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SUMMARY AND CONCLUSIONS

This Final Environmental Statement was prepared by the U. S. Atomic
Energy Commission, Directorate of Licensing.

1. This action is administrative.

2. The proposed actions are the continuation of the provisional
construction permits CPPR-52 and 53 and the issuance of operating
licenses to the Public Service Electric and Gas Company for the
startup and operation of Salem Nuclear Generating Station Units 1
and 2; nuclear power reactors located at a site on the southern
end of Artificial Island in the Delaware River, State of New Jersey,
and near the town of Salem, New Jersey (Docket Nos. 50-272 and
50-311).

Units 1 and 2 will employ identical pressurized water reactors to
produce up to 3350 and 3423 megawatts thermal (MWt), respectively.
A steam turbine-generator will use this heat to provide net power
outputs of 1090 and 1115 electrical megawatts (Me), respectively.
The exhaust steam will be cooled by once-through flow of brackish
water obtained from and discharged to the Delaware River.

3. Summary of environmental impact and adverse effects:

" Several hundred acres of marshland have been cleared, filled and
leveled for the facility. This resulted in the loss of a minor
amount of wildlife habitat and food supply in this marginally
productive area. No high-value land uses have been preempted by
the dedication of this land to the generation of electrical energy.
(Sections 4.2, 5.1)

The improved public access to Artificial Island afforded by new
roadways will likely result in increased use of areas adjacent to
the station for water-based recreation, fishing and hunting.
(Section 4.2)

" The potential aesthetic impact of the station is minimized due to
the considerable distance to residences and the very low transient
population. Salem Station does not encroach on any known historic
sites or natural landmarks. (Sections 4.2, 12.B)

" Dredging operations should result in an insignificant loss of aquatic
life because of the low populations and constraints placed on
dredging periods and spoils disposal (landfill) methods. (Sections
4.3, 12.F)
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" Heated water at a flow rate of about 5100 cfs and a temperature of
13.3 0 F above river water ambient (during normal station operation)
will be discharged from the station as a horizontal momentum jet at
the bottom of the Delaware River about 500 ft offshore. The
4*F temperature differential isotherm will encompass a surface
area of about 50 acres. The relatively small zones of significant
excess temperatures and the high discharge velocity should minimize
the potential for thermal damage to aquatic life; no significant
losses are expected. Also, primary fish migration paths, on the
opposite side of the river, should not be affected by this discharge.
(Sections 5.2, 5.4, 12.W)

" The small loss of zooplankton, attributable to stresses imposed
during passage through the cooling water system, will not be
measurable in terms of effects on the biomass or productivity of
adjacent waters. Similarly, water-intake screen losses of fish
are judged to be small and insignificant in terms of potential
impact on the aquatic ecosystem. (Sections 5.4, 12.W)

" The ecological impact of chemicals released to the river in the
planned low concentrations should be negligible, both alone and in
combination with the thermal discharge. (Sections 5.4, 12.W)

" The risk associated with accidental radiation exposure is very
low. (Section 7)

No significant environmental impacts are anticipated from normal
operational releases within 50 miles at the plant. The estimated
dose from operation of the plant to the population within 50 miles
is 15 man-rem/yr. This is significantly less than the 7 x 105

man-rem/yr background dose that this population would receive.
(Section 5.5)

4. Principal alternatives considered:

" Abandonment of the facility and construction of a nuclear plant of
identical capacity at an alternative site,

• Conversion of the existing facility to use an alternative fuel as
a power source rather than nuclear fuel,

" The use of spray pond, natural-draft or mechanical-draft cooling
towers as alternative heat dissipation methods,

" Three methods for disposing of nonradioactive chemical liquid
effluents as alternatives to the proposed procedure.

5. The following Federal, State and local governmental agencies were
asked to comment on the Draft Environmental Statement issued on
October 31, 1972:
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Advisory Council on Historic Preservation
Department of
.Department of
Department of
Department of
Department of
Department of
Department of
Environmental
Federal Power

Agriculture
the Army, Corps of Engineers
Commerce
Health, Education, and Welfare
Housing and Urban Development
the Interior
Transportation
Protection Agency
Commission

Delaware River Basin Commission
State of New Jersey, Attorney General
State of New Jersey Department of Environmental Protection
Mayor, Lower Alloways Township, Salem County, New Jersey

Comments on the Draft Environmental Statement were received from the
following Federal, State and local agencies:

Advisory Council on Historic Preservation
Department of
Department of
Department of
Department of
Department of
Department of
Environmental
Federal Power

Agriculture
Commerce
Health, Education, and Welfare
Housing and Urban Development
the Interior
Transportation
Protection Agency
Commission

State of New Jersey Department of Environmental Protection
Wilmington Metropolitan Area Planning Coordinating Council

The texts of these comments are appended to this Final Environmental
Statement.

6. This Final Environmental Statement was made available to the public,
to the Council on Environmental Quality, and to other specified
agencies in April 1973.

7. On the basis of the analysis and evaluation set forth in this State-
ment, after weighing the environmental, economic, technical and
other benefits of Salem Units 1 and 2 against environmental and other
costs and considering available alternatives, it is concluded that
the actions called for under the National Environmental Policy Act
of 1969 (NEPA) and Appendix D to 10 CFR Part 50 are:

a. The continuation of construction permits CPPR-52 and 53, and

b. The issuance of operating licenses for the facility, subject to the
following conditions for protection of the environment:
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(1) Establishment of a baseline study to determine the seasonal
plankton densities in the region of the cooling water intake
and, subsequently, the zooplankton losses due to passage
through the cooling system, the impact of such losses on the
aquatic ecosystem, and the need for corrective action to
mitigate losses if they are significant. (Sections 5.4.2
and 6.2)

(2) Initiation of a program to frequently monitor the water intake
forebay and identify fish losses by number and species
attributable to the intake screens during station operations
in order to determine the need, if any, for corrective action
to protect aquatic life. (Section 5.4.1 and 6.2)

(3) Development of a plan to continue monitoring the fish, macro-
invertebrates, and zooplankton after station startup to
quantify the effects on aquatic life attributable to the dis-
charge of heated effluents and chemicals. Concurrently,
field measurements shall be made to define the time-
temperature-area characteristics of the thermal plume. The
results of this program would determine the need for possible
corrective action. (Sections 5.4.3, 5.4.4 and 6.2)

(4) Undertaking of a program to measure actual residual chlorine
concentrations at several sampling stations in the discharge
conduit during station operation. These measured concentra-
tions will be used to determine what changes, if any, will
be required in the station's chlorination procedures.
(Section 5.4.4)

(5) Incorporation into the operational radiological monitoring
program of milk sampling on a weekly, rather than quarterly,
schedule to detect any short-term increases of radioiodine.
Also, high-efficiency iodine samplers shall be used for the
detection of both organic and inorganic radioiodines in gases
released from the station. (Section 6.3)

(6) Comprehensive environmental monitoring programs as specified
above will be defined for inclusion in the Technical Specifica-
tions (for the station operation) which are acceptable to the
staff for determining environmental effects which may occur
as a result of the operation of the station.

(7) If other harmful effects or-evidence of irreversible damage
are detected, the applicant will provide an analysis of the
problem and a proposed course of action to alleviate the

problem.
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FOREWORD

This final Statement on environmental considerations associated with the
proposed issuance of operating licenses for the Salem Nuclear Generating
Station Units I and 2 (Docket Nos. 50-272 and 50-311) was prepared by
the U.S. Atomic Energy Commission, Directorate of Licensing (staff) in
accordance with the Commission's regulations, 10 CFR Part 50, Appendix D,
implementing the requirements of the National Environmental Policy Act
of 1969 (NEPA).

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

fulfill the responsibilities of each generation as trustee of
the environment for succeeding generations,

assure for all Americans safe, healthful, productive, and
aesthetically and culturally pleasing surroundings,

attain the widest range of beneficial uses of the environment
without degradation, risk to health or safety or other undesir-
able and unintended consequences,

preserve important historic, cultural and natural aspects of
our national heritage and maintain, wherever possible, an
environment which supports diversity and variety of individual
choice,

achieve a balance between population and resource use which will
permit high standards of living and a wide sharing of life's

amenities,

enhance the quality of renewable resources and approach the
maximum attainable recycling of depletable resources.

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

(i) the environmental impact of the proposed action,

(ii) any adverse environmental effects which cannot be avoided should
the proposal be implemented,

(iii) alternatives to the proposed action,
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(iv) the relationship between local short-term uses of man's
environment and the maintenance and enhancement of long-term
productivity, and

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

Pursuant to Appendix D of 10 CFR Part 50, the AEC Directorate of
Licensing prepares a detailed Statement on the foregoing considerations
with respect to each application for a construction permit or full-power
operating license for a nuclear power reactor.

When application is made for a construction permit or an operating
license, the applicant submits an environmental, report to the AEC. The
staff evaluates this report and may seek further information from the
applicant, as well as other sources, in making an independent assessment
of the considerations specified in Section 102(2)(C) of NEPA and
Appendix D of 10 CFR Part 50. This evaluation leads to the publica-
tion of a Draft Environmental Statement, prepared by the Directorate of
Licensing, which is then circulated to Federal, State and local govern-
mental agencies for comment. Interested persons are also invited to
commnt on the draft Statement.

After receipt and consideration of comments on the draft Statement,
the staff prepares a Final Environmental Statement, which includes a
discussion of problems and objections raised by the comments and the
disposition thereof; a final cost-benefit analysis which considers and
balances the environmental effects of the facility and the alternatives
available for reducing or avoiding adverse environmental effects, as
well as the environmental, economic, technical and other benefits of the
facility; and a conclusion as to whether, after weighing the environ-
mental, economic, technical and other benefits against environmental
costs and considering available alternatives, the action called for is
the issuance or denial. of the proposed permit or license or its appropri-
ate. conditioning to protect environmental values.

In addition, in a proceeding such as this, which is subject to Section C
of Appendix D of 10 CFR Part 50, the final Statement includes a conclu-
sion as to whether, after weighing the environmental, economic, techni-
cal and other benefits against environmental, costs and considering
available alternatives, the action called for regarding the previously
issued construction permit is the continuation, mo~dification, or termina-
tion of the permit or its appropriate conditioning to protect environ-
mental values.
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Single copies of this Statement may be obtained by writing the Deputy
Director for Reactor Projects, Directorate of Licensing, U.S. Atomic
Energy Commission, Washington, D.C. 20545.

Mr. Robert E. Behmer is the AEC Environmental Project Manager
(Area Code 301, 973-7241) for this Statement.
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1. INTRODUCTION

1.1 STATUS OF PROJECT

On December 13, 1966, the Public Service Electric and Gas Company,
Philadelphia Electric Company, Delmarva Power and Light and the Atlantic
City Electric Company (4C0) submitted an application to the U.S. Atomic
Energy Commission to construct a nuclear power plant on a site at
Burlington, New Jersey. However, the applicant concluded that long
delays in the licensing process might develop for the Burlington site
and, consequently, the original application was amended (January 22, 1968)
to locate the plant, renamed Salem Nuclear Generating Station Units i
and 2, on Artificial Island in the Delaware estuary near Salem, New
Jersey. The application and its amendments were evaluated by the AEC
staff and by the Advisory Committee on Reactor Safeguards which deter-
mined that there was reasonable assurance that the station could be con-
structed and operated at the proposed site without undue risk to the
health and safety of the public. Following this review and a public
hearing conducted by the Atomic Safety and Licensing Board at Salem, New
Jersey on August 15, 1968, construction permits for the units were
issued by the AEC on September 25, 1968.

Site preparation and field work on the station was started in Janu-
ary 1968 under permits and authorizations from appropriate Federal,
State and local agencies. In August 1972, Unit 1 was approximately 60%
and Unit 2 was approximately 50% complete. Commercial operation is
scheduled for March 1975 and March 1976 for Units 1 and 2, respectively.
The approximate net electrical output will be 1090 MW (Unit 1) and 1115
MW (Unit 2).

In addition to any hearings associated with an operating license which
may be held before the Atomic Safety and Licensing Board, hearings have
been held and/or permits applied for with a number of Federal, State
and local agencies. These approval actions, involving necessary
authorizations on site access, building, water use, waste discharge
and related environmental considerations, are summarized in Appendix B
and discussed in detail in the applicant's "Environmental Report--Salem
Nuclear Generating Station" (Figures 13 and 13A-13Q).

The applicant submitted an environmental report on June 30, 1970, which
was supplemented on November 5, 1971. The applicant's report has been
subsequently amended in May and August 1972. This draft Statement takes
all of these writings into account; it uses information available in the
applicant's Final Safety Analysis Report; it includes data and informa-
tion obtained from a site visit in April 1972, as well as from other
sources referenced in the text; finally, it relies heavily on profes-
sional calculations and appraisals made by the staff.
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1.2 RELATED FACILITIES

The owners of the Salem Station are members of the Pennsylvania-New
Jersey-Maryland (PJM) Interconnection; thus, the station will feed into
that interconnected transmission system, as do several nuclear power
plants that are now operating and others that are under construction
or have been proposed for future construction. Presently, seven
nuclear stations are planned to be operating within the PJM System by
1978.1 Their locations with respect to the Salem Station are as
follows;

S tation Miles Direction

Limerick 35 N
Newbold Island 50 NE
Forked River and

Oyster Creek 62 ENE
Calvert Cliffs 90 SSW
Peach Bottom 40 WNW
Three-Mile Island 75 NW

The PJM System also includes a large number of fossil-fuel plants
within the mid-Atlantic region. For the most part, these are concen-
trated near the major load centers or at mine-mouth locations.
Several of these plants are within a distance of 25 miles of the Salem
site, primarily along the Delaware River between Wilmington and
Philadelphia. 4C0 has indicated that a significant number of the old,
less-efficient fossil units are planned to be retired within the next
6 years in large part due to their replacement with nuclear generating
plants.

The construction permits issued are for the two nuclear units at the
Salem site. The staff is not aware of any plans that the applicant may
have with regard to future generating facilities at this location.
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2. THE SITE

2.1 SITE LOCATION

Salem Station is located on about 220 acres of the applicant's 700-acre
site at the southern end of Artificial Island in Lower Alloways Creek
Township, Salem County, New Jersey. The island (in actuality, an
artificial peninsula) projects from the eastern shore about one-third
of the way across the Delaware River estuary which has a width of about
2.5 miles at this location (Figures 2.1 to 2.3). The station is essen-
tially midway between Wilmington and Dover, Delaware, 20 miles north and
south of the site, respectively. Philadelphia is about 30 miles and
Salem, New Jersey, is 7.5 miles northeast of the site.

Artificial Island was created, beginning early in the twentieth century,
by disposing of hydraulic dredging spoils within a progressively
enlarged diked area established around a natural bar that projected
into the river. The low and flat 1500-acre island, average elevation
about 9 ft above mean sea level (isl) and a maximum elevation of about
18 ft msl can best be characterized as tidal marsh and grassland. The
remainder of the island, as well as a 1-mile wide inland strip of land
abutting the island, is owned by the U.S. Government.

There are no major highways or railroads within about 7 miles of the
site, the only access by land being the road constructed by the
applicant to connect with an existing secondary road about 3 miles
to the east. Waterborne (barge) traffic has access to the site by
way of the Intracoastal Waterway channel maintained in the river and
a secondary channel dredged to an unloading site at the southern end of
the island.

2.2 REGIONAL DEMOGRAPHY AND LAND USE

The Salem site lies on the low-lying coastal plain of New Jersey.
The region of the site features extensive tidal marsh and meadow
lands. Although much of the land in the vicinity is undeveloped,
approximately 3.5 miles to the east of the site the land is at an
elevation suitable for farming and grazing. Tidal marshes to the
north and northeast are more extensive and range for several miles.
The Delaware side of the river is similar to the New Jersey side,
except that the tidelands and marshes are not as extensive.

The zoning classification of the site is industrial. Land adjoining
the site is Federally owned and is zoned for parks and recreational
development. Land beyond this is zoned primarily for agricultural
and rural residential use. The nearest resident on the New Jersey
shore is 3 miles distant and there are no boat marinas in the area.
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FIGURE 2.1 SITE ENVIRONS (6-MILE RADIUS) SALEM STATION



2-3

FIGURE 2.2 GENERAL SITE LOCATION (60-MILE RADIUS) OF
SALEM STATION
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FIGURE 2.3 AERIAL VIEW OF ARTIFICIAL ISLAND AND SALEM STATION (ARTIST'S SKETCH)
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As shown in Table 2.1, most of the land within the five counties
surrounding the site is undeveloped (48%) or used for agriculture
(42%). Developed urban areas constitute about 10% of the available
land. Major farm products within a 25-mile radius include vegetables,
poultry, dairy products and field crops.

Principal population centers in the surrounding area to a distance of
approximately 60 miles are shown in Table 2.2. Artificial Island, on
which the site is located, is uninhabited; however, several small
communities are located throughout the surrounding area. A summary of
1970 and projected 1980 population distribution for the areas within
various radii out to a distance of 50 miles is shown in Table 2.3.
Although the population in the immediate vicinity and out to a radial
distance of 5 miles is expected to increase by approximately 211% in
the period 1970-1980, it is anticipated that the population density
will continue to be low. The applicant estimates that the population
within a radius of 30 miles is expected to increase by approximately
23% in the 1970-1980 period.

Industrial development at present is occurring primarily in the
northern region of the Delaware River Valley. Development in the
southern region of the valley, encompassing the Salem site, has not
been extensive. Industrial installations which employ 500 persons
or nore number approximately 33 within the 5 counties surrounding
the site; the majority of these installations are located north of
the site. There are no industrial installations located along the
river below the site.

The Killicohook National Wildlife Refuge is located about 9 miles
north of the station site on the New Jersey shore of the Delaware
River, and the Mad Horse Creek Fish and Wildlife Management Area
(also on the New Jersey shore) is located 3 miles southeast of the
Salem Station.

2.3 HISTORICAL SITES AND LANDMARKS

The applicant has identified 25 historic sites and landmarks in New
Jersey and 7 in Delaware that are within a 10-mile radius of the Salem
Station. 4 The majority of these are recognized local and state sites
of historical interest. Four of the sites are included in the
National Park Service Register of Historic Places: 5

Distance from Station Direction

Fort Delaware on Pea Patch
Island in Delaware River near
Delaware City, DE 9 miles North

Corbit-Sharp House,
Odessa, DE 7 miles West



TABLE 2.1

LAND USE IN SURROUNDING COUNTIES 1

Developed, Urban

Agriculture

Undeveloped

Total

Salem, NJ
Acres %

16,200 7.4

122,000 55.5

81,400 37.1

219,600 100.0

Cumberland, NJ
Acres %

30,000 9.3

80,000 24.9

211,500 65.8

321,500 100.0

New Castle, DE
Acres %

52,300 18.8

94,650 34.0

131,385 47.2

278,335 100.0

Kent, DE
Acres %

20,500 5.4

170,600 45.0

188,100 49.6

379,200 100.0

Cecil, MD
Acres

16,200 7.1

137,000 60.3

73,840 32.6

227,040 100.0

Total
Acres %

135,200 9.5

604,250 42.4

686,225 48.1

1,425,675 100.0

I'
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TABLE 2.2

CENTERS OF POPULATION NEAR THE SALEM SITE2

City, State

Salem, NJ

Bridgeton, NJ

Newark, DE

Wilmington, DE

Dover, DE

Vineland, NJ

Miliville, NJ

Glassboro, NJ

Chester, PA

Philadelphia, PA

Camden, NJ

Pleasantville, NJ

Baltimore, MD

Atlantic City, NJ

1970
Population

2

7,648

20,435

20,757

80,386

17,488

47,399

21,366

12,938

56,331

1,948,609

102,551

13,778

905,759

47,859

Approximate
Distance

(Miles)

8

16

18

19

21

24

26

26

27

33

38

52

55

57

Approximate
Direction
From Site

NNE

E

NW

N

S

E

E

NE

NNE

NNE

NE

E

W

E



TABLE 2.3

POPULATION DISTRIBUTION IN THE VICINITY OF THE SALEM SITE 3

Radial
Distance

From Plant
(Miles)

0- 5

5 - 10

10 - 20

20- 30

30 40

40 - 50

Population Within Annular Circles
1970-80
Percent

1970 1980 Increase

1,507 4,689 211

26,524 48,221 82

351,558 422,259 20

481,570 582,950 21

1,743,439 1,918,359 10

2.140953 2.389,528 12

Accumulative Population

1970

1,507

27,031

378,589

860,159

2,603,598

4,744,551

1980

4,689

52,910

475,169

1,058,119

2,976,478

5,366,006

1970-80
Percent
Increase

211

96

26

23

14

13

01

W f
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Distance from Station Direction

Odessa Historic District,
Odessa, DE 7 miles West

Hancock House at
Hancocks Bridge, NJ 5 miles Northeast

There are no historic sites nor significant natural landmarks on the

applicant's property or on Artificial Island.

2.4 GEOLOGy
2 7

The site is located within the Chesapeake-Delaware Embayment which is

an area that has experienced considerable downwarping of the Atlantic
Coastal Plain. It is characterized by extensive indentation of the
coastline and the accumulation of deep sediment deposits.

Surface soils at the site consist of dredging spoils disposed of by the
U.S. Army Corps of Engineers during the first half of this century.
No dredged material has been disposed of for the past 15 years.
This 25- to 30-ft thick surficial layer of hydraulic fill and alluvium
(composed of clay, silt, sand and gravel with some organic material)

has a 5- to 10-ft thick base of coarser sands and gravels. Below the
hydraulic fill and extending to a depth of about 70 ft, is the

Kirkwood Formation composed of micaceous and glauconitic silts and
clays with some basal sands and organic material. Subsequent forma-
tions, to a depth of 200 ft, that were penetrated by the more than
75 borings made at the applicant's site are Vincentown, Hornerstown,
Navesink and Mount Laurel. These are predominately quartz and

feldspar sands with some glauconite sands and gravels that are
cemented at some locations. These sedimentary materials, based on
regional and adjacent deep-well data, probably extend to the Piedmont
metamorphic and igneous basement rock indicated to be at a depth of
about 1800 ft at this location.

No faulting has been identified in the sediments overlying the bedrock
in the Salem Station area. Some relatively minor faulting was
observed in the bedrock about 25 miles north of the site where the

overlying sediments are about 300 ft thick. This is the closest
approach of known faulting to the Salem site.

2.5 HYDROLOGY

2.5.1 The Delaware River

The station is located on the east shore of the estuarian zone of the
Delaware River which enters the head of Delaware Bay 2 miles downstream
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of the site. The largest tributaries of the Delaware River
are the Schuylkill River in Pennsylvania, the Christina River in
Delaware, the Assunpink, Crosswicks, Rancocas and Salem Rivers, and
Big Timber, Hope and Alloways Creeks in New Jersey. The head of the
Delaware estuary is at Trenton, New Jersey, about 83 miles upstream of
the site. The Chesapeake and Delaware Canal, which connects the
Delaware River with Chesapeake Bay, is located about 7 miles north of
the Salem site.

The Delaware River has a drainage area of 12,765 square miles and its
average freshwater discharge into the head of the estuary at Trenton
is about 12,000 cfs (16,000 cfs at the site). The average tidal flow
at Wilmington, Delaware, about 20 miles above the site has been
measured at 400,000 cfs. Hence the tidal flow, which greatly exceeds
the runoff flow, dominates the flow velocity at the site. The normal
daily range in the height of the tide at the site is 5.8 ft. Larger
fluctuations have been caused by hurricanes which bring heavy precipita-
tion and may cause storm surges and severe wave action, and by strong
northerly winds which push the Delaware River water into Delaware Bay.
The highest tide ever recorded in the vicinity of the site (+8.5 ft msl)
occurred in November 1955. The lowest tide, based on projections of data
recorded at Reedy Point, Delaware, occurred on December 31, 1962
(-8.0 ft msl). Hence, the maximum recorded tidal range is 14.4 ft.
The existing site elevation of 9.0 ft usl is to be raised with fill
to 10.5 ft nsl, which will then be 2 ft above the highest recorded.
tide level. A dike around the site will have a top elevation of
about 18 ft msl.

The earliest attempts to model Delaware River estuarine flows with
physical models were made in 1932 and good correlation with the
prototype was secured. The Delaware estuary behaves as a mixed
estuary; it is essentially homogeneous vertically; salinity averages
10-15 ppt with vertical variations at a given point limited generally
to less than I ppt. Some variation in salinity is observed across the
estuary due to Coriolis forces, which tend to concentrate less-than-
average salinities on the west, or right, side and slightly greater
than average salinities on the east, or New Jersey, shoreline. 6 ,7

As a well-mixed estuary, the tidal mixing is sufficiently vigorous to
keep the vertical salinity stratification to a low value; thus the
dynamic and kinematic processes, which govern salinity, act to produce
a relatively one-dimensional salinity distribution until a point is
reached in the lower Delaware Bay where the tidal velocities are low
enough to permit a degree of vertical stratification to develop. In
the lower bay, below the Salem Station, there is an extensive amount
of nontidal circulation brought about by the combination of salinity
gradients and meteorological conditions. However, above Artificial
Island the classic salinity profile for the vertically homogeneous
estuary is prevalent.
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The applicant's consultants have estimated secondary, or nontidal,
flow as it might relate to the dispersion of effluent below the Salem
Station. 8 Their information indicates that as the observer travels
downward from the upstream freshwater end of the estuary, there is
an increasing amount of nontidal circulation. The relationship of
this nontidal circulation to the transport of materials seaward has
not been quantitatively established for the Salem Station and is of
interest in a qualitative overview. Based on computations using the
vertical salinity measurements taken in conjunction with biological
assessments,9 the net nontidal circulation in the station vicinity
due to coriolis forces, wind stress, and gravity-induced circulation
produces salinities on the order of one-third of those in the lower
bay. Other estimates of nontidal flow as high as six times the net
freshwater supply are suggested, but insufficient data are available
to assess either the numerical accuracy or the significance of this
phenomenon in relation to the dispersion and advection of effluents
from the Salem Station.

The net tidal flow has been estimated by the applicant's consultants
at 400,000 cfs, which produces a relatively high current velocity in
the station vicinity. These velocities are summarized in Figure 2.4
both for measured conditions and for the Delaware Estuary Model of
the Corps of Engineers at the Waterways Experiment Station, Vicksburg,
Mississippi. In addition, main channel current measurementsI 0 are
superimposed for additional insight into the overall current regime.
Studies of Delaware Bay in general, show that the center of mass of a
conservative contaminant moves seaward at a greater velocity than the
peak concentration as a result of the combination of tidal and nontidal
hydrodynamic forces acting in response to the freshwater supply.

Table 2.4 shows average temperature of the estuary near Artificial
Island. Ice forms in the winter along the shoreline of the estuary,
but is broken up by the tidal action. The Delaware River has not been
entirely covered by ice near the site in recent years due to passage
of ships. In early spring, ice from the upper Delaware River floats
past the site to Delaware Bay.

The applicant points out that wave action at the site is considered
to be moderate but a study by the firm of Dames and Moore for the
applicant 1 2 indicated that waves 12 ft high could develop at the
shoreline of Artificial Island during a probable maximum hurricane.
Correlations published by the Corps of Engineers 1 3 are in general
agreement with this figure for 100-mph southeast winds. This refer-
ence also indicates that waves overrunning the dikes will be negli-
gible for 12-ft waves even when the tides are simultaneously
extremely high (about +6 ft); however, this is still under staff
review.
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TABLE 2.4

DELAWARE RIVER WATER TEMPERATURE IN
THE VICINITY OF ARTIFICIAL ISLAND" 1

(1961-1966)

Date

January 1

February I

March I

April 1

May 1

June 1

July 1

August 1

September 1

October 1

November 1

December 1

Average Temperature
OF

39

33

38

46

56

69

78

79

78

68

57

48
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2.5.2 Surface Drainage

Other than some drainage ditches recently installed for insect control
by a local insect control district, Artificial Island does not have an
established system of ditches for runoff of surface water, but all
drainage from the site flows into the Delaware River. Where precipita-
tion collects in puddles, it either seeps into the ground or
evaporates.

2.5.3 Ground Water

The site is on the Atlantic Coastal Plain about 18 miles south of the
fall zone. Several aquifers which underlie the site have been identi-
fied for the applicant by their hydrologic consultants, Dames and
Moore.1 2 They report that the aquifers of the coastal plain are
almost all unconsolidated sand and gravel. The most productive
aquifers are those of the Cohansey Sand and the Raritan and Magothy
Formations. Other aquifers are the Wenonah and the Mount Laurel
Sands, the Englishtown Formation and the Vincentown Formation. Sands
and gravels of the Pleistocene and Recent Age are irregularly distrib-
uted throughout the Coastal Plain, but are used as aquifers only in a
few areas adjacent to the Delaware River.

The Wenonah and Mount Laurel Sands function hydrologically as a single
unit and together they are probably the most used aquifers in the
region of the site. The aquifer is recharged from precipitation on
its upper outcroppings and it discharges water in low areas along its
outcrop area, particularly beneath the Delaware River.

The aquifers beneath the site are separated from the surficial soils
by one or more impermeable silty clay beds. The Pleistocene Sand,
which extends to about 30 ft in depth, is probably of limited areal
extent, although it extends over most of the site. It is underlain
with the Kirkwood aquitard. The Vincentown Formation is encountered at
about 70 ft and is an aquifer. The Vincentown Formation is underlain
with the Hornerstown Sand, which is an aquitard composed of clayey sand.
Below is the Navesink Sand and at about 180 ft is the Mount Laurel Sand
aquifer. Since the hydraulic gradient of the aquifers at the site is
too small to measure, it is likely that any groundwater movement at
the site is strongly influenced by the tide.

2.5.4 Water Use

The water of the Delaware River at the site and for some 25 miles
upstream is brackish and, consequently, in this region is not used
for domestic supplies and its industrial use is limited to cooling
applications.
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On the New Jersey side of the Delaware River there are 6 towns within
a 25-mile radius of the site that have public water supplies. Salem
is the only one of these that obtains a part of its water supply from
surface sources (Alloway Creek about 8 miles north-east of the site).
Water for the other towns (and about one-third of the supply for Salem)
is pumped from wells. Nearly all of the water supplies for private
use are also obtained from wells--most of which are 2 in. in diameter
and more than 75 ft deep. There are no known productive wells closer
than 2 miles to the site and the nearest residences (summer cottages)
are about 3 miles away.

2.6 METEOROLOGY

The region of the site is part of the Atlantic Coastal Plain con-
sisting of flat low land with relatively uncomplicated topography.
The wind patterns are mainly continental in nature.

The site data provided by the applicant, obtained from a 300-ft
meteorological tower, show local winds and stability. Climatologi-
cal data are available for Wilmington, Delaware, which is located about
20 miles north of the site. Table 2.5 shows the mean monthly air
temperatures. Summers are warm and humid while the winters are generally
mild. July is the warmest month with a mean daily maximum air tempera-
ture of 86.2°F. A record high temperature of 102°F occurred in
July 1966. The coldest month is January with a mean daily minimum of
25.5°F. The record low temperature is -4 0 F which has occurred in both
January and February.

The relative humidity is quite high throughout the year; monthly
values are summarized in Table 2.5. In January, the relative humidity
is in the range of 75% at 1 a.m. and 61% at 1 p.m.; in July the range
is between 84% and 54%.

Rainfall is well distributed throughout the year; it is greatest in
August (average 5.6 in.) and least in October (average 2.9 in.).
The monthly pattern of rainfall is variable from year to year,
although typically the greatest amounts come during the summer
months. Most of the winter precipitation is in the form of rain.
Snow is often mixed with sleet and rain, and a snowfall usually melts
within a few days. The actual amount of snow has been quite vari-
able from year to year, ranging from 1 in. to almost 50 in. for a
winter season. Most of the rain in summer is associated with thunder-
storms. During other seasons, storms moving up the coast bring much
of the precipitation. Hurricanes can occasionally cause heavy rainfall
in the late summer and fall. Additional information on precipitation
is shown in Table 2.5.



TABLE 2.5

CLIMATOLOGICAL DATA FOR WILMINGTON, DELAWARE (a)

Tenip . *F (Mean~ Monthlyj Precipitation (in.)
Normal Max

Relative Humidity (%)
l;O a.m. i:00 p.m.Month

January
February
March

April
May
June

July
August
September

October
November
December

Normal " Max Min

33.4
33,8
41.3

52,1
62.7
71.4

76.0
74.0
67.6

56.6
45.4
35. 1

41.3
42.4
50.5

62.5
73.4
81.8

86.2
84.2
77.9

67.3
55.1
43.5

25.5
25.2
32.0

41.6
52.0
61.0

65.8
64.3
57.3

45.9
35.7
26.7

3.40
2.95
4.02

3.33
3.53
4.07

4.25
5.59
3.95

2.91
3.53
3.03

5.55
6.29
5.72

5.97
7.35
6.34

74
73
73

74
79
83

84
86
85

83
79
76

61
59
53

51
53
53

54
56
53

54
56
60

7.51
12.09

9.53

6.41
7.32
7.90

NJ
!-

Total 44.56

(a)Based on 24 years of data and taken from Local Climatological Data, Wilmington, Delaware,
1971, U.S.D.C., No. A.A.
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The site seldom feels the full impact of hurricane winds. The highest
wind ever observed at Wilmington, Delaware, was 58 mph in October 1954.
For the Philadelphia International Airport (about 30 miles NE of site)
the highest wind speed was 88 mph in July 1931. The applicant estimates
that 100 mph hurricane winds may occur about once every 100 years.

2.7 ECOLOGY OF SITE AND ENVIRONS

2.7.1 Terrestrial

The following description of the flora and fauna comprising the terrestrial
environment deals with both the exclusion area (700 acres) and the
surrounding area. Separate descriptions of these two areas are provided
as a matter of convenience for reference and because the major impacts on
the terrestrial environment can be expected to occur mostly within the
exclusion area.

2.7.1.1 The Exclusion Area

The minimum distance from the reactor facilities to the exclusion area
boundary is 4,200 ft and the maximum distance is just over 1 mile.
The site is flat, with an average elevation over mean sea level of about
9 ft and a maximum elevation on the order of 18 ft near the southern
end of the exclusion area. The southern area is thus drier than the
marshland bounding Artificial Island. There are several small fresh-
water marshes in the northern end of the area. About 220 acres of the
exclusion area are now being used (generator site, parking areas, spoil
disposal, etc.).

About 480 acres of the exclusion area are covered by a virtually pure
stand of the giant reed, Phragmites communis. More than 99% of the
480 acres is estimated to be covered by this species. 14 The higher
elevation and lack of flooding by tides may have an influence on the
limited invasion by other species. It also appears that the present
vegetation pattern is an early successional stage and would ultimately
be replaced by other species. In any event, the dense stand of
Phragmites does not appear particularly productive of wildlife, serving
largely as cover. Since this particular site is not subject to flooding,
detritus from the stand could not normally enter the estuarine food chain.

A survey of the area 14 indicated very little in the way of vertebrates
in the exclusion area. No amphibians were found, and the only reptile
sighted was the diamondback terrapin, Malaclemys t. terrapin, which
inhabits the brackish waters surrounding the area. Arndtr' reports
that a nesting site for this species was located near the southern
end of Artificial Island. This species has been harvested in the past
and was important commercially, but is now effectively protected in
New Jersey. Other reptiles likely to occur in the area include the
northern water snake (Notrix s. sipedon), the garter snake (Thamnophis
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s. sirtalis) and the snapping turtle (Chelydra s. serpentina).1 4 None
of these species is considered to be common in the exclusion area and
all three are widely distributed throughout much of the country.

Five species of birds were observed in the exclusion area: the marsh
hawk (Circus cyaneus), the red-winged blackbird (Agelaius phoeniceus),
song-sparrow (Melospiza melodia), yellowthroat (Geothlypis trichas)
and common grackle (Quiscalus quiscula).

Mammals evident in the exclusion area include the cottontail rabbit
(Sylvilagus floridanus), the house mouse (Mus musculus) and the

Norway rat (Rattus norvegicus). One night expect some raccoons
(Procyon lotor) to be present and some signs of raccoon were
reported.TFihere is little about the site that suggests it is
an important habitat for the local commercially desirable species,
such as mink (Mustela vison), muskrat (Ondatra zibethica) or otter
(Lutra canadensis).

The applicant stated that no rare or endangered species as listed in
the U. S. List of Endangered Fish and Wildlife, Federal Register,
Vol. 35, No. 199, October 13, 1970, are known to occur on the site.

2.7.1.2 The Surrounding Area

To the north and northeast of the Salem site, there are tidal marshes
for some 5 or 6 miles. The nearest farmlands are about 3.5 miles to
the east. Several large tidal creeks bound Artificial Island to the
north and east and others exist in the intervening marshy area between
the site and the farmlands to the east. The topography is largely either
flat or shows a gentle undulation, with the maximum elevation in the
nearby areas being about 15 ft msl.

Smith 1 5 (cited by Arndt 1 4 ) reported that salinities within the lower parts
of the tidal creeks are much the same as those in the estuary off the creek
mouths and that the vegetation pattern reflects this fact. Arndt 1 4 reports
that all of Hope Creek and lower portions of Alloway Creek are bordered
by a salt marsh flora and that the transition zone from freshwater
to brackish waters may be about 5 miles inland, with complete replacement
of saltwater species occurring nearly 9 miles inland. The area of marsh
proper, being subject to periodic tidal flooding, is principally inhabited
by saltwater or brackish water species. Both the flooding and the
existence of a rich estuarine substrate lead to the marshes being highly
productive of plants and animals, chiefly fish and waterfowl of economic
importance.

One of the most common plants and certainly the most conspicuous in the
area up to the farmlands is the giant reed (Phragmites communis). Since
it can tolerate both fresh and saltwater, stands are found well upstream
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into the essentially freshwater parts of the largest tidal creeks.
Phragmites tend to form dense and nearly pure stands, particularly on the
higher ground. Another conspicuous plant is big cordgrass (Spartina
cynosuroides) which may grow to 7 ft or more. Arndt1 reports it to be
less common than the giant reed and to grow in scattered stands along creek
and ditch banks and other high areas.

A less common species is salt marsh cordgrass (Spartina alterniflora)
which is found in sites that are regularly flooded by tides. Saltmeadow
cordgrass (Spartina patens) is also a species of the tidal areas,
but tends to grow in somewhat higher areas than those in which the salt
marsh cordgrass is found. A saltmarsh bulrush (Scirpus robustus) grows
in and around patches of the above-mentioned two species. Arndt 14

considers the above five species as predominant in the marshy areas
and, with a few other minor tidal marsh species, to constitute nearly
99% of the vegetation of the tidal marshes. The woody high-tide bush
(Iva frutescens) is found along the higher creek banks and upland
margins, as is the groundsel bush (Baccharis halimifolia). Other
species of the higher areas are the wild black cherry (Prunus serotina),
poison ivy (Rhus toxicodendron), smooth sumac (Rhus glabra), willow
oak (Quercus phellos) and common persimmon (Diospyros virginiana).
Arndt11W'estimates that less than 2% of the vegetation of the marsh con-
sists of these latter seven species.

Only one amphibian, the leopard frog (Rana pipiens), was actually
recorded in the vicinity of the Salem site. Table 2.6 gives a list
of amphibians recorded wi'thin 6 miles of the station. With the
exception of the four-toed salamander, all of these amphibians are
common locally and have extensive distribution in the United States.
Records on species to the north of the station are presented by
McCormick; 1 6 Arndt 14 judges that these species very likely can be
found within a 4-mile radius of the Salem Station.

The only reptilian species actually collected was the diamondback
terrapin. Collections were made in the estuary at the southern end of
Artificial Island. Table 2.7 gives a list of reptiles recorded in
Delaware within 6 miles of the station. Again, most of these species
are likely to be found in the marshes up to the nearby farmlands.
McCormick also recorded these species in southern New Jersey. The bog
turtle has been recorded in Salem County and is re arded by some investi-
gators as an endangered species. 1 4 However, Arndtf4 believes that suitable
habitats for this species are not to be found in the vicinity of the
Salem site, but may be found in the surrounding farmlands.

The only economically important reptilian species in the region is the
snapping turtle. Trappers take this species in May and June; an individual
trapper may take 100 to 150 lb of turtles each day, in contrast to
6 or 7 years ago when a good trapper might have obtained as much as 500 lb
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TABLE 2.6

AMPHIBIANS RECORDED IN DELAWARE WITHIN 6 MILES OF THE
SALEM STATION,

ARTIFICIAL ISLAND, NEW JERSEY, 1971-197214

Four-toed salamander - Hemidactylium scutatum

(a)Red-backed salamander - Plethodon c. cinereus

Fowler's toad - Bufo woodhousei fowleri

Northern spring peeper - Hyla crucifer

Bullfrog - Rana catesbeiana

Green frog - Rana clamitans

(a)Pickerel frog - Rana palustris

Leopard frog - Rana pipiens

(a) Indicates species probably present but not yet recorded

(
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TABLE 2.7

LIST OF REPTILES RECORDED IN DELAWARE WITHIN 6 MILES
OF THE SALEM STATION

ARTIFICIAL ISLAND, NEW JERSEY, 1971 AND 197214

Common snapping turtle - Chelydra s. serpentina

Eastern mud turtle - Kinosternon s. subrubrum

Stinkpot - Sternothaerus odoratus

Spotted turtle- Clemmys guttata

Bog turtle - Clemmys muhlenbergi

Eastern painted turtle - Chrysemys p. picta

Diamondback terrapin - Malaclemys t. terrapin

Red-bellied turtle - Pseudemys rubriventris

Eastern box turtle - Terrapene c. carolina

Five-lined skink - Eumeces fasciatus

Northern water snake - Natrix s. sipedon

Garter snake - Thamnophis s. sirtalis

Northern black racer - Coluber c. constrictor

Black rat snake - Elaphe o. obsoleta
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a day. Value of the turtle to the trapper is between 15 and 25 cents/lb
live weight. Consequently, trapping is carried out as a sideline in
connection with muskrat trapping. No trapping for turtles has been
recorded near the Salem site.

Avian species observed in the vicinity of the Salem site14 are recorded in
Table 2.8. Undoubtedly, more than the 44 species listed are present during
some part of the year. Table 2.8 designates the seasons of occurence and
relative abundance in terms of occasional sighting, common species and
frequently seen species. Table 2.9 gives a list of species observed in
nearby locations in Delaware.

No doubt this list is also typical of the New Jersey lands adjacent to
Salem. The fact that duck blinds are evident in the marshes to the east
of the station site suggests the utilization of the area by waterfowl
hunters. On rare occasions bald eagles have been seen in the general
area.

Seven osprey nests were identified in the general locale of the Salem
Station in 1971; only two nests were reported in 1972.14

Cottontail rabbits are to be found in the general vicinity of the station,
but numbers are not likely to be sufficiently large in this habitat to
make the species of interest to local hunters.

The only economically important mammal found in the vicinity of the station
is the muskrat. Arndt 1 4 estimates that three trappers operate in the area
south of Alloway Creek and west of Hope Creek. Each trapper uses about
250 traps and catches from 20 to 30 muskrats/day. Prices range from
$2 to $3.50/pelt. The carcasses may also be sold for about 25 cents each.
The area to the west-(north of the station and below Alloway Creek) was
formerly claimed to be a good trapping area but is presently not utilized.
Arndt 1 4 cites a trapper as suggesting that increasing abundance of the
giant reed in that area may have caused the decline in muskrat numbers.
Raccoons (Procyon lotor) are believed common in the vicinity of the
station and an occasional skunk (Mephites mephites) and opossum
(Didelphis marsupialis) may be found in the marsh, but these species

are primarily inhabitants of the farmland areas. Similarly, weasels
(Mustela frenata), mink (Mustela vison) and otter (Lutra canadensis)
no doubt are to be found occasionally in the marshland area or along
the tidal creeks, but none of these species is economically important
in the vicinity of the station.

The white-tailed deer (Dama virginianus) may be hunted on Artificial
Island by a few individuals, but the habitat of the marshes is not
suitable for occupation by deer.
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TABLE 2.8

BIRDS OBSERVED IN NEW JERSEY AND ON THE DELAWARE RIVER IN
THE VICINITY OF THE SALEM STATION,

ARTIFICIAL ISLAND, SALEM COUNTY, NEW JERSEY,
DURING MARCH, APRIL AND MAY, 1972.14

(Birds in New Jersey were Recorded Within a
Radius of 4 Miles of the Salem Station)

Relative
Frequency

When With Which
Species Observed Observed

Pied-billed grebe - Podilymbus podiceps W,S 0
Double-crested cormorant -

Phalacrocorax auritus S C
Canada goose - Branta canadensis W,S F
Mallard - Anas platyrhynchus WS C
Black duck - Anas rubripes WS C
Blue-winged teal - Anas discors W ,IS C
Turkey vulture - Cathartes aura WS 0
Black vulture - Coragyps atratus S 0
Marsh hawk - Circus cyaneus WS 0
Red-tailed hawk - Buteo jamaicensis WS 0
Osprey - Pandion haliaetus S 0
Snowy egret - Leucophoyx thula S F
American egret - Casmerodius albus S F
Cattle egret - Bubulcus ibis S F
Great blue heron - Ardea herodias S 0
Glossy ibis - Plegadis falcinellus S C
American coot - Fulica americana WS 0
Willet - Catoptrophorus semipalmatus S 0
Greater yellowlegs - Totanus melanoleucus S 0
Least sandpiper - Erolia minutilla S 0
Great Black-backed gull - Larus marinus WS C
Herring gull - Larus argentatus WS C
Bonaparte's gull - Larus philadelphia W C
Mourning dove - Zenaidura macroura WS F
Belted kingfisher - Megaceryle alcyon Ws 0
Horned lark - Eremophila alpestris WS 0
Barn swallow - Hirundo rustica S F
Tree swallow - Iridoprocne bicolor S F
Common crow - Corvus brachyrhynchos WS F
Fish crow - Corvus ossifragus WS 0
Mockingbird - Mimus polyglottos WS C
Catbird - Dumetella carolinensis W,S 0
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TABLE 2.8 (Continued)

Relative
Frequency

When With Which
Species Observed Observed

Starling - Sturnus vulgaris W,S F
Yellowthroat - Geothlypis trichas S 0
House sparrow - Passer domesticus WS 0
Red-winged blackbird -

Agelaius phoeniceus W,S F
Common grackle - quiscalus quiscula WS F
Brown-headed cowbird - Molothrus ater S C
Sharp-tailed sparrow -

Ammospiza caudacuta W,S F
Swamp sparrow - Melospiza georgiana W,S 0
Song sparrow - Melospiza melodia W,S C
Ring-necked pheasant -

Phasianus colchicus SW 0
Green heron - Butorides virescens S 0
Yellow warbler - Dendroica petechia S 0

(a) W - indicates that the species was observed in the winter (cooler)
months, S - indicates that it was observed in the summer (warmer)
months. 0 - indicates that specimens of the species were only
occasionally seen, C - commonly and F - frequently.
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TABLE 2.9

BIRDS OBSERVED IN DELAWARE, WITHIN A RADIUS OF 6 MILES
OF THE SALEM STATION,

ARTIFICIAL ISLAND. SALEM COUNTY, NEW JERSEY, DURING 1971 AND 197214

Relative
Frequency

When (a) With Which
Species Observed Observed

Loon - Gavia sp. W 0
Whistling swan - Olor columbianus W 0
Blue goose -Chen caerulescens W 0
Snowgoose - Chen hyperborea W 0
Pintail - Anas acuta W C
American widgeon - Mareca americana W 0
Green-winged teal -Anas carolinensis W C
Wood duck - Aix sponsa S C
Redhead - Aythya americana W 0
Canvasback - Aythya valisineria W 0
Greater scaup - Aythya marila W 0
Bufflehead - Bucephala albeola W 0
White-winged scoter - Melanitta deglands W 0
Ruddy duck - Oxyura jamaicensis W 0
Cooper's hawk -Accipiter cooperli WS 0
Sparrow hawk - Falco sparverius WS F
Bobwhite - Colinus virginianus WS F
Little blue heron - Florida caerulea S 0
Least bittern - Ixobrychus exilis S 0
King rail - Rallus elegans S 0
Florida gallinule - Gallinula chloropus S -0
Killdeer - Charadrius vociferus W, S C
American woodcock - Philohela minor WS 0
Laughing gull - Larus atricilla S C
Common tern - Sterna hirundo S C
Rock dove (pigeon) - Columba livia WS F
Yellow-billed cuckoo - Coccyzus americanus S 0
Great homed owl - Bubo virginianus WS 0
Short-eared owl - Asio flammeus W 0
Chimmey swift - Chaetura pelagica S F
Ruby-throated hummingbird -

Archilochus colubris S 0
Yellow-shafted flicker - Colaptes auratus S 0
Downy woodpecker - Dendrocopos pubescens WS 0
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TABLE 2.9 (Continued)

Relative
Frequency

When With Which
Species Observed(a) Observed

Eastern phoebe - Sayornis phoebe S 0
Purple martin - Progne subis S 0
Blue jay - Cyanocitta cristata WS F
Long-billed marsh wren -

Telmatodytes palustris S F
Brown thrasher - Toxostoma rufum S 0
Eastern kingbird - Tyrannus tyrannus S 0
Robin - Turdus migratorius S F
Wood thrush - Hylocichla mustelina S 0
Black-and-white warbler - Mniotilta varia S 0
Bobolink - Dolichonyx oryzivorus S C
Eastern meadowlark - Sturnella magna WS F
Boat-tailed grackle - Cassidix mexicanus S F
Cardinal - Richmondena cardinalis WS F
Evening grosbeak - Hesperiphona vespertina W 0
American goldfinch - Spinus tristis S C
Rufous-sided towhee -Pipilo erythrophthalmus WS 0
Grasshopper sparrow - Ammodramus savannarum S 0
Slate-colored junco - Junco hyemalis W 0
Snow bunting - Plectrophenax nivalis W 0

(a) W - indicates that the species was observed in the winter (cooler)
months. S - indicates that it was observed in the summer (warmer)
months. 0 - indicates that specimens of the species were only
occasionally seen, C - commonly and F - frequently.
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2.7.2 Aquatic

Ecological studies of the Delaware River in the vicinity of Artificial
Island have been in progress since June of 1968 by Ichthyological
Associates under contract to the applicant. The following information
presented is largely based upon the information reported by Ichthyo-
logical Associates.

The Delaware River estuary was historically a productive system.
Although the activities of man appear to have lowered the produc-
tivity, especially reducing the catch of certain species of fish and
the blue crab, sampling indicates that the system is still productive
with a good deal of life in the local area of Artificial Island.

The source of primary productivity to maintain this system remains
undetermined. The possible importance of a detrital food web
transferring energy from the surrounding salt marsh into the estuary
proper, has not been examined. However, it is known that this is a
significant source of energy in similar systems. Observations at the
site discount the possibility that the estuarine benthic environment
could be an important source of primary productivity. In general, the
water is too deep, and turbid, and the bottom is not stable enough to
encourage the development of benthic primary productivity. No
filamentous algae or attached marine plants occur in the vicinity of
Artificial Island. There is always a possibility that there is a net
input of energy from some other part of the Delaware River system into
this reach adjacent to Artificial Island, but there are no data to
support this hypothesis.

2.7.2.1 Plankton

There appears to be a paucity of published information available on
the kinds and quantities of phytoplankton present in the near vicinity
of the site. However, it seems logical to assume that there are
significant populations of phytoplankton in this region which make
important contributions to the organisms at higher trophic levels.

Extensive sampling for zooplankton has been carried out and the data
for 1970, as reported by Ferrante (1971),17 indicate a productive
ecosystem with a diversity of organisms.

Four species of uysid shrimp, Neomysis americana, Mysidopsis
bigilowi, Metamysidopsis munda and Gastrosaccus dissimilis were
collected; however, N. americana made up 80% of those collected.
The mysids are important sources of food for many species of fish,
including species of importance to man such as weakfish and striped
bass. The Delaware River estuary appears to be a normal habitat for
the mysids and they are present in the area during the entire year.
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A migratory population of the medusae of Blackforida manhattensis
was noted at the station site. These animals apparently migrate up
from more saline water in Delaware Bay where they are produced.
This species was found only during the summer to early fall and its
migration up the estuary appears to be limited by the low salinity
water found above the site. No information is available which
indicates that this organism is important in any marine food chain.

Two species of estuarine copepods are present, Eurytemora hirundoides
and Acartia tonsa. They are seasonally abundant and are known to be
important members of the estuarine food chain. Larval and juvenile
fish are known to be dependent upon plankton of this size range.

Several species of amphipods were noted in the area. These included
Corophium cylindricum, Corophium lacustre, Corophium acherusicum,
Gamnmarus fasciatus, Gammarus daiberi and Melita nitida. It is well
established that these amphipods are important sources of food for
many species of fish. Since these amphipods typically inhabit the
bottom of the estuary, they are especially important for bottom-
dwelling species of fish.

Hydroid colonies of two species were identified in the study site.
The hydroids are not important members of a food chain, but they
very likely will be a major constituent of any fouling community
which might develop within the circulating water system of the
station.

2.7.2.2 Fish

A great deal of information has been obtained about the environment
of the Delaware estuary adjacent to the site; Raney 1969,18 Schuler
1970,"j Schuler 1971,20 Wang 1971,2- Thomas 1971,22 Bason 1 9 7 1 Z3 and
Smith 1971.24 Much of this information is concerned with fish
populations. A summary of the species found in the area is provided
by Schuler 197019 and reproduced here as Table 2.10. Sampling
methods have included trawling, gill netting and seining and have
been used on a regular basis throughout the year. The sampling is
believed to have been sufficiently comprehensive that there is little
likelihood that any species of importance has been missed in this
survey.

The bay anchovy (Anchoa mitchilli) is the most abundant fish in the
area on the basis of the numbers of specimens captured by the trawls
and the seines. This forage fish is undoubtedly a prominent item in
the diet of the larger predatory fish of the area.



2-29

TABLE 2.10

FISHES SAMPLED IN THE VICINITY OF ARTIFICIAL ISLAND19

Common Name Scientific Name

LAMPREYS - PETROMYZONTIDAE

Sea Lamprey Petromyzon marinus

STURGEONS - ACIPENSERIDAE

Atlantic sturgeon Acipenser oxyrhynchus

HERRINGS - CLUPEIDAE

Alewife
Blueback herring
American shad
Hickory shad
Atlantic menhaden
Gizzard shad

Alosa pseudoharengus
Alosa aestivalis
Alosa sapidissima
Alosa medi cris
Brevoortia tyrannus
Do rosoma cepedianum

ANCHOVIES - ENGRAULIDAE

Bay anchovy Anchoa mitchilli
Striped anchovy Anchoa hepsetus

SUCKERS - CATOSTOMIDAE

White sucker Catostomus commersoni

MINNOWS - CYPRINIDAE

Goldfish
Carp
Silvery minnow
Golden shiner
Satinfin shiner
Spot tail shiner

Carassius auratus
Cyprinus carpio
Hybogaathus nuchalis
Notemigonus crysoleucus
Not ropis analos tanus
Notropis hudsonius

FRESHWATER CATFISHES - ICTALURIDAE

Brown bullhead
White catfish
Channel catfish

Ictalurus nebulosus
Ictalurus catus
Ictalurus punctatus
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TABLE 2.10 (Continued)

Common Name Scientific Name

PIKES - EXOCIDAE

Redfin pickerel Esox americanus

NEEDLEFISHES - BEIDNIDAE

Atlantic needlefish Strongylura marina

FRESHWATER EELS - ANGUILLIDAE

American eel Anguilla rostrata

PORGIES - SPARIDAE

Pin fish Lagodon rhomb oides

DRUMS - SCIAENIDAE

Silver perch Bairdiella chrysura
Weakfish Cynoscion regalis
Spot Leiostomus xanthurus
Northern kingfish Menticirrhus saxatilis
Black drum Pogonias cromis
Croaker Micropogon undulatus

SEAROBINS - TRIGLIDAE

Searobins Prionotus evolans

STICKLEBACKS - GASTEROSTEIDAE

Fourspine stickleback Apeltes quadracus
Threespine stickleback Gasterosteus aculeatus

PIPEFISHES & SEA HORSES - SYNGNATHIDAE

Northern pipefish Syngnathus fuscus
Spotted seahorse Hippocampus erectus

GOBIES - GOBIIDAE

Naked goby Cobiosoma bosci
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TABLE 2.10 (Continued)

Common Name Scientific Name

STARGAZERS - URANOSCOPIDAE

Northern stargazer Astroscopus gatattus

TOADFISHES - BATRACHOIDIDAE

Toadfish Opsanus tau

CUSK-EELS - OPHIDIIDAE

Striped cusk-eel Rissola marginata

CODFISHES & HAKES - GADIDAE

Spotted hake Urophycis regius

LEFTEYE FLOUNDER - BOTHIDAE

Summer flounder Paralichthys dentatus
Windowpane S choph thalmus aquos us

RIGHTEYE FLOUNDER - PLEURONECTIDAE

Winter flounder Pseudopleuronectes
ane ri canus

SOLES - SOLEIDAE

Hogchoker Trinectes maculatus

KILLIFISHES - CYPRINODONTIDAE

Sheephead minnow Cyprinodon variegatus
Banded killifish Fundulus diaphanus
Mummichog Fundulus heteroclitus
Striped killifish Fundulus majalis
Rainwater fish Lucania parva

TOPMINNOW - POECILIIDAE

Mosquitofish Ganbusia affinis
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TABLE 2.10 (Continued)

Common Name

TRIGGERFISHES & FIL:

Orange filefish

PUFFERS -

Northern puffer

SEA BASSES

White perch
Striped bass

PERCHES -

Yellow perch
Eastern johnny darter

Scientific Name

EFISHES - BALISTIDAE

Alutera schoepfi

ETRAODONTIDAE

Sphaeroides maculatus

- SERRANIDAE

Roccus americanus
Roccus saxatilis

PERCIDAE

Perca flavescens
Etheostoma olmstedi

SUNFISHES - CENTRARCHIDAE

Pumpkinseed Lepomis gibbosus
Bluegill Lepomis macrochirus
White crappie PomoxLs annularis
Black crappie Pomoxis nigromaculatus
Largemouth bass Micropterus salmoides

SNAPPERS - LUTJANIDAE

Gray snapper Lutjanus griseus

MULLETS - MUGILIDAE

Striped mullet Mugil cephalus
White mullet Mugil curema

SILVERSIDES - ATHERINIDAE

Atlantic silverside Menidia menidia
Tidewater silverside Menidia beryllina
Silverside Menbras martinica

BUTTERFISHES - STROMATEIDAE

Butterfish Poronotus triacanthus
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TABLE 2.10 (Continued)

Common Name Scientific Name

JACKS, SCADS, & POMPANOS- CARANGIDAE

Crevalle jack Caranx hippos
Lookdown Selene vomer
Pompano Trachinotus carolinus
Permit Trachinotus falcatus
Moonfish Vomer septapinnin

BLUEFISHES - POMATOMIDAE

Bluefish Pomatomus saltatrix
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The Atlantic silverside (Menidia menidia) was about as numerous in
the seine catches as the bay anchovy, but was not collected in sub-
stantial quantities by the trawls.

The weakfish (Cynoscion regalis), which is an important game fish,
was one of the three most abundant species collected. Most of the
weakfish that were sampled were young and were taken in July and
August; few specimens were captured in October. Ichthyological
Associates concluded that the Artificial Island area is an important
nursery area for young weakfish.

The hogchoker (Trinectes maculatus) was fourth or fifth in relative
abundance but virtually all of the catch was taken by bottom trawls
because this species is a flatfish.

The white perch (Roccus americanus) is also abundant. It appears to
be the nost common pan fish of the area and provides considerable
sport fishing. The area of Artificial Island is considered to be an
important nursery ground for it.

The American eel (Anguilla rostrata) was sometimes taken in substan-
tial numbers by the trawls. This species is of relatively minor
importance to the local sport fishery, however.

The striped bass (Roccus saxatilis) is considered to be the most
important sport fish of the area. Although this species does not
spawn in the immediate vicinity of Artificial Island, a spawning
area does exist in the Chesapeake and Delaware Canal only 7 miles
upstream from the site (Murawski, 1969).25 The juvenile bass which
move out of the canal tend to migrate along the western shore of the
estuary.

Silver perch (Bairdiella chrysura) and black drum (Pogonias gromis)
are also popular game fish of the region and use the Artificial
Island area as a nursery ground. Catfish (Ictalurics sp.) and carp
(Cyprinus carpio) are also caught by sport fishermen fishing from
the bank.

The commercial fishery in the region is not extensive, but American
shad, striped bass, white perch, carp and Atlantic sturgeon are har-
vested. Reliable catch statistics are not available for either the
sport or commercial fishery in this region, however.

The American shad (Alosa sapidissima) migrates through the Delaware
estuary and Ichthyological Associates carried out special sampling
with gill nets in the spring of 1969 to determine more about the
abundance and upstream migration of the adults of this and other



2-35

species of the genus Alosa. The results tend to show that the Ameri-
can shad uses both sides of the estuary in upstream migrations.
Sonic tagging was attempted to better define the migration routes,
but the effort was not successful.

2.7.2.3 Shellfish

Delaware Bay once produced substantial quantities of oysters. How-
ever, the oyster industry was almost completely destroyed by 1959
and little recovery has occurred in recent years. The harvest
declined from about 7 million pounds in the early 1950's to less than
a million pounds in the early 1960's. The decline was apparently
caused by a protozoan parasite, Michinia nelsoni. The Artificial
Island region has not been and is not now an area of oyster produc-
tion. The salinity of the water at this site drops below that which
is tolerated by oysters and hence they are excluded from this region.
The nearest location of commercial oyster production is about 4 miles
downstream where there are seed beds. A few scattered young individ-
uals were obtained in the sampling program south of Hope Creek jetty,
which is over a mile south of the station.

The blue crab (Callinectes sapidus) supports the largest commercial
hishing effort in the region of Artificial Island and in 1971 some
25,000 bushels of hard crabs and about 72,000 individual peeler
crabs were marketed from this area.26 The major spawning and nursery
areas for the blue crab are in the lower Delaware Bay, rather than
near Artificial Island. Some crab larvae are transported by the
currents and they were present in collections made in the vicinity
of Artificial Island from mid-June through mid-October. 2 6 However,
the salinity of the water in the vicinity of Artificial Island is
believed' to be unfavorably low for the hatching and development of
larvae stages of the blue crabs.

Other crustacea collected near Artificial Island include the shrimp
Palemonetes vulgaris and Crangon septemspinosus.
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3. THE STATION

3.1 EXTERNAL APPEARANCE

The two most prominent features of the Salem Station will be the twin
reactor containment structures projecting to a height of about 190 ft
above grade. Other major structures are the administration, service
and auxiliary buildings, the turbine-generator area, the wa ter intake
facility, and the electrical switchyard. An artist's concept of the
completed station is shown in Figure 3.1.

The applicant's intent is to incorporate within the design of the
facility, features which will blend with the surroundings as much as
possible 4within the constraints imposed by the primary function of the
station.4  Based upon the recommndations of its architectural consultant,
the external surfaces of several major buildings are constructed of
exposed-aggregate, precast concrete panels. The hemispherical-domed
reactor containments and remaining buildings will have a natural con-
crete finish to accent the exposed aggregate wall panels. Switchyard
supports and structures also will be made of concrete and the ground
surface will be leveled and covered with graded crushed rock to pre-
vent weed growth and precipitation puddling.

The waterfront facilities (service water and circulating water intakes)
will have a low profile; major portions of these structures will be
continually submerged. Equipment in the exposed portions will be
enclosed to present a neat appearance.

Exposed nonconcrete buildings, equipment and enclosures will be
painted light colors, primarily blue, to present a neat and pleasing
appearance of blue and concrete gray. Also, the plant area will be
graded and landscaped appropriately to enhance the appearance of the
station.

3.2 REACTOR AND STEAM-ELECTRIC SYSTEM

The Salem Nuclear Generating Station will use two identical pressurized
water reactors (PWR), designed and fabricated by Westinghouse Electric
Corporation, with licensed thermal ratings of 3350 MW (Unit 1) and
3423 MW (Unit 2). The approximate net electrical output of the two
units is 1090 MW and 1115 MW, respectively. The turbine-generators also
are fabricated by Westinghouse. Public Service Electric and Gas Company
will provide its own architect-engineer services and United Engineers
sand Constructors, Inc. will provide construction management services for
the project.
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FIGURE 3.1 SALEM NUCLEAR GENERATING STATION--ARTIST' S CONCEPT
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Heat generated by the fissioning of reactor fuel is transferred in the
core to the pressurized primary coolant which in turn produces steam
in the steam generators by transferring heat to the secondary coolant,
also in a closed system. The cooled primary coolant is recirculated back
to the reactor and the secondary steam, after expending its energy in
the high- and low-pressure turbines, is condensed and returned to the
steam generators. A third coolant system, supplied with once-through
cooling water from the Delaware estuary, serves to condense the spent
secondary steam in the heat exchangers Ccondensers) following the
turbine-generators. Figure 3.2 is a schematic of the pressurized water
reactor cycle that will be used at the Salem Station, showing the three
principal coolant systems and auxiliary equipment components.

3.3 HEAT DISSIPATION SYSTEM

The waste heat from the power generation is to be removed by cooling
water taken from and returned to the Delaware River estuary. Approxi-
mately 15.3 x 109 Btu/hr are to be removed by this system.

For Salem Units 1 and 2, about 2,300,000 gpm (5100 cfs) of water will
be used for cooling and service purposes. Approximately 97% of the
total flow (4950 cfs) will pass through the condensers where it will
be heated about 13.6°F when the plants are operated at maximum power
levels. With the remaining 150 cfs service water discharge added to
the main cooling water, the discharge excess temperature would be about
13. 3'F at normal power.

The cooling water is withdrawn from the Delaware River estuary through
an intake system on the south end of Artificial Island. A sketch of
this intake structure is shown in Figure 3.3 The inlet is designed to
give low inlet velocities and is equipped with fish passages, trash
racks, stop gates and traveling screens. The approach velocity to the
screens will be less than 1.2 fps. Screen cleaning will be done by
hydraulic jetting. The applicant has had model studiesi performed in
order to select and verify the intake design and to ascertain flow
distribution and velocity in terms related to fish entrapment potential.

Service water is to be withdrawn from the estuary at a peak rate of
120,000 gpm through a smaller intake system about 400 ft north of the
main cooling water intake. This intake is shown in Figure 3.4.

Both the main cooling.water and the service water are returned to the
estuary through six, 10-ft (ID) pipes which extend 500 ft into the
estuary. The outlet of these pipes is at a depth of about 25 to 30 ft
and a dredged and gravel-filled trough extends another 500 ft out to
the bottom grade of the estuary. Figures 3.5 and 3.6 show the site
plan with the cooling water piping arrangement and the inlet and outlet
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configurations with respect to the bottom contours of the estuary.
The velocity of the outflow is high enough (10.7 fpsl to promote rapid
mixing with the ambient water, but the mixing is somewhat inhibited
because the outflow is on the bottom and in a dredged trough.

The cooling water system is built primarily of concrete and lined-
steel piping and uses cupro-nickel tubing in the condensers. The
water will be chlorinated with sodium hypochlorite to reduce marine
fouling and maintain the heat transfer efficiency. Details of the
chlorination schedule are presented in Section 3.5.3.

3.4 RADIOACTIVE WASTE SYSTEMS

During the operation of the Salem Station, radioactive material will be
produced by fission and by neutron activation of metals and other mate-
rials in the reactor system. Small amounts of gaseous and liquid
radioactive wastes will enter the effluent streams and then be processed
within the station to reduce the quantity of radioactive nuclides prior
to telease to the atmosphere and into the Delaware River under monitored
and controlled conditions. The radioactivity that may be released
during operation of the station will be in accordance with the Commis-
sion's regulations as set forth in 10 CFR Part 20 and 10 CFR Part 50.
The waste treatment systems for Salem Station described in the follow-
ing paragraphs are designed to collect and process the gaseous, liquid
and solid waste which may contain radioactive materials.

The waste handling and treatment systems to be installed at the station
are discussed in the Final Safety Analysis Report, in the applicant's
Environmental Report dated June 1971, and its supplement dated
November 5, 1971. In these references, the applicant has prepared an
analysis of his treatment systems and has estimated the annual effluents.
The following analysis is based on our model, adjusted to apply to this
plant, and uses somewhat different operating conditions. Our calculated
effluents are, therefore, different from the applicant's; however, the
model used results from a review of available data from operating power
plants.

3.4.1 Liquid Waste

The liquid radwaste system is designed to collect, monitor, process,
store and dispose of radioactive liquid waste. This system is shown
schematically in Figure 3.7 and is the same for both units except for
the chemical drain and hot laundry, which are shared.

Drains from pump seals, excess letdown, reaction loops, head tanks,
refueling canal and pressurizer relief tank will be collected in the
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FIGURE 3.7 LIQUID AND SOLID RADIOACTIVE WASTE DISCHARGE
SYSTEM, SALEM STATION, UNIT 1 OR 2
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reactor coolant drain tank (600 gal) and will be pumped to one of three

chemical and volume control system (CVCS) holdup tanks (63,600 gal)

while the shim bleed enters the CVCS holdup tanks directly from the
chemical and volume control system. The shim bleed will have the same
activity as the primary coolant after it has passed through a mixed-bed
demineralizer (100% of the flow) and a cation demineralizer (10% of the
flow). The shim bleed and reactor coolant drain tank effluent will be
collected at an estimated rate of 16,400 gal/day (3.5-day decay during
tank filling). After a tank is filled, its contents will be passed
through two mixed-bed demineralizers in series, a filter, a gas-stripper
and into a horizontal evaporator (30 gpm capacity). In the staff's
evaluation, it is assumed that the concentrate from the evaporator will
be sent through a filter to the concentrate holdup tank (1000 gal) and
then to one of two boric acid holdup tanks (8000 gal each). However,
it can also be transferred to the waste evaporator directly from the
boric acid evaporator. The condensate will be passed through an anion
demineralizer and a filter to one of two condensate monitor tanks
(21,600 gal each). From these tanks the waste will normally be sent
to the primary water storage tank (250,000 gal). In this evaluation,
it was assumed that 90% of the boric acid recovery condensate will be
recycled and 10% discharged to the circulating water discharge canal.
Waste from the auxiliary building sumps and chemical drains will be
collected in one of three waste holdup tanks (24,700 gal each). The
wastes will have the same activity as the reactor coolant, but will
have been aerated and may also contain additional impurities. From
operating experience on other pressurized water reactors, it is believed
that the flow from these drains will be 37,700 gal/yr at an activity
equivalent to the primary coolant.

After a waste holdup tank is filled, its contents will be sent to a
7.5 gpm horizontal waste evaporator. The concentrates will be pumped
to the drumming station for disposal as solid wastes; condensate will
be collected in one of two waste monitor tanks (1000 gal each). The
staff assumed that an average of 9 days will be required to accumulate
wastes in each of the tanks. After sampling and analysis, the waste
will be discharged to the circulating water discharge canal.

Two laundry drain tanks (600 gal each) will collect wastes of low
radioactivity from the laundry, showers and sinks. An annual volume
of approximately 119,800 gal of these wastes at a maximum activity of
I x 10 4 PCi/cmj has been estimated by the applicant and was used in
this evaluation. These wastes will normally be pumped to one of the
waste monitor tanks for sampling prior to discharge. If unexpectedly
high activity occurs in these wastes, they can be processed through
the waste treatment system prior to discharge. This analysis assumed
100% of these wastes were discharged without treatment.
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Blowdown and leakage from the steam generators has been estimated by
the applicant to average 10 gpm. Based on experience at operating
reactors, the applicant's estimate is considered valid and was used in
this evaluation. If primary reactor coolant leakage to the secondary
system occurs, this blowdown will be radioactive and will be processed
through a reverse osmosis module. The reverse osmosis module consists
of a membrane of organic material through which the blowdown is passed.
The staff estimates about 90% of the waste water is decontaminated by
the membrane. Flow will then be sent through a polishing demineralizer
prior to entering a waste monitor tank for discharge to the circulating
water system. The applicant's estimate of a decontamination factor of
4 for the 90% that passes through the membrane was used in this evalua-
tion. The remainder of the water and solids which collect on the
membrane surface comprise a concentrated waste. This concentrate will
be sent to one of the waste holdup tanks for processing through the
waste evaporator. In estimating the annual release of radioactivity
from the steam generator blowdown, a primary to secondary leak rate of
20 gal/day was assumed. 100% of the waste was assumed to be processed
as radioactive.

Another source of radioactive liquid discharged from the station used
in this evaluation is the applicant's estimated 6-gpm leak of secondary
coolant from the turbine. The activity of this liquid is expected to
be 0.25% of the activity in the steam generators, since the design
carryover of dissolved solids by the steam is 0.25% or less.

Annual releases of fission product radionuclides from Salem Station
were calculated based on reactor operation at 3558 MWt (maximum power)
for 295 full power days with 0.25% of the operating power fission prod-
uct source term. Corrosion product activities were based on operating
experience with pressurized water reactors. Based on the assumptions
shown in Table 3.1, the annual releases of radioactive materials in
liquid wastes were calculated to be a fraction of those values shown
in Table 3.2. To compensate for treatment equipment downtime and
expected operational occurrences, the calculated values were normalized
to 5 Ci/yr/unit. Based on experience at operating reactors, the
staff estimates about 1000 Ci/yr/unit of tritium will be released to
the environment. The applicant estimates for both units that 0.072 Ci/yr,
excluding tritium, and 1370 Ci/yr tritium, will be released based on
0.2% of the operating power fission product source term. The difference
between our estimate and the applicant's estimated annual releases can
be explained by the following factors:

(1) the applicant did not consider releases from the steam generator
blowdown; we estimate 2.4 Ci/yr;

(2) the applicant did not consider releases from the boron recovery
system; we estimate 1.0 Ci/yr;
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TABLE 3.1

PRINCIPAL ASSUMPTIONS AND CONDITIONS USED IN ESTIMATING ANNUAL RELEASES
OF RADIOACTIVITY IN EFFLUENTS FROM SALEM STATION (UNITS 1 AND 2)

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

Reactor Power (each unit)
Failed Fuel
Steam Generator Leak Rate
Rate of "Letdown"
Rate of Shim Bleed
Primary Coolant Degassed
Containment Purge
Containment Leak Rate
Auxiliary Building Leak Rate
Plant Capacity Factor
Iodine Partition Coefficients;

3558 MWt
0.25%(a)

20 gal/day
75 gal/min
10 gal/min
2 times/yr
4 times/yr
40 gal/day
20 gal/day

80%

100
2000

10
200

Steam generator internal
Condenser air-ejector
Primary coolant leakage to
Primary coolant leakage to

containment
auxiliary building

12. Decontamination factors :

Anion Cs , Rb Other Cations

Cation-bed demineralizer
Horizontal evaporator
Mixed-bed demineralizer
Anion-bed demineralizer
Gas stripper

1
102
102
102
102

10103

2
1

102
i0 3

102
1

13. Removal factors:

Ml and Tc
Y

100
10

(a) This value is constant and corresponds to 0.25% of the operating

power fission product source term.
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TABLE 3.2

CALCULATED ANNUAL RELEASE OF RADIONUCLIDES IN THE LIQUID EFFLUENT
FROM SALEM STATION (UNITS 1 AND 2) PER UNIT

Nuclide Ci/yr/Unit Nucli de Ci/yr/Unit

Rb-86
Rb-88
Sr-89
Sr-90
Sr-91
Y-90
Y-9 im
Y-91
Y-93
Zr-95
Zr-97
Nb-95
Nb-97m
Nb-97
Mo-99
Tc-99m
Ru-103
Ru-106
Rh-103m
Rh-105
Rh-106
Te-125m
Te-127m
Te-127
Te-129m
Te-129
Te-1 31m

0.0027
0.035
0.0005
0.000017
0.00005
0.00021
0.00033
0.096
0.00011
0. 000085
0.0000046
0.000088
0.0000046
0.000005
0.46
0.18
0.000062
0.000018
0. 000062
0.0000065
0.000018
0. 000054
0.00042
0.00046
0. 0038
0.06
0.00046

Te-131
Te -132
1-130
1-131
1-132
1-133
1-135
Cs-134
Cs-136
Cs-137
Ba-i 37m
Ba-140
La-140
Ce-141
Ce-14 3
Ce-144
P r-14 3
Pr-144
Nd- 14 7
Cr-51
Mn-54
Fe-55
Fe-59
Co-58
Co-60

0.000085
0.012
0.00021
1.43
0.054
0.058
0.011
0.97
0.38
0.66
0.63
0.00046
0.00054
0.000088
0.0000088
0.000054
0.000065
0.000054
0.0000054
0.00088
0.00085
0.0018
0.00096
0. 0025
0.00077

tritium) %5
Tot al
(excluding

Tritium "1000 Ci/yr
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(3) the applicant assumes a decontamination factor of 3 x 104 for the
waste evaporation; we assume a decontamination factor of 102 for
anions, 103 for Cs and Rb, and 103 for other cations.

3.4.2. Gaseous Waste

During operation of the station, radioactive materials released to
the atmosphere in gaseous effluents will include fission-produced noble
gases (krypton and xenon) and halogens (mostly iodine); activated
argon, oxygen and nitrogen; tritium contained in water vapor; and
particulate material including both fission products and activated
corrosion products. Systems for processing radioactive gaseous waste
and ventilation paths are shown schematically in Figure 3.8.

The principal source of gaseous radioactive waste will be from
degassing the primary coolant during letdown of the cooling water
into the various holding tanks. This source will be comprised of the
exhaust of cover gas from waste holdup tanks, from venting the makeup
and purification system, and from equipment vents. Additional sources
of gaseous radioactive waste will include ventilation air released
from the auxiliary building and turbine buildings, discharges from
auxiliary building and turbine buildings, discharges from the conden-
ser air-ejector pump, and purging of the reactor containment building.

Most of the gas received by the gas processing system will be from
degassing the primary coolant during letdown of the cooling water
into the various holdup tanks. Gases collected in the vent header
will flow through one of two waste gas compressors into one of four
gas decay tanks (3570 ft 3 each at 100 psig). The control arrangement
is such that one tank will be filled at a time. The waste gas in the
holdup tanks can be recycled as cover gas for the CVCS holdup tanks.
The applicant estimates that about 50% of gaseous waste will be
recycled. In the evaluation, the staff assumes 100% of the waste gas
generated will be released to the environment after 45 day's decay.
The gas released from the decay tanks will be combined with ventila-
tion air exhausted from the auxiliary building and turbine air ejectors
and will be discharged to the atmosphere through the plant vent
located about 200 ft above ground level.

The blowdown from the steam generators can be handled by two alternate
methods. The gases from blowdown will either be released directly to
the atmosphere or vented back to the main condenser where they will be
released to the atmosphere by the air ejector. In the evaluation, it
is assumed that all the gases from blowdown will be vented to the main
condenser and the iodine concentration reduced by a factor of 100.
The offgas from the condenser air ejector will be released directly to
the atmosphere without treatment. Steam, which may leak from the tur-
bines and/or ancillary equipment, will also be released directly to
the atmosphere without treatment.
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CLEAN AREAS OF AUXILIARY AND TURBINE BUILDINGS

FIGURE 3.8 GASEOUS EFFLUENTS FROM SALEM NUCLEAR
GENERATING STATION, UNIT 1 OR 2
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Radioactive gases may be released inside the reactor containment build-
ing when components of the primary system are opened to the building
atmosphere for operational reasons or when minor leaks occur in the
primary system. It was assumed that the containment building would be
purged four times a year and that, prior to purging, both 8000 cfm
recirculating units, consisting of high efficiency particulate air
(HEPA) filters and charcoal adsorbers, will be operated for 16 hours.
The containment air will then be ventilated through HEPA filters to the
plant vent.

The applicant estimated that about 4700 Ci/yr of noble gases from both
units and 0.0023 Ci/yr iodine-131 will be released to the environment
based on 0.2% of the operating power fission product source term and
45 days' decay. The results of the evaluation listed in Table 3.3 shows
the annual release of noble gases to be about 2800 Ci/yr/unit, and a
release of 0.21 Ci/yr/unit of 1-131 and 0.16 Ci/yr/unit of 1-133. These
calculated releases were based on reactor operation with 0.25% of the
operating power fission product source term and a 20 gal/day primary-to-
secondary system leak rate.

3.4.3. Solid Waste

The sources of solid radioactive waste will be spent demineralizer
resins, filter and demineralizer cartridges, evaporator concentrates
and contaminated refuse such as rags, paper, small tools and protec-
tive clothing. These wastes will be collected and packaged in the
waste drumming station which is shared by both units.

Concentrates from the evaporator will be pumped to the drumming station
and mixed with concrete in 55-gal shipping containers for shipment
offsite. Spent resins from the ion exchangers will be collected in the
spent resin storage tank (2250 gal). Their slurries will also be
pumped to the drumming station for packaging and shipment offsite.

The miscellaneous solid wastes consist of contaminated articles such as
clothing, rags, towels, laboratory equipment, small tools, etc. These
wastes will be compacted into 55-gal drums by the waste solids baler
and subsequently shipped to a licensed burial ground.

3.5 CHEMICAL AND BIOCIDE SYSTEMS

The operation of a typical thermal power plant requires the use of
certain chemicals which are discharged in the waste effluent from the
plant. These chemicals serve various functions including: 1) the
production of high purity water needed for steam generation, 2) main-
taining water quality, 3) preventing corrosion, 4) slime control in
cooling water circuits, 5) decontaminating or cleaning equipment, and
6) laboratory uses.
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TABLE 3.3

CALCULATED ANNUAL RELEASE OF RADIOACTIVE NUCLIDES IN GASEOUS EFFLUENT
FROM SALEM STATION (UNITS 1 AND 2) PER UNIT

(Ci/yr/Unit)

Nuclide

Kr-83m

Kr-85m

Kr-85

Kr-87

Kr-88

Kr- 89

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-i 35

Xe-137

Xe-138

1-131

1-133

Containment
Purge

3

Main
Condenser

Air Ejector

1

7

1

4

10

3

9

570

1

20

Auxiliary
Building

1

7

1

Gas (a
Processing(a)

System

960

4

10

1

100

3

9

570

1

20

70

350

Total

2

14

970

8

20

76

18

1600

2

40

6

2800

0.21

0.16

3 3

0.01

0.01

0.14

0.07

0.06

0.08

(4) 45-day holdup
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Wastewater produced by the Salem Station will be discharged to the
Delaware River via the cirulating water discharge pipes. Table 3.4
lists the estimated average and maximum daily discharge of chemical
wastes from the station along with the estimated average increase of
chemical species in the circulating water discharged. Figure 3.9 pre-
sents a simplified water flow chart for the station. A discussion of
significant chemical waste discharges follows.

3.5.1 Water Treatment Waste

High purity water for the station is produced by ion-exchange deminer-
alizers which employ sulfuric acid and sodium hydroxide solutions for
regeneration of the exhausted ion-exchange beds. Well water is pumped
through the ion-exchange beds which remove constituents such as sodium,
calcium, magnesium, chloride, bicarbonate and sulfate ions from the
water. When the capacity of the ion-exchange beds to remove these ions
is exhausted, the beds are treated with sulfuric acid and sodium
hydroxide solutions to remove ions from the resins. The spent regenerant
acid and caustic solutions, which contain the ions removed from the ion-
exchange beds, are mixed and neutralized prior to discharge. Mixing of
the acid and caustic spent regenerant solutions results in the formation
of a waste solution that contains largely sodium sulfate with lesser
quantities of other salts.

The station employs three trains of ion-exchange demineralizers which
can produce a maximum of about 1 million gal of demineralized water
per day. The estimated daily average consumption of sulfuric acid and
sodium hydroxide for demineralizer regeneration is 1600 and 1000 lb,
respectively. The waste demineralizer regenerant solutions are pro-
cessed through the chemical waste disposal system which consists of
three sections: retention, treatment and collecting. The retention
basin will provide continuous aeration and mixing of the wastes. The
treatment section consists of a neutralization basin which employs a
flash mixing tank for neutralizing excessive acidity or alkalinity in
the wastes. Wastes are pumped from the retention basin to the mixing
tank where the pH is monitored and adjusted by the addition of acid
or caustic to assure a neutral effluent (pH 6.5-8.5). The neutralized
wastes will flow to a collecting basin which will provide a detention
period for the removal of settleable solids. The collecting basin
will be equipped with an effluent monitoring station that will auto-
matically divert the flow back to the mixing tank should the pH fall
outside the 6.5-8.5 pH range. The treated water from the chemical
waste disposal system will discharge into four of the circulating
water discharge lines (two from each unit). The addition of chemical
species to the circulating water as a result of the discharge of
demineralizer regenerant to this stream will result in an average
increase of less than 0.05% over the concentrations naturally present
in the circulating water used at the station.



TABLE 3.4

WASTE DISCHARGE (SALEM STATION)ANTICIPATED CHEMICAL

CHEMICAL
CONSTITUENT

Cl 2 , residual,free

Calcium as Ca

Magnesium as Mg

Sodium as Na

Potassium as K

Copper as Cu

Sulfate as SO 4

Chloride as Cl

Nitrate as NO3

Silica as SiO2

Phosphate as PO4

Volatile - Amines

Hydrazine

Suspended Solids

AVE. NATURAL
CONC. IN

WATER
(mg/i)

0

100

240

2000

70

0.082

570

3700

5.6

0.66

AVE. NET
AMOUNT

DISCHARGED
(lbs/day)

870

135

56

600

55

1590

138

2.4

46

11

4.2

0.04

<1000

AVE.NET
INCREASE

(mg/l)

<0.1

5.lxlO-3

2.1x10-3

2.2x10-
2

2.0x10-
3

5.8xi0-2

5.1x10-
3

9.0x10-
5

1.7x10-3
4x1-4

4.lxlO-

1.5x10-3

1.5x10-
6

<0.04

AVERAGE
INCREASE

510-3

5.lxlO-

8.8xi0-
4

1.1x10-
3

2.9x10-
3

0.01

1.4xi0-4

2x10-
3

0.06

MAX. NET
AMOUNT

DISCHARGED
(lbs/day)

870

374

134

1338

142

110

3218

350

25.6

92

40

9.3

0.05

MAX. NET
INCREASE

(mg/l)

<0.1

1.4x10-
2

5.0xl0-
3

5.0x10-2

5.3xi0-
3

4x10-
3

1.2x10-
1

1. 3x10-2

9.6x10-
4

3.5x10-
3

1.5x10-
3

3.4x10-
4

1.9x10-
6

MAXIMUM
INCREASE

1.4x10-
2

2.1x10-
3

2.5x10-
3

7.6xi0-
3

4.9

2.1xi0-
2

3.5x10-
4

1.7xi0-
2

0•

0.23

0

170
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3.5.2 Secondary System Waste

Steam generator blowdown from each unit will also be processed through
the chemical waste disposal system. The blowdown will occur inter-

mittently to maintain the desired water purity in the system. The blow-
down may contain corrosion and scale-control chemicals and will be
monitored to control pH and the concentration of phosphate, morpholine,
hydrazine and total dissolved solids. Under normal operating condi-
tions the total blowdown from both units will be 60 gpm. During
startup or emergency periods, or in the case of a condenser leak, the
steam generator blowdown from each unit plus service water would have
a maximum flow of about 500 gpm. The blowdown is routed to the reten-
tion basin where it is completely mixed with demineralizer regenerant
waste. Discharge of this waste to the circulating water will add
small quantities of phosphate, morpholine and hydrazine to the water.
The phosphate added represents an increase of 0.06% over that naturally
present in the water (see Table 3.4). Morpholine and hydrazine, which
are not natural constituents of the receiving water, will be added in
very dilute concentrations. Hydrazine is oxidized to a mmnia by
oxygen in the water.

3.5.3 Biocides

The circulating water will be chlorinated periodically to control the
growth of biological slimes which restrict the flow and reduce the
effectiveness of the heat transfer function of the cooling system.
Chlorination of the circulating water will be accomplished by con-
trolled injection of sodium hypochlorite solution into the intake
water to the condenser units. The sodium hypochlorite will be injected
sequentially into groups of three of the twelve circulating water
circuits of the station (2 units). It is planned to chlorinate the
water for a period of 30 minutes per group of three circuits at a fre-
quency of 3 times per day. The rate of hypochlorite injection will
be automatically monitored and controlled to obtain 0.5 mg/liter free
chlorine residual at the condenser outlet. Each chlorinated circulating
water circuit joins with the unchlorinated water circuit downstream from
the condenser outlets. The distance between this point and the point of
discharge is about 1000 ft and the estimated travel time is about
2 minutes. One-fourth of the total circulating water stream will be
chlorinated at one time and this portion will be combined with an equal
volume of unchlorinated flow prior to discharge, If adequate mixing in
the discharge pipes is assumed, the chlorine residual will be diluted
to about 0.25 mg/liter and this residual will be further reduced by the
chlorine demand of the dilution water.

The chlorine demand of Delaware River water in the vicinity of
Artificial Island has been found to vary from 1.3 to 9 mg/liter with a
contact time of 3 minutes, Since the travel time of the combined flow

See Section 12.W for additional discussion.
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in the circulating water discharge pipes is about 2 minutes, it is
anticipated that chlorine residual will be very low (<0.1 mg/liter) or
not detectable at the point of discharge.

Due to the presence of ammonia in the river water, chloramines will be
formed during chlorination or during the mixing of chlorinated water
(containing a free chlorine residual) with unchlorinated water. The
chlorine demand of the latter will also reduce the chloramines within
the 3 minute contact time specified above.

The service water system will also be chlorinated 3 times a day
for periods of 30 minutes. A free chlorine residual of 0.5 mg/liter
will be maintained at the outlet of the final heat exchanger during
the chlorination periods. Chlorination of the service water system
will not take place at the same time as that for the circulating water
system. Therefore, mixing of the two streams will dilute the chlorine
residual in the former stream to about 0.02 mg/liter. The chlorine
demand of the circulating water is expected to reduce the chlorine
residual below detection limits.

3.5.4 Corrosion Products

Copper concentrations in the circulating water discharge, resulting
from corrosion of 90-10 cupro-nickel alloy condenser tubing, are
expected to range from <0.001 mg/liter to a maximum of 0.004 mg/liter
based on the applicant's experience with condenser tubes of this type.
Addition of the maximum amount of copper to the circulating water will
increase its average copper content by only 5% as noted in Table 3.4.
Preoperational wastes, containing chemicals such as phosphates,
chelating agents, acids, or alkalies, will either be treated onsite to
meet discharge limits for disposal in the Delaware River or removed
for offsite disposal by a private contractor.

3.6 SANITARY AND OTHER WASTE SYSTEMS

Sanitary waste will be processed with a packaged extended-aeration
sewage treatment plant. The plant is designed to remove at least 90%
of the biochemical oxygen demand (BOD) of the incoming wastewater.
The effluent from the sewage treatment plant will be chlorinated to
maintain a chlorine residual of less than 2.0 mg/liter before discharge
into the storm drainage system. Sludge collected in the sewage treat-
ment plant will be periodically removed by a private contractor for
offsite disposal.

Storm drainage from the yard will be conveyed to the Delaware River
through concrete culvert drainage pipe in some areas and cement-lined
steel pipe in other areas. Provisions have been made to separate oil
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from the drainage originating from the turbine building and switchyard
areas. Drains in these areas discharge into an oil separation basin
equipped with skimming devices which remove the oil from the water.
The water then flows to the storm drainage system. Floor drains in
the nonradioactive portions of the station are also connected to the
storm drainage system. It is expected that very little, if any,
erosion of the yard surface will occur after initial soil compaction
takes place and surfaces are either paved, stoned, or sodded.

3.7 TRANSMISSION FACILITIES

The applicant stated that consideration was given to the applicable
environmental quality guidelines and requirements of Federal, 2 ' 3

State and regional agencies in the design, location, and construction
of transmission lines from the Salem Station. This included the
obtaining of necessary routing and waterway crossing approvals as
noted in Appendix B. Yet to be obtained are the necessary approval(s)
for crossing the Delaware River with the Salem-Keeney line.

Three separate 500 kV power transmission lines rights-of-way extend
from the generating station (Figure 3.10): one north to the Keeney
Station southwest of the Greater Wilmington Airport in Delaware, and
two northeast to the New Freedom Switching Station in New Jersey.
The Salem-Keeney line, about 25 miles in length (13 miles in New Jersey)
generally follows within 1 to 3 miles of the Delaware River and will
cross the river about 1 mile south of Pennsville, New Jersey. The
1.5 miles immediately prior to the crossing is along the northern
border of the Killicohook National Wildlife Refuge. About 5 miles of
the right-of-way traverses marshland and 6.5 miles is through wetlands,
scattered marginal farmlands and very low-density residential areas.
Approximately two-thirds of the right-of-way is 200 ft wide, the remain-
der has a width of 350 ft. In Delaware (12 miles) the right-of-way is
approximately an equal mix of farmland and woodland plus a small distance
of industrial property with close proximity to only a few residences.
Some of the land close to the right-of-way is being held for residential
or commercial development, but no activity is apparent at present.

The 39-mile Salem-New Freedom (north) and the 42-mile Salem-New Freedom
Csouth) rights-of-way will traverse 4 miles of marshland in the vicin-
ity of the Salem Station, the remainder will pass through farmland,
woodland and scattered residential areas. These two rights-of-way
will be 350 ft wide over their entire lengths. The use of two trans-
mission corridors to the New Freedom Switching Station is based on sys-
tem reliability considerations.

In total, the three rights-of-way from the Salem Station will involve
about 3900 acres of land of which about 10% is essentially inaccessible
marshland. Tower structures, nominally 150 ft high, will be the con-
ventional galvanized steel base, lattice type set on concrete footings
with an aluminum top.
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4. ENVIRONMENTAL IMPACT OF SITE PREPARATION AND FACILITY CONSTRUCTION

4.1 SCHEDULES

Site preparation activities on Salem Units 1 and 2 were started by the
applicant in January 1968 with land clearing and excavation for the
principal structures. Commercial operation is scheduled for March 1975
and March 1976 for Units 1 and 2, respectively. Peak employment
during construction is estimated at about 2000 men and the station will
employ a staff estimated at 100 to 150 during operation. Major mile-
stones in the construction schedule are presently:

Date Date

Milestone Unit I Unit 2

Start reactor and turbine buildings excavation 7/68 7/68

AEC construction permit issued 9/68 9/68

Finish reactor building interior concrete 7/71 6/72

Reactor vessel set 9/71 8/72

Fuel loading 6/74 6/75

4.2 TERRESTRIAL

4.2.1 Site

About 220 acres of relatively low productivity marshland have been
modified by the construction of the Salem facility at the southern
end of Artificial Island. Site preparation activities have resulted
in complete removal of vegetation (essentially pure stands of the
giant reed Phragmites communis) excavation of soils and associated
dewatering operations required for laying plant foundations and
filling low-elevation areas.

Access to the site required the construction of 3 miles of roadway
from the Alloway Creek Neck Road. The impact of the roadbed fill on
terrestrial ecosystems was minimized by culverts at ditch and stream
crossings. Also, a bridge was installed to permit passage of boats
on the navigable Hope Creek crossing.

Early in the construction phase, a concrete batch plant was set up to
provide concrete mixes for facility structures. Cement, sand and
gravel are trucked to the batch plant from offsite locations. Aggre-
gate piles are restricted to a maximum height of 7 ft and fine
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particulate materials, such as cement and flyash, are stored in closed
bins. Also, dust collectors and air filters have been installed on
the batch plant to minimize the concentration of particulates in the
atmosphere and to reduce deposition on nearby vegetation. Waste
concrete mixtures are discharged to a spoils area on the island and
none of these, or other construction wastes, are dumped into the
river or at places other than approved land disposal areas.

A number of one-story temporary buildings and trailers are used for
offices, equipment storage and workshops by construction forces.
Most of these will be dismantled and removed when they are no longer
needed; some may be converted to permanent facilities for use in
station operation. The several large, 275-ft tower cranes and the
smaller, 175-ft cranes also will be dismantled and removed when they
are no longer needed.

Noise associated with station construction, particularly with pile-
driving, is clearly evident to the site visitor. However, there is
no noticeable noise impact to the nearest resident, about 3 miles way.
Similarly, the visual impact of construction activities (other than
transmission tower installation) is minimized by the isolation of the
site.

Suitable osprey or bald eagle nesting sites are far enough from the
site that they will not be disturbed by construction or station operation
activities.

It is the opinion of the staff that a fairly brief passage of time will
erase the main impacts from construction activities. The relatively
rapid rate at which filled areas have become vegetated and inhabited in
the past attests to the potential fast recovery of disturbed areas.

4.2.2 Access Roads and Transmission Corridors

Clearing operations associated with access roads and transmission line
footings and rights-of-way were conducted in such a manner as to minimize
disturbance of terrestrial ecosystems.' Only the area necessary for
actual tower-footing placement was cleared in woodlands and existing
access roads were used as much as possible in the marshland to minimize
vegetation and habitat disturbance. For the most part, the only areas
lost to agriculture and other beneficial land uses are those small areas
occupied by and included within the transmission tower bases; many of
these will be filled in by regrowth of natural vegetation. The easement
nature of much of the right-of-way will result in continuation of many
of the present land uses, and only those activities that might conflict
with safety considerations (e.g., the growth of danger trees) will be
restricted. Where the right-of-way is visible from heavily traveled
roads, shrubs will be planted to block the view into the right-of-way.
It is the opinion of the staff that the transmission lines will have a
minimal impact on the lands traversed and on the uses of these lands.
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The applicant proposes to establish, as part of this project, two
recreation areas for use by the public: a boat launching and associated
parking area near the Hope Creek Bridge, and a picnic area between the
boat launching area and the station site. The boat launching facility
should provide a potential for increased water-based recreational
activities commensurate with anticipated population increases in
surrounding communities.

It is the opinion of the staff, based on viewing the station from the
ground and from the air, that the facility will not intrude on or
otherwise adversely affect the setting and significance of historic
places.

4.3 AqUATIC

Since the applicant will not dispose of any station construction waste to
the aquatic environment, the only important consideration associated with
the impact of construction on the aquatic resources will be the effects of
dredging, constructing the intake and outfall structures, and the disposal
of dredging spoils.

A channel for a ferryboat, the "Second Sun," used as an information center,
was dredged to the southern end of Artificial Island during the early
construction phase. This channel also serves barge delivery of large
equipment to the building site. Dredging is also necessary to deepen the
water pathways to the circulating and service water intake systems, and
from the discharge outlets. About 10 acres of river bottom will be
disturbed by the dredging for the intake and outfall structures. The
estimated 292,000 cubic yards of dredging spoils will be disposed of as
fill in a 25.6 acre diked area to the north on Artificial Island so that
very little suspended sediment will return to the river. The restrictions
imposed by the Delaware River Basin Commission limiting dredging to non-
critical months, and the land disposal of dredgings, should result in
no appreciable adverse effects on aquatic resources. This conclusion
is strengthened by the applicant's observations that migratory finfish
and those benthic organisms most easily damaged by silt from dredging
(oysters and clams) are not present to any significant extent in the
immediate vicinity of the station site. 2

The circulating and service water intake systems are shoreline structures
set into the dike that protects the island. The use of temporary sheet-pile
cofferdams in constructing these facilities will restrict disturbances to
relatively small and immediate areas that are not particularly productive
waters. The sheet piling will be removed following construction and all
disturbed shoreline protection works will be re-established or replaced
with suitable materials.
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Soil dewatering operations have resulted in the discharge of several mil-
lion gallons per day of brackish water from shallow aquifers into the
Del1are River. These aquifers, which are partially recharged by tidal
intrusion, contain waters whose quality characteristics are not signifi-
cantly different than those of river water. Thus, no impact on aquatic
resources is associated with their discharge into the rivers. Dewatering
operations will be discontinued in 1973 and the groundwater will then
return to its natural level.
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5. ENVIRONMENTAL IMPACT OF STATION OPERATION

5. 1 LAND USE

The primary impacts associated with use of the land at the Salem site
for nuclear power generation occur during the construction phases, as
noted in Section 4.2. Generally, these effects were associated with
clearing and leveling the site, and the provision of access roads and
transmission lines rights-of-way. Prior to the dedication of the land
to its present use, this portion, as well as the remainder of Artificial
Island, was little used by man because of the marshy terrain and lack of
access. The land is considered substandard for agricultural purposes in
comparison with adjacent developed farmlands and potential agricultural
areas in the region. The island is essentially treeless and probably
unsuitable for commercial forest development.

The staff is of the opinion that no other potential high-value land uses
have been preempted by siting and operating the station at this location.
The actual impact of station operations should be minimal and probably
undetectable with respect to other land uses in the immediate and
surrounding areas.

5.2 WATER USE*

The impact from water use in the Salem Station will consist of the
effects of heat from condenser cooling and the effects of chemicals
from cheimical processess and additions made during the passage of the
water through the station systems. The effects of radionuclide
releases via cooling water and of the chemical effluent burden are
discussed in later sections.

To provide understanding of the complex interaction of tidal flow, non-
tidal circulation, river flow and station cooling water recirculation in
the Delaware River estuary, the applicant had hydraulic MIodel studies
conducted at the Corps of Engineers laboratory in Vicksburg, Mississippi.
These studies were designed to determine intake and outfall arrangements
that would minimize recirculation of warmed water through the station;
thereby maximizing station efficiency. The studies also provide a
prediction of heat distribution in the Delaware estuary resulting from
station coolant flow.

Surface temperature distribution in the estuary as predicted by the
model is shown in Figures 5.1 to 5.3. Temperatures depicted are those
observed during the experiments corrected by the experimenters to
account for the dilution factor between the model and the prototype. It
is the staff's opinion that the model yields higher temperature values
than the prototype because the model heat transfer coefficient is
usually much lower, than that for the prototype. Using some reported

*See Section 12.L for additional discussion.
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values for surface heat transfer coefficients for a model and a dilution
ratio of 1:4 for the high velocity jet at the point it reaches the sur-
face, the staff independently estimated the surface isotherms from the
model data. These are shown superimposed on Figures 5.1 to 5.3 and are
identified by an asterisk (*). Detailed discussion of the staff's deter-
mination of the extent of error in the applicant's model study is presented
in Appendix C.

An independent estimate of the surface distribution of the thermal dis-
charge was also made by the staff. The method used predicts the jet
mixing patterns using phenomenological data of Asbury and Frigo, 1 staff
modification of Pritchard's modelL9 3 and correlation of data4 on jet
discharge angle with crossflow velocity. Results for both flood and ebb
tide conditions, shown in Figure 5.4, are similar to those from the
modified model experimental results (discussed in Appendix C). Therefore,
the staff considers the results to be a reasonably accurate estimate of
temperature distribution in the far-field region. A listing of areas of
temperature effects resulting from this method is given in Table 5.1.

The staff concurs with the applicant's conclusions that temperature
effects on shorelines in the vicinity will be minimal and that recircula-
tion of heated water will be negligible. The highest temperatures are
in the jet plume. As depicted in Figure 5.5, the high-velocity jet dis-
charge emerges from the discharge pipes at the bottom of a dredged
trough. The individual pipe discharges merge after a short distance to
form a single slot-type jet (with an initial velocity of about
10.7 ft/sec) which continues to entrain ambient water and rapidly lowers
the average temperature of the jet. The proximity of the bottom prevents
entrainment and mixing from the bottom. Initially, the trough prevents
much mixing from the sides. During ebb and flood tides, the trough
inhibits the sidewards drift of the jet due to the transverse current.
It is estimated that the jet will have been diluted by a factor of about
3 to 4 when it reaches the surface. The initial jet will have a tempera-
ture excess of about 13.6 0 F, but this will rapidly decrease with the
amount of water entrained. Organisms which are unable to avoid induction
into the warm jet may be expected to endure a maximum 400 sec-°F
time-temperature integral, before reaching the end of the zone of flow
establishment.

The Delaware River Basin Commission standards for discharge temperatures
apply on this portion of the river and state, "the induced temperature
increase shall not exceed 5°F above the average daily temperature gradi-
ent displayed during the 1961-1966 period, or a maximum 86*F, whichever
is less, which temperatures shall be measured outside of the mixing
areas designated by the Commission.'" 5 ' 6

It is the opinion of the staff that the use of groundwater for station
operations at a nominal rate of one million gallons per day should not



5-6

a. Peak Ebb Tide

b. Peak Flood Tide
FIGURE 5.4 STAFF ESTIMATE OF SURFACE TEMPERATURE

DISTRIBUTION OF DELAWARE RIVER
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TABLE 5.1

SELECTED ISOTHERMS FOR SALEM STATIONSURFACE AREAS WITHIN

Isotherm of
Temperature Rise

(OF)

0.5

1

1.5

2

3

4

5

6

8

(a) 43,560 ft 2 /acre

Surface Area (ft2)(a)

Staff Estimate Applicant

2.5 x 108

1.2 x 108

5.5 x 107

2.2 x 10 7  5.9 x 107

3.3 x 106 5.2 x 106

2.3 x 106

1.1 x 106 3.0 x 106

6.2 x 105

2.5 x 105
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deplete public and private water supplies. Also, any accidental spills
of chemicals or low-level radioactive wastes that might percolate into
the shallow brackish water aquifer would migrate into and be rapidly
diluted by the Delaware River to concentrations that are innocuous and
probably undetectable.

5.3 TERRESTRIAL ECOSYSTEMS

There is little evidence that operation of the Salem Station will have
any marked effect on terrestrial flora and fauna. Probably the only
significant effect on the terrestrial environment will be that due to
increased human use of the area when station operation settles down to
a routine. Such effects will likely be due only to the improved access
provided by the station road. Conceivably this better access will result
in more hunting and fishing in the general area and may thus be regarded
as beneficial by sportsmen. The transmission towers and the station
itself will change the visual impact of the marshlands and may be con-
sidered by some people as detracting from enjoyment of such activities
as bird watching.

5.4 AQUATIC ECOSYSTEMS*

The potential effects that were considered in this evaluation include the
entrapment of fish on the intake screens, entrainment of plankton in the
cooling water system, areas of excess temperature in the mixing zone,
migration routes of fish and shellfish, chemical discharges and
eutrophication.

5.4.1 The Intake Structure

Fish that pass by the intake structure may follow the inflowing water up
to the traveling screens. The open design of the structure and the
special passageways provided should, however, allow the fish to escape
back into the estuary. The velocity of the water as it approaches the
3/8-in. mesh screens is about 1 fps, which is generally accepted as
sufficiently slow so that adult fish can avoid being impinged. Further,
the slower current velocity (0.5 fps) in the fish escape passages should
significantly improve the chances of the fish avoiding the screens.

In spite of what appears to be a favorable design for this intake struc-
ture, it cannot be assured that it will be entirely trouble free. Con-
sequently, the numbers and kinds of fish that die on the screens should
be monitored during the first several years of operation and the results
reviewed to determine whether a design modification is needed.

*See Section 12.W for additional discussion.



5-10

5.4.2 Entrainment of Plankton

The 4950 cfs of water withdrawn from the estuary and pumped through the
cooling system will contain planktonic organisms that will be subjected
to a temperature rise of 13.6°F and also to mechanical shock and pressure
changes. The organisms will experience this elevated temperature for
less than 2 minutes in the piping system and then a tapering off of the
effect for another 2 to 5 minutes after discharge as the heated water is
mixed and diluted in the estuary.

5.4.2.1 Phytoplankton

The kinds and quantities of phytoplankton that will pass through the
cooling system are not fully defined, but there appears to be no reason
to suspect that the effect of the Salem Station on the phytoplankton of
the estuary and Delaware Bay will be of any greater consequence than
that encountered with other large power stations. Although some fraction
of the phytoplankton pumped through the cooling system will be killed,
their nutrient value to the ecosystem will not be entirely lost and the
effect on primary productivity of the bay as a whole is expected to be
too small to be detected.?

5.4.2.2 Zooplankton

Zooplankton pumped through the station will undoubtedly be affected more
than the phytoplankton. A brief description of the zooplankton in the
vicinity of the site is given in Section 2.7.2.1. Not all of the
organisms pumped through the station will be killed and some studies
have shown but low mortality of zooplankton exposed to a temperature
increase of about 18*F for a period of 3 minutes. 8 The volume of water
pumped through the condensers in one day amounts to about 10,000 acre-ft
or about 1 to 2% of the average tidal flow past the station. However,
the relative importance of different water masses to the production of
the plankton that will be entrained in the cooling water has not been
defined and, consequently, percentage values of this type are of but
limited value in quantifying the risk.

5.4.2.3 Eggs, Larvae and Juveniles

Perhaps of greater concern than the zooplankton are the eggs, larvae and
juvenile stages of valuable fish and shellfish. Should substantial numbers
of these young forms be killed because of entrainment in the cooling water,
then the size of the harvestable stocks of these species might be diminished.
For this area the species of special interest are the blue crab, oysters,
American shad and striped bass.
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The blue crab spawns in the lower part of the estuary and water currents
transport some of the larvae to the vicinity of the station. However,
the salinity in this area is believed to be too low for good survival. 9

Consequently, the staff does not expect an adverse effect on the blue
crab stocks. The closest oyster beds are about 4 miles downstream and
should be unaffected by the Salem Station.

Both the striped bass and the American shad spawn upstream from the sta-
tion and their young drift down past the site. Since the principal
spawning site for the striped bass is in the Chesapeake and Delaware
Canal, the early life stages and juvenile bass which leave the canal tend
to remain on the west shore of the estuary as they move downstream.
Consequently, they are not vulnerable to the intake of the Salem Station
which is located on the opposite shore.

Ichthyological Associates have attempted to sample juvenile shad in the
vicinity of the station but without much success. Therefore, little
information is available on their size and distribution in this reach of
the estuary. Inasmuch as the principal spawning areas for the American
shad are many miles up river, it seems unlikely that larval stages which
are small enough to pass through the intake screens will be drawn into
the station with the cooling water. Some juvenile shad on their out
migration may be impinged on the screens, but in view of the paucity
of juveniles in the samples, this is not expected to be a significant
problem. This conclusion needs to be verified by monitoring of the fish
screens during the early phase of station operation, however.

5.4.3 The Mixing Zone

At this site, the mixing zone should not be a problem for nonmigratory
organisms. The point of discharge is about 500 ft offshore and con-
sequently benthic organisms in the nearshore area will not be washed by
warm effluent. In the region of the outfall both the tidal currents and
the velocity of the discharged water are swift, and the bottom does not
contribute significantly to primary productivity. With the jet discharge
and the tidal currents the effluent is rapidly diluted and surface areas
that have temperatures more than 5*F above ambient are predicted to
occupy about 25 acres. Because of the hydraulic forces involved, indivi-
dual fish could remain in such warm zones for prolonged periods of time
only by continuously swimming toward the outfall.

The staff concurs with the applicant that fish will be able to avoid the
high temperature portion of the effluent plume and that the migration of
fish past the station, either in an upstream or downstream direction, is
not likely to be significantly affected.
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The warm water discharges from large thermal power plants are often an
attraction to fish, especially during the cooler months. 1 0 Such an
attraction is expected to occur near the Salem outfall and this congre-
gation of fish will probably result in an increase in sport fishing near
the plume.

Fish that become acclimated to warm water zones are vulnerable to "cold
shock" if the temperature drops rapidly. This is especially the case
during the winter months when ambient temperatures are low. The proba-
bility of fish being killed by a sudden drop in temperature in the
effluent plume of the Salem Station will be relatively low because the
jet-type discharge minimizes the zone where temperatures are more than
5*F above ambient and because the mixing zone is offshore and its
position is continually changing with the tide. Further, cooling water
from the two separate generating units is discharged from a common out-
fall which minimizes the probability that the total heat load will be
stopped abruptly as a result of an unplanned shutdown.

5.4.4 Toxic Chemicals

The Salem Station will use chlorine to reduce fouling in the cooling
water system. The system is designed to chlorinate only one-fourth of
the condenser flow at a time and the treated water is to be mixed with
an equal volume of uncontaminated flow and carried for about 1000 ft in
the effluent piping before being discharged. Since the applicant plans to
maintain 0.5 mg/liter free chlorine at the condenser tail pipe during
chlorination and since the chlorine demand in the nontreated water is
at least 1.3 mg/liter, there should be virtually no free chlorine dis-
charged to the environment. However, based on the proposed chlorination
schedule, up to 6% of the entrained zooplankton may be killed due to the
chlorine addition.

No problems are anticipated from other chemicals that the applicant
proposes to release (see Section 3.5). All discharges are low and will
not produce a detectable effect in Delaware River ecosystems.

5.4.5 Dissolved Oxygen

The dissolved oxygen content of the Delaware River has been of concern
for many years--particularly in the upstream section in the vicinity of
Philadelphia; however this problem should not be aggravated by the Salem
Station. Although warm water (such as the condenser cooling water)
cannot hold as much dissolved oxygen as cold water, the oxygen contained
in the water will not be lost unless there is enough present so that

See Section 12.W for additional discussion.
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supersaturation results at the higher temperature. Where the dissolved
oxygen is significantly below saturation, as is normally the case in the
area of the Salem Station, a supersaturated condition is not likely to
result from a temperature rise of 13.6°F as planned for the Salem Station.

5.4.6 Eutrophication

There should be no eutrophication of the estuary from the operation of
the Salem Station. Chemical releases, particularly phosphate and
nitrate, are too low to have any effect. The heat added to the system
is diluted upon discharge so that an area of only about 50 acres will
experience a temperature of more than 4*F above ambient. The rela-
tively small area combined with the large volume and rapid mixing of the
system makes it very unlikely that any eutrophication due to warming the
water will occur.

5.5 RADIATION DOSES TO MAN

In the design and operation of any facility using or generating radio-
active materials, a consideration of primary importance is the radiation
dose which people in the station environs night receive. The release
rates of radionuclides to the environment must be in conformance with
Federal regulations set forth in 10 CFR Part 20. In addition, the
releases must be "as low as practicable" in accordance with
10 CFR Part 50.

For purposes of this report rem, roentgen and rad are considered to be
essentially interchangeable. The applicant made a preoperational radia-
tion survey of the site and environs in 1968-1969 and again in 1970. Back-
ground exposures ranged between 0.016-0.019 mR/hr (milliroentgens/hr).Il
An Environmental Protection Agency Survey of New Jersey1 2 recently under-
taken yielded background levels which convert to about 0.015 mR/hr which
compares closely with the levels noted by the applicant. These values
provide a base for assessing the dose increment that station radionuclide
releases will add to the existing dose from natural sources.

The staff has estimated the radiation doses that may be received by
people from the concentrations of radionuclides that are anticipated in
the air, the water and on the ground as a result of radionuclides
released during the normal operation of the Salem Station, Units I and 2.
These release rates, listed previously in Tables 3.2 and 3.3, are based
upon operating experience with power reactors of similar design and
having similar radwaste systems.

Some of the results of the dose calculations made by the staff differ
somewhat from those made by the applicant because of differing assumptions,
particularly the use of different source terms (see Section 3.4). Also,
the staff used the 1980 population estimate, whereas the applicant used
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the 1997 estimate in the calculation of population doses. There was also
a variance in the consumption and usages for the calculation of the
individual and population doses via the liquid pathway. Dilution of the
plant effluent in the river and estuary was assumed by the staff for the
population dose via the liquid pathway while the applicant assumed no
dilution. The applicant's estimate of shoreline dose was low because
buildup of nuclides in the silt was not considered. No estimate was made
by the applicant of the whole-body dose to an individual residing at the
closest house or the thyroid dose to an adult or child drinking milk
produced at the location of the closest cow.

5.5.1 IRpact of Gaseous Releases

The gaseous effluents from the Salem Station are to be released from
roof vents, but to be conservative, dose rates were calculated assuming
a ground level release without a building wake factor. Site meteorologi-
cal frequency tables used were those supplied in the applicant's FSAR
for the 30-ft wind sensor level: Amendment 14, Table Q 2.12-1. It is
the staff's opinion that the meteorological data supplied by the appli-
cant provide an acceptable basis for making estimates of atmospheric
diffusion for routine and accidental gaseous effluent releases from the
station.

The maximum exposure rate at the site property line is expected to occur
0.12 mile west-southwest of the reactor at the edge of the river where
the annual, average atmospheric dilution factor was calculated to be
5.0 x 10-5 sec/m3 . The total-body dose to an individual continuously
exposed at this location is estimated to be 3 mrem/yr, principally from
Kr-88 and Xe-133. The estimated skin dose would be somewhat higher
(10 mrem/yr) because of the beta contribution from the radionuclides
released with the gaseous effluents.

Individuals most likely to receive the greatest exposure to effluents
released by the station are those residing at the house about 3 miles
east of the station. At this location, the annual average atmospheric
dilution factor was calculated to be 2.1 x 10-7 sec/m3 . The external
air submersion total-body dose to an individual residing all year at this
location was estimated to be 0.01 mrem/yr; the skin dose was estimated
to be 0.04 mrem/yr. These doses are summarized in Table 5.2.

Air concentrations of 1-131 and 1-133 were estimated to be 2.8 x 10-3

and 2.1 x 10-3 pCi/m 3 respectively at this house. Inhalation of such
concentrations would result in an estimated thyroid dose of 0.04 mrem/yr
to an adult and 0.05 mrem/yr to a 2-year old child, principally from
1-131.

The closest dairy herd to the station from which the above individuals
would be most likely to consume milk was reported by the applicant to be
located 4.2 miles north-northeast of the station. The atmospheric dilution
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factor was calculated to be 1.1 x 10-7 sec/m3 at this location; correspond-
ing air concentrations of 1-131 and 1-133 were 1.5 x i0•3 and
1.2 x 10 3 pCi/m 3 , respectively. For calculation of the thyroid dose
derived from the consumption of milk from this herd, it was assumed that
the cows were pastured at this location 9 months of the year and that
there was no depletion of radioiodine from the gas cloud by ground
deposition or rain-out prior to reaching the pasture. The estimated dose
to a child's thyroid from drinking I liter/day of milk from these cows
would be 4 mrem/yr; the adult dose would be about 0.5 mrem/yr (Table 5.2).

Mhe closest dairy herd (8 cows) was reported to be located across the
river 3.8 miles west of the station. Here the atmospheric dilution fac-
tor was calculated to be 1.4 x 10-7 sec/m3 ; corresponding air concentra-
tions of 1-131 and 1-133 were 1.8 x 10-3 and 1.4 x 10-3 pCi/m 3 , respec-
tively. Using the above assumptions the dose to an infantts thyroid from
the milk consumed from these cows would be 5 mrem/yr; and the adult dose
0.6 mrem/yr.

The closest possible pasture to the station is (on Federal property)
north of the applicant's property line where rodeo stock is presently
grazed. Using the above assumptions and assuming that a milk cow might
be pastured with the stock at a distance of 2 miles north of the station,
the hypothetical dose to an infant's thyroid from the milk consumed
would be 15 mrem/yr (X/Q = 3.9 x 10- sec/m3 ). If milk cows were pastured
1 mile north of the reactor (just outside the station boundary) the hypo-
thetical dose to a child's thyroid from milk produced from these cows
(usin§ the above assumptions) would be 50 mrem/yr (X/Q = 1.2 x 10-6

sec/m ).

In addition to the above, the air submersion dose from gaseous effluents
was also estimated for an occupant of the nearest home 2.75 miles WSW
across the river from the station. At this location the atmospheric
dilution factor was estimated to be 2.0 x 10-7 sec/m3 . The total-body
dose for such a resident would be 0.009 mrem/yr. An estimate was also
made for the dose to the thyroid from radioiodines released in gaseous
effluents from the station. Iodine inhalation would result in a dose of
0.04 mrem/yr to a child and 0.03 mrem/yr to an adult residing there.

5.5.2 Inpact of Liquid Releases

The staff has estimated the radiation doses from radionuclides released
into the liquid effluents from the station. Radionuclides listed in
Table 3.3 are mixed with the station's dilution water flow of 3300 cfs and
released through four of the six submerged discharge lines to the river.
It was assumed that the individual most likely to receive the highest
radiation dose via the liquid pathway would be a muskrat trapper who
might spend considerable time trapping and fishing in the vicinity of the
station outfall. It was assumed that this individual swims and boats a
total of 200 hr/yr in the river in the same area and that he was exposed



- TABLE 5.2

ESTIMATED DOSES RECEIVED BY AN INDIVIDUAL FROM
AT THE SALEM STATION, UNITS 1 &

(mrem/yr)

EFFLUENTS RELEASED
2 (a)

Pathway

Air Submersion

Inhalation

Milk Consumption

Fish Consumption

Crab Consumption

Mollusc Consumption

Shoreline Activities

Swimming & Boating

Total Dose (Adult)

Location

3 Miles E

3 Miles E

4.2 Miles NNE

Near Outfall (c)

Near Outfall (c)

Near Outfall(c)

Near Outfall Cd)

Near Outfall (d)

Annual
Expos ure Skin

8766 hr 0.040

7300 m3

274 liter

18 kg

9 kg

9 kg

500 hr 0.31

100 hr each <10-4

0.4

Tot al-
Body

0.010

0.049

0.043

0.012

0.26

<10-4

0.4

G.I.
Tract Thyroid Bone

(0.010) (b) (0.010) (0.010)

- 0.035 -

- 0.53 -

7 x 10-3 0.62 0.036

0.015 1.5 0,032

0.017 1.5 0.010

(0.26) (0.26) (0.26)

(<10.4) (<10-4) (4.10-4)

0.3 4 0.3

ul
I

Milk Consumption
(Child) 4.2 Miles NNE 274 liter 4.4

Based on release rates listed in Tables 3.2 and 3.3
C0) ( ) indicates internal dose from external source

Cc) No dilution of plant effluent assumed

(d) 5:1 dilution assumed
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for 500 hr/yr to the radionuclides accumulated in the sediment along the
shoreline where a river dilution of 5;1 was assumed. In addition, this
individual was assumed to eat 18 kg/yr of fish, 9 kg/yr of crabs and
9 kg/yr of oysters or clams 24 hours after harvest from the outfall area
where no river dilution was assumed to take place. Bioaccumulation
factors for aquatic food chains were used to estimate the dose contribu-
tion from seafood consumption (Table 5.3).

The total-body dose to the above individual from seafood consumption was
estimated to be 0.1 mrem/yr; an additional 0.3 mrem/yr was estimated to
be received from exposure to radionuclides on the shoreline (about 80%
of the latter dose results from Cs-137 accumulated in the silt). The
doses from swimming and boating were negligible (<i0-4 mrem/yr).

A dose contribution from drinking water was considered extremely unlikely,
since the river water is brackish and there are no private wells in the
immediate vicinity of the station (within 2 miles) which could become
contaminated. It is also extremely unlikely that the water supplied to
the City of Salem from the Alloway Creek (8 miles from the station) could
become contaminated. The few wells located 3 to 4 miles from the site
will be sampled periodically to verify that the water contains no radio-
activity resulting from operation of the station. The doses from the
liquid pathways are summarized in Table 5.2.

The staff has estimated the direct radiation exposure that a person at
the closest point on the station boundary might receive due to storage
of wastes in chemical holdup tanks and other vessels, most of which are
surrounded by concrete shielding in the basement of the auxiliary build-
ing. The assumptions used in this assessment are essentially the same
as those noted in Section 3.4 (Radioactive Waste System). Conservatively,
an exposure rate of less than 0.1 mR/yr is estimated based upon a nominal
amount of concrete and earth shielding between the vessels and the
exposure point at an air distance of about 500 ft.

5.5.3 Population Doses from All Effluent Sources

In addition to the doses to the individual, the staff has estimated the
integrated, population dose (man-rem) resulting from operation of the
Salem Station. An integrated annual total-body dose from submersion in
the gaseous effluents from the station was calculated for the 5.4 million
people (1980 estimate) living within a 50-mile radius of the station.
No credit was taken for shielding or occupancy factors in the calcula-
tions. Table 5.4 lists the cumulative population, cumulative dose and
the average dose to the total body from gaseous effluents (primarily
noble gases) at various radial distances from the station. This popula-
tion dose was estimated to be about I man-rem/yr.

The dose derived from pathways associated with the liquid effluent
released into the river has also been estimated. The total seafood
catch from the estuary and bay was used to estimate the dose from fish
consumption. According to the applicant, 1.6 x 106 lb of fish,
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TABLE 5.3

SALTWATER BIOACCUMULATION FACTORS13
(pCi/kg Organism/pCi/liter Water)

Element Fish Crustacean

1
Cr
Mn
Fe
Co
Rb
Sr
y
Zr
Nb

Tc
Ru
Rh

Te
I
Cs
Ba
La
Ce
Pr
Nd

1
100

3,000
1,000

100
30
1

30
30

100
10
10

3
10
10
20
30

3
30
30

100
100

1
1,000

10o,0o0
4,000

10,000
50

1
100
100
200
100
100
100
100

10
100

50
3

100
100

1,000
1,000

Molluscs

1
1,000

50,000
20,000

300
10

1
100
100
200
100
100
100
100
100
100

10
3

100
100

1,000
1,000

Algae

1,000
10,000

6,000
100

10
20

300
1,000

100
100

1,000
1,000

100
1,000

10,000
10

100
300
300

1,000
1,000
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TABLE 5.4

CUMULATIVE POPULATION, ANNUAL MAN-REM DOSE AND AVERAGE ANNUAL DOSE
IN SELECTED CIRCULAR AREAS AROUND SALEM STATION

FROM GASEOUS RELEASES

Radius
(miles)

1

2

3

4

5

10

20

30

40

50

Cumulative Population
(1980)

0

0

48

1800

4700

53,000

480,000

1,100,000

3,000,000

5,400,000

Cumulative
Annual Dose

(man-rem)

0

0

5.1 x 10-4

0.010

0.022

0.11

0.37

0.54

0.84

1.1

Average
Annual Dose

(mrem)

0

0

0.011

5.6 x 10-'

4.7 x 10-3

2.1 x 10-3

7.7 x 10-L

4.9 x 10-4

2.8 x 10-4

2.0 x 10-4
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4.2 x 106 lb of crabs and 7.3 x 105 lb of oysters were commercially
harvested from the estuary and bay in 1966.14 Also, no increase in
the catch is expected until pollution of these waters is brought under
control. Thus, it was assumed that any future catch would be similar
in magnitude to that stated above. For purposes of dose calculation
it was conservatively assumed that the seafood was caught in estuary
and bay waters containing reactor effluent at 5:1 dilution and that
24 hours elapsed between harvest and consumption. The reactor effluent
was assumed to be diluted with 16,500 cfs river flow only; with no credit
taken for tidal mixing. In addition, the ratio of edible weight to live
weight was assumed to be 50% for the fish and 30% for the shellfish.
Bioaccumulation factors used in the calculations are those listed in
Table 5.3 for saltwater organisms. Based on these assumptions, the
resultant total-body dose to the population from the consumption of
aquatic foods was estimated to be 0.3 man-rem/yr.

External exposure to the population from recreational activities associ-
ated with the liquid effluents was also estimated by the staff. It was
assumed that the average person in 10% of the total population spends
10 hr/yr on the shoreline (fishing, hiking, or picnicking), 5 hr/yr swim-
ming and 10 hr/yr boating where the river contains station effluent at a
dilution of 5:1. The total-body dose from shoreline and aquatic activi-
ties was estimated to be 3 man-rem/yr. These doses are summarized in
Table 5.5.

5.5.4 Evaluation of Radiological Impact

The total population dose received from all effluent pathways from
routine operation of the Salem Station is estimated to be about
4 man-rem/yr. By comparison, the natural background radiation in New
Jersey, as reported by the EPA, is 0.125 rem/yr, resulting in an inte-
grated dose of about 7 x 105 man-rem/yr to the 1980 population of
5.4 million persons. Thus, routine operation of the Salem Station is
expected to contribute a negligibly small incremental dose to that which
area residents already receive as a result of natural background, and
this dose will constitute no meaningful risk to be balanced against the
benefits of the station.

5.6 RADIATION EFFECTS ON OTHER BIOTA

Radiation doses that may be received by aquatic organisms in the Delaware
River estuary near the station can be predicted on the basis of estimated
release rates of radionuclides into the circulating water system
(Table 3.2) and their subsequent dilution in the receiving water, along
with the bioaccumulation factors listed in Table 5.3 for saltwater organ-
isms. Based on radionuclide concentrations in the discharged effluent,
entrained planktonic forms such as algae would receive doses on the order
of 10-6 mrad/hr. Doses to plankton in river drift passing through the
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mixing zone would diminish rapidly as the effluent is diluted in the river
and passes downstream from the discharge area.

Organisms likely to receive the highest radiation dose from the station
are aquatic species living in or near (moving in and out of) the effluent
plume such as sessile invertebrates and fish. A clam living on the
bottom at the discharge outfall would receive an estimated total dose
of about 50 mrad/yr. Most of this dose would come from Cs-137 deposited
in the bottom silt. The dose to a fish living continuously in the
undiluted effluent was calculated to be only 0.5 mrad/yr, primarily
from radionuclides accumulated naturally from the effluent.

A small mammal such as a muskrat, that makes its den near the shore in
the vicinity of the discharge plume would receive a dose of about
40 mrad/yr from the station-related sources. This same animal receives
on the order of 100 mrad annually from natural background radiation.

Radiation damage can occur from either acute or chronic exposures.
Values of LD-50 (lethal dose resulting in 50% mortality for acute radia-
tion) for aquatic organisms have been listed by Donaldson and Foster, 1 5

and by Polikarpov. 1 6 Lethal amounts of acute radiation differ widely
among organisms because of such factors as species, age, physiological
state and body size. In the aquatic environment, these variations are
complicated by the interaction of such factors as temperature, dis-
solved oxygen, chemical composition and salinity. Exclusive of eggs and
larvae of invertebrates and fish, most of the freshwater and marine
organisms for which data exist are relatively resistant. 1 7 Bacteria
and algae may tolerate acute exposure to thousands of roentgens, but
freshwater fish, the most sensitive group listed by Donaldson and
Foster, 1 5 were affected by considerably lower doses. The LD-50 for
adult rainbow trout (Salmo gairdneri) ranged from 300 to 3,000 roentgens,
while the LD-50 was as low as 16 roentgens for the most sensitive stage
of the developing trout egg. Exposures of this magnitude are impossible
during the normal operation of the Salem Station.

Chronic exposures from the continuous discharge of low amounts of radio-
activity are of main interest at the Salem Station. Annual doses in the
range of those predicted for aquatic organisms below the outfall of the
station (50 mrad/yr) are several orders of magnitude below chronic dose
levels that might produce demonstrable radiation damage to aquatic
organisms. Field and laboratory studies concerned with dose versus
effect relationships are summarized by Templeton et al. 1 7

Chironomid larvae (Insecta),' commonly called bloodworms, living in
bottom sediments near the Oak Ridge facility in Tennessee which have
been irradiated at the rate of about 230-240 rad/yr for more than
130 generations have not decreased in abundance, even though displaying
a slightly greater than normal number of chromosome aberrations.18 The
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brood size of a freshwater fish (Gambusia) increased when exposed to
chronic radiation of 10.9 rads/day, although somewhat more dead embryos
and abnormalities were observed in irradiated populations than in con-
trols. Increased fecundity is the means by which animals having a short
life cycle and producing large numbers of progeny can adjust to radia-
tion stress.19

The irradiation of salmon eggs and larvae at a rate of 500 mrad/day did
not affect the number of adult fish returning from the ocean or their
ability to spawn. 2 0 The number of salmon spawning in the vicinity of
the Hanford reactors on the Columbia River has not been affected by dose
rates in the range of 100 to 200 mrads/wk. 2 1

The conclusion that populations of aquatic organisms residing near the
outfall of the Salem Station will not be adversely affected by radio-
nuclides in the discharged effluent is based on the following considera-
tions: 1) the expected release of radionuclides will be a small fraction
of releases that have occurred in the past at major nuclear facilities
without detectable adverse effects, 2) the estimated dose rates will be
several orders of magnitude less than those expected to cause radiation
damage.

Subsequent monitoring will be conducted by the applicant to evaluate the
accumulation of radionuclides in the sediment below the site since
adsorption on suspended silt will result in some deposition in the bed
of the estuary.

5.7 TRANSPORTATION OF NUCLEAR FUEL AND SOLID RADIOACTIVE WASTE

Nuclear fuel for the two reactors of Salem Station, Units 1 and 2, con-
sists of slightly enriched sintered uranium dioxide ceramic pellets
encapsulated in zircaloy fuel rods. Approximately one-third of the fuel
elements are replaced during each year of normal operation. This is
about 65 fuel elements for each reactor or a total of approximately 130
for the entire station.

5.7.1 Transport of New Fuel

New fuel will be shipped by truck in AEC-DOT approved containers which
will hold two fuel elements per container. About 8 truckloads of
8 containers each will be required each year for replacement fuel and
about 24 truckloads for the initial loading. Although the applicant has
not indicated the source of the new fuel, the staff has assumed that it
might come from Columbia, South Carolina, a shipping distance of about
700 miles.

5.7.2 Transport of Irradiated Fuel

Fuel elements removed from the reactors will be unchanged in appearance
and will contain some of the original U-235 (which is recoverable). As
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a result of the irradiation and fissioning of the uranium, the fuel
elements will contain large amounts of fission products and some
plutonium. As the radioactivity decays, it produces radiation and
"decay heat". The amount of radioactivity remaining in the fuel varies
according to the length of time after discharge from the reactor. After
discharge from a reactor, the fuel elements are placed under water in a
storage pool for cooling prior to being loaded into a cask for transport.
The applicant has stated that irradiated fuel will be shipped by trucks
to Barnwell, South Carolina for reprocessing, a distance of about
775 miles. Although the specific cask design has not been identified,
the applicant states that the irradiated fuel elements will be shipped in
AEC-DOT approved casks. The cask will weigh perhaps 25 tons for truck
shipment. To transport the irradiated fuel from both reactors, the
staff estimates 130 to 150 truckloads per year. An equal number of ship-
ments will be required to return the empty casks.

5.7.3 Transport of Solid Radioactive Wastes

The applicant has indicated that spent resins and waste evaporator
bottoms will be shipped in drums or truck-mounted shipping containers.
Soft, solid wastes will be compacted in drums for shipment and disposal.
The applicant has estimated that operation of Units 1 and 2 will result
in about 400 55-gal drums of waste per year from the two units; 25% of
this will be high-level wastes. The applicant has indicated that solid
wastes will be shipped to West Valley, New York, a distance of about
500 miles. Using the conservative assumption that all wastes are high-
level the staff estimates that approximately 40 truckloads of waste a
year will be shipped to West Valley.

5.7.4 Principles of Safety in Transport

The transportation of radioactive material is regulated by the Department
of Transportation and the Atomic Energy Commission. The regulations pro-
vide protection of the public and transport workers from radiation. This
protection is achieved by a combination of standards and requirements
applicable to packaging, limitations on the contents of packages and
radiation levels from packages, and procedures to limit the exposure of
persons under normal and accident conditions.

Primary reliance for safety in transport of radioactive material is
placed on the packaging. The packaging must meet regulatory standards 2 2

established according to the type and form of material for containment,
shielding, nuclear criticality safety and heat dissipation. The stan-
dards provide that the packaging shall prevent the loss or dispersal of
the radioactive contents, retain shielding efficiency, assure nuclear
criticality safety and provide adequate heat dissipation under normal
conditions. The contents of packages not designed to withstand accidents
are limited, thereby limiting the risk from releases which could occur
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in an accident. The contents of the package also must be limited so
that the standards for external radiation levels, temperature, pressure,
and containment are met.

Procedures applicable to the shipment of packages of radioactive material
require that the package be labelled with a unique radioactive materials
label. In transport, the carrier is required to exercise control over
radioactive material packages including loading and storage in areas
separated from persons and limitations on aggregations of packages to
limit the exposure of persons under normal conditions. The procedures
carriers must follow in case of accident include segregation of damaged
and leaking packages from people and notification of the shipper and the
Department of Transportation. Radiological assistance teams are avail-
able through an intergovernmental program to provide equipment and
trained personnel, if necessary, in such emergencies.

Within the regulatory standards, radioactive materials are required to
be safely transported in routine commerce using conventional transporta-
tion equipment with no special restrictions on speed of vehicle, routing,
or ambient transport conditions. According to the Department of Trans-
portation (DOT), the record of safety in the transportation of radio-
active materials exceeds that for any other type of hazardous commodity.
The DOT estimates approximately 800,000 packages of radioactive materials
are currently being shipped in the United States each year. Thus far,
based on the best available information, there have been no known deaths
or serious injuries to the public or to transport workers due to radiation
from a radioactive material shipment.

Safety in transportation is provided by the package design and limita-
tions on the contents and external radiation levels and does not depend
on controls over routing. Although the regulations require all carriers
of hazardous materials to avoid congested areas 2 3 wherever practical to
do so, carriers generally choose the most direct and fastest route.
Routing restrictions which require use of secondary highways or other
than the most direct route may increase accident frequency or severity.
Any attempt to specify routing would involve continued analysis of
routes in view of the changing local conditions as well as changing of
sources of material and delivery points.

5.7.5 Exposures During Normal (No Accident) Conditions

5.7.5.1 New Fuel

Nuclear and thermal radiation from new fuel will be small and there
will be essentially no effect on the environment during transport under
normal conditions. Exposure of individual transport workers is estimated
to be less than 2 millirem (mrem) per shipment. For 8 shipments per
year with two drivers for each vehicle, the total dose would be about
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0.03 man-rem/year. The radiation level associated with each truckload
of cold fuel will be less than 0.1 mrem/hr at 3 ft from the truck. A
member of the general public who spends 3 minutes at an average distance
of 3 ft from the truck might receive a dose of about 0.005 mrem/shipment.
The dose to other persons along the shipping route would be extremely
small.

5.7.5.2 Irradiated Fuel

Based on actual radiation levels associated with shipments of irradiated
fuel elements, we estimate the radiation level at 3 ft from the truck
to be about 25 mrem/hr.

Exposure to an individual truck driver during a 775 mile shipment of
irradiated fuel is estimated to be about 15 mrem. With two drivers on
each vehicle, the annual cumulative dose for 150 shipments will be about
4.5 man-rem.

A member of the general public who spends 3 minutes at an average dis-
tance of 3 ft from the truck or rail car, might receive a dose of as
much as 1.3 mrem. If 10 persons were so exposed per shipment, the annual
cumulative dose for the 150 shipments by truck would be about 1.9 man-rem.
Approximately 230,000 persons who reside along the 775 mile route over
which the irradiated fuel is transported might receive an annual cumula-
tive dose of about 2.1 man-rem. The regulatory radiation level limit of
10 mrem/hr at a distance of 6 ft from the vehicle was used to calculate
the integrated dose to persons in an area between 100 ft and 1/2 mile on
both sides of the shipping route. It was assumed that the shipment would
travel 200 miles/day and the population density would average
300 persons/square mile along the route.

The amount of heat released to the air from each cask will be about 9 kW
for a truck cask. This might be compared to about 50 kW of waste heat
which is released from a 100 horsepower truck-engine. Although the
temperature of the air which contacts the loaded cask may be increased a
few degrees, no appreciable thermal effects on the environment will
result because the amount of heat is small and is being released over the
entire transportation route.

5.7.5.3 Solid Radioactive Wastes

Under normal conditions, the average exposure to the individual truck
driver during a 500 mile shipment of solid radioactive waste is esti-
mated to be about 15 mrem. If the same driver were to drive one-half
of all shipments, (20 truckloads in a year) he could receive an estimated
dose of about 300 mrem during the year. With two drivers on each vehicle,
the annual cumulative dose for the 40 shipments will be about 1.2 man-rem.
A member of the general public who spends 3 minutes at an average
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distance of 3 ft from the truck might receive a dose of as much as
1.3 mrem. If 10 persons were so exposed per shipment, the annual cumula-
tive dose would be about 0.5 man-rem. Approximately 150,000 persons who
reside along the 500 mile route over which the solid radioactive waste
is transported might receive an annual cumulative dose of about
0.4 man-rem. These doses were calculated for persons in an area between
100 ft and one-half mile on either side of the shipping route, assuming
300 persons per square mile, 10 mrem/hr at 6 ft from the vehicle and the
shipment traveling 200 miles/day.

5.7.6 Other Environmental Effects

In the shipment of fuel and radioactive waste by truck, 0.14 million
truck-miles per year will be required to transport replenishment (new)
fuel to the station, to transport irradiated fuel to the reprocessor,
and to ship radioactive waste to the disposal site. If all trucks must
be returned to the station empty, a total of 0.28 million truck-miles
will be traveled for each year of station operation. Environmental
impacts associated with truck shipments include additional highway
congestion, noise, thermal and atmospheric pollution.

The staff concludes that the environmental impact of truck shipments
required for station operations will be negligible.
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TABLE 5.5

ESTIMATED TOTAL POPULATION DOSES ATTRIBUTABLE TO SALEM

Pathway

Air Submersion

Dose
(man-rem/yr) Remarks

Assuming no shielding by buildings1.1

Water

Seafood
Consumption

0.28 Assumes edible portion of 1966 catch
of estuary was all consumed by people
in 50- mile radius. Water assumed to
be diluted by 5:1 discharge
concentration.

Assumes water related sports under-
taken in (or near) water at 5:1 dis-
charge concentration.

Water
Recreation

Transportation
of fuel & wastes

2.9

10.6

Total 15
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6. PREOPERATIONAL AND POSTOPERATIONAL STUDIES 1

6.1 BASELINE ECOLOGICAL SURVEYS

Ecological baseline studies have been supported by the applicant by con-
tract with consulting biologists of Ichthyological Associates. The
studies were started in June 1968 and have continued to the present
time. The consultants have maintained a laboratory, office and boat
facility directly across the Delaware River estuary from the Salem site,
which permits ready access to the river and the station site.

Aquatic studies have concentrated on determining the existing biologi-
cal, physical and chemical characteristics of the Delaware estuary and
associated tidal creeks within 10 miles of Salem Station. The informa-
tion obtained from this program has been used to determine those station
design and facility location features (e.g., water intakes and effluent
outfalls) associated with minimizing the impacts of construction and
operation on. aquatic resources. Early phases of the study concentrated
on fishes; more recently, emphasis has been placed on plankton and
benthos.

The study area is divided into sampling zones with those nearest the
water intake and effluent discharge sites receiving the greatest empha-
sis. Zones have been sampled on a continuing (though not necessarily
regular) basis since the spring of 1968 to determine the daily and
seasonal distribution and abundance of aquatic organisms and physiochemi-
cal parameters. Normally, a 16-ft semiballoon trawl is used to capture
fish which are immediately identified, measured, counted and stored
aboard the tow craft. Specialized capture equipment, such as the float-
ing gill net, is used in sampling spring and fall fish movements. Beach
and bag seines are manually hauled through shore waters to collect
shallow water species. Bottom organisms are sampled by use of a clam-
bucket device (Peterson Dredge) and zooplankton are collected using
hauled half-meter plankton nets.graded by mesh size to permit selective
sample collection.

Typical of the fish sampling schedule was the work undertaken during
1970 where 7 stations were sampled in daylight every 2 weeks from May
through November. Two of the same stations were also sampled after
dark from July through November. The trawl program was even more
extensive, involving 4 daylight samples each month in each of 21 sampling
zones during the period from March through December. Additional night-
time samples were taken in selected zones.

The baseline studies on fish have been supplemented with additional work
on the life histories and behavior of certain important species. These
are significant efforts and add a great deal of information which the
staff believes was of definite benefit in the Salem Station design plan-
ning. The zooplankton work as represented in the reports for 1969 and
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1970 has been relatively minor to date. Very little phytoplankton or
other work on primary productivity was conducted until the summer of 1972
and as yet these data have not been completely evaluated. Similarly, the
terrestrial environment was not studied in much detail until 1972 when a
brief but relatively detailed survey was made.

6.2 POSTOPERATIONAL ECOLOGICAL EFFECTS STUDIES

The applicant has indicated the intent to maintain ecological effects
studies for several years after the startup of this plant.

The present state of knowledge indicates that baseline studies on the
primary productivity of the aquatic system should be conducted. Simul-
taneously, the effect of station operations on primary productivity should
be determined.

Since the area has abundant zooplankton populations at certain times of
the year, the impact of passage through the cooling system (including
chlorination effects) on these organisms should be determined when the
station starts operation. Care should be used to separate the effects
of passage through the coolant system from effects of entrainment of
ambient waters into the discharge plume.

Careful observation of the water intakes over a period of at least
2 years should be maintained. Since fish kills have been a problem at
some intakes, this should be a major effort involving the frequent
assessment by a qualified consultant of the loss of fish at the intake.

The preoperational studies have adequately assessed the fish and macro-
invertebrate populations in the region. These studies should be con-
tinued for several years to determine any adverse or beneficial effects
attributable to station discharges of heated effluents and chemicals.
Concurrently, field measurements should be made to define the time-
temperature-area characteristics of the thermal plume.

The additional studies on the life history of local species and on
behavior of fishes under conditions of altered temperature should be con-
tinued. Such studies are necessary to assess the impact of particular
designs on the local biota.

6.3 RADIOLOGICAL SURVEILLANCE PROGRAM

The applicant instituted a preoperational radiation monitoring program in
1968 and plans to continue it with modifications, if necessary, through-
out the life of the station as the postoperational radiation monitoring
program. A particularly intensive program is proposed at the time of
station startup.
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The preoperational program, which is designed to determine existing
levels of radioactivity in the vicinity of the station and to serve as a
guide to the postoperational program, includes both radiation background
stations and the sampling and radiological analysis of locally grown
food, milk and animal forage. In addition, samples of air particulates,
soil, water (including well water) and local marine and terrestrial
life are taken at regular intervals and analyzed for radionuclides.
Figure 6.1 and Table 6.1 give sampling locations and frequencies.
Further details of the preoperational radiation monitoring program are
contained in the applicant's Environmental Report (pp. 89-94) and
details of the results of this program are contained in Appendix A.2 of
the Environmental Report.

The staff believes that, in addition to those monitoring plans proposed
by the applicant, the postoperational program should increase the milk
sampling frequency from quarterly to weekly in order to detect
any short-term increase of radioiodine in this important food.
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FIGURE 6.1 SAMPLING SITES



TABLE 6.1

SNGS PREOPERATIONAL ENVIRONMENTAL RADIATION
MONITORING PROGRAM SAMPLING LOCATIONS,

TYPES AND FREQUENCIES

Location
Title

Distance
From Site

Direction
From SiteNo.

1 SNGS Site
la Meteorological tower

lb Station Effluent
Discharge

lc Dock Area

Sample Types

Background Monitor (;a)
Air Particulate (la) a)
Rain Water (la)
Surface Water (lb)
Well Water Soil,
Vegetationtb)
Sediment (lb & ic)
Marine Life (ib)
Plankton (lb), Muskrat

Surface Water
Sediment
Marine Life, Plankton

Frequency

Continuous
Weekly
Monthly
Monthly

Quarterly
Quarterly
Quarterly
Quarterly

C%
I'

2 Up Island 1. 5 miles

5.5 miles
5 miles

North

North
North

Monthly
Quarterly
Quarterly

Weekly
Quarterly

3a
3b

N.J. Farm North

4 Salem Water Supply
(Quinton Pumping
Station)

5 Hancock's Bridge
N.J.

9 miles Northeast

4 miles Northeast

Air Particulate (3a)
Milk, Soil, Vegetation

Potable Surface Water

Well Water
Vegetable(c)

(3b)

Quarterly

Quarterly
Harvest Time



TABLE 6.1 (Continued)

Location
TitleNo.

Distance
From Site

3.5 miles

Direction
From Site Sample Types Frequency

6 N.J. Farm East

7a N.J. Shore in
Delaware River
(downriver from
site)

7b N.J. Shore Oyster
Beds

8 Delaware Farm South

8a Taylor's Bridge Spur

East

2 miles Southeast

7 miles Southeast

5 miles Southwest

Air Particulate(a)
Well Water
Soil, Vegetation

Surface Water
Sediment, Marine Life
Plankton

Marine Life, Sediment

Milk, Soil
Vegetation
Air Particulate(a)

Surface Water
Sediment, Marine Life
Plankton

Weekly
Quarterly
Quarterly

Monthly
Quarterly
Quarterly

Quarterly

Quarterly
Quarterly
Weekly

Monthly
Quarterly
Quarterly

0'
0'

4 miles Southwest

Southwest9a
9b

Blackbird Creek
Appoquinimink River
(near Delaware shore
in Delaware River
directly opposite
station effluent
discharge)

2.5 miles

10 Diehl House
10a Biology Lab

4 miles
4.5 miles

4.5 miles

West
Air Particulate(a)

Soil, Vegetation

Garden Vegetable(c)

Weekly
Quarterly

11 Port Penn Garden Northwest Harvest Time

(a)
(b)
(c)

Thermoluminescent dosimeters monthly and quarterly at air particulate sites
Northern end of island is used for pasture
Selected areas when specific crops are harvested
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7. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

7.1 STATION ACCIDENTS

A high degree of protection against the occurrence of postulated acci-
dents at the Salem Nuclear Generating Station, Units I and 2, is provided
through correct design, manufacture, and operation and the quality
assurance program used to establish the necessary high integrity of the
reactor system, as will be considered in the Commission's Safety Evalua-
tion. Deviations that may occur are handled by protective systems to
place and hold the station in a safe condition. Notwithstanding this,
the conservative postulate is made that serious accidents might occur, in
spite of the fact that they are extremely unlikely; and engineered safety
features are installed to mitigate the consequences of these postulated
events.

The probability of occurrence of accidents and the spectrum of their con-
sequences to be considered from an environmental effects standpoint have
been analyzed using best estimates of probabilities and realistic fission
product release and transport assumptions. For site evaluation in the
Commission's safety review, extremely conservative assumptions are used
for the purpose of comparing postulated doses resulting from a hypotheti-
cal release of fission products from the fuel against the 10 CFR Part 100
siting guidelines. The computed doses that would be received by the
population and environment from actual accidents would be significantly
less than those calculated for the site evaluation.

The Commission issued guidance to applicants on September 1, 1971,
requiring the consideration of a spectrum of accidents with assumptions
as realistic as the state of knowledge permits. The applicant's response
was contained in the Supplement to Applicant's Environmental Report,
Operating License Stage dated November 5, 1971.

The applicant's report has been evaluated, using the standard accident
assumptions and guidance issued as a proposed amendment to Appendix D of
10 CFR Part 50 by the Commission on December 1, 1971. Nine classes of
postulated accidents and occurrences ranging in severity from trivial to
very serious were identified by the Commission. In general, accidents
in the high potential consequence end of the spectrum have a low occur-
rence rate, and those on the low potential consequence end have a higher
occurance rate. The examples selected by the applicant for these
classes are shown in Table 7.1. The examples selected are reasonably
homogeneous in terms of probability within each class, although the
release of the waste gas decay tank contents is considered as more
appropriately in Class 3 and the steam generator tube rupture as more
appropriately in Class 5. Certain assumptions made by the applicant do
not exactly agree with those in the proposed Annex to Appendix D, but the
use of alternative assumptions does not significantly affect overall
environmental risk.
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TABLE 7.1

CLASSIFICATION OF POSTULATED ACCIDENTS
AND OCCURRENCES

Class AEC Description

1.0 Trivial incidents

2.0 Small releases outside
containment

3.0 Radwaste system failures

4.0 Fission products to primary
system (BWR)

5.0 Fission products to primary
and secondary systems (PWR)

6.0 Refueling accident

7.0 Spent fuel handling
accident

8.0 Accident initiation events
considered in design basis
evaluation in the SAR

9.0 Hypothetical sequence of
failures more severe than
Class 8.0

Applicant's Example(s)

Not considered

Leak in the volume control tank
sampling line

Malfunction or error which would
allow initiation of activity
release from the waste gas decay
tank; Release of 10% of the noble
gas activity in the waste gas
decay tank to the outside
atmosphere

Fuel failures during normal opera-
tion and transients outside
expected range of variables

Failed fuel and steam generator
tube leak

Fuel assembly mishandling and
mechanical malfunctions or loss of
forced convection cooling in the
transfer tube; Evaluation of fuel
handling accident inside
containment

Refueling accident outside contain-
ment; Mishandling of fuel assembly,
dropping of heavy object on the
fuel, dropping of shipping cask,
loss of cooling to cask, and trans-
portation incident on site

Loss of coolant pipe break, steam-
line break, steam generator tube
rupture, rod ejection, waste gas
decay tank rupture, and volume
control tank rupture

Not considered
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Staff estimates of the dose which might be received by an assumed indi-
vidual standing at the site boundary in the downwind direction, using
the assumptions in the proposed Annex to Appendix D, are presented in
Table 7.2. Estimates of the integrated exposure that might be delivered
to the population within 50 miles of the site are also presented in
Table 7.2. The man-rem estimate was based on the projected population
(based on 1970 census data) around the site for the year 2020.

To rigorously establish a realistic annual risk, the calculated doses in
Table 7.2 would have to be multiplied by estimated probabilities. The
events in Classes 1 and 2 represent occurrences which are anticipated
during station operation; and their consequences, which are very small,
are considered within the framework of routine effluents from the station.
Except for a limited amount of fuel failures and some steam generator
leakage, the events in Classes 3 through 5 are not anticipated during
station operation; but events of this type could occur sometime during
the 40-year station lifetime. Accidents in Classes 6 and 7, and small
accidents in Class 8 are of similar or lower probability than accidents
in Classes 3 through 5 but are still possible. The probability of occur-
rence of large Class 8 accidents is very small. Therefore, when the con-
sequences indicated in Table 7.2 are weighted by probabilities, the
environmental risk is very low. The postulated occurrences in Class 9
involve sequences of successive failures more severe than those required
to be considered in the design bases of protection systems and engineered
safety features. The consequences could be severe. However, the proba-
bility of the occurrence is so small that their environmental risk is
extremely low. Defense-in-depth (multiple physical barriers), quality
assurance for design, manufacture and operation, continued surveillance
and testing, and conservative design are all applied to provide and main-
tain the required high degree of assurance that potential accidents in
this class are, and will remain, sufficiently small in probability that
the environmental risk is extremely low.

Table 7.2 indicates that the realistically estimated radiological con-
sequences of the postulated accidents would result in exposures of an
assumed individual at the site boundary to concentrations of radioactive
materials within the Maximum Permissible Concentrations (NPC) of Appen-
dix B, Table II, 10 CFR Part 20. Table 7.2 also shows the estimated inte-
grated exposure of the population within 50 miles of the station from
each postulated accident would be orders of magnitude smaller than that
from naturally occurring radioactivity. The exposure from naturally
occurring radioactivity corresponds to approximately 1,115,000 man-rems
per year within 50 miles of the site. This estimate is based on a
natural background of 125 mrem/yr. When considered with the probability
of occurrence, the annual potential radiation exposure of the population
from all the postulated accidents is an even smaller fraction of the expo-
sure from natural background radiation and, in fact, is well within
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TABLE 7.2

SUNMMARY OF RADIOLOGICAL CONSEQUENCES
OF POSTULATED ACCIDENTS(a)

Estimated Estimated
Fraction of 10 Dose to Population

CFR Part 20 Limit Within 50-mile
Class Event At Site Boundary(b) Radius, man-rem

1.0 Trivial incidents (c) (c)

2.0 Small releases outside
containment (c) (c)

3.0 Radwaste System failures
3.1 Equipment leakage or

malfunction 0.02 16
3.2 Release of waste gas

storage tank contents 0.084 60
3.3 Release of liquid waste

storage contents 0.002 1.7

4.0 Fission products to
primary system (BWR) N.A. N.A.

5.0 Fission products to
primary and secondary
systems (PWR)

5.1 Fuel cladding defects
and steam generator
leaks (c) (c)

5.2 Off-design transients
that induce fuel fail-
ure above those expected
and steam generator leak <0.001 0.35

5.3 Steam generator tube
rupture 0.028 20

6.0 Refueling accidents
6.1 Fuel bundle drop 0.004 3.1
6.2 Heavy object drop onto

fuel in core 0.076 55

7.0 Spent fuel handling
accident

7.1 Fuel assembly drop in
fuel rack 0.003 2.0
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TABLE 7.2 (Continued)

Estimated Estimated
Fraction of 10 Dose to Population

CFR Part 20 Limit Within 50-mile
Class Event At Site Boundary(b) Radius, man-rem

7.2 Heavy object drop onto
fuel rack 0.011 7.9

7.3 Fuel cask drop N.A. N.A.

8.0 Accident initiation
events considered in
design basis evaluation
in the SAR

8.1a Loss-of-Coolant
Accidents
Small Break 0.046 60
Large Break 0.45 2000

8.1b Break in instrument
line from primary sys-
tem that penetrates the
containment N.A. N.A.

8.2a Rod ejection accident
(PWR) 0.045 200

8.2b Rod drop accident (BSR) N.A. N.A.
8.3a Steamline breaks (PWR's

outside containment)
Small Break <0.001 0.11
Large Break <0.001 0.20

8.3b Steamline break (BWR) N.A. N.A.

(a) The doses calculated as consequences of the postulated accidents are
based on airborne transport of radioactive materials resulting in
both a direct and an inhalation dose. Our evaluation of the accident
doses assumes that the applicant's environmental monitoring program
and appropriate additional monitoring (which could be initiated sub-
sequent to an incident detected by in-station monitoring) would
detect the presence of radioactivity in the environment in a timely
manner such that remedial action could be taken if necessary to
limit exposure from other potential pathways to man.

(b) Represents the calculated fraction of a whole body dose of 500 mrem,
or the equivalent dose to an organ.

(c) These releases are expected to meet the "as low as practicable"
standards for routine effluents (i.e., 5 mrem/yr to an individual
from either gaseous or liquid effluents).
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naturally occurring variations in the natural background. It is con-
cluded from the results of the realistic analysis that the environmental
risks due to postulated radiological accidents are exceeding small.

7.2 TRANSPORTATION ACCIDENTS

Based on recent accident statistics, 1 a shipment of fuel or waste may
be expected to be involved in an accident about once in a total of
750,000 shipment-miles. The staff has estimated that only about 1 in
10 of those involving Type B packages might result in any leakage of
radioactive material, i.e., only once in every 7.5 million shipment-
miles. Based on data discussed in Section 5.7, Transportation of
Nuclear Fuel and Solid Radioactive Waste, the staff estimates that a
maximum total of 4.2 million shipment-miles of irradiated fuel and
solid radioactive waste could be accrued during the 30-year lifetime
of Salem Nuclear Generating Station Units 1 and 2. In case of an
accident, procedures which carriers are required 2 to follow will

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

7.2.1 New Fuel

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

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

If criticality were to occur in a transportation accident, persons
within a radius of about 16 feet from the accident would receive a
fatal or near-fatal exposure unless shielded by an intervening material.
Exposure levels drop off rapidly with distance, (exposure is approxi-
mately 20 rem at a radius of 50 ft), and are of the order of 100 mrem
at a radius of 100 ft from the accident. No detectable radiation effects
are expected at distances greater than 100 ft. Although there would be
no nuclear explosion, heat generated in ;the reaction would probably
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separate the fuel elements so that the reaction would stop. The reaction
would not be expected to continue for more than a few seconds. Residual
radiation levels due to induced radioactivity in the fuel elements might
reach a few roentgens per hour at 3 ft and there would be very little
dispersion of solid radioactive material.

7.2.2 Irradiated Fuel

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

(a) Leakage of contaminated coolant resulting from improper closing
of the cask is possible as a result of human error, even though the
shipper is required to follow specific procedures which include tests
and examination of the closed container prior to each shipment. Such
an accident is highly unlikely during the 30-year life of the plant.

Leakage of liquid at a rate of 0.001 cc/second or about 80 drops/hour
is about the smallest amount of leakage that can be detected by visual
observation of a large container. If undetected leakage of contaminated
liquid coolant were to occur, the amount would be so small that the
individual exposure would not exceed a few mrem and only a very few
people would receive such exposures.

(b) Release of gasses and coolant is an extremely remote possibility.
In the improbable event that a cask is involved in an extremely severe
accident such that the cask containment is breached and the cladding of
the fuel assemblies penetrated, some of the coolant and some of the
noble gases might be released from the cask.

In such an accident, the amount of radioactive material released would
be limited to the available fraction of the noble gases in the void
spaces in the fuel pins and some fraction of the low level contamination
in the coolant. Persons would not be expected to remain near the
accident due to the severe conditions which would be involved, including
a major fire. If releases occurred, they would be expected to take
place in a short period of time. Only a limited area would be affected.
Persons in the downwind region and within 100 ft or so of the accident
might receive doses as high as a few hundred millirem. Under average
weather conditions, a few hundred square feet might be contaminated to
the extent that it would require decontamination (that is, Range I con-
tamination levels) according to the standards 3 of the Environmental
Protection Agency.
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7.2.3 Solid Radioactive Wastes

It is highly unlikely that a shipment of solid radioactive waste will
be involved in a severe accident during the 30-year life of the station.
If a shipment of low-level waste (in drums) becomes involved in a
severe accident, some release of waste might occur, but the specific
activity of the waste will be so low that the exposure of personnel
would not be expected to be significant. Other solid radioactive
wastes will be shipped in Type B packages. The probability of release
from a Type B package, in even a very severe accident, is sufficiently
small that, considering the solid form of the waste and the very remote
probability that a shipment of such waste would be involved in a very
severe accident, the likelihood of significant exposure would be
extremely small.

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

7.2.4 Severity of Postulated Transportation Accidents

The events postulated in this analysis are unlikely but possible. More
severe accidents than those analyzed can be postulated and their con-
sequences could be severe. Quality assurance for design, manufacture,
and use of the packages, continued surveillance and testing of packages
and transport conditions, and conservative design of packages ensure
that the probability of accidents of this latter potential is sufficiently
small that the enviornmental risk is extremely low. For those reasons,
more severe accidents have not been included in the analysis.
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8. EVALUATION OF PROPOSED ACTION

8.1 ADVERSE ENVIRONMENTAL EFFECTS WHICH CANNOT BE AVOIDED

Construction and operation of Salem Nuclear Generating Station will
produce some adverse environmental effects which are unavoidable.
Several of these adverse effects have been associated with construction
activities and specifically with land clearing operations for the
station and associated transmission facilities. The removal of several
hundred acres of vegetation at the station site, primarily the giant
reed, has resulted in displacement of wildlife and the deprivation of
habitat and food supply. However, that loss is judged to be relatively
minor in that the area is not abundantly productive. Similarly, the
contribution of vegetation that occupied the station area to the aquatic
food chain is considered very minor with respect to that contributed by
the more extensive and productive tidal marshlands in this region.

Transmission rights-of-way clearing operations have been undertaken in
such a manner so as to minimize the disturbance of natural areas both
between and at tower structures. Even in the marshlands, where construc-
tion access is quite difficult, the applicant has made notable efforts to
restrict disturbances to the small areas required for tower-footings place-
ment.

The station and transmission lines will present a visual impact that here-
tofore has not been experienced to a significant degree in this region
of New Jersey. The station, particularly, will protrude well above the
low and level terrain on Artificial Island. However, the absence of
residents or significant numbers of transients within a distance of several
miles of the station, the intervening forested areas at many locations
east of the station, and the efforts expended toward achieving a neat and
pleasing facility design should significantly minimize the adverse aesthetic
impact.

Dredging operations for water intake and discharge channels in the Delaware
River will result in the removal of about 300,000 cubic yards of bottom
material and the temporary displacement or loss of resident benthic organisms.
Such losses are judged to be quite small in this stretch of the river due
to the low populations of bottom dwellers. Also, the Delaware River Basin
Commission has placed restrictions on dredging periods to minimize the
suspension and distribution of silt which might be harmful to filter feeders
and finfish.

The discharge of station cooling water will increase the temperature in
the mixing zone to the extent that about 50 acres will have temperatures
in excess of 4VF above river ambient. This excess temperature zone is
relatively small in comparison with the river cross section and free
swimming organisms passing through the zone are expected to avoid exposure
to temperature-time durations that would result in damage. Also, the
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relatively high water velocity in zones where temperature differentials
are appreciable would discourage prolonged exposure. Sessile organisms
exposed to these excess temperatures in the mixing zone may suffer damage.
Such losses, if they do occur, are expected to be sufficiently small
that they will not affect the productivity of the area. However, the
applicant should continue the fish, macro-invertebrate and zooplankton
sampling program discussed in Section 6 to quantify the expected small
losses of aquatic life due to the discharge of heated effluents from the
station. Similarly, the effects of plant chemical discharges, particularly
chlorine, on aquatic life should be monitored by the applicant to obtain
confirmatory information on the negligible impact expected from these
additions to the river.

The staff is of the opinion that the circulating water intake system
has been designed to minimize fish entrapment and the potential for
loss by impingement on the traveling screens. However, modifications
of the flow regime may cause operation of the actual system to be
somewhat different than that predicted using mathematical and physical
models. Therefore, monitoring programs (e.g., screen census) should be
carried out during the first several years of operation to accurately
evaluate fish losses at the water intake structures.

Plankton entrained in the circulating cooling water will be subjected
to thermal, chemical and mechanical stresses which will result in some
loss, but not in amounts which will represent a significant fraction of
the river's biomass or that will affect productivity. However, for
validation purposes, the applicant should better assess this potential
impact on the aquatic ecosystem by undertaking studies on zooplankton
losses due to passage through the circulating water system.

Some local fog (steaming) will occur in the winter due to the warm water
discharge. This is not expected to present any hazard to waterway traffic
in the form of decreased visibility or icing. Also, there should be no
impairment of local vehicular or airway traffic.

Operation of Salem Station will introduce a very small, immeasurable
radiation dose which will not constitute a meaningful risk. The estimated
dose to the total population resulting from operation of Salem Units 1
and 2 is about 15 man-rem/yr.

8.2 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

Land areas in close proximity to Salem Station are largely marshlands,
meadows, and some sparsely forested regions with small farms and scattered
residences. The station site, which occupies about 220 acres (\15%) of
Artificial Island, is situated on fill that has been built up by the
disposal of dredging spoils from the Delaware River during the first half
of this century. There is no evident short- or long-term beneficial use
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of this land, other than its present use as an artificially-created,
marginally-productive natural area, which is pre-empted by the intended
use as a power generating site.

The Salem facility will place no restrictions on access to or use
of the Delaware River including its present relatively heavy use
as a navigable waterway for commercial traffic. Also, the discharge
of liquid effluents to the river should not affect the short- or
long-term productivity of aquatic life in the river and its tributaries.
The consumptive use of brackish water from the Delaware River will be
minimal and the groundwater resources should not be depleted in the
vicinity of the station or at upgradient locations where it is used as
a public and private water source.

Those effects associated with the construction phase (e.g., dredging)
are considered to be short-term with rapid recovery of the ecosystem from
the temporarily imposed stresses and no measurable impairment of
productivity.

In summary, those short-term uses of the environment at the Salem site
will contribute to the economic well-being and electrical needs of
the applicant's and interconnected service areas. The relatively
minor short-term environmental impacts and the absence of any signifi-
cant effects on the long-term productivity of the environment validate
the acceptability of the proposed action.

8.3 DECOMMISSIONING OF STATION AFTER OPERATING LIFE

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

To aate, experience with decommissioning of civilian nuclear power
reactors is limited to six facilities which have been shut down or
dismantled: Hallam Nuclear Power Facility, Carolina Virginia Tube
Reactor (CVTR), Boiling Nuclear Superheater (BONUS) Power Station,
Pathfinder Reactor, Piqua Reactor and the Elk River Reactor.

There are several alternatives which can be and have been used in the
decommissioning of reactors: (1) Remove the fuel (possibly followed by
decontamination procedures), seal and cap the pipes and establish an
exclusion area around the facility. The Piqua decommissioning operation
was typical of this approach. (2) In addition to the steps outlined in
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(1), remove the superstructure and encase in concrete all radioactive
portions which remain above ground. The Hallam decommissioning operation
was of this type. (3) Remove the fuel, all superstructure, the reactor
vessel and all contaminated equipment and facilities, and finally fill
all cavities with clean rubble topped with earth to grade level. This
last procedure is being applied in decommissioning the Elk River Reactor.
Alternative decommissioning procedures (1) and (2) would require long-
term surveillance of the reactor site. After a final check to assure
that all reactor-produced radioactivity has been removed, alternative (3)
would not require any subsequent surveillance. Possible effect of
erosion or flooding will be included in these considerations.

The cost of permanently shutting down the facility - including reactor
core removal, decontamination of remaining components, and building
isolation -- has been estimated by the staff at several millions of
dollars on a current cost basis, plus annual maintenance costs to main-
tain the shutdown facility in safe condition.

These estimates do not include removing all equipment, razing the build-
ings, and returning the site to its original condition. The value of the
220 acres thus made available for other uses would probably not justify
the added expense. Analysis of dismantling cost experience to date
indicates that an amount equal to 10-15% of the original construction
cost would be required to accomplish such restoration.

In cost-benefit consideration, future decommissioning costs should be
discounted to obtain their present worth. At a discount rate of 8.75%/yr
for 30 years of operation, costs incurred at the end of that operating
period would be divided by 12.4 to determine their present worth. Thus,
even if the station area were to be restored to its original condition,
the present worth of the future costs involved would be only about 1%
of the original construction cost. This indicates that including decom-
missioning costs would not alter any of the conclusions of the cost-
benefit analysis in this statement.

8.4 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

The primary commitment of resources for the Salem Station is the
several hundred acres of marginal land occupied by the facility which
will be exempted from other uses for the life of the station and
possibly as few as 5-10 acres for a longer period, dependent upon the
degree of decommissioning. Although some loss of terrestrial and aquatic
nutrient source and wildlife habitat is associated with clearing and
using the land, the amount lost is quite small and probably immeasurable
in terms of the productivity of Artificial Island and adjacent waters.

Uranium fuel will be used to produce thermal energy for electrical
power generation. Consumption will amount to approximately 40 metric
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tons of uranium-235 assuming a 30-year lifetime for the station. That
portion of the fuel not consumed will be processed and the fissionable
materials recovered for recycle or other uses. Other resources committed
in the construction of the station are those building materials common
to any heavy industrial facility; no excessive quantities of rare or
unique materials will be used. Also, chemicals used in station operations
will be restricted to only those essential to assure proper functioning
of the facility and in amounts that will be insignificant with respect
to the natural resources available.

Recreation' and other activities of man in the surrounding areas will
not be impaired, nor will water and land uses be curtailed to any
extent due to station construction and operation.

The staff concludes that the irreversible and irretrievable commitments
are appropriate for the benefits gained.
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9. NEED FOR POWER

The applicant's need for power was considered with regard to (1) growth
in demand, (2) reserve requirements, (3) recent history of load curtail-
ments, (4) peaking versus baseload power generation, (5) importation
of power and (6) deferred retirement of older units.

9.1 GROWTH IN DEMAND

Growth in demand for power is a function of both increased population
and consumption per customer. These factors have combined to produce
substantial increases in demand for power in the applicant's service
area. Similarly, substantial increases in demand for power have also
occurred within the larger Pennsylvania-New Jersey-Maryland intercon-
nection (PJM) of which the applicant is a member.

Electricity consumption in the applicant's service area (in kW-hr/job/year)
increased from 3500 in 1950 to over 9000 in 1970. The applicant estimates
that perhaps as much as 14,000 kW-hr/job/year will be required by 1980.1
As shown in Table 9.1, growth in demand within the areas serviced by 4C0
and the PJM interconnection was 23% and 19% respectively for the period
1968-1971. Growth in demand during the next 4-year period (1972-1975)
which coincides with the planned startup of Salem Station, is projected
to be 28% in both service areas. Demand in both service areas is antici-
pated to increase by approximately 90% in the overall period from 1972 to
1980. After 1980, growth in demand within the PJM interconnection has
been projected to continue at approximately the same rate noted above. In
a survey conducted by the Federal Power Commission, 2 summer peak demand within
PJM was projected to increase 77% during the period 1980 to 1990, i.e.,
from 45.3 x 103 MW in 1980 to 80.2 x 10 MW in 1990.

9.2 RESERVE REQUIREMENTS*

In addition to satisfying customer demands for power, reserve allowances
are required to cover such contingencies as scheduled and unscheduled
maintenance, forced outages, delays in new plant and transmission line
construction, and variations in demand. On a national basis, utilities
typically recommend a reserve margin of 15% to 25%.4 A reserve margin
of at least 20% is calculated by the applicant as necessary to maintain
adequate system reliability.

With the timely completion of Salem Units 1 and 2 and other planned
units, the applicant's reserve margins will be 21% and 26%, respectively,
in 1974 and 1975. Correspondingly, reserve margins for the PJM inter-
connection will be 25% and 29% respectively, as seen in Table 9.1.
Delays in the startup of Salem Station will produce the effects on the
applicant's reserves shown in Table 9.2.

* See Section 12.P for additional discussion.



TABLE 9.1

4C0 AND PJM LOAD, CAPACITY AND RESERVE FORECAST 3

(All Units Completed on Schedule)

Year

1968 (Actual)

1969 (Actual)

1970 (Actual)

1971(Actual)

1972

1973

1974

1975

1976

1977

1978

1979

1980

4C0
Load Capacity

Load',':)
(MW)

10,720

11,445

11,884

12,758

14,210

15,450

16,810

18,240

19,740

21,180

22,770

24,360

26,000

Capacity
(MW)

11,714

12,942

14,064

15,371

16,685

18,633

20,375

23,066

24,889

26,564

27,798

30,840

32,340

Reserve
(MW) (% of load)

994 9

1,497 13

2,180 18

2,613 20

2,475 17

3,183 21

3,565 21

4,826 26

5,149 26

5,384 25

5,028 22

6,480 27

6,340 24

Load
(MW)

21,206

22,862

23,838

25,529

28,860

31,380

34,110

37,085

40,280

43,605

47,225

50,905

54,940

Capacity
(MW)

22,761

24,567

28,012

31,094

34,589

38,272

42,494

47,712

51,105

55,723

59,127

65,805

70,400

PJM
Reserve

(MW) (% of load)

1,555 7

1,705 7

4,174 18

5,565 22

5,729 20

6,892 22

8,384 25

10,627 29

10,825 27

12,118 28

11,902 25

14,900 29

15,460 28

%£)!
b•

(a) Peak summer load
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TABLE 9.2

4CO RESERVES (a)
(M)

Delayed
1-Year 2-Year Beyond

Planned Delay Delay 1977

1973 21 21 21 21
1974 21 21 21 21
1975 26 14 14 14
1976 26 26 15 15
1977 25 25 25 15

(a) Assumes that Peach Bottom (nuclear units) No. 2 and 3,
Sewaren No. 7 and 8 and Eddystone No. 3 and 4 are
installed on schedule. 5

A 1-year delay in startup decreases reserves to 14% in 1975, down from
26%; a 2-year delay further decreases reserves in 1976 to 15%, down
from 26%. Delays beyond 1977 result in a continuation of the low reserve
situation projected for 1976.

In recent years, inadequate reserve levels have contributed to an increased
frequency of emergency voltage reductions and load curtailments, as seen
in the case of Public Service Electric and Gas Company, one of the 4CO
owners (Table 9.3). This occurrence can be expected to continue in the
future when reserve levels drop below acceptable levels.

9.3 BASELOAD VERSUS PEAKING UNITS

Power generation is accomplished through installation of essentially two
types of units, baseload and peaking. Baseload units are designed for
continuous operation over extensive periods of time and are characterized
by a high initial construction cost and low operation and maintenance costs.

Conversely, peaking units are designed for temporary operation and are
characterized by a significantly lower initial construction cost and high
operation and maintenance costs. Over significant periods of time, base-
load units are more economical on a cost per kilowatt hour basis, but
require a longer lead time for planning and construction.
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TABLE 9.3

FREQUENCY OF EMERGENCY REDUCTIONS 12-1

Installed
Res erves"(a)

Period PS PJM
Voltage

3%

Frequency of Reduction(b)

Customer
Reduction Voluntary Radio

5% Curtailment Appea

Manual
Load

1 Shedding

June 1968
-May 1969

June 1969
-May 1970

June 1970
-May 1971

June 1971
-May 1972

7.6% 5.8% 16

11.7% 2.8% 21

7

16

0

3

2

0

0

1

3

0

0

0

14.7% 14.7%

21.0% 21.1%

5

0

7

1(c)

(a) Based on peak summer load, adjusted for reduction.

(b) Frequency is expressed as number of days in which emergency implemen-
tations occurred.

(c) Occasionally emergency reductions do occur in Public Service system
due to transmission limitation. These conditions may occur even when
the pool and the Public Service system have adequate reserves. The
one occurrence in June 1971-May 1972 period is due to transmission
problem. A major factor for this occurrence was the delay in con-
struction of transmission facilities in the Salem area.

A well-planned utility will feature a balanced combination of baseload
and peaking units. The applicant estimates a ratio of 80% baseload
and 20% peaking capacity is optimum for his system. As shown in
Table 9.4, the period 1968-1972 indicates a deterioration in this
optimum ratio. The addition of Salem Units 1 and 2 in 1974 and 1975
produces an improvement in this ratio.

9.4 IMPORTATION OF POWER

The purchase of relatively small blocks of power from other utilities
for short periods of time to meet short-term emergency needs is feasible
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TABLE 9.4

PERCENT DISTRIBUTION OF 4CO
BASELOAD AND PEAKING CAPACITIES 7

Year % Baseload % Peaking

1968 84 16
1969 83 17
1970 80 20
1971 76 24
1972 69 31
1973 70 30
1974 71 29
1975 75 25
1976 76 24
1977 76 24
1978 77 23
1979 79 21
1980 80 20

within the applicant's system. On occasions when load exceeded
available capacity, the applicant purchased power from other PJM
interconnection members. Also, the applicant has reciprocated when
other utilities required emergency power and the applicant had reserve
capacity available.

The long-term purchase or importation of power is contingent on adequate
transmission ties and power availability. Adequate transmission ties
could probably be established with other utilities. Problems associated
with right-of-way acquisition, design, and licensing have increased the
difficulty in construction of such ties. Of more significance, however,
based on review of available documentation, the staff concludes that
power from other utilities is not available in quantities sufficient to
replace the Salem Nuclear Units I and 2.8,9,10

9.5 DEFERRED RETIREMENT OF OLDER UNITS

The applicant plans to retire approximately 655 MW of older generating
units during the period from November 1971 to December 1974. Most of
these units are more than 40 years old, with many of them over 50 years
old. Significant planned additions and retirements are shown in
Tables 9.5 and 9.6.

The applicant indicates that the retirement of some of these units
has already been deferred to meet capacity requirements, but their
deferment cannot continue due to maintenance and operation require-
ments.
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TABLE 9.5

SIGNIFICANT PLANNED ADDITIONS BY 4CO OWNERS(a)

(40 MW or Larger)

Unit Owning
Site Name Number Utility

Summer' Service (b)
Capacity Date Type

.. (Net MW Location (Quarter) Unit

Linden
Essex
Burlington
Burlington
Burlington
Peach Bottom
Kearny
Linden
Burlington
Essex (End Temp.

Retire.)
Yards Creek (Real-

location)
Peach Bottom
Sewaren
Bayonne
Salem
Salem
Sewaren
Sewaren
Unassigned
Newbold Island
Newbold Island
Atlantic
Kittatinny
Atlantic
*Eddystone
Eddystone
Limerick.
Limerick
Unassigned
Unassigned
Vienna (Rerating)
Edge Moor
Unassigned
McKee Run
Unassigned
Unassigned
Unassigned
Cedar
Carll's Corner
Carll's Corner
B.L. England
Unassigned
Deepwater
Deepwater

4
12

9
10
11
2

12
9

12

1

PSEG
PSEG
PSEG
PSEG
PSEG
4C0
PSEG
PSEG
PSEG

PSEG

80
176
176
176
176

1065
196
196
40

Linden, NJ
Newark, NJ
Burlington, NJ
Burlington, NJ
Burlington, NJ
Peach Bottom, PA
Kearny, NJ
Linden, NJ
Burlington, NJ

114 Newark, NJ

3
9

2
7
8

2

2
3
4
1
21
2

8
5

3

JPT
JPT
JPT

3

10
11

PSEG 50
4C0 1065
PSEG 200
PSEG 270
4C0 1090
4C0 1115
PSEG 400
PSEG 400
PSEG 400
PSEG 1100
PSEG 1100
PSEG 1100
PSEG 845(PS Share)
PSEG 1100
PE 400
PE 400
PE 1055
PE 1055
PE 1160
PE 1160
DPL 150
DPL(c) 400
DPL 40
DPL 110
DPL 80
DPL 120
DPL 770
ACE 46
ACE 39
ACE 39
ACE 160
ACE 100
ACE 400
ACE 400

Blairstown, NJ
Peach Bottom, PA
Woodbridge, NJ
Bayonne, NJ
Lwr. Alloways Creek, NJ
Lwr. Alloways Creek, NJ
Woodbridge, NJ
Woodbridge, NJ

Bordentown Twp., NJ

Bordentown Twp., NJ

Blairstown, NJ

Eddystone, PA
Eddystone, PA
Limerick, PA
Limerick, PA

Vienna, MD

Wilmington, DE

Dover, DE

(1)

(2)
12)
(2)

(2)

(2)

(1)

(1)
(2)

(2)

12)

1
1
2

Upper
Upper
Upper

Lower
Lower

Deerfield Twp., NJ
Deerfield Twp., NJ
Twp., NJ

Penns Neck Twp., NJ
Penns Neck Twp., NJ

a. Public Service Electric and Gas Company (PSEG), Philadelphia Electric Company (PE),
Delmarva Power and Light (DPL), and Atlantic City Electric Company (ACE)

b. Fossil = F; Gas Turbine = GT; Nuclear = N; Pumped Storage Hydro = PH; Combined
Cycle = CC

c. 200 MW to be shared with Philadelphia Electric Company to May 1975
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SIGNIFICANT PLANNED RETIREMENTS BY 4CO OWNERS

(40 MW or Larger)

Summer
Unit Owning Capacity

Number Utility (Net MW)

Retirement
Date Type

(Quarter) UnitSite Name

Essex (Temporary)

Miscellaneous Deratings

Kearny LP Retirements

Essex LP Retirements

Burlington LP Retirements

Essex LP Retirements

Delaware

Schuylkill

Richmond

Chester

Deepwater

Location

1

1-6

2-3

1-4

4,5,7

2,4,5

5,8

12

5,6

3,4

PSEG

PSEG

PSEG

PSEG

PSEG

PSEG

PE

PE

PE

PE

ACE

90 Newark, NJ

121 --

100

54

45

112

78

43

160

144

106

Kearny, NJ

Newark, NJ

Burlington, NJ

Newark, NJ

Philadelphia, PA

Philadelphia, PA

Philadelphia, PA

Chester, PA

Lower Penns Neck Twp., NJ

(1)
(2)

(4)

(4)

(4)

(4)

(4)

(4)
(2)

(4)
(1)

72
72

72

73

74

75

73

73

78

80

78

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

Fossil

%0
1-4
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9.6 CONCLUSIONS

Based on the above analysis, the staff concludes that:

The additional power to be provided by Salem Station
is necessary to enable the applicant to adequately meet
future demands for electric power.

A more favorable balance of peaking versus baseload
power generation capacity results from the addition of
baseload units such as the Salem Station.

Power, otherwise available from Salem Station, cannot
be obtained by deferring retirement of older units or
importing power.
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10. ALTERNATIVES TO THE PROPOSED ACTION AND STATION DESIGN*

10.1 CREATION OF NEW GENERATING CAPACITY

The staff reviewed a number of alternatives to construction of the Salem
facility which require the creation of new generating capacity. The
alternatives include:

* Site alternatives,

Construction of an equivalent capacity nuclear facility at
another site,

* Use of alternate energy sources, including:

* hydroelectric generation,
* coal,
* natural gas,
* oil, and
* oil-fired gas turbines.

A discussion of each of these alternatives is presented below.

10.1.1 Site Alternatives

The site originally chosen for the two nuclear units being constructed
at Salem was Burlington, NJ. When it became apparent that delays
associated with licensing would not permit construction of the facility
to proceed on schedule, the applicant considered several alternative
sites for relocating the facility. These sites included the following:

Site Name Approximate Location
Artificial Island 7 miles from Salem, NJ
Cohansey 8 miles from Bridgeton, NJ
Mullica 10 miles from Pleasantville, NJ
Salt Island 5 miles from Brigantine, NJ
Sedge Island 12 miles from Toms River, NJ
Sheepshead 6 miles from Tuckerton, NJ

The Artificial Island site was selected after a review of these alterna-
tives. It was not judged the only site suitable for construction of a
nuclear facility, but rather was viewed as more suitable than the
alternatives available at that time.

The criteria used in the evaluation process were typical of those for
industrial installations of this type, and included availability of
cooling water, the proximity to electrical load centers, land availability,
extent of landfill and site development required, suitability to construc-
tion and heavy equipment transportation requirements, and meteorological,
seismological and geological considerations.

* See Sections 12.Q and 12.X for additional discussion.
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The Artificial Island site offers several important features which make
it attractive for the intended purpose: sufficient water exists for
once-through cooling, and meteorologic conditions are favorable for
rapid dispersion of gaseous releases. Also, the site is relatively
close to electrical load centers. Suitable land in sufficient quantity
is available, and transportation of heavy equipment during construction
can be accomplished by barge.

10.1.2 Construction of an Equivalent Capacity Nuclear Facility at
Another Site

A decision, at this time, to relocate the station elsewhere produces
no clearly identifiable environmental benefits over the proposed
action and may have more adverse environmental effects in that most
of the impacts associated with construction at the present site
have already occurred. The applicant estimates that construction at
the site is about 60% complete. The environmental impacts resulting
from the proposed action would essentially have to be repeated elsewhere
if the decision were made to use an alternative site. Although a restora-
tion program could be undertaken, it is doubtful that the present
site could be completely restored to its original condition.

The economic consequences of a decision to locate elsewhere are
substantial. The applicant estimates that of the $469 million thus
far expended on the present facility, approximately $120 million
would be salvageable. These estimates assume salvage of the present
generating station and switchyard, but do not include the cost of
site restoration or transport of materials and equipment to a new
site. Assuming a construction cost of approximately $500 per installed
kilowatt, the applicant estimates a nuclear facility at another site
intended for service in 1979 would cost approximately $1.1 billion
as compared with $772 million for the proposed facility. The delay
in station startup would be 4 to 5 years beyond the planned 1974-75
service date of the proposed facility. During this time, the utility
would forego the opportunity to provide power from the nuclear
facility and would therefore need to provide power from older, less
efficient fossil units. Based on a review of production cost data
provided by the applicant, an average incremental production cost of
5.62 mills/kW-hr to provide power from these units is considered
reasonable. Using the 78% plant factor as estimated by the applicant,
the annual incremental production cost of operating these more costly
units is estimated to be approximately $85 million. Also, based upon
past experience, it is probable that the delay associated with construc-
tion at an alternative site would case an increased frequency of load
curtailments.

In summary, it is concluded that the construction of an equivalent
capacity nuclear facility at an alternative site would produce severe
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economic penalties to the applicant and ultimately to the consumer,
with no clearly discernible improvement in environmental impact. This
alternative is therefore considered unacceptable.

10.1.3 Hydroelectric Generation

Hydroelectric generation can be achieved through a run-of-river
hydraulic installation or pumped storage. The geography within the
territory of Public Service Electric and Gas Company precludes con-
sideration of a run-of-river installation. Pumped storage generation,
although feasible, is generally considered practicable only for peak
load purposes. The use of pumped storage as an alternative to the
base load generation to be provided by Salem Station is therefore
considered unacceptable.

10.1.4 Coal

The applicant states that coal containing the low sulfur content necessary
to meet New Jersey air emissions control standards is unavailable, in
sufficient quantities, on the U.S. east coast. The transportation and
handling costs associated with obtaining satisfactory low sulfur coal
from more distant sources render it less competitive than other fuels.
Furthermore it was noted that coal burning facilities in New Jersey
are presently operating on a waiver from the State of New Jersey which
permits the use of coal with a 1.5% sulfur content, reportedly the
lowest sulfur-content coal available in sufficient quantities. The
applicant further states that all former coal burning facilities of the
Public Service Electric and Gas Company, with the exception of three
Units, have been converted to oil.

Technological research in the field of coal desulfurization, gasification
and other processes may eventually provide the solution to the air emission
problem by allowing the use of treated, available high-sulfur coal.
Until this occurs, however, economics render this alternative unaccep-
table.

10.1.5 Natural Gas

Particularly in view of its suitability for meeting air emission
control standards, natural gas is in demand by electric utilities.
Limited supply conditions have restricted its use as a boiler fuel
for base load units, consistent with a Federal Power Commission
assignment of "Lowest priority (Category V) to sales of natural gas
for power generation purposes."' Therefore, this alternative is
considered infeasible.
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10.1.6 Oil

From the standpoint of availability, the applicant states that oil
is the only fossil fuel presently suitable for base load power generation
on the east coast. Concern exists regarding its long term availability,
particularly in view of the degree of dependence that now exists on
foreign suppliers.

In contrast to a nuclear facility, the major environmental impacts
resulting from an oil-fired facility are a reduced thermal discharge
and an increased volume of solid and gaseous combustion products.

Whereas nuclear plants operate at thermal efficiencies of about
33%, modern oil-fired plants operate at thermal efficiencies of about
40%, and discharge a portion of their waste heat to the atmosphere
rather than to cooling waters. Based on these efficiences, a nuclear
facility of 2200 MWe capacity would reject about 4570 MWt of heat as
compared with 3300 MWt for an oil-fired plant of the same size.

The volume of solid and gaseous combustion products produced by a
fossil unit are significant and can be an important environmental
concern. An estimate of these products is presented in Table 10.1 for
both oil and coal. These estimates assume compliance with the standards
established pursuant to the Clean Air Act of 1970.2 Air emission
products from an oil or coal facility contrast markedly with the near-
zero emission products from an equivalent capacity nuclear plant (see
Table 11.2, "Air Emissions").

Additional environmental impacts result from oil shipment and storage.
The regular shipment of large quantities of oil by barge would increase
the potential for oil spills. Storage facilities capable of handling
530,000 metric tons of oil would have to be constructed, assuming a
minimum 60-day supply is maintained at the station.

The economic consequences of a decision to use oil are severe. The
operation of more costly units during the delay period would represent
an annual incremental production cost of $85 million. The applicant
estimates that of the $469 million thus far expended on the present
facility, up to $80 million could be salvaged in recovery of equipment
and initial fuel cores. In addition to these costs, the incremental
production cost of operating a fossil facility must be considered.
Assuming a fuel cost of 6.9 mills/kW-hr, the annual incremental produc-
tion cost of operating a fossil facility would be approximately $88 million.
During the assumed 30-year plant life, the resultant uncapitalized cost
would be $2.64 billion with a present value of $925 million at an 8.75% dis-
count rate (Section 11.2).
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TABLE 10. 1

COMBUSTION PRODUCTS FROM A 2200 MWe
FOSSIL-FIRED PLANT(a)

Product

so 2

NO
x

Particulates

Ash (All)

Coal(b)

(Metric Tons/Yr)

72,500

41,800

6,200

854,000

Oil (b)

(Metric Tons/Yr)

48,400

18,300

6,200

48,400

(a) 80% plant factor

(b) 10,000 Btu/lb; 14% ash; 6,100,000 metric tons/year

(c) 152,000 Btu/gal; 3,190,000 metric tons/year
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The applicant estimates that the construction capital cost of an
oil-fired facility of equivalent capacity would be approximately
$610 million, or $102 million less than the proposed station. This
estimate includes the cost of the generating station, onsite trans-
mission facilities and interest during construction, and is based
on a 50-month construction schedule. A comparison of the costs
associated with the proposed nuclear facility versus an oil-fired
plant is seen in Table 10.2. This comparison does not include the
costs associated with abandonment of the proposed nuclear facility
or the cost of operating older, less efficient units during construc-
tion of an oil-fired plant.

In summary, the construction of an oil-fired facility is feasible, but
involves severe economic penalties with no clearly discernible improve-
ment in environmental impact. Waste heat produced by the proposed nuclear
station would be greater than that released by a fossil plant, but this
constitutes a relatively minor environmental impact at the proposed
site. Conversely, an oil-fired facility would produce a significant
quantity of combustion products with an attendant risk of oil spills.
This alternative is therefore considered unacceptable.

10.1.7 Gas Turbines

The use of gas turbines burning either natural gas or light oil is
a feasible alternative. Turbines offer unique advantages for air
emission control purposes when they burn natural gas. However, the
unavailability of natural gas for base-load generation eliminates this
fuel from further consideration. Turbines burning light oil release
significant quantities of combustion products to the atmosphere.

The low capital cost and relatively short installation time make tur-
bines attractive as peaking units. However, their very high unit pro-
duction cost (which may approach 19 mills/kW-hr as compared with 1.88
for base-load nuclear) renders them economically impractical for pur-
poses of base-load power generation. Furthermore, turbines are not
designed for the continuous, around-the-clock operation characteristic
of base-load units.

It is concluded that the use of gas turbines for base-load generation
purposes is economically and technologically unsound and is therefore
considered an unacceptable alternative.

10.2 STATION DESIGN ALTERNATIVES

10.2.1 Alternative Cooling Methods*

Even though the Delaware River at this location has a relatively large
heat dissipation capacity in comparison to the heat loading from the

*See Section 12.Q for additional discussion.
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TABLE 10.2

COMPARATIVE CAPITAL AND OPERATING COSTS (millions)(a)

Proposed
Facility

Total construction
capital

Annual fuel,
O&M and insurance

Oil-f ired

Facility

610

11628

(a) Assumes a nuclear fuel cost of 1.48 mills/kW-hr, a fuel
oil cost of 6.90 mills/kW-hr and a 78% plant factor.

(b) For comparability the cost of nuclear fuel cores has not
been included.
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Salem Station, the staff has considered the use of other methods of
dissipating waste heat. The rationale used was to quantify the costs of
options which might be superior in some respects.

The number of alternatives open for consideration is limited in part by the
available land and fresh water in the vicinity of the Salem site. Further,
Artificial Island is so isolated from other water resources that importation
of sufficient water from sources such as sewage effluent or deep wells is
considered impracticable. A review of potential water supplies by the
staff indicates that the only water available in sufficient quantity for
condenser cooling purposes is from the Delaware River.

Six potential options to the proposed once-through condenser cooling
system were reviewed in detail:

" a cooling lake
" dilution pumping
" dry cooling towers
" natural-draft saltwater cooling towers
" mechanical-draft saltwater cooling towers
• a spray pond

10.2.1.1 Cooling Lake

A lake as small as 1800 acres could conceivably furnish an adequate
cooling surface for the 2200 MWe capacity of the Salem facility. The
area would include all of Artificial Island as well as some of the
contiguous marsh land. This staff estimate, which differs from the
4400 acres for two-unit service estimated by the applicant, is based
on the smallest possible lake that could be used, recognizing that higher
power generating losses due to increased backpressure could result (as
compared with other designs featuring an optimum-sized lake).

Examination of the available freshwater supply in Salem County reveals
little surplus which could be appropriated; consquently a cooling lake
would require the use of saltwater or brackish well water. Evaporation
would cause an increase in the salinity of the lake and unless the lake
were lined, seepage losses would recharge portions of the Alloway River
basin which could create possible problems in salinity build-up. Accordingly,
the design considered by the staff features dual vinyl-liners 10mm thick,
separated by a layer of sand. After proper preparation of the lake bed,
liner sections 60 to 80 ft wide would be laid with an overlap and
bonded with adhesive.

The bottom liner would then be covered with approximately 1 ft of sand
for in-place retention and protection. A second liner would then be
laid in the same manner as the first, thus assuring positive protection
against salt leakage and contamination of freshwater sources.



10-9

The largest lined lake of this type is approximately 60 acres. 3 Thus,
the extent of problems associated with an 1800-acre lined lake cannot be
foreseen. Also, incremental construction costs for an 1800-acre cooling
lake would be severe, probably on the order of $100 million due to the
method of construction described above. As a final consideration, the
cooling lake would occupy all of Artificial Island, thus obviating any
further consideration of the island for present or future beneficial land
uses. For these reasons, the staff was unable to justify serious
consideration of a cooling lake for the Salem facility.

10.2.1.2 Dilution Pumping

A method of reducing the thermal differential to which aquatic biota
are subjected is dilution pumping. Because the Salem facility uses a
high velocity, momentum-mixed effluent system, the volume of the
Delaware estuary with a temperature more than 5°F above ambient is
quite small. The applicant indicates that one reason for not using
dilution pumping is the creation of water intake approach velocities
much higher than that recommended by their consultants (i.e. potentially
higher fish impingement and entrainment losses). This conclusion is
predicated on an additional flow of 7000 cfs through the proposed
cooling system. Although this objection to higher velocities could
be overcome by constructing larger intake and outfall structures, such
an additional flow would subject a proportionately larger number of
organisms to impingement and other stresses (e.g. mechanical and pressure
shock) imposed by the system.

The staff has considered the momentum effects of the presently designed
4950 cfs jet discharge on sediment movement, aquatic migrants, and
small craft in the vicinity of Artificial Island. The added dilution
flow discharging from the present system would increase the total
kinetic energy to be dissipated to the extent that additional envir-
onmental risks might develop. Also, the thermal patterns (isotherms)
in the river would not be significantly different than those associated
with the present system, so there appears to be no measurable benefit
to be gained in this regard.

In conclusion, dilution pumping appears to offer no environmental
advantages over the present system and might well increase those
impacts which are now considered negligible.

10.2.1.3 Dry Cooling Towers

The use of dry (fin and tube heat-exchanger) cooling towers was
considered for the Salem site. The applicant estimates that from 15
to 20 towers would be required. It is estimated that a land area of
about 25 acres would be required. The capital cost of these towers
is estimated to be several times the cost of comparable evaporative
(wet) towers.
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The cost increase of power to the consumer resulting from the use
of dry cooling towers has been presented as less than 4.5%, but
the method of evaluation used in arriving at this estimate does not
recognize the serious losses in thermal efficiency. Increases in
the heat energy requirements for the Station could range from 6%
during the winter to as high as 13% in summer. Despite the relatively
low price of nuclear fuel, the consumption of from 6% to 13% additional
fuel is not considered a viable option in view of the energy shortages
predicted in the power industry. Furthermore, the environmental
effects of a rising air column of from 300 to 600 million cfm that has
been warmed about 30*F has not been evaluated in terms of potential
weather modifications. Consequently, despite a trend in Europe
toward the use of dry-tower systems for small peaking units, the
staff sees little near-term potential for the use of either induced or
natural-draft dry cooling towers for units the size of those at
Salem located at sites where adequate supplies of saltwater are avail-
able. Potential environmental constraints are in addition to the
resulting economic penalty estimated by the staff to range from 0.35
to 0.58 mills/kW-hr. This alternative is therefore considered
unacceptable.

10.2.1.4 Natural-Draft Saltwater Cooling Tower

Recent research4 on reducing drift (water droplet carryover) from
natural-draft cooling towers leads to optimism regarding the use of
saltwater in these facilities. Tower manufacturers are now willing
to discuss the possibility of guarantees on drift rates as low as
0.005% of the circulating water volume. However the question of
additional cost for this guarantee has not been resolved.

In evaluating saltwater towers as options, the staff has determined
that 0.005% drift represents the state-of-the-art and the cost of
guaranteeing this performance level would be an additional 50% over
the bare tower cost of a freshwater tower without ancillaries. Lower
drift is technically feasible, but has not yet been demonstrated.
The additional research and development needed to demonstrate achieve-
ment of this very low drift value as well as lower proposed drifts
on practicable field installations over a number of years of operation
remains to be performed. However, on the basis described above, the
staff considers saltwater natural draft towers as a fully viable, although
expensive, alternative to the use of direct cooling at the Artificial
Island location.

The design considered by the applicant and staff calls for one hyperbolic,
closed-loop tower per unit, to cool 550,000 gpm over a 28 0 F range with a
14*F approach temperature. The present once-through condenser cooling
system would be converted to a two-pass arrangement. The towers would be
located southeast and northeast of the switchyard and generating station
as shown in Figure 10.1.
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ROAD

50' CLEARANCE

MADDITIONAL PIPING (NEW)

MM REUSABLE PIPING (EXISTING)

UMTSCRAPPED PIPING (NON-SALVAGABLE)

FIGURE 10.1 PROPOSED MODIFICATION OF ONCE-THROUGH COOLING
DESIGN TO USE NATURAL DRAFT SALTWATER COOLING
TOWERS. (PSEG Supplemental Environmental
Report, November 5, 1971, as Amended, Fig. 5.2-2)
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If drifts as low as 0.005% could be achieved on a routine basis, the net
addition of deposited salt to nearshore locations would average less than
50% of existing ambient over a 75 square mile area. This estimate assumes
a salt emission rate of up to 0.1 lb/sec. Natural deposition rates in this
area range from 25-300 lbs/acre/year.

Cooling towers require makeup water to compensate for evaporation losses.
Estimates of makeup requirements are from 25,000 to 50,000 gpm. Blowdown
for control of dissolved solids concentration would add from 1.4 to 7 x 108

Btu/hr to the river. The reduced water requirements of this system would
probably result in less chemical additions but higher concentrations of
chemicals in the effluent (blowdown) discharged from the station to the
river. The applicant estimates about a 19-fold increase in chemical con-
centrations in the effluent due to the decreased volume of water.

Natural-draft saltwater cooling towers would produce a substantial visual
impact. The towers would be 300 to 400 ft in diameter and 400 to 450 ft
high, considerably taller than the reactor dome. However, the remoteness
of the site would diminish this impact. Although icing and fogging
conditions can result from tower operation in winter, the distance from
major throughfares makes the possibility of a significant impact on highway
and waterway traffic safety remote. Similarly, the possibility of impact
from fog on commercial airports is considered to be remote.

The water-vapor plume from the tower would be elevated and visible for
several miles. These plumes generally rise to elevations higher than the
tower and frequently rise above natural cloud layers. Minor local
precipitation attributable to plumes has been reported, but does not appear
to be a common occurrence. The added effect of heat and moisture on the
natural process of precipitation cannot be evaluated, but no significant
effects have thus far been observed.

Based on present development activities, the staff believes it appropriate
to consider the use of saltwater in natural-draft towers as feasible for
installations in 1977 or beyond. However, current indications are that
a full-scale feasibility test of saltwater natural-draft towers could be
expected in as few as 2 to 3 years. Assuming completion of testing in 2
years, the staff estimates a 1 to 2 year delay in startup of the first
Salem unit would result if these towers were included in the proposed
design. Correspondingly, the staff estimates a startup delay for the
second unit of up to 6 months beyond its scheduled service date, which is
about 12 months earlier than the estimate provided by the applicant. The
staff's estimate assumes that design and construction of both towers would
be initiated concurrently and that additional crews would be made available
by the applicant upon the decision to convert to towers.

Assuming a 1-year delay in the startup of the first unit and a 6-month
delay for the second, the incremental construction capital cost associated
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with use of natural-draft saltwater cooling towers (including capitalized
loss of capacity) is estimated at approximately $53 million. The delays
in startup for the two units would require the operation of more costly
fossil and peaking units in the interim. Incremental production costs
associated with operation of these units during the delay period would be
approximately $71 million. Interest costs during construction, including
late fuel delivery penalties, would be approximately $58 million.

In addition to the above penalties, an increase in turbine back-pressure
would result from the use of cooling towers which would decrease unit
capacity by approximately 3.5% and produce a loss in generating capacity
of approximately 77 MWe for the two units. The associated annual increase
in nuclear fuel, and operation and maintenance costs would be approximately
$0.89 million. This cooling alternative will be discussed further in
Section 11, "Cost-Benefit Analysis."

10.2.1.5 Mechanical-Draft Saltwater Cooling Towers

If sufficient freshwater supplies were available in the vicinity, the use
of mechanical-draft cooling towers could be economically competitive.
However, such supplies do not exist and recourse would have to be made
to salt or brackish water. No mechanical-draft towers have been operated
on salt or brackish water, although operational testing of a single test-
cell has been funded by Florida Power and Light Company. Operating
experience with mechanical-draft towers suggests that drift quantities
on the order of 0.10% represent the state-of-the-art.

The staff estimates that salt emissions will average 1.3 to 1.5 lb/sec,
distributed over an area of about 30 square miles. Thus, salt drift
could result in some loss of vegetation in nearby areas and station
equipment exposed to drift might require added maintenance. It is
estimated that from 400 to 600 acres would be required to isolate most of
the effects of drift. The water-vapor plume would be relatively low and
only locally visible. The mechanical-draft towers would require about
the same amount of makeup water as the natural-draft towers discussed
previously (25,000 to 50,000 gpm) and would have similar rates of heat,
chemical, and dissolved solids rejection to the Delaware-River.

The design considered by the applicant is based on a closed-cycle arrange-
ment using a two-pass condenser system and specifies 5 towers/unit with
10 cells/tower. As with the natural-draft towers, 550,000 gpm of water
would be cooled over a 28°F range, but with an approach of 10°F to a
wet-bulb temperature of 76 0 F. The towers would be located to the south-
east and northeast of the generating station and switchyard (Figure 10.1).

Delays in startup due to construction are estimated at 8 months for Unit 1
and no delay for Unit 2. Accordingly, the incremental construction capital
cost associated with the use of mechanical-draft towers, including capital-
ized loss of capacity, is estimated at approximately $67.2 million. The
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delay in startup of Unit 1 would require the operation of more costly
fossil and peaking units at an incremental production cost of $28.2 million.
Interest costs during construction, including late fuel delivery penalties,
would be approximately $25 million. In addition, the resulting increase
in turbine back-pressure would produce a decrease in unit capacity on the
order of 4.0%. This would result in lost generating capacity of approx-
imately 88 MWe for the two units. The associated annual increase in
nuclear fuel, operation and maintenance costs would be approximately
$1.16 million. This cooling alternative will be discussed further in
Section 11, "Cost-Benefit Analysis."

10.2.1.6 Spray Ponds

For a facility the size of Salem, about 75 to 150 acres would be needed in
an area located at a considerable distance from the station in order to
minimize the effects of salt drift. Additionally, about 300 acres would be
required to isolate the effects of drift. Carson 5 indicates that the
potential for icing is high with spray ponds and cites several examples,
one of which showed that significant fogging and icing occurred near such
a pond at temperatures below 10°F. At the Salem site the hourly air
temperature is less than 10 0 F 6% of the time in January; hence, there is a
definite possibility of fogging and icing. Plume visibility would be
restricted to local areas. In addition, relatively heavy local drift
deposition from the use of salt or brackish water would present other
environmental impacts that would exist year-round.

No full-scale experiments have been conducted with spray modules using
salt water, but drift losses from freshwater spray ponds are relatively
high. However, droplets are large and salt deposition, in the case of
Salem, would probably be confined to a distance of from 600 to 1000 ft
around the pond. Even with losses as low as 0.1%, the deposition of salt
would probably cause local vegetation damage. This system would use only
slightly less makeup water than the cooling tower alternatives and would
result in essentially the same discharge of heat and chemicals as the
cooling tower systems discussed previously.

Delay in station startup due to construction of spray ponds is estimated at
8 months for Unit 1, with no delay for Unit 2. The incremental construction
capital cost, including capitalized loss of capacity, is estimated at $61.5
million, based on a total of 440 spray modules, excavation cost of $2.00/cubic
yard and construction of a pond lined with crushed stone. A crushed-stone
lining is considered environmentally acceptable, provided the pond is
constructed on Artificial Island. The delay in startup of Unit I would
require the operation of more costly fossil and peaking units, at an
incremental production cost of $28.2 million. Interest cost during con-
struction, including late fuel delivery penalties, would be approximately
$25 million.
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The increase in turbine back-pressure resulting from the use of spray ponds
is estimated to produce a decrease in unit capacity of about 5%. This
translates into approximately 110 MWe of lost generating capacity for the
two units. Annual incremental nuclear fuel, operation and maintenance
costs would be approximately $1.34 million. This cooling alternative will
be discussed further in Section 11, "Cost-Benefit Analysis."

10.2.2 Alternative Chemical Effluent Disposal Systems

In addition to the applicant's proposed non-radioactive chemical effluent
disposal system, the staff reviewed three alternative systems:

" offsite liquid disposal
" onsite concentration and offsite disposal
" chemical solidification

10.2.2.1 Offsite Liquid Disposal

In the normal course of operation, approximately 165,000 gal/day of non-
radioactive chemical effluents will be generated. Offsite disposal would
involve transportation of the effluents by tank truck or barge to an
alternative site for treatment and disposal. The composition of the
waste would be essentially the same as those released to the Delaware
River. It is anticipated that contracts would be negotiated with outside
firms for transportation and disposal. Offsite processing would involve
neutralization, to adjust the pH to a range of 6.5 to 8.5, aeration and
controlled release to a receiving body of water.

The major consideration in implementing this alternative is the extent
of environmental impacts produced at an alternative disposal site, and
the risk and cost of transporting the material to the processing/disposal
site. It is conceivable that release of these effluents elsewhere could
create environmental impacts of greater magnitude than the negligible
impacts anticipated at the Salem site.

Furthermore, implementation could not be effected without an economic
penalty. Although capital expenditures are estimated to decrease by
$0.2 million, annual station operating costs are estimated to increase
by $2.24 million. No delay in startup is anticipated.

10.2.2.2 Onsite Concentration and Offsite Disposal

As an alternative to the direct release of nonradioactive chemical
effluents to the Delaware River, the wastes could be concentrated onsite
and trucked or barged to an alternative site for final processing (if
required) and disposal. Onsite concentration by evaporation would
reduce the volume of effluent from 165,000 to approximately 50,000 gal/
day, prior to shipping. At the offsite location, the effluent would
probably be further processed and incorporated into a solid matrix
to minimize leaching and then be packaged and buried at an approved
disposal facility.
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The major considerations in evaluating this disposal system are essen-
tially the same as for the previous alternative. Somewhat less risk
would be associated with the transport phase, since smaller volumes
of waste would be generated by the station. Solid wastes of this nature
are usually disposed of in a licensed landfill by licensed contractors.
Thus, if it is assumed that adequate provisions exist to protect
water supplies from possible contamination due to leaching of the
buried waste, then the dedication of the land for waste burial is
considered to be the primary environmental impact.

A decision to implement this alternative would involve additional
economic costs. An estimated $0.3 million increase in capital costs
would be required and the incremental annual increase in station operating
costs would be approximately $0.98 million. No delay in startup is
anticipated.

10.2.2.3 Chemical Solidification

A third alternative to the release of nonradioactive liquid chemical
effluents to the Delaware River is chemical solidification. This alter-
native, using a chemical-additive fixation process, would generate a
somewhat higher volume of processed material for disposal, on the order
of 23,000 ft 3 /day as compared with 22,000 ft 3 /day with the proposed system.
The staff estimates that the volume of solid waste produced by a calcination
process would be about 30 to 50 ft 3 /day. Equipment, operating and disposal
costs would probably total about the same for either process; however, the
calcined product would probably be more permanent and easier to handle.

The objective of solidification is to produce a substance resistant to
leaching by water and suitable for landfill disposal. Depending upon the
process used and the solubility of the final waste product, it is conceivable
that the solidified material would have application as fill at selected
locations.

As with the other alternative treatment methods, the major concern is
the extent of environmental impact produced at an alternative disposal
or local landfill site. The potential adverse effects (spillage risk)
associated with the transportation of the liquid or liquid concentrate
waste offsite are eliminated by onsite solidification. Also, if an onsite
landfill area is used for waste burial, any leaching of the solids would
result in the dissolved solids entering the Delaware River -- their
ultimate fate under the applicant's proposed system. The high water
table on Artificial Island contraindicates burial of such wastes in any
but a highly insoluble matrix. The cost of achieving such permanency
and the dedication of local land for storing those waste quantities
produced during the life of the station are judged to be unwarranted
on balance with the very minor potential benefits to be gained.
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Implementation of this alternative would produce a capital cost savings
of approximately $0.4 million, but would require an increase in annual
station operating costs of approximately $5.51 million. No delay in
startup is anticipated.

10.3 ALTERNATIVES TO NORMAL TRANSPORATION PROCEDURES

Alternatives such as special routing of shipments, providing escorts
in separate vehicles, adding shielding to the containers and constructing
a fuel recovery and fabrication plant on the site rather than shipping
fuel to and from the station have been examined by the staff for the
general case. It was concluded that the environmental impact of trans-
portation under normal or postulated accident conditions is not concidered
sufficient to justify the additional effort required to implement any of
these alternatives. However, the staff recognizes the possibility of
future construction and/or availability of fuel manufacturing, fuel
reprocessing and radioactive waste disposal facilities which may be
appreciably closer to the station than the locations noted in Section
5.7 (Transportation of Nuclear Fuel and Solid Radioactive Waste).
Where feasible, use of such facilities by the applicant will prove
beneficial from the standpoint of both environmental impact and trans-
portation safety.
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11. COST-BENEFIT ANALYSIS*

11.1 ALTERNATIVES SELECTED FOR COST-BENEFIT ANALYSIS

In Section 10 of this report several alternative energy sources, sites
and plant designs were considered. The following summarizes these briefly:

Alternative Conclusion

Alternate Energy Sources and Sites

Alternatives not requiring creation of new
capacity

Importation of power ............
Deferred retirement of older units.

Alternatives requiring creation of new
capacity

Construct equivalent nuclear facility
elsewhere . . . . . . . ... ... ..

Hydroelectric generation ...........
Coal ........ ..................
Natural Gas ............
Oil ........... ..................
Gas turbines ..... ............ .

Alternative sites ..... .............

impracticable
impracticable

economically prohibitive
impracticable
economically prohibitive
impracticable
economically prohibitive
impracticable

less desirable than
proposed site

Station Design Alternatives

Alternative cooling systems

Cooling lake ..... ..............
Spray ponds .............

Dilution pumping. ..........

Dry cooling towers. . . . . . ....

Mechanical-draft saltwater cooling
towers. . . . . . . . . . . ....

Natural-draft saltwater cooling
towers. . . . . . . . . . . . . . .

impracticable
included in cost-benefit
analysis
no apparent improvement
in environmental impact
impracticable

included in cost-benefit
analysis

included in cost-benefit
analysis

* See Sections 12.Q and 12.X for additional discussion.
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Alternative Conclusion

Station Desig Alternatives (Continued)

Alternative nonradioactive chemical
effluent disposal systems

Offsite liquid disposal ........... .. included in cost-benefit
analysis

Concentration and offsite disposal. included in cost-benefit
analysis

Chemical solidification ........... .. included in cost-benefit
analysis

Alternatives to normal transportation
procedures ......... ................ .. unjustified

A total of six alternatives, all related to station design, were
determined to merit additional consideration and were consequently
selected for cost-benefit analysis.

* Natural-draft salt water cooling towers

* Mechanical-draft saltwater cooling towers

* Recirculating saltwater spray ponds

Offsite disposal of nonradioactive liquid chemical
effluents

Concentration and offsite disposal of nonradioactive
liquid chemical effluents

Chemical solidification of nonradioactive liquid chemical
effluents

These alternatives, as well as the proposed design, are discussed
below from a cost-benefit perspective. Each option is evaluated
on the basis of probable incremental environmental impact and the
incremental costs (or savings) that would be incurred if the alterna-
tive were selected for implementation at this time rather than the
applicant's proposed design.

11.2 METHODOLOGY

Costs already incurred for the proposed action (sunk costs) were
not used in the cost-benefit analysis, which seeks to consider
only additional future outlays. These costs are real and signifi-
cant, however, and would have to be considered in any decision where
abandonment of work to date is a factor.
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The evaluation of costs is based on the present value method. Through
this method, an equitable basis exists for comparing both the amounts
and timing of future expenditures. All future expenditures, both capital
and operating, are identified; the times at which they are incurred in
the future are also identified. These expenditures are then converted
to an amount of money which represents their "present value" today, using
an interest rate equivalent to the approximate cost of money to the appli-
cant. An interest rate of 8.75% was used in the analysis.

11.3 ASSUMPTIONS

The assumptions used in the cost-benefit analysis are as follows
(see Table 11.1):

11.3.1 General (these apply to reference case and alternatives)

Point of reference for present value analysis is date of
startup of Unit 1, October 1974

* 8.75% interest rate

78% station factor, based on applicant's estimate throughout

the station life

30-year station life

5.62 mills/kW-hr incremental production cost of operating

more costly generating units during a delay period

11.3.2 Reference Case (once-through cooling)

$23 million additional construction cost to completion of

Unit 2 after startup of Unit 1, incurred uniformly over a
6-month period

$772 million construction cost, at completion of both units,
which includes generating station, switchyard, initial fuel
cores ($60 million) and capitalized interest during
construction. The distribution of construction costs is:

Unit 1 = $421.2 million

Unit 2 = $350.7 million

Commercial power operation in October 1974 (Unit 1) and

May 1975 (Unit 2)

Production cost (nuclear fuel, operating and maintenance,
and nuclear insurance) of 1.88 mills/kW-hr.



TABLE 11.1

SALEM NUCLEAR GENERATING STATION UNITS 1 AND 2
ASSUMPTIONS USED BY STAFF IN COST/BENEFIT ANALYSIS OF ALTERNATIVES(a)

INCREMENTAL PARAMETERS TO REFERENCE CASE

NATURAL-DRAFT MECHANICAL-DRAFT,
REFERENCE CASE SALTWATER COOLING SALTWATER COOLING

ONCE-THROUGH COOLING TOWERS TOWERS

OFF-S ITE DISPOSAL
RECIRCULATING OF LIQUID

SPRAY POND CHEMICAL EFFLUENT

CONCENTRATION AND
OFF-SITE DISPOSAL

OF LIQUID
CHEMICAL EFFLUENT

ASSUMPTIONS

CAPITAL COSTS (SAVINGS)(bI

CONSTRUCTION TIME PERIOD CONSIDERED
FOR ANALYSIS OF CAPITAL COSTS

DELAY IN UNIT NO. 1 STARTUP

DELAY IN UNIT NO. 2 STARTUP

ANNUAL FUEL, OPERATION AND
MAINTENANCE AND INSURANCE COSTS

INTEREST COSTS DUE TO STARTUP
DELAYS(C)

TOTAL PRODUCTION COST OF OPERATING
MORE COSTLY GENERATING UNITS
DURING DELAY PERIOD

PERCENT DECREASE IN UNIT CAPACITY

DECREASE IN UNIT CAPACITY IKW-HRIYEARI

23.0 53.0

UNIFORMLY INCURRED UNIFORMLY INCURRED
OVER 2 YEARS OVER 3 YEARS

-0- 14 MONTHS

-0- 6 MONTHS

28.33 0.89

-0- 58.3

-0- 7M.6

-0- 3.5%

-0- O.53xl0
9

67.2

UNIFORMLY INCURRED
OVER 3 YEARS

8 MONTHS

-0-

LI6

24.6

28.2

4.0%

0.60x10
9

61.5

UNIFORMLY INCURRED
OVER 3 YEARS

8 MONTHS

-0-

L34

24.6

28.2

5.0%

0.76x10 9

(0.2) 0.3

UNIFORMLY INCURRED UNIFORMLY INCURRED
OVER 2 YEARS OVER 2 YEARS

-0-

-0-

2.24

.0-

-0-

-0-

-0-

-0-

-0-

0.98

-0-

-0-

-0-

-0-

CHEMICAL
SOLIDIFICATION

OF LIQUID
CHEMICAL EFFLUENT

(0.4)

UNIFORMLY INCURRED

OVER 2 YEARS

.4-

-0-

5.51

-0-

-0-

-0-

-0-

!-

(a)ALL COSTS ARE IN MILLIONS OF CURRENT DOLLARS, AND ARE INCREMENTAL TO REFERENCE CASE

(b)INCLUDES CAPITALIZED LOSS OF CAPACITY

k) INCLUDES LATE FUEL CORE DELIVERY PENALITY
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11.3.3 Alternatives

The assumptions used in evaluating the various alternatives to the
proposed design are summarized in Table 11.1.

11.4 COST-BENEFIT COMPARISON

The cost-benefit of each alternative is discussed below and a comparison
given in Table 11.2.

11.4.1 Reference Case (applicant's proposed design)

At the startup of Unit 1, approximately $421 million and $328 million,
respectively, will have been spent on Units 1 and 2. Approximately
$23 million would remain to be expended on Unit 2. At the completion
of both units, a total of $772 million will have been expended.

At the time of Unit 1 startup, the $23 million expenditure to
complete Unit 2 converts to a present value of $21.2 million. The
present value of fuel, insurance, operation and maintenance costs
during the station life is $284.6 million. The total present value
is therefore $305.8 million.

The applicant's proposed once-through condenser cooling system will
release about 1.5 x 1010 Btu/hr to the Delaware River. Approximately
2.2 x 106 gpm will be used by the circulating water system. The
environmental impacts resulting from the operation of this system
are considered by the staff to be negligible. In particular, the
proposed intake and discharge arrangements and chlorination program
are believed to be environmentally acceptable, producing a negligible
impact.

The proposed system for disposal of nonradioactive, liquid chemical
effluents will result in the release of approximately 165,000 gal/day
to the circulating water discharge. The-design of this system is
such that the resultant environmental impacts are judged to be
negligible. Also, the concentrations of chemicals in the discharged
effluent will be within release criteria established by the State
of New Jersey, the Delaware River Basin Commission and the Federal
Water Quality Improvement Act.

The principal benefit of the Salem facility is the partial fulfillment
of energy needs, as evidenced by supply and demand conditions within
the applicant's service area (see Section 9). Approximately 15.07 x 109
kW-hr/yr of electrical energy, at an economic cost well below that of
alternative generation sources, will be made available to the applicant's
customers.
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TABLE 11-2

SUMMARY OF STAFF COST/BENEFIT ANALYSIS OF ALTERNATIVES FOR
SALEM NUCLEAR GENERATING STATION UNITS 1 AND 2(a)*

INCREIMEDTAL CASTS OVER IUNDER) REFRENCE CASE
11

)

ALTERNATIVE FEAT DISSIPATION METHODS ALTERNATE NONRADIOACTIVE CHEMICAL EFFUENT SYSTEMS

MONETARY COSTSIlC

CAPITAL
ADDED INTEREST DURING DELAY
REPLACEMENT POWER
FNLE. OPERATIN, INSURANC

TOTAL PRESENT VALUE

ITIJONLMENTAL IMPACTS

REFERENCE CASE MATUEALU-DRAFT. SALT- AECHAN )CAL-ERAFT. SALT- RECIRLE
ONCE-THROUGH COOLING WATER COOLING TOMRS WATER COOLING TOUERS SPRAY
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Construction and operation of the facility will produce important
local and state economic benefits in the form of increased employment,
increased tax revenues and the economic multiplier effect produced
by an increase in disposable consumer income. These benefits are
unique to the decision to construct Salem Station, but are not neces-
sarily unique to the station location and would essentially be repeated
at an alternative location.

Another benefit of increasing significance is the large reduction
in air emission products that would otherwise be produced by a
fossil facility. The near-zero release of combustion products by
Salem Station is viewed as an important environmental benefit. State
and Federal requirements governing the release of air emission products
further emphasize the significance of this benefit.

The generation of electrical energy may perhaps be said to always
involve some degree of aesthetic and environmental impact. The
staff's evaluation of Salem Station, coupled with a review of
available data, leads to the conclusion that aesthetic impacts
will be minimal at the Salem site. After a review of the applicant's
proposed design, the abundance of cooling water, present and antici-
pated future land use and the extent and character of marine life,
vegetation and wildlife, the staff concludes a negligible impact on
the environment will result.

11.4.2 Natural-Draft Saltwater Cooling Towers

The economic costs associated with implementation of this alternative
include (1) incremental construction capital (including capitalized
loss of generating capacity), (2) added interest due to construction
delay (including late fuel delivery penalties), (3) replacement power
during the construction delay period (the operation of more costly
fossil units) and (5) incremental fuel, operating and maintenance
costs during normal operation.

On a present value basis, these costs would be: incremental construc-
tion capital, $55.5 million; added interest due to construction delay,
$53.6 million; replacement power, $64.9 million; and incremental
fuel, operating and maintenance costs, $8.5 million. The total
incremental present value of these costs is $182.5 million over the
reference case.

The essential benefit resulting from use of natural-draft saltwater
cooling towers at the Salem site is the large reduction in waste
heat discharged to the Delaware River and the attendant, environmental
improvements associated with this reduction. A reduction from
1.5 x 1010 Btu/hr (proposed plant) to less than 7 x 108 Btu/hr is
anticipated to result from cooling tower use. Also, a reduction
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in the potential for impact on aquatic life would occur, but an
adverse impact from salt drift deposition could be anticipated.

On balance, a review of the applicant's proposed condenser cooling
system design shows that only negligible environmental impacts are
anticipated to occur. On this basis, an additional present value
cost of $182.5 million to further reduce an already negligible
environmental impact cannot be justified, particularly in view
of potential effects associated with salt drift. This alternative
is therefore considered inferior to the proposed action.

11.4.3 Mechanical-Draft Saltwater Cooling Towers

The incremental present value costs to implement this alternative
include: construction capital (and capitalized loss of generating
capacity), $70.6 million; added interest due to construction delay
(including late fuel delivery penalties), $22.6 million; replacement
power during the construction delay period (operation of more costly
fossil units), $26 million; and incremental fuel, operating and
maintenance costs during normal operation of $11.1 million. The
total incremental present value is $130.3 million.

As with natural-draft saltwater cooling towers, the major benefit
resulting from mechanical draft towers is the large reduction in
heat discharged to the Delaware River. A reduction from 1.5 x 1010
Btu/hr (proposed once-through cooling) to less than 7 x 108 Btu/hr is
estimated to result. Accompanying this reduced heat loading of the
river would be a reduction in the potential for impact on aquatic
life. Considering the large heat absorption capacity of the Delaware
River estuary, the environmental improvement produced by this reduced
heat loading is viewed as minor.

The potential for ecological damage due to salt drift is increased
significantly. It is estimated that salt emissions averaging 1.3 to
1.5 lb/sec would be distributed, albeit unevenly, over an area of
about 30 square miles. Some kill of vegetation in high salt deposi-
tion areas would very likely result.

After reviewing the applicant's proposed once-through condenser
cooling system, the staff concludes that a negligible environmental
impact will result. On this basis, the additional (present value)
outlay of $130.3 million to further reduce an already negligible
impact cannot be justified. The net effect on the environment from
mechanical-draft towers using salt water is an increased potential
for ecological damage due to salt drift. Accordingly, this alternative
is considered inferior to the reference case.
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11.4.4 Recirculating Saltwater Spray Pond

The incremental economic costs associated with implementation of
this alternative include (on a present value basis): construction.
capital and capitalized loss of generating capacity, $64.3 million,
added interest due to construction delays and late delivery of fuel
cores, $22.6 million; replacement power during the construction
delay (essentially the forced operation of more costly fossil units),
$26 million; and increased fuel, operating and maintenance costs
during normal station operation of $12.8 million. The total incre-
mental present value of this alternative is $125.8 million.

The principal benefit resulting from the use of a saltwater spray
pond is reduced heat loading of the Delaware River. The reduction
is estimated to be from 1.5 x 1010 Btu/hr to less than 7 x 108 Btu/hr
for the spray pond. This reduction is anticipated to produce only a
minor impact on the aquatic environment. As in the case of the
mechanical-draft cooling towers, a significant increase in the poten-
tial for ecological damage results. Based on past experience with
freshwater ponds, salt emissions averaging 0.7 to 0.9 lb/sec distributed
unevenly over an area of 10 to 15 square miles would appear reasonable
to expect. Correspondingly, some kill of vegetation in high salt depo-
sition areas would likely occur.

The staff's review of the applicant's proposed once-through cooling
system design reveals no indication that anything other than a
negligible environmental impact would result. Accordingly, an
additional (present value) expenditure of $125.8 million to further
reduce an already negligible environmental impact is considered
unwarranted. The net effect of a saltwater spray pond on the
environment is an increased potential for ecological damage due
to salt drift. This alternative is therefore considered inferior
to the proposed once-through cooling system design.

11.4.5 Alternative Nonradioactive Chemical Effluent Disposal
Systems

Three alternative, nonradioactive liquid chemical effluent disposal
systems were reviewed by the staff: (1) offsite liquid disposal,
(2) onsite concentration and offsite disposal and (3) chemical
solidification.

The economic costs to implement these systems include incremental
construction cost penalties (or savings) and incremental operating
and maintenance costs. On a present value basis, the incremental
construction costs (or savings) would be ($0.23 million), $0.34 million
and ($0.45 million), respectively for the three alternatives. Incre-
mental annual operation and maintenance costs, when calculated on a
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present value basis amount to $23.5 million, 10.3 million and 57.9
million, respectively. The total incremental cost of each alternative
on a present value basis is $23.3 million, $10.6 million and $57.5
million, respectively.

The principal benefit accruing from all three alternatives is elimina-
tion of the disposal of approximately 165,000 gal/day of liquid chemical
effluents to the river and the corresponding reduction of environmental
impacts. However, based on a review of the applicant's proposed
discharge system, the environmental impacts anticipated to occur are
negligible.

On this basis, none of the three alternative disposal systems offer
any clearly discernible improvement in environmental impact. To
the contrary, it is conceivable that some adverse environmental
impacts could result at other locations from implementation of these
alternatives due to groundwater leaching and transportation risks. The
incremental economic costs associated with these alternatives are
therefore unjustified and implementation of any of these alterna-
tives is therefore considered inferior to the proposed action.

11.5 SUMMARIZED COMPARISON OF PLANT AND ALTERNATIVES

Table 11.2 summarizes the primary factors that must be evaluated when
balancing the economic costs against the environmental impacts of
constructing and operating Salem Units 1 and 2. Items receiving con-
sideration are listed in the first column. The second column identifies
the cost or impact of the plant as it is presently designed. The
remaining columns provide comparative information for three alternative
heat dissipation methods and three alternative nonradioactive chemical
effluent disposal systems.

Because the various capital and annual costs for the alternatives differ,
a present value calculation has been used to reduce cost factors to an
equivalent present capital expenditure. A figure of 8.75% was used for
the discount rate. The differential cost associated with each alternative
is shown in the upper portion of Table 11.2. The differential costs are
those expenses required in addition to the reference case to implement
and operate the alternative over the 30-year life of the plant. Thus,
the $182.5 million differential cost of the first alternative, natural-
draft saltwater cooling tower, represents a total cost of $488 million.
The three heat dissipation alternatives vary in differential costs from
$125.8 million to $182.5 million. Each of the three alternatives has
advantages and disadvantages which have been discussed in detail in
preceding sections.

The three cooling options evaluated are: 1) natural-draft saltwater
cooling tower, 2) mechanical-draft saltwater cooling tower, and 3) salt-
water recirculating spray pond. Each of these alternatives reduces the
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amount of heat discharged to the Delaware River to about 5% of that
associated with the reference case. Thus, there will be a decreased
potential for disturbance of fish migration due to the reduced heat
loading and discharge water velocities in the mixing zone. Also, the
potential loss of fish due to impingement on intake screens will be
reduced due to the significant reduction in intake water requirements.
Fewer planktonic organisms will be entrained in the makeup water required
for the alternative systems; however, essentially all of those entering
the system would be killed due to their continual exposure to the greater
heat, chemical and physical stresses imposed by the recirculating systems.

Additional land would be required for physically locating the alternative
systems (20-150 acres); and, in addition, from 300-600 acres of adjacent
land could be needed to isolate salt-drift effects. The potential for
terrestrial ecosystem damage due to salt drift is increased. Some
increased fogging and icing is associated with operation of the alterna-
tives, and the visual impact of these facilities and their vapor plumes
would be significant.

The potential net effect of the cooling alternatives is to substitute an
increased terrestrial impact for a reduced aquatic impact. The alter-
natives produce a relatively minor envoronmental improvement through
reduction in the amount of heat rejected to the Delaware River. This
improvement is partially offset by potential negative impacts from salt
drift on terrestrial ecosystems, from the increased land requirements,
and from the aesthetics viewpoint. In addition, a significant economic
penalty would result. Thus, these alternative are judged to be unjust-
ifiable, and on balance the reference case is preferred.

The three alternative non-radioactive chemical effluent systems evaluated
are: 1) off-site liquid disposal, 2) on-site concentration and off-site
disposal, and 3) on-site chemical solidification.

The differential present value costs of these alternatives (shown in the
upper portion of Table 11.2) vary from $10.6 million to $57.5 million
over the reference case. Each of these alternatives offers potential
advantages and disadvantages which have been discussed in detail in
previous sections.

Each alternative reduces the potential for impact on aquatic life by
eliminating the release of approximately 165,000 gal/day of liquid
chemical effluents to the Delaware River. This reduction produces
only a minor improvement in the already negligible impact anticipated
to result from the proposed design. Conversely, a potential exists
for adverse effects to occur if these wastes are disposed of at another
site. Additional land on Artificial Island or at an alternative site
would be required for treatment and disposal purposes. It is conceivable
that adverse impacts associated with the transportation of these wastes
could result.
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The net effect of these chemical effluent alternatives is to substitute
a terrestrial and/or potential aquatic impact elsewhere for a reduced
aquatic impact at the present site. Considering the significant dif-
ferential costs of these alterations and the minor improvement antici-
pated to result, the staff concludes they are unjustifiable and the
reference case is preferred.

It is concluded that all of the six plant design alternatives considered
are inferior to the applicant's proposed design at this time from a
cost-benefit perspective.

11.6 COST-BENEFIT BALANCE

The costs associated with the construction and operation of Salem Station
include:

the conversion of several hundred acres of artificially created,
marginally productive land to industrial use,

the removal of vegetation (primarily reeds) and displacement of
a small amount of wildlife from the station site,

the minor disturbance of surrounding marsh land and rural areas
for transmission lines construction,

the small loss or displacement of Delaware River aquatic life
due to dredging operations, cooling water and chemical discharges,
circulating water systems, and entrapment and impingement,

the very small release of radioactivity to the environment
estimated to result in a dose to the total population of 15 man-rem/
year,

the consumption of about 40 metric tons of uranium-235 over the

assumed 30-year lifetime of the station.

The principle benefit of Salem Station will be the provision of needed
energy to the customers of the applicant, approximately 15.07 x 109 kW-hr/
yr. This will be provided at a cost below that of alternative generation
sources and without the large release of air emission products of a fossil
facility. Related benefits include those to the local and regional economy;
increased employment, increased tax revenue and the economic multiplier
effect produced by an increase in disposable consumer income.

In the staff's opinion, the benefits resulting from Salem Station, modi-
fied, if required, in accordance with the conditions listed in the Sum-
mary and Conclusions, outweigh the economic and environmental costs
associated with its construction and operation.
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12. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT

Pursuant to Appendix D to 10 CFR 50, the Draft Environmental Statement of

October, 1972, was transmitted with a request for comment to:

Advisory Council on Historic Preservation
Department of
Department of
Department of
Department of
Department of
Department of
Department of
Environmental
Federal Power

Agriculture
the Army, Corps of Engineers
Commerce
Health, Education and Welfare
Housing and Urban Development
the Interior
Transportation
Protection Agency
Commission

Delaware River Basin Commission
State of New Jersey, Attorney General
State of New Jersey Department of Environmental

Protection

Mayor, Lower Alloways Creek Township, Salem County,

New Jersey

In addition, the AEC requested comments on the Draft Environmental State-

ment from interested persons by a notice published in the Federal Register
on October 31, 1972 (37 FR 23198).

Comments in response to these requests were received from:

Advisory Council on Historic Preservation
Department of
Department of
Department of
Department of
Department of
Department of
Environmental

Federal Power

Agriculture
Commerce
Health, Education and Welfare
Housing and Urban Development
the Interior
Transportation
Protection Agency
Commission

State of New Jersey Department of Environmental
Protection

Wilmington Metropolitan Area Planning Coordinating
Council

These comments are included as Appendix F of this Statement.

Our consideration of the comments received and the disposition of the
issues involved are reflected in part by revised text in other sections
of this statement and in part by the following discussion.
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A. REGIONAL DEMOGRAPHY AND LAND USE (Interior, F-6)

The applicant has provided the following additional information concerning
the lands adjoining Salem Station:

"Most of the land adjoining the Salem Nuclear Plant site is owned
by the U. S. Army Corps of Engineers. The Corps has verbally in-
dicated to Public Service that the only planned purpose for the
land owned by them will be for dumping spoils from river dredging.
Additional land is owned by the State of New Jersey and is managed
by the Department of Fish and Game. We have been informed by that
Department that its plans for the property are to maintain it in

its present state and to possibly plant certain vegetation to help
support some of the wildlife in the marshy areas surrounding it.
The Department had no plans for developing this property other
than to keep it as a fish and game refuge."

The staff has concluded that the effects of the construction and operation
of the station on the adjoining lands will be minimal (Sections 4.2, 5.1,
and 5.3).

B. HISTORICAL SITES AND LANDMARKS (ACHP, F-1; Interior, F-15)

The staff's conclusion that the facility will not intrude on or otherwise
affect the setting and significance of historic places was presented on
page 4-3 of the statement. This conclusion was based on a review of the
currently recognized sites of historical interest. A copy of the Draft
Environmental Statement was provided the State Historical Preservation
Officer on October 31, 1972. By letter of December 19, 1972, the appli-
cant requested his comments. To date no comments have been received.

There is no evidence that the site preparation and construction had any
effect on archeological values. The island itself is artificial, having

been created by the deposition of about 35 feet of dredging spoils from
the Delaware River. The applicant reports that the excavation (to a depth
of 70 feet) and geological borings uncovered nothing of archeological
significance.1

C. HYDROLOGY (NJ-DEP, F-49)

The staff value of about 12,000 cfs for the flow of the Delaware River at
the head of the estuary at Trenton, New Jersey, was qualified as being
the "average freshwater discharge" (Section 2.5.1). For analyzing the
thermal effects of the station on the River, a low flow value of 2000 cfs
at Trenton was used.
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D. RADIOACTIVE WASTE SYSTEMS - GAS (Commerce, F-10, 11)

The lack of specific details on the period of release of radioactive
gaseous wastes from the waste decay tanks was noted. In the staff's
evaluation, it was assumed that releases from each gaseous waste decay
tank will take place over several days. The actual release rates will
be established in technical specifications and will become operating
limits for the facility.

The lack of specific halogen removal filters in the gaseous radwaste
system was noted. The assumptions and conditions used by the staff in
estimating the radioactive gaseous effluents from the facility are given
on pages 3-13 to 3-17. From the estimated release of 1-131, 0.21 Ci/yr/unit,
it was calculated that the dose to an infant's thyroid from milk consumed
from the closest cow would be approximately 5 mrem/yr, which is within
the guidelines of "as low as practicable."

E. RADIOACTIVE WASTE SYSTEMS - LIQUID (EPA, F-27, 28)

The applicant has been participating in a test program for several years
to evaluate and confirm the performance of the reverse osmosis process
for treating steam generator blowdown and is confident that it will perform
satisfactorily.' The actual radioactive liquid releases from the station
will be controlled by technical specifications and existing regulations.

Based on the conservative assumptions given in Section 5.5.2 of the
statement, the impact of the estimated radioactive liquid release is a
dose of approximately 0.4 mrem/yr. Because of this small impact of the
liquid release, further breakdown of the source term is not warranted.

F. DREDGING (Commerce, F-7)

Spoil from dredging operations is placed in a 25 acre spoil area with a
base elevation of about 9 feet above msl, 1/2 mile north of the plant.
Ten foot dikes surround the area and spoil is deposited to an average
height of six feet. There is little vegetation at the site. The site
and the remainder of Artificial Island were created from spoil, and the
soil characteristics are similar to the spoil from current dredging
operations, i.e., clay, silt, sand, gravel, and some organic matter.

Suspended materials resulting from dredging are not expected to produce
appreciable adverse effects on downstream oyster beds due to the
Delaware River Basin Commission limitation on dredging to non-critical
months, the land disposal of dredging spoil, and the distance (4-5 miles)
to the oyster beds.

Although the applicant is dredging about 10 acres for the water intake
and outfall structures, only that area covered by the structures and
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a small area surrounding the discharge point will be removed permanently
from benthic production. The remainder of the area will be covered
rapidly by silt from upstream sources, will be repopulated by the same
limited species which are now present, and will be available for any
possible future recruitment and utilization.

G. EROSION CONTROL (USDA, F-3)

With the exception of dredging for the circulating water system, almost
all earth-moving construction has been completed at the plant site and the
soils are reasonably stabilized. The dredging spoil is contained within
a diked area. The staff observed no evidence of past erosion. The level-
ness of the site and landscaping should prevent it in the future.

H. TRANSMISSION LINES - INDUCTIVE COUPLING (DOT, F-21)

The applicant has stated that all applicable "Safety Rules for the In-
stallation and Maintenance of Electrical Supply and Communication Lines"
(Part 2 of the National Electrical Safety Code, NBS Handbook 81) have
been followed in the design and construction of the transmission lines,
and that experience has shown that crossing or paralleling railroad lines
has no effect on railroad signal or communication circuits. 1

I. RECREATION AREAS (Interior, F-17)

The administrative details of the two recreation areas the applicant
proposed to establish as part of this project are still being arranged.
Either the applicant, the Department of Fish and Game of the State of
New Jersey, the local township, or some other appropriate governmental
body will perform this function. 1

J. AIR QUALITY

1. Non-Radioactive Emissions (EPA, F-38)

Two auxiliary steam boilers (87,200 lb/hr saturated steam at 150/175 psig
each) for producing heating and process steam and six 2600 Kw diesel-
generator units for emergency power will be operated intermittently at
the site. Fuel for all units will be No. 2 fuel oil with the following
average analysis:

Carbon 86.5%
Hydrogen 13.2%
Nitrogen less than 0.1%
Sulphur 0.2%
High Heating Value 19,500 BTU/Ib
Density 7.094 lb/gal
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The boilers will be operated approximately 870 hrs/yr and the diesels
312 hrs/yr producing the following estimated annual emissions:

Pollut ant Emissions-Tons/yr
Boilers Diesels

NO 28.4 6.6x

SO2  21.8 1.6

Particulate 9.4 0.6

Annual NO and SO2 boiler emissions appear to be within EPA standards which
are not strictly applicable due to the small size of the boilers. No
standards have been established for diesel unit emissions. Fuel oil with
0.2% sulphur complies with New Jersey standards.

2. Ozone Formation

Recent studies have shown that no measurable amounts of ozone (less than
2 ppb) are formed due to the presence and operation of transmission lines
carrying up to 765 kV. 2 , 3  No adverse effect on vegetation or animals
occured even during foul weather when the heaviest corona loss occurs.
High voltage lines for the station will carry a maximum of 500 kV. No
significant adverse effects are expected as a result of ozone formation.
The National Primary Air Quality Standard for photochemical oxidants, as
issued by the Environmental Protection Agency, is 80 ppb (by volume)
maximum arithmetic mean for a one hour concentration not to be exceeded
more than once per year.

K. NOISE CONTROL (HUD, F-14)

During construction, including pile-driving, the staff detected no notice-
able noise impact at the nearest residence to the site boundary. The
applicant estimates that noise from the remaining construction will be
within the "clearly acceptable" (45dB(A) max.) range as defined in the
HUD Circular 1390.2CHGI, Paragraph 4.b.l, dated August 4, 1971.4

During operation the noise level at the boundary is estimated to be 36dB(A)
and at the nearest residence, 27dB(A), both also within the "clearly
acceptable" range.

The applicant has stated that station personnel working both inside and
outside structures will be protected against noise exposure as provided
for in the Occupational Safety and Health Act, Paragraph 1910.95 and
1926.52.1 The staff response is limited to the nonoccupational or off-
site-related environmental effects.
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L. WATER USE

1. Thermal Analysis (EPA, F-34, 35; Interior, F-18)

The staff's thermal analysis as presented in the Draft Statement consisted
of two phases: (1) a revision of the applicant's hydraulic model results,
Figures 5.1-5.3, and (2) an independent analysis, Figure 5.4. In response
to agency comments, the staff has made an extensive review of the computations
supporting these analyses and has concluded that the assumptions used were
not conservative and led to estimates which are smaller than experience can
support. Figures 5.1-5.4, Table 5.1 and Appendix C have been revised
accordingly.

The revised staff estimates, Figure 5.4, fall somewhat below the original
estimates of the applicant. The differences result from the staff attempt
to fully evaluate the momentum mixing in the near field and the thermal
transfer to the atmosphere in the far field.

2. Cumulative Thermal Impact (Interior, F-18; Commerce, F-6)

The staff estimate of the surface temperature distribution of the Delaware
River due to the operation of the station is shown on Figure 5.4. To the
staff's knowledge there are no industrial plants in the region affected by
Salem whose thermal discharges will overlap those of Salem and produce
significant thermal effects.

3. Effects of On-Shore Wind on Aquatic Life (Commerce, F-7, NJ-DEP, F-50)

The staff has analyzed meteorological data from Wilmington, Delaware, to
obtain an estimate of the persistence and frequency of strong on-shore
winds, in excess of 20 knots, that might drive the thermal plume toward
the plant shore. The analysis showed winds from the W and WNW occur over
a time period of about 1 to 1-1/2 tidal cycles (12-18 hours) about 3
times/year, and for periods of less than 6 hours about 30 times/year.
The total time such winds have occurred has been about 130 hours/year.
The staff estimates that such winds will result in nearshore areas about
one mile in length and one-quarter mile wide, upstream or downstream of
the effluent outfall depending upon tidal conditions, being subjected to
a temperature about 50F above ambient water temperatures. This is in the
range of the naturally occurring temperature fluctuations in this area.
Benthos in this area, as discussed earlier, are not productive. That
which does exist, along with other aquatic life which cannot avoid the
zone of increased temperature, should suffer no adverse effects when
exposed for these relatively brief and infrequent periods.

4. Water Quality Standards (EPA, F-35, 36)

The Salem plant has been designed and is being constructed in accordance
with the current Water Quality Rules and Regulations of the Delaware River
Basin Commission (DRBC), March 1968 edition. The staff has reviewed the
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effluents expected from the plant during operation and has concluded that
they will meet the general effluent quality requirements contained in the
DRBC regulations. In addition to these general requirements, the DRBC has
established more specific stream quality objectives for the Delaware in
the area of the plant. These quality objectives are compared with the
Salem effluent in the following table:

Quality DRBC Salem Effluent

Dissolved Oxygen
pH
Alkalinity
Temperature Outside

of Mixing Zone

Phenols
Threshold Odor

Number
Synde ts
Turbidity

Fecal Coliform

6.0-6.5 mg/l
6.5-8.5
20-120 mg/l

50F delta T
86 0 F max.
0.02 mg/I max.

No detectable change
No detectable change
No detectable change

30F

82 0 F
No detectable change

over
over
over

amb ien t
amb ien t
amb ien t

over ambient

24 at 60 0 C max.
1.0 mg/l-max. to. mean
40 units-max. mo. mean
150 units max.
770 per 100 milli-

meters, max. geo-
metric mean

No detectable change over ambient
No detectable change over ambient

No detectable change
<10-20 per 100 mm

over ambient

The staff's assessment of the impact of the plant was designed to determine
the effects of actual plant operation on the environment even though appli-
cable standards were met. The staff's conclusion that the benefits of the
plant outweigh the costs is a conditional one. The conditions are that the
applicant complete preoperational monitoring programs and conduct post-
operational monitoring programs to prove in fact that the environmental
costs of plant operation will not be significant and that, if these costs
are significant, remedial changes be made.

M. RADIATION DOSES TO MAN

1. Direct Radiation (EPA, F-29)

Direct radiation from the radioactive wastes stored within the plant were
included in the radiation exposure assessment in Section 5.5. Outside
the plant the only tanks which could contain radioactivity are the primary
water storage tank and the refueling water storage tanks. Of these, the
refueling water tanks (2) could contain the most activity. An estimate
was made of the dose by direct radiation from these tanks to an individual
near the river bank, 350 feet from the tanks. (The nearest site boundary
is 4200 feet away.) This dose was estimated to be 2 x 10-4 mR/hr/tank.
An individual spending 500 hrs/yr at this spot would receive only 0.2 mR/yr.
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The activity in the primary water tanks will be about 2 orders of magnitude
less than that in the refueling water tank and the dose from these will be
negligible.

2. AEC Safety Guides (EPA, F-29)

Provisions of Safety Guides 21 and 23 will be specified in technical
specifications for the plant.

3. Stability-Wind Data (EPA, F-38)

The wind data used by the staff in evaluating the impact of gaseous releases
was the same as presented on page A.1-36 of Amendment 2 to the applicant's
Environmental Report.

N. POSTOPERATIONAL M)NITORING PROGRAMS (Commerce, F-8, 9; Interior, F-19;
HEW, F-12)

The postoperational monitoring programs described in Section 6 and pp. iii
and iv will be defined in detail by the applicant for submission with his
proposed technical specifications. After approval of the staff, they will
be included in the approved technical specifications. Monitoring for
chlorine concentrations and effects will be included. Should harmful
effects be detected by these programs when the plant is in operation,
modifications to plant design or operating procedures may be required
to alleviate them. The nature of these modifications will be dependent
on the effects.

0. ENVIRONMENTAL IMPACT OF POSTULATED ACCIDENTS

1. Liquid Releases (Interior, F-19)

The doses calculated as consequences of the postulated accidents are based
on airborne transport of radioactive materials resulting in both a direct
and an inhalation dose. In our evaluation of the accident doses we considered
only airborne effluents because this is the most likely mode of release. The
potential sources of liquid radioactive material are mainly contained in con-
crete leaktight structures so that discharge would be unlikely. Further, we
assume that the applicant's environmental monitoring program and appropriate
additional monitoring (which could be initiated subsequent to an incident
detected by in-plant monitoring) would detect the presence of radioactivity
in the environment in a timely manner such that remedial action could be
taken if necessary to limit exposure from other potential pathways to man.

2. Meteorological Assumptions (Commerce, F-11)

The meteorological assumptions used in the evaluation of accident consequences
are as stated in the proposed Annex to Appendix D of 10 CFR Part 50
(36 F.R. 22851). Such assumptions approximate the dispersion conditions
which would prevail at least 50% of the time.
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3. Scope of Analysis (USDA, F-5)

A comment was made concerning the fact that rod collapse at the high
temperatures and pressures obtained with large reactors was not considered
as an accident. Data are available which show that reactors have been
operated safely with collapsed cladding, and the Regulatory Staff has
concluded that implementation of the recommendations presented in the
"Technical Report on Densification of Light Water Reactor Fuels" issued
November 14, 1972 will provide increased assurance of continued safe
operation of these reactors and others in which this problem is expected
to occur.

P. NEED FOR POWER

1. Reserves (USDA, F-4)

Table 9.3, Frequency of Emergency Reductions, has been revised, based on
additional information supplied by the applicant. 1 Data on PJM installed
reserves has also been included. This table now more appropriately reflects
the relationship between emergency reductions occurring during the planning
year (June-May) to a reserve situation calculated on the basis of peak
summer load. The original statement, "in recent years inadequate reserve
levels have contributed to an increased frequency of emergency voltage re-
ductions and load curtailments" remains valid. Delays announced by the
applicant 5 in the startup of Units 1 and 2 of 6 months and 10 months,
respectively, have altered the reserve situation originally projected in
Table 9.2 for the years 1975 and 1976. The reserve situation now pro-
jected is less favorable than previously indicated, as would be expected
as a result of the delay. The original conclusion remains unchanged,
i.e., power to be made available from Salem Units 1 and 2 is necessary
if the applicant is to maintain acceptable reserve levels in the coming
years.

2. Demand for Power (EPA, F-40)

The applicant and staff have used the best information available to pro-
ject the power requirements in the applicant's area for the future.
Establishment of the rate structure for this power is the responsibility
of the Public Service Commissions of the involved States and, to some
extent, of the Federal Power Commission. The staff believes that the
question of limiting demand through rate adjustments is a policy matter
beyond the scope of its environmental impact evaluation.

Q. ALTERNATIVE COOLING SYSTEMS (EPA, F-36, 37)

In the DES, the statement regarding installations of saltwater natural-
draft cooling towers after 1977 was meant to infer operational status,
rather than conceptual initiation of planning.
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It is the staff position that sufficient technical information exists at
present to review alternatives involving the use of saltwater in natural-
draft cooling towers. However, in the absence of operating data on a
large, prototypical installation of a size suitable for facilities like
Salem, it is in the public interest to be cautious about undemonstrated
claims of tower performance.

Performance data from the tower for the Forked River Nuclear Station, con-
sidered by many as a crucial prototypical installation in relatively high
salinity waters, will not be available until 1977.

With respect to drift, it is the judgment of the staff that, lacking
suitable operating experience, a value of drift of 0.0035% is a sound
value for planning purposes at this time for natural-draft saltwater
towers. Drift is more related to eliminator air flow velocity and other
tower operating parameters, such as approach and range, than to cir-
culating water flow. In the absence of a final bid design based on
internal tower mass flow conditions actually anticipated, it is the
judgment of the staff that a conservative position is justified. The
actual salt deposits expected on a given acre of ground would be more
affected by variations in atmospheric conditions in the environs than
could be attributed to incremental improvements for drift ratios below
0.0035%. Accordingly, the staff's original estimate of salt emissions
of up to 0.1 lb/sec dispersed over 75 square miles, remains unchanged
and the predicted environmental impacts remain unchanged.

After reviewing developments since its initial evaluation, the staff
now believes that a 50% incremental cost for a saltwater tower is high
and suggests a 30% incremental value, considering the range of tower
parameter unknowns faced in the extrapolation of tower costs using
the existing known data base. In the staff's judgment, tower costs
included in the Statement continue to reflect the costs associated with
designs producing vendor guaranteed drift ratios of 0.0035% or less.

With respect to mechanical-draft saltwater towers, the staff concurs
that drift estimates of 0.1% are higher than currently demonstrated
state-of-the-art. It is unfortunate that the test installation jointly
supported by EPA and the Florida Power and Light Company at Turkey
Point which is to test a prototypical installation under controlled
conditions has not yet been started. It is the judgment of the staff
that developments by tower vendors have now been carried to the point
where drifts of 0.005% could be guaranteed in installations where mass
flow rates are not pushed to the limit. Since the cost is directly
related to the degree of loading and resulting drift, it is still hazardous
to over-generalize on the drift and cost of forced draft towers. The staff
prefers to take the more conservative position that for purpose of environ-
mental review in 1973, forced draft tower drift be estimated at 0.005%
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with a 20% incremental cost over the equivalently loaded fresh water tower.
Accordingly, for the Salem Station, salt emission averaging 0.1-0.2 lbs/sec
dispersed over 30 square miles could be anticipated. The resultant environ-
mental impacts would compare with those anticipated for natural-draft towers.
In the staff's judgment, the mechanical-draft tower costs included in the
Statement continue to reflect the costs associated with designs producing
0.005% drift ratio.

The cost of a spray pond installation at the Salem Station is based to
a large extent on the applicant's construction experience. Detailed
review of projected construction cost for the site yields relatively
high figures for dredging, excavation and related earth movement which
the staff is unable to reconcile. Excavation costs used in the staff
evaluation were reduced considerably below those presented by the
applicant.

In summary, the revised values for both drift and cost adopted by the
staff for environmental reviews in 1973 do not affect the conclusion
drawn in the draft Statement, i.e., "all of the six plant design alter-
natives considered are inferior to the applicant's proposed design at
this time from a benefit/cost perspective."

R. THERMAL DISCHARGE - NUCLEAR AND FOSSIL (NJ-DEP, F-49)

In Section 10.1.6 of the Statement, the staff considers the alternative
of building a modern oil-fired plant to replace the partially built
light water cooled reactor plant at Salem. The efficiency and thermal
discharge comparison was thus made between these two plant types. The
staff agrees that efficiencies higher than those of light water reactor
plants are obtained in high-temperature gas-cooled reactor plants and are
projected for the liquid metal fast breeder reactor plants.

S. PLANT CAPACITY FACTOR (EPA, F-39)

Average annual plant capacity factor experience for base-load pressurized
water reactors pertinent to the Salem Station is presented in the following
table:
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POWER PLANT CAPACITY FACTORS

1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971

Yankee 76 55 69.0 79.8 64.69 85.89 85.7 81.48 75.3 78.75 95.44

Indian
Point 38.0 24.6 46.4 50.3 68.3 64.9 72.1 14.1 60.4

San ,
Onofre (21.3) 33.6 69.2 80.97 87.5

Haddam ,
Neck (29.82) 73.37 74.97 71.34 83.9

Ginna (19.64) 57.77 65.5

Point ,
Beach (30.0) 76.3

Average 76.0 55.0 53.5 52.2 55.54 68.09 77.0 63.34 72.89 60.6 73.9

Source: Affidavit of Donald E. Sells, Docket Nos. 50-369 and 50-370, Jan. 19,
1973, regarding the William B. McGuire Nuclear Station, p. 3.

*Initial year of operation. Not included in averages.

Capacity factors have tended to be low during the early years of operation
and then to exceed 70% or even 80%. The applicant has estimated the Salem
Plant will operate over its lifetime at a levelized 78% capacity factor.
Factors of 80% or more have been used in the case of several nuclear stations.
80% appears to be commonly accepted by the industry. Even if a substantially
lower factor were assumed, the conclusions resulting from the analysis of
alternatives would remain the same.

T. DISCOUNT RATE (EPA, F-39)

OMB Circular No. A-94, revised as of March 27, 1972, prescribes a discount
rate of 10% applying to the "evaluation of Government projects, other than
those specifically exempted below, for which the adoption is expected to
commit the Government to a series of measurable costs extending over three
or more years or which result in a series of benefits that extend three or
more years beyond the inception date." It is clear that this applies to
Government programs or projects. The prescribed discount rate of 10%
"represents an estimate of the average rate of return on private invest-
ment, before taxes and after inflation." The electric-utility industry
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has a lower than average rate of return on private investment, because its
rate of return is regulated and involves less risk than many other industries.
Approximately 65% of utility financing consists of long-term debt and
preferred stock with much lower rates of return than the other 35% which
consists of common equity (common stock and retained earnings). The AEC
has been using a weighted average rate of return for investor-owned
utilities amounting to 8.75% per year as the discount rate for computing
the present worth of future operating costs. This is then added to the
capital cost of the plant to obtain the "generating costs."

U. A-95 CLEARINGHOUSES (HUD, F-14)

Copies of the Draft Environmental Statement were sent to the State and
Regional Clearinghouses on October 31, 1972.

V. FUTURE POWER FACILITIES AND WATER USE INDUSTRIES (Commerce, F-6;
EPA, F-40)

The staff has evaluated the impact of the Salem plant on the existing
environment - an environment already subject to the impacts of existing
facilities and industries and has concluded that the impact will not be
significant. The staff is of the opinion that facilities which may be
built in the future are beyond the scope of its review and that the
incremental environmental impacts of future plants in the region impacted
by Salem should be evaluated in the environmental reports and statements
for those plants.

In response to the question of his future plans for the Salem site, the
applicant responded as follows:

"The Salem owners have no specific plans for any additional units
at the Salem site at this time. The available land at the site
may be adequate for installing additional capacity. However,
before any decision is made to install such units at the Salem
site, a detailed study will be made to determine any possible
synergistic environmental effects of installing additional units.
The environmental effects will be presented in an Environmental
Report which will describe the benefits and costs associated with
the installation of such units."I

W. IMPACT ON AQUATIC ECOSYSTEMS

1. Baseline Data (EPA, F-32, 33; Commerce, F-10)

The applicant has not provided quantitative estimates of the total impact
of the operation of the plant on the aquatic environment. It is the posi-
tion of the applicant, considering the careful design of the cooling
system and the results of the baseline ecological studies to date, that
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the impact will not be significant. The staff concurs in this position.
However, as noted in the Statement, staff concurrence is conditioned
upon the continuation of the preoperational studies to obtain adequate
baseline data on all aquatic levels prior to operation, upon the conduct
of comprehensive postoperational monitoring programs to determine the
actual impact, and upon the correction of any harmful effects.

2. Shad and Striped Bass (Commerce, F-8)

No larvae of the American shad have been detected in the area and none are
expected. The shad spawns from 100 to 300 miles upstream from the plant.
The larvae are not carried downstream, but develop into young which
remain up river until temperatures drop to 50'F or below in the fall. By
the time of their downstream migration they are 3 or 4 inches in length. 1

As noted in Section 5.4.2, the path of this downstream migration has not
been determined as yet, but few have been discovered in the vicinity of
the site.

The principal breeding ground for striped bass in the area appears to be
the C&D canal. Again, larvae do not appear to move into the Delaware
River immediately. This is documented by the fact that three years of
study have failed to reveal any striped bass or American shad larvae in
the vicinity of the Salem Station. The sampling program has demonstrated
that young striped bass do occur on the opposite side of the estuary,
near Augustine Beach, but are not found in the vicinity of the Salem
Station. 1,6

3. Juvenile Weakfish and White Perch (Interior, F-19)

Weakfish and white perch are abundant in wide areas of the Delaware estuary
and Bay. The principal spawning area for the weakfish appears to be in the
Bay, south of the site, 9 while the white perch spawn throughout the estuary
and Bay. 10 The applicant's sampling program indicates that the area of
the site is not a major spawning area for these or any other fish. During
the sampling to date, no fish were found spawning adjacent to the site. 1 1

Larvae and young weakfish and white perch were found in the vicinity of
the site. However, there is no evidence to suggest that the site vicinity
is unique in this respect. The Salem circulating water intake has been
designed with low approach velocities and with provisions for lateral
escapement, but the possibility exists that some of the juveniles will be
of such a size to be unable to escape impingement or entrainment. The
staff believes that the resulting mortalities will not have a significant
impact on the populations of weakfish and white perch in the region. The
applicant will conduct a monitoring program to determine the actual extent
and impact of impingement and entrainment and will be required to take
necessary corrective action.
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4. The Mixing Zone (Commerce, F-9, 10)

The larvae of the anadromous fish which use the Delaware do not move to
the sea, but tend to stay upstream for a period of months before the
downstream migration of juveniles occurs. At the juvenile stage the fish
are clearly capable of locomotion and are not part of the plankton.
Studies by Meldrin and Gift have shown that young striped bass and
American shad have both the swim speed and the instinct to actively avoid
a heated plume. 8

As noted in 3. above, larval and young weakfish and white perch are found
in the area. In addition and in greater abundance are larval and young
bay anchovy. Bay anchovy eggs were also sampled, although available evi-
dence indicates that these were deposited down river rather than at the
plant site.1 0 In the opinion of the staff, the passage of eggs, larvae
and young fish through the mixing zone should not result in significant
damage. The highest temperature increase (13-14*F) is in the high velocity
jet at the circulating water outfall. This is rapidly diluted to 4-5°F
which is within the normal diurnal temperature changes in the area.

5. Dissolved Oxygen (EPA, F-33)

The staff is aware of no situation in which heating the water will
increase the BOD in a natural water. However, it will increase the rate
at which an existing BOD is being satisfied. The design of the Salem
plant is such that passage time from condensers to outfall is short, about
2 minutes, and mixing from the jet discharge is very rapid. A particular
parcel of water will see an elevated temperature for such a short time
that any increase in the rate of satisfying a BOD is expected to be
undetectable. The effect on dissolved oxygen levels in the river should
be negligible.

6. Toxic Chemicals (EPA, F-33; Interior, F-19)

The ammonia concentration in the Delaware in the vicinity of the site
averages about 1 ppm and chloramines will be formed in the circulating
water system during periods of chlorination. As noted in Section 3.5.3,
the applicant plans to chlorinate one of the two inlet lines on three of
the six condensers at a time. At each condenser exit the chlorinated line
is mixed with the unchlorinated line prior to passing through an outlet
line to the offshore outfall. At the outfall, the flow from the three
chlorine-containing outlet lines is joined with that from the three
chlorine-free lines forming a jet which turbulently rises to the surface.
From its thermal analyses, the staff estimated an average dilution of
the jet of 3-4 from the bottom outfall to the surface. Flow thus will be
diluted by a factor of 12-16 in travelling from the condenser exit to the
river surface. Were the total 0.5 ppm free chlorine residual at the con-
denser exit reacted to chloramines, the surface concentration would be in
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the range of 0.03-0.04 ppm; well within the suggested guideline of 0.2
ppm total residual chlorine for intermittant operation. 12 The actual con-
centration should be considerably less, as the chlorine demand in the un-
chlorinated water will reduce both the free chlorine and the chloramines
during the 3-4 minute passage from condenser to surface.

The guidelines referenced above were formulated for residual chlorine con-
centrations in fresh waters. Although the estimated concentrations above
are within these guidelines, the staff has concluded that a monitoring
program is required to determine the actual impact of chlorination on the
aquatic life in the brackish estuarine waters surrounding the site. This
program will include the nunitoring of the free and total residual chlorine
and of their effects in the receiving waters, and, after approval of the
staff, will become part of the technical specifications for the operation
of the plant.

The chlorine residuals from the service water, sanitary and waste systems,
and the discharges of other chemical wastes (Table 3.4) will be so low as
to have an insignificant impact on the receiving waters.

7. Phytoplankton (Commerce, F-8)

The applicant's studies of plankton in the area of the site are incomplete
and are continuing. The following summarizes the conclusions of the appli-
cant based on the presently available data. 1 , 1 1

There are great fluctuations in number of species and abundance of phyto-
plankton in the area. They are most common following periods of heavy
freshwater runoff when the salinity is low. Other factors affecting the
abundance are seasonal temperatures and turbidity. Most of the phyto-
planktons originate upriver from the site area from sources including
endemic upriver populations, farm ponds, industrial lagoons, reservoirs,
sewage lagoons and marsh ponds. For most of the summer growing season,
detritus appears to be more important than phytoplankton as the base of
the food chain. Phytoplankton will suffer a depression of photosynthesis
after chlorination, but the effect on the detritus is expected to be insig-
nificant. The dynamic nature of the circulating water discharge and of
the thermal plume is expected to preclude the growth of blue-green algae.

The staff concurs with the applicant's conclusion that the potential phyto-
plankton loss due to station operation should have an insignificant effect
on the various trophic levels in the area.

X. INDIRECT EFFECTS (USDA, F-5; Commerce, F-10)

Uranium Production. The environmental impact of the nuclear fuel
cycle, including production and enrichment of uranium, is being con-
sidered on a generic basis and will be subject to a rule-making pro-
ceeding, notice of which was published in the Federal Register on
January 3, 1973 (38 F.R. 49).
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Indirect Pollution. A comment was made that: "The statement should
address the possibility that an indirect irreversible or irretrievable loss
of resources may occur as a result of an increase in the area of the
number of people and electrical users who tend to increase pollution of
all forms." The staff has endeavored to apply a "rule of reason" in
determining the scope of the environmental statement and does not consider
the desirability, utility or impact of the uses of the energy produced
by the plant.

Y. COST-BENEFIT ANALYSIS

1. Effect of Delays

On January 11, 1973, the applicant notified the staff of delays in the
completion of the Salem Station. 5 Commercial power operation is now
scheduled for Unit 1 in March, 1975 (previously October, 1974) and for
Unit 2 in March, 1976 (previously May, 1975). As a result of these
delays, changes in the economic costs of the reference case and
three of the design alternatives are required.

The additional construction cost to complete Unit 2 after startup
of Unit 1 is now estimated at $28 million. This converts to an
incremental present value of $25.7 million, and assumes uniform
distribution of costs over a 12-month period. The total present value
of the reference case becomes $310.3 million, as seen in Table 12.Y.l.

A total construction cost of $948 million is now estimated at completion
of both Units 1 and 2, an increase of $176 million over the previous esti-
mate of $772 million.

Considering construction progress to date, and anticipated operation
delays, it is estimated that delays of 9 months each for Units 1 and
2 would result from a decision to construct natural-draft cooling towers.
These delays are predicated on the assumptions of interim operation
with once-through cooling during completion of tower construction and
of a station down time of about 9 months during changeover to tower
operation. On an incremental present value basis, economic costs would
be as follows: capital, $56.8 million; added interest due to construction
delay, $50.7 million; replacement power, $51.6 million; fuel, operating
and insurance costs, $8.2 million. The total incremental present value
of this alternative now becomes $167.3 million.

With reference to mechanical-draft cooling towers, it is now estimated
that delays of 9 months and 7 months, respectively, would result for
Units 1 and 2 were this alternative to be implemented. These delays,
as above, are predicated on the assumption of concurrent once-through
operation and tower construction. Accordingly, incremental present
value costs are: capital, $73.6 million; added interest, $49.8 million;
replacement power, $50.1 million; fuel, operating and insurance costs,
$10.6 million. The total incremental present value of this alternative
becomes $184.1 million.
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Assuming the recirculating spray pond alternative is implemented,
delays of 4 months and zero months, respectively, are estimated for
Units 1 and 2. Incremental present value costs are estimated to be:
capital, $70.2 million; added interest, $15.1 million; replacement
power, $14.1 million; fuel, operating and insurance costs, $14.1
million. The total incremental present value for this alternative
is $113.5 million.

No change occurs in the economic costs or environmental impacts

associated with nonradioactive chemical effluent system alternatives.

2. Summary

The staff has reevaluated its cost-benefit analysis considering the com-
ments received on the draft Statement, the revised, updated parameters for
the cooling system alternatives and the effects of construction delays.
The staff's opinion remains unchanged, i.e., the benefits resulting from
Salem Station, modified, if required, in accordance with the conditions
listed in the Summary and Conclusions, outweigh the economic and environ-
mental costs associated with its construction and operation.

Z. LOCATION OF RESPONSES TO COMMENTS IN TEXT

Section Where
Topic is AddressedTopic Commented Upon

Minimum Tide

Maximum Tide

Rare or Endangered Species

Phragmites communis

External Appearance

Transmission lines

Agency Commenting

Interior, F-16

Interior, F-16

Interior, F-17

Interior, F-18

Commerce, F-7

USDA, F-5

Interior, F-17

NJ-DEP, F-50

Interior, F-20

WMAPCC, F-52

Commerce, F-9

5.3

2.5.1

2.5.1

2.7.1.1

2.7.1.1

3.1

3.7, 4.2.2

Dissolved Oxygen

Gas Turbine Emissions

Zooplankton Species (deletion)

Thermal Shock in Mixing Zone

5.4.5

10.1.7

5.4.2.2

5.4.3

6.2, 8.1Zooplankton Studies WMAPCC, F-56



TABLE 12.Y.l

Revisions to Staff Cost-Benefit Summary (Table 11.2)

Incremental Costs Over Reference Case

Reference Case Natural Draft Mechanical Draft
Once-Through Saltwater Cooling Saltwater Cooling Recirculating

Monetary Costs Cooling Towers Towers Spray Pond

Capital 25.7 56.8 73.6 70.2

Added Interest During Delay - 50.7 49.8 15.1

Replacement Power - 51.6 50.1 14.1

Fuel, Operating, Insurance 284.6 8.2 10.6 14.1

Total Present Value 310.3 167.3 184.1 113.5

I-

HO
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Government
Agency

Application
Date

Federal

Atomic Energy
Commission

Jan. 22, 1968
(Salem)

U.S. Army Corps
of Engineers

Apr. 15, 1969

Oct. 1, 1968

Oct. 9, 1970

Feb. 3, 1971

Federal Aviation Apr. 4, 1968
Agency

Nature of
Application

Plant Construction
Permit

Plant Operating
Licenses

Construct bridge
across Hope Creek

Dredge of intake
structure and dis-
charge pipe

Dredge channel, in-
stall moorings for
"Second Sun"

Transmission lines
crossing over
Alloway Creek

Transmission lines
crossing Rancocas
River, Halfway and
Slutts Creeks

Construct meteoro-
logical tower

Construct contain-
ment structures

Approval (or
required) Date

Sept. 25, 1968

required about
March, 1973

June 5, 1968

June, 1971

Feb. 6, 1969

May 18, 1971

Feb. 19, 1971

May 17, 1968

Late 1971Summer, 1971
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APPENDIX B (Continued)

Government
Agency

Regional

Application
Date

Dec. 10, 1969
(Public
Hearing)

Nature of
Application

General plant water
usage during const.
and oper., dewatering

Approval (or
required) Date

Oct. 27, 1970Delaware River
Basin Commis-
sion

State

New Jersey Dept. Dec. 21, 1967
of Environ-
mental
Protection
(Division of
Water Resources)

Dewatering of
excavation

May 8, 1968

Jan. 8, 1968

May 7, 1969

Jan. 17, 1969
May 26, 1969

Mar. 17, 1969

Construct bridge
across Hope Creek

Water wells explor-
atory drilling

Drill wells for
water supply

Dredge for intake
structure and
discharge pipes

Transmission lines
crossing Slutts
Creek

Transmission lines
crossing Alloways
Creek

Construct Bridge
across Hope Creek

Jan. 15, 1968

May 29, 1969

Oct. 1969,
July 1970

' June, 1971

(Division of
Marine
Resources)

Feb. 5, 1971

Oct. 9, 1970

Jan. 4, 1968

Sept. 14, 1971

Mar. 26, 1971

Apr. 4, 1968
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APPENDIX B (Continued)

Government
Agency

Division of Marine
Resources
(Continued)

Application
Date

Mar. 17, 1969

Oct. 1, 1968

Jan. 17, 1968

Jan. 17, 1968

Nature of
Application

Dredge for intake
structure and
discharge pipes

Dredge channel and
install moorings
for "Second Sun"

Land rights to con-
struct switchyard

Land rights to con-
duct site work

Land rights-exchange
for Artificial Island

Land rights to con-
struct pipeline

Construct plant
foundations

Construct plant
superstructure
(1st phase)

Construct plant
superstructure
(2nd phase)

Erect temporary
housing, maintain
turbine-generator

Construct sanitary
waste treatment
plant

Approval (or
required) Date

June, 1971

Jan. 15, 1969

n June, 1971

,,u June, 1971

Feb. 10, 1971

July, 1970

May 12, 1969

June, 1971

New Jersey Dept.
of Labor and
Industry

June 12, 1969

Dec. 17, 1969

Mar. 24, 1970

Aug. 21, 1970

Mar. 13, 1970

1v Aug., 1971

Aug. 27, 1970

New Jersey Dept.
of Health

Fall, 1971 '-% Jan., 1972
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APPENDIX B (Continued)

Government
Agency

Application Nature of
Date Application

Approval (or
required) Date

Jan. 22, 1968

Local

Lower Alloways Creek
Township, Salem
County, NJ

Conduct initial
field work

Substructure and
superstructure
construction

July 5, 1968
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APPENDIX C

EFFECT OF SCALING ON EXCESS SURFACE TEMPERATURES IN MODEL STUDIES

The purpose
model study
coefficient

of this appendix is to evaluate scale effect of the hydraulic
of the Salem station as it might affect the heat transfer
and the resulting excess temperature isotherms.

At large distances from a discharge jet, the main cause of temperature
decrease is the transfer of heat to the ambient air, since mixing
is no longer an important factor. The discharge of the Salem Station
is designed to utilize jet mixing, but when the jet is mixed and rises
to the surface due to buoyancy the heat transfer coefficient becomes an
important parameter in terms of temperature effects.

To scale the heat transfer coefficient in a model one can look at the
physical process involved and determine the scale of the processes in the
model and the prototype (the actual Delaware River estuary being modeled).
The hydraulic model at Vicksburg, Mississippi modeled the densimetric Froude
number of the Delaware estuary prototype. Hence, with the vertical and
horizontal scaling factors employed this resulted in a desired heat transfer
coefficient of the model equal to that of the prototype.

The above assertion can be shown by assuming the mixing effect on
excess temperature to be negligible compared to that of heat transfer
to the air. This would be the situation in the far field region after
the jet had essentially depleted its energy. The total heat transferred
for model or prototype is:

dq
where: q

h
A

A0
T

hAAOdT,
heat transferred in time, T.
heat transfer coefficient
area
temperature difference to surroundings,
time

(1)

The total heat comes from a sensible heat change of a layer of water.

dq
where: p

A
6
C

Equating:
hAAd¶dT

= pA6CPdO,
= density
= area
= depth
= heat capacity
= temperature change
(1) and (2) gives
= pA6C dO which is true for both model and prototype.p (3)
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In the scaling used for the Salem Station study done at Vicksburg.

AGmodel Pmodel (de)model

&0prototype Pprototype (dO)prototype

Substituting (4) after dividing model equation
equation (3) leaves:

(Cp)model (4)

(Cp) prototype

(3) by prototype

= I

hmodel Tmodel
hprototype Tprototype

6 model
6prototype (5)

Horizontal time scale for the Vicksburg Model:

Tmodel 1

Tprototype 100
(6)

Vertical Scale (depth)

6model 1
prototype 100

So Equation (5) becomes:

hmodel 1 1

hprototype 100 100

(7)

(8)

and

hdhmodel

h.prototype

1 for heat transfer scaling. (9)

Hence, the heat transfer coefficient
of the prototype.

for the model should be equal to that
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If this were not arranged on the practical model, (the hmodel is pro-
bably less than the prototype)(a) then the model temperatures will be
too high at places where heat transfer is the important mechanism for
temperature reduction.

If one makes the assumption that the heat transfer coefficient of the
model were one-half that of the prototype (a conservative assumption)3(b)

an estimate may be made of magnitudes of the temperatures excess isotherms
that would have been obtained.

To do this we set a larger h (1.5 times) into Equation (3) for the model.

l.5hAO dT = p6CpdO', where dO' is the new change in temperature from
the input excess temperature. (10)

(a) For large lakes the surface heat transfer coefficient is a linear

function of wind speed and temperature difference. 1 To apply this
to the model scale, one must first look at the more fundamental
relationships. For example, the convective heat transfer coefficient
is proportional to momentum transport. This fact expressed as the
Reynolds analogy can be applied to mass transfer (evaporation) as
well as heat transfer. 2 The analogy between heat, mass and momentum

transfer implies a heat transfer dependence on the Reynolds number
of air flow over the water. It is unlikely that the Reynolds number
of the prototypic Delaware estuary will have been the same or even
correctly sized in the model experiment to give the same heat transfer

coefficients. The high Reynolds number and turbulence on the actual
river surface should give a higher heat transfer coefficient than the
model has, but the model should have the same coefficient as the proto-
type to be properly scaled.

(b) In a model study for a plant in Massachusetts 3 the heat transfer
coefficient for the model was 110 Btu/day-ft 2 oF whereas for the
prototype it was 200 Btu/day-ft 2 *F. Brady 4 has presented a
tabular compilation of surface coefficients as a function of
ambient temperature and wind speed. From this work, a reasonable
value of 175 Btu/day-ft 2 *F for summer in the Delaware Bay with a
wind speed of 10 mph can be inferred. For the analysis which
follows, a fixed ratio of 1:1.5 between model and prototype is
used recognizing that other values which may change from hour to
hour might be appropriate.
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Then by dividing (3) by (10), dO' will give the corrected isotherm values.
For example with the actual station mixed excess temperature at 40, the
30 isotherm represents a dO of 10. Assuming no mixing contribution to
the 3*F isotherm, dO' = 1.5 dO = 1.5°F. Then the model isotherm of 30
would represent a prototypic isotherm of 4°-1.50 = 2.50. Table C.1 shows
prototypic isotherms for those in the Vicksburg model of the Salem plant
based on a 40 starting mixed excess temperature at the surface.

TABLE C.1

COMPARISON OF VICKSBURG ISOTHERMS WITH ADJUSTED TEMPERATURES

Actual Model Applicant's Isotherm Prototypic Isotherm
Isotherm (Model Corrected for Dilution) Delaware Estuary

4.42 40 F 4 0F
3.45 30 F 2.8 0 F
2.47 20F 1.7 0 F
1.99 1.5 0 F 1.0°F

Examples of scaling-adjusted excess temperature isotherms applied to the
Vicksburg model results provided by the applicant are shown in Figures
5.1, 5.2, and 5.3, as asterisk values.

Harleman in studies of modeling of thermal and physical transport also
concludes that significant conservative errors are introduced by the
use of distorted models for the simultaneous investigations of heat
transfer and water transport or diffusion. 5
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APPENDIX D

ABBREVIATIONS

AEC Atomic Energy Commission

ASLB Atomic Safety and Licensing Board

ATP adnosine triphosphate

Ba barium

Btu British thermal units

Ce cerium

cfs cubic feet per second

Ci Curie

Co cobalt

Cs cesium

CVCS chemical and volume control system

DO dissolved oxygen

DOT Department of Transportation

Fe iron

FPC Federal Power Commission

fps feet per second

ft feet

gal gallon

gm gram

gpm gallons per minute

HEPA high efficiency particulate air

hr hour
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Appendix D

I

ID

K

kg

kW

1

lb

LET

m

Max c/e

Max Div

mg

min

mm

Mh

mph

mrad

mrem

MW

MWe

MWt

NEPA

NUS

P

(Continued)

iodine

inner diameter

potassium

kilogram

kilowatt

liter

pounds

lower exclusion temperature

meters

optimum temperature for numbers of individuals

optimum temperature for diversity of species

milligram

minute

millimeter

manganese

miles per hour

millirad

millirem

megawatt

megawatt electric

megawatt thermal

National Environmental Policy Act of 1969

Nuclear Utilities Services

phosphorous



D-3

Appendix D (Continued)

pCi picocurie

ppm parts per million

ppt parts per thousand

PSA power service area

PWR pressurized water reactor

Ru ruthenium

sec second

spp species

Sr strontium

U uranium

UET upper exclusion temperature

yr year

Zn zinc

Zr zirconium

°C degrees Centigrade

OF degrees Fahrenheit

0/00 parts per thousand

AT difference in temperature



APPENDIX E

GLOSSARY



E-1

APPENDIX E

GLOSSARY

In discussing the environmental effects of construction and operation of
nuclear power plants and fuel reprocessing facilities, it is necessary
to use words and phrases that may be unfamiliar. The following glossary
lists and defines a number of the more frequently used terms that appear
in environmental reports and statements.

algae

caphipod

aquifer

aquitard

benthic

Chlorophyll-bearing plants, predominantly aquatic.
Size vary from unicells (30-millionths of an inch in
diameter to seaweeds (up to a few hundred feet in
length).

a small shrimp-like animal belonging to the class of
crustaceans.

a body of earth material capable of transmitting
water at a rate sufficient for economic extraction
by wells.

a body of earth material which confines an aquifer
but that transmits water in appreciable quantities,
although not amounts adequate to serve as a water
supply source.

referring to life on the bottom of a body of water.
(The noun benthos refers to organisms attached to or
crawling on the bottom.)

poisonous chemical substance that can kill living
organisms.

the quantity of oxygen required by micro-organisms to
stabilize the organic matter in a body of water.

the plants and animals (flora and fauna) of a region.

moderately salty, nonpotable water such as found in
estuarine zones or marshes near the sea.

usually an organic substance which combines generally
with metals to permit removal from liquid effluents.

a compound formed by the substitution of chlorine for
one or more hydrogen atoms in an ammnonia structure.

biocide

biochemical
oxygen demand
(BOD)

biota

brackish water

chelating agent

chloramine
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copepod a small (about 0.05 in. long) crustacean, a common
member of the zooplankton.

crustacean an animal having a hard but flexible exoskeleton.

danger tree a tree which grows to such height as to endanger or
interfere with overhead electric transmission lines.

diatoms unicellular greenish-brown plants with a siliceous
covering (exoskeleton); often forming unicellular
chains.

dissolved oxygen
(D. O)

ecosystem

eutrophication

hydroid

larva

littoral

concentration of oxygen in water, usually expressed
in milligrams per liter (mg/l) or parts per million
(ppm).

a system made up of a community of animals, plants,
and bacteria, and the physical and chemical environment
with which it is interrelated.

the process whereby water bodies undergo an increase
in available plant nutrients (notably phosphates and
nitrates) resulting in an increase in biological
productivity in the water.

a primitive aquatic invertebrate that resembles a
small branched plant.

an embryo that becomes self-sustaining and indepen-
dent before it has assumed the characteristic
features of its parents.

growing or living underwater near the shore

macrophyte large plant

man-rem a measure of the total radiation dose absorbed by a
group of persons. The product of the number of
persons in the group times the average dose in rem
absorbed by each.

a jellyfish

planktonic plants (See diatoms, plankton)

medusa

phytoplankton
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plankton

primary
productivity

rem

reserve margin

residual chlorine

rheotaxis

roentgen

passively floating or weakly swimming aquatic orga-
nisms, incapable of regulating their mobility. Con-
sists of both plants (phytoplankton) and animals
(zooplankton).

the capacity of an ecosystem to build up at the
expense of external energy both radiant and chemical-
primary organic compounds of high chemical potential
for further transformation and flow to high system
levels.

a unit of dose of any ionizing radiation which produces
the same biological effect as a unit of absorbed dose
of x-rays.

the difference between installed capacity and pro-
jected annual peak load, expressed as a percent of
projected annual peak load.

chlorine (in several forms) that is available to
react after the chlorine demand is satisfied.

term referring to the movement of an organism in
response to a stimulus.

a unit of exposure to ionizing radiation, specifically
the amount of x or gamma radiation that produces a
charge of one electrostatic unit in one cm3 of dry air.

parts per thousand by weight of the dried solid
residues obtained from water when all organic matter
has been oxidized, all bromides and iodides replaced
by chlorides, and all carbonates converted to
oxides usually expressed in grams/kilogram or parts
per thousand (ppt or 0/oo)

pertaining to, or connected with, nutrition or
feeding.

a package described in USAEC Title 10 CFR Part 71
which must be designed to withstand severe accident
test conditions without loss of contents.

minute planktonic animals that feed on phytoplankton
and, in turn, form food for young fish.

salinity

trophic

type B package

zooplankton
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ADVISORY COUNCIL
ON
IWSTORIC PRESERVATION
WASHINGTON. D.C. 20240 December 14, 1972

Mr. Daniel R. Muller .-,
Assistant Director for 50-272/33.1'p

Environmental Projects
Directorate of Licensing (- r2JQ
U.S. Atomic Energy Commission
Washington, D.C. 20545 ,•. '

Dear Mr. Muller: Y/.•."

In response to your request of October 31, 1972, for comments on the
environmental statement for Salem Nuclear Generating Station Units 1
and 2, in New Jersey, and pursuant to its responsibilities under
Section 102(2)(C) of the National Environmental Policy Act of 1969,
the Advisory Council on Historic Preservation has determined that your
draft environmental statement appears adequate with regard to compliance
with Section 106 of the National Historic Preservation Act of 1966.
However, to insure as comprehensive a review of historical, cultural,
archeological, and architectural resources as possible, the Council
suggests that the draft environmental statement contain evidence of
contact with the State Historic Preservation Officer and that a copy
of his comments concerning the effect of the undertaking upon these
resources be included in the environmental statement. The Historic
Preservation Officer for New Jersey is Mr. Richard J. Sullivan,
Commissioner, Department of Environmental Protection, Post Office Box
1420, Trenton, New Jersey 08625.

In order to expedite our review of the draft environmental statement,
please furnish the Advisory Council with the necessary information at
your earliest convenience. Should you have any questions on these
comments or require any additional assistance, please contact Mr.
Gamble of the Advisory Council staff.

S e~r yours,

Robert R. Garvey Jr.

Executive Secret ry

THE OOUNIL. an independent agency of the Executive Branch of the Federal Government. i charged by the Act of October 73. 1966. with
asdvising the President and Congress in the field of Historic Preservation. commenting on Federal, federally assisted, and federally licensed
undertakings having an effect upon propertias listed in the National Register of Historic Places, recommending measures to coordinate
governnmental with private activities, advising on the dissemination of information, encouraping public interest and participatio•. recom-
mending the conduct of special studies. idvising in the preparation of legislation, and encouraging spi'cialized training and education, and
guiding the United States membership in the International Centre for the Studt of the Preservation and the Restoration of Cultural Property
in Rome. Italy.
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DEPARTMENT OF AGRICULTURE
OFFICE OF THE SECRETARY

WASHINGTON. D. C.20250

December 22, 1972

Mr. Daniel R. Muller
Directorate of Licensing
Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

We have had the draft environmental statement for Salem
Nuclear Generating Station, Public Service Electric and
Gas Company, New Jersey, reviewed in the relevant agencies
of the Department of Agriculture and comments from the
Economic Research Service, Forest Service and Soil Con-
servation Service, all agencies of the Department, are
enclosed.

Sincerely,

FRED H. TSCHIRLEY
Assistant Coordinator
Environmental Quality Activities

Enclosures
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SOIL CONSERVATION SERVICE - USDA

Comments on

DRAFT ENVIRONMENTAL STATEMENT

Prepared by

Salem Nuclear Generating Station

Public Service Electric and Gas Company

Docket Nos. 50-272,50-311

The statement is not clear as to what stage the construction work has
progressed. As a result, it is difficult to determine if the lack of
information on erosion and sediment control is because the ground
disturbance is completed and revegetated or the information was inadver-
tantly omitted. In either case, a statement should be included indicating
that erosion and sediment control practices will be used during all phases
of construction.

Reference could be made that the "Standards and Specifications for Erosion
Control" adopted by the Cumberland-Salem Soil Conservation District will be
followed during construction. The District can also provide technical
assistance in planning the needed erosion control measures.
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ECONOMIC RESEARCH SERVICE
UNITED STATES DEPARTMENT OF AGRICULTURE

ERS Comments on the Draft Environmental Statement, Salem
Nuclear Station, Units 1 and 2, Public Service Electric

and Gas Company, Newark, New Jersey

The statement is generally complete with regard to NEP Act and
CEQ Guideline requirements. However, the discussion of the need
for power should be strengthened. The environmental consequences
and risks associated with the plant are deemed acceptable because
of the need for power. The basis for this need seems to revolve
around the question of reserve requirements.

A reserve level of 20 percent is considered adequate. The state-
ment notes: "In recent years inadequate reserve levels have
contributed to an increased frequency of emergency voltage reduc-
tions and load curtailments. . ." (pg. 9-3). Yet Table 9.3,
pg. 9-4, fails to reveal a relationship between level of reserve
and the frequency and duration of emergency reductions. Indeed,
the data seem to suggest a positive relationship between installed
reserve and emergency reductions, at least for reserve levels below
20 percent.
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United States Department of Agriculture
Forest Service

Because of the location of the above plants, effect on
vegetation even in the event of an accident will probably
be very small.

Planting of trees and shrubs on Artifical Island would
break up the severe lines of the plants as viewed from
boats or from shore.

Impact of production of raw material-uranium (235) oxide -

is not mentioned. Enrichment of uranium usually involves
combustion of fossil fuels, an indirect effect.

Units of the size described are of recent development and
until studies are made on plants of over 3000 megawatts,
long time effects will not be known. Fuel rod drops and
rod ejection are mentioned as accidents but not rod
collapse, which can occur at the high temperatures and
pressures obtained with large reactors.



S•,"THE ASSISTANUT SECRETARY OF COMMERCE
Washington, D.C. 20230

December 1, 1972 50-272

50-311

Mr. Daniel R. Muller
Assistant Director for Environmental
Projects ILCEI\ ) '

Directorate of Licensing " E6 1.'37,2
Atomic Energy Commission " C -.4
Washington, D. C. 20545 us'j!.l .4

Mail $..;i;.a

Dear Mr. Muller:

The draft environmental impact statement for "Salem
Nuclear Generating Station Units 1 and 2" which accompanied
your letter of October 31, 1972, has been received by the
Department of Commerce for review and comment.

The Department of Commerce has reviewed the draft environ-
mental statement and has the following comments to offer
for your consideration.

We have reviewed the draft environmental impact statement on
the Salem Nuclear Generating Station Units 1 and 2 and it
provides a good project description of the probable impact
and adverse environmental effects of construction and opera-
tion of this nuclear power plant on the environment and
biota associated with the Delaware River near the project
site. Although the volumes of water passing through the
Salem Plant and the associated thermal plume may be small
when considered apart from the environment, the effects
of the use of this water may not be insignificant when
added to the total effects of all other water uses in the
Delaware River system. In order to adequately evaluate
the effects of the Salem Plant, it would be necessary to
expand the environmental impact statement to include addi-
tional discussion concerning other power facilities and
water-use industries, both completed and proposed, to provide
a complete picture of the probable impact of the Salem Plant
on the Delaware River system and estuary. Specifically we
feel that the environmental impact statement could be improved
by including additional information or discussion on the
following points:
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The Site: Ecology of Site and Environs

Section 2.7.1.1, 2nd paragraph - It should be noted that
although the direct contribution of Phragmites communis to
wildlife productivity may be slight, the indirect contribu-
tion is appreciable. Phragmites is important as a primary
producer, converting the sun's energy into plant tissue,
which is then converted to detritus, the basis of many food
webs in the estuarine ecosystem.

Environmental Impact of Site Preparation and Facility
Construction

Page 4-3, 2nd paragraph - It is stated that spoil from the
proposed dredging operation will be placed in a diked area.
However, no mention is made as to the characteristics of
the spoil site. More information should be presented con-
cerning the vegetation, elevation, exact location and soil
characteristics of the spoil site. Information on the
quality of dredged materials should also be given. Silts
and clays remain suspended for a long time and could
possibly be washed down to productive oyster grounds. The
dredge depths should be included. Although the river
bottom may at this time be unproductive, future recruitment
of benthic fauna may be possible. Dredging of 10 acres
of river bottom precludes future utilization by benthic
organisms. We also question the conclusion that disturbing
10 acres of bottom habitat can be considered as having
"...no appreciable adverse effects on aquatic resources."

The Environmental Impact of Station Operation

Page 5-5, Section 5.2, Water Use - The first sentence of the
third paragraph, which reads "the staff concurs with the
applicant's conclusion that temperature effects on shoreline
in the vicinity will be minimal and that recirculation of
heated water will be negligible," does not address wind
action. It was stated in the meteorological section that
winds can blow onshore up to 58 mph. Wind speed and
direction do not appear to be taken into consideration in
this analysis. The direction and force of the wind could
be an important factor influencing surface water movement.
The possibility that heated water could be driven back toward

shore where it poses a potential hazard to bottom organisms
should be discussed.
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Page 5-9, Section 5.4.1, 2nd paragraph - Mention is made
of a monitoring program for numbers and kinds of fish that
are killed on the intake screen. We suggest that this
program be more fully discussed, especially the methods
and sampling frequencies to be used. If the number of
fish that are killed becomes significant, it would be
desirable for the environmental impact statement to
discuss modifications of the intake structure that would
mitigate this condition.

Page 5-10, Sections 5.4.2.1 and 5.4.2.2 - These two
paragraphs seem to attempt to minimize the adverse effects
on plankton that pass through the cooling system. Studies
conducted at other power plants, including plants on
the Susquehanna and Delaware Rivers, which indicated that
all the phytoplankton were killed during chlorination,
should be cited. Moreover, the possibility that a
decrease in species of phytoplankton may occur, perhaps
followed by an increase in species of blue green algae,
should be addressed. (1) Although the nutrient value
may not be lost to the estuary, the death of plankton
precludes further utilization by organisms directly de-
pendent upon them; the possibility that this may affect
various trophic levels within the area should be discussed.

Page 5-11, 2nd paragraph - We question the veracity of
the statement that larvae of American shad and striped bass
tend to remain on the west shore of the estuary and con-
sequently are not vulnerable to the intake of the Salem
Station that is located on the opposite shore. Due to
the strong tidal flows and mixing characteristics of the
area, it appears erroneous to assume that larvae, which

(1) Barber, Yates, M., Jr. Statement presented before
the Fourth Session of the Lake Michigan Enforcement
Conference, Sherman House, Chicago, Ill., September
19-21, 1972, 32 pages.
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have little mobility, will migrate only on the western
shore. The importance of the survival of American shad
larvae should not be underestimated. The Delaware River
and Bay are known to be a major fishing area for American
shad, accounting for 98 percent of the Delaware catch in
1960. (2) However, according to Walburg and Nichols
(1967), dams, pollution, and overfishing have already
caused a severe decline in the abundance of American shad,
and the possibility exists that further declines may
occur.

Page 5-11, 4th paragraph - Due to the rapid flow of the
Delaware River, larval shad and striped bass could easily
reach the intake screens. Juveniles too large to pass the
mesh would be unable to escape impingement.

Page 5-11, Section 5.4.3 - The distinct possibility should
be considered that larval and juvenile fish migrating to
sea do not possess the mobility to actively avoid the heated
plume.

Page 5-12, Section 5.4.3, The Mixing Zone - The first
sentence of the first paragraph, states that "the warm
discharges from large thermal power plants are often an
attraction to fish, especially during colder months."
Such an attraction will improve sport fishing, but the
possibility that an improvement such as this will have an
impact on the fish population in question that may not be
beneficial should be fully discussed, such as thermal
discharge shutdown in the winter months.

Biological Surveillance Program

Section 6.3, 2nd paragraph - Although the environmental
impact statement contains information on the various species
of benthic organisms and fish, the radiological monitoring

(2) Walburg, Charles H. and Paul R. Nichols. 1967. Biology
and management of the American shad and status of the
fisheries, Atlantic Coast of the U. S., 1960. U.S.
Fish and Wildlife Service, Special Scientific Report -
Fisheries No. 550, 105 pages, Washington, D. C.
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program does not identify the aquatic biota which will be
sampled for radioactivity. Additional information con-
cerning the location of the samples taken, species of
organisms sampled and types of analyses performed should
be presented in this section.

Evaluation of Proposed Action

Page 8-1, 5th paragraph - Although it is stated that
"...free swimming organisms passing through the zone are
expected to avoid exposure to temperature-time duration
that would result in damage," it should be noted that
eggs, larvae and juveniles cannotbe assumed to possess
the capability of avoiding exposure to heated water that
may later prove to be detrimental.

Page 8-2, 2nd paragraph - The intake structure may have
been designed to reduce damages to adult fish, but this
precaution would not necessarily protect younger and/or
smaller forms.

Page 8-2, 3rd paragraph - This paragraph acknowledges
that plankton will be killed in the cooling system in
amounts not deemed to be significant. We question
whether such a statement should be made without supporting
data. Plankton densities should be included in the
environmental impact statement to provide data upon which
an evaluation of the damages to the plankton population
could be based.

Page 8-4, Section 8.4 - The statement should address
the possibility that an indirect irreversible or
irretrievable loss of resources may occur as a result
of an increase in the area of the number of people and
electrical users who tend to increase pollution of all
forms.

As described in section 3.4.2 of the AEC report, most of
the radioactive waste gas generated will be released to
the atmosphere through the plant vent after 45 days'
decay in holdup tanks. No specific details are given on
the period of release to the atmosphere. If we assume
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it is over a period of a few hours every 45 days, the
annual average relative concentration value as discussed
on page 5-14 is inappropriate.

We are unable to evaluate the staff's estimate of the
radiological impact of postulated accidents because of
insufficient information on the basis of the meteoro-
logical assumptions used, the resulting relative concen-
tration and the expected frequency of occurrence of that
concentration.

We note the lack of specific halogen removal filters in
the gaseous rad waste system compared to other similar
units, particularly in view of the relatively low
estimated 1-131 and 1-133 gaseous effluents estimated.

We hope these comments will be of assistance to you in the
preparation of the final statement.

Sincerely,

Sidey R. alle

Deputy Assistant Secretary
for Environmental Affairs
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE 50-272

Us OFFICE OF THE SECRETARY 50-311
WASHINGTON. D.C. 20201

JAN 18 17.2

Assistant Director I

for Environmental Projects JAN24 19
Directorate of Licensing u0 ATOMIC EN'
U. S. Atomic Energy Commission CclOilslio.i

Regulatory
Washington, D. C. 20545 ljt

Dear Mr. Muller:

This is in response to your letter of October 31, 1972, wherein you
requested comments on the draft environmental impact statement for the
Salem Nuclear Generating Station Units 1 and 2, Public Service Electric
and Gas Company, Docket Numbers 50-272 and 50-311.

This Department has reviewed the health aspects of the above project as
presented in the documents submitted. The applicant has no toxic
chemical monitoring program. The applicant estimated that 870 pounds
of free chlorine will be discharged into the Delaware River per day
along with the cooling water. Due to a highly toxic chemical
(chloramine) which can be formed when chlorine reacts with ammonia
under a favorable PH range, chlorine concentration should be monitored
prior to its release, and a safety procedure should be formulated to
guard against its accidental release.

The opportunity to review this draft environmental impact statement is
appreciated.

Sincerely yours,

Richard L. Seggel
Acting Assistant Secretary

for Health
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DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

CAMDEN AREA OFFICE
THE PARKADE BUILDING, 519 FEDERAL STREET, CAMDEN, NEW JERSEY 08103

50-272
50-311

January 18, 1973
REGION IX

26 Federal Plaza
New York, New York 10007 IN REPLY REFER TO:

2.3PM

Mr. A. Giambusso
Deputy Director for Reactor Projeqts
Directorate of Licensing
U. S. Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. Giambusso:

"1_24

W.

Subject: Draft Environmental Statement
U. S. Atomic Energy Commission
Salem Nuclear Generating Station, Units 1 and 2
Lower Alloways Creek Township, Salem County, New Jersey

Pursuant to the regulations of the National Environmental Policy Act
of 1969 we have examined the captioned document and have, the follow-
ing comments:

General Assessment of the Statement

A. Energ' : The proposed nuclear generation station is designed to
assure safety and to minimize the impact on the environment. We
see no objection to the construction, electrical generation and
transmission in this area.

B. Land Use and Management

I. There are no existing HUD assisted parks or historic and
archeological sites in this area or the surrounding municipalities.
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2. The data of the Statement indicates that the fluvial flows
would have negligible effects on the subject site. It appears that
the site is above the tidal influence from events having frequencies
less than approximately 100 year recurrences. There are no urban
developments that would be affected by increased storm runoff resulting
from construction of the subject facility.

C. Noise Control and Abatement: The Statement should include findings
from a study which should include an examination of present noise
levels and estimates of operating noise levels. Noise levels of the
area as well as those within the manned structures proposed should be
considered.

D. Urban Impacts

1. The proposed nuclear station. will not cause any housing and
building displacement nor will it result in congestion in urban areas.

2. There are no existing low-income neighborhoods near the site
of the proposed station and there will be no relocation activity in
connection with its development.

3. In light of the type of construction proposed, no rodent
problem should be anticipated.

4. The Statement does not indicate that the A-95 Clearinghouses
have had an opportunity to review the project. The State and Regional
Clearinghouses should examine the proposal if they have not already
done so.

Subject to the aforementioned comments, we have no further reserva-
tions about the proposed nuclear station.

Sincerely yours,

\ Philip G. Sadr
Area Director
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United States Department of the Interio'i
OFFICE OF THE SECRETARY i

WASHINGTON, D.C. 20240

ER-72/1258 DEC 2 9 1972
50-272
50-311

Dear Mr. Muller:

This is in response to your letter of October 31, 1972,
requesting our comments on the Atomic Energy Commission's
draft statement, dated October 1972, on environmental
considerations for Salem Nuclear Generating Station, Units
1 and 2, Salem County, New Jersey.

Our comments are presented according to the format of the
statement or according to specific subjects.

Regional Demography and Land Use

According to the last paragraph on page 2-1, land adjoining
the site is Federally owned and is zoned for parks and
recreational development. We believe that the statement
should address the impact relationships that exist between
the proposed project and these lands and their projected
uses. The Federal agency which owns these lands should be
shown.

The applicant's Environmental Report, Operating License
Stage, indicates that a great deal of land adjacent to
the river on both sides is Federal and State owned land or
land planned for future open space. The effects on these
lands caused by construction and operation of the plant
should be assessed in the statement, particularly as to the
type of development and what public agencies are involved.

Historical Sites and Landmarks

The statement recognizes the existence of properties within
the vicinity of the nuclear generating station which are
listed on the National Register of Historic Places; but it
fails to indicate whether any of these properties have been or
would be affected by construction or operation of the nuclear
station. If any historical properties are affected, the
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statement should outline steps taken to comply with Section
106 of the National Historic Preservation Act of 1966 in
accordance with procedures of the Advisory Council on
Historic Preservation as they appear in the Federal Register
of March 15, 1972.

We suggest that the New Jersey and Delaware State Liaison
Officers for Historic Preservation be consulted concerning
properties in the vicinity of the plant which may be under
consideration for addition to the National Register. They
are:

Commissioner
Department of Environmental

Protection
P. 0. Box 1420
Trenton, New Jersey 08625

and

Director
Division of Historical and

Cultural Affairs
Department of State
Dover, Delaware 19901

The statement should also discuss the effects that site.
preparation and construction of the nuclear station had on
archeological values.

Hydrology

The second paragraph on page 2-10 shows the minimum low
water as -5.9 feet below mean sea level. This should be
corrected to indicate that a tide level of 8.6 feet below
mean sea level was recorded at Reedy Point near the site on
December 31, 1962, and reported in U.. S. Geological Survey's
Water Supply Paper 1586-E.

We also think that this section should include an analysis
of the probable maximum tide, including wave runup, that can
be expected at the site.

2
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Ecology of Site and Environs

The applicant's view that no rare or endangered species
are known to exist on the site is indicated on page 2-18.
This paragraph should be modified to show that no species
found in the "United States List of Endangered Fish and
Wildlife," contained in the Federal Register, Vol. 35, No.
199, October 13, 1970, are known to be located in the area.
These listed species are afforded protection under the
Endangered Species Conservation Act of 1969. Several of the
species listed in the statement are indicated as rare or of
undetermined status in other publications. The Bureau of Sport
Fisheries and Wildlife Resource Publication No. 34, dated
1968, entitled "Rare and Endangered Fish and Wildlife of the
United States," lists the bog turtle as rare, the American
osprey as status undetermined, and the Atlantic sturgeon as
rare. The New Jersey State Museum's Science Notes No. 4,
entitled "Rare and Endangered Fish and Wildlife of New Jersey,"
lists the five-line skink, marsh hawk, Cooper's hawk, least
bittern, king rail, American shad, spot and croaker as rare,
endangered, or status undetermined.

Several misspellings of scientific'names in this section
are: Page 2-18, paragraph 2 - change "Bircus cyaneus" to
"Circus cyaneus"; Page 2-19, paragraph 3 - change "Spartina
pateus" to "Spartina patens"; and Page 2-21, 4th line -
change "Clemmye guttata" to"Clemmye guttuta".

Transmission Facilities

We suggest this section be expanded to include the impact on
farmland, woodland, and scattered residential areas traversed
by the transmission lines. Figure 3.10 shows the transmission
lines but does not indicate present and proposed land uses
along the corridors. Land use information would be useful
in evaluating the overall impact of the project.

Access Roads and Transmission Corridors

The final environmental statement should indicate who will
administer the two recreation areas proposed by the applicant
and discussed on page 4-3.

3
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Water Use

The thermal effects of the proposed once-through cooling
system have been analyzed by means of a study conducted in
the Corps of Engineers' physical model of the Delaware River
estuary. Predictions of these effects made by the applicant's
consultants are shown' in Figures 5.1-5.3. The AEC staff
has revised these predictions downward on the assumption that
the heat exchange coefficient for the estuary would be about
twice that of the model. The areal extent of the revised
temperatures is summarized in Table 5.1. Using the areas
given in that table and assuming typical values for heat
transfer, we compute that only a small portion of the dis-
charged waste heat would be transferred to the atmosphere
within the area bounded by the 0.50 temperature rise isotherm.
Thus, a large area beyond the 0.5° isotherm would be required
to transfer the remaining portion of the waste heat at a
small temperature rise. The AEC revision shows 00 tempera-
ture rise around the plume, delineating an area that would
not be sufficient to transfer the discharged heat to the
atmosphere.

The major problem in this analysis appears to be the reliance
on the tests in the distorted physical-model for the evaluation-
of thermal effects. Such a model may give adequate results
for close-in effects but is unlikely to give reliable data
further out where hydraulic dispersion and heat transfer to the
atmosphere become the major determinants of thermal effects.
A quantitative prediction of these effects is extremely
difficult. Since the temperature rise is small, an accurate
measurement of this temperature differential in the estuary
even after powerplant operation will be difficult. Even
though this small temperature rise in an area of about 10 to
20 square miles may be incrementally minimal, the overlaping
of similar small temperature increases from other thermal
waste producing industrial plants could have a significant
thermal effect and should be recognized.

Terrestrial Ecosystems

The second sentence of this section on page 5-9 should be
deleted based on our comments on the section entitled
"Ecology of Site and Environs."

4
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The Intake Structure

We think that the monitoring of the numbers and kinds of
fish that die on the screens should be continued for a
period of several years in order to determine the need
for design modifications. The AEC staff suggestion in the
last paragraph on page 5-9 and the license stipulations
should insure this requirement.

Eggs, Larvae and Juveniles

According to Section 2.7.2.2., the Artificial Island vicinity
is important as a nursery area to the weakfish (Cynoscion
regalis) and the white perch (Roccus americanus). However,
these two species are not included in the list of species
of special interest given in the first paragraph of this
section. It appears that this section should include a
detailed discussion of the impact of the intake structure
on the juvenile weakfish and white perch.

Toxic Chemicals

This section should include a discussion of the impacts on
aquatic life of possible chloramine formation in the
sanitary and other waste systems.

Although no problems from chemicals other than chlorine are
anticipated, their effects, whether deleterious or beneficial,
should be discussed. This section of the statement should
also consider the impact of metals on the aquatic ecosystem.

Plant Accidents

This section contains an adequate evaluation of impacts re-
sulting from plant accidents through Class 8 for airbourne
emissions. However, the environmental effects of releases
to water is lacking. Many of these postulated accidents
listed in Table 7.1 could result in releases to the Delaware
River and should be evaluated.

5
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We also think that Class 9 accidents resulting in both
air and water releases should be described and the impacts
on human life and the remaining environment discussed as
long as there is any possibility of occurrence. The con-
sequences of an accident of this severity could have far-
reaching effects on land and in the Delaware River which
could persist for centuries affecting millions of people.

Adverse Environmental Effects Which Cannot Be Avoided

We concur with the AEC staff suggestion that the applicant
cdntinue sampling the fishes, macro-invertebrates, and zoo-
plankton to quantify the expected losses of aquatic life
due to the discharge of heated effluents.

We also concur with the staff that the effects of chemical
discharges on aquatic life should be monitored to ascertain
whether the discharges have a negligible impact.

We further concur with the AEC staff suggestion that the
applicant undertake studies on zooplankton losses due to
passage through the circulating water system.

Gas Turbines

The-draft statement should include the fuel oil specifications
assumption to support the statement "turbines burning light
oil release effluents to the atmosphere that are comparable to
those released by an oil-fired facility, as discussed earlier."
Most gas turbine fuel contains less impurities than boiler
fuel; therefore, the amount of S02 and particulates emitted
would be expected to be less than that shown in Table 10.1
for an oil-fired boiler. As a result of high-firing tempera-
ture, the amount of NOx emitted for gas turbines is expected
to be higher than that shown in Table 10.1

We hope these comments will be helpful to you in t prepara-
tion of the final environmental stat ý t. 1

-r / /

Deputy Assistant Secretary of the I erior

Mr. Daniel R. Muller
Assistant Director for

Environmental Projects
Directorate of Licensing
Atomic Energy Commission
Washington, D. C. 20545

6
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PHONE: 202-426-2262

4 50-272
LU 50-311

Mr. Daniel R. Muller.
Assistant Director for 4DEGJ ' 4

Environmental Projects S.,
Directorate of Licensing ,ry
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

This is in response to your letter of 31 October 1972 addressed to
Mr. John E. Hirten, Assistant Secretary for Environment and Urban
Systems, regarding the draft environmental impact statement, crivir-
onmental report and other pertinent papers on the Salem Nuclear
Statioi Units 1 and 2, Salem County, New Jersey.

The concerned operating administrations and staffs .of the Department
of Transportation have reviewed the material submitted.

Noted in the review of the Federal Railroad Administration is the
following:

"In reviewing the text and the-accompanying map in Section 3,7
of the draft environmental impact statement, we see no indication
that the proposed 500 KV transmission lines will have any impact on
any railroad lines. However, Fig. 5.8-6 of Amendment 1 to the
Supplemental Environmental Report indicates several instances of rail
lines being crossed and one instance where a proposed transmission line
will parallel a railroad. The problem of inductive coupling, direct
faulting or flashover with railroad signal and communication circuits
is one which should be addressed. Destruction of the integrity of
railroad signal and communication facilities is more than an incon-
venience as the potential for serious accidents exists."

The Department of Transportation has no further conmnents to offer. We
have no objection to this project. We do feel, however, that the concern
of the Federal Railroad Administration should be addressed in the final
statement.

The opportunity of the Department of Transportation to review and comment
on the Salem Nuclear project is appreciated.

Sincerely,

'(. r•, . ...
• ,, -. . . •. . . ; . - :
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ENVIRONMENTAL PROTECTION AGENCY 50-272
WASHINGTON. D.C. 20460 50-311

2 6JAN 1973
OFFICE OF THE

ADMINITRATOR

1973
Mr. L. Manning Muntzing ýer
Director of Regulation
U.S. Atomic Energy Commission
Washington, D.C. 20545

Dear Mr. Muntzing:

The Environmental Protection Agency has reviewed the draft
environmental impact statement for the Salem Nuclear Generating
Station Units 1 and 2. Our detailed comments are enclosed.

It is our opinion that it is necessary for the environmental
damage expected to result from the operation of the once through
cooling system to be quantified and that these estimated environ-
mental costs be used in the final statement for reevaluating
cooling system alternatives. Regarding the thermal model used
to predict the temperature effects of the once through cooling
system, our analysis shows that the model used by the applicant
is more accurate without the modifications advanced by the AEC.
Therefore, we recommend that the applicant's model be relied
upon for analysis in the final impact statement.

We believe that the radioactive liquid waste management
equipment has the capability to provide effluents which may be
considered "as low as practicable" if the applicant follows
correct operating procedures. However, due to the unproven
nature of the reverse osmosis (RO) system proposed for the
treatment of steam generator blowdown, we recommend that alter-
nate systems be analyzed and planned for in the event that the
RO system does not achieve the desired degree of treatment. We
also recommend that an assessment of the expected dose and a
delineation of the operating limitations that are necessary to
control direct radiation exposure to nearby parkland from the
outdoor water storage tanks be provided.
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We will be pleased to discuss these comments with you or
members of your staff.

Sincerely yours,

Sheldon Meyers
Director

Office of Federal Activities

Enclosure
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INTRODUCTION AND CONCLUSIONS

The Environmental Protection Agency (EPA) has reviewed the draft

environmental impact statement for the Salem Nuclear Generating Station

Units 1 and 2 prepared by the U.S. Atomic Energy Commission (AEC) and

issued on October 31, 1972. The following are our major conclusions:

1. The impact of once-through cooling on the aquatic biota has

not been adequately analyzed in the statement. Based on data

gathered to date and the experience of other operating plants, we

recommend that an attempt be made in the final statement to

quantify the biological losses expected from plant operation so

that a true assessment of the environmental costs of the project

can be made.

2. Our analysis shows the thermal model of the Applicant's

consultant (Pritchard-Carpenter) to be more accurate without the

modifications advanced by the AEC. We recommend that the former

model be relied upon for analysis in the final statement.

3. Alternatives to once-through cooling such as natural and

mechanical draft saltwater towers should be reconsidered in the

final impact/statement. We have raised questions regarding the

Applicant's economic analysis of these alternatives which, when

taken into consideration with the biological damage of the once-

through cooling system, may alter the cost-benefit analysis and

the feasibility of installing an alternate system.
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4. Due to the unproven nature of the reverse osmosis system

that is proposed for the treatment of steam generator blowdown

at Salem, we recommend that the final statement include:

a. an analysis of alternate systems for treating this waste,

b. the criteria by which the applicant will decide whether

to continue operating with condenser tube leakage,

c. a plan to install an alternate system in the event the

reverse osmosis system does not achieve the desired

degree of treatment.

5. The outdoor water storage tanks are located only a few hundred

feet from land zoned for park and recreational use. We recommend

that an assessment of the expected dose and a delineation of the

operating limitations required to control direct radiation ex-

posure from the tanks be provided in the final statement.
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RADIOLOGICAL ASPECTS

Radioactive Waste Management

Our review indicates that the Salem station has the capability

to maintain discharges of radioactive wastes at levels which are

"as low as practicable" if the applicant follows correct operating

procedures.

Since the reverse osmosis (R.O.) system that is currently

planned for the Salem plant has not yet been proven as an alternative

to treatment of steam generator blowdown by conventional demineraTi-

zation and evaporation, it may be advisable to plan for, or provide,

additional treatment systems. We encourage the pursuit of such new

approaches which may lead to the development of improved treatment

systems. However, there are little test data available on R.O.

modules, and we are not aware of any data available that were com-

piled during the actual operation of R.O. systems as a part of a

radioactive waste treatment system. While the immediate radiological

doses from releasing untreated steam generator blowdown from the

Salem plant may not be large, we are concerned that the Salem

effluents, in combination with other existing, proposed, and future

sources, may lead to the accumulation of long lived radioactive

isotopes in the estuary, especially Cs-137. The final statement

should describe alternative means of treating steam generator blow-

down to provide "as low as practicable" radioactive liquid discharges,

and present a plan to install an alternate system in the event that

the R.O. system does not have the expected capacity, suffers from
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unexpected maintenance or operational difficulties, or cannot achieve

the design decontamination factor assumed in the calculations and

evaluations of radioactivity releases.

Information indicating whether the increased steam generator

blowdown, resulting during periods of condenser tube leakage, can be

processed by the reverse osmosis system should be provided. The final

statement should give the estimated capacity for the reverse osmosis

system and should include the criteria which will be used by the

applicant in deciding whether to continue operating with condenser

tube leakage, or to shut down for repairs.

Also included should be a tabulation of the estimated liquid

radioactive waste effluent, categorized by source as well as by

isotope. Recent environmental statements issued by the AEC have

presented separate liquid discharge estimates for the radwaste

system, steam generator leakage, and chemical and volume control

system. The draft statement for Salem presents only one listing of

radionuclides which, presumably, includes the contribution from each

of these sources.
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Dose Assessment

A limited number of. measurements made at operating pressurized

water reactors have indicated that direct external radiation exposure

from large outdoor water storage tanks (such as the condensate storage

tanks) could be a significant contributor to the radiation dose received

by people living in, or frequenting, areas close to the plant. We note

that the outside storage tanks at the Salem station are located only a

few hundred feet from the site property line (Delaware River), and that

the land adjoining the site is zoned for parks and recreational develop-

ment. Neither the applicant nor the AEC has estimated the potential

radiation exposure from this source but such estimates should be included

in the final statement. In addition, operating limitations, if any,

which will be established to control exposure from direct radiation

should be documented.

Furthermore, we recommend that the provisions of Safety Guide 21

and Safety Guide 23 be applied to the operating requirements for the

Salem station. In this manner, meaningful dose estimates can be

calculated during the operation of the plant.
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Transportation and Reactor Accidents

In its review of nuclear power plants, EPA has identified a

need for additional information on two types of accidents which could

result in radiation exposure to the public: (1) those involving.

transportation of spent fuel and radioactive wastes and (2) in-plant

accidents. Since these accidents are common to all nuclear power

plants, the environmental risk for each type of accident is amenable

to a general analysis. Although the AEC has done considerable work

for a number of years on the safety aspects of such accidents, we

believe that a thorough analysis of the probabilities of occurrence

and the expected consequences of such accidents would result in a

better understanding of the environmental risks than a less-detailed

examination of the questions on a case-by-case basis. For this reason

we have reached an understanding with the AEC that they will conduct

such analyses with EPA participation cqncurrent with review of

impact statements for individual facilities and will make the results

available in the near future. We are taking this approach primarily

because we believe-that any changes in equipment or operating pro-

cedures for individual plants required as a result of the investi-

gations could be included without appreciable change in the overall

plant design. If major redesign of the plants to include engineering

changes were expected or if an immediate public or environmental

risk were being taken while these two issues were being resolved,

we would, of course, make our concerns known.
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The statement concludes "... that the environmental risks due

to postulated radiological accidents are exceedingly small." This

conclusion is based on the standard accident assumptions and guidance

issued by the AEC for light-water-cooled reactors as a proposed

amendment to Appendix D of 10 CFR Part 50 on December 1, 1971. EPA

commented on this proposed amendment in a letter to the Commission

on January 13, 1972. These comments essentially raised the necessity

for a detailed discussion of the technical bases of the assumptions

involved in determining the various classes of accidents and expected

consequences. We believe that the general analysis mentioned above

will be adequate to resolve these points and that the AEC will apply

the results to all licensed facilities.
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NON-RADIOLOGICAL ASPECTS

Biological Effects

The cooling and service water needs of Salem Units 1 and 2 will

require the withdrawal of about 2,300,000 gpm (5100 cfs) from the

Delaware River estuary. After passing through condensers, this water

will be discharged back to the estuary with approximately a 13.6°F

temperature rise above ambient. Damage to populations of eggs,

larvae, juveniles and adult organisms passing through the cooling

system in the presence of temperature stress, mechanical stress

and chemical treatment (periodic chlorination) can be expected to

be great. Studies conducted at EPA's National Marine Water Quality

Laboratory indicate that 100% of fish larvae are killed in passing

through a cooling system.

The applicant has been conducting monitoring studies of the

aquatic ecosystem in the Delaware estuary since 1968. Some infor-

mation resulting from these studies is contained in the draft

statement. It is not specified, however, to what extent data

gathered to date can constitute an adequate baseline for predicting

future impacts resulting from plant operation. No such predictions

were presented in Section 5.4 with regard to any of the levels of

aquatic organisms. Here, the extent of the reporting of the impact on
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populations was limited to broad generalizations. We believe that it

is incumbent upon the applicant to forecast, to the best of his ability,

the effects that are anticipated on the aquatic ecosystem from the

operation of this facility. While we realize that this is a difficult

task, it is our opinion that enough data is available for the applicant

to make a quantitative analysis of the total impact of the operation of

the plant on the aquatic environment which will allow appropriate

agencies to determine if that impact is significant. This information

should be provided in the final statement.

Physiochemical Considerations

1. Chlorine residual - The statement reports that due to the

presence of ammonia in the river water, chloramines will be

formed by contact with chlorine residual. No further information

on ammonia concentrations and expected chloramine production is

given. Due to the potential for damage, it should be determined

if any hazard to aquatic life will develop due to this interaction.

We feel that the applicant's prediction of 0.1 mg/l maximum

residual chlorine at the outfall is adequate to insure an accept-

able level of chlorine in the receiving water. It is pointed out

that EPA's recommendations for receiving water residuals are:

a. 0.1 mg/l for no longer than 30 min/day

b. 0.05 mg/l for no longer than 2 hr/day

2. Dissolved oxygen - The level of dissolved oxygen (DO) is

critical to any aquatic ecosystem. The Delaware River Basin

Commission (DRBC) recommends a daily average DO concentration
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of 6 ppm. Previously submitted documents concerning the Saleiml

site indicate that a representative figure for minimum DO levels

during the summer months is about 4 ppm. The statement recognizes

only the fact that the heated discharge will alter the saturation

concentration for DO in the receiving waters. Biochemical oxygen

demand (BOD) data are not included and a discussion of thermal-

induced enhancement of (BOD) is not presented. If a substantial

BOD exists in the local waters there is a possibility that thermal

induced enhancement of BOD may cause DO concentrations to fall

below the DRBC's recommended daily average concentration. This

problem should be analyzed in the final statement in light of the

DRBC recommendations.

Thermal Effects

1. Thermal modeling - The AEC's thermal model predicts that

effects will be somewhat less severe than had been projected by

the Applicant's consultants (Pritchard-Carpenter). The EPA

feels that the Applicant's initial analysis is more accurate

than the AEC's for the following reasons:

a. Contrary to the AEC's implication, the model results,

diagrammed by the consultants, had already been corrected for

the different surface heat loss rate applicable to the prototype.

b. The consultant's method of scaling was based on the assump-

tion that dilution dominates temperature variation in the plume

out to about the I°F isotherm. Subject to this assumption, the

method used was ingenious and plausible.
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c. The AEC's correction is based on the assumption that

surface losses dominate the temperature distribution in the

plume for isotherms beyond and at lower temperatures than

T=4*F. This assumption is not compatible with surface losses

calculated directly from the areas contained within successive

isotherms as given in Table 5.1.

Therefore, we recommend that the applicant's model be relied

upon for analysis in the final statement.

2. Thermal standards - The present thermal standards applicable

to the tidal river as defined by the DRBC are not consistent with

the National Technical Advisory Committee (NTAC) recommendations

for estuaries. The brackish part of the river is a legitimate

part of the Delaware estuary. The DRBC standards, are presently

under review by EPA, as required by the Water Pollution Control

Act Amendments (WPCAA) of 1972, and new standards may be recom-

mended and, if necessary promulgated, consistent with protection

of the estuarine ecology. The NTAC has recommended A T=I.5°F for

estuaries outside a mixing zone. It is likely that the Salem

Station may prove to be a borderline case with regard to new

standards. 'The effect of the new law and revised standards will

be to place the onus on the applicants to prove that their use

of estuarine water for flow-through cooling does not entail

significant harm for the aquatic ecosystem. The NTAC recommended

temperature difference should be used as a guideline in assessing

the thermal impact of the operation of the Salem plant.
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3. Size of the mixing zone - According to the DRBC, the following

mixing zone is designated: "A 1 mile radius circle centered at the

end of the 500 ft. discharge pipe." AT's greater than 5VF are

allowed within the mixing zone transcribed on the circle.

It should be noted that even though mixing zones are allocated

case by case by the DRBC, this is an extremely generous allowance,

and one which will probably not prevent considerable biological

damage from occurring within the zone. Again, new standards

adopted under the 1972 WPCAA may revise the size of the mixing

zone to insure the protection of the biota.

Alternate Cooling Systems

The need for an alternate to once-through cooling was not demon-

strated in the statement, nor can it be demonstrated based on the

information provided. Conversely, it was not satisfactorily shown

that once-through cooling would not adversely affect the aquatic

ecosystem. Consequently, the following comments on these-systems, as

discussed in the draft statement, are in order:

1. Cooling lake - while we feel that the capital cost estimate

of $100 million is unreasonably high, we do agree that the site

is not ideally suited to a cooling pond.

2. Dilution pumping - we agree that this alternative is unaccept-

able, due primarily to the increased potential for mechanical

damage to entrained organisms.

3. Natural draft saltwater towers - we disagree with the statement

that saltwater towers will not be feasible before 1977 (page 10-11),
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since such towers have already been ordered for at least two

power plants. Also, a drift guarantee of 0.002% has been provided

by a manufacturer as opposed to the 0.005% level given in the

draft statement. Finally, the costs provided in the draft are

excessive. It is stated on page 10-9 that a capital cost increase

of 50% is required; information available to usindicates that the

increase in capital cost will not exceed 10%. In summary, we feel

that the statement fails to demonstrate the lack of feasibility

of this alternative.

4. Mechanical draft saltwater towers - the AEC overestimates

the drift from mechanical draft towers. The drift level of 0.1%

given on page 10-2 to "represent the state-of-the-art" is 20

times higher than the level of 0.005% which has been measured at

operating mechanical draft towers. Thus, the information on salt

deposition provided on page 10-12 is incorrect and, therefore, we

feel that this alternative should be reconsidered.

5. Spray ponds - we agree that a spray cooling system is a

feasible alternative, however, the cost data provided appear

excessive.

In summary, we believe that closed-cycle saltwater cooling, using

natural or mechanical draft wet towers or spray systems, is tech-

nically feasible and could be operated with a minimum of environ-

mental damage.
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Air Quality Effects

The potential impact on air quality from non-radioactive emissions

is not discussed in the statement. Even though the potential gaseous.

and particulate emissions from a nuclear power plant may be small in

relation to other potential impacts on the environment, the following

points should be adequately addressed in the final statement.

1. A discussion of the air quality aspects of any auxiliary

boilers or emergency generating equipment to be used at this

facility should be provided. This discussion should include the

.following:

a.- Size and type of unit

b. Fuel type

c. Fuel analysis including percent sulfur

d. Annual fuel use rate

e. Estimated annual emissions.

2. Any information available, related to the-quantities of ozone

produced by high voltage transmission lines and some estimates of

its environmental consequences should be provided.

3. Amendment 2 of the applicant's environmental report indicates

different frequencies of stability categories on page A.1-36 (which

we believe are acceptable) from those given on A.l-14; for example,

in the neutral category, 52% neutral for the former versus 14% for

the latter. The specific stability - wind data used in the AEC's

evaluation of the impact of gaseous releases from this nuclear

plant should be presented in the final statement along with an

explanation of why it was used if it differs from that on page

A.1-36.
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COST BENEFIT

In the Cost-Benefit Analysis section of the draft statement, the

assumption is used that the environmental effects of the operation of

the proposed once-through cooling system at the Salem Station will be

negligible. We do not feel that this assumption is justified based on

the information contained in the statement as pointed out in our comments

on water quality effects. We suggest that the environmental costs as-

sociated with the operation of a once-through cooling system be quanti-

fied in the final statement and that'these costs be used in the cost-

benefit analysis when comparing alternate cooling strategies.

Two other assumptions are made in the statement that affect the

analysis of the economics of operation. First, it is assumed that the

Salem plant will have an average annual load factor of 78% while

experience has shown a 64% factor to be more realistic once commercial

operation is achieved. Furthermore, the AEC has suggested recently

that these plants may be derated by 20% from their designed limits.

If this occurs with Salem, the average load factor would decrease

accordingly.

Second, the discount rate of 8.75% used in the analysis, although

allowable under the Office of Management and Budget guidelines, does

not reflect their recommendation that a 10% to 12% discount rate be

used for present worthing the investment. An alternate calculation

using the modified 64% load factor and a 10-12% discount rate should

be presented in the statement and used as a basis of comparison with

fossil fuel plants of similar size.
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ADDITIONAL COMMENTS

1. The possibility that additional generating units may be added

in the future was not addressed in the statement. On page 1-2 it states

that, "The staff is not aware of any plans that the applicant may have

with regard to future generating facilities at this location." It

should be obvious that any adverse environmental effects incurred by

the operation of Units 1 and 2 will be compounded by the operation of

additional units. While the answer to the question may not be readily

available, at least the question of future plans should be posed to the

applicant and his answer contained in the final statement.

2. The rate of growth of demand for electric power is a problem

in its own right. The demand for power is not very elastic in the

short run but it is elastic over a long term; it is reduced by a price

increase and stimulated by a decrease. The final statement should

provide data on the relationship between the price of electricity and

the rate of growth of demand for various categories of customers over

5, 10 and 20 year time periods. It should also discuss the likelihood.

of being granted a rate increase solely for the purpose of limiting

demand over the long term and the impact of the increased rate in the

short term on social groups least able to afford higher electricity

costs. If analysis indicates that the approach of limiting demand

over the long term through rate adjustments is a viable one then the

concept of using low pollution-increased cost control strategies

should be analyzed. These would tend to increase the cost of gener-

ating electricity thereby affecting demand but at the same time would

minimize the environmental impacts associated with power plant operation.
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FEDERAL POWER COMMISSION
WASHINGTON, D.C. 20426

IN REPLY REFER TO:

JAN 4 19i3

/ 50-272/311

Mr. Daniel R. Muller
Assistant Director for
Environmental Projects

Directorate of Licensing
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muller:

This is in response to your letter dated October 31, 1972, requesting
comments on the AEC Draft Environmental Statement Related to the Proposed
Issuance of Operating Licenses to the Public Service Electric and Gas
Company for the Salem Nuclear Generating Station Units 1 and 2 (Docket
Nos. 50-272 and 50-311).

The Salem Nuclear Generating Station is located on a 700-acre site
owned by the companies on the southern end of Artificial Island in Salem
County, New Jersey, about 7.5 miles southwest of the City of Salem.
Artificial Island is actually an artificial peninsula projecting from
the New Jersey shore into the Delaware River estuary. The 1,500-acre
island is a low, flat grassland and tidal marsh. The remainder of the
island is owned by the U. S. Government.

The following comments review the need for the facilities as concerns
the adequacy and reliability of the affected power systems, and matters
related thereto, in compliance with the National Environmental Policy Act
of 1969, and the April 23, 1971, Guidelines of the Council on Environmental
Quality.

In preparation of these comments, the Federal Power Commission's
Bureau of Power staff has considered the AEC Draft Environmental Statement;
the Applicant's Environmental Report and Supplement thereto; related
reports made in response to the Commission's Statement of Policy on
Adequacy and Reliability of Electric Service (Order 383-2); and the FPC
staff's analysis of these documents together with related information from
other FPC reports. The staff generally bases its evaluation of the need
for a specific bulk power facility upon the load-supply situation for the
critical load period immediately following the availability or the facility
as well as long-term considerations. It should be noted that the useful
life of the Salem facilities is expected to be 30 years or more. During
that period the plant will make a significant contribution to the adequacy
and reliability of power supply in the Applicant's service area.
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Mr. Daniel R. Muller

Need for the Facility

The Salem Nuclear Generating Station is owned jointly by four
companies: Public Service Electric and Gas Company (PSEG), Philadelphia
Electric Company (PECO), Delmarva Power and Light Company (DPLC) and the
Atlantic City Electric Company (ACEC). The Public Service Electric and
Gas Company is acting on behalf of the four companies in all matters
pertaining to the design, construction, operating and licensing of the
Salem facility. Information available to the Commission indicates that
the 1,090-megawatt Unit 1 is now scheduled to be in commercial service
in March 1975 and the 1,115-megawatt Unit 2 is scheduled for commercial
service in March 1976. The 1975 and 1976 summer peak load periods are
the peak periods next following the initial service dates for Units 1
and 2, respectively, and have been selected for study in connection
with this report.

The owners of Salem Station are members of the Mid-Atlantic Area
Council (MAAC) and of the Pennsylvania-New Jersey-Maryland Interconnection
(PJM). The interconnected bulk electric power systems of the signatories
of the PJM agreement are planned and operated on a fully coordinated
single control area basis. The Applicant's service areas include
the State of Delaware, southeastern Pennsylvania, eastern Maryland,
about one-half of New Jersey and a small part of Virginia. These areas
comprise approximately one-half of the MAAC regional load and slightly
less than one-half of the region's generating capacity. Both the
Applicant and the MAAC region have a projected growth rate that is
expected to double the annual peak load in the next ten years. To
meet this projected demand, the Applicant companies have been expanding
their baseload generating capacity with fossil and nuclear units.
Nuclear-fueled generating capacity is becoming a significant part of
the total source of electric power, and by the summer of 1975 nuclear-
fueled units will account for about 18.2 percent of total generating
capacity in the MAAC region. The following tabulation shows the
Applicant's scheduled capacity expansion program through the 1975
summer peak load period.
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APPLICANT'S CAPACITY EXPANSION PROGRAM

Additions

Capacity
MWPlant Unit No.

Kearny
Linden
Burlington CC
Essex
Yards Creek
Carll's Corner
Edgemoor
Unassigned
Peach Bottom
Eddystone
B. L. England
McKee Run
Peach Bottom
Salem
Eddystone
Salem
Unassigned

#12
#9
#12
#1 1/

JT #1,
#5

4
#2 2/
#3
#3

#3 2/
#1 2/
#4
#2 2/

196
196
40

114
50

2 79
400
40

1065
400
160
144

1065
1090
400

1115
80

Projected Service
Date (Quarter/Year)

2/73
2/73
3/73
4/73
4/73
2/73
2/73
2/73
3/73
1/74
4/74
1/74
3/74
1/75
1/75
1/76
2/76

.Company

PSEG
PSEG
PSEG
PSEG
PSEG
ACEC
DPLC
DPLC
Applicant
PECO
ACEC
DPLC
Applicant
Applicant
PECO
Applicant
DPLC

Retirements

Plant

Barbadoes
Chester
Vienna
Kearny
Chester
Delaware
Richmond
Schuylkill
Peach Bottom
Essex
Burlington
Missouri Ave.
Essex

Unit No.

#1
#1, 2
#1-4
#1-6
#3, 4
#2, 4, 5
#10, 11
#5, 8
#1
#2-3
#1-4

#4, 5, 7

Capacity
MW

21
58
31
100

61
78
73
43
40
54
45
31

112

Scheduled Retirement
Date (Quarter/Year)

4/72
4/72
4/72
4/72
4/73
4/73
4/73
4/73
4/73
4/73
4/74
1/75
4/75

Company

PECO
PECO
DPLC
PSEG
PECO
PECO
PECO
PECO
PECO
PSEG
PSEG
ACEC
PSEG

1/ Essex No. 1 was placed on temporary retirement January 1972.
2/ Both the Salem and Peach Bottom nuclear units are owned jointly in

the following proportions:
PSEG - 42.5% PECO - 42.5%

ACEC - 7.5% DPLC - 7.5%
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The following tabulation shows the projected loads to be served
on the Applicant's and the PJM systems, and the relationship of the
electrical output of the Salem units to the expected reserve on these
summer-peaking systems at the time of the 1975 summer peak load period.
These units, however, will supply power to meet future demands over a
period of many years beyond the initial service period discussed in
this report.

1975 Summer Peak Load Supply SituationI m m

Applicant's
System y/

PJM
System2/

With Salem Unit 1 (1,090 Megawatts)

Net Capability - Megawatts
Net Peak Load - Megawatts
Reserve Margin - Megawatts
Reserve Margin - Percent of Peak Load

Without Salem Unit 1

Net Capability - Megawatts
Net Peak Load - Megawatts
Reserve Margin - Megawatts
Reserve Margin - Percent of Peak Load

Minimum Reserve Needs Based on
20 Percent of Peak Load - Megawatts

Reserve Deficiency - Megawatts

22,222
17,546
4,676

26.6

45,496
37,085
8,411

22.7

21,132
17,546
3,586

20.4

3,509

44,406
37,085

7,321
19.7

7,421

100

1/ SOURCE:

2/ SOURCE:

Applicant's Net Capability and Net Peak Load is sum of
estimated values of the four participating companies from
recent information indicating further delays in new capacity.

PJM System Net Capability and Net Peak Load derived from
MAAC Report 383-2 dated 4-1-72 .and adjusted for known changes.
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1976 Summer Peak Load Supply Situation

Applicant's
(System 1/

PJM
System

With Salem Unit 2 (1,115 Megawatts)

Net Capability - Megawatts
Net Peak Load " Megawatts
Reserve Margin - Megawatts
Reserve Margin - Percent of Peak Load

Without Salem Unit 2

Net Capability - Megawatts
Net Peak Load - Megawatts
Reserve Margin - Megawatts
Reserve Margin - Percent of Peak Load

Minimum Reserve Needs Based on
20 Percent of Peak Load - Megawatts

Reserve Deficiency - Megawatts

23,106
18,946
4,160

22.0

48,850
40,280
8,570

21.3

21,991
18,946
3,045

16.1

3,789

47,735
40,280

7,455
18.5

8,056

744 601

1/ SOURCE:

2/ SOURCE:

Applicant's Net Capability and Net Peak Load is sum-of
estimated values of the four participating companies from
recent information indicating further delays in new capacity.

PJM System Net Capability and Net Peak Load derived from
MAAC Report 383-2 dated 4-1-72 and adjusted for known changes.

The Applicant states that it uses a minimum reserve margin criterion
for acceptable system reliability of twenty percent of the annual peak
load. The PJK system reserve margin criterion calls for the system to
have sufficient generating capacity that the probability of the occurrence
of load exceeding available generating capacity shall not be greater, on
the average, than one day in ten years. These reserve margins are gross
and include provisions for scheduled outages for maintenance of equipment,
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forced outages of generating equipment, errors in load forecasting, and
operating reserves normally required on interconnected bulk power
systems. The staff of the Bureau of Power notes that a number of power
systems having reserve criteria similar to that of PJM plan on generating
capacity margins in the range of 15% to 25% of peak load.

The availability of the Salem Unit I for the 1975 summer peak period
would provide the Applicant with an expected reserve margin of 4,676
megawatts, or 26.6 percent of peak load. If this unit is delayed beyond
the 1975 summer peak period, the system reserves would be reduced to 3,586
megawatts or 20.4 percent of peak load. The availability of the Salem
Unit 2 for the 1976 summer peak period would provide the Applicant with an
expected reserve margin of 4,160 megawatts or 22.0 percent of peak load.
If it were delayed beyond the 1976 summer peak period, the system reserves
would be reduced to 3,045 megawatts or 16.1 percent of peak load, and a
reserve deficiency of 744 megawatts would occur on the Applicant's system.
The reserve deficiency is calculated from the estimated 1976 summer peak
load of 18,946 megawatts and the minimum reserve margin criterion for
the Applicant's system of 20 percent of peak load for a total of 3,789
megawatts.

The PJM system projects a reserve margin of 8,411 megawatts, or 22.7
percent of the 1975 summer peak load. If Salem Unit I is delayed beyond
the 1975 summer peak period, the reserve margin would be reduced to 7,321
megawatts, or 19.7 percent of peak load. If Salem Unit 2 is delayed
beyond the 1976 summer peak period, the reserve margin would be reduced
from 8,570 megawatts or 21.3 percent of peak load to 7,455 megawatts or
18.5 percent of the peak load, and a reserve deficiency of 601 megawatts
would occur on the PJM system.

The adequacy and reliability of the Applicant's system is not only
dependent on the two Salem nuclear units but on all new capacity scheduled
for commercial service prior to the 1975 summer peak load period. The
Applicant's capacity expansion program indicates a total of 4,639 megawatts
of new capacity must be placed in commercial operation on schedule to
provide the estimated reserve margin of 4,676 megawatts. Thus the entire
reserve capacity for the summer of 1975 is dependent upon new facilities
to be placed in service in the interim. The earlier expected 1975 reserves
have already been reduced by delays in the Salem Unit 2 to March 1976
and the Sewaren Units 7 and 8 to December 1976 and March 1977, respectively.
These delays are typical of the delays experienced by the utility industry
by licensing, construction and start-up problems in placing large new
units in commercial operation. Most of the other new capacity for the
Applicant's system is in small or medium-sized fossil units, except for
the two nuclear Peach Bottom units, each 6f' 1,065 megawatts of capacity,
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scheduled in September 1973 and September 1974. Should delays in
operation of the-two Salem and two Peach Bottom units occur, the reserve
margin on the PJM system for the 1976 summer peak period would be reduced
to 4,235 megawatts, or 11.4 percent of peak load, and a reserve deficiency
of 3,821 megawatts.

MAAC's prime functions are the furthering of reliability of the
members' bulk power supply systems through coordination of the members'
expansion plans and operation of their generation and transmission
facilities, and coordination of these facilities to provide short term
emergency relief in the event of contingencies normally experienced on
interconnected power systems, rather than to provide a substitute for
adequate installed reserves for the member systems of the region.

Transmission Facilities

Three overhead 500-kilovolt transmission lines are planned to integrate
the 2,205-megawatt Salem Nuclear Generating Station into the existing
transmission system. Two 500-kilovolt lines located on separate 350-foot
rights-of-way, the 39-mile Salem-New Freedom (North) and the 42-mile
Salem-New Freedom (South) lines, extend generally northeast from the switch-
yard to the New Freedom Switching Station located on the Applicant's existing
500-kilovolt transmission system. These two lines will traverse about 4
miles of marshland after leaving the plant site and thence pass through
rural farmland, wooded areas, and scattered residential areas.

The third overhead 500-kilovolt line, the Keeney-Salem line, will
leave the station switchyard in a northerly direction passing near the
City of Salem, New Jersey, pass northwesterly to the east bank of the
Delaware River, and then cross the Delaware River to the Keeney Station
located southwest of the Greater Wilmington Airport in Delaware. The
right-of-way for the line from the western terminal of the Delaware River
Crossing to the Keeney Station was the subject of negotiation and environ-
mentally-based discussion involving the Governor of Delaware and govern-
mental agencies. The result of litigation and conferences has been an
agreement for an overhead crossing of the Delaware River, to be replaced
after a ten-year operating period by underwater cables. A submarine
crossing at 500-kilovolt rating is not considered to be practical in
terms of proven transmission technology at this time, and the overhead
line is the only choice considered to be feasible in the near term.

The Applicant stated that the design, location and construction of
the transmission lines considered the applicable environmental guidelines
and requirements of Federal, state and regional agencies.
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Alternatives and Costs

The Applicant in determining the need for additional generation to
meet its projected system demands, considered in addition to the purchase
of firm power, a number of other alternatives, such as alternate locations,
plant types, fuels, environmental effects and economics. The nuclear
plant site at the Artificial Island location was one of six eites
considered. Only marginal hydroelectric expansion is available in this
area leaving other thermal generation as the only practical alternative
to the Salem Nuclear unit. Regional coal resources do not offer a viable
alternative because of air quality regulations for the State of New Jersey.
Natural gas also is not a viable alternative because it cannot be
guaranteed in adequate quantities for the 30-year life of the plant.
Residual fuel oil is considered the only available alternative fuel.
Combustion turbines burning distillate oil are not the economic solution
for baseload capacity requirements because of high operating costs and
the fact that combustion turbines are designed primarily for peaking
service. The only reliable alternative plant would be oil-fired steam
units, however such alternative units could not be in service before 1977.

The Applicant's economic studies which resulted in the selection of
the nuclear-fueled plant indicated a capital cost of $772 million for a
nuclear-fueled plant and $610 million for a comparable-sized oil-fueled
plant which resolved to $351 and $277 per kilowatt of capacity, respectively.
Fuel costs resolve to 1.48 mills per kilowatt-hour for the nuclear-fueled
plant and 6.90 mills per kilowatt-hour for the oil-fueled plant. The
staff of the Bureau of Power finds the oil fuel costs to be within the
range of costs of similar projects reported by the industry. The nuclear-
fueled costs are at the low end of the range of fuel costs reported to
the Commission in 1970, and below those reported for several New England
nuclear plants in 1971.

Conclusions

The staff of the Bureau of Power concludes that the electric power
output of the Salem Units 1 and 2 is needed to meet the Applicant's future
demands for power, particularly during the 1976 peak period, and to provide
reasonable reserve margins for adequacy and reliability of electric
service on the Applicant's system and the PJM Interconnection. Prudent
and responsible electric utility operations require system operating
reserve margins sufficient to meet various operating contingencies that
could result in abnormal bulk power systems conditions. These new units
are needed to provide the Applicant's and the PJM systems with the reserve
margin capacity to meet the stated criterion.

Very truly yours,

Ch* P
Chief, Bureau of Power
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L. Manning Muntzing, Esq.
Director of Regulations
U. S. Atomic Energy Commission
Washington, D. C. 20545

Dear Mr. Muntzing:

Refer to: USAEC Docket Nos. 50-272,and 50-311

The New Jersey State Department of Environmental Protection,
acting for the New Jersey Nuclear Energy Council, has reviewed
the Staff's Draft Environmental Statement for the Salem Nuclear
Generating Stations. Based on this review, a few comments are
in order. They are stated below.

1. On page 10-4 of the Staff's Draft, the statement appears
in the second paragraph with respect to the heat discharged
by reactors and by fossil fuel plants. This statement
would better serve the public interest if it is fully
qualified; that is, it should be clearly pointed out that
the basis of the comparison is between light water reactors
operating at an approximate efficiency of 33% and fossil
fuel plants operating at an approximate efficiency of 39%
which rejects 15% of their waste heat to the atmosphere.
It would also be well to point out that there other reactor
designs, notably the high-temperature gas-cooled reactor,
four units of which are slated to be constructed in the
Delaware River Valley, and the liquid metal fast breeder
reactor, which will operate at efficiencies approaching
if not exceeding the best currently obtainable with fossil
plants. It might also be well to give due consideration
to pointing out the difference in capacities between fossil
plants and reactors, and that on a normalized basis, many
old fossil plants may reject more waste heat than a light
water reactor.

2. Note has been made in the Staff's Draft Report and the
Applicant's Environmental Statement, that the flow of the
Delaware at Trenton where the River ceases to be tidal,
is 11,000 cfs. This value should be qualified. The
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number reported is the average flow. Low flow of almost
1100 cfs and 3000 cfs have been noted.

3. The Staff and the Applicant have presented data indicating
the extent to which certain temperature differences would
exist in the Bay over normal ambient conditions due to the
operation of both units. It should be pointed out these
are not fixed locations and that the locations at which
these temperature differentials are predicted, will vary
with climatic conditions.

4. In the Staff's Draft Statement, page 512, paragraph 5.4.5,
a statement appears in the last sentence which must be re-
phrased in the interest of clarity. The statement to which
we are referring reads as follows: "Where a significant
oxygen deficiency exists, in the ambient water, a super-
saturated condition is not likely to result from a
temperature rise of 13.6 0 F. as planned for Salem Station."

Very truly yours,

Grant F. Walton
Director
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LMAPCO 2062 New Castle Avenue, New Castle, Delaware 19720
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• 50-272

50-311

February 28, 1973

Deputy Director for Reactor Projects
Directorate of Licensing
United States Atomic Energy Commission
Washington, D. C. 20545

Re: Draft Environmental Statement
Salem Nuclear Generating Station Units 1 and 2

Dear Sir:

Enclosed you will find comments from Rutgers University to the Salem County Planning
Board concerning the above cited project. I would appreciate your clarification and
response to the questions proposed by these comments.

Sincerely,

Edward J. O'Donnell
Director

EO'D/mn
Enclosure

cc: Joseph Hassler
John Holland
Donald Stansfield
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RUTGERS UNIVERSITY The State University of New Jersey

COLLEGE OF ARTS AND SCIENCES

.r=... -. Camden, New Jersey o0802

;"" * .... ": December 2 ,17
JAN 21973 27, 1972

Mr. John J. Holland
Salem County Planning Board
Salem, New Jersey

Dear John:

Dr. Ralph Good, our field botanist at Camden Rutgers, and I
have read the A.E.C. statement. It is now in the hands of Dr.
Haskin. We assume the A.E.C. is making a statement based on
environmental studies made by others (ie. Ichthyological Asso-
ciates) in the area. In general, we agree with the statements
in the report. However, we would like to emphasize certain
points.

While it is true that they have disturbed only a small
portion of the marsh, a man-made one at that, we feel that
planners, such as you, should be aware of the nickel and dime
rule.ý Other projects may involve the destruction of only a
small portion of the environment. It. is important how far
one can nickel and dime before the whole system is destroyed.

In addition, we would like to comment on certain parts of
the report.

2-27. The source of primary productivity (2.7.2) to maintain
this system is undetermined. The possible importance of a
detrital food web, the transfer of energy from the salt marsh
into the estuary has not been examined. This most certainly
should be done. This is of crucial importance to the energy
input for the entire ecosystem.

5.-4.2 (Entrainment of plwnkton) 5.4.2.1 (Phytoplankton),
5.4.2.2 (Zooplankton) The list of plankton species shows forms
typical of the bay. I don't understand the statement that loca-
tion alone minimizes the effect on the zooplankton of the bay as
a whole. The basis for the statement is not given. What did
Ichthyological Associates say here?
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6.1 (Baseline ecological surveys) It is obvious that zoo-
plankton and phytoplankton surveys are minor. In my judgement,
inadequate.

6.2. I agree. Detailed baseline studies of primary pro-
ductivity ares absolutely necessary.

8.2. Again, I agree. The applicant should check on the
effects on the plankton of circulation through the condensers.

Sincerely yours,

JaesB. Durand
Professor of Zoology

JBD/kpc
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Wilmington Metropolitan Area Planning Coordinating Council

ILMA 2062 New Castle Avenue, New Castle, Delaware 19720

Phone 302-656-5449

V.V

March 13, 1973

Deputy Director for Reactor Projects
Directorate of Licensing
United States Atomic Energy Commission
Washington, D.C. 20545

Re: Draft Environmental Statement
Salem Nuclear Generating Station, Units 1 and 2

Dear Sir:'

Enclosed are additional comments from Rutgers University to the Salem County

Planning Board concerning the above cited project. I will appreciate your

comments regarding the concerns specified in the letter.

Sincerely,

Edward J. 0'lonnell
Director

EO'D/mn
Enclosure

cc: Joseph Hassler
John Holland
Donald Stansfield
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RUTGERS UN IVE RS ITY The State University of New Jersey

• RUTGERS COLLEGE
ý4&/.A Department of Zoology

University Heights Campus
New Brunswick, Nero Jersey 08903

February 20, 2973

Mr. John Jo Holland
Salem County Planning Board
Courthouse
Salem, New Jersey 08079

Dear John:
Sorry for the long deYhy in getting comments to you on the "Environ-

mental Statement" by the Dir.ectorate of Licensing of the USAEC on the
Salem Nuclear Generating Station.

In general this looks adequate and seems to be a fair statement of
the situation. I have not attempted to examine it in detail, but do
wish to corment on a few items, particularly those pertaining to shellfish.
The statement on page 2-35 is not completely accurate.

Delaware ay still produces substantial ouantities of oysters.
The New Jersey oyster industry relies largely on the NJatural Seed Beds
ranging from Arnolds Point to Fortescue for its seed. These Beds were
seriously depleted in the early 1950's before the appearance of the
protozoan parasite, Minchinia nelsonip which further reduced the brood
stock on the Seed Beds. Now the Bay has a disease-resistant stock of
oysters and since 1966 the populations on the Seed Beds have been increas-
ing. steadily, with careful memagement and a large shelling program. In
the 1972 season the Beds received the heaviest "set" of young oysters in
at least the past 30 years. With reasonable survival and managerrent of.
this set the industry will make a major advance toward corplete recovery.
This 1972 set should begin to show up in sharply increased harvest figures
in 1975 and 1976.

In regard to the phytoplankton and zooplankton, as we said- on the
phone, there wrill inevitably be a fractional loss due to passage through
the cooling system. The use of a biocide (chlorine) to control biological
fouling of the system insures that this will occur. For those species of
phytoplanktonic plants and animals that have short generation times (hours
or days) the effect on bay populations will be negligible. More serious would
be the entrainrent of planktonic life cycle stages of organisms that breed
onily once or so a year. Concentration of such stages in the vicinity of the
.reactor could conceivably lead to the loss of entire year classes of a
species. At normal average river flow conditions this poses no hazard to
the oyster. We extended our regular oyster larval and setting studies
to this area for the summers of 1970 and 1971 and found only occasional
larvae in the vicinity. Under drought conditions, hoaever, or in the
event of additional significant fresh-water diversion fron the Delaware
water-shed, e.g. to North Jersey industry, this could be a threat. For
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example, in the drought years of 1962-67, oyster setting increased in the
upper end of the Bay and commercially significant numbers of oysters
appeared on the old Hope Creek Bed just below A rtificial Island. In other
words, reduction in river flow could shift oyster seed producing areas
up-Bay within range of influence by the reactor, and this should be kept
in mind in plans for river management and im anticipating future problems
in the Bay.

In any event I think it would be appropriate to indicate concern for
the entrained zooplankton, to include larval stages of invertebrates and fish,
.and to suggest further study of this problem as the plant goes into operation.

I think Jim Durand has already indicated concern over the general
concept that a limited assault on marshlands is O.K. How many small impacts
can be approved before they add up to loss of major Bay resources?
I share his concern.

Sincerely,

Harold H. Faskin
Professor of Zoology and
Shellfish Investigations




