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BSE®-1 & 2

FOREWORD

The Carolina Power & Light Company (CP&L) has a mandate, in common with all public
utilities, to make every reasonable effort to satisfy the electric power needs

of its service area.

Ihe demands for electric energy within the CP&L service area are growing at a
rate matching the expansion of the area's economy. CP&L is constructing the pre-
sent project, the Brunswick Steam Electric Plant - Units 1 and 2 which comprises
two beiling water nuclear reactor steam generators, to add generating capacity

to help meet the needs for electric energy required in 1974 and beyond.

This report has been prepared to define and illustrate the compatibility of the
Brunswick Steam Electric Plant with its environs. In the preparation of this
report, CP&L has followed the "Draft -- Guide to the Preparation of Environmen-
tal Reports for Nuclear Power Plants," issued in February 1971 by the U.S. Atomic
Energy Commission for comments and interim use, as suppiemented by the "Scope of
Applicant's Environmental Reports with Respect to Transportation, Transmission

Lines, and Accidents", issued September 1, 1971 by the USAEC.

Carclina Power & Light illustrates in this report that its Brunswick Steam Elec-
tric Plant ie in full compliance with the letter and the spirit of the National
Environmental Policy Act of 1949 (PL 91-190) as implemented by U.S. Atomic Energy

Commission's regulations set forth in Appendix D to Part 50 of Title 10 of the

Code of Federsl Regulations, published in the Federal Register on September 9, 1971.
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i Introduction

1.1 Objectives and Implementation

Carolina Power & Light Company (CP&L) is undertaking a program of expanding its
generating capacity in order to meet the increasing electric power demands in its
service area. The Brunswick Steam Electric Plant Units 1 and 2 (also referred to
as BSEP, BSEP 1 & 2, or Brunswick Plant) are an integral part of CP&L's current
expansion program. When completed, the two units of the plant will generate 1,642

megawatts of electric power.

Carolina Power & Light Company has an extensive background in the design and
operation of nuclear power plants. The Company's first nuclear venture, the
Carolinas~Virginia Nuclear Power Plant, at Parr, South Carolina, achieved sus-
tained commercial operation in 1964, and was based on design work dating back to
the early beginnings of the nuclear power industry in 1956. CP&L has demonstra-
ted its management, technical, and operational skills both in the Parr Nuclear
Plant, which was entered into in conjunction with neighboring utilities, and in
the H. B, Robinson Unit No. 2, a 700 MWe nuclear unit which became operaticnal in
1971. The design of the Brunswick Plant has been thoroughly reviewed by the
USAEC, under the guidance of the Division of Reactor Licensing, as a part of their
determination whether or not the plant should be permitted to be constructed. A
number of federal and private organizations were asked to contribute their find-
ings to this determination. In addition, the State of North Carolina and local
agencies also conducted inquiries, and made determinations, regarding design

and operating features of the Brunswick Plant.
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The nuclear steam supply systems used in the BSEP are provided by the Ceneral
Electric Company and are similar to those used in BWR nuclear power plants

both in the United States and overseas.

United Engineers & Constructors Inc. is the architect-engineer for the Brunswick
Plant, United Engineers & Constructors Inc. has been an active participant in
the engineering and/or construction of a number of power plants over the last

44 years, representing an aggregate generating capacity in excess of 10,000

megawatts.

Brown & Root, Inc., one of the world's largest constructors, is the constructor of

the Brunswick Plant.

data fur g Ynawledgeable evaluation of the impact

4 4 Ad ne
In order to provids sufficient

of the site environs on the plant and of the plant on the environs, Carclina
Power & Light Company has conducted extensive studies of the site environs in
such fields as geology, seismology, meteorology, hydrology, zoology and demo-
graphy. A number of nationally recognized consultants from pertinent disciplines
have been retained by CP&L to perform numerous studies to investigate the coin-
patibility of the Brunswick Plant with the local environs. They are identified

in Table 1.1-<1.

In the U.S., Atomic Energy Commission's evaluation of the Brunswick Steam Electric
Plant Units 1 and 2, they have utilized both their staff and outside consultants
in specific disciplines. Other federal agencies provided consultation and review

for a wide spectrum of environmental subjects.
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Wy Summary Description of Site and Plant

The Brunswick Steam Electric Plant is located in Brunswick County, North Carolina,
approximately 2% miles north of Southport, and approximately 9,000 feet west of
the Cape Fear River, as identified in Figures 1.2-1 and 1.2-2. This county is
predominately rural, with some 18 percent of the lard under cultivation., The
terrain is generally flat, and a significant part of the county is covered by

gwamps and marshes.

Figure 1.2-3, an aerial photograph of the site, shows that there are no dense
population areas within a distance of 2 miles from the plant. The nearest metro-
politan area, Wilmington, North Carolina, whose outskirts begin 16 miles north-
east of the plant, is also the nearest industrial center. According to the 1970

census, the population of Wilmington is 46,169 and of Southport 2,220,

Geologically, the plant is founded on a very dense sand which rests on a deep

limestone formation, the Castle Hayne. Historical records indicate that the area
is not seismically active. The most severe local seismic event on record was the
eftect of the Charleston, South Carolina quake of 1886, and had a local intensity

of VI on the Modified Mercalli Scale.

Generally, the Cape Fear climate is mild all year, being moderated by the nearby

Gulf Stream.
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The most severe storm on record as measured by the Central Pressure Index was
Hurricane Helene which occurred in 1958 and passed off-shore of the site at a
distance of 80 miles. Although tornadoes have been known to occur in the area,

they do not frequently pass through the coastal area of North Carolina.

The Brunswick Steam Electric Plant Units 1 and 2 utilize direct-cycle, forced
circulation, boiling water reactors to produce steam for direct use in steam

turbines.

As in a conventional steam power plant, the turbines drive electric generators,
and the spent steam leaving the turbines is condensed in the main condenser,
which transfers the heat of the steam to cooling water taken from the Cape Fear
River via the intake canal. After being used to condense steam in the main
condenser, the cooling water is discharged into the Atlantic Ocean via the dis-

charge ranal.

Each electric generator is rated at 847 MWe, with a net output to the system of

821 Mie.

The plant equipment & housed in a compact cluster of structures vhich provide an
aesthetically pleasing appearance. An artiets sketch of the plant is shown in

Figure 1.2-4. Each reactor is housed in its own Reactor Building. The two tur=-
bine generators and associated main condensers are installed in a single Turbine
Building structure, immediately adjacent to both Reactor Buildings. The Control
Building contains the control room for both units and communicates directly with

the Turbine Building and the common Radwaste Building.
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‘ The Diesel Generator Building, which is situated nearbv, houses the diesel gen-
erators that supply emergency power in the event of failure of on-site and off-
site power sources. Two intake pump structures, several small auxiliary structures

and a 100-meter plant stack complete the plant grouping.
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1.3 Project Schedule

Caroiina Power & Light's Brunswick Plant construction schedule requires that one
unit be completed and begin inservice (commercial) operation in March, 1974,
while the other unit is still under construction. The other unit is scheduled to
begin inservice (commercial) operation one year later, in March, 1975. At the
present time (Autumn, 1971) the project is on schedule. The following schedule

includes significant project schedule dates for the units.

Significant Project Schedule Dates

Unit No. 2 Unit No. 1
1) Submittal of Final Safety
Analysis Report (FSAR) Jan., 72 Jan, 72
2) Receipt of Facility Operating License 9-1-73 9-1-74
3) Initial Core Loading 9-1-73 9-1-74
4) Inservice (commercial) operation 3-1-74 3~1-75

Carolina Power & Light estimates that the Brunswick Plant, including fuel, will

cost approximately $425,729,000.

A recent (late August 1971) photograph of the site, shown on the frontispiece,

indicates the current status of construction of the project.

IS B e B I N I I N e N N NN —
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TABLE 1.1-1

CONSULTANTS

Discigline

Seismic Design

Soils Mechanics and

Foundation Engineering

Geology

Hydrometeorology

Marine Biology

Meteorology

Oceanography

Seismic Response Spectra

Seismology

Site & Demography

Radioecology

Consultant

Hansen, Holley & Biggs
(Massachusetts Institute ot Technology)

E. D'Appolonia Consulting Engineers, Inc.

Dr. J. L. Stuckey
(NC State Geologist, ret.)

R. 0. Eaton
T. E. Hauessner

Dr. B. J, Copeland
Dr. J. E. Hobbie

(NC State University)
NUS Corperation

Dr. J. H. Carpenter
(Johns Hopkins University)

Dr. €. Allin Cornell

Prof. R. V. Whitman

(Massachusetts Institute of Technology)
Weston Geophysical Research, Inc.

NUS Corporation

Dr. D, S. Grosch
(NC State University)
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Le Site and Plant Description
241 Site Description
2.1.1 Location

The Brunswick site is located in the southeastern portion of North Carolina

in Brunswick County, approximately 135 miles SSE of Raleigh, North Carolina,

South Carolina, as shown in Figure 1.2-1. The site is 16 miles south of the
nearest boundary of Wilmington, North Carolina, in adjacent New Hanover county,
and 2 miles north of Southport. Approximate coordinates of the reactor build-

ings are latitude 32° 57.5' N and longitude 78° 00.5' W.

‘ The site region is influenced by the Atlantic Ocean, which bounds the
southern edge of Brunswick County, and the Cape Fear River, along the eastern
border. The site is approximately 5 miles west and north of the Atlantic

Ocean.

Topography in the site region is typical of the Atlantic Coastal Plain with
low relief, as shown in Figure 1.2-3. Elevations range from sea level to

about +30 feet mean sea level (MSL).

175 miles due east of Columbia, South Carolina and 150 miles NE of Charleston,
|
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Wy [P Land Use

2oledsd Agricultural Land Use

Land within a 50 mile radius of the site is predominantly rural, except for
the Southport and Wilmington areas. Less than half the land in this 50 mile

radius is designated for farm use, The remainder is undeveloped.

Agricultural activity in Brunswick and surrounding counties is made up of corn,
soybean, tobacco, poultry, truck and small deiry farms. In Brunswick County,

where only 18 percent of the land area is under cultivation, most farming is in
the southwestern section, The nearest dairy farm is approximately 11 miles NNE

from the site.

I (e s Industrial Land Use

Industrial activity in the Cape Fear region is centered on the fertilizer, paper,

chemical and synthetic fiber industries. Fertilizer companies are located in
the vicinity of Navassa, 20 miles north of the site near Wilmington; representa-
tive companies are Armour, Mobil, Royster, Borden and W. R. Grace. Most of the
industrial plants in the area are located north of Wilmington upstream on the

Cape Fear River and the Northeast Cape Fear River.

Sunny Point Army Terminal, which is located some 4% miles north of the site,
trans-ships munitions from trucks and railroad cars to ocean going vessels.
Approximately 290 employees are currently engaged full-time at the terminal,
augmented by up to 300 longshoremen during loading operations depending on the

number of ships being loaded.
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Ships are loaded at three separate piers located approximately 3400 feet
apart such that explosion at one pier would not lead to explosion at an

adjacent pier.

Exclusion boundaries have been established for this operation. The
furthest exclusion distance in the direction of the Brunswick Plant

ig the K-70 line. The K-70 boundary is based upon damage estimates

of less than 0.1% of the replacement cost of frame dwellings, and upon
the effects of an explosion of the largest concentration of explosives
allowed at this site (7 million pounds High Explosives). 1t extends
approximately 13,390 feet from the pier. The Brumnswick Plant structures
are located at least an additional 5,300 feet from the eoge c¢i the Sunny

Point K+~70 line.
The interaction between BSEP and Sunny Point Terminal has been thoroughly in-
vestigated by Carolina Power & Light, the USAEC, and their consultants and

was found to be inconsequential.

2:1.2.3 Recreational Land Use

The lower Cape Fear area in Brunswick and New Hanover counties is a
popular recreational area. The ocean beaches are well developed and
camping facilities and several modern hotels provide good accommodations.
During the surmer months the population of the beaches within 20 miles of

the site increases by about 10,000 people.



BSEP-1 & 2 2.1~-4

Both fresh water and ocean fishing are popular, however, sewage pollution in
the Cape Fear River from upstream municipalities prevents the harvesting of
oysters and clams. During the season, duck hunting takes place in the salt

marshes, The waterways are used by fishing, motor, and sailing boats.
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2:1.3 Water Use
2 Luigad Surface Waters

Major use of the Cape Fear River is for ship traffic via the approximately
40 feet deep by 400 feet wide dredged ship channel to the Port of Wilmington
and the industrial plants to the north of the city. The Intracoastal Water-

way passes the site via a portion of the Cape Fear River Channel.

vy PR Potable Water

Water for consumptive use in the lower Cape Fear region is obtained from wells,
with the exception of the city of Wilmington, which obtains its water from the
Cape Fear River. This water is withdrawn upstream of Lock and Dam No. 1,
approximately 23.5 miles north of the city of Wilmington and upstream from the
Brunswick site. Tidal salinity influences preclude potable use of the Cape Fear

River below Lock and Dam No. 1.

Small potable water supplies in Brunswick County are obtained from surficial
Geposits with shallow wells., For larger water yields, the most important
aquifer is the Castle Hayne limestone formation. The guality of the water
obtained from the Castle Hayne is not uniform, but is acceptable for most

domestic and industrial uses.

Results of chemical analyses of water from various wells throughout Brunswick

County show that the water is relatively hard and has a pH of 7.2 tu €.4,
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Municipal water supplies in Brunswick County are furnished to Long Beach and
Southport, whose wells terminate in the Castle Hayne aquifer. Sunny Point Army
Terminal also draws its water from this aquifer. Industrial wells in the Navassa
area, 20 miles north, are in the surficial deposits. A partial listing of wells
in Brunswick County within a 25 mile radius of the Brunswick site is given

in Table 2.1-1.

Most wells in New Hanover County are in shallow sand (10-25 feet) for domestic
use and in the Castle Hayne aquifer for larger yields. A partial listing of
wells within a 10 mile radius of the site in Fort Fisher, Kure Beach and Carolina

Beach is also given in Table 2.1-1.

LrdsBnd Marine Biota

In common with other estuaries in the Carolinas, the lower Cape Fear River has
commercial species that are semi-permanent or migratorv. Shellfish exist in the
lower river. Because of pollution resulting from the release of sanitary wastes
downstream from Lock and Dam No. 1, the oysters have been transplanted by the
Department of Fisheries to other areas. About 40,000 bushels per year have been

taken for this purpose.

Shrimp utilize the shallow, marshy, tidal creeks in the lower Cape Fear area,

as "nursery" grounds.
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In 1970 a total of 38.6 million pounds of fish, valued at just over $686,000 were
landed in Brunswick County.* These fish were taken from offshore and from deep
waters in the ocear. Of this amount more than 87 percent were menhaden which

are used for fertilizer and livestock fecd; the remainder consisting of herring,
sea bass, kingfish, flounder and spot. Shellfish landings, mostly shrimp,
amounited to 0.7 million pounds in 1970 and were valued at approximately $332,000

during the year. The shrimp also are taken from offshore waters.

Carolina Power & Light Company has undertaken an extensive study of the marine
biota in the Cape Fear River and in nearby offshore waters to ascertain the
marine ecology before operation of the plant. Continuation of this program will
determine if any up nticipated effects arise from plant operations. Should

any such effects be found, then approrrisce countermeasures will be determined

and initiated.

* H. §. Davis, Fishing Reporting Specialist, U. §. Department of Commerce,
National Oceanographic and Atmospheric Administration, letter to CP&L
dated August 30, 1971
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Lol Population

Population centers of 25,000 or more within a 200 mile radius of the site are
indicated in Figure 1.2-1. The only population center of 25,000 or more

within 50 miles is Wilmington, with a population of 44,013 “‘u 1960 and 46,169
according to the 1970 census. Wilmington became a Staadard Metropolitan Statis-
tical Area (SMSA) in 1965 encompassing Brunswick and New Hanover counties with
populations of 20,278 and 71,742, respectively, in 1960, Estimates in 1965 for
the Wilmington SMSA totaled 95,000. The 1970 census data for the Wilmington
SMSA showed 107,219, of which 24,223 are in Brunswick and 82,996 in New Hanover

Counties.

Population within a five mile radius of the site is primarily in the south
southwest and south sectors (Southport 1960 population 2034) as shown in the
population wheel in Figure 2.1-1 with data for 1966 and projectiocuvs for 1996.

The 1970 census figure of 2,220 tends to verify this projection.

Population within a 50 mile radius of the site is centered in Wilmington,

with distributions for 1966 and a projection for 1996 shcwn in Figure 2.1-2,

The source of information for population in the range of 0-5 miles was 1966
U.S.D.A. aerial photographs from which houses were counted and converted to
population by multiplying by four, the average number of occupants per house-

hold in Brunswick couniv in the 1960 census. These data were extrapolated
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to 1996 based on population projections made by Southern Bell Telephone

and Telegraph Company which serves the site area including Southport.*

Seasonal population increases occur in the site region along the seashore
during the summer months. This increase amounts to about 10,000 people
within 20 miles of the site as a result of seasonal attractions. Population
densities in the most dense sectors, 0-5 miles sovth towards Southport and

5=50 miles NNE towards Wilmington, are shown in Figure 2.1-3.

Boiling Spring Lakes, a new development 7 miles NNW of the site with a popu-
lation of 40 in 1960, is anticipated to reach its capacity of 18,000 by 1996.

The 1970 census shows a population of 92.

* H. P. Woodard, Jr., District Forecast Supervisor, Southern Bell Telephone
and Telegraph Company, Wilmington, North Carolina, March 8, 1968: personal
communication to E. M, Stanfield, NUS, Inc.
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2:143 Geology
2+1:39,1 Physiography and Structure

From the standpoint of relief or physiography and structural geology, there
are good bases for the relative infrequency of earthquakes in the South
Atlantic states. Earthquakes are most common in those areas characterized

by narrow coastal plains, with recent mountains rising abruptly from near

the coast and having narrow continental shelves extending seaward from the
shore. Such conditions prevail along the mountain-rimmed Pacific where
coastal plains are lacking or at most very narrow and where a shelf generally
extends only 10 or 20 miles before plunging downward into the deep ocean. In
such areas, the rocks are usually clesely folded and intensely broken and
faulted, which conditions favor earthquakes. In addition, the valleys
between mountain ridges often contain thick accumulations of water-soaked

alluvium which makes the earthquakes more destructiv..

0. the other hand, North Carolina and adjoining states along the Atlantic
Seaboard have a coastal plain 100 or more miles wide while mountains of
ancient geologic origin occur another 100 miles inland. The continental
shelf slopes gradually beneath the sea for another 50 to 100 miles before
dropping off more rapidly. This combination of physiographic conditions

is indicative the world over of relative seismic stability.
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2:1:.5,2 Regional Geology

The Castle Hayne limestone of middle and upper Eocene ape is the most important
rock unit in the area under consideration. It crops out in a belt up to 20
miles wide that extends from the center of Brunmswick County to the southern
part of Beaufort County. To the east, it dips beneath Oligocene and younger
sediments and in the site area overlies the Peedee formation. In the upper
part, it consists of well consolidated light gray fossiliferous limestone.

The lower part contains considerable sand and clay with some phosphatic nodules

and is less well consolidated.

The Oligocene is present only in the subsurface and is restricted to the
southeastern part of the Coastal Plain in North Carolina. It consists of a
ligh* pray, well consclidated limestone member and a dark gray compacted,

sandy clay member.

The Yorktown formatibn of Miocene age is well developed in outcrop areas in
the northern half of the Coastal Plain of North Carolina, but in the site
arca is present only in the subsurface. It consists essentially of sand and

dark gray, sandy clay.

Post-Miocene sediments, probably belonging to the Pamlico terrace formation

of Pleistocene age, cover the surface in the site area.
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Detailed information on the geology of the plant site was obtained from cores
and cuttings recovered from numerous holes drilled on the site to depths

ranging from 82 to 325 feet.

The diagrams presented in Figures 2.1-4 and 2.1-5, which are based on

these drillings, illustrate the salient subsurface geological features of

the site.

2.1.:5:3 Faulting

Faulting took place at various times and places throughout the Piedmont and
Mountain regions of North Carolina during the Paleozoic Era and the Triassic
period of the Mesozoic Era. Faulting also probably took place at the same

tir in the crystalline floor beneath present Coastal Plain sediments. Estab-
lished proof for post-Triassic faulting in the Coastal Plain of North Carolina

is lacking.
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L g

1.6 Seismology

North Carolina is not a seismically active state. Between 1774 (the date of the
first recorded shock) and October 1959, only three earthquakes occurred in this
region that are listed by the United States Coast and Geodetic Survey as

"important,” and all three occurred west of the Blue Ridge Mountains in the

region southwest of Asheville.

he only earthquake shocks of any importance in the Scouth Atlantic Coastal
Plain during the 360 years between the first permanent English settlement

in America at Jamestown, Virginia in 1607 and the end of 1967 were a part of
the Charleston, South Carolina earthquake of August 31, 1886. These shocks

caused no deémage in North Carolina.

Although MacCarthy* reported that on the order of 100 earthquakes were recorded
within the borders of North Carolina, only approximately one-half of these
earthquakes had their epicenters in the state, and only eight of these epi-
centers were recorded in the Coastal Plain. Six of these eight were reported
as occurring in the Cape Lookout-Wilmington-Southport area, of which five

were near Wilmington and Southpert. Only one had an estimated or cstablished

intensity as great as V (on the Modified Mercalli Scale).

* MacCarthy, Gerald R., "An Annotated List of North Carolina Earthquakes,"
Elisha Mitcheil Scientific Society, Journal, Vol. 73, Neo. 1, 1957.
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2l 7 Hydrology

Two aspects of the surface water hydrology in the area, the normal hydrology of
the Cape Fear River and estuary tides and the hydrology associated with severe
weather conditions, in the area, have been studied and are discussed below.

Ground water hydrology is discussed in Section 3.1.1.

2adednl Normal Hydrology

The lower section of the Cape Fear River near the site is characterized by
strong semidiurnal tides with a range of about four feet. Salinity data
available from the North Carolina Department of Water and Air Resources and
the United States Geological Survey were supplemented by salinity data collec-
ted at monthly intervals over a period of one vear from March of 1969 through

February of 1970.

The annual salinity range at buoy No. 23A, just upstream of the plant intake

canal, was from 1.72 to 32.25 parts per thousand (ppt). The minimum salinity

for the year was measured at the surface during low slack tide on August 55

1969 during a period of unusually high fresh water input to the estuary.

Salinity at the bottom was 9.1 ppt during the same low slack tide. During

periods of high fresh water inflow, salinity of the surface waters varied little
over the tidal cycle and a salinity of only 2.12 ppt was recorded during high

tide on the same day. Stratification of salinity was pronounced and bottom
salinities were 9.1 ppt on slack tide and 24.1 ppt on high tide., Only on infrequent
occasions does the salinity at the bottom in the vicinity of the plant intake

canal fall below about half-strength seawater. The data suggests that
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there is a tidally driven salt wedge which moves up the river along the bottom,
while the fresh water from the Cape Fear River moves downriver in the surface
layers. The rapid tidal movement of water in the estuary causes mixing between
the layers which weakens the stratification. Therefore, the net flow of water
past the plant intake toward the ocean, which is maintained by fresh water input
and vertical mixing of the ocean water, is considerably greater than the flow
that would exist if only fresh water were moving toward the ocean in the upper
layer. Net flow toward the ocean in the upper layer is approximately 15 times
the fresh water input during dry periods. Under a low flow condition of 1,400
cubic feet per second (cfs) fresh water input, there would be a net flow toward

the ocean in the upper layer of approximately 21,000 cfs.
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2.1.7.2 Storm Tide Flooding

A detailed evaluation of storm tide flood conditions was performed because it
is necessary to assure that critical plant elements, such as the service water
intake structure, are not disabled during the most severe flooding conditions
which might possibly occur. For the Brunswick site, the most severe flood
that can reasonably be postulated is presumed to be caused by a hurricane more
severe than any on record, having a recurrence interval of once in about 2000
years, and possessing all tlie qualities in coincidence which would contribute
to the severity of the flood. The AEC requires, in order to achieve uniform
conservatism, that the hurricane be characterized using parameters from a
standard hurricane model,* which is based on extensive observations of severe

storms and hurricanes.

Water levels in a tidewater area can be affected during passage of a storm by
the hurricane winds, by the reduction in central pressure, by the accumulation
of water at and along the coast from breaking waves, by the Coriolis force
which causes a "piling up" of water along the coast to the right of the cur-
rent, by storm rainfall, and by the positive or negative contribution of the
astronomical tide. Similarly, if storm winds blow offshore for a sufficient

length of time a negative surge could be experienced.

* "Meteorological Characteristics of the Probable Maximum Hurricane, Atlantic
and Gulf Coasts of the United States,” Interim Report No. HUR 7-97, U. S.
Department of Commerce, Environmental Science Services Administration,
Weather Bureau, Silver Spring, Md. 20910; May 7, 1968.
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Allowing for the requirement that the storm occur on an exact path and for-
ward speed for maximum surge generation coincident with peak high astronomical
tide at the plant site, the return fraquency of a hypothetical Maximum Probable
Hurricane in the site area would be approximately once in 10,000 years. This
hurricane has a Central Pressure Index of 26.8 inches mercury, even though the
lowest known pressure in the region, 27.52 inches, was recorded in hurricane

Helene, September 1958, some 80 miles offshore.

[he effect of this once-in-10,000 years event would be a very severe flood of the
site environs to a level of about 2% feet above the plant grade of 20 ft MSL. Wave
effects would raise the maximum intermittent water height to approximately 26 feet
above mean sea level in the general plant area. The flooding would last about

one hour. The Brunswick Plant is designed to withstand such a storm safely. The
plant service water system is designed to function in the event of an equally
intense hurricane whose fetch is so oriented that it produces a short term ex-

tremely low water level in the Cape Fear River.

Various factors affect, and, to a large extent control, the value of extreme
low tide elevation to be expected at the Brunswick Plant site. They are

essentially as follows:

(A) Hurricane wind direction, duration, and intensity in storms
passing offshore in the area with winds to the left of center of

the storm directed offshore.
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(B) The location of the plant site with respect to the length of
the tidal estuary, i.e., whether it is close to the tidal

entrance or far distant.

(C) Channel depth of the tidal estuary and available fetch length

for wind tide generation.

(D) The general orientation of the river with respect to anticipated

wind direction.
(E) Normal astronomical tide condition.

. The path of a storm was selected to give a minimum water depth in the river
near the site., Low astronomical tide was assumed in combination with other
worst conditions. Under these circumstances, an extreme low tide elevation
of =4.5 feet mean low water (MLW) level (~6.5 feet MSL) was computed for the

plant site area.

2:1.8 Meteorology

Carolina Power & Light Company conducted an analysis of weather data which had
been collected by the U. §. Weather Bureau at nearby Wilmington during the

period from 1871 through 1967. The meteorological norms and extremes are shown
in Tables 2.1-2 and 2.1~3, respectively., It is not expected that Wilmington data
should vary significantly from data for the site; nevertheless, a program has

. been initiated to monitor weather data at the site for a period of at least
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two years prior to plant operation. A 364 foot meteorological tower was erected
at the site in 1970 and data are being coliected. One yvear of meteorological
data have been collected; however, the data have not yet been processed for

inclusion in this report.

The Southport area iies in the path of a large number of hurricanes or tropical
storms which follow the coastal storm track. From 1871 through 1966, 108
tropical storms or hurricanes passed within 100 miles of the area, an average of
1.1 per year. Similarlv, the mean recurrence interval fer a tornade hitting

the plant site is oncs every 2300 vears. The fastest mile of wind for Southport,
North Carolina, reported by the Weather Burcau was 88 miles per hour in September

1958.

Wind persistence, averaged over the yvears from September 1959 through December
1963 for Wilmington, North Carolina, was obtained; a persistence wind reose of the
longest one-sector duration is shown in Figure 2.1-6, along with the Pasquill

stability criteria for vach occurrence.

Wind data for Wilmington from 1948 through 1965 were examined They show winds
well distributed on an annual basis; seasonally, they show in Figure 2.1-7 pre-

ponderant winds from the southwest and autumn winds from the north.
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L] TASLE 2.1-1

MUNICIPAL AND INDUSTRIAL GROUND WATER USAGE
WITHIN 25 MILE RADIUS FROM BRUNSWICK SITE*

Location and Direction No. of Total

from Site Wells Depth feet Yield gpm

Brunswick County

Fort Caswell, 4 mi § 2 B00-1500 203
Fort Caswell, 5 mi § 4 125 N/A
Southport (municipal) 2 mi § 3 162-176 700
Southport, 2 mi § 2 100-104 40+
Long Beach (municipal), 10 mi WSW 2 100-145 60+
Long Beach, 10 mi WSW 1 74 N/A
Sunny Point Army Terminal, 3 -6 mi N 5 171-192 1288
Orton Plantation, 8 mi N and NNW (2) Springs N/A

. Holden Beach, 15 mi W 2 70 N/A
Shallotte Point/Little Beach, 22 mi W 4 335-400 60+
Shallotte, 22 mi W 4 59-303 37+
Supply, 15 mi WNW 2 16-109 N/A
Bolivia, 11 mi NW 3 30-156 N/A
Bell Swamp, 13 mi NNW 1 35 N/A
Lanvale, 17 mi N 1 75 N/A
Bellville, 20 mi N 1 75 N/A
Leland, 21 mi N 2 20-72 N/A
Navassa, 20 mi N 6 2060 20-30
New Hanover County
Fort Fisher, 6 mi ENE o 135-207 1014
Kure Beach, 7 mi ENE 6 135-196 1090
Carolina Beach, 8 mi NE 7 142-201 Bl7+
NOTES

. N/A: Not Available

* "North Carolina Department of Water Rescurces Reconnaissance of the Water
Resources of the Southport - Elizabethtown Area, North Carolina," Ground
Water Bulletin No. 6, 1965.

R e
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TABLE 2.1-2

METEOROLOGICAL NORMS *

Temperature Precipitation
Degrees F Inches

47.9 2,85
48.7 3.42
4.2 4.03
625 2.86
70.5 }.52
707 4.26
80.0 7.68
79.4 6.80
75.2 6.29
65.4 3.01
55.4 3.09
48.2 3.42
63.8 9129

(average) (total)

* Based on daca from Wilmington, North Carolina -

Snow

Inches

{(total)

I1871-1967.

Thunderstorms

Number

0.5

ro

0.5

46

(total)



Max imum
Minimum

Max imum

Minimum
Maximum
Maximum

Fastest
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TABLE 2 . 1-3

METEOROLOGICAL EXTREMES*

Myrtle Beach

South Carolina

Cape
Wilmington Hatteras
Temperature (degrees F) 104 (6~-52) 97 (6-52)
Temperature (degrees F) 5 (2-99) 8 (12-80)
Monthly Precipitation (Inches) 21.12 (7~86) 20.95 (6~49)
24-Hour Precipitation (Inches) 9.52 (9-38) 14.73 (6-49)
Monthly Precipitation (Inches) 0.02 (10-43) Trace (11-90)
Monthly Snowfall (Inches) 12.1 (2-96) 12.0 (12-17)
24=Hour Snowfall (Inches) 11.1 (2-96) 12.0 (12-17)
Mile Wind (mph) N 88 (9-58) W 110 (9-44)

104
11
15.5

8.2
0.0

*Where available, the observation date (month-year) is given in parentheses
following the data value.
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v ) Plant Description

The Brunswick Steam Electric Plant will consist of two units, both of which will
be boiling water reactor systems cooled and moderated by light water, Each unit
is designed for an ultimate output of 2436 MWt, and 847 MWe of gross electrical
power. Safety evaluations for the units are being performed for a reactor core

thermal rating cf 2550 MWt,

Each unit of the plant incorporates a single cycle, forced circulation boiling
water nuclear steam supply system which will produce steam for direct use in the
turbine-generator system. Equipment includes systems for the processing of radio-
active wastes, handling of fuel, electrical distribution, cooling, power gen-
eration structures, and all other on-site facilities required to provide a

complete and safely operable nuclear power plant.
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Egactors

The two single-cycle, forced-circulation, boiling water reactors furnished by
the General Electric Company for the Brunswick Plaat, as shown in Figure 2.2-1,
are similar to TVA's Browns Ferry Nuclear Power Station Units 1 & 2 and the
Cooper Nuclear Station of the Consumer's Public Power District in Nebraska. The
Brunswick nuclear steam supply systems are similar to a number of boiling water
reactors which have been operating successfully and safely for years and have

generated many millions of kilowatt-hours of energy both in the U. S. and abroad.
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The reactor core consists of 560 fuel assemblies, 137 control rods and support-

ing hardware. The core is assembled in modular form, cach module consisting
of a square array of four fuel assemblies set at the interstices of a cruci-
form control rod. The reactor core fuel consists of uranium dioxide in pellet

form, slightly enriched by U-235 (2 to 3 percent, by weight).

The fuel is contained in sealed Zircaloy-2 tubes, which provide the first

barrier against the release of fission products.

The control rods constitute a cruciform array of 3/16 inch diameter stainless
steel tubes filled with boron carbide powder. 1In addition to normal control,
provisions are also made for the rapid simultaneous insertion of all control

rods for shutdown of the reactor.

The reactor core is contained within a reactor pressure vessel which also
contains jet pumps, emergency core cooling components, steam separators and
dryers, and other equipment. The pressure vessel is a nominal 5-3/4 inches
thick steel cylinder having an inside diameter of approximately 18-1/2 feet
and an inside height between heads of approximately 69 feet. Connections to
the pressure vessel are provided for control rod drives, feed water lines,

reactor recirculation lines and main steam lines.

The reactor pressure vessel constitutes the second barrier against the release

of fission products.
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2:2.2 Reactor Coolant System

The water in the reactor core serves both as a moderator to slow down high energy
neutrons generated in the fission process and as a core coolant. The water en-
ters the bottom of the core and flows upward through the fuel assemblies, during
which process it is heated to boiling. The resulting steam-water mixture flows
up to the steam separator and dryers, where water is separated from the steam
and returned to the core inlet; jet pumps, which are driven from two reactor re-
circulation loops on each unit, force the water through the core. The dried
steam flows through four main steam lines from the reactor to the Turbine Build-
ing, to drive the turbine-generator. The residual steam, at a lower pressure,
is condensed in the main condenser and the non-condensable gases ar.: removed.
The condensate is pumped through filters and demineralizers and re.urned to the

reactor via feedwater heaters and feed water pumps.

L2ilia Reactor Control

The reactor power level is controlled by movement of the control rods and by
varving the flow rate of the recirculating water. The control rode are used to
adjust the nuclear reaction rate, and thus the power level of the reactor over
its full power range. Control rods also serve to shape the core power distri-
bution. Near full power, the recirculation flow rate is additionally used to

adjust power level over a limited range.
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Automat ic protection systems are tied to the control system and involve position-
ing of control rods and variation of flow rate. Procedural controls are also
used to assure that established limits are not exceeded in reactor operation.

in addition, an automatic standby liquid control system provides an independent
backup to the above systems, and can be used to shut down a reactor in the re-

mote event of a failure of other control systems.

The turbine control valves will regulate the quantity of steam admitted to the
turbine in order to change the amount of electricity generated. The reactor con~-
trols will adjust reactor power in order to generate the required quantity of

steam at the required pressure.

. The reactor protection system overrides all operational controls and auto-
matically initiates appropriate action. Such action includes shutting down the
reactor whenever specific conditions monitored by the system approach establish-
ed safety limits. All sensor wiring and other equipment associated with the safe~
ty system is maintained physically and electrically separate from the control

system, in accordance with industry standards and AEC criteria.
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The reactor pressure vessel and recirculation loops are located within the pri-
mary containment, which consists of two intercomnected steel-lined reinforced
concrete pressure vessels, termed the drywell and the pressure suppression
chamber, 1In the remote event of the failure of a steam or water line in the

. primary containment, high-energy steam leaked into the drywell would be vented
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through a pool of water in the suppression chamber where the steam would be con-
densed and thus would give up most of its energy without raising the pressure

excessively in the primary containment.

The primary containment system constitutes a third barrier to the release of

fission products.

Each primary contuzirment is located within its own Reactor Building. The Reac-
tor Building is provided with a normal ventilation system which exhausts ven-
tilating air through the Reactor Building vent after filtration and monitoring
for any possible radioactivity. Should any radioactivity be detected in the
Reactor Building atmosphere above a preset level, the Reactor Building vent is
automatically closed and the ventilation air is exhausted through the standby
pas treatment system which treats and filters the air prior to discharging it up
the plant stack. During refueling, when the primary containment is opened, the

Reactor Building serves as the primary containment for the reactor.

The Reactor Building represents the secondary containment: it constitutes a

fourth barrier against the release of fission products.

£.2.3 Refueling

Fresh fuel is stored within the Reactor Buildings in a vault located adjacent to

the refueling pool. Refueling takes place completely under water. The water

provides the required shielding, yet permits visual observation of all operations.
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During refueling, spent fuel is transferred from the reactor pressure vessel

to storage racks provided for the purpose in the spent fuel storage pool. The
pool is designed te permit all required fuel maintenance and inspection opera-
tions. Storage space is also provided in the pool for control rods and other
core hardware which is made radicactive during residence in the reactor core.

A shielded cooled cask is provided for shipping spent fuel to a fuel reprocess-
ing plant located remote from the Brunswick Plant. The cask is loaded under

water in the spent fuel storage pool.

L=
r

oy Other Plant Components

The turbines for Units 1 & 2 are located in a Turbine Building common to both
units. Tmmediately adjacent to the Turbine Building, and nestled between the
two Reactor Buildings, is the shared Control Building where all major controls

for the reactors and turbines and associated auxiliary equipment are located.

Next to the Control Building is the plant Radwaste Building which also serves
both vanits for the collection, treatment and temporary storage of radiocactive

liquid and solid wastes, in preparation for disposal.

A gaseous radioactive waste processing system is provided to reduce radicactivity

before the plant gases are discharged to the atmosphere from the 100 meter stack.
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2:2,6.1 Control Building

The Control Building houses the central control room for the two units. From
the control room the plant operators can monitor and control all vital plant
functions. Because of its important safety function, this building is designed
to survive intact the most severe earthquake specified for the site, as well as
the most severe hurricane induced flood and tornado. Even following the highly
unlikely event of the worst hypothetical accident, the Design Basis Accident

(DBA), the control room is designed for continuous occupancy.

BBl Service Water Intake Structure

Like the Control and Reactor Buildings, the service water intake structure is a
safety related structure, because the nuclear portion of the service water system
is ~2eded to remove residual and stored energy from the reactor svstem after a
normal reactor shutdown and also following the hypothetical Design Basis Accident.
The structure is, therefore, designed to functionally survive the Design Basis
Earthquake (DBE). The structure houses the ten service water pumps, and associated
valves, strainers, and controls for the nuclear and zonventional hezders for both

units.

2.2.6.3 Diesel Generator Building

Four diesel generators supply emergency power for safety related equipment which

may be necessary following a DBA, if there is a loss of off-site power. The
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Diesel Generator Building is designed to the AEC Class 1 seismic criteria and
will therefore provide protection of the diesel generators and associated equip-

ment from the effects of the Design Basis Earthquake.

The diesel generators have a capacity of 3500 KW each and the ability to

accept the required load within several seconds., The four diesel fuel tanks are
placed below ground immediately adjacent to the Diesel Cenerator Building; they
are in turn supplied from the main above-ground fuel tank.

2:2:.6,4 Radwaste Building

The ligquid and solid radioactive waste processing systems are located in the
Radwaste Building which is designed to AEC Class 1 seismic criteria. Ligquid
radwaste is collected from sumps, drain tanks and process equipment and is
treated so as to remove the radioactive component by evaporating, demineralizing
or filtering the liquid. The radwaste processing system is operated from a

local control board in the building.
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i i Plant Stack

The 100-meter reinforced concrete stack provides an elevated release point for
effluent from the condenser air ejector, the main turbine gland seal, Radwaste
Building ventilation exhaust, and from the standby gas treatment systems. The
reinforced concrete stack, which is shared by both units, is designed to with- ;

stand the effects of the Design Basis Earthquake.

o

200 Turbine Building

The Turbine Building is functionally quite similar to such structures as are used
in fossil fired plants. It houses the main turbines and generators for both
. units as well as electrical switchgear, the main condensers, auxiliary equipment

necessary for the turbines, and reactor recirculating pump MG-sets.

2.2.6.7 Cooling Water Canal

A plan view of the circulating water system is shown in Figure 2.2-2. The system
consists of a curved intake canal from the Cape Fear River to the Plant site, an
intake bay from which the river water will be pumped through the plant condensers,
a discharge canal from the plant to the Intracoastal Waterway, an inverted siphon ;
under the Waterway, a canal from the Intracoastal Waterway to a point near the
beach, and a pumping station near the beach to discharge the water at a point

2000 feet from the shore.
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A typical cross section of the intake canal is in the form of an inverted trape-
zoid with a bottom width of 168 feet, a water depth of approximately 18 feet,
and sides that slope to a width of approximately 400 feet at the water surface.
Cooling water will be transported in a Southwesterly direction by gravity-flow

to the plant site, 2.6 miles away.

The Service and circulating water intake structures will be constructed of
reinforced concrete. Coarse bar racks and traveling screens wili be provided

to prevent debris from entering the condensers,

A gravity-flow open discharge canal similar tec the intake canal will be utilized
from a point in the vicinity of the plant to the Intracoastal Waterway. An
inverted siphon will pass the discharge under the Intracoastal Waterway and empty
it into an open canal on Oak Island. A typical cross section of the discharge
canal is in the form of an inverted trapezoid with a bottom width of approximately
20 feet, a water depth of approximately 18 feet, and sides that slope to a

width of approximately 170 feet at the water surface. This open canal will
continue to a pumping station a short distance from the beach. The pumping
station will discharge the cooling water in a horizontal direction at a velocity

of 10 feet per second through two concrete pipes terminating 2000 feet from shore.

2.2.6.8 Laboratories and Office Space

A Servicve Building, placed near the Turbine Building, contains the chemistry and
health physics laboratories. Some radicactive materials will be handled in the

laboratories, but the level of activity will be low, commensurate with laboratory
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facilities. 1In keeping with normal practices, protective equipment and

procedures will preclude the release of radioactivity from the Service Building.

The Office Building will contain plant administrative offices.

S Plant Waste Processing System
2.2.7.1 Radicactive Waste Treatment

The radioactive waste processing systems are designed to collect, process, store,
and prepare for off-site shipment or disposal, all plant wastes which contain
or could contain radioactive material. The radivactive waste processing system

is divided into three subsystems as follows:

l., Liquid Radwaste System
2. Solid Radwaste System

3. Gaseous Radwaste System

CP&L intends to provide the most advanced liquid, solid, and gaseous radwaste
systems possible under the technology available to the industry at the present
time. The liquid radwaste system will include equipment to process radiocactive
liquids to the degree required to meet the requirements of 10CFR50 Appendix 1.
The gaseous radwaste system will similarly be augmented to meet the requirements
of 10CFR50 Appendix 1. Through the installation of additional concentratoer
capacity, the solid radwaste system will be capable of handling all wet solid

wastes produced by the plant for shipment off site.
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As a result of the CPSL plans to provide the most advanced equipment available
to the industry and to meet the requirements of 10CFR50 Appendix I, the Bruns-
wick Plant radwaste system will limit radiocactivity releases to the environment
to levels which are significantly lower than variation in natural background

ievels at the site.

The liquid radwaste system is designed to receive and process radioactive, or
potentially radicactive, liquid wastes of different purity and chemical condition
to make them suitable for reuse, concentration, or disposal. Principal sources of
liquid wastes are equipment drains (high purity), floor drains (medium to low

purity), chemical wastes (verv low purity), detergent, and oily liquid drains.

The solid radwaste system processes principally two types of solid wastes:
a) wet, and b) dry. Irradiated reactor components such as spent control blades,
etc., are handled separately by putting them integrally in shipping casks for

off-site disposal.

Wet solid wastes are composed primarily of spent demineralizer resins, filter
sludges and concentrator bottoms. Spent resins and filter sludges are dewatered
before drumming in Department of Transportation (DOT) Class 17-H containers.
Concentrator bottoms only require mixing with an absorbent to meet DOT shipping

requirements for consistency before drumming in DOT Class 17-H containers.

Compressible dry solid wastes such as air filters, miscellaneous paper, rags,

etc., are compressed into 55-gallon drums for off-site shipment.
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2s3 Permits and Environmental Approvals*

Since the inception of the Brunswick Plant, CPol has workeu diligently with
numerous federal, state, and local governmental organizations in an effort to
assure compatability of the plant with its environs and to assure that the plant
will be capable of being operated safely. In addition to the AEC's review of
plant design which preceded the issuance of construction permits, there have

been a number of other permit proceedings and reviews concerned with the environ-
mental impact of the plant. Table 2.3-1 lists the major licenses, permits, and
approvals obtained by CP&L in connection with the construction and proposed

operation of the Brunswick Plant.

Permits governing water use, waste water discharges, thermal effects, and various
phases of construction have been received from the North Carclina Board of Water
and Air Rescurces, the North Carolina Department of Conservation and Development,
the U. S. Army Corps of Engineers, the U. S. Coast Guard, and the Federal Aviation
Agency. All of these permit proceedings have included environmental impact as a

major consideration in the review process and, in each case, other interested

-+

agencies, such as the North Carolina Wildlife Resources Commission, North Carolina

* Since obtaining the various state permits and approvals necessary for the
Brunswick Plant, there has been a reorganization of the executive agencies
of N. C. State Government. This reorganization has resulted in the creation
of the Departmert of Natural and Economic Resources which includes as divisions
the former Department of Conservation and Development, the former Department
of Water and Air Resources, and the former Wildlife Resources Commission. The
new divisions will carry out the basic functions of the former agencies. This
section does not reflect the reorganization of State Government but is written
to indicate the procedures that were followed by CP&L in obtaining the neces-
sary state permits and approvals.



Board of Health, the Environmental Protection Agency, and the U, §. Fish and

Wildlife Service were involved in the review and decision-making process.

barly in 1969, after the Brunswick Plant had been announced, the North Carolina
Senate Committee on Conservation and Development held a public hearing on the
possible thermal and biological effects of the proposed Brunswick Plant in an
eifort te determine whether existing legislation was sufficient to insure that
the covironmental interests of the State were being protected. CP&L appeared,
along with representatives from various state agencies, to offer testimonv and
answer questions regarding plans and possible environmental impacts from the
proposed plant. As a result of the hearing, it was concluded that additional
legislation was not necessary to insure that the public interest would be pro-

tected in the design and construction of the plant.

Te date, five major permits or approvals have been obtained from the North Caro-
lina Board of Water and Air Resources. Other permits are anticipated from the
board as the design engineering of the plant progresses. Permit No. 1738 covers
the discharge of heated water aad low level chemical effluents into the Atlantic
Ocean.  Permit No. 1741 covers the discharge of effluent from the sewage treating
tacility now serving the construction field office at the Brunswick Plant. Per-
mit No. 236 covers the construction and operation of the plant dewatering system.
Permit No. 262 covers construction and operation of the plant water wells. 1In
addition, Certification 2-A, as required under the Water Quality Improvement Act
of 1970, has been issued by the Board of Water and Air Resources indicating that
plans for the Brunswick cooling water system have been examined and that there is
reasonable assurance that the proposed svstem will be operated in compliance with

applicable water quality standards.
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CP&L has worked with the North Carcolina Board of Water and Air Resources to as-
sure that all CP&L facilities are conceived, planned, designed, built, and oper-

ated in accordance with State regulations and good pollution control practices.

Long before announcing the construction of the Brunswick Plant, CP&L met with the
Department of Water and Air Resources staff to discuss plans for the site as re-
lated to water use and possible thermal effects., 1In addition to its own review

of the plans which were submitted by CP&L in support of the necessary permits to
construct and operate the Brunswick Plant, the Department of Water and Air
Resources solicited and coordinated the review with such other agencies as

the Environmental Protection Agency, the North Carolina Wildlife Resources Com-
mission, the North Carolina Department of Administration, the North Carolina Board

of Health, the U. S. Geological Survev, and the U. S. Fish and Wildlife Service.

Under North Carolina law, the North Carolina Department of Conservation and De-
velopment has the responsibility for protecting estuarine waters, tide lands,
marshlands, and State-owned lakes. In carryiig out this responsibility, the
Department requires a permit for all work invclving dredging or filling opera-
tions in these areas. Major factors consic:red by the Department in its review
of a permit application to dredge or fill include the effect of the proposed work
on the waters of the State, the wildlife and aquatic fisheries involved, the
usefulness of the project, the value and enjoyment of the property by riparian
landowners, and the public health, safety, and welfare. Since the cooling water
system for and railroad access to the Brunswick Plant involved estuarine waters
or saltwater marshlands, permits were required from the North Carolina Depart-

ment of Conservation and Development. Two permits have been issued by the

S
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Two permits, one for construction in navigable waters and one for discharging

into navigable waters, are required from the U. S. Army Corps of Engineers in con-
nection with the Brunswick Plant. Permit No. 19-71 has been issued by the Corps
of Engineers for the comstruction associated with the cocling water system. Be-
fore issuing the permit the Corps obtained the approval of the State of North
Carolina, the Eanvironmental Protection Agency, and the U. S. Department of In-
terior. The application for a discharge permit is presently being reviewed by the
Corps. Since the State certification required under the Water Quality Improvement
Act ef 1970 has already been forwarded to the Corps, CP&L expects that its dis-

charge application will receive prompt Corps approval.

In the fellowing sections, 2.3.1 to 2.3.10, a brief description is given of each

major permit and the procedure that was followed in obtaining these permits.

2i3:d AEC Construction Permit

On July 26, 1968, CP&L, in connection with its proposed construction of the
Brunswick Units No. 1 and 2, submitted to the AEC a document titled "Preliminary
Safety Analysis Report" (PSAR) as required by Title 10, Code of Federal Repula-
tions, Part 50. The PSAR described all areas of the proposed plant design in-
cluding its design criteria, quality assurance program and site description with
regard to meteorology, climatology, geology, seismology, hydrology, topography,
and population. Sections of the report described the reactor core, its cooling
system, auxiliary system, power conversion system, and electrical transmission
system. Ot~ wctions of the report were devoted to a description of the plant

organization, the plant equipment testing program and a complete analysis of the
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consequences of numerous postulated abnormal occurrences. Copies of the PSAR and
all amendments were submitted to the AEC. Copies of the complete filing were also
sent to the Mayor of Southport and to the Chairman of the Brunswick County Commis-
sioners. The AEC distributed copies of the PSAR to various state and federal apen-
cies. A notice of the application was published in the Federal Register, and the
AEC established Docket Nos. 50-324 and 50-325 for the Brunswick Units No. 1 and 2.
Copies of the PSAR and all subsequent documents related to the Brunswick Plant

were made available to the public for inspection and reproduction in the AEC's
Public Document Room, 1717 H Street, N. W., Washington, D. C., filed under the

appropriate docket numbers.

The Division of Reactor Licensing (DRL) conducted an extensive review and served as
coordinators for the AEC review of the application, The project was assigned to a
branch of DRL and a project reviewer was designated for the project. A portion of
the review was conducted by specialists in the Division of Reactor Standards (DRS),
a parallel division to DRL. In its review of the application, DRL called on sel-
ected outside consultants to assist them in evaluating the plant design features.
These included:

| 95 Environmental Science Survey Administration, Air Resources En-

vironmental Laboratory reviewed the climate and meteorological

sections of the application.

)

U. 8. Army Corps of Engineers, Coastal Engineering Research Center

reviewed the potential storm flooding of the proposed site.

35 U. 8. Geological Survey reviewed the hydrologic and geologic aspects

of the proposed plant location.
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4. U, 8. Ceast and Geodetic Survey reviewed the seismicity of the pro-

posed site.

WY
.

U. §. Fish and Wiidlife Service reviewed the potential ecological

effects on the environment of the plant site.

6. U, 5. Public Health Service reviewed the radiological health aspects

of the proposed plant.

¥a Federal Water Quality Administration reviewed the effects of thermal

and chemical discharges into public waters.

In addition, various firms and consultants not associated with the applicant were
called upon by DRL to review the application. These consultants reviewed the

structural adequacy and vu-ious design criteria for the plant.

Following this extensive review, the AEC reported its findings to the Advisory
Committee on Reactor Safeguards (ACRS). The ACRS was composed of non-AEC per-
sonnel with recognized expertise in various disciplines who examined the entire
technical aspects of the application and the AEC's review of the application. A
subcommittee was formed and an on-site inspection of the proposed site was made

April 30, 1969.

Based upon this on-site investigation, and its thorough review of the proposed
plant, the ACRS advised the Chairman of the AEC of their findings. The ACRS

findings were published, a date was set for public hearing, and an Atomic Safety



—

——

BSEP-1 & 2 2.3-8

and Licensing Board was appointed to conduct the hearing. A waiting period was
allowed so that interested parties having objections to the proposed plant could
intervene in the proceedings. Prior to the scheduled public hearing, a pre-
hearing conference was held at Southport on November 13, 1969, for the purpose of
eatablishing the agenda and order of the proceedings and to instruct all potential
participants in the hearing. This pre-hearing conference was a public meeting

to which all potential intervenors were invited. The public was further invited

to express their sentiments (either for or against the granting of a permit to

construct the plant) during the course of the hearing which was also held in South-

port.

On December 2 and 3, 1969, the Atomic Safety Licensing Board, after having con-
ducted its own review of the AEC licensing dockets, held a public hearing at

which it received comments from the public and at which it closely examined wit-
nesses for CP&L and for the AEC. The construction permits were granted February
/7y 1970, A chronelogically arranged listing of the AEC licensing activities to
date is presented in Table 2.3-2. Figure 2.3-1 is a flow-chart which describes

the normal processing by the AEC of an application for a Construction Permit.

"~

s 3l Certificate of Public Convenience and Necessity

As required by N, €. Law, G.S. 62-110.1, a public utility must obtain from the

N. €, Utilities Commission a Certificate of Public Convenience and Necessity prior
to constructing or installing electrical generating facilities. In connection
with the Brunswick Plant, CP&L filed an application with the N. €. Utilities

Commission on October 25, 1968. The application included statements on the
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Company's generating capability, the Company's peak load demand, a description
of the proposed Brunswick generating facilities, the date when the facilities

were to be completed and the anticipated cost of the facilities.

Upon receipt of this application, the Utilities Commission issued a Notice of
Certificate for Generating Facilities. Beginning October 30 and ending November
20, 1968, CP&L caused copies of the notice to be published once a week in The

Wilmington Morning Star, the local newspaper serving the Southport area. A

public hearing was held on December 12, 1968, and on December 18, 1968, the
Commission issued to CP&L a Certificate of Public Convenience and Necessity.
Figure 2.3~2 shows the normal processing of an application by the Utilities

Commission for a Certificate of Public Cenvenience and Necessity.

2:.3.3 (State) Waste Water Discharge Permit (Circulating Water)

The authority to regulate and control water quality in North Carolina is vested
in the N, C. Board of Water and Air Resources. The organization, powers, and
general procedures of the Board are established in Chapter 143, Article 21, of

the Ceneral Statutes,

The Board is responsible for the prudent utilization of the State's water re-

sources. It is charged with the responsibility of developing a system of water

classifications which recognize the best use that is to be made of various waters.

1t is responsible for a set of standards applicable to each of these classifica-

tions and for a program to enforce these water quality standards.
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The criteria used in developing and assigning classification to the waters of the
State include how the water has been used, what use is being made of it, and what
use may be made of the water in the future. Primary consideration is given to
domestic consumption, bathing, recreation, fish and wildlife propagation, indus-
trial consumption,; waste disposal, and fire protection. The standards of water
quality corresponding to each classification are designed to protect human health,
prevent injury to plant and wildlife, and prevent damage to public and private
property. As a means of controlling water pollution, the Board also administers

a permit program applicable to all discharges into public waters. Figure 2.3-3
describes the normal processing of an application for the Waste Water Discharge

Permit .

Since the cooling water from the Brunswick Plant will be discharged into public
waters under State jurisdiction, it was necessary that a waste water discharge
permit be obtained from the N. C. Department of Water and Air Resources. On
March 7, 1968, Carolina Power & Light Company met with the Department of Water
and Air Resources to discuss water quality standards with respect to the Brunswick
facility. Throughout the remainder of 1968 and in early 1969, CP&L continued to
meet with several state and federal agencies to discuss plans for the plant cool-
ing water system. On February 6, 1969, Carolina Power & Light Company met with
the Department, the Federal Water Pollution Control Agency (FWPCA), the U. S.
Public Health Service, and the N. C., State Board of Health to discuss studies
that were being conducted by CP&L in connection with thermal discharges from the

proposed plant.
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On June 20, 1969, a permit application was filed with the Industrial Waste Sec-
tion of the Department of Water and Air Resources covering the proposed discharge
of cooling water from the Brunswick Plant into the Atlantic Ocean. Included with
the permit application was an engineering report presenting plans and specifica-
tions for the proposed work. The engineering report provided details on the
proposed discharge, its impact on water quality standards, and other environmental
considerations. Special attention was given to stream flow, temperatures, dis-
solved oxypen, flood protection, safety, cost, and the protection of fish and

wildlife.

On June 25, 1969, Carolina Power & Light Company met with representatives ol
various state and federal agencies to discuss the application. Among those
agencies were the FWPCA, U, S. Fish and Wildlife, Department of Water and Air
Resources, and the N, C. Department of Conservation and Development. On December
8, 1969, after supplementing the original application and after distributing
copies of the revised application to various state and local agencies for their
comments, Carolina Power & Light Company again met with the FWPCA, the N. C.
Department of Water and Air Resources, the U, S. Geological Survey, the N. C.
State Board of Health, the N, C. Wildlife Resources Commission, the Department of
Conservation and Development, and the State Planning Task Force to discuss

their comments. On January 16, 1970, Carolina Power & Light Company received

Waste Water Discharge Permit #1738,
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3.4 Well Construction Permit

r

Construction of a well in North Carolina, other than one for domestic use, or
one having a maximum capacity of less than 100,000 gallons per day, requires a
permit from the N, €. Board of Water and Air Resources. The anization, powers,
and peneral procedures of the Board are established in Chapter 143, Article 21
of N. C. General Statutes.

Figure 2.3-4 discribes the normal processing of an application for a well con-
struction permit. Application for a permit is submitted to the Board of Water
and Air Resources along with detailed plans and specifications of the proposed
well. The Board, in reviewing the application, considers public health and pos-
sible contamination of ground water supplies, effects on other possible uses of
water, proximity to other wells, well yield, and effects on the existing water

table.,

In addition, the Ground Water Division of the Department of Water and Air Resources,
if it feels that other interests could be affected by the proposed well, may sub-
mit copies of the application to the U, §. Geological Survey, the N. C. Depart-

ment of Health, the N. C. Department of Conservation and Development, and other

interested agencies for their comments.

Two applications for well construction permits have been filed by CP&L in con-
nection with the Brunswick Plant. One, submitted October 20, 1969, was for the
purpose of dewatering the plant area for excavation. This permit, #236, was

granted October 26, 1969. The other application was for the construction of
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permanent plant operating wells, submitted to the Board on December 5, 1969. Per-
mission to construct the permanent operating wells was granted to CP&L with the

issuance of Permit #262 on December 8, 1969.

o

3.5 Waste Water Discharge Permit (Sewage [ffluent)

As discussed in Section 2.3.3, a permit is required from the North Carolina Board
of Water and Air Resources to discharge into State waters. In connection with

the sanitary waste disposal system serving the construction office at the Bruns-
wick Plant site, CP&L filed an application for such # permit on December 16, 1969.
The application included plans and specifications describing the waste disposal
system and the waste treatment process. The application was reviewed by the De-
partment of Water and Air Resources and a permit, No. 1741, was issued by the
Board on January 21, 1970. Normally, the Department's review of sanitary waste
disposal systems is coordinated with the North Carolina Board of Health. Figure
2.3~5 shows the normal processing of a permit appiication involving e{fluents

from a sanitary waste treatment system,

2:3:.:6 Permit to Obstruct Navigable Airspace

To erect a structure that exceeds the Federal Aviation Agency (FAA) standards,
four copies of an application for a permit must be submitted to the Chief, Air
Traffic Branch, FAA Regional Office. The FAA conducts an aeronautical study of
the permit application and issues either a finding of no hazard or a finding that

additional study is necessary to determine whether the proposed structure would
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be a hazard to air navigation. In conducting an aeronautical studv, the FAA
Regional Director solicits comments from interested members of the public, the
Airline Pilots Association, U, S. Air Force, and local airport management.

The FAA reviews these comments and all facts relevant to the proposal. The FAA
then determines whether the proposed obstruction would be a hazard to air

navigation.

(P&L has filed two applications with the FAA in connection with the Brunswick
Plant. One, for the combination microwave and meteorological tower, was filed

on Juae 25, 1969 and resulted in the granting of Permit #69-ATL-310-0F on

june 30, 1969. The other one was filed with the FAA on March 2, 1970, for the
construction of the plant stack. On March 17, 1970, the FAA stated that an
acronautical study showed that the stack would not violate anv standard of Part
/7, Subpart C of the Federal Aviation Repulations and would not be a hazard to
alr navigation. No objections were received from the aeronautical public, and

the FAA granted CP&L Permit #70-S0-94-0F on April 28, 1970 to construct the stack.
Figure Z2.3-6 outlines the normal procedures for obtaining permits to erect stric-

tures that might obstruct navigable airspace.

Work involving excavation or fill in or about estuarine waters, tidelands, marsh-
lands, or state-owned lakes requires a permit from the North Carclina Department
of Conservation and Development. The requirements and procedures for obtaining
a permit are covered in North Carolina General Statutes 113-229. The construc-

tion of the Brunswick facility has necessitated the obtaining of three permits
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from the Department of Conservation and Development, They include permits to
dredge and fill as required for construction of the circulating water system, for
construction of a temporary work road across Nancy's Creek, and for construction

of a railroad trestle across Nancy's Creek.

The permit application included detailed plans and specifications for conduct-

ing the proposed work. Copies of the application were filed with the Department
of Conservation and Development and with adjacent riparian landowners. The ad-
jacent landowners were invited to submit their comments to the Department of Con-
servation and Development. The Department of Conservation and Development trans-
mitted copies of the application to those state and federal agencies with interest
in matters which could be affected by the project. These included the State
Department of Wate~ and Air Resources, State Wildlife Resources Commission, State
Board of Health, State Department of Administration, and U. S. Burecau of Sports

Fisheries and Wildlife.

The Department conducted its review considering the effects of the proposed
work on the use of waters by the public; tne value and usefulness of the pro-
ject; the value and enjoyment of the property of any riparian owner; public
health, safety, and welfare; the conservation of public and private water sup-

Plies; and the protection of fish and wildlife.

On June 24, 1970, CP&L filed an application for a permit from the Department of
Conservation and Development to construct a temporary work road across Nancy's
Creek. Permit #222 was granted August 17, 1970, for this purpose. On October 3 5

1970, an application was filed for a permit to dredge and fill as required to
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2,3.9 Water Quality Certilicate

In accordance with requirements of the Water Quality Improvement Act of 1970
(Public Law 91-224) and subject to the rules of the North Carolina Board of Water
and Air Resources, CP&L filed an application on October 13, 1970, for water

quality certification in connection with the proposed discharge of cooling water
into the surface waters of the Atlantic Ocean off Brunswick County, North Carolina.
Beginning on November 4, 1970, the notice of applicatiorn was published for 20

days in The Wilmington Morning Star.

In the absence of objections from State and Federal agencies and from the public,
the North Carolina Board of Water and Air Resources determined that a public
hearing on the application was unnecessary. On December 1, 1970, the Board issued
Certificate 2-A stating "that there is reasonable assurance that the proposed
activity will be conducted in a manner which will not violate applicable water

quality standards".

Figure 2.3-8 shows the normal processing route for obtaining a water guality

certificate.

2.3.10 Construction Permit for Work in Navigable Waters

Section 10 of the River and Harbor Appropriation Act of March 3, 1899 (33 U.S.C.
403), requires the prior approval by the Corps of Engineers for dredging opera-
tions in navigable waters. In connection with the construction of the circula-
ting water system for the Brunswick Plant, it was necessary for CP&L to excavate

materials from navigable waters.
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On October 1, 1969, CP&L filed a permit application with the Army Corps of
Enginecrs. A public notice was issued by the Corps of Engineers and comments
were solicited by the Corps from interested parties, the State of North Carolina,
and various Federal agencies. Comments were received from individuals, the State
of North Carolina, and the U, S. FTish and Wildlife Service. Copies of the com-
ments were transmitted to CP&L by the Corps, and on February 2, 1970, CP&L met

with interested State and Federal agencies to discuss their comments.

On March 25, 1970, CP&L revised its application in an effort to accommodate the
interests of the various conmenting agencies, and once again, the Corps published
pubiic notice of the application. During the months of May and June, 1970, CP&L
received further comments through the Corps of Engineers from the Department of
Conservation and Development, the N. C. Wildlife Resources, and the U. S§. Fish
and Wildlife Service, Following additional discussions with these agencies,

CP&L apain revised its plans for the circulating water system and on October 19,
1970, filed a new application with the Corps. A permit (No. 19-71) was issued

by the Corps on March 25, 1971. A description of the normal processing of the

application is shown in Figure 2.3-8,
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TABLE 2.3-2

AEC LICENSING ACTIVITIES

Date

26, 1968

September 3, 1968

September 11, 1968

October 7, 1968

October 17, 1968

November 7-8, 1968

December 6, 1968

December 12, 1968

Carolina Power & Light Company filed
its application for a construction
permit with the Preliminary Safety
Analysis Report (PSAR).

Submittal of Amendment No. 1, the
First Supplement containing discussion
of possible effects of Sunny Point

Army Terminal operations on the plant.

Initial meeting with the AEC to dis~

cuss review plan and schedule.

Meeting with the AEC to discuss site
geology and potential foundation

problems.

Meeting with the AEC to discuss tech-
nical qualifications and quality

assurance.

Meeting with the AEC to discuss AEC's

request for additional information.

Submittal of Amendment No. 2 which
provided estimates of the cost for

the plant.

AEC issued request for additional

information.



TABLE 2.3-2 (cent'd)

Dzte Action
December 20, 1968 Meeting with the AEC to discuss

seismic design of the main steam line,

January 7, 1969 AEC issued request to applicant for
information on seismic design of the

main steam line and related issues.

January 17, 1969 Submittal of Amendment No. 3, the
Second Supplement containing partial
response to AEC's request of December
12, 1968,

‘ Janvary 27, 1969 Submittal of Amendment No. 4, the
Third Supplement completing appli-
cant's response to AEC's request of
December 12, 1968.

Jannary 31, 1969 Submittal of Amendment No. 5, which
provided additional information on
organization, technical qualifications,
quality assurance, site seismic fea-
tures, and missiles from munitions

explosions.,

February 12-13, 1969 Meeting with the AEC to discuss con~
tents of Amendment Nos. 3, 4, and 5.

March 4-5, 1969 DRL personnel visited the site and
. nearby steam plants for geology and

plant operations considerations.
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TABLE 2.3-2 (cont'd)

Date

March 5, 1969

March 12, 1969

March 25, 1969

April 9, 1969

April 15, 1969

May 2, 1969

May 7-8, 1969

May 15, 1969

Action

AEC issued third request to appli-

cant for additional information.

Submittal of Amendment No. 6, the
Fourth Supplement containing response
to AEC's requests of January 7, 1969
and March 5, 1969.

Meeting with the AEC to discuss DRL

position on safety issues.

Meeting with the AEC to further dis-
cuss DRL positions on safety issues
and to identify remaining items re-

quiring further information.

AEC issued fourth request for addi-

tional information.

Submittal of Amendment No. 7, the
Fifth Supplement, centaining the
applicant's response to AEC's re-
quest of April 15, 1969.

First ACRS review of the Brunswick

application.

ACRS letter was issued for the Bruns-

wick plant.



Date
May 23, 1969
June 30, 1969
July 1B, 1969

August 12, 1969

October 9, 1969

October 16, 1969

November 13, 1969

Décember 2-3, 1969

TABLE 2.3-2 {cont'd)

Action

Meeting with the AEC to discuss the
items cited in the ACRS letter of
May 15, 1969.

Submittal of Amendment No. 8, the
Sixth Supplement which responds to
the items cited in the ACRS letter of
May 15, 1969.

Submittal of Amendment No. 9 which
reports a change in schedule and

costs for the Brunswick plant.

Submittal of Amendment No. 10, which
r2ports a change in constructor with
related changes in organization and

quality assurance.

Second ACRS review of the Brunswick

application by the full committee.

Second ACRS letter was issued for the

Brunswick plant,

Pre-Hearing Conference with ASLB at
Southport and Wilmington, North

Carolina.

Public Hearing before an Atomic Safety
and Licensing Board held at Southport,

North Carolina.
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TABLE 2.3-2 (cont'd)

. Action

February 7, 1970 Construction Permit issued by AEC.

October 2, 1970 Post-Construction Permit meeting of

AEC and Carolina Power & Light Co.
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o7 Fnvironmental Radiological Monitoring

CP&l will conduct a comprehensive radiclogical eavironmental monitoring program
in the vicinity of the plant to assure the design objectives of the radioactive :

waste control end monitoring systems are met.

Process radiation monitoring can be found in Subsection 7.12; area radiation

monitoring system in Subsection 7.13; site environs radiation monitors in Sub-

section /.14; and health physics laboratory radiation monitoring equipment in
Subsection 7.17. Also, radivcactive waste control systems can be found in Sec~
tion 9. |

&3 Pal Pre-operational Radiological Monitoring Program

A pre-operational radiological program was started early in 1972 and will con-
tinue until initial criticality. The program will be conducted to: determine ,
. the magnitude and nature of radicactivity in the environment surrounding the
site; test the equipment, sampling and analytical procedures, and suitability
of selected sampling points; and investigate the overall statistical variability :
of the results. The information ebtained will serve as a baseline for the
evaluation of any changes in environmental radicactivity levels that may result
from plant operation as determined by the operational radiclogical monitoring

Program,

Table 2.7-1 describes this program by definiag the types, locations, and num-~
ber of samples to be taken, collection frequencies, and analyses to be per-

formed.

Any release of radicactive materials will flow to the air, surface, ground
waters or any combination thereof. Pathways to man can be direct by air
inhalation, ingestion of surface and ground water, and absorption of radia-
tion from external sources or indirectly through environmental intermediaries
including soil, terrestrial animals and vegetation, and aquatic animals and ‘

\
. vegetation. Therefore, the program has been designed to monitor critical areas

in both pathways.
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The close-range measurements of air are made at locations where maximum ground
concentrations of airborne radionuclides are expected to occur. These locations
range in distances from one to five miles from the site and in the directions

of dominant winds. The one major, nearby populated area will serve for the
population-related air measurements. To serve as a background (or comparison)

measurement, a location has been selected at a distance of 16 miles.

Surface water measurements for the intake canal will be made at close range;
discharge water at several points farther. Other surface measurements will

be made at distances ranging from one to five miles from the source of possible
release. At least one sampling point will be located in each of the fcous 90~

degree sectors from the plant.

Ground water releases travel very slowly; therefore, onsite measurements will
dominate in number. However, one distant measurement will be made at the South-

port water supply source because of population and usage.

Measurements of direct radiation exposure are made at a variety of distances
and locations; therefore, the relatively direct pathways from plant to man are
well monitored. However, in direct pathways involving biological crganisms and

solls pose a different problem.

It is not possible to monitor every plant or animal species which might be con-
sumed as human food, Instead, sensitive pathways (such as the air-vegetation-
cow-milk-man pathway and the air and water-aquatic food-man pathway) are exten-
sively monitored such that dominant wind directions and distance proximity to

both the site and cooling water discharge are taken into account.

Milk samples are taken from the nearest possible locations, terrestrial vegeta-
tion is sampled from nearby farms in the dominant wind directions, and aquatic
plants and animals are taken in close proximity to the water discharge. Where
possible, more than one type of sample is taken from a given location. For
example, soil and vegetation or milk and locally grown feed are sampled at

common locations.
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A semiannual survey will determine the locations of milk-producing animals in
the area surrounding the plant. This area will be large enough to include
points at which chLild thyroid doses (due to radioiodine in milk) are calculated
to be greater than 1 mrem per year. It is anticipated that changes in milk
sampling locations will be made periodically, based upon these surveys and the

need for collection of larger milk volumes to achieve required sensitivities.

The program will be closely coordinated with existing state programs for mor'-
toring radioactivity levels in the environemmnt, Discussions were held with the
N. €. Department of Radiological Health in formulating the program. This pro-
gram (and the results to be obtained therefrom) will continue to be coordinated
with this agency and other interested agencies as the program proceeds to assure

maximum effectiveness for all interested parties.

2.7,2 Operational Radiological Monitoring Program

The operational radiological monitoring program is expected to closely follow
the schedule developed and modified during the pre-operational program (refer
to Table 2.7-1). The program will provide various background data and effluent

release measurements for evaluating the environmental impact of plant operation.

Samples collected at points where effluent concentrations are expected to be
greatest will be compared with samples collected concurrently at points expected
to be essentially unaffected by plant effluents. The latter samples, along

with the pre-operational data, will provide background measurements that will

be used as a basis for distinguishing significant radioactivity introduced into
the environment by plant operation from that due to natural background or other
sources., If significant radioactivity is detected, the primary isotopes involved

will be identified and efforts made to determine the source.

Results of the sample analyses will be evaluated to demonstrate the effective-
ness of plant radiation control and compliance with the requirements of 10CFR20,

the Technical Specifications, and the design objectives of the waste processing
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Sample
Type

Alr
Samples
(AS)

Ground
Water
{GW)

Surface
water
(SW)

TABLE 2.7-1

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM
BRUNSWICK STEAM ELECTRIC PLANT

Sampling Point
and Description

Sampling
Frequency

Weekly

Information Center -

Rt. 87 - 1 mile SW
Southport - 2.5 miles
south at substaticn

River Road - 1.5 miles ENE
Caswell Beath - 5 miles SW
Projected maximum annual
concentration peint - exclu-
sion area boundary NE

L. V. Sutton Plant -

16 miles NNE

Southport water supply
(Castle Hayne)
Discharge canal Well
C~55A (shallow)
Discharge canal Well
C-47A (shallow)

BSEP on-site Well No. 1

Quarterly

Intake canal at River
Road

Ocean off Caswell Beach
at distance outfall
Discharge canal at

Hwy. 133 bridge

Beiling Springs Lake at
Hwy. 87 bridge

Ocean east of discharge
outfall

Ocean west of discharge
outfall

Monthly (4)

Sample
Size

1 cfm (Continuous for
operational phase)

2 liters

2 liters

Sample
Analysis

Gross beta - weekly
Iodine - weekly (2)
Groas alpha - monthly
gamma (1), (3)
Strontium 89-%90 -
quarterly composite

Grose beta
Gross alpha
Gamma (3)
Tritium

Gross beta - each sample

Tritium - quarterly on
composite

Gamma - each sample (3)
Strontium 89-90
quarterly composite for
Stations 2, 5, 6.
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Battom
Sediment
(BS)

Milk

Soil and
Beach Sand
(88)

o

~4
»

TABLE 2.7-1 (Cont'd)

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

BRUNSWICK STEAM ELECTRIC PLANT

Sampling Feint
and Description

Intake canal at River

Road

Ocean off Caswell Beach

at discharge outfall
Discharge Canal at Hwy. 133
bridge

Discharge Canal at stilling
pond

Discharge Canal at 100 vds
below plant discharge
structure

Ocean east of discharge
outfall

Ocean west of discharge
outfall

Family cow - 4000 feet
east of plant site (7)

Dairy cow - 11 miles NNW

Dairy cow - 13 miles NNW

Beach sand (surface) at
diascharge outfall
Beach sand east of
discharge cutfall

Beach sand west of
discharge outfall

At turnip sample site

At terrestrial vegeta-
tion sample 1. site

At locally grown milk
cow feed sample site
Projected maximum annual

Sampling

Frequer

Quarte )

Weekly (6)

Semiannual
(spring & fall)
Semiannual
(spring & fall)
Semiannual
(spring & fall)
Annual (spring
qtr.)

Annual (spring
qtr.)

Annual (spring
qtr.)

concentration point-exclusion

area bhoundary

Samp Le
Size

0:5 kilogram wet

2 liters

0.5 kilogram

Sample
Analysis

Gross beta
Camma (3)
Strontium 8§2-90

Todine within
Seven davs of collec~
tion, 9.5 pCi/l sensiti-

vity
Gamma on monthly com-
pesite (3)

Strontium 89-90 on
quarterly composite

Camma (3)
Strontium 89-90
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Sample
Type

Terrestrial
Vegetation
{vs)

External
Radiation
Dose
(TLD)

TABLE 2.7-1 (Cont'd)

ENVIRONMENTAL RADICLOGICAL MORITORING PROGRAM
BRUNSWICK STEAM ELECTRIC PLANT

Sampling Point
and Descriptioa

Grass near discharge
canal at Bwy. 133 bridge
Fresh pine needles at
Information Center
Turnips at nearby farms

. Collard greens at nearby

farms

Grass near intake canal

at River Road

Fresh pine needles near
intake canal at River Road

. Locally grown milk cow

feed

Junction of Hwys. 87 &
211 (1-2 mi.)

Information Center

(1-2 mi.)

Junction of Bwys. 211 &
133 (2-3 mi.)

Standard Products access
road off Bwy. 133 (about
4 mi.)

Caswell Beach at pump
station (about 5 mi.)
Sunny Point access road
off Bwy. 133 at railroad
tracks (2-3 mi.)

Entrance to 0Old Brunswick
Town (5-6 mi.)

Hwy. 87 at Boiling Springs
Lake (5-6 mi.)

Perimeter, dirt rpad off
Hwy. 87

Sampling Sample
Frequency Size
Quarterly 0.5 Kilogram
Quarterly

3 times during
growing season

3 times during
growing season

Quarterly
Quarterly
Monthly during

growing season

Quarterly Not applicable

Sample
Analvsis

Grogs beta, gamma (3)
Strontium 89-90
Gross beta, gamma (3)

Gross beta, gamma (3)
Strontium B89-90 on
composite

Gross beta, gamma (3)
Strontium 8%-90 on
composite

Gross beta, gamma (3)
Strontium 89-90

Gross beta, gamma (3)

Gross beta, gamma (3)
Strontium 89-90 on
quarterly composite

TLD readout
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Sample
Type
External 10.
Radiation
Dose 3
{TLD)
{cont.) 12.
[ iR
14,
15,
16.
i7.
18.
19,
20.
.5
22.
23,
Aquatic 1a
Vegetation
(AV) - 1

TABLE 2.7-1 (Cont'd)

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

BRUNSWICK STEAM ELECTRIC PLANT

Sampling Point
and Description

Sampiing
Frequency

N Perimeter, off state Quarterly
road 1525

N Perimeter, off stata
road 1525

S Perimeter, construction
access road

River Road at intake

canal {1-2 miles)

SE Perimeter, River Road
SE Perimeter, state road
1534

River Road at green
colored house (1-2 mi.)
Southport ferry slip
access road (1-2 mi.)

Near Southport hospital
(2=3 mi.)

Fort Fisher ferry slip
{about 5 mi.)

Kure Beach (about 5.5 mi.)
Carolina Beach (about 7 mi.)
Sutton Plant access road
(about 11 mi.)

Projected maximum annual
concentration point - NE

Ocean off Caswell Beach

at discharge (if available)
Ocean off Caswell Beach
1/2 mile east of discharge
(if available)

Ocean off Caswell Beach
i/2 mile west of discharge
(if available)

Background location away
from influence of plant
discharge (if availsble)

Quarterly

Sample
_Size

Not applicable

0.5 kilogram wet

Sample
Analysis

TLD readout

Gamma (3)
Strontium 89-90
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Sample
Type

Zooplankton

(Z0)

Benthic
Organisms
(BO)

Fish
(FI)

Shrimp
(SH)

TABLE 2.7-1 (Cont'd)

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

BRUNSWICK STEAM ELECTRIC PLANT

Sampling
Frequency

Sampling Point
and Description

« Ocean off Caswell Beach

. Purchases locally

Ocean off Caswell Beach

at discharge (if available)
Ocean off Caswell Beach
1/2 mile east of discharge
(if available)

Ocean off Caswell Beach
1/2 mile west, of discharge
(if available)

Background location away
from influence of plant
discharge (if available)

Quarterly

Quarterly
at discharge (if available)

Ocean off Caswell Beach

1/2 mile east of discharge

(if available)

« Ocean off Caswell Beach

1/2 mile west of discharge
(if available)

Rackground location away
from influence of plant
discharge (if available)

Ocean off Caswell Beach
at discharge
From discharge canal

Quarterly

Quarterly

Sample Sample
Size Analysis
10 cc wet Gamma (3)

Strontium 89-90

Gamma (3)
Strontium 89-90

10 cc wet

Gross beta on flesh
Gamma (3) on flesh
Strontium 8%-90 on
flesh

0.5 kilogram

Gross beta
Gamma (3)
Strontium 89-90

0.5 kilogram
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Sample Sampling Foint Sampling Sample Sample
Type and Description Frequency Size Analvyeis
Oysters 1. Mouth of Cape Fear River Quarterly 4 liters in Gamma (3)
(oY) shell
Precipitation 1. Near discharge Monthly Variable Gross beta
canal at Hwv. 133 bridge each sample

TABLE 2.7-1 (Cont'd)

ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM
BRUNSWICK STEAM ELECTRIC PLANT

2, Information Center
Rt. 87 - 1 mile SW

3. Projected maximum annual
concentration point -
exclusion area boundary
NE

4., L. V, Sutton Plant
16 miles NNE

NOTES:

(1)

(2)

(3)
(4)
(5)
(6)

(7)

Air samples will be composited quarterly for gamma spectrum. Individual gamma spectra will be run on
samnles exceed 10 pCi/m”’ gross beta

Charcoal cartridges will be installed at air sampling locations 1 and 6 one year prior to startup and
at the remaining locations three months prior to startup

GCamma analvsis consists of identifying of major gamma emitters and a quantitative interpretation
Surface water samples 5 and 6 will not be collected until startup

Bottom sediment samples 4 thru 7 will not be collected until startup

Monthly prior to startup

Frequency of sampling, sample volume, and atteadant sensitivity will depend on availability
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3. PROBABLE ENVIRONMENTAL IMPACT OF THE PLANT

5 ¥ | Land Use Compatibility

The existence and operation of the plant will have an effect on the utilization
of nearby land. Temporary effects caused by construction activities will be
discussed in Section 3.7. This section will address itself to effects on

land use caused by the existence and operation of the plant.

3:llal Public Water Supplies

As previously indicated, the Castle Hayne aquifer is the only source of public
water supplies in the vicinity of the Brunswick Plant. In the design of the

plant, the following concerns were addressed with respect to the public water

supplies:
1, The effect of the plant fresh water requirements on the Castle
Hayne aquifer and on other wells set in the aquifer.
& The possible loss of water from the Castle Hayne to the cooling
water canals because of upwelling.
3. The possible intrusion of saline water into the aquifer.
4, The contamination of the Castle Hayne aquifer with chemicals, radio-

active, or sewage effluents from the plant.

Plant fresh water requirements will be supplied from two 300 gpm deep wells set

in the Castle Hayne aquifer at a typical depth of 150 feet. Tue calculated daily
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it has been possible to select the canal water surface so that an optimal type
arrangement exists whereby some minimal amount of upwelling is permitted, and

some downwelling is permitted in areas where the chloride content is already high.
As shown in Figure 3,1-1, there is a net upwelling force all along the intake and
discharge canals, except for a small section near the Intracoastal Waterway where
the net force is dowrnward. This variation in the net head differential along the
canal is due to the variation in the artesian pressure over the canal path. Where
there is an upwelling force, this force may cause a flow of water from the Castle
Hayne aquifer into the canals, similar to an artesian well. The optimum design
level of the canal water level is El1 (4) 4.5 feet MSL in the discharge canal at
the weir, and this level will be continuously controlled to assure optimum condi-
tions. With the canal water level held at this design level, it has been calcula-
ted that the total flow of ground water into the canal will be 0.85 cubic feet per
second (cfs). Since the total flow available from the Castle Hayne aquifer in the
area of Southport is approximately 15 cfs, the potential loss from upwelling is

only six percent of that flow.

In the small area near the Intracoastal Waterway there exists a net downward hy-
draulic force, so this area may experience some intrusion of saline water into

the aquifer. This inirusion is small, however, and will not affect the water
supply of Southport. The maximum downward head differential varies from about

1.5 feet to zero along this beach on Oak Island, and an estimate for downwelling
is about 0.01 cfs. Canal water which might downwell would move toward the Eliza-
beth River, approximately parallel to Dutchman Creek, where the Castle Hayne
aquifer presently has a high chloride content and is not used as a source of pora-

ble water. Thus, the water supply of Southport and the surrounding area will not
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be affected by this localized zone of downwelling. In this area of Oak Island
where downwelling might occur due to the canal, intrusion of salt water has been
occurring for some time already. Salinity measurements show a chloride content
of the water of 1400 ppm at El (-) 110, Abandoned wells at Fort Caswell, to

the east of the discharge canal route, show chloride contents of 1550 and 8100
ppm, at depths of 221 and 1543 feet, respectively. The relatively high salinity
indicates that salt water is moving shoreward into the Castle Hayne aquifer in

this area.

Aithough the generally upward flow of water from the Castle Havne aguifer into the
canal prevents a direct salt water seepage from the canal down into the aquifer,
there is a difference in the chemical potential between the two waters, and this
difference could serve as a motive force for diffusion or migration of salt par-
ticles in a direction opposite to the direction of the flow. Analysis shows that
up to 0.1 percent of the salt in the canal, or up to 20 lbs/dav, could reach the
Castle Hayne under steady-state conditions. The transit time when the salt would
Fegin to penetrate the aquifer, at the maximum diffusion rate and over minimum
distance between canal bottom and the aquifer, is approximately 54,000 years. It
would then take many more years before an equilibrium is attained between the in-

fusion of salt and the leaching of salt from the aquifer.

Small amounts of chemical or radioactive effluents will be released to the dis-
charge canal under controlled conditions, The plant radwaste system will extract
and remove most of the radiocactive liquid waste from the plant. The small and
contrelled discharge of liquid radwaste into the canal will be circumscribed by

appropriate federal regulations, will be constantly monitored, and will be only
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slightly more radicactive than the ocean water itself, Because of the upwelling
conditions that exist along most of the canal, the possibility for intrusion into
the aquifer is very limited. In the area of Oak Island where the net hydrological
head is negative, the downwelling of radicactive material will have a negligible
effect since the material will be very diluted in the canal water. The same con-
ditions apply to any chemicals in the discharge canal, since they too will be very

small amounts, and be highly diluted in the canal.

i e B Effects on Recreational Land Use

Recreation in the vicinity of the plant consists generally of boating, fishing,

golfing, some hunting, and beach recreation.

The significant nearby recreational areas are beaches along the Atlantic seaboard,
ranging from six to twentv miles from the plant. During the peak summer season,
the population in the vicinity of these beaches increases by about 10,000 persons
who seek ocean beach recreation. The Brunswick plant will not affect these activi-
ties. With its visitor facilities, the plant will likely become a sightseeing

attraction.

An existing golf course on Oak Island is in proximity to the discharge canal.
At its nearest point, the edge of the canal dike lies 350 feet east of the nearest

green, The utilization of the course will not be affected by the presence of

the canal.

Recreational fishing, hunting, and boating will also be unaffected by the pre-

sence of the plant.
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The lands adjoining the cooling water system canals will be open to public use,
including hunting and fishing, except in those areas within the plant exclusion
area, adjacent to the pumping station on Oak Island, and adjacent to the inverted
siphon under the intracoastal waterway. The presence of the Brunswick Plant will

thus have little undesirable effects on the local recreational facilities.

3:l.3 Effects on Non-Recreational Land Use

i R W | Farming Use

The operation of the plant will have negligible effect on the farms in the Bruns-
wick and New Hanover Counties since most of the farming is outside the influence

of the plant,

3.4:5.2 Industrial Use

No direct effect is anticipated on the industrial activity in the area, as a re-

sult of the operation of the Brumswick Plant.

The U.S. Army Ammunition Transshipping Terminal at Sunny Point, which is located
some 4% miles north of the Brunswick Plant, has been determined to have no
significant interaction with the Brunswick Plant. The interactions betweern the
activities of Sunny Point and the Brunswick Plant have been fully reviewed by
the AEC as part of the evaluation of the CP&L application for a construction

permit fer the Brunswick Plant.
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My (S, D | Transportation Use

Sunny Point Terminal and the Wilmington industries rely heavily upon sea trans-

port. The presence of the plant will have no effect on sea transportation.
Two bridges will be constructed where the discharge canal intersects State high-
ways B7 and 211 to maintain existing connections., The bridges will be designed in

accordance with the N, C. State Highway Commission's current standards.

3.1.4 Effects on Historical Landmarks

The plant vicinity has been investigated in relation to the National Histori-
cal Precervation Act of 1966. There are several historical markers located in
Southport, North Carolina, along the local beaches and approximately 4.5 miles
north of the plant in the vicinity of the ruins of 0ld Brunswick Town, an early
settlement (founded in 1725) on the Cape Fear River. There are two historical
sites in this area that are in the Federal Register of Historic Places: The
ruins of St. Phillips Church which is located at 0l1d Brunswick Town approxi-
mately 4.5 miles north of the plant, and the remnants of Fort Fisher located on
the beach approximately 5 miles east of the plant. Construction and operation

of the plant will have no effect on these areas of historical interest.

3.1.5 Effects on Archaeological Activities

Archaeological investigations have been made in the vicinity of Old Brunswick Town

and in the vicinity of Fort Fisher. These investigations may be continued from
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time to time; however, the plant will have ao effect on these archaeological

activities.

3.1.6 Alteration of Terrestrial Environment

The alteration of the terrestrial environment will have either temporary effects
associated with the construction activities, or permanent effects - within the
context of the life of the plant, The construction effects are discussed in
Section 3.7, The permanent effects are discussed in this Section under their
respective headings, and in Section 5. These effects have undergone careful
scrutinv by federal, state, and local authorities and extensive communications be-
tween these agencies and CP&L in the processing of permits and licenses necessary

for the various construction activities, as discussed in Section 2.3.



3.2 Biological Impact
5 119 | Biological Effects

The Brunswick Plant and supporting structures will have a limited physical impact
on the terrestrial and aquatic environment. The land cleared for the plant site
was covered with old-field vegetation and second-growth pine trees. Neither of
these vegetation types constitute significant wildlife habitat. Most of the areas
cleared for construction activities and not utilized as part of the canal system
will be replanted and will eventually provide cover for wildlife. Care is being
taken to minimize utilization of marsh areas required for the construction of the
cooling water canals., Utilization of river water for cooling the plant condensers
and disposal of waste heat will have a slight impact on the aquatic environment.

However, the total impact of the plant on the environment will be minimal.

- - B Effects of Canals

North Carolina has an extensive estuarine system, ranking third among the fifty
states in total acreage with over 2 million acres of estuarine waters. Over 75%
of the total estuarine area of North Carolina is located in seven major sounds:
Currituck, Albemarle, Croatan, Roanoke, Pamlico, Core, and Bogue. Coastal marsh-
lands are abundant and North Carolina, with over 200,000 acres, probably has

more such acreage than any of the other eastern states. About 8,000 of these
acres are located behind Smith Island at the mouth of the Cape Fear River. In
addition, Brunswick County, which extends from the Cape Fear River to the South

Carolina line, contains approximatelv 18,000 acres of marshlands. These estuarine
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areas are a valuable resource to coastal North Carolina. Consequently, the
Brunswick Steam Electric Plant, including its cooling water svstem, has been

designed to minimize its impact on the estuarine ecosystem,

Several meetings were held with various State agencies, including the North
Carolina Department of Conservation & Development, the N.C, Wildlife Resources
Commission, and the N.C. Department of Water & Air Resources, during which their
comments were received and incorporated into the design of the plant. Some of the
considerations were: selective routing of the intake and discharge canals to
minimize the utilization of mavshland, elimination of the possibility of un-
desirable results from calefaction of the estuary, and rapid cooling of the con-

denser cooling water upcon discharge into the ocean.,

As shown in Figure 2.2-2, the intake canal is routed through an existing channel
which reduced the amount of marshland required. To minimize the amount of marsh
required for construction of the discharge canal, the canal is routed to the west
of Dutchman Creek on the mainland and on Oak Island the canal is routed through
high ground next to the golf course. Total marsh utilized is less than 25 acres
for the intake canal and 120 acres for the discharge canal. All spoil resulting
from dredging operations is being deposited on the mainland away from the marsh.
These spoil areas are all diked and weirs are being used to control discharges
from these areas in a manner that will protect the marshes and public waters
against siltation. The discharge canal will intercept some of the fresh water
runoff to Dutchman Creek and divert it to the Intracoastal Waterway. The effect
of diverting part of the fresh water inflow is being investigated during the eco-

logical study discussed in Section 3.3.1.8.
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Though fish will be blocked from the plant intake structures by trave.ing screens,
plankton will pass through the fish screen and be pumped through the )lant conden-
sers., The percent mortality of plankton passing through the condensers is not
known at the present time; however, this will be determined as part of the eco-
logical investigation of the site. The amount of water pumped through the plant
condensers is only a small part of the net drift of water past the plant intake
toward the ocean, The estuary is characterized by rapid movement of large vol-
umes of tidal flow, and surface water in the vicinity of the plant intake at low
slack tide will be lost to the ocean during the next ebb tide. The length of the
discharge canal is of significant concern in terms of survival of entrained or-
ganisms. Planktonic organisms will pass through the condenser tubes and down the
discharge canal. The length of the discharge canal is such that the entrained
organisms will be held at elevated temperature for five or six hours. This length
of time may cause significant mortality. However, assuming the mortality is 100%
for plankton passing through the condensers, this is not considered to represent a
significant loss from the estuary due to the small percentage of water from the
estuary that will be diverted through the plant. Work at other locations indicates

(1)

that mortality in the plant condensers will not be this great.

Nidatid Effects of Thermal Discharge

The original design of the circulating water syvstem included discharging waste
heat into the estuary. As the hydrology studies progressed, it became apparent
that such an arrangement on occasions might result in thermal accumulations in
the estuary that might exceed the evolving federal and state water quality stan-

dards, Therefore, the discharge canal was routed to the ocean.
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. Several routes for the discharge canal were considered as discussed in Section
4.5 and ultimately rejected, including one that utilized Dutchman Creek. The
final route selected (Figure 2,2-2) preserves the more productive marshland along
the canal and at the same time protects ground water supplies in the Southport
area. On Oak Island, the canal was routed to utilize high ground adjacent to

the golf course to further reduce the utilization of marsh.

Discharge of condenser cooling water into the ocean eliminates concern over pos-
gible detrimental effects associated with calefaction of the estuary. However,
discharging water which has been warmed up to 18°F above ambient, depending on
plant load, into the ocean will have some impact on the oceanic environment.
Dissipation of waste heat is discussed in Section 3.4. The cooling water,
which will have lost some of its heat to the atmosphere ilong the way, will be

. discharged in a horizontal direction at 10 feet per second. This discharge will
be made approximately perpendicular to the natural drift in the area which averages
about 0.7 feet per second., This discharge arrangement provides for quick dilu-
tion and cooling. Based on field dye experiments, the discharged water will mix

rapidly with the ocean water and cool.

The species composition of plankton may change in the area immediately in front

of the discharge but the rapid mixing of the cooling water with the cooler ocean
water is expected to limit this effect to a small area. Some species of shellfish
and fish may avoid the area in the summer and be attracted to the warm waters in
the winter. The ecological study being performed by North Carolina State Universi-

ty will document any changes in species composition and numbers in the discharge

area.
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3.2:1.3 Migration

The possibility that migrating animals will orient on the discharge water and thus
be prevented from entering the Cape Fear River Estuary has been considered. Re-
cent studies have shown that postlarvae enter estuaries from the sea by following
a "scent" of organic materials (principally aminc acids) flowing out of the
estuaries. Since the discharge will be large and the water is from the estuary,
it is possible that some migrating postlarvae might orient on the discharge.
However, flow measurements and aerial photographs reveal that the discharge is
located within the plume of effluent from the Cape Fear Estuary and thus will not
interfere with migrations. This possibility will be included within the ecologi-

cal studies alreadv in progress in the area.

The discharge is designed so that fish cannot be trapped. The high water veloc~-
ities in the immediate discharge area will make it difficult for fish to remain
in the warmest water. No significant detrimental effects are expected either

while the units are operating or if the units stop operating and the warm water

discharge ceases.

The warm water discharge may scour the bottom in a small area adjacent to the end
of the discharge pipe. This scouring action, which will be limited to less than
two acres, will result from friction as the water flows over the bottom. lhe
warmer water will rise to the surface and is not expected to affect benthic orga-
nisms outside the two acre area. A comprehensive study of benthic organisms in
the area is underway, and any effect of plant operations on benthic organisms

will be documented.
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Je2.lhe Fish Diversion

Condenser cooling and service water for the Brunswick Steam Electric Plant will

be supplied by a canal which extends from the vicinity of Horseshoe Shoals in the
Cape Fear River to the plant, a distance of approximately two miles. The canal
will have an average width of approximately 300 feet at the surface, a depth of
(-) 18 feet MSL, and a shape that is trapezoidal., Concrete intake structures

will be located adjacent to the canal in the plant vicinity. Water from the canal
will enter the intake structures and be pumped through the plant circulating and
gervice water systems. Vertical traveling screens of 3/8 inch mesh will be pro-

vided iu the intake bay to screen trash and debris from the condensers.

Water velocities in the intake canal will vary with the tide, the number of pumps
operating, and other factors, and will range between 0.08 to 0.6 feet per second
for one unit operating, and 0.41 to 0.95 feet per second with both units operating.
These velocities are considerably less than velocities encountered in the Cape

Fear River during ebb tide which frequently reach 5 to 6 feet per second,

Recognizing that there still may be a potential attraction for fish at the intake
structure, Carolina Power & Light Company has undertaken a study of existing fish
diversion systems, This study included a literature search and on-site visits to
existing fish diversion installations. The literature search determined types of
fish diversion devices, where they were employved and how successful each was in
diverting certain species of fish. From this information, on-site visits were
scheduled to several facilities operating fish diversion systems., The on-site

visits provided valuable insight into the design and operation of fish diversion
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effects determination was conducted utilizing reasonable assumptions, justifiable
calculational models and techniques, and realistic assessments of environmental
effects. The radiological impact is a measure of the relative radiolopical
influence of the BSEP compared to the natural radiation background expressed

in man-rem exposure to the population within a 50-mile radius of the site.
Residence background characteristics are assumed to be a combination of the
radiation received by the population from natural radiation background and man-
made exposure sources, such as medical X-rays. A summary of the integrated

dose, in man-rem, for each of the above categories is given in the following

sub-sections.

Bodod vl Man-Rem Integrated Dose Concept

The integration of radiation exposure over a group of people, exemplified by

the unit of man-rem as contrasted with dose to an individual in rem, is under-
taken because of genetic considerations. 1t is apparent that summation of expo-
sures to individuals at these low dose levels has no somatic effect on a popu-
lation group or individual. These low exposure levels could, however, represent
a genetically significant dose. For this reason the man-rem unit is associated
with, and limited to, a sufficiently large group of people to be considered of

genetic significance,

As is shown in Section 3.6, the most signifi * mode of exposure to the
general population from the BSEP is caused ¢ rect external radiation from
the elevated plume of noble gases emitted from the stack, with only a minor

contribution from the consumption of seafood using conservative pathway
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assumptions., These levels of exposure, calculated for the nearest neighbors
are shown to be only a small fraction of the permissible dose, Calculations
indicate that the actual dose beyond the nearest neighbors decreases rapidly

so that average doses to all inhabitants within the 50-mile radius are lower
than the nearest neighbor estimates by about two orders of magnitude. This is
s0 because of the extensive diffusion capacity of the atmosphere, the fact that
radicactive gas is decaying significantly with atmospheric travel time (this,
however, was conservatively not taken into consideration in the calculation of
man-rem doses), and the fact that the number of occupants in the immediate

environs is low.

Most of the man-rem dose received by the public via the gasecous effluents path~-
way is to the few thousand people within a few miles of the site, and the several
thousand people within twenty miles of the site. Thus, any man-rem integration
requires consideration of whether this population group is of a genetically
significant size. Also, for an exposure to groups in a nearby town (Southport)
or a small city (Wilmington), it must be considered whether or not the group
remains intact for a time period of genetic significance, such as the human

generation time of thirty years, in view of present-day population mobility.

Some insight into genetically significant population groups is available in the
publications of the internationally recognized expert group, the International
Commission on Radiological Protection. A review of publications from this
group, through Publication #16, shows general and repeated us: of phrases such
as: '"whole populations”, "population at large", "large populations", “practices

in some countries”, and "circumstances whick vary from country to country". One
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might conclude that basic thinking is oriented to the population of a small
country or to the population of a significant section of a large country, which

in either case would be in the range of 106 to 107 people or more. At the BSEP,

a 50-mile radius from the site encompasses a d»opulation (1996 projection) of
slightly over 300,000 people. The low probability of detecting a statistically
significant genetic effect is applicable in considering a population of this size,
For example, ICRP Publication No. 8 considers the probability of a dominant
genetic effect being experienced by the children of a generation of exposed
parents., The estimate (acknowledged as may well be high for a number of reasons)
was that "the effects of a few rads would not be detected in the annual statistical
returns of a population of 50 million". From this, perspective may be gained on
the probable effects of a few rads per year to a few thousand people near the
BSEP. Due to the small genetically significait population around the BSEP and

the low population dose, the only meaningful assessment of the radiological impact
of the BSEP is a comparison between the dose received from operation of the plant

and that received from residence background.

The whele body dose is the onlv important contribution to a genetically
significant exposure, expressed in man-rem, Critical organ doses have been
calculated but are not considered in the evaluation of the radiclogical impact
from plant operations as the effect on the critical organ is not of genetic
significance. Since the critical organ, such as the thyroid, can tolerate a
much greater dose than the whole body, the effect of a gross body exposure on

the critical organ is less than the effe:t cn the whole body.
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3.2.2.2 Natural Radiation Background

Radiation in various forms is a normal part of man's natural environment; it

has been present throughout his development, and man has demonstrated the
ability to develop in the presence of this natural radiation. Every day we
receive radiation from the sky, the ground, the air around us, and the food

we eat. The magnitude of this radiation level is strongly influenced by where
we live, what we do, and even in what kind of house we live, For most locations
around the United States, natural radiation level averages about 140 mrem per
year, The various component contributions of this typical value are discussed

below.

Cosmic rays provide one of the most significant natural radiation sources.
Cosmic radiation is, te some extent, dependent on latitude and, to a large
extent, dependent on altitude. In the mid-latitudes, the cosmic radiation
varies from about 40 mrem per year at sea level to about 3800 mrem per year

at altitudes used by jet aircraft (35,000 feet). This does not mean that all
commercial jet airliner crews receive 3800 mrem per year, since this would
imply that they were continuously airborne. Assuming, for instance, that

these crews stay aloft a tenth of the year, then their occupational radiation
exposure due to cosmic radiation alone would be in the range of 300 to 400 mrem
per year, Lven one transcontinental roundtrip per year would give the business
man or vacationer about 4 mrem. The average cosmic radiation of 40 mrem per
vear will increase to about 150 mrem per year in some mile-high locations, such
as Denver or Salt Lake City. 1t is assumed that 50 mrem per year from cosmic

radiation is an average for people within a 50-mile radius of the BSEP,
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Another source of radiation in nature is the ground inself, because it contains
many radioactive minerals, particualarly the uranium and thorium series, to-
gether with the important uranium decay product, radium. Another significant
radioisotope in the ground is potassium-40, the naturally radicactive isotope

of the element potassium. The incidence of radioactive materials in the ground
causes the earth to act as a large plane radiation source with respect to an
individual. The resultant average radiation exposure in the continental United
States Is about 60 mrem per year. Assuming that the average person spends about
one=fourth of this time outside of buildings, this 60 mrem per year contribution
would reduce to 15 mrem per year. There are a number of locations in the world
where the radiation exposure from the ground is actually much higher. In
various locations in Brazil, India, and in the French mountains, the exposure may
range from 180 to as high as 1600 mrem per year, largely due to the prrsence in
these locations of deposits of thorium near the surface of the ground. There

have been reports of exposure even higher than these.

The fact that these radioisotopes exist in the ground gives rise to a secondary
source of radiation, since the natural decay of the uranium and thorium series
each contains a natural radioactive gas. These radio-gases evolve from the
ground at a fairly constant rate and thus cause equilibrium concentrations of
natural radiogases in the air. The principal constituent of this source of
radiation in nature is the radiogas radon, which has a 3.8-~day radiocactive half-
life. This element, together with its daughter decay products, causes a world
average whole body external exposure of about 5 mrem per year. Actually the
inhalation of these radiogases and the deposition of their radioactive daughters

in the lung may cause a lung dose of as high as 200 mrem per year.
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Since man takes materials from the ground to build homes and offices, natural
radioisotopes from the ground are transferred to these structures. A signficant
variation will result from the use of different building materials. A wooden
structure may emit radiation leading tc a dose rate of about 50 mrem per year,
while concrete may give 70, and brick as high as 100. Even these may vary within
the material originated., For example, there are some types of stone (such as

some granite and marble) that will produce an exposure of 350 to 500 mrem/year.

All liquids in the world are now, and have always been, radicactive due to the
presence of manv naturally radioactive materials in so’ution, such as uranium,
thorium, radium and carbon-14, all of which have very siow decay rates ranging
from thousands to billions of years. Ocean water that is used for cooling water
at the BSEP is a good example of such natural radicactivity. The measure of
radiocactivity in liquids is usually stated in units of picocuries (1 = 10-12
curies) per liter. Radioactive liquid waste discharges from the BSEP will aver-
age about 2 pei/liter. In ocean water the natural radioactivity is about 350
picocuries per liter, Most of this is due to the naturally radiocactive isotope

potassium - 40, which has a decay rate (half-life) of 1.3 billion years. River

water radioactivity usually averages between 10 and 100 plcocuries per liter.

Due to these activities in liquids used for human consumption, the average con-
centration in the liquids of the human body is about 300 picocuries per liter.
The general average radiation exposure from food and water is about 25 mrem per
year, due to the deposition and retention of these radioactive materials within
the body. 1In a typical case, about 20 mrem per year of this exposure comes from
the natural radioisotope potassium=40, which is found particularly in protein

type foods.
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3.2.2.2.1 Total Radiation From Nature

The following table summarizes the various contributions in arriving at an
average natural radiation background of 140 mrem per year for people living

in a 50-mile radius of the Brunswick Steam Electric Plant.

Cosmic Rays 50
Ground (1/4 time) 15
Buildings (3/4 time) 45
Air 5
Food and Water 25

140 mrem per year

. e R T e Man-Rem From Qgtural Radiation Background

Calculations of the total exposure to the population as a result of natural
background radiation have been made, Obviously, if every person in the United
States receives an average of 140 mrem/year, then the total population exposure
would be about 30 million man-rem per year. However, it is not appropriate to
compare the radiological effects of the cperation of anvy one nuclear power

plant, as negligible as they are, with the total man-rem/year to the entire U. 5.
population, Therefore, the man-rem comparisons are made for the population
within a 50-mile radius. If the projected (1996) population within a 50-mile
radius of the BSEP is 302,841, the natural background radiation will result in

about 42,400 man-rem/year.
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3. 2523 Man-Made Radiation Background

Total population ex, osure from man-made sources is more difficult to evaluate
because, unlike the case with natural radiation, an individual can make a choice
whether to receive such radiation or not. However, reasonable assumptions can

be made in order to make estimates of man-rem per year.

The dose to a sample population of one million people as a result of viewing
television can be estimated. Typically an individual would receive about 1-10
mrem/vear from watching TV, If the average dose received is 5 mrem/year, then
this results in 5000 man-rem/year. Looking at this same population, one can
determine the man-rem as a result of exposure from luminous-dial watches. If
only 10 percent of this sample population receives a dose from their watches

of 2 mrem/year, then the resultant population dose is 200 man-rem/vear.

The use of medical X-rays is by far the largest contributor to population
exposure from a man-made source. Again considering the sample million-

person population, diagnostic X-rays would result in about 100,000 man-rem/
vear assuming that each person received an average of 100 mrem/vear. However,
if only 10 percent of this sample population received an annual chest X-ray of

200 mrem per examination, the result would be 20,000 man-rem/vear.

In summary, medical exposure results in the largest man-rem per year contribution
from man-made sources. However, the examples of television viewing and wearing

luminous dial watches do contribute to population exposure and should be included
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when comparing the impact on man from these and other man-made sources. For the
purposes of comparison a value of 60 mrem/year due to all man-made sources has
been used for determining man-rem exposures to the population within a 50-mile

radius of the BSEP.

3.2,.2:4 Total Average Radiation Background

The total background radiation exposure received by the average citizen within a
50-mile radius of the BSEP is the sum of the contributions received from natural
background and man-made sources. The resultant total is the 140 mrem/year from
natural sources and the 60 mrem/year from man-made sources giving a total of 200

mrem/year to the average resident of this area.

P Variations in Radiation Background

So far, only average radiation background has been discussed; however, it is
well established that variations do occur from place to place and from vear

to year. The following information substantiates this.

Airborne radioactivity surveys conducted by the U. S. Geological Survey on
behalf of the Division of Biology and Medicine of the USAEC have shown the
variations of radiocactivity level from place to place. These surveys are a
part of the Aerial Radiological Measurement Surveys (ARMS) program, a program

of airborne radiocactivity surveys of nuclear installations.

Measurements consisted of whole body gamma dose from the ground, air, and cosmic-

ray sources. From the standpoint of airborne activity, onlv three naturally
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occurring radioactive elements are important: wuranium, potassium-40, and
thorium. The relative amounts vary with the type of geological formaticn, In
fact, measurements have shown variations of natural background of up to four

to six times within a 10-mile distance. This mears that values between 50 to
200 mrem/year have been measured., Some areas that have certain types of granite
and marble will produce exposures of 350 to 500 mrem/year. As stated earlier,
this material has been used as building material for some of our most stately
public structures. Variations can also occur from year to year even at the same
location. For example, an annual variation of up to 10 mrem is not unexpected
for some locations. The point is that spatial and temporal changes do exist in
nature, though 1t is not obvious unless one is trying to measure such differences.
Such variations are much greater than the total radiological effect from nuclear

power plant operation.

3.2.2.6  Considerations in Minimizing One's Radiation Background
An appreciable fraction of man-made radiation is voluntarily self-imposed.
Man-made radiation sources such as medical X-rays, television, luminous
features on watches and appliances, and micro-wave ovens add to an individual's
background exposure, depending on the frequency of usage. None of thesce are
uniquely necessary for life support, and the exposure could be curtailed,

.
The largest man-made radiation source is from medical exposure, as stated
earlier, Certainly, if no diagnostic medical or dental X-rays are received,
there would be no exposure. However, many of us have received much benefit

from diagnostic X~rays to aid ip medical treatment, Therapeutic X-ray treat-
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ments have also resulted in many lives being saved or prolonged even though
massive doses of radiation have been received. Not receiving such X-ray treat-
ments would minimize one's exposure but the risk to the patient could be quite

detrimental.

The radiation exposure from viewing television can be minimized by sitting
farther away from the set or reducing the number of viewing hours per year.
This could lower one's exposure by a few mrem/vear. An additional few mrem/year

reduction could be realized by wearing a wrist-watch without a luminous dial.

To summarize the many choices that each person has in order to minimize his

hackground radiation exposure, let us postulate two individuals:

One lives near sea level, in a wooden house; does not receive medical X-ray
examinations; does not smoke or drink alcohelic beverages; works on the first
floor of a wooden building; and does not watch television. The second person
lives in a stone house, in a mile-high city; receives his yearly chest X-ray

and dental X-ray examinations; smokes cigarettes and drinks alcoholic beverages;
works on the 20th floor of a granite building; and watches television regularly,
The difference in the background radiation exposure between these two people
could easily be several hundred mrem/year. Thev represent the range of possible
exposures experienced by tvpical individuals, Most people would fall between
these two extremes depending on the choices made, knowingly or unknowingly, to

determine the background exposure received.

With the numerous ways that man could reduce his background radiation, it would

appear that if radiation wete of concern to man he would regulate his behavior
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to take advantage of the lowest possible level of natural radiation. Nowhere does
he appear to have seen fit to regulate his behavior to this extent. Thus, it
could be concluded that this particular low level of natural radiation has not
been, and currently is not, a significant criterion to man, even though these
levels of exposure are several orders of magnitude greater than that received

from the operation of, for example, the Brunswick Steam Electric Plant.

3.2.2.6 Man-Rem From Nuclear Power Plants

The radiological impact of nuclear power plants may be compared with the already
radiocactive environment in which we live., There is a basic difference between
the man-rem received from natural and man-made radiation background and that from
the nuclear power plants. That is, everyone within a 50-mile radius is assumed
to receive the average background exposure, whereas everyone does not receive

the same dose contribution from the power plant. The reason is that the natural
atmospheric dispersion effects reduce the radiation source the farther one is
from the plant. Over the year, the wind directions, wind speeds and atmospheric
stability change to disperse an airborne source so that out to 50 miles from the
release location, the radiological effect is not measurable but only estimated by

means of a calculation.

Liquid sources are treated similarly to the gaseous ones in that only a portion
of the total population out to 50 miles acutally could be influenced trom small
amounts of radioactivity discharged from the plant. Considering the consumption
of rfish as the primary mode of exposure to man from this source, several factors

affect the result. For example, some of these are effects of water dilution and
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dispersion in the ocean as compared to concentrations in the discharge canal and

of the actual pumber of people in the 50-mile radius who consume fish.

The total man-rem to the pepulation out to 50 miles from the plant for the
various conditions evaluated in the nuclear environmental effects determination
are summarized in Sections 3.6 and 8. This list includes the man-rem results for
normal plant operation considerations, transportation considerations, various
abhnormal conditions and postulated design basis accident conditions. One should
not add the man-rem from each condition since the probability of occurrence was
not applied te all conditions.

b7 |

3e 2. 2.7 Radiological Impact

The general conclusion drawn from the total population exposure for each condi-
tion discussed in Section 3.6 and Section 8 is that there is a negligible contri-
bution from BSEP compared to the natural and other man-made exposures received

by the population. In fact, the highest doue to an individual near the plant

is usually less than a few percent of natural background. This dose would
approach negligible proportions at a distance of 50 miles (two to three orders

of magnitude less).

As observed earlier, the many spatial and temporal changes in natural back-

|

ground and certain man-made sources more than mask out the contribution from

normal vperation of BSEP.

From a radiological viewpoint, BSEP will be & good neighbor, one that has a

negliigible impact on the environment,
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3,3 Ecological Studies

S8 5 | Biological Monitoring

. P 1 % | Preliminary Ecological Investigation

A preliminary investigation of the ecology of the lower Cape Fear River was
initiated during August of 1968. In March of 1969, this investigation was ex-
panded to include an area of the ocean off Oak Island in the vicinity of the

cooling water discharge.

As shown in Figure 3.3-1, five stations were established in the lower six miles
of the Cape'Fear River and one station was established in the ocean. All samples
were collected monthly with the exception of benthic samples which were collected
quarterly. Temperature and salinity were measured with depth during both low

and high tide. Dissolved oxygen was measured at the surface and at the bottom
during both low and high tide. Phytoplankton, zooplankton, and fish larvae were
collected at four stations (23A, 18, Oak Island, and Ocean). Fish trawls were
made in the vicinity of the plant intake, near Oak Island and in the ocean.

Benthic samples were collected at thirty locations in the vicinity of the ocean

station as shown in Figure 3.3-1.

343:1.2 Eydrolog!

At station 19, near the plant intake, salinity ranged from 2.45 to 33.86 ppt
although greater than 81% of the measurements were in excess of 15 ppt as shown
by Table 3.3-1. The lowest salinity recorded during the year was 1.72 ppt at

station 23A upstream from the plant intake. These low salinities were always at
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the surface and were a reflection of high rainfall upstream. Isohalines con-
structed from salinity date (Figure 3.3-2) suggest that saline water moves up~-
stream near the river bottom while the fresh water moves toward the ocean in
the surface lavers; however, turbulence from the rapid water movement causes
significant mixing between layers. Temperature of the surface water during
high tide at station 19 ranged from 38°F to 87°F. Temperature measurements at
station 19 are included along with temperature at the ocean station as Figure
3.3-3. Dissolved oxygen was close to saturation most of the year; however, dur-
ing the spring and early summer, oxygen levels were somewhat less. The minimum
oxygen level of 33% of saturation was measured in April at the river bottom at
station 23A which is just upstream from the plant intake point. Monthly dis-
solved oxvgen measurements at station 23A over a period of one year are includ-
ed in Table 3.3-1. The lower oxygen levels such as those recorded in April are

caused by upstream discharges of organic matter.

As shown in Figure 3.3-2, there generally is a 40% change in salinity between
high and low tides at the intake site (Station 19). This means that there is
at least a 407 exchange of water at the intake site on each tidal cycle; thus,
withdrawing water should have little effect because of the massive interchange

of water that occurs in the estuary at the plant site.

335443 Phytoplankton

As in most estuaries located on the east coast, the phytoplankton were dominated
by diatoms (Riley 1967). A total of 203 species were collected in the estuary

and they included 134 diatoms, 25 chlorophytes, 9 cyanophvtes, 3 chrysophytes,
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15 dinoflagellates, 2 haptophytes, 9 cryptomonads, 3 xanthophytes, 1 euglenoid
flagellate, and 2 loricate flagellates. Total number of species was highest in

the ocean and decreased slightly upstream as shown by Table 3.3-2. Diatoms in-

creased from upriver to downriver and chlorophyte algae increased in the opposite

direction,

Three of the six dominant species were diatoms. One of these, Skeletonema
costatum, averaged 29% of all phytoplankton sampled during the year which is
typical of east and gulf coast estuaries. The other dominant species included
a cryptomonad, a dinoflagellate, and a loricate flagellate. Peak populations
of phytoplankton occurred in May and June when up to 7.3 million cells per
liter were found and 75% of these were of the diatom Skeletonema. Average cell
numbers per liter for each station during the year was 2.10 x 106 at the ocean;

175 x 106 at Oak Island; and 1.44 x 106 at station 23A.

The Shannon-Weiner formula (Odum, 1969) was used to calculate species diversity
and the results are included in Table 3.3-3. Diversity was slightly higher at
the estuary mouth and lower upstream and at ocean station. Average diversity

was lowest in January and February and higher through the rest of the year.
3.3.1.4 Zooplankton
The zooplankton were dominated by copepods. The most abundant copepod, Acartia

tonsa, had a population peak in April and May when up to 7,500 per cubic meter

were collected. Other abundant copepods included Paracalaaus, Centropages, and

Oitiona. Larvae of attached or benthic forms (such as barnacles, polychaetes,
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and molluscs) made up 25% of the total zooplankton. A total of 37 different
forms were collected, but many of the larvae could not be identified beyond
family. Seasonal distribution of zooplankters is included as Figure 3.3-4.
The peak of abundance at the Ocean Station was 19,100 per cubic meter in March
while at the Oak Island Station, the peak was 13,292 per cubic meter in July.

Very low numbers of zooplankters were present in December and January.

3.3.1.5 Larval Fish

Larval fish were present throughout the year in the estuary, but fewer numbers
were caught in September and October than during the remainder of the year. The
Ocean Station yielded fewer individuals and species than did any of the three
estuarine stations., Anchovies were the most abundant larvae at the ocean and
Oak Island stations. Croaker was the most abundant at the upriver stations.
Gobies, however, were abundant at all scations. The only other abundant species
was spot, which was found in moderate numbers at all stations. Flounders, sea-

trout and striped mullet were all of minor importance.

There appeared to be extended summer spawning of the anchovies and gobies. Larval
croaker appeared in October and were abundant through February. Spot, however,
was not present in significant numbers until January. Bivalve larvae first
appeared in October in the estuarine samples, but were collected only in January

in the ocean samples.
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3.3.1.6  Fish

The most abundant fish caught by otter trawling was the gray seatrout which was
present from July through October. Spot was alse abundant and was present
throughout the year except for the months of January and February. The croaker
reached its peak of abundance in January, but these appeared to be young of the
year., Other important fish are the summer flounder, the windowpane, and the
blackneck tonguefish. Shrimp were abundant in July, August, and September, but

were found only at the ocean station in May and June.

Fish were collected with a l0-minute tow of a six~foot otter-trawl which had a
mesh size of 5/8 inches and a 1/8 inch mesh cod end. All samples from the river
were taken on the Western side of the river channel in water from three to ten
feet in depth. Analyses may be influenced by the fact that large fish avoid

the net and small fish may pass through the 5/8 inch mesh. Any judgment of the
fish population of the Cape Fear is influenced by the fact that only one habitat
was sampled, For these reasons, the fish survey provided only qualitative data

on the kinds and abundance of fish in the estuary.

3B:k.? Benthic Organisms

Four times throughout the year, benthic organisms were sampled near the ocean
discharge site. Sediments in the area are mud to the west of the discharge
site, and sand to the south and east. Some 56 different species of animals were

collected, but a snail, Retusa canaliculata, and a brittlestar, Ophiophragmus

wurdemani, were the two dominant species and both were present throughout the
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year. Other animals were prominent at various times of the year, such as poly-

chaetes in the fall. Other important animals were the sea pansy, Renilla reni-

formis, and several clamse.

I'he sampling area in the ocean includes three transects of ten sampling points
each as shown in Figure 3,.3-1. Diversity was calculated for samples from each
of the 30 points and the results included as Table 3.3-4. The diversity index
indicated that there was reduced diversity close to shore, and at the eastern

transect closest to the mouth of the river. There was a decline in the number
of organisms during the winter and spring, and also fewer organisms in the

sand sediments of the transect nearest the mouth of the river.

3.3.1.8 Ecological Investigation

Results from the preliminary biological investigation of the lower Cape Fear
River and ocean off Oak Island were utilized in planning an expanded study of
the area. In February of 1971, Carolina Power & Light Company extended its sup-
port of North Carolina State University for an additional five year study of

the ecology of the lower Cape Fear River and ocean off Oak 1sland. The study

is under the direction of Dr. B, J. Copeland, Director of the NCSU Pamlico
Marine Laboratory, and Dr. J. E. Hobbie, Professor of Zoology at NCSU, and will

be performed by personnel at the Pamlico Marine Laboratory.

The study is compcesed of both field and laboratory effort and is designed to
docurs'nt any significant changes in the local estuarine and marine environments.

Results of the study will be used to determine whether or not there are changes
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resulting from either plant construction or operation, and if they are benefi-
cial, harmful, or of no consequence. In addition, the study will provide
laboratory data concerning the response of important aquatic organisms to ther-

mal changes.

%:.3:1.9 Field Investigation

Several sampling locations in the Walden, Nancy, Dutchman, Denis, Piney Point
Creek areas and in the Cape Fear River, as shown in Figure 3.3-5 have been es-
tablished for the field program. Samples at these statio.s include trawling
zooplankton, phytoplankton and benthos, as well as temperature, dissolved oxygen,

turbidity, and salinity.

In recognition of the possibility that construction of the plant could have an
impact on the aquatic environment, precautions were instituted to protect the
creeks and marsh. The major effect that could occur is silting by runoff from
spoil areas that are set aside to contain excavation materials. Safeguards

that were established include channeling of runoff from the spoil areas into
settling pools where most of the sclids settle before the water is permitted

to enter the natural flow of the creeks. Spoil from dredging in the river

is being placed in spoil areas on the mainland to avoid any possible harmful
effects on the estuarine biota and to reduce the amount of marsh acreage required
for construction. 1In addition to these precautions, CP&L will conduct investiga-
tions of possible effects of construction by field studies of the creeks in

the area, Other items that will be investigated during the field study include:
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. B Larval and adult fish migrations past the plant intake site with
primary emphasis on timing and location of the migrations in the
estuary.

2. Population diversity of the larval and adult fish, phytoplankton,
zooplankton and other organisms in the Cape Fear River estuary
near the plant intake and in the ocean in the vicinity of the
cooling water discharge with emphasis on quantitative determination
of kinds and numbers present.

3. Population diversity of the benthic community in the ocean discharge
area and in the estuary will be determined. Samples will be collec~
ted in the immediate discharge area and outside the area of influ~
ence,

. 4. Organisms will be collected for laboratory studies of response to

thermal changes.

After the plant begins operation, the field investigation will be expanded to
include the following:

l; A detailed study of the fish diversion system.

Sampling of organisme in the intake and discharge canals to deter-
mine the effect on these organisms of being transported through
the plant condensers. Time of day and seasonal differences in the

effect will be investigated.
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3:dal 19 Laboratory Investigation

Identification and quantification of organisms collected in the field will be
performed in the Pamlico Marine Laboratory as will chemical analysis of water
samples. There will be laboratory investigations of the heat tolerance of impor-
tant estuarine organisms by simulating the increase in temperature experienced

by organisms being transported through the plant condensers. The effects of
temperature acclimation and of life-history stage on temperature tolerance will
be determined. In addition, the effect of holding the organisms at elevated

temperatures for time periods extending to several days will be investigated.

In addition to heat mortality studies, the effect of elevated temperatures on
metabolism will be studied. An attempt will be made to correlate metabolic in-
dices of thermal stress with the toleran limit. The behavior and physiologi-
cal criteria of organisms will be investigated with respect to elevated tem-

peratures.
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i A T Environmental Radiological Monitoring

Maximum engineering and design efforts have been made in the design and construc-
tion of the Brunswick Steam Electric Plant to minimize the release of radioactive
materials to the environment. The detailed design of the radicactive waste pro-
cessing system, along with the design objectives of this system, are presented
in Section 3.6 of this report. As a further awareness of its responsibilities
to protect the environment, the Carolina Power & Light Company will conduct a
comprehensive radiological environmental monitoring program in the vicinity of

the plant to insure that these design objectives are met.

3: Fe sl Pre-operational Radiological Monitoring Program

A pre-operational radiological monitoring program will be conducted to determine
the magnitude and nature of radiocactivity in the environment surrounding the site,
to test the equipment, sampling and analytical procedures, the suitability of
selected sampling points, and investigate the overall statistical variability

of the results. The Information obtained will serve as a baseline for the evalua-
tion of any changes in environmental radiocactivity levels that may result from
plant operation as determined by the operational radiological monitoring program,
The pre-operational radiological monitoring program will start early in 1972 and

will continue until initial criticality.

The initial pre-operational mouitoring program is described in Table 3.3-5. This
table defines the type of samplzs, the number of samples to be taken, and the

location, the collection frequency, and the analysis to be performed. As shown
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by this table, radioactivity will be determined in samples of water, air, farm

and dairy products, fish and other organisms and bottom sediments.

The sample media and location of sampling points were established on the basis of
population density and distribution, meteorological, hydrological, ecological and
topological conditions, critical pathways to man, and expected radiological efflu-
ents from the facility, 1t iz expected that there will be sowe alterations in
this sampling program as experience is obtained during the pre-operational pro-

gram.,

The pre-operational environmental radiological monitoring program will be closely
coordinated with existing state programs for monitoring radicactivity levels in
the environment. Discussions were held with the N.C. Department of Radiological
Health in formulating the pre-operational program, This program, and the results
obtained, will continue to be coordinated with this state agency and other in-
terested agencies as the program proceeds, to assure maximum effectiveness for

all interested parties.

Jo3e2ad Operational Radiological Monitoring Program

During the first year of operation, operational radiological monitoring will follow
the schedule developed during the pre-operational program. It is expected that
this program will follow closely the program outlined in Table 3,3-5, with only
minor modifications which are found to be necessary or desirable during the pre-

operational phase.
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The sampling program has been designed to incorporate measurements to provide
background data and to measure possible Brunswick Steam Electric Plant effects

on the environment. Samples collected at points where concentrations of efflu-
ents in the environment are expected to be greatest will be compared with samples
collected concurrently at points expected to be essentially unaffected by plant
effluents. The latter samples, along with the pre-operational data, will pro-
vide background measurements that will be used as a basis for distinguishing
significant radioactivity introduced into the environment by the operation of the
plant from that radioactivity due to natural background or from other sources.

If significant radioactivity is detected, the primary isotopes involved will be

jidentified and efforts made to determine the source of the radioactivity.

Results of the sample analyses will be evaluated to demonstrate the effectiveness
of plant radiation control and compliance with the requirements of 10CFR20, the
technical specifications, and the design objectives of the waste processing sys~-

tem as contained in Appendix I, 10CFR50.

It is expected that after the first year of operation the Brunswick Steam Electric
Plant will have demonstrated the capability of operation within the design objec~
tives as stated in 10CFR50, Appendix I. At this time there will be a reduction

in the number of sampling locations and the sampling frequency. This reduced
environmental radiological monitoring program will continue as long as the plant

continues to operate within design objectives.



BSEP-1 & 2 3.3-13

References for Sections 3.2.1 and 3.3.1

5

10.

11.

13.

Adams, J, R. 1969. "Thermal Power, Aquatic Life, and Kilowatts on
the Pacific Coast'. Proceedings of the American Power Conference,
Volume 31.

Brown, J. T. 1967. '"North Carolina's Estuarine Systems'". Presented
at the Inter-Agency Council on Natural Resources, Raleigh, N. C.

Churchill, M. A., and Wejtalik, T. A. "Effects of Heated Discharges:
The TVA Experience". Proceedings of the American Power Conference.
Volume 31.

Copeland, B. F. 1970, "Estuarine Classification and Responses to
Disturbances". Transactions of the American Fisheries Society 99:
826-835.

Hobbie, J. E. 1970, "Some Ecological Measurements of the Cape Fear
River'". Contribution Number 25 of the Pamlicc Marine Laboratory,
Aurora, North Carolina.

Jensen, L. D., Davies, R. M., Brooks, A. S., and Meyers, C. D. 1969.
"The Effects of Elevated Temperatures Upon Agquatic Invertebrates".
Report No. 4, Research Project RP-49.

Krenkel, P, A., Parker, F. L. 1969, "Biological Aspects of Thermal
Pollution", Proceedings of the National Symposium on Thermal
Pollution, Portland, Oregon.

Odum, E. P., 1969, "The Strategy of Ecosystem Development".
Science 164: 262-270.

Pielov, E, C. 1966, "The Measurement of Diversity in Different
Types of Ecological Collections'. Journal of Theoretical Biology
13: 131-144.

Snyder, G. R, 1968, "Research on Thermal Pollution. Report on
The Columbia River and Estuary". Presented at the Annual Pacific
Marine Fisheries Commission Meeting. Coeur D'Alene, Idaho.

Trembly, F. J., 1960 "Research Project on Effects of Condenser
Discharge Water on Aquatic Life," 1956-1959, Institute of Research,
Lehigh University.

Wohlschlag, D. E. and Copeland, B. J. 1970 "Fragile Estuarine
Systems -- Ecological Considerations”. Journal of the American
Water Resources Association 6: 94-105.

Wurtz, C. B., and Renn, C. E, 1965, "Water Temperatures and
Aquatic Life"., Edison Electric Institute Research Project RP-49.



DISSOLVED OXYGEN FROM STATION 23A(ppm) AND SALINITY FROM STATION 19(ppt)
_IN THE CAPE FEAR RIVER FROM MARCH OF 1969 THROUGH FEBRUARY OF 1970

Date

3/15/69

4719769

5/12/69

6/5/69

7/8/69

8/5/69

9/9/69

10/7/69

11/8/69

12/7769

1/10/70

2/7/70

BSEP-1 & 2

TABLE 3,3-1

Tide
High

Low

High

Low

High

Low

High

Low

High

Low

High

Low

High

Low

High

High

Low

High

Low

High

Low

High

Low

Depth

Surface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bottom

Surface
Bot tom
Surface
Bottom

Surface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bot tom

Surface
Bot tam
Surface
Bottom

Surface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bot tom

furface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bottom

Surface
Bottom
Surface
Bottom

Dissolved Oxygen

Dissolved Oxygen

ppm %Z Saturation
6 53 81
5.84 102
6.18 69
5.79 79
2.00 35
1.86 33
5.58 95
.21 89
5:23 91
5.05 &9
3,23 92
4,97 91
4.41 89
4.20 83
3. 45 67
o i | 17
4.17 87
3.82 84
3.29 65
3.38 72
3.49 65
2,00 43
3. 73 68
3.35 65
4.42 92
4.41 96
4,83 100
3.90 83
4.99 89
4,45 86
4,80 &8
4.52 87
5: %7 82
5.59 95
$.51 85
5.88 88
6.58 96
6.56 100
6.41 93
6.50 94
8,10 95
8.07 111
7.83 90
7.93 99
Ti21 93
6.51 94
8.09 100
7,49 96

Salinity
S . -

9.46
26.52
5.00
14.62

22.19
27.60
12,40
17.34

26.69
30.18
16.48
24.03

26.21
24.59
25.7%
25,86

21.70
32.58
12.30
20.09

6.51
29.05
2.45
9.56

28.10
33.85
23.02
26.98

22.90
32.50
17.80
26.10

13.92
30.72
11,52
20.36

31.52
33.80
24,00
26.18

19,33
32.50
14,44
21.78

19.26
32.50

7.66
19.00
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TABLE 3.3-2

TOTAL NUMBER OF SPECIES BY PHYLUM COLLECTED DURING
THE PERIOD FROM MARCH OF 1969 THROUGH FEBRUARY OF 1970

23A 23A 01 01

Station Low Tide High Tide Low Tide High Tide Ocean
Bascillariophyceae 56 66 73 70 76
Chlorophyceae 17 16 15 11 10
Cyanophyceae 3 4 5 3 1
Haptophyceae 2 2 2 2 2
Dinophyceae 4 8 5 11 11
Cryptophyceae 7 6 7 7 6
Chrysophyceae 2 3 2 2 2
Eug lenophyceae 1 i 1 1 1
Flagellata 2 2 2 2 2

Total 94 108 112 109 111
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TABLE 3.3-3

PHYTOPLANKTON DIVERSITY AT STATION 23A, OAK ISLAND (0I), AND THE OCEAN
DURING HIGH AND LOW TIDE OVER A PERIOD OF ONE YEAR. DIVERSITY IS
SLIGHTLY HIGHER AT THE ESTUARY MOUTH THAN EITHER THE OCEAN OR THE RIVER.

23A 23A 0l 01

Lo_ Hi o1 Lo o1 fii Ocean
Jan 3.12 3.24 3.14 3.29 2.68
Feb 3.00 1.87 1.62 1.60 2,04
Mar 3.69 3.23 3.7 2.37 2.48
Apr 3.93 3.29 4,21 3.85 2.33
May 4.01 3.66 3.68 3.14 1.72
June 1.99 3.34 3.81 2.61 1.80
July 3.76 3.45 3,27 4.29 3.73
Aug 3.20 3.42 4.03 3.77 3.68
Sept 2.81 3.41 3.58 3.33 3.43
Oct 2.37 1.64 3.22 4,18 3.99
Nov 2.54 3.25 2.86 3.51 4.30
Dec 2.3 _4.03 3.80 3,69 3.66
Total 36 .81 37.83 40.99 39.63 36.84

Average 3.07 3,15 3.42 3.30 3.07



SAMPLE SIZE AND DIVERSITY OF BENTHIC ORCANISMS COLLECTED AT EACH OF THE 30 SAMPLING POINTS OF THE OCEAN STATION.

TABLE 3.3-4

TRANSECT

C IS NEAREST THE RIVER MOUTH (FIGURE 3.3-1) AND POINTS 1 THROUGH 10 EXTEND FROM 1/4 MILE OFFSHORE TO 1-3/8 MILES OFFSHORE.

Diversity:
Station Summer Fall Winter Spring
A 1 1.39 .25 1.79 1.23
2 1.69 1,51 0.3 0.72
3 1.48 1.8 1.25 G.73
4 2.26 3.01 1.60 0.18
5 3.09 2.61 1.46 1.17
6 2.50 2.84 1.97 2.20
7 2.83 2.29 2.43 1.97
8 3.42 3.20 2.36 3.19
9 3.00 2.41 2.42 2.46
10 3.52 2.82 1,39 3.04
Av 2.52 2:.37 - 1.71 1.69
Sample size:
Station Summer Fall Winter Spring
A 1 48 134 62 18
2 44 106 65 25
- 52 85 74 44
4 111 58 108 79
5 84 35 921 84
6 60 47 59 16
7 60 27 34 22
8 47 37 42 29
9 15 54 39 18
10 27 56 45 26
Av 54.7 63.9 61.9 36.1

Station Summer Fall Winter Spring Station Summer Fall Winter Spring
B 1 2.60 1.45 0.98 1.30 c 1 1.84 1.81 0000 1.58
2 3.12 1.67 1.67 2.20 2 1.79 1.50 0000 1.50
3 3.34 1.90 2.58 2,58 3 2.95 1.50 1.92 1.38
4 3.83 3.23 2.61 1.93 L 3.10 2.44 2.96 2.95
5 4.75 2.70 1,09 2.10 5 3.18 2.58 0.97 2.58
6 3.70 3.08 1.56 2.75 6 2.64 2.29 3.56 2.20
7 3.66 2.44 2.95 2.81 7 2.64 0.72 1.46 2.40
8 3.09 2.67 3,29 2.04 8 2.42 1.95 1.81 1.37 =
9 2.42 2.35 5.44 2.52 9 0.92 0.92 2.94 1.62 =
10 3.14 3.08 2.0 5.16 10 2.17 2.40 1.79 2,32 T
Av 3.30 2.46 2.42 2.54 Av 2.36 1.81 1.74 1.89 :
L]
Station Summer Fall Winter Spring Station Summer Fall Winter Spring
B 1 15 7 s 8 c 1 7 8 2 3
2 23 11 13 9 2 23 4 2 i
3 17 17 22 12 3 16 - 6 7
4 29 13 22 21 o 17 10 10 9
5 43 14 53 17 5 26 22 5 6
6 44 52 15 22 6 23 19 14 9
7 = 40 31 24 7 10 5 6 14
8 51 39 15 8 9 12 8 5
9 39 41 26 9 3 3 17 11
10 3 14 42 10 10 19 6 3
Av - 7.7 25.9 19.6 Av 14.4 10.6 7.6 7.3
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TABLE 3.3-5

ENVIRONMENTAL RADIOCLOGICAL MONITORING PROGRAM

Sheet 1 of 2

LRyl = oo . Analysis - Frequency 5y Cample Types
Alr Charcoal Radiatien Surface Well Bot tom Fish & Fruits &
Location Filter  Cartridge TLD = Water Water  Sediment  Shrimp  Milk  Vegetables

Information Center A-M I-W R-M & Q
Route 87 B~W
1 mile SW of Plant G-Q (composite) I L o
Southport, 2.5 Miles A-M I-W BR-M & Q
South of Plant B-W

G-Q {composite) =, Imcln
River Road, 1.5 Miles A-M 1-W R-M & @
ENE of Plant B-W

G-Q (composite)
Point of Preojected A-M I-W R-M & Q
Maximum Annual B-W
Average Exposure G-Q (composite) =

m

Caswell Beach A-M I-w R-M & Q G-Q = Z
5 Miles SW to SSW B-W -
of Plant G~Q (composite) AL
Perimeter Stations (5) R-M & Q
See Map
Stations 2-3 Miies R-M & Q
From Plant (6)
See Map
Boiling Spring Lake E-M & Q
& Miles NNW from Plant
Fort Fisher, 5.4 Miles R-M & Q
E to ENE From Piant
Kure Beach, & Miles R-M & Q
NE to ENE From Plant ]
Carcolina Beach, 7 Miles R-M & Q
NE to ENE From Plant e S -
Wilmington, 16 Miles A-M I-W R-M &
NNE From Plant B-W

G-Q (compesite)




TABLE 3.3-5 (Cent'd) Sheet 2 of 2
ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM
Analysis - Frequency by Sample Types -
Air Charcoal Radiation Surface Well Bottom Fish & Fruits §
Location Filter Cartridge TLD _Water Water Sediment Shrimp Milk Vegetables
Intake Canail B-M
T&G-Q i(composite) ril=
Discharge Canal B-M
T&G-Q (composite) G-Q .
Wells (2} Along ABST-Q
Discharge Canal
Wells On-Site A,B&T-Q ">
Ocean Near Discharge =,
Canal Outfall G~Q G-Q
G. K. Lewis Dairy
11 Miles NNW of Plant I-5
-~
Vegetable Stand on
State Highway 211 B & G-Q .

Approximately 3 Miles
SW of Plant

Analysis Codes:

A - Gross Alpna

B - Gross Beta

G - Gamma Spectrum, Identification of
and Quantitative Interpretation

I - Iodine 131, Begin 3 Months Before

R - Radiation Dose in rem

T - Tritium

Fregquency Codes:

H - At Time of Harvest
M - Monthly
Major Emitters Q - Quarterly
5 - Special Based on Effluent Data

Startup W - Weekly

Z % T-ddsd

L
PPy

el L
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3.4 Heat Dissipation

3.4.1 Production of Waste Heat

In nuclear powered plants as in fossil fired plants, the conversion of heat
energy to electrical energy is limited by the thermodvnamics of the Rankine
cycle; i.e., a part of the heat energy cannot be recovered and must be removed
to some heat sink. In the case of the Brunswick Plant most of the unrecovered

energy is transferred to the condenser cooling water as waste heat.

3.4.2 Cooling Water System

The temperature rise across the main condenser is limited to 18 F through use of
a water flow rate of 624,000 gpm. The temperature rise of the service water for
the two reactor building closed cooling water systems is kept to about 10 F,

before releasing it to the discharge canal, as the result of providing a 24,000

gpm flow rate.

Cooling is accomplished by taking raw water from the lower Cape Fear River,
channeling it to the plant, and releasing it, via the discharge canal and pumping
station, to the Atlantic Ocean, some 2000 feet off-shore from Oak Island. A
fraction of the stored energy is radiated to the atmosphere from the discharge
canal before the final discharge off-shore, where the remaining heat is dissipa-

ted bv rapid mixing with the ocean water,
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3.4.3 Thermal Plume

It is desirable to dilute the discharge water by ten fold as soon as possible in

order to reduce the temperature difference to about 2 F above ambient,

Mizing of the discharge into the seawater is attained by jet discharge. The
resulting plume is bounded by the free water surface above and by a variable
density layer below, With a spread angle of 1:6 for the jet, and a depth of ten
reet, the area of increased temperature is approximately 1000 by 300 yards or

approximately 60 acres.

The distortion of the plume shown ir. Figure 3.4-1 is caused by the tidal drift
of water in the discharge arec {wnich does not, however, move into the Cape
Fear estuary) and by a large eddy in the region which drifts westward one to
two miles off the shoreline. Although the drift currents have an average speed
of only 0.7 feet per second, the large cross section of the body of water pro-

vides an extensive diluent mass.

[he submerged off-shore outfall will not affect the movement of sand or marine
organisms along the shore. The outfall area has no features which would tend to
trap organisms and then expose them to elevated temperatures. Because of the free
access to the nixing zone, it 1s expected that organisms may avoid the mixing zone

during the nummer months and seek it out during the colder seasons.
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| Chemical Discharges

Some non-radioactive chemical wastes are produced in the processing of the high
quality reactor make-up water, in the operation of some auxiliary systems, and
by the two oil-fired systems: the auxiliary boilers and the emergency diesel

generators.

3.5.1 Water Treatment

Non-radicactive liquid chemical discharges will be those associated with the chlo-
rination of the main condenser cooling water and service water as well as those
associated with the regeneration of the non-radicactive demineralizers. Non-
radioactive regenerant chemicals will be neutralized before release to the
discharge canal. The resulting salts are a negligible added inventory to the

saline estuarine cooling water.

The discharge into the ocean will have essentially the same chemical analysis as
the river, The chlorination system for control of algae and slime growth in the
plant condensers and circulating water tunnels, will normally operate for only two
30-minute cycles per day. Chlorine residuals in the water leaving the condenser
will be no more than 0.5 ppm and should be no more than a trace at the discharge

into the ocean.

The closed cooling water systems may contain chemical additives for corrosion
protection. Provisions have been included to collect waters containing chemical

additives for processing prior to discharge or off-site disposal.
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o

s D el Gaseous Discharges

The twe auxiliary boilers are fired with No. 2 fuel oil, but have a capability of

jperating with No. 6 oil as well, when No. 2 0il is not available. Each boiler
is capable of generating 55,000 pounds of steam per hour. The combustion gases
are vented from stub stacks some 35-40 feet above plant grade which will ade-
quately diffuse any possible concentrations. Because of the high quality fuel,
the diesel generators and the auxiliary boilers are not considered to contribute
significant chemical gaseous wastes. Both systems will operate within the limits

of chemical emission standards for the State of North Carolina,

5.3 Spills and Leakage of 0il

In areas where oil or grease can enter floor drains, the pipe lines from these
drains are equipped with traps which collect the oil or grease and the material

is periodically removed for disposal.

The turbine lube oil tanks, located just outside the Turbine Building, are placed
in concrete moats which are equipped with a sump to permit collection for disposal

as necessary.

The above ground storage tank for fuel oil for the diesel generators and the
auxiliary boillers is protected by surrounding dikes that are capable of contain-

ing the full contents of the tanks.

o e e e



BSEP~1 & 2 3.6-1

3.6 Radioactive Discharges
3.6.1 Radioactive Waste Processing System ~ Summary Description

The radicactive waste processing system is designed to collect, process, store
and prepare for off-site shipment or disposal, plant wastes which contain or

could contain radioactive material. It is composed of the following:

(1) Liquid Radicactive Waste Processing System
(2) Solid Radioactive Waste Processing System

(3} CGaseous Radicactive Waste Processing System

The functional objectives of these three systems are shown in Figures 2.2-3,

2.2~4 and 2.2-5 respectively. The design objective of these systems is to

minimize the release of radioactivity to the environs as much as is practicable.
Activity releases are made onlyv after proper sampling, analysis and monitoring

to assure that predetermined release indicators (activity levels and discharge
rates) are not exceeded. The cumulative effect of off-site exposures will be

within the requirements of 10CFR20 and Appendix I of 10CFR30 (maximum off-site

dose to a single individual due to normal gaseous releases will not exceed 10
mrem/year, whole body; integrated liquid effluent activity will not exceed 5 |
curies per year per unit excluding tritium while maintaining a discharge canal
activity of less than 2 x 10-8 pCi/ml due to these releases, and the maximum
integrated dose to an individual will not exceed 5 mrem due to these liquid releases).
Accidental release of radiocactivity will be safeguarded so that the likelihood

of occurrence is very remote, and, if such releases do occur, the radiological

consequences will be well within the AEC guidelines,

Environmental Report
Amendment No., S
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3.6.1.1 Liquid Radiocactive Waste Processing System

Ligquid wastes which are subject to possible radioactive contamination are collected
in the liquid radwaste system where they are monitored, stored, and processed for

re~use or for discharge to the circulating water system.

The liquid radwaste system is designed to collect various types of liquid wastes
separately so that each type of waste can be processed by those methods most
appropriate to that type. Liquid wastes are processed on a batch basis, and
each batch is sampled to determine that all discharge requirements are met prior

to release from the waste system.

The ligquid radwaste system is divided into several subsystems so that the liquid
wastes from various sources can be kept segregated and processed separately.
Cross connections between these subsystems provide additional flexibility for
processing of wastes by alternate methods. The liquid radwastes are classified,
collected and treated as high purity, low purity, chemical, detergent, sludges or
concentrated wastes, The terms "high purity" and "low purity" refer to the con-

ductivity and not radioactivity.

High purity {low conductivity) liquid wastes are collected in the Waste Collector
Tank and are processed by filtration and ion exchange through the waste filter and
waste demineralizer., After processing, the waste is pumped to a waste sample tank

where it is sampled. 1f thig liquid meets plant water quality standards, it is then
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pumped to the condensate storage tank to be used as make-up water. If it does

not meet water quality standards, it is returned to the system for reprocessing.

High purity wastes will always be recycled.

Medium and low purity (high conductivity) liquid wastes are those having a con~
ductivity greater than 50u-mho and are collected in the floor drain collector
tank. These wastes normally have low concentrations of radioactive impurities;
thus, processing consists of filtration and subsequent transfer to the floor

drain sample tank for sampling and analysis. Although it is the intent to re-
cycle these liquids by additional filcration and demineralization or concentration,
ooccasionally, when water inventory in the plant dictates and activity levels
permit, these liquids will be released to the discharge canal where they are
diluted by the circulating water flow. Such discharges will be made only if plant
water inventory demands it and if the activity levels are sufficiently low to

meet predetermined release parameters so that compliance with 10CFR20 and 10CFR50

will always be maintained.

Chemical wastes are collected in one of the four waste neutralizer tanks. These
chemical wastes are of such high conductivity as to preclude treatment by ion ex-
change. The radioactivity concentrations are variable. Normally the chem.cal
wastes will be neutralized in the waste neutializer tank and subsequently pro-
cessed in the waste concentrator after which the concentrates are drummed and the
condensate is recycled through filters and demineralizers for reuse. Occasionally
a batch of chemical waste may be released to the circulating water system if
water inventory demands and if chemical purity and radioactive contents are

sufficiently low to meet all regulatory requirements.
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Detergent wastes are collected in the detergent drain tanks. These wastes are
primarily radiocactive laundry and decontamination solutions and are of low
radioactive content (normally 1 x 10-5,JCi/ml). Because of the tendency of these
liquids to foul jon exchange resins and other process equipment, they will nor-
mally be discharged, after sampling for compliance with discharge standards,
through the detergent drain filter to the discharge canal where it is diluted by
circulating water., Under abnormal conditions, the detergent wastes will be pro-
cessed as required to meet regulatory requirements. The detergent drains are the

only liquids which are routinely discharged from the plant.

Clean-up, condensate and radwaste demineralizer systems sludges are collected in
backwash receiving tanks, then fed to phase separators where excess backwash
water is decanted to the waste collector tank and the sludge is accumulated. The
fuel pool filter-demineralizer and waste filters are backwashed to the waste
sludge tank. The accumulated resins and sludges are processed through the solid

radwaste system after & suitable decay period.

Oily drains such as shop drains and the turbine building oil drains are piped to
a centrifuge where the oil and water are separated. The oil will be sealed in
DOT approved 55-gallon drums and shipped off-site. The waste water is routed to

the detergent drain tank and subsequently disposed of as described above.

3.6.1.2 Solid Radioactive Waste Processing System

ine objective of the solid radwaste system is to provide a practicable means to
collect, process, store, package and prepare for off-site shipment solid radio-

active waste materials produced from the operation cf both nuclear units.




BSEP-1 & 2 3.6-5

Wet solid wastes such as spent resins, filter sludges, and highly concentrated
concentrator bottoms are dewatered in one of the two centrifuges before being
packaged in DOT approved 55-gallon drums for off-site shipment to a licensed

burial facility.

Concentrator bottoms may be permitted to undergo radioactive decay in the concen-
trated waste tank prior to further processing. After a decay period, concentrator
bottoms are mixed in a mixer with "Microcel-E" for solidification and packaged in

DOT approved 55-gallon drums.

Dry solid wastes consisting of air filters, paper, rags and contaminated clothing
will be collected. Compressible wastes will be compacted into DOT approved 55-
gallon drums in a hydraulic press-bailing machine to reduce the volume. Noncom-
pressible wastes are packaged in 55-gallon drums or other DOT "specification”

containers for shipment to an off-site disposal facility.

P [ Gaseous Radioactive Waste Processing System

The gaseous radwaste system collects and processes radiocactive gaseous wastes from
the main condenser air ejectors, the standby gas treatment system, the start-up
vacuum pumps, the gland seal condenser and various building ventilation exhaust
systems, and controls their release to the atmosphere through the plant stack in
compliance with the standards and design objectives of 10CFR20 and 10CFR50,

Appendix 1.
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The air ejector off-gas 1s passed through the standard 30-minute hold-up
piping and the augmented off-gas treatment system prior to passing through
filters and being discharged up the 100-meter stack. The augmented off-gas
treatment system uses cryogenic distillation to liquify and concentrate
xenon and krypton isotopes and effectively remove them from the off-gas.
The system is expected to essentially eliminate I-131 releases from the

air ejector. The air ejector off-gas system results in a reduction of at
least 1000 in the quantities of noble gas radiocactivity that would be

released from the system with only the standard 30-minute holdup.

The activity release from the gland seal condenser is significantly smaller
than the release that would result from untreated air-ejector off-gas. The
turbine sealing system is a bleed-off from the main steam, The activity
input to the gland seal condenser system is about 0.1% of the total activity
contained in the main steam from the reactor. The gases from the gland

seal off-gas system are monitored and discharged through the 100-meter

stack after passing through a 1.8 minute holdup to allow decay of N-16 and 0-19,

The potential levels of activity from the Radwaste Building ventilation and

various tank vents are expected to be extremely low. The collection and con-
trol of the release of these gases is a measure to ensure that every potential
radicactive pathway is monitored, and provides the extra measure of safety due

to the additional dispersion from the elevated release.

Environmental Report
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The Reactor Building ventilation exhausts through the building vents while
being continuously monitored. If radioactivity is detected above a pre-set
level in this ventilation system, the exhaust 1s automatically diverted to
the standby gas treatment system where it passes through charcoal and abso~

lute filters before being discharged to the 100-meter stack.

3.6.2 Radioactive Releases

During normal operation of the Brunswick Steam Electric Plant, small amounts
of radicactive materials will be discharged to the environment on a con-
trolled basis. Although the resultant doses from both the gaseous and liquid
radiocactive discharges are considered insignificant when compared to the dose
received from natural background, they are assumed to impose a theoretically
calculable radiation dose to the local population. These calculations and

results are discussed in the following sections.

JiiR 2 Radiocactive Liquid Discharges

The design of the liquid radwaste system as described in Section 3.6.1 has
undergone a continuous re~evaluation due to evolving regulatory standards

to ensure compliance with those standards. Although the system as originally
designed would have limited radiocactive liquid releases to a small fraction
of 10CFR20 criteria, there have been numerous improvements in the systen,
such as the provision of additional tankage capacity, the installation of
additional concentrator capacity, changing the design of the building to

AEC seismic Class I, and numerous smaller changes. At the present time

mmental Report
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additional treatment is "eing evaluated to ensure that the plant complies
with an annual per unit discharge limit of 5 curies exclusive of tritium
and an average annual concentration in the discharge canal of 2 x 10"8
uCi/ml. Additional storage and clean-up capacity has been installed for
this system tu permit the re-use of liquids that had previocusly been
designated for release to the discharge canal. Since the construction
permit was granted, an auxiliary surge tank has been added and an addi-

tional waste concentrator and waste concentrator condenser have also been

added to the radwaste system. With this additional equipment it is ex-

pected that radiocactive releases will be less than the 5 curies per year

limit exclusive of tritium.

There is a good correlation between the gaseous radwaste system and tne liquid
radwaste system for setting the administrative constraints and procedures for
disposal. With no defective fuel both systems would see only activation products,
and discharges from the liquid radwaste system, with both detergent drains and
floor drains discharged routinely, would be about 0.03 curies per year. However,
should fuel defects occur, fission products would be present in the liquid rad-
waste system, with the amount of fission products proportional to the amount of

defective fuel.

Since it is impossible at this time to predict the exact rate of fuel failure, it
is impossible to determirs the actual ratio of fission products to corrosion
products in the liquid releases and determine an exact isotopic distribution of
liquid releases. However, to evaluate the maximum impact of liquid releases on
the environment, we have evaluated two postulated circumstances; (1) that 5 curies

per year of 10 day old corrosic products are released and (2) that 5 curies per

Environmental Report
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vear of a 10 day old recoil-equilibrium fission product mixture are discharged.
The total annual release of each isotope to make-up the two 5 curie categories

described above is shown in Tables 3.6-1 and 3.6-2. 1t should be noted that

this is a conservative case, since the release will not exceed 5 Ci/yr/unit

in accordance with 10 CFR 50,

Although releases of radionuclides from the BSEP will be extremely .mall, it is

important to know their ultimate radiological consequences to man. Of the

Envirommental Report
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possible pathways to man for isotopes in the liquid waste, only the water-fish-

man pathway is considered important. Other pathways considered and determined

to be of lesser importance or of no significance are:

(1)

(2)

(3)

(4)

Ingestion from drinking water - Since this is an ocean site, there is
no source of drinking water from the plant liquid effluents. The
possibility of radicactive materials from the discharge canal entering
ground water streams and subsequently into local wells is so remote
and the concentrations would be so small that this pathway is con-
sidered to be of no significance.

External exposure from deposits on beaches - The method of discharge
and direction of drift from the point of discharge is expected to
minimize any sedimentary deposits on the beaches(l). Since liquid
wastes will be treated prior to discharge, those radionuclides that
tend to deposit wili not be present in significant amounts. Further-
more, the concentration in the discharge canal weter will be extremely
low (less than 2 x 10'8;4Ci/m1). Under these conditicn., exposure from
sediment deposits on the beaches is considered to be of no significance.
Ingestion of small game and waterfowl., There is some limited taking
of small game and waterfowl on a seasonal basis. However, due to the
extremely low concentrations in the canal (seawater) and the limited
seasonal activity, this pathway is considered of no significance.
Ingestion of oysters from the Cape Fear Estuary - Because of pollution
resulting from the release of sanitary wastes, oysters from the Cape
Fear estuary are not presently used for direct consumptiocn, but are
presently utilized for transplanting to other areas. These oysters

exist only in the Cape Fear estuary and not in the area of the discharge
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canal. The direction of water movement from the point of discharge

of the circulating water system has been evaluated using a tracer
material(l). Normal movement of the water at this point is to the
west, away from the Cape Fear estuary. Even with a continuous strong
southwest wind, the direction of drift was still to the west during
ebb tide and early flood tide. For the last half of flood tide, east-
ward drift was observed, which moved some of the tracer material to
the area east of Oak Island at the end of flood tide but ensuing ebb
tide moved the material seaward. Under these conditions, radiocactive
material from the discharge canal is not expected to reach the Cape
Fear estuary. For these reasons, the ingestion of radiocactive material
via consumption of shellfish from the Cape Fear estuary is considered

to be of no significance.

Fish and shrimp are taken from the ocean in the area of the discharge canal. How~
ever, the commercially important species of fish (including shrimp) do not remain
in this aree for long periods of time and would be expected to show nc increase in
radioactivity due to the low levels of radioactivity discharged with the circula-
ting water. Nevertheless, an evaluation has been made assuming these fish spend
100% of their time in the discharge water. In essence, this assumes that the fish

live in the discharge canal and are taken from the canal.

Average per capita consumption of fish and seafood in the Middle Atlantic Region

is 14.3 pounds per year but more than one third of this amount is canned or frozen

(@)

fish not locally produced The average per capita consumption of seafood from

the ocean would be unlikely to exceed 9 pounds per year (12 grams/day), although
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a commercial fisherman may eat as much as 40 pounds/year (50 grams/day)(3).
For calculational purposes 50 grams/day was used in determining individual doses

as the result of liquid releases.

Fish living in water that contains low concentrations of radionuclides may con-
centrate some of these radionuclides through the micro-organism-small invertebrate-
fish food chain. The collective effect of these concentration mechanisms may

be estimated from stable element concentrations in water and fish. An extensive
review of stable element data available in literature has been made(b). Concen~
tration factors, Cf, for fish in the discharge water are based on data provided

bv this review. Tne concentration factor is the expected ratio of the cc-~entra-

tion of a radionuclide in fish to that ip the ambient water.

The dose to an individual from ingestion of fish containing radioactivity is
determined from the rate of intake of each component radionuclide and the applica-
tion of the appropriate computational method of the ICRP(S). The ICRP dose con-

version values used were those for the whole body and for an exposure to an indi-

vidual in an unrestricted area.

Tables 3.6-1 and 3.6-2 list the concentrations of radiocactive materials in the
discharge canal based on the two isotopic distributions as noted above. Also
included in these tables are the total annual whole body dose received by an
individual who eats 50 grams of fish flesh per day, 365 days per year, taken from
the discharge canal. These doses assume that fish have lived in the discharge

canal for a sufficient length of time to reach a maximum concentration in the fish

with no depletion by radioactive decay.
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The above assumptions and relationships have been used to calculate upper
level estimates of individual doses resulting from liquid releases via the
seafood pathway. As seen by the deses presented in Tables 3.6~1 and
3,6-2, this pathway is of only minor significance and could be considered
of no significance when compared to the dose a person receives from

natural background and other man-made sources of radiation.

3.6.2.2 Radiocactive Caseous Discharges

During normal operation of the Brunswick Steam Electric Plant Units 1 and 2,
radioactive gaseous effluents are expected to be released. The quantity of
radicactivity released is principally dependent upon the degree of fuel
failure in the core. Without fuel failures, the principal activity source
would be the activation products. If perforations exist in the fuel cladding,
fission gases are released to the coolant and subsequently are released to
the environs at a controlled rate. All systems are designed to ensure that
all radioactive releases are in accordance with the allowable limits that

are specified in the Code of Federal Regulations,

The principal mechanisms of activity release are:

1) Air ejector off-gas

2) Gland seal condenser off-gas
3) Containment purge

4) Leakage in Turbine Building

5) Startup mechanical vacuum system

Environmental Report
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The air-ejector off-gas is the dominant contributor to activity release, with
the gland seal condenser off-gas of secondary importance. The other three

sources have substantially smaller contributions.

In order to minimize environmental impact due to normal operation activity
releases, a processing system will be installed to remove the fission noble
gases from the alr-ejector off-gas and store them for decay. With the aug-
mented off-gas processing system and a postulated fuel fallure rate corres-
ponding to 25,000 uCiNG/sec/unit at 30-min decay, the release rate at the
stack, from the first two sources, will be in the order of 259 LCiING/sec/unit,
resulting in a whole body dose, for the worst 22-1/2 degree sector, of

0.086 mrem/yr at the exclusion distance (0.915 Km). The contribution from

the augmented off-gas system is less than 2.0 percent of this dose. The

doses due to containment purge and the other sources were found to add less
than 3.0 percent of the above dose. The total calculated doses are thus well
below the limits set forth in 10CFR50, proposed Appendix I, concerning vearly
doses from gaseous effluent release.

The 1-131 concentration off-site calculated for the worst 22-1/2 degree sec}or
for the postulated fuel failure rate is 1.84 x 10.16 puCi/ecc. These calculations

are based upon the operation of one unit of the Brunswick plant.

Whole body doses and iodine concentrations are summarized in Table 3.6-3,

Environmental Report
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Bdo2:2.1 Activity Sources

Alr Ejector Off-Gas

The air-ejector off-gas draws non-condensible gases from the main condenser
hotwell to maintain vacuum. Consequently, the radioactive releases are
principally fission (noble) and activation gases. The air ejector augmented
off-gas processing system reduces the noble gas activity by an expected
factor of 106, minimum of 103. Two levels of gaseous effluents have been
evaluated: (1) the postulated fuel fallure rate resulting in a noble gas
diffusion mixture activity of 50,000 uCi/sec (25,000 uCi/sec/unit) as measured
after 30 minutes decay and which will be 25 uCi/sec/unit after treatment and
(2) the design basis maximum fuel failure rate equivalent to 500,000 uCi/sec
. noble gas diffusion mixture rate as measured after 30 minutes decay. The de-
sign basis noble gas rate is the basis on which other design decisions should
be made and would not be expected to be reached during the life of the plant;
a lower value is, therefore, appropriate to estimate effects on the environs
as averaged over the years of plant operation. Past BWR experience for about
10 plants, with hold-up systems providing less than one hour delay, has shown
average annual emission rates between 1,000 and 30,000 uCi/Sec. These include
plants with thermal power levels between 200 and 2,400 th(b). Therefore,
based on BWR experienie to date, an average activity rate over the years of
the order of 50,000 uCi/sec for two units before treatment is more representa-
tive for estimating the long term dose. This activity rate of 50,000 uCi/sec

as measured after 30 minutes decay has been selected for the purpose of evaluat-

ing the dose to the population within a 50-mile radius of the plant.

Enviroumental Report
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In order to make a conservative estimate, a reduction factor of only 103 has
been assumed, and calculations in this Section are based on the resulting value

of 25 uCiNG/sec/unit.

Table 3.6-4 shows the release rate of fission and activation gases as they
enter the turbine plant and after they leave the augmented off-gas processing
system. For .ne expected fuel failure rate corresponding to 25,.00 uCiNG/sec
at 30-min decay, the release rate from the augmented off-gas system is ex-

pected to be 25 uCi/sec.

Gland Seal Condenser Off-Gas

The turbine thermodynamic cycle is designed to divert a maximum of 0.05 percent
main steam for use in the sealing system. Thus, the noble gas activity from
the gland seal condensers should correspond to this value. For conservatism,
0.1 percent of the main steam activity is assumed to be diverted and released

through the gland seal condenser off-gas.

Table 3.6-5 shows the release rate of fission and activation gases from the
gland seal condenser off-gas. The total activity release rate after 1.8 min.
delay is 234 pCi/sec for a fuel failure rate corresponding to the expected

average value of 25,000 uCi NG/sec at 30-minutes decay.

The combined release rate from the processed air-ejector and the gland seal
condenser off-gases is shown in Table 3.6-6. The combined release rate is

259 uCi/sec for the expected average fuel failure rate.

Environmental Report
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Containment Purge

A small amount of leakage from the reactor plant systems inside the primary
containment (drywell) will occur during normal operation. The leakage of
reactor coolant water is collected in equipment and floor drain sumps which

feed to the liquid radwaste system.

In analyzing the radicactive releases from contaimment purge, all primary
fission products, e.g., halogens, etc. and their daughter products have been

examined and their accumulation calculated. Table 3.6~7 shows the parent-

daughter relationship and characteristics for the isotopes considered,
Table 3.6-8 shows the activity levels in the drywell before and after purge
as we'l a the activity released during tone purging period. To establish
the t tal activity released during containment purge, an average of two

purges per year is assumed. Purge releases are through the plant stack.

.eakage in Turbine Building

Reactor steam in the Turbine Building follows essentially two paths; a) from
the reactor to the turbine and b) extraction steam from the turbine to the
feedwater heaters. The steam leakage from the components in the first path
is collected by means of packing gland leakoffs to either the Reactor
Building equipment drain tank or to the condenser. The potential leakage

source in the second path are the feedwater heater isolation valves. These

valves are back seated and have lantern type gland packings. While these are

the only components that do not have the contrelled gland leakoff feature, their

Environmental Report
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1imited usage and back seating should provide essentially leak~free operation.

Operating experience suggests that valves operating in a normal fashion give
undetectable leakage while a failed valve is expected to leak at a rate of

0.4 gpd. This value of 0.4 gpd was used conservatively for steam leakage

in the Turbine Building.

In analyzing the radioactive release due to Turbine Building water leakage,

it ie assumed that the principal activity contained in the water are halogens,
the uoble gases having already been removed by the off-gas systems. The
activity in the condensed steam is a small fraction of the activity in the

reactor coolant because the steam production limits the carryover.

Startup Mechanical Vacuum System

The mechanical vacuum pump is used to produce vacuum in the condenser during
startup when steam production is not adequate to operate the steam jet air
ejectors. The only pessible release of activity could be from the residual

activity in the cundenser hotwell and the turbine vapor space.
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3.6.2.2.2 Whole Body Dose Calculations

Air Ejector and Gland Seal Condenser Off-pas Doses

The whole body dose calculations were carried out by the use of the RADOS code
described in Section 14 of the FSAR. The use of RADOS is couservative because
it calculates centerline doses, thus the resulting whole body doses for the
annual meteorological data for each sector is the sum of properly weighted
centerline doses. This ylelds doses higher than expected. A sector-averaged

calculation would be more representative of the annual-averaged doses.

Elevated release at 100 meters was used. The stability index and average wind

speed distribution used is based on annual site meteorological data presented

in Amendment 1 of the Environmental Report, Response VI.1,

Containment Purge Doses

The contribution to the operational doses from containment purge has also
been calculated using RADOS. The meteorological aspect of the calculations
was approached assuming that the containment purge ie conducted in short
perieds, 1.e., four hours or less, such that the release cov 1 occur coin-
cidentally with a stability regime persisting for that period, and that all
purges during any given year have identical meteorological regimes. Thus,
the total activity release from containment purges could be made during a

Pasquill F, or any other stability, for any given year. The resulting dose

Environmental Report
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cen be added to the dose in any of the sixteen sectors to reflect some degree
of control in the timing of the purge operation. For conservatism, the

purge dose from the worst stability was added to the worst sector annual

dose to determine degree of compliance with the proposed Appendix I of

10CFR50.

Results of the calculations show that the whole body dose for each unit is

-4
4.20 x 10 ~ mrem/yr at the exclusion distance for two containment purges/year.
This value is less than 1.0 percent of that from the air-ejector and gland

seal for a fallure rate of 25,000 uCiNG/sec at 30-minutes decay.

Turbine Building Leakage Doses

For conservatism, the dose resulting from the release rate of halogens was
calculated on the basis of ground release using the semi-infinite cloud

approximation. The annual average dispersion factor for the "worst" wind

direction was used, based on annual site meteorological data presented in

Response VI.1l of Amendment 1 and shown in Figure 3.6-1.

The total dose 1s 9.5 x 10-‘ mrem/yr at the exclusion distance, which is
approximately 2 percent of the off-gas doses calculated for 25,000 .CiNG/sec

equivalent fuel failure rate.

Environmental Report

Amendment No. 5




BSEP~1 & 2 3.6-20

P Off-Site lodine-131 Concentretions

Sources

The potential pathways for release of I-131 are as follows:

a) Air-ejector condenser off-gas

b) Gland-seal condenser off-gas

¢) Turbine Building leakage

d) Normal containment purge

Assumptions for Release Calculations and Results

The assumptions used to calculate the 1-131 release due *o tne above scurces

are as follows:

a) 1-131 concentration in primary coolant is based on sufficient

fuel cladding defects to result in a noble gas activity

rate of 25,000 uCi/sec at 30-minutes decay.

b) Carry-over fraction to the steam is 2.0 percent by weight.

¢) Steam mass flow rate is 10,460,000 1b/hr.

Environmental Report
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0.1 percent of activity carryover is routed to gland-seal

condenser off-gas.

Retention of I-131 in the main condenser and gland seal

condenser water is 99 percent.

Leakage of primary coolant to containment equal to 2.0 gpm.

Leakage into the Turbine Building equal to 1000 gpd water and

0.4 gpd steam.

Retention factor in the turbine plant water leakage is 1000.

No retention for steam leakage.

The air-ejector augmented off-gas system (AOGS) is designed to remove

essentially all of the halogens through a combinstion of low-temperature and

charcoal filtration processes, thus the contribution to the release from this

source will be relatively negligible.
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The release rates are shown below:

Release Rate of 1-131

Source (uCi/sec)
Air~Ejector negligible, removed by AOGS
Gland-Seal 1.31 x 107
Turbine Building Leakage 5.42 x 10_6
Purging (%) 1.39 x 107>

Assumptions for Concentration Calculationz and Results

For the concentration calculations, the annual average dispersion factor
(X/Q) used corresponds to the worst wind direction at the site boundary.
Elevated release with an effective stack height of 117 meters (**) was
used for the air ejector and gland-seal sources while ground release was
used for the turbine plant leakage source. The annual average dispersion
factor for the worst wind direction for elevated and ground release is
shown in Figure 3.6-1. Several conditions for containment purging were
examined with two stabilitiee emerging significant: day purging with C
Pasquill type stability, and night purging with E Pasquill type stability,
each one the conservative assumption for each period in light of exclusion

distance and purge duratiom.

2 purges per year of 4 hr. duration each for a total release of
4.36 x 1072 curies.

%% The physical stack height is 100 meters. The additional 17 meters is due
to the jet effect at the stack, provided by the 46,200 CFM air flow from
the Radwaste Building.
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For the duration of the four hours for each purge, under day purging (C type

stability) the concentration peaks at 1200 meters and is equal to 5.20 x 10-15
uCi/cc; under night purging (E type stability) the concentration peaks at

approximately 5000 meters and is equal to 2.38 x 10_15 uCi/cc. Averaged over

one year these concentrations become 4.72 x o™ uCi/ce and 2.13 x 10”18 uCi/ec,
respectively. Thus, the total annual contribution to the I-131 concentration

at the exclusion distance from containment purge is 5.0 x 10.18 uCi/ec.
The results are shown below:

Concentration at 3000 ft

Source (1iCi/ec)

Air-Ejector Negligible
L Gland-Seal 9.16 x 10727
Turbine Building 8.70 x 1077
A X
Purging( ) 5.0 210 v
Total 1.84 x 10728

3.6:3 Maximum Exposed Individual

Based on the analysie of one year's wind data at the site, the maximum
value calculated for the annual average for the atmospheric dispersion

parameter, X/Q, is 7 x lO-b .ec/m3. The maximum occurs at the site boundary

*The concentration due to purging (C Stability) has been averaged over one
. year period,
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Radiation doses as a function of direction and distance are summarized in
Table 8.14-1. Also included for comparison purposes, in Table 8.14-1, are
the population doses estimated to result from natural background and other
man-made sources in the absence of BSEP. It can be concluded from these
data that the population dose due to gaseous effluents will, under the
most severe operating conditions, be only a small fracticn of the natural
background and that the plant can be safely operated within the limits of

10CFR20 and Appendix I, 10CFR50.

As shown in Table 8.14~1, the total dose to the population within a 50-mile
radius of the plant is 1.06 man-rem/year, assuming the maximum expected off-gas

rate of 50,000 uCi/sec prior to processing by the augmented off-gas system.

As discussed in Section 2.1.3.3, 39 million lbs. of fish and sheilfish (mostly
shrimp) were landed in Brunswick County which were taken from offshore and from
deep ocean waters. Of the fish landed, B7 percent or 33.5 million pounds were
menhaden which are used for fertilizer and livestock feed; the remaining 5.5
million pounds are assumed to be for personal consumption. For fish, it is
estimated that only one-third of che Jive weight is edible. For purposes of
estimating the population dose to the public, it is assumed that all of this
edible portion of the fish (1.83 million pounds) is consumed by the population
within a 50-mile radius of the plant. It is further assumed that all of these
fish are grown in, and taken from, the BSEP discharge canal, a very unrealistic
assumption. Using both the above assumptions, the annual dose to the population

within a 50-mile radius of the plant would be 10 man-rem/year.

Environmental Report
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Considering the above unrealistic assumptions, 50,000 uCi/sec off-gas rate
and all fish landed in Brunswick County are taken from the discharge canal
and consumed by the population within a 50-mile radius of the plant, the
total population dose resulting from plant operations in only .02 percent
of that estimated to be received from natural background and from other
man-made sources. This is reduced significantly when using more realistic
assumptions. In actual practice, the population dose due to liquid dis-
charges would be expected to approach zero and the population dese due to
gaseous effluents would be expected to be lower by at least a factor of 10,
since the augmented off-gas system is expected to have a reduction of at
least IOA, rather than the 103 that was assumed in these calculations. As
shown in Table 8.14-1 and discussed in Section 3.2.2, this same population

receives 60,568 man-rem/year from natural and other man-made radiation.
It 18 concluded that the man-integrated dose to the population residing

within 50 miles from the plant is negligible compared with the dose received

from exposure to natural background and from other man-made sources.

Amendment No.
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TABLE 3.6-1

WHOLE BODY DOSE (MRem/Yecar)
FROM EXPECTED BRUNSWICK DISCHARGES
OF FISS10N PRODUCTSH

cw
Annusal
Average Canal MPC
Annual Discharge Water Concentration Dose =
O 17 ol oo A T & Shopes
SR-92 1.5x10°  6.27x 1078 7x 1073 5 x 107" 5.1 % 10710
y-92 7% 10° 2.99x 1002 3x 100 1x 10° 1.1 % 10710
a-161  1.2x 10°  s.o2x 1072 2x 10° 1x 10° 2.85 x 1077
Te-99m 4.3 x 10°  1.8x w0t sx 107 1 x 10! 2.55 x 1078
=135 s.sx10®  2ax 10t 4x 0t 1% 10! 6.50 X 10°°
§¥-91 1.04 x 160 4,35 x 100 2% 1073 5 X 1071 1.26 x 1078
Y93 L x 100 46x 100 9x 10! 1x 10° 5.92 x 107 '°
1-133 2.3 x10° 9.95x 100 9y 107 1 x 10! 1.2 X 107
Ce-143  2.58x 10° 108 x 1000 5 x 10 1 x 10° 2.45 % 1078
Y- 90 2.869x 10> 1.21x 100  3x10° 1x 10° 4.57 x 1070
Mo-99 1.12x10° L3tx w00  gx 10 1 x 10 1.86 X 107"
Te-132  2.28 X 100 9.54 x 10700 s x 107 1x 10! 2.16 X 107
1-131 1.66 x 10° 6.9 x 1001 1.33x10%  1x 10 5.90 x 107
N-147  1.22x 10° s.10x 10010 1 x 10° 1 x 10° 5.80 X 10°°
Ba-140  3.56 %X 10° 1.49x 1070 5 x 107" 1x 10! 3,98 X 107"
Cs-136  3.43% 10° 146 x 10 sx 1070 3 x 10! 8.21 x 107"
pre143  3.32%x 100 1.39%x 100° 3 x 10° 1x 10° 1.58 x 1077
Ru-156 7 X 10° 2.02x 1072 gx107? 1x 10° 4.15 x 1078
ce-161 3.66x10° 1.53x 100 1x120° 1x 10° 1.7 x 1077
¥-90 2.80x10° 1.21x10°  ax10° 1 x 10° 4.57x 1078
Mo-99 3.12%x 100 1.31x10°°  gx 107t 1 x 10! 1.86 X 107
Te-132 226 x 10° 9.54 x 107 5 x 107 1 x 10! 2.16 X 107
1-131 1.66 x 10° 6.9 x 10010 133x10% 1% 10! 5,90 X 107
Nd-147  1.22%x 10° s.0x w0t 1x 10 1x 10° 5.80 x 107°
Te-1294 2,02 x 10° 845 x 1001  2x 1074 1x 10! 4.81 x 10°°
Nb-95 3.68%x 10° 1.53x 1000 4 x 107! 3% 10 1.30 x 107°
Ru-101  1.79x 10° 7.50x 1000 g x 107 1% 10° 1.06% 107
sr-89  2.68x10° 1L12x10°® 7x107 5 x 107} 9.13 % 107°
¥-91 1.3 x10° 1.39x 100 z2x 10! 1x 10° 7.85 x 1077
Zr-9% 166 %x 100 Lasx 1000 1x 107t 1% 10° 1.65 X 1077
co-104  1.81%x 100 755 x 1000 3x 107? 1 x 10° 2.89 x 107°
Eu-15% 5 X 10° 2.09 x 10713 1x 107} 1x 10° 2.37 % 107°
§r-90 B X 10° 3.5 x 1000 4x 10! 5 x 107} 476 % 1071
ce-137 7 x 10 2.3x 100 2% 107 3 x 10} 5 x 107°
roraL 5 x 10° 2 x 1077 2,41 % 107°

4+ Based on the consumption of 50 grams of fish/day
#* Based on o circulating water flow of 1.2 x 106 ppm



TABLE 3.6-2

WHOLE BODY DOSE (mRem/Year)
FROM EXPECTED BRUNSWICK DISCHARGES
OF MAIN COOIANT ACTIVATION PRODUCTS*

Cw
Average
Annual MPC
Discharge Water
Annual Canal Total Body Concentration Dose (mRem/year) =
Discharge Concentration MPC,, Factor ( 50 ) x ( CwXCf) X 500 mRem
Isotope (uCi) (LCi/me)s {(4Ci/me) Ce¢ (22000 (MPCy ) ™ Year
-Q ok 5
C0-58 3.5 x 108 1.46 X 10°° 4 x 104 5 x 10° 2.8 x 1072
Co-60 4 X 107 1.67 x 10° 11 1x 107" 5 x 10° 9.5 X 107
Fe-59 1.7 X 10° 7.11 x 10713 2 x 107* 3 x 10° 1.21x 10°°
p=32 1.2 X 10° 5.01 x 10”11 9% 107 2.86 X 10° 1.8 x 10-1
cr-51 7.7 X 10° 3,21 x 1070 2 x 1072 4 x 10° 7.3% 10°°
Ag-110M 5.8 X 10° 2.42 x 10710 7% 1073 3.33 x 10° 1.3x 1073
Mn-S4 t.9 x 10° 7.95 x 10”12 8 x 107% 3 x 10° 3.38 X 10°°
2n-65 1.0 x 10° 4.18 X 10~ 12 1x 1074 2 X 10° 2.85 X 1073
TOTALS 5 x 10° 2 x 1077 2.13 x 107}

% Based on the consumption of 50 grams of fish/day

%% Based on a circulating water flow of 1.2 X 10° gpm

¢ 9 1-d3S4



TABLE 3.6-3

SUMMARY OF EXPECTED ANNUAL WHOLE BODY DOSES AND I-131 CONCENTRATIONS
AT THE EXCLUSION DISTANCE* FOR EACH UNIT OF THE BRUNSWICK STEAM ELECTRIC PLANT

Radiocactive Gas Release**

Source Whole Bodv Dose (mrem/vr) 1-131 Concentration (uCi/cc)
Air Ejector 5.0 x 107" Negligible,
removed by
AQGS**
Gland Seal 8.6 x 107° 9.16 x 107
Turbine Building 9.5 x 10°% 8.70 x 1017
Containment Purge 4.2 x IO-a 5.0 x 10"18 E
: ?
Startup 4.7 x 10° - -
-2 -16 -
Total 8.78 x 10 1.84 x 10 "~

& Exclusion distance is 3000 ft.

** Doses based on the expected average fuel failure rate corresponding to 25,000 uCi/sec of noble gases
at 30-minutes decay to determine inputs to the air ejector augmented off-gas system (AOGS) and the
gland seal off-gas. The AOGS is expected to reduce the noble gas activity by a factor of 1.0 x 103
and essentially remove all the halogens.
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TABLE 3.6-~4

RELEASE RATE OF FISSION AND ACTIVATION GASES
FROM AIR EJECTOR WITH THE AUGMENTED OFF-CAS SYSTEM*

Aurmented Off-Cas

Isotope Time=0 (uCi/scc) aelease (uCi/sec)
Noble Cases
Xe 131m 3.868 x 107 3.863 x 1075
Xe 133m 4.715 x 105 4,6862 x 100
Xe 133 1.264 x 103 1.2609 x 10,
Xe 135m 7.725 x 105 2.3091 x 100
Xe 135 4,493 x 10, 4.3257 x 10_,
Xe 137 5.064 x 10, 2.4580 x 10,
Xe 138 2.261 x 1 4 6.6100 x 10
Xe 139 9.639 x 105 0.0
Xe 140 1.214 x 102 0.0 -1
Kr 83m 7.610 x ]03 6.3450 x 100
Kr 85m 1.571 x 10, 1.4516 x 10_,
Kr 85 2.189 x 10, 2.1895 x 104
Kr 87 5.182 x 103 3.7452 x 10,
Kr 88 4.866 x 10, 4.2941 x 10,
Kr 89 4.372 x 10, 6.3540 x 10
Kr 90 1.188 x 10¢ 0.0
Kr 91 1.553 x 10 0.0

Total Noble Cases f&;ﬁLlLJQE pCi/sec 2.5 {_[Q} pCilsec
Activation Cases
N-17 6.0 = 105 0.0
N-16 2.0 x 10, 0.0
0-19 1.0 x 10, 0.0 -2
N-13 2.0 x 10, 2.49 x ]0-0
A-41 5.0 x 10_4 4,14 x 10_o
A-37 1.0 x 10_, 1.00 x 10_5
H-3 6.0 x 10 6.00 x 10

Total Activation Gases 2.0 x~lgf uCi/sec 2.53 x 10-2 uCi/sec

* Based on a fuel failure corresponding to 25,000 uCi NG/sec relcase rate (30
minute decay).

Environmental Report
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TABLE 3.6-5
RELEASE RATE OF FISSION AND ACTIVATION GASES T'ROM
GLAND-SEAL CORDENSER OFF=GAS* !
Activity at Activity after
Isotope Time=0 (uCi/sec) 1.80 min. (uCi/scc)
Noble Gases
Xe 131m 3.868 x 107 3.86 x 107,
Xe 133m 4.716 x 100 4,71 x 100
Xe 133 1.264 x 100 1.26 x 10O
Xe 135m 7.725 x ]0O 7.15 % 100
Xe 135 4.493 x 10] 4. 48 x 101
Xe 137 5.064 x 101 3.71 x 101
Xe 138 2.261 x 101 2.10 x 101
Xe 139 9.640 x 102 1:5% x 100
Xe 140 1.215 x 10_1 1.13 x 10_1
Kr 83m 7.611 x 100 7.50 x ]00
Kr 85m 1.572 x 10_3 1.56 x 10_3
Kr 85 2.190 x lO0 2.18 x 100
Kr 87 5.182 x 100 5.10 x 100
Kr B8 4,866 x ]Ol 4.83 x 10l
Kr 89 4.372 x 102 2.95 % 101
Kr 90 1.189 x 102 1.21 x 100
Kr 91 1.553 x 10 7.40 x 10
Total Noble Cases 6.35 x ]QE 1.49 x 10° uCi/seq
Activation Gases
N-17 6.0 x 10; 0.0 "
N-16 2.0 x 103 7.55 x 101
0-19 1.0 x 10_3 7.56 x 10
A-4] 5.0 x 10_7 0.0 -7
A-37 1.0 x 100 1.0 x 10 0
N-13 2.0 x ]0-6 1.76 x 10_4
H-3 6.0 x 10 6.00 x 10
Total Activation Gases 2.0 x_lgi B.5 % 10] uCi/sec
Total Release Rate 234 uCi/sec
* Based on a fuel fallure corresponding to 25,000 uCi NG/sec release rate (30 |
minute decay).
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TABLE 3.6-6

RELEASE RATE OF FISSION AND ACTIVATION GASLCS FROM
GLAND STAL CONDENSER AND AIR EJECTOR WITH AUGMENTED SYSTEM*

Noble Gases

Isotope Release rate (uCi/sec)
Xe 131m 7.723 x 107
Xe 133m 9.396 x 100
Xe 133 2.520 x 100
Xe 135m 9.459 x }00
Xe 135 8.805 x 10,
Xe 137 3.712 % 10l
Xe 138 2.761 x 101
Xe 139 1,550 % 100
Xe 140 1.1 x 100
Kr 83m 1.384 x 100
Kr 85m 3.011 x 100
Kr 85 4.369 x 100
Kr 87 8.845 x 100
Kr 88 9.124 x 101
Kr 89 2.956 x 101
Kr 90 1.210 x 100
Kr 91 7.400 x 10
2
Total 1.74 x 10" uCi/sec

Activation Cases

Isotope
N-13 1.76 x 100
N-16 7.55 x 101
0-19 7.56 x 10°
Total 8.50 x 101
Total Release Rate 259 uCi/sec

* Based on a fuel failure corresponding to 25,000 uCi NG/sec rate at
(30 minute decay) and AOG system decontamination factor of 103,

Environmental Report
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TABLE 3,6-7

I PARENT - DAUGHTER 1SOTOPIC RELATIONSHIPS AND CHARACTERISTICS USED IN

_CALCULATING CONTAINMENT ACTIVITY ACCUMULATION

Parent A(hr_l) Daughter A(hr-l)
-3 . N ; -3
1-131 3.6 x 10 17 = %e¢ 13lm 2.4 %10
1-132 2.88 x 107} - -
- ) -2 g 2. = -2
1-133 3.3 x 10 2.4% Xe 133m 1.62 x 10_
97.6% Xe 133 5.50 x 10
I-134 8.0 x 107} - -
1-135 1.04 x 1071 30% Xe 135m 2.66 x 10?,
70% Xe 135 7.60 x 10 ©
1-136 2.9 x 107 - .
1-137 1.14 x 10° 94% Xe 137 1.07 x 10°
1-138 4.2 x 10° 100% Xe 138 2.45 x 10°
' Br-83 3.0 = JlO“J 100% Kr B3m J.65 x 10—l
Br-84 1.30 x 10Y " :
1 0
Br-85 1.40 x 10 80% Kr 85m 1.6 x 10-h
20% Kr 85 7.7 x 10
Br-86 4.50 x 10} § i
Br 87 1.60 x 10° 100% Kr 87 5.3 % 107

Environmental Report
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TABLE 3.6-8

ISOTOPIC CONCENTRATIONS BEFORE AND AFTER CONTAINMENT PURCINC

Isotope
I-131

1-132
1-133
I-134
1-135
1-136
Br B3

Br 84

Xe 131m
Xe 133m
Xe 133

Xe 135m
Xe 135

Xe 137

Xe 138

Kr 83m

Kr 85m

Kr 85

kit o7

Containment

Concentration
at Start of Purge

AND ACTIVITY RELEASED DURING PURGE PERIOD*

Containment

Concentration

After Purge

(pl/cce) (pCilce)
.9 5 107 4.50 x 1070
2,91 x 1077 1.09 x 10710
2,78 x 107° 2.60 % 107
145 % 1077 1.04 x 10”1
115 1070 8.40 x 10710
3.49 % W™ 0.0
1.36 x 1077 b.26 % 1070
9.5 x 1077 1.45 x 10723
4.8 % 1074 0.0
E.50 % 16T 570 % 10
1,95 % 1077 1.29 x 1017
L.63 a0 L8 a0
1,35 » 1078 0.0
1,10 % 10°° 8.90 x 10~ 20
6.85 x 10720 0.0
1.15 x 10 0.0
3.97 x 10° 2 0.0
2.98 x 1078 1.90 x 1073
7,45 x 1073 7.80 x 10712
1.21 x 1078 2.06 x 107 1°

Total Activity

. * Based on primary

system Ieakagé to containment
corresponding to 25,000 pCi/sce at

Total Activity
Released Per Purge

(Ci)

Released 1.

of 123 gph
30-min. decay.

2.18 x 19
1.28 x 10
1.38 x 10
5.60 x 10
5.50 x 10~
1.23 x 1¢°

1.48 x 10

3.28 x 10
8.8 x 10
2
8.2 » 10
8.20 x 10°°
5.3) X 10

0.0

6.50 b4 10

4.86 x 107

19 x 107

Curices/purge

and fuel failure rate
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3.7 Construction Effects

The major environmental impacts from construction of the Brunswick Plant are
associated with clearing operations, dewatering of the plant excavation, and
construction of the circulating water system canals. These impacts for the most
part have taken place and continued construction will not significantly alter
the impact. Scheduled completion of the plant will mitigate the construction

effects at the earliest possible date.

The change in some wildlife habitat, as a result of clearing operations, was an
unavoidable impact in the construction of the Brumswick Plant. Efforts, however,
have been made to minimize the impact. Except where necessary for construction
and phvsical erection of the various structures, the woodlands have been pre-
served. Construction and spoil areas have been diked to control erosion and
siltation into water courses. Many of those areas which have been cleared for
construction, including areas for borrowing and spoiling materials, will be re-

seeded to control erosion, and this, in turn, will provide new cover for wildlife.

Dewatering required for excavations in the plant area has lowered ground water
levels in the immediate vicinity of the plant. A limited number of shallow do-
mestic wells have been influenced by the dewatering. However, CP&L, through a
combination of pump replacements and redrilling or deepening of the wells, has
provided those affected homeowners with a dependable and acceptable water supply.
Dewatering and the resulting ground water conditions have been monitored and re-
ported to the Department of Water and Aii Resources on a periodic basis. Except

for the temporary depression in ground water levels, the dewatering has in no
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way jeopardized local ground water supplies. As soon as the below grade work in
the plant area is -omplete, the dewatering operation will be discontinued. Al-
readv, pumping rates are being reduced and it is estimated that complete shutdown
of dewatering system will take place around June 1972 if construction continues

as scheduled,

In constructing the canal system material required to be removed will be either
excavated or dredged. Structural grade material will be used for maintenance
roads, dikes, and backfill along various weirs, head wall and pumping bays. Spoil
materials are being deposited on high land adjacent to the canal or on other Com-
pany-owned land. These materials are being placed in a way that will preserve

natural creeks and marshes.

Dredged materials for the discharge pipe trench in the ocean will be placed
around and over the discharge pipes except for the excess which will be deposited
either on Company-owned land or on the beach as requested by local authorities to

rebuild areas marred by tidal and hurricane induced erosion.

Turbidity as a result of dredging is being controlled by the use of dikes and
temporary weirs which are decanting the water from the disposal are . only after
most of the solid material has settled. CP&L is monitoring effluent water quali-

ty from the spoil areas to assure compliance with state requirements.

Construction of the railroad trestle across Nancy's Creek to provide rail access

to the plant has been completed, and in cooperation with the N. C. Department of



BSEP-1 & 2 3.7-3

Conservation and Development steps have been taken to restore the small amount of

marshland which was disturbed duriing trestle construction,

Plant make-up water wil! be obtained from deep wells for which a permit has been
issued by the N, C. Department of Water and Air Resources. The first of the two
approved wells is complete and is supplying water for construction. The amount

of water from this and the second production well, which will be drilled at some
later date, is a small fraction of the aquifer capacity and will have no signifi-

cant effect on other wells in the Southport area.

Provisions have also been made to minimize other possible environmental impacts

of construction such as result from dust and disposal of sanitary wastes. Tempor-
arv construction roads are being watered as necessary to control dust along these
roads and chemical toilets have been provided throughout the construction site,

In addition, an aerobic treating system having the capability to process approxi-
mately 4,000 gallons of sewage per day has been installed at the site to handle
the sanitary wastes from the construction office. The effluent from the aerobic
treating sys . em is collected, chlorinated and released to the environment by way
of a small tributary to the Cape Fear River. This treatment facility provides

the equivalent of secondary treatment and is covered by Permit No. 1741 issued by

the N. C. Board of Water and Air Resources.
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3.8 Transmission Lines

The power generated at the Brunswick Nuclear Plant will be transmitted over 8 new

transmission lines extending to the existing transmission grid.
Appropriate considerations of the recommendations in "Environmental Criteria for
Llectric Transmission Systems' published by the Departments of Interior and Agri-

culture were used in the design and locations of the proposed lines.

3.8.1 Description of Transmission Lines

The transmission system in 1975, including the lines necessary for the operation

of the Brunsw Plant, is shown in Figure 3.8-1.

The lines to be constructed with the Brunswick Plant are as follows:
Brunswick-Fayetteville 230 KV - 103 miles

Brunswick-~Weatherspoon 230 KV - 31 miles (connects to existing line near Delco)
Brunswick-Delco East 230 KV - 31 miles

Brunswick-Delco West 230 KV - 31 miles

Brunswick-Wallace 230 KV - 54 miles

Brunswick-Jacksonville 230 KV - 76 miles

Brunswick-Barnards Creek East 230 KV - 16 miles

Brunswick~Barnards Creek West 230 KV - 16 miles
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The location of the transmission lines extending from the Brunswick Plant are

shown superimposed on a portion of a N.C. State Highway Road Map in Figure 3,.8-2,

Each of the transmission lines is for 230 KV operation, consisting of wood two
pole H-Frame structures, except for the structures crossing the Cape Fear River.
The wood structures are shown on Figure 3.8-3. The basic structure will be two
75 foot wood poles extending 65-1/2 feet out of the ground. Span lengths will
average 650 feet. Except as noted, the conductor will be one 1,272,000 45/7 ACSR
(diameter = 1.345 inches) per phase and 2 - 7 #10 alumweld overhead ground

wires (diameter = 0.306 inches). Conductor size on the Brunswick-Barmards

Creek Fast and West 230 KV lines will be 2,515,000 76/19 ACSR (diameter = 1.88

inches).

The Brunswick-Barnards Creek Fast and West 230 KV lines will cross the Cape
Fear River south of Wilmington, N. C. to the Barnards Creek Substation on the
east side of the river. The river crossing structures will be two self-
supporting double circuit galvanized steel lattice type towers. These two
towers will be installed on each side of the river channel. Two guyed steel
terminal towers will be installed on each bank of the river - one for each
circuit. The river crossing will comply with all applicable regulations. An
analysis of the different alternate towers for the crossing is contained in

gubsection 9.7.

To minimize the environmental impact, a section of the line extending to
Jacksonville from the Brunswick Plant will be constructed on the right-of-way
of an existing 115 KV transmission line. Of the total distance of 76 miles,
35 miles will be constructed on the existing right-of-way. In this section
of line the existing 115 KV H-Frame structures and conductor will be re-

moved and replaced with the new 230 KV structures and conductor.

Environmental Report
Amendment No, 6
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The Brunswick-Weatherspoon 230 KV line will be comstructed by extending the

Weatherspoon-Delco 230 KV line from a point near Delco to the Brunswick Plant.

0f the total distance of 78 miles, 31 miles will be the new section between Delco
and Brunswick and 47 miles will be the existing line between Delco and Weather-

spoon.

The regulatory agencies involved in the review of the transmission lines are:

8 U.S. Army Corps of Engineers - Issues permits for crossings of navigable

waters.

11. Federal Aviation Administration - Issues permits to obstruct navigable air-

space,

11T, North Carolina Highway Commission - Issues permits to cross highways.

IV. State of North Carolina - Issues right-of-way easements over state-owned

lands.

3842 Environmental Impact of Transmission Lines

The construction and operation of the lines are designed to have a minimum effect

on the environment.

Appropriate considerations of the recommendations in "Environmental Criteria for
Electric Transmission Systems" published by the Departments of Interior and Agri-

culture were used in the design and locations of the proposed lines.
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The lines will cause no change in population patterns and a minimum change in land
use in future years. No residences will be removed or affected. The only lands
committed to the lines are the areas they will traverse. Ownership of the land is
retained by the property owners who will be able to continue to use it for agri-
cultural, recreational or other purposes not inconsistent with the operation of

the lines.

The Company will continue to cooperate with state and local agencies, property
owners and other individuals in creating recreational and wildlife opportunities
along portions of the right-of-way. The Company will also continue to prepare
the land, in cooperation with the property owners, for other uses such as pasture

land and agricultural uses.

The right-of-way affords excellent potential for game food plots and game cover,
recreation areas, parks, golf courses, orchards, picnic areas, parking areas,
Christmas tree and other types of nurseries, wildlife sanctuaries, refuges and

management areas, and either private or public access roads.

Forest fires are a constant threat and can cause extensive damage to the Iorests
and wildlife. Where the right-of-way crosses wooded areas, it provides an excellent
fire break to help limit and confine forest fires to the immediate area. The right-

of-way also provides a ready means of access for fire fighting equipment.

To reduce the visual impact of the lines, H-Frame structures using wood poles of
minimum height will be employed. The poles will blend in with the extensive
forested area and, because of their low height, will not be generally visible

from a distance above the tree tops.
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At locations where the lines cross areas of public access, such as roads, rivers,
and streams, the existing growth in the right-of-way will be left in its natural
state to provide a screen for the structures. Here clearing will be limited to
material which poses a hazard to the line. Where necessary to remove large trees
and other growth, s~ =cial clearing techniques will be used to veduce any possible
damage to the remaining growth. Native types of plants, low growing trees, etc.
will be planted in areas where needed for effective screening. The wood pole
structures will be placed behind the screening to blend with the trees, and this,
together with their low profile, will provide a very effective means of reducing
the visibility of the structures. Access te the right-of-way behind the screening
will be obtained by providing an access road at an angle to the screening., It is

the intent of the Company to preserve and enhance the natur«! growth in these areas.

The wood pole structures will be transported to each site and constructed with a
minimum disturbance to the environment. Their foundations, two per structure,
require an absolute minimum of excavation, since the pole butt will be buried
directly in the ground. Excess soil removed from the pole hole will be evenly
distributed over the surrounding area. Pole holes will be 36 inches in diameter
and 9% feet deep. Each tangent structure only occupies an area of approximately

4'3 square feet after erection.

Normal operation and maintenance of the lines will require only infrequent tra-

versing of the right-of-way. Airplane patrol of the lines will be conducted on

a regular basis. Maintenance personnel will be directed to the precise area re-
. quiring attention as a result of the airplame patrol. Once a year 2 or 3 men will

travel the entire length of the lines in a suitable vehicle closely inspecting the
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condition of structures and right-of-way. This infrequent traveling of the right-
of-way will have a minimum effect on the land and growth. Right-of-way maintenance
will be scheduled on a 4-to-5 year cycle to control vegetation growth, Areas such
as major reoad and stream crossings will be maintained and improved so as to pre~
serve the effects obtained by special clearing. The screening at these crossings
will improve each year as selective pruning will enhance the growth and thickness
of the vegetation. Right-of-way maintenance will also take into account any uses

of the land for recreation and wildlife purposes.

The lines will not cross any designated historical sites, recreation areas, or

wildlife management areas, with the following minor exceptions:

The Brunswick-Jacksonville 230 kV line will be constructed through the Holly
Shelter Wildlife Management Area by rebuilding the existing 115 kV line for 230
kV operation as previously described. The use of the 115 kV line right-of-way
avoids the construction of an additional line through the area., See Figure 3.8-4

for location in the line in this area.

The Brunswick-Barnards Creek East and West 230 kV lines, the Brunswick-Wallace,
and the Brunswick-Jacksonville 230 kV lines will cross the extreme westernmost
edge of the Orton Plantation Waterfowl Impoundment Area in a wooded area along

the western boundary as shown in Figure 3.8-5 for a distance of only 0.1 mile.
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3.8,3 Environmental Effects Which Cannot Be Avoided

The visibility of the lines in some areas, and the curtailed use of the land for
timber production in the right-of-way, are the only environmental effects which

cannot be avoided in the construction and operation of the transmission lines,

The visibility will be reduced to a minimum through the use of low structures
which do not generally project above the tree tops of mature timber, and through

selective clearing at peints of high visibility such as road and river crossings.

The curtailed timber production capacity of those lands in the cleared portion
of the right-of-ways will be replaced by areas that will provide food and better

habitat for many species of wildlife,

The environmental effects associated with the construction of the transmission
lines are temporary in nature. Should it become necessary to remove the trans-
mission lines, the right-of-ways could be restored to their natural state in

time and materials of construction such as poles, wire and associated hardware

could be reused.
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3.9 Aesthetics

3.9.1 Appearance

The Brunswick Plant will have a pleasing landscaped appearance, as shown in
Figure 1,2-4, that will enhance all aesthetic attributes of the site. The
overall picture of the plant will present an impressive grouping of structures

that blend in rather than stand out on the site.

During construction the site area has a typical construction appearance which
cannot be avoided. However, when completed, the plant will present an attractive

appearance,
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392 Noise

The Brunswick Plant will be quiet, both because of the intrinsic nature of a
nuclear plant, and because the design for this plant includes provisions which
minimize plant noise, e.g., the turbine-generators are surrounded by heavy con-
crete shielding walls and the entire complex is further housed in a fully en-

closed building.

Since most of the BSEP facilities are housed within the plant structures, the
plant communications systems will be primarily within the structures and there-~

fore the usual communications system sounds will be redu.ed substantially.
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3.10 Transportation

The generation of electrical energy in a nuclear power plant requires the

periodic shipment of new fuel assemblies to the plant, spent fuel assemblies
to a fuel reprocessing facility, and packaged low level radioactive materials
to licensed waste burial grounds. The shipments are made in compliance with
federal and state requirements pertaining to the proper packaging and trans-

portation of the materials.

New fuel (UO2 pellets clad in Zircaloy) for the Brunswick Plant will be shipped
by truck from the fabricator's plant in packages designed to protect them from
physical damage due to the normal handling and vibration of transportation and
in accordance with U. 8. Department of Transportation (DOT) regulations for the
transportation of fissile materiels. Each package will be a right rectangular
box consisting of a wooden outer container and metal inner container separated
by cushioning material. The inner metal container has an outer shell and a
perforated inner basket. Because new fuel contains no fission products or radio-
active gases, an accident involving new fuel shipment in which the package and
fuel assemblies are damaged would result in no release of radioactivity and
would, therefore, have no environmental effect. The only effect would be an

economic loss for replacement of the damaged fuel assemblies.

Inherent in the generation of power with a nuclear reactor is the fact that fis-
sionable isotopes in the nuclear fuel are depleted to the extent that they need
to be replaced with new fuel. However, the spent fuel still contains residual

fissionable uranium and plutonium. This recovery operation can most safely and
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economically be carried out at a separate fuel reprocessing facility serving many
individual reactors. The spent fuel must, therefore, be transported to a re-
covery facility where the valuable uranium and plutonium can be recovered and

residual wastes packaged for safe disposal.

Fach BSEP unit will discharge approximately 140 spent fuel assemblies each year,
The spent fuel will be stored in the plant fuel storage pools for at least three
months prior to shipment, during which time many of the isotopes present at the
time of removal from the reactor will decay. After storage, the spent fuel

will be packaged in containers designed and constructed to meet rigorous require-
ments of the USAEC and U, §. Department of Tramnsportation. These requirements
provide for protection of the public in case of abnormal and accident conditions
as well as normal conditions of transport. The normal shipping conditions require
that the package be able to withstand temperatures ranging from -40°F to 130°F and
to withstand the normal vibrations, shocks, and wetting that would be incident to
normal transport. The accident conditions for which the package must be designed
include, in sequence, a 30-foot free fall onto a completely unyieldiag surface,

a 40-inch drop onto a 6-inch diameter pin, 30 minutes in a 1475°F fire, followed
by 8 hours immersion in 3 feet of water. The permissible radiation levels and
releases under these shipping conditions are given in Table 3.10-1. The radia-
tion levels shown in Table 3.10-1 represent limits established by AEC regulationms.
The containers will e¥.ibit radiation levels and releases under accident condi-

tions less than thuse permitted by the regulations.
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. Prior to their use, container desigus and the transport svstem will be reviewed
é 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 to assure the equipment is constructed and used
in accordance with approved designs and procedures, When loaded, containers
will be decontaminated and carefully surveyved and inspected to assure that they
have been properly prepared for shipment and are in full compliance with license

provisions governing transportation, Shipments will also be labeled in accord-

ance with federal regulations.

P ———————————

CP&L has a long-term contract under which Allied-CGulf Companv will reprocess

the BSEY spent fuel. Spent fuel will be transported bv both rail and exclusiv;-
. use truck. By rail 20 to 24 fuel assemblies can be handled in one shipment; by

truck, capacity is limited to one fuel assemblv per shipment. Since rail ser-

vice is available at the Brunswick Plant, most spent fuel will be shipped by

rail, Truck shipment will be used onlv for odd numbers of assemblies left over

from full rail shipments.

Based on this plan, approximately & rail shipments and approximatelv 2 truck
shipments per unit will be made each vear. Destination for these shipments will

be Allied~Gulf Nuclear Services in Barnwell, South Careolina. Rail routing will

; be via Leland, N, C., Florence, 5. C. and Orangeburg, S. C., a distance of 234
E miles, which will require approximately 48 hours, via direct movement over the
4

Seaboard Coastline Railroad. Truck routing will be via highways NC 211, US 17,

SC 90, US 378, 1 95, US 301, SC 70, and SC 64, a distance of 227 miles, which

I . will require 7% hours.
]
b
I
|
i

P
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The total yearly spent fuel shipping program will be carried out in approxi-

mately one month, In all cases, truck shipments will be routed to avoid

heavily populated and congested areas as well as tunnels, bridges or toll
roads which prohibit such shipments. Progress of truck shipments will be
irequently reported to the reprocessor while enroute and each truck will
have two specially trained drivers. Instruments for detection of abnormal
conditions and instructions for immediate action will accompany all truck
shipments and will be available at rail connection and interchange points.
Progress of rail shipments will be monitored and reported at all connections

and interchange points.

A formal Accident Control and Recovery Plan will be developed, prior to the
first shipment, which will provide for rapid and orderly utilization of
utility, carrier, Allied-Culf, USAEC, State and local Radiological Assis-
tance Personnel as required in event any abnormal condition or accident is
encountered. The plan will include salvage and recovery as well as control

of bodily injury and property damage.

It is believed that there will be no significant adverse environmental effects
associated with the transportation of spent fuel from the Brunswick Plant.

This conclusion is based on the following:

(1) The velume of rail and truck traffic added in the region of interest

is an insignificant part of existing traffic.
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The principal normal environmental effect from these shipments would be the
direct radiation dose from the shipments as they move from the plant to the
reprocessing plant, In this regard, it has been assumed that the shipments
were made at the maximum permitted level of 10 mrem per hour at six feet from
the nearest accessible surface. Based on this, and with the nearest person
assumed to be 100 feet from the centerline of the tracks (because of rail-
road right of way) it is estimated that the dose rate at that point would be
0.2 mrem per hour. This would fall off to 0.01 mrem per hour at approximately

300 feet, beyond which the exposure received by the population is considered

to be negligible.
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TABLE 3.10-1

CONTAINER DESIGN REQUIREMENTS

Normal Accident
Conditions Conditions
External Radiation Levels
Surface 200 MR/hr
3 Ft. from surface 1000 MR/hr
6 Ft. from surface 10 MR/hr
Permitted Releases
Noble Gases None 1000 Ci
Contaminated Coolant None .01 Ci alpha, 0.5 Ci

mixed fission products
10 Ci Todine

Other None None

Contamination Levels
Beta and Gamma 2200 dpm/100 cn’

2
Alpha 220 dpm/100 em”
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4. Alternatives to the Proposed Facility

There are no practical alternatives to the Brunswick Steam Electric Plant Units
1 and 2 for supplying the rapidly growing regional needs for electric power. By
the mid-1970's, these units will be critical to meeting the electrical power re-
yuirements of the people who live and work in the service area of the Carclina

Power & Light Company.

In arriving at the decision to construct the proposed facility at the chosen
site, the alternatives discussed in Sections 4.2 through 4.5 were studied in
light of the present and projected power requirements described in Section 4.1.
These alternatives deal with means of generation, sites, cooling techniques and

the possibility of purchasing outside power.

4.1 Specific Power Needs

Carolina Power & Light Company provides electrical service to consumers in North
and South Carolina. The electrical energy requirements of these consumers are
doubling every six years compared to the national averdge of doubling about every
ten years., CP&L's commitment to provide electrical energy to its service area has

required an accelerated pace of providing new electrical generation resources.

The construction and operation of Brunswick Plant Units 1 and 2 are essential to
the ability of Carolina Power & Light Company to meet its load requirenents
during the period 1974 and beyond. As of November 1, 1971, CP&L owned and opera-

ted seven steam electric generating plants with a net winter capability of
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3,622,000 kW, four hydroelectric plants with a net winter capability of 211,500
kW, and internal combustion generating units with a net winter capability of
560,000 kW. The Robinson Unit No. 2 is a nuclear unit which became operational
in 1971 and provides 700,000 kW of the total steam electric generating plant

capability.

Table 4.1-1 shows CP&L's summer and winter resources, loads, and reserves for
Summer 1974, Winter 1974-75, and Summer 1975, assuming that the Brunswick units
were not available for operation. This information indicates that CP&L would
have 404,300 kW less capacity than would be necessary to meet its load require-
ments in the Summer 1975. CP&L's reserves at the other times would be critically

low with reserves of 4.5% in Summer 1974, and 6.4% in Winter 1974-1975.

CP&L considers a minimum reserve of 18% is desirable in nrder to provide reliable
service to its wholesale and retail consumers. This reserve margin is necessary
to accommodate the unscheduled outage of its largest generating unit, reduced
capability of its other units due to equipment failures, variations in actual load
from the forecast, and e ‘treme weather conditions + ‘ch, experience has indicated,
could result in load increases of as much as 4% above that forecast for normal
conditions. If Brumswick No. 2 were not available as scheduled in 1974, CP&L's
reserve margins would be so critically low that the unscheduled outage of any one
of six generating units would leave the Company with insufficient capacity to
meet its load requirements. An even more critical power supply would exi%t in 1975
if both Units 1 and 2 were not available. The unscheduled outage of any one of the
Company's generating units in the Summer 1975 would further aggravate an already
. serious power deficiency of over 400,000 kW that would exist if both Brumswick units

were delayed.
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TABLE 4.

-1

PROJECTION OF CP&L LOAD AND RESOURCES

Without Brunswick No. 1 & 2 Available

Installed Capacity, Mwe

Hydro

Fossil

Nuclear

IC's

Total Owned Capacity

Long Term Purchases
Other Purchases & Sales
Pool Purchase (or Sale)
Tetal Power Resources
Forecast Peak Load

Reserve (deficit)

Percent Reserve (percent deficit)

1974

_Summer

213.5
4034.0
730.5
487.0

5465.0

5555.7

5315

1974-75

211.5
4062.0
730.5
560 .0
5564.0
213.2

(122)

5655.2
5315

340.2

Winter

1975

Summer

213.5
4034 .0
730.5
487.90
5465 .0
212,77

(140)

5537.7
5942
(404.3)

(6.8)

Z % 1-43s4
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4.2 Importing Power

Carolina Power & Light Company, and neighboring utilities with which CP&L is
{nterconnected, are in similar situations with respect to the prospects of
{mporting large quantities of power. Each utility is confronted with long lead
times for comstruction of generating facilities, high rates of load growth, and
a need to increase reserve capacity margins. None of these companies are in-
stalling any extra generating capacity in quantities required to allow selling
to CP&L on a firm basis in the amounts required if the Brunswick units were

not brought into operation in 1974 and 1975 as scheduled.

An analysis of 1969 summer peak loads for CP&L, Duke Power Company, South
Carolina Electric & Gas Company, and Virginia Electric and Power Company reveals
that the diversity between individual company peak loads and the simultanecus
peak loads for the four companies was less than 1%, Therefore, diversity inter-
changes of large blocks of power is not available among CP&L and neighboring
utilities, The primary function of the interconnections established with neigh-
boring utilities, aside from the purchase and sale of small blocks of power, is

to provide emergency assistance in the event of equipment failure.
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4.3 Alternate Means of Power Generation

Carolina Power & Light Company is continuously conducting planning studies to
determine the quantity of additional generation required to meet projected load
demands. Planning studies have shown that base load type generation is required
in 1974 and 1975. These studies also show that units of approximately 800,000 kW

must be added to the system generating capability in each of these years.

Having identified the power need confronting it, CP&L evaluated various genera-
ting schemes for meeting this demand. Four means of generation were considered:

hvdroelectric, internal cowbustion, fossil/steam, and nuclear/steam.

The first means, hydroelectric, was ruled out as there are no sites having suf-

ficient flow for plants of the size required.

The second generation scheme, internal combustion turbine, was ruled out due to
the practical size limit of this means of gemeration, the high cost per kw of

power generation, and are not suitabl: for base load operation.

The types of fuel available to the CP&L system for steam electric units are: coal,
oil and nuclear. Production costs and capital investment cost studies were per-
formed to aid in the determination of the type of steam electric plant to be con-
structed at the site. The results of studies, which projected the operation of
the CP&L system for a number of years into the future, indicated an economical

advantage in favor of building nuclear units as compared to fossil-fired units,
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Factors which strongly influenced these studies were the high cost of fossil fuels
and the uncertainty of availability of low sulfur oil or coal to meet increasing
environmental requirements. For these environmental and economical reasons, CP&L

elected to construct a two unit nuclear plant.
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4.4 Alternate Sites

Selection of a site for a steam electric plant begins with load projections which
show the amount of additional power required during the next decade and indicate

where and when the additional power will be needed.

Once the need for additional generating capacity has been established, selection
of a site for the generating facility proceeds. Site selection is a complex
process involving analysis and optimization of many factors such as availability
of adequate condenser cooling water, population density, location of schools and
churches, proximity of parks and recreation areas, wildlife refuges, impact on
historical monuments and areas of historical interest, interactions with airports
and other industries, availability of adequate transportation facilities, cost

of developing the site, local geology, effect of potential sources of pollution in

the watershed, transmission requirements, and other environmental impacts.

Four sites were evaluated as possible locations for the Brunswick units. Two
were estuarine sites, one a river site and the fourth was on a large man-made
lake. All four sites had advantages and disadvantages for a large steam elec-
tric plant. The Brunswick site, however, was judged to have the best combina-

tion of advantages.

Site A, the alternate estuaripne location, was located on the lower Neuse River
east of New Bern, North Carolina. Its principal disadvantages, however, were the
problems associated with condenser cooling and dissipation of waste heat. The

estuary is enclosed by offshore islands and is connected to the ocean only thiough
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the small inlets separating the islands. Thes2 small inlets limit the interchange
of water between the ocean and the estuary. Recirculation of condenser cooling
water would have occurred during certain times of the year resulting in warmer
water temperatures over a large area of the estuary. A much larger percentage of
the available water was, furthermore, required for condenser cooling at this site

than is required at Brunswick.

Alternate Site B, a river site, was located on the Cape Fear River northwest of
Wilmington, North Carolina. This site is dedicated to power generation, with
two small fossil units in operation at the time of the site investigation.
Investigations of the availability of water for condenser cooling indicated that
sufficient water was not available during certain months of the year for once-
through cooling. Recirculation of cooling water during periods of low inflow
would have exceeded the allowed temperature rise in a substantial area of the
river, Therefore it was concluded that this site would not support units of the

size required.

Alternate Site C is located on a hydroelectric impoundment in central North
Carolina. Site C meets most of the siting requirements and may be utilized

in future expansion of the Carolina Power & Light Company generating capacity.
The lake provides over 5,000 acres of lake surface for recreation, and both
summer cottages and permanent homes have been constructed around the lake,

The number of people affected by developing a steam eilectric power plant site
on the shore of the lake would have been considerably greater than the number

of pecple affected by developing the Erunswick site.
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Electricity Generating Board, primarily to obtain comparative investment and
performance data. 1t is reported that the performance of the tower has been
satisfactory. 1t should be remembered that summer air temperatures tend to be

' Purthermore as noted

lower in England than in most areas of the United States.'
in the Federal Power Commission Staff Study Supporting the Commissions 1970

Nat ional Power Survey entitled "Problems in Disposal of Waste Heat From Steam-
Electeic Plants (1969)," "the cooling temperatures achievable in dry-type towers
are limited by the dry bulb rather than the wet bulb air temperature with the
result that higher turbine exhaust temperatures must be accepted. In the warmer

parts of the country this would place a severe penalty upon the efficiency and

capability of the power plant."

A cooling lake for the two units of BSEP would have required a minimum of 3000
acres. By comparison with the area needed for the ocean discharge canals, this
would have entailed a ten-fold increase in land requirements, and would have
resulted in the utilization of additional marshland. Furthermore, in the area

of BSEP, the potential impact of a cooling lake on the groundwater was an additional

deterent to this system.

The choice became, by a process of elimination, the channeling of river water

via a circulating water system from the Cape Fear River and return to the river

or to the ocean. A considerable amount of study preceded the final design of
these canals in order to mininize their environmental impact. The cost-benefit
evaluation of the canal system, as compared to the other cooling methods described

above, is discussed in Section 9.5.
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The first design for the circulating water system called for an intake from the
Cape Fear River and discharge to the Cape Fear River near the N.C. State Highway
ferry slip. This decision was predicated on the data available at that time.
These data did not suggest there would be a problem of thermal accumulation or
recirculation of warm water. However, during the summer of 1968 CP&L performed
dye studies which suggested that possible thermal accumulation in the estuary in
excess of the amount indicated by previously available data might occur. This
method of returning heated water to the river was eventually ruled out for that

reason.

In the design of the circulating water system, i.e., the system which cools the
main condensers, the following items were considered in addition to operational

‘ hydraulic design and plant safety considerations:

1 Use of marshlands

Salt water intrusion into the aquifers which supply the potable water

L%

for the area

3. Upwelling of fresh water from the aquifers which supply the potable
water

4., Heat dispersicn in the ocean

S Effects of canals on developed and high-ground property

6. Interception of existing drainage patterns with canals

i 4 Construction feasibility and economics

As mentioned .1 Section 3.4, the discharge of cooling water to the ocean was

‘ selected to minimize the impact on the environment at significant additional
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55 Environmental Effects Which Cannot Be Avoided

Although the Brunswick Steam Electric Plant is being constructed and will be oper-
ated to comply with all federal and State of North Carolina regulations designed
to protect the environment, some environmental effects will occur. These effects
on the environment will be kept to the minimum amount practicable consistent with
state-of-the-technology and reasonable cost as part of CP&L's continuing efforts
to conform to the spirit, as well as the letter, of the environmental protection

laws .,

Any effort on the part of man to provide a service or product necessary to main-
taining or improving human life standards involves some possibility of impact on
the environment. CP&L has attempted to balance the benefits of providing electric
power against the risks to the environment in such a way that the risks are mini-
mized using technically and economically feasible systems. In order to implement
this policy, CP&L evaluated the different methods available for producing elec-

tricity and selected a nuclear plant because of its low impact on the environment.

Some broad categories of identifiable environmental effects are the diversion of
land use and influences on the water resources of the area. More specifically,
the evolution of the plant and its auxiliary structures results in the use of some

land and marsh.

In keeping with its policy of responsible environmental practices, CP&L has kept
land use to the minimum .nt practicable. It was necessary to divert the use

of some marshland in constructing the cooling water canals and approximately 25
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acres were necessary for the intake canal, and 120 acres for the discharge canal,
Spoil material from the construction of the canals is being deposited behind dikes
in the highland areas, so as to minimize marshland use. The only marshland used
is the cut of the canal itself. The route of the canal was chosen after consula-
tions with state agencies, and was selected to help minimize any effects on the
environment, including land diversion and release of warm water. The plant will
discharge warm water which, although in compliance with appropriate regulations,
mav have an impact within a limited area near the point of discharge into the
ocean. When discharged into the ocean at a point 2000 feet offshore, the warm
water will be diluted ten fold to achieve a temperature difference not to exceed
1.5 ¥ above ambient in June, July, and August and 4 F in other months, at the

boundary of the mixing zone.

There will be some lowering of the ground water level in an area up to 1000 feet
from the canal, but this loss will be small, and will be of limited influence.
The few nearby private wells that will be affected will be redrilled deeper or
moved to provide necessarvy water., Upwelling of fresh water from the Castle Hayne
aguifer could potentially amount to about six percent of the flow available from
the aguifer. Since the only public requirement on the aquifer uses only a small
portion eof the available flow, this potential loss would not adversely affect the

area.

As a result of the operation of any nuclear power plant, there are certain radiocactive

products which must be disposed of. To minimize any effects these materials might

have on the environment, the plant will be equipped with Waste Control Systems. These

systems will collect radicactive fluids and these fluids will be sampled, analyzed,
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and processed as required and then released only under controlled conditions in
accordance with all appropriate current regulations of 10 CFR 20 and 10 CFR 50,

g0 that effluents will be held as low as practicable.

S0lid wastes, which will consist of waste liquid concentrates, spent resins, and
miscellaneous materials such as paper and glassware, will be packaged and shipped
offsite for disposal at approved sites in accordance with AEC and U. S. Department

of Transportation regulations.

The spent fuel from each fuel cycle will be stored for a time necessary to reduce
its radioactivity, and then it will be shipped offsite for reprocessing and dis-
posal in specially designed casks meeting all the necessary AEC and U. §. Depart-
ment of Transportation regulations. By strictly adhering to these regulations,

the environmental impact of any waste material will be minimized.

There will be some small unavoidable biological effects in the area as the result

of the construction and operation of the BSEP. Clearing of the site area destroy-
ed some cover used by wildlife, but reseeding of spoil areas is expected to create
additional habitats in the future. Some aquatic mortalities will result from the

passage of plankton through the plant condensers. The impact, however, is ex-

pected to be small.

In order to assure that environmental effects are minimized, monitoring programs
have been established to detect any environmental change which might be attributed
to the operation of the units, thereby assuring safe and healthful surroundings

for the area.
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Some temporary construction effects are unavoidable during construction of the
plant. Dewatering has caused drawdown of the water table in the immediate vicin-
ity of the plant site, and some private wells were affected. 1In these cases,
CP&L has replaced the affected wells, and the dewatering process will terminate
with construction. Canal excavation and dredging produces some spoil material,
and this is being deposited on high land adjacent to the canal or on company-
owned land in such a manner that will preserve the more productive natural creeks

and marshes.

While under construction the aesthetic appearance of the site is unavoidably dis-

turbed; however, after completion of construction this effect will be eliminated

and the overall design will be architecturally pleasant.

The transmission of the electricity produced will also result in an effect on the

environment which is unavoidable considering presentday technology. CP&L has taken

measures to help minimize the effect of the transmission lines from the BSEP.

These measures are discussed in Section 3.8.

The lines will cause nc change in population patterns. The only lands committed
to the lines are the areas they will traverse, and this land can be used for pas~
ture or agricultural uses, access roads, recreation areas, or other uses. In

addition, the right-of-way will provide an adequate fire break in the event of a

forest fire.
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By practicing environmental responsibility such as those measures described above,
it 418 the desire of CP&L to attain the widest range of benefits for its consumers
through harmonious use of the environment without degradation, risk to health or
safety, or other undesirable consequences. If detrimental environment effects
resulting from the operation of the plant are detected by the environmental moni-
toring program or other surveillance method, CP&L will take appropriate action to

reduce the environmental impact.
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6. SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY

The ability of man to harness the energy resources of the earth has been an
essential component of mar's ability to survive and develop socially. Elec~-
trical energy is a key factor in providing food products, sewage treatment,

the manufacture of goods and numerous physical comforts and necessities; and

it is vital to the health and welfare of the nation. With the development of
our modern society, electricity has advanced from a novel luxury to an essen-
tial requirement for the innumerable necessary services and products demanded
by our present civilization. Electricity has become essential to the health,
welfare, safety and economy of the residents of the area served and the organi-
zation entrusted to provide the residents with electrical energy must assure an

adequate supply of electricity.

Electric power requirements in this country have been doubling every ten years.
CP&L customer requirements for power have doubled in the past six years, and
further expansion is expected to continue in much the same pattern. In order

to provide the residents of its service area with the electricity necessary to
meet this growth, it is necessary to build a power plant the size of the Bruns-
wick Plant, Units 1 and 2. CP&L is aware of its responsibili*v to provide elec-
tricity to its consumers in a manner consistent with responsible environmental
practices. As described in various parts of this report, detailed consideration
has been given to the different environmental aspects of the plant in making

decisions concerning design, construction and operation of the plant.

The short-term use of the environment to produce electricity for our immediate

requirements must be evaluated with respect to the enhancement of long-term



BSEP-1 & 2 6-2

productivity ana any adverse environmental effects which might be realized by
future generations. Considered in this respect, the nuclear units being con-
structed at the Brunswick Plant will be compatible with the environment. The
resources which must be diverted from the earth's environment to operate the
nuclear power plant will be small. This consumption of natural resources is an
important consideration when attempting to evaluate the quality of environment
we are creating or leaving for future generations. In evaluating the short-
term use of the environment, it is also important to consider the fact that the
electricity which will be produced will be used to some extent to facilitate
social progress and technological developments that will aid in protecting our

environment.

At this stage in our technology, even with nuclear power and its very low radio-
active release concepts, there does appear to be some possible slight but inevi-
table, short-term impacts on the environment. These impacts are associated with
the basic principle of steam electric plants, the need to provide cooling water
and the resultant heating of the air and water. They include such items as
chemical, sanitary and radioactive discharges, temporary construction effects,
land use, and discharging of heated water. These effects are of a short-term
nature, and design of the plant has incorporated methods to minimize their im-
pact. The cooling water discharged into the ocean will have essentially the same
chemical analysis as the river, although slightly warmer. Radioactivity release
is tightly controlled by federal regulations. The construction effects include
such measures as road construction and dewatering, and these effects will exist

during the construction phase only. The heating of the cooling system water is
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expected to be the major effect resulting from thie short-term use of the en-
vironment, however, efforts have been made to minimize the heating of the ocean
water, as explained previously in this report. Final temperature difference
after discharge and diluting will not exceed 1.5 F above ambient in June, July,
and August, or 4 F for the other months, at the boundarv of the mixing zone.
Auy environmental impact associated with the short-term use of resources is ex-
pected to be limited by state of the technology and reasonable cost and then
must be evaluated relative to the benefits derived from use of the electricity

produced.

The short-term effects resulting from construction and operation of the plant
will result in no cumulative adverse effects, and there is no reason why after
the plant is decommissioned, the environment in due time could not be returned
to its original state of existence prior to the nuclear unit, with no remaining

adverse effects on the area's long-term productivity.

In keeping with responsible environmental practices, the land being used for the
plant site and cooling water canals was held to the minimum amount practicable.
Prior to the start of construction, the land being used for the site area con-
sisted primarily of old-field vegetation and second-growth pine, which was used
mainly as a source for low-medium grade pulpwood. Less than 20% of the land was
devoted to agricultural activity or pasture land. Although prior to the start
of construction the land being used for the site and canal right-of-way possess-

ed limited recreational value, there are recreational areas nearby and use of

these areas will not be infringed upon in anv manner, except for a short temporary

construction time where the discharge pipe will be installed beneath a beach area.

L e L
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Approximately 25 acres of marshland were required for the intake canal, and 120
acres for the discharge canat. Since no spoil will be deposited on marshland,
these areas will be preserved as marsh areas except for the cut of the canal it-
self. If the community so desires, at the end of the plant life, the marshland
could be returned to its original state over a period of time, but this would

possibly require a large effort.

The operation of the Brunswick Steam Electric Plant will not curtail the range

of beneficial short-term uses of the environment. The units will result in in-
creased productivity which will actually enhance long-term productivity in future
generations. If future generations elect to convert the cooling water canals
back to terrestrial uses, this can be done over a period of time and the area

restored to essentially its pristine state,
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Irretrievable and Irreversible Commitments of Resources

The construction and operation of the Brunswick Steam Electric Plant Units
1 and 2 will require no unusual commitments of resources. Any irretrievable
and irreversible commitment of resources required by the plant will be small

in comparison to the benefits gained from the electricity produced by it.

FEach unit of the plant will convert raw energy to electricity, as is the case
with all electric generating units. The consumption of fuel by nuclear units,
such as the Brunswick Steam Electric Plant Units 1 and 2, is unlike fossil-
fueled generating units, however, since the process is accompanied by the pro-
duction of a new type of fuel (plutonium) and many other, potentially valuable,

materials,

Ihe resources committed at Brunswick that will be irretrievable in their pre-
sent form are the materials used in the construction and operation of the plant,
€.g., the nuclear fuel, steel and concrete, and the manpower commitment for the
.design, construction, manufacturing of components, and operation of the plant.
These irretrievable resources must, of course, be measured against the benefits
accrued to the residents of the CP&L service area provided by the availability of

clean electric power.

At the end of the useful life of the plant, some of the land committed to the
plant can be applied to a new useful purpose, and there will have been no signi-

ficant change in the environment.
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8 Radiological Accident Considerations
8.1 Introduction

In keeping with the practices and standards of the industry and of AEC require-
ments, the Brunswick Plant is designed to most exacting criteria. It is, never-
theless, prudent to postulate the occurrence of certain equipment failures and

to calculate the resulting radiological consequences and associated probabilistic

considerations.

An investigation of the radieclogical consequences of various severe equipment
fallures has always been an integral part of nuclear plant safety analysis reports,
including the Brunswick Preliminary Safety Analysis Report. In order to assure
acceptable conservatism in the plant design, failures were there postulated in
coincidence with such plant conditions which would tend to make more severe the
accident consequences albeit with little regard for the 1likelihood for these con-~
ditions to coincide. In the evaluation of the probable impact of the plant on
the environment, reasonable assumptions, justifiable calculational models and
technigues, and realistic assessments of environmental effects were used as in-
dicated in the AEC guide (Ref. 2). The integrated dose consequences of certain
system failures will be compared in this section with the dose from natural back-
ground radiation, integrated over the population within a 50-mile distance from

the BSEP., The man-rem dose concept was discussed in Section 3.2.2.
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8.2 Radiological Events Classification

The radiological events will be asscciated with the following general plant con-

ditions:
1) normal steady state cocnditions
2) abnormal transient occurrences

3) postulated accident situations

Transport of reactor material will consider

1) normal shipments

2) incident conditions

he event classifications with AEC examples ORnts 3y 2y 2 are listed along with

the associated BSEP plant conditioms in Table 8.2-1, -2, and -3 for normal opera-
tion, for postulated accidents and occurrences, and for reactor material tramsport

conditions.

The following descriptions will identify the specific category/system/event
associations within the reactor facility operation for the BSEP with respect to

the AEC classification.
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8.2.1 Normal Operation

Class A--Normal! Operation Effluents

Effluent releases and direct radiation expected from the reactor facility during

normal operation fall into this category. These would include:

(a) gpaseous radwaste system releases (air ejector offgas)
(b) 1liquid radwaste system releases (discharge canal releases)
(c) direct radiation

-~ turbine generator system shine radiation

~ solid radwaste system shine radiation

B.2:2 Transient and Accident Occurrences

Class l=~Trivial Incidents -- Small Leaks Inside Containment

Primary Coolant System leaks within the primary containment or the secondary con-
tainment (Reactor Building). Leaks or breaks greater than those cited would be
identified and treated under Class 8--LOCA Inside or Outside Primary Containment,
Small leaks or breaks (below tech spec limits) inside the Reactor Building are
considered inside containment since in the BSEP safety actions take place auto-

matically inside the Reactor Building as well as in the primary containment.

Class 1 events are not considered herein, in keeping with the guide of Ref. 2.
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Class 2--Miscellaneous Small Leaks Outside the Containment

This class is defined as outside the primary or secondary containments. Effluents

or sources of activities in this category include:

Turbine Building effluents

- gaseous, anywhere in Turbine Building

- liquid, anywhere in Turbine Building

Leaks or breaks greater than the allowable tech spec limits are identified and

treated under Class 8--Loss of Coolant Accidents Outside Primary Containment.

Class 3--Radwaste System Failures

The events in this category would be confined to high probability single function-
al system or equipment failures or single operator error occurrences. Low proba-
bility radwaste svetem failures would be considered Class 8 events. Effluents

or sources in this category include:

(a) Single functional equipment failures
- gaseous release from offgas system
- liquid leakage through valves

(b) Single operator error
-~ liquid discharge with batch testing

- gaseous release of holdup system via purge valve operation
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Class 4--Events that Release Radiocactivity into Primary System

The design basis for the BSEP precludes fuel defects from operational transients.

fuel defects which occur during normal operation are covered in Section 8.4.

Therefore, there are no events identified in this class for this plant.

Class 5--Events that Release Radioactivity into Secondary System

In the BSEP, "secondary system'" is interp ‘eted to mean the secondary side of
heat exchangers whose primary side contain: reactor water. The Brunswick Plant

has several heat exchangers within this catejory, including:

(a) Main Condenser...iiquid leak path
{(b) RHRS Heat Exchanger...liquid leak path
(¢) Drywell Cooler Heat Exchanger...liquid leak path

(d) Spent Fuel Storage Heat Exchanger...liquid leak path

Items (a) and (b) during operation exhibit in-~leakage due to AP inward: Items
(¢) and (d) are cooled by closed cecoling loops. Therefore, there are no events

identified in this class for this plant.

This category includes refueling accidents involving a fuel assembly dropping
onto the reactor core, onto spent fuel racks, into the fuel pool, or z2z2inst the

pool. The event is the Design Basis Accident (DBA) refueling accident.
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Class 7--Accidents to Spent Fuel Outside Containment

This event occurs only when the spent fuel cask is on its transportation vehicle

and between the Reactor Building and plant gate. No lifting of the cask occurs

outside the containment.

A fire while on site i{s a possible occurrence as defined by 10CFR71.

Class B--Accident Initiation Events Considered in the Design Basis

These events are considered in the Final Safety Analysis Report and include the

following:

‘I’ (a)

8.2.3

DBA-LOCA Inside Primary Containment-Recirculation Loop Pipe Break
Accident

DBA-LOCA Outside Primary Containment-Main Steam Line Break Accident
DBA-CRDA Control Rod Drop Accident

Offgas Holdup System Failure, or Catastrophic Failure of a Liquid

Radwaste Tank

Reactor Material Transportation Operations

The following will help identify the specific category/system/events associated

with reactor material transportation operations for the plant with respect to

the AEC Classifications.
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a) New and Spent Fuel Shipments

Normal shipments are governed by and include the allowances in the 10CFR71 re-

gulation for normal shipments.

Incident occurrences for new and spent fuel are governed by the 10CFR71 accident

source allowances.

b) High/Low Level Radivcactive Waste Shipments
Normal shipments are governed by and include the allowance in 10CFR71 regulations

for normal shipments.

Incident occurrences for contained solid radwaste would be governed by 10CFR71

source allowances.






No. of

Class

TABLE 8.2-2

REACTOR rACILITY

CLASSIFICATION OF POSTULATED ACCIDENTS AND OCCURRENCES

Description

Trivial Incidents

Misc. small releases outside
Containment

Radwaste System Failures

Events that Release Radio-
activity into the Primary
System

Events that Release Radio-
activity intoc Secondary
System

Refueling Accidents Inside
Containment

Accidents to Spent Fuel
Outside Containment

AEC Example(s)

Small spills
Small leaks inside containment

Spills
Leaks and pipe breaks

Equipment Failure
Serious malfunction or human
error

Fuel deflects during normal
operation

Transients outside expected
range of variables

Class 4 and 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 Tramsportation
incident on site

Plant Design-Analyses

None

Reactor Coolant leaks outside
PC or RB

Any Single Equipment Failure or
Any single Operator Error

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

T % T-44s4

Primary Coclant Loep to auxiliary
cooling system Secondary side of
heat exchanger leak

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

Transportation incident inveolving
spent and new fuel

Shipment on site but outside
PC or RB



No. of

Class

Description

Accident Initiation Events
considered in Design-Basis
evaluation in the Safety
Analysis Report

Hypothetical Sequences of
Failures More Severe than
Class 8

TABLE 8.2-2 (CONT'D.)

AEC Example(s)

deactivity Transient
Rupture of Primary Piping
Flow Decrease - Steamline Break

Successive Failures of Multiple
Barriers normally provided and
maintained

Plant Design-Analyses

a. Reactivity Transient

b. Loss of Reactor Cooclant inside
or outside primary containment

None

Z % I-dasd
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Class
1
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REACTOR MATERIAL TRANSPORTATION

CLASSIFICATION

Description

New & Spent Fuel
Off-site Shipment Activities

High & Low Level Radioactive
0ff-Site Shipment Activities

OF SHIPMENT

ACTIVITIES

AEC & BSEP TNesign Analyses & Others

Normal Shipment Activities-New & spent Fuel
chipment Incidents-New & Spent Fuel

Normal Shipment Activities-High & Low Level
Shipment Incidents-High & Low Level Wastes

Wastes

¢ % T-ddsd
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8.4 Normal Reactor Facility Operation

8.4.1 Event Identification

Normal operation of a power reactor results in a small release of gases into the
atmosphere, liquids into the plant's discharge canal, and direct(shine) radia-

tion from plant equipment containing radicactive materials.

8.4.2 Initial Reactor Facility Conditions

For calculational purposes the reactor is assumed to be at steady-state full power
operation with expected fuel performance and normal operation of liquid and gas~

eous cleanup systems. Based on these considerations, an off-gas rate of

25,000 uCi/sec/unit as measured after 30 minute decay has been used in the calcula-

tions as a representative value. The installation of the augmented off-gas
system reduces the activity by a factor of 1000, resulting in an activity of

25 uCi/sec/unit.

Past BWR experience for about 10 plants with holdup systems providing less than
1 hour delay has shown average annual off-gas rates hetween 1000 and 30,000
uCi/sec. These include plants with thermal power output between 200 and 2400

MWt . (28)

Therefore, based on BWR experience to date, an average off-gas over
the years of the order of 25,000 uCi/second/unit is more representative for
estimating long term dose than the traditional 100,000 uCi/sec/unit upper limit
design basis for BWR's. Due to other design features and site and environs char-
acteristics, the resulting dose estimate to any off-site member of the publiec
will be low compared to the dose from natural background radiation. Therefore,

variations in opecating experience from the representative value of 25,000

uCi/second/unit will produce variations in dose of only minor significance.

Environmental Report

Amendment No. 3







[he basic mathematical model used to calculate the whole body exposures is defined

3.

BSEP~1 & 2 8.4-3

Population Density - Population to 50 miles as extracted from the
1960 census and extrapolated to the year 1996. The data were in

good agreement with the 1970 census.

A 100-meter release height above grade was used.

in Reference 4 and modified as follows:
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f, = Accumulative frequencv for wind speed, stability and sector
(dinensionless)
(), = Plant release rate of the 1th isotope (kCi/sec)
= Horizontal and vertical diffusion coefficients (cm)
u = Wind speed (cm/sec)
Y,% = Horizontal & vertical distances from plume centerline (cm)
¢5 = Sector angle over which plume is averaged (radians)

R = Distance from release point te detector position (cm)

Equation 1 provides the yearly offsite dose to a detector located a distance

of KR-cm from the release point and within a sector angle of P radians. The
man-rem/yr is determined by multiplying the result of equation 1 by the popula-
tion density located within the sector of concern. Values of sector dose at a
distance of R (¢m) are assumed to be applicabie to all individuals located in
that sector from a distance of R-AR to R +4R. The cumulative man-rem presen-
ted in Table 8.14-1 is determined by summing the dose contributions from all

sectors and adding this to the previous radial man-rem exposure.

B.4.3.2 Radiolgﬁgcal Results

The cumulative man-rem effect for both units for this event is presented in
Table B.14-]1 as a function of distance to 50 miles. It should be noted that
the cumulative effects are a factor of 57,000 below those effects received from

normal background.

Environmental Report
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B.4.4 Direct (Shine) Radiation

8.4.4.1 Sources and Doses

Under normal operation a minor contribution to dose at the plant boundary is
from direct radiation from the turbine and associated equipment. Other poten-
tial contributors are the Reactor Building, Radwaste Building, radwaste storage

tanks, and the off-gas stack.

8.4.4.2 Radiological Results

Dose rate computations show the direct and scattered shine are insignificant
over an area large enough to be of concern to the general population. There=-

fore, for this plant the direct shine contribution mav be neglected,

8.4.5 Liquid Effluents

B8.4,5.1 Calculation of Sources and Doses

The primary area of importance where liquid effluents are considered is the
ingestion mode via drinking water. Since the waters to which the plant releases
its liquid effluents are not used for public consumption, and there is no signi-
ficant path from the discharge canal via the Castle Hayne aquifer to the nearest
(Southport) municipal water system, it can be concluded that this mode of expo-
sure is of no significant importance. The only mode of exposure to the population
from liquid releases is the water-fish-man pathwav. This pathway is discussed

in detail in Section 3.6 and determined to be of only very minor significance.
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8.5 Transient and Accident Occurrences in Reactor Facility

The treatment of transients and accidents in this section follows the AEC guide
which points out that it is not practical to consider all possible accidents,

0 a spectrum of accidents is suggested which are divided into classes. Each
class is characterized by an occurrence rate and a set of consequences. As sug-
gested by the guide, typical or average characteristics for each classes 2

through 8 are used, and Class 1 and Class 9 events are omitted.

The first parts of the accident discussion which follows will describe for each
class the nature of the occurrence, the operating conditions at the time of the
occurrence, and a justification of its use as typical of its class. A few
classes encompass events of such widely different consequences and frequencies
of occurrence that two or more events are studied, no single one being qualified
to be called truly typical of the entire class. In particular, each of the de-
sign basis accidents described in the Final Safety Analysis Report are treated

in Class 6 and 8 but are treated individually.

Subsequent parts of this section will describe the source and dose calculational
techniques, the resulting exposures expressed in man-rem and a statement of pro-

bability. Probability considerations are discussed in Section 8.15,
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B.6 Clags 2-Miscellaneous Small Releases Outside Containment

8.6.1 Event ldentification

A variety of leakage paths, and hence type of leaks, could exist in an operat-

ing power plant. Since this class of events must occur within the turbine build-

ing they must manifest themselves either in the building drains, in which case

no release te the environment occurs, or the building ventilation, Thic charac-

terization of the class of events is simply stated in terms of building ventila-

tion content. The theoretical release is a continuous steam leak equivalent to

7 gpm of saturated liquid, located on the upper turbine building floor. This has

been selected based on experience in operating plants. A reactor coolant inven=-

tory consistent with a 30-minute delay 25,000 uCiNG/sec off-pas activity (prior
. to treatment) is considered applicable for this 7 gpm leak. The release to the

environment occurs from the turbine building roof vent.

8.6.2 Calculation of Sources and Doses

Assuming a leak rate of 7 gpm, a coolant concentration consistent with a noble gas
offgas activity of 25,000 uCi/sec as measured after 30C-minute decay and a condensa- ‘
tion - plateout factor of 2 results in a release rate to the environment of 0.013
uCi/sec of 1<13]1 with corresponding releases of 1-132 to I-135, This value for

I1-131 can be compared to measurements which have been made on operating BWR's

which have shown release rates from the building ventilation systems of 2)(10-.3

uCi/sec to 4)(1(3—2 uCi/sec.

fnvironmental Report
Amendment No. 5
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Due to their limited mobility, particulate fission products exist in lesser quan-
tities in effluents and so their contribution to the overall environmental effects
is negligible compared to the isotopes considered and they are therefore neglect-
ed in this analysis. Depending on the type of leak (i.e., steam or liquid) the
potential for noble gas release may or may not exist. If the leak were between
the main steam line isolation valve and main steam turbine, one could expect a
release of noble gas activity; whereas if the leak were liquid, one would expect
no gaseous contribution from this source due to the relative insolubility of
ncble gases in water. For the iodine activity the environmental effects were
determined by comparing the average annual concentrations at various radial dis-
tances in 16 sectors (22.5/sector) to the Maximum Permissible Concentration in

Alr (MPCA) as set forth in 10CFR20 Appendix B, Table 2, Column 2.

Mathematically the environmental effects can be described as follows:

I-1%% 4

SE P BTS¢}

S 7 Shh‘hh,

1%

wWhere

thvrnid = Thyroid dose (rem/yr)

Df = Dose conversion factor (i.e., xi = 1= 1,5r/yr.),
MPC
other parameters as previously de‘{ned

Equation 3 applies to the dose in a given sector at a radial distance R. There=~

fore, to determine the integrated population exposure, it is necessary to multiply
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equation 3 by the population distribution in a given sector and at the given
distance R, and to sum this product for all sectors and distances to 50 miles.
Concerning the whole bodv dose effects from the release of noble gas activity
the steam, and hence activity release rate, is based on an equivalent 7 gpm
water leak., The cloud gamma exposures are based on those mathematical models

presented in section 8.4 and are presented in Table B8.14-2.

8.6.3 Radiological Results

As shown in Table 8.14-2, the cumulative thyroid exposure to the general popula-
tion is 1.5 rem. As noted in Section 8.3.1, the allowable thvroid exposure is
orders of magnitude above typical whole body dose effects because of the limited
biological effects on the thyroid gland. However, for the purpose of this evalua-
tion the thyroid exposure is compared on the same level as whole body exposures.
As noted in Table B8.14-2, using even this conservative approach the cumulative
thyroid man-rem exposures are orders of magnitude below the whole body exposures
received from normal background. This comparison will also be made in relation

to the whole bodv dose effects in subsequent sections, where applicable.

The whole body exposure for this event, as noted in Table 8.14-2, results in

radiological doses which are 4 to 5 orders of magnitude below normal background.
It can, therefore, be concluded that the environmental effects from a small leak
external to the primary containment will be of no importance with respect to the

general population exposure.
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8.7 Class 3-Radwaste Systew Failures

Since the mechanisms leading to significant accidental discharges of gaseous and
liquid radwaste are so different, two events were selected to represent this |

class.

8.7.1 Liquid Radwaste

The discharge of liquid radwaste to the discharge canal is controlled by redun-
dant valves. Even if, through operator error, an excessively high activity batch
were released, the radiation monitor on the discharge line would detect this and
would (1) indicate an alarm in the central control room, and (2) automatically
close the second discharge valve. 1If the automatic feature should fail, the
control room operator has 42 seconds from alarm till the liquid reaches the
second valve, to close that valve manually from the central control room. There-
fore this failure Is considered extremely remote and its consequences are not

considered here.

8.7.2 Gaseous Radwaste

Cxamination of the equipment contained in the off-gas system reveals that the
only source of potential release, other than the normal effluent path, is wvia
the drain lines. Drain lines for the removal of condensed steam are located in
close proximity to the inlet and outlet of the holdup pipe and normally have a
water seal to prevent gaseous leakage. For this event it is assumed that the

water seal to the inlet drain line is lost and a 2-minute-old gaseous diffusion

Rt ol e T U i e e
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mixture is available for release. Considering the diameters of the drain line
and the holdup pipe, and assuming that the flow in the drain line is propor=-
tional to the area ratios, approximatelv 0.2% of the 2-minute-old mix will be
released via the drain line. Since gaseous effluents from “he drain line are
not positively contained in any storage tanks, the assumption is made that the
gaseous effluent will be released at a height equal to the ventilation dis-
charge of the building. It is assumed that the off-pas activity of 25,000
pCi/sec diffusion mix, as measured after 30 minutes, is approcximately equal to
143,000 pCi/sec at 2 minutes., Considering that 0.2% of this value (i.e. 286
uCi/sec) is released to the environment under the same environmental conditions
as the stack effluent but at a lower release height, ths resultant off site ex-
posure is a very insignificant increase in the exposures received from the main
stack effluent. In addition to the 286 uCi/sec of fission product gases,
approximately 1B uCi/sec of N=-13, 15,000 uCi/sec of N-16, and 1,300 uCi/sec

of 0-19 wili be released to the enviromment. Consideration of tho energy spec-
trum, abundance, and transport time to any receptor off site, results in the
conclusion that these sourpes are also negligible in comparison to the exposure
received from normal stack effluents. 1In addition, considering the relativelw
small amount of time { ~ 2 hours) that this cordition would exist before being

detected, further justifies the insignificance of the dose results.

It can therefore be concluded that the radiclogical exposures for this event are

completelv insignificant when compared to normal background exposures.

Environmental keport
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8.8 Class 4-Events that Release Activity Into Primary System

Events which lead to release of radiocactive material (activity) into the primary
system must be associated with fuel cladding defects or perforations which in
turn permit escape of the activity., Cladding defects or perforations can occur
as a random defect in manufacture or as a result of transitory stress which ex-
ceeds the cladding material mechanical properties. Random cladding defects as a
category of events lead'ng to activity release are considered in Section 8.4

under Normal Reactor Faulty Operation.

Plant design bases, as described in the Final Safety Analysis Report, includes
the requirement that any anticipated transient event, concomitant with a single
equipment malfunction or single operator error, must not result in a Minimum
Critical Heat Flu:x Ratio (MCHFR) less than 1.9 for any normal plant operating

(24) used in determination of the CHF

mode. Since the design bases correlation
is conservatively selected with a large margin between predicted and observed
CHF, fuel which experiences a MCHFR of 1.0 is not likely to have cladding fail-
ure. Flant design assumes that such events do not release activity into the

primary system. Thus there are no events identified in the Safety Analysis

Report which fit dinto Class 4.
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8.9 Class 5-Events That Release Activity Into Secondary System

In BSEP, "Secondary System" is interpreted to mean the secondary sides of heat
exchangers whose primary sides contain primary system coolant: in particular,

the main condenser shell and the service water side of the RHR heat exchangers.

The main condenser is protected against outleakage during plant operation by

normal vacuum.

Outleakage from the primary coolant loop to the service water may occur during
the shutdown mode, when the RHR heat exchangers are cooling the reactor. At

this time, should there be a leak in the heat exchanger, some fission products
in the primary coolant could slowly leak into the service water and hence into

the discharge canal,

Because of the relatively short duration of this mode, the low fission product
concentration, and the large dilution into the discharge canal, such an outleak-
age 1s not a major concern. Should the leakage be larger than acceptable, the
faulty RHR heat exchanger will be valved off, and the second heat exchanger will

be used alone.
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8.10 Class 6-Refueling Accidents Inside Containment

There is only one refueling accident considered to have any reasonable probability
of occurrence, namelv dropping a heavy object onto the core., This event will be

treated in this section.

8.10.1 Heavy Object Dropped onto Core

The accident chosen as typical of this category is the design-basis refueling
accident, wherein an equipment failure allows a fuel bundle to drop onto the core
from the maximum permissible height, resulting in the perforation of a maximum of
49 rods. This event is chosen because the fuel assembly is the only heavy object
which is routinely suspended over the core and, if dropped, could cause damage

to the core.

8.10.1.1 Calculation of Sources and Doses

The environmental consequences of this accident are dependent upon many interrela-
ted parameters, such as: decay time between shutdown and fuel transfer, number of
rods experiencing damage sufficient to release stored activity, type and quantity
of activity released, safety systems (passive and active) in operation, meteoro-

logical conditions existing during the subsequent release period, etc.

The associated values assumed applicable for the above parameters are defined as

follows:




is Decay time - 4 days between shutdown and commencement of fuel transfer
2, Rods experiencing fuel damage - 49
3. Safety systems

a. Passive - Water in the refueling cavity, plateout in the secondary
containment, and the secondary containment serving as an effective
holdup barrier.

b. Active - Standby Gas Treatment System (SCTS)

(initiated on high radiation)
4, Parametric values applicable to above safety systems:
a. Water - Partition Factor of IOA (Ref. 7)

b. Plateout - 4 (Ref. 7)

c. SGTS Filter Efficiency - 99.9% For lodine, 0% for Noble gas (Ref. 7)

5. Type and fractional activity released - as specified in Ref, 7

6. Meteorology - as specified in Section 8.4.3.1

7. Breathing Rates - 232 cc/sec

8. Volumetric leak rate from Reactor Building to environment - 100%/day
| Release Height - 100 meters

The calculational models used to define the environmental dose effects for this

event are the same as those presented in Section 8.4.3.1.
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B.10.1.:2 Radiological Results

As noted in table 8,14-~2 the integrated man-rem exposure for this accident is be-
—r -
tween 10”7~ and 10 b of those exposures received from normal radiation background.

It can, therefore, be concluded that this event is of no significance with re-

gard to the environmental effects.

8,10.1.3 Event Probability Considerations

Spent fuel is transferred from the reactor to the fuel pool by means of the re-
fueling hoist. FEach fuel bundle to be removed is grappled in the reactor, lifted
vertically until the bottom of the fuel transfer channel is cleared and then
transported across the fuel pool but always under water. A brake is provided to
prevent excessive drop velocity. A limit switch is provided to prevent excessive

lifting velocity.

The accident postulated assumes that a spent fuel bundle drops from the maximum
height above the core, falls through the water and damages not only some of its
own rods upon impact, but also some rods of those bund'~s still in the core, If
the accident were to occur, either the hoist must go out . .ntrol or one of the
supporting equipment components must fail. For the hoist to go out of contrel

the limit switch must fail to decelerate the motion of the fuel bundlzc. ine
probability of either of these events occurring would constituts a fault condition
(see tion 8,15). A random failure of the cable, grapple, handle, or tie rod
would be no more likelv than an emergency condition and rrobably closer to a fault

condition. Since there is less than one chance in fou  that such a failure could
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B 11 Class 7-Spent Fuel Accident Outside Containment, On-Site

This class applies to the movement of a spent fuel cask on a railroad flatcar
from the time it leaves the reactor building until it reaches the site boundary.
Spent fuel movement outside containment is always done with the fuel inside the
cask. The engineering and procedural cautions pertaining to the movement of
spent fuel on site essentially preclude the possibility of the cask dropping due
to instability, improper attachment to the bed of the flatcar, or derailment;
further, even if such a drop were to occur, it would be from a height such that
the shipping cask would sustain the impact without leakage. The cask could con-
ceivablv be damaged by fire. Though fires aboard railroad cars due to bearing
overheating have occurred, it is extremely unlikely in this case, considering the
low velocity of the car. Fires aboard the switching engine or other forms of

locomotion, themselves highly unlikely, pose no hazard to the cask.

Thus exposure to the public due to on-site movement of spent fuel outside the

containment is not expected,
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8,12 Class B-Accident Initiation Events Considered In
Design-Basis Evaluation In The Safety Analysis Report

These events are as described in Section 14 of the PSAR, and are briefly detailed
in the following paragraphs. These inciude the inside~containment loss-of-coolant
accident (recirculation pipe break), the outside-containment loss-of-coolant acci-

dent (steam line break), and the reactivity excursion accident (control rod drop).

The design-basis refueling accident falls in Class 6 and has been treated in

Section 8.10.1.

Two non-design-basis accidents (catastrophic failures of a liquid radwaste tank
and of the offgas holdup svstem) are also treated here, in order that Class 8
contain one event of each type which could result in significant releases to the

environment.

8.12.1 Loss of Coolant Accident (LOCA)

A sudden circumferential break is assumed to cccur in a recirculation line, per-
mitting the discharge of coelant into the primary containment from both sides of
the break. Concurrent with this failure, the worst single active component fail-
ure is assumed to occur; that which would produce the maximum damage to the core.
This is the failure of the LPCI injection valve (in the unaffected re&rculation

loop) to open.
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8.312:1.1 Calculation of Sources and Doses

The calculation of core heatup following a double-ended recirculation line
break was predicted on a realistic basis, as suggested by the guide, by applying
the results of parametric studies to the standard core heatup models current-

ly in use (Reference 6).

The approach in the thermal-hydraulic analysis was to select realistic values

for those key assumptions normally used in the Safety Analysis Report, for which
very conservative estimates are made. Other assumptions, which are of lesser
significance, use values as described in the PSAR or in AEC safety guides. Where
parameters are not specifically mentioned, AEC assumptions, whose inherent con-

servatism has been well documented, have been emploved.

Peak clad temperatures were calculated for a spectrum of break sizes utilizing
the assumptions listed in Table 8.12-1, The percentage of perforations was

conservatively calculated from the resulting temperatures.

The realistic analysis shows no heatup of fuel into the perforation range except
for the double-ended rz.irculation pipe break, for which perforations will be
2.57 or less. The resultant radioclogical effects are a function of the quantity
and type of activitv released, natural fission product removal effects, con-

tainment leak rate, etc.
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Those values assumed applicable for the above parameters of concern are identi-

fied as follows:

Fuel Rods damaged - 2.5% of core inventory
3 Fission products available for release - as specified in Ref. 7
: Primary containment leak rate - 0.,635%/day initial, with average

30 day release rate of 0.2%/day

4, Plateout - condensation effects - 10 (Ref, 7)

$ Partition factor suppression pool - lOa (Ref. 7)

6. Mixing secondary containment - 100%

7. Standby gas treatment system efficiency - 99.9% for 12 and CH3I and

0% for noble gases (Ref. 7)

8. Metecrology - As specified in Section 8.4.3.1
9. Breathing rate - 232 cc/sec
10. Release Height - 100 meters

The atmospheric diffusion and external gamma dose models for the time period

8 hours=30 davs are the same as those presented in Section 8.4.3.1,

The thyroid inhalation dose model and 0-8 hour cloud gamma and atmospheric diffu-

sion models are as follows:



BSEP-1 & 2

0-8 hr, Atmospheric Diffusion Model
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D. Thyroid Inhalation Dose (8 hrs. - 30 days)

4 I35
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where 6%24"
D inb = Inhalation dose received between 8 hrs. and 30 days (rem)

8.12.1.2 Radiological Results

The man-rem/event is calculated in the manner previously described in Section
8.4.3.1. The resulting environmental effects for this accident are presented
in Table 8.14-2. As noted the effects are orders of magnitude below these re-
sulting from normal radiation background., It can therefore be concluded that

the environmental effects as a consequence of this accident are insignificant.

8.12.1.3 Event Probability Considerations

The probability of a large break falls within the range of an Emergency Condi-
tion (See Section B.15) based on estimates of pipe failure rates contained in
the literature, and on the number of pipes that satisfy the conditions for a

large break design basis accident.

The probability that an LPCI system injection valve will be unable to open when
desired should also fall within the range of an Emergency Condition, based on an
analysis using failure rates from references 24, 25, and 26, and considering

anticipated downtimes and the interval between injection valve tests.
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Since each probability is low and the outcomes are nol critically interdependent,
the joint probability of pipe break and injection valve failure is expected to be

very low placing this event in the fault condition. (See Section B.15.)

B.12.2 Steam Line Break Accident

'he postulated accident is a sudden, complete severance of one main steam line
outside the drvwell with subsequent release of steam and water containing fission
products to the pipe tunnel and the turbine building, Since this accident does
not result in any fuel damage, the environmental effects are limited to those
radiological doses which may be received as a consequence of exposure to the

activity associated with the primary coolant.

8.12.2.1 Calculation of Sources and Doses

The mass of coolant released during the 4 second isolation valve closure time

is 60,000 pounds. As a consequence of depressurization, approximately 307 of
the released liquid will be flashed to steam. Due to the affinity of lodine for
water, it is not expected that any additional iodine will be released from the
remaining coolant. Therefore, the lodine released to the turbine building, as

a consequence of the accident, will be proportional to that quantity of water
flashed to steam. Due to the condensation, plateout will occur on surfaces with

which the steam will come in contact prior to release to the general environment.

It is assumed that an iodine removal facteor of two is applicable to these effects.

The iodine activity associated with the coolant flashed te steam is based on a

noble gas activity of 25,000 uCi/sec of a diffusion mix as measured after a

30-minute holdup.

amendment No. 5
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8.12.2.2 Radiolqglgal Results

The environmental effects for this accident are presented in Table 8.14-2, Due
to the type of activity released, the primary dose effect from this accident is
inhalation thyroid exposure. As noted in Table 8.14~2, the cumulative thyroid
exposure is approximately 6 orders of magnitude below the normal whole body back-
ground., It can therefore be concluded that the environmental effects as a con-

sequence of this accident are insignificant.

8.12,2.3 Event Probability Considerations

The Design Basis Main Steam Line Rupture Accident postulates complete severance

of one of the main steam lines while the reactor is at full power followed by
total isolation of the break from the rcector within four seconds. The proba-
bility of this event is essentially the probability of the severance. Based upon
estimates of pipe failure rates contained in the literature (Ref. 8) and consider-
ing the number of locations where the rupture could occur in the Main Steam Sys-
tem, the probability of pipe severence should be well within the "emergency

category" (See Section 8.15.)

8.12.3 Control Rod Drop Accident (CRDA)

The pestulated accident is a reactivity excursion caused by accidental removal of
a control rod from the core at a rate more rapid than can be achieved by the use
of the control rod drivz mechanism. In the CRDA, a fully inserted control rod

is assumed to fall out of the core after becoming disconnected from its drive and
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after the drive has been removed to the fully withdrawn position. The design of
the control rod velocity limiter limits the free fall velocity to 3 ft/sec. Based
on this velocity and assuming the reactor is at full power, the maximum rod worth
is approximately 17, resulting in the perforation of less than 10 rods; a high

probability exists that none will actually fail,

B.l2:3.4 Calculation of Sources and Doses

In addition to the assumed failure of 10 rods, the radiological eifects are also
based on rated steam and recirculation flow, an iodine carry-over fraction of 1%,

and a main steam line isolation valve closure time of 4 seconds.

In addition to isolating the main steam line (MSL), the MSL radiation monitors
also isolate the normal offgas svstem thereby isolating the activity between the
MSL isolation valves and the offgas isolation valves. The primary source of
leakage from the system will therefore be via the turbine gland seals and will
be due to changes in cnvironmental pressure with respect to the turbine conden-

ser.

The activity airborne in the condenser is a function of the partition factor,
volume of air and water, and chemical species of the fission product activity.
The values associated with these parameters are: a partition fa:tor of 104 for
iodine, a condenser plus turbine free volume of 103,000 ft3 and a condensate

volume of 7,680 ft3.
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8.12.3.2 Radiological Results

As noted in Table 8,14-2, the radiological exposures for this accident are orders

of magnitude below those effects received from normal background.

It can therefore be concluded that environmental effects as a consequence of this

accident are i{nsignificant.

%.12.3.3 Event Probability Considerations

In order for a rod to drop from the core, it must first become detached from the
drive, remain lodged in position while the drive is withdrawn from the core, and
then, while the drive is still withdrawn, become dislodged and fall., This is a
complex series of events, since there are many possible actions (or inactioms)
that are interrelated, but this is offset by the many annunciators and procedures
that are provided to avoid such an event. The rods are tested daily providing
many opportunities for the rod to become uncoupled, but many opportunities for

detection as well.

Actual experience has been good. However, conservative judgement indicates that

this event should be assigned as an emergency condition. (See Section 8.15.)

8.12.4 Liquid Radwaste Tank Accident (LRTA)

The low level liquid radwaste tanks are unpressurized accumulators. Although the

tanks are not pressure vessels, those containing high activity inventories are
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designed in accordance with appropciate ASME codes to AEC seismic Class 1 criteria.

These tanks are surrounded by a containment basin sized to contain more than twice
thereby release its contents, the release would be contained within the basin. The

probability of an uncontrolled catastrophic release to the environs from a radwaste

\
\
|
|
the total capacity of all tanks in the Radwaste Building. Should a tank fail and
\
1
tank failure is so low as to classify it in the fault category (See Section 8.15).

It is not considered an event for consideration here.

8.12.5 Offgas System Accident (OGSA)

The postulated accident for this category is an ignition of radiolytic hydrogen
and oxvgen in the offgas holdup volume, followed by a detonation of sufficient
impulse to rupture the holdup pipe. The activity released to the environment

would therefore be that activity contained within the holdup volume.

8.12.5.1 Calculation of Sources and Doses

The source terms applicable to the base input to the system as well as the para-

meters appropriate to release and dispersion are as follows:

1. Base Input - 143,000 4Ci/sec of a 2 minute old diffusion mix which
after 30 minutes holdup is equivalent to 25,000 4Ci/sec.

2 Release of 100% noble gas activity contained in the pipe and 10%
of the lodine, with subseqent removal of 50% of the released iodine
by plateout and other natural removal mechanisms.

3. Height of release - 30 meters.

4, Meteorology - as specified in Se.tion 8.4,3.1.
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The mathematical models used to evaluate the whole body dose effects are the

same as those presented in Section 8.12.1.1.

8.12.5.2 Radiological Results

The radiological exposures received as a consequence of this hypothetical acci-
de. are presented in Table 8.14-2. As noted, the environmental exposures are

orders of magnitude below those exposures received from normal background.

It can therefore be concluded that the environmental exposures which could theo-

retically be received as a consequence of this accident are of negligible impor-

tance in comparison to the actual exposures received from normal background.

8.12,5.3 Event Probability Considerations

The noble gases generated in the nuclear process are allowed to decay for approxi-
matel 30 minutes before discharging up the stack. The small amount of noble gases
are accompanied by a mixture of hydrogen and oxygen, also generated in the nuclear
process. This hydrogen-oxygen mixture is subject to ignition and theoretically

could detonate under proper conditions.

If the nixture ignites, it burns rapidly and forces a substantial portion of the
noble gas inventory out the stack with less than normal decay time. Ignition has
occurred in operating reactors without H2—02 recombiners at a rate that should be

classified as ar upset condition.
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TABLE B8.12-1

ASSUMPTIONS USED IN THERMAL-HYDRAULIC
CALCULATIONS FOR LOCA

Best Estimate AEC Assumptions
Metal-Water Reaction =Baker x 0.5 Baker
Steam Cooling Included No Credit
Blowdown Flow Rate =Moody x 0.7 Moody
Core Spray Wetting Time t t + 60 sec
Duration of Nucleate Boiling Transient Data Steady~State Data
Lower Plenum Flashing Heat Transfer Rewetting Data Groeneveld

vorrelation
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8.13 Reactor Material Transportation

The generation of electrical energy in a nuclear power plant requires the periodic
shipment of new fuel assemblies to the plant and spent fuel assemblies and low
level radioactive wastes from the plant. These shipments are made in compliance
with the USAEC and U, $. Department of Transportation (DOT) regulations pertain-
ing to the proper packaging and transportation of radioactive materials. Trans-
portation and the environmental effects resulting from this transportation are

discussed in detail in Section 3.10.



BSEP-1 & 2 8.14~1

B.14 Radiological Impact Summary

The total man-rem exposures for the population out to 50 miles from the plant,
for the various conditions evaluated in the nuclear environmental effects deter-
mination, are summarized in Table 8.14-1. This tabulation includes thc man-rem
results for normal plant operation considerations, transportation consideratioms,
various abnormal conditions, and for postulated design basis accident conditions.

The radiological impact of the BSEP is discussed in detail in Section 3.2.2.
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TABLE 8.14-1

SUMMARY OF POPULATION EXPOSURE FROM NATURAL
AND MAN-MADE BACKGROUND COMPARED WITH
NUCLEAR RADIOLOGICAL EFFECTS

Annular Distance (miles)

Population (thousands)

Radiation Background

Natural
Man-Made

Normal Reactor Operation

Gaseous
Liquid

Solid

Direct Shine

Transportation (b)

Normal
New Fuel
Spent Fuel
Solid Waste

Accident
Spent Fuel

Cumulative Man—Rem(a)
. Versus Distance

10 20 30 40 50

33.4 147.8 218.8 250.3 303.1
4630 20500 30600 35000 42400
1990 8802 13110 15000 18168
0.337 0.818 0,976 1.01 1.06

NA NA NA NA 10
Negi Negl Negl Negl Negl
Negl Negl Negl Negl Negl

Negl Negl Negl Negl Negl
Negl Negl Negl Negl Negl
Negl Negl Negl Negl Negl

Negl Negl Negl Negl Negl

Integrated
Thyroid-Rem

50

303.1

(42400)
(18168)

NA l
NA
NA
NA

NA
NA
NA

NA

(a) Man-Rem/year for normal reactor operation; Man-Rem/event for transportation,

(b) Population affected is that population average along transportation route.

NOTE:
man~rem,

“NA" means not applicable; "Wegl.

1"

means negligible, 1.

., less than 0.01

Environmental Report
Amendment No, S
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8.15 Probability In Perspective

8.15.1 Probabilistic Considerations

In Reference 2, the Commission requires that "in the consideration of the eavir-
onmental risks due to postulated accidents, the probabilities of their occurrence

must.... be taker into account.,"

Consideration of the yearly probabilities of abnormal conditions is, of course,

entirely necessary to an assessment of envirommental risk for the obvious reason

that such conditions are not expected to occur as often as once a year or even

once in a plant lifetime. Comparison of accident exposures with the man-rems

per year fully expected from natural sources and normal operation of the plant
. requires that the former be weighted by their annual frequencies in order to pre-

dict an average annual effect,

It will be noted, however, that the foregoing analyses have concentrated principal-
ly on prediction of exposures given the occurrence of the accident; probabilities
of occurrence of each incident have been calculated and grouped into broad cate-
gories explained below, but no attempt has been made to calculate man-rems per

year for each class nor to sum these figures to a plant total. The reason for

this treatment is two-fold:

(1) It emphasizes the fact that radiological exposures due to the accidents are

in fact acceptably low in themselves, without additionally complicating the

issue with probabilities;
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(2) The "classes" of accidents tend to be less homogeneous in their probabilities
than in their releases; thus, to propose a two-sigrificant figure probability

as "typical" of a class would be not only inaccurate but misleading as well.

8.15.2 Probability Categories

To alleviate the problem of inhomogeneity mentioned above, the probability of
occurrence of each "class" ol accidents and incidents has been placed in a broad

probability category about two decades wide. The system chosen for this categor-

ization is derived from Section 111 of the ASME Beiler and Pressure Vessel Code (15).

These classes have been used in the design safety analyses included in the safety
anaysis reports for other plants. A brief semi-quantitative description of each

class is given below.

$.15.2.1 Normal Condition (p=1)

A ncrmal condition is any planned and scheduled event that is the result of de-

liberate plant operation according to prescribec procedures.

8.15.2.2 Upset Condition (1>P>2.5 x 10'3)

An upset condition is a deviation from normal conditions that has a moderate
probability of occuring during a 40 - year plant lifetime. These conditions typi-

cally de not preclude subsequent plant operation,
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TABLE 8.15-1

TABLE OF EVENT PROBABILITIES

Event

Reactivity Fault at Power

Emergency Injection System Failure

Reactor Bldg. Atmosphere Washing and

Cooling System Failure

Core Spray System Failure

Operator Error

Diesel Generator Unavailability
Loss of Load

Excessive Load Increase

Loss of One Feedwater Pump

Loss of Flow (one pump)

Primary System Pipe Rupture
Failure to Isolate Containment
Core~Flooding System Failure

Operator Error

Reactivity Fault at Startup

Instrument Part Rupture

Pipe Severance Rate

Keactor Shutdown System Failures

Failure to Trip Reactor

Emergency Power Unavailability

Large Aircraft Crashing into
Reactor 5 mi. from Airg rt

Failure to Trip Reactor

Truck Accident Rate (severe)

Probability

10-2/year
107 /demand

10_2/demand

2.1 X 1072 to

5.2 X 10”2 /demand

10—2 to

10-3/operation

0.004/years/year
)10-3/year
>10-3/year
>10-3/year
>10-3/year

10-3/yeat

10‘3/year

10™>/demand

107 to

10™%/¢rial

10°A/year

5X IO-A/year

6.3 X 10" /year/plant

10~ /demand

7 X 10™°/demand

2X IO-S/years/year

2.4 X 10’6/year
2 X 10~ /demand
5 X 10”7 /mile

Reference

16
17

17

16

18
19
20
20
20
20
17
19
17

5
16
16
21
17
19
19

21
20

derived
from 18,22






(1)

(3)

(%)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)
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9.1 Introduction

In the decision making process required for selection and design of a
nuclear power plant, numerous parameters must be evaluated and compared
with feasible alternatives in order to arrive at a completed system
design. The term generally applied to this type of evaluation 18 a
Benefit-Cost Analysis. In the past, these types of analyses have been
performed during the decision making process and the final design was sub-
mitted as a part of the licensing request., These analyses were generally
not included, however, as a separate documentation in the license and
permit applications for nuclear units. Revised Appendix D of 10 CFR 50
now requires that these analyses be included as a part of all Environmental
Reports. In response to this requirement, Carolina Power & Light Company
has prepared this Benefit-Cost Analysis, which describes the major system
decisions which were made in arriving at the plant design. The analysis
includes a description of the altermatives that were evaluated in weighing
various environmental costs compared to the benefits accrued from the

Brunswick Steam Electric Plant.

Benefit-cost analyses, in the past, have been conductec by economists

as a tool for governmental decision making, whereby proposed projects could
be compared on the basis of the dollar benefit per dollar cost. Various
philosophies and approaches have been applied to benefit-cost problems

encountered to date and no real uniformity exists in the techniques applied
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by various individuals in specific cases. With the increasing commitment
of CP&L and other utilities to preservation and enhancement of environ-
mental values, the need has come for a formalized benefit-cost technique.
In the past, a formalized technique has not been applied extensively to
the decisions relative to power plants and their environmental impact,
although most of the more important factors were weighed in the decision
making process. When Federal and/or State permits were required, the

Company obtained these approvals.

In view of the above mentioned need for a formalized benefit-cost accounting
technique, CP&L has prepared this analysis which addresses those major con-
siderations which were evaluated, In preparing the Benefit-Cost Analysis,
an effort was made to present the results of the analyses which were deemed
to be of the greatest general interest. Thus, the emphasis of the analyses
here is upon the berefits and effects of the proposed units on various

environmental values.

In May, 1972, the Atomic Energy Commission issued a "Guide for Submission
of Information on Costs and Benefits of Environmentally Related Alternmative
Designs for Defined Classes of Completed and Partially Completed Nuclear
Facilities." Where possible, the information provided in the BSEP benefit-
cost analysis has been incorporated in the format suggested by this guide.
In evaluating the benefit-cost analysis, it is necessary to establish a
prover time perspective and consider this when evaluating alternatives.

During construction of the Brumswick Plant, systems have come into existence
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which were not available at the time when decisions were required for

timely construction.

For example, in considering alternative cooling systeme at the time of the
plant design, saltwater cooling towers did not have guaranteed drift losses
low enough to assure that no serious damage would result to surrounding
vegetation. At the present time, however, drift losses are proiected at
lower amounts, and for a new plant, such a cooling system could be con-
sidered more favorably for a plant using cooling water of high salinity

if actual experience verifies the warranted lower drift factors. In the
interest of providing a complete benefit-cost analysis, such systems--

although not feasible at the time of initial design--have been evaluated.

Because of the diverse approaches of Benefit-Cost Analyses, no uniform
technique has evolved. In view of this lack of consensus, some general
comments are appropriate to further develop an understanding of the
philosophy of the benefit-cost analysis for this report. The basic approach
to most benefit-cost analyses is to evaluate the benefits and costs of

the project in quantitative monetary terms wherever possible so that a

ratio of dollar benefit to dollar cost can be made. Alternatives can then
be compared and selected on the basis of maximum benefit to cost ratio.
While this type of approach is amenable to certain decision making fields,
it 1s not responsive to some social and environmental concerns which

are important to the Company and the residents of its service area.
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In order to include an evaluation of important and relevant factors which
are not amenable to quantification in monetary terms, this report approaches
the benefit-cost analyeis using an integrated format whereby benefits and
costs are quantified wherever possible using a multidimensional format.
When a specified benefit or cost can be feasibly measured in dollars, such
as electrical output or capital and operating costs, then these specified
benefits or costs are given dollar dimensions. Many of the parameters of
interest, however, are of a subjective nature and attempts to quantify
these factors in monetary terms would refiect misleading values. Thus in
the case of some environmental effects and social concerns, the analyses
have been based on developing ranges of values for the parameters in the
dimensions that best describe the particular effect. This v .. multi-
dimensional approach affords a realistic comparison of benecfits and costs
in that it does rot force subjective comparison of parameters incapable

of correlation in the present state of the art, but rather allows these

factors to be considered in their most meaningful dimension.

Some perspective is now possible on the problems of benefit-cost analyses.
The actual environmental cost of a project will be its net environmental
impact, since an environmental impact may be beneficial as well as adverse.
Yet, as explained previously, certain beneficial and adveree impacts are
gimply not amenable to quantification. Thus, as a simplified example,
determining the net environmental impact of a benefit such as reduced

therme] loading and a concomitant adverse impact such as decrease of wild-
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1ife habitat weuld require an intermediate conversion requiring subjective
correlation of the two impacts. It is the opinion of the Company that

such subjective evaluation for the sole purpose of arriving at a numerical
correlation would quite possibly result in misleading values and would
defeat the true intent of the National Environmental Policy Act (NEPA).

For this reason, the multidimensional approach has been retained and, in
selecting various systems for the plant, the environmental impact of the
systems has been compared with the impact of alternative systems. So that
the net impact of the plant can be readily viewed, Subsection 9.8 summarizes

the benefits and costs which the selected design will achieve.
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9.2 Alternatives to the Plant

Because of its legal, social, and moral responsibility to provide the
electrical power demanded by 1ts consumers, Carolina Power & Light Company
must continually forecast the energy needs of its consumers. Long-range
planning studies indicated that during the years 1974-1975 additional
capacity would be required in order to meet the electrical demands of
CP&L"'s customers. A decision was required as to which of several alter-
natives should be adopted to provide this additional power. The alterna-

tives considered were:

1. To import or purchase the nower from producers

in or near the area where the need will exist,

2, To expand presently available sperating units

within the Company.

3. To construct new generating units.

The first alternative, purchase of power, is a method often employed by
utilities on a temporary basis to fill power demands until additional
generating unite are placed in service. However, the opportunity for
long-term purchases of over 1600 megawatts is nnt available to CP&L, since
no neighboring utilities of CP&L are building or planning to build gener-

ation capacity of sufficient amounts to provide this power to CP&L on a
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firm basis., Neighboring utilities face a similar situation in that they,
too, are confronted with long lead times for construction of facilities,

high rates of load growth and a need to increase reserve capacity margins.

Carolina Power & Light Company serves consumers in North and South Carolina
and shares with Virginia Flectric and Power Company (VEPCO), South Carolina
Electric & Cas and Duke Power Company the responsibility for providing

the bulk power supply for this area. Subsections 4.1 and 4.2 show in detail
the power supply situation of the VACAR subregion during the period 1974-
1976. Further discussion of the purchase power alternative is contained

in Amendment No. 1, Question I.1.

A second alternative, expansion of presently operating units, was considered
but dismissed as impractical because of technical, economic, and certain
soclal consequences, Plants are designed as penerating units with all the
interrelated equipment such as steam generators and turbines of a compatible
size. It is not technically feasible to increase the capacity of existing

units by the addition of equipment,

The third alternative, construction of new units, was the only practical
means of providing the additional generation. It has the highest benefit-
cost ratio since 1t will incorporate the latest technological advances and
will include current methods for minimizing environmental impacts in all
areas. This alternative will allow the Company to maintain or improve

reifability of its generation system,
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In order to build new generating capacity, a decision was required as to
what method of generation should be used. Four types of generation were

considered:

1. Hydroelectric Generation
2. Gas Turbine Generation
3. Fossll Ceneration

4, Nuclear Generation

Load studies showed that firm base load power was required for the period
1974-1975, A careful examination of the water resources of the area dis-
closed that no suitable hydroelectric resources existed for the continuous
. base load operation required; therefore, the hydroelectric generation

alternative was abandoned. Gas turbines are useful in providing peak load
service, but are not suitable for continuous base load operation. Because

of the quantity of base load generation required, gas turbines were eliminated
as a feasible alternative. Both the fossil steam and the nuclear steam

generating alternatives were given careful scrutiny.

An economic analysis was conducted to compare the capital and operating
costs of nuclear and fossil units., The results of the studies, which pro-
jected the operation of the CP&L system for a number of years in the future,

indicated an economical advantage in favor of nuclear units.

From an environmental standpoint, the nuclear units were favored because of

. cleaner operation, more pleasing aesthetical appearance, and lack of environ-
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. mental costs associated with air pollution, Therefore, for economical and

environmental reasons, CP&L elected to construct a nuclear plant to serve

consumer requirements.
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9.3 Site Selection

9.3.1 General

Selection of a site is based on the size and location of the generating
facility required to meet load projections. Site selection is a complex
process invclving analysis and optimization of many environmental and
economic factors. The environmental factors include evaluation of the
impact of the proposed generating plant on the site area, land use, wild-
l1ife habitat, and aquatic ecology. Involved in the consideration of
existing land use are the present and projected area population demsity,
agricultural activities, educational, social, and medical institutions,
parks and recreational areas, churches, cemeteries, forest, wetlands,
historical monuments and areas of historical interest, and other lands
dedicated to public use. Consideration of the wildlife habitat includes
identification of animal species, feeding areas, and determination

of any areas essential to the survival of a species in the general area.
Evaluation of the aquatic ecology involves identification of fish species,
spawing areas, impact on other organisms, and thermal effects of the con-
denser cooling system. In addition, requirements of governmental agencies
{nvolved in environmental protection are evaluated in consideration of

potential sites.

Economic considerations include evaluation of the site meteorology, geology,

seismology, hydrology, soils, and site development costs. The quantity
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N. C. Highway 55 and railroad access would have been by a spur off Norfolk-

Southern Railway.

Alternate Site B, a river site, 18 located on the Cape Fear River northwest
of Wilmington, North Carolina. U. S. Highway 421 provides access to this

site with rail access cff the Seaboard Coast Line Railrocad.

Alternate Site C is located on a hydroelectric impoundment in central
North Carolina. Road access for this site would have been by N. C. Highway

731. Rail access would have been off the Norfolk-Southern Railway.
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9.3.3 Geology

The Brunswick Plant is located in the North Carolina Coastal Flain, and
the site involves several local zeological formations. These are the
surficial deposits of the Pamlico Terrace formation, the Yorktown for-
mation, the Oligocene sediments, the Castle Hayne, and Peedee formations.
The Pamlico Terrace formation consists chiefly of fine-grained argilla-
ceous sands and sandy clays. The thickness of the deposit varies from

5 to 20 feet. The Yorktown formation is approximately 65 feet thick

and consisets of an upper sandy clay and & lower well compacted sand.

The Oligocene is approximately 35 feet thick and consists of sand, clay,
and lenses of limestone. It begins at a depth of approximately 80 feet
below the surface of the ground and continues to a depth of approximately

115 feet.

The Castle Hayne limestone, which is approximately 115 feet thick, begins
at a depth ot approximately 114 feet below the surface and continues to

a depth of approximately 230 feet. The upper half of the Castle Hayne

1s composed of well consolidated shell limestone that varies from blue
gray to tan or brown in color. The lower half consists of light to dark
gray sandstone that contains varying amounts of clay. It 1is well com-

pacted to semi-consolidated.

The Peedee formation begins at & depth of approximately 230 feet below
the surface and continues to a depth of approximately 600 feet. Older
Cretaceous rocks rest on the crystalline basement at a depth of approxi-

mately 1500 feet.
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9.3.3.1 Site A

The geological formations in the area of Alternate Site A consist of
surficial deposits that may belong to the Pamlico Terrace formation of
Pleistocene Age, the Yorktown formation of late Miocene Age, the Pungo
River formation of middle Miocene Age, and the Castle Hayne limestone of

Eocene Age.

Beneath these are sediments of upper Cretaceous Age and lower Cretaceous
Age, the latter resting on a crystalline basal complex, none of which

would have had a direct bearing on this site,

The Yorktown formation of upper Miocene Age, which lies immediately beneath
the Pamlico Terrace or surficial deposits, is the most important rock unit
in the region of this site with reference to foundations. In the area
explored by drilling, the Yorktown formation apparently varies from about
100 to 120 feet in thickness. Immediately beneath the Yorktown formation
is the Pungo River formation of middle Miocene Age. Although the Pungo
River formation would not have been used directly as a foundation unit,

it would have made an excellent support for the overlying Yorktown forma-

tion and any load it may have been required to support.

9.3.3.2 Site B

There are several formations in the Alternate Site B area, ranging in age

from late Cretaceocus to recent. Overlying the Tuscaloosa formation is
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the Black Creek formation, which crops out in western Lenoir and Duplin
Counties but which ie buried coastward beneath the Peedee formation. The
Black Creek and Peedee are also of late Cretaceous Age and together

with the Tuscaloosa formation, represent a unit of sand and clay, varying
greatly in thickness and in degree of assortment of mineral constituents,
Overlying the Peedee formation 1s the Castle Hayne limestone of Eocene

Age. In the eastern part of the area, the Yorktown formation of late
Miocene Age overlies the Castle Hayne limestone. At the surface throughout

the area is a layer of sand and sandy clay of Pleistocene Age.
$:.3.3:3 Site C

Alternate Site C is located in the geological division of North Carolina
known as the Carolina Slate Belt and in the subdivision of the Carclina
Slate Belt containing rocks classed as bedded argillites (volcanic slate).
The rocks of the site area are primarily bedded volcanic slate, containing
lenses of acid and basic fragmertal and flow material. The largest masses
of intrusive rocks in the Carolina Slate Belt are granite plutoms; however,
none have been mapped in the vicinity of the site. Much of the slate is
massive and jointed, showing little effects of metamorphism, while in other
places it has been strongly metamorphosed and shows a well defined slaty
cleavage. They are only gently folded and contain very few faults, all of
which were formed approximately 180 million years ago at the end cf the
Paleozoic era and appear to have been inactive during that time, The Cold
Hill fault is the only major fault along the western border of the Carolina
Glate Belt. This fault is a thrust-fault that was formed no more recently

than the Appalachian Mountain building at the end of the Paleozoic era,



BSEP-1 & 2 9.3-7

and has been inactive for 180 million years. These rocks make excellent

foundations for the lake and any other structures that may be needed in

the area.

Geologically, all four sites appear to be satisfactory for safe con-

struction and operation of a nuclear plant.

9.3.4 Seismology

North Carolina is not considered to be seismically active,

The significant earthquake activity in North Carclina and the surrounding
areas usually can be related to known faulting or other documented geologic
features. Most of the reported earthquakes have been concentrated in four

rather distinct areas. These are:

1. Charleston, South Carolina, area
2. Union County, South Carolina, area
3. Giles County, Virginia, area

4. Richmond-Charlottesville, Virginia, area

There have been 69 shocks with maximum intensities of V or greater reported
within about 250 miles of the four sites since the fi:st historical account

at the end of the 18th Century. Within approximately 100 miles of the four
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sites, there have been only three shocks reported. Two of these were shocks
near the Virginia-North Carolina border; neither exceeded Intensity V. The

third, with an Intensity of VI, occurred in South Carolina.

The Coastal Plain area of North Carolina, containing the Brunswick site and
Alternate Sites A and B is relatively free of earthquake activity. Although
on the order of 100 earthquakes were recorded within the borders of North
Carolina, only approximately one-half of these earthquakes had their epi-
centers in the state, and only eight of these epicenters were recorded in
the Coastal Plain. Six of these were reported as occurring in the Cape
Lookout-Wilmington-Southport area, of which five were near Wilmington and
Southport. On the Modified Mercalli Scale, only one had an estimated or

established intensity as great as V.

Alternate Site C lies in the Piedmont Province of North Carolina. Re-
gionally, the Piedmont is characterized by a gently rolling topography
resulting from extensive erosion of the underlying bedrock. There is no
geologic evidence of surface faulting within the Piedmont region or adjacent
geologic regions that is even remotely related to the earthquakes that have
occurred in historic times. It is concluded that there are no identifiable
active faults that could be expected to produce surface displacement anywhere

within the Piedmont geologic region of the site,

It does not appear likely that any of the four sites would be subjected to

significant earthquake ground motion during the life of the proposed facility.






BSEP-1 & 2 9.3-10

A new home lding development, 7 milee north-by-northwest of the gite,
which has a 1970 population of 92, is projected to reach its capacity
by 1996. Agricultural activity in Brunswick and surrounding counties

is made up of corn, soybean, tobacco, poultry, truck and small dairy
farms. In Brunswick County, where only 18 percent of the land area

is under cultivation, most farming is in the southwestern section. The

nearest dairy farm is approximately 11 miles NNE from the site.

Industry in the Cape Fear region is centered on the fertilizer, chemical
and synthetic fiber industries. Representative companies include Armour,
Mobil, Royster, Borden, Hercules, DuPont and W. R. Grace., Their plants
are located in the vicinity of Navassa, which is 22 miles north of the
site, and upstream of Wilmington on the Cape Fear and the northeast Cape
Fear Rivers. Sunny Point Terminal and the Wilmington industries rely
heavily upon sea transpoert. The presence of the plant will have no effect
on sea transportation. Two bridges have been constructed where the dis-
charge canal intersects state highway 87 and 211 in order to maintain

existing surface tranaportation.

The lower Cape Fear area in Brunswick and New Hanover Counties is a popular
recreational area. The waterways are used by fishing, motor, and sailing
boats. Both freshwater and ocean fishing are popular; however, sewage
pollution in the Cape Fear River from upstream municipalities prevents the
harvesting of oysters and clams. The ocean beaches are well developed and
camping facilities and several modern hotels provide good accommodations.

During the summer months the population of the beaches within 20 miles of
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the site increases by about 10,000 people. During the season, duck hunting

takes plice in the salt marshes.

Sunny Point Army Terminal, which is located some 4~1/2 mil=s north of the
gsite, tran-ships munitions by transferring them from trucks and railroad
cars to ocean-going vessels. Ships are loaded at three separate piers,
which are located approximately 3400 feet apart to prevent an explosion at

one pier from inducing explosions at adjacent piers.

Exclusion boundaries have been established by the Corps of Engineers for

“he Sunny Point operation. The furthest exclusion distance in the direction
of the Brunswick Plant is the K-70 line. The X-70 boundary is based upon
damage estimates of less than (.1 percent of the replacement cost of frame
dwellings, and upon the effects of an explosion of the largest concentration

of explosives allowed at this site (7 million pounds of high explosives).

The interaction between Brunswick Steam Electric Plant and Sunny Point
Terminal has been thoroughly investigated by CP&L, the AEC, and their con-

sultants and was found to be inconsequential.

The plant vicinity has been investigated in relation to the National
Historical Preservation Act of 1966. There are several historical markers
located in Southport, North Carolina, along the local beaches and approxi-

mately 4.5 miles north of the plant in the vicinity of the ruins of 0ld
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Brunswick Town, an early settlement (founded in 1725) on the Cape Fear
River. There are two historical sites on this area that are in the
Federal Reglster of Historic Places: The ruins of St. Phillips Church
which is located at 0ld Brunswick Town approximately 4.5 miles north of
the plant, and the remnants of Fort Fisher located on the beach approxi-
mately 5 miles east of the plant. Construction and operation of the

plant will have no effect on these areas of historical interest.

Archaeological investigations have been made in the vicinity of 0ld
Brunswick Town and in the vicinity of Fort Fisher. The plant will

have no effect on these archaeclogical activities.

Land use characteristics of Alternate Sites A, B, and C were not
evaluated beyond preliminary investigations since other adverse impacts
precluded further evaluation of these sites as feasible alternatives
for the size units needed to meet projected load demands. During the
preliminary investigation, however, it was determined that the number
of people which would be affected by developing a steam electric power
plant at Alternate Site C was substantially greater than the Brunswick

Site, or the other alternatives.

9.3.% Hydrological Considerations

Two aspects of the surface water hydrology were considered in the area

of the Brunswick €ite: the normal hydrology of the Cape Fear River and
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estuary tides and the hydrology associated with severe weather conditions.
The lower secticn of the Cape Fear River near the site is characterized by
strong semidiurnal tides with a range of about four feet. Salinity data
available from the North Carolina Department of Water and Air Resources

and the United States Geological Su.vey were supplemented by salinity data
collected at monthly intervals over a period of one year from March of 1969
through February of 1970. Considering the stratification of salinity, only
on infrequent occasions does the salinity at the bottom in the vicinity of
the plant intake canal fall below about half-strength seawater. The aet
flow of water past the plant intake toward the ocean, which is maintained by
fresh water input and vertical mixing of the ocean water, is considerably
greater than the flow tnat would exist if only fresh water were moving toward
the ocean in the upper layer. Net flow toward the ocean in the upper layer
is approximately fifteen times the fresh water input during dry periods.
Under a low flow condition of 1400 cfs fresh water input, there would be a

net flow toward the ocean in the upper layer of approximately 21,000 cfs.

The average tidal flows in the Cape Fear Estuary sre estimated to be from

200,000 cfs to 280,000 c¢fs.

The Brunswick Plant, employs a once-through method of cooling by withdrawing
water from the lower Cape Fear River, and discharging to the Atlantic Ocean,
some 2000 foet off-shore from Oak Island. The circulating water flow is

approximately 2,800 cfs, and 10 fps along the discharge canal during maximum

load conditions.
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The cooling water releases some heat to the atmosphere along the discharge
canal and enters the Atlantic Ocean approximately perpendicular to the
natural drift, which averages about 0.7 feet per second. This discharge
arrangement provides for rapid dilution and cooling an’ confinement of
effects on the marine biota to a small area. A further explanation of the
effects of the condenser intake and discharge systems on the aquatic biota

is given in subsection 9.8.2.1.

Site A, the alternate estuarine location, presented problems associated

with condenser cooling and dissipation of waste heat. The estuary is
enclosed by off-shore islands and is connected to the ocean through the
small inlets separating the islands. These small inlets limit the inter-
change of water between the ocean and the estuary. Recirculation of con~
denser cooling water would have occurred during certain times of the year
resulting in warmer temperatures over a large area of the estuary. Further-
more, a larger percentage of the available water was required for condenser

cooling at this site than is required at Brunswick.

Investigations of the availability of water for condenser cooling at
Alternate Site B indicated that sufficient water was not available during
certain monthe of the year for once-through cooling. Recirculation of
cooling water during periods of low inflow would have exceeded the allowed
temperature rise in a substantial area of the river. It was concluded that

this site would not support units of the size required.
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Alternate Site C {s located on a hydroelectric impoundment in central
North Carolina. This lake provides over 5,000 acres of lake surface
with the capability of providing the amount of cooling water supply
for units of the size required. However, as pointed out in the
discussion of land use in subsection 9.3.5, the number of people
affected by developing a steam electric power plant site on the shore
of the lake would have been considerably greater than the number

affected at the Brunswick Site,

9.3.7 Economic Considerations

Economic factors which were considered as significant parameters include
transmission costs, land costs and cooling system costs. Land acquisition
and site development costs would have been very similar, except for

the lake site, and thus were not determinative. The lake site involved a
more densely populated area than the other three sites which are all low
population density areas, The decisive cost item which had to be
evaluated was the heat sink for unrecovered heat energy. The flow of
water passing the river site could not support "once-through" cooling.
After excluding the closed cooling system as prohibitively expensive, and
deciding that wet towers would have required too large a fraction of the
available coolant flow during a dry season, it was concluded that
provision of an environmentally acceptable cooling system represented

a decisive cost item against the river site. Of the two estuarine

sites, Brunswick was chosen because the more favorable cooling conditions

assure a more rapid dissipation of waste heat.
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9.3.8 Summary

The investigations and analyses which were performed to select a site
large enough to support the required units evaluated the need for
selection of a site which offered minimal environmental impact.
Various considerations narrowed the choice to four sites in CP&L's
service area., Land acquisition and site development costs would have
been very similar, except for the lake site,which involved a more
densely populated area than the other three sites which are all low

population density areas.

The decisive cost item in selection was the heat sink for unrecovered
. heat energy. The flow of water passing the river site could not

support "once through" cooling. After excluding the closed system

as prohibitively expensive, and deciding that wet cooling towers

would have required too large a fraction of the available coclant flow

during a dry season, it was concluded that provision of an environ-

mentally acceptable cooling system represented a decisive cost item

against the river site. Brunswick was chosen over the other estuarine

site beczuse the more favorable cooling conditions sesure a more rapid

dissipation of waste heat,

Although the orher sites investigated have factors which are amendable
to the production of electricity, the benefit-cost considerations in the
final site selection decision were thus simplified by the overwhelming

. heat sink considerations,
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9.4 Alternative Cooling Systems

The selection of a cocling system for the plant was a decision integrated
with the selection of the site, since the site selection is predicated on
the ability of a site to accommodate cooling with minimum impact. Once

the site has been selected, further studies to determine the expected ef-
fects of various alternatives and their net impact can be performed.

Early in the project, Carolina Power & Light Company conducted an extensive
investigation into the best way to dissipate the excess heat from the
Brunswick Plant, i.e., the method which would have the least environmental
impact, consistent with reasonable cost, and reliability of proven tech-

nology to construct and operate. The following methods weze investigated:

l. Dilution of cooling water and return to river
2. Closed cooling systems
3. Wet cooling towers (natural and forced draft)

Cooling lakes

S8

(W,
.

Channeling the cooling water to the ocean for off-shore

discharge

The approach taken in evaluation of the alternate cooling methods was a
multidiscipline one to allow comparison of numerous parameters that might

have an impact on the environment.
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20 meters, a drift rate of 0.05 percent, and no plume rise. Assumptions

for the natural draft tower included a drift rate of 0.005 percent, a re-
lease height of 100 meters, and no plume rise. It is important to note

that these drift losses are those for present-day systems. When the
Brunswick cooling systems were being evaluated during design, studies

showed salt water cooling towers could possibly cause adverse salt deposi-
tion and damage to vegetation. At the time that initial cooling studies
were made, drift losses as low as those used in this analysis were not
guaranteed. Particle size distribution and settling velocities were

agsumed to be identical to the particle size distribution and settling
velocities included in the Forked River Nuclear Station Environmental Report.
Deposition was calculated using the standard Gaussian diffusion equation and

meteorology data collected at the plaut site.

Using the above assumptions with Pasquill diffusion category F and iavariant
wind, the maximum eight-hour salt concentration was calculated to be 210,000
micrograms jer cubic meter for a mechanical draft tower and 235 micrograms per
cubic meter for a natural draft tower. It was reported in the Forked River
Nuclear Station Environmental Report that vegetation damage has been observed

at airborne salt concentrations of about 100 micrograms per cubic meter for a
period of several hours. It was also reported that airborne salt concentrations
above 10 micrograms per cubic meter may have long term effects on the vigor and

distribution of plant types.

Some damage to vegetation from salt deposition in the area would be expected

due to the operation of either type of cooling tower; however, damage from
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mechanical draft towers is expected to be considerably more extensive than
damage from natural draft towers because of the higher drift losses and the
lower emission height of mechanical draft towers. Because of the potential
for damage to vegetation and lack of operating experience in the United

States with salt water towers, the towers were eliminated and quantitative

estimates of potential damage were not periormed.

Fogging

Since salt water towers were ruled out based on other envirommental considera-

tions, no specifis studies of fogging were conducted for the Brunswick site.

Some general discussion 1is possible, however. The fogging potential for
mechanical draft towers is higher than for other alternatives. The vapor re-
sulting from the evaporation would rise, and the mixing with cooler ambient air
above the tower and cooling by condensation causes the water to condense

into a visible plume. The vertical plumes from mechanical draft towers

do not rise very high, probably less than 600 feet above the emission

point under stable atmospheric conditions due to the lack of buoyancy of

the plume. The plume tends to move near the ground with the wind. Natural
draft towers have an elevated emission point and on most days of light wind,
the moist plume would continue to rise so that little or no ground fogging

should occur.

Studies projecting the increase in fogging from cooling towers at other loca-

tions have been reported by Phillip Altomare, in a paper presented at the

1971 annual meeting of the Air Pollution Control Association. Altomare
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gtated that “"the induced fog (from evaporative cooling systems) is not likely
to occur as a discrete occurrence, but is more likely to be observed as a fog
forming somewhat earlier than natural and lasting somewhat longer. The
increased occurrence of fog is more aptly measured as an increase in

minutes in the duration of natural fog." Although Altomare's paper was not
specific for the Brunswick Plant Site, it was an analysis of several locations
from the east coast to the west coast of the United States and the results

should be generally applicable.

9.4,1.1.2 Other Impacts

During the operation of cooling towers, it would be necessary to occasionally
blowdown the towers to reduce accumulation of materials in the towers. Blow-
down from the towers would contain solids from the cooling water, corrosion

products from the circuiating water system, corrosion inhibitors, and, possi~

bly, traces of blocides used to retard the growth of aquatic organisms in the

circulating water system. Although these discharges could be handled in a manner

to meet water quality standards, there would be some environmental impact

associated with the discharge of the blowdown.

There would be some noise associated with the operation of mechanical draft
towers. While not believed to be objectionable, the noise would increase

the noise level in and around the plant, but not off-site levels.

Although aesthetic considerations are primarily sutjective, it 1s believed that

patural draft towers (which exceed 400 feet in height and have highly visible
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plimes) would present some aesthetic impact on the local area including the
beaches. Mechanical draft towers are not as tall and should not be directly

visible from the beaches; however, the plume would have some aesthetic impact.
T T . Economice

The estimated capital and capitalized operating costs of mechanical cooling
towers for the Brunswick Plant are between $21 million and $25 million. For
wet, natural draft towers, the same costs are between $31 million and 535
million. The costs are those aesociated with the towers only, and do not

include costs for land and makeup water supply and disposal.

A realistic evaluation of cooling towers at the present time requires that
the impact of scheduling for engineering and construction be considered.

Assuming that the existing condenser could be used, it is estimated that six

to nire months would be required for engineering before an order for the

equipment could be placed, An additional 18 to 24 months would be required

after receipt of an order to completion of the tower. Approximately 2 to 3

months would be required to obtain bids, evaluate proposals and select a
vendor., Thus, a total of 32 to 36 months would be required to engineer, pro-
cure, and construct cooling towers at the Brunswick Site. Tnhis delay. plus
the fact that abandoning the selected system would create an adverse
environmental impact during new construction, makes the adoption of cooling

towers at this late date impractical. These reasons, plus the environmental
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reasons for not adopting towers initially (salt deposition and vegetation
damage, aesthetic intrusion and impact, lack of experience with salt-water
towers, etc.) make cooling towers an undesirable selection from environ-

mental and social (unavail bility of power to consumers) standpoints.

9.4.1.2 Closed Cooling Systems

An additional cooling method which was given consideration was dry cooling
towers. However, a multidiscipline analysis of this type of tower revealed
factors inconsistent with proper environmental protection and enhancement.

Dry towers avoid the potential problems of fogging, mist, and high water con-

sumption associated with wet towers, but the concomitant technological and opera-
ting problems associated with a dry tower pravent consideration of dry towers at
the present time. The technology foi constructing dry towers for a large
generating station is not presently available. The largest operating dry

tower is at a 120 MW plant in England. Towers for a twin unit plant like
Brunswick would have a severe impact on the aesthetics of the area. Dry

towers are one-third to one-half larger than comparable capacity wet towers,

which themselves are quite large (approximately 400 feet in diameter at the
base and over 400 feet high for an 800 MW unit). A dry tower will only cool
the water to dry bulb temperature, since only sensible heat is removed from
the water. This operation is efficient in dry, cool climates. However, in
the CP&lL service area, this type of cooling system would impose severe limi-
tations on the capacity of the Brunswick units during hot, humid periods when
electrical demands are at a peak. The sensitivity of such a cooling system to
meteorological conditions would create a situation in which the reliability of

the CP&L system was dependent on uncontrollable factors and would require the
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addition of reserve generation capacity to protect against the unavail-

ability of necessary power.

Estimates of the cost of a dry tower for a single nuclear unit in the

800 - 900 MW range generally exceed $50,000,000. Because of the adverse
impact on regional aesthetics, the lack of available technology, the
effect on system reliability, and the high economic costs, dry cooling
towers were dismissed as a feasible alternative in the initial investiga-

tions of alternate cooling systems.

9.4,1.3 Cooling Lakes, Spray Ponds

In the original evaluations of cooling methods for the Brunswick Plant,
spray cooling ponds were eliminated, along with cooling lakes due to

technical and land use considerations.

A cooling lake for the two units of BSEP would have required a minimum
of 3000 acres. Compared with the area needed for the ocean discharge
canals, this would have entailed a major increase in land requirements.
Furthermore, in the area of BSEP, the potential impact of a cooling

lake on the groundwater was an additional deterent to this system,

The following discussion presents information relating to the environmental
and economic considerations which were evaluated in the benefit-cost

analysis of spray ponds.
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98131 Environmental Impact

Acreage Requirements and Land Use Distributioun

A conceptual design of a sprey pond cooling waer system is shown in

Figure I111.1-1, Amendment No. 1. In essence, this pond would consist of a
canal, 12,000 feet long, which loops the plant from the discharge weir
around to the intake structure., The land requirements for the canal only
(area at surface elevation) would be approximately 77 acres. Assuming that
a 1500 foot right-of-way would be required for such a canal, the total
acreage would be approximately 413 acres. Should salt water be used in this
canal, there would be no acreage requirement for a storage pond to cover
periods of low river flow conditions. If a freshwater spray cooling pond
were used, a storage pond would be required so that adequate makeup water
would be available for use during periods of low freshwater flow. Assuming
an average depth of water of approximately 15 feet for dike stability, the
lake surface would be about 2,100 acres, Additional area would be required
for the dikes and for construction. The total area required for the fresh-

water storage pond would be approximately 2,500 acres.

Fog and Drift

Fog resulting from a spray cooling pond probably would not be an extemsive

problem. Studies of cooling towers and experience with heated water canals
indicate that fog from an evaporative cooling system is not likely to occur
as a discrete occurrence, but is likely to be observed as a fog forming

somewhat earlier than natural fog and lasting somewhat longer.
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Drift resulting from spray modules has not been studied and there is limited
operating experience with these systems. Water droplets are expected to be
larger than cooling tower drift; however, the extent of the area affected by
drift should be less due to the low profile of the spray. A smaller area
probably would be affected by drift, but deposition in this area probably

would be greater.

Makeup Requirements Including Water Storage for low River Flow

Conditions

Makeup water would be required for the system to replace losses from evapora-

tion, drift, and blowdown.

Use of a saltr-ater spray pond would involve makeup water requirements of
approximately 65 to 80 cfs. Considering the average and minimum tidal flows
in the Cape Fear Estuary, an additional water storage facility would not be

required for a saltwater spray pond.

A freshwater spray pond would require approximately the same makeup water

as the saltwater pond for efficient and economical plant operation. 1If a
freshwater intake, pipeline, and storage pond were constructed, the incre-
mental cost of facilities sized for efficient plant operation would be more
than offset by the economies of the better water; that is, to allow a greater
blowdown rate to reduce the concentration of dissolved salts. The nearest
adequate freshwater supply, however, is the Cape Fear River at Llock & Dam

No. 1, approximately 37 miles upstream. Consideratiocn of other uses of the
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Cape Fear River and estimates of low flows indic te the need for storage of

approximately 21,000 acre-feet of fresh water for makeup during drought years.

Pond Blowdown Requirements

Evaluation of a saltwater spray cooling pond includes consideration of the

concentration of dissolved salts as a result of evaporation losses. The

salts reduce the efficiency of heat transfer and also cause scale formation.

Salt water as a makeup source results in a greater blowdown rate than would
a freshwater source in order to maintain the concentration of salts at a
reasonably efficient level. The cooling water should be limited to no more
than two concentrations of the saltwater makeup sources; therefore, the

required blowdown for a saltwater spray pond would be about 35 or 40 cfs.

Blowdown of a freshwater spray pond would be minimal compared with a salt
water pond; blowdown of approximately 5 cfs would hold dissolved salts to
lower concentrations than that of the saltwater pond. However, efficient
cooling by the pond requires the lowest practicable concentration of die~
solved solids; therefore, blowdown of 30 to 40 cfs would result in more

efficient and economical operation of the plant.

Disposal of blowdown would be a problem, as the cooled water of the pond
would exceed stream standards of the estuary unless a sufficiently large
mixing zone in the estuary were allowed by the N. C. Board of Water and Alr
Resources. Discharge of the blowdown would also require a permit from the

Board.
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9.4,1.3.2 Economics

The postulated spray pond design would require 300 spray modules. As indi-
cated on Figure I111.1-1, Amendment No. 1, these modules would be operated on
40 foot centers, parallel to the canal flow and 160 foot centers along the
canal. FEach module would require a 75 hp propell’ pump to discharge the
water through four spray heads. The modules would float in the canal on

polyurethane floats and would cost approximately $15,000 each.

The canal design would require the removal of approximately two million
cubic yards of earth. Based on an estimated excavation cost of $1.25

per cubic yard, it is estimated that the cost of conmstructing the canal

would be $2,500,000.

The operating costs associated with such a cooling system would include

both the auxiliary power requirements and a turbine penalty due to in-
creased condenser pressure above design conditons. The estimated capitalized
power cost of 300 seventy-five hp motors is estimated to be $3,120,000. A
turbine penalty, based on deviation from design conditions, of $5,620,000,

would result., Capitalized maintenance cost for the pond is estimated

at $219,000.

In addition fo the costs specified above, it is estimated that auxiliary
electrical equipment (transformers, wiring, controls, etc.) would have a

capital cost of approximately $500,000.

The pond power consumption for 300 seventy-five hp motors results in a

capitalized power penalty of $3,120,000 per year. The total capitalized
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pond cost is estimated as about $16,460,000. In these discussions, no
assessment of costs for providing a freshwater storage pond has been made,
nor have the costs been included for obtaining water from Lock & Dam No. 1,

if this were possible.

9.4.1.3.3  Summary

Based upon add{tional land and marsh requirements, and the makeup water
supply necessary, it was felt that the spray pond and cooling lake imposed

adverse environmental impacts which could best be avoided by adoption

of a different system.

9.4.1.4 River Intake with River Return

The original design of the plant cooling system called for return of con-
denser cooling water to the Cape Fear River. However, further studies
conducted by the Company showed that possible adverge envircnmentsl im-
pacts might result from such a system. During the summer of 1968 dye
studies were conducted in the lower Cape Fear River to determine probable
temperature distributions that would result from plant cooling water being
discharged to the Cape Fear River. These studies indicated a possible
thermal accumulation in the estuary in excess of the amount indicated by
previously available data. Because of the uncertainty of potential effects,
CP&L felt that more positive methods should be investigated to assure
minimization of potential adverse envirommental effects. This concept, then,

was eliminated and other possibilities studied.
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9.4.1.5 River Intake with Ocean Discharge

This type of system, with ocean discharge, was selected as the most desir-
able alternative from an environmental standpecint. The river return system
had originally been selected in an impact minimization evaluation; however,
as a consequence of the previously mentioned dye studies, CP&L committed
substantial additional investment to the condenser cooling system and changed
the cooling water discharge from the Cape Fear River to the Atlantic Ocean.
The final discharge canal routing was selected after consultation with State
agencies in an effort tc protect the more productive creeks and marshlands

and to minimize conflicts with established land uses. The final decign of

the canal bypasses the town of Southport as shown in Figure 2.2-2, skirts
Dutchman Creek, and crosses Oak Island by traversing the island on the
east side of the golf course. VYlow in the discharge canal is provided by
gravity, and a pumping station is located at Cusvell Beach to provide the
necessary discharge velocity at the ocean discharge jets. A more complete
description of the cooling system and its potential impact are given in
Sections 2 and 3. The following discussion, therefore, provides a summary

of the system.

9.4.1.5.1 Environmental Impact

The final system design was chosen to minimize potential environmental
effects. As explained in preceeding sections of this Environmental Report,

certain effects are anticipated and the system is designed to minimize these
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effects. A particular area of investigation was the effect upon water re-
sources. The entire canal system was routed and designed :o minimize up-
welling and downwelling, and the impact on fisheries and wildlife an: to maximize
heat dissipation. No saltwater intrusion to drinking water supplies is ex-
pected to occur with the system drsign adopted., The heated water will be

released 2000 feet offshore to minimize potential thermal effects.

Fogging from the canal system is not expected to create any adverse effects,

since discrete fogging caused by the system is expected to be minimal.

From an aesthetic viewpoint, the canal system affords more aesthetical
appeal than other systems evaluated, since the unnatural imposition upon the

environment is less.

Since extensive discussion of the system is contained in previous sections,

it 1is not deemed necessary to repeat those discussions at this point.

9.4.1,.5.2 Economics

The cost of the river intake-ocean discharge cooling system is consider-
ably higher than other alternatives such as river intake-river discharge.
However, the system was selected because of its ability to help minimize
potential environmental effects. The total cost of the system, including

land and equipment, is estimated to be approximately $53 million.
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9.4.2 Feasibility of Late Adoption of Alternatives

The Brunswick Steam Electric Plant Units 1 and 2 are presently (as of

June 30, 1972) 35 percent and 64 percent complete. The cooling system was
selected because it offered maximum opportunity to minimize potential
environmental effects. Because of construction progress at the plant,
large capital expendituras have been committed to the condenser cooling
system and & major portion of the environmental impact from construction
has already occurred. Abandonment of the system and construction of & new
one would incrementally increase environmental impact. Adoption of a
different cooling system at this late date could cause considerable delay
in the plant and result in the necessary power for consumers not being
available. A more complete discussion of economic investments on the canals

and equipment is contained in Amendment No. 1, Question 111.2. Accordingly,
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CP&L feels that adoption of a different cooling system at this late date

would place an unnecessary burden on consumers.

9.4.3 Summary

The river intake and ocean discharge system was selected as the system for
cooling the plant condensers with minimum net environmental impact. Land
use requirements for this canal system were based on minimizing marsh
usage and thorough discussions with State officials regarding routing of
the canal. Measures taken by the Company in environmentally planning the
cooling system should assure that water resources in the area are not
adversely affected by the cooling system. Aesthetically, the overall
appearance should be plea ing. The quiet nature of the system while in
operation should not affect wildlife. Because cf the Company's continuing
concern for environmental protection and enhancement, CP&L will continue
to formulate studies and programs designed to evaluate potential environ-

mental effects which have been discussed in this report.
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TABLE 9.4-1

SALT DEPOSITION (ug/m?sec) amsuming an emission hefght
of 20 w, drift rate of 0.05%, and no plume rise

Wind DISTANCE FROM SOURCE MILES) ‘;}

Direct fon 0.25 0.50 0.75 1.0 2,0 5.0 10.0 15.0

e = S
N 100.47 64.55 42.77 29.88 11.59 3.24 1.25 0.72
NNE 144 .51 91.37 59.46 41.22 15.82 4.37 1.68 0.97
NE 215.47 138.40 90.44 62.80 24.16 6.69 2.58 1,48
ENE 139.21 100.77 67.28 47,06 18.31 $.12 1.98 1.14
E 94,34 71.00 49,098 34 .89 13.87 3.9 1.54 0.90

|

ESE 74.71 55.79 38.05 26.86 10.%8 1.%9% 1.16 0.67
SE 66 .81 51.84 35.89 25.51 10.14 2.88 1.13 0.65
SSE 71.54 48,92 33.63 23.89 9.49% 2.70 1.05 0.6]
s 92.32 66.98 46.74 33.38 13.35 3.82 1.50 0.87
£swW 84.05 52.6% 34,75 24,25 9.39 2.62 1.01 0.59
W 111.86 75.17 50.36 35.35 13.81 3.87 1.50 0.87
WEW 116.01 68.74 &4 66 30.78 11.78 3.25 1,28 0.72
W 95.95 6l.62 40.77 28.47 11.04 3.08 1.19 0.69
WY 114,15 64 B8 41 .48 2B8.54 10.83 2.97 1,14 0.66
NW 98.94 64.74 44 .16 31.29 12.38 3.51 1.37 0.80
NNW 66.92 £4 .89 35.54 28.60 11.64 3.36 1.3 0.78
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TABLE 9.4~2

SALT DEPOSITION {yug/m’sec) assuming an emission height
of 100 m, drift rate of 0.005%, and no plume rise

90&'20

L . DISTANCE FROM SOURCE (MILES)

Sector 0.25 :==l 0.50 0.75 1.0 2.0 5.0 10.0 15.0
N 0.104 0.303 0.220 0.169 0.101 0.048 n.026 0.017
NNE 0.114 0.33% 0.257 0.218 0.15 -~ 0.07 0.038 0.025
NE 0.16) 0.478 0.371 0.317 0.228 0.112 0.058 0.038
ENE ][ 0.059 0.175 0.150 0.149 0.141 0.081 0.043 0.029
£ u 0.065 0.191 0.146 0.123 0.092 0.052 0.029 0.020
ESE ﬂ 0.048 0.142 0.108 0.091 0.071 0.041 0.023 0.016
SE 0.036 0.105 0.084 0.076 0.065 0.038 0.022 0.015
85 0.077 0.223 0.162 0.124 0.072 0.035 0.019 0.013
5 0.102 0.297 0.210 0.155 0.087 0.045 0.026 0.018
SSW 0.087 0.254 0.186 0.145 0.087 0.040 0.021 0.014
W 0.09% 0.278 0.209 0.170 0.114 0.087 0.031 0.020
WEW 0.126 0.367 0.269 0.210 0.123 0.054 0.027 0.018
W 0.096 0.280 0.204 0.159 0.097 0.047 0.025 0.016
WNW 0.153 0.44S 0.313 0.228 0.116 0.049 0.02% 0.016
KW 0.124 0.361 0.256 0.188 0.098 0.045 0.025 0.017
NNW 0.054 0.157 0.115 0.092 0.063 0.036 0.022 0.015
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9.5 Consideration of Alternat.ve Radwaste System Design

The radiocactive waste processing system for the plant is described in
subsection 3.6. The system is designed to meet the design objectives of
the AEC's proposed Appendix I to 10 CFR 50, dated June 9, 1971 (36 F.R.
11113), which provides numerical guidance for meeting the "as low as
practicable” criteria for effluent releases. A complete discussion of

releases and effects is contained in subsection 3.6.

Accidental release of radioactivity is prevented by system design and
operating procedures; however, in the unlikely event that such releases
eould occur, the radiological consequences would be within applicable

AEC guidelines. Accidents and the environmental consequences of accidents

were discussed in Section 8,

The AEC in May, 1972, distributed the "Guide for Submission of Information
on Costs and Benefits of Environmentally Related Alternative Designs for
Defined Classes of Completed and Partially Completed Nuclear Facilities,”
which indicated that if the design of the radicactive waste system was able
to meet the design objectives of the proposed Appendix I, 10 CFR 50, con-
sideration need not be given to the reduction of radiological impacts in
formulating other alternative plant designs. These objectives have been
met; therefore, no consideration is given to alternative designs in this

part of the benefit~cost analysis.
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9.6 Congideration of Alternative Chemical Fffluent Systems

All steam electric plants require :he use of various chemicals during
plant operations. In order to minimize the effect these chemicals might
have on the environment, various treatment systems are included in the
plant design. The purpose of these systems is to treat chemical effluents
in a manner that will reduce their impact on the environment to a level
consistent with the state-of-the-art technology. 1In the operaticn of the
Brunswick Plant, some non-radioactive chemical wastes will be produced in
the processing of the high quality reactor makeup water, in the treatment
of sanitary wastes, in the operation of some auxiliary systems, and by the
two oll fired systems; the auxiliary boilers and the emergency diesel
generators. Those chemical wastes subject to possible radioactive contam-
ination will be processed through the radioactive waste treatment system
where they will be collected, monitored, neutralized, filtered, demin-
eralized, evaporated or otherwise treated prior to release into the
environment. Chemical wastes not su'-ject to radiocactive contamination

are discussed in the following paragraphs.

The domestic wastewater treatment system for the plant will be designed to
achieve & secondary level of treatment. The system will consist of an ex-
tended aeration aerobic digestion facility and a chlorine contact tank which
will be designed to treat a minimum of 7500 gallons per day of domestic

sewage having a 5-day BOD of 20 pounds per day.



BSEP-1 & 2 9.6-2

The raw domestic sewage entering the aeration tank is mixed with activated
sludge and continuously aerated by supplying air to the aeration tank at

a minimum rate of 2100 cubic feet of air per pound of S5-day BOD in the
domestic sewage. Following this period of aeration, the mixed liquor passes
to the final settling tank where settled activated sludge particles are con-
tinuously returned to the aeration compartment by air lifts. Provisions are
made to manually transfer waste sludge to the integral sludge holding tank
where the wasted sludge is continually aerated until it is disposed. The
clarified liquid leaves the final settling tank and enters the chlorine con-
tact tank where it is mixed with a chlorine solution, and leaves as treated

effluent with a BOD less than 30 mg/l.

The makeup water treatment system will provide a supply of high purity water
(v0.2 micro mhos/cm2 conductivity) free of materials which could become radio-
active. It provides a low hardness, low sulfate and low turbidity potable
water. The system will purify raw well water and will supply all normal

requirements for demineralized water and potable water throughout the plant.

Demineralized water will be used for make-up to the reactor building auxiliary
systems and for the reactor building closed cooling water system, the turbine
building closed cooling water system and for plant usage where high quality

water is necessary. It will be piped to the radiochemical and health physics
laboratories, sampling sinks and various places in the plant where radioactive

decontamination work will be performed.
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Kaw water from the wells will be pumped through the demineralizer system.
Potable water will be taken off after flow passes through the weak cation
exchangers and degasifier. It will undergo pH adjustment and chlorination
as it enters a potable water storage tank. The remaining water will flow
through strong cation, strong anion and mixed bed exchangers to the de-
mineralized storage tank from which redundant pumps will distribute it
through the plant demineralized water lines. The non-radicactive regene-
rant chemicals associated with the regeneration of the non-radiocactive de-
mineralizers will be neutralized before release to the discharge canal; the
resulting salts from this discharge will be a negligible increase

to the saline estuarine cooling water.

Chlorinating systems will be utilized for the control of algae and slime

growth in the service water system, main condensers and circulating water
tunnels; they will normally operate for only two 30-minute cycles per day.
Chlorine residuals in the water leaving the condenser and service water system
will be no more than 0.5 ppm and should be no more than a trace at the discharge

into the ocean.

In areas where oil or grease can enter floor drains, the pipe lines from
these drains will be equipped with traps which will collect the oil or
grease and the material will be periodically removed for disposal. The
turbine lube o0il tanks, located just outside the Turbine Building, will be
placed in concrete moats which will be equipped with a sump to permit
collection for disposal as necessary. The shop drains and the Turbine

Building oily drains will be taken to a centrifuge where the water and oil
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will be separated. The waste water will be routed to the detergent drain
tank where all the detergent wastes (low specific activity less than

1.0 x 10»5 uCi/ml) will be sampled and released to the discharge canal, if
they meet effluent limits established in 10 CFR 20 and the proposel Appen-
dix 1 of 10 CFR 50, dated June 9, 1971. The above ground storaige tank

for fuel oil for the diesel generators and the auxiliary boilers will be
protected by surrounding dikes that are capable of containing the full

contents of the tanks.

The only releases of chemical combustion products to the atmosphere will be
those associated with the occasional operation of two auxiliary beilers

and four diesel generators provided for emergency power. Both the auxiliary
boilers and the emergency diesels will be fired with No. 2 fuel oil, but
will have a capability of operating with No. 6 oil as well when No. 2 oil is
not available. Each boiler will be capable of generating 55,000 pounds of
steam per hour. The combustion gases will be vented from stub stacke some
35-40 feet above plant grade which will adequately diffuse any possible
concentrations. Because of the high quality fuel, the diesel generators

and the auxiliary boilers are not considered to contribute significant
chemical gasecus wastes. Both systems will operate within the limits of

the standards for emission of stationary sources for the State of North

Carolina,

The chemical discharges for the plant are listed on Table 9.6-1 as well

as a description, source, an' discharge point for each of the releases.



Descriptions

Treated Sanitary
Waste-Liquid

Make-up Water
Demineralizer
Regeneration
Waste~Liquid

Service Water
Chlorinaticn for
Algae and Slime
Control

Auxiliary Boiler
Exhaust

Main Condenser
Cooling Water
Chlorination for
Algae and Slime
Control

Source

Sewage Treatment
Plant

Make-up Water
Treatment Plant

Chlorination
System

Auxiliary Boiler
Burning No. 2
Fuel 0il

Chlorination
System

TABLE 9.6-1

BRUNSWICK UNITS 1 AND 2
CHEMICAL DISCHARGES

Discharge Point

Discharge Canal

Discharge Canal

Discharge Canal

Atmosphere

Discharge Canal

Discharge

2,000,000 Gal./Yr. Treated

Waste with 30 mg/L 5-day BOD,

1 ppm chlorine, 20 ppm suspended
solids, 6.0 to 8.0 pH.

4,750,000 Gal./Yr. well water
with 5,000 ppm total dissolved
solids as Na_S0, treated in
Normalizing %anﬁ to 7.0 pH

600,000,000 Gal/\r. Sea Water
with 0.5 ppm residual chlorine

¢ % 1-43S9

934 (1bs./Million BTU)
stack gas at 350°F

CO2 - 160 02 - 26.8
HZO - 6£9.5 SO2 - 0.5
N - 677 Particulates - 0.05

2

624,000 gpm Sea water with 0.5 ppm
residual chlorine
30 minutes, twice per day

-%°6



9.7 Transmission Systems

9.7.1 Selection of Treasmission Voltages

The development of a transmission system for a generating plant involves

a complex analysis of technical requiremente and environmental effects.
The transmission system must be reliable and have a minimum impact on the
environment. Decisions must be made as to the terminals of the transmission
lines so that the electric power generated at the plant will be delivered
to the most appropriate load centers. The voltage and number of the
transmission lires must be selected so that the lines not only will have
the capability to deliver the total plant output but will have an adequate
reserve margin for contingencies, Studies of contingencies must be made
on the proposed transmission system to assure that it will provide a firm
tie between the plant and the transmission network and will meet the

stability requirements of the system.

The location for the Brunewick Plant is at the southeastern edge of the
CP4L system. The nearest elements of the CP&L transmission network are
approximately 25 miles from the plant. Beczuse the Brunswick Plant will
be a base load plant and will be located in an area remote from CPSL's
major transmission elements, reliability of service was considered by

CP&L to be of paramount importance in the design of the transmission system.

The generation at the Brumswick Plant will be from two 82) megawatt units,
for a total generation of 1642 megawatts. The transmission lines must be
capable of reliably delivering this 1642 MW to the CPAL system on a firm

basis.
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The alternate transmission plans that were developed involved several voltage

systems: an all 500 KV, combination 500 and 230 KV, and all 230 KV. The

transmission alternatives studies for the Brunswick Plant may be grouped into

three basic plans.

Plan 1 consists of six 500 KV lines connecting the plant to load centers,
as shown in Figure 9.7-1. Five new 500/230 KV substations and a total of
6350 acres of transmission rights-of-way would be required. Plan I would
have an estimated total investment of $69,733,500, Table 9.7-1 shows the

details of this plan.

Plan II consists of two 500 KV and six 230 KV lines connecting the plant

to load centers as shown in Figure 9.7-2. Two new 500/230 KV substations
would be required. This plan would require a total of 4940 acres of trans-
mission rights-of-way of which 3085 acres would be for the 500 KV lines

and 1865 acres for the 230 KV lines. Plan II requires 1410 acres less
rights-of-way than Plan I. The estimated total investment of Plan II would
be $47,391,500 which would be $22,342,000 less than Plan I. Table 9.7-2

lists details of this plan.

Plan 111 consists of eight 230 KV lines comnecting the plant to load centers
as shown in Figure 9.7-3. This alternative would require a total of 3600
acres of transmission rights-of-way or 2750 acres less than Plan I and
1340 acres less than Plan II. Plan III would have an estimated total
investment of $23,809,000 which 1is $23,582,500 less than Plan II and

$45,924,500 less than Plan I. Table 9.7-3 lists details of this plan.
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Studies indicate that each of the transmission alternatives developed
have adequate capability to reliably diliver the power to the load centers
and provide a strong tie between the plant and the transmission network.
When these alternatives were compared for minimum environmental impact

and maximum economy, Plan 1II was selected for development as the trans-
mission system for the Brumswick Plant, Table 9.7-4 gives a comparison of

the alternatives.

9.7.2 Selection of Transmission Line Construction

Once the system voltages have been determined, the type of construction
to be used on the 230 KV lines as selected under Plan III must be determined.

The parameters considered in this selection were:

1. Reliability of service.

2. Envirommental impact.

3. Maintenance.

4, Economics.

The construction alternatives are overhead and underground construction,

9.7.2.1 Overhead Construction

The structure design and color is selected to minimize the impact on an area.

The standard 230 KV Carolina Power & Light Company's wood H-frame structure,
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which embodies simple minimum silhoutte desig:, low profile, and good
reliability will be used. A schematic outline of the structure is shown in
Figure 3.8-3. These wood H-frame structures will be pentachlorophencl
treated, producing a soft brown color which will blend into the vegetative

background, and have an average height of 65.5 feet.

Wood construction has proven very reliable on the CP&L system. If a
permanent fault should occur, replacement parts are readily available and
the outage time would generally be between one and twenty-four hours de-

pending upon location.

The visual impact of this type construction is minimized by the use of
low-profile structures and the right-of-way clearing practices of

Carolina Power & Light Company.

H-frames of fer other advantages. The wood pole structures are transported

to each site and constructed with a minimum disturbance to the environment.
Due to the simplicity of the H-frame, fewer and lighter material hauls are
required to any given structure location. Their foundations, two per struc-
ture, require an absolute minimum of excavation, since the pole butt will

be buried directly in the ground. Holes are augered 36 inches in diameter
and about 9-1/2 feet deep, the pole is set in the hole and backfilled with
soil removed from the augered hole. Excess soil removed from the pole

hole is evenly distributed over the surrounding area. Each tangent structure
occupies an area of only approximately 4-1/2 square feet after erection;
therefore, structures set in open fields impose minimum conflicts for planting

and harvesting cycles and maximize crop production acreage.
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9.7.2:2 Underground Construction

The only proven method of placing 230 KV underground is by use of high
pressure oil pipe type cable. The cable coneists of three conductors
insulated from one another and ground by oil-impregnated paper wrapped
around each conductnr. The cables are then placed in a pipe which is
filled with oil under pressure, the oil serving as insulation and a heat
digsipating medium. This type of installation requires reactance facilities
and o1l pumping stations at regular intervals along the transmission route.
Fach station would require between one and two acres of land. Distribution
lines must be constructed to each station to provide power for the oil
pumps. The number of these stations would depend on the line length and
the terrain., At each terminal of the line, approximately one~half acre
would be required for monitoring equipment, circuit protection devices, and
for towers needed to terminate the underground cable at the surface. This

space requirement is in addition to the land needed for the substation,

The underground installation would provide a high degree of reliability
against interruptions caused by lightning, insulation ccntamination,
tornado winds, etc. However, every fault that occurs on an underground
system is a permanent fault. When a fault occurs, it must be located,

the extent of the fault must be determined, repair parts must be obtained,
the pipe must be excavated, the oil must be frozen and then the cable can

be repaired. The time required to repair a faulted underground cable can

range from 4 to 21 days.
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The environmental impact of an undevground timnsmission line can be greater
than a properly designed and constructed overhead line. For example, the
banks of streams crussed by an underground line are difficult to restore.
No root growth can be allowed over the cable thereby making 1t difficult

to screen the right-of-way from roads and major stream crossings. The
possibility exists of a pipe rupture allowing the pressurized oil to escape

with a damaging effect upon the environment.

The estimated ccst of (he eight 230 KV lines emanating from the Brunswick
Plant using overhead construction is $17,118,600. These same lines placed
underground would cost from ten to forty times as much as overhead construc-
tion. The underground cost ratio is obtained from a report to the Federal
Power Commission entitled "Underground Power Transmission' published in

April, 1966,

The transmission lines to Barnard Creek Subst ition will cross the Cape Fear
south of Wilmington. Both overhead and underwater construction were evaluated.
A detailed evaluation of the routing and of underwater construction are con-
tained in the responses to Questions IV.3 of Amendments 1 and 3 to this report,

dated June 5, 1972 and September 1, 1972.

Because of the environmental impact, the permanence of faults, the state of
the art of technology, and economic considerations, overhead construction
for the 230 KV lines has been selected for the Brunswick Plant transmission

development.

Environmental Report

Amendment No. 6
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9.7.2.3 Tower Selection for River Crossing

Original Engineering Fvaiuation - 1971

Carolina Power & Light Company was cognizant of the fact that the transmis-
sion structures to be installed for the Cape Fear River crossing should
be aesthetically designed, and because of this concern, the Company conducted

an evaluation of possible alternatives for the Cape Fear River crossing.

Ebasco Services was commissioned to prepare an enginecring and economic
evaluation of alternative aesthetic designs for the 230 KV Cape Fear River
crossing structures. The evaluation, completed in December 1971, is in-

cluded as Appendix YA and summarized as follows:

Alternate I was underwater crable circuits, and is discussed in detail in the
response to Question IV.3 of Amendment No. 1 to this Report, dated June 5,

1972.

Alternative II was a conventional double circuit steel lattice type tower
with the conductors arranged in vertical configuration. Alternate III was a
Vierendel tubular frame type four-legged structure with the two circuits
arranged in vertical configuration. The same design was considered with the
circuits arranged in a horizontal configuration ar Alternate IV. Alternate V
consisted of a Vierendel tubular frame type two-legged structure. An addi-

tional alternate consisted of a single steel pole design with both single

and double circuits considered.

Environmental Report
Amendment No. 6
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The analysis resulied in only two practical alternatives. These were Alterna-
tives 1I and I1I. The single steel pole was ruled out because the load on the
pole would be in excess of the maximum moment capacity now available. It was
determined that the two-legged Vierendel structure would deflect excessively
under longitudinal high wind loadings thus making it unsatisfactory from a

technical point of view. The four-legged Vierendel structure with double

!
|
|
|
l
circuit horizontal conficuration was considered unsatisfactory as far as 4
reliability is concerned. Should a shield wire or conductor break or a %
galloping condition exist, a double circuit outage could occur. Therefore, 5
it was determined that the double circuit vertical configuration is the pre-
ferred coastruction. The conventional structure (Alternative II) and the four-
legged Vierendel structure {(Alternative 1II) with vertical configuration were

‘ the only two practical alternatives. Further evaluation revealed an additional

cost of $784,000 for the Vierendel structure.

In order to justify the additiomnal cost, CP&L conducted a visual sensitivity
analysis of the portion of the Cape Fear River between Wilmington and Southport.

A map of the area is shown on Figure 9.7-8, Carolina Power & Light Company

rated the area between metropelitan Wilmington and the southern tip of Eagle Is-
land to be of relatively high wvisual significanc: because it is a heavily popu-
lated area. In the metropolitan Wilmington area, visitors to the Battleship North
Carolina Memorial and major highway bridge crossings provide high visual ex-
posure to the area. Similarly, the land around the Cape Fear River from Orton
Plantation and Snow's Cut south beyond Southport +as rated relatively high in

visual sensitivityv. It was so rated because of the high degree of visual

. exposure in this arca that will occur from Inland Water Way traffic, beach

Enviroamental Report
Amendment No, 6
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vacationers, and visitors to the Orton Plantation and Brunswick Historical
Museum. The area of the river betwecn Snow's Cut and north to Eagle Island was
rated relatively low iu visual significance. The development in this area

is primarily industrial in nature, with fuel storage facilities and the
Wilmington sewage treatment plant. The only vehicular access to this area

is along River .oad which is a lightly traveled secondary road, Marine

traffic along this poridon of the Cape Fear is primarily commercial shipping.

The distance from vantage points along River Road to the structures in the
river, and the short viewing time from vehicular traffic will not allow an
appreciable difference in appearance between the two alternative structures.
This is particularly true since either structure will be painted International

orange and white to comply with F.A.A. regulations.

After considering the fact that the area is relatively isolated and not in a
heavily populated area, and that the structures would tend to have the same
outline from a distance, the Company concluded that the expenditure of an
additional $784,000 to pruvide the alternative shaped structure could not be
justified at this location. Alternative II was therefore selected as the

proper structure to be Irstalled.

Effect of Structure Design Modification at Present Stage - 1973

It is not practical to change the design of the Cape Fear River crossing
structures at this time. All materials have been purchased, shipments of
materials have started, and construction contracts for foundation constructiom
have been awarded. Any changes in design will require the cancellation of these
contracts and a complete redesign of struccures. The estimated additional

cost involved in changing the design to the type of structure as outlined in

Alternative 111 would total $909,000, including cancellation charges.

Environmental Report
Amendment No. 6
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In addition to the above cost, it 18 conservatively estimated such a change
would require an additional twenty months of engineering, material purchasing,
and construction to complete the crossing after another type of structure is

selected.

Conclusion

Carolina Power & Light Company i8 convinced that the original decision to use
the conventional river crossing structure is based on sound engineering judge-
ment with proper consideration of environmental effects and aesthetic
conslderations. To reconsider an alternative design at this point would add

an additional cost differential and unnecessarily delay the completion of the

required line.

Environmental Report
Amendment No. 6



9.7.2.4 Construction Techniques

Selective clearing will be performed at road or major stream crossings and
in other areas of high visibility, In the event woods are some distance
from the road, selective clearing will be practiced at the edge of the
wooded area. At major stream crossings no clearing will be allowed on

the sloping banks and tree trimming only as required. Selective clearing
will be undertaken beyond the banks a minimum of 100 feet back from the
normal shoreline, Selective clearing techniques are 1llustrated in Figures

9.7-4 through 9.7-7.

In selective clearing as much natural vegetation cover as practical will
be retained within the right-of-way. Only trees which will affect the
integrity of the energized line will be trimmed cr removed., The trees

to be removed or pruned will be marked in the field by competent personnel.
Areas to be selectively cleared will be carefully marked and adequately
protected to prevent damage during the surveying, clearing, conmstruction

and future maintenance of the line.

The location uf vehicle access through selectively cleared areas will be
at an angle, thereby preventing views down the right-of-way. All movement
of equipment for surveying, construction and maintenance will be confined
to these access routes, Clearing operatiocus in these areas will be
carefully regulated to prevent scouring or excessive disturbance to the

land and to prevent damage to the uncut vegetation.

Environmental Report

Amendment No. 6
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To insure permanency of the selectively cleared or planted areas, future
maintenance will be carefully controlled to retain the original concept

of screening the line. Trimming will be accomplished to prevent undue
damage and leave the remaining natural undergrowth and woody material
untouched. Removal of danger trees will be restricted to those which will

strike the line when falling, with a ten~foot allowance for tree growth.

Material cut in a selectively cleared ares will be carefully disposed of,

When the construction is complete, cleanup and restoration will be per-
formed. In addition to removal of excess constr.iuction material, cleanup
will include the restoration of the grounds to approach their original
condition. Where necessary, culverts or other drainage devices will be
repaired, replaced or installed to maintain adequate drainage, to prevent

or control erosion and so as not to impede the natural drainage pattern.

Right-of-way maintenance will be required in the future to control resur-
gence of growth. The long range objective will be two-fold: to retard
growth that may prove a hazard to the line and to encourage new growth
of types that will provide a desirable ground cover for erosion control

and improved appearance.

Normal operation and maintenance of the lines will require infrequent
traversing of the right-of-way. Air patrol of the lines is conducted on a
regular basis. Maintenance personnel can be directed to the precise area

requiring attention as a result of the spotting by this patrol. Once a
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year either two or three men in a suitable vehicle will travel the entire
line length closely inspecting the condition of structures and right-of-way.
This infrequent traveling of the right-cf-way will have a minimum of effect
on the land and growth., Right-of-way maintenance will be scheduled on a

4 to 5 year cycle to control vegetation growth. Areas such as major road
and major stream crossings will be maintained and improved so as to pre-
serve the effects obtained by special clearing. The screening at these
crossings will improve each year as selective pruning will enhance the
growth and thickness of the vegetation., Right-of-way maintenance will also
take into account any uses of the land for recreational and wildlife pur-

poses.

.73 Selection of Routes

The selection of transmission line routes is a progressive type of
analysis., The most economical route would normally be a straight line
between a plant and a load center. Thie approach ie not often practical

due to topography, land use, and environmental factors.

Wide corridors were investigated between the plant and various load

centers on the CP&L system. A detailed study was made of the corridors

to determine areas of high environmental sensitivity and land use patterns.
Alternate transmission line routings were selected in the corridors and
upon completion of intensive field investigation, final locatioms for the

1ines were selected. The final routings are shown in Figure 3,8-2,
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In making the study of the transmissicn line routes, the guidelines set

forth in Federal Power Commission Order #414, "Protection and Fnhancement

of Natural, Historic, and Scenic Values in the Design, Location, Construction
and Operation of Project Works," Order #415, "Impi~mentation of the National

Environmental Policy Act,"” and The United States Departmen:c »f Interior

and The Departwent of Agriculture publication, "Environmental Critesia for

1

Electric Transmission Systems," vere followed where applicable.

Charles T. Main, Inc., a consulting firm with extensive experience in the
field of transmission line routing, was employed to select the route for
the Brunswick-Fayetteville 230 KV line and to review the route selection

work done by CP4L for the other seven lines,

This firm was retained to independently review the work done by CP&L and
to assure CP&L management that the transmission routes for the Brunswick
Plant conformed to the federal guidelines noted above and fully rcflected

a recognition of all applicable envircnmental considerations.

8.7.4 Conclusion

Carolina Power & Light is faced with an increase in electric power demand
which is doubling about every six to seven years. To meet this requirement,
new generation and transmission facilities are being constructed, with ever

increasing concern for the environment.
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Carolina Power & Light Cumpany recognizes that the transmission lines needed
to transmit power from the Brunswick Plant to certain load centers, should
be located and engineered with a sc¢rious concern for their impact on the

area.

The guidelines established by the Federal Power Commission, the United States
Departments of Interior and Agriculture, and the recommendations of Charles T.
Main, Inc., were considered in the selection of routes and will be followed

where applicable in connection with right-of-way clearing and construction.

The selection of voltage, the selecticn of construction, and the selection of
routes for the transmission lines out of the Brunswick Plant, all reflect
Carolina Power & Light Company's concern for facilities which will serve

the public with a minimum environmental impact and with maximum economy.
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TABLE 9.7-1

TRANSMISSION LINE SYSTEM
PLAN 1 - ALL 500 KV LINES

Line Mileage
Brunswick-Fayetteville 50u KV 97
Brunswick-Delco West 500 KV 31
Brunswick-Delco FEast 500 KV 31
Brunswick-Wallace 500 KV 54
Brunswick~Jacksonville 500 KV 76
Brunswick-Castle Hayne 500 KV 39
Total Miles 500 KV 328

Total Acres Right-of-Way

9.7-12

Acres Of
Rilht-of—waz

2090
615
615
995

1270

765

6350
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TABLE 9.7-2

TRANSMISSION LINE SYSTEM

PLAN 11 - COMBINATION 500 KV & 230 KV

Line
Brunswick-Fayetteville 500 KV

Brunswick-Weatherspoon 230 KV
(Brunswick-Delco Section)

Brunswick~-Delco West 230 KV
Brunswick-Delco East 230 KV
Brunswick~Wallace 500 KV
Brunswick-Jacksonville 230 KV
Brunswick-Barnard Creek West 230 KV

Brunswick-Barnard Creek East 230 KV

Total Miles 500 KV & 230 KV
Total Acres of Right-of-Way

Mileage
97

31

31
31
54
76
16

16

352

9. 7-13

Acres of

Right-of-Waz
2090

305

305
310
995
615
160

160

4940
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TABLE 9.7-3

TRANSMISSION LINE SYSTEM
PLAN III - ALL 230 KV LINES

Line

Brunswick-Fayetteville 230 KV

Brunswick-Weatherspoon 230 KV
(Brunswick-Delce Section)

Brunswick-Delco West 230 KV
Brunswick-Delco East 230 KV
Brunswick-Wallace 230 KV
Brunswick-Jacksonville .30 KV
Brunswick-Barnard Creek West 230 KV

Brunswick-Barnard Creek Eest 230 KV

Total Miles 230 KV
Total Acres of Right-of-Way

Mileage
103

31

31
31
54
76
16

16

358

9.7-14

Acres of
Right-of-Way

1240

305

305
310
505
615
160

160

3600
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TABLE 9.7-4

ALTERNATIVE TRANSMISSION LINE

SYSTEMS
Effect
Considered Plan 1 Plan I1
Number of Lines 6 - 500 KV 2 - 500 KV
and Voltages 6 - 230 KV
Total
Acres of New 6,350 4,940
Right ~of-Way
Required
Number of New 500 KV
Substations 5 2
Estimated Total $69,733,500 $47,391,500

Investment

9.7-15

Plan 111

8 - 230 KV

3,600

0

$23,809,000
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steel pole designs with the loading criteria used for the Cape Fear River Crossing
would be in excess of the maximum moment capability of 40 000 000 foot pounds
now available, according to one of the leading suppliers of steel poles. Their
letter confirming this information 1s attached to this study. This rules ocut the

single steel pole,

Another alternative was a single circuit, galvanized, Vierendel Frame type
two-legged structures sunilar to Alternative V. This alternative required two
single circuit crossings of the river, which are substantially more expensive
than Alternative V since the longitudinal wind load i1s the governing condition
and no appreciable reduction in weight is possible for each of the single cir-

cuit tangent structures as compared to the double circuit design,

Although Alternative V is possible, Ebasco considers that the excessive
deflection of this type of structure ander longitudinal high wind loadings makes

it unsatisfactory from a technical viewpoint,

Alternative IV is less costly than Alternative 111, however, the double cir-
cuit horizontal configuration is exposed to a two circuit outage in the case of
a broken shieldwire or conductor, or a galloping condition. Therefore, the

double circuit vertical configuration is the preferred construction
4 - Cost Estimates

All cost estimates shown on the following page are based upon the crossing
being located at the Bernard Creek site, with each circuit having a maxinwn

capability of 2000 amperes.

The estimates include escalation of costs for construction during the period
of January 1973 to December 1973, premium time (48 hour week), sales tax,

contingencies, indirect and overhead costs and Intercst at 7 percent per annamn,

The costs of line survey, right-of-way, clearing, permits and client charges

for off~site ¢lectrical facilities were not included in these estimates,

Environmental Report
Amendment No. 6
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5 - Design Data

The same loading conditions were used for each of the alternative ove rhead
designs, They are listed in Table I (Tangent Structures) and Table 11 (Dead-End
Structures). These loads are for the wind and ice loading conditions which will
be used for the final design. The general plan of the underwater and overhead

crossings is shown on sketches SK-9224-E-1 ana SK-9224 E.2, respectively.

Environmental Report
Amendment No. 6



230KV CAPE FEAR RIVER CROSSING
ESTIMATED COSTS IN $1000

FPC - ALTERNATIVE DESIGNS
A_‘ct; _Item 6‘ i I III IV Vv
354, TOWERS, FIXTURES & SITE FAC - 1471 2098 1967 1980
i | Site Facilities - 3 3 3 3
sl Foundations - 521 813 729 763
- Towers 2 247 1282 1235 1214
156, OCVERHEAD CONDUCTOR & DEVICES W 257 257 -E'il 257
357. UNDERGROUND CONDUIT & SITE FAC 1626 - . - - -
P = oy =l Ry =
ol Site Facilities 27 - - = s o
2 Foundations 106 . . B & i
a UG Conduit & Terminal Tower 1493 - - - - -~
ro
358, UNDERGROUND CONDUCTOR & DEVICES _l‘)_‘f'_ﬁ - - - -
PREMIUM TIME 157 102 115 109 107
SALES/USE TAX 56 18 33 il 32
CONTINGENCIES _2_(;? "»1:4_:!7 _l_*;l .13_1 170
TOTAL CONSTRUCTION COST 4084 1990 2684 a5 2546

INDIRECT CONSTRUCTION COST,
OVERHEAD CONSTRUCTION COST,

9

» tg AND INTEREST 527 349 439 423 424
g5 2 - —— —_—
5 5 TOTAL PROJECT COST 4611 2339 $123 2958 040
% Q
5 8 APPROXIMATE COST RATIO 2.00 1. 00 1.33 1.25 1,25
= o
5

=

®

-

o

il

~
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ALTERNATIVE ||

EBASCO SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY

"W YORy 230 KY CAPE FEAR RIVER CROSSING

(. o b5 ] L, oS D/C TANGENT STRUCTURE
EL . { / t > LU
:.:u._.__cn_ﬂl.._ A 2 (A CONVENTIONAL STEEL LATTICE TYPE

oare. A2 674 ¥ VERTICAL CIRCUIT CONFIGURAT!ION

Environmental Report Amendment No. 6
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FRONT VIEW SIDE VIEW
ALTERNATIVE 11
:Asco SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY
NEW YORK . 230 KY CAPE FEAR RIVER CROSSING
S/C GUYED DEAD-END STRUCTURE
CONYENTIONAL LATTICE TYPE FIGURE 2

HORIZONTAL CIRCU!T CONF!GURATION
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ALTERNATIVE 111

EBASCO SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY
B VRS 230 KV CAPE FEAR RIVER CROSSING
' D/C TANGENT STRUCTURE
VI ERENDEL FRAME TYPE - FOUR LEGGED FIGURE 3
VERTICAL CIRCUIT CONFIGURATION

Environmental Report -~ Amendment No. 6
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ALTERNATIVES il

e _“m S
EBASCO SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY
NEW YORK. 230 KV CAPE FEAR RIVER CROSSING
S/C GUYED DEAD-END STRUCTURE
STEEL POLE SECTION TYPE FIGURE &
HORIZONTAL CIRCUIT CONFIGURATION

Environmental Report
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ALTERNATIVE iV

EBASCO SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY
HEW YORK 230 K¥Y CAPE FEAR RIVER CROSSING |

oo bbb en ALY 2 RuaR D/C TANGENT STRUCTURE ‘

SOALE. _ — _ on Al B ! VIERENDEL FRAME TYPE - FOUR LEGGED F i GURE

LTS TS S5O0 5 — HORIZONTAL CIRCUIT CONFIGURATION
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TANGENT STRUCTURE LOADS
LIME ANGLE 0.0 DEG, WEIGHT SPAN  2B00.0 FT, WIND SPAN 2300 0 FT

CONDUCTOR 2500 KCMIL 96/19 AACSR, | CONDUCTOR PER PHASE, DIAMETER
WEIGHT  3.214 LB/FT, ULTIMATE TENSILE STRENGTH 136,800

SHIELD WIRE 19 KO & AWG ALUMOWELD, | SHIELD WIRE PER SUPPORT. DIAMETER
WEIGHT | 134 LB/FT. ULTIMATE TENSILE STRENGTH 61 . 700 iB

VERTICAL TRANSVYERSE | G| JINAL
LOAD I NG ; COND SH. W COND SH W CH. W
COMDITION DE | 54 LB L8 LB LB 3 B
NESC MED ) 0.25 0 15,800 5,500 5,000
HIGH WIKD 650 0.00 0 i3 300 22.800C
KEAVY ICE

STRINGIKG

JRKOTES: LOADS TABULATED ABOVE INCLUDE OVERLOAI
CODE OCF ARE - VERT 27 RANSY WIND
CABLE LOADS ARE PER CONDUCTOR SUPPORT AND
ALL HORIZONTAL MEMBERS ARE TO BE DESIGNED FOR A VERTICAL LOAD OF 50¢
CONDUCTOR AND SHIELD WIRE LOADS, AS WELL AS STRUCTURE WIND AND WE
SIMULTANEOUSLY FOR THE CORRESPONDING LOADING CONDITION. EXCEPT FOR
CONDITION, WHERE CABLE LOADS ARE APPLIED AT ANY ONE CONDUCTOR OR SM

THE FOLLOWING VERT CADS (FOR INSULATORS, HARDWARE, ETC AND HOR
BY THE APPROPRIATE OCF AND IKCLUDE!

,
CAL L
WIND ON INSULATORS) WERE MULTIPLIED

LOAD ING CONDITION VERTICAL LOAD/SUPPORT
CONDUCTOR( LB) SHIELD WIRE({LB)

NESC MED 500.0 200.0

KIGH WiND 1500.0 200.0

HEAVY ICF 2000.0 3000.C
STRINGING 3000.0 1200.0
- TO SATISFY RULE 261 .4 | (C) ¢ £ IONAL ELECTRICAL SAFETY CODE, £ Mi
MUST ALSO BE CAPABLE OF WITHSTANDING ITHOUT ANY CABLES., A TRANSVERSE WIN
2.2 LB/SO FT ON 1.5 FACES

ST SR SR ARSI W e

EBASCO SERVICES ll!t;g)ll!‘:lt‘rrlﬂb

: 2 CAROLINA POWER & LIGHT COMPANY

230 XV CAPE FEAR RIVER CROSSING
TANGENT STRUCTURE LOADS
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GUYED DEAD-

. LINE ANGLE 0.0 DEG. WEIGHT SPAN  220C

BSEP-1 &

SA-12

END STRUCTUXE LOADS

WIND SPAN 2100.

CONDUCYOQ 2 kCM B 3 AACSHK OKDUCTOR PER PHA PHASES TRUC KE AME TEH 33 IN.
WE | GH 214 TIMATE TENSILE STRENGTH 136,800 LB
SHIELD WIRE 19 NO & AWG ALUMOWS WIELD WIRE PER SUPPORT, Z SUPPORT(S)/STRUCTUR
i o N wh HT 34 AATE TENSILE RENG
vER A RANSY St LUN WA WiN N
VADING Wik . H.W W H oW OxD H.¥ - N
N UN N 8 L ' ACE oct
MTALCT W NE O OANGLE
Wi M f 2 00r
HIGH WINL j ( - 25
HEAY P, i C 2
ANY ON KA Al EAD-ENI N ONE ACE WITH 0 € £ LINE AN
NE i a | i € i ( ; 0DE
1 H W N - )t ( - B 7 - 1} 7 2 i E
HEAVY i i0 0 i ( 6.3 2.0 25
' NOTES: . LOADS TABULA A NCLUDE OVERLOA : F A
) f J 2 ANSY  WINC 2.54, TRANSY ENSION ON bt
- CABL - INDUCTOR SUPPOS AND F HIELD WIRE SUPFD
b NTA ¢ i B e oy ¢ R A VER . AD O
KD AN } LR A AS Wt A RUCTURE WIND AND WE |GH 2 ARE API
o 1M ANE OF HE CORRESPONDING LDaDING CON T10K
- FOLLOWING VERTICAL LOAC FOR INSLLATORS. HARDWAR £ AND HORIZONTAL LOADS (FOR
wIN N B LATOR WFERE MULTIPL ED BY THE AP ROPRIATE OC AN NCLUDED N ABOVYE LOADS
A ik 0N ) VEF L 4 PPOR WIND LOAD /SUPPORT
ONDUCTOR ) WiR ™ TOR B
Nt Mt 5 C Z C
HIGH WINI 0 200 %
MEAYY O
EBASCO SERVICES INCORPORATED
MEW YORK CAROLINKA POWER & LIGHT COMPANY
ooy ELEC o A8 A D e _ 230 KV CAPE FEAR RIVER CROSSING
wipegpamr oy Vil 05077 Y - GUYED DEAD-END STRUCTURE LOADS TABLE 2
para_ t2-6-11
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9.8 Discussion of Benefits and Costs of the Facility

9.8.1 Benefits of the Facility

The addition of the Brunswick facility to the resources of the area will
have numerous benefits, some of which can be assigned values in monetary
terms. Other benefits which will have resultant monetary benefits to the
area can only be evaluated in qualitative dimensions at the present time.
In determining the overall balance of the facility, it is more relevant

to present benefits and impacts or costs in meaningful parameters, rather

than assess a numerical benefit-cost ratio.

9.8.1.1 Needed Power

When the plant is completed and in full operation, the units will constitute
about 23 percent of CP&L's generating capability. The annual sales from

the units are expected to amount to about 11,507,000,000 kilowatt hours.

This power will be necessary to support the residents of the Company's
service area in a number of ways. The electrical energy requirements of
industry in the area are increasing at a rapid rate due to new and ex-
panding industries. In 1970, 78 new plants and 143 expansions were announced
for the CP&L service area, with an expected increase of 13,000 jobs. Further
industrial growth has been announced and is expected in succeeding years.

In addition to this large industrial growth, the energy required to support
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each industrial job has been increasing and is expected to continue in a
gimilar fashion. Batween 1960 and 1970, employment in the CP&L

eastern North Carolina service area rose from 221,887 to 373,076, The growth
to 1980 is expected to raise the total to about 501,300, Energy requirements
are also increasing in residential use due to population growth and in-
creasing per capita usage. Various pollution control processes being imple-
mented, such as wastewater treatment, will require increased energy usage.
All these considerations and others have been taken into account in deter-
mining what size generation capacity to add to the Company's system. This
increased growth could not be supported without the necessary electricity
which the Brunswick Plant will generate, since as discussed in Section 4,

outside purchases of power are not available.

The ~apacity of the Brunswick Plant was selected based on providing a
reliable electrical energy supply for Company customers. Carolina Power &
Light Company needs reserve capability of its largest generating unit plus
100 MW, or 18 percent, whichever is larger. As shown in subsection 4.1,
the on-schedule completion of the Brunswick Plant will enable CP&L to

provide this reliability.

9.8:1.2 Taxes

The plant is located within Brunswick County, North Carolina. The Brunswick
Plant will have a substantial and positive effect upon property taxes in

Brunswick County. If the Brunswick Plant had been completed by January 1,
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1971, it would have represented about 67.5 percent of the real taxable pro-
perty value in Brunswick County in that year. Stated in another form, when the
plant was announced to represent a minimum investment of $200 million, it

was noted that such an investment would triple the then existing tax base

of Brunswick County. In 1969, the County voted a $2,585,000 bond issue

for the construction of three new consolidated high schools. This bond

{ssue was voted, at least in part, in anticipation of the additional tax
revenues which would be afforded by the Brunswick Plant. The revenues

from taxes will in turn benefit the community in numerous areas, such as

better =ducational facilities, transportation, and others.

Additional revenues to the community will accrue since new jobs in the
area due to economic growth and also due to employment at the plant will
create new retail sales and property sales in the area, which in turn will

generate increased sales and property tax revenues.

9.8.1.3 Economic Benefits

The Brunswick Plant will afford siguificant positive economic benefits to
the community. The preceding section briefly discussed the tax benefits
which the plant will create for the area. In addition to these benefits,
the plant will employ a large number of permanent employees. Although not
yet finalized, this number is estimated to be about 138 permanent employees.
Based on a U. S. Chamber of Commerce economic research study, the economic

benefits which could materialize from employment of 138 persons, if one
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assumes they reside in the same town, are listed below:

$ 916,500 more retail sales per year
$ 624,000 more bank deposits
$1,950,000 more personal income per year
4 more retail establishments
900 more employed in non-manufacturing or non-industrial

138 more households

An additional benefit, which is presently being effected, is the employment
of construction personnel. The peak number of construction personnel at

the Brunswick Plant will be in excess of 3,000 persons, with an estimated
total construction payroll for the facility of $64,000,000, This $64 million
will result in approximately $384 milliom of turnover in the area surrounding

the project. Indirect employment will also result from the monetary turnover.

9.8.1.4 Summary

The benefits of the Brunswick Steam Electric Plant will be numerous and
diverse, as shown in the preceding subsections. The economic brmefi s to
the immediate community and the Company service area will be great, although
complete quantification of all the benefits is not possible. The plant is
an integrated, well~-planned part of the long-range growth planning of the
area. 1t will play an important role in supplying energy needs for

research, industry, recreation, pollution control




and residential uses. It 18, of course, not possible to quantify
the benefits that might result from research or the personal value of
recreation but this does not in any way diminish the value to society or

the individual.
In planning and in the building of the plant, CP&L feels that the benefits,
both quantitative and qualitative, achieve a desirable balance with the

costs and impacts discussed in the following subsections.

9.8.2 Fnvironmental Benefits and Costs

9.8.2.1 Aquatic Biota

9.8.2.1.1 Dischaiges to Natural Water Body

Cooling water discharged into the oceanic environment is expected to

have only a localized effect on the marine biota. The cooling water will

be discharged in a horizontal direction at 10 feet per second, approximately
perpendicular to the natural drift (0.7 feet per second) in the discharge
area. This arrangement provides for rapid dilution, cooling, and confine-

ment of effects on the marine biota to a small area.

Although significant detrimental effects are not anticipated, it 1is
recognized that: (1) benthic organisms will be affected in a small area
near the outfall structure; (2) there is a possibility migrating animals

may tend to orient on the discharge water;
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(3) fish may be attracted to the discharge during winter months, and (4)
species composition of plankton may change in the area immediately in front
of the discharge. The nature of these effects 1s known but definitive data
for quantitative evaluations are presently nonexistent. However, studies

in progress will provide the necessary data for later quantification.

The effect of the discharge on the benthic community will be confined to
approximately two acres adjacent to the end of the discharge pipe. A
scouring action rusulting from iriction as the water flows over the bottom
will probably eliminate benthic organisms in this area. The warm water
will then rise to the surface and is not expected to affect the benthic

community outside the two-acre area.

The possibility that migrating postlarvae of various marine animals will
orient on the discharge is slight. Recent research indicates that these
animals utilize organic material (such as amino acids that are discharged
to the ocean from an estuary) to locate the mouth of estuaries; however,
this research is not conclusive. However, assuming orientation of these
amino acids is the mechanism employed by these organisms, little or no
disorientation of the migrants is expected sin.e the discharge will not
be an isolated concentration of these amino acids. Aerial photographs of
the area clearly show that the natural discharge from the estuary moves
southwestward, carrying organic materials through the cooling water dis-

charge area.
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There is nothing in the design of the discharge facility that will trap
fish. Because of the high velocities at which the cooling water will enter
the ocean, fish will be kept from the warmest area of the plume thereby
minimizing the potential thermal shock resulting from a shutdown of the

plant.

Plankton populations inhabiting the waters adjacent to the discharge may
undergo a slight shift in species composition as a result of the elevated
water temperature. However, this effect will be limited to a small area

because the cooling water will rapidly mix with the cocler ocean water.
Any changes in plankton populations, the benthic community and the abundance
of migrating postlarvae will be documented by the present ecological studies

of the outfall area.

¥.8.2.1.2 Impact on Migratory Fish by Heat Discharge

Since the heated discharge from the Brunswick Plant will not enter the Cape
Fear River, migratory fish within the river should not be affected by
cooling water. The possibility of migrating organisms orienting to the
cooling water discharged into the ocean is discussed in the subsection

9.8.2.1.1,

9.8.2.1.3 Condenser Cooling System Effects on Micro-organisms

The effect on organisms passing through the plent condensers has received

increasing attention from biologists during recent years. Factors which



BSEP-1 & 2 9.8-8

influence the effect on entrained organisms upon passage through the con-
denser include temperature rise through the condenser, maximum temperature
attained, length of time the organisms are held at the elevated temperature,

mechanical mortalities, and effects of biocides such as chlorine.



BSEP-1 & 2 9.8-9

(1)

Studies in the vicinity of the Dickersnn Fower Plant on the Potomac River
did not find a significant difference in *the number of diatom species or the
total number of individuals between upstream and downstream stations. These
results are supported by other studies at tte sample plant which indicate
that there were no significant effects ¢n algac by passage through the

)
(2) indicates that there will be little

cordensers in August., Additional work
effect on 2lgae being passed through the co'densers if temperatures do not

exceed 100°F-101 "7,

In England, nannoplankton popularions wers not ¢ !ignifi:antly affected by
passage through the condensers of the Zradwell Yrglear “over Plant(s).

However, at the Chalk Point Power Plant located ot the Tatuxent River in
Maryland, significant effects on plankton being p;;sed through the plant
(4)

condensers were found Samples taken at the intake and discharge locaticns
showed reduction in photosynthetic capacity of up to 94 percent during the
warmest part of the summer. However, it was noted that factors such as
chlorine could have been partially responsible for the effect., Chlorine

at this power station has been reported to be as high as 5 ppm in the

(5). At the same power plant, Morgan and Stross(6) found that

discharge canal
there was a decrease in primary production over the period of a year. Loss
of production during the summer months was calculated to be as high as 424

tons. Increased production during the winter months did not equal this loss

and there was a net loss in production over a year. However, the effects of

heat and chlorination wer: uot scvarated and much of the loss may be attribur -
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able to abnormally high levels of chlorine. As indicated in subsection 9.6,
the residual levels of chlorine used in the Brunswick Plant will be limited

to 0.5 ppm.

A report completed for the Edison Electric Institute by researchers at

Johns Hopkins University(7) found that photosynthesis was increased by increased
temperatures from a power plant on the James River. Photosynthesis was

reduced during the summer months; however, the reduction in photosynthesis

was not nearly as great as reported by Morgan and Stross. In addition,
increased photosynthesis during the cooler months was greater than the loss

during warmer months and there was a net gain in photosynthesis over the vear.

Trembley(e) found fewer species in the warm water discharge of Martin's Creek
Plant on the Delaware River but each species was represented by a greater
number of individuals than were present in unaffected waters. Conversely,
the addition of chlorine reduced the total numbers of individuals but did not

appear to reduce the number of species in the warm water dischar-e.

Heinle(g) reported that estuarine copepods were killed during passage through
the condensers of the Chalk Point Plant even though temperatures encountered
were generally below the upper limits of thermal tolerance of the copepods.
Chlorine was suspected as being the major factor in the kill. Population

densities of copepods in the Patuxent River were found to be relatively

constant in spite of significant mortalities in the plant condensers. This
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indicates that copepod populations have considerable resilience to changes

in increased predation and environmental temperatures.

Studies in England of the effect of the Bradwell Nuclear Power Plant on
zecoplankton populations in the Blackwater River were conducted both before

(10)

and after the plant started operation No changes were detected that could

be attributed to the effects of the power plant.

Other work has demonstrated rapid recovery of freshwater protozoans after

(11). When the temperature was increased from 74°F

extreme temperature shocks
to 122°F, the number of species dropped from 26 to 7. Within 24 hours,

the number of species had increased to 18 and complete recovery was demonstra-
ted within 144 hours. A 48°F shock is much more severe than that produced

in a power plant condenser. In the case of the Brunswick Plant, the tempera-

ture increase of the cooling water as it is passed through the condensers

will be about 18°F.

From data cited above, one can predict that there will be some loss of phy-
toplankton and zooplankton during the summer months in the water being

passed through the condensers of the plant. It is not possible to predict
the extent of these losses or what effect the losses will have on populations
in the estuary. However, the amount of water to be pumped through the con-
densers will be only a fraction of the net drift of water past the plant
intake toward the ocean. The length of the discharge canal is of significant

concern in terms of survival of entrained organisme in that organisms will
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be held at elevated temperatures for five-six hours before entering the ocean.
However, even assuming significant mortality due to this length of time, this
is not considered to represent a significant loss from the estuary due to
the small percentage of witer from the estuary to be diverted through the

plant.

9.8.2.1.4 ©Effects on Fishes by Intake Structure and Condenser Cooling Systems

Although the design of the Brumswick circulating water eystem has no inherent
factor which may attract fish to the intake structure, awareness of problems
at other locations resulted in early consideration for fish diversion devises.
The impact of the intake structure without effective fish diversion is pre-
sently unknown in the absence of definitive data concerning the distribution
of various fish within the estuary. However, experience at other power plants
within the CP&L system has been that significant mortalities at the intake

structure have not ocrurred in freshwater habitats.

Assuming uniform distribution of fish throughout the waters which will flow
past the intake, the impact 1is expected to be directl, proportional to the
ratio nf tidal flow to circulating water system flow. Under the most adverse
circumstances of minimum freshwater input to the estuary, circulating water
flow will be between 2.3 and 3.5 percent of the tidal flow. Thus, assuming
100 percent mortality at the intake and condensers, the maximum impact on
total fish population would be 3.5 percent or less during the most adverse

conditions.
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Preoperaiional experiments are planned in order to realistically evaluate

the effect of the in%nke and condensers on fish in the intake canal. These
studies will determine the number of fish and the nature of physical damage
other than heat (if any) on fish in passivg through the intake and coundensers
by coordinated sampling in the intake and discharge canals. This work wili
be initiated in September 1973 under the directium of Dr. B. J. Copeland,
Director of the N. C. State University's Pamlico M rine Laboratcry. Data
from this study should prove to be valuable in determining the ~ost appro-

priate type of fish diversion facility.

9.8.2.2 Terrestrial Biota

In order to minimize usage of the marshland in the project area, tae cooling
water canal system was routed through upland areas wherever featible. Also,
in the interest of marsh protection, spoiling ponds were built fn wpland loca-
tions. Thus, the terrestrial habitats were utilized in many instaunces in order

to effect minimum damage to the more productive marshes.

A right-of-way along the entire canal system was cleared; thus, this habitat
was temporarily disturbed. A total of approximately 1882 acres of woodland
were cleared for the right-of-way of the intake canal (354 acres), discharge
canal (785 acres), and plant site area (743 acres). An additional 503 acres

were committed to spoil deposition, bringing the total acreage of upland area
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for corrosion protection., Provisions have been made to collect water containing
chemical additives for processing prior to discharge or off-site disposal. A
wastewater treatment plant will be installed to process all domestic wastes

from the plant. The liquid effluent from this process will be chlorinated and

discharged in accordance with applicable standards and regulations.

9.8.2.4 Consumption of Water

There will be no loss of domestic or municipal water supplies resulting from
the construction and operation of the Brumswick Plant. Water for consumptive
use in the lower Cape Fear region is obtained from wells, with the exception
of the city of Wilmington, which obtains its water from the Cape Fear River.
This water is withdrawn upstream of Lock and Dum No. 1, approximately 23.5
miles north of the city of Wilmington and upstream from the Brunswick Site.
Tidal salinity influences preclude potable use of the Cape Fear River below

Lock and Dam No. 1.

Regarding agricultural activity, there are no known withdrawals for irriga-
tion from the Cape Fear River below Lock No. 1. Municipal water supplies

in Brunswick County are furnished to Long Beach and Southport, whose wells
terminate in the Castle Havne aquifer. Sunny Point Army Terminal also draws
its water frow this aquifer. Industrial wells in the Navassa area, 20 miles

north, are in the surficial depesits.
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The plant freshwater requirements will be supplied from two 300 gpm deep wells
set in the Castle Hayne aquifer. A detailed investigation has been conducted

to determine the effects of the plant on public and private wells within

a ten-mile radius of the plant. This investigation has shown that only a

few shallow wells will be affected by the plant, none of which are puhblic

water supplies. Where necessary and appropriate, alternate forms of water supply
have been provided by CP&L as replacement for those shallow wells reduced in

flow.
Therefore, based on the aforementioned water supplies and uses, it has been
determined that the Brunswick Plant will not significantly affect agricultural,

municipal, or industrial water utilization in areas of the lower Cape Fear River.

9.8.2.5 Chemical Discharge to Ambient Air

Because nuclear powered units do not burn fossil fuels for heat production,

there will be essentially no chemical discharge to the ambient air as a

result of the operation of the Brunswick Plant. The only releases of chemical
combustion products will be those associated with the occasional operation

of two auxiliary boilers and four diesel generators provided for emergency power.
The combustion gases will be vented from stub stacks some 35 - 40 feet above
plant grade which will adequately diffuse any possible concentrations. Both

systems will operate within the limits of the Air Quality Standards for the

State of North Carolina.
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9.8.2.6 Chemical Contamination of Groundwater

The Castle Hayne aquifer is the only source of public water supplies in the
vicinity of the Brunswick Plant. Small amounts of chemical

effluents will be released to the discharge canal under controlled conditions.
Because of the upwelling conditions that exist along most of the canal, the
possibility for intrusion into the aquifer is very limited. 1In the area of
O0ak Island where the net hydrological head is negative, the downwelling of
chemical effluents will have a negligible effect since the material will be

very diluted in the canal water.

9.8.2.7 Radiological Impacts

The Brunswick Steam Electric Plant will be equipped with a comprehensive
waste processing system as described in subsection 3.6. The design objec~-
tive of the system is to minimize the release of radioactivity to the en-
vironment. The release estimates have been made in subsection 3.6 of this
report and they are within the numerical guidelines of the proposed
Appendix 1 to 10 CFR 50 dated June 9, 1971 and are believed to be as low as
practicable., A complete discussion of the radiological effects and

estimated doses is contained in subsections 3.6.2 through 3.6.4.
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9.8.2.8 Fogging and Icing

A quantitative estimete of the probability and extent of fogging resulting
from the operation of the canal and ocean discharge system is not available.
However, based on CP&L's experience with cooling lakes and discharge canals,
it is believed that the discharge canal will cause no nroblems due to fog-

ging and will have no effect on navigation in the Intracoastal Waterway.

The potential for damage due to rime icing caused by fogs from the canal is
also believed negligible based on CP&L's experience at other plants. Fog
due to the discharge canal is not believed to be a problem and rime icing
due to the discharge canal at CP&L's other plants has not been a problem.
Icing is more probable further inland than in the Southport area. There-
fore, experience gained at plants located further inland provides a reason-

able assurance that rime icing due to the discharge canal will not be a problem.

9.8,2.9 Raising/Lowering of Groundwater Levels

The Castle Hayne aquifer 1s the only source of public water in the vicinity
of the Brunswick Plant. Plant freshwater requirements will be supplied
from two 300 gpm deep wells at a typical depth of 150 feet. The calculated
daily requirement is not a significant load on the aquifer which can supply
better than 1000 - 3000 gpm at the site, seasonally averaged. A study has
been conducted to determine the radius of influence of these wells, and to
establish operating limite so as to have a negligible effect on the ground-

water level.
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A detailed investigation has been conducted by CP&L to determine the effects
of the plant on public and private wells within a ten-mile radius of the
plant. This investigation has shown that only a few shallow wells will be
affected by the plant, none of which are public water supplies. Where neces-
sary and appropriate, some alternative form of water supply has been provided
by CP&L as replacement for those shallow wells affected by the canal excava-
tion. The intake and discharge canals may lower the water table in the
immediate vicinity of the canals; however, at a distance of about 1000 feet
from the canal, the piezometric surface should only be lowered five to six
feet. A discussion of the probable environmental impact of the plant is

provided in Section 3.

9.8.2.10 Ambicnt Noise

The Brunswick Plant will be quiet, both because of the intrinsic nature of
a nuclear plant, and because the design for this plant includes provisions
which minimize plant noise. The turbine generators are surrounded by heavy
concrete shielding walls and the entire complex is further housed in a

fully enclosed building.

Since most of the Brunswick Steam Electric Plant facilities are housed
within the plant structures, the plant communications systems will be
primarily within the structures and therefore the usual communications

system sounds will be reduced substantially.
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9.8.2.11 Aesthetics

Although aesthetic considerations are primarily subjective, it is con-
sidered that the Brunswick Plant will have a pleasing landscaped appearance
that will enhance all aesthetic attributes of the site. The overall aspect
of the plant will present an impressive grouping of structures that blend

with rather than stand out on the site.

9.8.2.12 Effects of Construction Activity

The effect of the construction of the plant upon the surrounding area was
discussed in subsection 3.7. The change in some wildlife habitat, as a
result of clearing operations was an unavoidable impact, although the impact
{s felt to have been minimized by careful land use planning, and through

consultation with State agencies about routing of the canals.

A limited number of shallow domestic wells have been influenced by dewatering
operations. However, CP&L has provided those homeowners with a dependable
and acceptable water supply through a combination of pump replacements

and redrilling or deepening of the wells. The dewatering is only a

temporary operation, and will be discontinued.

Spoil material from excavation and dredging are being deposited on high

land adjacent to the canal or on other Company-owned land. These
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materials are being placed in a way that will preserve natural creeks

and marshes.

The Company feels that efforts made during construction operations to
minimize impacts to the amount practicable will result in the plant
having a minimum adverse environmental impact. A thorough discussion
of the preventive measures being undertaken during construction is con-

tained in subsection 3.7.

9.8.2.13 Summary

This Benefit-Cost Analysis has presented in summary form a discussion of
various environmental and social considerations which may priciliaiiy be
affected by the plant in & beneficial or adverse manner. The purpose of
this discussion has been to present these potential effects in a straight-
forward manner so that the net environmental and social considerations of
interest may be evaluated in a comparative method. In designing the plant
and its various systems, Carolina Power & Light Company feels that it has
achieved a plant which fulfills the Companv's desire of minimizing to the
maximum amount practical those effects whose impact on the environment may
be potentially adverse. When the potential effects on the environment
are compared with the benefits which the plant will furnish, the net total
environmental effect is a favorable one. Further detail of potential en-~

vironmental effecte is contained throughout the preceding s~ctions of the
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report. Recognizing its commitment to environmental protection and en-
hancement, Carolina Power & Light Company will continue to conduct studies
designed to study the impact of the Brunswick Plant on the environment,
and to examine methods of minimizing potential effects which may create

an adverse impact.
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