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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 action is the issuance of an operating license to the Con-

sumers Power Company for the full power operation of the _
Palisades Nuclear Generating Plant, (Docket No. 50-255), a nuclear
power reactor located in the State of Michigan, Van Buren County,
Covert Township, near the City of South Haven, along the eastern
shores of Lake Michigan. On November 20, 1971, the applicant was
granted Amendment No. 1 to the Interim Provisional License No.
DPR-20 to operate the Palisades Plant at a steady state power

| level of 20% of the rated power level of 2,200 megawatts thermal

‘ (MWt). On March 10, 1972, the applicant was granted Amendment
No. 2 to DPR-20 to operate the Palisades Plant at 607% of the
rated power level.

The Palisades Plant uses.a pressurized water reactor to produce

up to an initial power rating of 2,200 megawatts thermal (MWt).

A steam-turbine generator will use this heat to provide an output
of 715 megawatts electrical (MWe) of which 15 MWe is used in-plant.
Initially the exhaust steam will be cooled by once-through flow of
water obtained from and discharged into Lake Michigan. After
January 1, 1974, mechanical-draft cooling towers will be used.

3. Summary of environmental impact including beneficial and adverse
-. effects follows: '

a. The major benefits of this project will be the annual pro-
duction of 5.2 billion kilowatt hours (kW hr), which will
serve to increase the reliability of the electrical energy
system during periods of peak load demand. Other benefits
include an addition of 360 feet of lake front property to
the Van Buren State Park in exchange of land with the appli-

- cant and the educational benefits from the visitors' center.

b. About 487 acres of land formerly used as a quarry, bordering
about 1 mile of the eastern shoreline of Lake Michigan, have
‘been converted to industrial use; of the total area, about
90% remains as windrows of sand dunes, covered with dune
grasses and partly forested. Land disturbed during construc-
tion has been landscaped with vegetation native to the area.
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The construction of two 345-kilovolt transmission lines, one
of which involved a 1/2-mile clearance of a 150-foot wide
corridor (about 5 acres) over the sand dunes and the second
of which involved a 40-mile long corridor of varying widths

" (about 2,250 acres), has been required to connect the Plant

to the power distribution system of the applicant and its
partner in the Michigan Power Pool. Farming will be permitted
up to and between transmission line structures where right-of-
ways cross agricultural land.

. The impact of the routine releases of radioactive materials

will be negligible. The estimated dose from operation of the

. Plant to the population living within 50 miles is 0.57 man-

rem per year. A very low probability risk of accidental
exposure to radiation will be created.

A modified radwaste system to be in use by Spring of 1973
which will include evaporators and demineralizers will recycle

“ wastes (with the exception of laundry wastes) to serve. to

reduce liquid radwastes to levels comparable to the guidelines
of proposed Appendix I to. 10 CFR 50, Gaseous radwastes will
be held up for 60 -days rather than 30 days to permit a greater
decay of short-lived radioactivity,

The present once-through condenser cooling system raises
405,000 gallons per minute (gpm) of Lake Michigan water to
25F° above ambient resulting in a thermal plume with an area
of 370 acres within the 3F° excess temperature isotherm,
This area represents only 0.002% of the total area of Lake
Michigan. Although these thermal discharges will meet the
standards set for this Plant by the State of Michigan Water
Resources Commission, they will not meet the Environmental
Protection Agency's recommendations for thermal discharges

" for Lake Michigan after December 31, 1973.

.Although thermal discharges may have localized ‘effects such

as interruption of passage.of juvenile fish along the shore-
line and thermal shock on spawning of certain fish, free-
swimming biota are not expected to remain.in the mixing zone
for sufficiently long time to be adversely affected. The
dominant effect will be the attraction of fish to the warm
water area of the plume, especially during the winter months,

For the most partﬁ{ish and free-swimming organisms may avoid

impingement or entrainment in the once-through cooling system
because of the location of the intake crib, which is 20 feet

below the lake surface, 6 feet from the bottom, and 3,300
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feet from the shoreline, and the low intake velocity of 0.5
to 0.6 feet per second. Since zooplankton recover and
reproduce rapidly, the 307% entrained and killed in the cooling

-water will have a minimal effect on the productivity of the

lake as those killed will serve as a food base for other
biota in_the lake.

The limited chlorine treatment of 1 hour per month at con-
centration levels of 0.5 ppm residual chlorine will reduce to
a minimal level the chlorine impact on aquatic life in the
vicinity of the Plant.

Although operation of the Plant with the once-through cooling
will cause an adverse effect on a small fraction of the near-
by aquatic community, the impact is considered to be of little
significance on the overall population levels of biota in Lake
Michigan.

After January 1, 1974, the applicant is committed, through an
agreement with the intervenors in the licensing proceeding,
to have installed and commence operation of mechanical-draft .
cooling towers to reduce the thermal load rejected to the
lake. The use of the towers reduces impingement, entrainment
and thermal impact on fish and other aquatic biota. However,
they introduce a long-term adverse impact of chemicals from
continuous blowdown of 1,320 gpm of concentrated salts which
would accumulate in Lake Michigan over the long-term oper-
ation of the cooling towers and cause serious degradation of
the water quality of Lake Michigan in the vicinity of the
Plant. The increased concentration would result in phosphate
enrichment of the lake water and reconcentration of zinc and
chromate in biota.

‘Cooling towers introduce terrestrial envirommental impacts

on flora and fauna in the dunes from chemicals deposited by
the drift, evaporation of 12,320 gpm of lake water, fogging
under certain meteorological conditions, and icing in

the winter. Although the towers are hidden from view, they
will cause an adverse aesthetic effect from the lake side and
will have a noise impact on the area.

The .cooling towers will not only require an increase in
capital and operating costs of the order of about $67,000,000
but will result in a decrease of about 3% in net electrical
output due to the electrical power required for the fans in
the towers. '
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Alternatives considered were:
a. Use of fossil fuels
b. Heat dissipation with mechanical draft cooling towers

c. Heat dissipation with natural-draft cooling towers and dry
cooling towers

d. Heat dissipation with cooling ponds and spray ponds

e. Reduction of thermal effects with a redesigned and relocated
discharge structure

f. Reduction of chemical effects with a redesigned condenser
cleaning system »

g. Use of a modified radwaste system.

The Federal, State, and local agencies listed below and the

‘applicant have commented on the Draft Environmental Statement

and their comments have been considered in the preparation of
the Final Environmental Statement.

Advisory Council on Historic Preservation
Department of Agriculture

Department of the Army, Corps of Engineers
Department of Commerce

Environmental Protection Agency

Federal Power Commission

Department of Health, Education and Welfare
Department of the Interior

Department of Transportation

State of Michigan Department of Natural Resources
State of Michigan Department of Public Health
Covert Township Supervisor '

This Final Environmental Statement is being made available to the
public, to the Council on Environmental Quality, and to other
agencies in June 1972,

On. balance, the staff concludes that the minimal ecological impact
foreseen by operation of the Palisades Plant with once-through
cooling does not provide sufficient justification for the addi-
tional increased- cost to the consumer necessary to provide cooling
towers inasmuch as the ecological impact of the cooling towers is
minimal and comparable to that of once-through cooling. Thus, on



the basis of the analysis and evaluation set forth in this
Statement, after weighing the environmental, economic, technical
and other benefits of the Plant against environmental costs and
considering available alternatives, it is concluded that the
action called for would be the issuance of an operating license
authorizing operation of the facility with an once-through cool-
ing system. :

The project before the Commission for licensing consideration,
however, is one in which mechanical draft cooling towers are to
be installed for operation by January 1, 1974, Since the ecologi-
cal impact of the operation of the Plant utilizing the cooling
towers as proposed by the applicant is comparable to that associ-
ated with operation utilizing once through cooling, the use of
such towers is an acceptable action in terms of its environmental
effects, Accordingly, weighing the environmental, economic,
technical and other benefits of the Palisades Plant utilizing
mechanical~draft cooling towers against environmental costs
thereof and finding no alternatives (other: than :those specified
as .conditions below) which would materially-reduce  environmental
damage or enhance the benefits compared to the environmental
costs, the staff concludes that (despite the lower cost of

the alternative of once-through cooling) the action called for

is the issuance of an operating license, authorizing operation of
the Plant with once through cooling prior to January 1, 1974 and -
with mechanical draft-cooling towers thereafter, subject to the
following conditions for protection of the environment:

a. For the period prior to operation with cooling towers, the
following conditions apply for protection of the environment:
(1) The incorporation of a non-radiological, as well as radio-
logical, monitoring program as required in Appendix B to
Amendment, No., 2, for .the Technical Specifications to
License No. DPR-20.

(2) The performance of a monitoring program to determine:
(a) chlorine discharges and its effects on biota;
(b) size, shape and location of different isotherms of

the thermal plume during different wind and weather
conditions;
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(c) thermal ‘discharges and their effects on spawning
fish eggs and larvae and interruption of migratory
paths of fish along the shoreline corridor;

(d) impingement and its effects by counting the number,
types, and sizes of fish collected on the screens
and trash racks of the intake structure, and
entrainment by measuring the extent of mortality
and damage of biota, such as plankton after passage
through the condenser;

(e) any changes in biota life in bottom areas of the lake,
around the intake crib and the discharge canal, and
on the beach from the operation of the Plant with the
once—~through cooling system.

Concurrent development of an affirmative plan of action for
Plant operation to prevent and remedy detrimental effects on
biota, to include means of reducing cold kills, chlorine
discharges, and to improve dispersion of the thermal plume
through an alternate discharge structure design. Such a
plan shall provide for implementation so as to eliminate

or significantly reduce such effects as are revealed by

the monitoring program.

For the period that cooling towers are used, the conditions
specified under a., above, plus the following:

®

(2)

3

Extension of Technical Specifications to include monitoring
of effects of operation with the cooling towers on ter-
restrial biota, including salt deposition from drift and
extent of fogging. and icing, and on aquatic biota from

the continuous discharge of chemicals in the cooling

tower blowdown in the lake.

The development and use of alternate methods to effectively
reduce or eliminate the amount and type of toxic chemicals
as corrosion inhibitors and biocides in the operation of
the cooling towers or by treatment of such chemicals to
minimize the impact.

An evaluation of comparative effects of the two alternate
cooling systems on the environment.
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FOREWORD

This Final Detailed Statement on Environmental Considerations (the
Statement) related to the proposed issuance of an operating license
to the Consumers Power Company, (the applicant), for its Palisades
Nuclear Generating Plant (Docket No. 50-255), has been prepared by
the U. S. Atomic Energy Commission's (the Commission) Regulatory
Staff (the staff) in accordance with the Commission's regulation,
Title 10, Code of Federal Regulations, Part 50 (10 CFR 50), Appendix D,
as rev1sed on September 9, 1971 (36 FR 18071), and further revised on
September 30, 1971, November 11, 1971 and January 20, 1972, and
corrected on September 21, and December 16, 1971, implementing the
National Environmental Policy Act of 1969, (P.L. 91-190, 83 Stat.
852).

Section 102(2) of the National Environmental Policy Act calls for
all agencies of the Federal Government to utilize a systematic
interdisciplinary approach which will insure the integrated use of
the natural and social sciences and the environmental design arts’
in planning and in decisionmaking which may have an impact on man's
environment; to identify and develop methods and procedures which
will insure that presently unquantified environmental amenities and
values may be given appropriate consideration in decisionmaking
along with economic and technical considerations; and to include in
every recommendation or report on proposals for legislation and
other major Federal actions significantly affecting the quality of
the human environment, a detailed statement on: ’

.,(i) 'the environmental impact of the proposed action,

(115 any adverse environmental effects which cannot be avoided
should the proposal be implemented

(iii) alternatives to the proposed action,

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

' term productivity, and TN .
. GO LDIFraaurot Dva T Ipn b

“(vj‘ any irreversible and irretrievable commitmentS“of resources

o which would be involved 1n the proposed action should it be
1mp1emented

In addition;'SeCtion'IOZ(Z) of NEPA'reQuires the Commissior to
study, develop, and describe appropriate alternatives to recommended
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courses of action in any proposal which involves unresolved conflicts
concerning alternative uses of available resources; and to recognize
the world-wide and long-range character of environmental problems.

The application of the applicant for a license to operate the
Palisades Plant is presently pending before the Atomic Safety and

Licensing Board (the Board) pursuant to a Notice of Hearing in this .. -

proceeding published in the Federal Register on March 10, 1970

(35 F.R. 4310), On that date the Commission published a Notice of
Proposed Issuance of Provisional Operating License No, DPR-20 for the
Plant, which stated that the applicant's application for an operating
license complied with the Atomic Energy Act of 1954 and the pertinent
regulations and that it was the intention of the Commission to issue’
such a license.

Petitions to intervene in the licensing proceedings were filed by
several citizens organizations. On May 18, 1970, the Commission
granted leave to intervene to the Michigan Steelhead and Salmon
Fisherman's Association, Thermal Ecology Must be’' Preserved (TEMP),
Concerned Petitioning Citizens, and the Michigan Lakes and Streams
Association; at a later date the Commission extended leave to-
intervene also to the Sierra Club. In subsequent discussions
between these intervenors and the applicant, the applicant agreed
to employ wet-type cooling towers rather than the once-through
cooling system and to modify the liquid radioactive waste discharges
into Lake Michigan. This settlement agreement was executed on
March 12, 1971, The Commission was not a signatory to the agree-
ment between the applicant and the intervenors. Description of
the modifications is given in Amendment No. 21 to the application,
dated March 1, 1971, Amendment No..24, dated June 17, 1971, and
called "Special Technical Specifications Pursuant to Agreement
spells out the details on limiting the radioactive releases from
the liquid radwaste system and on modifications of the’ condenser
cooling system and on limiting thermal discharges from the cooling
tower system.,

In accordance with NEPA and Appendix D of 10 CFR 50 of June 3, :
1970 (35 F.R. 8594), the staff transmitted on October 16, 1970 copies
of the applicant's Environmental Report of October 9, 1970, and the
updated operating license application for the Palisades Plant to
appropriate Federal and State agencies for review and comment.

The applicant responded to the comments of the agencies. The
Commission incorporated these comments in the Final Detailed State-
ment issued on April 7, 1971, which superseded the Commission's
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Statement on Environmental Considerations for the Palisades Plant
that had been forwarded to the Council on Environmental Quality on
June 8, 1970. The Draft Detailed Statement of February 29, 1972
and this Final Statement supersede the April 7, 1971 Statement,

The applicant submitted "Supplemental Information on Environmental
Impact of Palisades Plant" on August 18, 1971. In compliance with
the revised Appendix D to 10 CFR 50 of September 9, 1971, the
applicant submitted "Supplemental Information on Environmental

Impact of the Palisades Plant - November 3, 1971." On November 11,
1971, the applicant forwarded "Request for Additional Information

on Environmental Considerations, Palisades Plant, Docket No. 50- 255-"
on December 29, 1971, "Additional Information on Environmental
Considerations - Palisades Plant;" and on February 8, 1972, infor-
mation on the capital and operating costs for the condenser cooling
system and liquid radwaste system modifications. The applicant also
responded on May 3, May 12, and May 19, 1972 to the Federal and State
comments on the Draft Detailed Environmental Statement.

This Final Statement is based primarily on the applicant's Environ-.
mental Report and Supplements thereto, Final Safety Analysis Report
and amendments thereto, the Commission's Safety Evaluation and
Supplements, as well as on the referenced documents listed at the
end of each chapter. Comments received from Federal, State, and
local agencies on the Draft Detailed Environmental Statement of -
February 29, 1972 have also been taken into account in the prepara-
tion of this Final Statement.

" Independent calculations and public sources of information cited in
the references at the end of each chapter were utilized as a basis
for the Conmission's assessment of environmental impact. In addi-
tion, information concerning the Palisades Plant, the site, and its
environs were directly obtained by the Commission's representatives
responsible for this assessment during a visit to the Palisades '
Plant and neighboring communities,

The revised Appendix D also provides for a procedure (subsection D.2)
for issuance of a license authorizing the loading of fuel in the
reactor core and limited operation within the scope of 10 CFR
50,57(c), where the requirements of paragraph 1-9 of section A

of Appendix D have not as yet been met. As such, on September 27,
1971, the applicant filed a motion requesting the Board to autho-
rize the Director of Regulation to issue an amendment to the

Interim Provisional Operating License DPR-20 authorizing operation
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of the Palisades Plant at power levels not to exceed 1,320 thermal
megawatts (MWt) (60% of the facility's rated power level of

2,200 MWt). As a result of public hearings before the Board on
October 26, 1971 and on January 25-26, 1972 and upon approval of
the Commission to operate .at power levels greater than 207 of rated
power, Amendment Nos. 1 and 2 to DPR-20 were granted to the
applicant on November 20, 1971 and on March 10, 1972 by the
Director of Regulation to authorize operation at 20% and 60% of
rated power, respectively,

All material submitted by the applicant.in support of its applica--
tion, its Environmental Report and Supplements, and other- pertinent
documents are available for public inspection at the Commission's -
Public Document Room at 1717 H Street, N.W., Washington, D.C.,
20545; at the Office of the Supervisor of Covert Township, Covert,
Michigan; at the Office of the Chairman of the Board of Supervisors,
Van Buren County, Michigan; and in Suite 201, Kalamazoo City Hall,
241 West South Street, Kalamazoo, Michigan. Copies of these docu-
ments have also been forwarded to appropriate Federal agenc1es,
State of Michigan, and local officials., ‘

The applicant. is required to comply with section 21(b) of the
Federal Water Pollution Control Act, as amended -by the Water
Quality Improvement Act of 1970,



I. INTRODUCTION

A, GENERAL

The Palisades Nuclear Generating Plant, (Palisades Plant) {Docket
No. 50-255), owned and operated by the Consumers Power Company,

of Michigan (the applicant) is located on a 487-acre site on the
eastern shore of Lake Michigan in a semi-rural area in Covert
Township, Van Buren County, Michigan. The site is approximately.
4-1/2 miles south of the southern city limits of South Haven and
about 16 miles north of Benton Harbor and St. Joseph. The site is
bordered by U. S. Highway 31 and Interstate Highway I-196 to the '
east, by a 310-acre Van Buren State Park immediately north of the
site, and by the Covert Township Park and private- residences south
of the site.1 : :

The site itself was a former quarry and is surrounded by sand
dunes which rise from the beach level, surround the site on three
sides, and are partly wooded and covered with dune grass. The"
site is bounded on the west by .Lake Michigan with nearly 1 mile.
of lake frontage. The land inland from the site is slightly roll-
ing and partly wooded with many open fields, berry farms, and
orchards, The 'area surrounding the .site is -used for farming and
‘recreational activities and is sparsely populated. During the
summer manths the population along the lake increases.

The Palisades Plant, in which construction has been completed

" since about Spring 1971, will ‘generate initially 700 megawatts

of electricity (MWe) with a capacity to increase its electrical
output up to 821 MWe. The electricity generated will be distri-
buted to the applicant's system and that of the Michigan Power
Pool, of which the applicant and Detroit Edison Company are the
principal partners. The Plant will utilize a pressuriZedfﬁater
nuclear reactor system in which the exhausted ‘steam produced will
initially be condensed by means of a once-through condenser-cooling
~ system using Lake Michigan water to dissipate the waste heat. The
'waste heat will increase the cooling water temperature 25 F° above
the ambient at the intake during operation at 700 MWe., The temper-
ature increase is at the outfall where the discharged water enters
into Lake Michigan. - The total flow rate through the once-through
cooling system is about 405,000 gallons per minute (gpm). The .
applicant is committed by an agreement with the intervenors to
install wet-type cooling towers to reduce the thermal load to

" Lake Michigan. . : ;

I-1
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The Statement to follow describes the present facility, its site
and environs, the assessment of the potential impact of the con-
struction and normal and abnormal operation of the Palisades Plant
on the environment. Discussion of need for power, alternative
facility design and operation with a benefit-cost analysis is also
presented for the purpose of’ evaluating methods for minimizing
any adverse envirommental impact of the design and operation of the
.Palisades Plant. Federal, State and local agencies comments
have been taken into account in the body of the text under the
appropriate subject and are presented in Chapter XII of this
Statement.

B. SITE AND FUEL SELECTION

The selection of a site for construction of an electricity-generating
facility depends on many factors. The generating capacity of the
power plant is a primary factor. Large generating units (which are
more economical than smaller units) place restrictive requirements

on prospective plant sites. Power plants using fossil fuel (coal

or fuel oil) must have available the means, such as railroads or
navigable waters, of transporting bulk materials in large quantities.
In addition, each fossil- or nuclear-fueled power plant requires a
large volume of water for dissipating the waste heat inherent in

the steam-electric cycle.

Another consideration in the selection of plant sites is the distance
to the load centers, since transmission losses increase with distance.
Nearness to existing transmission facilities decreases the capital
investment required to place new power generation on line.

Public acceptance of a plant site is also desirable. Public pressure
to preserve scenic natural features, or to prevent the placement of a
.power plant near residential areas of high population:density,
influences the ultimate selection of a power plant site.

In 1965, the applicant began the selection of a site for a proposed
700 Mde generating plant. On the basis of a joint study by the
applicant and Detroit Edison Company for the Michigan Power Pool in
early 1965, the decision was made for the applicant to build the

" next major generating unit to meet increasing Pool demands. 2 Among
the possible sites considered for this new power plant were the
existing sites occupied by the Whiting IV, Karn, and Campbell III
plants. Other potential sites wetre the Palisades and the Quanicassee
properties. The Palisades site was selected for nuclear generation
over Campbell III, Quanicassee I and Whiting IV and Whiting IV was



chosen for a coal-fired unit,. The.potential plant sites and the
type of plant are shown in Fig. I-1, along with the operating
plants in the Michigan Power Pool. All sites are adjacent to
significant bodies of water: Whiting along Lake Erie, Karn and .
Quanicassee along Lake Huron, and Campbell .and Palisades along
Lake Michigan. . Therefore, cooling water was available in suffi-

. cient quantity at each site. In addition ,the.adjacent bodies of
navigable water permit the delivery of bulk fuel, especially oil
which might be purchased from overseas sources. - The existing sites
had railroad facilities already installed, and the other sites had
railroad facilities nearby. The Palisades site is also located

near major highways. '

Each of the sites is observed to be within reasonable transmission
distance of the load centers, which are concentrated in the southern
portion of lower Michigan, i.e., below the dashed line on the map.
Transmission losses are not severe in any case.

After the site selection had been narrowed to Whiting for a coal-
‘fired plant and Palisades for a nuclear plant, the applicant stated
that the selection of Palisades was influenced by the best solution
to the transmission requirements. The applicant and Detroit Edison
Company had begun construction of a 345-kilovolt transmission line
across Michigan to provide more efficient interchange of power.s’
Therefore, a plant at the Palisades site could be connected onto
an existing, primary distribution line at minimal cost, In addi-
~tion, the energy generated at this site would be available with
only small distribution losses to the Kalamazoo and Battle Creek
load centers. Since then a 345-kilovolt interconnection to the
Indiana and Michigan Electric Company has been completed, so the

. Palisades Plant output can be fed to the industrial load centers

- of northern Indiana., The Donald C. Cook Nuclear Plant (2,200 MWe)
(which is under construction about 30 miles south of the Palisades
site), also shown in Fig. I-1, can provide power to the Michigan
Power Pool if needed by means of this interconnection.

In 1969, theA"Generation Study" of 1965, was reevaluated for 1970
power requirements by the applicant using up-to-date costs and

other revised data. From both studies, it was concluded that
construction of a nuclear plant at Palisades was :the optimum choice.?
Although originally selected on the basis of economic con-
siderations, the Plant site as a sand quarry was a good choice,
particularly for use as a nuclear plant, since it was in a low
population area and would not displace any year-round
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homes, only several summer cottages. From an environmental point
of view, the replacing of the sand quarry operation with an attrac-
tive Plant on a plot of land landscaped with .dune grasses, pine
trees, and other indigenous and native . plant material has been

most favorable to the appearance of the total area. Details of

the landscaping of -the' site carried out by the applicant to
stabilize the dunes are presented in Chapter IV.

APPLICATIONS AND APPROVALS

Table I-5 1ists the applications filed by the applicant and the
approvals received from various governing bodies or agencies.l’2
For those.applications which have been granted, the date of
issuance is included.



TABLE I-1

Federal, State and Local Authorizations Required
for Construction and Operation of the Palisades Plant

Date of .
Agency Issuance Permit, License, Etc.
Federal
Atomic Energy Commission 3/15/67 Plant Construction Permit
: 3/24/71 Low Power (IMWt) Operating
License '
Army Corps of Engineers 5/23/66 Permit to deposit sand in
Lake Michigan
9/12/66 Permit to rehabilitate
4,200 feet of beach by
spreading sand
- 3/31/67 Section 10 Permit to con-
struct intake line and
discharge channel in
Lake Michigan
5/15/68 Permit to construct a tem
porary barge slip in Lake
Michigan and dredge ’
approach thereto
5/7/69 Permit to dredge to the
approach to an onshore
discharge structure in
Lake Michigan.
Application
dated 6/23/71 Section 13 Permit for dis-
(revised A charge into Lake Michigan
10/15/71) ~under the Refuse Act of
1899 and being reviewed by
Environmental Protection
Agency.
Department of Transpbrta- ~Application Nonob jection received for
tion - Federal Aviation dated 5/4/71 construction of steel
Administration tower transmission line

(Palisades-Tallmadge)
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Date of
Agency - Issuance
State of Michigan
Department of Aeronautics Application

Department of Commerce -

Public Service Commission

Department of Labor

Department of Natural Re-
sources (formerly De-
partment of Conservation)

Department of Natural Re-
sources (formerly De-
partment of Conservation)

‘Water Resources Commission

Department of Public
Health -~ — -

dated 5/4/71
8/24/66

4/18/68
2/25/69
1/1/71

1/17/68

4/15/68

9/14/66

10/27/66

11/19/71

10/3/66

Permit, License, Etc.

Nonobjection received for
construction of steel
tower transmission line
(Palisades-Tallmadge)

Orders to permit construc-
tion of railroad spur
across highways

Boiler installation permits

Easement to construct and
maintain water intake
line and discharge con-
duit

Permit to excavate, alter

- or modify Great Lakes
bottomlands for tempo-
rary barge slip and for
intake structure and dis-
charge channel

Permit to spread surplus
sand from site grading
- on state-owned lake bot--
toml ands

Order of Determination
No. 931 covering new
use of state waters

Amendment Order No. 1582
covering thermal dis-
charges with the size
of mixing zone for a
3°F isotherm and
chlorine discharges

Approval of sanitary sewage
system .

Construction and operating
permits for air pollution
control equipment (appli-
cation pending)



Agency

Van Buren County

Board of Commissioners
(formerly Board of
Supervisors

Board of County Road Com-
" - missioners

Covert Township

Building Inspector

Township Board

I-8

Date of
Issuance Permit, License, Etc.
5/20/69 : Resolution to abandon por-
tion of Blue Star Highway
6/8/67 Easement for railroad spur
. - across highways
11/14/66 . Agreement for relocation

of Blue Star Highway

Plant - 3/22/66 Building permits for Plant,
"Sub-3/2/66 - " substation and Informa-
- (Incl W/Plant) tion Center
Info Center - '
10/14/69

11/7/66 : Permit to use township
highways, -streets, alleys,
etc., for electric trans-.
mission line facilities
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II. THE SITE

A. GENERAL

The Palisades Plant is located on the eastern shore of Lake Michigan
in a semi-rural area of Michigan (Fig. II-1). The land within the
site boundary, all owned by the applicant, consists of 487 acres of
sand dunes, with about 1 mile of lake frontage (Fig. II-2.) The
minimum exclusion radius is about 2,300 feet and the minimum distance
from the facility to the site boundary (excluding the boundary on
the lake front) is 2,200 feet. The low population zone, which is
bounded by a 3-mile radius all around the location of the Plant,
incorporates the Palisades Plant site, the Van Buren State Park, the
Covert Township Park, and privately owned land. (The terms 'exclu-
sion area" and "low population zone" are defined in the Commission's
regulations in 10 CFR 100.) The closest city of any sizeable popu-
lation is South Haven, which is about 5 miles north of the site.

Previously, the:!site.area had been used as a sand quarry and had not
been reclaimed prior to construction of the Plant. The site is bounded
on the west by the lake and on the remaining three sides by wooded

sand dunes which range from 610 to 740 feet above sea level near

the shore 'and then drop off abruptly to 610 feet approximately 2,400
feet inland. The area surrounding the site is used for farming and
recreational activities and is sparsely populated. Meteorology and
hydrology of this site are favorable for good dispersion and dilution
of Plant effluents through the atmosphere and water.

In this section are presented facts and figures related to the
demographic, economic, historic, physical, and ecological character-
istics of -the geographic area chosen for the location of the Palisades
Plant. This information is used in later sections of this Final
Statement to evaluate the interaction of the Plant with its environs.

B. LOCATION OF PLANT

The site is apprdximately 35 miles north of the Michigan-Indiana
border in Covert Township, Van Buren County, Michigan. The 487-acre
site is approximately square and is bordered by the 310-acre Van
Buren State Park on the north, U. S. Highway 31 and Interstate I-196
on the east, and Covert Township Park and private property on the
south. These parks presently make up the total public recreational
facilities of Van Buren County.1 Figure II-2 shows the plot plan
and topography of the site. '

II-1
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Before construction was initiated, land was exchanged between the
State of Michigan and the applicant to provide increased beach
facilities for Van Buren State Park and additional inland space for
the applicant. A section of Highway 31 was relocated eastward so as
to be outside both the Plant site and the State Park. Access to the
site is now afforded by means of a new road that connects with High-
way 31 and by means of a railroad spur to the Chesapeake and Ohio
Railroad northeast of the site. Boundaries of the site are posted,
and entrance to the immediate Plant area is controlled by a security
fence. Activities on the site will be limited to the generation of
power. A visitor's center is located outside the fenced area.

To the east of the highways the land is partially wooded, with many
open fields, berry farms, and orchards. This area is drained by
Brandywine Creek, which subsequently flows into Lake Michigan through
‘a gap in the dunes approximately 3,000 feet south of the Plant site.
There is one water well on the site. The nearest domestic wells

are located 1/2 mile to the east and south of the site. Present
data indicate that the free groundwater in the vicinity of the
easterly wells is flowing toward the site. Local groundwater in

the area of the southerly wells is flowing toward the lake and
perpendicular to the shoreline. It is difficult to envision a
condition which would cause sufficient groundwater lowering at any
of the domestic wells such that the direction of flow might be
reversed. The nearest municipal water supply that draws water from
Lake Michigan is located at South Haven, 5 miles north of the site.

C. REGIONAL DEMOGRAPHY AND LAND USE

The area within a 50-mile radius of the Palisades site encompasses
portions of nine counties in Michigan and three counties in Indiana,
which have total populations based on the 1970 census of 1,156,268
and 476,916, respectively.? Five of the more distant counties
(LaPorte, St. Joseph, and Elkhart in Indiana and Kalamazoo and Kent
in Michigan) are more than 607% urbanized and contain the industrial
cities of South Bend, Mishawaka and Elkhart, Indiana, and Kalamazoo
and Grand Rapids, Michigan. The remaining seven Michigan counties
are 52% to 83% rural and the land is devoted principally to fruit

. orchards, berry farms, fields of corn and barley, and the raising
of poultry and hogs. The urban population of this section is shown
in Fig. II-3.

Van Buren County (population 56,173) is the next to the least
~urbanized of all of these counties (22%); the largest incorporated
city is South Haven (population 6,471). Based on the current growth
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of Van Buren County, a population of about 83,000 is projected for
the year 2010 - a growth of about 56%Z over 1970 figures.” The
latest available employment statistics? show a county work force of
17,179 people, who are mainly involved in manufacturing (5,846);
agriculture, forestry, and fisheries (2,472); construction (1,140);
utilities (818); and mining (17). Section 2 of the Applicant's Final
Safety Analysis Report and the applicant's Environmental Reportl+
outline the statistics of crop production and livestock as well as
the names and types of industries in the area surrounding the
Palisades site. The unincorporated town of Covert is the community
nearest to the site (3-1/2 miles) that contains such facilities as
schools. The nearest airport is the South Haven Municipal Airport,
3 miles from the Plant, which handles relatively small aircraft but
is the major air transportation for Van Buren County.1 A larger
commercial airport is on the outskirts of Benton Harbor and St.
Joseph. The Van Buren County Planning Commissionl discusses the
growth potential such as trends in agricultural production, land
pattern use, economic factors of the county, residential use, com-
mercial use, and industrial uses in the county. The population near
the site, particularly in South Haven Township, is growing rapidly
with expansion of the city of South Haven. Greater urbanization

in the region is occurring due to the growth of South Haven and to
the convenient access for transportation along the I-196 "Corridor."
Residential, commercial, and industrial activities have all been
increasing as have the real estate values in this area of Van Buren
County. ' ‘ '

During early site development in 1966, the applicant coordinated
site land use with the State of Michigan to permit optimum use of
the area for the respective purposes of the Van Buren State Park

. and electric generating site. 'This coordination lead to a land
exchange between the applicant and the State. The land offered to
the State included 360 feet of Lake Michigan frontage immediately
-south of . -and adjacent to the partially developed picnic and day-use
area of the State Park. It also completed the consolidation of
ownershig'necessary for park use of an area dedicated for that
purpose.

Much of the area around the site is devoted to recreation and tourism
and, consequently, has a fluctuating and seasonal population. During
most of the year there are only about 40 residents within 1 mile of
the site and 1,200 people within 3 mileés. No residences are within
the boundaries of the site. ' Recreational activities at Van Buren
State Park, Covert Township Park, and private resort areas along
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the beach result in a visiting population of approximately 2,000
people per day during the summer months, This transient population
is expected to increase when permanent camp sites are constructed in
Van Buren State Park,.

The coastal waters of Lake Michigan in the vicinity of the Palisades
site also attract visitors for aquatic recreation. There are harbors
for small craft at South Haven and Benton Harbor.

Two.1,100-MWe nuclear power plants (Donald C. Cook No. 1 and No. 2)
are to be constructed by another utility (Indiana and Michigan
Electric Co.) at Bridgman, Michigan, approx1mately 30 mlles south
of the Palisades site.

D. HISTORIC SIGNIFICANCE

The site has been considered in accordance with the requirements of
the National Historic Preservation Act of 1966, 16 U.S.C. § 470 f.
“(Supp. 1970) to determine whether any historic landmarks will be
affected by the Palisades Plant location. No landmark in the vicinity
of the site is listed in the National Register of Historic Places,®
and the applicant knows of no Federal, State or local historical
landmark that would be affected by the Plant.* As recommended by the
Advisory Council on Historical Preservation, the Historic Pre-
-servation Officer for the State of Michigan has been contacted and

his comments concerning the effect of the undertaking upon his-
torical and archeological resources are enclosed in this Statement

as Appendix XII-1, 10. The Department of the Interior also has' commented
that the existing Plant should not directly affect any existing

or proposed unit of the National Park System nor any site eligible

for registration as a national historic, natural or environmental
education landmark (see Appendix XII-1, 7).

The sand dunes in this region are thought to be excellent examples
of a land-water complex that has been developed during the last
10,000 years, and, therefore, of significant value as a natural
geological site. :

E. ' ENVIRONMENTAL FEATURES

1. - Surface Water Hydrology -

" The reactor site is located within two drainage ‘basins; one:leads
into Lake Michigan and the other into Btrandywine Creek, = This -
creek is fed largely by runoff and, in combination with its tribu-
taries, drains an area of 17 square miles before it enters Lake
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Michigan through a gap in the dunes 3,000 feet south of the site.

The soil in the drainage basin is impermeable so that the runoff of
nearly all of the rain and snow in this region enters Lake Michigan.
Some dry weather flow probably due to groundwater seepage also-
occurs. An estlmate of the annual extremes in flow rate was made by
Giroux et al,’ and these were found to vary from a high of 11.4

cubic feet per second (cfs), or 5,130 gallons per minute (gpm), to

a low of 0.90 cfs, or 405 gpm. Some sections of this basin have

been modified by man-made canals to facilitate drainage of swampy
areas and ponds. These channels usually follow the paths of sluggish
tributaries of Brandyw1ne Creek

2. 'Lake Hydrology

Lake Michigan is the sixth largest freshwater lake in the world and
has a surface area of 22,400 square miles, a shoreline of 1,661 miles,
a volume of approximately 1,114 cubic miles, and a total discharge

of about 1.74 x 1012 cubic feet per year of' which 947 flows through
the Mackinac Straits and 6% is diverted to :theuiChicago River. The
lake basin can be roughly divided into a southern:basin (south of

. a line between Milwaukee and Grand Rapids), a middle '"shallow" area,

and a northern basin. The Palisades site fronts on the southern
basin, which has a maximum depth of 540 feet: There is a deficiency
of watershed area :ontributing to this southern basin, and evaporation

.exteeds precipitation during the warmer half of the year. Dissolved

solids tend to be concentrated somewhat by the movement of water

from the northern basin. across the central sill and into the dead-end
southern basin. Such circulation results in a flushing time of
approximately 25 years for the southern basin,®

The average height of Lake Michigan is about 580 feet above sea
level, and the maximum recorded changes in lake level have been
approximately +3 feet. Unusual surges (seiches), as high as 6 to

8 feet have been observed; however, . such events cannot be predicted
and exist for only a very brief period.® A profile of the lake
depths has been included in the applicant's Environmental Report.“

Lake currents are principally caused by the cumulative effect of
wind action over periods as long as 10 days., A study by Hough et.
al indicates that currents near shore can be predicted from the
records of winds. Thus, when the wind is from the southwest quad-
rant (30% of the time), the currents are along the shore in a
northerly direction; when the wind direction is from the northwest
quadrant (24%), the currents are along the shore in a southerly
direction; and when the winds blow from inland (40%), the result
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is offshore currents. Only 6% of the time is there a calm. Sub-
surface and offshore currents are modified to some degree by the
rotation of the earth and the temperature cycle of the lake water.
During the winter the surface of the lake is altered by the formation
of ice fields, primarily along the shores,

The temperature regime of Lake Michigan is important in considering
the impact of thermal and chemical discharges into the lake, because
of the importance of temperature-induced density currents in lake
mixing. It is convenient to divide the lake into two distinct,
major zones in discussion of the temperature regime, the inshore
zone and the open lake or offshore zone. The inshore water zone is
defined as that volume of water which lies between the shoreline and
the 100-foot depth contour (about 5 miles offshore); the open lake
is all water beyond the 100-foot depth contour. Open lake tempera-
tures range from a high of about 75°F (24°C) in mid-August to a low
of approximately 35°F (1.7°C) in January or February. The surface
temperatures of the inshore zone range from about 32°F (0°C) in
winter to ‘over 75°F (24°C) in summer.®

Lake Michigan is dimictic (two circulation periods per year), with
overturns, or nearly complete circulation, occurring in early winter
and early spring every year in the southern basin. During this
circulation period (approximately a month in duration),9 the lake is
isothermal and water in the southern basin is mixed from top to
bottom (Fig. II-4A); the.northern basin may not mix to. the bottom.°

As air temperatures decrease in winter (late December-early January),
the shallow inshore waters cool faster and reach temperatures below
that of maximum density [39.2°F (4.0°C)], while the offshore deep
waters are above 39.2°F and continue to mix. In the mixing zone
between the shallow, colder inshore waters and the warm, offshore
water mass, the water is at maximum density and thus sinks (Fig.
II-4B). This sinking water mass is replaced through surface con-
vergence of inshore and offshore waters, which leads to continued
mixing and sinking. This convergence and sinking of the cold

water in this area creates two distinct flow patterns as shown in
Fig, II-4B., The shearing stress resulting from the interaction of
these two flow patterns should then induce mixing between  the two
water zones (the inshore water zone and the offshore water zone)
and thus some transport of material across the 'thermal bar" should
exist, This concept of the physics of the thermal bar phenomenon
is shared by P, W. Pritchard?’ and J. C, Ayers?28 and by Elliott and
Elliott?° who have demonstrated it in the laboratory.:
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The Environmental Protection Agency (EPA) states in Appendix XII-5
that "although the hydrodynamic characteristics of this barrier are
not understood fully, there is a reason to believe that it may prevent
the exchange of heat and pollutants between the shallow near-shore
water and the deeper off-shore water." Thus, according to EPA a
greater concentration of pollutants should occur confined to the
inshore waters.,

The applicant has responded by stating that it is not familiar with
any evidence suggesting that pollutants accumulate in the in-shore
water during the period of the so-called 'thermal bar", or that if
they do, that the thermal discharge from a power plant would accel-
erate pollution effects. See Appendix XII-13 for further comments by
the applicant on this subject. To provide a better understanding of
the thermal bar phenomenon in Lake Michigan, and its influence on
nearshore limnological characteristics, the applicant is cosponsoring,
with American Electric Power Service Corporation and Northern

Indiana Public Service Corporation, a study of the thermal bar by

the University of Michigan. A study report30 on the field work has
just been prepared in which a series of multispectral aerial infra-
red scans of thermal plumes of several power plants and the formation
and movement of the thermal bar were taken over a period of several
weeks along the eastern shore of Lake Michigan and observations made
regarding mixing of inshore and off-shore waters. The results indi-
cate that no distinct water mass relationship exists between any of
the three plant discharges studied and any changes in the thermal bar
or currents in Lake Michigan in general.

The Michigan Water Resources Commission believes that the thermal
plume from the Palisades Plant will develop a heat density underflow
during winter which can lead to disruption of the thermal bar. In
Appendix XII-9 the MWRC discusses the details of its opinions on the .
thermal bar. As stated above, the staff believes the shearing stress
from two flow patterns will lead to some transport of material across
the thermal bar. See Chapter XII for further discussion on this
subject.

As cooling and mixing of the water in winter continue, offshore waters
cool to the temperature of maximum density (39.2°F) and become nearly
isothermal at about that ‘temperature. In years of severe winters,
surface waters may cool to below 39.2°F, thus creating an inverse
stratification during ice cover (Fig. II—AC). As ice forms on the
surface, and as snow on the ice blocks out solar radiation, surface
waters may reach temperatures near 32°F, thus becoming less dense
than deeper, warmer waters near 39.2°F. This phenomenon is uncommon
in the southern basin of Lake Michigan but occurs more frequently

in the northern basin in severe winters. Ordinarily, there is an
intermittent ice cover extending a relatively short distance from
shore (1 to 2 miles) in the southern basin and the open lake remains

.
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ice-free. Thus, the lake is essentially isothermal at 35.6°F (2°C)
or beloy, and mixing occurs from top to hottom during.storms (Fig.
II-4C). '

In early spring, warming of surface waters results in the shallow
inshore waters heating up faster than offshore waters. This is
because of the high surface-to~volume ratio of inshore waters com-
pared with that of the offshore waters. These inshore waters reach
temperatures above that of maximum density while offshore waters
are below the temperature of maximum density. In the inshore area
between these water masses, a water mass at 39.2°F sinks and mixes
through surface convergence as colder, lighter water is warmed
(Fig. II-4D). This phenomenon is the spring thermal bar condition,
the reverse of the winter thermal bar (Fig. II-4B) in that the
warmer waters are inshore and the colder waters are offshore. The
thermal bar in spring may persist for as long as 6 weeks, 10 because
the shallow inshore waters gain heat much faster than the deeper
offshore waters. In midsummer, the temperature differential
between the two water masses may be as much as 9°F (5°C). In
addition, chemical studies have shown distinct differences in water
quality between the inshore and offshore waters, which reflects’ the
degree of separation of these two water'masses.é

As heating and mixing of surface waters continue, the thermal bar
moves progressively offshore until vertical thermal stratification
is established across the entire lake in summer (Fig. II-4E). 1In
Lake Michigan the epilimnion varies from 10 to 15 feet in thickness
in late spring or early summer to over 200 feet in thickness in
late fall.ll Temperature in the epilimmion may reach 75°F. The
thermocline is normally about 20 feet thick but ranges from 3 feet
(during storm periods) -to 49 feet in thickness.

The Palisades Plant will use nearshore waters for cooling the con-
densers and will then discharge this water into the lake at the
surface. Intake temperatures will vary both daily and seasonally,
due to lake mixing resulting from temperature- and wind-induced
currents, seiches, and thermal stratification as discussed pre-
viously. Discussion of the thermal discharges and their potential
impact on the environment is presented in Section III.D and
Chapter V, respectively.

3. Geology

Bedrock under the Palisades Plant area is the Mississipplan Cold-
water shale that lies at a depth of about 150 feet below the lake
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level, The shale surface was eroded by streams prior to seyeral
major glacial adyances and was still more deeply eroded (below sea
leyel) by the jice. Local bedrock is.a compact blue, gray, or
locally red shale. Many otlier rocks of the Paleozoic era and their
debris were mixed and laid down by glaciers. The lake-border
moraines represent the last layers of a cake of about 90 feet of
compact clay- till that overlies the bedrock.

The till, in turn, is overlain by about 30 feet of gray or silty
sand laid down in Lake Michigan and in its predecessor lakes. This
silty sand is well-compacted and provides the foundation for the
heavier structures of the Plant. The silty sand is overlain by gen-
erally loose dune sand that is more permeable than the underlying
materials and suitable for foundations only after it has been com-
pacted. The sand dunes that form the major feature of the surface
topography rise to elevations of 130 feet or so above the lake
level. Aerial photographs and Appendix II-1, Fig. 1 reveal that
most of the dunes are now fixed by forest vegetation, but the white
areas represent sand that is still actively blowing or has been
stabilized by pioneer plants and a succession of more protective
vegetation stages in recent decades. 27 1% The highest dune summits
form small conical hills and ridges separated by undrained depres-
sions. Dune ridges nearly parallel to the beach have been eroded
by waves during geological periods of high lake level. Bending of
the ridges by eastward blowing along certain "blowout" axes have
left a remarkable series of V-shaped, U-shaped, and parabolic land-
forms that are of geologic renown. The band of dunes is about 1
mile wide and includes ridges of several lake states. To the east
of the dunes is the open valley of Brandywine Creek, which, in turn,
is bordered on the east by the gentle undulating lake-border moraine.

No faults have been mapped in the vicinity of the site, and only
one earthquake epicenter has been reported within 50 miles since
1804. The regional faulting and general Seismic activity appears

to be related to deep-seated geologic structures that are some .
150 miles from the Palisades Plant site."“

4, Grourndwater

Within the Brandywine Creek basin, the subsurface drainage is gen-
erally westward toward Lake Michigan with a gradient of about 13
feet per mile.’ The area underlying the dune area represents a
free groundwater unit with a level controlled by Lake Michigan
itself. 1In most of the basin the impermeability of the sediments
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minimizes seepage downward, and even water movement downward into
the material underlying the dunes is very slow. From a drilling
program on the site, it was found that the groundwater levels ranged
from 599 to 580 feet above sea level.

5. Meteorology

The Palisades site lies in a region of humid continental climate that
features cool summers, rainfall most prevalent in autumn, and about
80 days of snow cover per year. This region is also along the route
of major air movements from the northwest to the southeast in the
colder months, and the passage of such a large number of fronts
results in very favorable dispersion characteristics and ventilation
of the land area below.* The weather over land that is adjacent to
Lake Michigan is modified by the annual coollng-heatlng cycle of the
lake.

Annual rainfall averages 34 inches, with a mean low in February and
mean high in September of 1.5 inches and 3.5 inches, respectively.
There is a serious icing in the area about once every 2 years."

A nearly continual, air movement exists along the coast; the surface
winds are basically westerly, although the direction varies con-
siderably because of the migratory pressure centers. Monthly wind-
roses for the period September 1967 to August 1968 are presented in
Appendix D of the applicant's Final Safety Analysis Report. On

the shoreline the usual wind velocity is about 12 miles per hour (mph)
at an elevation of 32 feet and 15 mph at 256 feet. Although tornadoes
are relatively common farther inland in Michigan, Indiana, and Ohio,
they are very rare along the lake front, probably due to the stabil-
izing effect of the air over Lake Michigan. There were no tornadoes
within 1 mile of the lakeshore during the period of record (1897- 1965)

F. ECOLOGY OF SITE AND ENVIRONS#*

l. Terrestrial

The area of the sand dune shore belt is forested except for the bare
sandy beach, naturally denuded or deforested dune areas, or where
construction has taken place. The dominant forest community type

on the site area is composed of red oak, sugar maple, and beech. I
The upper stratum consists of a closed canopy of the dominant

* Various aspects of ecological processes and systems are described
further in Chapters IV and V and Appendices of thlS Statement and
will only be introduced here.
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. second-growth red oak and sugar maple with an interspersion of

several other species, including beech, black cherry, ash, white oak,
and basswood (see lists .in Appendix II-1, Fig. 1). Variants of the
dominant mixed mesophytic vegetation type occur throughout the area.

On some ydunger blowout surfaces, white pine and red oak are dominant.
Hemlock trees occur in the upper stratum of north-facing slopes;

e.g., next to the proposed southernmost cooling tower. The species
composition of lower vegetation and animals of these dune communities
depends on several factors including topography (i.e., beach, foredune,
protected slope, etc.), water table (wet depressions vs. more dry

conditions), and history of disturbance (fires, man-made disturbances,
etc.)12 .

Throughout the sand dune landscape, several so-called blowout areas
exist where either natural or man-made disturbances have caused

- renewed wind action and denudation of the forest community. The'
sandy soil has become exposed to wind erosion; the eroding sand is
still covering vegetation on the leeward side of the blowout areas.
The vegetation in these blowout areas is sparse in the early plant
successional stages, with beach grasses and forbs (wormwood, milkweed,
goldenrod, evening primrose) being the common species.l3 Appendix
II-1, Fig. 1 shows further details of the various vegetation types
(including minor species on disturbed areas) and their distribution
at the Palisades Plant site..

Scientific evidence on the natural order and rates of ecosystem’
development and recovery have lent special fascination and interest
to dune areas. Thus the area around the Palisades Plant and

several Lake Michigan dune parks are famous as rich habitats for
plant growth and production of animal communities intricately depen-
dent on the plants. The diverse plant communities and diversity of
plant species within these communities provide both food and cover
for wildlife species. Plants, the primary producers of organic
matter, provide seeds, buds, and fruits for squirrels, deer, racoons,
ruffed grouse, and songbirds. The lower stratum provides browse

for white~-tailed deer and cottontail rabbits. ‘Many of the ecosystems
are close enough to provide year-round cover for several other
vertebrate species and invertebrate phyla. Dense pine s;andé in the
area (outliers of northern forests) provide cover during winter
months for deer, grouse, rabbits, and other small wildlife species.
The blowout areas of actively moving sand provide openings in the
forest communities and increase the edge habitat (transition zone
between plant communities) of the entire area, which is known to

be heavily utilized by many species of birds and other wildlife.
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The early plant successional stages in the blowout areas provide
summer habitat for deer, rabbits, and many small mammals. Carnivores,
such as the red fox, tend to hunt both these open areas and the
forest edge for small wildlife species. The diversity of plant
communities provides an excellent food supply and resting area for -
songbirds also. The sandy beach and low dunes parallel with the

lake shore provide resting and feeding spots for water birds such

as gulls and terns. The wildlife present in the vicinity of the
Palisades Plant:site is listed in Appendix II-1, Table 1. Over

fifty species of wildlife, including small mammals (moles, squirrels,
chipmunk), fur and game mammals (deer, fox, rabbit mink, etc.),
upland game birds (grouse, pheasant, quail, etc.), waterbirds (gulls,
tern), birds of prey (owl, bald eagle, golden eagle, hawks), and
songbirds are known to be present in the area at various times
throughout the year. 5 The bald eagle has been observed in the

area of the Palisades Plant at various times of the year and is

on the list of endangered species.

2. Aquatic

Although the ecology of Lake Michigan in the immediate area of the
Palisades Plant has not been extensively studied, available data
indicate that the fauna and flora collected in this area are ‘
typical of areas long studied on the east side of lake.1l7-2% Major
changes have occurred in the fish populations in Lake Michigan, and
" -the lake is showing some signs of eutrophication.17 However, the -
biological characteristics of most of the lake are those generally
associated with oligotrophic bodies of water (low in nutrients).

Generally, Lake Michigan has low algal populations compared with
those of most surface waters, with centric diatoms predominating.
During the summer the southeast sector of the lake, however,
contains algae close to the shoreline of the type commonly found
in eutrophic situations!® (rich in nutrients). There is an
apparent relationship between the areas of the lake shore where
nuisance algae occur and the proximity of sources of plant nutrients
contributed by major tributaries.

17 .

The region near the Palisades Plant has not received extensive
plankton study until recently. There are long-term plankton
records for major municipal water intakes (e.g., Chicago), but
these provide evidence only of local changes, particularly those
peculiar to the heavily industrialized and urbanized southwest
sector of the lake. The State of Michigan began to monitor lake .
plankton in 1969, including one station near South Haven.l8 Pre-
operational ecological studies at the Donald C. Cook plant site
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south of Benton Harbor (about 30 miles south of Palisades) have
provided the most detailed information,19 Plankton studies were
conducted for the applicant by Beak Consultants, Inc.; however,
the surveys conducted supplied only a narrow range of baseline
data. Seasonal occurrence of major algal groups and species of
the phytoplankton are listed in Appendix II-1, Tables 2 and 3.

No clear succession of algal species through the year nor clear
understanding of their spatial distributions in the area of the
Palisades Plant has been identified. Some species are largely
contributions by tributaries, including Actinastrum sp.,
Pediastrum sp., Scenedesmus sp., and Melosira islandica from the
nutrient-rich St. Joseph River, and Navicula spp. from the rela-
tively nutrient-poor Black River.l8 The river plumes can be
identified in the open lake waters by observing accumulations

of these species. The blue-green algae appear to be more abundant.
in near-shore areas than in mid—_lake.18

The zooplankton in Lake Michigan is dominated by cladocerans and
copepods with the most abundant genera being Daphnia spp. and
Diaptomus spp. =21 gshifts in abundance of the dominant groups

. of zooplankters have occurred over the past 40 years as a result
of decreased predation pressure on the zooplankton populations. 22
This decreased predation pressure is apparently the result of
major changes in the fish populations of Lake Michigan. As a
result, the zooplankton is now dominated by larger species.22
Appendix II-1, Table 5 is a list of zooplankters collected in
surveys from two areas of Lake Michigan.

The benthic invertebrate fauna in the area of the Palisades Plant
"were surveyed by Beak Consultants, Inc. Their survey data?3

on species composition and density of benthic invertebrates agree
with data obtained by other investigators. (See Appendix II-1,
Table 4 for a species list of benthic macroinvertebrates as
collected in.the area of the Palisades Plant). The major tax-

. onomic groups of benthic invertebrates in this lake include
amphipods, oligochaetes, aquatic DiQtera (primarily Chironomidae)
and freshwater clams (Sphaeriidae). Chapter V of this Statement
contains a more detailed discussion.of the benthic fauna in the.
area of the Palisades Plant.

‘Salmonids were the dominant fishes in Lake Michigan until the
invasion and population explosion of the alewife during the- 1950's.
Alewife now dominate the fish biomass and have been responsible

for major changes.in the higher trophic levels of the food chains
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in Lake Michigan. ~Other factors which have contributed to these
changes include the reduction of lake trout populations due to
_the lamprey, and introduction of coho and chinook salmon into the’
lake.

In preoperational surveys conducted by the State of Michigan2I+ in
the area near the Palisades Plant, 28 fish species were collected
(a species list of fishes collected in the area of the Palisades
Plant is in Appendix II-1, Table 6). Several of the principal

fish species are discussed in detail in Chapter V and Appendix V-2.

Although Lake Michigan is showing signs of eutrophication and
-major changes have occurred in the fish populations, the lower
levels of the food chain appear to be unchanged from that

generally described by Bersamin?® in 1958. Even though Bersamin
was concerned primarily with the food chain of -the chubs (Coregonus
spp.) in Lake Michigan, his information and that from other sources
can be used to outline the general trophic structure for the lake.
at present (Fig. II-5). In particular, Bersamin noted the great
importance of crustaceans to the trophic structure of the entire
lake. TIn a study of the food habits of 30 fish species in Lake
Superior, which has a biota almost identical to Lake Mlchigan,17
Anderson and Smith2® concluded that crustaceans constituted the
main part of the diet for most fish species, at least during some -
phase of their 1life history. Thus, the productivity of fish '
populations is highly dependent on the productivity of crustaceans
in this lake. A generalized food chain for Lake Michigan would be:
production of green algae, primarily diatoms, which are grazed by
crustacean zooplankters. These crustaceans are in turn grazed on
by plankton feeders, which include nearly every species of fish in
Lake Michigan, at least during some phase of their life history.
Many of these fish species later become piscivorous (fish eating)
and feed on other fish species when they reach a certain size (coho
" salmon feeding on alewife, etc.).

The benthic invertebrates in the'lake rely for their food source on
planktonic materials (phytoplankton and zooplankton) produced in the
photic zone which die and settle to the lake bottom. The benthic
invertebrate species, in turn, are consumed by the deep-water fishes
such as the lake trout and the cisco or lake herring. '
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III. THE PLANT:

A. EXTERNAL APPEARANCE

The appearance of the Palisades Plant is shown photographically in
Fig. III-1. The cylindrical building is the reactor containment
building. The large rectangular building parallel to the shoreline
of Lake Michigan is the turbine building. The office and auxiliary
facilities are situated east of the north end of the turbine building
so that, except for the containment building, the complex is L-shaped.
The principal visible characteristics of the reactor plant--its
cylindrical and box-like shapes, its gray concrete surfaces and red
ceramic tiled entrance panels, its marked vertical and horizontal
lines——-are in sharp contrast with those of the visitors' center,
which lies a few hundred feet inland from the Plant. The architec-
ture of the structure of the visitors' center employs rough-sawn
unfinished wood for the exterior surfaces of the building. The
structure includes numerous angled surfaces that tend to identify

it with the adjacent sand dunes.

The proposed cooling towers will consist of multiple-cell units,
approximately 500 to 1,000 feet south of the existing Plant (see
Fig. II-2). Each of the two rows will be 650 feet long, 65 feet
wide and 50 feet high. These towers will lie approximately 3,000
feet from U.S. Highway 31, and as near as 300 feet from the shore-
line of Lake Michigan. 'The modified liquid radiocactive waste
system will be housed in a new building, now under construction.
Upon completion, it will appear as a 30-foot high structure, north
of and connected with the existing auxiliary building. '

The Palisades Plant is shielded from view from both U.S. Highway 31
and Interstate Highway I-196 by sand dunes; it is visible, however,-
from the lake side of the site as shown in Fig. III-1. The proposed
cooling towers also will be shielded from view from both highways
but visible from the lake side.

B. TRANSMISSION LINES

As mentioned in Section I. B., the energy to be generated at Palisades
will be delivered to the applicant's system through a 40-mile 345-kV

line to the Argenta Substation and to the American Electric Power Company
through a 0.6-mile 345-kV tie line to the Indiana and Michigan Electric
Company. The Palisades-West Olive line (0.6 miles) begins at the
Palisades Substation on the same strip as the Palisades-Argenta 40-mile
line. These two lines were constructed in 19@ and consist of lattice-
type steel towers anchored to concrete footings. The Michigan Public

ITI-1
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Service Commission granted approval for their construction. A map
showing the transmission lines of the applicant's integrated Electric
System is presented in supplemental information!® supplied by the
applicant.

Since the route to the interconnection to the Indiana and Michigan
facilities passes close (0.6 miles) to the Palisades Plant site, the
transmission lines connecting the Palisades Plant to this distribution
system involved a clearing of a 150-foot wide transmission corridor
over the sand dunes from the Plant bus bar to a switchyard which was
part of the 345-kV interconnection (see Figures II-2 and III~1). The
total area cleared for the Palisades-West Olive line was about 5
acres.

The Palisades-Argenta route running east and northeast to the Argenta
Substation located 1 mile east of Plainwell, Michigan, is an extension
of the 345 kV distribution system that the applicant and Detroit Edison
Company »2 had constructed between the major power plants of the
Michigan Power Pool to provide the electrical energy to the proper

load center as the demand shifts from one load center to another,

daily or seasonally. The right-of-way for the first 4.5 miles is

1,320 feet in width; for the next 34 miles, it is 350 feet in width

and for the final 1.5 miles it is 471 feet in width. The total area
needed for this 40-mile corridor is 2,250 acres.

The 40-mile line is located on generally flat to gently rolling
terrain used primarily for agricultural purposes with scattered
orchards, private dwellings and commercial property along the- route.
- Where the right-of-way lines are located on farmland, farmers have
leases from the applicant to allow continued use of the land for
agriculture. Some land used for orchards was disturbed to permit
tower construction. Resort lakes were bypassed during construction
of the transmission lines.

C. REACTOR AND STEAM-ELECTRIC SYSTEM

[ .
The Palisades Plant employs a closed-cycle, pressurized, light water-
moderated and water-cooled nuclear reactor as its source of heat for
generating steam to produce electricity. The nuclear steam supply
system as shown in Fig. III-2 was designed and supplied by Combustion
Engineering, Inc. Bechtel Corporation was the architect-engineer.
The Plant is designed to initially operate at a power level of
2,200 thermal megawatts (MWt), producing 700 net electrical megawatts
(MWe), with an ultimate predicted operating level of 2 ,600 MWt and an
electrical output of 821 MWe. :
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The reactor is fueled with slightly enriched uranium dioxide in the
form of ceramic pellets. These pellets are contained in zircaloy-
clad tubes, the ends of which are sealed by welded plugs. Water
serves as both the moderator and the reactor coolant. Control rods,
consisting of silver-indium-cadmium absorber material clad in stain-
less' steel, are used to control the short-term reactivity of the
reactor, while the long-term reactivity is controlled by adjusting
the concentration of boric acid dissolved in the reactor coolant/
moderator water.

Heat generated by the reactor core is transferred by means .of
pressurized water coolant through two separate closed-cycle.loops
to two steam generators (Fig. III-2), The loops are referred to

as primary coolant loops and are designed for a pressure of 2,500
pounds per square inch absolute (psia) and a temperature of 650°F

- (343°C). The reactor core is located inside the concrete shielded
reactor vessel which, with the primary loops, is located inside the
concrete containment building.

The secondary coolant loop, which is kept at a pressure of 1,000

psia, utilizes the heat from the steam generators to convert water

to steam, the steam being used to drive the turbine. After passing
through the turbine, the "spent' steam is condensed and the condensate,
after purification and reheating, is pumped to the steam generators

to repeat the cycle. The heat from the condenser is then dissipated
to the environment as described in Section III.D.1.

D. EFFLUENT SYSTEMS

1. Heat Dissipation Systems -

a. Present Open-Cycle Once-through Cooling System

The Palisades Plant, as presently constructed, has a once-through
cooling system to dissipate waste heat from the turbine condensers
and service water cooling system to the environment. A flow diagram
of this once-through system is shown in Fig. III-3. Water is pumped
from Lake Michigan at a flow rate of approximately 405,000 gallons
per minute (gpm), or 900 cubic feet per second (cfs), into an intake
structure, passed through the turbine condenser and auxiliary plant
cooling systems, and returned to Lake Michigan, via a 108-foot long
discharge canal at the shoreline. At an operating level of 2,200 Mwt,
the power level for which an operating license is presently sought,
the cooling water temperature will be increased about 25F° (14C°)
above ambient before being returned to the lake. At a maximum
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planned power level of 2,600 MWt, the temperature of the cooling
water would be raised approximately 28F° (15.5C°) above ambient,
provided once-through cooling system were used.

Cooling water is taken from Lake Michigan through an intake crib

20 feet below the lake's surface, 6 feet from the lake bottom, and
3,300 feet from the shoreline (Fig. III-4). The crib is a 30 feet
wide by 30 feet long by 12 feet high box with a steel plate for its
top and 2-inch vertical bars spaced 10 inches apart around the sides
(Fig. III-5). Water flows horizontally between the vertical bars at
a velocity of 0.5 to 0.6 feet per second (fps) and subsequently is
diverted to an 1ll-foot diameter intake pipe at a velocity of 9.5 fps.
The pipe transports the water to a two-bay intake structure equipped
with trash racks and traveling screens (Fig. III-4). The trash racks,
which serve to remove large material sucked in through the intake pipe
and thereby protect the circulating water pumps, consist of a grating
with vertical bars about l-inch apart. Two 10-foot wide traveling
screens with 3/8-inch openings, are installed ahead of each of the
two circulating water pumps and are designed to move on a chain belt
when the pressure differential reaches 10 inches of water, or about
0.4 psi. The screens are designed to keep fish and other screenable
biota from entering the water circulating through the condenser.
Debris collected by the trash racks is removed by a mechanical rake
‘or scoop. The debris and small fish retained by or impinged on the
traveling screens are removed by backwashing with water pumped from
the intake structure and, subsequently, are collected . in wire baskets
and disposed of offsite as solid waste by a commercial service.

The cooling water is drawn from the circulating water bay and flows
through the condenser to the discharge canal by means of two 195,000
gpm pumps. The transit time of the cooling water passage from the
condenser inlet-water box to the point of discharge into Lake Michigan
is approximately 25 seconds. Periodic injection of a 16Z sodium
hypochlorite solution into the circulating water systems prior to

the water entering the condenser tubes or the service water system
provides control of slime and fouling growths. (See Section III.D.3).

Cooling water for the Plant auxiliary cooling systems is pumped from
the service water bay at a flow rate of approximately 15,000 gpm.

The effluent from these auxiliary systems is discharged through a
strainer into a common header and eventually flows into the discharge
canal. :

The discharge canal is a diverging pile structure on the lake shore
(see Fig. III-1). It is 37 feet wide at the outlet adjacent to the
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building structure and diverges to a 100-foot width at the point

of discharge 108 feet from the outlet. The average discharge
velocity will be less than 2 fps. The discharge canal water is
continuously monitored by the applicant for radicactivity, temper-
ature changes across the condenser, and samples are collected for
chemical analyses. The discharge of the cooling water is discussed
in greater detail in Section II1I.D.l.c. A 17,000 gpm pump is pro-
vided in the discharge canal for the purpose of recirculating warm
discharge water to the intake during winter months to protect against
ice formatlon within the intake system.

During periods of reactor shutdown, heat resulting from radioactive
decay of the fission products in the core and activation products

in the primary coolant will be transferred through the shutdown-cool-
ing heat exchanger.to the component-cooling water system. A 13,000
gpm flow from the service water system will then transfer residual
heat from the component-cooling water heat exchanger to Lake Michigan

. via the existing discharge structure. Normal shutdown cooling should

require about 4 hours.

b. Proposed Closed-Cycle Cooling System

A modified closed-cycle condenser cooling system is proposed for
long-term operation of the Plant, pursuant to the applicant's
March 12, 1971, Settlement Agreement with the intervenors and des-
cribed in Amendments No. 21 and No. 24 to the Final Safety Analysis
Report. The installation, to be completed by November 1973, will
" consist of two rows of mechanical draft evaporative- type coollng
towers (See Fig. II-2).

.The proposed closed-cycle system will be constructed so that heated
water from the condenser will flow into the cooling towers through
two buried circulating water lines. The cooled water effluent from
the cooling tower basin will flow by gravity to the condenser inlet
system through two buried lines; from here it will be pumped through
_ the turbine condenser at a flow rate of 390,000 gpm and returned to
the cooling towers (Fig. III-6). The existing intake structure will
be modified so that it will transfer water to the service water bay

only; the service discharge water will provide makeup for the cooling-
tower system.,

"It is estimated that approximately 12,320 gpm of water will be lost
from the system due to evaporation and drift incurred at the cooling
towers. The evaporative losses will, in turn, cause a buildup of

" salts and other impurities in the closed system. To control the

concentration of these impurities, 1,320 gpm of water will be blown
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down (discharged) into the lake. To replace the blowdown and the
evaporative and drift losses, 13,640 gpm of makeup water will be
supplied, as mentioned above, by the service water system discharge.

Two 30,000 gpm pumps will be installed to ‘add lake water to the
blowdown, in order to dilute the blowdown water such that the
temperature of the mixed lake water and blowdown will not exceed
the ambient temperature of the lake by more than 5°F° (2.8C°). The
total discharge will then enter Lake Michigan via the existing dis-
charge structure at a flow rate of approximately 60,000 gpm and a
velocity of less than 0.3 fps. During periods of cooling tower
shutdown, the service water will flow to the discharge structure
and overflow a weir partition into the lake., Neither the existing
condenser cooling system nor the proposed cooling tower system will
have any safety related . functions. Schematics of the closed-cycle
cooling tower system and also the shutdown cooling system for heat
removal from the reactor core are given by the applicant17.

.c. Thermal Effluent Dispersion-Once-Through.Cooling

The once-through cooling system of the Palisades Plant will withdraw
water at the rate of approximately 405,000 gpm from Lake Michigan,
heat and discharge it at 25F° (14C°) above the ambient intake
temperature, into the lake. The heat discharged, approximately

4.9 x 102 British thermal units (Btu) per hour, will be dissipated
into Lake Michigan and will produce a thermal plume having a shape
and magnitude dependent upon prevailing lake conditions.

The Palisades Plant will use inshore water, defined as that water
lying between the shoreline and the 100-foot depth contour (about 5
miles offshore), for cooling the condensers and will then discharge
the warmed water into the lake about 100 feet from the shoreline at
the surface. Intake temperatures will vary both daily and seasonally
due to lake water mixing resulting from temperature- and wind-induced
currents and- thermal stratification, as discussed previously. In
Figure III - 7, Curve A indicates the variation of the average in-
shore water temperature during one full year. The day-to-day
variation of the temperature of water used in the Campbell Plant 40
miles north of Palisades is shown in Curve B of the figure.3 From
the average inshore temperature data, the temperature of the Palisades
discharge at the outfall into Lake Michigan has been calculated,
assuming full-power operation and once-through cooling with a temper-
ature rise of 25F°. The results of this calculation are shown in
Curve C of Fig. III - 7,
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The discharged warm water from the Plant will enter Lake Michigan
and form a thermal plume. Since no quantitative description of the
thermal plume had been made by the applicant or other agencies, the
staff conducted a study to ascertain the properties of the plume
under various conditions. The results of this study were used to
evaluate the applicant's qualitative estimates and to assess the
environmental effects of the thermal discharge. The following para-
graphs describe the staff's findings concerning the thermal plume.

(1) Qualitative Plume Description

The thermal discharge will approximate one of the three patterns

of heat dissipation into the inshore water zone, depending upon the
prevailing lake temperatures. Schematics of these dissipation
patterns for operation of the Palisades Plant at lOOZ‘Of rated power,
are shown in Fig. III - 8,

During the winter, the temperature of the inshore waters will range
from about 32°F (0°C) at the surface to approxmiately 37°F (2.9°C)
near the bottom.“* The cooling water, taken from this 37°F water,
will then be discharged at the shoreline into the 32°F water at a
temperature of approximately 62°F (17°C), and thus the warmed water
will tend to dissipate over the surface of the lake near the shore-
line.® The cold air immediately above the surface water and the
mixing induced by surface turbulence will rapidly reduce the temper-
ature of the plume. When the temperature of the plume reaches 39°F
(3.9°C), the plume will be more dense than the 32°F inshore lake
water at the surface and the 37°F water near the bottom and thus sink
to the bottom of the lake. This phenomenon is referred to as density
underflow. (Figure IIT - 8a.) ’

During the spring warming period, the surface water of the inshore
water zone will be warmed to about 70°F (21°C), while the bottom

waters remain below 40°F (4.5°C).® Plant operation during this time
may result in a cooling water discharge that is cooler than the surface
waters. Should this occur, the plume in which the dense 39°F water
taken from the bottom of the lake is heated to approximately 64°F
(18°C), will tend to sink to the thermocline. This is termed density
interflow. (Fig. IITI - 8b). The probability of producing a density
interflow thermal plume is greatest while operating at less than

rated power.

For most of the year, the temperature of the cooling water intake
will approximate the temperature of the surface water; the cooling
water discharge will thus be much warmer than the inshore waters.
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During this time the thermal plume will tend to dissipate entirely
over the surface of the lake, with the shape and magnitude of the
plume controlled by the prevailing lake currents. This is the
summer-fall floating plume or surface density plume. (Fig. III - 8c)

Two basic current patterns are known to exist offshore of the
Palisades Plant--alongshore currents produced by winds from the
northwest (24% of the time and southwest (30% of the time) and
negligible offshore currents resulting from no wind (6% of the

time) or offshore winds from the east (407% of the time). For

the offshore current case, which will exist for about 46% of the
time, the thermal plume resulting from the cooling water discharge
will be bell-shaped, with its center line more or less perpendicular
to the lake shoreline. The alongshore currents, which will exist
about 547 of; the time, will tend to bend the thermal plume in the
direction of the current flow. This condition will present a dis-
persion. problem inasmuch as the plume, having only one side adjacent
to dilution water, will ex;@ndgﬁ#greater'distance from the discharge
point than for the offshore' élUrrent ,case. Experimental data on
plumes produced by strong alqu%shbfe currents indicate that the
temperature of the plume will essentially be constant over the entire
area -between the outer -edge and the shoreline.® The same data also
indicate, for this extreme case, the plume temperature will be
essentially constant from the surface to the lake bottom.

(2) Quantitative Plume Description

To quantitatively describe the behavior of the Palisades thermal
plume, two independent studies were conducted-- (1) a study em-
ploying a mathematical model developed by Motz and Benedict?® in
conjunction with empirical relationships developed by Pritchard®

and (2) a study combining empirical relationships developed by
Asbury and Frigo7 and by Pritchard® with experimental data collected
by personnel of Argonne National Laboratory.8

(a) The Mathematical Model Approach

The Motz-Benedict model was used to predict the distances from the
point of discharge that specific excess temperatures will exist.

In predicting these distances for both the no-current case and

the strong along-shore current case, the following assumptions were
made:

1. The plume will dissipate entirely on the surface of the lake.

2. All flows are steady.



111-17

3. The discharge and the resulting plume are two dimensional;
i.e., there is no vertical mixing. For the along-shore cur-
rent case, this is probably a valid assumption in as much as
the plume will extend to the bottom of the lake in the near-
shore region. During periods of no lake currents, the plume
will extend into the deeper waters and stratify; some vertical
mixing will undoubtedly occur and the model will thus predict
plumes larger than will actually exist.,

4. The lake currents produce a uniform velocity field.

Other assumptions contained within the basic mechanics of the model
can be found in Reference 26.

Using the distance values obtained from the Motz-Benedict model, the
dimensions and corresponding areas of the plumes enclosed within
specific isotherms were then calculated using empirical relationships
developed by Pritchard®. The results of this study for the no-current
case and the strong along-shore case are listed in Tables III-1 and
111-2, respectively. '

(b) The Empirical Relationship,Approéch'

In addition to the mathematical model study, an empirical relationship
developed by Asbury and Frigo7 was used to predict the area enclosed
by a specific isotherm of a surface plume. Although this relationship
does not allow for variation of parameters such as the velocity of

the discharge, the velocity of the lake currents, the geometry of the
discharge structure, and the bottom slope of the lake, it is based on
data taken from power plant discharges that have similar discharge
characteristics. For instance, all discharges are into large lakes,
all are surface discharges, and all discharges have low densimetric
Froude numbers. The densimetric Froude number is a dimensionless
ratio of the inertial forces. of the discharge to the buoyant forces

of the discharge. It is represented as

I 1 hog [
7 = v ve [ 2 ®
where /5 = densimetric Froude number,
: Ue = velocity of the discharge,
h = depth of the discharge,
g = acceleration of gravity,

4p, = difference in density between the heated discharge
. and the receiving water,
Po = density of the discharge
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TABLE III-1

Thermal‘Plumes from the Palisades Plant Operated at Different Power
Levels Using the Once-Through Cooling System as Predicted by the
Analytical Model (No-Current Case).

A. At 440 MWt (20% of rated power) At = 7F° at outfall.

' Temp. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient Miles : Isotherm, Acres*
5 0.1 0.8
3 0.2 5.5
1 1.2 226

B. At 1,320 MWt (60% of rated power) At =16F° at outfall.

Temp., of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient Miles Isotherm, Acres*
12 0.1 1.1
. 8 0.2 : 5.5
5 0.4 . 18
3 0.8 95
1 2,5 880

C. At 2,200 MWt (100% rated power) At = 25F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient ' Miles Isotherm, Acres¥*,
20 0.1 1.0
10 0.3 12.3
5 0.7 68
3 1.4 260
1 2.6 930

*Conversion factor is 2.23 x 10_5 acre/sq. ft.
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TABLE III-2

Thermal Plumes from the Palisades Plant Operated at Different Power
Levels Using the Once-Through Cooling System as Predicted.by the
Analytical Model (Strong Along-Shore-Curren; Case).

A,

At 550 MWt (20% of rated power) At =7F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by

F° Above Ambient Miles Isotherm, Acres
5 0.26 9.2
3 0.55 40
1 3.4 247

At 1,320 MWt (60% of rated power) At = 16F° at outfall.

Temp. of Isotherm, Axial Length of Plume " Area Enclosed by
F° Above Ambient Miles Isotherm, Acres
12 0.1 1.1
8 0.4 ' 32
5. 1.1 ' 80
3 2.5 ' 180
1 7.9

578

At 2,200 MWt (100% of rated power) At = 25F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient Miles Isotherm, Acres
20 0.1 1.8
10 0.6 57
5 2.3 168
3 4.0 : 294
0.8

1 1 782
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Low values of this' number (1-10) indicate that the discharge will
tend to be bouyant and therefore limit the mixing with the receiving
water body and thus larger plumes will result. Higher values indi-
cate better mixing and smaller plumes. In comparison, the surface
discharge into Lake Michigan from the Palisades Plant will, during
operation at full power, have a densimetric Froude number of approxi-
mately 2.8. Since the densimetric Froude numbers of the discharges
incorporated in the Asbury-Frigo relationship are slightly smaller
than this (2.5 and less), it is concluded that utilization of this
relationship for predicting plume areas for the Palisades Plant prob-
ably resulted in values which are larger than should actually occur.
_Therefore, the staff believes that the Asbury-Frigo relationship is
valid for predicting the upper-limit values of thermal plume areas
for the Palisades Plant.

Using the plume areas determined by the Asbury-Frigo relationship,
the corresponding dimensions of the no-current thermal plumes were
determined from .empirical relationships developed by Pritchard®.

The dimensions of the plumes rzsulting from the strong along-shore
currents were approximated using experimental data taken from the
Point Beach Plant®, Since this plant has discharge characteristics
similar to the Palisades Plant (a rectangular, surface discharge into
Lake Michigan with a flow rate of 790 cfs or 355,000 gpm and an excess
temperature of approximately 20°F), this method of predicting plume
width should produce a reasonable approximation. The axial length of
and the area enclosed by several different isotherms are listed for
both the no-current case and the strong along-shore-current case in
Tables III-3 and III-4, respectively,

Another important thermal effluent characteristic determined from. this
study was the exposure time for the no-current case. (The exposure
time is defined as the time required for water to travel from the
_condensers through a specific isotherm of the thermal plume.) These
times, which were determined using analytical procedures developed by
Pritchard®, are shown graphically in Fig. III-9.

(c) Comparison of Studies

As seen from comparing Tables III-1 and III-2 with Tables III-3 and
IT1I-4, the Motz-Benedict model predicted somewhat smaller plumes than

did the empirical relationship of Asbury and Frigo. Since the analytical
model incorporated more discharge parameters than did the empirical
relationship, it is probable that the analytically determined plumes

more closely approximate the plumes that will actually occur than do

the empirically determined plumes. To insure that the worst possible
case was assessed, however, the empirically determined plumes shown in
Figs, III-10 and III-11 were employed in' formulating conclusions pre-
sented in later sections of this Statement.
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TABLE III-3

Thermal Plumes from the Palisades Plant Operated at Different
Power Levels Using the Once-Through Cooling System as Predicted
by Empirical Relationships. (No-Current Case)

A. At 440 MWt (20% of rated power) At =.,7F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient Miles Isotherm, Acres¥*
5 0.2 7.4
3 0.4 123
1 1.5 310

B. At 1,320 MWt (60% of rated power) A 16F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient Miles Isotherm, Acres¥*
12 0.2 3.7
8 0.5 31
5 0.9 ' 114
3 1.2 192
1 2.3 724

C. At 2,200 MWt (100% of rated power) At = 25F° at outfall.

Temp. of Isotherm, - Axial Length of Plume Area Enclosed by
F° Above Ambient Miles ’ Isotherm, Acres¥*
20 0.1 2.5
10 0.5 39.3
5 1.1 165
3 1.6 372
1 2.5 889

*Conversion factor is 2.23 x 10-5 acre/sq. ft.
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TABLE I1I-4

Thermal Plumes from the Palisades Plant Operated at Different Power
Levels Using the Once-Through Cooling System as Predicted by
Empirical Relationships (Strong Along-Shore Current Case).

A. At 440 MWt (20% of rated power) At =7F° at outfall.

Temﬁ. of Isotherm, Axial Length of Plume Area Enclosed by
F° Above Ambient . Miles Isotherm, Acres
5 0.2 7.4
3 0.5 123
1 4,3

310
B. At 1,320 MWt (60% of rated power) At = 16F° at outfall.

Temp. of Isotherm, Axial Length of Plume Area Enclosed by

F° Above Ambient Miles Isotherm, Acres
12 0.2 3.7
8 0.5 31
5 1.6 114
3 2.6 192
1 9.9 724
C. At 2,200 MWt (100% of rated power) At = 25F° at outfall.
Temp. of Isotherm, " Axial Length of Plume Area Enclosed by
F° Above Ambient ‘ Miles . Isotherm, Acres
20 0.1 2.5
10 0.5 : 39
5 2 165
3 ' 5.1 372
1 : 12 889
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As is apparent from the foregoing discussions, neither of the plume
analyses employed by the staff attempted to predict the vertical
temperature distributions of the Palisades plumes. Although pre-
liminary attempts have been made to develop models that do predict
vertical temperature distributions resulting from surface discharges,
the staff believes that the technology has not yet progressed to the
point of accuracy doing so, especially in the presence of ambient
lake currents.

The Environmental Protection Agency, in its comments concerning the
Draft Detailed Statement for the Palisades Plant in Appendix XII-5,
expressed concern over the effects of the so-called "thermal bar" of
Lake Michigan on the dissipation of heat and chemicals from the
Palisades effluent. As explained in Section II.E.2 of this State-
ment, the physics of this phenomenon dictate that mixing across the
thermal bar must occur and thus dissipation of the Palisades effluent
should not be inhibited. The results of the multispectral survey of
power plant thermal effluents in Lake Michigan27 indicate that no
direct water mass relationship exists between any of the three plant
discharges studied and changes in the thermal bar or currents in Lake
Michigan. The multispectral processing showed no evidence of any
water masses that could be attributed to the effect of warm water
discharges from power plants into the lake. Warm water from rivers
which also carry sediments, pollutants, and runoff nutrients showed
distinctive water mass distributions. Especially significant were
the results obtained during the period of the thermal bar formation
at the Campbell Plant site. Since the bar itself has already been
shown in previous studies to contain a higher algae content on the
warmer scale, the lack of distinctive color in the discharge plume
suggests that a color associated with high algae content is not
present in the Campbell plume. The Michigan Water Resources Com-

- mission also comments in Appendix XII-9 that during winter ''the thermal
plume will develop a density underflow within the thermal bar of the
onshore zone." This would result in a sinking plume, which was recently
observed by the applicant, and. could cause the plume to come in contact
with the maximum density water lying in the bottom zone of the main
body of the lake. "This may in effect disrupt the thermal bar
phenonemon resulting in a significant increase in the onshore temper-
ature regimen." The Water Resources Commission recommends additional
emphasis placed on investigating the magnitude of the discharge plume.
The staff has recommended to the applicant to carry out a thermal
plume study in order to develop a model for predicting sizes, shapes
and locations of thermal plumes. This effort is underway as a part
of the applicant's environmental surveillance program required by

the Technical Specifications. : .

On November 19, 1971, The Michigan Water Resources Commission esta-
blished a thermal discharge standard (Paragraph A6) as an Amendment to
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the Order of Determination No. 931 (Order No. 1582) applicable for

the Palisades Plant.'? This standard is that the thermal dis-

" charges are not to increase the natural temperature of the lake at

the edge of a mixing zone, which shall not exceed an area equal to

the area of a circle 3,630 feet in radius, by more than 3 F°, or to
result in a maximum monthly temperature, at the edge of the mixing

zone, higher than those listed below: :

‘Month Temp °F* © Month Temp °F*
January 45 July 80
February 45 August 80

- March 45 .+ September 80
April ‘ 55 . October 65
May 60 November 60
June 70 December 50

Since the area of a circle 3,630-ft in radius is.approximately
equal to the ‘area of a semicircle l-mile in radius, the mixing zone
is equivalent to a semicircle of l-mile radius, centered at the
discharge point, and with its diameter along the shoreline.

The maximum area of the mixing zone as described in the Michigan
Water Resources Commission's thermal discharge standard is the area
of a circle with a radius of 3,630 feet. This is 41,400,000 square
feet or 950 acres. Table III-5 lists the estimated areas of the 3
F° isotherms for the thermal plumes developed during partial and full
power operation of the Palisades Plant. It is apparent that the
staff calculations show the area enclosed by the 3 F° isotherms of
the thermal discharges at 20%, 60% and 100% of full power operation
of the Palisades Plant will be well within the Michigan thermal dis-
charge standard established for this Plant. The Order of Determina-
tion for the Plant also has a condition (Paragraph A7) that "7. Not
impart heat or contain any substances in OR OUTSIDE OF THE MIXING
ZONE IN sufficient quantity to create conditions which are or may
become injurious to the public health, safety or welfare; or which

" are or may become injurious to domestic, commercial, industrial,
agricultural, recreational or other uses which are being or may be
made of such waters; or which are or may become injurious to the
value or utility of riparian lands; or which are or may become in-
jurious to livestock, wild animals, b1rds, fish or aquatic life or
the growth or propagation thereof. "

*The temperature is to be measured in the upper one meter of the lake
surface. The Order also states, "...the temperature limits set forth

in Paragraph 6A of this Order shall be reviewed as to the adequacy and
" suitability by the Commission on or before November 1, 1973."
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TABLE III-5

Area of 3 F° Isotherm for Once~Through Cooling System
(Empirical Relationship)

Percent of Power Wt at OQutfall Area of 3 F° Isotherm
% __F° sq. ft. acres
20 7 1.8 x 10° 123

60 i6 8 x_lO6 192

100 25 16 x 106 372

The Michigan Water Resources Commission's water quality standards
for Lake Michigan, as submitted in September 1971, are presently
being reviewed by EPA. The proposed Lake Michigan Thermal Dis-
charge Regulations presented by EPA!l at the Lake Michigan Enforce—'
ment Conference, Chicago, Illinois, on March 23 and 24, 1971,%
required for all waste heat discharges into Lake Michigan, that

"at any time, and at a maximum distance of 1,000 feet from a fixed
-point adjacent to the discharge, the receiving water temperature
shall not be more than 3°F above the existing natural temperature .
nor shall the maximum temperature exceed those listed below whichever
is lower.'" The list of maximum monthly temperatures referred to is
the same as that given by the Michigan Water Resources Commission.
Thus, it should be noted that the 3F° excess isotherm of the thermal
discharges from the present Palisades once-through cooling system
into the lake will not satisfy'the proposed EPA standards at power
levels of 20% and above. However, from this conference, it was )
recommended that "plants not in operation as of March 1, 1971, (will)

* The recommendations of the Conference have been endorsed by the
Environmental Protection Agency (ltr fm W. D. Ruckelshaus, Admini-
strator of EPA, to W. L. Blaser, Director of Illinois Envirommental
Protection Agency, dated May 14, 1971) and represent the current
position of EPA with regard to thermal discharges in Lake Michigan
(1tr fm F., T. Mayo, Regional Administrator, Region V of EPA to W. B,
McCool; Secretary, Atomic Energy Commission, dtd December 29, 1971,
concerning Point Beach Nuclear Power Plant Unit #2 - Docket 50-301).
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be allowed to go into operation provided they are committed to a
closed-cycle cooling system construction schedule approved by the
state regulatory agency and EPA., 1In all cases, construction of
closed~cycle systems and associated intake and discharge facilities
shall be completed by December 31, 1974, for facilities utilizing
natural draft towers and December 31, 1973 for all other types of
closed systems."l_l’12 Details on these regulations are presented
in an enclosure to the letter from EPA commenting on the Palisades
Plant in Appendix XII-5.

All discharges, including thermal, chemical, and.other discharges
will be subject to the provisions of section 21(b) of the Federal
Water Pollution Control Act, as amended by the Water Quality Improve-
ment Act of 1970, and also to the limitations established by the
Michigan Water Resources Commission. The applicant, on March 31,
1971, requested the State of Michigan Water Resources Commission to
certify the application on discharges from the Palisades Plant in
accordance with Section 21(b) of the Water Quality Improvement Act.
However, the Water Resources Commission has not certified the
company's application for discharge permits nor has the concurrence
of the EPA been obtained. The State of Michigan will not certify the
application wntil it is approved by EPA.

Furthermore, in a letter to the Atomic Energy Commission dated
November 9, 1971,13 the Army Corps of Engineers reported that the
applicant had submitted on October 15, 1971, a revised application
for a permit, under Section 13 of The Rivers and Harbors Act of

1899, to discharge approximately 544 million gallons of circulating
water per day from the Palisades Plant, The applicant's application,
as completed to date, for a permit to discharge effluents into navi-
gable waters of the United States, was also forwarded on October 21,
1971, to EPA for their review and certification. The application for
the Section 13 permit is still under review as of the date of publi-
cation of this Statement, :

d. Thermal Effluent Dispersion - Proposed Closed-Cycle
Cooling System '

The proposed cooling tower system will discharge approximately
60,000 gpm of diluted blowdown water at a temperature not to exceed
5 F°* above the ambient lake temperature. This dissipation of

1.5 x 108 Btu/hr into Lake Michigan will produce a thermal plume
similar to that produced by the once-through cooling system but of
lesser magnitude. Using the Asbury~Frigo relationship, it is pre~-
dicted that the cooling tower system will create a thermal plume

* With 60,000 gpm dilution, the diluted blowdown temperature is
expected to be less than 1 F° above ambient.
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having a 1 F° excess isotherm that covers an area of approximately

24 acres and a distance of 0,42 miles for the no-current case., For
the along-shore current case this 1 F° excess isotherm, approximately
100 feet wide, would extend about 2 miles along the shore from the
discharge point,

Schematic diagrams of thermal plumes from the once-through and the
closed=cycle cooling systems are shown in Fig..III-12. Table III-6
shows the isotherms of the thermal plume from the cooling tower
operation, the distance in miles the thermal plume travels from the
outfall, the area in acres enclosed by the isotherms for the no-current
.case and the strong along-shore current case. The area enclosed by the
3 F° isotherm of the thermal plume is within the proposed EPA thermal
-discharge standards for Lake Michigan as well as within those of the
"Michigan Water Resources Commission. The EPA commented in Appendix
XII-5 that it "concurs with the addition of a mechanical draft closed
‘cycle cooling system by December 31, 1973, and will accept the interim
use of the once—through system,"

TABLE III-6

‘Thermal Plumes from the Palisades Plant Operated at Full Power
Using a Closed-Cycle System with a At = 5 F° at the Outfall into
Lake Michigan

A. No Current Case

Temp. F° Above Distance Area
Ambient Miles Acres

3 0.12 1.8

1 0.42 24,5

B. Strong AlongeShore Current Case

Temp F° Above Distance Area
Ambient ‘ © Miles Acres

3 . : 0,12 1.8

1 2,0 24,5
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2, Radioactive Waste

The operation of a nuclear reactor results in the production of
radioactive fission products, the bulk of which remain within the
cladding of the fuel rods. During operation of the reactor, small
amounts of fission products may escape from the fuel cladding into
the primary coolant; also, some radioactive materials are produced
as a result of neutron activation of corrosion products in the
coolant. Some of these materials in low concentrations may be
released into the atmosphere as gases or into Lake Michigan as
liquids by carefully controlled processes after appropriate treat-
ment, monitoring, and sampling.

The radioactive waste treatment systems presently incorporated

in the Palisades Plant are described in.detail including proposed
modifications in the applicant's Environmental Report dated
October 9, 1970,1“ and in Amendment 21 to the FSAR dated March 1,
1971,15 Diagram of the liquid radwaste system is shown in Fig,
III-13 and that for the gaseous effluent system in Fig, III-14,

The quantity of radioactivity that may be released to the environ-
ment during operation of the Palisades Plant at full power will

be in accordance with the Commission's regulations as set forth

in 10 CFR Part 20 and 10 CFR Part 50.

a. Gaseous Waste

During normal operation of the Plant at full power, radioactive
materials released to the atmosphere in gaseous effluents include
low concentrations of fission product noble gases (krypton and

- xenon), halogens (mostly iodines), tritium contained in water vapor
and particulate material including both fission products and acti-
vated corrosion products.

The primary source of gaseous radioactive waste is from the degassing
"of the reactor .coolant. This is principally from the exhaust of
cover gases, from the waste holdup tanks and from equipment vents.
Additional sources of gaseous waste activity include the auxiliary
building exhaust, the vent from the steam generator blowdown tank,
the turbine building exhaust, the reactor building containment air
and the condenser air ejectors. '
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The principal sources of gaseous radioiodine released from the
Plant are from the effluents of the steam generator blowdown flash
tank vent, the condenser air ejector, and the exhaust air from the
reactor building. Only the latter is treated by particulate fil-
tration. No iodine removal by charcoal adsorption is provided in
any of these systems. The staff has reevaluated the source

term for iodine-131 and has found it to be 0.79 Ci/yr for a 60-day
holdup and 0.79 Ci/yr for a 30-day holdup corresponding to the
Technical Specification limit of 0.79 Ci/yr. The corresponding
change made for iodine-133 is from 0.81 to 0.34 because of the
staff's recalculation of the source term. The calculation of the
quantities expected to be released from normal operation of the
Plant assumes an average fuel cladding failure of 0.25%, combined
with average experienced primary coolant leakage rates in the
reactor building and between the primary and secondary system into
the steam generator.

The gaseous waste system consists of a collection header which

collects low-activity gas from liquids which have been previously
degassed and/or vented and the gas processing section which collects
gases from potentially high activity sources. The low activity gaseous
wastes, which result primarily from the venting of the liquid rad-
waste drain collection and monitoring tanks, are discharged through
high-efficiency particulate air (HEPA) filters, diluted with venti-
lation exhaust air and released to'thé\gfmosphere through the main
stack.

Potentially high activity wastes such as gases stripped from the
recycled reactor coolant together with cover gases from the deminer-
alizers, cooling surge tank vent, primary system drain vent, volume
control tank vent and the vacuum degasifier vent are collected in the
waste gas surge tank. The gases are then compressed and stored in one
of three gas—-decay tanks or discharged directly through HEPA filters to
the 200-foot high stack, which is located on the side of the contain-
ment building. High-activity gases will normally be delayed prior to
being released to permit the decay of radioactive noble gases with the
exception of long-lived krypton-85. Table III-7 shows the anticipated
annual releases of radioactive material in gaseous effluent based on the
present gas processing system and the modified system as proposed by
the applicant. '



TABLE III-7

ANTICIPATED ANNUAL RELEASE OF RADIOACTIVE MATERIAL IN
GASEOUS EFFLUENT FROM THE PALISADES PLANT

* Design basis holdup for the Gas Processing System following 1nsta11ation of the
modified gaseous waste system,

**Design basis for present Gas Processing System.

» "Gas Processing Steam

Auxiliary Containment Sys tem Generator Total**
Nuclide Building Purge (60-day holdup)* Leakage Total  (30~day holdup)

Ci/yr Ci/yr Ci/yr Ci/yr Ci/yr Ci/yr

K-85 6 | 13 ’ 620 2 640 650
K-87 3 | - - 3 6 6
K-88 8 - - - | 9 17 17
Ke-131m 5 10 | 21 | 3 39 83
.Xe-133 770 . 1,000 | 40 680 2,490 3,400
Xe-135 14 - - 3 17 19
Xe-138 2 - - 2 4 4
I-131 0.05 0.26 ; 0,48 0.79 0.79
I-133 0.07 0.036 - 0.23 0.34 0.34
Total 3,214 4,180

9¢-111
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The containment building, auxiliary building (radwaste area) and

the fuel handling area are designed for containment of radioactive
materials. The auxiliary building (radwaste area) is maintained at

a slightly negative pressure with respect to outside pressure. All
the exhaust air is filtered through HEPA filters prior to being
discharged to the main vent stack. Off-gases from the condenser

air ejector are continuously monitored and discharged without treat-
ment into the main vent stack. Turbine building ventilation exhaust
is discharged into the atmosphere without treatment through 5 roof-
mounted exhaust fans. Although the FSAR indicates the steam generator
blowdown tank is vented to the main stack, the appllcant19 has
recently modified the system and off-gases are now released directly
to the atmosphere through a separate vent stack. This change was
made because of potential moisture problems in the stack sampler.
During periods when primary containment access is required, the
potential exists for the release of airborne activity to the environ-
ment. During the time when the containment is not secured, air is
removed through the purge exhaust system prefilters and HEPA filters
and discharged to the main vent stack.

During normal operation the exhaust air from the spent fuel pool
area is discharged through prefilters and HEPA filters to the main
exhaust fan inlet plenum for ultimate discharge through the main
stack. Radiochemical hoods located in the auxiliary building are
expected to contain low concentrations of activity primarily from
sample ‘analysis. Exhaust air from these hoods is passed through
HEPA filters and discharged to the main vent stack.

In the Supplement to the Environmental Report dated November 3,

1971, 18 the applicant has proposed to increase the capacity of the
existing gaseous waste system with three additional waste decay tanks.
This modification would provide the capability to retain high activity
waste for periods up to 60 days and is scheduled to be completed before
the first refueling. With the modified system in operation, all high
activity waste would be collected in the gas decay tanks, sampled

and analyzed and _if the concentration of xenon-133 exceeds the detection
limit of 1 x 10 uCi/ml, the contents shall be held up for 60 days

to permit decay of the principal radioactive noble gases except
‘krypton—85 Gaseous wastes from containment building purging and from
purging the auxiliary building are released to the env1ronment through
filters to the stack w1th no holdup.
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b. Liquid Waste

The liquid waste system is designed to reduce radioactive materials
in liquids discharged from the Palisades Plant to ensure the
protection of Plant personnel and the general public from exposure
to radiocactivity. The system is divided into three sections: the
primary waste section (clean waste), which processes-high-activity
liquid wastes from the primary loop; the secondary waste section
(dirty waste), which treats liquid wastes from the secondary loop
which may have a high chemical content but a low-activity content;
and a section to handle liquid wastes from the onsite laundry.

In Amendment No. 21 to the FSAR, dated March 1, 1971,15 the
applicant describes a modification of the liquid radioactive waste
system which it intends to install at or before the end of the
first fuel cycle (approximately 1 year after the initial power
operation). The modified system which includes the installation

of two evaporators is designed to reduce radioactive materials in
liquid discharges, by recycling all but the laundry wastes to levels
comparable to the guidelines of proposed Appendix I to 10 CFR 50.
Prior to the installation of the modified system the Plant will be
operated with the liquid radwaste system described in the following
paragraphs. Amendment 21 also states that after installation of
the revised radwaste system under normal operation, all clean and
-dirty wastes will be recycled or shipped offsite except for laundry
wastes, which are expected to be a minor source of activity. No
credit has been given for the modified system in the estimation

of the amount of activity released into Lake Michigan.

The major sources of wastes which are processed in the primary -
waste section are the bleed through the chemical and volume

control system (CVCS) from the (10,900 cu. ft volume) primary
coolant loop system at a letdown flow to the CVCS of 40 gpm,

drains and controlled leaks from the primary coolant loop, the
radiochemical laboratory drains, and the equipment handling drains.
The primary waste discharge amounts to 137,700 gpyr from controlled
leaks and drains and 586,000 gpyr bleed from the CVCS. The liquids
are fed to the primary waste receiver tanks which provide for a
holdup for radioactive decay of 30 days. From the receiving tanks
the wastes pass through a filter to mixed bed demineralizers to
remove corrosion and fission products except tritium and then to
the treated waste monitoring tanks. After sampling and analysis,.
the liquid waste is either discharged into Lake Michigan-through
the circulating water discharge canal or returned to the receiver
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tanks or demineralizers for further holdup or processing. After
the proposed installation of the modified radiocactive waste system,
the discharge from the treated waste monitoring tanks will be sent
to a primary waste evaporator. The distillate from the evaporator
will be returned to the primary coolant system through the chemical
and volume control system. The concentrates will be recovered for
reuse or placed in drums and handled as solid waste. With the
modified system, the applicant indicates that no liquid will need
to be discharged into the environment from the primary waste sec-
tion under normal operating conditions.

The major sources of wastes which are processed by storage,
filtration, demineralization and evaporation in the secondary

waste section (dirty waste) are the primary auxiliary building
floor drains, the containment sump drains and the laboratory
drains. These wastes are collected in the secondary waste drain
tank and processed through a filter to the waste monitoring tank.
The liquid waste is sampled and analyzed and either discharged
directly into Lake Michigan through the circulating water discharge
canal if the activity is within discharge limits or returned to

the primary waste receiver tank and processed through the radwaste
demineralizers prior to discharge. The anticipated annual releases
of radioactive material in liquid effluents shown in Table TIIT-7
are based on discharges without treatment through the radwaste
demineralizers.

After installation of the modified radioactive waste system, the
discharge will be sent to the secondary waste evaporator. The
distillate from the evaporator will be returned to the control area
utility water supply for use as makeup water, and the concentrates
placed in drums and handled as solid waste for offsite disposal.
With the modified system, the applicant indicates that no liquid
will need to be discharged into the environment from the secondary
waste section under normal operating conditions.

The effluent from the Plant laundry will be collected in the

laundry drain tank, filtered, monitored and discharged into Lake
Michigan through the circulating water discharge canal if the
radioactivity is not more than 2.5 x 1078 uCi/m1 on an annual
average basis. If the activity is greater than this value, the
waste will be processed in the secondary waste section. The laundry
wastes are expected to be a minor source of radioactivity, since
contaminated clothing may be disposed of as solid waste. Treatment
of laundry waste will not be affected by modification of the radio-
active waste system. After the cooling towers are in operation, the
laundry. wastes will be diluted 'by the cooling tower blowdown and
further diluted by 60,000 gpm of Lake Mithigan water prior to
release into the lake.
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The anticipated release from steam generator blowdown shown in
Table III-8 is based on a continuous primary to secondary system
leakage of 20 gpd and a 10 gpm generator blowdown. The blowdown
is monitored and released into the lake or it may be processed
through the radwaste demineralizers prior to release. The Table
IT1I-8 values are based on discharge without treatment by the.
radwaste demineralizers. After installation of the modified
waste system, all radioactive steam generator blowdown will be
sent to the secondary waste evaporator.

Under the present system all liquid radioactive wastes will be
discharged through the circulating water system effluent of

405,000 gpm into Lake Michigan. The total concentration of
radionuclides in the discharge into the lake, excluding tritium,.
is 1.4 x 1077 UCi/ml; and the total radioactivity discharged ex-
cluding tritium is about 115 Ci/yr. The tritium concentration in
the discharge canal is 1.2 x 10-% uCi/ml and the total tritium
amounts- to about 1,000 Ci/yr. When the modified radwaste systems
and the cooling tower are in operation, discharge will be through
the cooling tower blowdown. However, the recycling of the liquid
wastes in the modified radwaste system will reduce the concen-
tration and amount of radioactivity from the clean and dirty waste
sections released to the lake via the cooling tower blowdown

to less than the guideline values of the proposed Appendix I to

10 CFR Part 50 under normal operational conditions. Since the
radioactive steam generator blowdown will be sent to the secondary
waste evaporator, any tritiated water present will likewise be sent
to the secondary waste evaporator where the tritiated water vapor
distillate from evaporation will be used as Plant makeup water. 1In
this manner, no tritiated water will be released to the cooling tower
blowdown nor any tritiated water evaporated during operation of the
cooling towers.

The applicant has proposed Technical Specifications19 for the
present radwaste system which would 1imit the releases of liquid
effluents to 10%Z of 10 CFR Part 20 limits with failed fuel. A
comparison of the calculated quantities in Table III-8 with the
Part 20 concentration limits indicates that it will be necessary to
process some fraction of the dirty waste and steam generator blow-
down liquids. The expected high concentration of solids (v 200 ppm)
in the steam generator blowdown indicate that the dirty waste will
be selected for processing. To meet the 10% of Part 20 limit, about
80% of the dirty waste must be processed through the radwaste
demineralizers. Iodine-131 is the controlling isotope. The
expected effectiveness of the two demineralizers is a reduction of
100 for all the isotopes shown in- Table III-8, except yttrium,
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TABLE III-8

ANTICIPATED ANNUAL RELEASE OF RADIOCACTIVE MATERIAL IN
LIQUID EFFLUENT FROM PALISADES PLANT*

Steam
Generator .
Blowdown Clean Waste - Dirty Waste

Nuclide (Ci/yr) (Ci/yr) - _(Ci/yr)
Rb-86 - 0.0263 0.00266 0.175 .
Sr-89 0.0236 0.00444 0.182
Sr-90 0.00080 0.000214 0.00669
Y-91 . 0.0550 4.0 0.430
Zr-95 0.00382 0.000779 0.,0301
Nb-95 0.00359 0.000575 0.0267
Mo-99 6.73 0.739 9.25
Ru-103 0.00269 0.000458 10,0203
Ru-106 0.00070 0.000180 0.00584
. Te-129m 0.187 0.0274 1.286
I-131 12.46 0.341 59.4
Te-132 0.846 0.000698 0.00394"
I-132 0.126 <106 < 10 6
I-133 4,22 < 10 0.0496

. Cs-134 0.303 0.0795 ¢ 2,533 _
' I-135 0.674 <10 <10 6
Cs-137 0.307 0.0824 2.578
Ba-140 0.0237 0.00152 0.141
Ce-141 0.00405 0.000624 0.0299
Ce-144 0.00244 0.000616 0.0202
Nd-147 0.00124 0.000064 .0..00697
Pmr-147 0.00030 0.000079 0.00251
Cr-51 0.0234 0.0327 0.168
Mn-54 0.0211 0.00536 0.175
Mn-56 0.0303 < 106 < 1076
Co-58 . 0.666 0.139 5.272
Fe-59 0.0261 0.00468 0.199
Co-60 0.0204 0.00544 0.171
Fe-55 0.0469 0.0124 0.392
Total 27 Ci/yr 5.5 Ci/yr 83 Ci/yr

H-3 . . .. . . . 1000 Cci/yr

*Releases are based on discharges prior to installation of modified
radioactive waste system.
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molybdenum, and tritium for which no removal is normally assumed.
Under this mode of operation the estimated annual release from
the "dirty waste'" system would be about 25 curies per year rather
than the 83 curies indicated in Table III-7. After the modified
radwaste system is in effect, this estimated release would be
essentially zero.

After the modified radioactive waste system is put into operation,
all liquid wastes except the laundry wastes will be recycled to

the Plant after being processed through filters, ion exchangers,

and evaporators. Since tritium is not removed by these processes,

a gradual buildup of tritium will occur in the Plant. The applicant
has estimated that this buildup could reach levels of about 7.5 uCi/l
at the end of 40 years of Plant operation, a concentration which
cannot be safely discharged to the environment. A buildup of tritium
concentration in the primary coolant will also present some operating
problems.  For example, during refueling operations the operating
.personnel are exposed to airborne tritium resulting from evaporation
"of the primary coolant water from pump leakage and spent fuel pool
water. Increased concentrations of tritium in the primary coolant
would increase the airborne tritium concentration. To minimize the
dose to operating personnel during refueling, the containment purge
will be purged with fresh air and the offgas from the purge will be
- released to the atmosphere through a roughing filter and a HEPA
filter before being exhausted to the stack. The applicant estimates
that after 5 years at full power operation the tritium released by
evaporation will be 19 Ci/yr and after 40 years it will be 257 Ci/yr
(these répresent 7% and 967, respectively, of tritium produced per
year. The excess water accumulated in the system and the final
inventory of water in the reactor system must be disposed of safely.
Alternatives for disposal of tritiated water include storage in

large tanks onsite, injection into deep wells onsite or offsite,’
disposal in State—-and Federally-licensed burial grounds, or discharge
into the ocean. Tritiated water is now disposed of at State-and '
Federally-licensed burial grounds by mixing it into concrete.or
with betonite clay and burial of the resulting solid. The applicant

in Appendix XII-13 discusses the inventory of tritium buildup during
the Plant lifetime in response to the comments by the EPA on the
release or effects of tritium recycle,

c. Solid Wastes

Solid wastes consist of concentrates from the waste evaporator,
spent resins, and miscellaneous materials such as paper and glass-
ware. Concentrates from the waste evaporator are mixed with cement
in approved containers and moved to a shielded storage area. Spent
resins from system demineralizers are flushed to a shielded,

’
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disposable, carbon steel-lined tank located in the drumming station
in the basement of the auxiliary building. The resin is dewatered
and liquids sent to the waste holdup tank. All solid waste will be
packaged and shipped to a licensed burial ground in accordance with
AEC and DOT regulations. (See Chapter V.F and Chapter VI.B on
transportation of radioactive material.) Based on plants of similar
size presently in operation, it is expected that approximately
10,000 ft3 of solid radioactive wastes will be shipped annually
from the site. '

3. Chemical and Sanitary Waste Systems

Several routine operations of the Palisades Plant will contribute

to the discharge of chemical wastes into the environment: leakage
from the primary coolant system, steam generator blowdown, regener-
"ation of demineralizers, cleaning of the condenser tubes, laundry
waste operation and laboratory tests, and the sanitary waste
operation. Liquid, gaseous, and solid radioactive wastes are
discussed in Section IIT,D,2 above. These operations were initiated
. at the outset of operations at low power (1 MWt) in Spring 1971. 1In
practice, 390,000 gpm of the cooling water passing through the once-
through condenser and 15,000 gpm service water for a total of
405,000 gpm of cooling water serves to dilute any discharged
dissolved chemicals. These discharges will be monitored by the
applicant to assure that the chemical wastes discharged into Lake
Michigan will meet the limits prescribed in the Order of Determin-
ation No. 931, issued on October 27, 1966, to the applicant for

the Palisades Plant by the Michigan Water Resources Commissdion. 10
This Order of Determination imposes restrictions on the discharge of
ether-extractable substances, boric acid, pH, settleable or floating
solids, and other substances from the Palisades Plant. -Other
conditions of this Order are described above in Section III.D.1:

in relationship to thermal discharge standards. As discussed above
in Section III.D.1, the applicant filed an application for a ’
Section 13 permit on all discharges with the Army Corps of Engineers
in 1971 but the application is being reviewed by EPA. The applicant's
water certification application. under section 21(b) of the Water Quality
Improvement Act of 1970 has not yet been certified by the Michigan
Water Resources Commission. That application is also under review
by EPA.

The standard chémicals utilized in the primary and secondary coolant
systems to control pH and oxygen levels include lithium, ammonium,
sodium, or potassium hydroxide, and hydrazine respectively. These
chemicals are dissolved in the primary and secondary coolant to
obtain the desired water chemistry. The Chemical and Volume Control
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System (CVSC) described in the FSAR is designed to maintain the
chemistry and purity of the primary coolant, the desired boric
acid concentration, volume of water and pressure in the primary
system. The applicant plans to use lithium hydroxide to control
the pH of the primary coolant but only in the latter part of the
core life.l7 The concentration of lithium hydroxide in the
primary ccolant will be approximately 1.0 to 1.5 ppm and will be
discharged into the environment at a maximum concentration of

10 5 ppm through the primary coolant which is processed in the
radwaste system. The radwaste system effluent is diluted by the
circulating water discharge. When the modified radwaste system
is in operation, lithium hydroxide will no longer be discharged
into the environment.

Only small amounts of chemicals such as chloride or fluoride ions
are present in the primary water coolant at concentrations at
less than 1 ppm. A small amount of solution containing these
trace elements could be leaked out through valves and seals during
any leakage. ' The leakage and any hydrazine, which is added to the
primary system for. oXygen scavenging, would be diluted in the
condenser cooling water and as a consequence, would not produce
any measurable incremental concentrations of chemicals already
present in the lake water,

Boric acid is used as a chemical shim in the primary system and

any bleed from the primary system during the reduction of the boron
concentration is routed to the radwaste liquid receiver. tanks for
processing through the radwaste system before disposal to the .lake
via the discharge canal. The concentration entering the lake after
processing through the radwaste system will not exceed 5 ppm (order
of detection limit). Approximdtely 60,000 1b/year of unconsumed
'H3BO3 will be discharged from the Plant.?? After the modified
radwaste system is in operation, discharge of H3BO3 will be reduced to
essentially zerd"by'pse of evaqoration which'will concentrate boric
acid for recycle in the Plant. o

During operation of the Palisadés' Plant, steam will be produced in
the steam generator and will be condensed after passing through the
turbine generator. The condensate is returned as heated feedwater
to the steam generators. Hydrazine and ammonium hydroxide are added
to the feedwater header downstream of the condensate pumps for oxygen
scavenging and pH control, respectively. Phosphates and sulfates
are also used in theée secondary system to control pH. The applicant
states that, assuming a maximum blowdown rate of 50 gpm and dilution
of the blowdown chemicals in the condenser cooling water, the
concentrations entering the lake will not exceed 0,003 ppm for
phosphates and 0.0013 ppm for sulfates,16
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Makeup water from Lake Michigan used to supply water for the
primary system and other auxiliary systems is purified by demin-
eralization prior to use in the Plant and is stored in the
demineralized water storage systems or tanks ready for use in
different Plant systems. Demineralizers used to purify the lake
water will be periodically regenerated by adding sulfuric acid
and sodium hydroxide solutions in order to form cation (hydrogen
ion) and anion (hydroxyl ion) exchange resins. Thus, the
regeneration process results in sodium and sulfate ions being
discharged from the mixed bed resins into a 7,000-gallon neutral-
izer tank where the solutions are neutralized and eventually
discharged into the condenser cooling water. Regeneration of the
"spent" demineralizer resins occurs at the maximum rate of three
times a day for a period of 6 hours each time a day (a maximum of
18 hours per day) and will result in the release, besides the two
ions above, of calcium, magnesium, iron, manganese, chloride,
silicate, carbonate and bicarbonate ions present in the original
lake water. The maximum concentrations of these ions in' the
discharge water, after the regenerant solution has been discharged
at a rate of 20 gpm from the neutralizer tank into the discharge
condenser cooling water, are given below in Table III-9. 20
Schematics of the makeup water and chemical injection systems are
shown in the applicant's "Request for Additional Information on
Environmental Considerations' of November 11, 1971."17

.Quantities of chemicals released to Lake Michigan as a result of
a single makeup. demineralizer regeneration are ‘also shown in
Table III-9.

Potassium permanganate to the extent of about 8 to 16 1b/yr will"
be used to charge the ''green sand" in the sand filters which are
used to filter particulate matter from lake water prior to
demineralization in the Plant makeup water system. During filter
backwash, this chemical will be diluted and discharged to the lake
at the Plant discharge structure.!’ The calcite (CaCO3) is a solid
filter media used in the domestic water treatment system. The
calcite is a nonconsumable material and therefore it will not be
dlscharged to the environment.l’

After installation of the modified radwaste system, condensate

from the evaporators will be used for makeup water for the primary
and secondary loops. The process water demineralizers will then be
used only if the condensate does not supply the needed amount of
makeup water. Following the modification of the radwaste system,
liquid discharges from the modified radwaste system will be minimal
during normal operating conditions.
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TABLE 1II-9

CHEMICALS RELEASED PER DEMINERALIZER REGENERATION!

Max. Conc. of
Regenerant in

Max. Conc. of
Regenerant in

Chemicals Conc. Before Condenser Cooling Tower
Removed From Dilution, Discharge Blowdown"
Lake Michigan? Pounds ppm3 ppm* '
cl1- - 3.33  57.1 0.003 0.02
Fet++ 0.03 0.57 0.0003 0.0002
810, 0.50 8.58 0.0004 0.003
Mn++ 0.01 0.12 0.000006 - 0.00004
Catt+> 13.3 227 0.011 0.076
Mg-H-5 4.0 69 0.003 '0.023
CO‘ 2.0 34 0.002 0.011
HCO— 40.6 693 0.034 0.23
Regenerant
Chemlcals Added .
SOL+ 155 2,650 0.13 0.86
Nat® 97 1,659 0.082 0.55
;IA maximum of tﬁree regenerations per day is possible. Information

on these concentrations were provided in Reference 20.

2Chemicals contained in lake water which are removed during
demineralization and returned to the lake during regeneration.

. ,3Discharged from the neutralizer tank at 'a rate of 20 gpm for a
© maximum of 18 hours per day. Concentration shown will be diluted
by a flow of 60,000 gpm prior to discharge from Plant after cooling
towers are placed.-in operation, and by 404,600 gpm with the ex1st1ng
- . once~through coollng system.
“These concentrations of the listed ions are discharged during’
‘regeneration for short fractions of the day in the discharge canal
water and are added to those already present in Lake Michigan
listed in Table III=10.

>The concentration of these ions is normally expressed in terms of
-ppm of CaCOj3.

) bAfter installation of the modified radwaste system, the process

. water demineralizers will be used only if the condensate from the
evaporators does not supply the needed amount of makeup water.

These ions form from the sodium hydroxide and sulfuric acid added

to obtain the resin as a cation or anion exchanger and are discharged
to the neutralizer tank during the demineralization process. It is
anticipated that the increase in the sodium and sulfate ions above
that normally present in -lake water will be less than 1 to 2%.

Note: The discharge will have a pH between 6.5 and 9.5.
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Table I1I-10 compares the above chemical releases with the con-
centrations of chemicals already present in the lake water. Figures
on the concentration of chemicals in the lake water have also been
reported from data obtained from the EPA computer bank STO30WQR.
The EPA values are slightly different from the numbers reported in
Table III-10. All values reported in Table III-10 for the.lake
concentrations are within the range of values covered by EPA except
HCO3-~where the value in the second column of Table III-10 is below
the maximum of EPA's value of 146 ppm for HCO3-. Furthermore, for
purposes of comparison, some data on the drinking water standards
recommended by the Public Health Service2! and the World Health
Organization22 are also presented. Table III-10 also lists for
comparison the median and maximum values of certain chemicals

found in the drinking water of one hundred largest cities in the
United States.?3

a. ?resent_Once—ThroughﬁCooling System Chemical Treatment

The present once-through cooling system will have as its major
chemical effluent periodic releases of not only boric acid up to

5 ppm, but also residual chlorine at 0.5 ppm at the point of discharge
into the lake. Since these concentrations are both below permissible
drinking water standards, they should have no adverse effect on man's
direct use of this water. The effect of these chemicals on water
quality for other purposes, such as propagation of aquatic life, is
described in Section V.C, ’

Chlorine,; as a 16% sodium hypochlorite solution, is -added inter-
mittently to the cooling system to remove accumulations of slime
and algae growth on the inside tubes of the condenser. The concen-
tration of the residual chlorine in the discharge stream is limited
in Amendment No. 1 to the Interim Provisional Operating License
‘No. DPR-20 granted on November 20, 1971, such that concentrations
are not to exceed 0.5 ppm at the point at which the discharge water
enters into Lake Michigan.25 Concentrations of 0.5 ppm in the
discharge effluent will have detrimental effects on water in Lake

" Michigan used to propagate aquatic life. The detriment can arise
from direct toxicity of chlorine, highly toxic chloramines, or
organically-complexed chlorine or from sub-lethal effects on life
processes such as reducing reproduction. It can be presumed that
the chlorine treatment will kill all organisms in the cooling system.
Thus, there would be no survival of organisms that pass through the
cooling system during the treatment period. In addition, some
organisms in the lake may suffer from the toxic effects that résult
from the residual chlorine dispersed in the lake water. To minimize
‘environmental damage to aquatic life, the frequency and the length
of the treatment period will be limited to one hour per month. The
applicant shall monitor residual chlorine concentration in the
discharge water during‘and after the course of treatment to note



TABLE III-10

MAXTMUM CONCENTRATION IN PARTS PER MILLION OF CHEMICALS IN CIRCULAfING WATER DISCHARGE CANAL! .

_ Conc. Added to Lake ’ ’ . Drinking Water
Ave. Conc. of From Demin. From C.T Cir. Water Dis. to Lake Michigan Recommended Limits in 100 Largest
Chemicals Lake Michigan Process, Blowdown Initial Opr.? Modified Opr.3 of Conc. in Cities
Regenerated : Water, ppm ppm ) pPpm ppm ppm. Drinking Water, ppm Median,ppm Maximum,ppm
Cl 9.0 0.003 1.7 9.0 10.7 250 13 540
Fe 0.1 0.00003 0.02 0.1 0.1 0.3 0.02 1.3
$1i0p 2.1 0.0004 C 0.4 2.1 2.5 7.1 72
- Mn 0.02 0.000006 0.004 0.02 0.02 0.05 0 X . 2.5
Ca 33.6 0.011 6.5 - 33.6 40.1 7.5 26 145
Mg - 11.2 0.003 2.2 11.2 13.4 50 6 120
€03 6 0.002 1.2 6.0 7.2 0 26
HCO3 14.3 0.034 1.4 14.3 15.7 . 46 380
SOg“ 22.2 0.131 26.7 22.3 48.9 250 26 572
Na 10.6 0.082 2.1 10.7 12.7 250 (TDS) 12 198
PO, 0.013 0 0.26 0.013 0.27
H3BO03% 0 0 0 5 0 1.0
Zn 0.010° 0 0.026 0.016 0.036
Residual N '
Chlorine® 0 0 0.022 0.5

0.022

Note: The discharge will have a pH between 6.5 and 9.5.

! Discharges will be intermittent; values given here are the maximum concentrations.

2 Once-through cooling and present radwaste systems in operation. Concentrations include the average concentration of Lake Michigan water
and the chemicals from the demineralizer regeneration process discharged at 20 gpm into 405,000 gpm cooling discharge water. See
Table III-9. : :

3 After installation of cooling towers and modified radwaste system. Concentrations include the average lake water concentration
and the concentrations added to the lake from the cooling tower blowdown. ’

Chemicals released from demineralizer regeneration.
5 These chemicals are also present in the condenser cooling water but are released through other Plant operatioms.

6 Rosaman, R. and Callendar, E., "Geochemistry of Lake Michigan Manganese Modules' Proc. 12th Conf. Great Lakes Research, 1969, pp. 306-316.

8%-1I11
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possible adverse effects from the chlorination treatment on aquatic
biota. Discussion of the impact of residual chlorine on aquatic
life is presented in Section V.C and Appendix III-1.

The Michigan Water Resources Commission added the following limit-
ation on the use of chlorine in the applicant's Order of Determin-
ation which is considered to be an interim chlorine standard to

be reviewed on or before Dgcember 1972.28

"Contain not more than five hundredths (0.05) milligram
per liter of total chlorine (free and combined) in the
discharge channel serving each individual plant after
utilizing available dilution and at a point to be deter=~
mined by the Chief Engineer of the Commission, where
application of chlorine is on a continuous basis; or
contain not more than five tenths (0.5) milligram per
liter of total chlorine (free and combined) in the
discharge channel serving each individual plant after
utilizing available dilution and at a point to be deter-
mined by the Chief Engineer of the Commission, where
continuous application of chlorine will be limited to
not more than thirty (30) minutes during any two (2)
-hour period."

EPA in its comments on chlorine discharges in Appendix XII-5 also
recommends limitations on total residual chlorine discharges. For
intermittent discharges, they are: (a) 0.1 ppm not to exceed 30
minutes per day and (b) 0.05 ppm not to exceed 2 hours per day.
The EPA also recommends that control, especially critical during
the winter months, could be accomplished by dechlorination with
sulfur dioxide or other suitable means, and by correlating
chlorination periods with high wave conditions., Furtheérmore, it
is desirable to eliminate the possibility of synergistic effects
of chlorination and cold shock by proper timing of chlorination

so as not to coincide with rapid Plant shutdowns. The staff concurs
that these recommendations are well taken and also recommends that
the chlorination treatment should be conducted during the daytime
to assure a faster reaction of residual chlorine with sunlight
than during nighttime. In order to measure the low levels of
residual chlorine, the recommended analytical technique is the

use of amperometric titration method which is among the most
accurate for the determination of free or combined available
chlorine in clear water.

h, Proposed Cooling Tower System Chemical Treatment

In Amendment No. 21 dated March 1, 1971,!5 to the FSAR, the
applicant describes a closed cycle cooling system which will
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utilize mechanical draft wet-type cooling towers, the construction
of which will be completed by November 1973.12 with this system
the major liquid chemical discharge from the Plant will be blowdown
at the rate of 1,320 gpm from the cooling tower. The blowdown will
be diluted with lake water before discharge into Lake Michigan at

a rate of 60,000 gpm (Section III.D.1l.b.). The average cooling
tower drift is expected to be as low as approximately 20 gpm,
although a drift of 820 gpm could be reached. 12

The recirculating water system will also be treated intermittently

with sodium hypochlorite (16% NaOCl) as a biocide at a rate of

1 hour per day, creating a residual chlorine concentration of 1 ppm
in the blowdown. About 1,320 gpm of blowdown will be diluted with

"~ 60,000 gpm lake water and then released into the lake during

treatment periods. Residual chlorine concentration at the dlscharge

after mixing with this dilution flow will be 0.022 ppm (Table III-10).

The blowdown discharge is a continuous process.

Phosphate and zinc compounds (Calgon TG - 10'~ trade name) are
currently planned for use as corrosion inhibitors in the recirculating
cooling water, although final choices have not yet been made. Some
possible alternatives are discussed in Appendlx V-1. Concentrations
continuously released into the lake via blowdown (after dilution)

will amount to 0.27 ppm of phosphate and 0.036 ppm of zinc, respec-—
tively (Table III-10). The concentration in the blowdown before
~dilution with 60,000 gpm is 1.2 ppm zinc and 12 ppm phosphate.17

Adjustment of alkalinity of recirculating water with sulfuric

acid (also used to control condenser tube scale) will result in

a continuous release of sulfate ion to the lake at a concentration
of 48.9 ppm (Table III-10)}7

4. Other Wastes

Other liquid wastes from the "hot" chemistry laboratory will be
treated in the liquid radwaste system which is discussed above.
Chemical wastes from the "cold" chemistry laboratory will be
discharged to the sanitary waste disposal system (septic tank).
Laundry effluents will be filtered and discharged to the discharge
canal. On the average, approximately 3-1/2 pounds of bio-
degradable detergents per day will be utilized in the Plant
laundry. Sanitary wastes estimated to be about 1,875 gallons

of sewage per day will be processed through the facility's
independent sewage system, involving a septic tank and drain
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field located several hundred feet south of the Plant. Based on a
design flow of 25 gallons per capita day, the septic tank will
serve a Plant operating staff of 75. A separate septic tank and
drain field are located at the visitor's center. No sewage will
be discharged to the lake.l”?

Any chemicals and hazardous materials, such as ammonia, hydrazine

or organic solvents, will be stored and handled according to the
common practices of industrial safety. Procedures in handling
nonradioactive and radioactive materials in the laboratories will

be carried out using the precautions and normal laboratory practices
of safety to protect operating personnel and workers from any ’
health hazards. ' o

Other wastes such as trash, shop and construction debris, non-
‘radioactive HEPA filters, septic tank sludges, etc., will be
disposed of offsite by a commercial service. Large materials
collected on the water intake trash acks are removed by power
scoops and originally discharged to the beach via two surge
channels. Small materials collected on the intake traveling
screens have been flushed off by hydraulic sprays, collected in
a wire basket, and discharged through the two surge channels into
_the lake. It will be required that all debris collected be dis-
posed of as solid waste by a commercial service, rather than
sluiéing the debris into the lake through the two surge channels.
The applicant is already disposing of solid wastes by commercial
service in compliance with the Technical Specifications.

Miscellaneous gaseous effluents that will be discharged into the
atmosphere include the gaseous effluents Hy, Ny, plus trace

amounts of laboratory §ases including noble gases at a rate of
approximately 4,500 ft°/yr. Hydrogen will comprise the major fraction
of this discharge. Diesel exhaust from 2 generators (2,500 kWe each)
will be discharged during their operating period of 2 hours per
month. Except for gases from the steam generator blowdown which

are monitored and vented directly to the atmosphere, all Plant

gases will be discharged to the stack. The gases will pass through
high efficiency particulate air (HEPA) filters which have efficien-
cies of >997 for 3-micron particles. 7,20
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IV. "ENVIRONMENTAL IMPACT OF SITE PREPARATION AND PLANT CONSTRUCTION

A.  SUMMARY OF CONSTRUCTION

Construction of the Palisades Plant was essentially complete in
Spring 1971, except for the addition of the modified radwaste
facilities on the north end of the Plant, reconstruction of the
water intake structure which had collapsed during the winter of
1970~71, and construction of two rows of mechanical-draft cooling
‘towers south of the Palisades Plant. Reconstruction of the water
intake structure has been completed, but the modified radwaste
facilities are under construction. Completion of construction of
the modified radwaste facilities is anticipated by Spring 1973.
Construction of the mechanical-draft cooling towers has just been
started but will be required before December 31, 1973 in order to
meet the proposed Environmental Protection AgenCy (EPA) standards
for thermal discharges into Lake Michigan. The applicant received
all the necessary Federal, State and local permits and licenses
for the construction work as described in Chapter I, Section C.

B. IMPACTS ON LAND, WATER, AND HUMAN RESOURCES

1. Area invdlved

The major impact on land use occurred during the construction of
the major facilities on the site. Plant site construction (prior
to cooling towers) had only modified approximately 30 acres in the
area of the sand dune shore belt, which is approximately a mile
wide at the Palisades Plant site (Appendix II-1, Fig. 1). During
construction, U, S. Highway 31 was relocated; a driveway was con-
. structed to the Plant from the highway and a railroad spur was
“built besides construction of the actual Plant facilities. The
“applicant also exchanged land with the State of Michigan such as
to increase the shoreline about 360 feet for Van Buren State Park
for additional inland area for the applicant.

Most of the Palisades Plant site remains forested with the dominant
forest community of red oak, sugar maple, and beech, mostly modified
" by forest cutting many decades ago. There are variants in recovery
of this community throughout the Plant site, as well as bare sandy
beaches, denuded blowout areas (free of vegetation as a result of
natural or man-made disturbances), and areas where construction has
taken place.’l The Soil Conservation Service of the Department of
Agriculture in Appendix XIT-2. states that no prime agricultural land

Iv-1
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was involved in the construction of the Palisades Plant so the
construction work does not ''directly affect the crop production
base of the county., Furthermore, erosion and sedimentation will
be held to a minimum with water courses either sodded or cemented.
Runoff water from the site should be ot satisfactory quality."
Chapter XII outlines agency comments on the impact on land, water
and human resources from construction of the Palisades Plant.: -

The dominant dune soil type, Bridgman fine sand,? is not resistant

to disturbance by traffic, and in several areas it has been blowing.
Preparation of the Plant site and construction of the Plant has
caused disturbances in several areas, including an area used for
-prestress testing of containment structures, the site of the concrete
batching plant, road construction areas, power-line construction .
sites, and fill areas along the beach where excavated sand has been
‘dumped. : : o : :

Some construction work was also performed in Lake Michigan.. A channel
‘was dredged and back-filled along the beach to bury the inlet pipe for
cooling water. Barges were sunk offshore to act as breakwaters during
construction but have since been removed. A small harbor was dredged
south of the Plant to permit unloading of the pressure vessel from a
barge, and pilings for this harbor are still in place. Part of this
harbor has filled in with sand as a result of wave action on the shore,
and more widening of the beach can be expected in years of low or lower-
ing lake level.3

Construction of two rows of cooling towers.on the existing Plant site
will require clearing approximately 100,000 square feet of a partially
wooded area between dunes (see Fig. II-2 for .proposed site of the
cooling towers). Excavation of sand also will be required. The

sand will be relocated in low areas inland of the dunes as fill for
expected expansion of the electrical transmission switchyard, located
as shown.in Fig. II-2. ' '

In Section III.B the effect of the construction of the needed trans-
mission lines on the land area is described. A total area of 5 acres
of dune area had to be cleared for the construction of the short
section of transmission line to connect with the 345-kV interconnection.
Construction of the Palisades Plant resulted in adding 1/2 mile of
transmission lines over its own property to an already existing and
operating network. Whenever possible, existing blowout areas. were

used for the transmission line corridors to prevent unnecessary
clearing of the land.” A 40-mile line involving a total area of

2,250 acres of gentle rolling terrain, used primarily for farming,
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was built in 1969 to. connect the Plant to the interconnection with
its partner-in the Michigan Power Pool and its customers. The
"applicant will be required to conduct normal inspection of the
- right-of-way for the transmission line in such a way to eliminate
the need to keep the right-of-way cut back in wooded areas. Clear-
ing should be limited to only permit access of maintenance vehicles
and to keep the line free from intrusion of timber whlch would
interfere with the safe operation of the line.

2. Manpower Effects

Since most workers commuted from nearby communities to the Plant
site, the impact of manpower on the local environment was negligible.
There was increased traffic on the local roads during construction
but four-lane highways were sufficient to handle the increased
traffic load in the area. Little impact of construction was felt

in local schools and businesses in South Haven, Michigan, the nearest
community to the Plant. The applicant leases farmland to landowners
to allow continued use of the land for agriculture. Orchards were
left intact wherever possible.

3. Environmental Considerations

The major environmental impact of site preparation and construction
has been the alteration or destruction of plant communities in the
dune belt that stabilize the dunes against erosion and provide
habitat for the wildlife species in this area as discussed in
Section II.E.

The construction site was formerly a sand quarry, and additional
excavation was required for construction. This sand has been
relocated along the beach to the north and south of the Plant -and

as fill for both the railroad spur and the access road from U. S.
Highway 31 to Plant facilities (see Fig. II-2). .The fill areas

along the beach are predominantly bare sand with scattered growth

of forbs, beach grass (Ammophila breviligulata), and sand reed grass -
(Calamovilfa longifolia). Several of the disturbed areas and the
fill area along the beach are eroding from both wind and water.

Construction in Lake Michigan has probably had negligible impact on
aquatic communities. Most of the construction occurred in a 'small
area of the sterile zone in inshore waters in which populations of
benthic organisms are low due to the shifting sand bottom,“ Recon-
struction of the water intake structure also should have negligible
impact on aquatic communities in the lake.
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Any increase in noise levels generated’ during construction of the
Plant's major facilities has since diminished. Durlng construction
the applicant installed mufflers on steam exhaust lines to diminish
this source of occasional noise. Furthermore, no increase in noise
levels at the site boundary above present background levels in this
area should occur as a result of the remaining Plant construction.
No unpleasant odors resulting from Plant construction have occurred
nor are expected during the remaining construction work.

C. CONTROLS TO REDUCE OR LIMIT ENVIRONMENTAL IMPACTS

Landscaping with native species and replanting of fill and other
disturbed areas will enhance the appearance of the Palisades Plant
site and reduce the erosion of these areas. The area immediately
adjacent to the Plant has been and will be planted with trees, shrubs,
lawn and dune grasses to stabilize any sandy soil. Removal of con-
struction debris and temporary facilities after completion of
construction also will enhance the appearance of the site. However,
construction of cooling towers is 11ke1y to produce a more serious
impact on the site than all previous construction unless special ~
care is taken, The plant communities are sensitive to disturbances
and require several years for pioneer species of plants to reinvade
disturbed areas.®,® The natural process of succesion and stabiliza-'
tion of plant communities on the dunes is accelerated if the disturbed
areas are replanted with pioneer species (dune grasses named above)
‘rather than being left alone to recolonize naturally. Replanting
helps to stabilize the eroding areas by preventing severe wind and
water erosion and enhance the natural appearance of locally adapted
shrubs and native trees on the Palisades Plant site., Most of the
disturbed areas on the site have been replanted at least once, but
failure of some plantings illustrates the vulnerability to distur-
bance. The fill areas along the beach and the areas, which will be
disturbed for construction of the cooling towers, should ‘be stabilized
initially with grass clumps after completion of operations and, also,
each time that heavy wave erosion and dune undercutting are followed
-by a lowering of lake levels. 3,6 It is particularly important that
the protective, partly stabilized dune ridges parallel with the beach,
between the beach and the planned cooling tower areas, be disturbed
as little as possible to prevent, or at least minimize, new areas of
wind tunneling and sand erosion. The staff recommends that the
applicant keep in contact with State and local authorities on con-
structing nature trails, landscaping and replanting dune grasses
where necessary to restore the 31te.
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V. ENVIRONMENTAL IMPACTS OF PALISADES PLANT OPERATION

In this chapter the effects of the Palisades Plant normal operation
on the environment are described and assessed. They are divided into
two principal categories: (1) those that affect man directly,
e.g., exposure to radiocactive materials, the consequences with
respect to water use, and impacts on land use, and (2) those

that have direct impacts on biological systems that man uses
commercially or for recreation, or which he wishes to protect

for future generations. Two modes of Plant operation are planned,
initially with open-cycle, once-through cooling, and subsequently
with closed-cycle, mechanical draft cooling towers. The organi-
zation of this chapter gives sequential treatment to the two types
of operations. Since the design characteristics of the proposed
cooling tower systems have not been fixed, some of the assessments
of the impacts that may result from their operation are necessarily
tentative. The relative significance of the impacts of Plant
operation under these two modes is summarized in Chapter VII.

A. LAND USE

1. Effects of Operation of Open-Cycle, Once-Through Cooling
- System ' ‘

a. Aesthetics

The major impact on land use in regard to operation of the Palisades
Plant occurred during Plant construction and construction of trans-
mission lines as described in Chapter IV. The major aesthetic
impacts on the land resulting from operation.of the Palisades Plant
are the use of uncultivated land on which construction of man-made
facilities such as buildings, parking lots, transmission lines, and
electrical switchyards, and breaking the beach profile with the
sheet pile effluent channel occurred. The applicant has exerted
effort to reduce the impact of these facilities; the site has been
landscaped; grass has been planted to help prevent sand erosion;
modern industrial features have been incorporated in the Plant
buildings; and, where possible, existing blowout areas were used
for transmission line corridors to prevent unnecessary clearing

of the land; and land used for transmission corridors continues to
‘be used for agriculture purposes through leasing land back to land-
owners and farmers.

A tourist information. center is located on the Plant site as a
part of the applicant's public relations and educational efforts.
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Its aesthetic impact is considered to be negligible; it could be
termed positive because of its modern architectural features that

‘blend with the natural landscape.

b. Access
The perlmeter of the Palisades Plant site is posted but does not
prevent access to the site; however, the immediate area of the
Plant facilities is fenced in. .Access to the site can be gained
from Lake Michigan, along the beach from either direction, and
from U. S. Highway 31 via a secondary road through the sand dunes.
The applicant prefers, however, that all visitors enter through

.the visitor's center, which is adjacent to the secondary'road.

The entire beach behind the Plant, excluding theedischarge canal,
is available for public use; the cooling water discharge is fenced

'in, which prevents passage along the shore. At the suggestion of
-the staff, the applicant gave consideration to the construction of
‘v a pedestrian bridge across the discharge structure.. When the local

ke

groups both north and south of the site learned of this possible.

"+ action they expressed unanlmous objection and the plan was

terminated.

‘Water access is unrestricted, although safety warning signs will be

placed in the discharge canal. .The discharge velocity (2 fps)

.should not deter people from using the 1mmed1ate area for wading or

‘boating.

The applicant has plans for building nature trails and allowing'
controlled hunting by archery only in the surrounding dunes area
within its site.. Visitors to the Van Buren State Park, north of

- the site, and Covert- Township Park, south of the site; will have

access to' these trails.!

¢, Winter Shore Erosion .

During winter months the heated circulating water effluent will
melt some Lake Michigan ice in the vicinity of the discharge
structure. Some shore erosion may occur at this time due to the
effect of the heated discharges in melting ice near the discharge .

- structure. Ice which forms along the shore helps protect the

sandy shoreline, from erosive wave action.during the winter season.
Unique circular current patterns of the southern Lake Michigan basin
distribute drifting floes of ice along the shore, and even during
the mild winters these floes become consolidated and extend from



the shore out into the lake. In severe winters this consolidated

zone can extend 10 to 15 miles into the lake, but generally it extends
only a few hundred yards. Beyond the consolldated zone there exists a
zone of unconsolidated, but densely packed floes that blend into pro-
gressively more open water. An "ice foot" generally accumulates upon
the beach, composed of frozen spray of lakewater, snow. accumulations,
stranded ice floes, and sand that is thrown up by wave action or blown
out from the beaches.?»>3 Marshall3 has adequately described the forma-
tion, appearance, and breakup of this ice cover. :

The evidence available from aerial, boat and on-foot ice studies at
Lake Michigan power plants during the winters of 1969-70 and 1970-71
shows that discharges of waste heat do.not cause extensive melting

of shore ice with resulting exposure of the beaches to wave erosion."
Data show that the type of outfall structure used at Palisades, a
double sheet pile canal- leading out into the water, will have shore
ice continuing up to the sides of the canal. The unconfined outfall
channels of the Big Rock and Campbell Stations have been studied for
. several winters. Each winter the Big Rock discharge melted a narrow
channel of limited length outward into the solid sheet ice of :Little
Traverse Bay, and shore ice came up to the very edges of the outfall
canal. At Campbell during winter, there has been a considerable area
of melted shore ice, but beach erosion has not been evident. Off-
shore discharges such as those from Big Rock City allow shoreé ice to
accumulate in apparently normal fashion behind a small melt hole.
‘However', the unconfined natural mouths of even small streams appear
to be capable (without man-made heat) of destroylng substantial amounts
of the protectlve shore ice."

This small impact may be due, in part, to the tendency for a thermal
plume to sink in winter when dilution with surrounding cold water

has reduced temperatures to about 39°F (4°C), the temperature of
maximum water density (refer to discussion of thermal effluent dis-
persion in Section III.D). However, it is expected that erosion of
the shoreline will only occur close to the discharge structure because
of erosive wave action during the winter season.

Thus, little more wave action is expected to reach the beach at
Palisades site than if there were no thermal discharges. Any wave
action which does reach the beach because of thermal discharges
would be expected to affect only the portion of the beach .controlled
by the applicant, which extends over 2, 000 feet on each side of the
dlscharge structure. -



. d. Climatic Effects

The atmosphere will ultimately absorb most of the waste heat from
the Palisades Plant, with the Lake Michigan water ‘
acting as an intermediary during the dispersion of the thermal dis-
charge in the circulating water primarily on the surface of the
lake. Based on many years of observation at power stations,5 no
serious atmospheric effects are expected from heat by the once-
through cooling system. Wispy steam fog over the thermal plume
may occur, depending on the vapor pressure of moisture in the air
and the temperature isotherms of the plume.%:® Church® has in-
dicated that steam fog will form if the vapor pressure difference
between the air and water is 5 millibars or more and the air
temperature is at or below freezing. The air layer next to the
water surface is heated and has moisture added; mixing of this air
with the unmodified air just above can lead to vapor saturation
and condensation. Further vertical mixing tends to evaporate the

) ‘steam fog. However, any observed steam fog is not expected to beir = ‘i

.. .thick nor rise but a short distance off the lake surface. Obser-
- vationtof steam fog over thermal discharges indicate that the
_visible plume will be thin and wispy and that the fog will rarely

penetrate more than 10 to 50 feet inland before disappearing. It
is not expected that. the density of the fog will be sufficient to
interfere with shipping or other modes of transportation on the
lake. Furthermore, no effect.from the steam fog on the lake sur-
face is expected inland because of high air turbulence. The fog
will disperse very quickly and will not persist for any petriod of
time, particularly with relatlvely high air flow currents across’
the large surface of the lake.”:8 Some of the water droplets will
be removed by vegetation and other surfaces as they move across the
shoreline, causing a local increase in humidity and dew.

2. Effects of Operation of Closed-Cycle Cooling System
a. Aesthetics

The cooling towers will .produce an additional change in land impact
resulting from the proposed closed-cycle heat dissipation system.

The towers will not be visible from U. S. Highway 31 or Highway I-196,
because of the sand dunes between the towers and the highways. The
towers will not obstruct the view along the beach as they are designed
to be hidden from view except from the lake. - The cooling towers them-
selves should, therefore, be of aesthetic significance only from the
lake side of the site.



The major aesthetic effect associated with the proposed cooling tower
operation will be the long water vapor plumes resulting from this
method of heat dissipation. These plumes will be visible from both
U. S. Highway 31 and Highway I-196. Any adverse aesthetic effect
from these plumes should be minimal if, according to the applicant's
consultants, they are visible over the Township of Covert less than
57 hours each year and visible over South Haven less than 1 hour each
year as claimed.’

b. Climatic Effects of Cooling Towers

The atmosphere will directly absorb the waste heat from the Palisades
Plant during operation with cooling towers. Whether adverse effects

on the atmosphere will occur either on a large or small scale is a
matter of speculation. Whether a diffuse disposal from a nearly

point source such as cooling towers results in an adverse impact on

the atmosphere is unclear at present. Smith® has analyzed the use

of the atmosphere as a heat dump znd concluded that the use of :the
atmosphere for this purpose would be appropriate, provided there are
controls to limit development of any adverse effects. The locally
inténsified effects from cooling tower plumes are possible particularly
during spring and fall. Regional effects of cooling towers at Palisades
will very probably be small (a conclusion based on studies near Lake
Meade and similar man-made systems),9 although Lake Michigan itself
clearly has a direct effect on winds and moisture which, in turn,
modify temperature and regional weather of nearby 1and.fp No global
climatic problems due to rejection of waste heat from the Palisades
Plant cooling tower plumes are anticipated during its lifetime .
operation.ll’12

In regard to evaluating the possibility of formation of induced
local ice and fog from the cooling tower plumes, an extensive study
to determine the environmental effects of cooling tower plumes was
made by Nuclear Utilities Services Corporation (NUS) for the
Palisades Plant.’ Results of this study indicate that, although
meteorological conditions contributive to aerodynamic downwash fre-
quently occur at the Palisades site, particularly during the winter,
‘the visible plume from the proposed mechanical draft cooling towers
will seldom directly contact Highway I-196. Likewise, induced fogging
and icing effects will be negligible throughout the offsite area.
However, visible fog production and icing effects will occur more
frequently onsite than offsite. )

" In reference to precipitation, mechanical cooling towers of the type
planned for installation at the Palisades Plant will disperse water to.
their environs by evaporation and drift. Evaporation of the cooling
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tower water will amount to about 12,300 gpm. Drift occurs as
droplets of the recirculating cooling water, which are caught
up in the rapid flow of air, are ejected out of the top of the
tower and fall as a mist on the land. The water loss from the
drift could be as high as 820 gpm from the Palisades towers,
with a probable average value of 20 gpm. This additional
"rainfall" may affect the immediate surrounding land area (see
further discussion in Section V.C.2.). Since the affected area
is currently wild forest and grass, and not suitable for agri-
culture, the result may be a minor impact on wildlife cover
and food. Additional moisture may stimulate growth of wild
vegetation,

c¢. Chemical Effects

Chemicals added to recirculating cooling water as corrosion
inhibitors in the cooling towers and naturally present chemicals
which are concentrated by evaporation will also be distributed
on the surrounding land by the cooling tower drift. A tentative
list of chemicals to be found in the drift from the Palisades
towers is given in Appendix V-1, Table V-1. Appendix V-1 dis-
cusses chemicals generally used in cooling towers and potential
loss rates from drift. These chemicals may affect use of land
surrounding the cooling towers due to potential effects on
vegetation (see further discussion in Section V.C.2.). Toxic
chemicals, particularly if used in excess, have the potential

of reducing or destroying the present wild nature of the area,
although such effects are not well-established.

d. Noise

The proposed'mechanical draft cooling towers will utilize large,
high speed, rotating equipment to drive large quantities of air.
through the restricted tower flumes to dissipate heat to the at-
mosphere. These conditions will produce a noise level of about .
85 db at a distance of 100 feet from the face of the tower.7

The nearest site boundary is approximately 1,500 feet south of the
the proposed site. This distance, the terrain, and the foliage
between the towers and the boundary should reduce this noise

level to a minimum at the site boundary. 'One can expect the noise
to have some impact on‘the amount of wildlife within the fenced
area.



B. WATER USE

1. Effects of Present Once-Through Cooling System

a. Thermal Effluents

The once-through heat dissipation system of the Palisades Plant
should have no thermal effect on local groundwater but will pro-
duce a thermal plume in Lake Michigan, the size, shape, and
behavior of which are discussed in Section III.D.l.c. Lake
currents are expected to flow parallel to the shoreline more
than 547 of the time, thus favoring the occurrence of a thermal
plume adjacent and parallel to the shoreline during southwest
and northwest winds on the lake.l3 (Thirty percent of the time
offshore currents occur and 6% of the time there is a calm.)

The 1 F° excess isotherm of this plume, as noted in Section
III.D.1l.c., may exist 12 miles along the beach from the discharge
point during strong alongshore current conditions on the lake.
This should have no adverse effect on man's direct use of these °
waters and may possibly enhance the use of the beach waters for
swimming and othér related water recreation. Indirect impacts
through effects on lake biota are discussed in Section V.C. and
Appendix V-2, ‘ '

In terms of water use, the volume of circulating water passing
-through the intake-discharge system, amounts to about 405,000
gpm or 0.017% of the total volume of Lake Michigan in an entire
year.

The intake structure, 20 feet below the surface of the lake,
should not affect the use of the lake surface waters for boating.
Likewise, the cooling water discharge, with a velocity of 2 fps,
should have no effect on water activities in the immediate area.

In regard to thermal effects, increasing the circulating water
temperature by 25 F° during full power operation is not expected
to produce a significant change in the dissolved oxXygen content
of Lake Michigan water as it passes through the Palisades Plant.
Thus, no change in the ability of the lake water to assimilate
organic wastes is anticipated. This conclusion is based upon
review of world-wide literature relevant to this question1 and
upon operating experience of power plants on Lake Michigan.15
Cooling water discharges tend to slightly increase the dissolved-
oxygen content of water where concentrations are low and to reduce
it where they are above saturation.l® Dissolved oxygen is dis— '
cussed further, with reference to aquatic life, in Section V.C.



b. Turbidity

Turbidity of the lake water may possibly increase because of
operation of a once-through cooling system at the Palisades Plant.l7
From observation during a site visit,.the regulatory staff found no
basis for turbidity to increase in the lake water. Operation of the
.circulating cooling system will not result in an addition of suspended
solids to the water flow during passage through the intake-discharge
structure of the Plant. Any additional suspended matter may be de-
rived from disturbance of lake bottom sediments at either the intake
or the outfall. Bottom scouring at the intake seems unlikely. The
Palisades Plant intake is located 6 feet above the lake bottom, and
the intake velocity of 0.5 to 0.6 fps at the crib of the intake
structure is considerably lower than those of the normal shore
currents. 18 1In addition, the bottom materials are sands that do

not contribute to turbidity even when disturbed. 13

Scouring is expected at the discharge, but should not contribute

to turbidity. The flow rate of 2 fps at the discharge is sufficiently
high to move finer.sand particles but is not expected to cause any
significant change in natural lake current patterns and associated
sediment movement over a large area of the bottom of the lake. On

a site visit, the regulatory staff confirmed the fact that the discharge
embayment has been scoured already, since the bottom is composed largely
of small gravel. The sand carried by shore currents will undoubtedly
be swept out of the immediate discharge area as fast as it accumulates
on the upcurrent side. The sand particles are sufficiently large that
any which are disturbed will settle almost immediately outside the
discharge structure and thus no increase in turbidity would be produced.

In some areas of the Great Lakes, storms create turbid or "roily"
near-shore waters by agitating the clays derived from glacial till
sediments in shoreline banks or in bottom materials. Continued
water movements induced by a power plant discharge could prolong

the time that these clay materials remain suspended or could propel
them farther out into the lake. The shoreline of southeastern Lake '
Michigan has few exposures of glacial till, however, so this type

of induced turbidity should not be great.ls'

c. Chemical Effluents

As shown in Table I1I-10, of Chapter III, the present once-through
system will have as its major chemical effluents periodic releases



of boric acid at 5 ppm and residual chlorine at 0.5 ppm at the point
of discharge into Lake Michigan. Since these concentrations are both
below permissible drinking water standards, 18 they should have no
adverse effect on man's direct use of this water. The effect of
these chemicals on water quality for other uses, such as propagation
of aquatic life, is discussed in Section V.C.

2. Effects of Closed-Cycle Cooling System

a. Thermal Effluents

As discussed in Section III.D.l.c., the proposed closed-cycle heat
dissipation system may produce, during strong alongshore current
conditions, a thermal plume having a 1 F° excess isotherm that covers
an area of approximately 24 acres and extends about 2 miles along the
shore from the discharge point. This should reduce to a minimim the
thermal impact on man's usé of the lake waters. '

b. Turbidity

Cooling tower blowdown water may be somewhat more turbid or more
colored because of concentration of the salts already present in
lake water and the addition of treatment ‘chemicals (see following
section and Appendix V-1). No significant increase in turbidity,
however, is expected in lake water following dilution of blowdown
at the outfall. Closed circuit cooling would reduce any influence
‘of the discharge on storm—inducedﬁfurbidity of the lake, due to the
smaller volume discharged. '

c. Chemical Effluents

Operation of cooling towers affect the chemical water quality by:

(1) concentrating naturally occurring chemical constituents in the
makeup water, and (2) adding chemicals used to control corrosion

and fouling. A tentative list of the principal chemicals to be
released in the Palisades Plant blowdown and their concentrations at
the discharge into the lake is given in Tables III-9 and III-10. None
of the chemical concentrations shown in this list are higher than
drinking water standards,16 and thus they present no direct problem

to man's use. Compounds containing phosphate and zinc ions that are
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proposed for use as corrosion inhibitors will be critical problems
for use of Lake Michigan water for propagation of aquatic life, as
will the principal alternative - chromates. Chlorine will also be
used as a biocide but at less than 1% of the amount concentration
used during operation of the once-through cooling system. These
impacts are discussed under biological impacts, Section V.C., and in’
Appendix III-1, '

The evaporative cooling towers at Palisades will contribute to the
long-term buildup of dissolved solids in Lake Michigan over the past
century that has been documented by Beetonl!® (Fig. V-1). This build-
up affects a wide variety of water used, ranging from industrial uses
to propagation of aquatic life. The towers will have only a small
influence, however, relative to the discharges into the lake of tri-
butaries, sanitary wastes, and industrial discharges near the Palisades
site, but their effects cannot be discounted.

Radiological effects on man's use of the teceiving waters are dis-
cussed in Section V.D.

d. 0ils and Other Petroleum Products

Closed-circuit cooling will involve the use of additional machinery
through which cooling water will have to pass, including additional
pumps -and air fans. This increases the risk of inadvertent contam-
ination of lake water with petroleum products used for lubrication,

a risk that is normal of operating cooling towers as well as possibly
due to accidental releases. These products are unsightly; they can
be toxic in high concentrations which, however, are unlikely at
Palisades and small amounts can, taint the taste of water and fish
flesh.17 Operating experiences at other sites suggest that these
impacts, while identifiable in principle, will not be great.

e. Dynamics of the Water Budget

In operation, mechanical-draft cooling towers remove heat from the
circulating water by evaporation. Evaporation of about 1 1b of
‘'water will transfer approximately 1,000 Btu to the atmosphere.
Evaporation of 1% of water volume will result in a reduction of
the water temperature by approximately 10 F°. Water is also
removed from mechanical-draft cooling towers by drift and blowdown.
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Drift, the carryover of water droplets by air, accounts for a small
loss. Cooling tower manufacturers will guarantee that the losses
from drift will not exceed 0.2% of the water circulated. In some
towers of the most advanced design, losses are confined to lower
volume fractions, often less than 0.1 of the standard limit. Drift
eliminators can be used to minimize the amount of drift lost to the
atmosphere

Maximum values of water losses from the cooling towers proposed
for the Palisades Plant have been estimated by one of the vendors
(the Fluor Corporation) to be 820 gpm as drift with typical values
of drift possibly as low as 20 gpm and 12,300 gpm as evaporated
moisture. Blowdown accounts for the remaining mode of discharge
of water from the towers. 1In present cooling tower technology,
discharge of about 0.3% of cooling water as blowdown is effected
per 10 F° of cooling so as to prevent the development of con-
centrations of solids in the recirculated water at concentrations
exceeding three or four times that of the makeup water. The blow-
down rate for the Palisades Plant has been estimated to be 1,320
gpm.- Thus, a total amount of 13,640 gpm of makeup water, to be
supplied by discharge of the service water cooling system, will
be needed for operation of the cooling towers. .

C. BIOLOGICAL IMPACTS

This section treats impacts of the Palisades Plant (except radio-
logical impacts) on organisms other than man. Many of these
organisms are of immediate importance to man ' through commercial
fisheries, sport fisheries, or biological nuisances. Others are
important as food-chain contributors to those species of more
direct interest. Still others are important components of the
entire ecosystem, without which the normal patterns of nutrient
cycling, decay of organic matter, and other essential processes
in the lake could not proceed.

The following discussion is twofold. To clearly definée impacts
upon ecological systems, it is necessary to segregate the portions
of the biota (e.g., fish) on which the impacts will be felt, and
then to analyze the nature and severity of these impacts on those
particular organisms using the best available data from reliable
and publicly documented sources. ‘On the other hand, some impacts
(and the means for remedying them) are better described in terms -
of the source of the impact (e.g., chlorine). There is necessarily
some overlap and attendant redundancy. Several sources of impact
are discussed first, followed by more detailed descriptions of
various components of the biota. As in the previous section, two
alternative cooling systems are analyzed.

1. Effects of Once-Through Coolng_Sxétem

a. Sources of Potential Biological Damage
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There are six principal sources of potential biological damage
from the once- through cooling system (and a seventh, their combined
effects): ‘

(1) Temperature increases from the discharged cooling
water, causing both direct effects and indirect
effects (metabolism, growth, disease, predation,
etc).

(2) Mechanical and pressure changes that damage small
organisms passing through pumps and condenser
tubing.

(3) Impingement on intake screens of larger organisms,
principally fish, drawn into the cooling-water -
intake.

(4) Chemicals used as biocides (usﬁally chlorine) to
‘'remove slimes from the condenser..tubing, and per-
haps other chemicals released to the .cooling water
from a variety of Plant operations; all-of which
may be toxic to aquatic life.

(5) Induced circulation of a water body, both in the
local area of the discharge (which may influence
migrations) and in the wider range of the water ;
body (changing normal seasonal patterns).

(6) Radiation derived largely from radiocactive nuclides
taken up by terrestrial and aquatic organisms, which
could potentially induce radiation damage if con- -
centrations of the nuclides were sufficiently high.

(7) Combinations of the above, which may cause effects’
greater than the sum of individual effects (synergism).

The probable impact of these and other potential sources of biolog-
ical imgact on Lake Michigan have been the subject of recent active
debate.19520 As a result of the strong assertions concerning detri-
mental effects of thermal discharges in the lake via a once-through
cooling system, the appllcant agreed to install a closed-cycle cooling
system.1’?

(1) Temperature Increases

Temperature controls the rates of most ecological processes and in-
creases in temperature from the thermal plumes may cause direct and
indirect effects (metabolism growth, disease, predation, etc.,) on
biological systems. More is known about its effects than can be
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reviewed here (general references are available, and several are
cited here as examples.22 27). 1Its effects on the biota of Lake
Michigan can best be described in a detailed discussion of each
major biological component of the ecosystem, or of particularly

important species. These discussions follow in V.C.l.a, ¢ and

d and in Appendix V-2. )

(2) Mechanical and Pressure Changes

Organisms drawn with cooling water through the circuit of screening,
pumping, pressure changes, and outfall turbulence often sustain
mechanical breakage that generally results in death. Mechanical
effects have only recently been studied separately from other
effects at operating power stations, and most results are avail-
able only in the form of progress reports. Limited evidence
suggests that from 157 to 1007 of the organisms may be killed,

. depending largely upon organism size. Losses of about 30% may

be more representative. These high mortalities may be balanced

by short generation periods of many lake species. A more detailed
discussion of possible effects at .the Palisades Plant is given in
the sections on phytoplankton and zooplankton (V.C.l.c).

(3) Impingement on Intake Screens

Most power plant cooling systems include traveling screens made of
wire mesh (generally 3/8-inch mesh) to exclude large particles from

the condenser. The large particles often consist of fish when the
intake is near fish habitat and intake velocities exceed cruising
speeds of the fish. Significant fish kills at other power plant

sites have resulted from impingement of fish on traveling screens.28,29

The likelihood of the Palisades Plant intake drawing in fish is dis-
- cussed under each of the principal fish species in Appendix V-2.

In summary, the intake crib is well located to avoid most fish with
the possible exception of the American smelt. It, too, may not be
affected significantly since the intake is not in a restricted 7
migratory pathway, only in a general depth zone where the species is
known to occur. A low horizontal intake flow velocity of 0.5 to

0.6 fps is maintained at the edge of the crib to minimize the

. possibility of drawing fish into the structure. According to the
applicant, a similar arrangement has been successful at the Big

Rock Point Nuclear Station. High flow velocity in the intake piping
(9 fps), however, will preclude safe return to the lake of any fish .
that do enter. All such fish will die by impingement on the traveling
screen, carried above water, and deposited in a dry trash basket.



N = Number; L = Length in Inches

EXAMPLE OF NUMBER AND LENGTH OF FISH COUNTED DAILY

TABLE V-1

AT THE INTAKE SCREEN FROM JANUARY 23-FEBRUARY 22, 1972

DATE .

1-23  1-24  1-25 .1-26  1-31 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 210 2-11 2-12 2-13 2-14 _ 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22
SPECIES
ALEWIFE N 25 200 80 12 10
L ? 1-6 ? 7
BURBOT N 2 ? 2 2 2 3 2
L 20,24 20 7 8,10 16 7 18,25
CARP N 11 2
L 3 3
TOHO N 1 ) 1
SALMON L pieces pieces pleces .
LAKE N 1 2 1
TROUT . L 14 16,28 : 24
BOWFIN N 2 4 3 A 7 2 5 1 1 3 2
L 7 14 ? 7 ? ? ? 18 20 13-18___15-16
PERCH N 2 15 1 1 517 5 5 1 4. T 2 1
L 4=5_ 3,7-10 6 3 10 6-10 ? 7 87 8- 6,10 10 -
SCULPIN N 18 37 351 40 12 4 35 8 80 80 90 25 25 32 - 18 [ 5 27
L A 324 1-3 7 735 3.4 3-5 ? 7 ? 7 4 7 - % 3-5
SMELT N 1 3 3 1 10 &
L 3 8 7 7 3 g
RAINBOW N 2 2 1 1
TROUT = L 10 8-10 3 14
SUCKER N 2 3 2 1 2 4 2 3 3 3 1 2 T 2 1
L 18,4 12-20 16,20 24 4-6 9-19 20 10-20 15-18 10-20 20 20 10 6,8 20
CHUB ~ ~ N [ T T T O U s e
L 6 3 - - - ) .
CHANNEL :N B 1
CATFISH L 8
CHINOOK N
SALMON L
€Isco N
L
TOTALS 18 41 389 50 18 38 48 11 205 185 98 112 29 32 33 0 9 3 0 34 3

50

10
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It appears essential that this possibility be examined carefully
during the first year of operation, and accurate records maintained
of numbers, sizes, and types of fish actually killed. If more than
incidental numbers of fish are drawn into the intake, then the
feasibility of alteration or screening of the intake crib, or
installation of a fish by-pass at the screen well, should be ex-
amined and a method selected to reduce losses. The applicant's
operating experience with impingement during interim operation at -
low power during winter and spring 1972 is summarized in Table V-1.
The principal mortality is of sculpins in January and February.
Total numbers of fish impinged on the screens and counted daily from
February 24, 1972, through March 26, 1972, ranged from 0 for 22 days
up to 16 per day for 10 days.

(4) Chemicals Added to Environment

(a) Chlorine

The Palisades Plant will use chlorine (as sodium hypochlorite)
intermittently to reduce growths of algae and other microorganisms
in the cooling water piping. Since detrimental effects on aquatic
life in Lake Michigan will result from the toxicity of chlorine,
highly toxic chloramines, or organically-complexed chlorine, or
from sublethal effects on life processes such as reducing repro-
duction, as discussed below, the regulatory staff will require
limitation of the concentration, the frequency and duration of
chlorination treatment of the once-through condenser system.
Details of effects on biota will be found below in sections on

the various biological components of the lake ecosystem (e.g.,
phytoplankton, zooplankton, etc:). As discussed below, the con-
centration believed safe for aquatic life is no greater than 0.003
ppm, based on rearing experiments in the laboratory with the bottom
.invertebrate, Gammarus pseudolimnaeus.30 Rainbow trout have been
observed to avoid chlorine residuals of 0.001 ppm.31 Additional
toxicity data are summarized in Fig. V-2 and Table V-2. :

Dilution of the residual chlorine in the effluent plume in Lake
Michigan would expect to reduce the available chlorine of the
Palisades effluent to levels that can be presumed to be reduced

by the same pattern as the temperatures; however, since chemical
reactions will reduce residual chlorine in the lake, disperston of
the chlorine plume equal to that .of the thermal plume is an upper
approximation. The heat dissipation model is the best approximation
of a dilution model available, ‘-however, and probably is one that
over-estimates (for greatest safety) the residual chlorine concentra-
tion, Thus, a level of 0.0034 ppm found to affect reproduction of the
bottom invertebrate Gammarus may occur over about the same area as a
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TABLE V-2

KEY TO FIG. V-2. EXPOSURES OF AQUATIC ORGANISMS TO TOTAL
RESIDUAL CHLORINE. ALL CONCENTRATIONS WERE MEASURED.

Species No. Effect endpoint(a) Reference
Protozoa 1 Lethal Hale, 1930114
Cladoceran 2  Lethal (4 days) Biesinger, 1971115
Scud 3 Safe concentration Arthur, 1971116

4 Safe concentration Arthur and Eaton, 1972‘30
Trout fry 5 Lethal (2 days) Coventry, et al., 1935117
' 6 Lethal (instantly) Coventry, et al., 1935117

Brook trout 7 Median mortality Pyle, 1960118

(90 min)

8 Mean survival * Dandy, 1967119
time (8.7 hr) .
9 Mean survival Dandy, 1967
time (14.1 hr)
10 Mean survival Dandy, 1967
time (20.9 hr)
11 Mean survival Dandy, 1967
time (24 hr)
12 67% lethability Dandy, 1967
(4 days)
13 Depressed activity Dandy, 1967
14  7-day TL50 Arthur, 1971116
44  Not found in Tsai, 1971120
streams
Brown trout 45 Not found in - Tsai, 1971120
streams
Fingerling 17 Lethal (4 to 5 hr)  Taylor and James,
rainbow trout _ 1928121
Rainbow trout 15 Slight avoidance Sprague and Drury,
(10 min) -196931
16 Lethal (2 hr)

Taylor and James, 192
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TABLE V-2 (cont'd)

Species No. Effect'endpoint(a) Reference
18 96-hr TL50(® Basch, 19717%
19 7-day TL50 Merkens, 195872
20 Lethal (12 days) ‘Sprague and Drury,196931
Chinook slamon 21 First death (2.2 hr) Holland,'ét al., 1960122
Coho salmon 22 7-day 'TL50 Arthur, 1971116 . .
23 100% kill (1-2 days) Holland, et al., 1960122
24 Maximum non-lethal Holland, et al., 1960
Pink salmon 25 100% kill (1-2 daysj Holland, et al., 1960
26 Maximum ﬁon-lethal Holland, ef al., 1960
Fathead minnow i+ 27 TL50 (1 hr) Arthur, 1972123
YU 98 TLSO (12 hr) Arthur, 1972123
29 96-hr TL50 - Zillich, 1969 a,b,c’3
30 7-day TL50 Arthur, 1971116
31 Safe concentration . Arthur and Eaton, 197230
White sucker 32 Lethal (30-60 min) - Fobes, 197112%
33 7-day TL50 Arthur, 1971116
Black bullhead 34  96-hr TL50 Arthur, 1971
Largemouth bass 35 7-day TL50 Arthur, 1971.
’ 37  TL50 (1 hr) Arthur, 1972123
38 TL50 (12 hr) Arthur, 1972123
Smallmouth bass 36 Not found in Tsai, 1971120
streams .
39 Median mortality .Pyle, 1960118
(15 hr)
Yellow perch 40 TL50 (1 hr) Arthur, 1972123
41 TL50 (12 hr) Arthur, 1972123
42 7-day TL50 Arthur, 1971116
Walleye 43  7-day TL50 Arthur, 1971116
Miscellaneous 46 Initial kill (15 min) Truchan, 1971125
47 Erratic swimming Truchan, 1971125
(6 min) :
(a)

TL50 = median tolerance limit.
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temperature excess (above ambient) of-0.085°F. The effecti%e
concentration for damage to aquatic life would depend upon the
exposure duration, and would likely be above 0.0034 ppm.

Quantitative estimation of the environmental impact of chlorin-
ation depends upon precise definition of residual chlorine and
the analytical method chosen to determine its concentration.
Since neither of these points appears to have been stated ex-

-+ plicitly by the applicant, they are discussed in Appendix III-1.

"In view of the alternative systems that are currently available
for removal of growths from condenser tubes, the use of chlorine
in power plants can be avoided. However, the present
state of completion of the Palisades facility can be avoided by
installation of an alternative system at this time.

If chlorination of the once-through system is unavoidable at
Palisades, the following procedures are required for the applicant
to carry out in order to reduce its toxic effects: (1) chlorina-
tion at a frequency limited to one hour per month for a period
not to exceed 30 minutes duration with a minimum of a 2-hour
period before the chlorination treatment is started again, in
accordance with the Michigan Water Resources Commission require-
ments, and (2) chlorination of each of the two condenser water
inlet boxes independently, thereby producing a residual chlorine
concentration in the discharge into the lake that will not exceed
0.5 ppm. EPA in Appendix also recommends reduced levels for
intermittent use of chlorine.

(b). Boric Acid

Releases of boric acid (H3BOj3) should not be detrimental to aquatic
organisms in Lake Michigan, since toxic levels have been shown to be
much greater than the estimated release level of 5 ppm from the pres-
ent radwaste system at the Palisades Plant. The minimum lethal dose
for minnows exposed to boric acid for six hours at 20°C was 18,000 to
19,000 ppm in distilled water and 19,000 to 19,500 ppm in hard
water.32-3% (In water, 1 mg/liter = 1 ppm on a weight basis.)
Exposure of rainbow trout to 5,000 ggm of boric acid caused a slight
darkening of the skin of the trout, and immobilization and loss of
equilibrium occurred in a few minutes when the trout were exposed to
80,000 ppm. However, after 30 minutes exposure to this concentration
of boric acid, the trout recovered rapidly when transferred to clean
fresh water. The 24-, 48-, and 96-hour median tolerable limits TLp's
of mosquitofish (Gambusia affinis) to boric acid were 18,000, 10,500,
and 5,600 ppms, respectively.3® These tests were conducted over a
temperature range of 68 to 73.4°F (20 to 23°C) and a pH range of

5.4 to 7.3.
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(5) Induced Circulation

The principal effect of induced currents at the Palisades Plant will
be to intersect the probable shoreline movements of several adult and
(more .important) juvenile fishes, as discussed under the individual
species in Appendix V-2 and later in this section. The shoreline
location of the discharge assures that a maximum number of fish will
be affected, both by the currents and by temperature changes. The
combined result may be heavy predation on juveniles by larger fish
residing further offshore. This effect could be substantially reduced
by selection of an alternative discharge located at about the 10-foot
depth contour, with the discharge conveyed by a buried pipeline be-
neath an otherwise natural beachline. Such a discharge would also
enhance nearshore mixing, particularly during periods of the thermal
bar in spring and fall. In fact, the warm discharge will maintain

a dynamic miniature thermal bar throughout the winter, as the warm,
nearshore plume mixes with cold ambient water and sinks at the
artificial thermal bar; and it will speed formation and lakeward
progression of the bar in the spring. These mixing effects have

been further discussed under lake hydrology and thermal effluent
dispersion in Chapter III.

(6) Radiation
(Radiation is treated separately in Section V.E)

"b. Terrestrial Biota

Terrestrial impact of Plant operation may result from releases of
small amounts of radioactive nuclides in low concentrations to the
air. Radionuclide effects are discussed in Section V. . Terrestrial
effects on birds and fowl resulting from thermal and chemical dis-
charges on the psammo-littoral community are discussed below. '

c. Aguatié Biota

The once-through cooling system operation affects the aquatic
environment almost exclusively. Below are described the effects of
thermal and chemical discharges and mechanical damage from impinge-
ment and entrainment on aquatic plant and animal biota.

(1) Plants

(a) Phytoplankton

The principal impact of the once-through cooli