 

Using the above adjusted 1970 load, the load increase from an 

average summer in 1969 to an average summer in 1970 was at the estimated 

percentage rate of growth. For the very mild summer fol lowing the average 

summer, the 3.0% increase is approximately what would be expected. 

Evaluation of the pattern of percentage load increases for va~ing 

weather conditions indicates that, for the return to average summer 

conditions following a very mild summer, the Applicant must anticipate 

an abnormally large load growth. Furthermore, the two years unrealized 

growth in weather sensitive loads (unrealized in 1970 because of load 

reduction and in 1971 because of mild weather) should, with a return to 

average summer weather, be realized in 1972. The Applicant believes that 

a 19% increase in load in 1972 is not inconsistent with past experience 

and data. The average percent growth per year for the period from 1968 

to and including the estimated 1972 load, is 10.32%, which is consistent 

with Vepco 1 s historical load growth for the past t~n years. 



-

Q3, What types of agreement does Vepco have relating to reliability 
of service and curtailment of power? 

ANSWER 

I-7 

The Applicant has agreements with the Southeastern Power Administration, 

the Pennsylvania, New Jersey, Maryland Interconnection, The Appalachian 

Power Company, The Alleghany Power System (through two of its member 

companies) and the Carolina Power & Light Company. In general, these 

agreements provide for parallel operation of electric systems and for 

capacity and energy transactions between the parties. Every agreement 

includes a clause relating to emergency capacity and energy which each 

party will make available to the other if the need arises and if the 

capacity or energy is available. 

The Applicant is a signatory to the VACAR Reliability Agreement and 

to the Southeastern Electric Reliability Council Agreement. These 

agreements are specifically directed to the augmentation of reliability 

of the bulk power supply of the member companies. 

Through the Applicant 1 s membership in VACAR, it is a party to an 

Inter-Area Reliability Agreement signed by the VACAR group, the East 

Central Are~ Reliability Grdup, and the Mid-Atlantic Area Co-ordination 

Group. This agreement provides for inter-regional cooperation to 

augment reliability of bulk power supply of the member companies. 

Through .the Applicant 1 s membership in the Southeastern Electric 

Reliability Council, it is a member of the National Electric Reliability 

Council which was formed to augment the reliability of bulk power supply 

in the electric utility systems of North America. 
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The Applicant has no contractual obligation to curtail power. 

However, under the provisions of the VACAR Reliability Agreement, the 

VACAR members have established principles of operation to be followed 

when there is a generation shortage on one or more of the participating 

systems. In general, these principles outline the cooperative efforts 

of all the members to prevent loss of load by any member, but when all 

possible cooperation does not eliminate the generation shortage, those 

companies short of generation are required to drop load until their 

generation is equal to their load. 

The Applicant, by operating its systems in parallel with other 

systems, has implicitly agreed to conform to good operating practices and 

to cooperate with neighboring companies during periods of generation 

shortage. Should a condition occur where the Applicant has more load 

than resources and no other company can provide assistance, the Applicant 

would immediately begin load curtailment to restore a proper balance 

between generation and load. 

The Applicant has, in conjunction with other companies, but not under 

any contract, instituted an automatic load shedding program designed to 

drop approximately 30% of the Applicant's total load in three steps during 

times of decaying frequency. 
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Q4. Does Vepco plan to retire any generating units from service during 
the next five year? If so, please state the reasons. 

ANSWER 

The Applicant plans to retire two small generating units at its 

Bremo Power Station in December, 1972, and one small unit at its Balcony 

Falls hydro faci 1 ity in Apri 1, 1972. 

The units at the Bremo Power Station, with a combined nameplate 

rating of 30 MW, were placed in service in 1931, These units have been 

in cold reserve for several years and have been used only during extreme 

system emergencies. Because of the age of the units an~ because of the 

cost of making these units comply with federal and state emission standards, 

it is not economically feasible to continue their operation and the Applicant 

has committed itself to their removal by the end of 1972 if Surry 1 and 

2 are available. 

The unit at Balcony Falls has a nameplate rating of 675 KW. 

Because the fixed and operating costs of this unit exceed the revenue 

derived from its operation, the unit is being shutdown. 
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SECTION TWO 
SITE AND SITE SELECTION 

Ql. What was the previous use of the site land? What fraction of the 840 
acres will be used for plant buildings, auxiliary components, substation and 
transmission? What total area was cleared for construction? 

ANSWER 

The 840 acres of the site were purchased from the Halifax Timber Company 

which used the land for timber production. Presently the following acreage 

on the site is utilized for 

Main Plant Site 12.5 Acres 

Discharge Canal 21. l Acres 

Intake Canal 59.2 Acres 

Switchyard 13. 3 Acres 

On Site Transmission 76.6 Acres 

TOTAL 182.7 Acres 

An additional 28. l acres were also cleared for construction related activities. 

In all, approximately 210.8 acres of the 840 acres on site were cleared. 

. I 
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Q2. What restrictions and easements will be in force relative to passage 
through the site and use of the shorelines? Will hunting be permitted? 

ANSWER 

State Route 650, which crosses the site west of the main plant structures, 

provides unrestricted access across the site. Any restrictions on use of this 

road would be imposed by the State of Virginia and would probably only be 

vehicular weight restrictions intended to preserve the road. 

For security reasons, the intake canal, major site structures, and discharge 

canal will be enclosed by a chain link fence. The periphery of the site will be 

unfenced but will be posted with 11 No Trespassing'' signs. Hunting will not be 

permitted on the site. 
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Q3. Are there any problems that might be caused by the proximity of the cooling 
water intake system to the gas pipelines on the eastern side of Gravel Neck? 

ANSWER 

The subject gas pipelines are situated inside protective sleeves well 

below grade level. The proximity of these gaslines to the cooling water intake 

system will present no problems. 



-

-

Q4. Will future dredging of the inlet channel be necessary? 

ANSWER 

1-13 

It is the Applicant's belief that future dredging of the inlet channel 

will not be necessary. 
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Q5. Was an upstream (non-estuarine} site considered? 

ANSWER 

I-14 

An upstream site at Weyenoke, located on a peninsula of the James River 

in Charles City County was considered. The site was determined to be unattractive 

because of low level marshes and because of the site's proximity to historical 

homes and plantations. The site was disposed of prior to consideration of the 

Surry site. Additional information pertaining to this site and site selection 

is presented on pages 56 and 57 of the Surry Power Station Environmental Report 

submitted to the Atomic Energy Commission on December 31, 1970. 



SECTION THREE 
ECOLOGICAL IMPACT 
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Ql. What data are available pertaining to the standing crops of organisms
benthic, nektonic (adult fish, fish eggs and larve) and planktonic species in 
the area of the intake and discharge structures? 

ANSWER 

The tidal segment encompassing Hog Point is ecologically classified as 

the 11 gradient zone 11 of the James River tidal system. This zone is characterized 

by the greatest fluctuations in salinity both within and between years of any 

area within the system. For example, during the study period from May, 1965 

through May, 1966, the salinity measured at slack before flood tide ranged 

from fresh water to 16.20 parts per thousand (ppt) at a.channel station off the 

intake and 11.24 ppt at a channel station off the discharge of the Surry facility. 

This natural variation within seasons severely limits infauna and epifauna 

populations to those species which can tolerate a wide range of salinity levels. 

During the pre-operational study conducted b~ the Virginia Institute of Marine 

Science for the Applicant, only 23 species of benthic invertebrates representing 

the Phyla Arthropoda, Mollusca, Annelida, and Nemertea were collected from the 

Hog Point area. The dominant organism in the area in terms of both numbers and 

biomass is the clam Rangia cuneata. This clam has a clumped distribution and 

the associated variation both within and between stations is high. In the shallow 

areas of both the upstream and downstream side of Hog Point, the average clam 

population was less than 50/m2. The average weight of the clams is dependent upon 

the year class represented in the population. Table 2 of the pre-operational 

report entitled, 11A Study of the Flora and Fauna in·the Oligohaline Zone of the 

James River, .Virginia11 is reproduced herein as Table 1-2. Figure 1-1 identifies 
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~PECIES 

2 3 
. 

Gommorus sp. 
Dipteron lorv.oe .. . . 
Corophium /oC(Js/re 

; 

Cyotlluro polilo 
l.aeonere;$ ,utveri ... ' . 1-·. .. .. 
Conger/a /eucoplloelfJ 

7.locomo milche/li 
8 

M bollhico 
Broch/don/es recurvus 1 
Lepidocly/us dyliscus b 

edwordsi 
.. 

l,:fonocu/odes 
Tubu/onus pe//ucid11s 
Heleromoslus fi/iform1s 
leplocheirus plumu/osus 1 
Edoleo lriloba 
Nereis succineo 
Chiridoleo olmyro · . . 

·Mya arenoria 
Lysippides .. gray, 
Unid. oligochoetes · .. 

Unid. copitellids \ 

Rangio cuneoto 26 23 5 
Sco/ecolepides viridis 5 
Biomass ' 305 221 134. 

e 
TABLE I-2 

SPECIES, NUMBER OF.INDIVIDUALS 
AND-TOTAL.WET WEIGHT IN GRAMS 

PER
1

0~14 M2 AT EACH STATION 

. _ Spring 1969 

STATIONS 

4 5 6 7 ·e 9 

.. .. . . 

.2 ... 
·'. 

,0. ·: ~. . . 
.. 

4 
... .. 

' 
.. 

1 
·. ; 

... 
.. ·1 

.. 
5 22 1 

.. 
... · . 

13 2 7 18 51 12 
6 •' 1 8 1 ·18 

200 15 112 299 ·613 161 

10 I.I 12 13 · 14 ,, 16 

2 .13 1· 
I 

·' ... 
178 

l l 
' : 

4 
4 

1 

.. 4 ... 30 

> 

·. 

157 13 2 18 4 5 1 
1 3 3 15 · 1 6 2 

2001 431 101 236 161 142 20 
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SPECIES 

17. 18 19 .. 
Gommarus . sp. · 2· 
11ipleron larvae 

~hium locus/re · 
.. ·. 5 55 4· 

Cyalhu.·a polilo 2 15 1 
Laeonereis culverf · 

.. 

Conqeria /eucopnoelo 37 105 2 
. Macoma milcnelli 
M ballnico 
Brachidonles recurvus 2 13 
Lepidaclylus dyliscus . 
Monoculodes edwardsi 
Tubulanus pel/ucidus 1 
Heleromaslus fi/iformis 
Leplocneirus p/umulosus · . . . 1 
Edolea lri lob a .. 

Nereis succinea 
C/Jiridolea o/myro 
Myo oienorio ' 

Lysippides gray, .. 
Unid. oligochoetes .. . . 
Unid. copitellids ,. 

Rongio cunea/o 3 73 2 
Scolecolepides viridis 4. 3 5 
Biomass 82 936 36 

e 
TABLE I-2 

SPECIES, NUMBER OF INDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER 0.14 M2 AT EACH STATION 

Spring 1969 
STAT IONS 

20 21 22 23 24 25 

.. 
. ,· . ... 

. . 

.1 6 
: 14 2 .. 

3· .. 
1 3 l "/. ·. 2 

4 

1 ·. 
'· 

1 1 

15 . 27. 1 ... 

.. 

\ 

' 
2 

'. 4 . 21 58 23 9 119 
.11 15 2 18 1 1 

143 352 659 675 177 1395 

26 27 28 
.. 

.. 

2 3. 

1 
... 

2 

2 

1 1 8 
2 

7 67 8 
1 

113 986 100 

29 

2 
2 
1 

1 
3 

2 

2· 

90 

30. 31 

2 
1 4 

5 
3 

1 

2 

5 27 

4 
4 6 

68 6 

H 
I 

I-' 
....... 
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SPECIES 

3 

Ga_inmarus sp. 
Dipteran. larvae 
Corophiurri · locus Ire 
Cyothura po/ila 
laeonereis culverl 2 
Congeria leucophoelo 
Mocoma milchel/l 
M. bo/lhico 
Broc/lidonles recurvus 
lepidoctylus dytiscus .. 
Monocu/odes edwordsi 
Tubulanus pe/lucidus. -
Helerotnoslus fi/_iform,s 
l eplocheirus plumu/osus. 
Edotea lri lob a 
Nereis succinea 
Chirido/eo almyro-
Mya areno,:io 
lysippides gray, 
Unid. oligochoetes. · · 
Unid." copitellids 
Rangia cune~lo .. 9 
Scoleco/epides vlridis 4. 
Biomass 297 

·9 u 

. 

2 1· 

43 
2 
5 500 

e 
TABLE I-2 

SPECIES, NUMBER OF INDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER O .14 M2 AT EACH STATION 

Sunnner 1969 
S_TAT IONS 

14 17 22 26 30 

4 . :,_·5:. . 
2 

.-1. 

.1 14 159. 5 
6 ,9 ·. 1 
0 38 153 1502 74 

-. 

•,: 

H 
I 

f-' 
co 
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SPECIES 

Gammarus sp. 380 184 9 . . 
3 Dipteran larvae .. 

. . 
Coropllium /acuslre 
Cyalhura po/Ila 1 
Laeonereis cu/veri 27 24· 
Conger/a leucop/lae/a 
Macoma mile/le/Ii 5 7 
M ballllica 
Brachidonles recurvus .. 
Lepidacly/us dytiscus 
Monocu/odes edwardsi 
Tubulanus pellucidll'S 
Heteromaslus filiform,s 
Leptoclleirus p/umu/asus 
Edoteo lriloba ·1 
Nereis succinea 
Clliridctea a/myro 
Mya arenoria . .. ' • . 

Lysippides gray, 
Unid. oligochaetes 4 7 
Unid." capitellids 

; 

·' .. 
Ranqia cuneata. 3 28 3. 
Scolecolepides viridis ., 39. .. 1 ·54 
Biomass 35 249 68 

L __ 

TABLE I-2 

SPECIES, .NUMBER OF INDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER 0.14 M2 AT EACH STATION 

Fall 197.0 
. STAT IONS 

. · .. 
8 11. 12 · .. 13 · · 17 . 18. 

216 124 53 10 233 18 118 
8 .. 

" . , .. 
,. 

2 6 1 5 .3 
.'6 6 28 ,. 

.. .. 

3 2 . 1 14 6', 

' J 
,• ... 

,· 

; 
1 

' ,. ·, . . . . 
2 

•:' 

2 
.. 

•, 

2 6 1 
.. 

83 2 12 9 5 3 4 
6 ··A 6 10 10 7 

963 29 142 390 69 87 96 
. . 

.21 23 24 

182 19 227. 
. ... 

21 1 
·4 13 

23 12 
',. 

' 
I 

43 '3 ... 

16 5 .1 , 

82 23 6 
272. -168. . 189 

26 

35. ·.· ' 

2 
_.3· 

... 

1 

2 

• :1 

90 
2 

891 
· . 

29 

52 

' 

1 
17 

8 

3· 

10 

2 
. 18 

!X) 

. 31 

55 

7 
4. 

1 

.. 

1 

8 
2 

308 

H 
I 

f-' 
\0 
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SPECIES 

2 .. 4 : 6 

Gommarus sp. 8 ·s 
Dipteron larvae ' 7 5 1 
Corophium /ocuslre 
Cyalhura. polila 
Loeonereis culveri ', 1 
Conger/a leucophoelo · 
Macoma milcliel Ii 
M. ba/lhica 
Brachidon/es recurvus 
Lepidactylus dytiscus 
Monocu/odes edwordsi · 2 
Tubulonus pel/ucidus. j 
Heleromastus fi/iformts 
Leploclieirus plumulosus . 25 
Edoteo li'ilobo 
Nereis succineo 
Cliiridolea a/myra. . : . 2-
Myo orenorio .. 

Lysippides gray, 
Unid. oligochaetes ,, 

Unid. capitellids · .. 

Ranqio cuneolo 71 20 1 
Scoleco/epides viridis 32 
Biomass· 1120 178 23 

.. 

e 
TABLE 1-2 

SPECIES, NUMBER OF JNDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER 0.14 Mz AT EACH STATION 

Spring 1971 • 
STATIONS 

.. 
8 ·.9 · 11 12. 13 17 18 

·6 9 7. 14 29 7 
3 

1 1 
2 

•, .. 
,, . . 

·3 1 
. ' 

1 

· 17 
,. 

i ' 6 

1 1 .. 
'· 

22 n 34 5 .14 
25 25. 5 5 12 7 

307 403 638 1 88 469 ·1 

21 23 

2 22 
1 1 

3. 
.3 1 

.. 

. ; 

2 

.. 

3 

12 7 
25 

245 373 

24 · · 26 . 

85 5 

1 

1 -·1 

·1 
1 

: 

' 

-

6 36 
9 

207 356 

29 

12 

2 

2 

4 

.. 

17 

6 
1 

31 

10 
1 

6 

5 

2 

3 
4 

116 

H 
I 

N 
0 
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SPECIES 

2- . . 4. .' 6 

Gommorus sp. ; 

37 2 .. 
Oipteran larvae . . 

C Or.!!£.hium /acuslre'. 2 t 
Cyalhuro po/Ila ' : 

La e onereis culvefi· ... 2. 
Conoeria /eucophoelo · .. 

---'-· 
Alacomo milchel Ii 
M. bolthico 
BrOc/lidonles recurvus 
Lepiduclylus dyliSCIJS 18 · 
Monocu/odes edwardsi 
Tubulanus pellucidus . 1 
Heleromaslus filitorm,s 

piumulosus 
... 

L eplocheirus 
·. EJoleo lrilobo 
Nl!reis succineo .. 

Clliridoleo o/myro .. 

Myo orenorio : 

Lysippides. gray, 
Unid. oligochoetes 
Unid. copitetlids 1 
Rongio cunealo 91 13 5 
Scoleco/epides viridis 2 1 3 
Biomass ' 1533 264 241 

e 
TABLE I-2 

SPECIES, NUMBER OF INDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER 0.14 M2 AT EACH STATION 

· Summer 1971 

STAT.IONS 

8 ·_9·:--11. 12 .·13 17 

4 11 l 4 8 
• . 1 
3 

,, 

. '· 1 ... : 2' ·' 

.. 

·.· 'l .. .. .. 

.. .. S, 30 · 
3 1 ,· 

·-
1 1· : 

.. 
. . .. .. .. 

·' 

.. 

.. 
: s ' . . . , 

' 
44 25 42 4 2 1 

16 7 3 2 2 
655 469 847 239 - 33 32-

18 . 21 23 
.. 

; 42 ·11 
1 2 

109 
3 1 

2 
1 

.. ·' 

; .. 
·' 

·. 

4 4 ·. 
2 2 

6 127 2 
3 5 14 

·96 2347 2 

24 26-' . 
10 l 

1 
1 

8 

1 1 
·' ' 

1 

3 . . 

' .. 

.. 
3 

10 95 
7 3 

226 1027 

e 

29 31 

.13 21 

1 
1 

.. 

1 6 

·· l 1 

4 

3 7 
1 2 

39 80 

H 
I 

N 
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SPECIES 

2 6 

Gommorus sp. .. 18 
Dipleron larvae. 

,' 4 : 3· 
Corophium locus/re 2 
Cyalhura poli/a ". 

Laeonereis cu/veri 
Conger/a leucophoelo 
Macoma milchelli 
M. balthico 
Brochidonles recurvus 
lepidocly/us dyliscus 
Monocu/odes edwardsi 
Tubulanus pel/ucidus - ·-
Helerom_aslus filiform,s 
L eptocheirus plumu/osus 32 
Edotea lrilobo 
Nere,s succmea 2 23 
Chiridoteo o/myro 
Myo orenoria 
Lysippides gray, 

" 

Unid. oligochoetes 
Unid." copitellid s ·-

'Rangio cuneo_lo 29 8 1 
Sco/eco/epid es viridis .. 

5. 2· ·12 ,' 

Biomass 333 140 1 

---- --- -- - --~-----------------------------------

e 
TABLE 1-2 

SPECIES, NUMBER OF INDIVIDUALS 
AND TOTAL WET WEIGHT IN GRAMS 

PER 0.14 Mz AT EACH STATION 

Winter 19.71 
STAT IONS 

•: .. 
8 .. : 9 ·11 12 13 17 ··' ... 

~- .1 1 ,• 
3, 6· ·. 

·2 .7 6 14 1 
- 2. -.4.· 1 2· " .-., . ·.·. . 

" -· . . 
1 . -

.• .. 

.. 
.. 

.. 
". . . 

5 41 

4 
,•, i• 

'. ··,· 

1 ·l 
1 

6 9 9 6 3 11 
15 13 .4 1 

107 173 106 288 20 308 

· 18 21 23 24 · 

. .. l •' 

2 32 15' 
17 1- 2 l 
6. 1 2 

13 5 

' 6 3 
- 3.; 

1 

i 
·1 

l 2 
... , 

-·. 

1 

5 11 8 10 
2 3 l 

46 179 459 249 

26 

1 
l 
2 

- . 
- . 

'.: 
.. 

.. 

.. 

1 

145 

1436 

29 

67 
6' 
1 

3 .. 

20 
5 

- - ,• 

. -· 

1 
1 

10 

·7 
3 

31 

34 

16 
8 

18 

l 

4 

10 

385 

H 
I 

N 
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FIGURE I-1 

SAMPLING STATION NUMBERS 
AND 

LOCATION IN THE JAMES RIVER 
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the sample locations used in the table. 

The total number of nektonic species found in this tidal segment during 

a part of each year is very high (See Section I.C.2(a) of Applicantts Environmental 

Report Supplement Volume I). Population characteristics at a given time, however, 

are dependent upon the season (water temperature) and the salinity. Because of 

the high degree of associated variation, neither the applicant and its contractors 

nor the competent state estuarine research organization has attempted to describe 

the higher nekton populations in terms of biomass. 

The tidal segment adjacent to the Surry facility is not utilized as a 

spawning area for the recreationally or commercially important species of fish. 

The Anodromous Alosids spawn upstream in the freshwater tidal reach and upper 

tributaries and the young remain in the tidal river until Fall. The 11 estuarine11 

Serranids spawn upstream of Jamestown Island and the young move downstream as 

they develop. 

Certain forage species such as Silversides and Gobles utilize the oligohaline 

reach as a spawning area; but no data are available relative to the standing crops 

present at a given time. 

Several studies have evaluated the phytoplankton standing crop (as measured 

by chlorophyl 1 11 a11 levels) in the ol igohal ine reach of the James River. These 

include references l, 2, and 3. 

The following chlorophyl.l 11 a11 data for the period May, 1965 to June, 1966 

are from Reference l. 

Month 

May 65 

June 65 

Chlorophyll 11 a11 (µgm/1) 

Intake 

2.8 

3.9 

Discharge 

3.5 

7.3 
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Month 

July 65 

August 65 

September 65 

October 65 

November 65 

December 65 

January 66 

February 66 

March 66 

April 66 

* This value is in question. 

Ch 1 orophy 11 

Intake 

4.7 

3.3 

4.5 

45.9* 

7.4 

14.o 

5.4 

3.9 

3.8 

4.0 

I-25 

II all (µ gm/1) 

Discharge 

4.4 

5.4 

5.8 

8.9 

3.0 

2.8 

2.7 

4.8 

2.3 

5.0 

The data from the pre-operational report (manuscript) indicate that primary 

productivity values in the area are very low. 

Date 

May 71 

June 71 

July 71 

August 71 

September 71 

October 71 

mg C/(hr m3) 

Intake 

3.884 

1. 127 

2. 370 

3.848 

5.077 

2·.096 

Discharge 

2.014 

0.942 

1 ! 292 

3.260 

6.373 

3.712 

The low chlorophyll 11a11 and primary productivity levels measured in this 

tidal segment result from a physical characteristic of the oligohaline zone known 
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as the turbidity maximum. In this reach, the inorganic settleable solids load is 

in the highest of any location within the estuary (see reference 1, also Nichols, 

M. M. and G. Poor, 1967. 11 Sediment transport in a coastal plain estuary, 11 

Am. Soc. Civil Engrs. ,21 (WW4): 83-95). This phenomena is attributed to the 

physical interaction between the sediments transported upstream from the mesa -

and polyhaline reaches and those transported downstream from the tidal river and 

to the peptizing of previously flocculated material in the predominantly uni-valent 

ionic environment of the reach. 

The high suspended solids levels not only decrease the depth of light 

penetration thus limiting primary productivity, but upon re-flocculation mechanically 

entrap phytoplankton organisms and in the process of sedimentation, ~emove them from 

the water column. 

Therefore, the tidal segment adjacent to Hog Point is characterized by high 

turbidity levels, low phytoplankton biomass, and low primary productivity levels. 

References 

1. Brehmer, M. L. and S. 0. Haltiwanger, 1966, 11A biological and chemical study 

of the tidal James River. 11 Final Contract Report, Contract No. Ph 86-65-86, 

FWPCA (mimeo) 

2. Brehmer~ M. L. 1967, 11 Nutrient assimilation in a Virginia tidal system, 11 p. 

218-249. In: P. L. McCarty and R. Kennedy, [ed], Proceedings of National 

Symposium on Estuarine Pollution, Stanford University, California, August 23-25, 

1967. 

3. Brehmer, M. L. 1972, 11 Biological and Chemical Study of Virginia's Estuaries 11 

(in press) 
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Q2. What recent data have been acquired by Vepco•s monitoring system pertaining 
to temperature, dissolved oxygen, biochemical oxygen demand, and salinity regimes 
of the James River? 

ANSWER 

Figure 1-2 shows the maximum and minimum James River temperature data 

collected at instrument tower 4 shown on Environmental Report Supplement Figure 

I I. I.A.2-1. These data are representative of temperature data collect~d at the 

remaining Vepco instrument towers. 

At present, significant salinity data is unavailable because of the poor 

performance of the installed salinity measuring instrumentation. The Applicant 

is continuing its efforts to collect this salinity data. Historical salJnity 

data is available. 

Dissolved oxygen data is not being co.llected since considerable historical 

data is available. Biochemical exygen demand data is not being collected since 

it is the Applicant's belief that such data are not relevant to any preoperational 

or postoperational environmental considerations at the Surry Power Plant. 
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Q3. What are the maximum and average free c~lorine concentrations in the 
sanitary waste system discharges? Are both the discharge canal and a drainage 
field used? 

ANSWER 

At the Surry Power Station there are two identical sewage disposal systems. 

One system serves the Surry Information Center exclusively and the other system 

serves the station. Each system is sized to process 5000 gallons per day; the 

maximum expected input to either is 3250 gallons per day. 

Sewage flowing into these systems passes first into a septic tank and then 

through a subsurface sand filter. Liquid effluent from the sand filter then passes 

into a contact tank, where it is chlorine treated, and then is discharged into the 

discharge canal where it is mixed with the circulating water flow of approximately 

778,000 gallons per minute with one unit operation. 

The contact tank and associated components in each system are sized to be 

able to provide a 2 ppm chlorine residual concentration with 30 minutes retention. 

In operation of the systems, measured residual chlorine concentrations in the 

sewage system effluents, prior to dilution in the discharge canal have been: 

for the Information Center System•2.0 ppm maximum with an average of 0.4 ppm; for 
I 

the system servicing the station-1.3 ppm maximum with an average1of 0.57 ppm. 
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Q4. What is the estimated total area of land corridors off site required for 
transmission lines built because of the Surry Project? Please provide Vepco 
system maps with and without the station and sketches or photographs showing 
the transmission line structures. 

ANSWER 

Prior to consideration of the Surry Power Station site, additional trans

mission circuits were planned to reinforce connections between the Norfolk load 

area and the central portion of the Vepco system. After the Surry Power Station 

site was selected, these plans were modified to make provision for connecting this 

power station into the Vepco transmission system. Figure 1-3 shows the rights of 

way directly associated with the Surry Power Station. Figure 1-4 shows the system 

additions planned before the Surry site was selected. Comparison of these figures 

indicate that an additional 688 acres of rights of way were acquired as a result 

of Surry Power Station. 

Figures 1-5 through 1-7 are sketches of the various transmission line 

structures being utilized in these corridors. 
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FIGURE I-5 

SURRY- ELMONT 500 KV 

T~ANSMISSON TOWER 

TYPES 5LT~ 5MT, 5 HT 

!~34 
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FIGURE I-6 

SURRY-ELMONT 500 KV 

TRANSMISSON TOWER 

TYPES 5LA , 5MA 

I-35 
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FIGURE I-7 

SURRY-ELMONT 500 KV 

TRANSMISSON TOWER 
TYPES ·sHA, SOE 

I-36 

NOTE: THIS IS A DEADEND TOWER AND CONDUCTOR SUPPORTS ARE NOT SHOWN 
ON THIS VIEW 
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Q5. What chemicals will be used to control the growth of Deciduous species in 
the transmission line corridors1 What are expected rates of application? 

ANSWER 

Chemicals used to control woody growth on transmission line corridors are 

Tordon 1..Q.!_, 2,4,5-T and Silvex. These materials are registered with the U. S. 

Department of Agriculture, the Environmental Protection Agency and the Virginia 

Department of Agriculture, and are approved for woody brush control. The 

particular chemical used would depend upon the species present on the right of way. 

Normally, 2,4,5-T is used for mixed stands of brush. This chemical is 

applied at the rate of six pounds acid equivalent per acre. The material is mixed 

at the rate of 1 1/2 gallons of concentrate to 50 gallons of water, and is applied 

to an acre of brush. Tordon 101 would be used when the right of way is heavily 

infested with pine and Red Maple. Tordon 101 would be used at the rate of two 

gallons of concentrate in 50 gallons of water applied to an acre of brush. Silvex 

would be applied at the rate of six pounds acid equivalent to an acre and would be 

used if the predominant species on the right of way were oak. Silvex would be 

mixed at the rate of 1 1/2 gallons of concentrate in 50 gallons of water, and this 

mixture would be applied to an acre of brush. 

The interval between treatment is usually three years. If brush control is 

satisfactory, a cutting project is usually substituted after the second application. 

In this way, two applications and one cutting project are performed during a ten 

year period. 
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SECTION FOUR 
HEAT DISSIPATION SYSTEM 

Ql. What will be the velocity of the cooling water as it passes through the 
trash racks at the shore intake structure? What size bars are used for the trash 
racks and what is the spacing between them? What are the transit times for passage 
of water through the intake canal, through the condenser, from the point of dis
charge to the end of the rock-filled groin? (Please provide schematic drawings 
of the water intake system and the discharge system) 

ANSWER 

The velocity of the cooling water at the face of and between the bars of 

the trash racks is dependent on tide level as follows: 

Velocity Velocity 
Tide Level at Face, fps Through Bars, fps 

Mean High Water 0.92 1. 05 

Mean Tide Level 0.97 1. 10 

Mean Low Water 1.02 1. 16 

The bars of the trash racks are oft• thickness and are 4w wide. The 

spacings of the bars are 4 inches between centerlines. 

The time of transit for passage of water from the river intake to the 

high level intake structure is about 33 minutes, if it is assumed both units 

are in operation. The transit time through the piping system and condenser is 

about 1.5 minutes and the time of residence in the discharge canal system to the 

end of the rock groin is about 28 minutes. The transit time through the entire 

system is thus about 1 hour. Figure I - 8 gives a schematic profile of the 

Surry Power Station Circulating Water System. 
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Q2. What would be the cost of adding traveling screens to the shore] ine .intake 
structure? 

ANSWER 

To add traveling water screens to the shoreline structure, it is estimated 

that, assuming such a project would commence in 1972, the cost for Surry Unit 

would be $280,000 and the cost for Surry Unit 2 would be $295,000. The total 

combined cost would be $595,000. 
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Q3. Why was 6 feet per second chosen as the discharge velocity? 

ANSWER 

I-H 

The discharge velocity at the outlet was selected to achieve sufficient 

mixing of the station effluent with the residual water in the James River, but 

at the same time to minimize the effects of the station plume on small boating 

and on bed scour . 
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Q4. Would more dredging of the discharge canal and the shoreline canal in 
the riverbed be necessary for operation of four units? 

ANSWER 

If it were decided that two additional units would be installed at the 

Surry Power Station, the discharge canal, if it were utilized for the additional 

two units, and the shoreline canal in the riverbed would require enlargement. 
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SECTION.FIVE 
CHEMICAL AND RADIOACTIVE DISCHARGES 

INTRODUCTION 

Radioactive releases presented in this section were calculated 

on an expected fuel failure rate of 0.20%, instead of the requested 0.25%, 

to retain consistency with the calculations presented in the Environmental 

Report Supplement. It is also the Applicant's belief that based on 

realistic operating data from operating Westinghouse pressurized water 

reactors, the assumption of 0.20% failed fuel is more realistic than the 

assumption of 0.25%. 
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Ql. What quantity of radioactive gas bypasses the waste gas decay system 
as indicated in Fig. 11 .2.5-2 of the FSAR? Please give the volume in cfm 
and activity in the same units as from the gas decay system. 

ANSWER 

The most significant sources of activity that bypass the waste 

gas decay system as indicated in Fig. 11 .2.5-2 of the FSAR are from: 

A. Containment Purge System 

B. Boron Recovery System 

C. Liquid Waste System 

A. Containment Purge System - During reactor containment subatmospheric 

operation, there will be some inleakage into the containment. This in

leakage, if the containment leaked at the design rate of .1% of con

tained volume in 24 hours, would amount to approximately 1 .2 scfm. 

The containment purge system is equipped with two, 5 scfm mechanical 

vacuum pumps for removal of this inleakage. These mechanical vacuum 

pumps discharge to the suction of the process vent blowers, as shown 

on FSAR Figure 11 .2.5-2. The radionuclide release rates from this 

system are shown on Table 1-3. The following assumptions were used in 

the calcu]qtions: 

( 1 ) 

(2) 

(3) 

0.2% Failed Fuel 

6 3 Free volume of containment equals 1.75 x 10 ft . 

Containment activity based on 330 days buildup from a 1 liter/hr 

Primary to Containment leak rate. 

(4) Activity lost from containment leakage considered negligible during 
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the 330 days buildup (therefore, the release rates are maximum 

release rates). 

(5) Iodine plates out, or is removed by the Iodine removal filters 

in the containment or by the waste gas filters. 

(6) 5 scfm flowrate through the purge system. 

(7) 5 scfm flowrate is diluted with 300 scfm flow generated by 

process blowers and is then discharged through process vents. 

B. Boron Recovery System - The source of activity from this system is 

from the decay of Iodine in the hold up tanks. The release rates 

listed in Table 1-3 were calculated using the following assumptions: 

(1) 0.2% Failed Fuel 

(2) 17 gpm letdown rate (average for load fol low). 

(3) Load Fol low Operation. 

(4) Volume of Boron Recovery Tank= 127,000 gal. 

(5) 95% of Xenon supplied to the Evaporator is retained in the 

evaporator distillate. 

(6) With processing through the evaporator, .0025% of the Xenon in 

the holdup tanks is released to the atmosphere via the Distillate 

Tank. 

(7) 0.08% of the Xenon in the Boron Recovery Tank is released. 

C. High Level Liquid Waste System - Iodine decay is also the source of 

noble gas release for this system. The release rates listed in Table I-3 
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were calculated using the following assumptions: 

( l) 0. 2% Fa i led Fue 1 

(2) Activities from liquid waste estimates for 

a. Sample Sinks 

b. Lab Wastes 

c. Primary Coolant System Leakage 

d. Spent Resin Flush 

(3) Volume of Liquid Waste Tank - 2000 gal. 

(4) 95% of Xenon supplied to the Liquid Waste Evaporator is 

retained in evaporator distillate . 
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(5) With processing through the evaporator, 0.0025% of the Xenon 

in the Waste Tank is released to the atmosphere via the 

Distillate Tank. 

(6) 0.08% of the Xenon in the Waste Tank is vented to atmosphere. 



Isotope 

Kr 85 m 

Kr 85 

Kr 87 

Kr 88 

Xe 131m 

Xe 133m 

e Xe 133 

Xe 135m 

Xe 135 

TABLE I-3 

RELEASE RATES (Ci/sec) 

Containment Purge Boron 

9.04xlo- 11 

2.67xlo-7 

1.55xl0-ll 

l.Olxlo-lO 

2.38xlo- 8 

1.8lxlo-9 

3.56xlo- 7 

2. 13xlo- 10 

l. 25xl 0 
-9 

I-47 

Recover:r S:ts. Hiqh Level Waste 

3.96xlo- 8 2. 09x 10- l 0 

l. l4xl0-9 · 6:66xlO-l 2 

2.92xl0 -8 1. 65x l 0- l O 

7.6lxlO-l 2 4.44xlo- 14 

4. l2xlo- 10 2.4lxlO-l 2 
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Q2. What partition factor is claimed for iodine in the steam generator, 
at the condenser air ejector, and for the steam and water from the blowdown? 
What quantity of radioactive iodine is expected to be released to the at
mosphere from the air ejector and the blowdown vents when the activity level 
in the discharge canal is equal to the MPC? Give the blowdown rate used in 
gpm and/or cfm, average or maximum. 

ANSWER 

The following pa~tition factors were used in calculating the 

radioactive iodine released to the atmosphere from the air ejector and 

blowdown tank vents: 

µCi/~m H2o = l 0 (Steam Generator) 
µCi/gm Steam 

µCi/gm Steam = 104 (Condenser) 
µCi /cc Air 

µCi/sec into blowdown tank = 42 
µCi/sec out tank vent 

Table 1-4 lists the radioactive iodine released to the atmosphere 

from the air ejector and blowdown tank vents, and is based on the above 

partition factors and the following assumptions: 

(1) Primary to secondary leak rate equals 20 gpd (3.15 1 iter/hr). 

(2) 0.2% Failed Fuel. 

(3) Steam Ginerator volume equals 47.6m3 each. 

(4) Steam Generator blowdown rate equals 22 gpm/reactor unit 

(maximum) 

(5) Air Ejector flow equals 12.5 scfm. 
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TABLE 1-4 

Ci/sec 
Two Unit Operation 

Isotope Blowdown Tank Air Ejector 

131 l. 24x10 -8 2.84xlo- 11 

132 1: 64x 1 o-9 3,74xlO-l 2 

133 l. 13x10 
-8 2. 6x l 0- l l 

134 1.30x10-lO 2.98xlO-l 3 

135 3.0xlO -9 6.88xlO-l 2 

If the mixture of isotopes in the Discharge Canal listed in 

the Liquid Waste Estimates were at MPC, the above releases from the 

blowdown tank vent and the air ejector would increase by a factor of 

approximately 41. 
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Q3. Is the expected average holdup time for radioactive gas in the 
recombiner and decay tanks equal to or greater than 60 days? 

ANSWER 

The expected average holdup time for radioactive gas in the 

recombiner and waste gas decay tanks is greater than 60 days. The 

typical steps involved in a waste gas cycle, during which decay of gases 

would occur, are listed below. These steps were assumed for calculation 

of waste gas releases presented in Environmental Report Supplement 

Table II. l.C.2-5. 

Typical Steps Involved In Processing of Waste Gas 

l. Waste radioactive gas stripped from primary coolant 

letdown water is fed to a waste gas decay tank during 

a 330 day filling period with the recombiner operating. 

2. Upon completion of the filling period, the contents of 

a waste gas decay tank are held up for an additional 

60 days. 

3. Upon completion of the holdup period, the contents of a 

waste gas decay tank are bled to the atmosphere over a 

10 day period. 
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Q4. Please explain the difference in equilibrium coolant activity ~hown 
on Table 9, 1-5 of the FSAR and Table 11.2.2-1 on page B-16 of the original 
Applicant's Environmental Report. 

ANSWER 

The activities for FSAR Tables 11 .2.2-1 and 11 .2.2-2 presented 

on pages B-16 and B-17 of the Surry Power Station Environmental Report, 

submitted December 31, 1970, were calculated assuming 100% power operation 

with a load follow operation value for boron recovery annual average let

down of 17 gpm. These assumptions provide a conservative approach to the 

waste gas release calculation. 

The activities presented in Table 9, 1-5 of the FSAR were 

calculated assuming base loaded operation. If the calculational techniques 

used in generation of Table 11.2.2-1 were used, considering 100% power 

and a base load letdown of 1.2 gpm, activities would be generated that 

would be in close agreement with the activities presented in Table 9,1-5. 
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Q5. What quantity of radioactive gas and radioiodine is contributed 
by the various vacuum systems and by the various leaks in the turbine 
steam loop? 

ANSWER 

An estimate of the radioiodine released via the air ejector 

is given in Table I-4, in answer to question, 2 of Section Five. 

All radioactive gases due to a primary to secondary leak 

are assumed to exit from the secondary system via the air ejector. 

Table I-5 below lists the air ejector radioactive gas release rates based 

on the following assumptions: 

(1) Primary to secondary leak rate equals 20 gpd 

(2) 0.2% Failed Fuel 

(3) No credit for decay 

Isotope 

Xe 133 

Xe 133m 

Xe 135 

Kr 85 m 

Kr 85 

Kr 87 

Kr 88 

TABLE I-5 . 

Ci/sec. Releases 
Two Unit Operation 

Air Ejector Release Rate 

6.52x10-5 

7. 22x 1 o-7 

l. 42x l o- 6 

4.88xlo-7 

1. 18x l o- 6 

2.42xlo-7 

8.52xlo- 7 
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The iodine release rates due to leakage in the turbine steam 

loop are based on the following general assumptions: 

(1) Equilibrium Steam Generator Activity Based On: 

(a) 0.2% Failed Fuel 

(b) Each Steam Generator Volume equals 47.6m3 

(c) Blowdown equals 22 gpm/unit 

(d) Steam generator leakage rate equal to 20 gpd 

(2) Partition Factors: 

(a) Steam Generator 

l 0 µCi/gm H 0 
µCi/gm 

2 
Steam 

(b) Condensers 

104 µCi /gm Steam 
µCi/cc Air 

(3) The sources and estimates of steam plant leakage are 

as listed in Table r-6. 



TABLE 1.:.6 

Sources 

Sources Of Leakage 

Steam/Vapor 
Leaks 

(Per Unit) 

Auxiliary Steam Drain Receiver 

Containment Spray Pump Turbine 

Auxiliary Feed Pump Turbine 

0.1 #/hr 

0. l #/hr 

Chilled Water Air Ejector Condenser Vent 2.5 scfm 

Gland Steam Condenser Vent 

Valve Steam Leaks 

Pump Seal Water (Condensate) 

Building Heaters Condensate Receivers 

18 scfm 

100 #/hr 

Steam 
Reflashing 

(Total) 

1100 #/hr 

600 #/hr 
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Water 
Leaks 

(Per Unit) 

0.2 gpm 

10.0 gpm 

From the estimates listed in Table I-6, it can be concluded that the four 

basic sources of Iodine release in the turbine steam loop are from: 

(1) Direct Steam Leakage: 

(a) 100.2 #/hr - unit= 200.4 #/hr Total 

(b) No decay or plate out (all Iodine in steam is 

released to atmosphere). 

(2) Vapor Leakage From Chilled Water and Gland Steam Condenser 

Vents: 

(a) 20.5 scfm/unit c 41 scfm Total 

(b) Steam Generator and Condenser Partition 

Factors Considered 

(3) Vapor from Condensate Leakage 



I-55 

(a) 10 gpm/unit = 20 gpm Total 

(b) Condenser Plate Out Factor Equals 10 

(c) 2.4% of Iodines in Condensate is Released to 

Atmosphere. 

(4) Leaks From Reflashed Steam: 

(a) 3% of 1 iquid in the Condensate receiver flashes, 

therefore, 0.24% of the iodine in the 40 gpm of 

Condensate is released to the atmosphere. 

(b) 13% of the 1 iquid in the Auxiliary Steam Drain 

Receiver flashes, therefore, 1.04% of the iodine 

from 17 qpm of Condensate is released to the 

atmosphere. 

(c) 30% of the liquid valve steam leakage flashes, 

therefore, 2.4% of the iodine in this leakage is 

released to the atmosphere. 

(d) Plate Out Factor in the Condensate and Auxiliary 

Steam Drain Receivers equals 10. 

Table I-7 below 1 ists the total radioactive iodine released from 

the turbine steam loop calculated with the above source assumptions. 

These iodine release rates are predicted on conservative assumptions re

garding plate out factors and mass flow rates of various leak paths. Field 

data has not been definite in this concentration ·range, but iodine deposition 

in the system is believed to be significally greater than predicted in 

this analysis. 
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TABLE I-7 

Iodine Release Rates (Ci/sec) 
Two Unit Operation 

Chilled H20 & 

Direct Steam Gland Steam Ref lashed Condensate 
Isotope Leakage Condensers Steam Leaka9e 

I 131 6.o4xlo- 10 4.64xlo-ll 4. 17x 1 0- 11 7,26xlo- 11 

8. OOxl 0- l l 6,14xl0 
_12 

5,53xlo- 12 9,62~10- 12 I 132 

I 133 5,54xl0 
-10 4.25xlo- 11 3,83xl0 

-11 6.66xlo- 11 

I 134 6.36xlo- 12 4.88xl0 
-13 

4.40xl0 
-13 

7.64xl0 
-13 

1. 47xl0 
-10 1. l 3xl 0-l l 1 . 02x 1 0- l l l. 76x l 0-l l I 135 

-
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Q6. What would be the leak rate at which activity in the steam generator 
blowdown would equal 3,5 x 10-3 µCi/cc, if a steam generator leak occurred 
while the reactor operated with 0.20% failed fuel? Does the applicant 
intend to engage in a maintenance program that will keep the leakage rate 
below that figure? 

ANSWER 

A continuous leak rate of approximately 13 1 iters/hour (0.057 

gpm) would be required to increase the blowdown equilibrium activity to 

3.5 x 10-3 µCi/cc if the following assumptions are made: 

(1) 0.2% Failed Fuel 

(2) Volume of each steam generator equals 47.6m3 

(3) Slowdown rate from each steam generator equals 

22 gpm/unit. 

If steam generator leakage increased such that, with a 22 

gpm blowdown per unit, the blowdown activity increased to 3,5 x 10-3 

µCi/cc, blowdown would be diverted to the liouid waste disposal system 

or continuous blowdown from the effected steam generator would be terminated. 

If, in this condition, the capability of the 1 iquid waste disposal system 

limited continuous blowdown or intermittent blowdown of the effected steam 

generator to such an extent that steam generator chemistry specifications 

were exceeded, repairs to the leaking steam generator would be conducted. 

With the capability provided by the reactor coolant loop isolation valves, 

the leaking steam generator could be isolated and the reactor operated with 

only two loops in service, until repairs couHf--:be made to the leaking steam 

generator. 
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Q7. Please confirm that the. discharges given on 
Environmental Report Supplement are based on the 
(gal/yr). 

ANSWER 

steam generator blowdown 

laundry 

sampling system 

boron recovery letdown 

spent resin flush 

laboratory wastes 

primary coolant system leakage 
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pages 288 and 291 of the 
fol lowing flow rates 

2.29 X 107 

2.50 X 105 

2.76 X 104 

6.40 X 105 

3,] 6 X 104 

4.03 X 104 

3.23 X 103 

The above listed flowrates were utilized in calculating the radio

nuclide releases presented on pages 288 and 291 of the Environmental 

Report Supplement. 
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Q8. Vepco's Application for Permit for Surry Power Station to the State 
Water Control Board dated September 1967, contains the following statement 
relative to the condenser circulatir,g water: "No chlorination will be 
used; however, should intermittent chlorination become necessary, it would 
be limited to 0.5 ppm residual Cl for 30 minutes each 8 hours. 11 This 
statement permits the Applicant to chlorinate as indicated and, in so ·doing, 
cause an impact on the environment. Will the Applicant stipulate the con
ditions under which he would exercise the option allowed by the permit? 

ANSWER 

The Applicant would utilize intermittent chlorination of circu

lating water only when the mechanical condenser tube cleaning system is 

inoperative or ineffective in removing marine growth. If the unit's per

formance is effected to such extent that electrical output is reduced then 

chlorination treatment will be considered. 

With the Applicant's experience with mechanical condenser tube 

cleaning systems similar to the system installed at Surry, the Applicant 

does not expect intermittent chlorination to be necessary. 
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Q9. The Environmental Report Supplement (p. 183) discusses an artificial 
lagoon used for the disposal of certain chemicals during.construction. Please 
confirm the following estimate of the amounts discharged to the lagoon 

disodium phosphate 
trisodium phosphate 
non-ionic detergent 
anti-foam agent 

800 lbs. 
1800 lbs. 
400 lbs. 

40 lbs. 

Please also indicate whether this lagoon will be used following the 
completion of Units l and 2. 

ANSWER 

As of January, 1972, an updated analysis of the lagoon indicates 

that, because of additional cleaning of secondary systems, the amounts of 

chemicals discharged to the treatment lagoon have increased to an estimated 

3900 pounds of trisodium phosphate, 3370 pounds of disodium phosphate, 

600 pounds of non-ionic detergent, and 60 pounds of anti-foam agent. 

Use of the lagoon after completion of construction of Units 

and 2 is not contemplated at this time. However, if operational cleaning of 

the secondary systems is required at some future date, this lagoon or 

one of comparable size would have to be provided. 
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QlO. What will be the amount and nature of the detergents used tn the onsite 
laundry? 

ANSWER 

The laundry detergent scheduled to be used at the Surry Power Station 

is a non-phosphate, no enzyme, bio-degradable detergent which has a ph of 

11 .0 in an average use concentration (0. 1%). The amount of detergent to be 

used is estimated to be less than one half pound per day. 



-

-
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Qll. Please confirm the following figures for boron concentration in the 
discharge canal: average 9.27 x 10-6 ppm; maximum, 4.05 ·x 10-4 ppm. 

ANSWER 

Assuming a circulating water flow of 7.75 x 105 gpm, the maximum 

plausible boron concentration in the discharge canal resulting from station 

operation, is calculated to be 5.3 x 10-4 ppm. This calculation assumes 

that the full ouput of the boron evaporators, 40 gpm, with a 10 ppm boron 

concentration, is discharged to the discharge canal. 

Assuming a 500 ppm reactor coolant boron concentration is 

equivalent to the average reactor coolant boron concentration, the average 

boron concentration in the discharge canal attributable to station operation, 

is calculated to be 9.27 x 10-6 ppm. 
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Ql2. Do the activities given in the Table on page 291 of the Environmental 
Report Supplement for the following nuclides include the contributions from 
parent nucl ides shown in parenthes~s? 

ANSWER 

Y-90 
Y-91 

Nb-95 
X-132 

La-140 

(S r-90) 
(Sr-91) 
(Z r-95) 
(To-132) 
(Ba-140) 

The contributions from the parent nuclides shown above in 

parentheses are included in the liquid waste estimate calculations. 



e 
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Ql3. Why are the following nuclides not given in the Table mentioned 
above? They should be in equilibrium with the parent nuclides shown 
in parentheses. 

ANSWER 

Tc-99m 
Ba-137m 
Pr-144 

(mo-99) 
(Ca-137) 
(Ce-144) 

The basis for isotope selection for the liquid waste estimates 

was the list of isotopes in Table 9, 1-5 of the FSAR, excluding isotopes 

with half lives less than 2 hours and/or isotopes which are biologically 

insignificant compared to the reported parents or daughters. 

Tc-99m (T l/2 = 6 hr) was considered biologically insignificant 

compared to its parent, Mo-99 (T 1/2 = 66.6 hr). The discharge in curies 

per year of Tc-99m (MPC = 3 x lo-3 µCi/ml) is equal to approximately 82% 

of the discharge of Mo-99 (MPC = 4 x lo-5 µCi/ml). When considering MPC's 

and the above discharge ratio, Tc-99m is approximately 90 times less 

significant than Mo-99, 

Since the Ba-137m (T 1/2 = 2.55 min) and Pr-144 (T 1/2 = 17.3 min) 

are not listed in Appendix B of lOCFR20, and because of their short half 

lives, they were considered relatively insignificant. 
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Q14. Why are Te-129m and its daughter Te-129 not 1 isted? Please give 
the activities for these and also for Ru-103, Ru-106, Nb-93m, and Te-127m. 

ANSWER 

The basis for isotope selection for the 1 iquid waste estimates was 

the list of isotopes presented in Table 9. 1-5 of the FSAR, excluding isotopes 

with half 1 ives less than 2 hours and/or isotopes which are biologically 

insignificant compared to the reported parents or daughters. 

Te-129m was not 1 isted in Table 9.1-5. Te-129 was not listed 

in the liquid waste estimates, although its reactor coolant activity of 

4.6 x 10-3 µCi/cc is listed in Table 9. 1-5, because of its short half 

life of 69 minutes. 

Table I-8 below presents the reactor coolant activities for 

Te-127m, Te-129m, Ru-103, Ru-106 and Nb-93m, for 0.2% failed fuel. The 

table also presents the steam generator activity and annual curie releases 

calculated utilizing the following assumptions: 

(1) 0.2% failed fuel 

(2) Base load operation 

(3) Steam generator volume equals 47.6m3 each 

(4) Primary to secondary leak rate equals 1 liter/hr. 
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-
Table 1-8 

Reactor Coolant Steam Generator Ci/yr>': 
Isotope Activity (µCi/ cc) Activity (µCi/cc) Discharged 

Te 127m 3.20xlo-4 6. 40x 10-8 5.60xl0-3 

Te 129m 3.20xlo-3 6.20xlo-7 5.4ox10- 2 

Ru 103 5.60xl0-5 l .1 Oxl 0 -8 9,60xl0- 4 

106 -6 l .44xl0-9 l. 26xl 0 
-4 

Ru 7,20xl0 

Nb 93m l. 20xl 0 
-4 2.40xl0 

-8 
2.20xl0 

-3 

* From steam generator blowdown activity. Two unit operation assumed. 

-



SECTION SIX 
RADIOLOGICAL IMPACT 
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Ql. The information presented in the tables on pages C-6 through C-9 figures 
l and 2 on pages C-37 and C-38 of the applicant 1 s Environmental Report 
Supplement, Vol. 2, Appendix C (Environmental Radiation Surveillance 
Program) appear to be out of date and an inconsistency with the text 
exists regarding sample station location numbers. Please provide up-
dated tables and figures which reflect current plans as to sampling 
location and distance from station, sample types, sampling frequency, 
and types of analysis to be performed on the respective samples. 

ANSWER 

Revision One of pages C-2, C-5, C-6, and C-9 and Figure 2 on 

page C-38 corrected the inconsistencies in Appendix C of the Environmental 

Report Supplement. Appendix C, with the above revised pages, accurately 

represents the Radiation Surveillance Program through December, 1971. 

In 1972, with the availability of Ge (Li) detectors, the 

surveillance program is placing more emphasis on gamma isotopic analysis 

on selected media and less emphasis on gross beta counted for a large 

number of samples. Table 1-9 details this updated surveillance program. 

Revision One to page C-9 provided the information requested on 

distance of sampling locations from the station. 



SAMPLE TYPE 

1. WATERS 

A. James River 

Chickahominy 
Station In.take 
Station Discharge 
Point of Shoals 
Newport News 

B. Wells 

Surry Station (Deep) 
Hog Island Reserve (Deep) 
Bacon's Castle (Shallow) 
Jamestown (Shallow) 

C. Surface Water 

Chippokes Creek 
Williamsburg Reservoir 
Newport News Reservoir 
Smithfield 

D. Precipitation 

Surry Station 
Newport News 

e 
TABLE 1-9 

SURRY POWER STAT.I ON 
ENVIRONMENTAL SAMPLING PROGRAM 

FREQUENCY 

Bi-Monthly 
Semi-Annua 1 

Semi-Annua 1 

Semi-Annual 

Monthly 
Semi -Annua J ,~,~ 

,•, Composits of Bi-Monthly samples from Chickahominy & Newport News Stations 

** Composits of Monthly samples 

TYPE OF ANALYSIS 

Tritium 
Garm,a I so topic & Tritium>', 

Gross Alpha, Gross Beta, Tritium 

Gross Alpha, Gross Beta, & Tritium 

Gross Beta & Tritium 
Gross- Beta & Tritium 

H 
I 

0\ 
(X) 
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e 
TABLE 1-9 (CONT.) 

SAMPLE TYPE FREQUENCY TYPE OF ANALYSIS 

AIR 

A. Pa rt i cul ates 

Monthly Gross Beta 
Quarter 1 rbb', Gamma Isotopic 

Surry Station 
Hog Island Reserve 
Bacon's Castle 
Alliance 
Colonial Parkway 
Dow 
Fort Eustis 
Newport News 

B. Rad i ogas Quarterly TLD mrem exposure 

Surry Station 
Hog Island Reserve 
Bacon's Castle 
Alliance 
Colonial Parkway 
Dow 
Fort Eustis 
Newport News 
Smithfield 

*** Composiis of Bi-Weekly samples. Stations l and 2 analyzed as one sample. Station 3, 5, 6, 9, and JO 
analyzed as one sample. Station 11 analyzed as one sample. 

H 
I 

0\ 
\0 



SAMPLE TYPE 

111. BIOTA 

A. Crops 

Bacon I s Castle 

B. Fowl 

Hog Island Reserve 

C. Oyster 

Deep Water Shoals 
Point of Shoals 
Newport News 

D. Clam 

Chickahominy 
Chippokes Creek 
Hog Island Point 
Lawnes Creek 
Station Discharge 
Jamestown 

E. Crab 

In Vicinity of Station 

F. Fish (Catfish and white perch or eel) 

Vicinity of Station 

e 
TABLE 1-9 (CONT.) 

FREQUENCY 

Annual 

Semi-Annua 1 

Bi-Monthly 

Bi-Monthly 

Corn, Peanut, 
& Soybean 

Tissue 

Tissue 

Twice per season Tissue 

Semi-Annual 

TYPE OF ANALYSIS 

Gamma Isotopic and Sr-90 

Garm,a Isotopic 

Gamma Isotopic 

Gamna Isotopic 

Gamma Isotopic 

Gamma Isotopic H 
I 

-..J 
0 



SAMPLE TYPE 

IV. SI LT 

Chickahominy 
Station Discharge 
Hog Island Point 
Station Intake 
Point of Shoals 
Newport News 

V. Ml LK 

VI. SO IL 

Bacon 1 s Castle (Epps) 
Bacon 1 s Castle (Judkins) 
Dow (Ross) 
Sm i th f i e 1 d (Bar 1 ow) 
Colonial Parkway (Smith) 

----
Al 1 iance 
Bacon 1 s Castle 
Colonial Parkway 
Dow 
Fort Eustis 
Surry Station 

e 
TABLE 1-9 (CONT.) 

FREQUENCY 

Semi-Annua 1 

Bi-Monthly 

Annual 

TYPE OF ANALYSIS 

Gamma Isotopic 

Sr-90, Calcium, and Gamma Scan 
for 1-131 and Cs-137 

Gamma Isotopic 

H 
I 

'-I 
I-' 



SECTION SEVEN 
DECOMMISSIONING 

I-72 

Ql. What plans if any, have been made and which alternates were considered 
for decommissioning the plant, site clearance, and hand! ing radioactive 
materials upon termination of plant operation? 

ANSWER 

Decommissioning of the station should not occur in the immediate future 

since the 1 ife of the station is estimated to be 30 years. Because of the un

predictability of conditions which might exist at the time of decommissioning, 

no definite plans have been formulated for such an undertaking. However, a 

preliminary estimate of the costs associated with decommissioning of the station 

has been conducted and the Applicant is confident that the financial require

ments necessary for such an undertaking can be met. In determining its revenue 

requirements for the future, the Applicant has made provisions for financing 

decommissioning. In addition to satisfying financial requirements, it is expected 

that decommissi6ning could be accomplished in accordance with any regulations 

applicable at that time. 
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Q2. What components will be significantly radioactive upon termination of 
operation to require AEC licenses for continued use or possession? 

ANSWER 

At the present time, it is unknown what components will be significantly 

radioactive upon termination of operation to require AEC licenses for continued 

use or possession, It is anticipated that some portions or components of the 

reactor coolant system may be significantly radioactive upon completion of 

operation to require AEC licenses. For these items or other items significantly 

radioactive, the Applicant will obtain the required AEC licenses. 
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Q3. Over the plant life, what is the expected consumption of fissionable 
materials and strategic metals such as nickel, cadmium and zirconium? 

ANSWER 

Estimates of the maximum amounts of fissile materials and strategic metals 

to be consumed in a reactor core over the life of the Surry Station are pre

sented in Tables I - 10 and J - 11. The following assumptions were made in 

calculating these quantities: 

(1) Plant life will be thirty years 

(2) Reload batches of fuel will have an enrichment of 3.1% 

(3) Plutonium will not be recycled 

If recycle of plutonium was assumed, the amount of uranium consumed would be 

decreased but this would be compensated for by an increase in the amount of 

plutonium consumed. 

Among the materials considered to be strategic are cadmium, nickel and 

zirconium. Cadmium is used in the core as a neutron absorber in the 53 control 

rod assemblies. It is not anticipated that the initial control rods will have 

to be replaced over the life of the plant. 

Nickel is present in the core in stainless steel and inconel. Stainless 

steel is used in cladding of control rods and burnable poison assemblies, and 

in components of the f~el assemblies. lnconel is also used in the fuel 

assemblies. Approximately 1500 fuel assemblies will be irradiated over the life 

of the plant. The burnable poison assemblies will be removed from the core at 

the first refueling. 



Zirconium is contained in the Zircaloy -4 clad of the fuel rods. Each 

f~el assembly has approximately 250 pounds of cladding. 

The analysis of the fissile material consumed by each reactor includes 

the consumption of fissile material produced in the core during operation. 
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The computer program LEOPARD was used to predict the rate of fissile consumption 

of various isotopes in the reactor. These rates and the total consumption of 

these isotopes during plant life are presented in Table 1-12. After initial 

core loading, it was assumed that 23 tonnes of uranium is loaded into the core 

each year. 
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TABLE 1-10 

STATION CONSUMPTION OF FISSILE MATERIAL 
ONE REACTOR CORE 

Uranium 

Plutonium 

TABLE 1-11 

15,900 KG 

9, l 00 KG 

STATION CONSUMPTION OF STRATEGIC METALS 
ONE REACTOR CORE 

Materi a 1 

Cadmium 

Nickel 

Zirconium 

Amount Consumed (lbs) 

200 

22,000 

375,000 
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ISOTOPE 

u235 

· u236 

u238 

Pu239 

Pu240 

Pu241 

Pu242 
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TABLE 1-12 

UNIT CONSUMPTION RATES OF CERTAIN FISSILE MATERIALS 

TOTAL LOSS-ONE UNIT 
FISSION RATE (Kg/tonne U.feed) CONSUMPTION (Kg) 

19.2700 14200 

0.0120 9 

2.2664 1700 

10.3846 8000 

0.0139 10 

l. 5567 1100 

0.0016 




